
TERPENOIDS AND RELATED COMPOUNDS- I 
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Abstmct- i;rom the trunk bark of .Clr/ia nmfworhra Linn. have lxcn isolated a branched chain 
paraffin alcohol, C,.fI,,O. nimbostcrol. sug~ol (I. K H) and a r)c’w kcrophcnol. mmbiol having 
the molecular formula. C,,tf,,O,. Nimbosrerol has bcxzn idcntifirul as &sitostcrol and nimbiol has 
been shown to posses the s~ruc~urc (II, R 11). The bqcnctic considcrattons for the ptasibk 
formarion of sugiol and nimbiol in the ~mc plant have alzo bevn dlscusscd. 

Meliu a;udirnrhm Linn. syn. Azudiruchru indicu Juss (Sanskrit: Nimba) commonly 
known as “nccm” or Indian Lilac is an cvergrccn tree, usually 40-50 ft in height, 
belonging to the Mcliaccac family. The bark, lcavcs and fruits have been u.scd in the 
Ayurvcdic system of medicine from very ancient times and arc mentioned in most 
of the ancient Sanskrit medicinal literatures like Susrutasanhita. So much is its 

popularity as a medicinal plant that almost every house in many parts of rural India 
has a nccm tree in the compound. The bark is rcgardcd as bitter. tonic. astringent and 
useful in fcvcr, thirst. nausea, vomiting and skin diseases.’ The earlier chemical work 
on the different parts of the tree are contradictory and inconclusive.’ The systematic 
investigations on the trrc were for the first time carried out by Siddiqui EI N/.~~-‘, who 
Isolated besides the amorphous bitter principles, nimbidin and nimbidol, two crystal- 
line bitter principles. nimbin and nimbinin, a nonacosane, a sterol named as nim- 
bosterol, a flavonc named as nimbicetin and a glucoside of nimbosterol named as 
nimbostcrin. The flavonoid constituents of nccm were identified by Pankajamani 
and Scshadr? and ncem gum was investieatcd by Mukhcrjec and Srivastava.4 

From the trunk bark of necm Siddiqui ef al. L*’ isolated besides the amorphous 
bitter principle, nimhidin, the crystalline compounds, nimbin, nimbinin and nimbos- 
tcrol. The method of thcsc workers included the percolation of the bark with ethyl 
alcohol followed by the partition of the extract bctwccn petroleum ether and 80 per 
cent ethyl alcohol. The petroleum ether layer yielded nimbostcrol, m.p. 137’. The 
ethanolic layer yielded nimbidin. nimbinin and nimbm. Hecause of the medicinal 
importance of the trunk bark, we undertook a systematic investigation of it and follow- 
ing a different method of extraction were able to isolate5 three more crystalline 

’ For a rcvmv of the chemical and pharmncologlcal sfudles wth d~fTcrcn~ parts of the IIVC up IO the year 1949 
set R. S Chopra. I. <‘. Choprir. K. 1.. Luanda and I.. D. Kapur. Indtpnour Drums of frtdto pp. 3ho 363 
[J. h’. Dhur & Sons Prwafc Lid.. Calcw~a. lndla (1958). 

%. Siddyn. Curr. SC-i. I I. 278 (IY42); ‘C. Mltrr and S. Slddlqui. /bid. 17. SI (IY48); ‘1. .%-I. & Ind. 
Rrs. Imfm 4, 5 (194s); ‘C‘. h411ra. P. N. W 80. S. Bharrachorjl and S. Siddiqui, fhrd. 6R, IO (1947); 
’ S. Slddlqul. <‘. Ylrra and S. Hhartachar)i. /hid. I)& IRR (IWY); ’ Ibid. 12B. I54 (1953); ’ C. Milra. 
P. N. Kao and S. Slddlqui. IbId. IZR. 152 (1953). 

* K. S. PankaJamant and T. R. Scrhadrl. Proc. Indian Amd. Ser. MA. IS7 (19S2). 
’ S. Mukhcryx and Ii. C. Srivaslava. 1. Amer. Chrm. Sot-. n, 422 (IYS5). 
’ The isolollon of lhcr compounds wrc reported m a shorr commumcaIlon. P. Scngupra. S. N. Choudhuri 

and II. N. Khzwgir. <‘hem. & Ink 861 (1058). 
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substances &ides nimbosterol. The isolation procedure employed consisted in 
extracting the bark with bcnzenc and separating the benzene extract into (a) a neutral 
fraction and (b) a sodium hydroxide soluble fraction. 

The neutral fraction (a) was partitioned between petroleum cthcr and aqueous 
methanol.6 The oily residue from the petroleum ether extract was saponified with 

methanolic potassium hydroxide and the unsaponifiable material on chromatography 
over alumina afiorded two crystalline solids. The first solid that was eluted from the 
column with a mixture of petroleum ether and benzene (7 : 3) melted at 82-83”. 
[x]t, .- 7.8’. The compound did not show any maxima or any end absorption in the 
ultra-violet absorption spectra, thus establishing that it was completely saturated. 
The molecular formula. C,H,O, the hydroxyl peak at 2.9 ~1 in the infra-red spectra 
and the optical activity indicated that this compound is a branched chain paraffin 
alcohol having an asymmetric centre. 

