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Abs&act--The isolation of friedelin, putranjivadione (I), friedelanol and a new triterpenoid Roxburgholone, 

C30H5,,02r from the bark of P. roxbwghii has been described. Roxburgholone has been shown to IX 3~ 
hydroxyfricdclan-7-one (II). The hydroxyketone obtained by sodium borohydride reduction of putran- 

jivadione (r) has been shown to be 3p-hydroxyfriedelan-7-one (XIII). 

IN A previous communication’ we have reported the isolation of friedelin and 
putranjivadione, a new pentacyclic triterpene diketone obtained as the major com- 
ponents of the whole plant of Putranjiua roxburghii (Euphorbiaceae) and have 
established the structure of the latter as friedelan-3,7dione (I) from chemical trans- 
formations coupled with mass spectrometric fragmentation pattern and NMR and 
IR data. We have now chemically examined the bark of P. roxhurghii and report the 
isolation of friedelin and putranjivadione (I) as the major triterpenoid constituents 
and friedelanol and a new triterpenoid, named Roxburgholonc as the minor 
constituents, 

The benzene extract of the bark of P. roxburghii was separated into an ether 
soluble gum and an ether insoluble crystalline mass. The ether soluble fraction 
yielded only friedelin and putranjivadione’ (I). The chloroform soluble portion of 
the ether insoluble part on chromatography over activated alumina yielded first 
friedelin and putranjivadione (I) as the less polar fractions. The more polar fraction 
melting over a range above 300” could not be resolved into purer components by 
chromatography and crystallization. However, when converted into acetate, the 
mixture could be separated on chromatography over deactivated alumina followed 
by crystallization into two pure components. The less polar constituent, C,,H,,O,, 
m-p. 31&318”, [a],, -12.5” was identified as friedelanol acetate,2 which on de- 
acetylation afforded friedelanol,’ m.p. 299-300”. The more polar component, m.p. 
322-328”, [aID -26” did not yield reproducible C,H-analytical data (see below) 
and consequently was hydrolysed to a new hydroxy compound, CS0HS002, m.p. 
3 12-3 lg”, [c& -7.8”. This new compound, named Roxburgholone has been shown 
by the following transformations to be 3a-hydroxyfriedelan-7-one (II). 

The presence of a hydroxyl function and a keto group was demonstrated by the 
IR spectra of roxburgholone (II) which showed bands at 3480 (OH) and 1700 cm-’ 
@-membered ring saturated ketone). Roxburgholone (II) could be acetylated to an 
acetate (III), m-p. 322-328”, [a],, -26” which also did not yield reproducible C,H- 
analytical data. The IR spectra of this acetate showed bands at 1700 cm-’ (6- 
membered ring saturated ketone) and 1735 and 1240 cm-’ (acetate) with no peak 
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3580 cm-l (OH) besides the acetate peaks, and on hydrolysis regenerated rox- 
burghadiol (VI). However, on treatment with acetic anhydride and a drop of per- 
chloric acid roxburghadiol (VI) or its monoacetate (VII) eliminated a molecule of 
water and yielded the same ene-acetate (VIII), CJZHSZ02, m.p. 147-148”, [a]n -86 
having IR bands at 1740 and 1250 cm-’ (acetate) and 818 cm-’ (trisubstituted 
ethylenic linkage). The acetate (VIII) on hydrolysis afforded the ene-alcohol (IX), 
C,,H,*O, m.p. 176180“, [a]n - 74” having IR bands at 3400 cm-’ (OH) and 
818 cm-’ (trisubstituted ethylenic linkage). The alcohol (IX) on oxidation with 
chromic acid-pyridine complex’ furnished the ketone (X), C30H480, m.p. 14O-141”, 
[a&, - 87.8” having an IR band at 1725 cm- 1 (6-membered ring saturated ketone) 
and no band in the hydroxyl region. This ketone (X) on Huang-Minlon reduction 
yielded the known putranjivene’ (friedel-7-ene) (XI) thus locating the exact position 
of the ethylenic linkage in VIII, IX and X. This would mean that the hindered free 
OH group in roxburghadiol monoacetate (VII) is at C,. The axial @) orientation 
attributed to this free OH group in VII is consistent with the fact that only such a 
configuration could undergo smooth proton catalysed 1,2_elimination involving the 
axial a H atom at Cs. It may be mentioned here that putranjivol (XII) having the 
OH in axial l3 orientation yielded almost exclusively putranjivene (XI) on treatment 
with acetic anhydride and perchloric acid.’ Since roxburgholone (II) did not have 
any non-acylable hindered OH group, this OH group must have been derived from 
a ketonic group at C, of roxburgholone (II) during LAH reduction. Hence rox- 
burgholone (II) and the 3-hydroxyfriedelan-7-one,L obtained by sodium borohydride 
reduction of putranjivadione must be epimeric at C3. Further that the OH group 
at Cj in roxburgholone (II) is equatorial (a) was demonstrated by the reduction of 
the ene-one (X) with sodium and isoamyl alcohol under equilibrating conditions, 
when the same ene-alcohol (IX), m.p. 176180” derived from roxburgholone (II) was 
obtained. Thus the assigned structure of roxburgholone as 3a-hydroxyfriedelan-7-one 
(II) is correct. The hydroxyketone, obtained by borohydride reduction of putran- 
jivadione (I) must then be 3f&hydroxyfriedelan-7-one (XIII). This conclusion was 
further substantiated by the following transformations with this hydroxyketone 
(XIII). 

