T T I
FRAI N
3 iy &
§5A5-8$0f@4
i | i

X I-I;;.

- .I. L I..\v--.

THE _CHEMISTRY OF EXTRACTIVES FROM ACACIA SPECIES.

A THESIS PRESENTED FOR THE DEGREE OF
DOCTOR OF PHILOSOPHY
IK THE URIVERSITY OF ADELAIDE

L4
Poter I. Nortimer, M.Sec.
1960.

Deparitment of Organic Chemistry,
The University of Adslaide.



STAT LuENT
-t -

211 the experimental work reported in tinis
thesis nap been carried out by nyself, snd this
thegls coes not contain any material whicn hae
been previously submitted tor a degree in any
University elther by wyself or by sany otner

person.

r, I, Mortiner,



ACKNUWLFLGUENTS .

This work was carried out under the supervision of
Dr. J. %. Clarvk-Jewis, to whom I wisn to express ny
thanks for his patience and advice,

ifogt of the wood saaples used in this investigation
were supplied by ir. %. T. Jonea of C.S.I.R.U. Briabane.
The work was greatly assisted by the generous supply of
reference samples of chemicals by Dr. L. Fowden of
London, Dr. . Bottomely of Canberra, br. H. Plieninger
of Heidelberg, and Professor H. Vanderhaeghe of Louvain.
Infrared spectra were determined by Mr. A. G. Moritz of
this Department. I wish to thank these people for
their help.

I am most grateful for the awerds of General Motors-
Holden's Limited Post-Graduate Research Fellowships for
1957, 1958 and 1959, during the tenure of which thie

work was carriesd ount.



ITHT L LUCTION
1e The genus Acacla and ita ohytochemistry.
e Thee daslation of polyoasnoiic flavonolds.
BIacIss1on

1. The 1aslation of constituents of Acacls
A T hwo o,

s The cuemistry of leucoanthocysnidins:
i3

:-vthyl somelacseidin.

iytic hydrczenation of leucoanitno-
yaniuing.
He L=l sdroxypipecolic acld,
EXPERTMEVTAL
1e Generel

Ze Sxtractiona of wood songples
Table pel7=TSe

Ao Leucoantiocyanidius.
index p.i153

L. heilyd roxypilvecolic acla.
Index p.218

GUMEARY

1



INTRODUCTION 1.

THE GENUS ACACIA AND ITS PHYTCCHEMISTRY.

This thesis 1s concerned with the chemistry of some
congtituents of various species of Acacla, a genus of the
famlly Leguminosae. This is a large genus, of about
500 (1) or 800 (2) species, of which about two-thirde are
native to Australia, where they form a considerable part
of the flora, Within Australia, the Acacias are widely
distributed, about 90 species occurring in South Australia
(1), about 80 in Victoria (2), and "several hundred" in
New South Wales (3). The genus is represented in Asia,
Africa and the Americas, but no species are native to
Europe or New Zealand (1).

Of the Asian and African species, several nave long-
established uses, e.g. A. senegal Willd. and a few other
species as sources of gum acacia, A. arabica Wwilld. and

A, catechu Linn as sources of tanning material, and

A. farnesiana (L.) Willd. in perfumery. Uf the

Australian species, A. melanoxylon R.,Br. is used in

furni ture manufacture, and several species have been used
in the tanning industry. The Australian species

As mollissima willd. is now extensively cultivated in South
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Africa where about 420,000 tons of tanning material 1e
obtained per year from its bark (4).

The genus Acacia hes not been systematlically
investigated by chemical methods, as has been done with
the eucalypte (5) and the conifers (6},  The sporadic
chemical work may be grouped with respect to the types
of products investigated.

(a) vdoriferous constituents of the flowers (7).

A. farnesiasna and A. cavenia Hook et Arn, are uged

commercially in perfumery. The odoriferous constituents
represent less than 0.1% of the weight of the fresh
flowers. The following terpene alcohols occur as
esters - 1inalool, terpineol, nerolidol, farnesol, other
conetituents heve been identified (8).

(b). The bases 2-phenylethylamine, §—methy1-phenylf»
ethylamine and tryptamine have been obtained from the
flowers of various Australian species growing in New
zealand (9).

(e¢) Mucilagenous gums are exuded by many species of

Acacia. Wnen marketed, they are known as gum acacia

or gum arabic irrespective of specific origin. Such

gums are composed of residues of D-galactose, L-rhamnose,
L-arabinose and D-glucuronic acid (10). Recent work on

gums of known specific origin (A.mollissima (11),

A.pycnantna Benth. (12), A. cyanophylla Lindl. (13),

A. karroo Hayne (14)) has shown that these sugar
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residues do not occur in constant proportions, but the
composition of the gums varies from epecies to specles.
Variation within & specles does not seem to have been
examined.
(a) The peedfats of elght speclies have been examined;
the seeds contain 3-8% oil, of iodine number 85-103 (15,16);
an oil content of 10%, iodine number 137 has been reported
for A. cyclops - (17). The fat from the seed pod of

A. giraffae %Willd. (1-2% yield) has been closely examined;

1t contained the usual saturated, mono-unsaturated and di-
unsaturated fatty acide, and 1.1% of 9,12-hexadecadienoic

acid (18), the only reported occurrence of this acid,

(e) Sterols have been reported to occur in the seed olls
(46,17). A "steroigd" m.p.160-164°, acetate m.p. 167-169°

heg been jgsolated from the heartwood of A, molligsima in

0.06% yield (49); 1its structure is not known.

(f£) Carotenoide have been isolated from A, deamlbata Link

pollen (20)and/3-carotene from A. acuminata Benth heartwood

(24) in which i1t occurs to the extent of about 0.02%, to-

getner with phytofluene. The funicles of A. cyclops are

reported to contain about 0.2%,ﬁ?-carotene (17).

(g) Cyenogenetic glucosides have been isolated from the

leaves of some Acacia species. A.Glaucescens L. and

A. Cheelii Blakely have ylelded sambunigrin (the glucoside

of _I_,-(-r)-—mandelonitrile) (22), and A. lasiopetala Oliv.

and A. stolonifera Burch. have ylelded acacipetalin, which

was considered to be the glucoside of dimethylketene
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cyanhydrin (23). WMany otner Acacias nave been found to be
cyanogenetic, but isolation of the cyanogenetic conatituent
has not been carried out.

(n) Ketonic flavonoids. petrie (24) was the firat to

examine the bright yellow flowers; ne extracted the

flowers with hot water, precipitated the colouring matters
with lead acetate, and then hydrolysed the recovered pigments
with sulphuric acid. The flavonoid material was extracted
from the deep red solution with ether, and subjected to

geveral manipulations, including extraction with aquecdus
alkali, precipitation with acid and crystallisation from
agueous alcohol. From four New South Walee species he obtain-

ed kaempferol (I) as follows: A. diecolor - 0.08%,

A. 1inifolia willd. 0.07%, A. decurrens - 0.006%, and

A. longifolia - 0N.06%. e detected rhamnose 1in the hydro-

lyeate. Using this technique, other workers have obtaipnead

paringenin (I1) from Argentine A. longifolia flowers (253,

and myricetin (III) from A. leucophloeia Willd. flowers (26).

In tne latter case, the pugar obtained on hydrolysis was

congidered to be glucose,

OH OH OH

HO HO HO
OH OH

OH OH g OH ¢

(1) (11) (I11)
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Paris nas examined the flowers of some Acacias grown in

gsouthern France (27). A. longifolia var. floribunda F.v.H

- A. floribunda Sieber (to be distinguished from the

horticulturel Acacia floribunda which is A. retinodes

Schlecht) yielded naringenin - 5 - glucoside (26).

A. cyanophylla Lindl. yielded quercetin - 3 - glucoside

(1V, R = glucose). From A, linifolia flowers he was not

able to isoclate any components, but thne leaves ylelded a
flavonol glycoside; the flavonol was similar to, but not
identical with kaempferol.

The pollen of A. dealbata Tink. (A, decurrens var. deal-

bata) has been examined by Spade et al, They have obtain-
ed a naringenin diglucoside (29), and evidence of gluco-
sides of flavonols which were suggested to be robinetin

(V) and morin (VI) (30).

QH
OH OH OH

OH

OR OH OH

(Iv) (V) (V1)

It might be expected that a coumon pattern of
nydroxylation would be found among the flower pigments of
Acacia species. The evidence sc far avallable, suggests

that no such common pattern occurs, but the evidence 1s 80
unsatisfactory that it would seem unwise to draw any

conclusions. Much further work is regulired.
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Paris (27) has also examined the leaves of some specles

for flavonoids . A. retinodes yielded rutin (IV,

R = rh86N0 gzlucose). The flavonols frocm A. 1inifolia,

A, verticillata willd. and A. dealbata were not identified,

and that from A. farneesiana appeared to be kaempferol (I).

From A. catechu extract,Perkin (34), obtained a very emall

quantity (0.012%) of quercetin. Other flavonols occur in

this extract; from paper chromatographic evidence they are
thought to be fisetin (VII) and quercetagetin (VIiI) (32).

King and Bottomley (33) isclated 7,5,3)4'- tetrahydroxy -

flavonol in small yield (0.01%) from A, melsnoxylon

heartwood.

HO
OH

(VII) (VIII)

The extract of A, molliasima bark is reported to contain

fisetin (VII) and robinetin (V) (4).

The compounds acacetin (IXA) and ite glycosides (IX B and

IXC) are not derived from Acacias despite
OCH
3 IXa R=4H
0
RO IX: = vhanpoglucose

IXC &k =xyloraamnozlucose
OHO
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the name; they are obtained fram Robinis pseuvdacacis

leaves, and some other plants (34).
(1) Non=xetonic rlsvanocide. Tile clasa of comsound in-
cludes the lavan-3-ule (catechins) and the flavan-3,i-
dicls, the latter bwing leucoa.thocvanidins.

For wany yedrs, 1t has heen conaidered that natural
tanning wateriala of the "condenmed tananin or "pnhlobaphene”
clasa conaist of wmolecules furaed or 66—03-06 uni s at the

flavan~3-c1 oxidation level (35,30,97,4%,3%5. It Liag been

o

recently anown that adout Z°. of tirqe units in 4. mollismg~
iwa extract may bae at tae flavan-35,4-0101 level of oxida-
ticn (39). dowever, no compJandg sith tad or more
C&-05—06 units have yet been Laolated from Acacis sp.

The flavaa-*-ols cateczhin (X) and spicatechin (XI) have

been obtained from A. cateenu. The first record appears

OH OH
0 P OH 0 L OH
00" Q0
HO OH HO ~OH
(X) (X1)

to nave been in 1£%J (LO); later isolations ace consider-
ed in the discussion on methads of isolation. (+¥)-Catechin,
(¥)-catechin, (-)-epieatechin and (¥)-epicatechin have been
obtained. {+)=Catechin and (-~ )-epicatecnin are repurted

to have been izolsted rrom A. conf:sa serr. bark (41) and

to cccur in A._mollissime extracts (4). FKoux (42) has
isolated (+)-catecnin, (+)-gallccatechin and a 7,3',4',5'-
tetrahydroxyflavan-3-ol from A. mollissima extract.
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The flavan-3, L-diol melacacidin (XII) was obtained

from A, melanoxylon heartwood in an impure form by King

& Bottomley (33), and the flavan-3, L4-diol mollisacacidin

(XI1I) from A. mollissima heartwood in a

OH OH
HO OH 0 oH
HO HO
OH OH
e OH

(XII) ) (XIII)
crystalline form by Keppler (19). Bepides mollisacacidin,

A. mollissima is reported to contain a leucocyenldin, a

leucopelargonidin and a leucodelphlinidin, but these have
not been isolated(l).

(3) Cther polyphenols, Ethyl gallate has been obtalned

from leaves of A, adongonii - and A. geyal - (43). iaclurin

(2,4,6,3'4" - pentahydroxybenzophenone) has been obtained

from the sapwood of A. catechu, A. catechuoides - and

A. sundra - in 0.04% yield (4U4) white (L) lists syringic
acid, gallic acid and resorcinol as having been found to

occur in A. molliesima,

(k; Amino acids: Apart from the normal amino-acide,

L (+) - homoserine (XIV) (ABL L-hydroxypipecolic acid (XV)
and S-hydroxypipecolic acid (XVI) (L46) have been reported

by Virtanen as present in the leaves of A, pentadena -,

OH

C e O
HOCH; CH;CHNH;CO,H N - COH N~ CO,H

(XIV) Ho (xv) H (xv1)
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the latter pair also occurring in A. retinoides - leaves.

(1) Carbonhydrates: Fructose has been detected in

A. molliseima wood by paper chromatography and isolation of

glucosazone (L7). (+)-Pinitol (XVII) has been isolated from

H
HO --OM

e

HO OCH;

M
(XVII)

Q---

the leaves of A. longissima Wendl., A, stolonifera and

A. lasiopetala (23), and from the wood of A. mollissima (L7).

It is of widespread occurrence among the legumlinosae (Lu8).
(m). Calcium o;alate hae been reported to occur in
appreciable smounts in Acacias e.g. 18% in the bark of

A. cambagei - (49).

There are several reports of "saponins" in Acacia pods,
seeds, and bark, e.g. (50), but no specific substance has

been isolated.
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THE ISQLATION QF PQLYPHENQLIC FLAVANOIDS.

The isolation of polyphenolic substances from plant aat-
erial is attended by the difficulty that thiegse compounds,
particularly the non-ketonie flavanoids, 40 not crystalliise
readily in the presence of other polyphenols, and, except
in comparatively rare instances, they are accompanied by
cther polyphenols, often of high molecular weight. The
flavanoids may not be distilled without decompositicn.
Final purification is thue of necessity by crystallisation,
end the technigues available for preliminary purification
are limited.

The range of methods utilized for the isolation of the
relatively few non-ketonic flavanoids is illustrated by
the following sumnary.

Catechin (X), and epicatechin (XI) have been isoclated

froz thes hot-water extract of Acacis catechu twigs by

gaveral workers. Perkin and Yoshitake (51) extracted the
dry extract with ethyl ®cetate, and crystallised the

ethyl acetate - s30luble portion from water to obtain a
catechin m.p. 204-205° (probably partly racemic catechin).
Prom "cube gambier', using the same method but with purifi-
cation of the etayl acetate-soluble portion by ediitiocn of
lead acetste to an agueocus solution to remove colouring
material, these workera isolated a catechin m.p. 175-177°

{( (=) - catechin? ) and a small amount of a catechin
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m.p. 235-237° (apparently (%)- or (-)-epicatechin).
(The use of ethyl acetate as a solvent had been suggested
by Lawe in 1874 and the use of lead acetate had been
introduced by Berzelius in 4837). Clauser (52) extracted
powdered cube gambiler with ether for 415-18 hours; the
extracted material crystallised on trituration under water,
and waes dissolved in four volumes of hot water (quercetin
remained undissolved), and allowed to crystallise. Re-
crystalligsation gave a catechin m.p. 210° decomp. when
anhydrous.

Freudenberg (53) triturated the dried Acacia catechu

extract with one half part of acetone and added 5 parts of
ether, repeating this selective-aolution process on the
residue. The ether-gsoluble porticn eo obtained was
dissolved in water, treated with a little lead scetate,

and concentrated in vacuo to obtain a erystalline catechin,
penta-acetyl derivative m.p. 1560, [ui -20.5°

(e, 10 in 82H201u). Freudenberg later ?5&) used Clauser's
method of extraction; by attention to the fractional
crystallisation, (f)-catechin condaining some (-)-catechin,
(-)~eplicatechin, and (})-epicatechin were obtained. Lead
acetate was used for the removal of impurities. This
fractional crystallisation was deseribed in more detail

later (55). Freudenberg also used A. catechu heartwood as

a source of (-)-epicatechin (56), the milled heartwood was

extracted with ether for 250 hours, the extract was dissolv-
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ed in water (quercetin remained undissolved) and allowed
to crystallise, yielding (-)-epicatechin. The mother liguor
was extracted with ether for 2 days, and the extracted
materisl wag fractionally crystallised from weter ylelding
more (-)-epicatechin and some (%)-catechin. During the
ether extraction of the wood, (-)~-epicatechin may be
deposited (57). (The isolation of (~)-epicatechin from
A. catechu heartwood has been repeated by Seshadri (58):

the co0ld acetone extract was crystallised from ethyl
acetate). From cube gambier, by kneading with water

to remove water-soluble material, and extracting with
ether for 240 hours, a fraction was cbtained which gave
on fractional crystallisation, (+)-catechin, (%)-catechin
and (~)-epicatechin (56). (+)-Catechin was isolated
from Chinese rhubarb by extracting the moist plant
material with ether, dissolving the product in water,
filtering, purifying the solution by extraction with
chloroform, and lead acetate treatment, followed by
concentration and erystallisation (54). From mahogany
wood (+)-catechin was obtained by extracting moist
shavings with ether, dlssolving the product in water,
purifying with lead acetate, followed by concentration
and crystallisation (54). (+)-Catechin was obtained
from Paullinia cupana seeds in a similar manner (54).
From a cold alcoholic extract of kola nuts, by solution
in water, extraction with chloroform to remove caffeine, then

with ethyl acetate, and crystallisation of this extract rrggte
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(+)-catechin and (-) - epicatechin were obtained (59). -
Nierenstein (60) obtained (*¥)-and (+) - catechin from

Krameria argentea root bark by extracting with ether after

a chloroform extraction, and fractional cryetallisation of
the ether soluble materlial from water. ¥rom a variety of
plant material (61), he obtained catechin and epicatechin
by either of two methods; (a) wood material was extracted in
a Soxhlet with ethyl acetate, the extractives were mixed
with sand, ether extracted, and these extractives crystallis-
ed from water,6 (b) leaf material was extracted 1n a Soxhlet
with chloroform, then with ether, and the ether extract
crystallised from wster.

cchmidt snd Hil11l (62) isolated (+) - catechin from dried

unripe shells of Gastanes vesca by hot alcohol extraction,

removal of zolvent from the extract, solution in warm weater,
and continuous extraction with ether (a preliminary benzene
extraction was made). Some product crystallised fron the
etner during the extrasction. Purification was by aolution
in dry acetone follouwed by precipitation with benzene.

The catechin mostly remsined in the benzene-acetone aoclu-
tion; 1t was crystallised from water. tHiergert & Kurth
(63) obtained (+)-catechin and (-)- epicatechin from

Ableg concolor. bark by ether extraction (24 hours) after

a preliminary benzene extraction; the ether extract was
recrystallised from water. From some bark fractions, (+)
- catechin could be obtained by extraction with hot water,

followed by concentration to 1% solids; crystallisation
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was assisted by addition of a small amount of sodium bi-
sulphite.

The only other flavan-3-ols 1zo0lsted from natural pro-
ducts nave been (-)- epiafzelechin ( (-)2H,3H cis, 5,7,4'-
trihydroxyflavan-3-ol), (+)-gallocatechin and (-)-epigallo-
catechin (epimeric 5,7,34"5' - pentahydroxyflavan-3-ols).
The first was obtained by King, Clark-Lewis " & iorbes (6L)
from a semple of Afzelia sp. heart-wood by ether extraction
of the wood after a petroleum ether extraction, and
crystallisation of the ether extractions from water.(-) -
Epigallécatechin wag cbtained by Tsujimara (65) from green
tea by extraction wiitn water,preci.itation with lead
acetate, renicval of 1ead aos sulphste, extraction from water
with ethyl acetate, and again from water with ether, at
which stage a crystalline product was obtained.
(+)-Gallocatechin has been obtained only by multiple parti-
tion methods, to be discussed later.

The first flavan-3, L-diocl to be isolated (in crude

form) was melacacidin from A. wmelsnoxylon (33). The heart-

wood, after extraction with light petroleum, was extracted

for 3-4 days with ether, when crude melacacidin deposited

from the ether solution. Seshadri has reported the
ieolation of leucodelphinidins (66) and a leucocyanidin (67)
by fractional precipitation from a solution in ethyl
acetate by light petroleum. A co0ld acetone extract of

defatted plant material was used, and the ethyl acetate-
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solution was dried over niagnesium sulphate. Uther
flavan-3, L-diols have besn isoclated by the uee of multi-
ple partition methods, discussed below.

The compounde cyanfOmaclurin and peltogynol contain a
flavan nucleus. Cyanomaclurin was obtained from Artocar-

pus integrifolia by hot water extraction, treatment with

lesd acetate (which removed morin), removal of excess lead
with hydrogen sulphide, concentration and extraction with
ethyl acetate; from this extract, cyanamaclurin
crystallised on concentration (6%). Peltogynol was is-

olated from Peltogyreporphyrocardia by hot water ex-

traction, addition of sodiwn chloride, extraction with
three portiona of ethyl acetate, drying the extract amd
precipitation with light petroleum (69). Both these
compounds have been isolated 1n recent years by multiple
partition proceduresa.

The isolation of ketonie flavonoids, 1s in general,
much easier than that of non-ketonic.- flavanoids, because
they crystallise more readily. Two technigues are note-
worthy; that of Erdtman and Lindstedt, and that of
Hagegawa, Erdtman developed his method for use on
Pipus app. hesrtwoods (70); an example of its use 1is the

investigation of Pinues contorta var. letifolia by

Lindstedt (71). The hesrtwood was extracted with ether
(which extracted 1ittle polyphenolic material) and then
with acetone. The acetone extract was concentrated to

a syrup, then diluted with ether. The deposit whieh
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was obtained was considersd to be "nembrane substonceas",
a term introduced by Twdtunan (72) because ether extrsc-
tion of the intact wood telled t¢ extract ether-goluble
meterials subseguenily obtaiuned by acetone extraction.
The sther solutiocn cbtained Trow the scevore-extract was
shaien successively with soitureted scueous sodium bLi-
carbonate, with & socivm carbonete solution, with dilute
godium hydroxide (0.2 t0 O.h%; and with stronger sodiwm
hydroxide (L5504, Each agueous extract was acldified
with sulphuric gcid and extractes with ether. The car-
bonate solution yieided pinoccnbrin (5, 7-dihydreoxy-
flavanone) and pinobanksin (5,7-dihydroxyflavanonol).
The dilute nydroxide asolution yielded pinocenbrin and
pinoaylvin (3,5-diaydroxystilbene), The atrong hy-
droxide golution yielded pinosylvin monometinyl ether,
Hagegzawa and co-workers have bpased thelr technigue on
80lubilities; an example is their exanination of

Prunug verecunda aeactwood (73). The crude methansl

extract was divided into ether-goluble and ethyl acetate-
soluble fractionsg by extraction of the dry sclid, The
ether-goluvle portion wag subdivided intc benzene-soluble,
water-gsoluble and remainder, The bengene-soluble por-
tion ylelded pinocembrin and isosakuranetin (5,7-dihy-
droxy-L4-methoxyflavanone); thae water soluble portion
yielded taxifolin (5,7,3',4'-tetrahydroxyflavanonol);

the remsining ether-goluble portion ylelded genkwanin
(5,4'~dinydroxy-
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7-methoxyflavone), zenistein (5,7,4'-trihydroxyisoflavone),
and prunetin (5,4'-dihydroxy-7-methoxyisoflavone). The
ethyl acetate-~socluble portion yielded verecundin
(5, 7-dihydroxyflavanone 5-glucoside) and isosakurenin
(5,7-tdhydroxy-L'-methoxyflavancne 7-glucoside). This
exanple 1e interesting in that compounds with more than
one free (not H-bonded) hydroxyl were not benzene-soluble,
only the polyhydroxy flavanonol wss soluble in both ether
end water, and the gluccsides were not water-soluble,

The procedures of both Erdtmen and [Hssegawa are depen-~
dent finally upon crystallieation for the aeparation of
mixtures.

The methods of 1solation of non-ketonic flavanoids
summarised above were developed for uee with plant meter-
ials yielding relatively simple fractions' on extraction.
The approach to each isolation was largely empirical. In
the main, the materisls investigated were traditional
tanning agents, rich in polyphenolic material, yet success
was achleved only 1n a few cases. Until the introduction
of paper chromatography into this field about 1948, the
only real knowledge of the polyphenol composition of
extracts was that derived from actual isolations, Exten-
slon of kxnowledge of the occurrence of known polyphenols,
and discovery of new polyrhenols, were very aslow,

The development of paper chromatography brought about

a complete change in approach to the problem of the
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1golation of polyphencls. The types of polyphencls in a
mixture, their relative abundance, and occasionally their
jdentity became ascertainable. It became possible for
the chemist to develop a systemstic approach to isolations,
and to follow readily the progress of isolations.

Begidee it analytical use, paper chromatography, has
been used for isolation of polyphenols in amounts guffic-
jent for characterisation and jdentification.Roux (7.4)
used preparative paper cnromatography for the separation

of (+) - catechin and (+) - gallo-catechin (from

Casuarina equisetifolia); these compounds could not be
separated by crystallisation from water. The amount of
polyphenol which may be easily handled on paper sheets ia
nowever usually too small; the use of columns of cellul-
ose powder permite gomewhat larger amounts to be handled.
Examples are the iaolations of mollisacacidin (19), pelto-
gynol and peltogynol B (75), (=) - epicatechin (76) and
dihydromorin aud dihydrokaempferol (77)

A similar partition procedure is the use of cclumns of
silica gel. These were ploneered by Bradfield (78) and
proved suitable for the isolation of (-) - epicatechln,
(-) - epicatechin gallate, (=) - epigallo-catechin and
(-) - epigallocatechin gallate from green tee. Hathway
(79) has recently used thie systen for the isolation of
(¢) - catechin and (+) - gallocatechin from oak bark ex-

tract, and layer (80) for the isolation of (+) - gallo-



catechin.

A further increase in scale is achieved using
1iquid/1iquid partition distribution. After Corse (81)
used this procedure for the separation of chlorogenic sacids,
Forsyth (82) applied it to flavanoids. He separated
(-) - epicatechin from & leucocanthocyanidin using ethyl
acetate and water in a Bush and Densen (83) procedure;

(-) - epicatechin was more readily extracted by ethyl
acetate than the leucoanthocyanidin. Recently counter-
current dietribution has been used for the isolation of a
7,3',4' - trihydroxyflavan-3, 4~diol, from quebracho (ether/

water, k about0.15), and cyanomaclurin from Artocarpus

integrifolie (ether/water, k not available) (84).

H8rhammer and Wagner (55) have attempted to correlate
the partition coefficients of some flavonols and flavonol
glycosides in a series of solvent systens, with the Rf the
flevanoids exhibit on paper chromatograms, with some

success.
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DISCUSSICH.

IS0LATION OF HEART#OOD CUNSTITUENTS.

The work on heartwoods was directed towards the 1sola-
tion of the leucocanthoecyanidins. In two cases ether ex-
traction of the wood gave crude melacacidin, but the
fractlions were very impure, and represented a very small
proportion of the melacacidin actually present 1in the
wood. After considerable experimentation, the best line
of attack seemed to be firstly, to obtain & fraction con-
taining the low molecular weight polyphenolic waterial,
and then to obtain from this & mixed leucoanthocyanidin
fraction which could be further subdivided.

Extraction of the polyphenols from the woods wae
usually fairly complete with refluxing acetone, although
the time reguired was longer than was deaireble when deal-
in with compounds susceptible to damage by heat. Re-
fluxing ether proved very inefficient, and an experiment
with cold acetone extraction gave incomplete extraction.
This cold acetone extraction gave a mixture of poly-
phenols in which the leucoanthocyanidin fraction was
similar to that obtained by prolonged hot extraction with
acetone. That hot acetone did not extract the poly-

phenols completely was shown in Extraction B. In thins

extraction, hot acetone extracted from A. harpophylla heart-
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wood 5% of ite weight as polyphenole; eafter not acetone
ceaged to extract much more materisl, hot ethanol extract-
ed a further 0.6% of polyphencls, mainly leucoanthocyan-
idins.

The acetone snd ethanol extracts were concentrated and
taken up in water. Thie gave much brown amorphous in-
soluble material which did not prove readily susceptible
to purification procedures. The polyphenols sought were
found in the agueous solution, from which they were readlly
recovered by extraction by ethyl acetate. The distribu-
tion constants of the leucoanthocyanidins of the melacaldin
gseries are such that extraction with ethyl acetate requi red
the use of continuous extractlom. This meant that the
polyphenols were kept at 80°C in either water or ethyl
acetate for about 8 hours. Cwing to the presence of nmuch
polymeric material in the water-soluble fraction it was
difficult to determine whether this treatment produced any
decomposition or condensation of the leucoanthocyanidin.
The products were similar to those obtained in other extract-
jons where continuocus ether extraction was used.

The nature of the mixture present in the crude poly-

phenols of A. harpophylls 1s shown in Figure 1. The

polyphenol mixture of A. excelsa was found to be similar

(Extraction H ); that of A. melanoxylon wag not examined

in such detail but one-dimengional chromatograms were

generally similar to the chromatograms of corresponding
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fractione from the first two species. To obtain the
peparation shown in Pigure 1. the polyphenols were sub-
jected to counter current distribution and fractions ex-
amined by psasper chromatography. Apart from traces of
polyueric material (not ghown in Figurel.), the components
fall into two main groups; that group not readily ex-
tracted from water by organic solvente which includes
melacacidin and an isomer, isomelacacidin, and that group
readily extracted from water by organic solvents, wnich
includes a tinird leucoanthoecyanidin subsequently found to
be U-ethyl isomelacacidin, and ketonlc flavoneoide. The
differences in the various distribution constants 1s such
that it was poseible to obtain an almost complete separa-
tion of these two groups using zeparatory funnels; this
enabled considerable gquanitities of polyphenols to be
handled,

Fur ther work waa assisted by two circumstances. Wirst
the smount of non-leucoanthocyanidin material in the
less~-readily extracted fraction was very small (in the

case of A. narpophylla and A. excelsa) and secondly, it

was found that isomelacacidin and O-ethyl isomelacacidin
were readily interconvertible. Thus when this fraction
was bolled in ethanol containiuz a trace of weak acid, and
the U-ethyl isomelacacidin removed by a distribution

procedure, the remaining polyphenol was largely melacacidin.

The isolation of crude melacacidin by King and Bottomley
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by ether extraction of A. melsnoxylon suggested that etner

extraction from an agueous sclution of this crude
melacacidin fraction might give a2 deposit of melacacidin

in the ether. This wsa found to be so in some instances,
and the melacacidin proved to be crystalline and sufficlent-
1y pure to recrystallise from ethanol. The conditione re-
guired to obtain crystalline melacacidin in this ether
extraction seem to be that other low-molecular welgnt
polyphenols should be almost completely absent, and that

the concentration of melacacidin in the agueous solution
being extracted should be high.

Crystalline melacacidin was obteined fortuitously dur-
ing handling of the mixed leuccanthocyanidin fraction. It
wag found that heating an alcoholic syrup of the mixed
leucoanthocyanidin reesulted in the formation of crystalline
melacacidine. The explanaticn for this seems to lie 1in the
conversion of the iaomelacacidin present intc C-ethyl
igomelacacicoin, which would eppear to inhibit the erystall-
isation of melacacidin lese than isomelacacidin does.

The ready interconversion of {zomelacacidin and O-ethyl
jsomelacacidin permitted the isolation of tne latter, when
neated in water, slightly acid, the l-ethyl isomelacacidin
present in the more readily extracted fraction of the poly-
phenols was converted to isomelacacidin which could be
jgolated by a distribution process and reconverted to

g-ethyl jsomelacacidin, which could be obtained crystalline.
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while no expsrimental work has been done on the question,
it is almost certain that C-etiiyl isomelacacidin does not
exist as suchh in the plant. The =vidence suggzeszts that
isomelacacidin does occur in the plant. Kxperimental work
on the interconversion of the leucoanthocyanidine stiowed
that melacscidin is comperatively stsable in neutrasl or

weak acid avlution, and yet extraction of A. harpophylla

neartwvood with cold acetone (kxtraction E) gave an extract
containing isomelacsecidin in guantity comparable with that
in hot scetone extracts. HRoux (%6) has reported that

A. melapoxylon containg twe leuwcoanthocysnidine.

Crystalline melacacldin could not be obtained from

the sample of A. melancxylon neartwood examined, but wae

obtalned from the hesrtwoods of A, harpovhylla (first

gample, 0.6 and 1.0%; second sample, 0.2%) and A. excelsa
(0.05), The most direct and reliable procedure for the
isolation of melacacidin is tiet used in Extraction I

(from A, excelsa). O-Ethyl isomelacacidin was prepared

in yields of ebout 0.2% from tane heartwoods of 21l three
speciea, but in the preparstion of this compound from

extracts of A. harpophylla and A. excelsas not all the

isomelacacidin was utilised. As isomelacacidain was not
jsolated crystalline, the efficiency of the procedure by
which 1t was isolated ms its U-ethyl derivative cannot be
gesessed accurately. In the example given for the pre-

paration of (-ethyl isomelacacidin, the yield of erystall-
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ine product was about 15% of the theoretical assuming that
the material used was pure isomelacacidin,

Although no attempt was made to isolate the non-
leucoanthocyanidin polyphenolic components, three were
readily obtained. 7,3,3',L'-Tetrahydroxyflavonol waa
obtained on concentrating the ucetone sextract of

A, harpophylla heartwood. This had been obtained from

A. melanoxylon by King and Bottomley (33)., buring con-

tipuous extraction of A. harpophiylls heartwood ketonlc
polyphenole with 1light petroleum okenin (3,4,2',3" 14"~
pentahydroxychalcone) crystellised from the aguedus golu~-
tion. This compound had not previously been isolated from
Acacis sp. but had been obtained by Kingz and King (87) from

Cylicodiscus gabunensie, and oceurs as the L4'-zlucoside

(marein) in Coreopsis 8vp. (88). The circumstences of its
jgolation in the preaent case suggests that the corresgpond-
ing flavanone (YViIIl) was present in the extract, and was

being converted into okanin (XTX).

27 R

(XVIII) (XIX)
The third non-leucoanthocyanidin jgolated {compound A)

was not identified. Its colour reactions suggested that
1t was a flavanonol; as the other polyphenols isolated

had the melacacidin hydroxylation pattern, it 18 possibly
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8 T,8,504" - tetranyéroxyflavanonol. It wag obtained from

A, excelsa neartwood and was present alsov in A. harpophylla

heartwoot.

The heartwoocd of A. intertexta yielded a new ieucocantho-

cyanidin, teracacidin, This compound was obtained in crude
tform by counter-current distribution of the polyphenclic
fraction, and was characterised ae its trimethyl etner.

The extracts from A, intertexts contained tiiree leucoantho-

cyanidins, apparently inter-related in the pame way as the
leucoanthocyanidins ot the melacacidin series. tiowever,
an attempt to obtain u-etayl isoteracacidin failed; the
solution on reaction with p - toluenesulphinic acid, yield-
ed isoteracacidin p - tolyl sulphone,.

The work with A. intertexta was made difficult by the

rresence of canparatively large guantities of brown,
apparently nigh molecular weignt, polyphenolas. Several
methods of processing extracts were iried in attemnts to
reduce their amount, but without success. Among the
methods tried was that used by Lindstedt & Erdtuan (e.ge.
71), namely dilution of the acetone extract with ether.

It was found that with an undried acetione extract, the
leucoantiocyandinsg were digs tributed between the ether
layer and the other phasea 8o that several ether extrac-
tions were necessary to recover them. Tuis procedure gave
a comparatively hign yield of total polyphenols and of crude

teracacidin.



26,
The yield of purified teracacidin was 0.5" from the
Pirst sample, and about 0O,0%. from the mecond asmple.

A brief sxsuination of the polyrhienols of A, molliseima

was &lso carried out.
Pinitol was present in sll the heartwoods exsuiined.
Tt wap obtained as a depousit during sone acetone extrac-

tiops of A. melancxylon heavtwood (about 0.9%) and

Ao mcllissima heartwood (1.5%). In both cases, no deposit

wag obtained in other extractions of the same sarmple.

5initol wse isolated from A. intertextsa hieartwood (0.3%)

and A. nargophylla neartwood (0.05%). It was detected in

A. excelzg neartwood by paper chromatography. The

{solation of pinitol from A, mollissima was reported by

atephen (47) and by XKeppler (19).

The firast sample of A. excelsas neartwood yielded
u-hydroxynipecolic aecid in 0.2% yield. This stimulatéd
examination of the woud samples f£or amino-aclds; the
results are given in Table 1.

The sapwoods examined contained little, if any,
polyphenols, and no detailed investigation was made. A

small amount of mannitol was isolated from A. melanoxylon

sapwood.



Table 4.

Imino-acids of Acacia heart and sap-woods.

Species

Wood

harpophylla heart

exceoelsa

"

melanoxylon

L

mollissima

"

intertexta

sap
heart

(1)

heart
(2)

sap (2)
heart
sap
heart
sap

heart

h-Hydroxy-
pipecolic

nil
X
2.0
0.2
0.05
nil
nil
0.01
0.03
nil

nil

5-Hydroxy- Pipe-
pipecolie eolic

trace
0.15
0.2
C.001
0.01
treace
trace
trace
trace
nil

Trace = detected by paperchromatography.

X

Figures give % isolsted.

= present ca. 0.01-Q4%, not isolated.

27.

Proline

trace
X
nii
trace
trace
nil
trace
nil
trace

nil
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THE CHEXISTRY OF LEUCOANTHOCYANIDINS: O=-ETHYI-

130MELACACIDIN.

Although they did not obtain pure melacacidin, King and
Bottomley (33) established that it was s 7, 8, 3',4'=flavan-
3,4~-diol. 1t waa shown to be 3 cig-glycol as the tetra-
methyl ether forumed a cyclic carbonate from which the tetpa-
methyl ether diol was obtained on hydrolysis. King and
Clark-Lewis (89) hydrogenated 7,8,3',4'-tetranethoxy-
rlavonpl toa 7,5,3',4'-tetranethoxyflavandicl and obtain-
ed the racemate correspouding to welacacidin. This indi-
cates that the sﬁbatituents at C, and Cz are cis in
melacacldin. une of the aius of the present work on
melacacidin was the clarification of thia point. It wan
expected that it would be possible to remove the L4-hydroxyl
group from melacacidin tetramethyl ether by selectiive hy-
drogenstion, to give a flavan-3-o0l. If the substituents
‘at 02 and 03 are cis, the stereochemistry of this
flavan-3-ol would be similar to thet of epicatechin, and
the 3-toluenesulphonate on heating with hydrazine would
underzo & trang-elimination reaction to give the flaven,
as elth epicatechin (90) and@ epiafzelechin (64). If the
substituents at Cp and C3 are trans, the toluenesulphonate
of the flavan-3-0l would not react so readily and would
undergo fragmentation, as with catechin (90,91). The use

of this reaction to establish the relative configuration at
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C, and C3 in flavan-3=-0ls, is discussed by King, Clark-
Lewis and Forbes (6L4).

The isolation of crystalline melacacidin hag meant that
the hydrogenation to remove the benzylic alcohol may be
carriesd out on the phenolic compound, which may be of
advantage.

The experimental relatiorship between melacacidin and
the two other leucoanthocyanidins algo present in the

extracts of A. harpophylla, A. excelss and A. melsnoxylon

is sehown in Flgure 2. O-Ethyl isomelacacidin wes 1solat-
ed in crystalline forni. It ia considered to be L-Q-ethyl

ipomelacacidin (XXI ), melacacidin being represented as (XX).

OH OH
H 0P OH HO oo A VOH

‘OH “OH
OH (xx) OEt  (xx1)

The evidence for this structure for U-ethyl isomelacac-
1din is as follows: analytical ficures for the anhydrous
material agree with the formula 01751607, and show that
1% contains an U-ethyl group (one U-alkyl and one C-methyl).
Methylation with diazomethane followed by reaction with



Melacacidin
/
circo 10% in 80 minutes 50% in 60minutes

in 05N-HOAc at 100° in 05N-HOAc at 100°

Y

Isomelacacidin

100% in <10 minutesﬁ

in 01N-HOACc at 100° 50% in 15 minutes

in  boiling E{OH +19% HOAc
100% in <Iminute

in 0-01N-HCL at 100

v

O-Ethyl isomelacacidin

Figure 2 : Interconversion of melacacidin,

isomelacacidin and O-ethyl isomelacacidin
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p-toluenesulphonyl chloride in pyridine gave a atable
crystalline tetramethyl ether toluesnesulphonate. This
ghows firstly, that the molecule contains four phenolic-
hydroxyl groups uand, secondly, that it containas one non-
phenolic hydroxyl ;roup, and, thirdly, tnzt this group is
not a benzylic alcohol as these, especlally with a p-meth-
oxy substituent, give unstahle tolueneaulphonateg(/?z%fhat
the compound contains @ flavan nucleus is shown by ite
conversion by hot mineral acid to sn anthocyanidin. Also,
reaction with toluenesulphinic acid gave the same product,
a sulphone, ag wasg obtained from melacacidin. As the non-
pnenolic hydroxyl group must be lccated at Cz, the ethoxyl
group must be on the only remsining carbon etom not contaln-
ing an oxygen-subetituent, that is at Ch’

That the ethoxyl group is an integral part of the
molecule is shown by several feacts. O=-kthyl isomelacact-
din was, before its structure was realised, recrystallised
from methanol-water mixtures but the O-ethyl group remalned.
The C-methyl compound may be readlly distinguished from
Q-ethyl isomelacacidin by paper chromatography in the sol-
vent systems n-butanol:acetic acid:water =and 2% aquecus
acetic acid, where compounds differing in alecohol of
crystallisations lose their geparate identitiea O-Ethyl
isomelacacidin may be readily separated from isomelacacidin
by pertition distribution between water and ether or water
and ethyl acetate, which would not be the case if it were

8 simple alcoholatas. It was
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shown by Bate-Smith and Westall (93) that the Rf values
of polyphenols such as flavonolg, anthocyanidins : and
flavan—}—ol%?g-butanol:acetic acld:water are dependent on
the number of hydroxyl groups present in the molecule.
0-Lthyl isomelacacidin has an Rf value similar to those of
(+) - catechin, (-) - epicatecnin and mollieacacidin and
muech nigher than that of melacacidin. Bate-~-Smith and
Westall have used the Ry value, i.e. 1og . (%f—l) to
correlate structure and chromatographic behaviour. The
Ky values for melacacidin, 1somelacacidin and C-ethyl
isomelacacidin in butanol;acetic ascid:water are 0.,
0.25% and -0.21. The differences between that of O-ethyl
jgomelacacidin and the others (0.62, 0O.u46) are similar in
size to the 4 R;; values found by Bate-Gmith and iiestall
for flavonolg and leucoanthoeyanidins and by Bradfield and
Bate-omith for flavan-3-ols (94).

In connection with the formulation of U-ethyl isomel-
acacldin as (XX1), there sre two further points which
mast be considered. The first is the possibility of a
rearrancenent precaded by sn opening of the pyran ring
during conversion of isomelacacidin to the O-ethyl com-
pound. Such a ring opening occurs readily with
Plavapones (XX1l)toigive; «chalcones and, with flavaponols,

2-benzyl-2-hydroxycoumarancnes (XX111) (95). The ring

openlng 18 payoured by alkaline conditions. It is
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0
. O
OH OH
0 0

(XXII) (XXIIT)
undoubtedly due to the presence of the carbonyl group and
ig vither initiated by or assisted by removal of a proton
from the oL-csrbon 2tom. sueh a ring opening has not
been obaserved with flavan-3-cls; 1in these the ring is
cleaved only on reduction e.g. by sodium in ethanol.
Possible fomaulse such as (XXIV), (XXV), (X«VI) would not

give & stanle tetramethyl ether toluenesulphonate.

H
OH
OH (xxxv? OBt (xxv)
HO QH OH
HO 0 CH—Qi:;§>0H
C OH

OEt  (XXVI)
Unsaturated alconolates guch 35(XXVII)ﬁnd(XXVIII)may be

excluded as the csmpound hae the ethoxy group covalently

OH
@@Q Y o
OH EtOH

OH
(0eviD) (XXVIII)

bound in the molecule. "he benzocoumaranonol and lscflav-

an formulae may also be excluded as O-ethyl iaomelacacidin
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gives an anthocyanidin on heating in acid.

A second point to be consldered i1s the report by Roux
and FEill (96) that some leucoanthocyaniding on heating
with anhydrous hydrogen chloride 1n propanol give two
anthocyaniding, one of which apuears to have an alkoxy
group. u-kthyl i1somelacacidin, on heating with agueous
acid, gave tne same anthocyanidin as derived from
welacacidin, This confirms thnt the ethoxyl group is at
Cy where it woulcd be remved. Examination of the effect
of agqueous acld using paper chromatograchy, siows that
the etnoxyl group is removed very rapidly by mineral acid,
siving lsomelacacidin. It thus seems thst the report
of Roux and B1ll does not nave any bearing on the problem
of the structure of U-ethyl l1somelacacidin.

The fornmlation of (-ethyl isomelmcacidin as (XX13} is
gsupported by dsata obtained on its formation from
isomelacacidin, and on 1ts solvolysis in aguecus acid to
isomslacacicin ag this benaviour rssembles that of other
benzyl alconol derivatives. Méat of the evidence avail-
able concerne benzyl halides. These hydrolyse by
mechanisms which vary from near Sy2 to near Syl depending
on solvent and on subatituents (97,98). Substituents
which are capable of releasing electrons to stabilise an
intermediate carbonium ion incresse the rate of reaction
(examples are given by Kornblum (99) and figures are

given by Burkhardt et al (100)). A p - methoxy subatit-
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uent results in an abnormally large increase in the re-
action rate (101,102), compared with its effect on other
types of reactions correlated by the Hammett equation.
It appears that tne jntermediate carbonium isn is atab-
11ised particuarly well by a resonance form (XXIX)

| ) @
Me‘O‘@CHz «—> Me—o=<:>= CH;,

(XXIX)

It is to be expected that solvolysls of p.- hydroxyl-
bénzyl nalides would be extremely rapid. That substitut-
ed p - nydroxybenzyl halidee undergo golvolysis very
readily has been known for some time; the compounds (xvX)

and (XXX1) were found in 4902 to undergo replacement

CH,CL
HBr-CHBrCH,
CO,H
OCH; OH
OH  (xxx) (XXXI)

of the o/~-halogen by hydroxyl in agueous acetone or by
alkoxyl in methanol or ethanol in the cold (103,10L4).
in slkaline solution, (XXX1) forms a "quinone-methide”
formulated as (XXX11) (105) (. ~upicy,

OCH,

0
(XXXI1)

The reactions of compounda of such gstruc tures have
been investigated by chemists working on lignin; short

reviews have been given by Adler (106,107). It has been
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known for some time that lignin, in actidic alcohol, under-
goes an incresse in number of alkuxyl groups. Thie has
been studied for the last 20 years, and variously ascribed
to mcetal formation from ketomss, conversion of hemiacetals
into acetals, and replacement of p - hydroxybenazylic
alcohol hydroxyls by alkoxyle. The lest is now asccepted
and the reaction has been shown t0 proceed under very mild
conditions e.g., O.5- methanolie hydrogen chloride at rocm
temperature for 48 hours gave sapparently complete reaction
(106).

Such & p - hydroxybenzyl alcohol groupning ie present in
melacacidin, and presumebly also in the accompanylng
leucomnthocyanidin, isomelacaeidin, (Ap 0 - ether group is
alab present). It is therefore to be exvected that
melacacidin and iecmelacacidin would give L-alkoxy com—
pounds with alconolic acide. The experizental wsoark shows
that, in . boiling ethanol containing acetic acid, only
isomelacacidin does 80 t0 any extent, melacacidin re-
maining unchanged. It seems that this difference in
rate must be the effect of a stereochemical differemnce.

The sulphonem obtained from p - toluenesulphinic acid
and melacacidin {treated with strong acid) and (-ethyl
isomelacacidin (treated with weak acid; were shown to be
1&ont1csl. This confirms the paper chromatographic

evidence of the identity of the internediate leucoanthor

cyanidin, and showse that melacacidin and O-lethyl
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jgomelecacidin have identical stereochemistry except at
the position or poeitions affected by acid. Of the three
centres of asymmetry, the one at Cu is most likely to

be affected, the hydroxyl or alkoxyl group, being removed
after the addition of a proton. The experimental evid-
ence shows that the rates of conversion of both com-
pounds into isomelacacidin are increased by increased
acid concentration.

The stereochemical difference between melacacidin and
jpomelacacidin must therefore be scught at Cu. This 1s
confirmed to some extent by the catalytic hydrogenation
work, both melacacidin and U-ethyl isomelacacidin giving
the same product, as Jjudged by paper chromatography, thie
product being apparently the flavan-3-0l1 obtained by
hydrogenolyeis of the groups at Cjy. Melacacldin has bean
shown to be a cis - glycol (33); = isomelacacidin muat
therefore be tne trans~-glycol of opposite configuration
at Cy. The greater reactivity of isomelacacidin may be
explained by the participation of the 3-hydroxyl group in
the reaction intermediate (XXX111+—XXX1V), (written here
as the carbonium ion). An intermediate of partial

gtructure similer to (X»X1V) has been postulated to occur

Hg E ?E C C’H ci
-C—C —> —C—C <« -Cq—Cr =Qe==C-
A MR / \&/ /X @
H O H O H 0 H 0
H H H H

(XXXIII) (XXXIV) (Xxxv)
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in the resction of trans-1-bromo-2-methoxycyclohexane with
gilver acetate in dry acetic acid wnich gives a product
with the same configuration at C4 mss the bromo - compound
(408). ‘The intermediete (XXX11l-<— XXX1V) 18 of & unique
type in that the two carbon atoms of the epoxide ptructure
differ greatly in power to sustsin & positive charge, and
the form (XXX¥) would contribute very little to the stabil-
ity of the intermediate, the mein contribution being
probably from formg in which the positive charge 1s die-
persed over Ch? the p - nydroxyl snd the U-ether oxygen
atome. The p - methoxystilbeneepoxides are of interest
in this connection; 4t appears that in some conditions
opening of the epoxide ring proceede via an intermediate
containing the partial gtructure (XXX111) and cis - glycol
derivative is formed (109). idowever, the product of
nucleophilic attack on the intermediate (XXX111l +—* XXX1V)
from ipomelacacidin would probably take place from the less
hindered side, resulting in a trans-compound. As O-ethyl
isomelacacidin is formed by the attack of an ethanol
molecule, it is formulated se the trane-compound (XX1).

A similar epimerisation at Cu occura with peltogynol
and peltogynol B (75) which have the structure (XXXV1).

Wwhen peltogynol was heated with aqueous oxalic acid, a
OH
OH

HO

HO (XXXVI)
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small proportion of peltogynol B was isoclated. It is
not clear if the mixture had resched equilibrium or if
peltogynol B may be converted back into peltogynol.

A synthetic 6,3',4' - trimethoxy-flavan-4-0l exists
apparently as a mixture of epimers giving a single acetyl
derivative (410).

Compounds containing p - (and o-) methoxybenzyl alco-
hol groups have been much studied by Kenyon (141 ). The
esters of such compounds are hydrolysed by fission
between the slkyl carbon and the ester oxygen. It
sufficlient groups are present to contribute towards the
stability of an intermediate carbonium ion, other evid-
ence of carbonium ion behavioup may be obtained, e.ge.
formation of the ether frmn}ggmunol, or from an ester

in an alcohol (112), formation of an amine from

100° GHs

Meo-QCHOH-CH3 BLLN MeO@CH o + MeO@CHCHz
COH CH;

Meo mooc@ MO e OQCHOMe

an egter and ammnonia (113) and, in the case of

aq.NHz
H — > MeO QH
co

e

-O-0O
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2,4,6-trimethoxydiphenyl-methanol alkylation of ethyl
acetoncetate (114). Kenyon has shown that such com~
pounds react with p - toluenesulphinic acid forming
sulpnonea; the reaction is reversible and is demonstrable
when conditions are such that the sulphone is depodited
from the mixture.

The tendency for p - hydroxy - and p - methoxybenzyl
alecohols to react with muleophilic reagents is of great
interest in connection with the occurrence of "condensed
tannina",. For many years, these have been considered
to be derived from flavan-3-ole (35,36,37). A summary
is given by Freudenberg and Alonao (115) who describe
the isolation of a "catechin dimer" as its acetyl der-

;ivative from the action of acid on (+)-catechin. The

H

MO OH

; H

HO @
HO OH4 CH OH
]
_CHoH  OH
Ho CHa (XXXVII)

(XXXVIT)

structure assigned to this canpound is derived from Freuden—
berg's idea that in 7,4' - dihydroxyflavans, the benzy-
lic ether ip readily cleaved, giving an intermediate
reactive at C2 which then attacks a second molecule at

C6 or C8. In this paper, Freudenberg suggested that
flavan-L-ols would also react (as the electrophilic

reagent) at Cj. This type of condensation has been
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studied recently by B. R. Brown (116) with simpler benzyl
alcohole and phenols. The formetion of "phlobeaphene" type
compounds from the action of acid on melacacidin was ob-
served by King and Bottomley (33) who pointed out its
significance.

