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A&&a&-bdation sad stntctum elucidation of a C,, mono-ca&xylic acid appxrently a nor-rquiterpcne. and. a 
sequitcrpcnc diosphend from tbc essential oil of C&W &o&m Loud. are described. 

In continuation of our studies’ on the essential oil from 
the wood of Cufrur d&urn Loud., we wish to report on 
the major constituents of the a&ah-solubk fraction of 
the essential oil. The alkali-soluble fraction amounts 
to - 0.4% of the essential oil and has been investigated 
earlier (1916) by Roberts,’ who reported the presence of 
an unidentiIkd phenol. This, however, could not be 
substantiated by later (1922) workers.’ We now find that 
this material is a complex mixture of NaHCOrsoluble 
and NaOH-solubk compounds. From each of these 
fractions we have succeeded in isolating the major 
component, and have assigned structures 1 (limonene- 
carboxylic acid) and 2 (deodardione) respectively. 

Limoueneccrboxyti frcid (1) 
This compound was isolated from the NaHCO+olu- 

bk fraction by chromatography over silica gel. The 
compound, CIIHI& (M’, m/e 180). m.p. IO8- 
lw, [o]b+ 19.1” (CHCI,), which must be an acid 
(equivalent wt., 180) from its metbod of isolation shows 
the following spcctral/stnctural features: C=C:y.COOH 
0%” 22.5 nm. c 9250. IR: 1688.1635.8(#1 cm-‘. PMR: 
1H. 5.67ppm. Bs), Me&C (PMR: 3H, s, 1.65 ppm; 
3H. s. 2.19 ppm), -CX--CHx (PMR: IH, 5.32 ppm, m). 

I 
From the above functionality and molecular formula, tbe 
compound must be monocarbocyclic. Gross structure im- 
plied in 1. appeared quite attractive as, it not only meets 
ali the structural requirements, but has apparent rela- 
tionship with atlantone (3),” the chief oxygenated con- 
stituent of the Ccdnu deodam essential oil. 
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This structure appears to be fully supported’ by its 
mass spectrum, as the major fragments are readily 
rationalii (see 4, 5) in terms of 1. Furrhermore, E- 

configuration shown in 1 is appateat from tbe chemical 
shift of the C(7)Me. which occurs at 2.19 ppm. a position 
consistent only with the cis relationship of Me and the 
carbonyl functions 

A survey of the literature showed that carboxyli- 
monene (1. vmetry not implied) has been obtained by 
two groups& of workers by the free radical-addition of 
CCL to limonene. followed by alkaline hydrolysis. 
However, both these groups report a m.p. of 95-%“, with 
no comments on the geometry of tbe product; the latter 
authors’ report [aID t MlP. At this stage a sample of this 
acid, syntbesised by essentially the same method, 
became available through the courtesy of Prof. G. S. 
Krishna Rae,’ for which these autbors report m.p. lOS- 
KNY, [al,-,+ 18.T. A direct comparison (m.p., m.m.p., 
UV, IR. PMR) of the acid from Cedruj deodara with this 
sample, established their identity.’ Almost at the same 
time another group of workers” reported an unam- 
biguous synthesis of optically pure (+)-methyl ester of 
1. The methyl ester of the acid isolated from the essential 
oil was identical (PMR) with the reported data except for 
its [Q]~ Since, a value of t79’ has been reported for 
the optically pure ester and our ester has [a],, t 25.6*, 
the material isolated from Cede deodam, is. thus, 
considerably racemised.“‘” These comparisons also 
establish that 1 represents the absolute stereochemistry 
of the natural acid.” This also follows from the Absolute 
Stereochemistry Biogenetic Rule,” as the co-occurring 
( t )-atbintone, with which the C,, acid has obvious rela- 
tionship, has the absolute stereochemistTy”‘” shown in 3. 

