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THE CONVERSION OF PODOCARPIC 
ACID TO NIMBIOL’ 

R. H. BIBLE, JR. 

Division of Chemical Research, G. D. Searlc and Company, Chicago 80, Illinois 

(Received 13 April IWO; in retiredform 9 May 1960) 

Abatnw~ Podocarpic acid has been unambiguously converted to nimbiol’ and nimbiol methyl 
ether* thw confirming the complete structures assigned ‘*’ to these substances. In the course of this 
work. a group of C-7 methyl derivatives of pdocarpic acid has bwn prepared. The physical constams 
of these methyl dcrivativrt arc compared with the constants of the parent substancn. 

NIMBIOL, a compound isolated? from the trunk bark of Meliu azadiruchra Linn. has 

been assigned 3,4 the structure Ia. 

The pioneering work of Campbell and Todd5 together with our own previous 
cxpcricncc with the introduction of various substitucnts on the phenolic ring of 

podocarpic acid (C-7)” and with the introduction of a keto group at the carbon 

10 R-H 

b R-W, 

adjacent to the phenolic ring (C-9)’ placed us in a favorable position to confirm the 
complete structure assigned’ to nimbiol by Choudhuri er al. 

Methyl O-methyl-7-carboxypodo-carpatc (II),” a compound readily available by the 
oxidation of methyl 0-mcthyI-7-acetyIpodocarpate,so was reduced with lithium 
aluminum hydride in tctrahydrofuran to the diol 111. The hydroxymcthylcnc on the 
aromatic ring in 111 was smoothly converted to the desired methyl group by hydrogc- 
nolysis over palladium charcoal in the presence of hydrochloricacid. Itwasanticipated 
that the conversion of the alcohol (IV) to the aldchyde (V) would be complicated 
by oxidation of the aldehyde to the acid and by the conversion of the C-9 methylene 
group to a keto group. From model cxperimcnts using O-mcthylpodocarpinol it was 

found that the C-l hydroxymcthylcne group could be convcrtcd to the aldchydc most 

* A prcllminary report of thts work has been pubh\hcd: R. Il. Blhlc. Jr.. 7irruhe&on I.rrrrrr No. Y. 20 
(1960); E. Wcnkcrt and V. 1. Srcnbcrg have rcccnlly reported on rhc parctal synthws of nlmbtol: 137th 
Sar:onal Mcclmg of the American ~‘hcm~cal Soc~c~y. Clcvcland. Ohlo. April (IYMI); and M. Fcrtron and 
1. I)clobcllc have qortcd on lhc synlhcws of d.l-nlmhlol mcrhyl cthcr. Trrrahrdron I.cfrers No.Y, 16( 1960). 

* P. Scngupta. S. N. Choudhurl and H. S. Khascgr. Chrm. & Imf. 861 (1958). 
’ S. N. <houdhurl. H. N. Khastglr and P. Scnpupia. Chem. & Ind. 634 (IYSY). 
a S. N. Choudhurl. H. S. Khaslgtr and P. Scngupta. C’hrm. B fnd. 1284 (1950). 
’ 4 W. P. Campbell and 1). Todd. /. Amer. C’hrm. Sot. 62. 1287 (IY4O): e W. P. Campbell and I). Todd, 

Ihtd. ~4. Y28 (1942). 
’ l R. ti. Hlhlc. Jr.. 1. Amer. Chmc. Ser. 19. 3924 (1957): b IJS. Pal. 2.7S0.373 (1956). 
’ U S. Pac. 2.705.725 (1955); U.S. Par. 2.759.014 (IY56); U.S. Par. 2.854.474 (1958). 
“U.S. Pat. 2.767.162 (1956). 
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conveniently by oxidation with chromic acid-sulfuric acid in acet0ne.O The alcohol 
(IV) was smoothly converted to the aldehyde (V) using these conditions. The work 
of Campbell and ToddSb indicated that the Wolff- Kishner reduction of this aldehyde 

through the semicarbazone (VI) would be accompanied by partial demcthylation of 
the cthcr. In view of this anticipated demethylation, the crude reduction product (VII) 
was rcmethylated. In order to ascertain if a C-7 alkyl group would undergo oxidation 

oQ+3 xi+, ?CH, 

._- -- Ib -_---_+ IO 

FIG. 1. 

