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THE STRUCTURE OF INCENSOLE 
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Institute of Organic Chemistry. University of Rome, Italy 

(Recekd 3 Aqwt 1964; accepted/or pnbiication 9 Stptmber 1966) 

AMmct-A new diterpcnc alcohol. inaxnole (I) isolated from fnmkbmmc b dated to ambranc. 
Chemical and physicoxhanical data support the structure 12isopropy1-1,5,9-trimthyl-1.12oxido- 
S$cyclotctradccadicn-24. 

ALTHOUGH the acidic fraction of frankincense (produaxl by Bomeliiu curteri) and 
the triterpcnic acids have been thoroughly invcstigatcd,l very little attention has been 
paid to the neutral components of this resin, of which only some volatile compounds’ 
have been identified. 

In the course of an investigation on the neutral and unsaponificable fraction of 
the r&n, we were able to isolate a new macrocyclic diterpcne, which has the skeleton 
of ccmbrane 

Y 
-‘-c<a- -- 

This compound, incensole (I), is a ditcrpene similar in structure to a group 
recently isolated from tobacco’ and from the resin produced by some varieties of 
pine trees.’ 

Incensole (I) isolated a&r several chromatographic separations is a low-melting 
solid, not crystallizable from the usual solvents. However, this material, homogeneous 
on TLC was a single compound, yielding only one ketone (incensone II: see later) 
on chromic oxidation. 

Inconsole (I), purified by high vacuum distillation, shows [a]n = -774’. The 
molecular formula, GH,Os, is in accordance with its composition and the mol. wt. 
of the corresponding ketone II. The W does not show absorption above 210 rnp. 
IR spectrum of I shows an OH band (3620 cm-‘), no CO absorption and an intense 
band at 1050 cm-l, which can be attributed to an ethereal bridge.‘ The Nh4R spectrum 

l In alphabetical or&r. 

1 J. Simonscn end W. C. Ross. 7Rc Turps Vol. V; pp. 68 and 167. ‘Ibe Univcnity Prcaa, Cam- 
(1957); S. Corsano e 0. Pioxni, Ann. Chfm., flufy 52,802 (1962); S. ccnslno e C. Ianrog 
Garr. Chlm. Ital. 94, 328 (1964). 

* E. Gildcnmcister and Fr. Hofman. f& &e&4en b/e Vol. V; p. 653. Akadrmic Prow, Be&n 
(19s9). 

‘D.L.RobcN~dR.L.RawLnd.I.Olg.CArm.n,3989(1%2); R.L.Rowlanda~dD.LRobma, 
Ibid. 28.1165 (1963); R. L. Rowleuxi. A. Rodgman, J. N. Schumwzber, D. L. Rebats, L. C. Cook 
and W. F. Walker Jr., M. 29, 16 (1964). 

’ W. G. Dauben. W. E. Thiea&n and P. R. Rankk.I. Org. Ckm. 30.1693 (1965). 
l ~itwillbeshown~ter,~cydicctbcrirfivamankrsd. !5uchcydicctherashowtbaaaym- 

mctrialC-O-Cstrrtchingntbrrtionbetwscn1100lad107san-‘. Tbclowerfnquaqobmmd 
in this case can be attributed to the ring strain; for cxampb, trimahykac oxide absorbs be- 
980 and 971 cm-‘(See C. N. R. Rao, Chendc~l Apprrcorbru of h+rcd Spcerrostwpy p.190. Au- 
danic F’rcss. New York (1963)). 
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of incensole (Fig. 1) indicates the presence of two olefinic protons (broad signal 
between 4.85 and 5.20 a) and of a proton which belongs to a secondary alcoholic 
function (doublet J = 10 c/s centered at 3.18 6). Three Me groups also appear: two 
of them are fixed on a double bond (unsharp signals at 1.48 and 1.61 6). the third 
appears fixed on a carbon which carries an oxygen atom (sharp peak at 1.02 6). An 
unsharp doublet (6H; J = 6.5 c/s) centered at 090 b agrees with the presence of an 

FIO. 1. NMR spedrum of i ~MX~EWIC (I) in CCl, at 60 Mc 

isopropyl group. In benzene solution this doublet is resolved into four lines, centered 
at 090 b approximately: this pattern is typical for an isopropyl group, which has 
its two methyls in different magnetic environments.a 

Chromic oxidation in pyridineof incensole(I)leads to incensone(II),~H,O,, m.p. 
424t” and [aID = -20” which gives a 2,4dinitrophenylhydone, m.p. 148-149”. 

