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Abohct-The isolation of a new triterpenc, putranjivadionc, is described. By a combination of chemical 
and physical methods it was shown that putranjivadionc is friedclane3,7dione (I). 

Putrunjik~ roxburghii (Eupborbiaceae) is a common plant of tropical India the 
leaves and fruits2 of which were used as indigenous medicine against colds and fever. 
We became interested in a chemical investigation of this plant as none bas been 
reported in the literature. 

Tbe neutral material from the benzene extract of the whole plant yielded two 
crystalline compounds on chromatography over activated alumina Tbe less polar 
compound was sbowo to be identical with friedelh Tbe more polar constituent 
(mp. 284-289”) having the molecular formula (&,H4s01 (moL wt 440 by mass 
spectrometry) was named putranjivadione and has been shown to possess structure I. 
Tbe two oxygen atoms present in the molecule wert ketonic in nature (single 
absorption in tbe IR at 1710 cm- ‘) and one of them proved to be highly hindered. 
A negative tetranitrometbane test indicated that the compound lacked any etbylenic 
linkages and could thus tentatively be assigned to the f’riedclane or related group of 
pentacyclic triterpenes. Tbe general appearance of tbe mass spectra of putranjivadione 
and its derivatives was consistent with the presence of a friedelane nucleus in these 
compounds’ and the mass spectrometric fragmentation patterns will be discussed 
later in tbe paper. 

Tbe NMR spectrum of putranjivadione in CDCl, solution exhibited signals of 
the tertiary Me groups at 078, @92, O-96, 100, lG7, 1.18 and 1.42 ppm with tbe 
secondary Me doublet centered at about 088 ppm (J = 6 to 7 Hz). Other signals 
were not sufficiently separated to be identified, with tbe exception of a one-proton 
singlet at 2.87 ppm which is presumed to belong to tbe proton at C-8 wbicb is Q to 
the carbonyl and has no other proton neighbors Tbe same compound in benzene 
showed signals of tertiary Me groups at @59,069,102,1G5, lG8,1*20 and 130 ppm 
with the secondary Me at 0.78 ppm and tbe one-proton signal at 2.58 ppm. Tbe 
strong shift to bigber field on going to benzene solvent for tbe Me groups at @78 
and @92 ppm (CD&) and the proton at C-8 (2.87 ppm) indicates4 their proximity 
to one or both of tbe CO groups. 
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Rutranjivadione on treatment with LAH gave a diol (IR absorption at 3610 cm- ’ ; 
mol. wt 444 by mass spectrometry) named putranjivadiol (II), treatment of which 
with acetic anhydride and pyridine yielded a monoacetate (VI) that displayed 
absorption in the IR at 3480 cm-’ (OH) and 1720 and 1265 cm-’ (acetate). The 
mol. wt of VI (486 by mass spectrometry) was in harmony with the presence of a 
single acetate function in this molecule and on alkaline hydrolysis the diol II was 
regenerated. 

I 
IXa:R = H Xa:R = OH XI 

IXb: R = AC Xb:R = 0 

VII: R = H 
Vllb: R = AC 
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Huang Minlon reduction of putranjivadione (I) afforded a monoketone (III), 
C,,HsOO (mol. wt 426 by mass spectrometry), which failed to give a hydrazone 
derivative while absorption at 1715 cm-’ in the IR indicated the presence of a keto 
function in a 6-membered ring. 

The NMR spectrum in CDCl, solution of the monoketone III showed signals of 
the seven tertiary Me groups at @80, @87, e95.099, 102 1.18 and 140 ppm with 
the secondary Me at 0.73 ppm The one-proton singlet observed in the diketone now 
appeared at 2.75 ppm. In addition, an AR pattern (2H), centered at 2.20 ppm due 
to the two isolated methylene protons at Cd could now be observed, which was 
previously masked by the signals of protons a to the other CO group. In benzene 
the signals of the tertiary Me functions were observed at @73,084,097, 1.02, 197, 
1.21 and 1.58 ppm with the secondary Me at 068 ppm The one-proton singlet now 
appeared at 263 ppm and the AR pattern separated into a pair of doublets located at 
2.26 and 1.84 ppm. The up-field shift of the proton singlet (275 ppm, CD&) and 
one part of the AR pattern (2.17, CDCI, -+ 1.84 ppm, C,H,) identifies them as axial, 
as opposed to the equatorial one, which was shifted down-field (2.23 + 2.26 ppm). 