It is to be expected that a carbonium intermediate
such as that from isomelacacidin would not only condense
to form carbon-carbon linkages, but would also form ethers.
It is unlikely that carbon-carbon bonds would be cleaved
by acid, with the formation of monomeric anthocyanidins,
but, as with Q-ethyl isomelacacidin, ethers would be
cleaved, Condensed tannins, such as those of

A. molliseima (39) often yleld appreciable emounts of

monomeric anthocyanidin on treatment with aeid and the
C15 units responsible muet be present with either hydroxyl
or alkoxy (aryloxy) groups at Cy.

Besides the C-ethyl derivative, - g-methylisomelacacl-
din was isolated crystalline. Both ethers showed
mutarcotation in acetone-water and dioxan-water on the
addition of acid. The mutarotation in dioxan-water was
complex; the optical rotations first increased (became
more negative) then decreased. It was therefore not
possible to fix upon a definite figure for the molecular
rotation of the product in this solvent. In acetone-
water, the products at equilibrium had e molecular rota-
tion of -232° (from O-methyl jsomelacacidin) and ~218°

(fran O-ethyl isomelscacidin).  The molecular
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rotationa of melacacidin, U-methyl isomelacacidin and

u-ethyl ieomelacacidin are given in Table 2:

Table 2.

solecular rotations of leucoanthocyanidins.

Etnancl Acetone-water Iioxan-water
welacacidin -229° ~260 -229
y~etinyl ~4196 -236 -179
- isomelacacidin (methanol)
U=Kthyl -4 02 -124 -123
dgomelacacidin

As has been mentioned above, a sulphone wae obtained
from both g~-ethyl isomelacacidin end melacacidin, ueing
R - toluenesulphinic acid in dilute, weekly acid
solutl on. It.gave the following erystesllipe derivatives;
penta-acetate, tetramethyl ether and tetramethyl ether
acetate. The phenolic sulphone therefore has four
phenclic nydroxyl groups and one alcoholic hydroxyl. on
heating w#ith acid, tne sulphone gsave an anthocyanidin;
the flisvan etructure 1s therefore preasent. The position
of the phenclic hydroxyla must be st 7,3,3',4' and one of
the alcoholic hydroxyl groups of melacacidin hae been
replaced by the sulpiione group.

The preparation of the sulphone wes carried cut under
conditions in whnich alkylation of the sulphinic acid by
ap- hydroxybenzyl alcohol would be expected, and as

there is no reason to expect reaction at C3, it seems
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reasonable to assume that in the sulphone, the alcoholic
hydroxyl group is at C3 and the sulphone at C),. (The
alkylation of sulphinic acids to form sulphonees is re-
viewed in Houben-Weyl (117)). The sulphone is therefore
a p - tolyl 7,8,3',4' - tetrahydroxy flavan-3-ol-4 -
sulphone. The sulphone group probably enters the re-
active intermediate (XXXIII' <> XXXIV) trams - to the
03 - hydroxyl group as with solvolyses leading to
isomelacacidin and Q-ethyl isomelecacidin. The con-
figuration of the sulphone is therefore probably (XXXVIII)

Qs
HO . H
0 0.

" OH
S0,

H

(XXXVIII)

CH;

The sulphone was notable for its cryestallinity and
the eape with which it could be decolourised with carbon,

in contrast to melacacidin and Q-ethyl isomelacacidin.
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CATALYTIC HYDROCFNATION CF LFUCOANTHOCYANIDIE§.

It was found that melacacidin and O-ethy} iso-
melacacidin could be reduced using palladium in acetic
acid at elevated temperatures and pressures. Both
tended to give a mixture of products; in each case, the
major product appeared, fran paper chromatograghy, to be
the gsame flavan-3-o0l. This was not ubtainea crystalline.

The wost successful experiment «as carrisd out on a
non-crystalliine mixture of leucoantnocyanidina; the
canpound socught waa separated by counter-current dia-
tribution, and although neither the polyphencls or its
methyl ether could be obtained crystalline, a small
yield (0.63g. from 410.L5g. leucoanthocyaniding) of a
crystalline tetramethoxyflavan-3-o0l toluenesulphonate
wag obtained. As the polypvhenol mixture used in this
nydrogenation wag not crystalline, the possibility
exigts thnt the flavan-3-0l was originally present as
such in the mixture. Hydrogenation of melacacidin and
conversion of the crude product to the methyl ether
toluenesulphonate gave an impure samcle of this
toluenesulphons te.

An attempt was made to increase the gpecificity of
the hydrogenation by addition of a small quantity of
mineral acid. This haes been used to asaist the

palladium-catalysed reduction of tetracycline to
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6-deoxytetracycline (4120a) which consists of removal of
a hydroxyl group from a P - hydroxybenzyl structure.
In the present ims tance, reduction of melacacidin was
accelerated, and the formation of by-products substant-
ially eliminated, provided the amount of added acid
(hydrochloric) was not too great.

Catalytic hydrogenation nas often been used for the
preparation of flavan-4-0ls. Exsnmples are:
7,5%,3",4' - tetramethoxyflavonol to ( ) - melacacidin
tetramethyl ether, with nickel (64); dihydrorobinetin
to a 7,3',4',5' - tetrahydroxyflavan-3, L-diol, with
platinum (418); flavanonol to a flavan - 3,4:diol-
(419), and flawanone to flavan~-L4-0l1 (4120) with
palladiun, The last compound suffered cleavage of the
pyran ring on further hydrogenation. An interesting
geries of examples ie provided by Freudenberg and Weinges
(84). 5,7,3',4' - Tetrabenzyloxyflavanonol acetate
(from taxifolin) was debenzylated with palladium on
barium sulphate in dimethylformamide in 72% yield, and
the corresponding tetrabenzyloxyflavan-3, 4 - diol was
also amoothly debenzylated under these conditions to a
5,7,3',4' - tetrahydroxyflavan-3, 4 - diol, but with
palladium without support in dioxan, hydrogenation gave
( ) - catechin, dydrogenation of 5,7,3',4' - tetra-
benzyloxyflavan-3, L4 - diol diacetate gave, under both

conditions, ( ) - catechin 3 -~ acetate.
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TERACACIDIN.

Thie leucoanthocyanidin was 1aoiated fron A. inter-
texta heartwood by countercurrent distribution of the
polyphenole after they had been heated in acldic
ethanol. The phenolic leucocanthocyanidin was not ob-
tained crystalline. 1t gave a nonphenolic trimethyl
ether C, &HQQUS which was shown by the standard degrada-
tion to contain methoxyl groups at positions 7, & and
L', The distribution and caromatographic behaviour
of the polyphenol, in particular its Rf in butanol:
acetic acld:water and the Rf of ite anthocyanidin in
Foreatal solvent, suggest that the polyphenol containg
three phenolic hydroxyls (1.e. no methoxyl Zroups).

As terascacldin gave an anthocyanidin when heated with

acid, it is a 7,8,4'-trihydroxyflavan-3,4-diol (XXX 1X)™

OH

HO

OH

OH
(XXXIX)

This particular hydroxylation pattern does not

appear to have been reported in a natural product (ct.124).
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Three leucoanthocyanidins were present in the ex-~

tracte from A. intertexta; these appeared to be inter-

related in the same way that melacacidin, isomelacacidin
and O-ethyl isomelacacidin are inter-related. Thus
isoteracacidin was converted into the (-ethyl derivative,
permitting imolation of teracacidin. An attempt to ob-
tain crystalline G-ethyl iscterscacidin failed, either

be cause of tée presence of cther pdlyphenols or because
the mixture still contained acid which resulted in
hydrolyais. llowever the soclution gave a crystalline
sulphone, characterised as the tetra-acetate.

As is t0 be expected from the occurrence of the
unusual hydroxylation pattern in the A ring in both
series, the teracacidin - series leuccanthocyanidins
were qualitatively closely analogous to the
melacacidin-series, and 1t seemed that the stereo-
chemiatfy of teracacidin might exactly duplicate that of
melacacidin, The optical rotation figures available
(Table 3) are compatible with this assumption.

Table 3.
Molecular rotations.

Melacacidin series Teracacidin peries

Methyl ether -3090 -214
Iso-gulphone -118 ~-110
Acetylated iso- -88 -6

sulphone
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Iy - HYDROXYPIPECOIIC ACID.

This compound was 1aolated from A.excelsa heartwood
and gubsequently from A. mollissima hear twood 2nd.sap-
WOOCG . It was then found to occur in the leaves of

A. Oswaldil F.v.i., frow which it was reauily leolated.

The amino-acids viere nitroseted ang the N - nitroso
imino-scidés were extracted with ether se describea by
witkop and YWoltz (172). Cryatellise+ion of the recov-
ered imino-scids from sgueous ethanol gave

h—hyd roxypipecolic amcid.

This acldé had been reported to occur in /cacin leaves
by Virtanen =nd Kari (46) but had not been adequately
characterised, & melting polnt (:1370O decomp. after
turning brown at z50%), the ninhydrin colour (yellow
changing to blue) and its R values in various solvents,

being reported. A the imino-aecid from A. excelsa had

MeDPo 29u0 decomp., and gave with ninnydrin, followed by
0

heating at 100-110 a brown-grey colour, it was at first

thought to be a new aninc-acld. The occurrence in

Apmeria maritims of the same compound as Virtanen's

was reported by Fowden (123). The amino-acid from

Armeria mariltima was cnrometographically indistin-

guisheble from the scld from A. excelsa when examined
by Dr. Fowden and by me. The ninhydrin and isatin

colours were identical; the colour from 4 - hydroxy-
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pipecoclic acid and ninhydrin was found to vary with the
temperature at which the paper was heated, being a
vellow-brown after heating at about 800, and developing
a purple shade at higher temperatures.

Determination of grosa structure.

Virtanen and Keri (46) showed that the amino-acid
was a hydroxy-pipecolic acld by detecting pipecolic
ecid on a charomatogram of the products from reaction of
the amino-acid with hydriodic acld and red phosphorus,.
As they were able to detect aspartic acid on a chroma-
togram of the products of the oxidation of the amino-
acid with permanganste in dilute sulphuric acid, where-
ag 5 - hydroxypipecolic acld gave glutamic acld under
the same conditions, they concluded that the amino-acid
was 4 - hydroxypipecolic acid. TFowden (4123) also ob-
tained pipecolic aclid by reduction with hydriodic aciad
and red phosphorus, but detected among the producte of
oxldation with acid permanganate, )h'aminobutyric
acid. Fowden synthespised both 3 - and 4 - hydroxy-
pipecolic acids, snd only the former ylelded any

3/-am1n0ﬂbutyric acid on oxidation, as was to be ex-
pected. Fowden therefore considered that the amino-
acid was 3 - hydroxypipecolie acid.

That the anino-acid was L4 - hydroxypipecolic acid
was readily shown in this work by comparison with
pamples of synthetic 3 - and L4 - hydroxypipecolic

acids, and by epimerisation in barium hydroxide
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solution at elevated temperatures (about 4150°9). The
synthetic 3 - hydroxypipecolic acid d1d not correspond
to either epimer, but the synthetic 4 - hydroxypipecolic
acld was not separated from the cis-epimer onm chromato-
graphy (1 solvent), and gave the same colours with
ninhydrin and isatin. When evimerised, the synthetic
L - hydroxyplpecolic acld gave a mixture of epimers,
gimllar to that obtained by epimerieing the natural
amino-acid. On the other hand attempted epimerisation
of 3 - hydroxypipecolice acid destroyed the acid and
gave a mixture of products. Wieland (124) showed that
acyclic /— hydroxy - o - amino-acids, when heated with
alkall under conditions similar to those used for
epimerisation, gave a mixture of products resulting
from a retro-aldol reaction, transamination and
dehydration. That the natural amino-acid epimerised
without formation of other products was therefore fur-
ther evidence that it was not 3 - hydroxypipecolic acid.
3 - lydroxypipecolic acid also gave a different colour
with ninhydrin.

The amino-acid from A. excelsa was shown to be

different from 5 - hydroxypipecolic acid by paper
chromatography. with phenol as a solvent, 5 - hydroxy-
pipecolic acid is separated from both epimers (Virtanen
and Kari showed that it wes separated from the natural

epimer). Also, as Virtanen and XKari noted, the
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ninhydrin colours differ.

As Bragg and Hough (125) showed that proline reacted
with periodate, consuming one mole in about three
hours, the reaction of pipecolic seid and.ggino-acid
from Acecia with periodate was investigated, but the
reaction proved to be too slow to be useful. Hydroxy-
piperidines which have been found to react with periodate
are the conhydrine isomers, (ethyl-2-piperidyl-carbinols)
(126), and piperidin-3-0l, the latter reaction being
carried out at 100° for the preparation of Zﬁg’
pyrroline (127).

Conclusive evidence that the amino-acid 1s 4 - hydroxy-
pipecolic acid was obtained in the present work by de-
carboxylation of the amino-acid in acetophenone to
piperidin-4~o0l, identified by comparson with a eynthetic
sample by melting point, mixed melting point, I.R.
spectrum, and the melting point and mixed melting point
of the N - p - toluene-sulphonyl derivatives. Th;a
method of decarboxylation had been found by Chateleu
(128) to be effective with acyclic unsubstitued and
N - methyl amino-acids. The yield with the natural
amino-acid, a hydroxylatec, cyclic imino-acid, was much
lower (37%), than that reported by Chateleu for his
examples (80-95%). The mechanism of this decarboxyla-
tion reaction is not known.

The position of the carboxyl group was shown to be

at C2 by the isolation of pipecolic acld on reduction
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with hydriodic acid and red phospirme, by the formation
of a phepylhydantoin, and by the fact that the keto-
amino~-acid obtained by oxidation of the hydroxy-acid

was stable, and therefore was not a /9-'keto-acid.

Kelative configuration at C2 and Cl.

naving determined that the amino-acid was a
L4} = hydroxypipecolic acid, there remained the questions
of the relative configurastions of the carboyxl and hy-
droxyl zroups, and the absolute configuration of the
molecule, The amino-acid wae optically active, and
from comparison of its optical rotation in neutral
and acid solution, it is thought to have the L - con-
figuration at C2; this point will be discussed later.

The problem of determining the relative configura-
tion of 4 - hydroxypipecolic acid is similar to that
with natural 4 - hydroxyproline and 5 - hydroxypipe-
colic acid, both of which have been shown to have the
irans - configuration. The relative configuration
of hydroxyproline was solv:d by Neuberger (129) in
1945 when he determined the absolute configuration at
Cy. From biochemical work, and consideration of the
change 1n optical rotation with change in pH of the
solution, hydroxyproline was considered to have the
L - configuration at C2. With the absolute con-
figurations at both centres known it was possible to

deduce thsat the relative configuration was trans
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(ef.130) Neuberger converted hydroxypr dine by a series
of steps to its U-methyl ether, and oxidised this to
methoxysucciniec acid which was isolated as the (+)-
diamide. This degradation is of no use with 4 - hy-
droxypipecolic acid, as 3 - methoxyglutaric acid

which would be the product, no longer contains a centre

CH,0., ,0..

~
.

U*’*U —~
,H  CO,H

COzH CO,H

of asymmetry. The piperidin-l~-ol obtained by de-
carboxylation similarly provides no assis tance, ag it
also contains no centre of asymmetry. (3 - Methoxy-
glutaric acid and ite derivatives appear not to have
been described; they could probably be obtained via.
3 - chloroglutaric acid (131) and sodium methoxide).

That natural hydroxyproline was the trang-igomer
was confirmed by Patchett and Witkop (4132) who ob-
tained the lactones of both N - carbobenzyloxyallo-
hydroxy - L - proline and the D-1isomer. The same
procedure was used by Witkop and Foltz (122) to dem-
onstrate that 5 - hydroxypipecolic acid from dates had
the trans-configuration. The N - carbobenzyloxy- der-
-ivative was oxidised to the keto-acid, and reduced
with eodium borohydride to the cip-epimer, which,

with acetic anhydride, gave the lactone. The con-
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figuration at C2 was deduced from the change in

0
- Q __:’°\L/l L N
COoH " CcoH go
OCHzPh OCH,Ph OCH,Ph

optical rotation with change in pH of the solution.
The configuration at 05 conld alaso bve deduced from the
change of rotatiocn on opening the lactone ring (133).

It seemed desirable to obtain the lactone of a
derivative of g¢is-l-hy@roxypipecolie acid in order
to provide conclusive evidence on the relative con-
figuration of the groups at Cz and Cy of natural L-
hydroxypipecolic acid. As stated above, aynthetic
4 - hydroxypipecolic acid used in comparison of the
hydroxypipecolic acide by paper chrosatography which
had been supplied by Professcr Vanderhaeghe of Louvain,
was found to correepcnd to the epimer of the natural
acid. This compound was designated "allo” by
Professor Vanderhaeghe, but no evidence on its
stereochemistry has been published. There were two
items of evidence which indicated that thes natural
compound was the trans-epimer; both derive from
conforuational analyeis and require the assumption
that in 4 - hydroxypipecolic acid, the carboxyl groap
1enormally equatorial.

It was found that on chromatogreaphy using butanol:
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acetic acid:water, the natural epimer had a hizher
Rf value than the allo-compound obtained by epimerisa-
tion in barium hydroxide solution. When a palr of
epimer alcohols 18 chromatographed on paper, the
epimer wiich is retained preferentislly by the more
polar phase is usually the epimer with the
equatorial hydroxy gZroup. This has been found to be
the case with hydroxylated steroids (134, cf 135) and
yohimbines (136). In the monohydroxycyclohexane-
carboxylic acids, the eplmer which would have the
hydroxyl group axial if the carboxyl group were re-
gerded as belng equatorisl, has the higher Rf value in
ammoniacal butanol (437), slthough the differences in
Rf values are very smsll, On this basis, the natural
L-hydroxypipecolic acid, having a larger Rf value than
1ts epimer, would he consldered to have ite hydroxyl
group ‘axial; this implies a trang-configuration,
However, in the golvent system which separated the
epimeric 5 - hydroxypipecolic acids (collidine:lutidine
3:4) (138) the natural epimer had a higher Rf than the
g;g—compound; probably because Of the nature of the
solvent.

The second item of evidence that notural 4 - hy-
aroxypipecolic acid has the trans-configuration is
derived from the fact that reduction of L -~ oxo-
pipecolic acid leads predominantly to the allo-cam-

pound, Thls reduction would be expected to give a
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product with egquatorial hydroxyl, whether considered
as a relatively unnindered ketone to which Barton's
"rule"” (139) 18 to be applied or ae a resction which
is "product development controlled” (140). This
implies that the mllo-acid ia the cis-isomer. It has
teen found by Beyerman and Bockee (4141) that reduction
of 5-o0x0-pipecolic acid with sodium borohydride gave,
aprarently specifiecally, Egggg—S-hyﬁroxypipecolic acid,
as expected. Un the other hand, it was found by
Witkop and Foltz (4122) and confirmed by Peyerman and
Boekee (141), that reduction of N - carbobenzyloxy-U-
oxopipecoclic acid gave the cis-isomer.

Efforte were therefore directed towards obtsining
the allo-acid to attempt the prevaration of the lactcne
from a derivative. The cig-epimer could be obtained
from the trans-campound either by a specific invereion
at Cy, or by attainment of an egullibrium at Co which
would result in a mixture of eplimers reguiring sep-
aration. Such a mixture was convenlently obtained by
heating N - benzoyl - 4 - hydroxypipecolic acid and
hydrolysis of the product. However, it was found that
peparation using the copper salts, an efficient
procedure when applied t0 & mixture of epimeric hy-
droxyprolines (142, 143) could not be achieved, as the
copper salt crystallising frum the mixture.contained

both epimers, apparently in equal proportions,
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Preparation of the allo-acid, by oxidation of the
natural scid to the keto-acid, followed by reduction,
was investigated, and, after some exploratory work, the
keto-acid was obtained in 36% yield; reduction with
sodium borohydride gave c¢ig - 4 - hydroxypipecolie
acld in 78% yield.

The oxidation to the ketone was carried out on the
free amino-acld as the determination of suitable re-
action conditiona, and the isolation of the product
could then be assisted by paper caromatography. In
other cases where the cig - hydroxy compound has been
obtained via the ketone, namely with hydroxyprolilne
(132) and % - hydroxypipecolic acid (122), it has
been necessary to work on N - subptitubed acids be-
cause, as shown by Kuhn and Csswald (144), the group

-Cu-CHp-KH~- as in 4 - oxoproline existis largely in the
tautomeric form - C(Uil) = Cili~-Ni- and confers reducing
properties on the molecule. Witkop and Foltz (122)
found that even N - benzylouxycarbonyl - 5 - oxoplpe-
colic acid was unstable. In this work it has been
found that L4 - oxo-pipecolic acid is quite stable in
acld solution, but shows slight decomposition 1n
neutral and alkaline solutions,

The oxidant chosen was chromium trioxide which has
been used previously with amino-acids in at least two
cases; Baker et al (145) used it in the preparation

of pyrrolidine-2-acetic acid and Glomuckl and
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Marezak (146) for the oxidation of 4 - dimethylamino-
butan-1-0l, 1 - dimethylaminoethanol and L -
dimethylaminobut - 3 -« yn - 1 - 01 to the correspond-
ing acids. Thege workers d¢ not report any difficulty
due to caromium: dong; crvatallisstion of 44 - oxO=-
pipecolic acid appeared to be hindered by the presence
of chromium, which formed a purple co-ordination ecom-
pound. Removal of chromium ionsg was achieved by
fractional elution from an ion-excnange column,

A large excegs of oxidant was used in order that
oxldation of 4 - hydroxypipecolic acld tc the ketone
should be complete 21 though this precaution was
probably unnésessary as the keto-acid was crystallised
as the hydrochloride which would leave sry L4 - hy-
droxypipecolic acid in the mother-liguor.

The only other product of the oxidation that was
detected was /3~a1anine, jgolated in 2.2% yield as
N - phenylcarbamoyl-//?- alanine.

The reduction of L - oxopipecolic acid with sodium
borochydride yielded hoth epimere, in the proportion

cis : trame about 10-20 to 1 . The cis-acid was

readily obtained pure by crystsllisation.
Attempts to obtain a lactone from N -~ benzoyl -

cig - L4 - nydroxypipecolic acid were unsuccessful,

Absgolute confipuration.

Tne absolute configuration of (-) - pipecolic acid
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is known to be L - , as (-) - balkiain, which gave
(=) - pipecolic acid on hydrogenation, has been con-
verted into a derivative of L - aspsrtic acid by
oxidation (147). The absolute configuration of
L - 5 - hydroxy-pipecolic acid has been deduced
(4122) from application of Lutz and Jirgenson's
empirical rale, which states that the optical rctation
of an o{(~-amino-acid of the L - configuration becomes
less negative on protonatlon of the carboxyl group.
The applicability of this rule has been examined by
winitz, Birnbaum and Greenstein (4148), and its
application to L4 - hydroxypilpecolic acid appears to
be Jjustifiable. Ag its optical routation is made
lees negative on addition of aecid, natural 4 - hy-
droxypipecolic acid tnereiore has the L - configura-

tion at Cp, and is completely defined as (XL).
OH

N
H o COH (X1.)

The molecular rotations for the various pyrrolidine-
and piperidine - ol - carboxylic acids of the I -
configuration in water and in acid sclution are given

in Table U. In these figures,
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Table l.
Molecular rotatione in water and in aeclid.
(#)n (¥)p (%)p, Change
water 1 equiv. B5N-HCl water—
aectd acid
Froline -99.9 ~71.0 +068.9 Ea
Hydroxyproline -99.6 66,2 +33.4 (b
cig-L-dydroxy- =~78.0 ~2U.7 4535 (b
proline
ripecolic -324¢5 -15.5 +19.0 gcg
h-Hydroxy- -1 8.9 +3.8 +22.7 c
pipecolic :
cig-h-iydroxy- =31.5 +12,9 +uht (e)
pipecolic
H—ilydroxy- -33.5 =19.8 + 4.7 (@)
pipecolic
cig-5-idydroxy- =W5.0 -16.7 +26.3 (4)
pipecolic (e)

(a) At 20°C, calculated from (149); (b) at
259C (148); (e) at room temperatures (20°-25%C),
this work; (d) at 20°C, (122); (e) hydrobromic
acid used.
there existe the regularity that the change in
molecular rotation ie greater with the cis - than with
the trans - conmpounds. This confirms the assignment
of the trang - configuration to natural 4 - nydroxy-
pipecolic acid.

The hydroxypipecolic acida differ from hydroxy-
proline in that, with the nydroxypipecolic acids, the
g;g‘- acids have the more negative rotation in water
whereas, with hydroxyproline, the trams - form hes
the more negstive optical rotation. This is
jllustrated in Figure 3, where the molecular rota-

tions for agueous solutions are given. (The
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Figure 3: Molecular rotations
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molecular rotation of (-) - e¢is - 3 - hydroxycyclo-
hexanecarboxylic acld is for methanol and ethanol
(150)9 .

The reaction of 4 ~ hydroxypipecolic acid with

hydriodic acid and red phosphorus.

Ae found by Virtanen and Karl (L46), and by Fowden
(123), the mixture resulting from this reaction con-
tained pipecolic acid and two componente having a
higher Rf in butanol:acetlc acid, conaidered in both
cases to be iodine-containing amino~acids. Figcher
(151) isolated (¥) - proline from the reaction of hy-
droxyproline with hydriodic acid and red phosthorus,
followed by treatment of thne products with sodium
amalgam to remove iodine - containing compounds
which, according to Leuchs and Felser (142) amounted
to about 14% calculated as mono-iodo-prolines. In
this work, pipecolic acid was isclated without a de-
halogenation step, but 1t proved to be racemic. The
yield was small (8.5%). Nelther Leuchs and Felser
(142) nor Fischer (151) quote yields of proline from
hydroxyproline.

The two products of high Kf did not give a pos-
itive test for ionic iodine (nitrous acid, then starch)
but with silver nitrste they formed brown spots. When
the products from the hydriodic acid and red phosphorue
reduction were treated with excess silver carbonate,

the two products of high Rf disappeared, and the
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mixture contained baikiain and 2 - aminopent - 4 -
encic acid(TaiLMl— glyciﬂa@)identified by comparison
with suthentic samples by paper chromatography in two
solvent systems which gave different orderes of RP
values, snd by thelr colours #ith pinhydrin end with
isatin.' These colours were distinctive, particular-
1y that given with pinhydrin by balkiain waich varied
from a yellow to a grey-green. As the colour given
by the rsaction product alweys watched that glven hy
a reference spot of balkiain, it seems that tae
igomer, 1,2,5,5 - tetrahydropicolinic acid, was
absent. The identity of 2 - eminc - pent - 4 -
enoie meld was conflrmmed by catalytic hydrogenation
of the mixture, whicih yielded 2 - eminopentancic acid
("norvaline"), ldentified by papcer chronatography.

The formation of these products is explaineo as
the removal of the elements of hydriodlc acid from
epimeric 4 - iovdo - pipecolic acids formed in the
hydriodic acid mixture, either by tramg - elimination
when the iodine is axial, to give a tetranydropicol-
inic acid or by & ring cleavage when the iodine is

equatorisl, to give me thyleneaminopentenoic acld (x11),

@ O . CHz CHz s CHCHCH;CHCOH
CO.H N~ COH CH{N/C"LCOH NH,

(XLI)
which decompoeea to 2 - aminopent - 4 - enoic acid.
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Apparently tae cerboxyl group influences the approach
of the silver ion to the ivdine atom in such a way that
only the A‘* - unsaturated pipecolic acid (batkiain) s
formed.

The above cleavage is of a type observed in many
4,5~-halo~amines (152). Ab ezample is the conversion
of quininme (XLII} to piguime (XLIII), with the lose of

®
CHCH, CHBrCH, CH-CH,
i @ - ’
QeHoH, QCHOHNY, QCHOHN

(XLII) ot
e CH:CHCH,
72BN
—_— |I\CH CHy| —
e .
QcHOH\ O CH, QcHoH i (XLIIT)
0= 6-mathoxyquinocline-4- H

one carbon atom. Arcaer (153) has shown that a similar
reaction occura with Muchlcrosropma {x11v), bat mot
#ith 3cl-chnlorotropane {XLV), when treated with
potassium cyanide in aguecus ethanol.

— _ _ <
s — 5”3 — L
N N
XLIV

[ oo |8 _ L |

_ - _ 5
— — \ﬁ? — .-Elt!l
lsimiviNe

o (xxv) N
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Investigation of the synthesis of i -~ hydroxypipecolic

acid.

The first method of synthesis of L4 - hydroxypipe-
colic acid investigated wo2as the catalytic hydrogenation
of the corresponding pyridine carboxyliec acid with
pletinum,. As published methods of prepaving L -
hydroxyplcolinic - acid (L - pyridone - 2 - carboxy-
lic mecid) (154) were unattractive, the benzyl ether
was prepared by reaction of methyl L4 - chloropicolinate
(155) with sodium bhenzyloxide. This benzyl ether wes
cleaved by hydrogenati on under mild conditions, or when
the hydrochloride was hesated. In trials, it was found
that hydrogenation of L - benzyloxypicolinle acld in
atrung acid yielded nipscolic actid, but in acetic sacid
or in water, some 4 - hydroxypipecolic acid (mainly
¢lg -) was alpo formed; 1in ammoniacal soluti om, no
hydrogenati on occurred.

¥rom hydrogenation of L - benzyloxypicolinic aeild
in water, a very amall yield (1.h%) of crystalline
(¥) - eis - 4 - hydroxyplpecolle acid hydrocnloride
wae igolated; this method is obviously unsuitable as
a preparation, Fowden (4123) obtained about 3% of
erude product in his syntinesls of li - hydroxyplpecolie
acid by catalytic hydrogenation of I - hydroxypicolinic
acid.

There are several reasons for the low yield in this

hydrogenation. Firstly, the hydrogenation wag not
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complete; some 4 - hydrcxypicolinic acid remsined,
and the solution darkened considerably in eir, In-
dicating the presence of partially hydrogenated
productse. cecondly, it 1s poseible that eome de-
carvoxylation of L - hydroxypicolinie acid cceurred.

" Thirdly, an sppreciable amount of pipecolic acid (but
probably less than R3) was formed. This "hydrogen—-
olysis” hag been found to occur when 5 - hydroxypicol-
inic acid is nydrogeanated in acidic, but not in
ammoniacal solution (138). It occurs during
catalytic hydrogenation of hydroxybenzoie aclde (156);
the proportion increased from 20% for the o - compound,
through 68% for w - to 8Ujk for the p - compound (137).
An explanation of tnis hydrogenolysis is that allylie
aleohcle are present se intermediates during hy-
drogepation, and these would be suasceptible to
hydrogenolyeisg. This explanation is supported by
the fact that methoxy - and acetoxybenzolc acids 21so0
suffer hydrogenolysis (156).

Ag stated above, the predominant jsomer produced
curing the hydrogenstion wae the cis — isomer. This
je to be expected, and could be used as evidence for
the configuration of hydroxypipecolic acid. Hegarty
(138) found that hydrogenation of 5 - hydroxypicolinie
acld gave wore cis - than trans - 5 - hydroxypipe-
colic acid wrhen carried out in acid gsolution, but

approximately equal gmounte in ammoniacal solution.
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1t was stated by Balzp and Crol {157) in 1929 that
hydrogenation of 3 - and 4 - hydroxybenzolce acids with
platinuin gave mainly the cis - isomer of the hydroxy-
cyclohexanecarboxylic acids, but later worlers (Coege
137) avoided s decisioi.

Tie second wethod of syntuesis of L - hydroxypipe-
colic acid investigated rollowed that of hydvoxyprcline

by kuian and Osawald (144). inasrmuch as tae

(}OlEt (l:'H-COIEt ?01Et (IZH-,COZEt clo—(fHz HOU
cr\i,NH CHCOEt cr{zN _CHCOE | CQ,N/CH-CQ.,E!_) COH
éozEt COEt éOlEt H
B (XLvI) -

initial step in this aynthesis 1s probably adaition of
the smine to ethyl fumerate, to give (¥ILVl), the next
gtep may be regarded as & Dieckinann cycligation, first
used to prepare a neterocyclic ring ketone by Ruzicka
(1558) and subseguently used as a genertzl method by
Mchklvain.
Reaction of the ethyl esier of N - ethoxycarbonyl -

/3 - elanine with etuyl fumarste, followed by is-
olation of the /?- keto-ester as its sodic derivative,
and subseuuent acid cleavage gave & ketone  C11H1708N
which, by reduction and hydrulysis, gave an amino-

acid CgHqq03N.H20. This product was
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chronatographicially quite distinct from the 4 -
hydroxypipecoclic acides; aes it did not give a purple
colour with ninhydrin, and i1ts N - phenylcarbamoyl
derivative did not cyclise to a hydantoin, 1t was
apparently not an ol - amino-acid. It 1s therefore
probable that the Dieckmann cyclisation gave a five-
membered ring ap (XLV11ll), and the amino-acid obtained

wag one of the steroisomers of (L).

COgEt COEt CO,Et
CH | CHCOEt CIIHl CH,COAEt $H—$o |
C{g CHCOEt CQ; _ CHCO,EY C{!, _ CHCH; COsEt
NH b N
CO,Et CO,Et CO,Et
(XLviI) (XLVIII)
OH
CH;—CO CO;Et
W, CHCHCOEL ¢H H;COE
CHi PHEH;COEL CH;COH H;  CHCOE
N N CH, CHCOft
| H ~N. 7
CO,Et CH,
(x11X) (L) (L1)

This result was unexpected as formation of the
anion was expected to occur on the carbon atom merked '
in (X1LV1l). It is possible that formation of the
f£i ve-membered ring was favoured by the potential
crowding in the gjx-membered ring. However, ethyl

pentan - 1,2,5 - tricarboxylate (Ll) cyclisee to a

cyclohexanone (159).
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GENERAL EXPERIMENTAL CONDITIONS.

Unless otherwise stated, melting points were det-
ermined in pyrex capillarieg, and are not corrected.

Elementary analyases were by Dr. ¥, ... Zimmsrmuann,
C.5.T.R.C., Melbourne,

Cntical votations are calculeted from the mean of
six determinations, the seale belng vead nt both 1l=ft -
and rizht-hand positions for each determination.

Unless stated otherwise, 8 1 dm. tube was used,

Paper -chromatography:

Analytical paper chromatography was carri=d out on

thatmen No. 1 paper uslng descending golvent flow,

The paper wam not egquilibrated with the solvent.

The chronstography tank was placed in a cupboard, but
no other temperature regulation was used, The rate
of solvent flow increased wi th temperature, but Rf
values 4id not vary sppreciably. In this report, the
time the chromatogram was allowed to run and the dist-
ance of flow of the solvent front are zgiven when
important.

Much of the paper chromatography was done using
Papiridge's n - butanocl:acetic acid:water L:1:5
mixture (160). This solvent was found most con-
venient for use with polyphenols end amino-acids and
gave ugeful information with cerbochydrates and cycllt-

ols. The abbrevistion BAW will be used to describe
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thia solvent, uwhich was made up limediately before use.

Rf values {for amino-acids, carvohydrates and
cyclitols are given with respect to the point of app-
arent maximun concentiration, but the KL values of
polyphenols are given as the range from the vear of
the spot to the front. Tnis method of presentation
hag been chosen because 1t gives an indication of ihe
lengtn of a spot, which varied from cowmpact
(leucoantnocyunidir® in BAw, to very long (7,3,3',L' -
tetranydroxyflavonol in BAW).

Ag & pecund solvent for the chromstography of
rlavanolds, 2% acetic acid (464) proved most eat-
isfactory.

For the chromatography of anthocyanidinse, the
"porestal't solvent (water:iacetic acid:concentrated

aydrochloric acid, 10:30:3) was used (162).

Detection of polyphenols on chromatograms.
The following reagents were used for detection and
classification of polyphenols on chromatograie:
(a) Yerric chloride - 1% solution in ethanol.
(b) Ferric chloride - potassium ferricyanide
reagent (163) was most useful as a spray
or dip, detecting polyphenols of all types.
(e) VanillinJTHC1l (about 15 vanillin in con-
centrated hydrochloric acid, the vanillin

being broughit into solution by digsolving
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1% in a swall amount or ethanol), was used to detect~3\
polyphenocls containing a phloroglucinol nucleus with- <
cut ketonic substituent e.ge (+}—catechiﬁ, wnich
give & red colour in the cold within five LA nutes .
Leuncoanthocyaniding gave a red colour visible after
ebout %0 minutes in the cold. No vanillin - posit-
ive substances were detected in the Acacia neartwood
polyphencls examined.

(a; lLeucoantiocyaniding were jnitially detected
by spraying with strong nydrochloric acid, (about 3N6)
collowed by snort heating (about 5 minutes at 1000).
The texture of the paper was degtroyed on heatling and
the paper casrred 1if heating were prolonged. Roux's
spray (3% g - toluenesulpnonic acid in ethanol)

(164) was as efrective in locating leucoanthocyan-—
jains, without such & deleterious effect on the
paper. The latter spray was used for mogt of the
work.

(e) silver nitrate in acetone as a dip reagent,
followed by en alkaline spray, was iniroduced by
Trevelyan, Procter and Harrison (165) for the de-
tection of polyols.

1t waa found that some volyphenols ©.ge

melacacidin, snd (+) - catechin could be detected
by a neutral silver nitrate spray, followed by ex-
posure to light. It appeared that, for a positive

result, the polyphenol reguired two or more hydroxyl
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groups on a benzenoid ring. Leucoanthocyanidins
gave a strong positive, The response of the poly-
phenol to neutral silver nitrate seemed to depend
also on the presence or sbsence of the carbonyl
group (Cu), flavans being apparently more readily
oxidiged than flavanones. The range and specif-
icity of thia effect were not explored.

After examining the paper for aubatances reduc-
ing neutral silver nitrate, the paper was sprayved
with alcoholic alkali (166). Some components e.g.
reducing sugars, gave a positive gpot without being
heated, but other components e.g. pinitol required
short heating.

(£) As a diazo reagent for phenols, diazotised
sulphanilic acid (167) wap used initially, but it
wae found more convenient to use bis-diazotised
benzidine (168). This apray was not of much usge
in the polyphenol work.

Ags noted by Harris and Pollock (169) this re-
agent gave orange colours with imino-acids. In
this connection, 1t is of interest that dlazotised
enilines give water-insoluble yellow compounde with
psecondary amlnes, that from diazotised p - nitro=-
eniline snd dimethylamine being (111) (4107). The

structure of the CH; COH

NN Cl :N-
O’NQNNNMeZ (LII) VNN @
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compound from diszotised 5 - chloro - 2 - asthyl-
aniline and proline is reported to be (L111) (171).
The coloured products ocbtained Trcm pipecolic and
hydroxy-pipecolic acids repidly diffused in tha
apreyed paper, forming large coloured areag. For
this reagon the reagent wos vot yenerally uszeful for

detection of iminc-acida.

Detection of amjno-aclds on cnrdongtozrams:

Wor amino-acids, the apray reagenta used routine-
1y were ninnydrin in ethanol oy butanol and iaatin in
acetona, As the solvent ususally used for chromato-
graphy was BAiW, acetic 2cid wes not sdded to these
reagents. For spraylng, butsnol was more conven-
1ent than ethanol as a solvent for ninhydrin.

The cclours given by U4 - hydroxypipecolic acida
and other imino~aeids with ninhydrin, isatin, and
some other cpray reagents sre given in Table 22
(in section on 4 - hydroxypipecolie acid).

origins of wood ssmples.

A11 wood samples except the Acsclsa mollisaima

sample were supplied by %.T. Jones, CoeDeleRato,

Brisbane. The A. molligsima ssmple was supplled by

the South Australian Woods & Forests Department.

Details are given in Table 5.
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Table 5.
Details of origins of wood aamples.
Sample Species Herbar- Place Date Colour Dismeter
Number ium of collect- of of lieart-
Number Origin ed Heart- wood
wood
5583 harpo- 54 Yarral 18.4.56 ¥Yellow- 15cm
rhylla Creek brown
Goondi- (a)
windl
5919 " 500 Yuleba 24 44.57 1 41 0-1 5cm
5564  excel- 55 Yarral 18.4.56 brown 20cm
88 Creek
Goondi-
windi
5920 i 890 Yuleba 21.11.57 Black 15em
590% ©mielan~ 481 Acacia 249.7.57 Dbrown 20cm
oxylon plat-
eau
- moll- - - -.12.5 pink 4 5=10cm
issima
5891 inter- 473 wolan 12.7.57 1light Chipe
taxta Yhian brosn
59?7 " LU t il " 25_30°m

(a) Yellow flucresence in IV light

Extraction apparatus and procedure.

The extractor used for solvent extraction of the
wood material was 8 stainless-steel container, either
L6 x 20cm or 45 x 15cm. totally enclosed within a
etainlese~-ateel shell, with a copper-coil water con-
denger at the top. The detachable hottom portion
(17 x 22.7cm) served as boiler and as receiver for
extract from the wood. A neoprene gasket wag used

between boiler and cover. The wood container hsad a
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nole in the bottom sand condensed solvent percolated
directly through with minimum hold-up. As the oon-
tainper was completely surrounded by vapour of bolling
solvent, the extraction was at the boiling point of
the solvent. lieat was supplied by a water-batn for
acetone or ether, or by a not-plate for solvents of
higher b.p.

The light pretroleum used nasd b.p. 60-80°. Lignt
petroleum, acetone and ether were redistilled from a
vater-bath before use.

The wood sauples were prepared for extraction by
either of two methods. Initially, the wood was split
into smll pleces (smaller than a pencil) and ground
in a “C & K" 8" laboratory mill. Host of the ex-
tractions were of wood which had been planed into
shavinzsa by e “"buzzer”, The amount of wood which
could be pac:ed into the extractor varied. Examples
of loads for the larger container are 2.2Lkg,

A, mollissima sapwuod, 2.7kg. A, harpophylla heart-

wood, 4.8kg. A. melanoxylon heartwoad, 2.0kg. A.

intertexta neartwood., The smaller container held
about helf es mmch as the larger.

A svlvent charge of 57 1. was reguired. sMach
of this wae retained by the wood, and evaporated

when the wood was left in thin layers overnight.
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The apparatus used for counter-current disiri-

butions was a 50 - tube semi-auvtomatic machine from
J. .. Towers & Co. Ltd., widnes, England (171A).
In tnig machine, the bank of tubes is tipped man-
uelly {for tramsfer. The voluases of moving phase
and stationary phase were boih 50 ml. The sghaking
and settling times used vere 2} minutes shske and
L minutes settle.

Both pheges were eguilibrated before use.

Bush and Densen digstributlion,.

In the worz degcribed in the section "iaolation
of yu-ethyl isouelacacidin; exploratory work" 1t was
found that the distribution constante of the poly-
phepols between etayl acetate snd aqueous buffer
pid 7.0 were such that 1t was poasible to design a
relatively simple Bush and Densen (83) distribution
to obtain melacacidin and 1lsomelacacidin, 1n the
agqueous phase,and (-ethyl isomelacacidin and ketonic
flavonoids in the ethyl acetate phase.

with these solvents, the distribution coeffle-
jents were found to be as followe: welacacidin 0.56,
jgomelacacidin 0,39, (-ethyl isomelacacidin 5.2.

Ag most of the ketopic flavonoids had distribution
coefficients similar to, or higher than, O-ethyl
jgomelacacidin they would be carrled into the ethyl

acetate phase to the same extent as, or more than,
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O-ethiyl isomelacacidin. In order to oObtain max-
jumm separation of melacacidin (with jsomelacacidin)
from U-ethyl 1lsociselacaeidin, the phase volume ratlio
ethyl acetate: agueous buffer 6:10 was used. The
actusl system used la shown diagramatiecally in Figure
4., with the calculated dlstributions of melacacidin
and C-ethyl isomelacacidin.

This Gistribution was used repeatedly as an
operation in processing neartwood extractives, and
will be referred to subsequsntly as the "usual”

Bugh and Densen distribution.

lon exchange resing:

Two cation exchange resins were used for igolation
of amino-acids. Some work was done with a resin
supplied by L. Light & Co. Lngland. For moet of the
isolations and fractionations, Zeokarb 225 , &
gulphonated polystyrene 8% cross-linked, standard
size besds (particle size 4k - 52) supplied
by Permmtit Co. Ltd., Gunnersbury Avenue, London il
wap used.

In order to aveld blockage of columns by pre-
cipitation of acid - inscluble material in the
strongly scid environment of the resin, extracta
fpom wood were heated in a boiling water bath in
31ilute nydrochloric acid (0-5-1N) for 2 - 3 hours,
cooled, filtered and evaporated to dryness uider re-

duced pressure.



Phase volume ratio: Et(gl acetate 2_4(_3
uffer 400

Upper figure — calculated Zof melacacidin in the fraction
Lower figure — calculated Z of O-ethyl isomelacacidin in the fraction

Figure 4: Bush and Densen distribution for the separation of
melacacidin and O-ethyl isomelacacidin.
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VEH
The residue wag diesolved in water snd rilteired
from insoluble wuaterial, The acid trestuent was
repeated until no furtherinsoluble material was

obtained on evaporation.
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Extrections of wood samples.

Extrac-  Species Sample {ap or Heart- Welght  Page
tion No. wood (g
A harpopuylla 583 Iy 2756 79
B " " " 2407 91
c " " " %165 93
b 5919 " 8L00 95
E " ! " 3970 98
P " " Sh & HW 10,350 101
G excelsa 556  Hi 20394 104
H i 5920 1905 107
I " = " 2335 110
d N o SV 1689 115
K " L SW & Hw 2470 117
L melanoxylon 5605  Hw 1293 119
M " " ! 1562 122
N " & " 5934 125
" i SW 9 127
" " " 27N 129
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Table 6 cont.

Extrac- Specles Semple Sap or Heart- Welght Page

tion No. wood (g).

Q molliseima — H¥ 1844 13
-] " - " 6788 135
8 " — 8 6250 436
T " - S 7390 438
o " . . 10,510 14
\'f intertexta 58 Hw 579 149
W “ 577 " 3132 147
X Y " " 2900 148
Y " " " 3100 149
Z u i g 2L00 454



EXTRACTIONS OF WwOOD SAMPLES.

e SR T TR SR T T S e

A 1list Of the extractions ie given in Table 6.

------

xtraction of A« harpopiaylla SNEBE3 neartwcod.
2 _ EUp o

rxtpaction A: (See figure 5). illed heartwood
(2,756g.) was extracted with light pretroleum for 10
houra. The cold extract conteined a snite deposit
(L.8g.) and, on removal of sulvent left an srange~-col-
oured, soft wax (7.7g.). veier extraction (31 hours)
gave a hrown deposit ((a), 8.4g.); the ether goluticn
(abont 21.) contained 9.3g. of material (fractiovn (b)j.
sther extraction for a further 36 hours resulted in no
furtner ceposit; the etner silution contained 9.0g. of
materisl {fraction (c);. The wood was then extracted
with acetune (7 hours, extract (d4)), and with etaanol
(7 nours, extract {(e)).

#raction (a), on paper chromatography (25, 12
hours, 2hecm.) appeared to contain only two polyphenolic
componentg: -

(al; 4 compact spot Rf 0:-25-0.33, reducing neu-
tral silver nitrate, slowly giving a red colour with
vanillin in nydrochloric acid (visible sfter 30 min-
utes), giving a khaki brown colour with ferric chloride,
and a8 brown colour with diazotined sulpnenilic scid.

It waa not visible under ordinary or UV 1light,

(a2) A streak Rf 0,25-0.4li, yelloz in visible

1ight, fluoreacing bright yellow in UV light, and re-



Acetone extract

(d)

concentrated

Deposit (da) Wdter—sloluble
|
Flavonol ether extraction
Extract (dc) Aqueous resi due
|
light petroleum EtOAc extraction
extraction I
| l Extract (dd) Aqueous
Deposit Aqueous e
solution
Chalcone I Melacacidin (de)
Flavonoids & mixed
leucoanthocyanidins
Ethanol extract (e)
Water-soluble
EtOAc extraction
I
Extract (eq)

systematic ether extraction

Flavonoids

Figure 5 Extraction A

Aqueous residue

Pinitol

Mixed leucoaﬁthocyonidins

(simplified)
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ducing silver nitrate only when alkaline. The yellow
colour wae deepened by vanillin in nydrochloric acid,
but other reagents gave negstive remulte.

A portion of fraction (a) was boiled Yor a few min-
utes with 3N - hydrochloric acid, the deep red solution
was extracted with isommyl alcohol, and the extract
was chromatographed aa above. gubatance (a1) was not
detected, but (a2) was still present. The red colour
was present as a faint spot Rf 0. 35-0440. substance
(a1) was therefore considered to be & leucoanthocyanidin.

Praction (a) was extracted wi4h hot water (3 lote of
20 ml each), then ethanol (50 ml). The brown agueous
extracts gave slight deposits on atanding overnight
(0.22g. in the first extract, very gmall in the others).
After filtration, the solutions were charcoaled, but
without removal of much colour. The aolutiona were
then taken to dryness under reduced pregsure giving
3.7,1.2,0.27g of material respectively. These
fractions were combined, dissolved in ethanol (200 ml)
and again charcoaled; the colour remained. The
solution was tasken to dryness under reduced preasure,
leaving 3.7g. of brown powder. The colour was not re-
moved by carbon from a solution of this material 1n
ethanol:ether 1:1.

At this stage, paper chromatography (BAW, 28cm)
showed two spots, Rf 0.31-0.41 and 0.69-0.77, which

gave red colours when sprayed with concentrated hy-
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drochloric acid and heated. These reduced neutrsl
gllver nitrate, snd gave brown spcts with diazotised
benzidine. A portion of the material was methylated
(2.74g. of polyphenocl with methyl sulphate (5.5g.) and
potassium carbonate (19.0g.) 45 winutes in beiling
acetone; the excess of metnyl sulphate was destroyed
with ammonia); no erystalline product was isolated.

The water-insoluble povrtion of fracticn (a) was re-
coverad by ailuting the ethaonol extract with water
6150 ml.) as a yellow-brown powder (1.2g.). Paper
chromatography showed that it contained substance (a2),

Fractions (b) and (¢) were found by paper
chrometography (BAW) to be complex mixtures, containing
components (s1) and (a2), & second coumponent giving a
red colour with acid (Rf 0.72-0.77) and other poly-
phenols Rf 0.4 to C.B, not separately distinguished.
These fractions wre not further investlgsted.

The deep-brown acetone extract (d4) was concentrated
by distillation from a water-bath to about 220 ml. A
deposit which formed was removed and washed with dilute
acetone, then water (fraction (da), 5.9g.) The sol-
ution and washings were diluted to 21. with water, and
let stand. After several days, the sclution wag
filtered (residue = fraction (db;) and concentrated to
400 ml. under reduced pressure. Contipuous ether
extraction for three 5 - hour periods ylelded 21.1,

9.5,5.6g. of extractives (fraction (de)). Ether wae
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then removed from the agueous solution, and extraction
continued with ethyl scetate. Successive 8 - hour
periods yielded 4.3g. (fraction (dd)), 1.5, O.2a.
(fraction (de)). The residu2zl agueous golution con-
tained L1g. of golids; it was discarded.

Wraction (da) appeared to be essenfially 8 single
substance, but it could not be recrystallised from
methanol, ethanol, or acetone. The fractions obtained
from methanol and acetone were yellow-brown powders,
melting with decomposition in the rénge 290—2100, but
the melting points were not reproducible. Paper
chromatography showed the presence of substance (a2)
only. By solution in hot ethanol (300 ml. ),
addition of water (400 ml.), treatment with carbon and
concentration under reduced pressure to about 200 ml.,
there was obtained a yellow-brown powdery deposit
(4.66g.)s This was identified as 7,5,3',4' - tetra-
nydroxyflavonol (see below).

Fraction (db) was subjected to fractionation from
methanol but no single compound was isolated. The
hot methanol solutiona gave tarry deposlts on cool-
ing, and gunmy products on addition of water. Paper
chromatography showed the flavonol to be present.