under conditions similar to those which we had previously employed’ for the intro- 
duction of a C-9 keto group, methyl 0-methyl-7-propylpodocarpatc was subjected 
to these conditions. Methyl 0-methyl-7-propyl-9-oxopodocarpatc was obtained in 
good yield. Application of these oxidizing conditions to the crude rcmcthylated 
Wolff-Kishner reduction product (VIII) gave an easily isolable crystalline solid having 
the structure Ib. This material was shown to be identical with nimbi01 methyl cthcr 
by a comparison of physical constants (Table 1) and by a direct comparison of the 
substances (no depression of the melting point on admixture; identical infrared 
absorption spectra; identical ultraviolet spectra). Demethylation of the ether Ib with 
pyridinc hydrochloride gave the corresponding free phenol la. The physical properties 

l The use of this method was suggested by an observation made by Dr. Robert It. Burtner. The reagent 
was prepared by dissolving chromic acid (136.2 g) and cone sulfuric acid (I 10 ml) m water (moral volume = 
5lXl ml). See K. Bowden. I. M. Hellbron. E. R. H. Jones and B. C. L. We&on. 1. Chrm. Sot. 39 (1946). 
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of this phenol (Table 2) were in good agreement with those reported for nimbiol; 
direct comparison (no depression of the melting point on admixture; identical infra- 
red absorption spectra in KBr) proved that these two substances were identical. 
Remethylation of the phenol (la) gave the starting methyl ether (lb). 

This conversion of podocarpic acid to nimbiol thus confirms the complete structure 
assigned’ to nimbiol by Choudhuri el al. 

Our first approach to the synthesis of VI was by the Rosenmund reduction of the 

TAISLF, t. CM4PARISON OF lb PREPARFD FROM POMW:ARpIC ACID Wffll NIMRIOL METIIYI. t.tER 

compound m.p. 14nc’~ A::: m/r (e) 
-_ .- - .- -. -- - - -- -. - -. -. - - 

lb 142 144’ - 43 229.5 (I 5,ooo) 
278.5 ( 13.900) 
300 (shoulder) 

Nlmbiol methyl c~hcr’ 142.143’ - 43.7 229.5 (I 5.000)* 
27g.5 (14.000) 
300 (shoulder) 

l Our values obramcd usmg a sample from Dr. P. Scngupta. 

TAIII.E 2. COSIPARMS OF ta PRFPARED FROM P(HXXARPIC ACID WIIH SIMBHX 
I 

Compound ’ 
I 

#J ‘8Fl.X m/r (log F) 

m.p. 14iWC’~ , - - -._ _--. .- 
L‘IOH 0.1 N NaOH/95 S; EtOtl 

__ -- - - -- --- - --.- -_.-. .- -- 

la ! 248 252’ ! 33 234 (4 13). 283 (4.10) 253 (3.84). 

! I 
! 300 (shoulder) 345 (4.38) 

Nimbiol’ 244’ : 32.2’ 231 (4 07). 286 (4.06) 251 (3.89). 344 (4.33) 

lx X R=COOCH,, C.H, OH XI R=COOCH, , CH,C+l . 

XII XIE 

FIG. 2. 
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Compound R R’ m.p. I& 
rilr1,* i.z.:“rnjc (r)* 

-- .-_-_- _ __ _. ._ -‘____ - --- - --. . -. _ 
0-McthylpdocarpmoIU CH,OH H 9GYI~S” .! 67” 279 (2330) 

286.5 (2080) 

IV CII,OH CH, : 83-M i68 280 (2970) 

287 (2830) 
- -.. _ -_.- ,__ ___ ____------ - - -_. 

O-Mcthylpxiocarpinal”’ CHO II 133-135” i 87’ 279 (2490) 

V I CHO 

286.7 (2250) 

CH, 110-111~5’ t R7’ 281 (3090) 

286 (2990) 
.- ~. - _. -~ - -_- ---.. -. _- 

O-Mcthylpodwarpinal / 0 
scmic~rbazone” ’ Ct1. NNHCNH, H 205” (d) 278.5 (2570) 

0 286.6 (2305) 

VI Cl1 -NNHCNH, CH, 210 212’ 280 (3290) 
286 (3060) 

_ -.-__ .~_ -.. _. - -. -_- -. ___ 
O-Methylpodocarpx acid” COOII H 158’ I - 132’ 278 5 (2320) 

