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SUMMARY.

A strain of the mould Cordyoceps militaris (Linn.)

‘Link has been promoted on nitfogenous medis to yleld
solutions which inhibit the growth of several micro-
organisms. It has been shown that ﬁhe total activity of
the solutions can be absorbed upon activated charcoal from
which the active principle, cordycepin, has been 1solated.
Dilute aqueous solutions of cordycepin reproduce the
inhibitory effect of the oculture solutions towards the
test organism, and the activity is suffioientl& great
to term cordycepin an antibiotioc.

The metabolic product contains the elements carbon,
hydrogen, oxygen and nitrogen and is opticelly active.
It forms salts with picric acid, picrolonic acid and
flavienic acld, and elemental analyses of the metabolic
product and its simple derivatives suggested the
empirical formula CgHjgOgNyg or Cy Hyz0zNg. The
solubllity properties of cordycepin are such that a
standard method of molecular weight determination could
not readily be employed to distinguish between these
alternatives; an sccurate micro-method for the molecular
welght determination of bases such as cordycepin was

therefore devised and is discussed in the Appendix., The



molecular weight of cordycepin was found to be 254, in
‘close agreement with that required by C;gH;30zNg (281).
The first indication of the structure of the
metabolic product was obtained from a study of its
ultraviolet 1ight absorption which shows marked
similarity to that of some pyrimidine and purine com-
pounds. Cordycepin is resistant to reduction and
hydrogenation, but benzoyletion yielded a tetrabenzoate
and from the acid hydrolysis of this ester, adenine
hydrochloride wes isolated, thus accounting for the
"total nitrogen content of the molecule. The metabolic
product itself was found to be unstable in dilute
hydrochloric acid, hydrolysls occurring to yield solutions
from whioch adenine was isolated and characterised as its
picrate. Solutions of hydrolysed cordycepln have been
shown to react with 2:4-dinitrophenylhydrazine in hydro=-
chloric escid, ylelding the 2:4-dinitrophenylosazone of
a molecule CgHj 04 and this suggests that the linkage
between adenine and the residual fragment is glycosidic
rather than amide.
No carbon-methyl, methoxyl or nitrogen-methyl group

was detected in cordycepln, and the absence of the
grouping CHz.CHOH or CHz.CO in the side ohaig was

confirmed by the negative result of the iodoform test,
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but the presence of a terminal hydroxymethyl group was
proven by the tosylation of cordycepiln.

Deamination of cordycepin yielded hypoxanthine,
proving the molecule to be unsubstituted on the 6-amino
group of the adenine nucleus. The glycosidic bond
therefpre ogcurs at the 7- or 2-position and the formu-
lation of cordycepin as an adenine~9-glycoside 1s much
preferred on the basls of the ultraviolet absorption
spectrum. Since an osazone of the glyocosidilc fragment
hes been 1solated corresponding to a deoxypentose
(cordycepose ), cordycepin cannot be an adenine-9:2%
deoxypentoside; evidence that the molecule ié an adenline-
9:3Ldeoxypentoside has been provided by the fact that
oordyoépin i1s resistant to perlodate oxldation.

Careful hydrolysls of cordycepin followed by removal
of adenine and hydrochloric acid yielded analytically
pure cordycepose as a pale straw-coloured syrup which
reduces Fehling's solution; bromine oxidation of the
sugar gave the corresponding lactone, cordyceponolaotone,
CsHgOgs The latter ylelds a crystalline phenylhydrazlde
and cordycepose must be a deoxyaldopentose. The four
sfereoisomerio phenylhydrezlides corresponding to a
straight-chain 3-deoxyaldopentonic acild have been

described previously, and differ markedly in physical
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properties from cordyceponic acld phenylhydrazide.
Cordycepose 1s therefore a branch-chaln sugar, and this
theory is strongly supported by the fact that no

optlcal activity could be detected in ethanolic solutions
of cordycepose g-bromophenylosazone. Cordyceponic acild
phenylhydrazide contains only one assymetric carbon atom,
end being dextrorotatory, it is formulated (on the basis
of the phenylhydrazide rule) as (1), whilst cordyoépin
1s represented by one of the two stereolsomeric forms of
(11) of which the configuration about the glyoosidio

linkage has not been determined.

W””\H

e
CO. NH. NHPh \N/ ~
H-C—OH | '
| H-C—OH
CH

(CH; OH)H-C—CH,0H(H)
(CHpOH)B-C~CH,0H(H)

(1) - (11)

CHgOH CHpOH

A number of attempts to confirm the structure of
cordycepose synthetically (prinoipally through the
compound 2-bromo-4-hydroxy-3-hydroxymethylbutan-l-al
diethylacetal) falled, due principally to the fact
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" that mixed products were obtained whioh could not be
separated by distillation, decomposition ocourring

even in high vacuum,

A method by which the molecular weight of
cordycepin was determined (and which is applicable
to any base or hydrocarbon yleldlng a pure plcrate)
has been devised and proven, agalinst a wlde range of
compounds, to give results with an accurscy of :2%.
The method depends upon the fact that the ultraviolet
1ight absorption of pleric acid is intense in the near-
visible range of the speotrﬁm, (a range in which few
qolourless organic compounds exhibit apprecieble
absorption) and 1s unaltered in this region by the
absorption of another molecule at lower wavelength.
Thus, for all picretes the‘value of & 1s a oconstant for
any given wavelength in the near-visible range and M
(molecular welght, the only unknown) is evaluated by

caloulation.
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INTRODUCTION.

The biochemlcal and chemlcal Investigation of
the 1life processes of baoteria and moulds has
recently been stimulated by the disocovery that among
the metabolic products of these micro-organisms are
compounds with conslderable antibacterlal properties,
and hence of potential chemotherapeutlic value. In
fact, the present chemlcal interest in micro-organisms
is largely conditioned by the concept that of the
many bacterla, and more especlally moulds, which have
not yet been investigated, a number must exist which
are ocapable of producing compounds of medicinal
importance.

The olasses of micro-orgenisms which lend
themselves most readily to chemical investigation,
beocause of thelr relative ease of cultivation on

synthetic medla, are the Schizomyoetes (baoteria),

the Eumxoetesl(moulds) and the Actinomycetes, the
last-named belng unicellular organlisms closely
resembling bacterias in their structure, but producing
a myocelial "felt" similar to that of a mould. In
general,'the culture medlum 1is an aqueous solution of

ocompounds which supply the elements required by the
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micro-orgenism for its propagation. Carbon 1s usually
made avellable in the form of carbohydrate, although
"aloohol or carboxylic acid are also employed, and
combined nitrogen is frequently supplied as amlno-
solds. The elements sulphur, phosphorus, magnesium
eand potassium, and traces of the heavy metals 1ron,
copper end menganese may &also be gequired.

The sterilized medium is inoculated with the
micro-organism under investigation, and is then
inocubated at the optimum temperature until maximum
growth has been obtained. If the micro~orgenism 1s
one which produces 1n the culture medium a metabolic
product with antibacterial properties, then the

progress df'the culture 1s observed by assaylng the
activity of the medium until maxlimum results are
obtained.

The commonly employed methods of assaylng the
activity of culture filtrates, ooheentrates or
solutions of pure compounds, are based upon the
inhibition of growth of a control organism. The
~ methods are arbitrary and correlation of results is
very diffiocult. In the agar-streak method (1),
varylng dilutions of the active substance are mixed

with specific volumes of nutrient agar medium, which
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1s then allowed to set and 1s streaked with the test
organisms. The dilution at which the growth of a
specific organism is inhibilted under standardised
conditions gives a measure of the potenoy agalnst
that organism. The serial dilution method (2), on
the other hand, utilises a liquild medium mede to a
standard volume with different concentrations of the
sotive compound. Inoculation with the test organism
and 1incubation under controlled conditions evaluates
the highest dilution at which growth 1s completely
inhiblted, as shown by the lack of development of
turbidity in the medium. In the diffusion oup method
(3), the nutrient agar 1s inoculated with the control
organism and is allowed to set before discs of the
medium are removed and are replaced by cylindricsal
porous oups. The active solution 1s placed 1n the
cups and diffuses 1lnto the agar during incubatilon,
thus creating an area of inhibition around each ocup.
The dlemeter of thls ares 1ls taken as a measure of
the aotivity of the compound against the test organism,

Although the term "antiblotio" was introduced by
Waksmen (4) to include all of those compounds produced
by micro-crgenisms which are active against other

micro-organisms, the definition was made more striot
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e fundamental metebolic process of a mould, but may
be determined by nutritional supply and culture
conditions. Nor 1s antlblotlc production necessarily
a manifestation of microbisl antagonism, since an
organism may produce a compound active only against
other orgenisms with which it does not normally
compete for existence (5). Different stralns, and
even different genera, may produce the same antibiotic

ocompound, thus patulin (from Penicillium patulum, 8),

clavacin (from Asperglllus olavatus, 9), oclavatin

(from Aspergillus clevatus, 10), claviform (from

Penicillium claviforme, 11), and expansin (from

Peniclllium expansum, 12) are all the same compound.

On the other hand, the promotion of one specifiloc
straln under varied conditions may yleld more than
one antibiotic. Waksmen (13) has reviewed numerous
attempts dating from the late 19th Century, to apply
metabolic products to therapeutic purposes, and of
these the work of Emmerich and Low (14) merits

particular mention. From cultures of Pseudomonas

pyocyanes they prepared an active heat-resistant

preparation "pyocyanase" which was employed in

particular against Baoillus anthracls infeotion.
Although never definitely proven beneficial to man,



this preparation was commerclally available in Germany
over a perlod of 3 decades.

The first isolation of an antibiotic elaborated
by a mould, and active agalnst pathogenlc bacteris,
was oarried out by Alsberg and Black (15) who obtained

penicillic acid from cultures of Penicillium puberulum.

The metabolic product was found to inhibit the growth

of Bacillus coli. 1In 1929, Fleming (16) reported that

culture filltrates of Penicillium notatum exhibilted

extreme antibacterial activity, particularly agailnst
Gram-positive cocel, and it was later shown (17) that
peniocillin could also be obtailned in a synthetio
medium, but could not be isolated from the acidified
culture filltrates by ether extraction. It was not
until 1940 that Florey and co-workers (18) obtained

a stable penicillin preparation suitable for
investigation and chemotherapeutic examination. The
activity of penicillin is much greater, and more
specific, than that of the sulphonamlides, no toxioc
effeats having been observed by the local administra-
tion of large amounts, and it has been employed
against Gram-positive infections by intravenous and
subcutaneous injJection with remerkeble success.

Meny antibiotics isolated from mould and bacteria
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oultures have been studied durlng the past ten years
and those have led in turn to the synthetic 1lnvesti=-
gation of oompounds containing a speclfilc functional
group with the objeot of isolating compounds of
therapeutic value. The result of this intensive
research has been the 1solation and characterisation
of a large number of antibacterial compounds, of
which a small percentage have found clinical applica-
tion. The volume of this work 1s so great that no
detalled discussion of 1t 1s possible; however, the
subjeot has been frequently reviewed (19).

A second class of compound isolated from medla
on which micro-corgenisms haﬁe been promoted 1s
produced by rearrangement or breaskdown of essential
nutrients. This was first demonstrated by Wehmer
(20, 21) who isolated oxalic acid from cultures of

specles of Aspergillus. He also 1solatedloitrio

aclid in high yields from species of Cltromyces grown
\on sugar-conteining media (22). Other simple scids
including D-gluooqic acld (23) glycollic and élyoxylio
aclds (24) fumearic acid (25) and maelic aoid (26) arise
by the degradation of carbohydrate in the medium.
Simple alcohols (including ethanol) have been isolated

from widely distributed species, and simple aldehydes,
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ketones and esters have also been reported frequently.
Two interesting produots obtailned by the oyolio
dehydration of a hexose moleocule are the ¥ -pyrone

kojic acid (I) and the furan derivative Sumiki's

HO ’ I l
CHoOH COQH[ HCHQOH
0 0

(1) (I1)
Kojioc ecld was first isolated by Saito (27) in

acld (II).

high.yield from oultures of Aspergillus oryzae, a

mioro=-organism utilised in Japan to ferment rice in
the produotion of the alooholioc beverage sakd. It
has subsequently been observed as a metabollio product

of other members of the Aspergillus genus and also of

Penicillium dalaea. No commercilal use for this

compound has yet been found. Sumiki's aoid 1is
produced from glucose or sucrose media by a number of

specles of Aspergillus (28).

Ralstrick et al. (29) have isolated from

Peniclllium ocharlesii a series of aclds (III-VI,

R = CO(CHé)gf) which were shown to be derivetives of
tetronic acid (VII). Thelr interest lles in their

similarity to ascorbic acid (vitamin C, VIII).



e =

HOp===R.CHp0H HO R.COgH HO R.CH,O0H
CHg[ ]=o 033[ ]=o COQH.CHQ[ . 1=o

0 0
(III) | (V) , (V)
HO R.CHz - | HOEr—j' HO=——=—==0H
COoH =0 . =0 CHoOHCH(OH) =0
on - o enmson )

(vI) (VII) (VIII)

In addition to the production of fats (30),
polysacoharides (31, 32, 33), polyenes (34, 35, 36,
37, 38) and sterols (39, 40, 41) from synthetlo
media containing sugars or polyhydrlo alcohols as
the only source of carbon, a large numbef of plgments
have also been 1solated. These have been reviewed in
many publications (42) and a few charaoteristic
examples only will be mentiloned.

The majority of naturally occurring pigments are
derivatlves of benzoquinone and anthraquinone, the
simplest known being 2:6~dimethoxybenzoquinone,

isolated by Karrer from Adonis vernsaslis L. (43),

The maroon pigment fumigatin (IX, R = H) from

Asperglillus fumigatus Fresenius (44) and spinulosin

(IX, R = CH) from Penicillium spinulosum Thom (45)
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are closely related to the yellow-brown pilgment

phoenicin (X) isolated from Penicillium phoenloeum

van Beyma (46). Typloal of the anthraquinone serles
are the 2-substituted anthraquinone plgments which

heve been 1lsolated from specles of Helminthosporilum

and other genera by Ralstrick and his co-workers 1n

recent years.

| 9
casl( OH ' CH, NOH HO Jcms
R 0C Hy t/_—] l «
§ |
. (x)

(IX)

The work to be descoribed in this Thesls lnvolves
the large-scale promotion of a strain of the mould

Cordyceps militaris (Linn.) Link on a synthetioc liquid

medium and the subsequent 1solation from the culture
filtrates of a metebolic product to which the name
cordycepin 1s given. Thls compound 18 shown to have
antibiotic properties and the elucidation of 1its
gtructure 1s described.

Previous work on the species Cordyoceps militaris

(Linn.) Link has been concentrated on its morphology,

life history and relationships (47, 48, 49) and little
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study has been made of its physiology (50, 51). The

genus Cordyoceps of the Ascomycetes olass includes

some sixty species whioh are found most commonly in
semi-tropical oclimates, and which are generally
parasites of the imaglnes, pupae and larvae of 1nseots.

Cordyceps militaris attacks lepldopterous pupae

and larvae and is very widely distributed. The mould
usually enters the host orally and 1s propagated in
the blood-stream with the subsequent destruction of
ell internal organs, the skin alone remalning intact.
When the solerotlium is mature 1t 1s a compact mass of
interwovea hyphae whose cells are rich in glycogen

and o0ll, and from thls mummified structure the stromata
emerge through the surfaoce of the host tissue. It 1is
from the appearance of the stromata, which often stand
ereot as stralght, red, cudgel-shaped bodles, that the
name milltaris was derived. Spores are scattered from
the stromata to continue the life cycle of the mould.

That Cordyceps militarls might produce an

antlblotlo compound was deduced from the fact that the
resldue of host tissue incorporated in the pseudo=~
golerotlium 1s resistant to decay. A monoascospors
oculture from a sporophore colleoted at Tollymore Park,

Co. Down (52) in the autumn of 1948 was promoted by



-12=

Dr. S. A. Hutchinson on a peptone-Lemco-glucose-agar
medium in which the pH was adjusted to 7.0 before
autoclaving. The culture grew vigorously when
inoubated at an arbiltrary temperature of 24° and

typical Cladosporium conidial stages (49) developed

after 5 = 7 days. Prelimlnary tests of antiblotic
activity were made by transferring agar discs out
from petri-dish cultures of the fungus to the surface
of agar plates seeded with test organisms. Positive

results were obtalned using Baclllus subtllis strain

288,

Subsequently a liquid medium (peptone 0.5%,
Lemco 0.3%, glucose 1.0%) was employed with and
wlthout a phosphate buffer and the mould grew
vigorously wlth the produofion of acidity in the
medium. Maximum antibacterial activity of the same
order 1n each case was observed in the culture
filtrates after 3 - 4 weeks, the diffusion ocup assay
technique (3) being used. Employing the same medla
without Lemco the rate of production of activity was
unaltsred, but with a peptone-Lemco-phosphate medium
only negligible mycelial development was observed and
no antiblotic aotivity could be detected. Bacillus

subtills strain 6752 from the National Collection of
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Type Cultures was found to glve a slightly sharper
response than the previous straln employed, and was

used in these assays (Table I).
TABLE I.
Average results of 10 Cultures

(Medium depth 15 mm, )

Peptone- Peptone- - Peptone- Peptone=

Lemco= glucose- glucose. Lemco=
glucose=- phosphate. phosphate.
phosphate. , |
initial medium pH : 8.0 8.2 5.8 8.2
. Inhib.(mm.): 7-10(f) 7-10(£)  7(f) -
8 days:
pPH : 4.3 3.7 5.5 7.6
Inhib.(mm.): 26(s) 29(s)  28(s) -
16 days:
pH 7.3 7.0 3¢5 7.4
_ Inhib.(mm.): 35(s) 36(s) 35(s) -
24 days:
pPH : 8.0 8.1 7.9 7.4

(f)
(s)

faint 1l1l-defined inhibition.
clear well=-defined inhibition.

FPurthermore 1t was shown by Dr. Hutchinson that,
over a wlde pH range, varlation in the initilal acldity
of the medlum (peptone-glucose) has only a very slight
effeot on the rate of production of antibilotio

aotivity by Cordyceps militaris. Maximum activity is
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obtained from a medium which is initially neutral

(Table 1I).

TABLE IIl.

Average Results of 3 Cultures.

Days of Incubation.

5 9 13 16 21
Initial
pH of pH Inhib. pH Inhib. pH Inhib. pH Inhib. pH Inhib.
Medimno (m. ) '(m. ) (mm. ) (mnlo ) (m. )

504 300 - 208 head 309 lO(f) 5»6 18(h) 7¢7 25(3)
4.8 3.0 - 4.1 10(f) 7.6 22(s8) 7.9 22(s) 8.2 24(s)
) and (f) are defined under Table I.

)

= glear inhibition with hazy
peripheral definition.

(s
(h

The dabta given in these tables are suffiociently
comprehensive for the large-scale production of

Cordyceps militaris (Linn.) Link to be undertaken.

No attempts have yet been made to study the relation-
ships between 1ncubation temperature and antiblotic
production, or the effects of trasce ooncentrations of
inorganic saltzs upon the promotion of the mould and

the nature of the metabolio product,
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THEORETICAL.

Promotion of Cordyceps militarls (Linn.) Link.