FPraction (de) was obtained as a yellow powder.
Paper chromatography showed that it was a complex
mixture, components (al) and the flavonol being pres—

ent together with other polyphenolic components
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Rf 0.3 to 0.7 (Bfi)e The fraction was dissolved in
water (25mnl) snd the orange syrup was contimiously ex-
tracted with lizht petrolesum. In 24 hours, tuis re-
moved (.08, of non-crystalline material. During the
extraction, orange-red crystals forimed 1n the agueous
gsolution. "hese were collected and washed with water
(1.47g.). Recrystallisation by solution in ethanol
(30 wl.) and addition of water (100ml.) gave loose
agaregates of arange needles, m.p.238?. Tnis was id-
éntified as okanin (3,4,2',3",4'., - pentahydroxy-
chalcone) (see below). -

The agueous solutlon after removal of the chalcone
was continuously extracted with benzene for 96 hours.
Tne extracted material (2.5g.) contained polyphenolic
components of Rf. 0.6 to 0.95 (BAH). It was not
furtier investigated.

The ayueoug solution wag tnen continmuously extracted
with ether; euccesaive eight-hour extractions gave
15.8, 5.7g. of extractives. Continuous extraction with
ethyl acetate gave, 1n eight-hour periods, 7.1 and
0.04g. extractives. No separation of conponents was
apparent in this fractionetion, and the fraections cb-
tained were not utilised.

Fraction (@d) deposited a white powder during dis-
tillation of ethyl acetate. The remaining solvent
was removed umder reduced pressure, and the white

powder {so0lated by trituration with cold ethanol, which
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dissolved the brown amorphous material. After filter-
inzy and washing with ethanol, there remained a fine,
almost white powder (9.2g.), which was identified as
melacacidin (see below).

The ethanol-soluble portlion was concentrated, and
heated in =2mall batches (about 5g. of solids and 3z. of
ethanol) on a boiling water-bath so that the solvent
evaporated slowly. A white deposit formed in 2-3
minutes. The mixture was cooled, diluted with cold
ethenol, and filtered. In this way a further 8.ug.
of melamcacidin waa obtained,

Paper chromatography showed that the brown mother
1igquors from the isolation of melacaclain contained
three leucoanthocyaniaine snd traces of the flavonol.
One of the leucoanthocyanidins was identifed as
melacacidin by paper chromatography (BAW and 2%
acetic acid). The other two leucosnthocyanidins
were characteriged by their Rf values in these solvents,
as shown in Table 7.The nomenclature 1s deyived from
subsequent work (eee discussion).

Table /.

Rf velues of A. harpophylla leucoanthocyanidins.

BAH 2% acetic acld
Melacacidin 0.25-0.32 0.3%0-0.42
Iscmelacacidin 0.32-0.40 0.45-0.52
O-tthyl isomelacacidin 0.58-0,67 0.5%-0.T70

Thege mother ligquors were used subsequently in
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attempted isolation of O-ethyl isomelacacidin by columm
chromatosraphy on cellulose powder, and in counter-
current distributions.

Praction (de) seemrd to be mainly polymeric mat-
erial; paper chromatography (BAW) showed that some
melscacidin wes present, but moat of the polyphenolic
material either remsined at the origin or was present as
a brown streak to kf 0.2.

The ethanol extract from the heartwood, fractlon (e),
was concentrated under reduced presgsure to a black
syrup (71g.), taken up in water (350ml.), let stand 3
days, snd filtered. The water-inzoluble material
(7.12.) contained some flavonol, but was msainly pocly-
meric material; no pure compounds were obtained from
it. The agueous svlution was concentrated under re-
duced pressure to about 200 ml., and continuouely
extracted with ethyl acetate to yield, in succesalve
eight-hour pericds, 46, 1.2 and O.bg. of extractives
(fraction (ea)). The residual agueous solution was
evaporated on s water bath to A thick syrup (7.98.)
which was diluted with about % ml. water. After sev-
eral weeks, crystals appeared (4.0%g; colourless
prisms). Thege were recrystallised from water-
ethanol, m.p. 1611 520,[°<]2D1 +63.6° (g, 3.7 in water).
The melting point on admixture with pinitol from

A. intertexta wss 1 82-183°. Paper chromatography

(BAV) showed only one component, Rf Oe.1L4 (pinitol
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(524
)

fron A. intertexta had K& Oatli) e

Fraction (ea) was found by paper chronatography to
bq?bomplex mixture containing tue ihres leucountho-
cyaniains, the flavonol, the cheleone and unidentified
comnponentse. 1t was dissolved in water (450ml.) and
continuously extracted with etaner ior iwo eight-hour
periods, and then, to0 recover reuwalining polyvhenols,
with ethyl acetate f'or eight nours. The material ex-
tracted by ether in the firet eight-hour period was
redisaolved in water, and continuously extracted wl th
ether for eight hours. e materisl extracted from
the first sguseous soclution by ether during the second
eight-hour period was then adéed, and the solution con-
tinuously extracted with ethier for eight hours, follow-
ed by eight hours of ethyl acetate extraction to re-
cover renainlng polypnencls. This extraction serles
was continued gystematically as shown in Fizure 6.
Thig is similar to aystemnatic spacti onal crystallisa-
tion, with the operation of fractional crystallisation
replaced Ly the operation of continuous 1iguid/liquid
extraction for unlt tiwme. The system was designed to
ocotain separation of the xetonic flavonoids and other
components readily extracted from water by ether from
the lems readlly extracted leucoanthocyanidins.

The resulting fractions were exsmined by Poper

carcmatography. The resulte are given in Table 8.
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Fraction (ea)
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Figure 6 : Fractionetion of polyphenols by systemagtic
ether extraction.
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Table 8,

Composition of fractions from systematic ether

extraction.
Fraction ean eab eac ead eae eaf
Component RE (BAW)
Melacacidin 0.25-0.23 + ++ 4+t +td +++ +++

Isomelacacidin 0,32-n.39 + ++4 +4  ++  ++ ++

Flavonol 0.28-0.4h + ++ + — -
Chalcone 0.45~0.53 ++ — — —_ -
7 A 0.53,0.74 + — — — — =
? B 0.58-0.66 + + = e = -

Geethyl iso- 0.69-0.75 ++ + + - - -
melacacidin
Unknown A characterised by yellow fluorescence in
uv light.
Unknown B characterised by posltive FQClj and

diazotised benzidinge reasctions.

wrection {eaa) was further examined by counter-
current distribution between ether and M/15 phosphate
buffer pH 6.5 over 50 tubes. Even numbered tubes
were chromatographed in BAW ( 6 hours, 16.7 cm.) and
in 2% acetic acid (2 hours, 25 em.) The components
detected with Roux's spray and with the ferric-

ferricyanide reagent are given in Table 9, and are

shown in Pigure 1« Component 10 had a yellow

fluorescence in UV light. Component 5 was present

in very emall amount.
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Table O.

Counter-current disztribution of A, harpopnylla

Extrection A fraction (FAA).

Compon-  1dsntity Rf BAW Re 2% Peak LExtent
ent acetic
acid

1 Melacacidin 0.3%5=-0.43 1 1-6

0- 2)4-0-141
2 Isomelacaciui 0.45-0.54 1 1-6
3 ? 0.60-0.77 0.54-0.62 9  3-12
5 ? 9 S0 46-0.55% 14 12-16
6 y-lstnyl Isomel#O-BO—O.?? 0.61-0.68 20 1L-28
7 7 0.58=0.74 0.13-0.21 39 32-4Li
38 ¥lavonol 0.28-0.46 0.00 L2  34-46

Fractions (eme), (ead), (eae) and (eaf) were used
in the isolation of Q-ethyl isomelacacidin by counter-
current distribution, described later.

Identification of 7,6,3',4' - tetrahydroxyflavonol:

3,7,8,3",4' - penta—acetoxyflavone: The crude

flavonol trom fraction (da) of Extraction A (0.5g.)
was acetylated with acetic anhydride (1.6m1.) and
pyridine (1.6wl.) (ef. 172). After 5 hours et room
temperature the reasction mixture vas diluted with
water. The crystalline produc t was recrystallised

fran methanol (Sml.) as yellow crystals with a slight
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green tint (0.33g.), m.p. 17 0 unchanged on further
recrystallisation; 1it.(473) , m.p. 172—1?30.
(Found: . C,58.6; i,u.0; acetyl, L43.4. Calc. for
G200t 2: C,58.6; ii,3.9; acetyl, Lz.0).

3.7.8,3" ,4' - Fentamethoxyflavone. (a) From the

natural flavonol: The crude flavonol (0.Bg.) with

methyl sulphate (2.0g.) and potassium carbonate (10g.)
was heated in boiling acetcne (50mi.) for 24 hours.
The ﬁroduct was isolated as crystale from ethanol; on
recrystallisati on from ethanol, 3,7,8,3',4' - penta-
nethoxyflavone was obtained as yellow needles, m.p.
1549; 1it. (33), m.p. 151°. (Found C,64.5; H,5.5;
GCH3, 40.9. Calc. for Cgodpol;: C,6U.7; H,5.4;
OCH3, 41.7%).

(b) From synthetic 7,8,3',4' - tetramethoxyflevonol:

The synthetic flavonol (G.Eg.) with methyl sulphate
(0.2g.) and potassium carbonate (10g.) was heated in
boiling acetone for 24 hours. The product (85%) had
m.p. 151°, alone and when mixed with that described
in (a) above.

identification of okanin:

The product from A. harpophylla had m.p. 2350, A

mixed m.p. with an authentic sample of akanin m.p. 2450
(87) from Dr. T. J. King was 240°  (iFound: C62.2,
HL.2, OCHz, nil. Calc. for Cysiig06: G,62.5, H,b.2;
OCHz, nil).

Both the materiaml fram A. harpophylla and the
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authentic sanple gave, on chromatcgraphy in BAW, a
tailing spot with front Kf 0.22, and indefinite tail.
This spot was yellow-orange in day-light, and brown
with yellow edges in U.V. light. Chromatography of
poth samples together gave a single spot.

The produect from A. harpophylla gave, in test-tube

colour tests, a brown-green with ferric chloride in
ethanol, a red-orange with sodium nydroxide, and an
orange-red with magnesium and aqueous-ethanolic
hydroechloric acid.

The penta-acetyl derivative, prepared as deacribed
by King and King (87) had m.p. 1369 1it., m.p. 1449,

Identification of melacacidin:

Melacacidin tetramethyl ether: Crude melacacidin

from fraction (dd) of Bxtraction A (2.0g.) with
methyl sulphate (L.Og.) and potassium carbonate (15g.)
was heated in boiling acetone (50ml.) for 20 hours.
The solution was cooled and filtered, the potassium
salts were washed with hot acetone, and the washings
were added to the main filtrate. Concentrated
ammonia (2ml.) was added. Next day, acetone was die-
tilled fromn the product, wanich was dissolved in etiaer
with ethanol and the solution washed with water and
aqueous #alkalil. The ethereal solution was dried over
sodium mulphate, and left at 0°. The methyl ether

25
formed clusters of colourless needles, M.p. 1&&-1&50,E¥]D

~83.5° (C.1 in EtCi); 1it. (33) m.p. 145-146S [o(_L
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- 8L4.4° Yield, 0.59g. (25%). For analysis a
gample was recrystallised fraon ethanol-ether; the
m.p. was unchanged. (Found: ¢C,63.0; H,6.1; OCH 3,
34.3. Calc. for CqgilpoU7: C,62.9; H,6.1; OCHz,
34.2%). A mixed m.p. with an authentic sample of
melacacidin tetromethyl ether (m.p. 1%5-138Y) was
138-140°,

The mother liquors ylelded two further crops of
crystals; 0.61g. m.D- 110° and 0.16g. m.p. 110°.

Melacacidin tetramethyl ether diacetate: Acetyla-

tion of the tetramethyl ether (0.1g.) with acetic
anhydride (0.%g.) and pyridine (0.5ml.) for 2L hours
at room temperature gave melacacidin tetramethyl

ether diacetate (75 mg.), m.p. 191-1920,[04]0 ~39.50
(C, 0.182 in BtCH, 4 dm. tube); 1lit. (33), m.p.

1931 9u°,[<><]D -39.2° (in EtCH).

Extraction B: (see ¥Wigure 7). The milled heartwood
(2,407g.) was extracted for 5 elght-hour perlods with
ecetone, and the extracts concentrated by distillation
at atmospheric pressure. The resulting syrups
weighed 176,31,13.3,7.7,1.4g. respectively. They
were coubined (fraction (a)). The residual wcod was
extracted with ethanol for two 12 hour periods and

the extracte were concentrated under reduced uvressure.
The resulting syrups welghed 43 and 6.0g. reavectively.
They were combined (fraction (b)). The alecochol -wet

wood was extracted with water for 8 hours, which



Aharpophylla heartwood  (2410g)

Acetone extrgcis
(successive B-hour periods)
176 , 41, 113,77 & T4g.

Water-insoluble Water-soluble
Light petroleum systemnatic ether extraction
extraction |
Wax Flavonoids
>9. 210 Leucoanthocyanidins
(residue) 85g.
ether extraction

Crude flavonol
2'9g.

Ethanol extrgcis
(12- hour periods)
43 & 60g.

Water-soluble
EtOAc extraction

Crude leucoanthocyanidins
16-8g

Figure 7 : Extraction B
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yielded extractives (21g.) partly soluble in cold
water (7.6g.). No ninhydrin-positive components were
detected in a chromstogram (B4%) and this fraction
was dlscarded.

The acetone extracts were taken up in avout 21. of
water, left overnight, filtered (residue 23.Lg. ,
fraction (aa)) concentrated under reduced pressure to
about LOO ml., and then subjected 10 & systematic sep-
aration by continuous liguid/liquid extraetion with
ether as ghown in Figure &.

Fraction (ab) wap dissolved in LOO ml. water and
the orange solution was continuously extrscted with
light petroleum for 32 hours. Only a trace of mat-
erial wxs exiracted, but an orange crystalline deposit
of chalcone formed (2.76g.)

As with the extractive distribution of' the flavan-
oids of Extraction A, the fractions readily extracted
by ether i.e. (&b) and (ac) contained a mixture of
flavonoids whereas those fractions not readily ex-
tractea by ether, but recovered from the agueous phase
by etnyl acetate extractions, contained only
leucoantinocyaniains. In this case, the caromatograms
ahowed the presence of little jgomelacacidin and
O-ethyl isomelacacidin, most of the leucoanthocyanidin
being melacacidin.

Fraction (aa), the water-insoluble portion of the

acetone extract, was extracted in =& soxnlet apparatus



Extraction B

Acetone extract

Water—solu hle

0 1
| | 1 I 1
E A E A
| \I (0f)
¥ 1] i 1 (75 ')
E A E A8
{ab) (ae)
(327q) - 1 &
g E A ( 89-)
(ac) (ad)
(91g.) (379.)

E Extrocted in 8hours continuous ether extraction

A Remaining in the aqueous solution

Fiqure 8 : Fractionation of the polyphenols
of Extraclion B by syslematic
continuous ether extraction.
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with 1light petroleum (about Hg. of wax was extracted
in 100 hours) then with ether to yield crude flavonol
(2.9g., 4O hours extraction).

The ethanol extracts, fraction (b), were taken up
in about 21. water, left overnight and filtered (rezidue
discarded) the solution was concentrated under reduced
pressure to about 200ml. and continuously extracted with
ethyl acetate for two eight-hour periods yielding 15.5,
1.3g. of extractives reaspectively. These extratives,
apart from a trace of flavonol, did not show any poly-
phenols other than leucoanthocyanidins. The resildual
aqgueous phase contained 3*.41g. of solids; paper
chromatography showed the presence of pipecolic and &
hydroxypipecolic acid both in amounts too small for
ipolation.

The combined crude ieucoanthocyanidin fractions
obtained in thie extraction weighed 102¢g. (Le1%) s
This material was used 1n exploratory work on the
jsolation of O-ethyl igonelscacidin, described below.
Extraction C: (See Figure g). This was carried out
in almost the same system as Fxtraction B, A prelimimry
1ight petroleum extraction was mads of the wood (2,165g.)
Nipe hours extraction gave a deposit of 1.bg. in the
gtill, with L.B8g. of wax in scolution. Acetone ex-
traction for 23 hours 'and then for 30 hours gave
extracts which were concentrated to syrups (196 and

1 7g.reapectively) (Fraction (a)). Ethanol extraction



A barpophylla heartwood (2165¢)

Light petroleum extract —Wax (6:2g)

Acetone extract

23hours - 196g. (syrup)
30 hours - 17g.(syrup) Ethanol extract

Water-soluyble
|

Water-soluble
Systematic liqui;/. extraction
I liquid

EtOAc extract
(see Figure 10)

; ] Mainly l
‘) Okannl elg) Leucoanthocyanidins
(2) Flavonoids (30'5g)

(23g.)
(3) Melacacidin (19°'6g.)

(4) Leucoanthocyanidin mixture
(62g.)

(5) Aqueous residue (86g.)
(pinitol)

Heated in EtOH + 19 HOAc

B&D Distribution
]

I |
EtOAc phase Aqueous phase

Heated in water+ HOAc Ether extraction
I I

B&D lDistribution Melacacidin (3-9g.)

Eroad 1 i Leucoanthocyanidin
Ac’ phase Aqueous phase mixture  (14-1g.)
(144g.)

Crude isomelacacidin (33-5g.)
(to Q-methyl isomelacacidin)

Eigure 9: Extraction C
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for 8 hours, processed as for the ethanol extract of
Extraction B, yielded 23g. of mixed leucoanthocyanidin
fraction. The water-soluble, non-ethyl acetate ex-
tracted portion of the etnsnol extract showed & trace
of pipecolie acid on vaper chromatography.

The acetone extracts were discolved in water,
filtered, concentrated and swbjected to systematic
11quid/1iguid extraction fractionation as ghown in
Figure 10. The water-soluble portion of the acetone
extracts remaining after ethyl acetate extraction
showed a strong pinitol spot on papser chromatograms,

As indicated in Figure 10., a deposit of melacacidin
was obtained during one ether extraction. On re~-
moval of solvent from the ethyl acetate extract con-
taining the major mixed leucoanthocyanidins fraction,
deposition of white s0l1d occurred as in Extraciion A
This was melacacidin; the total smount obtained on
repeated evaporation with ethanol wae 16.18.

The mixed l:ucosnthocyzanicain fractions from both
the mcetone and ethanol extracts were combined
(total, 5g.) and boiled with ethanol containing 1%
scetic scid (750ml.) for 2 hours. The solvent was
removed and the residue was dissolved in LOOml. of
M/15 phosphate buffer, pH 7.0 It was submitted to
the usual Push and Densen di stribution. The combined
squeous phases were concentrated under reduced press-—

ure (L40-47°C) to ebout 200ml., and continucusly



Extraction C

Acetone extract

Water-soluble

-

E A E | A

Deposit (150g) EtOAc extraction

Melacacidin
Light petroleum (35g.) Extract
“extratl:tion"
l Concentrated
m 1 I
Deposit I E {3A.5 ) & Melacacidin (16-1g.)
Okanin E A g qbb\ Leucoanthocyanidin
(24g.) & mixture (338g)
(261g) <P
i | 3
A &
o, E A &
% &
o, (64q) (29g)
%

E Extract from 8-hours continuous _ether extraction.

A Material remaining in aqueous phase,

Figure 10 : Systematic UqUiC%iquid extraction of the
acetone extract, Extraction C.
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extracted with ether. After 4 hours, 2.7g. of non-
erystalline extract was obtailned. Extraction was
continued, and seed crystals of melacacidin added
after several hours; nelacaciain then depousited con-
tinuously. In 24 hours, 3.9g. of cryestalline
melacacidin and 5.9g. Gf non-crystalline extract waas
obtained. Further extraction for L6 hours yielded 5.5g.
of product containing a little crystalline melacacidin.

The combined ethyl acetate pnases were taken to dry-
ness and then heated in a boiling water bath with 200ml.
1% agueous acetic acid for 2 hours, The Bush and Densen
distribution was repeated, using half the usual phese
voluaes. The coabined ethyl acetate phases from tihis
distribution contained 14.4g. of polyphenols, including
gome leucoantiiocyanidin. Thie conbined agueous phases
were concentrated under reduced pressurs to 500ml; ex-
traction with etiyl acetate (24 hours) yielded crude
isomelacacidin (33.5g.). This was used in the pre-
paration of u-ethyl isomelzcacidin,

Extraction of A. harpopnylla SN 5919 neartwood.

Extraction D: (See Figure 11). HMilled heartwood was

extracted in two batcheo of L.2kg. each. The solvents
used were light petroleum (12 hours), acetonme (36 hours),
ethanol (42 hours), and water (42 hours). The lizght
petroleum extract contained 49,7g. of orange wax. The

ethanol and water extracte were conbined.



A harpophylla heartwood (2 X 4-2Kg.)

Light petroleum extract Wax (49-79)

Acetone extract

Cthgnol and wgter
extracts

to Extractionk

W(]ter—lso luble
EtOAc extract

15t batch, 163g [ batch, 149g]
|
B&D Distributicn
|
| |
Aqueous phase EtOAc phase
(79g.) (74g)
|

Heated in EtOH+HOACc

Heated inI water+HOAc

| I
B&D Distribution ! 1
" I | Deposit Solution
ueous phase EtOAc phase (67g.)

S P (;8’;) #  B&D Djstribution
E ' ' | |
ther extraction Agueous EtOAC
Melacacidin  (828g) phase phase
Leucoanthocyanidin Q-Ethyl o (108g) (52g)
mixture  (241g) isomelacacidin  (9g)

Figure 11: Extraction D
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Aharpophylla heartwood (397Kg)

Cold acetone extrgct

Water-soluble , extracted by ether — 32g.
Hot acetone extract

Water-soluble ,extracted by ether—45g.
Ethanol extract (+ ethanol extract from Extraction D)
Water—soluble .extracted by EtOAc — 79¢.
Amino-acid fraction— 050g.
Water  extract (+water extract from Extraction D)
Amino-acid fraction — 186g.

Figure 12: Extraction E
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with the corresponding fractions oOf Extraction E.

The acetone extracts rrom each pateh were processed
separately. The extract from the firet portion of
wood wep concentrated to 700uml., then diluted to Ll.
witn water and left overnigat. Next day the filtered
solution was concentrated under reduced pressure (uOOC)
to LOOml., and continuoualy extracted with ethyl
acetate for a total of 20 hours. The extrect was re-
moved from the atill flask at intervals of about 3
hours to reduce the amount of heat to which it was be-
ing subjected. Congiderable aolid deposit formed in
tne still flask during the latter stagea. The total
ethyl acetate extract was 163g..

Tnis was dissolved ir agueous /15 phosphate
buffer pi 7.0 (£00ml.) and subjectea, in two portions,
to the usual Bush end Dlengen aiptribution. The se
distributions yieldea, from the ethyl acetate phages,
s mixture (a) (74g.) and, from the buffer phases con-
centrated to about 500wl. uwnder reduced pressure, by
continuous extraction with ethyl acetate for 14 hours,
a mixture (b) (79g.). +uch deposit formed in the
ethyl acetate during the extraction of fraction (b)e.

Fraction (a) was dissoived in water (LCOwl.) and
acetic acid (&ml.) added. Ap oil began to deposit
in five minutes, a@nd crystalliae. The mixture was
heated in & boiling water bath for 15 minutes, then

left at room temperature overnight. The deposit wase
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collected as a yellow-grey powder (6.7g.) found by
paper chromstography (BAk and 2% acetic acid) to be
a mixture of 7,%5,3',L'-tetrahydroxyflavonol and

"Campound A" of A. excelsa (see Extraction I}). The

golution was subjected to the usual Rush and Densen
distribution. The initial agueous phase, which con-
tained acetic acid (2%). zave rise to emulsion but
later aguesocus phases, of M/15 phospim te buffer pi7.0,
gave no trouble. The ethyl acetate pnases contained
52g. of material. The buffer phages were concentrated
to 130ml. under reduced pressure, and continuous ex-
traction with ethyl acetate for 20 hours then gave
10.8g. of material.

Fpaction (b) was dissolved in ethanol containing
1% acetic acid (800wl.) esnd the solution was boiled
for & hours. After removal of solvent under reduced
pressure, the residuec wae subjected to the usual Bush
and Densen distribution. The etiiyl acetate phases
contained 28z. of ueterial. This was dissolved in
ethanol (56ml.) and the solution, cooled to 0°, was
pdded to ice-cold water (224ml.). After 8 days at
0°, 9g. of O-ethyl isomelacacidinp had crystallised.
Tnis was dissolved in boiling ethanol (about 35ml. ),
the solution treated with carbon and concentrated on
a hot plate to 2 solution welght of 278 This
solution was cooled to 0° and diluted with 72ml, of
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cold water. After 4 days at 09, 6.5g. of O-ethyl
isomelaceceidln was collected.,

The agueous golution obtained from the distribu-
tion carried out on fraction (b) was concentrated to
30Nml. under reduced preseure and continuocusly ex-
tracted with ether. The still contents were seeded
during extraction with crystals of melacacidin.,

The reoults for successlve periods of extraction were
as follows: 4 hours, no crystalline material, 8.15g.
in solution; 12 hours, 6.41g. of crystals, 5.67g.

in solution; 12 hours, 2.76g. of crystals, 3.76g.

in eolution; 8 hours, 0.1132. of crystals, 1.87g.

in solution; 12 hours, no crystals, 1.20g. 1in
golution; 412 hours, no crystals, 1.77g. in solution;
30 houre,.no eryatals, 1.69g. in solution. (Total
non-crystalline extract, 24.12.). Recrystallisation
of the crystzlline nelacacidin (8.25g.) from

ethanol gave €.1g. of pure melacacidin,

The scetone extract from the second batch of
heartwood yielded 149z. of ethyl acetate-extract,
not further procegsged.

Extraction E: (see Figure 12). Milled heartwood

(3.97Kg.) was extracted with cold acetone., The wood
was left overnight in acetone, which was dralned off
deily. The fifth extract was very small, and ex-
traction was discontinued. After removal of sol-

vent by distillation, the extracts were combined,
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(fraction (a)). The wood was extracted with hot
aeetone for four 10-hour pericds (fraction (b)), then
with ethanol (12 hours) and water (12 hours).

wpaction (a) was teken up in water (500ml. ), the
mixture was filtered and the residue washed with
water. The filtrate and washings (total, 900ml.)
were continuously extracted with ether, yielding in
the first two 8-hour periods, 24.9 and 8.5g. of
material.

The hot acetone extracts (fraction (b)) were con-
centrated to a syrup which wase taken up in water
(500ml1.) and the mixtures was filtered. The residue
wae washed with water, and the filtrate and washings
were continuously extracted with ether. The amounts
of extracted material in succesaive periods of ex-
traction were: 42 hours, 30g.; 12 hours, 8g.;

12 nours, L.65g.; B8 hours, 1.8g.; B hours, 1.hg..

The extracts from fractions (a) and (b) were
eyamined by paper chromatography (BAW, 12 hours, 22CHe
and 2% acetic acid, 2.5 hours, 23em. ). All extracts
contained melsczcidin, isomelacacidin and g-ethyl
i somelacacidin, Other polyphenols (including the
flavonol and chalcone) were present in the firsi
ether extracte.

The ethanol extract was added to that from Ex-
traction D, and the solvent removed. The residue

wes mixed with water (31.), end the mixture wes £il-
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tered next day. Tha filtrate was concentrated under
reduced prescure snd continuously extracted with ethyl
acetate. This yielded in successive 8-hour periods,
72, L.6, 2.5g. of material. #ueh black Geposit form-
ed 1in the ethyl acetate during this extractlon. The
residusl agueous solution was treated to remove zeld-
inacluble material, and passed through a column of
cation exchange resin, The amino-acid fractlion was
eluted with 0.5 to 1 N-ammcnia, This fraction wasg
black and non-crystalline (0.50g.).

The agqueous extract was combined with that from
Extraction D, and acid insoluble material removed.
The amino-acid fraction (1.96g.) obtained via the
cation =xchange reain column was dark, but partly
eryastalline.

The amino-acid fractions were added together to a
column of Zeokarb 225 (50z., 20 x 1.8cm.) which
was then =luted with the followins series of eluents
(fractions of 70ml.); fractions 1-5, solution and
woter; 6-15, 750ml. of 0.2N-HCl; 46-18, 250ml. of
0.3N-HC1; 19-24, 250ml. of O.UN-HC1l; 22-24, 250ml.
of 0.8N-HC1l; 23-26, 250ml, of water; 27-32, 3N -
ammonia. The eluate fractions were evaporated to
dryneas, the regidue was dissolved in water (2-3ml.)
end exsmined by paper chromatography (BAW, 12 hours).
The following components were detected: pipecolic

acid, 13.8cn. on chromatogran (identical with stan-



dard; characterised by its ninhydrin and igﬁtjn
reactions) in fractions 14-24; proline, 10.2cﬁ;
(blue with isatin) in fractions 13-22; an ol-amino-

acid, 7.3cm., in fractions 5-14; an ol-amino-acid,

10.2cm., in fractions 8-20; an o(-amino-acid, 15.8cm.,

in fractions 13-20; and traces of component, ?0.2cm.,
in fractions 19-22. Hydroxypipecolic acids appear-
ed to be mbsent (L-hydroxypipecolic acid was run as

a standard), A substance present in fractionsg 8-12
was detected as a blue-grey spot st 8ecm.; subseguent
spraying with khrlich's reagent gave a cerise colour.
Fractions 9~11 were combined and treated with excess
nltrous fumes. Paper chromatography showed only one
component detectable with ninhydrin (orange-brown
colour). with isatin tnis component gave a clear
blue colour, changing to cerise on spraying with
Ehrlich's reagent. This behaviour is characteristic
of hydroxyproline (174). The amount present was
very small.

Extractl on of A, harpophylla SN5949 sapwood.

Extraction F: Sapwood containing some heartwood wae

extracted in lots of about 3Kg. with light petroleum
(8 hours), acetone (24 hours), ethanol (10 hours) and
water (& hours). A total of 10.35Kp. was extracted.
The combined 1light petroleum extracts weighed 31g.
The water-insoluble portlion of the acetone extracts

was extracted with light petroleum to give 16g. of wax.
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The ethancl and the aqueoues extracts were freed
of acid-insoluble materisal and the amino-acid frac-
tione were isolated. The ethanol extracts yielded
19.772., and the agueous extracts, 9.5g. The former
was crystalline but the latter contained much impurity.

The combined amim~-acid fractions were dissolved in
water (100ml,) and the solution, cooled in ice, was
treated with sodium nitrite (14g.), and then, slowly,
concentrated hydrochloric acid (20ml.). The solution
wap left at room temverature 4 day; nitrous acid was
atill present. The solution was filtered from a
tarry deposit, and continuously exitrscted with ether
for LB hours. Ether was distilled from the extract,
and the residue dissclved in water (410%ml.), and con-
centrated hydrochloric acid (100ml.) added. Ures
(2g.) was added =radually. The solution wag brought
to boiling slowly, then boiled 1% hours. FEvaporation
on & bolling water bath left 22.9¢c. of syruvp. The
agueous solution remaining from the ether axtraction
was found by paper chromatography tc contain vpipecolie
acid and proline, It was treated with sodium nit-
rite (7g:) and concentrated hydrochloric acid (410ml.)

end was continuously axtracted with ether for L8
hours. The extract was bolled with an excess of

hydrochloric acid and then evaporated to a syrup
(2.75g.) containing pipecolic acid, proline, and

traces of other imino-acids.
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The comhined products were passed through an ion-
exchange column and the imino-acids (16.9g.) were
eluted with 2N-amuonia. It appeared from chromato-
graphy (BAW 24 hours), that this material contained
pipecolic acid, proline, L-hydroxypipecolic acid and
poesibly S-hydroxypipecolic acid. 'rom water-ethanol,
1.83g. needl=g were obtained; these contained the three
major conponents but not proline.

The totel imino-acids, in 150ml. of water, weve
added to a Zeokarb 225 column (200g.), and eluted as
follows (250ml. fractions): <fractions 1-2, feed and
water; 3-6, 1 1. of Q.1N-HCl; 7-8, 500ml, of O0.2N~
liCl; 9-12, 1 1. of Q.LuN-HC1; 13-16, 1 1. of O.8N=-
HCl; 17-18, 500wl. of water; 19-23, 3N-amnonia.

The zluasteg were evaporated to remove excezs of hy-
drochloric acid and exaiained by paper chromatography
(BAW, 12 hours). Fractions 12-14 contained a mix-
ture of 4~ and 5-hydroxypipecolic ascids, and fractions
14-19 contained proline and pipecolic acid, whicn
were also present in the sumaonla wash, The nydroxy-
pipecolic acid spot on the chromatogram contained a
portion (7.6cm.) of the normal L-hydroxypipecolic
acid -ninhydrin . colour, snd a portion (8.3cm. ) of
the blue-purple with bright red fluorescence in UV
light characteristic of S-~hydroxypipecolic acid.
Chromatograms in phenol:water (24 hours) gave partial

geparation, the loser portlon having the same Rf as
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L4-hyd roxypipecolic sacid and the upper portion having
the same kf ag 5-hydroxypipecvlic acid from dates.
Pipecolic acia nydrochloride siepe 2&6—70 decomp.
(1.%g.) crystallised after evaporating to a ayrup the
fractions which contained pipecolic acid.

Extraction of A. excelea SINDDOL lec rtwood.

nxtraction G: (see Figure 13). This extraction was
carried out at the same time as Extraction r. The
only compounds isolated were L-hydroxypipecolic scld
and pipecolic acid.

The willed neartwood (20Yhg.) was extracted with
light petrolewa (12 hours), ylelding 4.8g. of yellow
WaX. Btner extraction (34 hours, gave no deposlt,
and 7.4g. of extractives. Attempts to obtain a
crystalline product from this were fruitleoss. Acetone
extraction (7 hours) }ieided 34g. of extractives
(fraction (a)), then ethnanol extraction (8 hours)
gave fraction (b).

Fraction (a) was taken up with water, the deep
purple insoluble material was removed, and the aolut-
jon was extracted wita ethyl acetate for three s-hour
periods, to give 1.8, 0.5, O.3g. of extractives res-
pectively. (The agueous residue, 3.72.,wap dis-
carded). The ethyl acetate extractives were
Gissolved in water and subjscted to continuous ether
extractions, giving in successive 8-hour periods,

Belty 105, 068, 0.7, 0s38¢ extractives. Attenmpts



A excelsa  SN5584 heartwood (20949 )

Light petroleum extrgct {(18g.)

Ether extract (74g)

Acetone  extract (34g.)

(Water-soluble , extracted by EtOAc - 20-4g)
Ethanol extract (73g.syrup)

Water-soluble

[
EtOAC eizxtroctl'on

I 1
Extract Agueous
(187g) (207g.)

4-Hydroxy pipecolic acid (4g.)
Pipecolic acid (035g.)
Figure 13 : Extraction G.
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A excelsa SN5920 neartwood (1905g.)
Light petroleumn extrggct (14g.)

Acetone extrgct

Water -soluble, extracted by EtOAc—100g)
Ethanol extract

|
Waler —soluble

EtOAc lextroct ion

| |
Aqueous Ext'ract
, (34g)
to Extroction !

for amino-acids

B & D, Distribution
1
Leucoanthocyanidin

mixture (82g)

|
Flavonoi ds
(40g.)

Figure 14 : Extraction H
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we.e nade to obtalin cryastalline products from these
but without success. Paper chromatograing showed that
they ccontalined melacsacidin and isowmelacacidin and
otiner polyphenocls.

Fraction (b) was concentrated to a syrup (73g.)
which on diiution with water gave 12.8g. of brown,
aiicrphous powdery deposlt. The golution was 2x-
tracted with etiiyl acetate for three B-liour periods
giving succesaively 17, 2.1, 0.bg. of extractives.
Peper chromatography shoved that these were mixtures
containing melacacidin and U-ethyl isomelacacidin.
Attempts to crystellise them were frultlesa. The
residual sgueous solution was evaporated and the
residue (20.7g.) was diszolved in water (10ml.) and
ethanol (100ml.) was added. This gave a rapid de-
position of c¢rystals with immch amorphous brown lm-
purity (total, 3.t5g.)e Taper chrounatograus (Bhw)
of the deposit were examined; pinitol was not det-
scted, and, apart from polymeric material near the
origin, polyphenols were atsent. Two components,
Rf 0.25 and 0.38, were present and gave a yellow
area vith dlazotised benzidine. The crystals were
recrystallised from agusous ethnanol four tiues, the
second time from a sligntly alkaline solution which
failed to restain coloured impurities, and the third
time from a slightly acidified (acetic) solution,

after a carbon treataent which removed the colour,
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There was obtained L4-hydroxypipecolic acld as colour-
less prisms, m.p. 294° decomp.

For the 1solation of further quentities of L-hy-
droxypipecolic acld, the materisl in the mother
liguors was boiled for 24 hours in 6N-HC1l which con-
verted the polyphenolic material to an insoluble
powder, The solution was filtered and evaporated,
The residue was digsolved in water and added to &
cation exchenge resin column, The amino-acids were
eluted with Q.5N-ammonia. Fractional crystallisation
from water gaeve further crops of L-hydroxypipecolic
acid, m.p. 294° decomp.

The mother liquors (2g. of syrup) were chromato-
graphed on Whatman 3MM paper (0.30ml. of a solution
in 2 parts of water per 25cm.) using BAW (from 25ml.
n-butanol for 25cm. sheet) for 12 hours. The amino-
acids were located by dipping a centre strip 1n an
scetone zolution of ninhydrin and heating at 100°;
L4-hydroxypipecolic acid was present 8-i{Zcm. from the
origin end pipecolic acid 1L-18cm, The zones were
extracted with refluxing 90% ethenol. L-hyd roxy-
pipecolic ascid was not obtained crystalline from the
fraction containing 1%. The pipecolic acid fractlon
yielded 0.35ge. (-) -pipecolic acid m.p. 273-275°
decomp., Lx]rlzs.zo (C,2.2 in water).

The total yield of L-hydroxypipecolic acid was

about Lg.



107.
Chromatograms showed the presence of a polyol,
Rf N.1L in BAY, presumebly pinitol, in the agueous
fraction from which the smino-scid wae obtained.
Lfter this fractiocn was boiled in 6N-hydrochloric
acid, thils polyol was no longer detectible, and
another polyol, Rf 0.08 in BAW, was present.

mxtraction of A. excelsa SN5320 haesrtwood.

el emmmy——————

kxtracticn H: (Sce figure 14). The milled heartwood

(1905¢.) was extrscted with 1ight petroleum (11 hours)
yielding 41.41g. of orange wax, then with scetone (LO
hours, fraction (a)}), etnanol (15 hours, fraction (b))
and water (10 hours, fraction (c)).

Fractions (a) and (b) were concentrated to syrups
(308g. and about 300ml. respectively) which were each
diluted to 21. with water. Next day, the solutions
were Tiltered (residves discarded) and concentrated
und er reduced pressure to 350ml. and 41%0ml. respective-
1y Continuous ethyl acetate extraction of fraction
(a) gave, in successive 8 hour periods, oL, 3.6, 2.7g.
of extracted material, much of the last two belng
water—insolub}e. The residusl agueous solution con-
tained H1ge. of mmterial (fraction (sa))s Continuocus
ethyl acetate extraction of fraction (b) gave, in
guccegsive 8-hour periods, 32, 4¢3, 1e12. OF eX-
tracted raterial. The residual agueous solution
contained 19.3g. of meteriel (fraction (ba)).

The combined ethyl acetate extracts weighed 13Uge
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(7.0%). This was submitted to the usual Bush and
Dengen cistribution; the individual fractione were
examined separately. From the agueous phase fracticns,
the polyphenols were recovered by continuous, ethyl
acetate extraction for 8 hours; the agueous phases
retained much colouring ma tter, apparently anthocyan-
idin, and much dark amorphous e terinl separated
during the extractions. The results of examinati on
of the fractions by paper chromatography (2% acetic
acid, 19.2cm.) are shown in Tahle 10; the fractions
are numbered from the ethyl acetate end to the
agueous end. Other polyphenols not listed were
present in fractions 1 to L.

Table 10.

kesults of Bush and Densen Diastribution of A. excelsa

polyphenols.

Fraction 4 2 3L 5 6 7 8 910 11 12
weight (g.) 28 12 & 6 L5 3.5 5 B4 8 13 12
Melacacidin e 4 4+ 4 4wt A A Aer Aed e bl
Isomelacacidin — — — + + ¢+ + 4+ 4e e kv

Q-Lthyl 1s0mel. +4+ 444 4+ + + — — — — — = —
Flavonol it b e — = = = — == —
The melacacidin-rich fractions were used for the
1golation of Q-ethyl 1somelacacidin by counter-
current distribution.
The polyphenols of fractions 4 and 2 were examined

by counter-current distribution between ether and /15
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phosphate buffer pH7.0. Samples of alternate tubes
were examined by paper chromatography. The results
are shown in Table 41 The components were located
by the ferricferricyanide spray, and identified by in-
spection in UV light and by the effect of Roux's spray.
Components 7 (flavonol) and 10 had a yellow fluores-
cence in UV light, 9 (chalcone) was brown in UV light
and component 6 (flavanonol?) gave a yellow colour
with Roux's spray, intensified on heating. Compon-
ent 8 gave a red colour with Roux's spray. Compon-
ents 3 and 4 gave brown colours with Roux's spray
followed by heating. The melacacidin and isomelac-
acidin spots in the BAw chromatograins were obscured
by a streak of polmeric tannin material.

Table 11.

Counter-current distribution of A, excelgg_heartwood

polyphenols.
Com- Identity Rf BAW Rf 2% Peak Ex- Amount
pon- acetic tent
ent acid
1 Melacacidin - 0.30-0.38 1 1-4 Medium
2 Isamelacac~ - O.41-0.48 1 1-4 Medium

idin
3 ? 0.67-0.76 0.55-0.66 6 L4~10 Medium
Ll- ? O- 5’-]»-0.& Oo 27-00 37 1 6 8"'22 M&jor
5 O=-Ethyl 0.67-0.76 0.56-0.65 20 14-26 Major
isomel.

7 Flavonol 0.25-0.46 0.00 L2 34-4& Small
8 ? 0.82-0.91 0.58-0.65 L2 36-46 Trace
9 Chalcone 0.45-059 0,00 L8 Lu-48 Small
10 ? : 0.60-0.77 0.00 L8 L6-L48 Trace
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The agueoug residues of the acetone and ethanol ex-
tracts after 1liguid/liquid extraction with ethyl acetate
(fractions (am) and (ba))and also the aqueous extract
from the wood (fraction (c¢)) were chromatographed and
examined for amino acids using ninhydrin and isetln,
Fractions (aa) and (c) showed no ninhydrin-positive
components; fraction (ba) showed traces of pipecolic
acid and h-hydroxypipecolic acid., This fraction was
added to the corresponding fraction from Extraction I
for the i1solastion of the amino aclds.

Extraction I: (See Figure 15). 1Milled heartwood

(2,335g.) was extracted with acetone (24 hours),
ethanol (8 hours), and water (8 hours).

The acetone extract was concentrated to a syrup
(376g.) which was taken up in water (41.), and the
mixture, after being left overnight, was filtered,

The filtrate was concentrated under reduced pressure
to 600ml., and, wag then continuously extracted with
ethyl acetate, which gave in successive 8-hour periods,
146,8,4g. of extractives. HMuch black deposit formed
during the extraction. The residual aqueous solution
was evaporated; the black residue (75g.) was now
mainly insoluble in cold water and was diacarded,

The ethanol extract was processed similarly, and
gave 14g., of ethyl acetate extract.

The combined ethyl acetate extracts were uged for

the preperation of melacacidin and O-ethyl isomelacac-



A, excelsg heartwood (23353.)

Acetone extract Ethanol extract Water extract
Water-soluble Water-soluble (+ fraction from
I | )
Extracted by EtOAc EtOAc extraction ExtractionH )
(128g) | | |
Extract Aqueous
(14g) l
! Amino-acids

Heated in EtOH+HOA
eq |nI c (175g.)

B&D Distribution |

- 1 . 4-Hydroxypipecolic acid (07g)

Aqueous phase EtOAc phase Pipecoic acid HCL (0-05g.)
(78g)

Melacacidin (10'6g.) |
Heated in water

Leucoanthocyanidin |

mixture (26:6g.) I |
Solution Deposit
I (5-29)
B&D Distribution
1
I |
Aqueous phase EtOAc phase

| (39g.)
Heated in ELOH +HOAc
}
O-Ethyl isomelacacidin
(6g.)

Figure 15 : Extraction l.



111,
idin. The mixture was dissolved in ethanol (41.)
with acetic acid (10ml.) and the sclution wae boiled
for 2 hours. The solution was then taken to dryness
under reduced pressure, and the residue in water (400ml. )
was subjected to the usual Bush and Densen distribution,
but with water as the agueous phase. The initial
separations were made difficult by the formation of
emulsions requiring sbout 30 minutes to settle.

The ethyl acetate fractions from the distribution
were taken to dryness; the residues weighed, in order
of occurrence of the fractions; 17.7, 24.3, 10.6, 8.7,
669, 5.3, L.lLg. (Total 77.7g., fraction (a)).

The aqueous fractions were combined and after con-
centration unier reduced pressure (55°C) to L4OOml., were
continuously extracted with ether. Crystallisation
of melacacidin occurred 1n the ether extract in the
early extractions. The amounts of extract obtained in
successgive 8 hour periods of extraction were ae
follows: no crystals, 5.2g. in solution (this
material, dried and triturated with cold ethanol, gave
2.4g. of crystalline melacacidin); 3.4g. of crystals,
L.4g. in solution; 2.9g. of crystals, 3.4g. in
gsolution; 11l.9g. of crystals, 5.0g. in solution.
Subsequent extraction for 56 hours gave no more
crystalline product; the extracts contained 11.0g. of
material. The total yield of melacacidin was 10.6g.;
non-crystalline material welghed 26,68 Very little

of the colour of the deep brown aqueous solution
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wag extracted by ether; the non-crystalline product
wag fawn-coloured,

Fraction (8) was heated in water (LOOml.) for 2
hours in a boiling water bath. A crystalline deposit
formed during the heating. The solution was left at
room temperature; crystallisation appeared complete
in 2-3 days, and after 14 days, the solution was fil-
tered. The residue (5.2g.) was Compound A (see
below). The solution was subjected to the Bush and
Densen distribution with water as the agueous phase,
The combined ethyl acetate fractions contained 39.0g.
of naterial. The combilined aquéous phases were taken
to dryness and the residue was dissolved in ethanol
(300ml.). The solution, with acetic acid (3ml.)
was bolled for 2% hours. The solution was then
taken to dryness, and the residue was dissolved in
water (120ml.) conteining sodium bicarbonate (3g.).
This solution was continuously extracted with ether
for 8 hours. Cn removal of solvent, the residue was
obtained as very small crystals; trituration with a
few ml. of cold ethanol, in which the residue was

very soluble, gave crystalline (-ethyl isomelacacidin

(3.6g.), and a solution containing %.0g. of material,
from which a second crop (about Yg.) of O-ethyl
igomelacaclidin was obtained on concentration. The
ether extraction of the residual agueous solution

was continued; subseguent 8 hour periode of extraction

gave 2.4, 0.8, 0.5, 0.6g. of material, found by paper
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chromatograﬁhy to contain melacacidin and
jgomelacacidin ap well as O-ethyl isomelacacidin.

The aqueous portion from the ethanol extract of
the wood was found by paper chromatography to contain
pipecolic and L-hydroxyplpecolic acids, ae 4id the
squeousg extract from the wood. These two fractiona
were combined with that fraction from the previous
extraction which contained amino-acids, and freed from
acid-insoluble material. The amino-acids were
adsorbed on a Zeokarb 225 column (200g.) and eluted
with 0.1 N-ammonia. The amino-acids were eluted
without separation. Paper chromatography (BAW,

15 hours) showed the presence of pipecolic acid and
L-hydroxypipecolic acid (identified by their dis-
tinctive ninhydrin colours, the red fluorescence of
the ninhydrin product in UV light and the green colour
given with isatin) and a small amount of proline
(detected by isatin). The crude amino-acid fraction
was crystalline (1.75g.).

The amino-aclds were added to a column of Zeckarb
525 resin (50g.) and eluted with dilute hydrochloric
acid, the eluate being collected in fractions of 70ml.
The eluant series was; fractions 1-2, feed and water;
3-7, 11. of 0.1N-HCL; 18-21, 250ml. of 0.2N-H(C1;
22-25, 250ml. of O.4N-HCl; 26-33, 500ml. of O.8N-
HCl; 34-37, water; 38-Ll, 3N-ammonia. The eluate

fractions were evaporated to drynees end examined by
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paper chromatography (BAW, 12 hours, 26cm.). Y-Hy-
droxypipecolic acid (Rf 0.18) was present in fractions
6-23, and pipecolic acid (Rf 0.35) in fractions 22-29.
Another compound (Rf 0.11) giving with ninhydrin a
purple colour not fluorescent in UV light, was present
in fractions 6-23, The ammonia eluates contained
traces of only pipecolic acid.

Fractions 6-23 were combined and nitrous fumes were
passed in for about 1 hour. Next day the solution
was bolled for 30 minutes, and the amino-acids were
recovered by absorption on a Zeokarb 225 column )
(50g. ) and elution with ammonia. From water—sthanol,
4-nydroxypipecolic acid, m.p. 286-267° decomp. (0.77g.)
crystallised. Its identity was confirmed by paper
chromatography in BA% and by the ninhydrin cclour.

Practions 25-28 were combined and evaporated to
dryness. Extraction with ethanol and concentration
of the extract ylielded pipécolic acid hydrochloride
(52mg.) identified by paper chromatography in BAV,
and by the ninhydrin colour.

Characterisation of "Compound A". The crude material

separated from boiling water as shining vale yellow
flakes (about 50mg. per 100ml. of water). This
product (300mg.) was recrystallised by solution in
ethanol (5ml.) and addition of water (10-20ml.), e
layer of light petroleum being used to prevent oxida-
tion. After two such recrystallieations, the prod-
uct had m.p. 284-285°, after sintering at 175-1809;
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this behaviour was not changed by another recrystallis-
ation. For analysls, a sauple wag dried over phosphor-
us pentoxide at room tew.crature in vacuo for 24 hours,
(Found: C,57.6; Hylolh.CygH, ,0740.5H,0 requires
C,57.6; 1h.2%). This material gave red colours,
stabla for several houfs, when solutions in agueous-
ethanolic hydrochlorlic acld were treated with mag-
negium or with 2inc, which indicates that it is a
flavanonol (175, 176).

when chromatographed in BAW, 1t gave a streak,
Rf. 0.57-0.79 (traces of 7,8,3',4"'-tetrahydroxy-
flavonol were also present) not visible in day-light
when fresh but gradually becoming yellow (3-U4 hours),
and, when fresh, visible as a2 faint bliue flucrescence
in U.V. light. Hydrochloric acid or Roux's aspray
gave en immediate desp yellow colour. In 2% acetic
acid, it gave & spot Rf 0.15 talling to the origin;
a spot due to flavonol was also present (Rf 060) »

Extraction of A. excelsa SN5219 sapwoad.

Extraction J: #Milled sapwood {(1,690g.) was extracted

with light petroleum (43 hours), acetone (32 hours),
ethanol (10 hours), and water (5 hours). The light
petroleum extract contained 1.8gs of waxe The
acetone extract was concentrated to a asyrup (7&3.);
a brief investigation did not result in any
crystalline products and polyphenols were not

detectable.
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Chromatograms of the water-soluble portion of the
ethenol extract, and of the water extract, showed the
presence in both of wueh pipecolic and h=hydroxy-
pipecclic acid (Kf 0.37 and 0.21 respectively in BAW) o
A component (Kf 0.15) giving a blue colour «itn
ninhydrin was also present. These fractiona were
combinsd, freed from acid-insoluble uaterisl, and
passed through a coiumn of Light's cation exchange
resin (200g.). The amino-acids were eluted with 2N-
ammqnia. The amino-acid fraction was evaporated to
a dark syrup, partly crystalline (7.6g8.), which was
redissolv¥ed in water; carbon removed little colour,
but pagsage of the mixture through a column of
alunina (20g.,) resulted in an almost colourlesa s0l-
ution. The solution was again evaporated, and the
regidue was dissolved in a minimumof hot water;
addition of ethanol gave 4Y-hydroxypipecolic acid.
After several recrystallisations witn the motner
liquors procegsed gystematically, a total amount of
0.56g. Of L-hydroxy-pipecolic acid, m.gp. 2&8—2900
decomp., was obtained.