Since inoensone (II) is reconverted into incensole (I) and into its epimerr m.p. 
7-1’ [a], = - 19.2” by reduction with NaBH, in methanol, it is possible to exclude 
other modifications which may have occurred during oxidation. 

The W spectrum of II shows a max at 295 nyr (e = 54); therefore there is no 
conjugation between the CO and the double bonds. The IR shows CO absorption 
at 1720 ~rn-~,a and since there is no OH absorption, the second oxygen atom must be 
ethereal. In comparing the NMR spectrum of II with the spectrum of I, the most 

I 
relevant modification is the downfield shift of the signal due to the CHa-C-O 

I 
group (142 in compound I and 1.27 in compound II). Therefore, this Me must be 
in a-position to the CO group. 

6 Also in the tax of tobsca, ditarptoa (see footnote 3) and of ambrrne (see footnote 4) the signal 
of i-propyl group is split in four lines. 

7 Thhcpimcr is well distinguishabk from iuxaso k (I) by TLC Therefore, compound I isolated from 
tho resin cannot be contaminated by thh cpimcr. 

@ An oxygen atom in r-position could account for this high value of the Co stretching frequaq 
(sac S. S. Stradling and D. S. Tarbcll,J. Og. chum. 29, 1170 (1964)). 
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Incensole (I) absorbs two molecules of hydrogen over PtO, in acetic acid and gives 
a crystalline tetrahydroderivative (III), GH,O,. The latter, although behaving like 
an homogeneous material on TLC, has no sharp m.p.; no doubt due to the formation 
of a stereoisomcric mixture during hydrogenation. 

The data presented support the presence of one secondary OH function, one 
ethereal function, and two double bonds; therefore incensole (I), Cs,-,HUOI, must 
have a monocyclic C-skeleton. Since it has three Me groups and one isopropyl 
group, it is reasonable to correlate it with cembrane. On the other hand, the ethereal 
function must be ditertiary, because of the presence of only one signal attributable 
to hydrogens in a-position to oxygen atoms; in addition, one point of attachment 
of the ethereal bridge must bc a carbon which carries a Me group. Consequently, 
the following structures, both of which are in close agreement with the spectroscopic 
data may be considered. 

[*]_0,, [*]_I 

A B 

As permanganate-periodate oxidatior? of incensole (I) yields a mixture in which 
methyl laevulinate (IV) was detected by gas chromatography, structure B must be 
excluded. 

The reciprocal arrangement of the two double bonds and of the OH was determined 
in the following way. Careful permanganate oxidation followed by treatment of the 
acidic fraction with diazomethane yielded in addition to the laevulinic ester, a 
diketoester (V), C,,H,O,, as a liquid, b.p. 136”/0*05. 

NMR spectrum of V shows the signal due to the isopropyl group (O-92 and O-97 6; 
doublets) and a sharp signal (3H) at l-27 6, in the same position as the signal due to 

I 
CHd-0 group in the NMR of incensone (II): therefore during the reaction, the 

I 
OH group of incensole (I) is oxidized to a CO group. The dikctoester (V) is a methyl- 
ketone (sharp peak at 2.12 8; positive Lieben test) and must be also a l+diketone, 
since after treatment with NH, and AcONH,-AcOH’O it gives a positive pyrrole test. 

These oxidation reactions, bearing in mind the indefinite structure A, clearly 
demonstrate the presence of the partial structure VI.” 

Clarification of the residual part of the molecule and the structure of incensole (I) 
were achieved by treatment of tttrahydroincensole (III) with acids. 

While incensole (I), on treatment with acid, affords a very complex mixture 
(possibly due to transanular reactions), tetrahydroincensole (III) gives a mixture, 
from which we were able to isolate an appreciable amount of a crystalline ketone (VII), 

@ R. U. Lcmieux and E. van Rudloff, CoMd. /. Gem. 33.1701 (1955). 
lo Aazording to the method used by R. A. Nicolaus and L. Mangoni. Gaze. Chim. hl. 86,358 (19%). 
I1 The position of the OH group in the partial structure VI is also supported by IR spectrum of 

incensonc (II). The aubonyl group in this compound (ChO band at 1720 cm-‘) must be outside 
of the tetrahydrofuran ring. because tetrahydrofuranones absorb at 176Oax+ (J. H. Sperna 
Weiland, H. Dijkstra and A. B. Pik. Rec. 7hzo. Chim. 82,651 (1963)). 
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GH,O (IR, CO band at 1710 cm-‘) by means of preparative gas chromatography. 
As derived from III, this ketone is a mixture of stereoisomers, and does not show a 
sharp m.p. 