The hydroxyketone (XIII) on reduction with LAH furnished putranjivadiol,’ m.p. 
270-274” whose correct stereochemistry can now be represented by structure XIV. 
This diol also contains, like roxburghadiol, a hindered or axial l3 OH group at C,, 
since as reported earlier’ it forms a monoacetate (XV). Putranjivadiol (XIV) or its 
monoacetate (XV) on treatment with acetic anhydride and a drop of perchloric acid 
underwent elimination of water to give 3l%acetoxyfriedel-7-ene (XVI), m.p. 152-156”, 
[a&, - 35.8” epimeric with the acetate (VIII) reported above. The IR spectra of XVI 
shows bands at 1740 and 1250 cm-’ (acetate) and 825 cm-’ (trisubstituted ethylenic 
linkage) but no band in the hydroxyl region. This acetate (XVI) on hydrolysis yielded 
3l3-hydroxyfriedel-7ene (XVII), m.p. 162-165”, [a&, -51” having IR bands at 3600 
cm -’ (OH) and 820 cm -I (trisubstituted ethylenic linkage). The alcohol (XVII) on 
oxidation with chromic acid-pyridine complex’ gave friedel-7-en-3-one (X) identical 
(mixed m.p. and IR) with the ketone X obtained above from the epimeric alcohol (IX). 

Thus we have described both the epimers II and XIII of 3-hydroxy-friedelan-7-one 
and have shown that roxburghadiol is friedelan3a,7l3diol (VI) and is epimeric at 
C3 with putranjivadiol which is friedelan-3l3,7l3diol (XIV). 
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EXPERIMENTAL 

AlI m.ps are uncorrected. The pet. ether used had b.p. 60-80”. 

Benzene extraction of the bark of Putranjiva roxburghii 
(a) Examinurion oJ the ethm soluble parr. Finely pulverized bark (4 Kg) of P. roxburghii was extracted 

with benzene in a soxhlet apparatus for 18 hr. The gummy residue obtained after the removal of benzene 
was separated into ether soluble and ether insoluble fractions. The ether soluble portion was washed with 

cold 5’:6 KOHaq, then with water and Jncd (Na,SO,). The neutral gummy mati (55.5 g) obiamcd alicr 

the evaporation of ether was chromatographed over activated alumina (500 g). Elution with a mixture 
of pet. ether and benzene (3:2) yielded a fraction, m.p. 248-252” (038 g), which on crystallization from 
CHCl,-acetone yielded pure friedelin, m.p. 259-261”, [aID -22” (CHCl,), identical with an authentic 
specimen (mixed m.p. and IR). (Found: C, 8460; H, 11*91. Calc. for C,,H300: C, 8444; I-I, 11.81%). 