The mpino-acide in the mother liquors (4.58.)
were chromatograplied on Wiatman 35Md paper (0.10gs of
mixture in 0.50ml. of solution per Z25cit.; solvent
BAW, sbout 25ml. of moving phase giving a 12 hour run
on a paper 30cmi. long). The amino-acidas were locat-

ed by spraying central strips with ninnydring hfhy-
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droxypipecolic acld, 5+3 to 11.0cm.; proline, 110
to 14e0cm.; pipecolic acid, 14.0 to 19.0cm. The
ainino-acids were recovered by extraction with 70%
ethiancl in a :gSoxhlet apparatus for & houre, yleld-
ing the following crude fractions: U-hydroxypipecolie
acid, 0.55g.; proline, 0.19g.; pipecolic acid, 0.29g.
Recrystallisation of the L-hydroxypipecolic acid
fraction fron agueous ethanol yielded Q.L7g., free
fron pipecolic acid. The pipecolic acid fraction
was recrystallised from etaanol, yielding 0.16g.,
Mepe 257-260° decomp., [“qzi 214e6° (C,2 in water).,
The proline fraction contained zmch L-hydroxypipecolie
acid and was discarded.

Lxtraction K: Hixed sapwoud and outer heartwood, in

the proportion about 79:30 (2,470g.) was extracted for
the isolation of amino-acids. The wood was extract-
ed with acetone (20 hours), ethanol (8 hours), and
water (8 nours). The acetone extract was discarded.
The ethanol and water extracts were found by paper
chromatography (BAw, 12 hours, 25.8cm, ) to contain
pipecolic acid (Rf 0.39), b-hydroxypipecolic acid

(Rf 0.24) and some of-amino-acida. These extracts
were couibined, freed from acld insoluble material, and
passed through an ion exchange column (Zeokarb 225,
200g. ) The amino-acids were eluted with 0.4 N-ammon-
in; no geparation of eamino-acids occurred during the
elution. The amino-acid fraction crystallised when

taken to dryness (Le1l4ge).
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The amino-acids were dissolved in water (50ml,) and
nitrous fumes were paased in 2t intervals over 1 day.
The solution was acidified with hydrochloric acid, boiled
and evaporated to a syrup. This was dis=olved in
water (50ml.) and added to an ion exchange column
(veokarb 225, 50g.)s The iuino-acids were eluted
with dilute hydrochloric acid, the eluate belng coll-
ected in 7Oml. fractions. The elusnt series used was
ag follows: fraction 1-3, feed and water wash; UL-1l,
750ml. of D.2N-HCl; 45-17, 250ml. of 2.3N-HCl; 17-20,
2K0ml. of O.4N-iCl; 21-24, 250ml. of 0.&N-HC1; 25-28,
water; 29-3L ammonia.- The fractions were evaporated
to dryness and examined by paper chromatography.
Pipecclic acid waa wresent in fractions 10-21, with
traces in fractiona 7-9 and 22-24, proline was present
in fractions 11-24 and L-hydroxypipecolic acid was
present in guantity in fractions L-1lL, with small
amounts in fractions 15-17 and ftraces in fractions 18-
ol, (when compared with resulta obtsined when less
aniino-acid was applied to the column, these results
ghow that the column was overloaded. With lesser
loads, about 1g., pipecolic acid did not elute with
hydrochloric acid less than 0.8W), The ammonis
eluate was found to contain 0.33g. of coloured and non-
crystalline material, in which much pipecolic and
some L-hydroxypipecolic acid was present; this was

discarded.
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Fractions L-14 were collected and returned to the
i on-exchange colunn, The amino-aclde were eluted
with dilute ammonia; crystallisation from agueous
ethanol gave L-nyaroxypipecolic acid, m.p. 294° de-
canpe (1.34g.) |

Fractions 15-24 were combined, treated with carbon,
and concentrated to a syrup which crystallised in
Part. This gave crude pipecolic acid hydrochioride,
liie Ps 236-238Y (0.25ge), 1n which pipecolic acid was
identified by caromatography in BAw and by its
ninhydrin colour.

Extraction of A. melanO{glon SN5905 heartwood.

Extraction L: (See Figure 16). The milled heartwood

(1293g.) was extracted with light petroleum (12 hours),
yielding Z.0gs Of yellow waxXe Ether extraction (33
hoﬁre) gave a depogit (fraction (a)) and a solution
containing 11 .2g. of naterial (fraction (b)). The
wood was extracted with acetone (25 hours, fraction
(¢)), again with acetone (20 hours, fraction (d)),
with ethanol (12 hours, fraction (f)) and with water
(10 neours, fraction (g)).

Fraction (&) was tritursted with cold ethanol,
thus dividing it into an inscluble portion (grey
needles, 7.9g., fraction (as))and a soluble portion
{20.2g., fraction (ab))}. Chromatograms of fractions
(as), (ab) and (b) showed the presence of melacacidin;

fractions (ab) and (b) also contained U-ethyl 1gomel-



A.melanoxylon heartwood (1293g.)

Ether extract Acetone extract Ethanol extract
|
l_. I Water-soluble Water-soluble
Deposit Solution l ]

(799 (31g.) EtOAc Iextrcnction Extracted by EtOAc
(crude r I (529)
melacacidin) Extract Aqueous

(15:6g.)
| Pinitol
(to Extraction M) (49g.)
Figure 16 : Extraction L.
A melanoxylon heartwoad (1562g.)
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. I |
(2:2a.) Deposit Solution Water-soluble
il Water-soluble  Extracted by EtO
(1280 ater-soluble xtracted by EtOAc
. (2g.)
EtOAc extraction
(78g.)
Systematic ether extraction
Polyphenols from A
Extraction L Flavonoids Leucoanthoeyanidins Polymers
(23g) (17g) (19g.)
i
Heated inIEfOH +HOAC
B&O pistributlon
-
Aqueous phase EtOAc phase
mixture SoLultlon Deposit
989.) Bg D Djstribution (2:29)
P |
Aqueous phase EtOAc phase

! . 58
(to Q-ethyl isomelacacidin) (2589)

Figure 17 : Extraction M.
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acacidin. Fraction (ab) contained much polymeric
material, and both (ab) and (b) contained polyphenols.

Portion of fraction (aa) (5g.),with methyl sulphate
(5g.) and potasaium carbonate (35g.),was neated in
boiling acetones for L hours. The acetone soluble pro-
ducts were treated with ammonia {(10ml. of strong sol-
ution) to renwe excess of methyl sulphate. The sol-
vent was removed and the reasidue was dissolved in ether
with the addition of sufficient ethanol to achieve
solution; the solution was washed with dilute sodium
hydroxide and dried over anhydrous sodium sulphate.

The solution was left at 09 it deposited crystals of
nelacacidin tetrametnyl ether, n.pe 138-111° (0e378¢)
The mixed melting point witn the tetramethyl ether of

o
melacacidin from A. havpophylla (m.ps 144-145 ) was

140-143° A second crop (0.15g.) of crystals m.p.
136-138° was obtained by slight concentration of the
mother liyuors. (Total yield, 8%).

The aceitone extracts (¢) and (d) were concentrated
to syrups (89, 11g. respectively) which were dissolved
togethier with water (2l.). Next day, the mixture was
filtered (the brown, amorphous residue weighed 4.8g.)
and, after concentration under reduced pressure to
200ml., continuously extracted with ethyl acetate for
16 hours. The extract (15.6g.) appeared from paper
chromatograns to consist almost entirely of mixed

leucoanthoeyaniding.,
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The aqueous solution contained 43.6g. 0? solids.
Paper chromatography (BAW, 14 hours, hﬁcm.) showed
that conslderable polyol Rf 0.13% wag present. Wnen
a gtrong solution inwater was allowed to evaporate
glowly, much material crystallised. This product was
washed with ethanol and acetone, and dissolved in
water. The solution was treated with basic lead
acetate until no precipitation occurred on further
addition, with dilute sulphuric acid and then with
barium hydroxide, sgo that the solution contained no
lead or sulphate. This solution was concentrated to
a asyrup which crystallised, glving L4.9g. Of crystals,
nep. 1721 7140, [“];i 60.1° (c,3+3 in water). A

mixed mep. with pinitol from A. intertexta (m.p. 1859)

waa 176-1829, Cn chromatography in acetone:water
£5:15 (177,178,179) (8 hours) and detection with
periodate anéd starch-iodide sprays (180}, the crude

pinitol from A. melanoxylon gave a single spot, at

the same distance from the origin (23cm.) as the spot

from pinitol from A. intertexta.

The ethanol extract (fraction (£))was processed in
the same way as fractions (¢) and (d); the ethyl
acetate extract (5.2g.) was a mixture showing no
major components on paper chromatographys The res-
idual aqueous polution was exsmined by paper chroma-
tography (BAW, 11 hours, L2 cm.). A small amount of

pipecolic scid (Rf 0.30, same as & sample run on the
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same sheet) was detected by ninhydrin.

The agueocug extract (fraction (g)) was filtered
and concentrated to about 200ml. No amino-acids .
were detected by paper cihromatographye.

The fracticns containing mixed leucoanthocyzanidins
were added to those of Extraction M for further pro-
cessing.

Extraction ii: (See Figure 17). liilled heartwood
(1552g.) was extracted ~#ith light petroleum (10 hours)
vielding 2.26g. of wax, Acetone extraction (19 hours)
gave a deposit (12.8g., fraction (a)) ana a aolution
whien was concentrated to & syrup (15Lg., fraction
(L)) Acetone extraction ror a further 24 hours

gave no more deposit; the extract wae concentrated to
a ayrup (10g. fraction (c)). The wood was then ex-
tracted with ethanol for 14 hours (fraction (d)).

The deposit obtained during acetone extraction
(fraction (a))had m.p. 182-4°, and mixed m.p. 183-

184° on admixture with pinitol from A. intertexta

(mep, 155°)«  Paper chromatography (BAW) snowed &
single canponent of the same ki as pinitol, After
recrystallisation from water-ethanol it had {042;60.50.
(C, 3.0 in water).

Fractions (b) and (c) were continued and proc-
essed as 1n extraction, yielding 784. ethyl acetate
extract. The ethanol extract was processed similar-

ly, yielaing only 2g. cf ethyl acetate extract.

Paper chromatography showed the presence of
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melacacidin and U-ethyl iaomelacacidin in the ethyl
acetate extracts from (b) and (¢); other poly-
phenols including much polymeric material were also
present. The material from the ethanol extract
appeared to contain little leucosnthocyanidin, snd
to be mainly polymeric materiasl.

An attempt was made to 1solate melacacidin by
systemztic continuous liguid/liquid extraction with
ether, (sec Wigure 18). The combined ethyl acetate
extracts in 200ml. of water were extracted with ether
for eight 3-hour periods, andéd then with ethyl acetate.
The first sther extract was dissolved in about 50ml.
of water and extracted with ether for 8 hours. To
the aqueous residue the second ether extract of the
original solution was added, and ether extractlion
carried out for 8 hours. The process was repesated
systematically so that the material was put through
four ether exirasctions. A geries of fractiona was
obtained; the first fraction contained material which
had been extracted by ether within 8 hours on each of
the four occasiocng, whereans the gecond fraction con-
tained materisl which hsd been extracted by ether
within & hours on only three of the four occasions,
and on the other occasion had been extracted in a
gecond 8 hour extraction. The material not extracted
by ether during the eight 8-hour extractions on the
firgt, second end third occasions (weighing 10.1,

5.2, 2683 reapectively) proved to be malnly poly-
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Each intersection represents 8 hours continuous
ether extraction.
Weights of fractions are in grams.

Figure 18 : Systematic ether extraction of
A.melanoxylon polyphenols,
Extraction M,
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meric materisl and wae dlscarded. The first two
fractlons of etner extractions were found to contain
1ittle leuccantuocyanidin; they weighed 16.7 and
£.6c. respectively. The remaining fractions (16,.,8g.)
contained almoet exclusively leucosnthocyanidins, No
deposit of melscacidin was cbtained at auy =ztage,

The fractions camtaining mixed leuccanthocyanidins,
from thls extraction (40g.), and from Lzxtraction L
(4ég.) were dissclved in ethanol (L4OOml.) containing
acetic acid (L4ml.,) The solution was boiled for 2
hours, the solvent was removed by di stillation, and
the residue wes subjected to th= usual Bush and
Densen separation. The cunbined agueous fractions
were concentrated to 480ml. under reduced pressure,
and contimiously extranted with ether. No cryastals
were obtained during extraction, but the ether ex-
tract, on concentration, gave some cyrstalline nai-
erial which was contaminated by polyweric material
carried over aas an emulsion in the ether, and could
not be ohtained pure. The crude leuccanthocyanidins
welghed S.7%ge

The combined ethyl acetate phages contained 55g.
of material. This was heated in water (LOOml.) con-
taining acetic acid (&ml.,) 1n 8 boiling water bath
for ¢ hours. A deposit (2.2g.) formed; this was
identified as 7,8,3',k'-tetrahydroxyflavonol by
chromatography (BAW and 2% acetic acid). The sol-

ution was egain subjected to the Bush and Densen
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distribution. The ethyl acetate phases contained
25.8g., of material. The combined aguecus phages were
added to the corresponding fraction from Extraction N
and used for the preparation of Q-ethyl ipomelacaciding
this preparation i3 degeribed in the section on O-
ethyl isomelacacidin.
Extraction N: (See Figure 19).  #illed heartwood
(5,934g.) was extracted with light petroleum (12
nours), acetone (36 hours), sthanol (412 nhours) and
water (412 hours)., The light petroleum extract con-
tained S.0ge of yellow waXe.

The ncetone extract deposited 55u. of cpude
pinitol which gave a single spol on paper chromato-
graphy (BAW) at the same R{ as authentic pinitol.
after one recrystallisaticn from water-ethanol, it
nad me.p. 184° alone and when mixed with pinitol from

% .
A. _intertexta, [9(11'66.2 (C,3¢1 in water). The.
‘ 0

acetone solution was concentrated to 1 litre and then
diluted with water to 8. Next day, the mixture was
filtered, evaporated under reduced pressure to 700ml.,
and continuously extracted with ethyl acetate for 24
hours. The extract was withdrawn after 2 and 6
hourse. The total extract welghed 286¢. The
residual aqueous solution contelined sowme pinitol.

The ethanol extract was processed in the same way
as the acetone extract. thyl acetate extraction of
the agueous solutlon yilelded 18.0ge. of extractives in

24 hours.
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to

Q-ethyl isomelacacidin

Figure 19 :

Extraction N.
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The residual aqueous solution from the ethancl ex-
traction, and the water extract were cuibined, freed
from acid-insoluble material, and the amino-acid
traction isolated by use of an lon-exchange resin
column (Leokarb 225), This yielded 0.20g. of black,
non-crystalline material. Paper chromatography (BAW)
anowed the presence of a trace of pipecolic acid, and
gome OK-amino-acids.

The material (3C4g.) extracted by ethyl acetate
wag bolled in etinanol containing 1% acetic acid,
(in batches of 50g. of polyphenols and 250ml., of
etnancl) for 2 hours, and then solvent was removed.
The residue was dissolved in 800ml. of #/15 phosphate
buffer pi7.0, and subjected, in two portions, to the
ugual Bush and Lensen distributicn. These distri-
butions were attended with coneiderable difficulties
due to emulsions, and the division between the
phases was unusually difficult to dis tinguish, The
aqueoup phases were combined, concentrated under
reduced pressure (45-50°C) to 500ml., and contin-
uously extracted with ether. Although the extracts
were seeded, no deposit of melacacldin was obtained,
The amounis of ether extractives obtained in
guccesgive periodas of extraction were: 12 hours,
Ge58ey 24 hours, 15.78e; 12 hours, 3.2g.; 8 hours,

1,7ge; 12 hours, Z.2g.; total 31.3g. in 68 hours.
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A large deposit of black material formed 1in the
agueousg residue,

The combined ethyl ascetate Tractions from the dis-
tributions contained 186g. of material. This was
dissolved in water (700ml., conteining amcetic scid
(14ml.) and neated in a boiling water-bath for 2
nours. on standing at room temperature, a grey pow-
der deposited (11.9g.)s This depousit wag identified
as 7,8,3',4'-tetrahydroxyflavonol by paper chromato-
sraphy (BAW and 2% acetic acid). The solution was
sdjusted to & volume of 800ml, with water, and sub-
jected, in two portions, to the usual bBush and
Leneen distributione. The combined ethyl acetate
phases contained 62g. of material. The combined
agueous phases were councentrated under reducesd
preagure, and, this fraction togetier with the
corresponding Ifraction froaum kxtraction M, was uscd
for the preparation of U-ethyl isomelacacidin which
ia described in the section on g-ethyl isomelacacldin.

Lxtraction of A. malanuxglan 515905 gapwoo.

Extraction u: Milled sapwood contasining no heartwood

(991g.) was extracted with light petroleun {16 aours),
acetone (L4 hours), ethacol (7 noure; and water (7
nours).

The light petroleum extract contained 1.14. of
almost colourless, sticky waX.

The acetone and the ethanol extracts were con-
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centrated to ayrups (L2,25g. respectively) and taken
up together in water (LOMML.)  The mixture was
»41tered and the solution vas continuoualy extracted
with ethyl acetate, ylelaing in gucceasive 8 hour
periods, 1.9; 0.3 and 0.2g. of syrepy materinl, These
axtracta appeared to contain no polyphenols. The
regidual aguaous solution waes coneentrated to a
symp (5.1g.), in which erystals formed; theae were
collected after dilution of the =yrup with ethanol
(4901e)e Recrystallization from agueous ethanol
gave D-mannitol aa loose clusters of needlzs (90mg. ),
MePe 1630, mixed mepe with ap aunthentic sample 1 64—
1650 (the sample he@ m.p. 166°). On paper chromato-
sramas (BAW, 12.6cm.) 1t gave = sinsle spot Rf 0.16
(game Rf as wannitol), which reduced alkaline silver
nitrate slovwly in the cold and readily et 100°,  1In
pAW (20 hovrs), the mother liquor showed 2 spot of
the same Rf as mannitol (14 .0cm.) and two other polyol
apote (13.0 and 165.3cm.); Do reducing sugars were
present. (On this chromatogram, glucose ran 10.5cm.
and pinitol, 10.5cm. ). In ethyl acetate;acetic acid:
water, 6:3:2, the polyocls ran 1%,5cm. (mannitol), 1643
snd 19.0cme Pinitol, which has a much lover Rf 1in
this solvent than mannitol, was abgent.

The above aqueous solution, and the water extract,
were added to the corresponding fractiocns from

Extrection B for the igolation of the emino-acidse.
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Extraction P: Milled asapwood (2,781g.) was extracted

wita scetone (24 hours), ethanol (12 hours) mnd water
(12 hoursj. The scetone and ethanol extracts were
concentrated to syrups which were diluted with water.
The mixture was filtered and conlinuously extracted
with etinyl acetate for 16 hours; emulsions occurred
during the extraction. The extract was concentrated
to a syrup (3.4g.) Pclyphencls were not detected in
thia extracte.

The agueous solution remaining from the above ex-
iraction, and the water-extract, were combined with
the corresponcing fractions from Bxtraction U, and
pasaed through a Zeokarb 225 column (200g.)s The
siaino-acids were eluted with O.4N-ammonia; no sel-
ective elution was apparent. Thisg fraction weighed
l.28g. The following amino;acids were detected by
paper cnromatography (Baw, 15 nours, 28cm. J: pipe-
coiic acid (Rf 0.37), 5S-nydroxypipecolic acid (?)

(ke 0.22), a trace of proline (Kf 0.25) and
ol - amino-acids (kf 0.06, 0.12, 0.18, 0.34,
0.k, 0e55, 0.61).

The amino-acids in dilute hydrochloric acid were
treated with nitrous fumes ror 4 hour, then ieft
overnight. The solution wae then boiled gently for
50 minutes, and evaporated to Arynesd. The residue,
in water (50ml.), was added to zeokarb 225 column

(50g.)s ‘The imino-acids were eluted with the same



130..
geries of hydrochloric acid solutions as in Extraction
I. i{fter evepocration to dryness, the fractions were
exanined by chromstograpny (BAW); the followlng com-
prorents were detected with ninhydrin: pipecolic acild
Rf 0.35) in fractions 25-2°8; a component (Rf 0.1L)
giving a purple, non-fluorescent colour with ninhydrin
in fractions 7-24: o major component (Rf 0.21) (5-hy-
droxyvpipecolic acid?) giving 2 blue purple colour with
ninhydrin, which fluoresced brignt red in UV liszht, in
fractions 9-23%; L-hydroxypipecolic acid (Rf 0.19)
apveared to be absent. Fractiong 17-27 showed strong
chloride areas on the chromatosram and were thought to
contain a salt. The amaonia elunats oontained a trace
of plpscolic acid.

Fractions 43-23% were combined; the free amino-
acids were obtained by adsorption on 7eokarb 225 and
elution with ammonia, but attempts to obtain a
crystalline product were unsuccesaful, Tractions
2608 were combined and evaporated to a syrup (0.24g.)
which crystallised in part. After the syrup was
d1luted with a 11ttle ethmnol, the crystals were
collected and recrystallised from ethenol, giving
52mg., MePe 228-235° decomp., then 25mg., mep. 2389
decomn. A chromatogram on the once-recrystallised hydro-
chloride =howed that it contained no pipecolie acid.
Dragendorff's reagent (181) detected = component
glving a red-purple spot fading to an orange-red;

this had Rf 0.24 in BAW, 0.71 1in ethanol:water:con-
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centrated ammonla 90:5:5, 0.36 in n - butanol:
{10N-HCl :water 100:20:29, (Found: C,39.3; H,Z.0;
¥,7.8)s This material was not identitied.

bxtraction of A. mollissima neartwood.

Extraction Q: HKilled heartwood (1,8b1g.) was extracted

with 1light petroleum for 41 hours, yielding 3.593. of
a deep orange-coloured, low-melting wax. The wood
was then extracted with acetone for two 24 hour per-
iods; tne extracts were concentrated to syrups

(259 and 7g. respectively). The wood was finally
extracted with ethanol for 8 hours,

The combined acetone extracts were taken up in
water (21l.) and the mixture, after being left over-
night was filtered from a brown powder (4dg.) which
appeared to be entirely polymeric material. The
"2 1trate was concentrated under reduced preésure to
200ml. sand continuously extracted with ethyl acetate.
Successive 4 hour extractions ylelded 47.2, 3.4, 0.6g.
of material. The residual agueous solution wae ev-
aporated to a syrup (41.5g.) wnich crystallised.
pPaper chromatography (BAW) showed the presence of
compound s reducing alkaline silver nitrate at 1.5cm
(trace amount only) and 5.,0cm. from the origin
(pinitol moved 5,0cm. from the origin).  Amino-
acids were absent.

The ethanocl extract was concentrated under re-

duced pressure to a syrup which was iiluted with
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water (11.). Next day the mixture wes filtered; the
fi1ltrate was concentrated under reduced pressure and
continuously extracted with ethyl ascetnte. Succeaslve
L4 hour extractions ylelded 2.6, O.1. 0.058. of mat-
erial, The agueous residue was evaporeted to &
syrup (L.1g.) which crystallised. Paper chromato-
graphy (BAW) showed the presence of the same two
polyols as in the acetone extract, and also three
components detected with ninhydrin; pipecolic acid
(9.6cme. from the origin), U-hydroxyplpecolic acid
(5.5cim,.) and a substance (3.7c¢cm. ) which gave a blue
colour with ninhydrin., The last was present
apparently in very emall amcunt. This fraction was
added to the corresponding fraction of Extration R.

The ethyl acetate extracts obtsined above were
examined by paper cihromatography in BA%W (412 hours,
23cm. ) and 2/ acetic acid (24 hours, 31cme) All
the fractions showed uch polyphenolic material as
streaks of no definite Rf: this reacted with the
ferric-ferricyanide reagent, and gave & red colour
with Roux's spraye. Individual components
(leucoanthacyanidina) gseemed to be present at
Rf 0.73%-0.83 and 0.58-0.66 in BAW, 0.70-0.77 and
0.50-0.60 in 2% acetic acid. (n a different
chromatogram, gleditsin (= mollisacacidin) had Rf
0.57-0.05 in BAW.

The ethyl acetate extracts were combined (538 ) e
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Portion (25g.) was subjected to 50 tube counter-current
distribution between ether and M/15 aqueoﬁs phospha te
buffer pH7+0. The polyphenol mixture was added in
one portioﬁ.and much remained undlssolved. After
distribution, & pink colour wgs present in the
agueous phgses 5f tubes 350-Llhe Semples from even
aumbered tubes were chromatographed in BAW (11% hours
at OOC, 16.5cn, ) end 2% acetic acid (25 hours, 19cme)e
The components detected with ferric-ferricyanide re-
agent are listed in Table 1. Componenis 1-4 were
lsucoantnocyanidins: component 5 had a vellow
flucrescence in UV lights Component 1 had the same
Rf in both solvents as a sample of gleditsin run
glinultaneoualy.

Table 12.

Counter-current distribution of As mollisazima poly=-

paenols.

Component Tube Noss .Peak Rf (BAwW) R (acetic
acid)

] ' 2-18 10 0.56=0.73 0.59-0.69

2 30-42 36 Cesi30=0.94 0.43-0.51

3 34"’4—6 LM 0,30-0. 9}4 0071 -0, 79

5 46-50 50 about 0.7  0e0

The contents of tubes 1-5 gave 2.24g. of material
when contimuously extracted with ether. The con-
tents of tubes 6-18 were concentrateé under reduced

oressure to about 400ml. and continuougly extracted
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with ethyl acetate (L hours) to yileld L.Chge of ma t-
erial. Prom tubes 30-35, 1.22g. of material was Ob-
tained by the same method. Tube 36 yiclded 0.32¢g.
of nmaterial. “he contents of tubes 37-h40, by ex-
tpaction severszl timss with ether in a separatory
funnel yielded 1.23%g. of waterial. Tube U4 yielded
0.26s. or materisl by ethyl acetate extracticn 1n a
separatory funnel. The contenta of tubes hi-L7 were
extracted several times with ethecr in a geparatory
funnel, and yielded 4.27g. of mnterial. The con-
tents of tubea Lo-50 were extracted three times with
ether and gave 0.50z. of yellos gowder.

The substances isolated frow tubes up to 1 were
examined by chromatography 1n o7 acetic acid, A1l
showed with Roux's syray, a najor componenﬁ Rf
0.52-0.560 and a minor component RE 0.60-0.69,

The Fraction from tubes 6~18 did not yleld any cry-
atalliine product from water, methanol-water, ethanol-
water or methanol-ether; seceding with gleditsin had
no effect. |

A porticn of the fractlon from tubes 1-5 (5Lmg. )
in water (2mi.) was heated in a bolling water bath.
camples were withdrawn a% intervals ond chronato-
sraphed in 20 acetlc acld (21.5cm.)s The solution
initially shoved three leucoantnocyanidin spots,

RE 0.59-0.71 (major), 0.u45-0.54, 0.73-0.23, %to-

gether with much polymeric material as A streak from
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the origin to Rf 0.5. The apot RE 0+73-0.83 dis-
appeared during the heating, being reduced by about
half at 10 minutes and very faint at 40 minutes.

fixtraction R: The previous extraction (Extraction Q)

was repeated three times. During extraction with
ascetone, a white crystalline deposit formed 1n the
5+t111 (that from the third extraction was lost by
charring). Detrils sre given in Table 13.
- Table 13.
Details of Extraction R.

“welight of wood Light petroleum extract Deposit
from acetone.

‘1,&628. 2.52. 19-98-
1,430 2.6 25.0 .

The deposit from the acetone extractlion had m.p.

4183-186°, alone and mixed with pinitol from
26

Le intertexta. It had [°(]-P61.9° (Cy342 in
D

water).

The ethanol extracts, together with that from
Extraction ¢, were concentrated to syrups, then
diluted with water. The filtered soclutlon was
continuously extracted with ethyl acetate to remove
polyphenols. The residual agqueous phase was passed
through a cation exchange column (Light's, 200g.,

65 X 2.5CM ) The amino-scids were recovered from
the column with 1N-ammonia and obtalned as & black
mass (1.80Z¢)¢ This was dissolved in water (20ml. )

and passed through s column of alumina (5g.) in an
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unsuccessful attempt to remove the colour. The sol-
ution was diluted to 80ml. and was boiled with
alumina (3g.); wmost of the colour remained on the
alunina. The solution was évaporated and the
residue (4.43g.) in water (5ml,) was diluted with
ethanol (30mle ). The remaining colouring matter
presipitated. Crystals formed slowly in the filtrate
. and were collected after 14 days., Fracti onal crys-
tallisation from water-ethanol yielded L-hydroxy-
pipecolic acid (0.5%g.) which contained a trace of
pipecolic acid; the mother liquors contained pipe-
colic acid, proline and Y~hydroxypipecclic acid (6.798).

Extraction S: Thise extraction was carried out to

1solate the amino-acids; the wood used was the same
ag in the previcus extractiocns, but had been 1n
storage for about 15 monthse. Light petroleum sx-
traction (8 hours) of the heartwood (6.25%g) yielded
fe3ze Of wax, Acetone extraction (two 12 hour
periods) did not yield a deposit of pinitol. The
acetone extract was concentrated, and a filtered
solution of the residue in water was extracted.

with ethyl acetate to remove polyphenols. Evap-
oration of the agueous solution gave a dark dyrup
(74ge ) wnich crystallised. Paper chraastography
(BAW) showed that this contained only one polyol
congtituent (of the same Rf as pinitol) besides

some polymeric polyphenolss
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The wood was extracted with ethanol (412 hours)
end with water (412 hours). The ethanol extract was
concentrated, then diluted with water, The filter-
ed solution was continuously extracted with ethyl
acetate to remove polypnenols, and then passed through
a Zeokarb 225 column (259g.). The amino-acids were
elnted with ammonia (1.05g.). The water extract
from the woad contained much materisl insoluble in
cold water; this appeared to be polymeric, The
filtered extract was freed from acid-insoluble mat-
erial, and was passed through the ilon exchange resin.
The crude amino-acld fraction eluted by ammonla
welghed 0.96g. Paper chrauatograpny (BAvi) showed
that these fractions contained pipecolic snd L4-hy-
droxypipecolic acids. Proline was absent and no
other ninhydrin-positive conetituents were present in
appreciable guantity.

The combined amino-acid fractions were added to a
7eokarb 225 column (50g.) and the amino~-acids sluted
with dilute hydrochloric acid. (The concentrations
uged for elution were the same as those given in
Extraction I). Pipecolic scid was present in
fractions 22-32, l-hydroxypipecolic aecid in fractions
9-23 and algso in the ammonia eluates. The amount of
plpecolic acid was very small. Lh-hydroxypipecolic
acid was obtained from fractions 10-22 (0.L49g., m.Dp.

p92-2930 decomp.) and from the ammonia eluates,
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fractions 38-39 (0.213« MeDs 272-27&0 decompe. )» The
jdentity of these products was confirmed by paper
caromatography (BAWN).
Lxtraction of A molliesims sapwood.

Extraction T: HKilled sapwood (7.39Kg.) was extracted

with acetone (412 hours). A syrupy deposit formed in
the still (L&g., fraction (a)). The acetone solution
wag concentrated to a syrup (299g., fraction (b))

The wood was extracted with ethanol (12 nours) and
with water (12 hours).

No polyphenola appeared to be present in fraction
(b)e ixtraction of the water-soluble portion with
ethyl acetate ylelded a syrupy deposit in the ethyl
acetate (19.35.). Wo individual component could be
detected in this fraction by paper chromatography
(BAW) and examination for polyols and polyphenols.
The ethyl acetate solution contained L.5g. of mat-
erial, in which, apart from a trace of reducing
sugar, possibly fructose, no canponent could pe
recognised.

The syrupy deposit from the acetone extraction
(graction (a)) formed cyrstals over a period of
montha. They were collected and washed wlth 60%
and 80% ethanol, with considerzble loss. Paper
chromatography (BAw, 20 hours, 39.0cm. ) showed
that both the cryatals and the mother liguors con-

tained fructose which reduced alkaline silver
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nitrate readily in the cold, snd grve & pink colour
with naphthoresorcinol(182). An authentic sample
of fructose chromatograpned on the pane sheet had
the same Rf. Chromatography in ethyl acetate:acetlc
scid:water 6:3:2 shnowed the presence of redueing
sugars at 16.0 and 13.3cm. from the origin (glucose
13.3, fructose 416.0cm. ) in the crystalline waterial;
a component (9.5ci.) was present in suall quantity
in the mother liguors ( suérose, SeYCile ) o Chromato-
grapiny in 855 acetone (8 hours) failed to separate
the sugafs, which 811 had Rf values gimilar to that
of glucosge. A spot corresponding to sucrose. conld
not be detected with pe riodate and starch-1iodide
sprays (180). The crystalline mixture (2g.) was
converted to osazone in standard conditions (1802),
uncer which fructose yields 3.78« Of Osazoné and
glucose, 3+0g. Of 0Bazone. The yield from the
crystalline mixture was 1.55g., slthough the osazone
formed readily. The mepe Of the osazone wWas 190-196°,
and, after recrystallisation from sthanol containing
a 1ittle water, 193°, aione and mixed with suthentic
glucoaazone. The crystalline mixture therefore
appeared to contaein, besides glucuse and fructose,
gome other component in large amounts

The ethanol extract fram the wood was concentrated
to a syrup vhich was diluted with water. The mixf

ture was riltered and continuously extracted with
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ethyl acetate for 2L hours. The extract (Le7ge)
appeared to be polymeric.

The agueous extract from the wood contained a
large guantity of grey ingoluble meterisl, appearently
polysaccharide. The f1iltered extract was concentrat-
ed under reduced pressure to 600ml. : Conecentrated
nyarochloric acid (20ml.) wee ndded, and the solution
was heated in & boiling water bath for 3 hours. No
colour developed, but a considerable guantity of- fawn-
coloures material precipitated, This also apreared
to be polysaccharide.

The water-solubie portions of the ethanol and
water extracts were combined and passed through an
jon exchange coluan (Zeobark 225, 259g.)s Elution of
the smino-acids was begun with Q.1 N-ammmonia but the
flow rate diminished, and the flow almost ceaged after
cidition of about 250ml. of eluant. Satiafactory
elution was obtained with 1.5N-ammonia, The amino-
neic fraction (15.2g.) contained pipecolic acid, Lh=hy-
aroxypipecolic ecid, proline snd several ol amino-~
acids, It was dispolved in water (100ml.;, and hy-
drochloric acid (20ml. of 6N), the solution was
cooled in ice and treated with seven portions of hy-
drochloric acid (40mi. of 6N) and sodium nitrite
(10ml. of 6H) at hourly intervals. The solution
wag then continuously extracted with ether for u7

hours; water (£0oml.) was added to the ether before



144,
the extraction was gtarted. The ethemal solution wsee
strongly ecidified with hydrochloric acid and concen-
trated to 2 ayrup (15.0g.). The residual asgueocus
solution was twice treated with further porticns of
hydrochloric acid and socium nitrite, follwed by
continu.us ether extrvaction for 22 nours; this
yielded 0.30 and 0.45ge. of gyrupy product.

The imino-acid fractions were added to the corres-
ponding fraction of Extrsction U.

Extraction U: This extractlion was carri«=d out on

wood (10.51Kg.) which had been stored about 12 months;
the wood wassapwooa and some outer heartwood. Ex-
trection was carried out to obtaein the amino-scids;

no other components were investigated.

Light petroleum extraction yielded 12.%9g. of wax.
The wood was exitracted with acetone; no deposit
formed in the still. The alcohol and water extracts
were processed as described in the previous extraction.
The water extract did not deposit much polysaccharide,
The alcohol extract yielded 18.0g. of a crystalline
mixture of amino-acids and the aguecus extract
ylelded L.7¢. of a very impure, dark mixture.

The sminc-acids were dissolved in water (4150ml,)
and hydrochloric neid (4Oml. of 10N) and the solution
cooled in ice, Sodium nitrite solution (30mle. of
6M) was added during 55 minutes. The mixture frothed
to about 500ml., although sprayed with alconol at

interveals. The re was considerable losas of nitrous
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fumes. The nitrosated mixture was continucusly ex-—
tracted with ether for 33 hours. The extrset, with
hydrochloric mcid, was evaporated to a ayrup (6.50g.).
To the residual agurous aolution hydrochloric acid
(10ml. of 10N) and sodium nitrite (10ml. of 6i) were
added and the extraction was continued for 36 hours,
which yielded, after evaporati on with hydrochloric
acid, 3.35. of ayrupe. Hepetitl ons using three
times the above guantities gave, after 33 hours
extraction, 7.bz., end 1.1g. of syrupy pruducts,
The last contained much pipecolic acid with ~ome
proline and L-hydroxypipecolie acid, The +otal
vield was 16:.3g. of syrup.

The crude imino-acid fraction was canblned with

that from Extraction T, snd wae dissolved in water
(200ml. ). The solution was continually extracted with
ether for 8 hours to remove hydroxy-acids, The ether
extract, when concentrated gave crystale (1.Lg.).
(The mother liguor contained 3.3g. of material). Re-
crvatallisation Ffrom ether (carbon) gave oxalic acid
dihydrate az colourless needles, NMep. 1000, alone and
mixed with authentic oxalic acid dihydrate.

The residual aqueous solution contalned the imino-
acids 1in dilute hydrochloric acid. It was passed
through the ion-exchange column and the amino-aclds
ware eluted with 1N-amaonia. After evaporntion of

the eluate, the residue was dissolved in hot water
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(50ml.) and hot ethanol (450ml,) was added. The
solution was filtered while hot to remove a brown
flocculent vrecipitate. L-Hyd roxypipecolic (3.7g.)
crystallised slowly. A second crop (2.62g.) was
obtained after the eddition of 300ml, of ethanol to the
mother liguor. The first crop was of slightly brown
crystals and was not decolourised completely by char-
coal in water, Recrystallisation fraom agueous
ethanol yielded 2.0g. Of Lh-hyd roxypipecclic acid,
m.p.292-294° decompe  The mother liquors were us ed
to recrystallise the gecond crop. A few drops of
acetic acid were added before charcoaling, which re-
sulted in slmost complete decolourisation. The
yield of Lh-hydroxypipecolic acid from this second re-
crystallisation was 3.52g., MeDs 2&9—2910 decomp.
(Total yield, 5.52g.)e

Acacla intertexta S.N.58591 he artwood.

Extraction V: Milled heartwood (579g.) was extracted

with light petroleum for 10 hours, yielding 0.87ge of
yellow waXe The wood was then extracted with wet
ether (50ml. of water added to 2.61 of ether) for U3
hours. The stlll contents were changed after 10
hours (extract (a)), and at the end of the ether ex-
traction, the still contained a deposit (1.184,
fraction (b)) (ether solution = fraction (e}). The
wood was extrscted with acetone for 20 hours (fraction
(4)) and with ethanol for 40 hours (fraction (e)).

Fractions (a) and (c) were taken to dryness (9.1,
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6.0c. respectively) and d@issolved in e thanol. Some
wax remained undissolved. Paper chromatography
(DAL, 12 hours, 23.%cm.) showed the presence of two
leucoanthoeyanidins Kf 0.52-N.61 (major) and 0.63~
0.69, a coaponent If 0.30-0.90 giving a blue spot
with hydrochloric acid, and canponents giving a yeliow
fluoreacence 1n UV light Rf 0.47-0.68 (strong) and
RE 0.72-0.105, This eolution was uzed for the is-
olation of teracacidin ass described later.

Traction (b) aslowly gave crystals (0.L42g.) from
aquecus alcohol. After two recrystnllisetions from
water-ethanol, it had m.p. 18L-186°, This wee added
to = further portion of the same compcund obtained
from the acetone extract.

The mcetons extrzsct (fraction (8) contained 23.0gs
of m=terial., It was t2ken up in cold weter (50ml.),
the mixture was filtered, and the solution was con-
tinuouzly extracted with ether. This gave 1.5g. of
material (fraction (da)) after & hours, and 0,2g. of
material (fraction (db)) after a further 16 hours,
Lthyl acetate extraction (24 hours) ylelded 0.%g. of
nygroscopic material.  Fraction (da) was similar in
composition to fraction (a) and (¢); fractions (db)
and the ethyl acetate sxtract did not show any major
components on paper chromatography.

The agueous regidue from the ethyl acetate extrac-

tion of fraction (d) was concentrated to = ayrup
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under reduced pressure. The syrmup was boiled in
stnnnol for 1 hoir.  Next day the crystals (2.58.)
Moo 18&—1560 were collected. (The filtrate con-
tainsd 0.9g. of material). Recrystaliisation from
agqueous ethanol (cnarccal) gave colourless prisms
(1.76g.) WaDe 4184-4 850, identified as (+) - pinitol
(see below).

The ethenol extrect of the wood (fraection (e))
contained %.0g. of material, very little of which was
poluble in water. The water—-insoluble msterial was

5 black amorphouspowder.

Tdentification of _(+4)-pinitol.
In this work, pinitol was 41 rat isolated from
A._intertexta in Fxtractian V. It was later obtain-

ed from the other heartwoods, and each newiaolation

waa compared with that from A. intertexta by mi xed

melting point and paper chromatography.

The pinitol {golated from A, intertexta had m.De.

18&-—1350, [“1:-!'634..&0 (c,j.o in water); 1lit. (LO)
mope 186-188°, [d]”'+ 65.5° (water). (Found:
C,u3.0; H,7.3; Ogﬁs, 15.6., Cale. for C-H4,06:
c,u3.%; 1,7.3; OCHsz, 16.0%).

A eryastalline product wae not obtained from
acetylations with acetic enhydride and gulphurie
acid (1583), acetic anhydride and pyridine (184),

or acetic nanhydride and sod jum acetate.

Demethylation: During extraction G, it was

e e e
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noticed that boiling AN-hydrochloric scid converted
pinitol to a compound of lower Rf in BAW,.

Pinitol (0.%g.) was heated under reflux in 6N-
hydrochloric acid (10ml. ). Samples were withdrawn
at the stert, =2nd at %,1,2,4,8 hours after the start,
and chromatorraphed (BAW, 24 hours, L6.5cm.). Polyols
were detected with alkaline silver nitrate. The
rinitol epot (Rf 0.23) rapidly decreaged, being very
fairt at L hours, #nd absent at & hours. The apot
corresponding to the nroduct (Rf 0.14) was present
at 4 hour, 2and increased steadily. No other polyols
were detected. It was not pozgible to Judge the
time of B50% converasion by comparison of apot intensi-
ties because the product reduced alkaline silver
nitrate muech more actively than pinitol.

Pinitol (5g., from 4, melanoxylon) was boiled in

EN-hydrochloric acid for & hours; the pale brown
solution was then evaporated to dryness on a water-
bath. To the cryst2lline residue, water was added
and re-evaporated twice to remove hydrochloric acid.
This was reveated with ethancl, leaving L.75z. of
crystals, MeDe 194-221°. Recrystallisation from
aqueous ethanol gave (¥)- inositol as colourless
prisms, M. 536-238° (L.,1g., 88%), After a sec-
ond recrystallisation, the product hed met. 239-240°,
[0(]:4- 63,80 (C, 1.17 in water). (Round:

C,39.8; H,6.7. Cale. for CgHyin0gz: C, LO.O;
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Hy647)0 Stephen (185) gives m.p. 2’41;? [“]0*66.20
(C, 1.21 in water) for (+)- ipositol obtained by

demetnylation of pinitol with hydriodic acid.

Extraction of A. intertexta SN5977 heartwood.

Fxtraction W: iHilled heartwood (3,132g.) was ex-

tracted with 1light petroleum for 412 hours, yielding
L.5g. of yellow wax, then with acetone for 24 hours
(fraction (a)), ethenol for 8 hours (fraction (b))
apd water for 42 hours (fraction (¢)).

mhe scetone extract (fraction (m)) was concentra-
ted to a syrup (312g.) which waa taken up in water
(21.,) ana the mizture left overnight. It was then
filtered from a brown amorphous residue, and the
filtrate was concentrated under reduced pressure to
250ml. Continuous extraction with ethyl acetate
yilelded, in successive L hour veriods, 22,0, 2.1 and
0.7g. of material. The residusl agueous solution
was evaporated, leaving a crystalline residue (16478.)
which was combined with the corresponding fractions
from Extractions ¥, Y and 7 (total of heartwood used,
11,5Kg.) in 500ml. water. The solution was treated
while hot with basic lead acetate until no further
precipitation occurred, then with dilute sulphuric
acid to remove lead, with barium hydroxide to remove
sulphate, and with carbon dioxide to remove the
excess of barium 3s carbonate. The filtrate was con-
centrated to & syrup and ethanol was added. This

gave 39,8g. of pinitol which was recrystallised from
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agqueous ethanol; mep. 187-1830°, [“‘ D'F £11.,80
(¢, 2476 in wnater). The mixed m.p. with (+)— pinitol
fron Extraction V wag 183—18@0. The mother liquors
contained two other L Olyol components. When chrom-
satographed in BAW (45 hours), these moved 4.5 and
1.9cme (pinitol moved 15,.0cm.)

The ethanol extract (fraction (b)) was concentrated
and orocessed as described for fraction (a). The
ethyl acetate extracts from succesgsive It hour ex~
tractiocns of the water-zoluble portion welghed 5.1,
0e7, 1018 The reaidual sqgueous solution contained
1a25324 material.

The material remaining after ethyl Acetate ex-
traction of thz water-30luble portion of fraction
(b}, and fraction (c) were combined with similar
fractions from Sxtractions X, Y and 7. (total of
qeartwood uged; 11 +5Kg.), and freed from acld-
insoluble material. Caromatograms (BAw, 14 hours,
14.5cme ) contained no pinhydrin-positive substances.

The ethyl acetate extracts from fractions (2)
and (b) were used for the isolation of teracacidin
by counter-current distribution.

Extraction ¥X: Milled heartwood (2.9Xg.) waas extract-

ed with light petroleum for 8 hours, yielding U.3g.
of wax, then with acetone (24 hours), ethanol (12
hours), and water (12 hours).

The acetone extract was concentrated to a syrup



149,
(235g.) which was didted with water to Z1l. Next day
the brown‘supernaant 1iquid was decanted and concentrat-
ed to 180ml, under reduced preasure. Thia concentrate
wng extracted in a separatory funnel with four 180m1.
portions of ethyl acetate, which extracted 18.1g. of
meterisl and left 17.6g. of material in the aqueous
pnage.

The ethanol extract was processed similarly; it
yielded L.lg. of ethyl acetate extract and 6.6g. Of
meterial remained in the agueous phese.

The ethyl acetate extracts were uged for the
igoiation of teracacidin by counter-current distribu-
tion.

Extraction Y: iilled heartwood (3.1XKg.) was extracted

with 1ight vetroleum for 8 hours, yielding 3,6g. Of
wax, then with acetone (2L hours), with ethanol
(12 hours) snd with water (412 hours).

The scetone extract was concentrated to about
500ml. aund poured into ether (Ll.). The resulting
mixture contained an agueous layer (about 200ml, ) end
a brown dsposit. The éthereal layer was decanted
and the agueous layer and deposit was shaken twice
more with ethner (41.). The ethereal extracts con-
tained 26, 13, 7.6g. of material respectively. The
aqueous layer and deposit were then extracted four
times with egqual volumes of ethyl acetate, the last

extraction belng 1eft overnight before separation.



These extractions gave 11, Leolt, bL.l, 13g. of
extractives respectively. The agueous layer was
adjusted to 11l. with water and bolled togetier with
the insoluble material to remove ethyl acetate, and
then cooled and filtered. Evaporation on a water-
beth left a residue (LOg.) which contalned much
insoluble material.

The ethanol extract was concentrated to about
4100ml. and poured into ether (U41ls). No agueous
phase geparated but a loose powdery depopsit formed,
which was collected and re-suspended in ether. The
extracts so obtained weighed 9.3 and 1.3g. respective-
ly. The ether-insoluble material was suspended in
water {(11.): the water-soluble portion weighed
5458

paper chromatography (BAW, 15 hours, 27cm; 2%
sacetic acid, 3 hours, 2%.,6cm,) showed that all the
ether and ethyl acetate extracts contained levco~-
anthocyanidins (teracacidin, Kf 0.41-0.52 in BAW,
0.L7-0.54 in 2% acetic acid, and another leuco-
antnocyanidin, Kf 0.67-0.76 in BAW, 0.78-0.85 in 2%
acetic acid). The leucoanthocyanidine were not
prominent in the ether extracts from the acetone
extract of the wood, but were prominent in the first
ethyl mcetate extract,

The ether and ethyl acetate extracts were com-
bined (91g.) and used for the isolation of teracaci-

din.
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Extraction 7Z: 1lled heartwood (2.4Kg.) was ex—

tracted with light petroleum (10 hours) yielding
Z.4g. of wax, then nith wet ether (50 hours),
acetone (24 hours) zthanol (12 hours) and wster
(42 hours).

The ether extract was concentrated, and. taken up
in water (final volume, 350ml.)s. A brown powdery
deposit was removed, and the filtrate was contiﬁ-
uously extracted with ether, giving in successive
6 nour periods, 8.6 and B.3z. extractivesz. The
reaidusl aquecus solution contained 2,7g. of mater-
1al; paper chromatogravhy shoved that pinitol was
present in this fraction.

The acetone extract was concentrated to a syrup
which was diluted with water (2l.). Next day the
mixture was Plltered and the filtrate was concentrat-
ed under reduced pressure to 150ml. Thias solution
was continuouzsly extracted with ether for 8 hours
(3.9¢. Of extractives) and with ethyl acetate for 8
hours (3.0g. of extractives). The residusl aqueocus
phase contained 18.6g. of material,

The etnanol extract was processed in the same wey
as the acetone extract, and gave with ether, 1.3g.
of extractives and with ethyl acetate, 1.2g. of
extractives: the residual agueous pnase contalned
4e6z. of materisl.

paper chromatography (BAW end 2% acetic acid)
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showed@ that leucoanthocyaniding were present in each
of the ether-extracted fractions and in the ethyl
acetate extract from the water-soluble portion of the
ether extract of the wood. The other ethyl acetate
extracts contained only traces of leucoanthocyanidins,
The fractions ccontaining leucoanthocyaniding welghed

224 ng
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Ly COARTHOCYANIDING .

Attempted separation of leucoanthocyanidins

by alumina chromatograpiny of the nethyl 163
ethers.
Preparation of O-ethyl isomelacacidin. 159
Interconversion of melacacidin, isomelacacidin, .
and U-ethyl isonelacacidin. 167
melacaciain. 173
¢-Lthyl isouelacacidin. 177
o-iiethyl iscmelacacidin. 182
Isonelacacidin p-tolyl sulphone. 192
T=olution of teracacidin and isoteracacidin 196
p-tolyl sulphone.
Methylation and degradation of teracacidin. 2M
Isoteracacidin p-tolyl sulphone. 205

Catalytic hydrogenation of leucoanthocyanidins. 206

Attempted_separation of leucoanthocyanidins by alumina

chromatography of the methyl ethers.

Methylation of melacacidin with methyl sulpinate :

(a). Methylation of melacacidin (2g.) with methyl
gulphate gave 0.59g. (25%) of melacacidin tetra-
methyl ether m.p. 1&&—1&50, ag described above in

the identification of melacacidin.

(b). Crystalline melacacidin from A. harpophylla
(10g. ) was boiled in acetone with methyl sulphate
(20g.) and potassium carbora te (70g.) for 10 hours.

After filtering and washing the potasszium salts with
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acetone, excess of methyl sulphate wes destroyed with
ammonia. Acetone wae distilled from the solution and
the residue was diasolved in ether with ethanol; the
solution wes washed with water and with dilute sodium
hydroxide. The crude product (9.1g.) in ether (50ml.)
and ethanol (20ml.) was charcoaled and left to
cryetallise at 0°. The first crop (2.1g.) collected
the following day, had m.p. 41329 recrystallisation
from ethanol-ether yielded 1.36g., MepPe 137-140°,
Two subgequent crope were collected; O.L3g., mMepe 130-
1320 and 0.82g., MePe 106-108°, This represents a
total yield of 28% of melacacidin tetramethyl ether.
(¢). A fraction, apparently crude melacacidin,
from A. melanoxylon heartwood, when methylated as
above, gave an 8% yleld of melacacidin tetramethyl
ether m.pe 138-111°. (See Extraction L).