The second solid from the chromatogram which was eluted with benzene melted 
at 136. 137”. [z],, - 37.6”. On acctylation it formed an acetate m.p. I29 13V. The 

melting points of the alcohol and the acetate were not depressed when mixed with 
authentic specimens of /I-sitostcrol and its acetate respectively. Siddiqui ef u/.~‘*~ 

isolated nimbosterol from the same unsaponifiable fraction and assigned” the 
molecular formula, &,H,O to it. Nevertheless the melting point of nimbosterol 
(137’) and its acetate (128”) suggested that nimbostcrol was the /I-sitostcrol isolated by 
us.* Almost simultaneously, Brochere-Ferreol er al.’ arrived at the same conclusion. 

The sodium hydroxide soluble fraction (b) reported above was freed from any 
acidic material by washing with sodium carbonate solution and the phcnolic fraction 
of the bark thus obtained was chromatographed over acid washed alumina. The 
first crystalline solid clutcd from the column was found to be identical with sugiol or 
7-ketoferruginol (I, R H) R.e . It may be pointed out however that it is for the first 
time that sugiol has been isolated from a member of the Mcliaceac family. So far the 
occurrence of sugiol has been reported only in several Coniferous species. 

The second solid that immediately followed sugiol in the above chromatogram 
has been assigned the name Nimbiol by us. It melted at 25G.251“. [z],, -. 32.3” and 
the elementary analysis corresponded lo to the molecular formula C,,HUO,. The 
infra-red spectra of nimbiol exhibited peaks at 3.05 ,U and 6.03 ,L’ indicating the presence 
of a phenolic hydroxyl group and a conjugated kctonic carbonyl group respectively. 
The phenolic nature of nimbiol was exhibited by its solubility in IO per cent cold 
sodium hydroxide solution although it failed to give colour with alcoholic ferric 
chloride solution. Further nimbiol formed a monomcthyl ether, C,,H,O,. m.p. 
142. 143” and a monoacctatc, C,H,O,, m.p. II I-112”. The infra-red spectra of 
nimbiol acetate showed the absence of the hydroxyl peak of nimbiol but showed peaks 
at 5.69 p and 8.4 ~1 (phenolic acetate) and 5.97 p (conjugated ketone). The presence of 
a carbonyl function in nimbiol was further demonstrated by the formation of a 
semicarbazonc, m.p. 208-210” of nimbiol methyl cthcr. The presence of an aromatic 

@ Nimbm was ~solatcd from the mcchanollc lavcr of the nanltion. the dctads of which ~111 bc nubllshcd m a 
separate commumcation. See also P. Scng;pra. S. K: Scngupta nnd H. N. Khasrgir. Chrnk & Id. 1402 
(1958); 397 and 1194 (1959). 

: G. Hrochcrc-Fcrwol. J. Polonsky and C. Witra, CR. Acad. Sri.. Paris 246. 3082 (1958). 
’ 1. Simonun. The Trrpmn Vol. Ill. p. 35Y. Untvcrwry Pms, <Tambridge (1952). 
M C. W. Hrandt and H. R Thomas. 3. Chcm. Sot. 2442 (1952); b NW %roland J. Sci. Trchnol. 338, No. I. 

30 (1951). 
I0 S. N. Choudhuri. II. N. Khascgtr and P Scngupw. (‘hem. & Id 634 (lYS9). 
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nucleus in nimbiol was indicated by the peaks at 6.25, 6.35 and 6.7 ,u in the infra-red 

spectra of nimbiol. 
The presence of p-hydroxyphenylkctone moiety in nimbiol, as is present in sugiol 

was indicated by the ultra-violet absorption spectra of nimbiol, which in neutral 
alcoholic solution exhibited maxima at 231 rnp and 286 m/d. The spectra in 0-I N 
Ir;aOH in alcohol cxhibitcd maxima at 251 rnp and 344 m,u. We have observed that 

sugiol in 0.1 N NaOH in alcohol exhibited maxima at 251 rnp and 346 rnp in the 
ultra-violet region. The ultra-violet absorption spectra of nimbiol acetate showed 
maxima at 257 rnp and 294 rnp in neutral alcoholic solution. Further that the car- 
bony1 group of nimbiol is present in conjugation with the aromatic nucleus was 
demonstrated by the fact that on hydrogenation in presence of palladium charcoal 
catalyst and perchloric acid” nimbiol acetate smoothly took up two mole equivalents 
of hydrogen and afforded dcoxonimbiol acetate, C10H.J)2, m.p. 102 -103”. The latter 
showed absorption maxima in the ultra-violet at 268 rnp and 277 rnp showing the 
prcscncc of a substituted phenyl acetate type of chromophorc. The infra-red spectra 
showed the acctatc peak at 5.71 and 8.3 /A and the abscncc of the conjugated carbonyl 
peak. When nimbiol or its acetatc was shaken in an atmosphere of hydrogen in 
presence of palladium charcoal catalyst without the addition of perchloric acid, there 
was no appreciable uptake of hydrogen. Evidently nimbiol is devoid of any isolated 
cthylenic linkage. On the basis of the foregoing cxpcriment coupled with the obser- 
vations made so far, it may bc deduced that nimbiol is tricyclic. 