Further elution of the column with benzene:ether (3 :2) gave a solid, m.p. 276-280” (53 g), which on 
crystallization from CHCl,-acetone afforded pure I, m.p. 286289”, [ah - 36”, identical with an authentic 
specimen’ (mixed m.p. and IR). (Found: C, 8199; H, 1097. CaIc. for C,,H,,O1: C, 81.76; H, 1098%). 

(b) ExumiMtion o/ the ether insoluble part+iiedelin and putrunjimadione (I). The ether insoluble part 
(7-l g) was boiled with CHC& and filteral over a bed of alumina The residue (4.2 g) obtained after the 
rembval of solvent, was chromatographed over activated alumina (300 g). Elution with pet. ether: benzene 
(2: 3) furnished the first fraction, m.p. 248-256” (01 g), which on crystallization from CHCl,-acetone 
gave pure friedelin (40 mg), m.p. 257-261” identical with an authentic specimen. Elution with benzene:ether 
(4: 1) yielded the second fraction (2.5 g), m.p. 276-282”, which on crystallization from CHCl,-acetone 
furnished I (I.8 g), m.p 285-289” identical with an authentic specimen. 

Friedelunol acetate and roxburgholone acetote (III) 
Further elution of the column in the above chromatogram with ether_CHCl, (3:2) gave a crystalline 

mass (I.1 g) melting above 300”. This mixture could not be further resolved by rechromatography and 
crystallization and was acetylated with Ac,O (40 cc) and pyridine (40 cc) in the usual manner. The crude 
acetate (086 g). m.p. 312-316”, that crystallized out of the reaction mixture was chromatographed over 
deactivated alumina (100 g). Elution with pet. ether:benzene (3:2) gave the first acetate (120 mg). m.p. 
308-310”, which on crystalhzation from benzene-MeOH ylzldrd friedelanol acetate (35 mg), m.p. 316 
318”. [aJo - 12-S” (CHCI,), identical with an authentic specimen’ (mixed m.p. and IR). (Found: C, 82.18 ; 
H, 11.28. Calc. for C3,,Hs401 : C, 81.64; I-I, 11.56%). 

Further elution of the column with the same solvent mixture yielded the more polar fraction (@65 g), 
m.p. 3%322”, which on crystallization from CHCla-MeOH gave III (016 g), m.p. 322-328”, [cc],, -26” 
(CHCl,). IR peaks at 1735 and 1240 cm-’ (acetate) and 1700 cm-’ (&membered ring saturated ketone). 

Friedelunol. The above friedelanol acetate (0.1 g) in benzene (5 cc) was refluxed for 5 hr with 36 cc of 
lo”/, methanolic KOH. On cooling the mixture was diluted with ether and the organic layer was washed 
with water, dried (Ns,SO,) and evaporated. The residue (90 mg) was chromatographed over activated 
alumina (10 g). Elution with benzene:CHCl, (9: 1) furnished a solid (70 mg), m.p. 294-W. which on 
crystallization from acetone gave pure friedelanol (SO mg), m.p. 299-300” identical with an authentic speci- 
men. (Found: C, 84.36; H, 12.12. Calc. for CJOHs20: C, 8404; H, 12.23%). 

Roxburgholone (II). Compound III (1 g) in benzene (56 cc) was refluxed for 5 hr with 40 cc of 10% 
methanolic KOH. The reaction mixture was cooled, diluted with watt and taken up in CHCl,. The 
organic layer on evaporation yielded a crystalline mass (I g), which was chromatographed over activated 
alumina (40 g). Elution with benzene-ether (4:l) furnished a solid (@77 g), m.p. 3O8-314”, which after 
crystallization from CHCl,-MeOH yielded II (@4 g), m.p. 312-318”, [a],, -7-8” (CHCl&. (Found: C, 
81.63; H, 11.49. C3,,H5002 requires: C, 81.39; H, 11.38%). IR peaks at 3480 cm-’ (OH) and 1700 cm-’ 
@membered ring saturated ketone). 