The NMR spectrum of VII shows the signal due to an isopropylidene group 
(a = 160): and, therefore, the second point of attachment of ethereal bridge must 
be on the carbon which carries the isopropyl group. 

Moreover, compound VII is an a-methyl-ketone since the spectrum shows the 
split signal of a Me at l-05 b (J = 6.5 c/s); the coupling between the a-methyl and 
a-hydrogen was also confirmed by double resonance experimentsls 

As a CO group may be formed from a OH group by 1,2 hydride shift, the reaction 
of III with acids and the formation of a less strained system, may be represented as 
follows : 

This interesting transformation, which is comparable to a pinacolic rearrange 
merit,” clearly shows that the two atoms of oxygen are placed in I,2 positions. 

Finally, we were able to show that incensole (I) possesses the cembrane skeleton. 
Clemmensen reduction of VII yields a hydrocarbon*’ which is identical in its gas 
chromatographic behaviour and in its mass spectrum with a sample of synthetic 
cembrane.” 

Having clarified the structure of incensole (I), the constitution and reactions of 
the compounds, described so far, are outlined on facing page. 

1’ The doublet centered at l-05 tends to bxomc a singkt by irradiation at 2.30 6. which is the position 
of tho signal due to the hydrogen atom in a to the carbonyl group. The incomplete decoupling is 
due to the large width of the hydrogen signal. 

1’ P. de Mayo, Mofecu&r J?ecrrm(pcunrs Vol. I; p. 16. Intcrscicna, New York (1963). 
1’ Doubk bonds arc often mdtuxd during this reaction. See E. L. Martin: Tho clanmnscrr rcduc- 

tion in Oqunfc Rcucflonr Vol. I; p. 161. Wiky, New York (1942). 
I8 I. D. Entwistk and R. A. W. Johnstonc. Gem. Comm. 136 (1966). The comparison of mass 

spectra appear the best way to compare the two ambrancs which arc both stcrcoisomcrk mixtum. 
It is well known that different hmcrr give clearly distinguishable mass spectra. while different 
stcrcoisomcn do not show very often apprcciabk diffcrcncu in their cracking patterns. [See 
K. Bicmann, Mass Sprcrronwrry p. 144. McGraw-Hill, New York (1%2).] Accordingly, Entwistk 
and Johnstonc found that synthetic ccmbranc-a mixture of stcrcoisom hasthcsamcmass 
spectrum of the ccrnbranc. obtained from a natural source, which is also a stercoisomcric mixture. 
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I 

J 
k&PI + 

II MeCO--CH,-CH~Me 
IV 

III VII 

We should like to point out that frankincense provides an interesting example of 
rare w-cxcurrena of di- and triterpenes. 

l It is well known that the two families of terpenes are produced in two different 
biogenethic pathways and it is, therefore, unusual to find both in the same soura. 

EXPERIMENTAL 

The UV and IR spectra were recorded with a lWtia-Ebncr 137 UV and a Fe&in-m Infracord 
137. rWp&ivcly. 

The NMR spectra were determined in CC& soln with a Varian A-60. Chcmial mhifts aft quoted 
in &values dow-&ld from TMS as internal standard. Mps were taken on a Ko&r hot-stage and 
are not corrected. Rotatory poem were determined in Chf soln at room temp. Alumina refers to 
alumina Woelm deactivated with 5% water; silica refers to silica-gel (Merck) 14&230 Mesh. TLC 
were done with Kiaelgcl G (Merck) and spots were developed spraying the plates with a 2% soln of 
pdimethylaminobenzaldehyde in 25 % H&I, and heating at 120”. 

For preparative TLC Kieselgcl HFUI (Merck) was used. GLC was done on a Perkin-EJmer 800 
chromatograph, using 6-f& columns. 

Neurra//iacr&n o//ronklacm. Frankincense grains (2 Kg) were rcfluxcd with 1.5 1. ethyl ether. 
After 3 hr most of the solo was dccantul and another liter of the same solvent added; the rcflux was 
then continued for 3 hr. The combined extracts were shaken for 5 hr with a saturated aqueous soln 
(1.5 I.) of Ba(OH),, in which 120 g of solid Ba(OH),.8H,O has been suspended. 