286.5 (2106) 
XII CQOH CH, 196.5 199.5‘ .* 131 ’ 280 (.3020) 

I 2X6.5 (2900) 
--- ..- _-- _ .-- __ .._ 
Anhydridc of 

O-mclhylpcdwarpic awl (CO),0 11 : 212.5 215” 116 27X 5 (4650) 
286.5 (4200) 

XIII (CO),0 CH, , 199.5-203” - 112” 

’ ‘I he values gw.m hcrc for lhc known substances were obirmcd by us using samples prcparcd by the 
pubhshcd procedures. 

corresponding acid chloride. For this purpose the dicstcr (IX) was allowed to react 
with lithium aluminum hydride in tctrahydrofuran at room tempcraturc for a short 
time. It was anticipated that the highly hindered C-l cstcr would not be reduced 
under thcsc conditions.‘0 Quite uncxpcctcdly the hindered ester was reduced to a 
large extent. The resulting product (X) was hydrogcnatcd to give the corresponding 
mixture (Xl) of C-7 methyl derivatives. Hydrolysis of this mixture followed by 
purification of the acidic portion gave 0-methyl-7-mcthylpodocarpic acid. The rc’- 
duction of the acid chloride of XII gave the anhydridc (XIII) along with the aldchydc 

lo H. H. Zeiss. C. E. Slimowiu and V. Z. Partemak. J. Anwr. Chrm. Sot. 70, 1981 (1948). found that 
podocarprc acid was reduced only very slowly (4.6 ‘,: m 2 hr) by lirhwm aluminum hydrtdc. Since there 
authors had used a 4 day reaction time for the rcductton of methyl 0-mcthylpodocarpatc. we had assumed 
that the csfcr group was also reduced very slowly. 

I’ 1. R. Sherwood and W. I-‘. Short./. Chcm. Sor. 1006 (1938). 
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(V) which was isolated as the scmicarbazonc (VI). This route was not as convenient 
as that shown in Fig. I for the preparation of a reasonable amount of VI. 

During the course of this work a number of C-7 methyl dcrivativcs of substances 
related to podocarpic acid became available. ‘The physical properties of these homo- 
Iogs arc summarized in Table 3. The intr~u~tion of the C-7 methyl group causes an 
increase in the molecular extinction coefficient of the ultraviolet absorption bands. 
Consistent diffcrcnccs can be detected in the infrared absorption spectra (Table 4). 
A number of these diffcrenccs can be assigned to various effects on the aromatic ring” 

‘I‘AHLC. 4. ~ONSLSTENT CfIAMiFS lh’ TltZ. INtRAIlED AllSORPllOY SPECTRA HROCGKT ABOCr HY Tttt 

I~-TRODIJCTlON 06 A c-7 MLTIIYL tiROUP IS PWMCARPIC ACID DLRIVATIVES 

(SOI.LXlO?tS IS CIILOROFORM)* 

These bands disappear : 

Thaw bands appear: 

The ratios of intensities of these bands decrease: f 

This doublet becomes a single band: 

The intensity of this band is increased; I 

7.77, 8.51 p, and 12.38 :.: 0.07 ~4 (KBr) 

a.76 and 9.W & 

6.18, 6.34 (pair)::664 p, 9.58f9.37 p 

7.a9. 7.~6 - 7.94 I8 

II.7216 

l Wave lengths of these bands have varied :! 603 ii. 
+ The anhydride of 0-methylpodocarpic acid also has a strong band in this region. 
: The scmicarbazoncs have a complicating band at 6.37 /.& 

[decrease in intensity of the in-plane skeletal vibration bands in the 6 ~1 region; dis- 
appearance of the out-of-plane hydrogen bending band (two adjacent hydrogens) at 
about 12.4 ~1; increase in intensity of the Il.72 ,u band (isolated hydrogcns)] while 
others (doublet near 8 p becomes a single band; decrease in intensity of the 9.58 ~1 
band) can probably be attributed to the change in the environment of the methoxy 
group+‘* 

EXPERIMENTAL” 

Except where noted, rotations were d-ctermincd using @S-I.20 “/; chloroform solutions; infrared 
adsorption spectra were obtained using chloroform solutions; and ultraviolet adsorption spectra 
wcrc ntn on methanol solutions. All melting Points wcrc taken on a Fisher-Johns block and were 
corrected using standard compunds. 