Hydrolysis ofdeoxonimbiol acctatc with mcthanolic potassium hydroxide furnished 
deoxonimbiol as a resinous mass, which resisted all attempts at crystallization. The 
ultra-violet absorption spectra of dcoxonimbiol exhibited maxima at 283 rnp 

I’ K. W. Roscnmund. 1:. Karg and F. K. Marcus. Ber Dtrrh. Chrm. C;rr. 758, 1850 (1942). 
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indicating that a phenol has been generated. Dcoxonimbiol on reacetylation yielded 
dcoxonimbiol acetate m.p. 102-103‘. Nimbiol on Clemmcnsen reduction also gave 
dcoxonimbiol, identified as its acetate. It is interesting to point out here that deoxo- 
nimbiol was very slightly soluble in aqueous alkali like the diterpenc phenols, fer- 
ruginol and totarol and in contrast to its parent compound, nimbi01 which was fairly 

readily soluble in dilute alkali. 
Finally the interesting compounds obtained by the selenium dchydrogenation of 

dcoxonimbiol under varying conditions gave a clear insight into the structure of 
nimbiol. On mild dchydrogcnation dcoxonimbiol gave a phcnolic compound,C,rIl,O, 
m.p. 147-148 (monomethyl ether, m.p. 145-146”) whose ultra-violet absorption 
spectra strongly indicated that it was a tctrahydrophcnanthrol derivative. On more 
drastic dchydrogcnation. in addition to the above tctrahydrophenanthrol, a tctra- 
hydrophcnanthrene, C,,H,, m.p.82- 83” and a new phenanthrol, C,6H,,0, m.p. 
189-190” (monomcthyl ether, m.p. I 19-l 20’) were isolated. The ultra-violet absorption 
spectra of this phenanthrol was identical with those of I-methyl-&hydroxyphenan- 
thrcnc, prepared from podocarpic acid. l* Thus it seemed to us that this phcnanthrol, 
m.p. 189-190” was a dimethylphenanthrol. Our assumption was found to bc quite 
correct, since on still more drastic dehydrogcnation. deoxonimbiol gave pimanthrcne 
(I,7_dimethylphcnanthrcne), m.p. 83 84’ along with the phcnanthrol. m.p. 189-190”. 
The melting point of the former was not depressed when mixed with an authentic 
specimen of pimanthrene. Further the picratc, m.p. 130-131’ did not depress the 
melting point of an authentic specimen. 

The foregoing results of selenium dehydrogenation experiments led us to envisage 
for nimbiol a hydrophcnanthrcne structure related to tricyclic ditcrpencs. The 
isolation of pimanthrene suggested that the phenanthrol, m.p. 189 -190” was 1,7-di- 

methyL6-hydroxyphenanthrcnc (V, R - H), the formation of which is conceivable if 
nimbiol posscsscd any of the three structures VI, VII or VIII. But the structure VII 
cannot explain the formation of the C,,-tetrahydrophcnanthrol, which evidently 
has the structure IV (R - OH) or of the C,,-tctrahydrophcnanthrcne, which has the 
structure IV (K H). Finally, of the alternative structures, VI and VIII, we prefer 
structure VI for nimbiol, because of its occurrence with sugiol (I, R :: H) in the same 
plant. The rotatory dispersion curves of nimbi01 methyl cthcr and sugiol methyl ether 
(I, R = Me) arc so strikingly similar that we consider this also as a strong evidence 
in support of structure VI for nimbiol. Further the rotatory dispersion data established 
the identity of the stcric configuration of nimbiol with that of sugiol. The absolute 
configuration of nimbi01 could now be exprcsscd by the structure II (R 7 HP” 
and of dcoxonimbiol by the structure 111 (R = H). This conclusion was further 
corroborated by chemical evidcnccs. 