The ethereal layer was separated by ccntrifugation and the solvent was removed in vacuum. The 
residue (10s g) was refluxed with an alcoholic soln (1.5 I.) of NaOH (3 % w/v) for 3 hr. One liter of 
solvent was removed in vacuum and tho residue was pouted in water (3 I.). 

The mixture was extracted with ether and the combined ethereal extracts were washed with water. 
The soln. dried over Na,SG, and conantrated in vacuum, gave 70 g of neutral fraction. 

Incen.ro/c (I). 20 g of neutral fraction were chromatographed over alumina (600 g) using benzene 
as ehknt. Ekvtn fractions, each of 4OOml. were collected. Examination on TLC (benzene ether 
8:2)showedthat fractions24(5 g)containedincenso k(I)andfraction7-ll(O.7 g)containedasocond 
substance, m.p. 164-165”. Fractions 2-S were rechrornatographed on silica (16s g) eluting with 

I* fke. for another exampk. G. V. Raddeky, P. R. Je.Iferios and R. W. Retallac, 7&r&e&011 20.1983 
(1964). 
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huanc, ltc- er 9S:S. bcxaobether 9: 1. The last solvent gave 1.5 g of almost pure material 
(examined by TIC). Distillation at lU”/O.l mm Hg afforded an oil (one spot on TLC), which slowly 
changes into low-melting crystalline mass, which could not bc induad to rccrystallizc from any 
solvent. Ioocnsok is not preservable and decomposes slowly. It does not give any crystalhoe derivative 
(acetate, bcnzoate. 3.S-dinitrobenzoate). [zk = -775” (c = 1.9). 

UV: no absorption above 210 rnp 

IR: vLT~’ (cm-i) 3620 (--OH); 1670 (c=c); 1375. 1390 (CH&H,); 1050 (U) 

NMR: 090 (6H, doublet, J - 6.5 c/s) (i-propyl); 142 (3H) (CH-); 148 (3H), 1.61 (3H) 

(CH,+); 3.18 (IH, doublet J - 10 c/s) (HUH); 5.06 (2H, broad signal) (l&4!) 
I 

(Found: C, 78.6; H, 11.1; CroHuOI requires C, 78.4; H, 11*2’/,) 

fncensune (II). Inansole (I; 060 g) was added in pyridinc (5 ml) to pyridin&ZrD, compkx prc- 
pared from pyridinc (30 ml). water (1.5 ml) and 00, (3 g). The mixture was allowed to stand for 
50 hr at 30”. 

Then. the mixture was poured in water and extracted with ether. The ethereal layer was washed 
with 2N HCi and water. The residue was purifkd by preparative TLC (elucnt hem thcr 7:3), 
yield g 0.35. Inocnsonc (II) on sublimation, at 95” C/O.1 mm Hg. crystallizes in long needles, m.p. 
4244’. [21D y -20” (c - 2) 

UV: (in EtOH) I,.. = 295 rnp (E = 54) 

IR: vL$;~’ (cm-‘): 1720 (c--o); 1370, 1390 (CH,aH,); l@$O (U) 

NMR: 0.87 (3H, doublet J = 6.5 c/s), 0.91 (3H, doubkt J - 6.5 c/s) (i-propyl); l-27 (3H) 

(CHL ); 
I 

1.45 (3H), 1.52 (3H) (CH,A=); 4.93 (2H broad signal) @I+ 
I 

(Found: C, 79.1; H, 1040; C&I.,O, requires C, 78.9; H. 10.6) 

Mol. wt. (determined ojmomctrically, using a Machrolab instutrumnt and bcnzcnc as solvent): 303 
(C,,HI,O, requires 304). The f4-dinitrophcnylhydrne crystallize in plates from ethyl alcohol, 
m.p. 148-149”. (Found: C.64.6; H.7.8; N, 12.0; CIIHII0,NIrquimC.64.4; H.7.5; N. 11+6%.) 

So&wn boroh$rfde r&don ofkrronc (IQ. Inccnsone (II; 400 mg). dissolved in McOH (2S ml), 
containing one drop of 2N NaOH was treated with a soln of NaBH, (100 mg) in H,O (2.S ml), and 
the mixture was allowed to stand for 24 hr. 