,Ut+t_yl 0-nulhyl-?-curhJxypodoMrporc **‘* (II). A solution of sodium hydroxide (72 g) in water 

(6OOml) was cooled to 3’. Bromine (36 ml) was added dropwisc with stirring while the reaction 
mixture was maintained at 3-5” over a period of 45 min. The resulting mixture was stirred for an 
additional 15 min. A solution of methyl 0-methyl-7-acetylpoducarpaleU (68.8 g) in t-butanol 
(1300 ml) was added to the reaction mtxturc at 4-6” over a period of 50 min. Tbc reaction mixture 
was stirred at 3-5” for an additional 30 min followed by stirring at room tcmp overnight. A solution 
of sodium sulfite (A3.4 g) in water (800 ml) was added to the reaction mixture. The solution was 
acidified w-ith cone HCl and was then diluted with water to a total volume of 12 1. The solid was 
collected. washed with water, and then rcorystallircd twice from aqueous acetone (charcoal); 59.7 g; 
m.p. 169.5-170.5’; [z)t, +134’; 2.,,, 242 (F 9410) and 302 m/r (F 3420); 585 (broad) and 3%/r 

$1 L. J. Bellamy, The fnfiorrd Sprt-traof Compftx MolrcuZes(2nd Ed.) p. 6s. John Wiley. New York (l95al. 
i* 1.. J. f%dlamv. The It&tared .Qwcrra of Compicx hloi~cules (2nd Ed.) p. 115. John Wiley, New York (1958). 
I* ill 1J.V. an6r.R. sp&tra a&l rotations were performed by the Analytical Dcpartrncntof G. D. Searlc and 

<‘ompany under the direction of Dr. R. T. Dillon. Elementary analyses were determined by the Analytical 
Dcpartmcnt and by Micro-Tech. Skokic. Illinois. 

t‘ ‘Chts oxidation was patterned after the method described [U.S. Pat. 2.769.822 (1956)) for progesterone. 
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(KBr). (Found: C. 69.51; Il. 7.52. CtOHuO, requires: c‘. 69.34; H. 7.57?/,). (Rcportcd:‘m.p. 164 .) 
O-Mah~/-7-h,v~roxymrrl?vl~~pino/ (Ill). A solution of II (25.4 g) in tetrahydrofuran (150 ml) 

was added with stirring over a period of 27 min IO a solution of lithium aluminum hydride (IO g) in 
tctrahydrofuran (200 ml). Within 30 min a large amount of white solid separated from the reaction 
mixture. An additional 100 ml of tctrahydrofuran was added. The reaction mixture was stirred and 
rcfluxcd for 1.5 hr and wm then allowed IO stand at room tcmp for 16 hr. The reaction mixture was 
dlTomposcd by the sucessive addition of a solution of water (I 1 ml) in tcfrahydrofuran (100 ml), 
2OS/, (w/v-8 ml) aqueous sodium hydroxide. and water (37 ml). The white solid was filtered off and 
washed with tetrahydrofuran. The combined filtrates were dtlutcd to a total volume of 6 I., with 
water. The resulting crystallmc solid (lY.3 g; m.p. 119.5-123’) was rccrystalli7cd from aqueous 
methanol (charcoal); [& : 69’; A,,, 280 (E 2860); and 285 m p (c 2,850) 2.73 and 2.85 14. (Found: 
C. 74.94; 11, Y.19. C,,Il,,O, rcquircs: C. 74 96: IL 9.27”,). 

0-.\le~h~/-7-mtrh~/~ocorpinol~L (IV). A solution of the diol 111 (12 g) in 959: ethanol (100 ml) 
was shaken with SO/, palladium<harcoal (3 g) in an atmosphere of hydrogen (35-60 lb/in*) at room 
temp for a total of 16.5 hr. The product was crystalhzcd from aqueous methanol and the resulting 
solvatcd material was azcotropai dry with benzene. The residue was stirred with a small amount of 
hexanc. This mixture was permitted to evaporate. The resultmg crystalline solid amounted IO 

9.2 g; L., 2.75 and 2.85 jr (see Table 3). (Found: C. 79.1 I ; H. 994. CJl,,O, requires: C, 79.12; 
If. Y.79.) 