Acefylufion ofroxburgholone. A mixture of II (013 g). Ac,O (3 cc) and pyridine (3 cc) was heated on the 
water bath foi 2 hr and allowed to stand at room temp overnight. The crude acetate (U-12 g), m.p. 3 l&322”, 
on crystallization from CHCl,-MeOH afforded 111 (0.1 g). m.p. 322-328”, [aID - 26 ICHCl,). 

Oxidation ofroxburgholone-Putr~ji~;~iorlr (1). A sol11 of 11 (02 g) io pyridine (6 cc) cooled to 15” 
was added to CrO,-pyridine compIex,3 prepared from 00, (02 g) and pyridine (2 cc) at 15”. The reaction 
mixture was allowed to stand at room temp for 18 hr. Excess 00, was decomposed by addition of MeOH. 
The mixture was then digested with EtOAc and filtered. The filtrate after working up as usual, yielded a 
solid (Of9 g), which was chromatographed over activa~Ld alumina (20 g). Elution with pet. ether:benzene 
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(2 : 3) afforded a solid (014 g), m.p. 276-282” which after crystallization from CHCIs-acetone furnished I 
(80 mg), m.p, 285-289”. identical with an authentic specimen’ (mixed m.p. and IR). (Found: C. 81%; 
H, 1@97. Calc. for C3,,H4s02: C, 81.76; H, 1098%). 

Atttmpted HUWIQ-Minfon reduction of roxburgholone. A mixture of II (02 g), di-ethylcne glycol(16 cc) 
and 85% hydrazinc hydrate (2 cc) was refluxed at 2W-210” for 1 hr and then after the addition of KOH 
(@2 g) the mixture was refluxed for 1 hr. The condenser was then removed and tbe mixture was heated 
until the temp of the mixture was 190”. Finally, the condenser was reattached and the mixture was refluxed 
for 24 hr, cooled and diluted with water. Usual work-up furnished a solid, which on chromatography 
over activated alumina (20 g) gave only the unchanged roxburgholone (018 g), m.p. 316318”. 

Lithium aluminium hydride reduction of roxburgholone-Roxburghodid (VI). LAH (O-6 g) was added 
in portions to an ice cooled soIn of II (05 g) in THF (80 cc) and the mixture refluxed for 6 hr. The mixture, 
after cautious addition of cold water, was extracted with CHCl,. The CHCls soln was washed with water, 
dried (Na$OJ and evaporated to yield a crude product (05 g), m.p. 278-280”. which was chromate 
graphed over activated alumina (40 g). Elution with benzene :ether (4: 1) gave a solid (04 g), m.p. 278-282”, 
which after crystallization from CHCl-acetone furnished VI (@12 g), m.p. 286-288”. [a]n fO” (CHCI,). 
(Found: C, 81.25; H, 11.83. C,,H,,O, eq r uires: C, 8102; H, 11.79%); IR peaks at 3480 and 3620 cm-’ 
(OH) but no bands in the carboayl region. 

Acetylotion ofRoxburghudiol--Roxburghadiol monoacetate (VII). Roxburghadiol(O1 g) was acetylated 
with Ac,O (1 cc) and pyridine (1 cc). The crude acetate (65 mg), m.p. 288-292” crystallizd out of the 
reaction mixture. Recrystalhzation from CHCl,-acetone yielded pure VII (50 mg), m.p. 290-294, [a&, 
-4.8” (CHCI,). (Found: C, 79-23; H, 11-32 CJ2Hs,0, requires: C, 78.96; H, 11.18%); IR peaks at 
3580 cm- ’ (OH) and 1700 and 1250 cm-’ (acetate). 