Water (100 ml) wasaddcd, and the pptd oil was extracted with ether. Theethereal soln was shaken 
with water and dried over Na,SO,. Examination of the residue on TLC showed the prcruoa of two 
substances, one with the same R, as that of inccnso le (I). Chromatographic separation on TLC 
(bcnzcnc:cther 8 : 2 as solvent) gave 85 mg of I and 162 mg of epi-inccnsole. lnansok (I) obtained in 
this way is identical in all respects (NMR and IR spectra) with an authentic sampk. 

Epi-imznsok. puritkdbysubhmation(130”/01 mmHg)hasm.p.7982”.[a), = - 19.2” (c = 1.16). 

IR: vLT=~’ (cm-‘): 3620 (4H); 1670 (C-c); 1365, 1390 (CH,aH,); 1060 (U) 

NMR: 0.89 (3H, doublet J - 7 c/s) and 094 (3H. doublet J 0 7 c/s) (i-propyl); 1.08 (3H) 

(CH,-r!SO); 157 (6H) (CH,<-_); 3-63 (IH, 3 lines J = 6 c/s) (ff+); 
I I 

5.61 (2H. broad signal) (Haa ) 

(Found: C, 78.5; H, 114; C,,H,,O, rcquim: C, 78.4; H 11.2x.) 

Methyl hevdi~~e (IV) by oxtirion of hensok (I). To a suspension of inccnsok (I) in water 
(20 ml), containing K,CO, (140 mg). an aqueous soln (20 ml) of NaIO, (2.8 g) and KMnO, (100 mg) 
was added. The mixture was stirred for 18 hr at room temp. 

Excess of oxidants was destroyed with sodium mctabilsulfitc. and the mixture was Altered and 
extracted with ether. The cthetcal extract, after conantration. was treated with an ethereal soln of 
diazomcthanc. Exocss of the reagent was destroyed with a drop of glacial A&H and the soln was 
washed with NaHCO,aq. Evaporation of the solvent left an oil, which, on gaschromatography, 
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showed the prc!Xncc of a substanca with the same retention time of an authentic sarnpk of methyl 
lacvulinatc. The comparison was carried out using a “R” column (polipropyknghcol), I - 140” 
(retention time 248 see). a &wax 20 M column. t - 140” (retention time 165 xc) and a silicone 
SE 30 column. t - I IO”, (retention time 170 see). 

Diketoesrer (V) by oxidation of hcenso& (I). To a soln of incznsok (I ; 3 g) in aoetonc (300 ml), 
distilkd over KMoO,, tincly divided KMnO, (35 g) was added under stirring at a tcmp between 16’ 
and 20”. After I hr, a second portion of KMnQ (7.5 g) was added and the mixture was stirred for 
4 hr at the same temp. l&cut of the oxidant was destroyed by addition of 40% water solo of formalda 
hydc and most of the solvent vn~ removed in vacuum. 

The ruiduc was treated with a 5 % solo of Na,CO. (150 ml) and heated for a short time on a water 
bath. The alkaline soln was tiltemd and extracted 3 times with ether; thisextractwas discarded. The 
4ueous layer was acid.itkd at Congo red with diluted HCI and extracted 5 times with ether. The 
ethereal soln was shaken with water and dried over Na,SG,. Esteritkatioo with diszomcthane, after 
concentration of the ethereal soln, gave a mixture of esters (2.3 g). 

Gas-chromatographic analysis (column SE 30. progmmmcd temp between 160” and 225”) showed 
the presence of 4 main substances. one of which was identical with methyl laevulinate. 

The mixture was chromatogtaphed on silica (g 120). Elutioo with hexamAcGEt 8:2 afforded 
an oil (@5 g). homogeneous on TLC and GLC. Distillation of this oil gave the pun diketocstcr (V), 
b.p. 136’/0.05 mm Hg. 

UV: (in EtOH) &, - 280 rnp (c .-. 63) 

IR: r-x (cm-i): I730 (C=G ester); 1715 (C== ketone) (liquid film) 

NMR: - 0.92 (3H. doublet J = 7c/s) and 0.97 (3H, doublet J 0 7c/s) (i-propyl); l-27 (3H) 

(CH,&: 2.12 (3H) (CH,&): 3.58 (3H) (CH,-CL) 

(Found: C. 64.3; H, 8.5: CI,HIOI requires C, 64.4; H, 8.8 %.) 