(d). -Crystalline melacacidin (from A. harpophylla)

was methylated as in (b), in three 5g. portions. The
mi xtures were bolled 5, 7 and 10 hours. The yields
of crystalline melacacidin tetramethyl ether were
0.51g. (B%); 0.u45g. (7%); 0.51g. (8%).

Chromatography of melacacidin tetramethyl ether on

alumina: The alumina used in thls work was regen-
erated slumina of strength slightly less than I on

the Brockman acale. The same batch was used through-
oute It had been found that the methyl ether of
O-ethyl isomelacacidin was not abamorbed from ether

on thisz alumina,
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(a). Crystalline melacacidn tetramethyl ether:

Melacncidin tetramethyl ether m.p. 135-138° (0.51g.)
was chromatographed on alumina (20g., 8.5 x 2.0cm.)
using ether (150ml.) then ether-ethanol 9:41 (200ml,)
The eluate was collected in 50ml. fractiona; fractions
4 and 5 contained 0.18g., and 0.15g. of crystalline
materinl, m.pe 142-1L44L°.

(b) Methylated leucosnthocyanidin mixture: Leuco-

anthoeyanidin mixture from A. harpophylla Extraction

A, fraction (dd) (10g.) was methylated with methyl
sulphate as sbove. The crude product (9.8g.) was
caromatogzraphed on alumina (50g., 21 x 2.0em.) using
ether (150ml.) then ether-ethanol 9:1., The crude
methyl ether did not dissolve in the ether; 1t was
therefore triturated with portions of ether and the
regidue remaining sfter 150ml. of ether had been

ugsed was diesolved in hot ethanol (5ml.) and ether
(45ml. added.) Three such treatments were necessary
before all the material had been added to the column.
The eluste fractions (50ml.) were taken to dryress;
the residues weighed nil, 1.53, 0.49, 0.16, 2.3,
1.3, 1.12, 0.63, 0,20g. rgspectively. S ome
fractions were slightly crystalline but most were
non-crystalline. The fif th and sixth fractiones were
again chromatopraphed on alumina (50g.) using ether-
ethanol 50:1 (350ml.) then ether-ethanol 20:1. No

crystalline fractions were obtained.
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(c)e Inpure melacacidin tetramethyl ether: Various

samples of melacacidin totramethyl ether m.p. ronging
fram 133° to 144° were cambined (2.73g.) and chromno-
tographed on alumina (1COg., 4O x 2.0cm.) with the
golvents: ether (100ml.), ether-ethanol 20:1
(100ml,. ), ether-ethanol 10:1. The melacacicin
tebranethyl ether was triturated with the solvents
until it nad all been added to the colunmn. The
eluate was collected in 50ml. fractlions and evaporated
to dryness. The resicuee crystallised readily.
daterial Trom fraction 10 and following fractiona had
mepe 138-10L4O. The product from gome of these
fractions showgd a m.p. 2bout 100°, e.g., fraction 13
had nmeps 500—1020, recrystallising and remelting
158-1390. After about 900ml. of solvents had been
used, the rlow-rate decreased markedly, apparently
Gue to crystallisation of product within the column,
Kecrystallisation from e¢thanol-ether of material

from the fractions of hizher m.p. gave melacacldin
tetramethyl ether mepe 4142-143° (1.63.)

(d). Metnylated mixed leuccanthoeynvnidins: The

leucoantnoeyanidin mixture used was the melacacidin-
rien fraction obtained by counter-current digtribution

OFf A. excelsa heartwood flavanoids (Bxtraction H,.

Portions (2g.) were methylated by various methods and
the crude methylation product chranatographed on

alumine (50g., 18 x 2.0cm.) in ether -ethanol 20:1
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(200ml.) and ether-ethanol 10:4 (300~500ml.)}. The eluate
was collected in 50ml. fractions, most of the solvent removed
by distillation, and the remainder allowed to evaporate at
room temperature. There were in each case two major
fractions: that eluted in the first 150-200ml. and a
fraction slowly eluted by the second solvent. Although
each fraction appeared to contain some crystalline material,
no crystalline product could be obiained. The results are

summerised in Table 14.

Table 1L.
Fractions from methylation of mixed leucocanthocyanidins.
Methylation Technique 1at Frac- 2nd Frac-
msthod tion tion
4. Methyl sulphate 20 hours boil 0.Thg. 0.8h4g.
2. " " left at room
temp. 24 hours, 0.6L 1.40
416 hoars boll
3. Methyl sulphate [No treatment 0.74 0.3,
ls. (20 hours boil) | Product 2 days
in sodium eth- 0.40 0.48
oxide solution
5. Product heated
in 33% acetic 0.l 0.32

acid (30m1.& 1
hour at 100°C.

6. Methyl sulphate 24 hours at = —_—
room temp. only

7. % » 418 hours boil,
armonia trest- 0.65 0.70
ment omlitted.

8. Diazomethane 48 hours, room 0.48 0.66
tempersture.

9. Methyl iocdide - 0.34 0.52
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The stsndard methyl sulphe te method used leuco-
anthocyanidin mixture (2g.), methyl sulphate (Lg.),
and potassium carbonate (15g.) in acetone (%0ml,).
The acetone-gsoluble portion wag left with excess
ammonia for several hours before removal of sclvent.
Experiments 3, L4 and 5 were carried out on guarter
aliquots from the methylation of 8g. of mixed leuco-

anthocyanidin. The other aliquot was used in an un-
successful attempt 1o obtain a crystalline acetylation
product (from acetic anhydride (5ml.) and pyridine
(10ml.) at room temrerature overnight). The aqueous
acid treatment of the crude methylation product (ex-
periment 5) gave much aticky red residue.

Methylation with methyl sulphate in acetone with-
out hesting (experiment 6€) geve no non-phenolic
product.

Methylation with dimszomethane was carried out in
ether, with an ethereal solution (200ml.) of
diazomethane from 30g. of nitrosomethyl urea.

The methylation with methyl iodide was conducted
in boiling acetone with potassium carbonate; a total
of 24g. of methyl iodide was added in portions. The
crude, alkali-insoluble product welghed 0.92g.

Methylation of melacacidin with diazomethane:

Crystalline melacacidin (4ge.) was heated with methanol
(10m1.) end the suspension was cooled to 0° before

adding a solution of diazomethane (from 10g. of
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nitrosomethylurea) in ether (80ml.) in portions, with
cooling and shaking, during 15 minutes. An immediate
evolution of nitrogen occurred with the first additions.
A small amount of material remained in suspension but
complete digsolution of melacacidin appeared to have
occurred. The suspended naterisl wss removed and the
filtrate wag left for 45 hours at room temperature.
The solution was then concentrated (without addition
of acid) to 5ml. on a water-bath at 50°.  Melacacidin
tetramethyl ether crystallised slovly in large clusters
of colourless needles,collected after 2 days; 0.56g.
(48%), mep. 136-139°.

Repetitions on double the above scale gave 1.54g.
(72%) Mmepe 136-139° and 1.4lig. (67%) mep. 141 -143°.
These products were recrystalliszed from methanol,
yielding 1.582ge¢ MeDe 137-1380. Recrystallisation of
0.40g. of this low-melting product from ethyl acetate
(1.5g.) gave, after 4 hours at 0°, 0.33g. m.p. 142~
1u30. kecrystallisation of the remeinder from 6
parts of ethyl acetate yielded 0.98g., m.p. 143~
143.5°,

rreparation of O-ethyl iscmelacacidin,

Attempted separaeation of melacacidin and C-ethyl

igomelacacidin on cellulose powder columns:

The Rf values of melacacidin and U-ethyl isomelac-
acidin on Wwhatman No.1 paper in various solvents were

determined, Results are given in Table 15.
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Rf values of melacacidin and O-etiyl isomelacacidin

in varioua solvents.

Solvent Time Dia~ Rf.melacacidin Rf 0-Ethyl Type
mixture (hours) tance isomelacac~ of
(cm. ) idin spot

o7 acetiec 2.5 17.4 0.40-0,5L 0.6L-0.79 Com-
acid pact
acetic pact
acid
70% | .
EAsacetlic:
water L 170 0.34-0,.52 0e72-0.88 ——
%:1:3
3:05:3 3 23,0 0.19.0.42 D.67-0.87 Sireaky
3:0.25: 5 3 28,9 0,0L4-0.35 0.73-0.82 i
Acetone- )
water L 193 0.61:0.75 0.,79-0.919 Com~
30:70 pact
70:30 y 18,2 0.69-0.,82 0.56-0,99 Com-

. pact
Methyl
ethyl 15 17.5 O0.47-0.75 0.82~0.,97 Stresky
ketone:
water
25:4
Bar:acetone:
water L 1762 0437-0.53 0.76-0e91 =~
25:25:10

T.A. = Ethyl acetate

—

T atamd

At the time this work was done, the exisience of

isomelacacidin as distinct from melacacidin waa not

certain,

A sample of melacacidin was avallable
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from Extrection A, As & sanple of O-ethyl isomel-
ecaciain, the lesucosnthoeyanidin mixture remaining in
mother liguors froum the isolation of melacacldin from
fraction (dd) of Extraction A were used.

Cellulose powder (100g.) was wetted with the lower
phaze (25ml.) from a uixture ethyl acetste:acetone:
water 5:5:3, and packed in a column (30 x 3.60m.).
Mixed leucoanthocyanidins (as above, 41.0g.) in azol-
vent (5ml. of the upper phase) were added to the
coluiine The eluate was collected in S0ml. fractions;
the weights were: fractions 1~4, nil; 5, 0.23g.;

6, 0.L9e; T, De178e; 8, 0.02g.; 9, nile. Paper
chromatogrens (2% acetic acid) ehowed distinctly
that three leucoanthnocyanidins were present. A1l
fractions 5-8 ghowed all three componente, slthough
slight variation in relative amounts was apparent,

The column was used again, without re-packing; the
load wae 2g. and 18ml. fractions were collected. The
f1iprst fractions contained only y-ethyl isomelacacidin,
snd the 1agt fractionsz, only melacacidin, bhut the
proportion of the leucoanthoecyanidin mixture thus
gseparated was very small; most was in the inter-
nediate nixed fractions.

mhe column was re-packed tightly (25 x 3.6cm.);

1. of the mixture was added and eluted with 2%
acetic acid. The flow vrate was about 60ml,/hour.

The eluate was collected in 15ml. fractions, which
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were examined by chromatogravay in 2% acetic acid.
Fractiong 12-15 contained Q-ethyl isomelacacidin and
isomelacacidin, and fractions 22-25, melacaclidin
only. Intermediate fractions contained all three
leucosnthoecyanidina.

The last experiment was repeated with 2g. of the
mixture. The eluste was collected in 8ml. fractions.
O~ethyl isomnelacacidin was vresent in fractions 22-28,

{somelacacidin in 24-30 and melacacidin in 26-35.

Preparation of O-etnyl 1somelacacidin by counter-
current distribution.

Partition distribution of melacacidin: Melacacidin

(3.0g.) obtained from Fxtraction A was dissolved in
hot water (25ml.) containing calcium carbonate. The
brown solution w2e treated with carbon with negligable
effect, and was left in a desiccator over phosphorus
pentoxide for 8 days. Thi denosit which formed was
collected and airdried; 4.17z. of fawn-coloured
powder, decomposing at about 220°C, This product
was chromatographically pure (BAW and 2% acetic acid)
melacacidin, The U.V. snectrum was measured on a
0.00L0% solution in 95% ethanol i.e. 1.313 x 1074 M
assuming that the melacacidin was anhydrous; the
UV spectrun showed a meximum at 250mu (logé,
3.50) and & minimum at 254 mu (log &, .77 )
Priogphs te buffer solutions pH5.59, 6.6L4 and 7.38
were prepared according to 3orensen, and equilibrat-

ed with ethyl sacetate. In stoppered test tubes,
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1ni. of 1% melacacidiin in ethanol was placed and the
gsolvent removed under reduced pregsure. Then 4 0ml.
of each phase was adaed, and the mixture was shaxen at
 poom temperature (about ZOOC.} Trne awount of
melacacidin in the ethyl acetate phase wos determined
by evaporating 4il., and weasurewsent of the ogptleal
density at 280 mp of @ solution of the residue in
40ml. 95% ethanol. The resulte were calculated to
the values or p, the proportion of nelacacidin in the
lighter phase. The results were: vllH«59, p=0.73;
pit6e b, 0.47; pi7+58, e 5%

Counter—curreut distribution of mixed leucoantho-

cyanidins:

(a) wrow the above dotermination of the d;stribution
coefricients of welacacidin, 1t was expected that, 1in
a 50 tube uistribution, melacacidin would be presant
in peak concentration at about tube 20, if the puffer
pil were 7.0,

The leucoanthocyanidin mixturs (5.0g.) #as dis-
tributed in the Towers 50 tube machine, between ethyl
acetate and /15 pnosphate buffer pH 7.0. camples
of even-numbered tubes were diluted 1 to 109 (tubes
2-34, 1ml. of aguedius phase diluted with water;
tubez 30-50, Oetuls Of oraganic phase diluted in
95% ethenul), and tne optical density at 280 m
was neasureds Tubes 4 and ¢ contained much brown

colouring natter, &nd the optical denslty of tube 2 W28
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very high. The density at 280 %ﬂ/ reached peak
intensity at tubes 16 and Lk,

Semples of even numbered tubes (agueous phape of
tubes 2-26, organic phase of tubes 26-50) were
chronatographed in 2% acetic acid (1% hours, 17.7cm. ).
Leucoanthocyaniding were detected by Roux'a spray.
Melacacidin was present in tubes 10-28, reaching a
maximum concentration at tube 17; 1isomelacacidin
in tubes 8-20, veak at 14; U-ethyl isomelacacldin
in tubes 38-U4b6, peak at L2,

The contents of tubes 38-46 were collected and ex-
tracted with ethyl acetate in weparstory funnels;
the extracts were concentrated by distillation;
and then taken t0 dryness unier reduced vrsssure,
The residue (1.6g.) was digsolved in ethanol from
which crystals of Q-ethyl lsomelacacidin slowly
rormed (0.27g. after 4 days). The mother liguor
was diluted with water (3 volumes) and when allowed
to evaporate, gave more crystals, (plates) of U-ethyl
igomelacacidin which were collected after 2 daye
(0.6Lg. ).

(b) Thnree counter-current distributions were
carried out as described above using (1) 10g. of
leucoanthocyanidin mixture added in the first two
tubes, (¢) 15g. 2oded in the first tiree tubes and
(3) 9g. addeda in the first two tubes. The dis-
tributions were examined by paper chromatography

(2% acetic acid); the results were gimilar to the
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firat distribution. The fractiona contsining O-ethyl

L

¥

jsomelacacidin were collected and extracted with ethyl
acetate in geparatory funnels, yielding 3.3, L.3 and
2,78. resnectively. These were combined.

A portion of thie pro@uct (1g.) was warmed in water
(25ml.), charcoaled (0.5g.), and filtered. No
noticeable deculourisation resulted. When chromato-
graphed (BAw, 11 hours, LZcm.), this solution showed a
spot corresponéing ©O isomelacacidin (Rf 0.30 to 0.40);
U-ethyl isomelacecidin was absent.

The remainder of the product (9.8g.) was dissolved
in ethanol (45ml.), and the solution waa left in an
open beaker at room temperature (about 37%C). The
eolution was seeded with crystalsg from the first dis-
tribution. g-mthyl i aomelacacidin began to crystall-
jge ss brown plates after sone hours, and was collect-
ed next day; yield 1.9g. The colour of the product
waa reduced by washing with cold waterv, which 1left
1+3:. of pale brown plates. By evaporation of the
mother ligucrs at room temperature, and golution in
water, a second croo (0.65g.) was obtained., The
mother liquors were continuously extracted with ethyl
acetate for 8 hours, and attempts were made to ob-
tein crystals from the extract (TeTeg)s From
0,20g. in water (Aml.), & small amcunt Of crystalline
product, together wi th much brown emorphous material

was obtained at 0°C. A solution of commercial
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detergent (0.05% in water) gave slightly better
results. Metiianol, smd methanol-water 1:1 gave no
crystals.,

{c) Crude leucoanthocyanidin mixture from Extraction
B (30g.) was subjected to counter-curvent distribu-
tion ag above. Paper chromatégraphy showved that
C-ethyl isomelacacidin was present in tubes 34-46;
the materinl from theae tubes was recovered by ex-
traction wiih three equal volumes of ethyl acetate
(vield, 6.hg.)s  This was dissolved in ethanol (10ml.);
crystalas were riot obtained untll some evaporation had
cecnrred (1 day in a petri dish), The crystnls were
collected after 3 deys (0.8z.); the mother liguors
did not glve a second crope. After the inveetigations
described below, the product was recrystallised from
nethanol (3.2ml.) and water (12.8ml.), vielding OQ.6lg.
after % days at o°. A seconda recrystallisation gave
C.LDg. of shining plates, and 9 third, 0.26g. of al-
most colourlesas plates of U-ethyl isomelacacidin,
which were used for analysis.

kepititions, using the remainder of the leuco-
anthocyanidin mixture (30Cg. and L4Og, lotz) gave only
0.37. of crude crystelline Q-ethyl 1somslacacidin
(from the 30g. bstch).

Recrystallisation of O-ethyl lsomelacacidin:

(a) wWater-woshed crystalline Q-einyl isomelacecidin

(22.umz.) was dissolved in methanol (0.2ml.) and
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water (0.2ml.) added. Cryetals (plates) and a alight
flocuulent deposit formed. The so0lids were centri~
fuged; after drying in vacuo at LO® over Py0g, the
loocse crystals (12.7mg.) were easily separated from
the amorpnous material which adhered to the centrifuge
tube,

(b) Crystalline Q-ethyl isonelacacidin (62 to 111mg.)
wag Jdissolved in uwethanol (0.4ml.) with slight warming,
water (1.6ml.) was addeu, and the solution wag

centrifuged Tree fron a gelatinous deposit. Crystals

[

were collected after 2 days at N-4°. Recoveries
were as tollowa: {41) from 62mg., 37mg. rscovered
(2) 389mg., 62mg. (3) 100mzg., 69mg, (Mj 102mg.,
60u. (5) 111mge 66mze  From (4) and (5) second
crops (16mg. and 26mg. respechtively) were obhtained

after a further & days.

Interconversion of melacacidin, isomelacacidin and

—ethyl isonclacacidin:

a) A sample of leucoanthceyanfdin nmixture (1g,,
from A. excelsa, containing melacacidin, isomelaceecld-
in and a trace of U-ethyl izonelascecidin, was hested
in ethanol (410ml.) with acetic acid (1ml.) in a

water bath 30 that evaporation of the ethanol took
place 1n about 30 rndinutes. A saAample was then vith-
drawn, ethanol (10ml.) was added to the recidue, and
the slow evaporation repeated, Sampling, addition

of etlhianol, and evaporation waa repeated so thet a
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total of five evaporaticne was wmde,.

The ganples were chrosatogrsphed, together with
untreated mixture, in 2% acetic acid (4% hours, 20,8cm,)
and leuncoanthocyanidins were detected with Roux's spray.

Melacacidin (R 0.38-0.50) was oresgent in all
samples, isomelacacidin (Rf 0.51-0.59) in untreated
materinal only, snd U-ethyl 1somelacacidin (Rf 0.67-
ND.76) in untreated material (trace only) and in major
anicunt in all other zamples.

(b) Leuecoanthoeyanidin mixture (0.%z.) was dissolved
in the following aclvent mixtures: 5Sml of ethanol,
n,2ml. of acetic acid; 5Hal. of ethanol, N.1ml, of
acetic acid; Hmls of ethanol; UL.5ml. of etnanol,
N.2ml, of acetic acid, 0.,5ml. of water; 4,%5ml. of
athanol, 0.5ml. of water, The solutions were placed
on a bolling water-bath so that evaporation occurred
over 30 minutes, The residues were then diluted in
etlianol to the origianl welght of the sclutions, and
exanined by paper chromatography as in the previous
experiisnt, All samules showed conversion of iso-
melacacidin to O-ethyl iszomelacaciding this cover-
sion appeared to be caonplete when abgolute ethanol
was used; when 907 ethanol was used it appeared thet
gsome 1gomalocacidin way have remmined unconverted,
Due to impurities in the leucoanthocyanidin mlxture
uzed, this point could not be deternined definitely.

(e) A boiling mixture of ethanol (i0ml.) and



162,
acetic acld (0.2m).) was added 4o 1g. of leucoantho-
cyanidin mixture in a flask on a bolling water~bath,
and boiling unier reflux waintained. Jamplen were
withdrawn when the scolvent was added, ond after 5, 10,
15, X0 and 45 alnates. The assmples were examined by
paper chromatography (2% acetic acld, 20cm.).

iielacacidin was present in all samples apparently
in uachanged amount. Iaomélacacidin was present
initially, snd in decrsasing amount in later samples,
a trace being vresent at 415 minntes. V-Bthyl iso-
melacaclidin was not Getected in the samele taken at
the start, but waa present in later samples 1n con-
tinuously inecreasing amount. The amounts of iago-
melacacidin and ¢-ethyl isonelacacidin present were
agproximately equal at 15 minutes.

(a) The interconversion of the leucoanthocyanidins
wog investignted using crystalline melacscidin and
U-=thyl isomelacacidin,

Teucoanthoeyvanidin (20mgz. ) was pleced in a test
tube 1n a hoiling water-bath, and hot dilute acid
(1u1l.) added. The following dilute acid solutions
were used; disilled watsr, 0.1N-acetic aecld, 0.5N-
acetic acid, 0.01N-hydrochloric acid, 0.05N=-hy-
drochloric acid, 0.25N-hydrochloric acid. Samplee
were withdrawn by capillary as soon as the solid had
dissolved (usually & to 1 minute after the addition)

and &fter 10, 20, 30, 60 and 90 minutes, and spotted
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directly on to chironatography paper. Chromatograms
were rtun in 29 acetic acld (2-33 hours) in duplicate.
Leucoanthocyonidinse and volyphencls were detected with
koux's spréy and ferric-ferricyanide epray respectlve-
1y. Reprecentative LT values werve: melacacidin,
C.35-0.4L; iscmelscecidin, C.L7-0.57; O-ethyl
inonelacacidin, 0.61-0.62.

The results with O-etnyl isomelecacidin were As
tollows:

In digtilled water, elow conversion to isomelacacl-
¢in occurred, conversion belng over 50% at 60 minutes.
In 0.4V-acetic scid, conversion to isomelacscidin
sug almogt corplete at 10 ninutes. No other poly-

phenol appeareG on the chromatograing.

In 0.5l-acetlic acid, conver>i on to isomelacacidin
wee about 50% in the f1rst samole (& minute). A
£aint spot in the position of melacacidin was appar-
ent pt 10 winutes, and it increased tO A0 minutes,
but it was always much smaller then the isomelacacidin
spot.

Tn 0.MKR-hyd rochloric acid, conversion to 180~
melacacidin was congiderable in the first samplé
(4 minute). A spot in the poeition of melacacidin
was apparent after 10 minutes, but after 20 minutes,
polyneric (@ terisl gave a streak which preven ted
clear recognition of the 1encoanthocyaniding in thie

region of the chrowatogran. s
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In 0.,05H-hydrochloric acid, conversion to iso-
melacscidin was nlmost conplete in the firat sample.
Chromatograns of subgeguent samples were obacured by
polymeric mterial; a spot in the cosition of
nelacacidin could be detected at 10 minutes but not
latar.

In N.25N-nydrochloric acid, no g-ethyl iso-
melacacidin was detected in thse first sample which
contained only isomelacacidin. At 20 minutes and
later, neithsr isomelacacidin or melacacidin were
apparent.

Thes resnlts with melacacidin were as follows:

In diatilled water, no other polyphenol appeared,
even after 90 minutes heating.

In O.1N-acetic acid, 2 spot in the position of
igomelacacidin was apparent in the 60 and 90 minute
sanples.

In O.5N~acetic acid, 2 spot in the position of
{somelacacidin was apparent at 10 minutes, and the
amount increased progresgively. At 60 minutes, the
guantitiesz of melacacidin ané igomelacacidin appear-
ed to be approximately egqual, and at 90 minutes,
thaere appezred to be sbout twlce se much iaomelac-
acidin e2s melacsacidine

In C.01E-hyorochloric acid, about 90% of the
Jeucoanthocyanidin present at 10 minutes was 1so-~

melacacidin, and this proportion appeared to remain
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unchanged by further heating. Polyme ric material

appeared in the chromatogram at 60 minutes.

In 0.05N-hydrochloric acid, convergion to iso-
melacacidin occurred as in O.MN-hydrochloric acid.
Polymeric material appeared in the chromatogram at
20 minutes.

In 0.25N~-hydrochloric acid, some 1somelacacidin
was present in the first sample, and at 10 minutes,
the amount present was much greater than the amount
of melscacidin, The chromatograms of this =nd
later samples was obscured by polymeric material,
(e) Crystalline melacacidin (0O.h4%g.) was boiled in
ethanol (5ml.)s Much mélacacidin remeined undiassolv-
ed. Acetic acid (0.1ml.) was added to the boiling
solution, and samples were withdrawn at the time of
the addition of acid, and 10, 20, 30, 30, 60 and 90
minutes later. These samples were chromatographed
(2% acetic mcid)es A faint trace of O-ethyl iso-
melacacidin was present‘in each sample, the asmount
increasing very slightly. The ratio of melacacidin
to U-ethyl isomelacacidin was approximately 50:1
after 90 minutee heatinge.

The reaction mixtﬁre wag diluted with ethanol
(about L45ml.) until the melacacidin had dissolved in
the boiling solution. No crystala were o talned 2n
coolinge. The sclution was concentrated at at-
mospheric vressure to about 5ml. at which stage

crystals began to separste. The solution was left
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at room temperature for 24 hours before the crystals
(small prisma) were collected (0.30g.). The product
was ldentified ss melacacidin by paper chromatographys
(£) The previous experiment was repeated using U49mg.
of crystalline melacacidln in 10ml. ethanol. The
melacacidin dissolved on refluxing, but portion
cryatallised on the sldes of the flask. Acetic acid
(0.2ml.) was added. Samples were withdrawn before
addition of acid, and 10, 20, 30, 60 and 90 minutes
after. They were chromatographed in 2% acetic acid.

A spot in the position of Q-ethyl isomelacacidin
(R 0.62-0.€69; melacacidin Rf 0.35-0.46) was detect-
able with ferric-ferricyanide reagent at 30 minutes,
and barely detectable with Roux's spray at 60 minutes.
At 90 minutes the spot obtained with Roux's spray was
very faint, and sbout 1/100 the amount of
melacecidin present,

Melacgcidin.

The identification of melacacidin is described at
the end of Extraction A; the recrystallisation of
this material from water is described above in the
gection on the partition distribution of the
leucoanthocyanidins.

Recrystallisation of melacacidin from ethanol:

(a) During investigation of the effect of ethanol
containing acetic acid on melacacidin, it was found
possible to recrystalllse melacacidin from ethanol

(see above).
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{b) Crystalline melacacidin (from Lxtraction I;
0.5gz. ) was dissolved in boiling ethanol (30m1,) and
the solution was concentrated to Lml, On seeding,
melacacidin crystallised rapidly, (0.36g.). This
was crystallised again from ethanol containing a
trace of acetic acid. The solutl on was concentrated
to 10ml. and cooled slowly; O.18g. of opaque colour-
lesa prisms were obtained.
(e) Crystalline melacacidin (from Extraction C;
3.9g., was dissolved in bolling ethanol containing.
1% acetic acid (2NOml. was used; slightly more than
the minimum volume). The solution was charcoaled hot,
and concentrated to 75ml. After 1 day, melacacidin
crystallised from the orange-coloured solution; it
was collected after LO days as pale pink, very small
priomg (2.8g.)s
(d) Crystalline melacacidin (from Extraction D,
6.28g.) was dissolved in boiling ethanol (500ml., )
with acetic acid (1ml.), the solution charcoaled, and
boiled to evaporate ethanol until crystals began to
appear (volume about 120ml.). After 9 days at room
temperature, the smll, slightly pink prisms were
collected (6.13g.). g9low evaporation of the mother
liguor to about 30ml. over & period of four summer
months yielded a crop of less pure, crystalline
melacacidin (0.56g.).

Properties of melacacidin: The material recrystallis-
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ed from ethanol melted with decomposition at 2290,
after becoming brown at 2000, and sintering over the
range 200-225°.

An airdried sample was analysed. (Found: C,58.9;
H,4.9; 1loss on drying, less thanl?.1%. 015H1809
requires C,58.8; H,4.6%) [?*]D -74.8° (C,0.2
in ethanol, hdm. tube).

[o(];#—85.00 (C, 1 in acetone-water, 1:1). To
this solution (410ml.), hydrochloric acid (0O.1ml. 10N)
was added; after 43 hours at room temperature, the
reading (initially -0.850°) was -0.3250 (not correct-
ed for dilution).

[ci]:17M490 (C, 1 in dioxan-water, 1:1). To this
solution (40ml.), hydrochloric acid (0.1ml. 10N} was
added. After 24 hours at room temrerature, the
reading (initially —0.7M9°) was -0.7550 (not
corrected for dilution).

Pure melacacidin was almost insoluble in water.
Its solubility in ethanol was less than 0,5% at room
temperature, and asbout 2% at the boil. It was more
readily soluble in acetone and dloxan.

A 1% solution in ethanol of melacacidin which had
been recrystallised from water was left for 20 months
without exclusion of light or air. The solution did
not darken appreciably, the only polyphenol detect~
able by paper chromatography (RAW and 2% acetic acid,

ferric-ferricyanide reagent) was melacacldin,



176,
The anthocyanidin formed by heating melacacidin
with 3N-hydrochloric acid for 15 minutes in a bolling
water-bath wag extracted with amyl alcohol and
chromatographed in "Forestal” solvent. The antho-
cyanidin had Rf 0.58 compared wlth 0.%5% cyanidin.

Acetylation of melscacidin: No ecrystalline product

wag obtained from the reaction of recrystallised
melacacidin (0.5g.) with scetic enhydride (2ml.) in
pyridine (10ml.) at room temperature overnight.

Tetramethyl ether: The preparstion of the tetramethyl

ether with methyl sulphate and with diazomethane hasg
been described in the section on the attempts at the
separstion of leucoanthocyanidin methyl ethers by
alumina chromstography.

Tetramethyl ether diacetate: This 1is described in

the identificstion of melacacidin.

Attempted preparstion of the L, 7, 6, 3', L'-penta-

methyl ether: Melacacidin tetramethyl ether (0O.5g.,

MePo 1u2—1u3°) was bolled in methanol (50ml.) con-
taining acetic acid (2.5ml,) for 20 hours. The sol~
vent was removed under reduced pressure, and two
further lots of methanol were added to the crystalline
residue, and removed urder reduced pressure, to re-
move renmaining acetic acid. The cr; stalline residue
nad m.p. 143-144°, alone and mixed with starting
material,

Effect of hot acetic acid on melacacidin tetra-

methyl ether: A solution of melacacidin tetra-
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methyl ether (0.5g.) in acetic 2cid (10ml,.) was heated
on a bolling water-bath for 12 hours, and the acetie
acid removed under reduced pressure. The residue wasp
g brown resin from which crystalline material could
not be obtained.

A second experiuvent, in which the product was boiled
in methanol for 25 minutes, also gave no crystalline
rroduct.

U-Fthyl isomelacacidin.

The development of the preparaticn éf O-ethyl iso-
melacacidin from leucoanthocyanidin mixtures has been
described in a2 separate section above; that work
dealt with the lability of the product, and the ex-
periments on recrystallisation have therefore been
included in the same section.

Some preparations of U-ethyl isomelacacidin from
heartwood extractives were carried out in the course
of extractions (see Lxtractions D and I). A similar

preparation is described below.

Preparation of O-ethyl isomelacacidin from A.

melanoxylon heartwood extractives: From Extractions

L, M, and N, there was available a polyphenol fraction
contalning 1somelacacidin from which melacacldin and
ketonic flavonoids hed been removed by a series of
distributions. Crude isomelacacidin (106g.) was
recovered from the agueous solution by continuous
extraction with ethyl acetate for 12 hours, and was

boiled in ethanol {11.) containing acetic acid (10ml,)
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for 2 hours,. The solvent wss removed, and the resgidue
was subjected to the ugual Bush and Densen distribution.
The combined aqueous phases were concentrated under re-
duced pressure to 100ml. and continuously extracted
with ethyl mcetate, ylelding 4Og. of material, The
ethyl acetete phases, containing O-ethyl isomelacacidin,
were dried(Na?SOu),and the solvent was removed, to leave
S6g. Of grey powder. This was dissolved in ethanol
(112ml,), and the =solution, after cooling in ice, was
added to water (L50ml.) at 5°C. Crystallisation began
within an hour, After L days at 09, the crystals of

O-ethyl isomelacacidin (small brown plates) were

collected (20.4g.)s A second crop of 0.7g. was Ob-
tained after a further 6 days.

The above product was recrystallised from ethanol
(LOml,) with water (160ml,) to give 411.5g. of pale
brown plates.

Properties of O-ethyl i somelacacidin: An asirdried

gample was analysed. (Found: ¢€,51,5; H,6.0; C-
methyl, 3.7; U-alkyl as O-ethyl, 10.0; 1loss on
drying, 15.9. C, 7H1 807‘ 3.5H,0 requires C,51.4;
H,6.3; C-methyl, 3.8; O-ethyl 41.4; H20, 1548%)

A sample dried at 90° in vacuo over P205 waax analysed.
(Found: ©,60.8; H,5.5; O-alkyl as O-ethyl, 1147,
C17H480; requires, C,61.1; H,5.4; O-ethyl, 13<3%).
0-Ethyl isomelacacidin, dried as above, showed on
chromatography in BAW and in 2% acetic acid only one

spot which had the same kf as the undried material.
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The Rf values in various solventes are quoted in
Table 7. (BAw and 2% acetic acid) and Table 15,
(other solvents).

The anthocyanidin formued by heating O-ethyl 1ao-
melacacidin in 3N-hmydrochloric acid for 15 minutes in
a boiling water-bath was extracted with amyl alecohol,
and chromatographed in "Forestal" solvent, It had
the saume Lf aa the anthoeyanidin from melacacidin,

RFf 0.55 (cyanidin, kf 0.55), and the same colour bath
before and aftsr being asprayed with alcoholic
aluminium chloride.

Optical rotationg: The material used was airdried;

the smount of water remaining in it was determined
by drying in vacuo over phosphorus pentoxide at 900
for 9 hours. 'the optical rotation in ethanol was
seterained on material of which 38.6mg. lost S.8mg.
on drying, i.e. 10%. The other optical rotations
were determined on material of which 97.5mg. lost
3,7mge ON drying, {e€e 3e7%e Undried m terial was
used for measurement of optical rotations; the
gpecific rotations are calculated with respect to the
anhydrous canpounda

A golution of 100mg. of the first sample of 10nml.
of etuanol at 22° had an optical rotation of -0.308°,
l.e. [“ﬂ:f -33,99 (C, 0.9 in 1N40H) .

A solution of 0,625g. of the second sample in

25ml, acetone-water 1:1 at 2320 in a Ldm. tube had
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an optical rotation of -O.3'f§+=".50, i.e. [d]i’ -1 .3
(C, 2.40 in acetone-water 1:1). To this zolution,
0O¢25ml, of 410N--hydrochloric 2cid was added. g8ingle
readings taken subaeqguently were: at 9 minutes,
-0.58% 26 minutes, -0.62° 74 minutes, —0.680;
136 minutes, -0.73°, At 6 hours, the optical rota-
tion was -0.693°, and at 23 houwrs, -0.697° at 17°C.
The latter figure corresponds to [dqz -73;09
(corrected for diiution).

A golution of 0.250g. of the zecond sample in 10ml.
of dioxan-water 1:1, kept at 25°C, had an optical
rotation of -0,990° 1.e. ["‘]:’“"'10 (C, 2.k in
dioxan-water 1:1). To this solution, 0,025ml. of
10N-hydrochloric acld was added: the solution im-
nediately bescame too dark for further resdings.

A solution of 100mg. of the peccnd sasmple is 10ml.
dioxan-water 1:1 at 24° hed an optical rotation of
-0.397° i.e. [dﬂzfuﬂ.ua (C,1 in dioxan-water 1:1).
To this sclution, 0.10ml. of 410N-hydrochloric acid
wae added. The solution became red-brown, but the
colour faded after 1 houre After 417 hours, the
solution had an optical rotation of -0.,643° at 15%,
end after 2L hours, -0,608°C. These rigures
correspond to [oqp -66.7? and -63.2°

Derivatives of O-ethyl isomelacacidin: The methyl

ether was prepared from QO-ethyl isomelacacidin (18.)

digsolved in methanol (10ml,) with diazometh®ne
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(from 45g. of nitrosomethylurea, in ether (450ml.).
The scolutions were kept at 0° during mixirg, and then
et room temperature for LO hours. Addition of acetle
acid then gave rise to vigorous evolution of ges.,
The solution was washed with water and with dlluve
godium hydroxide and dried over sodium sulphs te.
The solvent wis removed and left a thick oil which
could not be obtained cryetalline from ether, ethanol
or methanol. It was chromatographed on slumina
(20g.); there was apparently no adsorption, all
material being eluted very guickly. The oil was

istiiled; b.pe. 245°% at 1mm. There was no apparent
decomposition, and the product redistilled at the same

tenperature, to yield uU-sthyl isomelacacidin tetra-

methyl ether? (0.44g.) pale yellow viscous oil,

gslowly thickening. The product gzve 2 red colour
when hested in ethanolic hydrochloric acid, (Found;
C, 65.3; H,7.2; O-methyl, 35.3. Culizg0y reguires
C, 6U+6; 1i,6.,7; U~alkyl as O-methyl, 38.7%)

The methyl etner was prepared fram other samples
of U-ethyl isomelacacidin, but no sign of crystallisa-
tion was seen. The acetyl and p-nitrobenzoyl
derivatives of the methyl ether also failed to
crystallise.

The methyl ether toluenesulphonate was prepared
fprom the methyl etner (from 1ge of U-ethyl iso-

melacacidin) in pyridine (10ml.) with toluene-p-
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sulphonyl chloride (1.5g.) at rcom temperature over-
night, Un dilution with water, an oil was obtained,

which crystallised. Fran ethanol, O-ethyl isomelacaci-

gin tetramethyl ether p-toluenesulphonate cryatalliged

as large colourless prisms, m.p. 125° (0.99g.; about
T0%). It #as recrystallised twice from five parts of
ethanol; m.p{ 1250. Thege clear crystals became
opague at 110»1209, and, over phoaphorus pentoxide,
crumbled to a powder. The analytical figure for loss
on drying at 100° the airdried crystale wag O.64%.

Por analysie, 2 sample was dried over P205 for 7 days
at room tempersture. (Pound: ¢, 64.5; H,6.1; s,
6,3; U-methyl, 27.6. 026532695 requires C, 61.75;
H,5.9; S, 5.9; U-methyl, 28.5 ). [«]:’-18.5"

(C, 0.4 1n EtWH).

U-iiethyl isomelacacidin.
Preparation of U-methyl isomelacacidin: The iso-

melacacidin fraction from Extraction C (33.5g.) was
boiled in methanol (300ml.) containing acetic acid
(10m1.) for 2 hours. The methanol and as much acetic
acld as possible was removed unisr reduced pressure.
The residue was diesolved in warm methancol (70ml.)

and the solution was cooled in ice water, and added
t0 ice-cold water (440ml.). Ceed orystals were ob-
tained by evaporation of a portion overnight in a
watch glass. Por estisfactory crystallisation of

the main portion, some evaporation was regquired.
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After 15 days at 0°, the first crop (3.5g.) was coll-
ected, and after a further 10 days, & second crop
(2.3g.)e The first crop was dissolved, with slight
warming, in methanol (415ml.), the solution was char-
coaled heavily, and concentrated (to 9.6g.), cooled
and added to ice-cold water (28ml.). The soluti on
was seeded, and kept at o®. A mat of colourless
needles formed in 4 hour; these were filtered and
washed with cold water; the product was & mixture of
needles and plates (1.75g.)s The mother liguor
slowly deposited colourless plates, which were collect-
ed after 10 days (1.0g.). Recrystallisation of the
first crop from methanol-water gave, without seeding,
needles which changed into plates during 3 days (1e38¢)0

U—methyl j somelacacidin was obtained as light- fawn

plates which, when heated began to darken at 145 .
sintered at 153-168°, and darkened appreciably at
475° becoming black at 200°, without melting. A
sample dried over anhydrous calcium chloride for 3
daye, to form a pink powder, was analysed. (Found:
C, 58.4; H,5.l, OCHg, 9.0. C,¢H, (07, 0.5H,0 re-
quires C, 58.4; H,5.2; OCHz 9.U%).

The following Rf values were observed: in BAW
(10 nours,?icm. ), 0.63-0.73 (melacacidin, 0.42-0,48;
¢-ethyl isomelacacidin, 0.73-0.82); in 2% acetlc
acid (2} hours, 23cm.), 0.53-0.66 (melscecidin,

0.35-0.47; 0O-ethyl isomelacacidin, 0.63-0.7l)
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The snthocyanidin formed by heating O-methyl iso-

melacacidin in 3N-hydrochloric sacid in a beiling
water-bath for 15 minutes was extracted with amyl
slcohol and chrometographed in "Farestal” eolvent.
The anthocyanidin had Rf 0.58 (=nthocyanidin from
melacacidin, Rf 0.738; cyanidin kf 0.55). The
appesrance of the chromatogran before and after being
gprayed with ethanolic aluminium chloride wag similar
tc the appearance of a chromatogrem of the sntho-
cyanidin from melacacidln.

Opticsl rotations: The material used wap an airdried

gsauple, of which 118.0mg. lost 12.3mg. on drying
in vecuo at 90° for 9 hours i.e. 10.4%, The material
arieé in this wey showed on peper chromatocgrem
(BAW, 2% acetic acid) only one spot of the same kE
ag eirdried material. AMrdried material was used
for measurement of optical rotations; the specific
rotations are calculated with respect to the anhydrous
compound,

A& solution of 100mg. in 10ml. of methanol at 22°%

22
-62,8°
D

nad an optical rotation of -0.563° 1.e. [uq
(C, 0+9 in MeCH),

A solution of 4100mg. in 10ml. of acetone-water 1:1
at 18° had an optieal rotation of -0.6780, i.e. [O(]zz
..75.6o (¢, 0.9 in acetone-water, 1:1)e To this ?
solution, O.1ml. of 4 ON-hydrocchloric aclid was added;

the solution was stronzly aeid to 11tmus. The
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optical rotation was determined at intervals over 24
hours; there was no definite change, the reading
after 24 hours being -0.660° i.e. [°<]D~7u.3° (correct-
ed for dilution).

A solution of 400mgz. in 10ml. of diloxan-water 1:1
nad an optieal rotation of -0.513° at 25° 1.e. [“]2;
~57.2 (C, «NY in dloxan-water 1:1). To this soclution,
0.4m1. of 40 N-hyd roch’oric acld was added. e
optical rotation was -0.637° after 17 hours, and
-0.616° after 24 hours. The latter reading corresponds
to [ac]:-SQ.ho (corrected for dilution).

A aolution of.500mg. in 25ml. of dioxan-water 1:1
was preparasd, ani kept at 25°C in a lLdm. polarimeter
tuve. The ontical rotation wag -M.19724 BM]:Y -58,2°
(C, 0.9 in dioxan-water 1:1). To this solution,
0.25m1. of 10H-hydrochloric acid was added. The sol-
ution immediately darkened, but readings became
possible again after 4 hours. Readings were —k.??o
at 4 hours, -4.80° at 6 hours, ~4.72° at 10 hours,
—u.53° at 30 hours. The solution then azain becanie
t oo dark for the optical rotation to be determined,

Derivativeg: The product of methylation of Q-methyl

{gomelacacidin with diszomethane in ether was not
obtained cryatalline, Portions of this methylation
product were converted fo the acetyl and p-toluene-
sulphonyl derivatives, but the products did not
cryataslliese.

The methy]i%iroo%uct from 0.5g. of O-metayl iso-
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melacacidin was disaolved in pyridire (5ml.), and
0.75%z. of p-nitrobenzoyl chloride added. The mix-
turc was heated uniil it became hocmogeneous, and then
left at roow tenmeraoture. Nezt dey, the mixture was
Giluted with water. The crude product gave, from
methnnol, » yellow s01id (g=methyl isomelacacidin
tetrsmathyl ether p-nitrobenzoate?) m.p. 117° (39mg. ).
The purlty of thls product was doubtful and 1t was
not snalyzed. It gave a red colour when heated 1n

ethanolic hydrochloric acids.

Isomelacacidin p-tolyl sulphone.

Preaparation: exploratory work.

(a) The following mixtures were prepared:

(1)  50mge of C-ethyl inomelacacidin in 0.5ml.
of ethanol with f0mg. of sodium p-toluene-
eulphina te dihydrate (186) in 0.5ml. of
water and 0.0%ml, of acetic acid.

2y As (1), but omitting the toluenesulphinate,
3) As (1), bvt omitting the Q-ethyl isomelae-
acidin.

After keeping the solutions at room temrerature for
about * weeks, samples were ehromatographed (BawW, 14
hours, 2%.hem. ). Mixture (2) contailned isomelacacidin
(Rf 0e31-0eit1) and (-ethyl isoumelecacidin (Rf 0.61-
0.73) iMlixture (1) showed traces of these lauco-

snthocyanidineg, 2nd a large spot (Rf 0.65-0.76)

glving 2 brighter red with Roux'a spray than did
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the leucoanthocyanidins. This msterinl algo reduced
the fervic-ferricyanide reagent more strongly.

The presence of a new conpound in mixture (1) was
confirmed by chromatograpny in 2% acetic acid (#6.5cm);
the new compound had Rf 0.34L-0.47, isonelacacidin
De 51 =0, 6L, O-ethyl isomelacacidin 0,64-0,7h4, and
p-tolusnesulphinic acid (detected by ferric-ferri-
eyanide reagent) 02.32-0,88,

After salow evaporation for about 2 montha, solour-
less prisnsg Tormed in mixture (1).  The molar ratio
of the reagents in mixture (1) was leucoanthocyanidin:
sulphinate:acid 1:2.9:7:3.

(b) A solution of O-ethyl isomelacacidin (0.20g.),
and aodiun p-toluenesulphinate dihyd rate (0.335g.)
in water (Uml.) and acetic acid (0.2ml.) was prepared,
The asolution was nheated in a test tube in a boiling
water-bath, and saucles were withdrawn at intervals
and chromatograpned in BA%W and in 27 acetic acid.
The components were detected with Roux's spray and
with ferric-ferricyanide reagent, The results are
given in Teble 416,

Table 16.

Formation of sulphone from O-ethyl isomelacacidin.

Rf values Time (ming, )
BAW 2% acetic i 310 20 30 60 120
: acid
O-Ethyl 1so- 0.64-0.79 0.5L4~0.66 et +E A - =
nelacacldin )
Iaomelacacidin Q. -0.40 0. 4W4-0.50 - = 4+ + 4+ ++

New compound 0.69-0.85 0.32-0.40 e R
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In a mixture mde up a3 above, but ocmitting toluene-
sulchinate, U-ethyl isomelacacidin was oresent after 3
minutes in the boliling water-batn, but not later.
Traces of melacacidln appeared to be prazent after 10
minutes heatling; the remsining polyphancl was present
23 igomclacacidin.

The zamples withdrawn fron the complete reaction mix-
ture a2t 32, 50 and 120 minutes Tormed crystals very
guicaly on cooling. Thz reaction mix ture remaining
atter all the samples had bsen withdrawn was alloved
to co0l glowly; 1% dzposited slightly coloured prisms
(06193505 79%)e Keserystallisation froa water, with
alow coolinyg, gave the sulphong as colouriess priama
(9Lmze) .

(e) Leucoantiiocyanidin mixture, mainly melacacldin
but dark in colour (4g.) was dissolved in boiling

Qe W-nydrochloric acid (£0ml.), and the sclution was
heated under reflux in a boiling water-bath for 10
ninates. A not solution of ssdium toluenesulphinate
dihydrate (12g.) in water (4Oml.) and acetic acid
(fmi. ) was zdded, and hesting continued. A 4 0Oml.
gample was withdrawn immnediately, and further samples
at intervals. The samides were left at room temper-
ature for 3 days wnen the crystalline produact from
each sample wasg collected. The yields were as
follows: (no heating) 0.090ge; (10 minutes) 0.189g.;

(0 minutes; O.214g.; (30 minutes) 0.223g.; (45 min-
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utes) 0.234g.; (60 minutes) 0.2W4g.; (90 minutea)
0.253g.; (120 minvtes) 0.206g.. The products after
5 and 60 minutes were dark, and those after 90 and
4120 minutes were very dark. One recrystallisation
from water (earbon) gave colourless crystals.

(4) Teucoanthocyanidin mixture (4.33g.) was dissolv-
ed in D.D N-nydrochloric acid (#5ml.) and the golution
wa3 heated in a boiling water-bath for 10 minutes.
Aliquots of 20ml. (approximately 1.33g. of leuco-
anthocyanidin) were withdrawn and added to the
following mlxtures:

(1) 1.33z. of sodium p~toluenesulphinate di-
nydrate in Sml. of water and 1.0ml. of
acetic acld.

(2) »,0g. of sulphinate in 5ml. of water and
4.5ml. of acetic acid.

(3) 3,0g. of sulphinate in Sml. of water and
2.25m)l. of acetic acid.

The guantlties of saulphinate are approximately 1.5,
2.2, and 3.3 equiv. with reapect to the leucoantho-
cyanidins. Fach mixture was heated in the boiling
water-batn for %0 minutes, then left 3 daye at room
temperature before the products were collected. The
yields were (1) 0O.L0g., almost black, (2) 0.400g.,
brown end (%) 0.430g., pale. The products were
readily decolourised by recrystallisation from water

(carbon).
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(e) Leucoanthocyanidin mixture, mainly isomelacacidin
(3g.) was adéed to solutions of souium toluene-
sulphinate dihydrate (6g., about 2.9 equiv.) in water
(boml.) containing (1) 2.4ml., (2) 3.2ml., (3) L.6ml.,
(L) 6.4ml., of acetic acid (i1.e. 1.5, 2.9, 3.0 &néd 4.0
equiv., with respect to the sulphinate) and the solutions
were heated f'or 30 minutes in a boiling water-bath., The
crystalline products were collected arter 5 doys &y room
temperatuve, and apain efter 7 more days. ields were;
(1) rirst crop, U.L7g.; second crop, 0.2ug. (totel,
1.118.); (2) 0.77, 029, (1.06); (3) 0.78, 0.34
(1.12); (L) 0.16, 0.36 (1.02).

Preparation Trom uwelacscidin: Keerjstallised melacacia-

in (0.612g.) was teated Ain 0,01N-nydrochloric acid
(10ml.) in a boiling water-bath for 20 minutes. The
melacacidin dissolved completely after 3 minutes, znd
the final solution was pale red. Acetlic acid (O.?Oml.)‘
and sodium p-toluenesulphinate dlhydrate (i.27g.) were
added (molar ratio, melacacidin: acetic acid :sulphinate
1:42:6) and the solution was heated in a boiling weter
bath for 30 minutes. After cooling and seeding small
crystals were rapidly deposited and were collected

after 2 daye: 0.347g. (36;)), Kecrystallisation
{(carbon) from 5 acetic acid (20ml.) gave

iaomelacacidin p-tolyl sulphone in pale pink prisms
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(0e273g.), mepe 402-110°, [az] -24.3° (C, 1 1in acetone).
p
Acetylation of the sulphone (4100mg,) with acetic
anhydride (0O.4ml.) in pyridine (2ml.) overnight at
room temoerature gave, after recrystallisation from

ethsnol, the penta-acetyl dérivativg in fine needles,

mep. 19M° (89mg. ).

Prepsration from O-ethyl isomelacacidin: Cryatalline

O-ethyl isomelacacidin (371mg. of a sample which lost
10% on drying) was dissolved in 0,01 N-hydrochloriec
acid (5ml,) by heating in a boiling water bath for one
minute, and acetic acid (0.35ml.) and sodium p-toluene-
sulphimte dihydrate (0.643g.) were added. The
golution was heated in a boiling water-bath for 30
minutes. Crystalas fomed quickly in the cooled and
scratched solution, and were collected after 2 days;
0.39g. (81%). Recrystmllisation (carbon) from 5%
acetic acid (?5ml.) gave isomelacacidin p-tolyl sul-
phone as colourless prisma (0.31g.) mep. 103-111°,

The melting point of a mixture with that prepared from

2b
0
melacacidin was 102-110, [0(] ~24.5 (€, 1 in acetone).