Treatment of the monoketone under conditions suitable for exchange of protons a 
to a CO group with deuterium led to a moaodeuterio derivative in which singlets 
remained at 2.75 and 2.23 ppm (CDCl,), indicating that only the less hindered axial 
proton had exchanged. 

The monoketone III on treatment with LAH furnished a mono-o1 (IV) &H,,O 
(mol. wt 428 by mass spectrometry), which had IR absorption at 3610 cm- ’ and which 
failed to yield an acetate on treatment with acetic anhydride in pyridine solution. 
Such failure can be attributed to the severe hinderance of the axial OH group by 
the three axial Me groups at positions 5.9 and 14. 

The NMR spectrum of this material showed signals for the tertiary Me groups 
at O-97, @98, lM), 108, 1.19, 1.24 and 1.42 ppm with the secondary Me doublet 
centered at @76 ppm The proton (attached to C-7) adjacent to the OH group ap- 
peared at 4.45 ppm in a quartet-like pattern whose width was indicative of its having 
a total of two equatorial-axial and an equatorial+quatorial coupling interactions 
rather than an axial-equatorial and two axial-axial ones, thus confirming the axial 
nature of the OH group. 

Treatment of the hydroxyfriedelane (IV) with acetic anhydride containing a drop 
of perchloric acid resulted in smooth dehydration to a hydrocarbon CJoH,, (mol. 
wt 410 by mass spectrometry), which exhibited IR absorption at 815 cm-’ (tri- 
substituted double bond) consistent with structure V. 

The NMR spectrum of V in CDCl, solution had signals for the tertiary Me groups 
at O-83.085 (two), 0*93,097 and 108 ppm (two) with the secondary Me at 0.72 ppm. 
The olefmic proton appeared as a pair of doublets at 5.78 ppm (J = 4 and J = 8 Hz). 
In benzene these signals appeared at @84, O-88, 0.96, 141, 103, 1.13 and 1.19 ppm 
with the secondary Me at 078 ppm, while the oleftnic proton was located at about 
5.85 ppm. 

The monoketone III on reduction under epimerizing conditions with sodium and 
amyl alcohol yielded a second alcohol (VIIa), whose OH group must have the 
equatorial configuration since it could easily be acetylated in contrast to the axial 
epimer IV. 

The hindered CO group of the monoketone III was resistant to reduction by the 



~~08 P. SENGIJPTA, A. K. CHAKRAFSORTY, A. M. DIEFIELD, L. J. DURHAM and CARL DIERASI 

procedure of Nagata and Itazaki.5 However, using Barton’s modification6 of the 
Wolff-Kishner reduction, the ketone III was reduced in low yield to friedelane. 
(VIII) (id~ti~~ by a compa~n of the mass and IR spectra with authentic material) 
thus co&ruing the basic skeleton of the molecule. 

Putranjivadione (I) on reduction with sodium borohydride in methanol gave a 
hydroxy ketone (IXa), C,,H,,O, (mol. wt 442 by mass spectrometry), which on 
vigorous Wolff-~shner reduction following Barton’s condition& yielded friedelanol 
(Xa ; identical IR and mass spectra with an authentic sample and no mixture m.p. 
depression). Further characterization was effected by Jones’ oxidation to friedelin 
(Xb; identical IR and mass spectra with authentic material). This series of reactions 
established the presence of the 3-keto-friedelane system in putranjivadione. 

Mass spectra of ~~a~jiv~io~ and derivatives. The mass spectra of pentacyclic 
triterpenes containing the friedelane ring system have been described previously3* ’ 
and some of these correlations can be applied to the interpretation of the mass 
spectra of putranjivadione and derivatives. 

Putranjivadione (I) and putranjivone (III) display mass spectra (Figs. 1 and 2) 
which contain a prominent peak at m/e 205. This ion has been attributed3 to the 
species a, (m/e 205) being derived from rings D and E respectively and thus affords 
additional evidence for the absence of the oxygen functions in these rings in 
putranjivadione. 

FIG. 1. Mass spectrum of putranjivadione (I). 

. FIG. 2. Mass spectrum of putranjivone (III). 

The remainder of the principal fragmentation modes of putranjivadione (I) appear 
to incorporate rings A and B (containing both keto functions) and portions of rings 
C and D respectively. Thus a peak at m/e 316 in the mass spectrum (Fig. 1) of putran- 
jivadione (I) is located at m/e 302 in the spectra (Figs. 2,3 and 4) of putranjivone (III), 
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a, m/e 205 

FIG. 3. Mass spectrum of frkdelan-3-one (Xb). 