O-,Mefh~/-7-mcrh~/~~c~pinal (V). The alcohol IV (4 00 g) in acetone (25 ml) ws oxidized with 
a standard chromic acid sulfuric acid solution* (3.37 ml). The product whc purified by the method 
used below for 0-mcthylpodocarpinal. Two rccrystallizations from aqueous acetone gave the desired 
aldchyde; 2.48 g; rl,,, 3.62 and 5.79 ,r. (See Table 3.) The sample for analysis was sublimed at 
0.1 mm (Found: C. 7944; H, 9.34. C,,H,O, rcquirrz: C. 7Y.68; II, 9.15). A small amount 
of 0-methyl-7-mcthylpodocarpic acid (XII) wa obtamcd as a by-product in this oxidation. 

Semicarha~one o/O-mcrh~/-7-nrcr~~/~~ocarpina/ (VI). The aldchyde V (2.02 g) in pyridinc (75 ml) 
was trcatcdl* with a solution of scmicarbazidc acctatc (prcparcd from 4 g of scmicarbaude hydro- 
chloride and 4.0 g of sodium acetate) in 95 ‘,. ethanol (40 ml). This solution was allowed IO stand 
overnight and then was diluted with water. The crude product was washed with water and was then 
dried at 100, at 0.1 mm for 2 hr; 2.34 g; m.p. 200.5-211.5’. An analytical sample was obtained by 
two rccrystallizations from aqueous methanol; i.,,, 2 81. 2.86. 2.92, 2%. 5.88 and 6.36 11. (See 
Table 3.) (Found: C. 69.88; H, 8 38. Croiltrb&O, requires: C, 69%; H, 8 51 “,,). 

~.Slerhox~-7-ntrfh~l-9~.rnpdocarpane ” (lb). The crude .scmicarbazonc (2.34 g) was heated 
with a soluttln of sodium cthoxidc in ethanol (prepared by dissolving 5 g of sodium m 50 ml of 
absolute ethanol) at 200 210’ for I5 hr. The reaction mixture was diluted with water and ether. 
The ether layer w&s washed with water. The rcslduc resulting from rcmobal of the cthcr w;1\ dissolved 
in methanol and rcmcthylatcd by trcatmcnt with IO?, sodiim hydroxide and dimcthyl sulfate. The 
rcmcthylatcd material was taken up in ether. The ether was washed with water. ‘Ihc raiduc remain- 
ing after removal of the cthcr was a,cotropcd dry with benzene. and then dlssolvcd in acetic acid 
(50 ml). A slurry of chromic acid (0,650 g) in water (0.25 ml) and acetic acid (I.0 ml) was added 
slowly IO the acct~c acid solution. Thus reaction mlxturc was allowed to stand at room tcmp overnight. 
The reaction minturc was diluted with water and ether. The cthcr solution was washed with water. 
Claiscn’s alkali. and then with water. The ether was removed to give a crystallmc rcslduc. This 

material was rccrystalhzcd 4 times from aqueous methanol (charcoal): 0.71 g. This product was 
identical (no dcprcssinn of the m.p. on admixture; idcntlcal infrared absorption spectrum at 50~~ 

in chloroform: identical ultraviolet spectra) with mmbiol methyl cthcr.’ (See Table 1). 
Gl/~c/rox~-7-mrrlI~l-‘)-o.rop~~o~a~~ne (la). The ether lb (0.30 g) ~+as heated with pyrldinc 

hydrochloride (2.0 g) at 210 for 40 mm. The reaction mixture was dllutcd wcth water. The product 

was collcctcd. washed with wakr, rccrystallircd tw~cc from aqueous methanol. and then sublimed 

(0.01 mm); 0.13 g; platclcts. This product was identical [no depression of the m.p. on admixture; 

idcntlcal infrared absorption spectra (KBr)] with nimbiol .I (See Table 2.) Rcmcthylation of the 

phenol with lOoi NaOH and dlmcthyl sulfate gave the original methyl ether (lb). 
O-.ilrrh~/poJ~~ca~pi~/.~ A standard chromic acid sulfuric acid solution* (2.43 ml) was added 

U WC arc indchted IO M. G. Scares for technical ar~~stancc in the hydrogenations and in the Wolti-Kishner 
rcducllon. 