Acetylation as described f%r the product from
melacacidin geve, after recrystallisation, the penta-
acetyl derivative, m.p. 192-193° (90mg.). The mixed
melting point with that derived from melacacidin
was 191-192°.

Preparation from leucoanthocyanidin mixtures:

(a) Leucoanthoeyanidin mixture remeining after
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cr&stallisation of O-ethyl isomelacacidin (9.4g.) was
boiled for 10 minutes in 0. N-hydrochloric acid
(20nml.), acetic acid (20ml.) and sodium p-toluene-
sulphinate dihydrate (25g.) were ndded and the mlixture
wag heated in 2 boiling water-bath for 30 minutes,
and then left at room temperature for 7 dayas., Yield,
L. 5hge of aulphonea.

(b) Ieucoanthocysanidin mixture (L.73g.) was boiled

in 0.MN-hydrochloric ncid (60ml.) for 10 minutes,
acetic acid@ (3.6ml.) and sodium p-toluenesulphinate di-
hydrate (9g.) were added, and the mixture was heated

in a boiling water-bath for 30 minutes. The yield
after L4 days st room tempersture, was 1.47g. of
sulphone.

(e) Pran 9.9g. of leucoanthocysnidin mixture, with
0.01N-hydrochloric acid (130ml.), acetic acid (8ml.)

and sulphinate (20g.), 7.40g. of sulphone wes obtained.

Isomelacacidin g-tolyl sulphone: The crystals
(prisms) from water were colourless or falntly pink,
The products melted slowly in the mange 102-115°

to a clear, viscous syrup which became less viscous
at about 170°, and above that temperature became

red at the surface expossd to air. The sample for
analyeias was dried over Pp0Og for 1 day at atmogpheric
preasure and room temperature. (Found: C,5L.8;

H,5.0; 8,6.6. Cyolipp088. 2H,0 requires C,55.0;

H,5.0; S,6.7%)
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Stability in agueous sclutions: £Sulphone (50mg. )

was heated in test tubes in a bolling water-bath in
1ml. portions of water, agueous 5% acetic acid, and
agueous 54 pyridine. Gamples were withdrawn at inter-
vals up to 60 minutes, and chroanatographsd (BAW, 12
hours). Leucoanthoeyanidins and polyphenols were de-
tected with Roux's spray and ferric~-ferricyanide
sprays respectively.

The gulphone did not dissolve completely in water;
the curomatograms shewed that apart from the sulphone,
the only polyphenol present was isomelacacidin, in
traces only. The eulphone disaolved comple tely in
the 5% acetic acid solution within 20 minutes; the
chromatograme showed traces of iscmelacacidin, end
at 45 end 60 minutes, possible traces of melacacidln.
The sulphone dissolved in the 5% pyridine solutlon
within 410 minutes; an clly suspension formed on
elight cooling. The solution darkerned slightly dur-
ing the heating; the chromatograns shoved mainly
sulphone, with traces of isomelacacidin.

ctability in acetone:  Sulphoune (95mg. ) was boiled

for 60 minutes in 5ml. of acetone previously dried
over potaseium carbonste. Chromatograms (BAw, 2%
acetic acid) showed that no other polyphencl was
present. The acetone solution wes allowed to evapor-

ate at room temperature; crystals of sulphone

remoineds
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Recryetallisation of crude sulphone: Crude sulphone

(1z.) was recrystallised from (1) 50ml. of water and
(2) 30ml. of 5% acetic acid. The solutione were de-
colourised while hot wi th carbon, and left at room
temperature for 2 days. The ylelds were (1) 0.73g.,
(?) 0.77g. of almost colourless crystals.

Conversion to anthocyanidin: The sulphone wap heated

in 3N-hydrochlorie acid in & boiling water-bath for
15 minuter, and the dark red solution was extracted
with smyl alecohol. The extract wes chromatographed
in "Foresgtal" solvent. The single anthocyanidin
formed had the same Rf as the anthocyanidin prepared
aimilarly from melacacidin (Rf 0.58, comvared with
cyanidin Rflo.55) and the appemrance of the chromato-
grams of the two preparations was similar both before
and after being sprayed with aleoholic aluminium
chloride.

Penta-acetyl derivative: Recrystallised sulphone

(0.50gs) was acetylated with scetic anhydride (2ml.)
in pyridine (10ml.) at room temperature overnight,
and the solution was then poured into water (80ml.);
the agueons layer became plnk. A gummy deposit
formed which cryetsllised during 24 hourse, and was
dissolved in methanol, charcoaled, and the solution
wag concentrated to ebout 10ml, The product
erystallised as very pale pink needles, m.p. 1910

(0.32g., 47%). Recrystallisation from ethanol gave
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isomelacacidin p-tolyl sulphone penta-acetate in

colourlegs, fine needles (0.26ge )y, MeDo 1930 D“]ﬁ -4 3.5°
(C, 1 in acetone). (Found: C,59.0; H,5.0; 9,5.3;
O-acetyl, 30.3. 0325500138 requires C, 58.7; H,4.6;
S,U4e9; U-acetyl 32¢9%) o

Tetrumethyl ether: Kecrystallised sulphone (1g). in

methanol (10mi.) was treated at 0° with diazometnane
(from 10g. 4f nitrosomethylurea) in ether (81ml.),
added during 5 minutes. After 45 hours at room
temperature, the solution was concentrated to about
5ml.; 8low evaporation of the residue gave a clear
gum which crystalllsed after three montns. The pro-
duct was triturated with etner which left 0.85g. of
solid that could not be recrystallised from acetone-
ether, but cryst=1llised from a syrupy golution in a
1ittle acetone and was collected and washed with

acetone-ether. Isamelacacidin p-tolyl sulphone

tetramethyl ether was obtained as plates, 0.p. 153~

154°  The liguid rormed on melting became dark red
at the supface at about 200° ["]f—h3-50 (G, 1 in
acetone). (Found: C,62.5; H,5.9; 5,6.4; UCH3,24.4.
026H25053 requires C, ©62.U4; H,5.6; S,6.4; UCl3,

244 B

Tetramethyl ether acetate: Sulphone (1.5g.) was

methylated as above, ana the crude methyl ether was
acetylated with acetic anhydride (2mle.) and pyridine

(10mle ) &t room temperature overnight. Addition of
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water (50ml.) caused the aeparation of a viscous oil.
This waa dissolved in ethanol, charconled, anc the
gsolution concentrated tc about 1Cml. before seeding.
(A previous preparation asd given no crystals fraon
methanol, but nhad given crystals from a mixture of the
guii with ethanol after about 7 days) . Most of the
product separated as a gum, then crystellised as
pundles of needles during a week; 0.63g., L75%, Mo

147-118°%  kecrystallisetion from methanol gave

isomelacacidin p-tolyl gulphone tetramethyl etber
suetate as rine needles (0.28ge ), MePe 119-122°,

Ex1:L33.7° (C, 1 in acetone). (round: C,60.8, €0.8;
H,5.6, 5.9; S,5¢7; U-methyl, 22.5; O-acetyl B.7.
020H3009S‘ 0.5i,0 requires C,61.0; H,5.7; 5,5.8;
U-methyl, 22.3; O-acetyl, 7e5%)

Tgolation of teracacidin and lgoteracacidin E—tolyl

sulphone.

Teracacidin from Lxtraction V: The ethanol-goluble

portion of the ether extract fron the wood (fractions
(a) and (c)) was taken to dryness, and the residue was
subjected to a 50 tube counter-current distribution
between ethyl acetate and M/4% phosphate buffer, pH
Tedle The polyphencl mixture was added to the first
tube only. The Gistribution was axamined by psper
chromatography (BAW, 20cm. ) of samples from even-

numbered tubes. The results are given in Table 17.
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Table 17.
Counter-current distribution of polyrhenols from

Fxtraction V.

Component Extent Peak Ef
Tersacacidin 20-36 29 0O LU0-0,52
Isoteracacidin - 2h-32 indef- 0,53-0.60
inite
O-Ethyl isoteracaci- 3L-4L42 38 0.63-0.72
din
Unidentified L2-50 118 0,75-0.85%5

The terminology of the leucoantnocyanidins iz de-
rived by anslogy with the melacacidin geriles. The
amount of isoterascacidin wes very small compared with
the amount of teracacidin.

The contents of tuhes 20-32 were collected; the
ethyl acetate phase was separated, snd the solvent
was removed to leave 1.58g. of reszidus, Continuous
ethyl acetate extraction of the agueous phase gave
1.63z. of material. Both thege fractions were brown
powders; they conasisted of crude teracacidin, Re-
covery of materisal Trom the other tubes ylelded the
following; tubes 33-35, O.4bg.; 36-LD, 0.59g. mainly
Q-ethyl isoteracacidin; W1-43, 0.66¢.; HLL-50, 3,%g.,
mainly waxe.

Teracacidin from A. intertexta SN5977. The polyphenol

fractiong of Extraction VW which were extracted from
agqueous solution by ethyl acetate were combined (31g.)
and subjected to 50 tube counter-current distribution

between ethyl scetate snd M/15 phosphate buffer,
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PH7.0. The polyphenol mixture was added to theg%agt
tubes,

Examination of the distribution by paper chromato-
zravhy (2% acetic acid) showed the vpresence in tubes
24-36 (peak at 29) of teracacidin Rf D.L56-0.5! and
isoteracacidin Rf 0.58-0,68. Other polyphenols were
present in tubes }N-50,

The contents of tubes 2&-}6 were collected; the

ethyl acetate phasse was separsted snd the angueous phase
was extracted three times with an egual volume of ethyl
acetate, the combined ethyl acetate extracts weres dried
with sodium sulphate and the agolvent removed to leave
beBg. oOf residue. Paper chromatography (BAW, 16 hours,
34 .bem. ) showed that this product contained teracacidin
Rf 0.46-0.54 and QO-ethyl isoteracacidin Rf 0.75-0.87.
A 2% solution of this materisl in water was heated in
a boiling water-bath for 2 hours, and the so0lution was
examined by chromatography (BPry, 15 hours, 27.0cm. and
2% acetic ascid, 3 hours, 23.6cm.). The solution con-
tained teracsacidin and isoteracscidin; O-ethyl 1so-

teracacidin was abegent. The Rf values are given in

Tsble 18.
Table 18.

Rf values of leucocanthocyanidinsg from A. intertexta.

BAW ' 2% acetic acid
Teracacidin 0.47-0.54 0.41-0.52
Isoteracacidin 0.58-0.64 0.58-0,68

0-Ethyl isoterscacidin  0.78-0.85 0.67-0.76
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The contents of tubes 37-50 were recovered (as
described for tubes 24-36); 19.1g. This fraction
contained muech water-inazoluble polymeric phenolics,

puch polymeric waterial rsmained in the first few
tubes of the distribution.

This diziribution was repeated on the polyphenolic
extractives from Extractions X and Y. The results
are suumarised in Table 19.

Table 19.

Countur-current distributions of A, intertexta poly-

phenols.

Polyphenols used Producte
Tubes Tubes
2436 57-50
Extraction W 31g. LeB8ga 191
Extraction X 22.5 3¢5 13,8
30 306 —
Bxtraction Y 30 2.4 23,9
kY 2e 22.4

when the polyphenol mixiture from Extraction Y was
added in the first two tubes, the ethyl acetate phase
became the heavier, and the agqueous pnase was trans-
ferred until the ethyl acetate phase had been suffic-
jently diluted with Incoming ethyl acetate for the
distribution to function norsally. It was therefore
necegsary to add the mixture over the first three

tubes. In these distributions, tubes LO-U6 contained
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U-ethyl isoteracacidin; the amount of polymeric
meterial in these tubes was too high to permit indiv-
idual detection of other componenté.

The fractions from tubes 2u~3%6 of these distriba-
tiones were coilected (16.0g.) and boiled in ethanol
(470ml, ) with acetic acid (1.7ml.) for 2 hours. The
solvent was removed, and the residue was submitted to
counter-current distribution as above. Tubes 2ZU~40
(peak at 32) contained teracacildin only (5.1g.).
u-ethyl isoteracacidin was present in tubes 41-50
(peak 47); the fraction from these tubes (8.3g.) was
very dark and contained much water~-ingoluble material,

Fractions {rom tubes 37-50 of the distributions of
polyphenol mixture were collected (9.2g.) and heated
in water (600ml.) containing acetic acid (412ml.) for
2 hours in a boiling water-bath, Much material did
not dissolve. The mixture was cooled and the solution
was decanted; the wet residue welghed 72g. The
solution was subjected to & Push and Densen distribu-
tion of the pame pattern as that used to separate the
leucoantinocyanidins of the melacacidin series (Migure
3); 20uml. of ethyl acetate and 600ml. of M/15
phosgphate buffer ph7.0 were used in each vessel. The
ethyl acetate phases from this aistribution contained
Z1.4g. of material. The aqueous phases were combined
and concentrated under reduced pressure to 200ml,

The solution was filtered from some insoluble material,

ana continucusly extracted with ether, winich gave 11,8g.
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of materisl,

The latter fraction was boiled in ethanol (100ml.)
with scetic 2cid (4ml.) for 2 hours, the solvent was
removed, and attempts were made to crystallise the
residue from ethanol-water without success. The
golution in ethenol (23ml.) and water (100ml.) de-
poaited much amorphous materiel. The solution wss
filtered, and after the addition of hydrochloric acid
(0,4ml. of 10N), was boiled for 10 minutes; a
nolution of asodium p-toluenesulphinate dihydrate (410g)
in water (20ml.) and acetic acid (6ml.) wae added, and
the mixture was heated in a boiling water-bath for 30
minutes  Isoteracacidin p-tolyl sulphone was deposited
in small crystals when the solution was cooled, and was
collected next day (3.Lg.); no further deposition
ocecurred.

Methylation and depradation of teracacidin.

Teracacidin was obiained above as a free-flowing
brown powders. Tests on amall nortions showed that
it would be possible to obtain it erystalline from
ethanole.

Roth teracacidin and isoteracacidin sulphone gave
a red colour when heated in 3N-hydrochloric acid in
a boiling water-bath for 15 minutes, The red material
was extracted with amyl alcohol, and chromatographed
in "Forestal" solvent (6 hours, 20cm.). The antho-

cysnidin from both teracacidin and isoteracacidin
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sulphone was orange-red, Rf O0.74 (cyanidin kf 0.59%,
melacacidin anthocyanidin, Rf 0.56;.

Metnylation of teracacidin.

(e) Whth metnyl sulphate: Crude teracacidin (1.63g.)

was boiled in acetone with methyl sulphate (3g.) and
potassium carbonaie (10ge )} For 5 hours. The potassium
salts were renoved by filtration, and wasned with
acetone, and the combined acetone solutions were left
overnight after addition of a few ml. of agueous
aminonisa. The acetone was distilled, and the residue
was dissolved in etner (the addition of some etinanol
wWag necessary). The etnheral solution was wagned with
water with dilute sodium hydroxide and again witn
water, taen dried (Nazsou), and concentrated. Terac-

acidin trimetnyl ether crystallised in colourless

plates (0.53g.). Kecrystallisetion fron ethanol
_1g

gave fine needles, iu.p. 159" D¥]D-6u.60 (Cy 1 in

Ktod ). (Found: C, 64e9; 11,640; UCHz 26.0.

C18H2006 requires C,63.C; 1,b.1; ig, 2840).

(v) Wwith diagzomethane: Crude teracacidin (2g.)

was digsolved in methanol (20ml.) and the solution

was cooled to 0Y. A cold (09C) solution of diazo-
méthane (from 20g. of aitrosomethylurea) in ether
(150ml.) was added during 5 minutes. The tempe rature
rose to about 10°%  The mixture was left at 0° over-
night, and then at room temperature for 2 days.

Acetic acid was added to destroy remainling diazo-
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methane, and the ethereal solution was washed with
dilute sodium hydroxide solution, dried (aodium sul-
'phate) and the solvent was removed, The residuse
(2.0lLg.) erystallised from ethanol-ether; 0,59z, ,
MePe 151—15&0. Recrystallisation from ethanol cave
0.U%g., mep. 155-157°.  The mixed melting mnoint with
teracacldin trimethyl ether from the previous nre-
paration wag 456-18R0,

Repeatitions on 1g. portions of teracacidin vielded
N Ubge, MeDe 151-15u0 and 0.3%77., [.D. 151—15&0. Re-
cryatallisation from methanol gave 0.37g7. m.p. 1580
and 0.227. Mm.p. 158-1590 raspeactively.
Oxidation of teracacidin trimethyl ether:
(a) Teracacidin trimethyl ether (107.7ms.) in dry
acetone (50ml.) was heated on a water-bath while
treated with potassium permanganate, After addition
of 0.51g., the solution remained coloured. The
deposit was collected, and was treated in sulphuric
acid (20ml. of 5%), with sulphur dioxide to dissolve
the manganese dioxide, The mixture was heated to
boiling, and filtered while hot, On cooling, the
solution deposlted 24.3mg. of coloured crystals, m.p.
135-170°, which were purified by dissolution in 1ml.
of 10% sodium bicarbonate (a few mg. remained un-
dissolved), decolourisation with carbon, and addition
of hydrochloric acid (0.2ml, of 10N). The precipi-

tate was redissolved by heating, and cooling gave
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16.6mg. of 31lizhtly ya2llow crystals, M.p. 160—1770.
Sublimation under water-pump vacaum at 450° (bata)
gave 12.4mg. of crystals, rn.p. 1730. The mixed M.p.
with p-anisic acid (m.p. 180-18°) was 130-13°.  The
rmized m.p. with veratric 2¢id (m.p. 1806} was 142-145°,
The yield was 24%,

(b) Teracacidin trimethyl sther (1.03g.) was
boiled in acetons (S0ml.) with potassium permanganate
(1.5z.) for 4 hours. Acetone wag Hien evaporated,
water (5Mnl.) being added simultaneously. Sulphuric
acid (5ml. of 410%) wan added, =and sulphur dioxide was
passed ip until the amnganese dloxide had dissolved,
Much orgenic materisl remoived in suspen=ion, The
mixture was extracted with ether (4100ml., then four
50ml. portions) snd the combined ethereal solutious
were washed with water (two 5ml. portions) and then
extracted with 5% sodium carbonate soclution (five
10ml. porticns). The ether contained O.14g. of
material, which, when crystalllced from bengene, gave
teracacidin trimethyl ether (%1ug.), as needlez, M.pPs
1590, alone and mixed with pure teracacidin tri--
methy) ether,

The sodium carbonate solutlons were acidified
with sulphuric acid and extracted with ether (20ml.,
then three 10ml. portions) to yield 0.67ge. of rmaterial.
This was dissolvéd in ether and dlazomethane (from

Lg. of nitrosomethylurea) in ether (16ml.) added, Af-
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ter 5 minutes, tue solution was evaporated; the residue
was re-dissolved in stner and the solution was extracted
witn 2M-sodium hydroxide (two Sml. portionsz), washed
witn water (two 5ml. portions), dried (scdiua sulphate)
and the ether removsd, which left O.34z. of crystalline
residues. Kecrystallisation from light petrcleum gave
metayl p-anisate as colourless flat plates, mep. 18-49°,
glone and mixed with an authentic sample of the sswe M.Pe

Tne suvéium hydroxide extracts were carbonated and
extracted with ether (tliree 10ml. portiors); the com-
bined ether extracts were aried (sodium pulphate; and
the solvent removed, leaving 0.29g. of cryatalline
residue. kecrystallisation i'rom metharol-water gave
methyl 3,u-dimethoxy—Q-hyarOXJbenzoate as colourlens
prisus (0.25g.), WD 75—760, alone and mixed with an
sauthentic sample.

The yield of methyl 5,urdimethoxy—?-hydroxybenzoate
was L2, and crude methyl anisate, 76k, cnlculated on
trimethyl ether consum=Ge

looterscacidin E;tclyl sulphone.

The crude sulphone (3.4g.) was recrystallised from
bolling 5u acetic acid (500ml., ) (carbon), and gave
emall fawn-coloured crystals (2.168. ). Recryatallisa-
ticn (of 18.) from acetone-water 1:1 (20ml.) gave

igzoteracacidin B-tolyl sulphone as clusters of trang-

parent plates becoming opague pn air-drying (0,613,)’

Bep. 244° decomp, after becoming brown at 2040°.
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24 o ) f )
[“JD -22.47 (C, 1 in acetone). (rFouna: C,00.6;
H,5.1; 8,7.5. 022;120075.%520 reyuires G, 60.4; H,4.8;
S,7.3%).

Tetra-acetate: Acetylation of pure sulphone (0.1g.)

4ith acetic anhydride (O.4ul.; &nd pyridine (2ml.) at
roon temperature uwernight, gave, after adadition 40
water {:0Ouwl.) a tnlck 01l which was left in contact
witn weter <4 hours. Thne vily product was dissoived
in methenol (carwvon), and the solution concentrated

to £=3ml., wiich gave swall needles (&5mgz., 58%) m.p.
1335-1 360, Lecvysatallization from ethanol gave woolly
masasea of very fine needles (67» recovery), m.p. 137-
1530 Edqi4_15,650 (g, 0,92 in acetone). (Found:

G, €0.3; i1,5.0; S, H5.35; U-acetyl, <7.U4.

03052661§S requires C, 60.4; H,L.7; 38,5.4; o-acedyl,

T ORC Y0 S
s sUiu/ e

Catalytic hydrogenation of leucoanthocyanidins.

Reduction of melacacidin and O-ethyl igsomelacacidin.

In the series of experiments described here, the
acetic acld used ags solvent wae either British Drug
Houses' "Analar" or commercial acetic acid distilled
from chromium trioxide until‘no further oxidation
occurred. Test runa showed that the same results
were obtained with each solvent, The catalyst used
was 10% palladium on carbon from two different pre-
parations, which behaved similarly.

(a) Crystalline melacacidin (0.49g.) suspended in

acetic acld was shaken with catalyst (103mg.) and
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and hydrogen 2t room tempgerature and preasure for 70
hours. There wa3s no upltiale of hydrogen.

The wixture was transferved to a pressure hnydro-
genator, and saaken atg 6500 under about 70 atmoa-
piwsres »f hydrogen Jfor 21 hours. Carunatograpny of
the product (BAW and 270 acetic acld) showed thoat two
polyphenola had been fomad, The major prodact nad
RP 0.52-0.61 in LAY, 0.01-0.50 in 2 acotic acid. The
minor uproduct had RS 0,75-0.85 in BAw, 0.59-0.68 in 2%
acetic acid. (Melacacidin Liad BE 0.50-0.40 in BAuw,
0.,59-0.56 in 2% acetic acid on these chronatozrans ) «
The proaucts gave a brown colomr wien heated after
the application of Roux's ppray, and reacted readily
with the ferric-ferricyanide reagent, Meleacacidin
was ptill present in high proportion in the nixture.
(b) Cryetailine melscacidin (0.52g.) in ethanol
(10ml.) was shaken vAth catalyst (4107mg.) and hydrogen
at 550 snd 65 atmospheres for 20 hours. Paper
chromatography (DAW) showed that slight reduction had
oceurred. Acetic acid (2ul.) waa added Yo the mixture
which was shexen under hydrogen at 65° and 60 at-
noapheres for 13 hourse. Paper chromatography showed
that much melacacidln rewdined; hydrogenation had
proceeded slightly after the additlon of acetlc acid,
Fresh eatalyst (100mg.) wes added, and the mixture
wags ahaken under hydrogen st 6506 sandé 60 atmoszpheres

for 412 houras. Paper chromatography showed thet much
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melacacidin remsained. It ssemed that much less than
half of the melacacidin had been reduced, although an
acenrate estimate could not be made through inadeguate
knowledge of the properties of the products.

(¢) - Crystallipe melacacidin (0.49g.) in acetic acid
(10ml.) was shaken with catalyst (107mg.) and nydrogen
at 6500 and 65 atmoppheres for 11 hours. Paper
enromatography showed that very little melacacldin
remneined.

(a) Cryatalline O-ethyl isomelacacidin  (0.50g.) in
sncetic acid (10ml.) was shaken with catalyst (103mg.)
under hyd rogen in the same conditions as (c). The
nroduct was compared with that fram melacacidin
(expariment (c)) by paper chromatography (BA#, 10
woura, 25.8cm. and 2% acetic acid, 3 hours, 27.icm.).
The mejor reduction product from g-ethyl isomelacacidin
nhad the ssme Rf as that from melacacidin in each sol-
vent, and a single spot was obtained from a mixture in
each solvent. KRf values: (BAw) melacacidin, 0.23-
0.31; O-ethyl isomelacacidin, 0.,67-0.75; major red-
uction product, 0.48-0.56; (2% acetic acid)
melacacidin, 0.41-0.49; L-ethyl isomelacacidin,
N.66-0.75; major reduction product, 0.46-0.55.

(e) Leucoanthocyanidin mixture from A. exceiaa

Extraction I, which remained after melacacidin
had crystallised during ether extraction, and which

contained much melacacidin and apparently no poly-
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nhenols other than leucoanthoecyanidin was hydrogensated
in acetic acid at 650 and 55 atmospheres pressurs, A
vrelininary experiment with 0,50z, of mixture in 10ml.
of acatic =2c¢id with 100mr., of catalyat resulted in m |
nroduct in which leucoanthoecyaniding could not bhe
‘detecteld by nap=sr chromatorravhy. Repetition on =
larger scale (9.9 1. of mixture and 0.L0gz. of catalyst
in 30ml. of acetic acid) Aalso gave a product free from
lencoantnhocyanidinsg.

The comhined solutiona were Tilitered And salvent

‘reduced

waa removad under/pressure. The realdues was subjected
t0 5N—tuhe counter-current distribution between ether
and M/15 phosphate buffer pH7.0,. Aamnles from even-—
mimbered tubea were chromatosraphed in BAW (12 hours,
28,5em. ) and in 2% acetic scid (22 hours, 23em.) and
the constituents were revealed with Roux'a spray and
wlth ferric-Parricvanide reacent, The results are
shown in Table 20, Ho leucoanthocyaniding were
detected. The firast two tnbes contained much
polymeric material.

The polyphenols were recovered by continuous
ether extraction, The amounts were: tubes 1-7,
2.47g.; tubes 8-16, 2.30g.; tubes 17-22, 0.23g,;

tubes 33-50, 0.80g. (Total recovery; 5.80g., 55%).



210.

Counter-current distributicon of hydrogenation mixture

Com- kxtent  Peak  RT BAW RE 2% kelative
[SReHLE acehic anount
ent

1 2-6 2 0.46-0.54L 0.42-0.51 Medium

2 u~-20 12 0e53-0.61 0.45-0.,55 Major

3 14-22 18 0.61-0.68 ? Minor

L 3u-40 27 0.24-0.32  Minor

5 38-46 L2 0.,61-0.88 | 0.61-0.70  Medium

6 U6-50 50 ND.91-0.31 Major

- e e g

The fraction from tubes 8-16 was chromatographically
pure and corresponded in Rf values to the major pro-
duet of nydrogenation of crystalline melacacidin and
U-ethyl isomelacacidin, 1t was obtained as a brown
powder, Attempts to obtain the polyphenol crystalllne
by slow evaporation of an agueous syrup were unsuccess-
ful. Acetylation of the phenol (0.50g.) with acetic
anhydride (4ml.) in pyridine (10ml.) at room temper-
ature overnight, gave after addition of water, an oil
which did not crystallise, either alone or from
ethanol or from benzene.

Portion of this fraction (0.5g.) waa dissolved in
methanol (3ml.) and the sdlution, cooled in ice,
was treated with digzomethane (from 5ge of nitroso-
methylurea) in ether (50ml.) After 3 dayse at room

temperature, the sclution was filtered from a slight
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deposit and concentrated under reduced pressure to A
small volume. The syrup was loft at n°c. 2l ow ev-
aporation occurred, =nd cryatals appeared 1n the glassy
rezidue ofter 4 days. Theae were very soluble in
ether, ethanol, methanol and benzene. Attempted
crystallisation Trom benzene-light petroleum gave a
resine. when again taken to dryness, and left at 0°
with a few drocps of ethanol, the material agaln crys-
talli zed. r1though these crystals were atable at
roon temperature, they were not formed at room
temperature.

The crude methyl ether, in pyridine (sml.) with
p-toluenesulphonyl chloride (0.%¢.) was left over-
nizat et room tempereture, then the mixture was poured
into water (11Oml.). A viscous oil separated, and
glowly deposited crystals. After 7 days in contact
with water, the oll was digsolved in ethanol (carbon)
and the solution was concentrsted to 410ml. On
seeding, rapid crystallisation occurred. After 1
day at 0°, the crystals were collected; 0.137¢.
(about 15%), M.pe 162-1639. Recryst=1lisation from

ethanol gsve a 7l8,5'.u'—tetramethoxyflavan-5mqg

p-toluenesulphonate as pale yellow blades, (81mg.),

o £ .
nep. 165-166%  [x] -33.0 (g, 3.3 in cHC13).
(found: C, 62.L4; 1,613 g,6.5; OCH3, 2L.2.

026525985 requires C, 62.4; HS5.6; S,6.k4; CCHs,
OleB8%) These crystals became pink after & few

weeks.
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(f) Crystalline QO-ethyl iscmelacacidin (L.0g.) in
acetic Aacid 20ml. was shaken with catalyst (0.11g.)
and hydrdgen at 700 and 70 etmospheres for 24 hours.
The filtered solution becamne red-brown on exposure to
air, Chromatograms (AW, 14 hours) showed the absence
of leucoanthocyenidins and the presence of the major
product and two minor products. The solvent was re-
mowed under reduced pregssure wlthout an air inlet;
traces of acetlc acid were removed by repeated
addition of water and re-evaporation. The product,
as a thick agqueous syrup, was left at 09, but had not
cryatallized atter L weeks.

Water wes removed from the syrup, the residue was
dissolved in methanol (10ml.) and the aolution, cool-
ed in ice, treated with diszomethane (from 20g. of
nitrosomethylures) in ether. Two days later, the
solution was decanted from 2 =mall recsldue 2and again
treated with diazomethane. The solution was kept
for 2 days snd then nllowed to evapcrate, but no
crystsls were obtained.

The methylation product was divided into four
aliguots,

Cne portion in pyridine‘(10ml.) with scetic an-
hydride (2ml.) was left overnight, and poured into
water. The gummy product did not crystallise and
could not be obtained crystelline from methanol or

ethanol,
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‘A second portion was hested in pyridine (40ml.)
with p-nitrobenzoyl chloride (1.5.g) until the reagent
had dissolved, and the mi xture was left overnight and
then poured into water. The product conslsted of
oily crystals (0.35g.), =snd gavei%gghanol yellow-
prisus (90mg. ) m.p. 2510 decomp.

To & third portion in pyridine (10ml.), p-toluene-
gulphonyl chloride (1.5g.) was added and the amolution
was left overnight before being poured into water,
The oily product partly crystsllised, and crystals
also formed in the agueous phase, The Jlatter was
decanted, and the crude product was recrystallised
from ethanol in dense clustera of smell needles
(0s25g.) which turmed pink on the outer surfacesg when
kept. This product melted slowly at 1?0—1300 to a
viscous 1ligquid in which crystals formed at 150° &snd
remelted at 1550. The product was recrystallised
from methanol, and then ethanol. Neither solvent
was satisfactory, recovery from methanol being very
poor, and crystallisation from ethanol being very
slow. The recrystallised product (67mg.) was again
obtained as dense aggregates which turned pink when
kept. These melted partly at 4120-130C but part did
not melt until 161°.  The molten material was red.
when mixed with the toluenesulphonate obtained in

section (e) there was no marked change in melting

behaviour, and melting was complete at 160°,
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This hydrogenation was repeated twice with Q-ethyl
iaonclacacidin (Pge each) =and the product converted
to the methyl ether toluenesulphonate. Attempted
crystalliasation fron ethanol gave zumay mixtures
(N.58ge and 0.76g.).
(g) Melacacidin (recrystallised from ethanol, 2g.
suspended in ncetic acid (20ml,) wes shaken with cat-
alyst (0.71z.) in hydrogen at 70°% and 7 atriospneres
for 90 nminutes. Chromatography of the solution
ahowed that melaocacidin was shi1)l ovresgsnt. Fregh
catalyst (95ug.) was added and the hydrogenation wag
continued under the above conditions {for 60 minutes,
Chromatography (BAW) showed the presence of the major
preduct (Rf 0.58-0.65), some nelacacidin (Kf 0.34-
0.1 ) snd other vroducts. The solution was filtered
and evaporated under reduced pressure, ethanol being
added to the residue and evaporated to sweep out re-
meining acetle acid, The residue was methylated
with dlazomethsne (from 20gz. of nitrosomethylurea)
in ether at room tempersture for 2 days and, after re-
moval of ether, the product was disgolved in pyridine
(20ml.) with p-toluenesulphonyl chloride (3g.) and
the mixture was next day poured into water (150ml.).
After one day, the residue was dissclved in methanol;
no crystalline product wag obtained, The solution
was allowed to evaporate snd the residue, when iri-

turated with ethanol, gave a yellow-orahge powder
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A

(1358}, lePe 1 20-1 45 Mis was Jdissolved in hot
ethanol (earbon). The aolution (50ml.) was decanted
from & resin whicih deposited, and then slowly depoasit-
ed A white powder, collected after 14 days at room
temperature; . 0.245g. m.p. 145-153 (after sintering

at 147°%).  The mized melting point with the toluene-
sulghonate obtainzd in section (&) was 156-163°,

The white powder slowly becane pinke

(h)  Crystalline (<ethyl isomelacacidin (5O0mg.) in

acetic acid (4ml.) was shaken with catalyst (1 0mg.)

)
and hyd rogea at 6500 and 70 atmospheres for periods

of 2, L4, & &nd 46 hours. Chromatograms (BAw) showed
that in each case, no leuccanthocyanidin reuained,

and there appeared to be a single wajor product in
cach case,

Aosample of Y-etilyl uwelacacidin kept under the
some conditionz, but without catalyst, for 13 hours,
had developed a red cclour, and the solution had
deposited purple material on the glass surfaces.

A gimilar series was run with crystalline melacacid-
in, but at TQOC and LO atmospheres. The melacacidin
did not dissolve under these conditions, and hydro-
genation vsas incomplets even after 16 hours. A
comparison run with J-ethyl isonelacacidin showed
incomplete hydrogenstion, A run in acetic acid con-

taining 0.1ml. of 10N-hydrochloric acid to 100ml.

(i.e. 0.MN) for 1% hours, resulted in complete



216,
reduction ot melacaciuln; there was & egingle major
product (Rf 0.46-0.55 in BAw, melacacidin Rf 0.29-0.35).

A series of nyarogenations of melacacidin in acetic
acid contajning different amounts of added hyd rochloric
acid was carried ocut at 70°C and 70 atmospheres for
1% hours. dydrogenation with formation of only one
product was obtained with 0.011, 0.02N and O,C4N
hydroecaloric acid, but with 0.0oN hydrocnloric acid,
much cciour developed auring hydrogenation,

Attempted reduction of melacacidin tetramethyl ether.

(a) 1n acetic acid. Melacacidin tetramethyl ether

eDe 1&6—1590 (G.50g.) was digsolved in hot acetic acid
(10ml. ) and the sclution was sndken witn catalyst
(56mg. ) under aydrogen &t roou temperature ana
Ureasurla. No nydrogen uptalke occurred in 3 days.
The mixture was taen tramsferred to a pressure hydro-
genator anu sheagen for 24 hours at 6500 and 60 at-
mospneres of nydrogell. Filtrati on, removal of sol-
vent and cryetallisation from methanol yielaed
L7ug. of uelacaciuin tetramethyl ether m.p. 130-138°,
slone and umixed with a puve saumple.

(b) In diovxan. Melacacidin tetrametayl ether

MeDe 1&2—1&3.50 (0.48g.) in aioxan (purified by dis~
tillation from swdium, and redistillation; (10ml.))
was shaken with catalyst (53umg.) and nydrogen at
70°C and 70 atmospheres for 18 noura. Filtration

anc removal of solvent left a thick oil which crystall-



217,
ised on the addition of a few drops of ethyl acetate;
mep. 137—1&00, and, after admixture with melacscidin
tetrametnyl ether, 440-142°.

The recovered melacacidin tetramethyl ether was
redigsolved in dioxsn (10m).) and sheken with catalyst
(95mg. ) and hydrogen at 10n°C and 70 atmospheres for
30 hoars. The solution was worked up ns ebove but
a cryatslline product conld not be obtained, The
crude product gave a red colour when hested with

ethanolie hydrochloric aecid.
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L-HYDROYYPITECOLIC ACID.

e e

Igolation of the imino-acids from A. Oswaldil
leaves

L-ilydroxypipecolic acid: properties and derivatives

Erimerisation of -hydroxypipecclic acld: compar-
ison with other hydroxyplpecolic acidas.

Attempted separation of u-hydroxy—g—pipecolic aciad
and gig—u—hydroxyig-pipecolic aciéd as the
copper salts. :

Action of nydriodic acia and red phosphorus on
L-hydroxypipescolic acid.

Teecarhoxylation of LL-hyvdroxypipecoclic acid

Leaction of periodate with pipecolic znd L-hydroxy-
pipecolic acids.

uxidation of L-hyddoxyplpecolic acid to L-0x0-
pipecollie ncld.

L-Oxo-]l-pipecclic acid =and derivativee.
Lweducti on of L4-oxc-L-pipecolle acid vith sodium
pborochydride: cis-L-hydroxy-L-pipecolic acld

end derivatlves.

aynthesis of ¢i e-li-hydroxypipecolic acld by
catalytic hydrogenation.

Attempted synthesis of Lh-hydroxypipecolic acid
by Dieckwmann cyclisation.

L-Pipecolic acid and derivatives.

keference amino-acids and derivatives.

218

229

242

246

2L8

257

260
264

276

277

281

286

294
296

Igsolation of the imino-gacids from A. Cawaldii leaves,

Zxamination  of ginzle-tree sgamples: Single-tree

samples were collected az followe: 7 December, 1958,

3 samples froa Devlin's Pound (north bank of River
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durray, between iiaigerie and Cverland (orner), and 3
samples between Berri and renmark; 8 August, 1959,
samples from 16 miles #est of Blanchetown, 5 miles
west of Blancnetown apnd 10 miles east of River :iurray
at Blanchetown, and five samples from an area 5 miles
south of kivey durray, near Aingston.

The aamples were extracted sith hot ethanol and the
extract was evaporated to dryness, The residue wae
dipsolved in water and caromatographed (BAw, 18 hours)s
Exawmination of the second batehh of smaples was imde
genl-guantitative by extracting 5g. (wet weight) of
leaf with a mixture of 50ml. of ethanol and 10ml. of
water for € hours on 8 water bath; the evaporated ex-
trect was dissolved in Sml. of water and the L-hy-
droxypipeccolic scid spot given by C.M0Oml. was com-
pared @ith those given by 20, 50 and 4100 /M,g. U4=-hy~
droxypipecolic acid run on the same chromatograma.

All samples snowed spota corresponding to pipecolic
acid, proline and L4-hydroxypipecollic acid, the last
being very proainent. In the semiguantitative
work, the L=-nydroxypipecolic acid spot appeared to be
of the saue intensity and size as that from 50/wg.
of b-nydroxypipecolic acid i.e. the leaf samples con-
tained sbout 0.5% b-nyaroxypipecolic ecid. Although
tne specluens sampled ranged from young busheg to old
trees, there did not appear to be much variation in

Lk-hydroxypipecolic acid content.
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Preparative isolations: Thege were carried out on leaf

collected as tfollows (fresh leaf weighta):

(a) 2,322g. collected Devlin'a ¥Yound, 21 December,
1958 (while in flower).

(v) 5,780g. collected Spring Cart Gully (between
Berri and kenmark; 12 April, 1959.

(¢) 6,470g. collected Berri, 3 pMay, 1959.

(a) 5, 510g. collected 24 way, 1959 from the same
tree as (cj.

The processing of batch (d) is described.

The leai was honogeriged in portionsg in a biender
with 80;. ethanol, and the homogenate was heated to
the boiling poirt in a water bath, which appeared to
coagulate some white flocculent material. About 181,
of etnenovi wasg UBEU. The homogenate wes placed in
a percolator (capacity Yle ) The solid residue was
mainly fibrous matsiial, and liguid reacily drained
from ite The residue was percolated with cold 80%
ethanol until the extract was only very faintly green.
The combined extracts were concentrated under slightly
reduced pressure to a thin agueous ayrup containing
umeh dark green water-insoluble geml-solid material,
Phe concentrated extract was diluted with cold water
to 5l., and filtered through kieselguhr. The pale-
srown solution was diluted with an aqual volume of
water. 4 mmall amount of sticky green sludge [ormed

and was removed by gravity filtration through papere.
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Thiz solution, in two porticns, was papsed through
o column of Zeokerb 225 resin (972:. drained welght,
€0 x Sem.), the column was washed each time with fl.
of weter and the 2amino-acids were eluted with 3N-
ammonia, sbout hl. beling uzed for each half of the
extract. The column effluent was collected in 1l.
fractions when the extract and washings were pnssing
throueh, and the ammonia eluate was collected in 500ml,
Practions. Each fraetion was examined for amino-
acida by paper chrémato;ranhy (RAW, 42 houra), The
colurm removed all the amino-acids from the extract,
and these were obtalned in four ammonia-eluate
fractions. Tnese fractiqns were evaporated to dry-
ness in dishes on a boiling water-bath; total crude
amino-acids, 95z. (1.65%).

A solution of the t0t2l crude amino-acids in 200ml,
of SN-hydrochloric acid was cooled in ice and addit-
1ons of hydrochloric acid (12ml. of 1MN) and sodium
nitrite (20ml. of €M) were made at 30 minute intervals,
without stirring. Tive such additions were made and
the solution was left at room temperature overnight
(nitrous acid was still oresent), and a sixth portion
of acid and nitrite was added. The solution was then
continuously extracted with ether. 2N-Hydrochloric
acid (100ml. initially, then 50ml.) was placed in
the ether-astill. At intervels, the still contents

were removed, the ether distilled, and the residue
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evaporated on a water-baih. The weights of acidic
gyrup 20 obtained were: <first 3 hours,, 28.9g.; next
2 hours 22.08g.; 12 nours, L.O0g.; 24 hours, 2.2g.

To the resiaual aqueous solution in the extractor, ny-
drochloric acid and sodium nitrite (above mnounts)
were addeu, and etiier extraction was continued for 24
nours. Tais was repested three times. The acidic
syrups cbtained on evapuration weighned 5.0, 3.95, 3.2
and 1.5g. respectively. Toe residual agqueous solution
wag coubined with the corresponding materiél from
extractions of leal samples (b) and (¢), and process-
¢d ag describad below,

The syrups containing the imino-acids and hydroxy-
acida were diluted with water (200ul.) and boiled
gently for 30 minutes, and then continuously extracted
with ether for 4o aours. The ethner extract welghed
10.24., and ai'ter ccmbination with the same Lraction
from the extraction of leaf sample (c¢), gave from
about an equal weigut of water, 5.5g. of crude oxalic
acid dihydrate, m.pe 96-100°, mixed m.p. with an
authentic sample, 99~-100°,

The residual agueous solution, contalning the imino-
acidas, was evaporated to a syrup (59g.) which was
Gipsolved in water (200ml.) and passed through a
column of Zeokarb 25 vesin (200g.). (A second
passage through the regenerated resln was necessary

in corder to remove all the amino-acid). The column
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was washed and the smino-acides were eluted with 3N-
Auionine. The eluaztes containing amino-acids were ev-
aporated to dryness on a water-bath; total crude
juino-acids, 46ge (0e83%).

T"he imino-ecids were dissolved in the minimum of
water (Howml.) wnile heated in a boiling water bath,
end bolling ethanol (400ml.) was added. The uixture
was left to crystallise, first at room temperature,
then at 0” for 6 days. Mucn brown pismnent quickly
geparated as a loose deposit, and large crystals of
L-nydroxypipecolic acid formed slowly on the walls
and bottom of the flaska The soluticn was decanted,
and the residue was washed with etnanol; the crude
L-nyd roxypipecolic acid weighed 10.73. A second crop
was obtained by evaporating the mother liguor, dissol-
ving the residue (20.4g.) 1n hot water (15ml.) and
adaing hot etuancl (220ml.). After 7 days at 09,
b.9g. Oof aluost colourless crystalline L-hydroxypipe-
colic acic was collec£ed. The mother-liguors con-
tained 11.453. of material.

The first crop contained most of the brown pigment
present in the crude imino-acids. It was disaolved
in water (500ml.) contsining acetic acid (2.5ml.)
snd the solution was left at 0°. During 3 days much
of the pigment separnted as a Tlocculent depoegit .

The solution was paszed through a column (7 x 2cm.)

of carbon (2g.) mixed with kieselguhr. The colour-
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less eluant and wasnings were evaporated to dryness
under reduced pressure, the reasidue wag dlssgolved in
e minimum of hot .ater and the solution was diluted
with etnsnol. After H days at OO, 17.78%g. of L-hy-
droxyplpecolic acld, L.DPe. 255~2b60 decomp. wag collect~
ed. The second crop was decolourised and recrystailie-
ation gave 5.¢5g. OF L-hydroxypipecolic acid, m.p.

1679 decomp.  (Total yield, O.i1%). '

The resiaues rrom the firgt crystallisation of ly—
hydroxypipecolic acid were dissoived in sN-hydrochloric
acid (25mi.) and the solution was evaporated on a boil-
ing water-bata until crystals began to rorm (welght of
mixture, 16.4g.). After © days, the crysials wvere
collected and washed witn ethanol; 1.2bg. of crude
(-;-pipecolic acid nydrocnloride, Ilepe 227-236Y

Lx]:t10.20 (C, Le9 in water). A pecond crop
(1.04g.) was obtained on repetition.

The resicues from the crystallisation of L-hydroxy=-
pipecolic acid from the four batches were combined and
added to a Zeokarb 225 colunne The amino-acids were
eluted with ailute hydrochioric acid (0.1 "to 0.8N) to
peparate L-hyiroxypipecolic acid from pipecolic aecild
and proline. gseveral repetitions were necessary as
the last two tended to be eluted early from the over-
loaded column. In the final separation, hydrociloric
acid up to l.ol was used; the amaonia eluate tnen

contained a single ninhydrin-positive compound which
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25
crystallised frow water-ethanol ss small needles (1.66g.).
wserystallisation from water-ethanol gave 1.50g. mep.
251—ajhe dscompe [d]zi1p.0° (Cy 1 in water)

[O(]ii :.;:'o’l'—j (g, 1 ip 5N-Cl). (Wound: ¢, L&s7;
HyT7e¥; Ny13.1 (CuﬁBOQN)x,requirea C, 47.05; 4,
7¢9; Ny13.77. This material, chromatoxrapned in BAW
(30 hours), moved 10.0cm., compared with pipecolic
acid, 23.5cm., uU-nydroxypipecolic acid, 1 %.6em., cis-
L-hydroxygipecolic acid, 12.9cm. The colour with
ninhydrin (at 1OOQ) was a reddish grey, with a red
rluorasscsnce in UV light. This compound gave a graen
colour with isatin at 100°, A solution in 6N-hy-~
drochloric acid was boiled for 16 hours; no otaer
ninaydrin-positive component was detected 1n the
golution.

The agusous golutions containing the amino-acids not
destroyed by nitrous aclid or extracted as N-nitroso
coampounds Guring the ether extractions (batches (b),

(¢) and (d)) were evaporated to dryness on a water-
bath, snd the resicues, wiich were mainly large crystals
of swdium caloride, were extracted with boiling ethanol.
The combined etnanul extracts were evaporated to a
syrup in wihica crystals formed. These were collected
and washed with ethenol (17.7g.), and were dissolved

in hot ethanol, which left some sodium chloride un-
dissolved, and deposited ammonium chloride (O.dg.) on

cooling. 'he etnanol svlutlon was concentrated until
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¢crystallisation began (¢dg.), and left at 6°

overnight,
to give 6.54. O crystals. Reeryatallisation from
water-ethnnol gave (~)-pipecolic acid hydrochloride,

1%
W p. 256 253° [=<]pw1o.7° (Cy, 7.9 in water).

Tne wotiner liguor Lreon the initial crop of crystals
was added t0 a Zeocarb 225 column (200g.), the column
Wea waghed anu the aaino-acids were eluted with
ALLGON L . ne eluates were evaporatzd and the bases
convertad the aydrochlorides. Thia frection, and
tiie wotiler-~-liguors from recrystailisation of thne
(=)-pipecolic acld nydrocnloriade were evaporated to
give crops of vrystals wiich were succesgively re-
crystallisea twice,. The Following crops of pipecolie

acid nydeochloride weare obtained: 1.058., [MJ
D

22
_ 4 0 s
nous deceruined;  e3g., [°‘]D—b.u (g, 6.% in
4 0 )
water); Le9g., [5<]D-6.1 (C, €49 in water); 3.2g.,
%4 , ) _
[o<] -5.5 (L, 6.0 in water). These (and inter-
D

nediate crops) avpeared to be homogeneous; after the
first recrystallisation, the only ninaydrin-positive
couponent was pipecolle acid,.

Varioug crops of pipecolic acid hydrocnloride of
specific rotation -5 to -10° were collected (17.66g.)
and converted to free pipecolic mcid by addition to
a “eockarb 225 column (200g.) and elution with amuonia,
The =luate was evaporated under reduced pressure and
the prowiuct, in dilute ajyueous acetic acic, was de-

colourised with carbon (0.38)e ‘The solution was
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concentrated to a syrup. (-)-Bipecolic acid crystallised
in small priasams; 5.0gZ.,M.p. ?72-275° decomﬁ. [o(]"-25.5
(C, 2 in water ) (1t crop) and 2.6g., m.p. 272-2;;0 de-
comp. , [a{]: -25,9Y (Cy 2 in water) (2nd crop).

The folluwing points were obgerved during the igola-
tion of L-hydroxypipecolic acid from these leaves:
(a) The agueous extract containg same material which,
after removal of the amino-acids by the ion-exchange
column, separated as s gel (about 200g. wet weight
from a lerge batch). This materisl was goluble in
alkall and reprecipitated by acida. In hot water 1t
formed a clear sol shnich did not pasgs through filter pap-
er; addition of ethancl to this =20l gave a flocculent
wrecipitate. The material had a very astringent taste
and stained skin brown; the s0l gave a blue precipl-
tate on addition of ferric chloride.

It the aqueous extract sere left on the “eokard
228 coluun o%ernight, the flow-rate was greatly dim-
inighed, and could be restored only by flushing with
3 to SN~ammonia. In batcihes (b} and {¢), the agueocus
extract was acidified (to 0.2k-HC1) be?ore removal of
the amino-acidas, but this did not sliminate the trouble.

It was therefore necessary to pass the exiract through
the coluun without delay, and to wash the column with
water uvvernight.
(b) Addition of the nitrite and acid in portions at

intervals gave much better regults than slow continucus
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addition with stirring.

(¢) During extraction of the N-nitroso compounds,
dilute hydrochloric acld was placed in the ether atill
in order to dilute the resulting golution of N-nitreso
compounds, and to encourage their gradual decomposition.
1f it was omitted, and uore than a few grams of N-
nitrosoimino-acid were present, tie residue on removal
of ether decomposed exotnermically with copious evolu-
tion of nitrous fumese

(d) when ethanol was added to the strong aqueous
syrup containing the imino-aclids during crystallisa-
tion of L-hyd roxypipecclic aclid, 1t was sometimes
possible to remove the flocculent brown precipitate

by filtration before crystallisation began. However,
it was preferable to proceed as described.

(e) The crude L-hyl roxypipecolic acid was decolour-
ised completely by carbon if the solution contained a
trace of added acid e.g. N.%. to 2% acetic acid. 1In
its absence, carbon waa not effective.

Up to this stage, vacuum distillation of agueous
golutions of the amino-acids was extremaly difficult
due to frothiné. Evaporation in basins on & boiling
water-bath, even of the amuonlia elua tes, apparently
did not epimerise the L-hyd roxypipecolic acid.

(£) The first crop of L~hyd roxypipecolic acid wae
of satisfactory purity (m.p. 1n range 265-293°) .