The cholce of the most sulteble synthetlo medium
on which a specific micro-organism should be promoted,
with the object of isolating a particular metabolio
product, may lead to a very protracted 1nveét1gation.
Slight alteration in the formula of a medium often
causes oonsiderable inorease or decrease in yleld of
metabolic product, and on occasion, has been found to
ochange the ochemical configuration of the metabollc
product. It was the experience of White and Hill
(53, 54) that when a specles of Aspergillus flavus

wag promoted on a variety of synthetlc media, on all
of whioh heavy mycellal growth was supported, several
of the oulture filltrates showed great activity against
both Gram-negative and Gram-positive baocteria, while
others exhiblted negliglible antibacterial activity.
Furthermore, whilst a particular modification of a
medium may yleld oulture filtrates of higher
antlbacterlal actlvity, a concurrent 1lnorease in the
diffioculty of 1solation of the active principle
sometimes discounts this advantage (55),

In view of the natural habitat of the mould
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Cordyceps militaris (ILinn. ) Link, and the investlgation

of Hutohinson described previously, it was deoilded

that a high proportion of nitrogen should be inoorpor-
ated in the medium to be employed. This conditlon was
gsatisfiled by the use of "Pronutrin", & commerclally
available enzymatic casein hydrolysate, which, together
with glucose, was found to form a satisfaotory medlum.
"Glaxo" type oulture flasks were used throughout the

investigation, and Bacillus subtilis straln 6752 of

the National Collectlon of Type Cultures was employed

. a8 test organism. The response by thls mloro~organlsm
to the activity produced 1In the mould culture flltrates,
using the diffusion cup assay technlque (3), was fairly
sharp, but was not sufflciently sensitive to yleld a

method of quantitative assay.

An initisl investigation was carried out to
asoertain the most profitsble medium depth in the
. culture flasks for antibiotic production. Arbitrary
depths of 9 mm. (200 ml. medium/flask) and 18 mm.
(400 ml. medium/flask) were employed, inooulation in
each oase belns made from the same bulk aqueous conidial
suspenslon of the mould, to ensure standardisation of
the test. The flesks were incubated in the sbsence of

light, and the development of acicdlty in the medium



(assessed by the Capillator method) and subsequent
production of antibiotic activity were measured.

From the results shown in Table III, it was found
that the average rate-volume of production of
antiblotic activity under each condition 1s almost
constant, maximum aotivity 1n the shallower medium
being attained after 12 - 15 days, and in the deeper
medium after 24 - 30 days. The greater medium depth
was therefore employed throughout, ia the large scale

productlion of the metabollic product.
TABLE III.

Average Results of 20 Cultures,

Shallow Medium (9 mm.) Deep Medium (18 mm.)

Days. .
pH Inhib. (mm. ) pH Inhib.(mm.)

1 5c8 - 5.8 bd

3 5.8 - 568 Ll

6 5.8 bad 508 -

9 502 27(1’1) 5.4 -
12 2.4 28(s) 4.5 28(r)
15 5.6 28(s) 3.9 30(h)
18« 7.4 29(s) 3.5 28(n)
21 7.6 27(s) 4.6 26(s)
24 8.0 28(s) 6.4 29(s)
27 8.0 27(s) 7.4 29(s)
30 8.2 - 29(s) 7.8 28(s)

(f), (h) and (s) are defined under Table II.,

It wags also found that the mycelia maintain thelr

capacity to produce active oulture filtrates over s
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prolonged period on repeated reflooding with fresh
medium. The values in Table IV show that by
reflooding established mycelia three to four tlimes
with fresh medium at lntervals of approximately one
week, the rate of production of aotlive solutions

oan be greatly increased. This practice was not
employed in the large scale production of cordycepin,
due, not only to the impraoticabillity of handling
the large volume of active solution produced, but
also to the difficulty of preventing contamlination

during large scale reflooding.

TABLE 1V,

Average Values of 10 Cultures.,

Reflood: 0o I II III IV V
Age of Myoelia (Days) 22 28 34 41 47 61

Fermentation of Fresh 22 6 6 7 6 14
Medium (Days)

Finel pH Te© T2 7.5 7.8 6,0 8.4

Inhiblition Zone 40 32 31 27 27 10

Dia.meter (n’lm. )
Inhibition Qualilty. (s) (s) (8) (s) (s) (£)

(f) and (s) are defined under Table I.

The maximum volume of medium which could be
accommodated at one time for the surface production

of the mould was 40 - 50 litres (100 - 110 flasks),

VI
92
ol
8.9
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and the inooulant for thls volume was prepared by
promoting the mould in 8-ounce bottles on a peptone-
glucose-agar medium, After inocubation at 24° for

6 -~ 7 days, typlcal Cladosporium conldial stages :

developed (49), and the myocelium was then suboultured
into "Thomson" culture flasks, contaeining the standard
glucose~Pronutrin medium, These flasks were inocubated
until a heavy growth of mycelium was produced, and
were then stored in a refrigerator until required.
Finally, the mycellum was disintegrated by vigorous
agitation to yleld a bulk spore suspension, each
"Thomson" flask thus ylelding sufficient inoculasnt for

20 = 2b litres of medium.

Submerged growth was frequently observed in the
culture medium some 24 -~ 48 hours after inoculation,
and was qulokly superseded by vigorous surface growth,
a oomplete white mycelial "felt" being produced after
5 - 8 days. Inhibltion assays of the medium were
oarried out at regular intervals during the second,
third and fourth weeks of incubation, meximum

inhibltion (of diameter 35 mm. approiimately) being
almost iavarlably observed early in the fourth week,
At thls stege, 1incubation was discontilnued, and the

bulked active culture solutions were flltered free of



mycella.

Isolation gg Metabolic Product.

The problem of the isolation of the metabollo
product from the oulture filtrates was OVeroomevby
employing a modification of the method originally
used in the isolation of penicillin from odltures

of Penlcillium notatum. The method has been

desoribed in detall by Whitmoreet al. (56), and
involves the absorption of the active metabollc
prinoiple on finely divided charcoal, followed b&
elution of the alr-dried charcoal with aqueous
acetone. The method has sinoe been employed in the
isolation of other antibiotiocs, for example, in the
1solation of asperglllic acid from cultures of

Asperglllus flavus (55). It was found that actlvated

carbon (1%, welght/volume), absorbed the total enti-
bacterial activity of the filtered broth on which

Cordyoeps militarls had been promoted, when stirred

for 48 hours. The exhausted medium, whioh no longer
‘showed any inhibitory aotion towards the control
organism, was discarded and the air-dried charocoal

was continuously extracted in a Soxhlet apparatus with

warm acetone. On the first occasion onlwhioh this
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method was employed, the concentrated, cooled extract
ylelded the metabolic product as a white high-melting
orystalline solid. To thils compound the name
cordycepin is given. On subsequent occasions, however,
the metabolic product was 1solated as a dark oily
residue, which on treatment with decolourising charocoal
invariaebly yielded cordycepin in a orystalline condition;
final purification was effeoted by reorystallisation
from ethanol. The yleld of pure cordycepln varied
between 40 mg. and 80 mg. per litre of oculture filtrate,
the loss in weight durilng purification being approx-
imately 30%. |

Medium Varlation and Submerged Promotion.

The replacement in the standard medium of the
aldohexose D-glucose by the ketohexose D-fructose
(laevulose) ocaused an increased yield of the metabolioc
product, cordycepin. A small number of culture flasks
were inoculated and incubated under the standardised
conditions. The mycelial development was vigorous
with the rapid production of acidity in the medium.

Due to a contamination 1n the test strain of B. subtilis
the culture filtrate could not be assayed, but the

development of acidity in the medium and the subsequent



return to neutrality followed closely the conditlons
observed when D-glucose was employed. After an
arbitrary period of 24 days, incubation was discon-
tinued and the oulture filtrate was extracted to
yleld pure cordycepin at a level of 95 mg./litre,
characterised by its melting point and mixed melting
point with an authentic sample of the metabolic
product, and by its ultraviolet light absorption
(Fig. 1). The cost of D-fruotose prohibits 1ts use
in the preparation of large volumes of culture medle,
but it is of interest to note that this alteration in
the medium did not affeot the nature of the metabollo

product.

From the observation that in surface oculture

promotion, Cordyceps militarls invariebly grows below

the medium surface during the first 24 - 48 hours of
inoubation,'it was deduced that a favouraeble method
of production of the metabolic product might exist

in deep culture promotion of the mould. An apparatus
was oonétructed In whlch compressed air was blown
through a bacterlal filter into warm sterlle water.
The moist preheated air was then released through
perforated rubber leads as a vigorous stream of fine

bubbles at the bottom of the inoculated medium,
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ocontained in large aspirators. The alr was allowed
to escape through baoterial fllters and meroury
air-flow gauges. Varlations in the depth of medium
and rate of air-flow were employed, and it was found
that a high volume ratio of air-flow to medium was
required to produce appreciable submerged growth.
Under the most satisfaotory conditions whioch oould be
obtained, the rate of submerged growth was slow, the

first inhibition of Baclllus subtilis belng shown by

the medium after 30 days.

In aqueous solution at a concentration between
10 uge. end 100 #g. per ml., cordycepin was found to
inhibit the growth of the Gram-positive Baclllus
subtilis (strain 6753 N.C.T.C.) in Bouillon broth.
This entibacterlal activlity 1is sufficlent to classify
cordycepln as an antiblotic under the conditions
defined by Oxford (5). Cordycepin does not inhibit

the followlng Gram-posltive organlisms: Staphylocooocus

aureus Oxf. H, Sarolna lutea, Escherichla goli,

Baclllus welchll, Streptococcus haemolyticus;

Streptocoocus faecalis; nor 1s 1t sctive against the

Gram-negative brganisms, Bacillus proteus, Shilgella

flexnerl and Pasteurells septica. It does inhibit

an aviasn tubercle bacillus at a concentration of
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0.1 mg./ml. using Youman's medium at 37°, and with
Dubos-Tween-albumin medium it inhibits a bovine

tuberocle baoclllus at a dilution of 1:60,000. The

toxlolty of cordycepin 1s of a very low order.

Cordycepin,

The metabolic product orystallises readlly from
ethanol and n-propanol (in elther of which 1t 1s
sparingly soluble at normal temperatures), to yleld
colourless lustrous needles. From n-butenol,
cordyoepin orystallises as needles or plates, end
from water 1t separates as dull matted needles. In
all cases the crystals contaln solvent of crystallis-
ation, which is difficult to remove. The pure
compound, MeDe. 225-60, shows an optical rotation of
[a)s’ = -47°, and an intense ultraviolet light
absorption with a maximum at 2600 A, (ethenol, Fig. 1).
The 1atter’physioal property was employed to check the
purity of each crop of the metebollc product isolated,
an arbitrary molecular welght belng used to evaluate
Cmax. 28 & oconstant, until the empirioél formula of
cordycepln was elucldated. Initial investigation
showed cordycepln to contain the elements carbon,

hydrogen, oxygen and nitrogen only,.
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The Empiricel Formula of Cordycepin.

Analyses of a number of samples of cordycepin
orystallised from ethanol gave values 1n agreement with
those required by the formula ClOH1305N5 or wlth those
of e hydrate CBH1002N4.%H20. Purthermore, the analysis
of a sample which was drled intensively suggested that
the formule CgH; p0oN4 1s the correct one. Crystallise
etlon from n-propanol and n-butanol gave samples of

unaltered analytical values, whilst a sample

‘orystallised from water gave results in excellent

agreement with the formula CgH; gOgNy.Hy0. The balance

of this evldence favours the formula of lower molecular
weight.

In aqueous solution, cordycepin reacts with pleric
aold to yleld a product the analyses of which were
found to be in agreement with the values fequired by
the monoplcrate of either base CgHy gOgNy or ClOHlsost‘
The picrolonate of cordycepin was also prepared and
three 1ndependent analyses gave results in support of
either formula., Flnally, an attempt to prepare the
flavianate of cordycepin ylelded a compound which,
efter purification, furnished analytical values

Incompatible with those required by a mono- or

diflavienate of eilther of the postulated empirical
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formulae. The product was ultimately shown to be the
flaviaenate of a degradation product of cordycepin (p.37).

At this stage 1t was evident that the cholce between
the formulae CgHjpOgN4 and Cj(oHyz03Ng for cordycepin
ocould not be made from analytical data avallable on the
metabolic product, or simple derivatives of 1t. Since
these formulae have moleoular weilghts of 194 and 251
respectively, a molecular weight determination within
1imits of aocuraoy of 5 = 10% would prove whioch, if
either, 1s correct. On the other hand, the solubility
properties of cordycepin are such that the oryoscople
or ebullioscopic method of molecular welght determin-
ation ocould not readlly be employed. A simple and
rapld method of molecular welght determination which
could be carried out on bases such as cordyocepin was
therefore devlsed, and was proven, against a wlde varilety
of known compounds, to afford values of moleculsr welght
with an acourescy of the order * 2%. The method 1a
discussed in detall in an appendix to this Thesis.

The value obtalned (p.125) for the moleoular welght
of cordyocepin (254) 1is 1in close agreement with that
required by the emplrical formuls CqHyz0zNg (251) and
precludes the empirical formula CgHjOoNg4e

During the course of an X-reay crystellogrsphioc
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study carried out by Mrs. Dorothy Hodgkin and Dr. G. J.
Pitt (Leboratory of Chemlcal Crystallography, Oxford)
on & sample of cordycepin crystallised from n-propanol,
it was obsered that the unit cell dimensions resemble
closely those of certain purine derivatives, 1n
particular the hydroohlorides of adenline and guanine.
The evidence also suggests the presence of solvent of
orystallisation in the specimen. However, a second
sample, which orystallised from n-butanol as orthorhombie
erystals, showed no loss of welght on prolonged dryling
EE vaguo. This suggests that the compound exists in
different corystallographic modifications which may or
may not be solvent-containing. In the case of the

orthorhomblc crystels, the followlng dats was obtalned.

Unit ocell dimension a) 4,81 * 0.08 A,
b) 10.13 = 0.14 A,
C) 22.65 t 0.33 A,

Density by flotetion = 1.48- Space group 1s p21272;.

The dimension "a" 1is so small that the atoms appear to
be resolved 1ln projection, while the space group
indicates the presence of 4 molecules in the unit cell.
From this data the unit cell volume = 1.103 x 10~21 o,c.,
Sinoce this volume of density 1.485 g./c.c. 1s assoclated

with 4 molecules, the mass of one moléoule = 4,09 x 10°22 ey



-08w

and the molecular weight of cordycepin = 248 (tolerance
£10). This value is in close agreement with the
previously found value and with that required for the

formula Cj0H1303Ns (251).

The Structure of Cordycepin.

The cordycepin molecule was found to contain three
aotive hydrogen atoms (Zerewltinoff), but has neither
a carbon-methyl group (Kuhn-Roth) nor e methoxyl group
(Zelsel); a Herzlg-Meyer estimation showed the absence
of a nltrogen~-methyl group.

A preliminary study of the chemicael properties of
cordycepin suggested the absence of ethylenloc unsatur-
ation, whilst neither a cerbonyl nor a oarboxyl
reaction was deteoted by the stendard tests. Attempts
to hydrogenate solutions of cordycepin in ethanol and
acetic acid, using Adams' catalyst (57) at normal |
temperature and pressure, falled; an aqueocus ethanolilo
solution of cordycepin was not reduced by aluminium
amalgam. A warm solution of cordycepin in n~butenol
however reacted very vigorously upon the addition of
small fragments of sodium. Ammonles was evolved
(characterised by 1ts reaction with Nessler's solution,

and by the physical properties of 1ts hydrochloride)



and the reaotion mixture darkened very quickly. From
this solution a small quantity of a white orystalline
solid was finally isolated, but no deduction ocould be
drawn from the analysis of thls compound.

The first definite indication of the nature of
cordycepin was obtained from a oconsideration of 1its
ultraviolet light absorption (Fig. 1) which exhibits
a well-defined maximum at 2600 A. ( €= 14,600) and this
wave~length lies within a range which 1is characteristio
of certain substituted pyrimidine compounds (58). The
postulated presence of & pyrimidine ring in the cordycepin
moleocule is supported by the fact that in aqueous solution
cordycepin was found to react with merouric chloride,
yielding a dimercuriohloride. Many pyrimidine compounds
exhibit double~salt formation with thls reagent.
Furthermore, many purines (59) exhibit intense absorption
In the wavelength range 2550-27C0 A. and the high nitrogen
content of the cordycepln molecule supports the possi-
bility of its containing a second heteroocyclio ring
gsystem fused to a pyrimidine ring.

The maximum value of the ultraviolet light absorption
‘of cordycepin 1s not altered appreciably in wavelength or
Intensity when measured in acld and alkaline solution

(Teble Vb) and the values obtalned show a remarkable
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gimilarity to those of adenine, adenosline and
 9-methyladenine (Table Va) reported by Gulland and
Holiday (60) but differ markedly from those reported
for hypoxenthine, 9-methylhypoxanthine and 7-methyl-
hypoxenthine. The alteration of sbsorption character-
istios with pH in a molecule such as hypoxanthine (XI)
is caused by keto-enol teutomerism of the grouping

| -G-NH- . ~C=N-

-~

0 OH

and a study of the ultraviolet light absorption
characteristics of theobromine (XII) and theophylline
(XIII) (each of whioch can exist in tautomeric forms)

in acid and alkaline soclutions, conflrmed that the
presence of an amide grouping in a conjugated system
causes a oonsiderablé variation in absorption oharascter-
"istics with pHe The absorption of caffeine (XIV) (for
which no tautomeric form can be written) was found to be
unaltered in acid and alkallne solution. As in the
cases of theobromine and theophylline, the absorption of
caffelne 1s weaker and occurs at longer wavelength than

in the ocase of cordycepin.

f) /c,m I%II / N N gHs
S N/)
ﬁ N/CHx————— > /CH J/ Pl N cH
\N/ -\ & \N -
|
CH3 CHz

(X1) (XII)



TABLE V(a).%

A. &
| N/20 NaOH N/20 HC1 N/20 NaOH N/20 HC1
Adenine © \ 2,580 2,600 13,600 13,200
Adenosine 2,600 2,600 14,300 14,200
9~Methyladenine 2,600 2,600 14,700 14,200
Hypoxanthine 2,620 2,480 10, 000 9,600
9«Methylhypoxanthine 2,550 2,480 12,100 10,300
7-Methylhypoxanthine 2,610 2,500 10,100 9,800
7=-Methyladenine ' 2,690 2;690 11,400 14,600

£
TABLE V(b).

N/20 NaOH N/20 HC1 N/20 NaOH N/20 HC1

Cordycepin 2,600 2,600 14,600 14,400
Theobromine 2,750 2,730 10,100 9,300
Theophylline 2,750 2,700 8,500 7,000

Caffeline 2,720 2,730 9,300 9,200

X Gulland and Holiday (60)
& Compare Loofbourow and Stimson (61)
% Present work.

OH 0
T H I CHz
CH~N M ag s CH —N/\/N\ cH.—n Y™
3 | cH s em Y en
NN Ny NN Ny
| | |
CHg CHg CHa

(XIII) (XIV)
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From thls physical evidence it may be concluded that,
although X-ray orystallographlic evlidence proves a close
similarity between the unit cell dimensilons of cordycepin
and guanine (XV) the possible presence of a funotional
amlide group in the nucleus of cordycepln, even if 1t be
N-substituted to prevent tautomerism, 1s not supported

by the ultraviolet 1light absorption data availlable.

(Xv)

The murexlde test was carrled out on cordycepin
using urlc acid, caffeine and theobromine as control
materials. FEach compound was evaporated to dryness with
concentrated nitrlic acid, and on the addition of ammonia,
the control purines gave the purple colouration of
murexide (ammonium purpurate) whilst the ocordycepin test
was negative. Since urlg aoid, caffelne and theobromine
all contaln the grduping (XVI), their oxldation to a
molecule of the alloxantin type (XVII)Qand henoce
conversion to murexide (XVIII) 1s facilltated by the
presence of oxygen atoms at the 2 and 6 positions. The

failure of cordycepin to give the murexide test is in
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agreement with the previous evldence that, if the compound
is a purine, 1t does not have a carbonyl group at the 2~

and 6-positions.

H HQ
oo
Sy

H

N\
.