Recently Wcnkert et al. I6 discovered that chromic acid oxidation could be employed 
as a diagnostic tool in elucidating the nature of the A/B ring juncture of a mono- 
benzcnoid tricarbocyclic ditcrpene system. They observed that all rrans A/B 

” see Ret-. 8. p. 473. 
I* S. N. Choudhurl. H. N. Khastglr and P. Scngupla. C’hrm. & Ind. 1284 (1959). 
1’ After the announcement of our ~tructurc of ntmbtol in a prclimmary commumcation (Ref. 13) Dr. Roy H 

Bible. Jr. of C. D. Scarlc & Co.. Chicago, Illinois. IJXA. has kmdly informed us that hc hu ryntbrsizcd 
the phenol II (H -. H) from podocarpic acid. The synthetic phenol and its methyl ether wcrc found to 
bc identical wtth our nimbiol and its methyl c~hcr rcspbctivcly. WC arc highly indcbrod IO Dr. Bible 
for the mformatlon. 

lb E. Wenkcrf and B. G. Jackson. /. Amer. Chcm. Sot. 80,211 (1958). 
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4.4disubstitutcd hydrophcnanthrcnes of the type IX on oxidation with chromic acid 
invariably yielded 7-keto derivatives, whereas those possessing A/B cis ring juncture 
gave the 6,7dikcto compounds. By using the above method GhataklO assigned the 
correct stereochemistry to his synthetic dcsoxypodocarpic acids. In the present study, 
WC exposed dcoxonimbiol acetate (III. R CO*Mc) to the action of chromic acid 
and from the reaction product could isolate only nimbiol. This fact was in conformity 
with the structure I1 (R - 1.1) for nimbiol. 

We observed further that neither sugiol methyl ether nor nimbiol methyl ether 
(II, R = Me) could bc condensed with ethyl formate or furfural in presence of base, 
which could bc explained by the fact that the equatorial methyl group at C, strongly 
hindered positon 6, since the A/B ring juncture was fruns in both these compounds. 

The occurrence of sugiol and nimbiol in the same plant is very interesting from the 
biogenetic point of view. I7 It seems to us that both sugiol and nimbiol could have been 
formed from a hypothetical pimaric acid type intermediate X. Nimbi01 and sugiol 
might have been formed along Route A and Route B respectively as shown in 
Chart III on page 50. 

EXPERIMENTAL 

The pctrokum ether used throughout the investigation had b.p. -80’. 

I~Cramination of rhe Neutral Fraction of the ‘Trunk Bark of Mclia azadinchfa Linn. 

Isolation of the profin alcohol. C,,H,,O and p-Sirostcrol 

1 Kg dried and powdered trunk bark of M. azadirachta Linn. was cxfractcd in a Soxhlct with 
benzene for 30 hr. The resinous mass (25 gJ on removal of benzcm. was taken up in ether and washed 
with cold ST4 NaOH (4 x 100 cc), then with water and dried (Na,SO,). The neutral material 
(8 g) after removal of ether was dissolved in pet. ether (200 cc) and extracted several times witi 80% 
aqueous methanol (total 200 cc). The dark miduc (5.5 g> after evaporation of pet. ether layer was 
saponified by rcfluxing for 6 hr with KOJJ (5 g). methanol (90~~) and water (100~). The ether 
extract yicldcd a gummy material (2.5 g). This was chromatographcd (alumina, 60 S, and pet. ether 

1’ U. R. Ghatak. Tetrahedron Lrfrerr No. 1. 19 (1959). 
I7 For a general scheme for the biogenesis of direrpenes see E. Wcnkert and J. W. Chambcrhn. /. Amer. 

C’hrm. Sot. 81. 688 (1959). 
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and benzene (7 : 3) elutcd a crystalline sohd (O-8 g). mp. XL74’. while benzene cluted a second 
crystalline solid (0.45 g), m.p. 125-130 . 

7%~ por@in ulcoho/. C,.H,,O. The crystalline solids (0.8 g). mp. 70-74 in the above chromattr 
gram after crystallization from cyclohexane gave the paraffin alcohol (0.09 g). m.p. 82-83’. [x]u -. 
7.8’ (CHCI,). (Found: C, 8160; H. 14.13. C,.H,,O requires: C, 81.59; H. 14.22%). Mol. wt.. 
Found (Rast). 375. Calc.. 382. 
U. V. No maxima and no end absorption. 
I.R. (CHCIJ Peak at 2.9 11. 

/?-Sirosrrrol. The crystalline solids (@45 g), m.p. 125-130’ cluted with benzene in the above 
chromatogram were crystallized from methanol, yielding /J-sttostcrol (OX)4 g), m.p. 136137’, [z]n 
- 37.6’ (CHCI,). identical with an authentic sample of &sitostcrol. 

/?-Sirorrcrolacerorr. B-Sitosterol(O~l6 g) was aatylated with pyridine (2 cc) and acetic anhydride 
(2 cc) and the ucerure (0.16g). m.p. 124125’ crystallized from methanol (OG g), m.p. 129-130”. 

blD 38’ (CHCl,). was identtcal with an authentic sample of &sitostcrol acetate. (Found: C. 82.06; 
H. 11.24. Calc. for C,,H,,O,: C. 81.52; It. 1148%). 