Later crops sometimes had lover melting points, and
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although they gave only a =single spot (ninhydrin) on
caromatography, recrystallisation from water-ethanol

did not raise the melti?g point. One such crop had
1
0 -
MePe 276 decompe [C‘] -11° (C, 1 in water).
' D
4-Hydroxypipecolic ncid: Propertiea and herivatives.

L-Hydroxypilpecolic acid: Reneated crystallisation

from water-ethanol gave the pure acid ana clustera of
prisms, m.D. 29u° decomp. The smample for anslyails
was dried at 90° over P,0. in vacuo for 41} hours.
(Found: C, 49.7; H,7.7; N,9.8; C-methyk, 0.1; O-
methyl, 0.2. Cale. for CgHy,O05N: C,9.6; H,7.6;
N,9.65%) The IR absorption spectrum (nujol mull)
ghowed major peaks ag follows: 2.98va, 3.13s, 3.35vs,
3.42m, 3.63s, 3.78w, 3.91m, 3.95m, 6.18vs, 6.75w,
6558, 6.97m, 7.03ve, 7.08m, 7.29vs, 7.39vs, 7.59vs,
7.75m, 8.2Lmn, 3.61w, 8.72va, 9.20w, 9.37=, 9.61s,
9,71w, 9.97s, 10.568, 10.82m, 10.92w, 11.2Ls.
Different samples had the following specifiec ro-

20 27
tationas in water: °(] -13.4°, [o(] -12.7°,
b

as D
[O(] -12.5% (a1l C, 1 in water). In 5N-hydroch-
» : b
loriec acidé, it had [°<]-+2.7° (C,4). A solution
’ D

in 1¥-sodium hydroxide showed a possible slight change
in optical rotation wiﬁhin 30 minutes of preparation
(-0.45° to -0.60%) but then remained steady, and on
peper chromatography (BAW, 36 hours) only, L-hydroxy-
pipecolic acid was detected. The final flgure was

[o(]b_e.oo (C, 4 in 1N-NaCH).
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Colours with spray reagentg: Cnromatograms in BAw
were normally epreayed with ninaydrin or iszatin, and
hested at 100-110° for 510 minutes. L-ilydroxypipe=
colic aeglid gave with isatin 3 yreen colour, and with
ninhydrin, # Jull colour roaging fran a greyigh green
to & brown-purples, dth o <ull red fluvresconce in
UV 1izht.

The temperatore at Joich the psper wag heated af'ter
apraying had & niarked effect on the colour. Papers
gspotted witn 12,5, 25 end So/pug, of b-hydroxypipe-
colic acid and chrouatographed in BAY 16 hourg were
grrayed with ninhydrin (0.2%in water—-saturated
n-butanol) 2nd with isatin (9.2 in scetone), and the
paoers were heated at 800, 100° or 1459, Heating
for 15 mimtes gave the seme results 2 heatling for 5
minutes. The colours observed on removel of the
peper from the oven are given in Table Z1. The
colour from ninhydrin hestec at 8a° cilanged to a
grey-purple after 15 minvtes at room temperature and
then slowly deepened, The colour from ninhydrin
heated at 100° chenged to a brown-purple after 15
minutes 2t room teaennerasture. The colours from isatin
heated at 100° and 115O changed to green after 24 hours
at room temperature. Other obaervations suzgest that

the isatin colour ia dependent on the mmount of scetic

acid remaining on the paper.



231 .
Table 21,

Colours given by h-hydroxypipecolic acid with nin-

hydrin and vith isatin.

Temperature Ninhydrin Isatin
80° Green-yellow=brown No colour
100° Yellow-brown Faint purple
1150 Brown-purple Purple

Two other gpray ireagents weré used. * Folin re-
agent (1, 2-naphthaguinone-L-sulphonic acid) was in-
troauced as a spray reagent by Mﬁting (187) and used
by Harris and Pollock (16§) and more recently by
Linko (1&B). In this work, the paper was sprayed
with 5% sodium carbonate, then with a saturated
sgqueous solution of the ammonium salt (189). p-Ni-
trobenzoyl chloridé in the presence of a base reacts
with N-monosubstituted amino-acids to give colours
(190); this has been used for the detection of imino-
acids by Cheehan (A9 ). In Table 22, the colours
obtained by spraying with p-nitrobenzoyl chloride in
benzene, followed by pyridine in benzene are given.
The uge of 5% agueous suwdium carbonate as the base
gave the same colours. Table 22 also includes the
colours given by ninhydrin and by isatin (developed
at 100-110°).
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Iabls 22.

Colours with epray reagents.

Hin- Fluoreac- Iga- Tolin Shee-

hydrin ence of tin re- han's
ninhydrin asgent re-
colour agent

L-dydroxypipecolic Brown- Imll red Green Dark ked

purple red
HS-tlydroxypipecolic Blue- DBright Green Dark Red
purple red red
Daikiain Grey— Dull red FPink -- Red
green
l'ipecolic Blue- Bright Green Dsrk Ked
purple red red
Wipecotic Purvle Faint No Iigzht To
red col- red col-
our our
Isonipecotic Purple ¥Faint No ILight No
red col- Trec col-
our our
I’rolline Yellow- -~ Blue ILizht No
brown red col-
: our
Glycine Violet None Pink Green Brown

Attempted preparation of hyd rochloride:

(a) A sample of pure Y-hydroxypipecolic acid with an
excesg of hydrochloric acid was evaporated on a water-
bath, but the ayrupy residue could not be induced to
crystallise.

In other work on L-hydroxypipecolic acid, there
were several occasions in which solutions in hydroch-
loric acid were concentrated, but crystals were not
obgerved.

(v) u-liydroxypipecolic acid (4138mg.) was dissolved

in & minimum of water at room temperature (0. 3u8ga of
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water at 20°C) and hydrogen chloride was passed in
with cooling in an ice-bath, until the solution wes
saturated (weight increase, 0.30fg.). No crystals
were obtained from the solution at 0°C.

Copper salt: AL-Hydroxypipecolic acid (0.725g.) wap

boiled in water (50ml.) with copper carbonate (from
2.5z, of copper sulphate pentahydrate; 300% excess)
for 1 hour, the soluﬁion wag filtered while hot and thé
residue was washed twice with hot water, the secohd
wash being colourless. The deep hlue golution was
concenitrated to 10z. but no crystalas ware obtained,
he solution was then evaporated to a ayrup (2.15g.)
4hich gave crystals when rubbed with acetone (0.986g¢;
92%) o This product was soluble to the extent of
26.2mg. in 49.2mg. of water in a boiling water-bath,
and in 173mg. of water at 20°C i.e about 1:2 in hot
and 1:7 at room temperature. The crude copper salt
was recrystallised by dissolution in hot water, cen-
trifuging a small amount of insoluble material and

allowing the copper salt to crystallise at room tem-

perature for 3 days. The product waz washed with
water-acetone mixture, then with acetone. When left
over anhydrous calcium chloride, the crystals slowly
lost weight. A sample, recrystallised from water,
and eirdried, was obtained as deep blue prisms, M.p.
509° decomp. (Found: N,6.5; Cu0,17.2;: 1loss on

drying =2t 90°C., 16.2%. C12H2006N2Cu. uH20 requires
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N,6.6; Cu0d, 18.7; H_0, 17.0%).

Attempted preparation of N-acetyl derivative:
(a) L-liydroxypipecolic acid (0.36g.) was dissolved
with slight warming in acetic acid (5ml.) and acetic
anhydride (0.5ml.) was added. After shaking for 2
houreg, volatile components were removed under reduced
pressure. A partly crystalline syrup remsined; this
was diluted with ether and fi1ltered. The residue
(68mg.) was identified as L4-hydroxypipecolic acid
by mep. (289° decomp.) and mixed m.p. (291° decomn) .
No crystalline material was obtained from the ether-
soluble portion.
(b) L-Hydroxypipecolic acid (1.45g.) was dissolved
in boiling acetic acid (20ml.) and acetic anhydride
(105g., 1.03 equiv.) was added to the boiling solution.
The solution was cooled quickly and evaporated under
reduced pressure. The resulting gum crystallised on
addition of acetone. The crystals were very soluble
in water and were considered to be the amino-acid.
The acetone was removed and the residue was re-
disgolved in boiling scetic acid (20ml.), and acetic
anhydride (1.65g.) was added to the boiling solution.
The solution was allowed to cool and was left for
18 hours et about 20°C before it was evaporated under
reduced pressure, The residual syrup when triturat-
ed with scetone gave 0.33g. of crystals which were

very goluble in water. The acetone-soluble portion
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gave no crystalg from ethancl-water or from ethyl

acetate-acetone.

N-Denzoyl derivative: bL-dydroxypipecolic acid (1.02g.)
in water (10ml.) with sodium hydroxide (2.5nl. of 410N)
wns cooled in an ice-bath. Benzoyl chloride (4.08g.,
1.4 equiv.) was added in portions during 30 minutes
with occaszional shaking; aome yellow gummy materilal
separated. The sclution was charconled, Actdifi-
cation with hydrochloric acid (2ml. of 10N) caused the
separation of an oil, Tight petroleum (about 20ml.)
was added and the cll was rubhed with a glass rod to
induce crystallisation (deeding was not very effect-
ive).. The mixture was left at 0° overnight, and

the product, N-benzoyl-trans-l-hydroxy-I-(-)-pipecolic

acld, was collected; 1.15g. (66%), m.p. 170-17109,
Recrystallisation from aqueous ethanol gave cluaters
of colourleas thick needles, m.p. 171,°. [04]:—514..10
(¢, 1 in EtoH).  (Found: C,62.8; H,6.1; N,5.6,
013H15OMN requires C,62.6; H,6.1; N,5.6%).

This preparation was repeated several times,
usually on 2g. of L-hydroxypipecolic acid, and yields
ranged from 60 to 77%. It wag essential for good
yvields to allow crystallization of the crude product
t0 proceed at o° for gome time, The recovery on re-
crystallisation was low if much ethanol was used; 1t

was desirable to evaporate as much ethanol as possible

from the boiling solution after dilution with water.



Crystallisation £rom agusous ethanol was often very
slow, requiring several days. It was sometiies nec-
esgary to wash the crude product several times with
lizht petroleum to remove benzoie acid.

Attempted preparation c¢f the (,N-dibenzoyl
derivative by benzoylation of L-hydrozypipecolic acid
with an excezs of benzoyl chloride (5 equivalents)
[cf. 9,§—dibenzoy1hydroxyproline(192)-]gave only the
N-benzoyl derivative (60% yield).

Attempted preparationz of N-benzoyl-U-p-toluene-
sulphonyl-L-nydroxypipecolic acid gave no crystalline
product. To N-benzoyl-L-hydroxyplpecolic acid .
(0.249g.) in ealoroform (Bml.) with pyridine (0.3ml.),
p-tolusnesulphonyl chloride (0.381g.) was added.

Next day the solution was washed wilth water, solvents
were removed and the realdue was waghed with lizht
petrolsumn, Tha residue did not zlve a crystalline
product; hydrolysis with 6N-hydrochloric acid for

24 hours at 100° and chromatography (BAW, L4 hours)
showed L-hydroxypipecolic acid (21.6cm.), cils-l-hy-
droxypipecolic acid (19.2cm.) but no baikiain (29.4em.).

Methylation of N-benzoyl-Y-hydroxypipecolic acid
with diazomethane gave a product which eould not be
obtained crystalline. Subsequent reaction with p-
toluenesulphonyl chloride in pyridine, at room
temperature overnight, gave only a trace of water-

insoluble product.
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E:B-Tolueneaulphonyl derivative:

(a) y-Hydroxypipecolic acid (O.4lz.) in 2.5N-godium
hydroxide (3ml.) was shaken at room temperature with
p-toluenesulphonyl chloride (0.57g.) Kesction was
very slow and 00 hours shaking was reguired, The
golution was charcoaled, acidified (1ml. of 10N-
hydrocnloric acid) and the product collected; 0.43g.
(47%) pale brown and partly crystelline, This mat~
erial was wvery soluble in ethanol, and crystaliised
fron ethanol-benzene in pale brown prisms (0.17g.),
fepe 1%535-150L°.

(b) To 8 solution of L-hydroxypipecolic acid (0.58g.)
in water (5ml.) with godium hydroxide (1.2ml. of
10N), cooled in sn ice-bath, a solution of p-toluene-
sulphonyl chloride (0.95g., 1.2 equiv.) in acetons
(5ml. ) was added. Toluenesulphonyl chloride
crystalllised from the mixture in fine cerystals which
redigsclved after about 5 minutes shaking. Shaking
was continued intermittently for 10 minutes, then the
clear solution was acidified (1ml. of 410ON-hydroch-
loric aciad). No deposit formed., The solution wes
extracted with ethyl acetste (five 10ml. portions),
the combined extracts were dried (sodium sulphate)
and most of the ethyl scetate was distilled. Ether
was added to the resicue and the turbild aolution wae
filtered, The filtrate did not cyrstallige and was
therefore concentrated, and benzene wag adaed.

Crystallisation did not occur until most of the ethyl
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acetate had been removed, when a pink oil separated,
and gave crystals when scratched. Further crystallis-
ation occurred on stanaing. Yield 0.70g. (58%), m.p.
153-454° with slight sintering at 149°, alone and when
mixed with the previous preparation, Tnis crude
product was ulssolved in hot ethyl acetate, benzene
wag added and the hot solution filtered from a brown

deposit. Crystallisation gave trans-4-hydroxy-N-p-

toluenesulphonyl—&—(—l-pipecolic acid (0.LDg.) as
almoat colourless prisms m.p. 162° after slight gin-
tering at 149°. [oC]N-16-r25° (C, 1 in #®t0H)e  The
sample for analyeis 5&9 dried at 100° for 2 hours

in vacuo.. (Found: C,51.8; H,5.5; N,4.5; 8,10.7.
Gy 3l 7058 € requires C,52.1; ,5.7; N,b4.7; §,10.7%).

H-Phenylcarbamoyl derivative: To a cold golution

of L-nydroxypipecolic acid (0.5%g.) in lN-godium hy-
droxide (hml.), phenyl isocyanate (0.6ml., 1.25
eguiv.) wag added in portions over 10 minutes, with
intermittent ghaking. Biphenylure; precipitated
after the laazt addition. Acidification gave a thick
0il which solidified (0.72g., 68%) and was dissolved

in cold soaium carbonate solution (2-3%); re-acidifi-

cation gave g—pnenylcarbamqyl-trana—u-gydroxyfg-(-):

pipecolic acid as very small white crystals (0.148g.)

24
Mepe 151-197° after sintering at 1769, [°(] -21..5°
p
(C, 1 in EtUH) unchanged after 24 hours. (Found:
¢,59.0; H,6.2; N,10.5. C17H16Ouﬁgrequires C,59.1;

H,6.1; N,10.6%).
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pPuenylaydantoin: The phenylures (4.49g.) prepared

from Y-hydroxypipecolic acid, was dissolved in boil-
ing water and the filtered sclution was concentrated

on a hot plate (to 53g.). Un cooling, (-)=-trave-h-

e e e
e

nydroxy-3'-pheoyloiperidino-(1,2:1',5' )-hydantoln

crystallisedz?s colourless emall prisms (1.05g.) ileps
204~205° [*"]0-53.20 (C, 1 in stoH). (Found: C,63.5;
H,5.65 N,11.5. Cy3tly,0zln requires C,63.4; H,5.7;
N,411.4%). In a nujol mall (CeFp prism) thie mat-
erial showed pesks at 2.8§/u (=0t ), S'GEVP‘ (w)
and b.ﬁﬁ/u- (g)e T"he latter pesks msy be attri-
puted to the hydantoin carbonyl groups &8s b, 3'-di-
methylguinoxalino-(1,2:1',5)~ hydsntoin ehowe peaks
at 5.69 and 5.85 ¢ (Dr. J. w. Clerk-Lewig).
The‘€:tica1 rot;::on in agueous alkali was meag-~
ured. The hydentoin (0.5610g.) was diesclved in
Leb3ml. Of W-sodium hydroxide at room temperature -
digssolution was slow and reguired about 1 nour. The
solution was ¢illuted to 10ml. with water. The
firat observed outical rotation was —1.0&0, after 3
hours it was -2.45°, after 24 houre -2.77° at which
1t reaained constant for another 24 hours. The
equilibriwa reading corresponds to [b‘]’> -u5.4° (g,
6.4 in £ equiv. of NalH in water). The acidified

solution slowly deposlted colouriess prisms which

) o
were collected after 18 hours at O C; 0O.3Lg. MmePo
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169-170°.  Kecrystzllisation from ethanol gave the
hydantoin m.p. 106°; the mixed mp. was 205-206°.

A golution of the nyosntoin (4109mg.) in Negodium
hydroxide (410ml.) was prepare: at 250, Dissolution
ragulred almost one hour. Thia solution was kept
at 25°C; the optical rotstion changed from -0.17°
(read 1 nour after the hydantoiln wap added to the
g1kals) to =0.30° (44 hours), =N.325° (2 houra),
~0.42° (3% hours), -0.u3° (6% hours), reaching
-0.45%5° after 23 nours. Thie corresponds to

[o(}z’-uz;.sc’ (C, 1 ip N-NaCH). The acidified mol-
ution %EIW‘BIOle deposgited prisms (L7mg. sfter sev-
eral days), m.p. 205-206°, slone and mixed with the
hydantoin.

Lerivative with phenyl isothiocyanate: This wae

prepared by the procedure of Edmen (193) but the
reaction was carried out at room temperature (194).
4 solutlion of h-hydroxypipecolic acid (0.725g.)

in water (12.5ml.) @nd pyridine (12.5ml.) was adjust-
ed}g%10 (indicator papers) with Nesgodivm hydroxide
(1.4ml.)s Phenyl isotaniocyanate (1.2ml.) was edded
in one portion and the mixture was shaken vigoroualy.
Sodium hydroxide solution was added nas renuired to
maintain the pH 2t 9. No alkalil was required after
15 minutes, snd the solution was washed with bhenzene

(five times, equal volumes)s An emulsion was Ob-
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toiped during tae first washing, but later washingas
gave no difficulty. The 2gueous solution was fil-
tered throuzh Kieselguhr %o remove 8 sticky yellow
depoplt, and hydrociloric acid (L4ml. of 1.25W) wes
sdded to the filivate. The granulsr yellow precipl-
tote wos collected, wagshed with cold water and sus-
pended in 2i-hydrociiloric acid (45ml.). The euspen-
glon wag boiled vor £ hours, and then taken to dry-
nese uwnder rediuced pressurc. water was added and
removed three times to remove remzining acld. The
grey resicue gz ve a purple solution in boiling acetic
acid (20ml.); the hot solution wes Giluied with water
until crystals formed. The product was collected
next day as brown crystals (0.56g.), HeDe oot -2°,
Those were dlssoived in tolling ethanol (33g.), and
the sclutlion wag charcoaled snd cunceptrated (to
410 )0 Next day, the yellow pletes were collected;
0.55g., Mm.De 243-244°, raised to m.p. 214° by a
pocond recrystallisatiori [ :i 74.0° (G, 0.2
in ®tOH, Ldm. tube) (Found: C,60~45; H,L.9; N,
9.6; £,15.6. CpgliygOolzbo requires C,60.4; H,4.8;
N,10.6; €,16.1%). The analysis corresponds to the
g—phenylthiocarbamate of the phenylthiohydantoln of

L-hyd roxypipecolic acid i.e. L=(+)-3'-phenyl-trans-

u-ghenglthiocarbamox}oxy—Q'—tnio—yigeridino-(112:

1',5' )= hydantoln.
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(A trace of the opiser w2s produced in a neutral
solution, but in N-hydrochloric scid, there was no
change ).
(b) The amino-acid (Smg.) in barium hydrozide sol-
ution (0.2ml., saiurated at room temperature) was
hented in a sealed tube at 155° for 12 hours.
5-Hydroxypipeculic acid mized with other emino-
acids was obtuined fruw datea as decribed by uitkop
and Foltz (122). The water-soluble portion of a
70, ethioanolic sxtract of the dates woa passed through
n cation exchange column and the amino-aclds were |
eluted vith 2N-aumionia,. The mixture, containing
5-hydroxypipecolic acid, obtained by evaporation,
was uged without rurther purification.
samples of synthetic "allo" (i.e. cig-) L-hy-
sroxypipecolic acid and glg-j-hydroxypipecolic acid
(197) were supplied by Profeasor H. Vanderhaeghe of
T.ouvain and br. H. Plieninger of jleldelberg res-
pectively.
A sample of the hyiroxypipecolle acid from

Armerls meritima (423) was supplied by Dr. L. Fowden.

Comparison with 5-hydroxypipecolic acid.

()  In Bii: Chrowstozrems were run in BAW for 2-8,
L3 and 44 hours. The dlstances the amino-acids
moved were as follows: sainino-acid from Acacis,
12,0, 19.1, and 35.5cm.; S-hyiroxypipecolic acid,

the seme in each case; epimer of the amino-acid
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from Acacia, 8.7, 16.6 and 31.3cm.; pipecolic acid,
20,6, 32.2cr, and off the paper.

5-Hyd roxypipecolic 2cid gavé a blue-purple cclour
with pinhydrin and the spot had a bright red fluroeaz-
cence in UV light; it could be readily diaztinmuished
in this way Fras the amino-acid from Acacia (mee
Table 22).

(b) In phenocl-witexr: Cheomatograms were run in

pnenol-water, in an atmosphere containing amnonia and
ayérogen cyanide (198) for 12 and 2L houes (27.0 and
45.0cm. )  Rf values were as tollows: auino-acid
from Acaciam, 0.5% end 0.47; epluer, identicnl values;
5-hydroxypipecolic acid, 0.53 and 0.L5; pipecolic
acid, 0.33 and 0.27.

Comparigon with aynthetic 3-and L-hydroxypipecolice

acids: GCamples of the synthetlc 3-snd 4-hydroxy-
pipecolic acids were hented in barium hydvoxide as
for L=hydroxypipecolic acid from fcacls (shove).
Chromatograus of the resulting mixtures were run,
together with the untreated panples, and mixtures of
both with the smino-acid from Acacia and 1ts cpimeric
mixture. The results of one caromatogram are shnown
in the puotugraph (next page).

3-Hydroxypipecolic acld gave a red-purple colour

with ninhydrin, but the cclour glven with ninhydrin
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Approximate

n-BuOH : HOAc 1 H,0 4:1:5
36 Hours at 19-21C

= 25
040 -

- 20

030 —

020 - . I ‘

‘% “ % —10

010 —

A AAx Ax A«B B Ax AL C C+«x Cx OA A D

A Aminoacid from Acacia spp

B  cis-4-Hydroxypipecolic acid (Vanderhaeghe)
C  cis-3-Hydroxypipecolic ac.d (Plieninger)

D Aminoccigs from dctes

x  Heated in aqueous Ba(OH); 12 hours at 155°C
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by syunthetic h-hydroxypipecolic acld and its epimer
were juentical with thet frowm the amino-acid from
Acacia, both in day-light and 1n UV light. The U=
hydroxypipecolic acids also gave the sgne green col-
our with isatin. The agynthetic u—hydroxypipecqlic
acid gave on ths chronatogran A major apot with
the same Lf aa the svimer of the amino-acid frowm
Acagla from which 1t ~as oot separeted, and o very
faint @winor spot sith the szame RE as the nataral amino~
aclid. sfter epimerination of the synthatle acid, tae
two components nad the asame LL 23 toe compovients of
the epiweric mizture from the natural smino-acid, and
were not separated from them.

The product from the barium hydrorxide treatuwent of
the 3-hydroxypipecolic acid showed several ninhydrin-
positive componentes, together wvith some unchanged >3-

hydroxypipecolic acid.

Comparison with the amino-acid Cram Armeria maritimas

i .
e e

The smino-acid from Armeria maritima (O.8mg.) in

barium hydroxide solution (u& ) wag heated in a
sealed tube at 1550 for 12 hours. The product wes
chromatogravhed, together with the g:imeric mixture
from the amino-acid from Acacia, and the untreated
enino-acida, eeparately and mixed (BAW, 4O hours)e
In both cases, the natural amino-acids ran 14, 5cm,.,
and the epimers, 12.5cnm. No separation wag

apparent in the mixtures. "he colours with nin-
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hydrin (in daylizht and in UV light) and with isatin

were identical.

It had been found thet a sampl~ of N~benzoyl-L-hy-

droxyplrnecolic =zcid accidsnislly hesated at 1500 for 3-
L novrs during drying, gave on hydrolysie (2 hours
in boiline 6N-hydrochloric aeid) a mixture of epimeric
L-hydroxypipeecolic acida. To examlne this epinerisa-
tion further, semples of E—benzoyl-u—hydroxypigecolic
ecld (about Zmz.) were neated st 200° for 5, 10 snd
LO minutea, and then hydrclysed in 6N-hydrochloric
aclid (0.5m1.) in sealsd tubes at 100° for 26 hours.
The gsolutions cobtalned were evagorated to remove
hydrochloric acld, the reszidue was dl:jolved in water
and chromatographed (BAV, 18 and 60 hours), A sai-
ple of ununeated N-bensoyl-h-hydrozypipecolic acid,
hydrolysed as ambove, zhowad only a single apot
(b-hydroxypipecolic acid). The samples heated for
5 and 10 minutes gave two spots of tha same K snd
ninhydrin-colourg as those obtained from alkali-
epimerised L-hydroxypipecolic acld. The sample
heated for LD mimmtes showed other ninhydrin-pos-
itive products.

N-Benzoyl-l-hydroxypipecolic acid (2.492.) wna
heated for 5 minutes in an oil~bath at 200° and the

residue waa boiled in 6N-hydrochloric acid (100ml.)
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for 65 hours. benzoic §cid wag removed by extraction
with light pebtrolsun, ané %the agueous soiution was
evapurutea to dryness under reduced preasure. The
residue was dipsolved in water and sadded to a “Zeokarb
22% column (50g.) ana the aulno-aclds were eluted
with Z2l-anuionla. The eluates were eveporatod to
dryness L0 remove allionle, and the residue in water
(30611, ) was builed with copper carbonate (£froi 5e 75
of copper sulphate peptanydrate; 2005 oxcesg, for 4
nouy. The golution was Filtered while hot, and the
reoldue was wasiea toree tlmes with hot water. The
Piltrate and washings were concentrated (to H88e ) e
l'eep-bilve prisng formned glowly in the cold molution;
these were collected and recrystallised from €0ml. of
woter and then from 30ml. of water. The mother-
liguors were coneentrated and subseguent crops were
recrystaliised ac shown in TFigure 20. The sclutione
were adjusted o the welgnte snown, and cryatzllisa-
ticn was sllowed to proceea for 6 or 7 Gays at sach
stage. There were thus obtained four crogs of
ecrystals; (), (v), (c) and (4), and the residue
(e)e The weignts of each crop (airdried) are given
in #igure Z0.

fhese crops were examined by guspeunding a portion
(40mgz.) in water (1ml.) and passing hydrogsn sul-

phide through the hot suspsnsion. The copper-free



N-Benzoyl-4-hydroxypipecolic_acid
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C= Crystals C M
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Weights in brackets- weights of
crystallising solutions

(0261g) (0296g.)

Figure 20 : Attempted separation of naturat
4-hydroxy pipecolic acid and its
Cz—epimer as the copper salts.
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golutiona were ciuromatographed (BAwW, 36 hours). All
crops showed spots of the ssme Rf as L-hydroxypipe-
20li¢ ancid {(20.5cm.) and its epimer (4%.4em.) in
approximately egual quantitiea.

"he first erop of crystals, fraction (a) wae
enalysed. (round: N,6.7; CadM7.0. €y pilpnOgH,Cu.
Wi U regquirea N,b.b; CuO, 18.7%) These
cerygtals aid uot loge welght wWhen lel?v over an-
hydroue calciun chiloride,

Action of L
= S

lll‘é 5 3" 02

(a) L-iy@roxypipecolic scid (Blux.) wap hested in &

'griuuzc aciu and red phosphorus on l-

sealed tube with red phosphorus (23ug.; and hydriodie
gcid (4ml. of HeG.1.9Y4) at 1&30 for & houras. The
colourless solution wea evagorated under reduced
prezsure to a thick syrup znd then ciaromatogrephed
(Bag). 4 strong pipecolic acid aspot wasz present,
togetner with otner ninuydrin-positive components.
For estimation of the amouant, the reduciion miizture
was diluted to Snl., in water, and 5, 13, 15, 20 and
25 /Aol samples were cnromatographed, together with
the agame amounts of 1% pipecolic acid.nydrochloride,
The pipecolic acid¢ spot {rowm 5 /ud. of standard sol-
ution had an intensity anc size similar to that Irom
25)/01 of the reduction product. The reducticn
product therefore contained about 7 .6nig. of pipecclic

acid (16% yield).
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(b) h-iydroxypipecolic acid (19.3mz.) was heated in
e sesled tube with red pnosphorus (3.5mg.) and hy-
driodic 2cid (O0.2mls Of ©.0G.1.94) at 145°% for 9 hours.
Thne clear solution waa evaporated with added water on

a water-path and left over aodium hydroxide overnight.

with rreshly-preparca sllver carbonate until no further
reaction cccurraed; e silver aslta were aeparated at
the centrifuszs. g1 the reculting eolution was hy-
drogenntec ot oon tengerature and uregsure Lor 3

hours with plﬂtinum.(freﬁnly—prepared from platinum
oxide).

Chromatograns (BAW, 19 houre, Z5cm. ) showed the
foilowing componenta in the solution not hydrogensted:
Rf 9.%7, brown with ninhydrin, pink changing %O ailver
with 1mtin; Rf 0.30, green yith ninhydrin, ond a
pirk colour, very faint, with isatln; RF .16, L-by-
droxypipecolic 2¢id (trace) and in the hydrogenated
gsolution: KE 0.49, purple with ninhydrin, not
fluorssdng in UV light, pink #ith iszatin; T¢ 0,33,
blus-purple with uninhydrin, flucrescing bright red in
UV 1light (pipecoiic acid); Rf N0.16, L-hydroxypipe-
colic secid; Rf 0.10, purple with ninaydrin, not
fluorexing in UV light, pink @ith izatin (minor
component ). op the sanie chromatogram, L-hydroxy-

pinecolic acid had Rf. 0.16, pipecolic acld Rf 0.33



and baikiain ki 0.2,

The spot at RE 043 in the caromatogran of the hy-
drogenated aolutlon was very atrong. 1t appeared
from its KT value, its ninphydrin colour and 1ts isdtlin
colour, to be an of -anino-acld of about A carbon
atonz. A caramatogram (BAW, 15 noura) gave the foll-
owing REf values: undnown, 0.45; plpecolic =acid, N.33;

of ~amincbutryic acld, 0.2%; 1leucine, 0.34; isoleuc-
ine, 0.5L. A caraistogran run cn paper buffered
with /15 paosphate buffer ph7.5, run in benzyl alco-
hol: p-butanol 1:1 (195,200) gave the following Kf
vslues (14 hours run;: unknown, 0.13; pipecclic
ecid, 0.15%; leucine, 0.24; isoleuelne, 0.71: valine,
¢.40; L-hydroxyplpecolic 2.cid, O.0L. when run from
the zsme spot, the unknovn was geparated from veline.
A ehrometogram run ln the sane ayeten as the previous
one, for 70 hours, gave jncomplete separation of
valipe snd 2-aminopenianoic zeld ("norvaline™)
(valine, €.7 to 10.1cm; g-aminopentanoic acid, €.0
$£0 9e2Chis )e The upknogn amino-acid gave a single
spot wnen run with c—aminopentsnoic acid. T™e id-
entity of the ugknown 83 s-aminopentanocic acld was
C eonfirmed by a carouatogram in BAi (20 hours, 34 .uem, )
which gave the Followlng If values: unknown, 0.U5;
s-apinopentanoic acid, 0.45; valine, O.33. Mix-

tures of the unknown and o-aminopentanoic acld gave
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a single apohb, RE 0039 while mixutes of valine ang 2-
aminopantanoic scid were almost cunpletely separated
into 2 spota.

N

(¢c) Isolation of pipecoiic fcid: Four sseled fubes,

ench containing L=hyuroxypipecolie acid (0O.5g.), red
phiogphorus (80mz. ) anéd hyoriodle acid (Sml. of SeGet o)
were hented at 150O For 12 hours. Tno tubea were com-
pietely clear, but two conteined brown insoluble mat-
erialse Chpomna Lo e phyr (ray, 12 houwa, “lhem.) showed
major spote at Rf .37 (pirecolic acid) snd At 0.LB

and 0.%t. he legt two gqeve with niphyarin, brown
coloura alowly chmanging to purple. A amall) nortion

of the reaction product left in contact with oxcess

of cmmonia o A0 minutes gave o eimilar chrom2togram.

The golutions were evanorated %0 renove hydrioolc acid,
and pas-~ed through a %eokarhb 225 column (B0ga ) The
amino-acids were eluted with smaonia; the compound 8

of hish Rf were not deifected in the prouct, which con-
teined pipecolic acid and gevers) niphydrin-positive
components of lower BT,

The cruie amino-scid wixture (z.%6g.) in water
(10ml.) and hydrochloric acld (1.801. Of 10N) was
treated with nydrocnloric scid (1.5ml, of 40N) and
sodium nitrite (7.5ml. of 6ii). An irmediate copious

precinitate of 1odine formed. aubsenuent additions

of 2cid and nitrite (3 lots) gave DO further precipl-
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tate of jodine. e nitrcasrted soluition was cont'n-
noualy extracted with ether for 70 hours, the extract
wos hested in dilute hyd rochloric acid to decompose
-nitroso compovnds, and the solution, after cxcepm
seid hed been rvenoved by evaporation, was added to
the 7eozayb P25 colurmh,. The imino-sacide were eluted
with ammoning  0J77¢. A chromatogrein giiowed, 2part
from pipecoliec scld, only froces of nipnycrin-pos-
itive cungipPiices. setenpts to cryetallise the free
enino-scid Triled. The wixture wes g2ecidifled with
hydroenlorde #cid, enc, after svaporvntion to dryness,
geve from mgueous-acetone, 0.26g, Of crystals lieDe
103-192°, The mother liguora econtained 0.56g. of
material, shich contained mach plyecolic acid. The
crystels sné reeidue were combined, apd added to the
veokorb 2% column, which was eluted as followva:
500ml. of 0.HF=-HC1, 250md. of W-HCY, 250m), of water,
£, of PH-ammonio. Wrmectiocnag of about 70nl. were
collected and evaporetad to dryneas and the residues
were egsminsd by chromatography (Baw)e  Pipecolic
acid was present in the Iater 0.5M-iC1l sluates, the
H=-HC1l elustes and tne initial'ammonia elustes,
Fractiong wiich cmtsained othsr ninphydrin-positive
components were returned to the column and eluted

with m more gredusl increase in scid strength. The

conbined pipecolic acid fractions were evapurated

under reduced prespsure to dryness, and the crystalline
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rosioue was roecr. steliised from a small anount of
ethenol. Tuin gove O.zZg. (6.50) of vpipecolic acid
nydrociioride, mep. 256-256° [a];o.jo (C, 57 in
watel e

Igentification of bailkiain apd c-sulnoper

enoic meid: Sesledé tubes countaluing L=hydiroxyplipe-

colic acld (Z0mg.), red phosphorus (7mg.), hydriodie
pcid (QofCmile 0L Seliele9l) 2nd variouz quantities of
water, were heatea at 1h5° ffor 12 hours. The resuld-
iug colourless sviutions were evopulsted under recé-~
weed pressure, ane the resldues were tuken up in
weter (zml.) ond corcwmatographed (TAw, 16 nours,
*7cu. ), with the results given in Table Z3. un this
chrouatugram, pipecolic acid ned kY 0.36 and b-hy-
Greoxyplpscolic acida, «F CedU. The ldentity of tnese
coupounds ip the reaction mixtures wes confirusi Dy
thedr plohydein and ivetin cclourz:  the coniponents
B 0.5 200 Ueor gave pucple colours with ninhydrin,
and with izetin a faint pink snd 2 slightly blue
green colour renrectivelye

heaction wixture o was treated with =2n excese
of fregh silver carbuate ond cenirlfugeds Chiroms=
tosraphy (BAw, 415 hours, Sycu.; showed the rollowing
corponents: RE 0057, colours as before, in traces
only; Uf 0.37, purple colour with ninhydrin ( ol-

amrdno-acid colcour, not pipecolic acld colour), and
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a purple fading to pink with isatin; Rf 0.31, a grey-

green with ninhydrin and pink with isatin, Some
minor componenta of Rf 0.19 and iess were present both
before and after the eilver carbonate treatment. No
ripecolic scid wuas detectsd after treotment with silver
carbonste, apparently being obscursd by the caoaponent
Rf 0.37.

Table 23.

Keaction of L-hydroxyplpeccllic acid with red phoe~
phorue and hydriodic acids of various strengthe,

Mix- Added Cml- Appear- Caromatography resultis
ture water cula- ance af- RFf0.36 R£0.20 k0,58 Kf0O.52
No. {(ml). ted % ter hent

of HI ing

1 nil 66 Colour- + + nil + + ++ +
less
ceryatals
0.20 63 Colour-
less
solution 4+ + trece 4+ 4+
3 0.50 59 Jome
phosphon- + + + + + + 4+
ua
L 0.100 &3 Much trece +++ trace trace
phogphor-
us
0,200 Ly Much trace +++ nil nil
phosphor-
us

L]

\n

When colour development was carried out at BOO, the
component of Rf 0.37 gave with ninhydrin a yellow-
brown colour slowly changing to purple, and with
isatin, a purple éolour feding to pink, and the com-
ponent of Rf 0.31, purple with ninhydrin and no col~

our with ieatin, except in the presence of much acetie
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acid (10, in the spray, when it geve a pink colour,

The nature of the couaponents kf C.58 and 0.51 of
the reduction wixture was exaained furtier: when
pprayed with neutrsl gilver nitrste, the twoe spots
gave yellow-brown cclours within about £ muinutes in
the cold, tnat with RiD.5& being the mcre intense.

An area of f D.11-0e1c 2130 3lowly darkened. Aith
& starch spr2y no comyponents were detected, but after
& subscyuent spray witn nitrous acid, an area of kI
CoiC to 2.20 turnea ovlue.

Tie silver carbonate-treated rescticn mixture was
chromatogrepned (BAw, L4 hours) together with baixiain
apd s-nuinopent-Y-ende scid ("allyl-glycine”), both
elone and sdxed with the reuction mixture, and with

pipscollce acid as atandard. The carouatozram wes

grrayed with nivaydrin and asated ui 80-90%  Plpe-
colic a2cld wmuved 3d. 2. Baikiain ran 2S.4cem., the

g Cistauce aa A canrponent (of xf 0.51) in the re-
action wmixiure; balkizin was not separated froum )
tiis caroaauosrsn in 8 miziure, snu boih gave the
gome zreen colour with pinhydrin, ano a whltish-piok
with isatin. goininuopsntenoic aeid ran %3.8c¢a,, 3nd
under ticge condivions gave s yellow-green with nin—.
hycrine A component (o0& 4f 0.37) in the reactiom
mixture rsn the asme disztance, and waa not separat-

ed Prom P-aminopentanoic scid when mixed; it also
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gave & yellow-green colour »ita ninhydrin. (It nas
been reported that the ninhydrin colour of Z-aminopent-
Leenolic gmcid 18 2 yellos~-green cuanging to a violet
(201 ). Iepetition of thie chnromatogram gave eiuil-
ar results.

The same 33uples «ere curouzatograpned sith benzyl
alconol:p-butanol 4:1 o paper bu fered aith /13
phospaate vuffer pi7.5 (as in section (b} anove,
for 40 hours. Tie aaulno=-&cida were detected slth
nipAydrio and isatin oprays containing much acetic
aeid, followed by neating at 110%.  fne very dis-
tinctive colours obtained, and the distances thae com-
ponsnts moved, are given in Table 24. {ripecolic
acid nas +f 0.16 in tils aystem).

Table Q. .
segsults of chromatograpny in benayl alcunu;:bntanol.

Component Listence Ainnydrin colour Iaatin
‘ colouy

Fipecolic acid 15.0cuw. rigat blue-violet Green

Bajkiein 10.7 Erigat yellow sriek

Zmimino=pente 7.7 Brown (grey edges, wanite

Lh=onric acid

Zruline . 6.0 vrange Tlue

L-tiydroxy~ Je7 Grey-brown reen
pipecolic

S=iydroty= 3¢5 Yellos {grey eiges, Creen
pipscolic

The compounds present in the reaction mixture
being exemined (nswely pipscolic scid, baikiasin, 2-
amincpent-i-enoic acid and L-hydroxypipecolic acid)
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with dry ether showed inep. 55#65° in = capillary.
On a hot atage under a microscope, 1t was obgerved
to undergo & change of crystalline form at 57-600,
forming nesdles melting st £5-87°. A mixed m.p.
(hot stage) with synthetic piperidin-l4-ol was 850.
(The syntnetic sample showed, on a hot stage, a change
of erystalline form at 59-60°, and melted at 85°).
The IR apectium of the decarboxylation product coin-
cided with that of synthetic plperidin-i-ol except
that a auwall peak at 6.3 was absent.

A portion of the Jecarboxylaticn produet was con-
verted into the H-p-toluenesulphonyl derivative, as
degcribed below for synthetic N-p-toluecnesulpnonyl-
piperidin-4~o0l. The product was obtainsd asz white
needles tepe 114—-115O (capillory after one recrya-
tallisstion from ethanol-water; mixed m.p. with
gutnentic N-p-toluenesulphonylpiperidin-i-ol,
115-116°.

Piperidin-i-0l1l: Lplcnlorohydrin was converted into

1,3-dichloropropan-2-0l with concentrated hydroch-
loric acid, as described by Hill and Fischer (202).
From 300g. of commercisl epichlorohyérin, 315g.

(755) of 1,3-dichloropropan-2-cl b.p. 175—1800
(mainly 177-178°) waa obtained. 1,3=-Dicyanopropan -

2~-0l was prevered from thiz as described by Bowden

and Creen (203) i.e. by reaction with agueous =zodium



255.
cyanide 2t 50-55°.  Two batches of £5g. of diehloro-
propanol ylelded a total of 43.0g. of redilstilled di-
cy nopropancl bep. 131-13%5° at 0.05mm (397 yield).
This boiling point is much lower than that guoted by
Bowden and Creen (1L5-155° at 0,02 to 0.05mm). The
c¢rude dicyanopropanol distilled at O.20mn., without
decomposition (b.p. sbout 180°) and left & consider-
sble residue, which deconpossd when heated to about
19@0. Yo decomposition occurred during redistilla-
tiorn. of the dicyanopropanol, and very 1little residue
remnained.

Hydarogenation of the dicysnopropsenol was carried
out ae described by Bowden and Creen (203) with
Reney nickel in et.anol. At 50 atmo=pneres there
was no uptake of hydrogen at room teupsrature, but
hydrogenation procceded readily on warmning. The
product (from L3g. of 31 cyanopropancl) wags éistillad
and gave 19.0g. of product, b.p. 106° at 14mm. to
1380 at 13mn.. This moterial cryctsllised almost
completely, and redistillation geve 1C.1g. (27%)
of colourless crystalline piperidin-i-ol, b.p. 11 4~
418° at 13mm. /

The N-p-toluenssulphonyl derivative vaa prspared
from piperidin-4-ol (0.194g.) in water (5ml.) and
gouium hydroxide (0.5ml. of 10N) with p-toluene-
pulphonyl chloride (0.42g., 10% excess), added in
acetone (2ml.). The mixture was boiled gently fa
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20 minuces and coolede. The o0il which had s:sparated
then solidificd (QeLcdie)s It crystallised very
slowly as needless frou @tnanol—wafer, and the product
ned MepPe 123—12&0, after sinterving at 115° (capillary).
kecrystallisacion gave s product fiepe 125-126° with a
cnange of crystalline form at 1179 (hot stage). An-
other recrystallisstion gave white ncedles, m.p.115=-
116° (caplllary), sometimes re-solidifying and melt-
ing again at 125°% Lit.(Z0L), m.p. 131-132° from
benzené.

keaction Of veriodate with pipecoliec and U-hydroxy-

pipecolic acids.

() In unbugffered solutiocn: 7To €15 millimol. of

amino~-acid in water, Z5ml. of potassium periodate
(approx. 0.02M) was added, the solution wae diluﬁed
to 50ml. ond ieft in the dark st room temperature
(22—2300). Mive ml. aliyuuts weve witndrawn at
intervals and added to & mnixture of 5.0ml. of stand-
ard D.i0-arsenite (accurately ueamsured; and about
40mle. of 10U sodiwe bicarbonate, After an interval
of 10-15 winutes, iml. of 20, potassium 1ocide in
10% sociua bicarbonate solution, was added, and the
golution was titreted with standard O.i1N-iodine snd
starch as indicator.

Pipecolic, nipecoltic and isonipecotic acids were
added as their hydrochlorides, together w#ith 1 eguiv-
alent of sodium hyd roxide. The final pH of the
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pipecolic acid solution was 3.8 compated with 6.0 Tor
L-hydroxypipsecolic acid,

Aliguots were titrated after 32 minutes, 2 hours, &
hours and 24 hours. The following coapounds gave
titres not significantly éifferent from the blanks run
gimultanecusly (i.e. less tnen O,1mol. of periodate
per mol. of amino-acid): plycine, pipecolic, ripecotlc
isonipecotic and b-nydroxypipecolic scids. serine
conzuied periodate as follows: 20 minutes, 1.5mol, of
periodate per mol. of serine; 2 nours, 1.8; & hours,
1.4%; 24 hours, 1.%Z.

(b) 1In alkaline solution: 4 0.05# sodium borate sol-

ution was prepared (standard ph9.15 at 2500)_. To 50ml.
portions, N-sodium hydroxide wes added, and the pH
measured, with the following results: 1.25ml. of
alkali, pH9.42; 2.5ml., 9.65; 35.0ml., 10.23.

The above titration wee revested, using in each
reaction nixture, 2nml. of & sclution prepared by mix-
ing 10 volumes of 0.0bu-borate with 1 volume of N-
sodgium hydroxide. The following pt values werec Ob-
teined at the end of the 24-~hour reaction pericd:
blank, pHY.77; pipecolic acic sclution, 9.€2; k-
hydroxypipecolic acid sclution, e 706 The reaction
temperature was 19-21°.

The following compounds gave titres not differing

gignificantly from the blanks in 24 hours; zlyclne,
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pipecolic, nipecotic, 1isonlpecotic and L-hydroxypipe-~
colic acids. Cerine consuned periodate as follows:
30 minutes, 0.9% mol. of periodate per mol. of amino-
acid; 2 hours, 1.1; & hours, 1.2; 24 hours, 1.5.

(¢) Proline and pipecolic acid: The reactions of

proline and pipacolic acid wlth periodate in zeld,
neuteal =nd alkeline sclutions were caugared. Proline
(about .15 millimol.) was used as the free amino-
acid; an acidic solution was obtalned by adding 1
egqulvalent of sulpiaurle acid. Pilpecollc aci@ was
upad as bthe hydrochloride; an attempt was made to
obtain a neutral soclutlon by add;ng 1 eguivalent of
standard sodilum hydrczida, Alkaline golutiona were
obtained with the borate-nysroxide mixture as in (b).
Blanks were run ln neutral and alkaline solutions.
The pil of each zolution was ixasured at the end of
the 2L hour reaction period.

The results are shown in Table 5. The blanks
ussd had pié.8 and 11.3. The titre for pipecolic
acid at pili2.9 after 34 hours differed from the blank
by D.08ml.; titres were reproducible to within
gbout 0.03ml,

The acidic proline soclution had a strong amine

odour at the ené of the 24 hour period.
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Table e ":gl .
Reaction of pericdate with proline and pipecolic acid.

(inol, periodate consumed per ucl. amino-gcid).

Tinal pH 2 noure 8 hours 24 huurs
roline 3.9 il 0.6 0.8
6.8 002 0.7 1 .3
11,3 Oet 0.1 0.2
Pipecolic 2,9 - 0 0 0.2

acid

e3 0 0 Oe1
1165 0 o] o P |

The resction of vroline and pipecolic acid with
periodate in the prescnce of acetaldehyde (1 and 5
equivalents), was investigated; the acetaldhyde
had no influence on the consumption;ggriodate over
24 hours.

(d) Reaction over & days: 3Solutions of about 0,6

miliimol. of pipecolic and 4L~-hydroxypipecolic acid

in 100mls of 0.01M—periodate were preapred, The
golutions of pipecolic acid hydrochloride contained

1 eguivalent of zodium hyéroxide (initial pH, 3.2),
no addition (pH2.5) and 1 eyulvalent of sulphurie
acid (pH2:i2)¢ The L-hydrozypipecolic acld solutions
contsined no addition (pHE.2) amd 1 uguivalent of

of suiphuric acid (pH2.-3). Blanks run simultaneous-

1y contained 0.5 and 10ml. of O.41N-sulphuric acid.
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The ixtures were left in the dark at room temper-
ature, which varied from 10 to 20°C.  Aliquote (5ml.)

titrated :
weresafter 1, 2, 3, U and 8 days. No significant
reaction was detected after L days. The results
after 4 deys sr= given in Table 26.
leaction of periodete with pipecolic acid and h-hy-
droxyplvecclie scid in 8 days.

wH Concentration Titre Consumption

Pipeceollic acid Ze? N.56 3.,55ml. 0.8

25 0.60 3.4L8 0.5

P2e2 0.63 2145 0.4

Lh-Hyaroxypipe- 6.2 0.54 3.65 144
collc

Pe. 0.53 3.52 0.7

Concentrations given as millimol. per 400ml.

Titre given sa ml.0. 41N-iodine per 5ml. aliquot
- (blank, 3.33ml.)

Consumption given as mol. periodate per nol,
amino-acid.

Uxidetion of L-hydroxypipecolic acid to L-oxopipecolle
acid.

in 8N solution of chromie scid in dilute sulphuric
acid was prepared according to Djerassi, kngle and
Bowers (205) 1.e. 26.72;. of chromium trioxide and
2%0l, of concentrated sulphurie acid diluted to 100ml.
with water. This golution was used throughout the

following work. The acetic acid used was purified
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The L-hydrozyrpipecollic zcid used in thils a=ries
of experimente conteinsd between 2 and LT of pips-
colic scid.

(a) Preliminary investigetiona: It was fouund that

cxidation of h-hydrowypirecolic acid in vwater with
chromiuvm trioxide wes very slow at 150, and at 107°,
oxidztion was too general, e.g. although reduction of
L4 squivalents of chromium trioxide wasz almost complete
in 4 hours, much L-hydroxypipecolic acid remained. 1In
acetic acid at 100°, oxidotion of lL-hydroxyplpecolic
acid was repid, none being detectebhle after 5 minutes
with 4 equivelentsg of chromium tricxide. In scetic
acid at room tempersture (sbout ?OO), oxidation with
Ly ggquivalents of caromium trioxide for 1 hour result-
ed in oxidation of 211 c¢f the lL-~hydroxypipecclle

ecid; with 2 eguivalents of oxidant, soms 4-hydroxy-
pipecolle zcid renzined after 12 hours,

The oxidation product was detected on chromato-
grams (BAw) as a sgot of £lizhtly lover Rf than L-hy-
aroxwypipecolic scid which gave a yellow colour with
ninhydrin; reduction =t pH9 with excess of scadiunm
horohydride resulted in the removal of this component
and the form:tion of cis-L-hydroxypipecolic acid.

(As the solution of keto-acid contained sane L-hy-
droxypipecolic acid, 1t was nOt possible to determine

if the reaction elso gave the natural epimer).
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(b) Small vrepamiive oxidatian: To a aolution of

h-nhydroxypipecolic acid (0.29g.) in acetic acid (20md.),
prepared by warming to about 50°C, 1ml. of &li-chromium
triorxide (4 equiv.) waz added. The temperature, in-
1tially 20°, rose %o 30.5° in 40 minutes, then slowly
fell., After YO wminutes, methanol (0.Z2ml.) was added.
Next day, the mixture was fiitered and the chromiun
gelta were washed with acetic ascid; the solution and
washings were evaporated under reduced pressure and
left 2 clear resicue (0.30g.).

In order to remove acidic oxidation products,
(c.r.206), the crude product was added, in water, to
a2 column of Permtit leacidite FY¥ (3Lg. wet weignt;
28 X 1.%cm.) in the acetate for, and washed through
with water, Paper chromatograms of the «luvate “rac-
tions showed the vressnce of L-0xo~-plpecolic acid and
a trace of pipecolie acid, but no h-nyaroxypipecolic
acid; no other ninhydrin-positive substances were
prezent. Subaequent elution of the eclumn with 0.5%.
1% and 2/ agueous acetic acid gave no further material.