3a-Acetoxfiedel-7-ene (VIII). A drop of HClO, was added to an ice cold suspension of VII (013 g) 
in Ac,O (6 cc). The mixture was stirred at room temp for 20 mm and poured into cold NaHCO, aq (10 cc). 
The ppt was taken up in CHCl,, washed with water and dried (Na,SO,). Evaporation of solvent gave a 
solid (015 g), which was chromatographed over deactivated alumina (10 g). Elutioa with pet. ether yielded 
a fraction (012 g), which on crystallization from acetone-MeOH furnished VIII (50 mg), m.p. 147-148”, 
[ab -86” (CHCl,). (Found: C. 81.80; I-I, 11.30. C3tH,102 requires: C, 8199; H, 11.18%); IR peaks at 
1740 cm-’ and 1250 cm-’ (acetate) and 818 cm-’ (trisubstitutal ethylenic linkage) and no band in the 
hydroxyl region. It gave yellowish brown colour with tetranitromethane. 

Acetic anhydride and perchloric acid treatment of roxburghudiol (VI). A drop of HCIO, was added to 
an ice cold suspension of VI (017 g) in Ac,O (6 cc). After working up as above the crude solid (Q15 g) was 
chromatographed over deactivated alumina (12 g). Elution with pet. ether yielded a solid (012 g), which 
on crystallization from acetoncMeOH furnished VIII (@l g), identical with VIII described above. 

Fried&7-m-3 a-01 (IX). A mixture of VIII (011 g), benxene (3.6 cc) and loo/, methanolic KOH (2.5 cc) 
was refluxed for 5 hr. After working up as usual the crude alcohol (90 mg) was crystallii from MeOH 
to furnish IX (40 mg), m.p. 176180”, [a]o -74” (CHCI,). (Found: C, 84.41; H. 11.57. C3,,H300 requires: 
C, 8444 ; H. 1 l-72%,); IR peaks at 3400 cm- ’ (OH) and 818 cm-’ (trisubstituted ethylenic linkage) but no 
peak in the carbonyl region. It gave positive tetraaitromethane test. 

Oxidation ojfriedel-7-en-3 a-01 (IXkfiiedel-7-en-3-one (x). A soln of IX (016 g) in pyridine (1.6 cc) 
was cooled to 15” and added to CrO,-pyridine complex,3 prepared from CrOJ (@16 g) and pyridine 
(I-6 cc) cooled to 15”. After working up as usual the crude solid (015 g), m.p. 124-128” was chromatographed 
over activated alumina (8 g). Elution with pet. ether agorded a solid (013 g), m.p. 132-134”, which on 
crystallization from CHCl&IeOH gave X (40 mg), m.p. 14O-141”, [a]u -87.8” (CHCI,). (Found: C, 
84%; H. 1 l-50. C,,,H,sO requires: C, 84.84; H, 11.39%); IR peak at 1725 cm- ’ (6membered ring satur- 
ated ketone) but no peak in the hydroxyl region. 

Sdimu and isoumyl alcohol reduction offiedel-7-en-3-one (X)-Friedel-7-en-3 a-ol (IX). Na (064 g) was 
slowly added to a refluxing soln of X (016 g) in isoamyl alcohol (8 cc) and refluxing continued until all 
the Na had dissolved. After steam distillation the ppt was extracted with ether. The organic layer was 
washed with water, dried (Na,SO,) and evaporated to give a gummy solid (016 g), which was chroma- 
tographed over activated alumina (8 g). Elution with pet ether: benzene (4 : 1) afforded a solid (01 g), m.p. 
174-178”. which on crystallization from MeOH furnished IX (20 mg), identical (mixed m.p. and IR) with 

the sample derived from roxburgholone. 
Humg-Minion reduction of+edel-7-en-3-one (Y+Friedel-7-ene (XI). Compound X (90 mg) in diethylene 

glycol (8 cc) was refluxed with 85% hydraxine hydrate (2 cc) for 1 hr. KOH (01 g) was added and the 
mixture refluxed for 1 hr, when the condenser was removed and the mixture heated to 190”. After refluxing 
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for an additional 2) hr, the mixture was workal up as usual to furnish a solid (75 mg), which was then 
chromatigraphed over activated alumina (2 g). Elution with pet. ether yielded a fraction (30 mg), which 
on crystallization from MeOH furnished fried&‘l-ene (15 mg), m.p. 16&162”, identical (mixed m.p. and 
IR) with an authentic sampk of XI. * 