Fxwninarion of rhe Phenolic Fraction ofrhe Trunk Bark of Mclia azadirachta Linn. 

lsolarion of st+ol (I. R i H) and nimbiol (II, R -- H) 

3.6 Kg dried and powdered trunk bark of hf. uzadiruchro was extracted with benzene. The residue 
was dissolved in ether and extracted with Sq< NaOH (4 x 200 cc). This solution after acidification 
with cold and dil HCI was extracted with ether. washed with cold 5 7; Na,CO,. then with water, and 
dried (Na,SO,). The gummy phenolic residue (12.5 g) was chromatographed over alumina (400 g. 
deactivated with I2 cc of IO”/. aqueous aatic acid). Elution with betuene gave crystalline solids 
(0.52 g), m.p. 26&28O’. whik elution with a mixture of benzene and ether (9: I) gave a second 
crystalline solid (0.82 g). m.p. 230-238’. 

Sqiol (I. R - H). The crystalline solids (0.52 g), m.p. 260-280” in the above chrornatogram 
were crystallized from methanol. yielding sugiol (0.25 g. @007% yield on dried trunk bark), m.p. 
292-294’ (reported” m.p. 295-297”). [x] n ..26’ (EtOH). (Found: C, 8044; H. 9.36. Cak. for 
C,,H,,O,: C, 79.95; H. 9.39%). Mol. wt., Found (Rast). 312. Calc.. 34X3. 
U. t’. (95 :d EtOH) A,.. 232 mp (log E 4.19) and 284 mp (log E 4.12) (0.1 N NaOH in EtOH) d,,. 
251 m/r (log E 3.53) and 346 v (log E 4.41) 
I.R. (KBr disk) Peaks at 3.2 /A and 6.05 11. 

Suxiol methyl ether (1. R Me) 

(a) To a warm solution of sugiol (0.09 g) in methanol (0.15 cc) and 10% NaOH (0.16 a) was 
added dimethyl sulphate (@04 cc) and the reaction mixture shaken vigorously, cooled and pouted 
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into water. The methyl ether (0.05 g) crystallizd from methanol. m.p. 137-138’ (L~I.” m.p. 138-139’) 

I& l 37.4” (CHCI,). (Found: C. 8000; H. 960. Cak. for C,,H,,O,: C. 80+2l; H. 9.62%). 
U. V. (95 T0 EIOH) 1~. 231 m/r (log E 4.29) and 280 m/r (log E 4.18). 

(b) A mixture of sugiol (0.32 g). dry acetone (2s a). anhydrous potassium carbonate (2 g) and 
dimethyl sulphate (I.5 cc) was rcfluxcd for 5 hr. cookd and poured into cold water. Crystallization 
from methanol gave methyl r/her (O-25 g). m.p. I37- I38 ‘. 

Sqiol 4cc141c (1. R CO.Mc). Sugiol (0.1 I g) was acctylatcd with pyridinc (2 UC) and acetic 
anhydrrdc (2 cc) and the 4cctofc crystallized from methanol (0.05 g), m.p. 164-165” (Lit- m.p. 
I65 167 ). 

Syqiol hcnzoarc (I. R COC,H,). Sugiol(0.24 g). pyrldinc (3 cc) and bcnzoyl chloride (a24 cc) 
gave sqiol benzoorc (0.08 g). m.p. 184’ (Lit.” m.p. 185-186”). 

Nimbiol ( I I, R H). The second crystalline solids (0.82 g). m.p. 23G238’ clutcd with bcnzcnc- 
ether (9 : I) in the above chromatogram on crystallization from benzene and then from methanol 
yielded nimbiol(e42 g. @Ol I T< yield on dried bark), m.p. 245-247”. Purifmdon gave the analytical 

sample, m.p. 25&251’. [xl0 . 32.3‘ (CHCl,). (Found: C. 79.14; H. 8.88. C,,H,,O, rquircs: 
C, 79.37; H. 8.88%). ,Mol. wt.. Found (Rasl). 280. Calc.. 272. 
U. V. (95 Sd EIOH) i.,.. 231 m/r (log E 4.07) and 286 m/r (log E 4.06) (0.1 N NaOH in EIOH) in.. 
251 m/r (log E 3.89) and 344 m/r (log E 4.33) 
I.R. (CHCI,) Peaks at 3.05 /r (phcnolic hydroxyl). 633 18 (conjugated ketone) and 6.25. 6.35 and 
6.7 11 (aromatic nuckus). 

Nimbiol ucctufe (II. R ‘- CO.Me). A solution of nimbiol (I.46 g) in pyridinr (IS cc) and acctlc 
anhydride (I5 cc) was heated on the steam bath for 4 hr. The crude ucefure m.p. 100-103” was 
crystallized from aqueous methanol (@75 g), m.p. 111-112’. [z)D i.22.6” (CHCl,). (Found: C. 
76.50; H. 8.70. C,,H,,O, requires: C. 7640; H, 8.349;). 
U. V. (95 7; &OH) I.,.= 257 m/r (log E 4.09) and 294 rnp (log E 3.41) 
1. R. (CHCI,) Peaks at 5.97 /r (conjugated carbonyl) and 5.69 and 8.4 JA (phcnolic aatatc). 

Hydrolysis ofnimbiol ocetute: rgenerurion of nimbiol. Nimbiol aatatc (0.1 g) was rcfluxcd with 
ST/. mcthanolic KOH (2 cc) for 3 hr and extracted with ether. The aqueous alkaline solution on 
acidification with dil. HCI gave nimbiol. m.p. 24r1245’. 