FIG. 4. Mass spectrum of friedelan-Zone (XI). 

FIG. 5. Mass spectrum of 3-acetoxy-7-hydroxyfriedelane (IXb). 

3-keto and 2-ketofriedelane (Xb and XI) respectively; a possible representation3 
for the responsible ion may be b. In harmony with this conclusion the mass spectrum 
(Fig. 5) of the acetoxy ketone (IXb) contains a peak at m/e 360. 
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R’ R 

R = R’ = 0; m/e 316 
R = H,; R’ = O;m/e 302 
R = O,R’= OAc;m/e360 

A peak at m/e 301 in the mass spectrum (Fig. 1) of putranjivadione (I) is located 
at m/e 287 in the three monoketones III, Xb and XI and at m/e 345 in the acetoxy- 
ketone (IXb; Figs. 2, 3,4 and 5 respectively). This ion may be visualized in terms of 
structure c, and one likely origin involving hydrogen transfer from C-12 is shown. 

i 

R=O,R’=H,;m/e301 
C R=H,,R’=H,;m/e287 

R = 0, R’ = -0Ac; m/e 345 

Another peak of diagnostic interest in the mass spectrum of putranjivadione (I) 
occurs at m/e 288. This could correspond to the species d and this assignment receives 
support from the location of a peak at m/e 274 in the spectra (Figs. 2-4) of 
putranjivone III, 3- and 2-ketofriedelane (Xb and XI) and at m/e 332 in that (Fig. 5) 
of the acetoxy analog IXb. 

R = O,R’= O;m/e288 
d R = H,,R’= O;m/e274 

R = 0, R’ = OAc; m/e 322 

Finally, an ion of mass 207 in the mass spectrum (Fig 1) of putranjivadione (I) 
may cqrrespond to one of mass 193 in putranjivone (Fig. 2) and hence may be 
assigned structure e. It is noteworthy that the corresponding peak (m/e 193) in the 
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spectra of 2- and 3-ketof~~eiane (Xb and XI) is of weak abundance. The base peak 
in the spectrum (Fig. 5) of the acetoxy ketone (IXb) occurs at m/e 251 and this can 
also be assinged structure e. 

R = 0, R’ = 0; m/e 207 
e R = H,, R’ = 0; m/e 193 

R = 0, R’ = OAc; m/e 251 

The conclusion to be drawn from the mass spectra is that the second ketonic 
function must be located at C-6, C-7 or C-11; C-l and C-2 are eliminated since 
putr~jivadione is not an a or p diketone, and no aldehyde protons were visible in 
the NMR spectrum of putranjivadione (I). Since the NMR spectrum of III showed 
the presence of three hydrogens adjacent to tbe hindered CO group, only C-7 remains 
as the locus for the second ketonic function. The expression I for putranjivadione is 
thus established. 

EXPERIMENTAL 

All m.ps am uncorrected. The pet. ether used had b.p. 60-g0”. NMR spectra were determined with 
Brian A-60 and HR-100 instruments. The mass spectra wen determined with an Atlas a-4 mass 
spectrometer using diiect sampk intrcdudion into the ion source and 70 ev ekctrons Sample identifi- 
cation was achieved by comparison of IR and whem possibk mass spectra A~de~vativ~ (unltrrs otherwise 
noted) yitldcd negatiws t~ranitrarn~a~ tests for unsaturation We wish to thank hirs Ruth Records 
d Stanford University for tbe ORD auvcs d putranjivadione (I) and putranjivone (III). Ail spa‘ific 
rotation vaiue unless stated othenvisz. refa to CHCl, soln 

Exrracrion @Putranjiva roxburghii wait. Dried and powdered plant (1 kg) was extracted with beuzcne 
for 6 br ia a soxhlet apparatus. The neutral material (22 g) was cbromatographed on activated alumina 
(400 g) and elution with pet. etba:benzenc (2:3) afforded crude friedelin (@l g), m.p. 253-255”. CrystaI- 
lization from CHCls-aatone yieldad pure X, m.p. 257-2619 [a]n - 2249 (Found: C, 84.60; H, 1191. 
CsOHsQO requires: C, 84.44; I+, 11.81 x.1 

’ Further et&ion of the cbromatogram with pet ether : bcnzct~e (1:4) furnished a solid (1 g), m.p. 270-275”, 
which on recbromatography over alumina and crystallivltion from CHCI,-acetone afforded pure I, 
m.p. 284-289”, [a]o -3684 (Found: C, 81.89; H, 1097, mol. wt (mass spectrometry) 440. C,,Ii,sOI 
requires: C 81.76; H, 1098%; mol wt 440.) ORD curve in dioxan (c, 00s) [#]ss9 - 163”; [#J:g*‘” 
-5591”; [&1 -4206’; [#]:Oq* -47929 [#J&$ i5058”. 