N

(XVI) | (XVII)

el

(XVIII)

’A sample of cordycepln was drlied in vacuo and was
benzoylated in dry pyridine using a large exoess of
benzoyl chlorlide. The product crystallised from ethanol
to yield cordycepln tetrabenzoate. Sinoe‘a Zerewltinoff
determination showed the presence of only three actlve
hydrogen atoms in the cordycepin molecule, the isolatlon
of a tetrabenzoate rather than a tribenzoate suggested
an abnormal reaction. It has been shown by Bamberger and
Berlé (62) that glyoxaline (XIX) and substituted
glyoxallines can react with excess benzoyl chloride 1in
pyridine solution with resultant fission of the ring,

loss of the carbon atom at the 2-position and benzoyl-
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ation of each nitrogen atom to yield a compound of the
type (XX). A tentative explanation of thls reaction
was made by Gerngross (63) who suggested that an inter-
mediate of the type (XXI) was formed. Sinoce the
evidence regarding the struoture of cordyoepin 1s 1n
favour of & purine nucleus, the possibllity of degrad-
ation of the fused glyoxaline ring could not be
overlooked as an explanation for tetrabenzoate formation,
Assuming this to be the oase, 1t was oonsldered that
hydrolysis of the poly=-ester by hydroohloric acid might
yield the hydrochloride of a diaminopyrimidine.

CH~N CH.NH.CO.CnH H—N
T || 67 o
CH—N" CH.NH.CO.CgHy CH—N{

0] "C0.CgHg
(XIX) (XX) (XXI)

Cordycepin tetrabenzoate was hydrolysed with warm
ooncentrated hydrochloric acld and the benzolo aold
whioh separated was removed by ether extraction. The
ooncentrated mother liquor deposited a colourless
orystalline product, the analysis of which approximates
to that calculated for the empirical formula CgHgNgC1
and 1s in close agreement with a hemlhydrate of that

formula. Adenine hydrochloride (CgHgN5Cl) in common



with many purines separates with water of orystallisation
(64) and the hydrolysis product, m.p. 285° (decomp.) was
undepressed in melting point when mixed with an authentlo
sample of adenine hydrochloride hemihydrate.

A seoond sample of the benzoate was hydrolysed and
an agqueous solution of the product was converted into
1ts plorate. The purified pilorate [m.p. 290° (decomp.)
alone or when mixed with an authentlio sample of adenine
piorate] was dissolved 1n spectroscopically pure ethanol
and from the ultraviolet light absorption of the solution
at 3800 A., the molecular weight of the plorate was shown
to be 362 (p. 124 ). The molecular welght of adenine
piorate 1s 364.

The 1solation and ocharacterisation of adenine from
a derivative of cordycepin accounts for the total
nitrogen content of the cordycepin molecule, and proves
thaet the compound 1is a derivative of adenine. It also
shows that cordycepin tetrabenzoate 1s not formed by
fission of an 1midazole ring. The nucleus of oordyoenin
does not contaln oxygen, and on the assumption thet the
residue of the moleoule is present a8 a gingls frapgment,
this side-chaln must contain 3 oxygen atoms and hevs at
least one optically active centre to sooommodste ths

optical asctivity of the metabolic product. It hag the
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moleculer formula -C5H903 and has at least two esotive
hydrogen atoms in the form of primary or secondary
hydroxyl groups, the amine group on the 6-position of

the pyrimidine ring aocounting for the third eotive
hydrogen atom in the cordyocepin molecule. If the

6-amino group were substituted then all three oxygen
atoms would have to be present in hydroxyl groups in the
side~-chain to account for the active hydrogen content of
the molecule; but the bond between adenine and the side~
chain 1s unstable to acid and this suggests that oxygen
is assoclated with this linkage (for exsmple, ester,
urethane, amide or glycosldic bonding would split under
the vigorous hydrolysis conditions employed) and 1t 1s
therefore concluded that the 6~-amino group 1s unsubstituted.
Finally, an ester or urethane linksge reguires 2 stoms of
oxygen, and thils 1s incompatible with the Zerewltinoff
determination.

That cordycepin itself 1s unstable to dilute minersl
ecild was proven when a solution of the compound in diluts
hydrochloric acid was warmed on a steam bath for & short
perlod. The concentrated reaction solution depositsed
crystalline adenine hydrochlorlide hemihydrate, thse

ldentity of which was proven by 1ts melting point of

285° (decomp.) and mixed melting point with an suthentin



sample, by analysis, and by a ocomparison of its ultra-
violet light absorption (Fig. 2) and infra-red light
absorption (Fig. 3, carried out by Dr. I. A, Brownlie,
65) characteristics with those of an authentioc sample
of adenine hydrochloride hemlhydrate. The hydrolysls
product was also converted to its plorate, m.p. 290°
(decomp.) whlch was undepressed on admixture with adenine
plorate . (The senslitivity of cordycepin to mlld aold
accounts for the fallure to obtain the flavienate of
cordycepin, since flavianlc acld furnishes sufflolent
hydrogen ilon concentration to hydrolyse the molecule,
Reinvestigation of the reaction produdt showed 1t to be
adenine flavisnate.)

Addition of a saturated solution of 2:4~dinitro-
phenylhydrazine in dilute hydrochloric acid to the
mother liquor from the acld hydrolysis of cordyoepin
yielded a small quantlty of an amorphous orange~-red
preciplitate. The hydrolysis of a larger quantity of
cordycepin was carried out and the cooled reastion
solution was filtered free of adenine hydrochloride. 'The
addition of an acid solutlon of Z:4-dinitrophenylhvdrazine
caused the precipoitation over a very prolonged perind of
an amorphous red msterizl., A diluts sthenolis solution

of this compound, when treated with sgqueocuz sodium
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hydroxide solution, gave the blue colouration character-
istic of nitrophenylosazones. The purlified product
analysed for the emplrical formula Cy7H;g030Ng, which 1s
that required by the 2:4-dinitrophenylosazone of a
compound CgHj 004

The isolation of an osazone from the side-chain of
cordycepin suggests that the liberated 5-carbon molecule
has a struocture related to that of a sugar and 1t is
therefore designated cordycepose. The molecule must
contain a free, or potentially free, carbonyl group
adjacent to a primary or secondary hydroxyl group and
is tentatively postulated as (XXII) an aldose struoture

being more probable than a ketose.

H OH
/
?H" B
Caﬂﬁoz -—CSHBO

(XXII)V

The negative result obtained in the Kuhn-Roth
determination of oérbon-methyl groups 1n the cordycepin
molecule precludes the possible presence of the grouping
CHz.CHOH.=- or CHz.CO.~ in the glycosidic side-chain.

This was oconfirmed by the fact that the lodoform test of
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Lieben (66, using the modified procedure of Fuson and
Tullock, 67) glves a negative result in the case of
cordycepin.

Deamination by means of nitrous acld has found
~application in studles of the stereochemical oonfigur-
ation of some purine nucleosldes, in particular in the
converslion of adenosine into inosine (68, 69, 60) and
guanosine into xanthosine (70, 68, 71). In order to
prove by positive evidenoce that the 6-amino group of the
cordycepin molecule is unsubstituted, a sample of the
metsbollc product was deaminated using sodium nitrite and
glaclal acetic acld. The reaction conditions are
sufficlently drastic to split the glycosidic linkage of
cordycepin, and the liberated adenine was deamlnated to
hypoxanthine (XXIII) which was isolated from the reaotion
solution. It was 1ldentified by comparison of its plerate
with that of the authentic purine in respect of melting
polnt and mixed melting point. The molecular weight of
this plorate (p. 124 ) was found to be 371, (hypoxanthine

plorate requires 365).

¢ B
N
v N\ el

I

(XXIII)
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Only the 7- and 9-positions of the adenine nucleus
remain as possible polints of attachment of the glycosidio
residue in the cordycepin molecule. Thls same conclusion
was made regarding the structure of the four purilne
nucleosides. Levene (71) confirmed experimentally that
the glycosidio bond in xanthosine (ribosylexanthine)
occurs at the 7- or 9-position, but no chemical method of
distinguishing between these was avallable when Gulland
et al. (72, 73, 74) evolved a physloal solution to this
problem. As a result of a study of the ultraviolet
light ebsorption spectra of the purine nucleosides and
a comparison of them with various authentlic monomethyle
ated purines, they showed, for example in the case of
xanthosine, that the absorption of the nucleoside is
very similaer to that of 9~methylxanthine, but is unlike
that of l-methyl-, 3-methyl- or 7-methylxanthine. Henoce,
knowing that the effeot of the carbohydrate group on
such spectra 1s negligible (75) they deduced that
xanthosine 1s a 9-ribosylpurine. Similarly, adenosine
(adenine 9-D-ribofuranocside) and 9-methyladenine show
maximum absorption at a wavelength of 2600 A. while the
value for the 7-methyl derivative is 2690 A. The
absorption of cordycepin (Table Vb) is identical, within

the 1imits of experimental error, with that of adenosine



and 9-methyladenine, and the metabolic product 1is

therefore ascribed the structure (XXIV) rather than

(XXV).
NH2 /?Hz clzsﬂgo3
N/N\. N\ N/A\W/N\ -
Wiy o
055903
(xxxvg (XxXV)

It is of interest to note that no purine nucleoside has
been isolated in whioch the glycosidio bond 1s attached
to the 7-position of the nucleus; all are iIn faot

9-ribosylpurines.

E;Toluenesulphonyl chloride reacts readlly with
primary hydroxyl groups in the presenoé of pyridine (76)
the reaction with secondary hydroxyl groups occurrilng
much more slowly. In the case of starch for example,
it was shown by Hess and Pfleger (77) that tosylation of
all three hydroxyl groups (of which one alone is primary)
was achleved only after 9 days. Cordycepin was found to
react with an excess of p-toluenesulphonyl chloride in
dry pyrldine, to yleld an ester whioh could not be
crystalllsed. It has been established that a tosyl

(p~toluenesulphonyl) group attached to the primery
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alooholic group of aldohexoses (78) and aldopentofuranoses
(79) is readily substituted by iodine when the ester is
treated under pressure with an acetone solution of sodium
iodide and under these conditions cordycepin p-toluene-
sulphonate was decomposed to form sodlum ptoluenesulphonate,
the yleld being high if based upon a mono-ester. The
halogen derivative of cordycepin (XXVI) was also isolated

as a glass which ocould not be corystallised.

NHp
7N\
Y
\N/\IF/
C4H602.CH21

(XXVI)

Several atﬁempts to prepare & mono-trityl
(triphenylmethyl) ether of cordycepin were unsuccessful.
Although the reagent reacts preferentlially with a
primary hydroxyl group in a sugar (80) it was shown by
Levene and Tipson (81) that secondary hydroxyl groups
will also react, a ditrityl ether of adenosiﬁe having
been isoleted. No explanatlion can be glven at this
stage for the failure of cordycepin to yleld a trityl
ether.

The tesylatlion reaction suggests that cordycepose

must be & pentofuranose containing a primary alcoholic
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group and this substentiates the conocept that the side
chain of cordycepin contains a terminal hydroxymethyl
group. From thls evidence the formula (XXII) for
ocordycepose can be expanded to (XXVII) and hence
cordycepin is partiaelly represented by (XXViIIa). This
molecule does not contain & x-glycol system and 1if
previous deductions are correct, the metabolic product
must be resistant to periodate oxlildation (Malaprade, 83).
Using the conditions of Lythgoe and Todd (84) a sample
of cordycepin was not oxldised by sodlum metaperiliodate
after 48 hours; the oxidation of a control sample of
adencsine was completed after 4 hours.

Three other formulae can be postulated (XXVIIIb,
XXVIIIc, XXVIIId) for cordycepin (the last two belng
derived from a ketose structure) which are in agreement
with the evlidence regarding osazone formation, stability

to perlodate and possession of & hydroxymethyl group.

H OH \
\ / \N/
| —CH
| C(HYOH) I
o] C(HXOH)
- '
_CH 1l
| _CH
c

of
=

|
CH, OH

(XXVII) (XXVIITe}
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—({:H r—cﬁ.syﬁm ~C.CHy0H
C(H)}cH) ginz i ?(H)(OH)

g i O i

[ cr c(HOH) CH,

AN | |

CB, CB,OH —CE, CH,

(XXVIIIb) (XXVIilc) (XXVIIId)

These formmlae for cordycepin are in complete agree-
ment with the structursel evidence, and socount for the
physical snd chemical properties of the moleocule, with
the exception of the fellure to obtain a trityl ether
and the isclztion of & tafrstsesnzoate of cordycepine.

The molecule micht be expested To yleld a tribenzoate (in
agreement with the sgtive Ayirogen determination) and a
tetrabenzoste cen only he postulsted as (XAX) due to

teutomerism of the S-smine group (XXIX) in cordycepin.

Tk Z?FBZ *

w Dfl [

\ig‘/
&5%@5 Ge ﬂr]’)(OBZo )2
(xR ) (Ixx)

Thls s cnelesgeus with the forusticn 6Ff & dibenzoate
of w-eminovyridine (XXXL) (82}, Adsnosine (XAXTT) the

strocture of which besrs & rensrkshls resawbisias to the



proposed formula (XXVIIa) for cordycepin and whioch
contains four active hydrogen atoms, was benzoylated

in pyridine solution using a large excess of benzoyl
chloride. Adenosine pentabenzoate, to which the
structure (XXXIII) must be asoribed, was 1solated as

the only reaction product. Thus the formulae postulated
for cordycepin are not contradicted by the isolation of

a tetrabenzoate of cordycepin.

NBz.
K W/N\ Ba. v \/N

Bz.N /\N )
Bz. \N/ v/ \N
| M A
(oxT) o 0Bz,
| HCOH BBz, |
A s
(IIHQOH C“:H208z.
(XXXII) (XXXIII)

AA warm suspension of cordycepin in an inert solvent
was found to react with bromine to yleld a high-melting
compound whioh appeared to be monobromocordycepin. The
product could not be crystallised and was unstable in
aqueous solution, being spontaneously degraded to adenine.

A tentative explanation of this reaction 1s possible if
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the structure (XXVIIIa) or (XXVIL1Ib) is assumed for
cordycepin. Monobromooordycepin probably has s bromine
atom on the l'-position (XXXIV) which is so weakly
bonded that in presence of water it is split out and
the molecule is lmmedlately degraded by this resction,
of by subsequent acld hydrolysis, to yleld adenine. No
previous reference has been made to a reaction of this

type by purine nucleosides.

\, \H

\N/\
I
BnC.CHOH.?aHGO
_—o__
(XxXXIV)

The isolation of pure cordycepose from cordycepin
was carried out after experlence had been gained with
a model experiment in which D-ribose was isolated from
adenosine. The nuoleoside 1s more stable towards
dilute mineral scid than is the metabollic produoct, and
the progress of the hydrolysls of adenoslne was
observed by treating samples of the reaction solution
with aqueous picric soid until pure adenlne plcrate was

precipitated. Adenine was removed from the hydrolysis
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solution by "Zeocarb 215" cation-exchange resin and the
acid effluent was shown to contain less than 5 mg. of
adenine and/or unchanged adenosine per 100 ml. of
solution. Thls assay was made by a study of the
ultraviolet light absorption of the reaétion solution
at a wavelength of 2600 A., assuming the value 82600 =
14,000 for the purine and the glycoside. Hydrochloric
acid was removed from the solution using freshly
precipitated silver ocarbonate and hydrogen sulphide,
~and the neutral solution gave D-ribose in high yleld.

The hydrolysis of cordycepin and the isolation of
cordycepose was ocarried out under very similar conditions
to those described sbove. The optical rotation of the
hydrolysis solution (Fig. 4) was employed as a measure
of the progress of hydrolysls, and the solution attained
a constant value (= -C,236, Bxlﬁé -8°) after 5 hours.
Cordycepose was isolated in good yleld as a pale,
laevorotatory syrup which could not be crystallised and
which anslysed for a deoxypentose. The sugar readlly
reduced Fehling's solution.

Attempts to prepare the E-nitrophenylosazone of
oordycepose~under conditions simlilar to thoselused by
Mukherjee and Todd (91) for osaszone formation gave a .

very poor yleld of a product which showed the
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characterlstic osazone colour reaction. Similarly the
method of Kent, Stacey and %Wiggins (85) was unsatisfactory
in the case of cordycepose. The derivative was finally
obtalned by the hydfolysis of cordycepin in the presence
of g-nitrophenylhydrazine}hydroohloride. The tri-3:5«
dinitrobenzoate (colourless needles) and anthraquinone-p-
carboxylate (pale yellow needles) of cordycepose were

also 1solated.

The conversion of aldose sugars into the correspond-
ing aldonic acids 1is generally accomplished by the action
of chlorlne or bromlne on an aqueous solution of the
sugar. Ketoses are much more stable under these
conditions (86, 87, 88). Following a model reaction in
which D-ribose was oxidised to D-ribonolactone and hence
converted to D=-ribonlc acld phenylhydrazide, cordycepose
was oxidised under 1identical condltlons by the actlon of
bromine on an aqueous solution of the sugar. Removal of
free bromine and mineral ascids, and evaporation of the
residual solution, gave cordyceponolactone as a pale
brown, dextrorotatory, hygroscopic syrup which libsrated
carbon dioxide from an agueous solution of sodium
bicarbonate. The isolation of a pentonic acild laotone
by this oxidation proves conclusively that cordycepose

is an aldopentose sugar, and cordycepin 1s an optical



isomer of (XXVIIIa) or (XXVIIIb).. Cordycepose oan now

be postulated in the open-ochain form (XXXVa) or XVb).

HO CHO
?(HIOH) % HYOH)
CHy CH
A(HIOH) dé;ﬁ?bﬂéon
(|3H20H

(XXXVa ) (XXXVb)

Several attempts to reduce cordyocepose to
ocordycepitol (XXXVI - XXXVIIIa) by high-pressure
hydrogenation using a Raney nickel catalyst (89, 90)
under conditions similar to those used by Kent, Stacey
and Wiggins (85) for the reduction of S-deoxyxylose,
yielded only a white high-melting solid which contained
a large amount of inorgenic material and which could
not be orystallised or charascterised. The 1solation
of cordycepltol would aid the elucidation of the
structure of cordycepose, since, on the straight chain
formula for cordycepose (XXXVa), cordycepitol can exist
in the optically active D- (XXXVI) and L-(XXXVII) forms,
or as the internally compensated mesoocordycepiltol
(XXXVIII), whilst on the branch-chain structure for the

sugar (XXXVb) the reduction product must be optically
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aotive (XXXVIIIa).

CH,0H CHy OH CHyOH CH,OH
HO.(I).H H.clz.on H.(‘:.OH C(HX0H)
J:HQ (|2H2 %Hé . (IJH
H.(').OH HO.J:H H.C.OH CH, OH CH,OH
(')H20H JJH20H c|)1{20H
(XXXVI) (XXXVII)  (XXXVIII)  (XXXVIIIa)

- The conversion of cordyceponolactone to a orystalline
acld phenylhydrazide (XXXIXa) or (XXXIXb) was carried out
under standard conditions. The optlocal rotatlon of'the
product is [ +26°. Application of the phenylhydrazide
rule of Hudson (92) leads to the oonolusion'that since
cordyceponic acid phenylhydrazide 1s dextrorotatory the
configuration (XLa) or (XLb) shows the correct spaclal

arrangement about Co.

CO.NH.NHCgHs  CO.NH.NHCgHs ?O.NH.NHQ6H5 CO. NH. NH. Cg Hg
C(H)QH) C(H)X0H) H.C.OH H.(‘I.OH
b, b by - %
Cl:(H)(OH) " CHgyOH CHy0H ('IJ(HXOH) CH,0H CHyOH
(|)H2OH CI)HQOH
(XXXIXa ) (XXXIXb) (XLa) (XILb)

The formula (XLe) contains two optlcally actlve centres
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end hence can exlst as four 1somers comprising two pairs
of enantiomorphs. EREach of these compounds haes been
prepared by Nef (93) and they were named (according to
rotation) D- and L- threo=1:3:4~-trihydroxyvalerio acid
phenylhydrazides [(XLI) and (XLII) m.p. 110°, [« 269
and D~ and L- erzthro-i:3:4-trihydroxyvalerio acld
phenylhydrezides [(XLIII) end (XLIV) m.p. 150°% [%] 99 .