Nimbiol methyl erhrr (I I. R Me) 

(a) To a warm solution of nimbiol (0.5 g) in IOqb NaOH (I OF) dimcthyl sulphatc (0.5 cc) was 
added with shaking. The ether extract was washed with 10% NaOh, and wa(c~ and dried 
(Na,SO,). The merhylerher crystallized from methanol 026 g), m.p. l42-l43-. [& - 43.7” (CHCl,). 
(Found: C, 79.14; H, 8.87. C,,H,.O, requires: C. 7968; t1. Q.l5:/,). 

(b) A mixture of nimbiol (0.38 g), dry aatone (25 cc). anhydrous pootassium carbonate (2 g) and 
dimcthyl sulphatc (I.6 cc) was rcfluxcd for 5 hr. Crystallization of the product from methanol gave 
nimbiol methyl erher (0.24 gJ, m.p. 142.143”. 

Semicurburone of nimbiol methyl erher. A mixture of mmbiol methyl ether (0.07 g). scmicarbazidc 
hydrochloride (0.07 g), ethanol (5 cc) and pyridinc (0.1 cc) was tiuxcd for 5 hr. The semicurbozone 

(@04 g). m.p. 208-210’ crystallized from methanol. (Found: C. 69.58; H. 8.37. C,,H,,O,N, 
requires: C. 69.94; H. 8.517:). 

Deoxonimhiol ucelute (111. R - COW) 

(a) A mixture of nimbiol aatatc (I.1 g). glacial satk acid (20 cc). IO:/, palladium charcoal 
catalyst (0.5 g) and pcrchloric acid (@2 cc) was stir& al room Icmp in an atmosphere of hydrogen 
until IWO molar quivaknts were absorbed. The reaction mixture was filtered. diluted with water. 
and cx~racted with ether. The ether layer was washed with dil. Na,CO, aq and water. and dried 
(Naw,). The oily residue (1. I g) crystallized from methanol yielding deoxonimbiol uccrute (0.7 g), 

m.p. 102 103‘. [Z]D ; 56.4’ (CHCI,). (Found: C. 80.35; H. 9.26. C,,H,.O, ra@res: C. 79.95; 
H. 9.39 7;). 
U. V. (95 % EtOH) i.p.. 268 qr (log E 2.97) and 277 rnp (log E 2.96). 
I.R. (CHCI,) Peaks at 5.71 fl and 8.3 p (phcnyl acetate). 

(b) To zinc amalgam, prepared from I.8 g of 7hc. were added COW. HCl(2 cc), water (2 cc) and 
nimbiol (0.3 g) dissolved in toluenc (4 cc) and ethanol (I cc) and the mixture rcfluxcd for 24 hr. 
Cont. HCl (0.1 cc) was added IO the reaction mixture every hour during the rcfhx period. The 
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ether cxtrac: was washed with waIc7, dried (Na,SO,) and yielded a resinous residue (0.23 g, i,,, 
283 m/r. log F. 3.58) of deoxonimbiol. II was acctylatcd with pyridinc (2 ccl and aoetlc anhydrtde 
(2 cc) and the occrare (0.2 g) was chromatographcd over alumina (IO g. dcactlvatcd with 0.3 cc of 
10’; aqueous acetic acid). On clutmn with pc~. cthcr. deoxottimhiol acetate (0.08 g). m.p. 102 103’ 
was obtained. 

Arrcmpfrd hbdro~enaIion ofnimhiol (uirhouf percldoric acid). A mixture of nimbiol (0.3 g). ethyl 
acctatc (45 cc) and 10:; palladmm charcoal catalyst (@I 5 g) was stirred m an atmosphere of hydrogen. 
No absorption of hydrogen took place even after 8 hr. and unchanged nimbml(O~2Y g), m.p 244 -246’ 
was recovered. 

fiydrolysis of &o.roninthiol acelate. A solution of dcoxontmbml acctatc (I.7 g) in IO?,, mcthanolic 
KOH f IO CC) WQS rcfluxed for 4 hr. cooled. acidified with dll. IICI and extracted with cthcr. yielding 
a resinous ma.ss (I.1 P, which was insoluble m aqueous alkah and could not bc crystalhrcd. 
U. Y. (US02 PIOH) Lx 283 m/c (log E 3.56). 

‘Ihc resinous material on rcacctylation in Ihc usual manner gave dcoxonimbiol acctatc. m.p. 
101-103”. 