Conceivably, the C,,-acid (1) may be a catabolic 
product” of atlantooe (3) or another suitable bisabokne- 
based substrate. The possibility that this acid may be an 
attefact cannot be entirely ruled out, if one considers the 
possibility of auto-oxidation’b of atlantone. However, the 
latter possibility is less likely as this acid is much Iess 
racemixed than the atlantone present in the oil. 
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fko&rdionc (2) 
This compound was isolated by chromatography of the 

NaOH-soluble fraction on silica gel: 5.4 k6 of the essen- 
tial oil furnished 103 mg of .pure compound. The 
compound, m.p. 101-1020. [u]~+S.ZO, analyses for 
C,,H& (hi*, m/r 250) and from its metbod of isola- 
tion, must be a phenol or an enol. From ita absorption in 
the UV (A= 269Ml. s7120; A--q 3OOnm)itis 
clear that it is a diosphenol” and tbis is also supported 
by its IR“ (3356, MO, 163Ocm-‘) and PMR” spectra 
(C&C-C~: IH, s. 5.96 ppm). lbe PMR spectrum 

I 
OH 

I 
shows following additional features: three &C-O (3H 

I 
singlets at 1.40, 1.43 and 1.48 ppm). E9=CS (3H. bs, 
I.61 ppm) and Me-C-C&CHr (IH. III-resolved m. 

I 
5.3Oppm. W,, = 8.5 Hz). These features are quite 

B 

m/r 25O(lO%) 

m/r 6803%) 

reminiscent of the PMR spectrum of deodarone” (6). 
which is a constituent of the Ccdnrs a&fur0 essential oil, 
and hence, 2/7 appeared attractive as working structures. 

In order to adduce chemical evidence in support of the 
above conclusion, basecotalyaed air oxidationm of 
deodarone (6) was carried out. The product was 
separated into NaHCOrsoluble (50%). KOH-soluble 
(25%) and neutral (25%) fractions. The KOH-soluble frac- 
tion was shown by GLC to consist of two components 
( - 2: I) of which tk major component was shown by 
mixed GLC and PMR to be identical with the diosphenol 
from the essential oil. This transformation clearly leads 
to the formulation of deodardione as 2 or 7. 

A distinction between 2 and 7 could be readily made on 
the basis of electron-impact-ituluced fragmentation. An 
examination of structures 2 and 7 shows that only structure 
2 is capable of undergoing the highly sitGspeci6c 
McLafferty reatrangemen?’ (8). which should pnerate 
ion m/c 156. Indeed, the mass spectrum of dwdardione 
shows a fairly strong (56%) signal at m/r 156. The base 
peak at m/r I41 conceivably arises from this ion by loss of 
CH, radical (9); this is supported by the presence of a 
metastablc ion peak in the mass spectrum at m/c 127.5 
(talc. 327.4). Thus, deodardione can be assi6ned the 
structure 2. Apparently, the compound exists com- 
pletely in the enolic form, as is clear from its PMR 
spectrum (t&k supm). 

In order to cull furtber evidence in support of 2, 
deodardiooe was cleaved with alkaline HxO,= and 
the resulting dicarboxylic acid (10) PW- 
ilied as its dimcthyl ester (11). The product, which 
had the expected features in its PMR spectrum, was 

L 

m/o ISSCSOW m/e I4l(lOO%) 
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E: R=H !s 
z: R=Yo 

m/e I96(9%1 m/o l80(65%) 

m/r 2W 13%) m/r 104(60%) 

examined for its mass spectral fragmentation, in order to 
identify ions which will be singularly characteristic of 
suueture 11 and cannot be possibly derived from the 
alternative l2 based on 7. Of several such fragmentations, 
only two will be pointed out. As can be seen from 
fragmentations 13 and 14, the mass spectrum of the derived 
dimethyl ester ckarly supports structure 2 for the C&w 
d&m diospbenol. 

Like all other biilane-based sesquiterpenoids from 
the essential oil of Cadnrs deodam, deodardione (2) must 
also be partially racemk. For remarks on absolute 
stereochemistry and conf@ation at C(7), reference is 
invited to our publication” oo deodarone. 

-AL 
M m.t~ ti b.p arc uncaected. Li&t petrol refers to the 

fraction b.p. 6OUl’. Optical rotations were q caaured in CHCI, at 
room temp. (3O*T) on I Perkin-Elmer pokrimeter model 141. 