Subscqucnt clutioo with hcxane: AcGEt 65: 35 gave a second oily substance (g @35) which was 
not pure on TLC; it has not been further investigated. 

Euidcncrfor 1.4-aWronic MIWC of V. Diketocstcr (V; 25 mg) was dissolved in McOH (3 ml) 
previously saturated with NH,. After a few min the solvent was removed in vacuum. The residue 
was dissolved in AcGH (2 ml) and (NH&X, (34X mg) was added. The mixture was gently r&txcd 
for 10 min. The red brown soln was poured in water and neutralized with 30% NaOHaq. 

Extraction with ether. followed by evaporation of the solvent_ afforded a residue. which gave a 
rui-purple colour withpdimcthylaminobcnraldehyde -gent.” The vapoun of the residue turn red 
a splinter of pine wood moistened with cont. HCI. 

Tetrahydroimetwle (ILI) by eurolyric reduction of inmuole (I). lnansole (I g) dissolved in AcOH 
(30 ml) was hydrogenated in the presence of pm-rcduad PtO, (250 mg) at room temp and atm press. 
The hydrogenation stopped when two moles of H, had been adsorbed. 

The mixture was filtered and the solvent evaporated in vacuum. The solid residue was dissolved 
in ether and the soln was shaken with dil NaOH and with water. The crystalline t&due, although 
homogcncous on TLC, did not recrystallitc from any solvent. 

An analytical sample was purilkd by sublimation (lu)o/@OS mm Hg), m.p. 94-ICW. 

NMR: 1@(3H)(CH~); 34O(IH)&H) ; no methyl sign&within 14-1.7; no signals 

in the olefiok protons region. (Fo?nd: C. 77.4; H. 12.3; t&H,O, requira C. 77.4; 
H, 12.3.) 

CJnmrnruted kctorv (VII). Tetrahydroinrnsok (III; 1 g) dissolved in a mixture (30 ml) of 
AcGH-H,SG, l2N (10:3) was rcfluxed for 1 hr. 

The mixture was poured in water and extracted with ether. The ethereal extract was shaken with 
water and dried over Na,SG,. Evaporation of the solvent left an oily residue (0.9 g) which showed on 
GLC (carbowax 20 M column. t - 195”) 2 mains peakr (only One spot on TLC). 

it F. Feigl: +I rests In Organic Anolyslr p. 289. Elscvier, Amst&am (1960). 
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-Ihc mixture was rubmittcd to preparative GLC (Acrogmph 70s. 6 feet column of Cubowax 
20 M) colkcting tho rubstatkc with the highest rcteotioo time. 

Distillation of this product at 95”/0.1 mm Hg yicldcd pure VII, which qstallizu on standing, 
m.p. 43-49” (yield: 140 mg) 

IR: ra (ar+): 1710 (clo); no bands in tho 4H region and between 1000-1100. 
NMR: (100 MC): 0.89 (doubkt J - 7 c/s) and @91 (doubkt J - 7 c/s) (WA; 145 (doublet. 

J - 7c/s)(C&H<O); 160(6H) 

CH. 

( ) 

>G- 
I 

; 2.30 (Cl&AX-) (broad signal): 

CH, 

see also footnote 12 
(Found: C. 82.1; H, 12.1; C,.H,O rcquircc C. 82.1; H, 1240x.) 

CrmbrMc by redvcrion o/ krrone (VII). Amalgamated ZIP was added to VII (120 mg) diwlvcd 
in 30 ml of a mixture of glacial AcOH*nc. Ha-EtOH 3 : 2:2. The mixture was rcfluxcd for 4 hr; 
then, a further 15 ml cone. HCI were added during 4 hr and the rcfluxiog was continued for 36 hr. 
After cooling, water (3Oml) was added and the mixturo extracted 4 times with light petroleum 
(30-50’). The solo was shaken with water and the solvent evaporated at atm press. Distillation of 
the residue at 151”/1 mm Hg gave an oil which was almost pure on GLC and presented the same rctcn- 
tion time of an authentic samplo of ccmbranc (430 see on &wax 20 M column; t - 160”. 430 
see on silicone SE 30 column; t - 215”). 

Mass spectra were recorded with a LKR 9OCO gas chromatograph-mass spectrometer (chromato- 
graphic column packed with silicone Se 30, t - 1SOO”). 

The spectrum of ccmbrane, obtained hen. was identical with the qcctrum of a sampk of synthetic 
ccmbranc. 
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