Selenium deh_vdrqrenation experimmrs 

Isob~ion uf 1.1.7-frimerhy~-bhyd~o,~~~I,2.3.4-rerrahy~frophenu~~hrenc (IV. R 011). An intimate 
mixture of dcoxonimhiol (0.8 g) and selenium powder (2 g) was heated at 300 320.. for I I hr. The 
reaction product was thoroughly cxtrrrctrd with ether and the evaporation product chromatographcd 
over alumina (20 g. dcactivaI& with 2 cc of 10:; 

_ - 
aqueous acetic acid). The pctrolcum ether-bcnrcnc 

( I : I ) eluate (0.33 g), afltr 3 crystallizations from pet. cthcr gave I .1.7-Irimcthyl-~hydroxy- I .2.3.4- 
tctrahydrophenanthrcnc (0.08 g). m.p. 147.148’. (Found: C, 84.85; II. 8.38. C,:H,,O rcquircs: 
C. 84.95; H. 8.3Y “;). 
U. I’. (95 :: EIOH) Im.x 235 rnlc (log E 4.&l), 283 m/c (log E 3.7), 316 m/r (log F. 3.27) and 330 m/r 
(log F. 3.39). 

Methyl ether (IV. R OMe). A mixture of Ihc above Ictrahydrophcnanthrol (@OS g). dry acctonc 
(10 cc). anhydrous potassium carbonate (0.5 g) and dimcthyl sulphatc (0.4 cc) was rcfluxcd for 5 hr. 
Crystallization of Ihc product from methanol gave thenronomerl~ylerherof 1hc Ictrahydrophcnanthrol. 
m.p. 145-146’. not identical with the starting Ictrahydrophcnanthrol. 

Isolation of I, I .7-rrimcrhyl- I ,2,3,dfe/rah.~drophpMnrhre~ (IV. R - H). I, I .7-rrimefi~yl-b/~ydrox~ 

1.2.3.drerrahydr4henunfhrene (IV, R 011) and 1,7-dimethyl--6-hydroxyphemtnthrcne (V. R .- H). 

A mixture of dcoxonimblol (I.1 g) and selenium powder (4 g) was hwtcd at 320-W for 50 hr. 
The reaction mixture. gave a gummy residue (I g). which afforded a crystalline solid (@25 g). m.p. 
155 156” from pet. ether. The pet. cthcr mother liquor was cvapordtcd lcaving a gummy rcsiduc 
(0.7 g). which was chromatographcd over alumina (40 g), and the gummy residue (0.26 g) clutcd with 
per. cthcr was rcchromatographed over alumina (26 g). Pet. cthcr clutcd a crystalline solid (0.18 g). 
m.p. 77-78’. which on crystalliratton from absolute alcohol gave rhc tctrahydrophenanthrenc 
(IV. R 2 H). m.p. 78-79 On sublimation at 95’/0.2 mm it melted at 82-fl3.‘. Wound: C. 90.98: 
11. 899. C,,H,. rcquircs: C. 91.01; H. 89YTJ. 
u. v. (95 “, EIOI 1) L.. 230 rnp (log E 4.86). 27Y m/r (log E 3.73), 310 m/l (log E 3.0) and 324 m/r 
(log E 3.1 I). 

Ihc pet. cthcr insoluble solid, m.p. 155-I 56’ reported above was chromatographcd over alumma 
(30 g. deactivated with I.5 cc of 10% aqueous acetic acid). A mixture of pt. ether and bcnzcnc 
(7 : 3) clutcd a solid (0.1 g). m.p. 132-140”. while benacne clutcd a second solid (0.1 g). m.p. 179 -182’. 

The crystalline solids (0.1 g). m.p. 132 140” on rccrystalhzation from pc~. ether gave the Ictra- 
hydrophcnanthrol (IV, R = OII), m.p. 146148 identical with the Ictrahydrophcnanthrol reported 
before. 

I’hc crystallme solids (0.1 g). m.p. 17Y 1x2’ clutcd with bcnzcne was rcchromatographcd over 
alumina (IO g. dcactivatcd with 0.7 cc of IO”,; aqueous acetic acid). The bcnzznc clualc gave crystal- 
lint solids (0.06 g), m.p. 184-186.‘. which after crystallization from a mixture of benzene and pet. 
ether afforded 1,7-dimethyl-6-hydroxyphcnanthrcne (V, R z H), m.p. 189-190’. On subltmation at 
170”/0.2 mm the analytical sample. m.p. 189-190” was obtained. (Found: C. 86.24; i1. 6.42. 
C,,il,,O rcquucs: C, X6.45; 11. 6.357.). 



Tcrpcnoids and related compounds I s3 

L’. Y. (95 p, ElOll) i,.. 257 m/r (log E 4.43). 279 m/r (log E 3.97). 
298 mlc (log E 366). 308 mlc (log E 3.78), 
339 m/c (log t: 3.13) and 356 m/r (log F: 3.15). 