?O.NH.NHCGHS ?O.NH.NHCsHs flso.NH.NHCGH5 CO. NH. NHCgHg
HO.?.H H.?.OH HO.?.H H.C.OH
?% ?% CHg f%
H.C.OH HO.C.H HO.C.H H.COH
CH,OH CH,O0H CH,O0H H,,OH
(XLI) (XLII) (XLIII) (XLIV)

Cordyceponlic acid phenylhydrazlde, m.p. 151°, differs
greatly in melting-polnt from the D- and L- threo-
derivatives of Nef, although the optlcal rotation is
of a similar megnitude. On the other hand it exhiblts
a very similar melting-point to both the D= and L-
erythro- derivatives but differs widely in optical
properties. Furthermore, Mukherjee and Todd (91) have
prepared L(+) erythro-1:3:4-trihydroxyvaleric acid
phenylhydrazlde from 3-deoxy-L-xylose (3=deoxy=-Le=ribose

XLV) the structure of which 1s also conflrmed by comparlson
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with 3-deoxy-D-xylose (3-deoxy-D-ribose, XLVI), subse-
quently prepared by Kent, Stacey and Wiggins (85). The
product of Mukherjee and Todd [m.p. 194°, [m1D+5ﬁ 18
consldered to be identical with the D-erythro-l:3:4=
trihydroxyvaleric aclid phenylhydrazide of Nef. A
comparison in melting point and mixed melting point
between cordyceponic acid phenylhydrazide and L(+)

- erythro-l:3:4-trilhydroxyvaleric acid phenylhydrazide
(kindly supplied by Professor A. R. Todd, F.R.S.) showed

the two isomers to be different.

C{HYOH) C{HYXOH)
HO.(.:‘,}‘ H.c::.oa
<|3Hz <|> ?Hz Cl’
HO.CH HC.OH
'///// I'
CH, C
(XLV) (XLVI)

An attempt to prepare the benzylphenylhydrazone of
oordyocepose (using the method by whioh Vongerlchten
and Muller (94) prepared the corresponding derivative
of aplose) failed to yleld a solid product. However,
further evidence that the formula for cordycepln
(XXVIIIa) and hence for cordycepose (XXXVa) are incorreoct

was obtained when cordycepose p-bromophenylosazone was
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pfepared according to the method by which Vongerichten
prepared aplose p-bromophenylosazone (94, 95). No
optical rotation ocould be observed in an ethanolic
solution of the purified product, even at a high
concentration and thls suggests that osazone formation
has removed the asymmetry of the cordycepose molecule.
According to the structure (XXXVa) for cordycepose the
p-bromophenylosazone (XLVII) must have an asymmetric
carbon atom (C,) and this suppllies additional proof
that cordycepose 1s, in fact, (XXXVb) and cordycepin
(XXVIIIb)s. This formula is in agreement with the
requirements that cordycepose 1s an aldopentofuranose
in which C, carrles a secondary hydroxyl group, Cg is
deoxy-, C4 1s hydroxylated to forﬁ the furanose ring
and Cg is in the form of a hydroxymethyl group; the
resultant molecule yielding an optically inactive osazone.
Cordycepose 1s therefore closely related to the only
braﬁched chain aldopentose known, viz., apiose (XLVIII)

isolated by Vongerichten from parsley seed (95).

CH—N.NHC_>Br CHO CHO

- C=N.NH_ DBr H.tJJ.OH H.(.I‘..OH
CHp c’:.on CH
C(HX0H) CHgOH\CHQOH . GH0H CH,OH
CH,OH

(XLVII) (XLVIII) (XLIX)
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Cgrdyceponic acld phenylhydrazide has one asymmetrio
oarbon atom only (02) and the evidence of Hudson's
phenylhydrazide rule regarding the configuration about
this optlcsl centre supports the formula (XLIX) for
cordycepose,

As in the case of the four ribosyl purine nucleosides,
adenosine (L), inosine (LI), guanosine (LIi) and
xanthosine (LIII), (R' = D-ribose), no attempt has been
made to elucldate the stereochemical disposition of the

sugar-base link in cordycepin.

NHp oH
N
N/\/ \CH N/\l N N o N/\/
\N \N \N/ \N/ Ho N\ \If/ go” \N/ \,
R’ R Rl Rl
(L) (LI) (LII) (LIII)

Furthermore, when cordycepose 1s written in the furanose
form a new optical centre 1s generated at the Cz posiltion
and cordycepin ocan therefore be represented by one of the

four structures [(LIV) - (LVII) where R = adenine-9-

R-C.H H.CZR R~ HC=R
. iy T e R
H.C.OH H.C.0H H.C.OH H.C. OH
| 0 | 0 | 0 |
HOCH,C. H { HOCHZ.(IZ.H ‘ H.C.CHy0H ‘ H.f‘T.CHQOH
CHy CHy CH c

(riv) (.v) (LvI) (LVII)
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It 1s of Interest to note that no naturally
ocourring 3-deoxyaldopentose has been desoribed
previously, while the only naturally ocouring adenine
deoxypentoslide to have been reported i1s adenine-9;:2'-
deoxy=D-riboside isolated by Levene and London (98)
from thymus nuclelec acid.

Vongerichten (96) and subsequently Schmidt (97)
showed that the amorphous caloium salt of apilonic acid
oould be reduced with hydriodio acid and phosphqrus to
yield a volatile acld which they characterised through
1ts p-bromophenacyl ester as isovalerlic acld. Thus the
carbon skeleton of aplonlic acid and aplose was conolus-
ively proven. The yleld of this reaotion is extremely
small and insufficient cordyoepin was avallable to
attempt the corresponding degradation of ocordycepose.
Proof of the proposed structure for cordycepose was

therefore undertaken by a synthetic route.

The first synthetic approach to the confirmation
of the proposed structure for cordycepose was an attempt
to prepare l:3-diacetoxy-4'-isopropylidene-2'-phenyl-
5'-oxazolone (LVIII) by the condensation of 1l:3~dlacet-
oxypropan-2=one (diacetoxyacetone, prepared by

acetylation of dihydroxyacetone dimer by & method



similar to that desoribed by Fischer and Mildbrand, 99)
with hippuric acid or wilth 2-phenyl-S-oxazolone.
Reduction followed by hydrolysls mizht be sxpected ho
yield 2-amino-4-hydroxy-3-hydroxymethylbutyric acid
(LIX). Resolution of this compound and treastment of
each lsomer with nltrous acld should yleld the two

stereoisomeric forms of cordyceponlc said.:

O C0pCEy .
B=G——G=0 62
Gl COpCH, 1|\r | ) H.«aﬂ(uag)c.oza
N HOC Hy
Celis
(LVIII) | (LIX)

The condensation of the ketone wilth hippurle acld
was attempted in boiling aeetieracid In the presence of
sodium acetate (100) but no product was isolated; nor
could the ketone be condensed with preformed 2~phenyl-
5-0xazolone in benzene using piperidine and magnesium
sulphate as dehydrating agents, in acetic anhydride,
or in benzene with a trace of phosphorus pentoxide.
2-Phenyl-5-cxezolone was recovered unchanged on

every occasion.

As in the case of apilose, the p-bromophenylosazone



of cordycepose does not contain a centre of asymmetry.
Furthermore the derivative 1s a highly orystalline
compound of sharp m.p. suitable for comparison with a
synthetic material. The reactions to be disoussed now
were dlreoted towards the synthesis of cordycepose p-
bromophenylosazone.

In a recent publlication 1t has been shown by
Marvel and Hill (101) that 4:4-dicarbethoxybuban-l-al
diethylacetal (LX) can be converted into’5-hydroxy-4-
hydroxymethylpentan-l-al diethylacetal (LXI) by the
action of lithium aluminium hydride. This reaction

suggests a straightforward approach to the synthesis

COpEt CH,OH
H.CHp.CHp.CH( OBt )g CH.CHyg.CHg.CH( OBt )o
COgEtL | CHpOH ’

(LX) (LXI)

of cordycepose, since the reductlion of 3:3=-dicarb-
ethoxypropan~l-al diethylacetal (LXII) will yleld
4-hydroxy-3~-hydroxymethylbutan-l-al diethylacetal
(LXIII) which is 2-deoxycordycepose diethylacetal.
3:3-Dicarbethoxypropan-l~-al diethylacetal was
prepared according to the method of Perkin and

Sprankling (102), the yield belng increased by the
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use of a rocking-type autoclave in place of sealed glags
tubes, and by a slight lnerease in the resotion
temperature. Analyses of the acetal and of the oorres-
ponding 2:4-dinltrophenylhydrazone oorifirfisd the structure
of the product. |

CO Bt CH,, OFf

CH.CH, .CH( 0Bt ), ?H.C-Hé,.(}ﬁ'( ORE),,

COxEt CHy0B
(LXII) (IXIIT)

The reactlon conditions of Marvel and Hill (loo.
cit.) were followed closely in the reduotion of 3:3-
dicarbethoxypropan-~l=al dilethylacetal, the reaction
product belng distilled finally to yield two freotions
eaéh of which was shown by analysis to be 4«=hydroxy~3-
hydroxymethylbutan-l=-al diethylacetal. The product,
unlike thé starting material, 18 readily water=soluble.
The correspondlng 2:4-dinltrophenylhydrazone oould not
be obtained from this acetal by the aotlion of Brady's
solution, nor did a dilute mineral acld solution of
the product yleld the derivative when treated with an
agueous golution of 2:4~dinitrophenyihydrazine
hvdrochloride. 4=~Hydroxy-3-hydroxymethylbutan~l-sal

2:4-dinitrophenylhydrazone was flnally prepared by
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hydrolysls of the acetal in an acetio sold-sodium
acetate buffer solutlion (pH 4) followed by the addition
of a solution of 2:4~dinitrophenylhydrazine in dilute
hydrochloric acid.

In order to convert 4~hydroxy=-3-hydroxymethylbutan-
l-al dlethylacetal Iinto racemic cordycepose (LXV) a
hydroxyl group must be introduced on the Z2«position
with the subsequent liberation of the aldehyde group.
The most obvious method to complete thls reaotion 1is
through the intermedlate 2«bromo~4-hydroxy~3-hydroxy-
methylbutan-l-21 dlethylacetal (LXIV), but the sotion of
bromine on the acetal 1In the presence of calelium carb-
-onate yielded & polymerised glass which ocould not be
distilled. Marvel and Joncich (103) have shown that

many simple aliphatic acetals can be converted to the

CH,OH CHgOH
éI-LCH_Br.CH( OBt ), CH.CH(OH)CHO
clmzozi - CH,OH

(LXIV) (LXV)

corresponding 2-bromo derivetives in high yleld by
N-bromosuccinimide. An ethereal solution of 4-hydroxy-
Z=hydroxymethylbutan-l-al dlethylacetal was allowed

to reaot with a molaer equivalent of N-bromosucoinimide
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and the reactlon product was 1solated as a pale

yellow oll. Micro-distillation of a small quantity

of the product ylelded a fraotion the analysis of
which suggested that it was 2-bromo§4-hydroxy-5-
hydroxymethylbutan-l-al diethylacetal. On attempting
to distil the bulk of the product, polymerisation

"and decomposition ooccurred and 50% was obtained in
three fractions. The higher boiling fractions were
fraotionally redistilled and a sample from each was
analysed. The values obtalned showed that the
distillates were mixtures of the monobrominated product
and a dibrominated compound which 1s probably 2:3-
dibromo=-4-hydroxy-3-hydroxymethylbutan-l-al dlethylacetal.
That the desired 2-halogenated product was present in
the mixture was proven by its conversion to the corres-
ponding 2~iodo- compound (LXVI) (with sodium 1odide

in scetone) which reacted with thiourea to yileld 2~amino
-5-(2*-hydroxy-1'-hydroxymethyl)-ethylthiazole (LXVIII)
isolated as 1its picrate, the analysis and molecular
welght determination (p.124) of which are 1ln agreement
with the required formula. The reaction may be
postulated as passing through the intermediate (LXVII).
Using the same reaction conditions bromoacetal was

converted into 2-aminothiazole, also characterised as



its picrate the solubility properties of which are
very similar to those of the first product.
(Chloroacetal 1s employed 1ndustrially in the
preparation of 2-aminothiazole hydrochlorlde by the

same reaction, 104).

CIJH( OEt ), i:H( 0Bt )g ITHQ cﬁﬁ—————/—[
CH.I CH C~NH NH
H CH CH
A X |
CH,0H CHy0H CHy0H CHy0H CHyOH CHgOH
(LXVI) (LXVII) (LXVIII)

In en attempt to improve the yield of 2-bromo~4-
hydroxy=-3~hydroxymethylbutan~l«al dlethylacetal the
bromination was catalysed by strong ultraviolet
; irradiation. The product was less viscous than pre-
viously and reacted readily with sodium iodide in
acetone to yield a dark brown oll. Conversion of a
sample of thils material through the 1sothlourea
derivative ylelded a picrate, the solubllity properties
of which were markedly different from those of Z2-amino-
thiazole pilcrate and from those of the compound
congidered to be 2-amino-5=-(2'-hydroxy-1l'~hydroxy-
methyl )=ethylthiazole. The new product exhlbits a

higher m.p. than the latter picrate and 1s conslderably
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depressed M w.0. when mixed with it. On the other
hand’ anedysds i molecular welght determination (p.l124)
oll Lrig: nroduue showed 1t to be isomeric with the
previous: plorate. In the first N-bfomosuooinimide
reeofion: it  wes consldered that the reaction product
conteined: some 2:3~dibromo~4«~hydroxy-3-hydroxymethyl-
Putanedsed dGlethylacetal in addition to the 2«brominated
materdidd.. It would now appear that 1n the presence of
strong ultraviolet light the 3-position is more sctive
tham» the: 2«pozition so that the only monobrominated
produett 18- 3-bromo~4~hydroxy-3-hydroxymethylbutan-l-z1
diethylacetel (LXIX). The corresponding 3-iodo-~
coopound  reacts wlth thiourea through the intermediate
(1X0) toc give 2-emino=-6:6-di(hydroxymethyl }=1:3~thiazine
(IXXT);, isemeric with (LXVIII). |

Although these products have been postulated as a
thiazelécand a thiazine (these being ihe only formulae
compatibléeswith the analyses and molecular welght
détéeminations ) there is only the evlidence of comparsa-
tiveeselubtlity to suggest whioh oompound does 1in fact
haes-thgcgtbrotvre (LXVIII)., A ocomparison of the
n1treyialsat 1icht ebsorption of these compounds with
iha# of O-amlnothiszole plorete (Fig. 5, 'C' is the

cofpound pogtulisted as (LXVIII), 'B' as (LXXI) offers



) no ald to the identification of the products.
Bromination of the acetal was repeated using a
tungsten~fllament lamp to catalyse the reaction. The
reactlion was very slow to proceed and the produot,
after treatment with sodium lodide in acetone, condensed
with thiourea to yleld the high-melting pilcorate (LXXI)

instead of the product 1solated previously.

CH(OEt ) CH(OEt ) |
| 2 4 ‘ 2 /\
GH, NHp N
(l}Br | HOCHZ | | HOG l ’NHz
| O N é%§>\\\ T

| CéOH\CHEOH e s e 8

(LXIX) (LXX) | (LXXI)

From thils evlidence it 1is apparent that bromination
of 4-hydroxy-3~-hydroxymethylbutan-l-al diethylacetal
with Nebromosuccinimlde ylelds at least three products
whiéh ocannot be separated or purlfled by distillation,
and of whioh one is the required 2-bromoe4-hydroxy-3-
hydroxymethylbuten-l-al diethylacetal. This approach
to the synthesis of a oordyocepose derlvative was there-

fore discontinued.,
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EXPERIMINTAL.

All melting points are uncorrected.

| Analyses are by Drs. Weiler and Strauss, Oxford, and by
W. McCorkindale, Royal Technical College, Glasgow.

Promotion of Cordyceps militaris (Linn.) Link.

A slope of the master culture of the mould was
flooded with sterile water (5-1C ml.) and was agitated
with a nickel spatula. The aqueous conidial éuspension
produced was distributed in 8-ounce bottles containing
a medium of glucose (1.0%), peptone (0.5%) and agar
(2,0%) and was inoubated at 24°., After 8-12 days the
mould from one bottle was sub-cultured iﬁto 3 culture
flasks containing a medium (400 ml./flask) of glucose
(1.0%) and "Pronutrin", a commercial enzymlc casein
hydrolysate (0.5%) and the flasks were inoubated at 24°
for a further 10-12 days. Finally the myoélium was
disintegrated by vigorous agltation to yield a bulk
spdre suspension sufficient for the inoculation of
40-50 1. of medium (glucose 1.07, "Pronutrin" 0.5%).
The medium was dispensed in "Glaxo" surface oculture

flasks or in standard "penicillin" flasks (380 ml./
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flask) and after sterilisation (15 1bs./sq. in., 15
minutes) was inooulated (10-15 ml. inooulum/flask).
After 24 hours a submerged growth of the myocelium
was observed, and after a further 24-48 hours
numerous separated "islands" of surface production
of the mycelium were observed. By the seventh day
the surface was completely covered with a heavy,
white felt and at thls stage the acidity of the
medium commenced to lnorease, reaching a maximum
after 18-21 days (pH 2,0-3.0) coincidentel with the
first well-defined inhibitions (30-35 mm.). Inoubation
beyond thls period resulted in a gradual decrease of
aocldity, neutrality belng attalned after 26-28 days,

with little alteration in assay results,

Culture Filtrate Assay.

An agar slope of the test organism (Bacillus
subtilis strain 6752 of the National Collectlon of
Type Cultures) was flooded with distilled water (10 ml.)
end soraped with a nickel spatula to yleld a bacterial
suspension which was used to lnoculate the medlum
(90 ml.) consisting of "Lab. Lemco" (1.0%), peptone
(1.07), sodium chloride (0.5%) end agar (1l.5%). The

medium was dispensed in Petri dishes (20 ml./dish)



and after 1t 1ad set, squidigtent discs of 3" dismeter
were removed. The cavities were filled with the
solution or filtrate to he tested, and the dishes
inoubated for 12 hours at 28°, The area and sherpnesa
of definition of the inhiblition zones afforded an
estimate of the actlvity of the test solution.
Cordyeepin (10.0 mg.) was dissolved in distilled water
(10.0 ml.) and portions of this solution were suocess-
ively diluted to yleld solutlons of oeﬁaentratien 1,0
mgs/mle, 0.2 mg./ml., O.1 mg./ml,, 0.0L mg./ml. and
0.001 mg./ml. Each solution was assayed against the

test gtrain of Bacillus subtilis. The solution of

highegt concentration showed & very clear, well=-

deflined inhibitlon zone of 35 mm. dlameter. At a conec-
entration of 0.2 mg./ml. end 0.1 mg./ml. the inhibition
zones were 22 mm. and 32 mm. in dlameter and were also
clear and sharply defined. Inhibition area and definit-
ion decreased rapidly at lower concentration, and

at '0.001 mg./ml. concentration the zone diameter was

5«10 mm, and was scarcely visible.