UV apectr8 were taken on Perkin-Elmer spcctmphotometcr. 
model 350, in 93% EtoH. IIt spata were rccakd u Oman 
(liquid) or as a q uIl in Nujol (&I) on a Perkin-Elmer In- 
fracord model 137E. PMR st~~tra were taken in 10% rdn in 
ccl4 on a vukn A-60 spciamctcr; dglmla ate ncordcfJ in 
Qpm) relative to TMS an xero. Whik citi~ PMB data tbc 
followin abbnviatiotn have been used: r. sin&t; d doublet: r, 
tripkt; q, quartet; m, multipkt; b. brad Mass spectra were 

dctermirwd on a CEC rrms spectrometer, model Zl-IIOB using 
an ionizing voltage of 7OcV and a dtrcct inkt system: besides the 
mokcukr ion, eight moat abundant iona, 8bove m/e SO UC 
reported with tbeii relative intcnaitka. 

GLC 8nalyscs were carvied out on “Au-h” model A-330- 
B using Al c&mns (300x 0.6cm) packed with 20% dktbyknc- 
glycol polysuccinate on Chromosorb W (60&l mesh): H, was 
uscdasthcarrkr~. 

Siil-gcl for column chromrtogaphy (- 100. t 200 mesh) ~8s 
activated at l2S-130’/6-8 hr and standardised.” TLC was carried 
out on 0.3 mm kyen of S&gel cont8ining 13% gypsum; viru- 
aliution: 1% vanillin in 30% &PO, rq. followed by bmtinp at 
- 1 KM0 min. 

Li4noatnecafboxylk acid (1) 
Tbc aseotkl oil” (2.7 kg) diluted with an equal vdume of lit 

petrol, wu extracted tirst with 10% NaHCO, aq (200 ml x 4) and 
then with 10% NaOH aq (200 ml x 4). 

The NaHCO, exbact wu wasbed with et& (100 ml x 2) and 
then rcidi6cd with 30% H,PO, 4ucour to pH 2. The liberated 
rrcidrwcrrtrlrenupioctber(l00mlx3),wubcdwithbrinemd 
drkd (N@OJ. Tbc solvent wu Bashed off to furnish a product 
(4.26). a- part (1.4211) of which was chrumatogr&d on 
Si4 pink (70x 2cml with TLC monitoring (solvent: 10% 
rcctoae in CHCIJ and usin incrcaii amounts (0, IO. IS, 20, 
23%) of CHCI, in C,HH, as eluant. 21196 CHCI, in bcru.en~ 
(100 mix 16) eluted 0.6~ of material io which one component 
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((TLC, R, 0.42) prcdomioatcd; all earlier fractions (total 
material - 0.8 g) wen compkx mixtwes. This product (0.6 g) was 
rtchromrtaenpbed (SiUIla, 70x l.Scm) as beton. when 
20% CHC$ in CJt (100 ml x 8) gave the product with R, 0.42 in 
an essentially pure state. m.p. 97-105’ (0.241 g). Tke product was 
rccrytlallised from light petrol to furnish cdorkas crystals 
(0.14t?gh m.p. III@-lop, [olot 19.1’ (c. 0.996). Mass: m/c I80 
(M’, 100%). I35 (55961, I21 (43%). II3 (47%). Ill (64%). I07 
(SS%), 95 (62%). 94 (74%). 79 (60%). (Fount: C, 73.62: H, 8.89 
C,,H,‘lI+ Rtquirts: c, 73.M: H, 8.95%). 

Mcfhyl ester (C&N2 method): b.p, 1%133’ (bath)@mm: 
Ialo + 25.6” (c. 2.5%). PMR: two Me-Cd (3H singlets at 1.65.2.15 
ppm). CODMe (3fL s. 3.63 ppm), -C=C@CHz OH, m, 5.3s ppm). 
-@CI$COGMe (IH, s. X62ppm). (Found: C, 74.35: H. 9.X 
C,zH,aOz requires: C, 74.19; H, 9.34%). 