Lithium aluminiwn hydride reduction oj 3fl-hydroxyfiedelan-7-one (XIII)--Auranjiva&ol (XIV). LAH 
(@22 g) was added in portion to an ice cold soln of XIII (@17 g) in THF (30 cc) and the mixture was 
refluxal for 6 hr. Usual work up yielded a crude product (015 g), m.p. 254260” which was then chroma- 
tographed over activated alumina (4 g) Elution with benzene-ether (4: 1) furnished a solid (80 mg), which 
on crystallization from CHCI,-MeOH afforded XIV (30 mg), m.p. 270-274” identical with an authentic 
sample’ (mixed m.p. and IR). 

Acetic anhydride and perchloric acid treatment afpruranjivcldiol motwacetate (XV)-3p-Acetoxyfiiedel- 
7-ene (XVI). A drop of HdlO, was added to an ice cold suspension of XV’ (@15 g) in Ac,O (6 cc). After 
working up as above the crude solid (014 g) was chromatographed over deactivated alumina (10 g). 
Elution with pet_ ether gave a fraction (@I2 g), which on crystallization from acetone_MeOH furnished 
XVI (60 mg), m.p. 152-156”, [a]u -35-S” (CHQ (Found: C, 82-29; I-I, 11.24. C,,H,,O, requires: 
C, 8199; H. 11.18%); IR peaks at 174Oand 1250 cm-’ (acetate), 825 cm-’ (trisubstituted ethylenic linkage) 
and no peak in the hydroxyl region. It gave positive tetranitromethane test. 

3BAcetoxfiedeb7-ene (XVl)frcnm prrtrunjivadiol (XIV). A drop of HCIO, was added to an ice cold 
suspension of XIV (016 g) in Ac10 (6 cc). After working up as above the crude product was chromate 
graphed over deactivated alumina (10 g). Elution with pet ether gave a solid (@l g), which on crystal- 
Iization from acetone_MeOH furnished XVI (60 mg), m.p. 152-156” identical with XVI (mixed m.p. and 
IR) described above. 

Friedel-7-en-3fl-ol (XVII). A mixture of XVI (61 g), benzene (1 cc) and loo/, methanolic KOH (1.5 cc) was 
refluxed for 5 hr. After working up the crude alcohol (90 mg) was chromatographed over activated alumina 
(10 g). Elution with pet, ether-benzene (4: I) yielded a solid (80 mg), which on crystallization from MeOH 
afforded XVII (20 mg), m.p. 162-165”, [aJr, - 51’(CHCI,). (Found: C, 84.53; H, 11-71. C,,H,,O requires: 
C, 84.44; I-I, 1 l-72”/,); IR peaks at 3600 cm-’ (OH) and 820 cm- ’ (trisubstituted ethylenic linkage) and 
no peak in the carbonyl region. 

Oxidation offbiedel-7-en-3B_ol (XVll)-Friedel-7-en-3ne (?Q. A soln of XVII (016 g) in pyridine (1.6 cc) 
cooled to 15” was added to CrO,-pyridine complex’ prepared from Cr03 (@2 g) and pyridine (2 cc) at 
15”. After working up the crude product (014 g), m.p. 122-126” was chromatographcd over activated 
alumina (6 g). Elution with pet ether afforded a solid (012 g), which on crystallization from CHCI,-MeOH 
yielded X identical with X (mixed m.p. and IR) described above. 
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