Isolstion of Cordycepin (I)

Standard medium (22 1.) dispensed in 58"Glaxo"

flasks was inooulated from a bulk conildlal suspension
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of C. militeris and incubated for 23 days at 24°. The
exhausted medium was filtered from the mycelium under
reduced pressure, and was then stirred mechaniceally
for 4-5 days with activated animal charcosl (B.D.H.
decolourising quality, 250 g.). The charcoal was
allowed to settle for 24 hours before the supernatant
liquor was removed By a syphon. The charcoal was
colleoted by filtration and was air-dried at 24° for
5 days; 1t was then extracted 1n a Soxhlet apparatus
with acetone (1,500 ml.) for 6 days. During the
extraction gordycepin separated from the acetone solut-
ion as a white micro-crystalline incrustation, which
was collected and dried 1n vacuo (320 mg.), m.p. 215-
2200. The product was recrystallised from n-butanol
(prisms, m.p. 221-222°) and finally separated from
ethanol as lustrous needles (250 mg.), M.pe 225-6°.
The bulked n-butanol and ethanol liquors were
concentrated (7 ml.) to yleld cordycepin as prisms
(45 mg.), m.p. 225° (alone or mixed with a specimen
from the initial crop). The pale yellow acetone
solution (1,500 ml.) was concentrated to small bulk
(250 ml. ) and on cooling deposited cordycepin as a
mat of colourless needles, m.p. 219-2210, assoclated

with globules of a viscid oil; The mixture was



collected and alr-drled (2.02 g.). Recrystallisation
from n-butanol (100 ml.)} ylelded cordycepin as colour-
less plates (720 mg,.), m.p. 224-225° (undepressed on
admixture with a semple from the first orop).
Concentration of the filltrate (20 ml.) yielded a
further crop of the metabolic product (135 mg.), M.De
222-224°. The acetone and n-butanol mother liquors
were concentrated and heated under reflux with
activated ocharcoal to yileld, on filtration, a colour-
less solution from which cordycepln sepsrated slowly
as colourless plates, m.p. 217-220°. This material
was pure after one recorystallisation from ethanol,
from which it separated as needles (100 mg.), mip.
225° (alone or when mixed with an authentio sample).
The identlity and purity of each corop was also
established by a study of 1ts ultraviolet light’
absorption (ethanol):

Cmaximum = 14,600 at 2600 A. (Fig. 1)
The total yield of pure cordycepin was 1,320 g. (60

mg./1. medium); [oJ2 -47° (¢ = 0.43, 1in water).

Isolation of Cordycepin (II).

The filtered, exhausted medium (44 1.) from a

culture of the mould was extracted with oharcoal (5@ g.),



end* the: dried oisreoal was conbtinuously extracted with
spetone: (87 1% )" a6 desceribed previously. The brown
agetone- extraot - #as goncentrated to small bulk (200-300
mil ) end” wes: veintained at 0° overnight. No solid
materinll separated’ from the solution. The residual
ceeione: wess eveporated under reduced pressure to yleld
as dark: cum:which- wes dissolved in boiling water (50 ml.)
and? wag: heeted under reflux with sctivated charcoal
(011 gs.2pprex..).. The hot solution was filtered and on
cootlikp-overnizht deposited cordycepin as dull matted
needies: (1190 ~..) m.p.-223-224°, undepressed in m.p.
whenp-mixediwith sn authentic specimen. Concentration
of “the:zagueseus mother licuor ylelded a solution (5 ml.)
from whidhhecordycepin sepvarated on prolonged cooling as
patesbrownneedles; m.ps 220-222°, Recrystallisation
fRom cthanel’ save colourless lustrous needles (310 mg.)
mxp;.egﬁgf. Theextinotion coefficlent of the maximum
ultraavidlat 1icht absorption for each orop (14,400,
135060 at=2800 A, ) confirmed the purity of the products.

TotEE_yTakd; 2:21 2. (50 mg./l. medium).

Promotion of <. militeris on Leevulose Medium.

A medium cohalating of laevulose (D=-fructose) (1%),

aBd Pramikreia (1.3%7) was dilspensed in 20 "penicillin®
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type flasks (400 ml./flask) and was sterilised, inoculated
and incubated as before. Growth of the mould was very
vigorous and after 24 days the mycelium wes discarded

and the medium was extracted to yleld cerude cordycepin
(750 mg., 95 mg./ml.) m.p. 190-210°. The product was
feorystallised from water and finally from ethanol, from
which pure cordycepln separated as colourless needles

(400 mg.) m.p. 224-5°, undepressed when mixed with an
suthentlic specimen. The ultraviolet absorption of the

compound showed the value &= 14,300 at 2600 A, (ethanol).

Submerged Culture Promotionlgg Cordyceps militaris (Linn.)

Link.

Iﬁ place of an incubator a thermostatically
controlled water tank was employed, maintaining a
temberature of 249 +1° in each of two 20 litre aspirators
containing glucose (1.0%), "Pronutrin (0.5%) medium,

(10 1./flask). Air supplied by a rotary pump was passed
through a sterile wool filter (30 om. x 7 om.) and
through a 15 litre asplrator containing sterile water
(12 1.) at 24°, The preheated moist alr was released
through perforated rubber leads gilving a flow of fine
bubbles in the inoculated medium. The air was filnally

allowed to escape through a mercury flow-meter, which
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gave a reading of 100 l./hour. Growth of mycelium was
very slow, except at the polnts of most vigorous
aeration and after 28 days maximum acidity was attained
pH 4.7) without the production of measursable activity.
The unit was altered to glve an air-flow rate of
500 1./hour, using 3% 1. of standard medium in each of
two 10 litre asplirators. The rate of submerged growth
was greatly inoreased while a heavy felt formed on the
walls of the &essel at the ﬁedium-air interface.
Maximum acidity (pH 5.2) was attained after 11 days and
the medium was neutral after 27 days. After 30 days
(pH 7.2) the medium showed the first inhibition of
B. subtilis (5-10 mm. hazy inhibition). The experiment

was discontinued at this stage.

Analyses 22 Cordyoegin.

For analysis a sample of cordycepin recrystalllsed
from ethanol as needles, m.p. 225°, was dried for 6
hours over phosphoric oxide at 78°/0.1 mm.

Found.: 0’4709’ 4‘708; H’5.2’ 5.2; N’27.6’ 28.5.

C10H1302zNg requires C,47.8; H,5.2; N,27.9.
1 .

CgHy oOoNy -2 Hy0

81 Er%quires C,48.0; H,5.4; N,28.0%.

A further sample orystallised from ethanol and dried for
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150 hours, 80°/0.5 mm. was anelysed using the standard
technique for a hygroscoplc compound.

| Found: (,49.7; H,4.7.

CgHy gOgNy requires C,49.5; H,5.2%,

Cordycepin separates from n-propanol és fine
needles, m.p. 225°, containing solvent of orystallisation
which 1s diffiocult to remove. A sample was dried over
phosphoric oxide for 8 hours at 100°/0.5 nm,

Found: C,48.1; H,4.9%.

From n-butanol the metabolic product orystallises
in the form of lustrous plates, m.p. 224-5°, A sample
was dried for 8 hours at 1060/6.5 mm.

Found: C,48.2; H,5.4%.

From water cordycepin separates as dull matted
hydrated needles, m.p. 225°, A specimen was dried over
phosphorioc oxide for 2 hours at 78°/0.5 mm.

Found: C,45.3; H,5.9.
C10H1505N558Ho0 requires C,45.6; H,5.5.
CgHp00pN,.H,0 requires C,45.3; H,5.7%.

Cordycepin Pigrate.

To a warm solution of cordycepin (15 mg.) in water
(1.0 ml.) was added an exoess of a saturated aqueous

solution of picric acid. The yellow flocoulent
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preclpltate was colleoted and was dissolved in hot waters

On cooling gordycepin picrate separated as needles (12 mg.)

m.p. 195° (decomp. ).

Found: C,39.7; H,3.2; N,23.4,23.2.
CloH1593N5.CSH307N5 requires C,40.0; H,3.4; N,23.3.
CgHy g0gN4-CgHs Oy N5 requires C,39.7; H,3.1; N,23.2%.

Cordycepin Plcorolonate.

To a warm solution of oordyoepin-(l5 mg.) in water
g (1.0 ml.) was added a cold saturated aqueous~ethanolioc
solutlon of picrolonic acid. The precipitate of yellow
prismatic needles which separated on oooiing was
oollected and reorystallised from water to yield

oordycepin picrolonate as yellow needles (10 mg.) m.p.

240° (decomp. ).
Found: C,46.7,47.0; H,4.2,4.3; N,24.2,24.2.

C10H1303N5-Cq 0HgOp N

requires C,46.6; H,4.1; N,24.5.
CgHy 0OgNg.Cq 0HgOgNy
1 requires C,47.3; H,4.0; N,24.4%.

Attempted Preparation of Cordycepin Flavianate.

To a warm solution of cordycepin (20 mg.) in water
(1.0 ml,) was added excess of a warm aqueous-ethanolioc

solution of flavianic acid (2:4-dinitro-l-naphthol=7=-
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sulphonic acid). The solution was ooncentrated (2 ml,.)
and after prolonged cooling deposited yellow needles,
m.ps 275-280° (decomp.). Reorystallisation from a
oonoéntrated aqueous~cthanol solution yielded adenine -
flavianate as bright yellow needles, m.p. 283° (decomp.)
alone or when mixed with an authentic sample.
Found: ©N,21.6.
C5HgN5.Cy 0HgOgNeS requires N,21.8%.

Sodium-Butanol Reductlon of Cordycepin.

Finely out sodium (100 mg.) was added to a solution
of cordycepin (96 mg.) in boiling n-butaenol (7 ml.)
heated under reflux over a period of 30 minutes. The
non-condensible vapour which escaped from the top of .
the condenser was alkaline to litmus and gave a yellow
colour to Nessler's solution. It was absorbed in dilute
hydrochloric acid and the acld solution on evaporation
yielded ammonium chloride (10 mg.) which did not melf
on heating, but ylelded a white sublimate sbove 200°.
The reaction solution was cooled and extracted with
pydroohloric acid (§,5 x 5 mle)e The extract was made
alkaline with sodium h&droxide solution and was
extracted with ether (5 x 10 ml.). The dried (sodium

sulphate) extract was concentrated and treated with dry
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hydrogen ohloride to yleld a white precipitate which did
not melt below 250°. The product crystallised from
ethanol-éther as micro-prisms (3 mg.). |

Found: N,21.9%.

Cordycepin Dl-mercurichloride.

A warm solution of cordycepin (7.0 mg.) in water
(1.0ml.) was treated with a saturated.aqueous solution
of mercuric chloride (2.0 ml.). The mixture was warmed
to 100° to redissolve a gelatinous precipitate. On slow
cooling a white amorphous granular precipltate of

gordycepin di-merourichloride seperated.

Found: N,Bol-
- CloHlsostogggC].g requires N,8.8,
CgHy oOglN,.2HgCly requires N,7.6%.

The Murexlde Test.

Caffeine (0.025 g.) was evaporated to dryness with
concentrated nitric aoid (80%) and heating was oontilnued
until the yellow residue had turned pink. On the
additidn of a drop of conbentrated ammonia solution
(Spegr. 0.88) the purple coloration of murexide was
observed, The test was repeated using uric acid (0.03

g.) and theobromine (0.02 g.), & purple colour being



obtalned 1in each case. Cordycepin (0.20 g.) yielded a

dull red-brown colour.

Cordycepin Tetrabenzoate,

Cordycepin (50 mg.) was dried over phosphorio
oxide for 3 hours at 78°/0.1 mm. and was suspended in
pure dry pyridine (3.0 ml.). Benzoyl chloride (1.0
ml,) was added and the mixture was shaken to oomplete
solution. The reaction mixture was kept at room
temperature for 18 hours and was then warmed on a steam
bath for 5 minutes to dissolve the precilpltated pyridine
hydrochloride. The dark red solutlion was added to
orushed ice (20 g.) with vigorous stirring and after
all the ice was melted the supernatant liquor was decanted
from a dark-red oil., The oil was washed with water
(10 ml.) and was dissolved in warm ethanol (3.0 ml.). On
cooling the solutlon deposited pale orange needles
(100 mg.) me.p. 170-175°, Recrystallisation from ethanol

' gave cordycepin tetrabenzoate as colourless lustrous

needles, m.p. 179-180°. | |
Found: C,68.2,68.5; H,4.2,4.2; N,10.6,10.5.

C3852907N5 requires C,68.4; Hy4.4; N,10.5%.

Hydrolysls of Cordycepln Tetrabenzoate.

Cordyocepin tetrabenzoate (0.3 g.) was suspended in
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oconcentrated hydrochloric acid (3.0 ml.) and the mixture
was‘warmed on a water bath at 80° with ococasional
shaking. After 10 minutes the ester was completely
dissolved, benzolc acld being precipitated as a white
gummy mass. The cooled reaction mizxture was extracted
with ether (4 x 10 ml.) and the dried (sodium sulphate)
extraot was concentrated to yield benzoic acid (180 mg.,
80% of theoretical) m.p. 120°. The hydrochloric acid
solution was concentrated to 1.5 ml. and on cooling
deposited colourless clustered needles (30 mge.) m.pe
280° (decomp.). The product recrystallised from a
concentrated aqueous ethanol solution to yileld adenine
hydrochloride hemlhydrate as colourless needles, m.D.
285° (decomp.) undepressed when mixed with an authentio
specimen of adenine hydrochloride hemihydrate, m.p. 285°
(decomp.}e The ultraviolet light absorption of an
ethenolic solution of the product showed a meaximum at
2610 A.,, &= 13,600, An analytical sample was dried for
3 hours at 80°/0.1 mm.

Found: C,33.6; H,4.1; N,39.3.
Cele. for CgHgNsCl.3Hg0: C,33.3; H,3.9; N,38.8%,
The hydrolysis of cordycepin tetrabenzoate (0.15 g.)
was repeated and the product (15 mg.) was dlssolved in

warm water (1.0 ml.) and treated with an excess of a
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saturated aqueous solution of picric scid (2.0 ml.).
The yellow flooculent preocipitate which separated was
oolleoted-and crystallised from water. It separated
as felted needles, m.p. 290° (decomp.) alone or when
mixed with an authentic specimen of adenine picrats,
MeDe 290° (decomp.). By a study of the ultraviolet
light absorption of the picrate at a wavelength of
3800 A., the molecular weight of the picorate was found
to be 362 (p. 124, CgHsN5.CgHzOpNz requires 364 ),

Hydrolysis of Cordycepin.

A solution of cordycepin (0.15 g.) in hydrochloric
acid (2N, 3.0 ml.) was warmed on a steam bath for 30
minutes. The solutlon was concentrated (1.0 ml.) under
reduced pressure, and cooled. The crystalline mass
which separated was collected, washed with ethanol
(0.5 ml.) and dried to yleld adenine hydrochloride
hemihydrate (60 mg., 59%) m.p. 285° (deooﬁp.) alone or
mixed wlth an authentic specimen. A sample was
reorystallised from ethaﬁol from which 1t separated as
fine colourless needles, m.p. 285-286°. (decomp.) and

was dried for 3 hours at 78°/0.1 nm.
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Found: C,33.2, 33.4; H,3.7, 4.1;
N,39.0, 37.8; C1,19.4, 19.5.
Cale. for CgHgNgCl.3H,0: C,33.3; H,3.9;
N,38.8; C1,19.6%

The ultraviolet 1light and infra-red light absorption
gpectra of this pfoduct were found to be identical with
those of an authentlc specimen (Figs. 2, 3).

To a warm soiution of the product (15 mg.) in water
(1.0 ml.,) was added a cold saturated aqueous solution of
piloric acid (2.0 ml.). The yellow precipitate which
separated recrystallised from water to yleld adenine
plorate as yellow needles, m.p. 290° (decomp.),
ﬁndepressed when mixed with an authentic sample. For
analysls a sample of the plorate was drled for 3 hours
at 100°/0.1 mm.

Found: C,36.3,36.4; H,2.3,2.2; N,30.9.

Calc. for CgHgNg.CgHzONz: C,36.3; H,2.2; N,30.8%.

The acid filtrate after the removal of adenilne
hydfochloride was treated with a saturated solution of
2:4-dinitrophenylhydrazine in hydrochloric acid (2N,
10 ml.). After standing at room temperature for 10 days
‘the amorphous orange preclpiteate (10 mg. ) which formed
was colleoted and washed with a small volume of water.
The product showed m.p. 250-253° (decomp.) and a sample

(<1 mg.) dissolved in ethanol (2 ml.) and treated with
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dllutve sodium hydroxide solution gave a deep blue-vinlet

aolouration.

Cordycepose =:4~dinitrophenylosazone.,

Cordycepin (0.40 g.) was hydrolysed with hydrochloric
acid (2N, 5.0 ml.) as desoribed previously. After the
removal of adenine hydrochloride the residual solution
was added to a saturated solution of 2:4-dinitrophenyl-
hydrazine in hydrochloric seid (2N, 40 ml.). The
~amorphous flocculent precipitate whioh deposited during
the Tirst 24 hours was discarded and the soluticn was
allowed to stand at room témperature for 10 days, the
preoipitated materlal being collected perlodically. The
bulked orange-red precipitates (50 mg.) were dried and
orystaliised twice from a small volume glacial acetic

acid to yleld cordycepose Z2:4-dinitrophenylosazone as 2

reddish-brown microorystalline powder, m.p. 254-258°

(decomp. ). The nroduct was very sparingly soluble in

ebhanol. A dilute solution of cordycepose 2:4-di-

nitrophenylosazone in ethanol when treated with aqueous

sodium hydroxide gave a deep blue~-purple colouration.

in analyticel sample was dried for 4 hours at 100°/0.1 mm.
Found: C,41.0,41.6; H,3.2,3.4; N,22.6,22,7.

Ca7Hy 60y olg Tequires C,41.5; . H,3.3; N,22.7%.



The Iodoform Test.

Solutions of cordycepin (50 mg.) in dioxan (5.0 ml.)
and lsopropanol (50 mg.) in dioxan (5.0 ml.) together
with a blank of dioxan (5.0 ml.) were all treated with
a 10% aqueous solution of sodium hydroxide (0.5 ml.).

To the sblutions was added dropwise a solution of
potassium iodide (20.0 g.) and lodine (10.0 g.) in
distilled water (80 ml.) with vigorous shaking, until

a slight excess was shown in each soluéion by the
presence of a brown colour which did not'disappear after
shaking occasionally for 5 minutes. The reaction
solutions were wafmed on a water-bath at 60° for 2
minutes, the potassium iodide~iodine solution being

- added dropwise to maintain the colour of free lodine in
the solutions. BExcess lodine was finally removed by the
addition of aqueous sodium hydroxide gnd each reaction _
solution was diluted with water (20 ml.). After standing
for 15 mlnutes thé blank and cordycepin solutions carried
no preciplitates, nor did they have thé characteristic
odour of iodoform. The iggpropanol control solutlon gave

a bulky yellow precipitate of iodoform, m.p. 119°.

Deamination of Cordycepin.

Cordycepin (0.10 g.) was dissolved in hot water
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(8.0 ml.) and sodium nitrite (0.3 g.) and glaoiel scetio
aeid (0.5 ml.) were added. The reaction solution wasg
maintained at 70° for 30 minutes and the resultant
solution was made alkaline to brilliant yellow wlth
aqueous sodium hydroxide. Hvaporation of the solution

on a steam bath under reduced pressure gave a white
residue which was extracted with boiling ethanol (30 ml.)
and the alocohol solution was oooied and filtered free of
suspended sodlum acetate. The solution was again
congentrated, cooled and filtered, and finally evaporated
to dryness under reduced pressure. The white residue was
dissolved 1n concentrated hydrochloric acid (2.0 ml,) and
wermed on a steam-bath for 10 minutes. IREvaporation of
the golution 1n vacuo save a light brown amorphous residue
which was extracted with boiling ethanol (20 ml.). The
filtered extract was refluxed with actlivated charcosl and
ooncentréted to small bulk (3 ml.). On prolonged standing
- the solution deposited hypoxanthine hydrochloride as
colourless needles (20 mg.) M.Do 300° (decomp.). The
compound (10 mg.) was dissolved in a warm agueous
solution of pleric acid. On cooling the solution
deposited yellow needles whlch were collected and
recrystallised from water to yileld hypoxanthine plerate

as bright yellow needles, mM.De 240-250° (decomp., after



sintering with loss of water of crystallisation ot 200-

2207 ) alone or mixed with an a2uthentic speoimen.