LAH miucrkm QJ puttanjivaiione to putranjiudid (IQ Putranjivadione (SO m@ was added to a 

suspension d LAH (600 mg) in THF (%o ml), refluxuI for 6 br, allowed to stand overnight and worked up 
In the usual manner to yield au& diol(440 mg), mp. 248-260”. Chromatography over activated alumina 
(50 g), clution with henrmc:etber (3:2) and crystallixation of the product from CHCl,-MeOH yielded 
II m.p. 270-274”. [a]n +291”. (Found: C, 80%; H, 11.50; mol wt 444 (mass specuomctry). C,,Hs,02 
requires: C. 81*2; H, 11.79%; mol. wt 444.) The IR spectrum showed absorption at 3610 cm-’ (OW) 
and no Co absorption was evident. 

AceryIurion o~~!ro~jj~~ u) purr@jiivadid nwnoocetate (VI). Putranjivadiol (2m mgf in pyridiae 
(2 ml) containing AC@ (2 ml) was warmed on the water-bath for 2 br and then allowed to stand overnight 
at room temp. The product was crystallized from CEICls-aatone to fur&b VI, m.p. 244-2479 [a&, 
+ 38W. (Found: C, 79.25; H. 11.18. C,,H,,O, requires: C 78.96; Ii, 11*18%.) IR absorption was noted 
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at 3480 cm-’ (OH) and 1720 and 1265 cm-’ (acetate) The moooaatllte on hydrolysis with alcoholic 
KOH rcgazratal II. 

Hw Ml&n reducfion qfpurranjhdime 10 pctranjiwne (III). Putranjivadiooc (640 mg) in dicthylmc 
glycol(53 ml) was rcfluxed with 85% hydraxine bydraa (6.5 ml) for 1 hr. KOH (640 mg) was addal and 
the mixture was furtba refluxcd for I hr when the condenser was removed and the mixture heated to 
190”. After rcfluxing for an additional 2.5 hr tk reaction mixture was cooled, diluted with water and the 
ppt fdtcrcd off. Chromatography on activated alumina (20 B) and elution with cthcr:bcnxcnc (4: 1) yicldaI 
crystals (560 mg) which on crystallization from CHCI,-McOH yielded III, a.~p. 260-263”. [a]o +21.5”. 
(Found: C.a.72; H, 11.73. C,,,HsoO requires: C, 84.44; H, 11.81%) ORD curve in dioxan (c, 006); 
[#]ssg +95”; [#I!$ + 120”; [d]z!& - 149”; [6]:E* -265”; [O]%?” -60”; [+]c +911”. IR 
absorption was recorded at 17 15 cm- ’ (6-membered ring ketone). 

Putraojivone (100 mg) in pyridine (10 ml) containing 85% hydrazine hydrate (5 ml) and cone HCI 
(I ml) was rcfluxed for 1 hr. On workup only putraojivooc was rccovcred. 

LAH reduction ofputranjiwn 10 putranjiuol (IV). Putranjivooc (500 mg) in THF soln was nduced 
with excess LAH to yield putraojivd (450 mg), m.p 242-246”. Chromatography on alumina (20 g) and 
clutioo with pet. ether: knzene (7:3) followed by crystallization from CHQ,-McOH yieldai IV, mp. 
245-248”. [K]~ + 398”. (Found: C 84.22; H. 12.14. C,OH,IO requires: C 8404; H, 12.23 %.) IR absorption 
was rccordcd at 3610 cm-’ (OH). 

Putraojivol (200 ma) in pyridine (2 ml) containing Ac,O (2 ml) was warmed cm the water-bath for 
5 hr and then allowed to stand overnight at room temp Workup as usual yieldal only putranjivol. 

Dehydration ofputranjivol with acetic anhydride and perchloric acid to ptranjbene (V). Pcrchloric acid 
(1 drop) was addai to a cooled suspension of putranjivd (200 mg) in Ac10 (5 ml) and tk mixture stirred 
at room temp during 20 min, poured into sat. NaHCQaq and the ppt filtered off. Chromatography 
over alumina (10 g) and elutioo with pet. ether furnishad a solid (180 mg) which on crystallk~tio~~ from 
CHCl,-McOH yielded V, m.p. 161-164”. [aID -58.7”. (Found: C, 87.58; H. 12.22 &I&, rcquircs: 
C 87-73; H. 12.27x.) Putraojivmc had IR absorption at 815 cm-’ (trisubstituted double bond) and the 
tctranitromethane test for uosaturatioo was positive. 