I* This proccdurc was patterned after that described by Campbell and Todd”. 
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u\cd abwc. ‘fhc product. uhen rcc~\~allized 4 times from aqueous ethanol (charcoal) melted ar 

2OS.S .212.5 and was undcprcsscd on admIxIure with the scmicarbaconc prcparcd rrom the pure 
aldchydc. 

,Uerh~lO-~~~crh~l-7-prop~~~~ocar~~e. A solorion of methyl 0-mclhyl-7-propionylpodocarpatc” 
(40.0 gt m acclic acid (210 ml) W;LF shaken in an aunosphcrc of hydrogen (IO 30 Ib:m*) in the presence 

of cone tic‘1 (I drop) and Soi palladIum<harcoal (4.0 g) for 24 hr aI rtxjm Icmp. The rr!ulImg 

mIxIurc was warmed on a sIcam-barb. The caIalysI was rcmovcd and the tilIraIc was dIluIcd ar IIC 
h.p ulth waler unril Ihc soluIion was slighlly turbid. ‘the dcsoxy compound crysIallizcd on coolmg: 

3J.Og; plalclcl~. m.p IoIl ; [z)n : I25 ; A,,, 2X0 (I 3240) and 287 rn!r (I 3170). (Found: 

<‘. 7695; H. ‘&II. C,,tI,,O, rcquirrz: C. 76.70; tt, +36”,,). 

.WerhrI O-tne~h~l-7-prop~l-~-o.ro~potl~~car~~~. To 3 cool (IS 1 solulion of methyl 0-methyl-7- 

propylpodocarpaic (IO 0 g)'m accuc ad (I50 ml) was added a slurry of chromic acid (6.31 gt in 
waler (2.S ml) and acei~c‘ acid (10 ml) a~ such a rain IhaI Ihc rcmp of the reaclmn dd not cxcccd 21 
This reaction was allowsd IO siand aI ice-waIcr bath Icmp for an additional 30 mm and was Ihcn 

alloucd IO sIand aI room Icmp overnight. The solulion when diluIcd wiIh waler (moral volume. 

3.5 I.) gave a solid which was collccIcd, washed wiIh waicr, and then rccrysrallizcd IWIC~ from aqueous 

methanol; 7.9g; m.p. 115.5 -lItI ; [xlu - 86 ; i.,,, 230-S (r 17JMO) and 277.5 m/r (r 13.H30). 

Ishouldcr aI 298 mrr);” 5.78 and 5.97 ~4. (Found: C. 7346; H. 8 37. C,,H,O, rcquircs: C. 7371; 

11. 844”“). 

Anhwhlnde o/ 0-nte~h,+xfocarpic acid (XIII). This subsIancc was ~solawi as a by-produci in the 
preparation of the amide of 0-mcIhylpod(xarpic acid. O-mcthylpodocarpic acid (21.2 g) was con- 

vened IO Ihc crude acid chloridc.M This rn’ I a trial was stirred mIo cone ammonium hydroxide (250 ml). 

The mulling mixlurc was hcaicd on the srcam-baIh for 5 min with sIirrmg. The product was Iakcn 

up m a mixture of bcnrenc and crhcr. ‘Ih~s solurmn was washed with waIcr. toy, sodium hydroxide. 

and Ihcn wnh waler. ‘I’hc washed solution was stripped to give a r&dual glass. TrcaImenI of this 

rcsiduc with accIone (400 ml) gave a white granular solid (I.4 gt. 111s solid was rr~rysIalhzcd twice 

from aqueous XCIIC acid. ‘the anhydrtdc of 0-mcIhylpodocarpIc acid crys~allixd as shon nccdks; 
A,., 5.59 and 5.76 14 (Table 3). (Found: C, 7691; H. 8.13. C,H,,O, rcqums: C. 77.38; H. %30?,). 

Acknoi&c!pemenr -WC arc highly indebted IO Dr. P. kngupta of the Easr India Pharmaceutical 

Works Ltd.. CaIcuIIa-34. India. for Ihc gIfI of the nimbiol and the nimbiol methyl ether. 

I* Compare wnh the isomcric mcrhyl O-merhyl-7.proplonyl~~a~aIc~ m.p. 103.5-105’; 1x1~ - 134”. 
j.;::noi 255 (I 10.500) and 315 m{r IF 4OYO). 