The purified product woas evaporated under reduced
pressure to a syrup .hich crystallised on the addition
of dioxan. Attempts were made Lo recrystzllise thle
product from water-dioxan, but it wea difficult to
obtain the rigsht proportions with the small amount of

product (50-100mg. ).
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(¢) Freparative scele. Isolstion of the free keto-

acid: U-Hydroxypipecolic acid (2.14g.) was dissolved
in scetic celd (15Mal.) by wanmning to kﬁo, and the
solution was cooled to 20° before addition of chromium
trioxide (7.5ml. of ON; U4 equive.)e The teugerature
wan controlled by cocling in an ice-bath so that it
did not exceed 3200. After 1% hours, the solution
was decanted from the preclpitate of chromium salta,
and methanol (Zml.) was added. Atter 4 hour (which
croved inauffici=nt for couplete reduction of the re-
naininz caromium irioxide), the solution was filtered
and evapcrsted uander reduced pressure to a syrup
(1.9g.), which was dissolved in water (50ml.) and
added to the Leacldite F¥ coluwn (ag in (b)) in the
acetate form, and washed through with water. The
Pirat 150ml. of effluent contained the keto-zcid;

this 3ligntly purple zolution was evaporated under re-
duced pressure to a fcam (0.79g.) which crystellised
on the additicn of a fsw drops of water. ‘he product
crystsallised froa water-isopropanol in =mmall almost
colourless needles (0.L1g. ). A sligatly acidic
agueous solution was not decclourised by carbon, ke-
crystallisation from an agueous ayrup gave small
needles (0.13Lg.) which, on heating began to develop

8 brown colour at 1450, sintered to 155° and foumed

at 2479. A sample dried at 60° over Pp0s at
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atmospheric pressure for L4 hours gave an unsatis-
factory analyais. (Found: C,43.8; H,6.9; N,8.3.
CgligNUx. 1,0 requires Colul4e7; H,849; N,B8.7%).

An sgueous solution of this vroducet was optleally
ective; the ovticel roteticn of a 1% solution at
150 wes - 0.0970.

(d) Prepsrative scale.  Investigation of isolation

procedure: The oxication was carried out as in (c);
the temperature wag allowved to reach 26°C. The re-
action mixture was left overnight after the addition
of methenol, filtered and evapcrated under reduced
pressure. The residue was dissolved in water (200ml, )
and, while boiling, treated with an excess of barium
carbonate. The filtered =zolution was paseed through
the Leacidite TF colunm (&s in (b)) 1n the acetate
form. The first portion of the effluent, which
contained the keto-acid, was evaporsted under reduc-
ed preesure to a syrup (L.7g8.)e. Thls contzined
much chrowmium; 1in an attempt to remove this, the
product was uissolved in hot acetic acid (15ml.) and
concentrated sulphuric acld (4ml.) was added. Crys-
tals formed slowly over a period of days arnd the
solution became zlmost complstely solid; filtration
was impracticable. The mixture was redissolved in
water and passed through.the Deacidlite IF column

(in acetate rorm) to remove sulphuric acid, and the

eluate was evaporated with several additions of
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water to reiove as uuen acetic scid as possible.

The rosidue, in water (Hmml.), was made slightly !
s1kxaline with sodium carbonate (2.65g.) snd a solution;
of sodium borohydride (N.85g.) in water added in
portions over 15 minutes; the mixture wes left over-
nighte An attemnt wss nade to obtoin & copper =alt
of gig-u-hyﬁroxypipacolic acid by ndjusting the pol-
ution to vHS with Aacetic acid and adding copper
acetzte {hg.)s Yo praiuct wngz obtained.

The sulution wasz stropngly acidified with hydroch-

loric 2¢id 2nd evaporated, Th= rasidue wna extrsct-
od with ethanol. ™e green extract was evaporated,

and the re-idue, in water, was ftrested witn hydrogen
sulphide until no further nreclpitation off copper
sulphide was obtained; the 20lution was ureen.

The sgolntion wns added to a 7eokarb 225 coluin
(501.) in the acid form, the column was washed with
water, cnd then the smino-scid was eluted with
amuonin. The first fractions contained chromium,
out the amino-scid remained on the column snd was,
eluted by the ammonia. At this stege it had been
obgerved (next sxperiment) that the keto-acid could
be eluted from Teokarb 225 with dilute hydrochlorie
acid. The smino-acid fraction wes returneq to the
¢olumn, and eluted as follows: 11. of 0.1N-HC1,
o50ml, of 0.PK-HCl, ©50ml, of 0, hN-4cp, 250ml. of

0.8K-HCL, 2h0ml. of water, 500ml. of 3N~ammonia.
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Fractione (about 70mt.) were collected and eveporated
t0 drynecs, end ihe resiwes sere isken up in 1-2 mlq
of water. Paper coraiatosraphy (RAY, LO hours)
ahowed that both epimers of L-hydroxypipecolic acid
were pregsent in the earlier fractions (D1 to 02N~
(1), and later fractions (0.L-0.8N-HCl) also con-
tained traces of pipecolic acid. The hyarozxyplpecolic-
scid fractions gave A crystalline residue (0.%1g.) on
evaporation. This wee cryatalll=e=d from weter-
ethanol, but only sodium caloride was obtained (0.%1g.)e.
The mother liguors were treated with dinitrofluoro-
benzene (0.%0g.) in water (5ml.) and ethanol (sml., )
with sodium bicarbonate (1z.), 2and the N-2,l-c¢initro-
phenyl derivative isclated in the nusval m2nner (195).
The erystalline product was recrystaliised from
etnanol-water as smll yellow prisme (0.27g.) M.D.
434%, alone and mixed with N-2,h4-dinitrophenyl-clg-
L-hydroxy-L-pipecolic acid (see later).
(e) Preparative seale. Isoletion aa *he hydo-
chloride: h~liydrosypipecolic acid (2.18z.) was diss-
olved in a mixture of acetic aecid (150ml. ), con-
centrated sulphuric scid (1.73ml.) and water (3ml. ).
Dissolution was rapid at rcom temperature. Chromium
trioxide (7.5ml. of #N) wes added and the temperature
was kept below 20° by cooling &% intervals c¢uring the

first 20 minut«e. After 1% hours, methanol (5ml. )
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was added and the wixture was left 0vernight.< The
aolution was "ilterec, Jiluted with water (50Dml.),
and, while boiling, treated it barium carbonate.
This .aolution wsz filtereu, anu freed from excens
bariva with ﬁulbhuriu acid, "ne zolution was then
evaporated under reduced yressure to a syrup; and
passed tarough ¢ column of Leaeciaits ¥F (as in (b))
in the scetate forn. The initial eluates, contain-

in

[

the keto-acid, were evaporated under reduced
pressure tc 2 syrup (L.7g.) which did not crystallige
from water—-igopropunci.

The crvde product was sdded to a Zeokarb 225
column (50z.) "nd cluten with d¢ilute hyirocnloric
acid,. Tad pAassages were required to obtain a
chromatozraphlieally pure xeto-acid fraction. The
more sucecesgMil serley of eluanis was as rollows:

11. of Qu4N-GLCE, “50ul. of O.2N-hidl, £50ml. of O.4N-
HCY, 2%0ml. of Q.2H-ACl, 250wl. of water, 500md. of
3N—ammoni=a, Some erraalwa passeu thrwen the sclut-
tion without much retardaiion, but some was eluted by
0. 4N-iiCls The keto-acla was eluted by O0.41N-HCL,
with trecea in later frachions. A ninhydrin-pos-
itive component, Ef D,29 in Ba. (pipecolic acid)

Rf 0.38%; Lketo-acid, 0.23%; L-nydroxypipecolic aecid,
0.24) was sluted by 0.2N-{C1, and pipecolic acid
partly by O 4N-1Cl with scms remmaining, t0 be re-

moved by the ammoniae.
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The Xeto-acid fractions ciystollised on evaporstiong
these iractlons were collocted and the keto-acid hy-
drocinloride waa orystallized from wateo-igopropanol
in prisus (O.l1g.) which ovecaire brown at 1500 and
fomned at 1950. Kecrystallisation frua water-iso-
propanol gave L-oxo-L-pipecolic scid hydrochloride
aa prisag widch lurned brown at 1950 and foaumed at

0
Z0h .

Tne -other ainhydrin-positive prouuct was iden-
tifizd as /?—alanine by paper chromatography
(BAw, 30 hours). Tie unknown was not separated
from a sauple of /Ky—alanine, and the coloura given
by /67-a1an1ue with ninhydrin (blus-violet) and
with isatin (light-biue) were identical with the
colcours givsn by the unxncwa.

(1) large preparative oxidation: Oxidation of Le-

nydronypipecolic acid (8.72g.) was carried out in
four btatches of the game zize nd under the szme
conGitions &3 in (&). Lfter veducetion of the ex-
cess of cavomium trioxide with methanol, the sol-
utione wers decanted from the chromium salts (which
wers exsminsd separately) and evaporated under re-
Guceu pressure to about LOml. and, after dilution
with water, treated with bariuu carbonste to re-
nove culphate; excesgs barium was reoved with
sulphuric @cid.

The solution was added to a Zeokarb 225 column
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(200g., 53 x 2.5cm.) in the scid form, and eluted
with dilute hydrochloric =zeid. The elua te was coll-
ected in Z50ml. fracti onas. The following serles of
eluants wes uped:; fraction 1, feed solution; 2,
2650ml., of weter; 32-10, 21. of 0.1N-HC1; 414-12, 500ml.
of 0.2N-HCI; 13-16, 11. of O.LN-HC1; 417-20, 11, of
0.8N-HCt; 21-22, 500ml. of water; 23-27, 11. of 3N-
ammonia. The fractions were svaporated on a water
bath, and the reciducs were redissolved in water and
examined by chromatography (BAW, 412 hours, 27.4em.).
Chromium was present in fractions 1-6 and 17-20; the
keto acid which gave an elongated spot Rf 0.20, was
pregent in fractiona 411-16; ﬁ-alanine, Rf 0.24,
was present in fractions 16-20; pipecolic acid, RP
0-35, was present 1in fractions 19-20. The rirst
ammoniacal eluas te (fraction 24) contained some of -
each amino-acid, especially pilpecolic acid. The
miztures of amino-meids which cccurred in some
fractionas were separated on a S50g. Zeokarb 225
column. The keto-scid fractions were combined and
evaporated to a thin syrup under reducedé pressure.

The cooled syrup gave g—oxofngipecolic acid hy-

drochloride monchydrate as small white needles

2)
(1.28g.) fosming at 203° [ci]p + 3,8° (¢, 2 in

water). An airdried semple had a loss on drying
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(Found: C,3%9.9; ii,5.65; N,7.3; C1,19.4.
C§ﬁ903N;ﬂ01 requires C,u0.4; il,5.6; N,7.3; 1,
19.78).

Addition of isopropanol to the mother liquors gave
further crops: 2.35z. of pink needles, foaming at
203° and 0.29g. of brown crystals, fosming at 19:°,
The mother liguoras on evaporstion gave brown cryetals
(0utBze e The yield of pure hydrochloride was 3%,

The /é?—alanine fractions from the above isolation
gave on evaporation a crystalline residue (0.59g.),
which was di2solved in wster and godium hyoroxide
(9.6ml. of 1N), and the cooled svlution wag treated
with phenyl isocyanate (about 0.75g.) until diphenyi-
“urea was vrecipltated, The filiered soluticn gave,
when acidisied, crystals (0.27g.), MeDe 1&6—1570.
These were suspended in 5/ sudium carbeonate sclution,
(The ingoluble portion was recrystallised from water
to give pipecolic scld phenylhyiantoin (47mge ), Mepe
155-1570, jdentified by mixed m.pe. with an authentlc
sampla. ). The sodium carbonate solution was acidi-
fie¢, and gave N-phenylcarbamoyl- /5 -alanine (0.17g.),
m.p. 4164-1699, mixed m.p, with a pure aample,
170-472°.

E-Phenylearbamoyl—/é’—alanine was prepzred from

/8 -alanine (0.356g.) in O.5N-sodium hyaroxide
(5ml.) with phenylisocyanate (0.60g., 25% excess);

0.L460g. (55%), MeDe 174-172°. Recrystallisation
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from water gave feathery crystsla, changing 1n 2L
noura tc large dladesn, M.l. 17§-17h0. Tit., m.p.
1719 (207).

The chromium s2lts deposited from the acetic acid
sclution during the oxidastlion wer=s Jdisaodclved in
water, and ihe Xketo-acid and//9>—alanine were isolat-
ed as abwe, doat of the chromiuvum was elvted from
the Zeokarb 25 column after the/é?~a1ﬂniné fraction,
Tne large smount of caromium present made 1t neceas-
ary to repest the geparaiion with the ion-exchange
column five times. The keto-acidé fraction yislded
0.53g. {(L%) of nydrochloride foaming at 203°; the
mother liguors contained a wixtuore of ccmponanta
(0.36g. ).

The /é?—alanine fractionas xave a cryztalline
residue (41.04g.) which when {rented with phenyl 1so-
cyanate as above gave a projuet (0. 2hg.) MeD. 124 o'
separated with aodium carbonate solution into nhenyl-
urea (¢27mg.) m.p. 146-147° slone a2nd mixad with an
autiientic sauple, and §uphenylcnrbamoy1-/é?-alanine
(014 ge) Mmepe 162-165°, mixed m.p. with a pure
sanmple, 169-1710.

e acidiried mother liguors from the phenyl
isocyanate reaction were invextigated. They were
heated on a water-bath for & hours, which gave no
precipitate, snd evaporated on a water-bath., Ex-

trauction with ethanol gave crude aniline hydrochlor-
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ide. . (It 12 possible that the/é? -21lanine fr=ction
from the columng contzined aome amnonivum enloride,
whieh would lead to this result).

The total yleld of cryatalline geto-azecid hydroch-
loride wag 36%, and the g-uhenylcavbamoylj/?talanine
obtedined corresponded to a 2.2% yield.

h-uzo-l~plpecolic neid nnd derivatives.

-

L-yxo-i-ginecolie neid: The hydroenloride (0.47.) wae

acded to 7eokarb 228 column (?8g.) =2nd the amino-acid
waz sluted with N—amaonia. The amino-acld fraction
wan evoporated under veducsl preasaure to a ayrmwn, 2nd
{aopropenol wan added. Crystalitisstion meve li-oxo-

I~-pivscolic neid monohydrate sa colourlesa prigig

{0.19c.) waich Garkened slightiy at 130-140°% end
Ponuwed at 2L0°%. [=<T8—1h.%° (G, 1 in water). An air-
driea emmple waz anaiysed. (Pound: C,uh.3; H,7.0;
N,8.5; CgHgOsl.iis0 requires C,ul.7; H,6.9; N,5.7%)e
The N-2,4-dinitrophenyl derivative, prepared in
tne usual way (195) was a thick oll which darkened,
apparently undergoing aserial oxldation.
Phenylhydantoin: To & solution of h-oxo-L-pipecolic
scid hydrochloride (0.40g.) in water (bml.) and sod-
jum hydroxide (Lbml. of N}, cocled 1n an ice-bath,
phenyl-isocyanate (0.30g., D5 excens) was added with
ghaking during 15 minutes. Diphenylurea wes removed
and the Filtrate wag acidified. Cryat2ls hegan to

form after about 10 minutes and were collected next
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oay, as colourless neeuies, mep. 157% insocluble in
dilute sodiwa carbonate solutiova. (Found: C,063.8;
iy 5605; 1,113, 015H12H2 05 reguives C,55.9;  d,4.99;
N,41e5,0)e The product was the phaenylhydantoin cf

L-oxo-L=pipecolic acid l.a. J~3'=phenyl=b-oxopiperid-

100 = (14,2:1.9" j=uydantoll.

s aclution in eteunol exnibited mutarotation,
gpparently oue to nemi-acetal Coruction. A osolut-
jon of 4100mg. 1b £Huile, of etnancl, prepared by wari-
ing, had an optical rotstion which changed from
-O.9u00 to 2300 %0 -0.&370 after 25 hours. The sol-
ution was poiled for & hours, and tnen concentrsted.
Crystsllisation wos very slow and cccurrved cooly after
the voluwie nad been recuced to about wl.; SOug.,

Hie e 1&70 nione and nixed witih the oviginzl mnaterial.

The product wes still optically active; = (.16, sol-

3
ution in ethanol, prepared uging neety, had[qunﬁﬁv.

Recrysteliigation of the originsl ssmaple (450mg. )

from ewnanol (10ml.) us guickly as posslible, gave

T [ My B Q 1, F 7
clusters of needles, (1Cduige ) LeBe 127 o L QL2665
golucion of this metevizl was prepered in etnanol

without the use of heat; 10 minutes after addition

x

of soulvent, e soluition aad an opticul rotation of

{ 23 >
~0.:8° at 3%, i.e.[x]-07.0 (¢, 0.356 in D).

Reduc tion i i=0x0=L=pipecolic acid with sodium bovo-

nydride: cis-b-hyaroxy-J-~pipecolic sacid and deriva-
——— g

tives.
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A solution of bL-oxo-~lL-pipecolic acid hydrochloride
mouchvdrate (fo.) in woter (P0ml.) was made alkaline
(ebout 149.0) with Nopotassium hydroxide (16.6ml. ),
cooled to ?00, and 2 solution of sodium borohydride
(112mi., 205 excess) in water was added in porticns.
APter ench addition there was an immedlate teaperature
rize, but no colour, The solution wes left at room
temueroture for 1 hour, and then acidifiled slightly
with acetic eclid. The solution was added to a Zeokarb
208 aolurmn (P5g., 27.0 x 1.%cm., acid form), =2nd the
anino-acids were recoverod with N-ammonia. Thia
fraction was evaporated to a thin syrup, wnich gave
crystals on the addition of ethanol; 1¢058¢, Mepo
Zéﬁudecomp.. A asecond crop (0.23g.) had m.ps 250-
?630 decomg., 2nd the mother liguoy contained 0.27g.
of material. Papsr chromatography (24 ., 40 hours)
showed thzt the cryet2lline fractions contained main-
1y glg-&—nydroxypjpﬁcolic acid with a trace of tine
nntural isouwer, but, in the mother liguor, the nat-
urel izomey predonina ted, The yield of crystallire
cig-epimer was 78% (calculated as monohydrate ),

Cryatollisation from agueous ebthanol guve pure

cis-h-hydroxy-L-pipecolic acid mononydrate as colour-

23
legs plates, MePe. 2650 decompe. [549-19.50 (Q,1.12h in
26
water) [o(] %7.9 (C,1.12L in 5N-HCR). (Found: G,
D

L3.6; H,2.4; KR,8.4. Cgilyq 031, Ho0 reguires Cohl4e2;

f]

f{.,t"-o; 1‘{‘,(3.6;.,).

{
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Copper salt: Cis-h-hydroxypipecolie acid (163, )
wnas boiled in water (20ml.) with copper carbonzte
(from A00m;. of copper sulphate pentahydrate), for 4
hour, the solutlon was filtered and the rasidue was
washed with boiling weter. fThe filtrate and washinge
were concentrated to a weight of bg. Crystals ol the

coppar salt begar to fora after a few hours at room

tempersture, and were collected after 2 days; shin-
ing, deep blue plates (Eumg.),m.p.2u5° dacomp.. The
notner liguors were concentrated to 2.1g. and the
orystale which formed were collected after 1 week
(33mg.). The copper salt did not lose any weight
waen kept over asphydroue celcium chloride. An alr-
aried sample - as anzlyseds (Found: N,6.6; Cul,1649:
€, gty oMy O Cue Wi,0 requires N, 6£.6; Cul, 18.7%),

t.;ﬂ'flllTVfJ¥'~:3 - “tive: T™hie was prepared 1in

the same way 8s the derivative of U~hydroxyplpecolie
acid, It was obtained in 62% yield as crystals,
MePe 1320. Recrystallisation from ethanol-water

S, P T ok sk ! " 3 - " 4
Ll_—- ‘_ Opraany =200 8—ii=4 - St Lot o 11 oL

o
= e ———— - e e e . e . - 4 I ~

ol

acid as small yellow prisis, Mm.p. 134°. (Found:
ﬁ-Bgnzexl derivative: A zolution of cis~i-hydroxy-
l-pipecolic acid monohydra%e (163mg. ) in water (lul,)

and sodium hydroxide (2.2ml. of N) was cooled in ice
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and benzoyl cnloride (0.15g., 1.1 equiv.) was added
in portions with shaking. The solution was f'iltered
and acidified with hydrochloric =cld. A layer of
lieht petroleum was added, and the udxture was left

at 0° overnight. ﬁ-“enzoyl_cis—hmnyaroxypipﬁculig

acid monoaydrate crystallised as loose clusters of

colourless bladea, which were collected after 2 dnys;
119mg., meps 104°, [o(ﬁ-ﬁ?.ﬁ" (C, 1 in ®tlH) (Found:
C,52.45; H,b6.45; E,E?ﬁ. 613H15Ohﬂ; H,0 reguires
C,56.b;  H,6.5 W, 5.2%).

The ssme product wasp obteined when 2.2 equiv. of
benzoyl chloride was used in the benzoylation.

The molution of the above product (100mg.) in
etnenol (10ml.) vsed for the ceasurement of the uop-
tical rotsetion was concentrated with the addition
of water. Cyrystale (blades) formed slowly frou the

2b 5

cold solution: 7bmg., MeP. ﬂ910 [e(]<—55.5 (¢ 1
’ b

in htoﬁ} (Found: C,55.65; H,&.h} Ny5.2.

Gy 2ty 5O N. HyO reguires C,5.4; H,b.l; N, 5.2%).
Thig appears to bg a second form of N-benzoyl-cile-
L-hydroxy-l~pipecolle acid monohydrate. 10l xed
m.p. with the first form was 1910. The IR spectra
of the two forms (in chloroform solution, Cgky
priem) wes similar over the region 2.5 to 6.5)*x.,
showing pesis a2t 2,93 (w), 3.u42(m), inconpletely

geparated peaks at 3.73 and 5.01(8; and a peak at
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6.15(s8) with shoulders at 6.23 and 6.35. Both
forms dissolved readily in cold soadian bicarbonate
golution with evolution oi° carbkon diozide,

A eryatalline product was not obtained fromn the
reaction of g-benzoy1-§;§-u—hydroxygipecolic acid
witn scetic snnyaride in the cold.

Gynthesis OL ¢i3 d:ﬁ;klg{hpiyﬁéolic_ﬂcid by catalytic

e g ) —

hydrogenstion.
#_5agj”§:9hlpgpp;99;1g§§g: Tnig was prepared as desg-—
cribed by .logher and Look (15%) by the action of
thionyl chloride on picolinic acid, rolloved by ee-
terification, Crude msthyl 4-chloropicolinate was
{solated by fractional distillation, b.n. G8-194°
at 2mn,, sud recrys3tallised froo an egqual volune of
ligihht petrcicun; a %7, yield of vnrojuct, fep. MB-
52O was obtained (sosher and Look guote 2 719 vield,
MaDo 57—550).

y-Benzyloxypicvlinic seid: Xeaction of methyl l-

chloropicolinate (147280 ) Mith sodium henzyloxlde
(from 0Q.3i. sodium) in benzyl alcohol (12ml.) gave,
after nyarolysis with socivm hydroxide in 2067
ethanol, L-chloropicolinic acid (0.59g. ), meve 189°
decomps; 1it., (154), 16018109, (155), 184-1829,
(208), 1639, (209), 1 34=495°.

The following procedure was found to glve re-—

producible resulis: methylfu—clloropicolinate
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(2e43g.) wo3 dlanolved in bepnzyl alconol by aligat
heating, #nd = colé solution of sodium (1g.) in
fresnly oistilled henzyl aleohol (30ml.) (prepared
witi tite benuyl epleohol alamost boiling to reduce
the vigeoaity o th - solution) wss added in portions
witih ztireing. The mixtire was bolled gently for
Lo ainutes, The solution was cooled, becoming mel-
& tinons, ana wnter (¥Mml.), ether (100ml.) and hy-
crochloric scid (50ml. of 2N) were added in tnat
WERATCIAN The wlgtues was ahaken, =nd after separation,
the ebier layer was washaed twlce with 2N-aydrochloric
acid, and diecarded. The acidiz extracts were com-
biped and wanied ith ether. Sodium nydroxide (50ml.
cf 3N) ap «dded; a crystalline crecipitate Tormed.
Phe wizluwe was bolled to vemove ether, and was left
at GO overniyht. The crystalline product consisted
of the =oiium <alt of L-Lenzyloxyoicolinie scid
(3.855.) and was colleeted, dissclved in hot water
(coil.) and sestic acid (1.3ml., slignt excess) was
rdded . cupll white nrisme (2.95g.) separated slow-
iy and were collected after 2 daye at 0°. keerysta-

11ieution “rom ethamol (carbon) gave L-benzyloxy-

picolinie scid (7,40 ., 52%), vrisms m.p. 172°
(tourd: C,68.h; H,5.0; N,5.9. OCy3iiy40z8 re-

gquires C,69.4; [I,0.5; H,6.1%)

he hydvochloride, crepared rrom the acid (0.58g.)

crystallieed in needles (0.56g., §3%), mep. 158°
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raised to 162° by recrystallisstion from SM-hydroch-
lordic scid. (Found: G,5h5.2; 1,5.0, H,b.86; 1, 13.2

013ﬂ1503N. 101 B0 reguires (,55.0; d,5%.0; N,
4e9; Cl, 15.5%).

When the hydrochloride was ussted above its el b=
ing point, crystala fowmued 1n the liguid (at sbout
2050) and a second m.p. 238-250° decomp. oSccurred,

The hydroehioride (N.39g.) was heated 1n an oil
bath at 200%. It welted snd resolidified; a licouid
vhich digtilled had the odour of benzyl chlorice. The
a0lid product was waghed witn lizht getroleuwn and
Prom water rave 4-hydroxypicoliniec acid (0.15g., 73%)
as colourless prisms, m.p. 256Y deconp., 1lone or
mixed with Y-nydroxypicolinie acid obtained hy uy-
drogenoiysils of h-benzylogypicolinic acid (see below).

Catalytic hycrogenation of L-benzyloxypicolinic acid:

ilydrogenation of u-benzyloxypicolinic aecid (9g.) in
sli=uyarochiloric seid (zCul.) at room temperature and
pressure in the presence of platinum (from 0.1g. of
oxide) proceeded rapidly, the waterial being com-
piletely diasolved after ¢ nours. Uptake of hydrogen
ceaged after 29 hours. Pfaper ciromatography showed
that pipecolic acid wag preaent - no ctiner comzound
waa detzetad oy ninnydrin or'by isatin. Tno fllter-
ea and concentrated solution depozited i-hnydroxy-
picolinic acid (0. :2g., 35%), which was recrystalliged

from water as small prisias. The m.p. varied from
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one determination to another, being in the range
255 to 258° decomp. Lit., (210), m.p. 257-258°,
(211), 254-255°. (Pound: C,51.7; H,3.6; N,10.1,
Cale for CgHgsHOsz : C,51.8;. H,3.6; N,10.1%).

h-Benzyloxyplcolinie acid (50mg.) in solution (1ml,)
was shaken for 2L houra with hydrogen and platinum at
various temperatures, and the products were examined
by paper chromatography (BAW, 24 hours). The ex-
perimental details and results are given in Table 27.
Table 27.

Products of hydrogenation of h-benzyloxypicolinic acid.

Plat~ Solvent Temper- Products.
inum ature ‘
Pipecolic l~hydroxy- clz-bL-
(1nge) pipecolic Ty, oXy-
pipe~
colie
5e5 SR~1CL 6500 -+ N1l
Tl Acetlc €65 + U -+
9.5 Acetlc 105 + n -+
1344 Water 105 “+ 4 + + 4
9.1 1.5N- 105 Trace Nil Nil
N3

The L~hydroxypipecolic acids oﬁta;ned in the hy-
drogenations gave the same colours with ninhydrin and
isatin as natural L-nydroxypipecolic acid. [The syn~
thetic isomer of higher Rf (in BAW) hed the same RT
ag natural L-hydroxypipecolic acid, and was not cep~

arated from it. The isomer of loser Rf similerly
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had the eame RE as cig-li-hydroxypipecolle acid cb-
tained by teating natural b-hydrorywpipecollic acid in
barium aAydroxide, -

Hydrogenstion of L-benzyloxypicolinie acid (13%5mg.)
in water (4ml.) with piatinam (Ahwg.) For L hours at
105% and 70 atmospaer=z gave a product containing mieh
pipecolic and eig=-h-aydroxyelpecolic neid, 2nd s ome
h-nydrogxypin=colic acid, Tne a0lntion deposited
cryatals (34.6mr.) identified na h-nydroxypicolinic
acid by m.t. and nized mMeDe.

hefiydroxyplceolinie acld aydrogensted under the zame
econditions save the same producta, And some L-hydroxy-
sicolinic acld was recwersd,

cig-l-lydroxypipecolic acid hydrochioride: UL~

Benzyloxyoicolinic scid (6.46g.) was nydrogenated

in water (5Mml.) with platinum (0.255g.) at 105° and
70 atmogsnpheres, The pressure fell to 55 atmospheres
over 18 hours; it was then raised to 70 atmospheres
but no further chsnge took place in 24 hours. The
product nhed a strony odour Of toluene. After fil-
tration, the initially pnle solution aarzeried corn-
sidarably, depositing umch dark brown mnaterial, The
aolution was concentrated and again filtered. The
mixed L-hydroxypipecolic nacids were isolated from
the amoluble materisal (1.91g.) by preparative chroma-
tography on vhatman seed-teat paper (74 2) with the

upper phase of fhe mizxture ethyl ascetate:ethanol:
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scetic acid: water G:1:2:1. The materinl, in 12ul.
of water, wsa vlaced in a strip on a total width of
130cm. of paper. The use of szolvent from 300ml. of
the mixture for e=ch 1%cm. paper gave bands of pipe-
colie acid at LO=Llem. and the lL-hydroxypipecclic
aclds ot 22-shem. after about Zih hours. The bandg
were located by spraying the papers lightly with nin-
hydrin and heating. The L-hydroxypipecolic acldas
wers extracted with 90k ethanol in a soxhlet apparat-
us Tor 12 hours. The crude L-hydroxypipecoiic acid
fraction .eighed 0.3%32g.; 1% could not be inducad toO
crystalllse.

Tne crude fraction was added to a Zookarb 225
coluna (50g.), which was eluted with dilute hy-
drochloric acid as Pollows: 250ml. of 0.4N; 250ml.
of 0.2H; 2350ml. of GJ4N;  250ml. of O.i3N. The
L-nydroxyploscolic acids were completely eluted in
the last two solvents. The product (0.29z.) was
chaprcoaled in ailute hydrochlorie acid, and the so0l-
ution was concentrated to a syrup, wnich deposited
colourless prisme of = hydrocnloride; (75mi., 1.4%),
LeDe 253-285° decomp..  Paper caromatography (BAW,
36 houra) showed that this materlal containea cis-
u-hydroxypipecolic acid as the only ninhydrin-pos-

jtive constitusnt.

Attempted synthesis of L-~hydeoxypipecolic scid by

Digckmann cyclisation.
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Gthyl 2(Nl-ethoxyesrbonylamino)-propionete was pre-

pared from /?‘—alanine by tne method of Braun and
J.ooker (213);‘/?-a1anine was converted intc 1ts
R-ethorycarbonyl derivative by reaction with ethyl
chlorotormate in agueoun alizali, and the product was
esterified with eth=vol containing hydrogen chloride.
From 53.4z. of ‘/?—alsnine, A5.58. 0of 2(N-ethoxy-
carbonylamino)-propionic acid, m.p. 55-A1° was ob-
tained (679 yi=ld).  Another batch, dombls this
size, pave 136g. of product (70% yield), m.p. 61°
vaterifieation was eavypisd out on 0a. lots; the
e Tyl ester, b.v. 109° at 0.7mm., 142° at 1.5m.,
4200 at %rmi. was obtsined in 89-907 yield in emch of
three batches,
iZthyl fumarate: The esterification wmethod of ticovie
(214) was uszed. The toluene spocified for azeotropic
1atiileation was replaeed by @ hish boiling petroleum
fpacti on but extensive fractionation waa required to
purify the ester. Tyom two batches of 156g. of
fumaric 2cid, 64Mml. of ethanol, 300Oml., of "Ghell 7"
petroleum fraction and 2.2ml. of concentrated
sulghuric =cid, 350g. (77%) of ethyl funarate, b.p.
?13—2150 at 76lpam. wos obtalned.

Ethyl 2(N-ethoxyearbonyl-3-oxo-pyrrolidyl)-acetate

(X11X): To dry beszene (350ml.) contsining sodium

wire (U4.6g., 0.20mol.), there was sdded successively
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with continuous stirring, ethyl 2(N-ethoxycarbonylam-
ino)-propionate (38.1g., 0.70mol.) and ethyl fuuarste
(3L.bg., 0.20m01.), After the mixture had been
stirred at room temuerature “or 1% minutes, reaction
Lesan slovly, then beeame more vigorous so that the
mizture bolled L% minutes after the addition. Stirr-
ing was then etopped for 30 minutes, during which the
loat pieces of sodium wire reacted, and the red-brown
solution wss then boiled =nd stirred for 3N mimtes,
The solution waa enbled, ether (100ml.) was »dded and
the aolution wns ~halen with ice-weter (*NMml,)}. The
plioat colourleas orranic rhase wee extrncted with
sce water (two 7%ml. portions) end the conbined
agueous phages were weshed with ether (75ml. ), before
being poured into s mixture of sulphuric acid (H.5ml.)
and ice {(755.). An 011 gepmarated; the atrongly
scidic solution was saturated with sodium chloride be-
fore extraction with ethyl acetate (three 10Mml, por-
tions). The extracts were washed with satursted
sodium chloride aolution (BMml.) contsining some
godium bicerbonate, and dried (Hazscu). Removal of
ethyl acetaste by distillation at atmosvheric cressure
end finally under reduced pressure, left s thick dark
011 (53.52.).

The crude /)’ ~teto-ester was disszolved in 450ml.
of 410N-hydrochloric acid and kept at room temperature;

Next day hydrochloric acld was removed under reduced
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pressure, snd ethanol (4100ml.) was added to the residue
and distilled twice. A solution of the residue in
ethanol (150ml.) previously saturated with hydrogen
chiorice was boiled for 4} hours ana hydrogein chloride
and ethanol was taien removed under reduced preasurs,
and the resicue (37g.) was fractionated. (The purifi-
cation by chloroform extraction and wgshing which Kuhn
and Osswald (1L44) used at this stage, seemed un-
necegs’ry ang was omi tted). After a small fore-run,
ap almost colourless main fraction (2L.Z2g.), b.p.422-
1268° (mainly 1250) at 0.3mm., 2nd a small fraction
(2.98+), beD.128-136" at 0.3mm were collected. The
gacond Fraction gave the same semicarbazone as the

main frection, which conaisted of ethyl 2(N-ethoxy-

carbonyl-3-oxo-pyrrolidyl)-acetate (L97%). (Found:
C,53.9; ,7.0; N,6.0. 011H1705N reguires C,54,3;
H,7.0; 1,5.86)s The infrared spectruin showed carbonyl
bandg at 5.6%, 5.77 and 5.%?/¢in n1jol mll and in

GGlh aolution.

cemicarbazone; Froi the keto-ester (0.79g.), semi-

carbazide hydrochloride (1.2g.) end sodium acetate
(1.8g. of the trihydrate) in aqueous ethanol, there
was obtained after 7 days at room temperature, the

gemicarbazone of (XL1X) (0.56g.), m.De 124° unchanged

by two recrystallisations from ethanol (colourless
prisug). (Found: N,18.9. GCyoiipg? Neg requires

N,18.7%).
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2,4-Dinitrophenylhydrazones: From the keto-ester

(0.5g.) in ethencl, =and 2,L4-ainitrophenylhydrazine
(0.hg.) in agueous-ethsnolic sulphuric acid, there

wag obtained, after 3 days, 0.30g. of & 2,4-dinitro-

phenvlhyvdrazone a3 orange plates, m.p. 11?-11u°.

(A second preparation gave 0.52g. after a longer
veriod). Pecrystallisation from etheanol gave orange
plates, m.p. 112-113°%, and then, from a second re-
crystallisation, yellow prisms, m.D. 135°. It was
found thzt either form could be obtained from a
supersaiurated ethanolic solution by sporopriate
seeding; the form m.p. 113—11h° wag obtained from a
solution of the higher-melting form, and the form
LiePe 135O was obtained from a solution of the lower-
melting £ orn. suometimes the orange form, after
melting at 4413-114°, recrystallised in the caplllary
and then melted again at 133-135°. (Fourd: (orange

form) N,16.6; (yellow form) N,16.4. O.N.

Cy 7t %5
requires N,16.5%).

Two further Dieckmann condensations were carried
cut. The esters were added to sodium 1n bolling
benzene, and a 10% excess of ethyl fumarate was
used. vrom the first of theas batches, asn attempt
was made to isolate the/ ~-keto-ester by fractiona-
tion at 4mm pressuré, but no definite fraction vas

obtained. The second gave a yieloc of 5. 5g. of the

Keto-ester (XL1X), b.p. 145-153° at 2.0mm.
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Catalytic hydrogenation of the keto-ester (XL1X):

(8) Keto-ester (#7umg.) in ethanol (3ml.) wae shaken
with plztinum (from 19.7mg. ofoxide) and hydrogen at
room temperature and 70 atmospheres for 24 ncurs.

The solution was filtered, barium hydroxide (0.5

of actahydrate) was added, and the soclution adjusted
to be about 10ml. of 507 ethanol. Atter neating for
5 hours in a boiling water-bath, the eoliution was
cooled and barium was removed &8 carbonate. Paper
chromatography (BAW, 1L hours) showed the vpresence

of & component, Rf 0.24, giving a yellow-orange
colour with ninhydrin, and a compcnent, LKf 0.1z,
giving a purple colour with ninhydrin (pipecolic mcid,
Kkf 0.37; mnatural L-hydroxypipecolic scia, nf 0.22;
cig-i-hydrozypipecolic acid, Kf 0.19). Hydrolysis
of the zeto-ester with barium hydroxide gave a4 com-
ponent, kf 0.26, giving a purple with ninitydrin.

(b) The component of hf 0O.24 in BAW, giving a
yellow-orange colour with ninhydrin, was also cbtain-
ed by hydrolysis (with barium hydroxiue as above)

of the products of hydrogenation of the keto-eater
in acetlic ascid (with platinum as in (a)), in methsnol

with Reney nickel W7 catalyst st room temperature

and 285 atmoepheres for 24 hours, and in methanol at

o
105" ang 35 atmospheres for 24 hours.

o (3-nydroxypyrroliayl)-acetic acid (L ): Toa
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aclution of the ket:o-sster (¥X11X) (LeB86g.) in ethanol
(50ml.; at 150, sofiium borohydride (0.38z., 7 eguiv.)
in water (Mml.) was3 added dropwise Guring 10 minutes.
Initially each drop of borohydride gave an innediate
temperature rige of about O.%o; the t«iapers bure

wag Kept below 20°C.  After 40 minutes at room temp-

D

grature, 100 sulphuric acid was added until all the

vorohydride was decompozed, (It would sewia batier
to use acetona). Bariwa aydroxide (19.0z. of octa-
nydrote) and water (3Ml.) were added, and the wix-

1

turc was hested in e boliling water bath for 16 hours.

The mixturzs was diluted Wl th water (190ml.) and

2l tared winen cold. Te polution shovwed on curomato-
srams (BAw, 15 houra) the same two comgonents as were
obtained by eatalytic.aydrogenation,. The 30lution
was acidified with 10, sulphuric acid, and the
filtrate was continuouasly sxtracted with ether for

1% hours, 10 Zive T3ugs of boric acide  The resldusal

aqueous solution wag sade alkaline with barium hy-

a3 continaously

droxide, and the filtered solution v
extracted with ether for 30 hours, which gave 0,20g.
of brown, non-crystalline roexin. Marium was re-
moved Trom the residunl agu:ous solution with carbon
aioxide, and the f1lirste was evaporated to dryness.
The crystalline residue wos digested with ethanol

containing a fow drops of acetic acid, filtered and
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the reaidue was washed with 90% ethanocl (Sml.).

The £filtrate and waahings contained at least seven
ninhydrin-poaltive components snd were di{gcarded.
The residue was apparently a single component, nf
0.27 in BA% (19 hours, LZem.) compared with L-hy-
droxyplpecolie scid Rf 0,20 and pipecolic rcid RP
0.36, apnd gave with nininydrin, a yellow-orange colour,
and with isatin, a white apot, detecteble as a2 non-
absofbing gpot under UV 1li:ht. The cride prodﬁct
(1.118,,§8%) had m.p. 192-1950 decomp.. It was
recrystallised froim agueous ethanol (carbon); thrze

recrystallisations gave 2(3-hydroxypyrrolidyl)-

ecetic acid monohydrate (0.51g.) as colourless

orisma, m.p. 245-216° decomp. For analysis, the
sample was dried at 100° in vacuo for 2 hours,
(Found: C,44.5; H€,3.0; N,8.6. 06H1103N° H.0
requires C,hi.2; H,3.0; N,8.6%).

The N-2,L~-8initrophenyl derivative was prepared

ap . -described for the dinitrophenyl derivative of 4-
hydroxyplpecolic acid, a2nd was obtained in 23% yield
as yellow prism:3, Mep. 2030, raised to 2050 by re-
cry=ztallisation from agueous ethanol. (Found, on an
slr-dricd szample: C,45.2; IH,4.b; N,12.9.
Cq2Hy 30783 .0.5Hp0 reguires C,U5.0; H,h.h; N,13.1%).
To demongtrate that the amino group was secondary,
a mixture of the smino-acid (L), pipecolic acid,

glycine, and /3 -glanine in 2N-HCl was treated with
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nitrous fumes for 410 minutes, left 8 hours, and then
boiled. Paper caromstography (BAv, 42 hours) showed
thet pipecolic acid and the amino-acid (L) were the
only ninhydrin-positive components present.

From the amino-acid (0.163g.) in water with sodium
hydroxide (4ml. of 1N) and phenyl iso-cyanate (0.15g,,
255%) there was obtained on acidification a sticky gum
which crystalliaed on standing; 0.217g. (85%), m.p.
161°. Recrystallisation from water (1uhml.) gave an
N-phenylcarbomoyl derivative as colourless prisms,
resdily soluble in cold sodium blcarbonate solution
with the svolution of carbon dioxide, The analysls
eorreaponded to the g-phenylcarbamoyl derivetive of
the a2mino-acid (7.) less one molecule of water.

(Found: €,63.3; H,5.6; N,11.L. C,xily),0zN requires
¢,63. 43 1,5.7; M,11.4%). The structure of thie
compound 1s no% kKnown. 1t was recovered after being
neated in 2N-hydrochloric acid on a bolling water-

bath for & hours.

1-pPipecolic acid and derivatives.

IL-Pipecolic acid was cbtalned from A. excelsa

heartwood (rxtraction é) ag siall prisms, m.p. 273-
2759 gecomp.; l1it., (215), wep. 274°, (447), 268°
[x]j-w.zo (G, 2.2 in water); 1it., (216) [a]p-25,2°;
(Found: C,56.2; il,8.6; N,14.0. Calc. for Cglly 4 OgN:

C,55.5; H,8.6; N,10e85%) « L-Pipecolic acid was also
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: AL . - U o)
igolatec rrom A. Uswsldlil leaves; mMeped{e=c(3

decoip. [ollg -25+5° ana -25.9% (C, 2 in water).

The hyurochlorive was isolateda frou various heart-
WOooda. It wne prepared from pure (-)-pipecolic aeid:
e pe 256-2580 decowp.; 11T., (147J, w.p. 256°, (217),
259-2590; There was no melting-point depression on
admixture of L-pipecclie acié hydrochloriae witn |
(¥)-pipecoiic acid hydrochloride (lnepe 256—260§
decomp. ). The hydrocinloriue prepared frdn puro
(-)-pipecolic scid had [oflzznﬂo.ﬁoo (C, € in water);
it., (216), [qu—s to -10.3°.

In S5N-hycroenloric acid, (-)-pipecolic acid nad
the Yollowing opticél rotations:‘[ozl:i10.h53 (&, 2),
-10.0° (¢, 6), -9.u42° (g, 10).

N-@gﬂgggl:gfpipacolic acid: This was piopared

—

3
{rom (-)=plpecolic acid hydrochloride B%]-dO.TO
y-J

(Cy 79 in water) (0.794.) with benzoyl chloride in
alkaline solution. The product was obtalned as a
toick 0il which crystaliised after 7 days; 0.78g.
(704£), MmePe 126-127°. recrystallisacvion from
ethanol-light petroleum gave N-benzoyl-L-pipecclic
acid as large clear prisus, il.p. 1359  1it., (147),
m.p. 145°%  The mixed ni.p. with N-benzoyl-(I)-pipe-
colic acid (Mepe 1510) was 119-122°. hkeecrystalllsa~-
tion from water gave N-benzoyl-L-pipecolic acid ase

222
opaque, colourless needles, i.pe. 132-1339, [Nq -72.0
' p
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Derivatives witn puepyl isocyanate: rFrom gurc

(-i-pipecolic scid (0.516g.) ip swium aycroxide
solution (Lml. of K) with phenyl isocyanate (0.3%:.,
41.%% equiv. ), there was Obtained on ecloificanion,
pninll white crysimls; G.u0g. (£0%). Lialf of inhis

product was dissoived in . godium earbonate sulution

=gl vy b 2w vd N .yl Pl e N e .2 ]_‘-_-, W L 33 —
aud reprecipitated oith acic, 0 give H-poenyl

carbamoyl—£~piyecolic acid a3 suall white priasug,
MePo ‘1760- [o(]:',-—jt}.() (C, 1 in EtGi). (Found: G,
635.4;5 i,0.4; Ny 4.4 C15H1603N2 requirss C,62.9;
H,6.5; B, 11.30).

The other aalf of tae crude priduct :rystalliiad
from boiling water (uOml.) in loose needles [°<]:Cn6
(C, 1 in Ltwl), mep. 159—1609 alone and when mixed
with (¥)-pidecolic acid pnenylaydantoin.

Keference maino-acids sanu derivatives.

lThe piperidinecarboxylic acids wer< prepared by
catalytic hydrogenation of the pyvidinecsrboxylic
ascids (5g.) in BSN-hydroculoriec acld (#Omi.), with
platinum (0.2g.) at 6C° and 15-33 atwmospheres of
hydrogen for 1624 houra. filtration a2nd concentira-
tion gavé the c¢rystalline nydrocalorides, recrystalilis—
ed frow agueous ethanol.

(*)-pipecolic acid hydrocnloride, nlep. 256-260°

decomp. (913 yield).
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(f)-Nipecotic acid hydrochloride, m.p. 235-238°
decomp.; 1it., (218), 233-234°%, (219), 239°, (220),
240-211 % (53% yield).

Iaonipecotic acid hyarochloride, m.pe. 2990 decompe.;
1it., (219), 287°, (221), 290-293°, (222) 295°, 300°,
(220), 304-306° (68% yield).

Taonicotinic acid wes recovered ss the nydrochloride
m.p. 278° (autnentic hydrochloride, m.p. 279-283°)
from tpe first attempted hydrogenation. Thia pro-
duct (5.283.) waa reduced ﬁﬁen the hydrogenation was
repeated,

N-Benzoyl-(t )-pipecolic acid, m.p. 131°, prisms
from agueous etnancl, was prepared wita benzoyl
caloride in agueous alkali; 1it., (223), m.p., 126~
127°,

J-p-Toluenesulphonyl-(*)-nipecotic acid was not
obtained when Freudsnberg's directions (220) were
followeds The procedure of Beecham (224) gave a
63k yleld of this compound, obtained as small opague
colourleas prisms from etnanol, m.p.,151°.
Freudenberg quotes m.p. 4167°

N-p~-Toluenesulphunylisonipecotic acla was preper-
ed by Beecham's procedure, and cbtained as very small
oryatals (prisms?) from chIororormrben;ene, e P ¢

170% . 11ts, (220, 221, 222), m.p. 170°.

Va1V y of J.: J=b1lpC U\:‘_L__J,_E__ ._".',_'il_k.'.'.- ith hen 1

isocysnate: The reaction of (¥)-pipecolic soid
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hydroenloride with phenyl isocyanate was carried out
sa degcribed for (-)-pilpecolic acid; an extra
egquivalent of alkeli was used. The nroduct was ob-
tained on scidification as susll colourless c¢rystals;
0.%1z. from N.66g. of hydrochloride (51%). nalf of
this wan digsolved in cold /% sodiu carbonnte

aulution and revrvecipitated by acidification, to

rive N-phenylearbamoyl-(?)-pipecolic acid, m.o.

1359, recryatallising and meltinz agein at 156:1580‘
(Fomnd: C,H3.4; H,6.8; N,11.4. 013Hﬁ605N2 requires
C,hR,9;  d,6.5;  N,M4.3m).

Tha otaer half 57 the crude nroduct wag boiled in
water (50ml.) for onz hour, and ervatallisation (from
Mnal.,) gave the vphenylhydantoin of (f)-pioecolic acid,
3'-phenylpiperidino-(1,2:1',5"' )-hydantoin a3 loose
needles, m.n. 158-159°. (Wound: C,67.8; H,6.7;

N,12.2, 1, 0Ny requires C,67.8; H,6.1; N,42.2%).

KERE

E-Q,uebinitronhenyl—/4?-alanine was prepared to
examine ite userulness for recwery of ‘/?-alanine
from the oxidation of L-hydroxywvipecolic scid. The
nethod of kno and Sober (195) gave a Ll yield of
prodnct cryztallising from ethanol-water 1n yellow
needles, Ni.D. 1h50{ 1it., (225), m.p. 124-125°,

2=Aminopent-L-enoic acid ("allylglycine") was

prepared from ethyl .- tanicoualonate and allyl

browide Ly the procedure or Gaudry (226); e Pe
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255-257° decomp.; 1it., (226), w.p. 2L6-248°%, (201),
250-255° (227), 255-253°.  Un chromatograms it
sliowed a singls sput, free from glycine, The
piienyl isocyanate derivative hsd u. p. 4159-160Y; 1lit.,
(201), fep. 159-164°,  This compound is the N-phenyl-
carbanoyl-amino-acid ag it is readily soluble in

dilute sodiuin carbonate solution.
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SUMMARY .

The flavan-3,4-:iol melacacidin, which had been ob-

tained in a non-crystalline form from Acacia melanoxylon

heartwood, was iaolated in crystalline form from

A. harpopnylla and A. excelsa heartwoods. in these

apecies 1t is accompanied by 1its Y-epimer, isomelsacacidin,
when heated in acidified ethanol, the latter forued a
L-U-ethyl derivative, which permitted the separation of
the epimers. C=-Fthyl melacacidin, which was obtained in
crystalline form, was readily hydrolyeed to isomelacacidin,
this solvolysie being acid-catalysed. The acid-catalysed
inter~-conversion of melacacidin and isomelacacidin was
studied. From these leucoanthocyanidina, isomelacacidin
p-tolyl sulphone was obtained by reaction with p-toluene-
gulphinic acid.

From A. intertexta heartwood, a new leucoanthoecyanidin,

teracacidin, was obtained; 1t was shown to be a
'7,8,4'-trihydroxyflavan-3,4-diol. Thie is the third
hydroxylation pattern to be focund to occur among the
leucoanthocyanidins of Acacia nheartwoods. The extract

of A. intertexta heartwood gave lsoteracacidin p-tolyl

sulphone when treated with p-toluenesulphinic acid.
The heartwoods of the above species also ylelded
( )-pinitol; this was found to be readily demethylated



by boiling hydrochloric acid. 7,8,3',4'-Tetrahydroxy-

flavonol and okanin were isolated from A. herpopnylla

heartwood.

h-Hydroxypipecolic acid, which was discovered in Acacie
species by Virtenen, and L-pipecolic acid have been isolat-
ed from various Acacia asmples. The structure of the
former which had been in doubt hae been firmly established,
and evidence that it ieg trans-4-hydroxy-L-pipecolic acid is
presented. Various appects of the chemistry of L-hydroxy-

pipecolic acid, and its synthesls, have been investigated.