Dcodonfionc 
The aqueous NaOH sohbk extract, described under (I) above, 

was n-cxtmcted with ethar (I00 ml x 2) and thee aciditkd with 
30% H,PO, qucour. The haxy soln was satummd with ammon- 
ium sulphsre and extracted with ether (#)o ml x 3). The combined 
ether extracts were washed wilb brine (IO0 mf x 21, dried (NGW 
and fJmd of solvent to give a prolbct c7.8 g). Two such lo@ wvc 
combined and chmmatograpbed on SiOrgcUIIB (70 X 5 cm) with 
TLC (solvenl: 1056 acetone in CSCI~ monitoring and, using 
incnasing amounts (0, S. IS, 20 and SO%) of CHCII in C+H, as 
cluant: solvent cuts of x)oml were made. 5% CHCI, in CA 
(500 ml x 4) cluted 1.2 g (TLC: three spots with R, 0.84.0.79 and 
0.76) of ma@riai in which component with R, 0.79 pndominated; 
material cluted (100 mg) before this fraction was rejected, whik 
the material ( - I2 g) cluting after this was a complex mixture and 
failed to give any pure compound. The above 5% CHCI, in CA 
fraction was rcchromatognphed (SiGr-gcl/tlB. IOOcmx 1.6cm) 
as bcfon to finafly give a solii fraction (34t mg, m.p. 85-9k). 
which was twice rccryrtrilizod from light petrol to furnish pure 2 
(103n@, m.p. lot-IOT, [a],+S.~ (c, 1.1%). IR: 3350. 1660. 
1630. 1230. 1140. 1032 1010.897. 852. 798.787cm-‘. Mass: mlc 
2SO (M”. IO%);156 Csos6,. 141 (100%). 95 (40%), 94 (9%). 83 
(33%). 79 (9961, 67 (11%). SS (10%). (Found: C. 72.09; Ii. 8.85. 
CIsHn03 requires: C. 71.97: H. 8.8696). 

Base-cotalysed oxidation of dcodaranc 
A solo of deodaronc (I IS mg) in t-BuOH (3 ml) was added to a 

soln of t-BuOK ($4 mg) iu t-BuOH (5 ml) and the reaction mixture 
stirred in oxygen atmosphere a~ room temp. (u3 and pmsslm 
(74Omm). Absorption of Oz abnost ceased after absorPtion of 
~13.2~of~~(-3~).~rn~~w~~u~wi~w~r 
(lo ml) and ack@icd with 30% HgO, aqmua. The prodt@ was 
taken up in ether (IS ml x 3) aad separated into NaHCOr-rduMe 
(56 mg); KOH-solubk (32 mg) sod oeutral(38 mg) fraction, in the 
usual maoncr. The KOH-sow product was purified by PLC 
(solvent: 5% CHCI, in bcazcoc). ra major component showed on 
GLC~O~~~~TOf l.O~l.7f~l). 

OxidotiDc cicovogt of &tdadom 
Ibdardionc (SO mg) in dioxane (5 ml) was mixed with KOH- 

methanolic (X?Omg KOH in 5 ml MeOH) and bated under 
stirring to w. HIOrequmus (3046, 3ml) was slowly added 
(15 min) with sdrring at the same temp. Stirring was continued 
for an additional 30min at XP. and the mixture diluted with 
ice-water (Ion@ and acidi&d with 3@% H,PO, aqueous. The 
product was taken up in ether (I5 ml x 3) and worked up in the 
usual manner to p the cruda acid 18 (52mg). This was cob 
vcrtal into the methyl ester by CH,N, in ether aad the crude 
ester (5Oms) passed through a small column of SiO,fct/IfA. 
using benzene as eluant. Tbc product (32~) was TLC (S% 
EtOAc in CA) pure: b.p. 13c1360 (bathjlO.5 mm, ns 1.5108. 
PMR: Mpclo (3H singkts at 1.32, 1.38 and I.41 ppm). Md=C 
(3H. br. 1.63ppm), COOMe (two 3H singlets at 3.56 and 
3.72 ppm; there is evidence xsmall shoulders on each peak! C-7 
diastueoisomer)?, <-C!$CHz (IH, m, 5.29ppm). Mass: m/c 253 
M” -59.20%). I80 (65%). 139 (85%). 121 (40%). II5 @I%), IO4 

(60%). 95 (80%). 73 (100%). 55 (35%). (Found: C, 65.27; H, 8.88. 
C,,H,O, requires: C, 65.36: H, 9.03%). 
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