Reduction cf putranji~~~ne wilh sod&m~ Md lsomyl alcohol to epi-putranjiwl sodium (2 g) was slowly 
added to a rcfluxing soln of putranjivone (500 ms) in isoamyl alcohol (25 ml) and rcfluxing continual until 
all tk Na had dissolved. After steam distillation tk ppt was chromatographed 0~ activatai alumina 
(20 g) Elution with pet ctha:knxcoe (2:3) followed by crystallization from CHCl,-MeOH yicldsd 
VIIa, m.p. 240-244”. [aID + 162”. IR absorption at 3600 cm-’ (OH). (Found: C, 84.31; y 12.19. C,,H,IO 
requires: C. 8404; H, 12.23 %.) 

Acetylation on heating for 3 hr at 100” with pyridinc and Ac,O followed by crystallization from CHCl,- 
McOH yielded tk acetate VIIb with m.p. 216218”. [alo fO”. (Found: C, 8193; H, 11.45. &H,,O, 
requires: C. 81.64; H. 11.56x.) 

Wolff-Kishner reduction ofputranjicme tojkfedelane. Sodium (500 mg) in diethylenc glycol(20 ml) was 
heated to 180” (all tcmps measured with tkrmomctcr in liquid) and anhyd hydrazinc (30 ml) added until 
tk mixture refluxcd at 180”. The soln was cooled. putraojivonc (400 mg) added and the contents rcfluxed 
for 12 hr. A portion of tk hydrazinc was distilled from the reaction mixture until a reflux temp of 210” 
was attained. Afta refluxiog for an additional 24 hr the reaction mixture was cooled and worked up in 
tk usual manner. Chromatography over activated alumina (20 g) and elution with pet. ether furnished 
a solid (I5 mg) which on crystallization from CHCl,-MeOH yieldad VIII, m.p. 245-247q [aID +3@4”. 
The IR and mass spectra d this and authentic material wcm identical. 

NaBH, reduction of purranjiudione ro the hydroxyketon (IXa) Putranjivadione (800 mg) in pyridine 
(40 ml) war added to a solo of NaBH, (250 me) in MeOH (20 ml) containing 1N NaOH (@2 ml) After 
100 hr the solution was acidified with 5N HCI (160 ml) and tk product isolated with CHCI,. Chroma- 
tography over activated alumina (40 g) and elutioa with pet. etha:bcnznc (1:4) yielded unreactcd 
putranjivadione (150 mg). Further elutioo with koame:cthcr (4:l) affordal colorkse crystals (640 mg) 
which after crystallization from CHCl,-McOH yielded IXa, m.p. 303306”. [a]u +205”. (Found: C 
8161; H, 11.25; mol. wt 442 (mass spectrometry). C,,H,,O, requires: C, 81.39; H, 11.38%; mol. aR 442) 

Aatylatioo with Ac,O in pyridine sotn and crystallixation from CHCl,-McOH afforded IXb, m.p. 
310-314”. [ab +36+“. (Found: C, 79.59; H, 1074; mol. wt 484 (mass spcctromctry) CJIH,,O, requires: 
C, 7928; H, 1081%; mol wt 484.) 

WolfiKishrur reducfion 4 the hydroxy ketone (IXa) ro &e&land (Xa). Using an identical procedure 
as was used in the reduction d putraojivone (see above) IXa (500 mg) furnisha! a mixture which on 
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chromatography on alumina affordad a solid IS mg Crystallimtion from CHCl,-MeOH yielded 
frkdelanol mp. 278-282” wbkb bad identical mass and IR spectm with authentic material. Jones’ oxi- 
dation of thin produd gave Xb mp. and mixture mp. with authentic material rep 255-260” (identical 
IR and mass spectra with authentic mrterial). 

A~kn~w&dgemm--Fmancid as&am (grants No. GM4684 and AM44257) from the National 
l&tutu of Health of the US Publk Health Service to Stanford University ia gratefully acknowkdgad. 
Tbc purchase of the Atlas 04-4 mats spcctrowta was made posaibk tbrougb grant No. NsG 8140 
from the National Aeronautics and Space Administration. We arc also indebted to the Council of 
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