Tosylatlion of Cordycepine.

Cordycepin (200 mg.) was dried for 1 hour at
78°/0.1 mm. and was dlssolved in boiling anhydrous
pyridine (5 ml.) in the absence of atmospherio moisture.
The solutlon was cooled and p~toluenesulphonyl chloride
(500 mgs, 3 moles.) was added. After standing in =
closed vessel for 3 days at room temperature, distilled
water (0.5 ml.) was added to the reaction mixture end
after 30 minutes a further addition of distilled water
(25 ml.) was made. The solutlion was extracted with
chloroform (3 x 8 ml.) and the chloroform extraot was
shaken with lce-cold normal sulphurioc acid and then with
a saturated aqueous solution of sodlum bloarbonate. The
drled (sodium sulphate) extract was concentrated, finel
traces of ohloroform being removed under reduced pressure,
to yleld cordycepin R-toluenesulphonate as a pale brown
glass (400 mg., 70%) which could not be obtained in a
crystalline form. The product (400 mg.) was dissolved
in dry ecetone (5 ml.) and é solution of sodium iodide
(450 mg.) in dry scetone (5 ml.) was added. After heating

in a sealed tube for 24 hours at 100°, the orystalline
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godlum p-tcluenesulphonate which sepsrated wess collected
and air dried (82 mg. 80%)., The mother liquor wss
eveporated to yleld a pale brown gum which was dissolved
in ethyl scetate (20 ml.) and washed with water (3 x 10
mi.,}). The solution waes dried (sodium sulphste) and the
sclvent evaporsted to yleld a glass which oould not be

crystallised.

Attempted Tritylation of Cordycepin.

Cordycepin (0.465 g.) was dried for 1 hour at
78°/0.1 mm. and dissolved in dry pyridine (40 mi.) by
heating under reflux in the absence of atmospheric
moisture. Freshly prepared trityl chloride (tri-
phenylmethyl chloride, 0.570 g., 1.15 mole.) was added
to the oocoled solution and the reagents were maintalned
at 40° for 5 days, free from moisture. Addition of the
reaction solution to ice-water (100 ml.) with stirring
yielded a white precipltate which was removed by
filtration and air-dried to yileld tritanol (triphenylmethyl
ocarbinol, 340 mg., 60%) m.p. 161»1620 undepressed in m.p.
when mixed with an suthentic specimen, m.p. 163-164°, Mo

other compound was isclated.



Attempted Periodate Oxidation of Cordycepin.

Approximately 0.4N sodium metaperiodate was prepared
by dissolving sodium metaperiodate (4.28 g.) in distilled
water (100 ml.)., Standard sodium arsenite solution was
prepared by dissolving pure arsenlous oxlde (2.4523 g.)
in the minimum volume of & solution of sodium hydroxide
in distilled water. The solution was neutralised with
dilute hydrochloric acid and was made alkaline with
aqueous scdium bicarbonate solution. The solution was
diluted with alr-free distilled water to 500 ml., the
factor of this solution being 0.0992N. Solutions of
cordycepin (0.09088 g., 0.394 millimole.) and adenosine
(0.1040 ge, 0.390 millimole.) 1in 50 ml. sir-free distilled
water were prepared. To each solution and to a blank
solution was added the periodate solution (10,0 ml.) and
s sample of each solution (5 ml.)} was removed and diluted
with saturated aqueous sodium bicarbonate solution. To
esch sample was added aqueous potassium lodlde solution
(N, 10.0 ml.) and the liberated iodine was titrated with
the standard arsenite solution, using a freshly prepared
starch indiocator. Further aliquots were titrated after

2 hours, 2% hours, 3% hours, 21 hours and 27 hours.
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Titration (ml. srgenite)

Time : O hrs. 2 hrs. 3% hrs. 21 hrs., 27 hrs.
Rlank : 5445 3 .42 3430 3027 3.26
Cordycepin: 530 3425 3.15 313 318
Adenosine : Se4d2 Se4l 2440 2437 | 2.36

The initial reading of the sodium arsenite solution
égainst the blank solution gave to the diluted periodate
golution the factor 0,0678N.

The periodate decomposed in 27 hours per 5 ml. of blank
solution s 0,19 ml, standard arsenlite solution.

The perlodate decomposed in 27 hours per 5 mls of
cordyocepin solution = 0,17 ml. standard arsenite
solution.

Therefore no oxidation of cordycepin by periocdate has

occurred.

The periodate decomposed in 27 hours per 5 ml. of adenosine
solution = 1.06 ml. standard arsenite solution.
Therefore the perilodate reduced by adenoslne in 5 ml. of
solution = 0.87 ml. standard arsenite solution.

This represents the absorption of 1.4 moles. of oxygen

per mole. of adenosine.

Adenosine Pentabenzoate.

To a suspension of adenosine (.30 3.} In drv
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pyridine (5.0 ml.) was added benzoyl chloride (4.0 ml.).
The solution was kept at room temperature with the
exclusion of atmospheric moilsture for 18 hours and was
subsequently warmed to 100° for 5 minutes. The hot
solution was added carefully to crushed ice (20 - 30 g.)
with vigorous agitation and the ice was allowed to melt
slowly. The supernatant liquor was decanted and the
residual red oll was washed with water (2 x 10 ml.) and
dissolvéd in boiling ethanol (5 ml.). The solution was
refluxed with aotivated charcoal, filtered and cooled

to yield a colourless solution from which adenosine

pen%abenzoate separated as clustered prismatic needles,

m.p. 180-182°. Recrystallisation from aqueous-ethanol
gave colourless needles, m.p. 183-184°, An analysis
sample was dried at 80°/0.1 mm. for 3 hours.
Found: 6,68.6; H,4.3; N,8.6.
C45Hzz09N5 requires C,68.6; H,4.2; N,8.9%.

. Bromination of Cordycepin.
[ §

Bromine (50 mg.) was added to a éuspension of
cordycepin (50 mg.) in dry redistilled chloroform (10 ml.)

and the resction mixture wes warmed under reflux for

5 minutes. Solvent and excess bromine were eveporated

under reduced pressure bto yleld monobromocordycepin as
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e white amorphous powder, m.p. 290° (decomp.) which oould
not be crystallised, but which, after drying for 2 hours
at 80°/0.1 mm., gave a positive Beilstein test for
halogen.

Found: N,21.8,

Cy0oH1203N5Br requires N,21.2%.

The product (20 mg.) was dissolved in warm water (2 ml,)
and excess of cold saturated aqueous pieric acld solution
was added. The reaction mixture was warmed to redissolve
the yellow amorphous precipitate and the yellow needles
which separated were reorystalllised from water to yleld
adenine picrate, m.p. 290° (decomp.) undepressed in mixed
m.p. with an authentic sample. A sample was dried for
3 hours at 100°/0.1 mm.

Found: C,36.1; H,2.2; N,30.6.

Calo. for CgHgNg.CgHzOpNz: C,36.3; H,2.2; N,30.8%.

Isolation of D-Ribose from Adenosine.

Adénosine (2.0 g.) was dissolved in warm hydrochlorlc
acld (0.1N, 10 ml.) and the solution was refluxed for
4 hours. To a sample of this solution (0.1 ml.) was
added excess saturated aqueous picric acid solutlon and
the amorphous yellow precipitate which separated

immediately, orystallised from water to yleld adenosine



plorate as yellow needles, m.p. 190° (decomp.). The
acld concentration was increased (0.5N) and the solution
was bolled under reflux untill a sample on treatment with
aqueous piorid acld solution yilelded adenine picrate,
m.p. 285-290° (decomp.). The additional time required
for complete hydrolysis was 3 hours. "Zeocarb 215" resin
was finely ground and washed by decantation until the
wash water was colourless. A golumn of the resin

(15 om. X 0.5 cm.) was activated by repeated washing
with ammonia (N), hydroochloric acid (2N) and distilled
water, and the reactlon solutlon was passed through the
column under slight positive pressure. The ultraviolet
light absorption of the resultant solution at 2610 A.
showed the concentration of adenine (plus any unchanged
adenosine) to be 0.0003 g./10 ml. of solution. Freshly
prepared, well washed, silver carbonate (from silver
nitrate 4.0 g.) was added to the hydrolysis solution and
after the resction was completed the precipitate of
silver salts was removed by filtration. The flltrate
was saturated with hydrogen sulphide and the finely
divided silver sulphide precipitate was ocoagulated by
freezing the mixture (in an acetone~carbon dioxide bath)
and allowlng it to thaw slowly. The preclpitate was
removed by filtration through "Hyflo Supercel™ and
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actlvated charcoal, and the olear colourless filtrote
was evaporated under reduced pressure to 7leld Deribose
as a pale yellow sweet-smelling syrup (900 mg., 80%).
[x]2 -20° (¢ = 0,59 in ethanold.
Levene and Jacobs (Ber., 1909, 4£, 1198) reported

the value [ -19.5° (water) for D-ribose.

Sordycepose.

Cordycepin (3.0 g.) was dissolved in warm dllute
hydrochloric acid (N/10, 100 ml.) and the sclution was
filtered. Polarimetric exemination of the solution gave
the velue []® = -38°. The solution wes heated under
- reflux, the optical rotation of the solution being
examined at intervals of 30 minutes (Fig. 4). After 5
hours the speciflc rotetion of the solution was constant
([]¥= -8°) and a sample of the solution (0.2 ml.) on
treatment with saturated aqueous vleric acid solutlon,
yvlelded a flocculent yellow precipltate which
recrystallised from water to give adenine plerate as
yellow needles, m.p. 285-290° (decomp.). Dilute hydro-
chloric acid (N/10, 10 ml.} was added and the hydrolysis
solution was allowed to stend for 30 mlnutes. The ccoled
solution was passed through a column of pre~activated

"Zeocarb 215" resin (30 om. x 0.5 om.) to yield a
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solution which was shown by ultraviolet light absorption
measurement to contaln less than 1 mg. of adenine and
which ylelded an orange-red precipitate when treated with
a solution of 2:4-dinitrophenylhydrazine in hydrochlorioc
acid. Chloride lons were removed from the solution by
treatment with freshly prepared silver carbonate, and
hydrogen sulphide (as described in the isolation of
D-ribose from adenosine). The oolourless reaction
solutlon was evaporated under reduced pressure and the
residual gum was dissolved in methanol (15 ml.) and
filtered free from a trace of insoluble inorganioc

materisl. The solution was evaporated, finally under

high vacuum, to yield cordycepose as a pale yellow,

laevorotatory, sweet-smelling, hygroscopic syrup (1.064
g., 66%). The product in ethanol showed the value

[alf s‘-26.6° (o = 0.658). In dilute hydrochloric acid
(N/20) the suger gave the value []¥ = -18.7° (c = 0.536)
and after warming the solution under reflux for 4 hours
gave 5@15’- +0,0°, This figure was unchanged on standing
for 4 days. A sample for analysis was dried at 20°/0.1
mm. for 6 hours.

Found: C,44.5: H,7.9.

CgHy 0, requires C,44.8; H,7.5%.
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Attempted Preparation of Cordycepose p~Nitrophenyl -

gsazone (I).

(of, Mukherjee and Todd, J.,1947,969.)

Cordycepose (130 mg.) was dissolved in water (4 ml.)
and a solution of E;nitrophenylhydrazine (recrystallised
from ethanol, m.p. 157°, 345 mg.) in glacial acetic
acid (1.5 ml.) was added. The reaction mixﬁure was
warmed on a steam-bath for 90 minutes and the resulting
solution was cooled. The red precipitate which
separated was collected (200 mg.) and a portion of it
(1 mg.) was dissolved in ethanol (1 ml.). The addition
of a few drops of dilute agqueous sodlum hydroxide
caused the development of a brown colour charaocteristio
of unchanged p-nltrophenylhydrazine. The mother liquor
on standing deposlited a red precipitate (3 mg.), an
ethanolic solution of whioh gave a deep violet oolour
with agqueous sodium hydroxide. The mother liquor was
diluted with water (10 ml.) but no further product

separated.

Attempted Preparation of Cordycepose p-Nitrophenyl-

osazone (II).

(cf. Kent, Stecey and Wiggins, J.,1949,1232.)

Cordycepose (40 mg.) was dissolved in glacial
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acetlo acld (1.5 ml.) and p-nitrophenylhydrazine (85 mg.)
was added. The mixture was warmed on a steam-bath for
45 minutes. On coolilng, the'solution denosited unchanged
p-nitrophenylhydrazine (m.p. 156°). The mother liquor
was diluted with water (5 ml.) end deposited a red gum
which could not be crystallised and which, in ethanolic

solution, gave a red colour with aqueous sodium hydroxide.

Cordycepose p~Nitrophenylosazone.

Dry freshly recrystalllsed p-nitrophenylhydrazine
(750 mg.) was dissolved in hydrochloric acid (N, 25 ml.)
and the solution was kept for 15 minutes a2t room
temperature before being filtered free of a dark red
precipitate, It was then added to a solutlon of
cordycepin (300 mg.) in hydrochlorié acid (N, 8 ml.)
and the reagents were kept at room temperature overnight.
No product separated from the pale yellow solution which
was then warmed to reflux. 4 flocculent red vrecipitate
commenced to separate immedlately and after refluxing
for 5 minutes the solution was set aside to cool. The
product was separated and alr-dried (107 mg.) m.p.
250-255° (decomp.) and gave a deep blue colouration
in dilute ethanolic solution when treated with agueous

sodium hydroxide. Crystalllsatlon from ethyl acetate
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ylelded gordycepose p-nitrophenylosazone as a red mioro-

orystalline powder, m.p. 2600‘(deoomp.) and recrystallis-
ation from ethanol gave dark red prisms, m.p. 261°
(decomp. ).

Found: (,49.8; H,4.6; N,20.5,

017H1806N6 requires C,50.7; H,4.5; N,QO.Q%.

Cordycepose Tri-3:5=Dinltrobenzoate.

3:5;Dinitfobenzoyl ohlorideiwas prepared and purified
acoording to the method of Stacey and Saunders (Biochem.
7., 1942, 36, 368). To a solutlon of dried ocordycepose
(80 mg.) in dry pyridine (5 ml.) was added 3:5~dinitro-
_benzoyl chloride (400 mg.). After 12 hours the reaction
mixture was warmed on a steam-bath and added to lce-
water (20 g.). The emulsion whlch was obtained was.
coagulated by freezing to yleld a gum which could not
be orystallised. A solution of the gum (100 mg.) in
dry benzene (30 ml.) was passed through a short column
of alumina and the column was eluted with benzene until
the effluent was orénge in colour. The benzene solution
wes goncentrated to small volume and on spontaneous
evaporation deposited orange needles, m.D. 70° (30 mge )
which orystallised from aqueous ethanol to yield

cordycepose tri-3:5-dinitrobenzoate as colourless needles,
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Found: N,1l1.2,.

CogHy 019N requires N,11.7%.

Cordycepose Anthraguinone-p-garboxylate.

Anthraguinone=-p-carboxylic acid ohloride (800 mg.)
was added to a solution of cordycepose (100 mg.) in dry
pyridine (5 ml.). The reaction mixture was kept
overnight at room temperature and was then warmed on a
steam-bath for 5 minutes. The cooled solution was
diluted with benzene (15 ml.) and was washed with dilute
hydrochloric acid (2N, 2 x 20 ml.), aqueous potassium
hydroxide (50%, 5 mli) and water (3 x 20 ml.). The dried
(sodium sulphete) solution was oconcentrated under reduced
pressure tovyield a gum which crystallised from aqueous-

ethanol to give cordycepose anthraquinone-p-carboxylate

as pale yellow micro-nesdles, m.p. 120°.
Found: C,64.4; H,4.4.
CooHy 607 requires C,65.2; H,4.4%.

D-Ribonolagctone.

D-Ribose (241 mg.) was dissolved in water (3,0 ml.)
end bromine (0.15 ml.) was added. The reactlon mixture

was sheken in a closed vessel in the absence of 1light



-96-

for 56 hours. Excess bromine was removed by drawing

a vigorous stream of alr through the solution and

the volume was 1increased to 5 ml. by the addition of
distilled water. The solution was treated with freshly
prepared sllver carbonate (from silver nitrate 0.50 g.)&
“and the precipitate of silver salts was removed by
filtration. The filltrate was sabturated with hydrogen
sulphide and the solution was filtered through "Hyflo
Supercel” and activated animal charcoal until a
colourless filtrate was obtalned. Concentration of
this solution under reduced pressure ylelded o pale
brown gum which was extracted with ethanol (10 ml.),
filtered free of insoluble inorganic material and
concentrated, finally under high vacuum, to yileld

D-ribonolactone as a pale gum (200 mg., 83%).

D=-Ribonic Acid Phenylhydrsazide.

D-Ribonolactone (200 mg.) was dissolved in
absolute ethanol (0.5 ml.) and freshly dlstilled
phenylhydrazine (0.2 ml.) was added. The reactlon
mixture was warmed under reflux for 1 hour. The
orystals which separated during the reactlion were

collected and recrystallised from ethanol to yleld

D-ribonolactone phenylhydrazide as colourless
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plates, m.p. 162-163° (decomp.).
Found: WN,11.3.

Calo. for CyiHyj,0No: N,10.9%.

Cordyceponolactone.

Cordycepose (600 mg.) was dissolved in water
(7.0 ml.) and bromine (0.3 ml.) was added. fhe oxid-
ation of the sugar and the removal of exocess bromine
and bromide lons was completed according to the
method employed in the ;éolation of ribonolactone
from Q-ribose. The crude product, which evolved
garbon dioxide from an agueocus solution of scdium-
carbonate, was dissolved in methanol (10 ml.) and
filtered free from a trace of inorganic material.
Solvent was removed, finally 1n vacuo, and the residue
was maintained at 80°/0.1 mm. for 30 minutes to yleld

cordyoceponolactone as a pale brown, hygroscoplo syrup

(347 mg., 59%).
Found: $,45.8; H,6.4.
Cg5HgO, requires C,45.5; H,6.1%.
[oe]* +32,2° (¢ = 0.433 1in ethanol).
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Catalytic Reductlon of Cordycepose.

(of. Kent, Stacey and Wiggins, J.,1949,1234.)

Cordycepin (1.03 g.) was hydrolysed with hydro-
ohloric eoild (N/10, 50 ml.) and cordycepose (426 mg.,
77%) 1solated as described previously, was dissolved
in water (240 ml.); Raney nickel catalyst (c. 2.5 ge)
in water (10 ml.) was added and the mixture was
hydrogenated at 100° and 30 atmospheres pressure for
10 hours 1in a rocking autooclave. The catalyst was
removed from the reaction mixture by filtration
through activated animal charcoal and evaporation of
the filtrate, finally in vacuo, yieldéd a gum which
on the addition of ethanol solidified to form a
white amorphous cake. The product did not melt below
360°; 1t was hygroscopic and contained a large
amount of inorganic material.

Found; C,6.3; H,1.3%.
The reaction was repeated using freshly prepared

catalyst; the same product was lsolated.

Cordyceponic Acid Phenylhydrazide.

Cordyoeponolactone (54 mg.) was dissolved in
ethanol (0.2 ml.) and freshly distilled phenylhydrazine

(0.1 ml.) was added. The solution was warmed on a



steam-bath under reflux for 30 minutes during which
time it darkened slowly. After ocooling at 0° for
several hours, the product commenced to orystallise
and finally set to a solid mass of clustered needles.
The product (40 mg., 41%) wes dissolved in boiling

ethyl acetate and cordyceponic a2cid phenylhydrazide

separated as colourless, clustered needles, m.n. 150-
151° (decomp.). A sample for analysis was dried over-
night at 20°/0.1 mm.