Merh,rl rrher (V, R Me). A mixture of the phcnanthrol (0.09 g), m.p. l89-I90’. acc~one 
(IO cc), anhydrous potassium carbonate (0.5 g) and dimc1hyl sulphalc (0.4 cc) was rcfluxcd for IO hr. 
The product. m.p. 113 I IS ’ on crystalhwtion from methanol gave the methyl clher of l.7-dimclhyl- 
6-hydroxyphcnanthrcne (OX)6 g), m.p. I I9 120 (Found: c’. 86.23; 11, 6%. C,TfI,,O rquircs: 
C. 8640; 11. 6.83 S:,. 

lsolurion of piman/hrene and I .7-dintethyl-6-hy~fru,~yphenan//trene (V. R H) 

A mixlurc of dcoxonimhiol (0.62 g) and selenium pow&r (3 g) W;LC heated af 340-360 for 42 hr. 
The produc1 of dchydrogcnatron (0.6 g) on crys1allirAon from pc1. ciher and a mixture of bcnzcnc 
and pc1. ether gave 1.7-dimethyl-bhydroxyphcnanthrcne, idcnrical with the compound reported 
above. 

The r&due (0.4 g) obtained on thccvaporationof the pet. ether mother liquor abovcwaschromato- 
graphed over alumina (30 g). PCI. cthcr clurcd a crystalline solid (0.2 g). m.p. 70-74’. whrch was 
rcchromatographcd over alumina (25 g). After a forerun of an orl(O% g). pet. ether clutcd a crystalline 
solid (0.12 g). m.p. 74-78 ‘, which on crysralli/Aon from methanol gave pimanrhrenc (0.05 g). m.p. 
El”. On sublimation a1 100-l 15’:O.l mm rhc analytical sampk mcltcd at 83-84’ identical with an 
authentic sample of pimanthrcnc. (Found: C. 93.04; il. 664 Calc. for C,,H,,: C. 93.16; Ii. 6.84 “A) 
U. Y. (95 “/. EtOH) Am.. 258 m/r (log E 4.75). 279 m/r (log 1; 4.1 I). 

288 rnlc (log E 4.02), 300 m/c (log F: 4.12). 
318 rnlr (log E 2.47). 327 m/I (log E 2.35). 
333 m/c (log F. 2.5). 339 m/r (log E 2.29) and 
350 m/r (log b 2.24). 

Pimanfhrenepicrore. I‘hc picratc. prepared in the usual manner m.p. 130-l 3 I a was not depressed 
when mixed with an authentic spccimcn of pimanthrcnc picrate. 

I - .Werhyl-bhydroxyphenan~hrmc. I* Podocarpic acid was dehydrogcnatcd with palladium charcoal 
catalyst and I-methyl-6-hydroxyphcnanthrcne. m.p. 160’ was isolated in the usual manner. 
U.V. (95S, FtOll) 3 .m.X 257 m/r (log E 4.6). 279 m/r (log E 4.0). 

297 m/c (log E 3.94). 306 m/r (log E 4.02), 
340 m,r (log E 3.27) and 357 m/r (log E 3.32). 

Auempred preparation of rhe firfurylidine deril*afice of (a) sqiol methyl ether and (h) nimbi01 merhyl 
ether 

(a) A mixture of sugiol rncthyl ether (0.18 g). 95:; ethanol (IO cc), IS P’, NaOH (0.36 cc). freshly 
distilled furfural(O.1 LX) and water f I cc) W;IS kept at room icmp. for 4 hr. On working up unchanged 
sugiol methyl ether (0.15 g). m.p. 137-138” was recovered. 

(b) From a similar reaction mixture of nimbiol methyl ether (0.2 g). 950,: ethanol (IO cc). IS”; 
NaOIf (0.4 cc). furfural (0.1 I cc) and water C I cc) was rccovcrcd unchanged nimbiol methyl ether 
(0.17 g). m.p. l38.-140’. 

Arreniprerl condensation of ethyl formare u-i/h (a) suxiol mefhyl erhrr and (h) nimhiol mtrhyl ether 

(a) A solution of sugiol methyl ether (0.15 g) in bcnrcnc (IO cc) was added with swirling IO a cooled 
mixture of ethyl formate (0.2 g). sdium hydride (0.05 g) and bcnrcnc (5 cc.). The mixture was allowed 
to stand overnight. On uorking up unchanged sugiol methyl ether (0.12 g), m.p. and mixed m.p. 
136137’ u’as rccovcrcd. 

(b) A similar reaction of nimbiol methyl ether @IS g) in benzene (20 cc) with ethyl formatc 
(0.2 g). sodium hydride (0.05 g) and bentine (5 cc) gave unchanged nimbiol methyl cthcr (0.1 I g), 
m.p. and mixed m.p. I38 ,140’. 

Chromic acid oxidarian of deoxonitnbiol acefalc. Dcx)xommbiol acetate (0.1 9, was oxidized in 
glacial acetic acid (I cc) and chromic acid (0.13 g) in 80?,: acetic acid (@6 cc). The gummy product 
(0.08 g) isolated by means of chloroform was hydrolyscd by rcfluxing for 5 hr with 5 :$ mcthanolic 
KOIi (2 cc). and extracted with ether. The aqueous alkaline solution was acidified and cx~racted 
with ether yielding a rcsiduc (0.05 g). m.p. 240-244 ‘, which on crystallization from benzene afforded 
nimbiol. m.p. and mixed m.p. 246248’. 
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