Found: C,54.8; H,6.6; N,1ll.6.
CyHgOg Ny Tequires C,55.0; H,6.7; N,11.7%.

[0]Z+269° (0 = 0.300 in ethanol).

Attempted Preparation of Cordycepose Benzylphenyl=-

hydrazone.
(of . Vongerichten and Muller, Ber.,1906,39,235.)

Benzylphenylhydrazine hydrochloride (2.0 g.) was
added to a solution of sodium (220 mg.) in ethanol
(25 ml.). The mixture was shaken and filtered through
kieselguhr. GEvaporation of the solvent ylelded a
brown oily residue which was distilled under 1 mm.
of pressure to yield benzylphenylhydrazine as a pale
yellow oil. Dry cordycepose (175 mg.) was dissolved

in absolute ethanol (3 ml.) and & solution of benzyl-



phenylhydrazine (300 mg.) in ethanol (2 ml,) was
added. The r=zactlon solution was kapt et room temn-
erature Tor 12 hours 2nd was then warmed to preflux

on & steam=bath. The solvent was removed under
reduced pressure to yield a browm gum whieh on cobiihg“
set to a glass, and whilch could not be obtained in a

crystalline form.

Cordyocepose p-Bromophenylosazone.

(of« Vongerichten, Ann.,1901,318,128.)

Cordycepose (400 mg.) was dissolved in dilute
acetie scid (15%, 5 ml.) and g—bromophenylhydrazineu
hydrochloride (500 mg.) and fused sodium acetate (600
mg.) were added. The reaction mixture wes ﬁarmed to
complete Solutionyand was kept at 100° for 90 minutes.
The yellow gum which separated solidified partiaslly
on cooling and scratching and olly material was removed
by washing with a small volume of ice-cold ethanol.

The solid residue was collected and dried in vaocuo,
(220 mg.) m.p. 158-160°, Crystallisation from ethyl

acetate yielded cordycepose p-bromophenylosazone as

pale yellow clustered prisms, m.p. 163°; recrystallis-
ation from water (charcoal) ylelded colourless blades

(95 mg.) m.p. 163-164°.
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Found: C,43.1; H,3.8; N,12.,0; Br,35.2.
CoyH gOgNyBry requires C,43.4; H,3.9; W,11.9; Br,34.0%
20
[x]; 0+1° (¢ = 0.820 in ethanol)

3:3-Dicarbethoxypropan~l-al Diethylacetal.

(cf. Perkin and Spmakling, J.,1899,12.)

Ethyl malonate (125 g.) and bromoacetal (100 g.,
prepared according to the method of Adkins and Hartdng,

J. Amer. Chem. Soc.,1927,49,2517.) were added to a

solution of sodium (17.8 g.) in ethanol (212 ml,) and
the mixture was heated to 150° for 4 hours in a

rocking autoclave. The ethanol was remowved by distill-
ation and the residue was treated wilth water (100 ml.)
and extracted with ether. The dried (sodium sulphate)
extraot was concentrated and distilled under reduced
pressure to yield a low-boiling fraction, b.p. 110°/2mm.
which was discarded, and a fraction of crude 3:3-di-
carbethoxypropan-1-al diethylacetal (85 g., 40%),

b.p. 116-121°/2 mm. (7% 1.4309). The produot was
redistilled and a fraction (55 g.), b.p. 117-119°/

2 mm. was collected (7% 1.4312).

Found: C,56.4; H,9.0.
A fraction (9 g.), b.p. 116-117°/2 mm. was also pure
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3:3-dicarbethoxypropan-l-al diethylacetal (7% 1.4320).

Found: C,57.0; H,8.7%.

Excess of a saturated solution of 2:4-dinitro-
phenylhydrazine sulphate in ethanol (Brady's solution)
was added to a warm solution of 3:3-dicarbethoxy-
propan~l-al diethylacetal (0.2 g.) in ethanol (1 ml.).
The yellow prisms which separated, m.p. 85-87°,

reorystalllised from ethanol to yleld 3:3-dloarbethoxy-

propan-l-al 2:4-dinitrophenylhydrazone as lustrous

orange~-yellow plates, m.p. 98°,
Found: 0,4704; 3,4:05.

C;5H g0gN, requires C,47.1; H,4.7%.

4-Hydroxy-3-hydroxymethylbutan-l-al Diethylacetal.

(cf. Mervel and Hill, J. Amer. Chem. Sog., 1951, 73, 481.)

A solution of 3:3-dicarbethoxypropan-l-al diethyle
acetal (60 g., 0.2175 gm.-mole.) in anhydrous ether
(100 ml.) was added over a period of 23 hours to a well-
stirred mixture of lithium aluminium hydride (11.07 g.,
0.2925 gm.-mole.) and enhydrous ether (225 ml.) at such
a rate that the solvent refluxed gently. Stirring was
continued for 30 minutes and excess lithium aluminium
hydride was destroyed by the oautioﬁs addition of water.

The mixture was diluted with ether and stirred to
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hydrazine 1n dilute hydrochloric acid (50 ml.) was added
and the reactlion solution was decanted from a gummny
residue which separated during 24 hours. After standing
for a further 48 hours at room temperature the pale
vellow precipltate which separated was collected and
orystellised from agueous methanol (50%) from which

4-hydroxy-3-hydroxymethylbutan~le~al 2:4~dinitrophenyl-

hydrazone separated as pale yellow mioro-needles, m.p.
149-150°,
Found: C,44.2; H,4.6; N,18.9.
C11H;40gNg requires C,44.3; H,4.7; N,18.8%,
A very dilute ethanolic solution of the product
gave a deep red colouration on the addition of aqueous

sodlum hydroxide sclution,

Attempted Preparation of Z-Bromo=-4-hydroxy-3=-

hydroxyme thylbutan-1-g1 diethylecetal (I).

N-Bromosuccinimide (19 g., freshly prepared
ééoording to the method of Ziegler et al., Ann., 1942,
551, 80) wes added in small portions over a perlod of
1 hour to a well-stirred solution of 4-hydroxy-3=
hydroxymethylbutan-1-el diethylacetal (20 g.) in
anhydrous ether (100 ml.). The reaction was catalysed

by exposure to a tungsten filament lamp and 2 deep-red
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colouration developed in the solution as the reaction
proceeded. Stirring was continued until the reaction
mixture was pale brown in colour and the succinimide
which separated was removed by filtration. The filtrate
wes sheken with a gatursted aqueous solution of sodium
bicarbonate (25 ml.} for 30 minutes and the ether layer
was separated. The aqueous solution wes extracted with
ether (25 ml.) and the combined, dried (sodium sulphate)
ether liquors were concentrated to yield a viscous yellow
oilv(19 g.)7§°1.4919. The prcduct (1.0 g.) was micro=-
distilled under high vacuum to yield a fraction of
4-hydroxy=-3~hydroxymethylbutan~l-2l diethylacetal (50 mg.)

beDe 700/10"5 mm., end a principal fraction of Z2-bromo-

4~hydroxy-3-hydroxymethylbutan-1-al diethylascetal (100 mg.)

b.ps 120°/20°° mm. ss a colourless viscous oil, 75 1.4975.
Found: Br,29.0. o |
CoHy9O4Br requires Br,29.5%. .
" The residue polymerised to a coloured glass which ocould
not be distilled, ( ,
. The crude bromo compound (18 g.) was distilled
in _@93_9_ to yleld fraotion A (4.5 g.), b.p. 76=92°/

-3

107° mm., % 1.485; fraoction B (2.9 g.) b.p., 92-94°/

=3

10™° mm., ¥ 1.4970; fraction C (1.3 g.) b.p. 114°/

107° mm., 7% 1.4995, and a polymerised residue (8.5 g.).
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Freotion A (2.0 g.) was distilled to yleld four fractions
and a polymerised residue, of which the third fraction,
ﬂg 1.4936 was analysed.
' Found: C,36.6; H,5.7; Br,39,0.
CoHy904Br requires C,39.9; H,7.1l; Br,29.5.
CgHyg04Bro requires C,30.9; H,5.2; Br,45.7%.
Fraction B (2.0 g.) was distilled to yileld two
fractions 7 1.4969 and #°1.4975 and a polymerised residue.
The fraction of higher refractive 1lndex was analysed.

Found: C,35.2; H,5.2; Br,39.1%.

Thiourea Condensation Product.

To a solution of sodium 1odide (0.490C g.) in aeetone}
(15 ml.) was added fraction B (0.883 g.) desoribed above.
The solution was warmed under reflux for 1 hour and the
preciplitated sodium bromide (580 mg., 60%) was removed
from the cooled reaction mixture by filltration. The
" solution was ooneentratgq under reduced pressure and the
residual brown oil was séparated from a preclpitate of
" sodium halide by ether extraction (3 x 10 ml.).
Concentration of the dried ethereal solution ylelded =
brown oil (0.91 g.)7 1.5150. A mixture of this produot
(150 mg.), thioﬁrea (200 mg.) and ethanol (3 ml.) was

warmed unéer’reflux for 1 hour and the reaction solution,
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on the addition of excess of a saturated ethanolic
solution of pieric aocid, ylelded 2-smino-5-(2'-hydroxy-

1'-hydroxymethyl )-ethylthiszole picrate as aciculsar

blades, m.p. 195° (decomp.). The product recrystallised
from water as glistening yellow needles, m.p. 196°
(decomp. ).
Found: C,35.,7; H,3.3; N,17.9.
C1oH;309NsS requires C,35.7; H,3.2; N,17.4%.
The molecular welght of this compound was found

to be 397 (p. 124, CqgH}309N5S requires 403).

2«Aminothiszole Picrate.

A warm solution of bromoacetal (100 mg.) and
thiourea (100 mg.) in ethanol (3 ml.) was heated under
reflux for 30 minutes. Treatment of this solution with
excess saturated ethanolic pleoric acid solution ylelded
2~aminothlazole picrate as yellow needles, mepe. 220-221°
(decomp.) which recrystallised from water as clustered
needles, m.p. 222° (decomp.).

| Found: C,32.7; H,2.4; N,21.0.

Cale. for CgHyOnNsS: C,32.8; H,2.1; N,21.3%.
| The molecular welght of this oompouﬁd waé found to be
328 (p. 124, CgHyOyN5S requires 329). The same product,

m.p. 220° (decomp.) was obtained from bromoacetaldsehyde,
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the m.p. belng undepressed on admixture with the above

product.

Attempted Prepafation of 2-Bromo-4-hydroxy-3-

hydroxymethylbutan-1-al Diethylacetal (II).

The addition of N-bromosuccinimide (9.5 g.) to a
solution of 4-hydroxy-3~-hydroxymethylbutan-1l-al
diethylacetal (10 g.) in anhydrous ether (50 ml.) was
carrled out over 'a period of 1 hour; the reaction
mixture belng exposed to strong ultraviolet light. The
reactlon proceeded rapldly to completlon and the cooled,
filtered reaction mixture was washed with a saturated
aqueous solutlon of sodium blcarbonate (15 ml.), dried
and concentrated to yleld a pale brown oll (8.5 g.)
ny 1.4990 of lower viscosity than the produot previously
isolated.

The produot (0.81 g.) was added to a solution of
© godium lodide (0.45 g.) in acetone (15 ml.) and after
warmling to reflux for lqhour the reactlon mixture was

filtered free of precipltated sodium bromide. The
’solution was concentrated in vacuo and the residue
extraoted with ether (3 x 10 ml,). Evaporation of the
ethereal solution yielded‘a dark brown oil (0.83 g.);

A mixture of this product (100 mg.), thiourea (130 mg.)
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and ethanol (2 ml.) was warmed under reflux for 1 hour
and excess of a cold saturated solution of piério acld
in ethanol was added. No product separate from the
cooled concentrated solution on prolonged standing, but
on the drop-wlse addition of water an amorphous yellow
preclipltate deposited and was collected and orystallilsed
from aqueous ethanol from which i1t separated as yellow
prismetic needles, m.p. 208-210° (decomp.). A mixture

of this product (2-amino-6:6-23-(hydroxymethxl)-l:5-

thiszine plorate) and 2-amino-5-(2'-hydroxy-1'-

hydroxymethyl )-ethylthiazole plcrate, m.p. 196° (decomp. )
hed a m.p. of 180-183° (decomp. ).
Pound: C,35.3; H,3.5.
C1oH130gN5S requires C,35.7; H,3.2%.
~ The mpleoular welight of this picrate was found to
be 400 (p.124, Cy0H)z09N5S requires 403).
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APPENDIX.

The Micro-determination of Moleocular Welght
by a Spectrophotometric method.
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INTRODUCTION.

The sclence of quantitative analysis of organioc
oompounds on the mioro-scale has been and 1s a key
factor In the progress of organic chemistry, partic-
ularly in flelds such as those of‘hormone and vitamin
study where the amount of material avallable 1s
frequently of a very low order. Closely related to
this work is the subject of molecular weight determin-
ation, the various approaches to which have, 1n recent
years, received considerable attention. Many compre-
hensive papers and reviews have been published on this
subject and only a brief mentlon of the more important
methods shall be given here.

The ebullioscoplc method of molecular weight
- determination, whioh 1s dependent upon the elevation
of the bolling point of a pure orgenlc solvent by a
solute (the sample) with which the solvent does not
react, has been sbudiedhby Pregl (105), Reiche (106)
and Sucharda, Bobranski and Schmitt (107, 108). The
method of Pregl requires a sample of 10 mg., while the
other workers employed 15-25 mg., solvents of the
highest possible degree of purity being used in every

case. Unsatisfactory results have been reported for all
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these methods (109, 110), The Schmitt (107) modification
of the Sucharda-Bobranskl method is probaebly the most
wldely used.

The coryoscopic method of molecular weight deter=-
mination depends upon the depression in melting point
of a solid organio solvent by a solute (the sample)
which must nelther react with the solvent nor suffer
thermal decomposition at the m.p. of the latter. By
using solvents which exhlbit a high molecular melting
point depression constant (111, 112, 113), the technique
is greatly simplified. Camphor and borneol are two very
widely employed solvents but values frequently reported
in the literature for the molecular melting point
depresslon constant of these compounds show wide
variations and thls 1s a refleotlon upon the accuraocy
of the method.

in the vaporimetrlc method the princlple involved
is the vaporisation of the sample in a closed system in
such & manner that 1lts §apour displaces an equal volume
of mercury. The displaced merocury is estimated
gravimetrically and the volume of vapour 1is calculated,
corrections belng made for temperature pressure and
expanslion of the mercury. Two types of apparatus are

employed, one for low-bclling liqulds and the other for
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high-boiling liquids and solids. It has been shown by
Schmitt (114) that a slightly enlarged apparatus can be
used in which a sample of 10 - 20 mg. 1s employed, the
tolerance being not less than +10%.

The isothermic method of molecular weight determin-
ation (115) was developed by Barger (116, 117) from the
observation of Errara that in a closed system contalning
droplets of a salt solution and of the pure solvent, the
former incorease iIn volume at the expense of the latter.
Employing this faot, a solution of known concentration
of a compound of unknown molecular weight can be
compared with various standard solutions of slightly
varying molarity until one solution is found with which
the unknown 1is in or near the isoplestic state. Thus the
molarity of the unknown solution, and hence the molecular
welght of the unknown compound can be deduced. The
method demends very preclise working and 1is tedious, while
the greatest accuracy obtained by the ﬁethod 1s of the
order +10%. ﬁ

Apart from these purely mlcro-analytical metths,

a very accurate evaluation of the molecular weight of
a crystalline solild can be obtained from X-ray
crystallographic examination which ultimately evaluates

the volume occupied by, and hence the welght of
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1 moleocule of the unknown substance.
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THEORETICAL.

The pHotoelectrlc spectrophotometer 1svused for
the measurement of the ultraviolet or visible light
absorption of a compound and carries two cells of
quartz or glass in one of which 1is placed a standard
solution of the specimen under observation and in the
other the pure solvent. The measure of the absorption
by the latter cell and 1its content is used to cancel
all absorption by the former other than that caused
by the specimen in solution, the result being the
evaluation of the absorption of the specimen only.

In the course of a comparative study of the
ultraviolet light absorption of a number of bases in
the eserine series a compound was isolated (dihydto-
isoeserine, tentatively postulated as LXXII) which
could not be obtained in a crystalline form, the plcrate
of which was howeﬁer readlly purifled. A standard
solutlon of the plcrate in ethanol was placed in the
solution cell of the spectrophotometer and in the
solvent cell 'was placed a compensating solution of
ploric acid in ethanol, the ooncentration of which

was calculated to be identiocal with the concentration
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of picric acid in the picrate solution. Absorptlon
readings were taken in the normel manner and a graph
of absorption was thus obtained (calculated on the
concentration and molecular welght of the base)‘whioh
was found to be in olose‘agfeement with that of a

sample of the crude base (Filg. 6).

HO~ CHz

\/\N/ N /l
| | Sco.NHCH;
CH; CHg

(LXXII)

An examinétion of the ultraviolet light absorption
graph of picrio aéid (Flg. 7) sﬁbws that although this
compound exhiblts two bands of high-intensity absorption,
one being at the near-visible end of the ultraviolet
spectrum, these are not 1n evidence in Fig. 6 and it was
. therefore concluded that the absorptlon of dihydroiso=-
eserine plcrate cen be Gonsidered to consist of two parts,
the absorption due to the base and that due to picric
acld, such thet the latter can be cancelled quantitatively
by an equivalent solutioﬁ of plcric acid to reveal the

absorption of the base only.
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The Molecular Weight of Piorates (Method I).

Very few organic compounds other than polycyclic
hydrocarbons show appreciable light absorption in the
region 3500 - 4000 A, and 1t was therefore deduced that
the absorption of a picrate in this region of the
spectrum 1is usually entirely due to the pleric acid in
the plerate. If this be the case it should be possible
to cancel completely the absorption of a pilcrate in the
region 3500 - 4000 A. by plecing in the compensating
cell of the instrument an ethanolic solution of plerie
acld of concentration equlvalent to that of picric acid
in the pilcrate solution. Not only was this found to be
true in the cases examined, but also it was observed
that a small alteration in the oonoentration'of plcric
acid (even of the order :t2%) caused a large alteration
in the absorption graph. The graphs on Fig. 8 show the

results obtained in a typical case (papaverine);

(a) Absorption due to papaverine.

(b), (c¢) and (d) Absorption due to papaverine
piocrate balanced by theoretical, 98%
theoretical and 102% theoretiocal concen-

tration of pilcric acid, respectively.

Conversely the procedure must be applicable to
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the determination of the amount of pleric acid in an
unknown plcrate since the presence of the theoretically
equivalent concentration of plecric acid in the
compensating ocell will completely oancel the absorption
at the near-visible end of the ultraviolet range, or
will reproduce the light absorptlon of the free base in
the rare cases in whioch this 1s appreciable at high
wavelength. Employing arbitrary concentrations of
pilcric acid and interpolating to evaluate the exaot
equivalent, the results of 25 estimations are shown in
Tablé VI. These compounds are representative of the
principal classes of plerate~forming compounds including
hydrocarbons.

Every compound examined has been a monoplcrate.
In the case of a di- or tripicrate the result obtalned
will be one half or one third respectively of the
correct value of the molecular welght of the plcrate

and the corresponding correction factor must be applled.
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TABLE VI.

Molecular Weight.x

Compound picrate Found Calo. Error %.
Hydrocarbons: |

Acenaphthene 385 383 +065
Chloronaphthalene 394 391.5 +0.6
2-Methylnaphthalene 372 371 ' +t0.3

Primery amlnes:

Ethanolamine 290 290 0.0
Chloroanlline 361 35645 +1e3
Dichloroaniline 396 391 +1.3
p-Naphthylamine 369 372 - 0.8

Seocondary amines:

Ethylaniline 354 350 +1.
N-Methylphenetidine 379 380 -0

Heterooyclic bases:

Piperidine 313 314 -0.3
8=~Hydroxyquinoline 375 374 +0.,3
Adenine 366 364 +0.5
- 2«Methylpyridine 320 322 -0.6
N-Methylmorpholine 330 330 0.0
2-Aminopyrazine 323 . 324 0.3
Indole 345 - 346 -0.3
4-Methylimildazole 308 311 -1.0
2-Bthoxy-4-methyl-
quinoline-l-oxide -~ 430 432 -0e5
Cordycepin 477 480 -0.6

Alkalold bases:

Cocalne 531 532 - 0.2
Papaverine 565 568 - 0.5
Brucine 622 623 -0.2
Vomicine 611 609 +0.3
Narcotine 649 642 +1,1

X 'Whole number' atomic weights have been employed.



The calculation of the molecular weight of
8-hydroxyquinoline will be discussed as a typical
example. Calculatlons are based in every case on
values of log (10/1) &t 3800 A., this wavelength
belng chosen arbitrarily as one remote from the
region of general absorption (2000 - 3500 A.) but
at which picric acid still exhibits a high molecular

extinotion coefficient (63800 = 13,450)

Concentration of 8-hydroxyquiﬁoline = 0.04890 mg./ml.
Concentration of 8-hydroxyquinoline picrate
' = 0,01388 mg./ml.
Table VII and Fig. 9 show:

(a) Absorption (log 19/1) of plorate solution with
pioric acid of concentration 0.00838 mg./ml.
in the solvent cell.

(b) Absorption (log Io/1) of pilcrate solution with

pleric aoid of concentration 0.007905

( mg./ml. in the solvent cell.

(c) Absorption (log Io/I) of 8-hydroxyquinoline
solution. |

(d) Absorption (log To/1) of 8-hydroxyquinoline
solutlon corrected for concentration after

initial calculation.
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TABLE VII.

Wavelength a b ¢] d
3500 0.015 0.047 0.185 0. 021
3550 0.010 0. 045 0.110 0.012 -
3600 0. 007 0. 042 0.044 0. 005
3650 0. 007 0. 042 0.033 0. 004
3700 " 0.007 0. 041 0.010 0. 001
3750 0.006 0. 039 0,006 0.001
3800 0,006 0. 036 0,002 0. 000
3850 0.005 0,035 0.002 0. 000
3900 0.004 0.034 0.001 0.000
3950 0.003 . 0,032 0.001 0.000
4000 0.002 0.029 0.001 0.000

The approximete molecular welght is based on the
value at 3800 A. . assuming no absorption by the base or
hydrocarbon at this wavelength. .

By interpolation log (IO/I)BBOO = 0,000 at =
ploric acid concentration = 0,008475 mg./ml.

Therefore 0.01388 mg. picrate contalns 0,008475 mg.
vpicrio acid, and the approximate molecular welght of
the plerate is 375. The concentration of base in the
picrate solution = EZ%%.S?.%?. x 0.01388 = 0,00540 mg.,/ml.
The factor to correot values of log (IO/I) for the

base to those for the concentration of base in the

jorate solution = 0.00540 .
o) 554836 0.110,

The base corrected for concentration (d) shows
no absorption at 3800 A. and the approximete molecular

welght 1s therefore the same as the corrected molesular
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welght (375).

\;t haes been found that in place of pileric acid
solution in the solvent cell it is satisfactory to
employ solutions of the picrate of a base which does
not absorb in the region 3500-4000 A. (morpholine
plorate has been used with success) and from theoret-
ical considerations it can be argued that this is, in
fact, preferable. The results suggest that the method
is acourate within the limits of 2% , but it is
tedious in that it requires the preparation of a range of

standardised solutions.

The Molecular Weight of Plorates (Method II).

From the arguements employed and the results
obtained in the work described 1t 1s obvious that the
picrates of those bases which do not absorb appreciably
at a wavelength of 3800 A. must all show the same
molecular extinotion coefficient as ploric acid at this
wavelength. The results shown in Table VIII substan-
tiate thls deduction wilthin narrow 1imits of

experlmental error.
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TABLE VIII

Piorate oc(mg./100 ml.) log(Io/I)5800 2500
Ethanolamine 1.109 0.512 13,390
Piperidine 1.090 - - -0.469 13,510
Morpholine 1.462 0.620 13,400
2«-Aminopyrazine 1.137 0.472 13,450
N~Ethylaniline 1.196 0.459 13,430
Pioric 4oid 1.107 0.650 13,450

As 1s required by the constancy of the values
observed for 65800 for thé plorates shown in Teble VIII,
it was found that the bases corresponding to these
plerates show no appreclable absorption at thils wave-
length, nor was the absorptlon of the base of any of
the large number of piorates subsequently examined
suffiocient to cause appreciable error in the results
obtained.

The molecular extiﬁotion coefficlent of a compound

i1s evaluated by employing the formula = M. log(Io/T)
Cc

where M 1s the molecular weilght of the compound and C
is the concentration in g./l. If, for a compound of

unknown molecular weight, a value of & be established
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for a particular wavelength, then N .ISET%;737-
Assuming the value &5800 =~ 13,440, the molecular
welghts of the monoplcrates listed 1n Table IX were
estimated. From the results obtalned the method
appears to be ascourate within the limits *2%.

The case of adenosine picrate is 6f interest since
the sample prepared [m.p. 182° (decomp.ﬂ was assessed
to have a molecular welght of 508 whilst that of
adenosine picrate is 496, Gulland and Holiday (60)
quote the melting point of this ocompound to be 192°
(decomp.) for the anhydrous picrate whilst Levene and
Jacobs (118) give the value 182° (decomp.) together
with an_analysis which, although correlated to the
formila of the anhydrous picrate, is in much closer
agreement with that of the monohydrate. That our
sample was hydrated was proven by the fact that on
prolonged drying the m.p. rose to 191° (decomp.) and the
product (the molecular welight of which was assessed to
be 500) analysed in exocellent agreement with the values

requlred for the anhydrous salt.
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TABLE IX. :
M.
Plcrate. c. 1. Found Calc. &rror %.
Agenaphthene 2.801 0.990 380 383 -0.8
l-Bromonaphthalene 1.353 0.420 433 436 -047

2=Methoxynaphthalene 1.161 0.401 389 387 +t0.5
2:5=Dichloroaniline 1.421 0.485 394 391 +0.8

Quinoline 1.319 0.491 361 358 +0.8
8=Hydroxyquinoline 1.388 0.498 375 374 +0.3
Adenine : 1.361 0.500 366 364 +0.5
Adenine (from

cordycepin) 1.240 0.460 362 364 0.5
Adenosine.H50 1.845 0.488 508 514 -1.2
“Adenosine 2.270 0.610 500 496 +0e8
Hypoxanthine 1.411 0.511 371 365 +1.6
2-Methylpyridine 1.165 0.490 320 322 -0.6
N-Methylmorpholine ‘1.300 0.525 533 330 +049
4=-Methylimldazole 1.959 0.850 310 311 03
Carbazole 1.327 0.443 403 396 +1.8
Coocalne 2.159 0.550 528 532 -0.8 .
Narcotine 2.938 0.615 642 642 0.0
Strychnine 2.481 0.598 558 563 0.9
Vomicine 2,530 0.558 609 609 0.0
2-Aminothiazole 1.250 0.512 328 329 0.3

2=Amino-5-(2%-hydroxy-
T-hydroxymethyl )~

ethylthiazole 1.379 0,467 397 403 -1.5
2-Amino-6:6-di-
(hydroxymethyl )=
l:3-thiazine 1.631 0.548 400 403 -0.7
's' represents the concentration in mg./100 ml.

(and also the weight in mg. of sample taken) and
'1' the value of log(Io/I)zgpo. 'Whole number'
atomlo welghts are used throughout.
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A determination of the molecular weight of
cordycepin was carried out using its monopicrate with

the following results:

Co. 1. Mo

Cordycepln picrate 1.036 0.288 483

- This value corresponds to a molecular weight of
254 for cordycepin which is 1n close agreement with
that of 248 *10 obtained by the X-ray érystallographio
method by Mrs. Dorothy Hodgkin and Dr. G. J. Pitt, and
with that of 251 required by C;oH;30zNg subsequently
shown by analytlcal and degradative examlnation to be
thevmoleoular formula of the metabolic product.

Although only mono-picrates have been studied
the method is applicable to any type of plcrate using '

the modified formula:

. M_13,44OXCXn
log(Ilo/1)

where '™m' is the molar ratio of plceric acid:base or
ploric acid:hydrocarbon in the plcrate.

The accuracy of thls method of molecular weight
" determination is dependent upon the sccuracy with
which the spectroscopic solution is prepared and upon

the accuracy.with which the value of log(lo/I) is
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determined. It hes been found that the photoelectric
spectrophotometer 1is capable of giving results
reproducible within the limits *1%. In the wave-length
region 3700 - 4000 A. the variation of & with wave=-
length is considerable in the case of pilorates, so that
a slight error in the wave-length determination
mechanism of the instrument employed may lead to an
appreciable alteration in the value of the constant
€2800+ (That such a variation can oocur was shown when
the average value of 63800 for 12 picrates measured on
8 second spectrophotometer was 13,200.') For thils
reason 1t 1s essential that the instrument to be
employéd should be standardised against a number of
plcerates of known molecular weight, using matched quartsz

cells in the same aspect.

Although several properties of plcrates mske them
unique in thelr applicability to spectrophotometric
moleocular welght determination, the method is so attrac-
tive in virtue of 1ts simplicity and accuracy, that its
possible extension to include compounds other than bases
and hydrccarbons must not be overlooked. For example
anthraquinone-2-carboxylic acld shows considerable

light absorption at the near-visible end of the ultra-



TABLE X.

Ester Solvent c. 1. &,
Ethyl .ethanol le.241 0.217 4,900
Ethyl chloroform 1.327 0.237 5,000
n-Butyl ethanol - 1.274 0.207 5,000
n-Butyl chloroform  1.421 0.229 4,970
Bornyl ethanol 1.569 0.203 5,020
Bornyl chloroform  1.284  0.168' 5,080
p-Methyleye-

lochexanyl ~ethanol 1.500 06210 4,870
B-Amyrin chloroform 1.836 0.144 5,180
Cholesteryl chloroform 2.002 0.165 - 5,110
Anthraguinone-
2-carb, acid ethanol 1.388 0.301 5,460
Anthraguinone-
g=-carb, acid chloroform 1.520 0.326 5,400

'c' represents the concentration in mg./100 ml.

(and also the weight in mg. of sample taken) and
'1' the value of log(Io/I)somy-

violet spectrum (fig. 10) while the esters of this acid
are crystalline compounds: 1t has been observed (Table
X} in the limited number of alcohols examined, that the

corresponding aenthraquinone-2-carboxylic esters exhibit
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remarkably similar aebsorption properties. On the other
hand, the solution to the problem of spectrophotometric
molecular weight determination of alcohols may lie in
esterification with an acid such that the resulting
ester will be capable of forming a picrate. This is
"similar to the approach which has already been employed
in the case of alkyl halides (of which the S-alkyl iso-

thiourea picrates have been used) and its development

mey ultimately embrace several types of compound.

-
-
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EXPERIMENTAL.

All melting points are uncorrected.

These plorates which have been deseribed previously
were prepared and purified according to the literaturs
methods; the preparations of the others are given in
the text of the previous Experimental section, or are
described below. Absorption determinations were made
using a Unicam S. P. 500 Spectrophotometer with matched
1l om. gquartz cells. Unless stated otherwise,
spectroscopically pure ethanol was employed as solvent.
The varlous concentrations of pilcric acid were obtalned
by diluting to 50 ml. the theoretical volumes of a
standard solution of pilerlc acid (or morpholine picrate
in the cases in which the latter was employed), Grade

'B' volumetric equipment being used throughout.

Dihydrolsoeserine Picrate.

(cf. Polonovskl and Nitéberg, Bull. Soc. Chim., 1916,

19, 33.)

Adams' catalyst (25 mg.) was added to a solution
of isceserine (0.3 g., prepared by the reaction of
eseroline and methylisooyanate in benzene at 20°) in

absolute ethanol (25 ml.) Hrdrogenation was complete



after 4 hours at normel temperature and pressure, and
the filtered resction solution was concentrated to
yleld a colourless, light-sensitive glass. The product
was dissolved in warm ethenol (10 ml.) and excess of a
cold satursted ethanolic pilcric acid solution was added.
The product which separated was orystallised from

absolute ethanol to yleld dlhydrolsoeserine plorate as

bright- yellow needles, m.p. 173-174°,
Found: 0,5001; H’505; N,le.s.

CoyHogOgNg requires C,49.8; H,5.2; N,16.6%.

2-Fthoxy-4-methylquinoline 1-Cxide Picrate.

A solution of 2=-ethoxy-4-methylquinoline (3.3 g.,
Knorr, Ann., 1886, §§§, 102) in peracetic acid (80 m%.)
was maintained at 50° for 48 hours. The reaction
mixture was evaporated (reduced pressure) and the
cooled residue was made alkaline with 3N-potassium
hydroxlde solution. The mixture was extracted with
chloroform (6 x 35 ml.), the dried (sodium sulphate)
extract was evaporated and the viscous residue was
dissolved in the minimum quantity of absolute ethanol.
The additlon of excess of a cold saturated ethanolic

solution of picric acid yielded 2-ethoxXy-4-methyl-

quinoline l-oxide picrate (2.1 g.) whioh separated from
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ethanol as prismatic needles, m.p. 144-145°.
Found: C,50.0; H,3.9; N,12.9.

C1gH10gNy requires C,50.0; H,3.7; N,13.0%.

2:5=Dichloroaniline Picrate.

Excess of a cold saturated aqueous picric acld
solution was added to a warm aqueous solution of
2:5-dichloroaniline hydrochloride (30 mg.). The
product which separated (25 mg.) recrystallised.from

water to yleld 2:5-dichloroaniline picrate as yellow

needles, m.p. 86°,
Found: C,37.0; H,2.3; N,13.9.

C1oHgON,Cly requires C,36.8; H,2.1; N,14.3%.

Adenosine Piorate.

(of . Levene and Jacobs, Ber., 1909, 42, 2703.)

Excess of a oold saturated aqueous solution of
ploric acid was adaed to a warm aqueous-ethanolic
solution of adenosine (40 mg.). The product which
geparated (30 mg.) recrystallised from aqueous-eth&noi
to yleld adenosine picrate as yellow needles, m.p.
182° (decomp.). After drying for 8 hours at 80°/0.1 mm.

the compound exhibited m.p. 191° (decomp.)
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Found: C,38.6; H,3.2; N,22.9.

Calo. for CqgHjg011Mg: C,38.7; H,3.2; N,22.6%.

Anthraguinone-2~carboxylic Acid Chloride.

B-E-Toluylbenzoio acld was prepared by the reaction
of toluene (100 g.), phthalic anhydride (25 g.) and
aluminium ochloride (50 g.) according to the method of
Fleser (Org. Synth. Coll., Vol. I, 503) and the produot

(35 g.) m.p. 138°, was cyclised with concentrated
sulphuric acid (cf. Fileser, Org. Synth. Coll., Vol. I,

345) to yleld 2~methylanthraguinone as almost colourless
needles (20 g.) m.p. 172-173°. Oxidation of a solution
of the product (20 g.) in concentrated sulphuric acid
(120 g.) and water (60 ml.) with sodium dichromate

(60 g.) at 90° (after the method of Ilinskii and
Kezakova, J. Gen. Chem. (U.S.S.R.), 1941, 11, 16)

gave an almost quantitative yleld of anthraquinone-2-
carboxylic acid, m.p. 291-292°. The acid (10 g.) was
converted to the corresponding acld chloride by warming
to 100° with phosphorus oxychloride (20 g.) and
phosphorus pentachloride (9 g.) until the evolution of
hydrogen chloride ceased. Ligroin (100 ml.) was added
to the reaction mixture and the product was separated

by filtration, washed with ligroin, dried under reduced



pressure and distilled to yield anthraquinone-2-
carboxylic acld chloride as a yellow o0ll (6.0 g.) beDe
210°/0.2 mm. which solidified to a pale yellow
orystalline mass, m.p. 147°., (Liebermann and Glodk,
Ber., 1884, 17, 889, gave m.p. 147°.)
Found: C,66.4; H,2.7; Cl,14.0,.
Calo. for C,gH;0sCl.: C,66.6; H,2.6; C1,13.1%.

Ethyl Anthraquinone-2-carboxylate.

Anthraquinone-2-carboxylic acid chloride (400 mg.)
was added to a solution of ethenol (Cel ml.) in dry
benzene (3.5 ml.) and pyridine (1.5 ml.). The reaction
mixture was allowed to stand for séveral hours and was
then warmed on a steam-bath for 15 minutes and was added
to crushed 1lce. The solid which separated was crystallised
from aqueous ethanol to yleld ethyl anthraquinone-2-
carboxylate as pale yellow needles, m.p. 146-147°
(Liebermann and Glock, loc. cit., quote m.p. 147°).

Found: C,72.6; H,4.6.

Cale. for CinpHyp04: C,72.8; H,4.3%.

n=-Butyl Anthraguinone-2-carboxylate.

The ester of n-butanol was prepared according to

the method described shove. n-Butyl anthraquinone-2-




carboxylate senarates from petroleum-ethsr (b.p. 60-68°)
a8 pale yvellow olustered rods, m.p. 122-123°.
Found: C,74.3; H,5.2.

Cp9H1g04 requires C,74.0; H,5.2%.

Bornyl Anthraquinone-c-carboxylate.

Anthraguinone-2-carboxylic acid chloride (500 mg.)
was added to a solution of borneol (250 mg.) in dry
benzene (3 ml.) and pyridine (1.5 ml.). The reaotion
solution was heated under reflux for 15 minutes, cooled,
diluted with ether (15 ml.) and washed suoccessively with
dilute hydrochloric acid, alkall and water. CSolvent was
removed under reduced pressure and the residue
orystellised from chloroform-petroleum ether (b.p.

40-60°) to yield bornyl anthraguinone-Z-carboxylate as

smell pale yellow prisms, m.p. 185%.
Found: C,77.7; H,6.2.

CoplipyO4 requires C,77.3; H,6.2%.

p-Methylcyclohexanyl Anthraguinone-2-garboxylate.

The p~-methyloyclohexanyl ester was prepared
according to the method described for the bornyl ester.

p=dethylcyeloiexanyl antiraguinone-z-carboxylate

. O
separetes from petrcoleum ether (b.p. 4C-6C") as pale
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yellow clustered needles, m.p. 146-147°.
Pound: C,76.0; H,5.8.

CopHpO4 requires C,75.8; H,5.8%.

P=Amyrin Anthraquinone-2-cerboxylate.

The product isoclated from the reactlon according to
the oonditions described in the éase of the bornyl ester
ocould not be obtalned in a crystalline form. After
chromatographic purification (2luminas-benzene) however,

B-amyrin anthraguinone-Z-carboxylate separated from

chloroform-methanol ss pale yellow needles, m.p. 308-310°.
Found: C,81l.7; H,8.3.

C45Hsg04 requires C,8l.8; H,8.5%.

Cholesteryl Anthraquinone-E-Oarboxylate.

The crude cholesteryl ester which was isolated
under the standardised conditions could not be obtained
in a crystalline form. A chloroform-benzene solution
of the ester was passed through & chromatographlc
(alumina) column, solvent was removed and the yellow
residue was dissolved in the minimum volume of bolling
petroleum ether (b.p. 60-8C°)., The cocled solution

set to a gel from which cgholesteryl anthraculnone-2-

carboxylate slowly separated as hard, yellow prisms,




m.p. 172-176°.
FOund: C,Blol; H,8.530
C4oHg00, requires C,8l.2; H,8.4%.

< -
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