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TERPENOIDS-LX11 

THE CONSTITUTION OF AGAROSPIROL, A SESQUITERPENOID 

WITH A NEW SKELETON* 

K. R. VARMA, M. L. MAHESHWARI and S. C. BHATTACHARYYA 
National Chemical Laboratory, Poona, India 

(Received 24 August 1964 ; in revised form 14 September 1964) 

Abtract-Degradative studies and physical measurements supported by an unambiguous synthesis 
of the derived ketone (XVa) have led to the assignment of a novel Spiro-skeleton to agarospirol (Ia), 
a sesquiterpene alcohol isolated from the essential oil of infected agarwood (Aquihria t@~ocha 
Roxb.). The corresponding carbon skeleton (VI) has been named agarospirane. Agarospirol is the 
second Spiro-terpenoid to be isolated from Nature. The most probable stereochemistry of agaro- 
Spiro1 appears to be as in XxX1X. 

WORK from this Laboratory on the constituents of agarwood oilt (Aquilaria agollocha 
Roxb.) has been recorded in previous papers. l--I Investigations of the alcoholic con- 
stituents has led to the isolation of a new monoethenoid, bicyclic, sesquiterpene alco- 
hol, C,,H,O, as a major component. Chemical and spectroscopic studies supported 
by the synthesis of one of the derived ketones (XVa) indicates that this alcohol pos- 
sesses a novel Spiro-bicyclodecane structure (Ia). It is the second Spiro-terpenoid to 
be isolated from Nature, the first, acorone @VIII), was isolated from the oil of sweet 
flag (Acorns culamus Linn.) and studied6 by Sorm et al. We propose to name this 
alcohol agarospirol and the corresponding carbon skeleton (VI) agar0spirane.t 

Agarospirol was isolated as such in the pure state (GLC) free from other related 
constituents by column chromatography, or preferably, as the acetate, which forms 
only under energetic conditions (NaOAc-Ac,O,). The acetate, C,,H,OB (Ib), on 
saponification with cold alcoholic potash gives pure agarospirol, &HMO (ia), which 
may be reconverted to the same acetate. The acetate is resistant to LAH in refluxing 
tetrahydrofuran. 

Agarospirol, CIBHMO (la), (a)g -57”, an oil, b.p. 9O-91”/0*1 mm, Y,_ 3472, 
1149 cm-l (t-OH), does not give a solid ester derivative, but a crystalline monoepox- 
ide, C,H,O* (II), m.p. 109-l 10”; the presence of another liquid epimeric epoxide 

l Communication No. 715 from the National Chemical Laboratory, Poona-8, India. 
t The oil studied was obtained by solvent extraction from the infected wood. 
$ The numbering of the carbon skeleton is analogous with that of acorone (XVIII) and does not 

follow the I.U.P.A.C. Rule, J. Amer. C&m. Sot. 82, 5545 (1960). 

1 T. C. Jain and S. C. Bhattacharyya, Tetrahedron titters No. 9, 13 (1959). 
3 M. L. Maheshwari, T. C. Jain, R. B. Bates and S. C. Bhattacharyya, Tetruhedron 19, 1079 (1963). 
a M. L. Maheshwari, T. C. Jain and S. C. Bhattacharyya, PerJ: & E&s. 011 Rec. 53,294 (1962). 
4 M. L. Maheshwari, K. R. Varma and S. C. Bhattacharyya, Tetruhedron 19, 1519 (1963). 
5 J. Vrkot, J. Jonas, V. Herout and F. Sorm, Co/l. Czech. Chem. Comm. 29, 539 (1964) and earlier 

papers. 
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was indicated but this was not further purified. The NMR spectrum* of the solid 
epoxy alcohol (II, Fig. 4) shows a split doublet at 9-13 and 9-25 T (J = 7 c/s, 3H) for 

one methyl group in the environment R\ 
R/ 

CHCH,, a signal at 8.777 (very slightly 

split, 6H) for a hydroxyisopropyl group6 and a singlet at 8-697 (3H) for a methyl group 
attached to a carbon atom bearing one oxygen atom (epoxy) and no proton, and a 
triplet centered at 7-17 (J = 5 c/s, 1H) for the proton on the epoxide ring. The NMR 
spectrum of agarospirol (Fig. 3) shows a broad doublet centred at 8.337 (J = 3 c/s) 
attributable to a methyl group on a double bond and the presence of such a system is 
confirmed by the singlet at 8-697 shown by the epoxy alcohol at the expense of the 
signal at 8-33~. 

Agarospirol gives a positive reaction towards tetranitromethane and the presence 
of only one double bond is indicated by hydrogenation and oxidimetric titrations. 
The double bond is trisubstituted as indicated by vmax 1654 and 813 cm-r (Fig. 1) 

l NMR spectra were run on a Varian Ado spectrometer at 60 m/c for dilute solutions in Ccl, 
using tetramethyl silane as internal reference standard. The chemical shifts are reported in 7 units 
and the splitting constants in c/s. 

6 L. M. Jackmann, Application of NMR spectroscopy in organic chemistry p. 97. Pergamon Press, 
London ( 1959). 
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FIG. 1 
and confirmed by the broad signal at 4=857 (one H). Hydrogenation of agarospirol 
using Pd-C (10%) or Adams’ catalyst results in each case in the absorption of one 
equivafent of hydrogen to give the saturated dihydro alcohol, C,,H,O (IIIa), which 
is a mixture of epimers in the approximate ratio 45: 55 (GLC). Formation of any 
hydrogenolysis product could not be detected. The IR spectrum of dihydroagaro- 
Spiro1 (Ma) does not show the peaks at 1654 and 813 cm-r shown by agarospirol and 
it does not give any colouration with tetranitromethane. The NMR spectrum shows 
a doublet at 8.91 and 8-877 (J = 3 c/s, 6H) for a 2-hydroxy-isopropyl group* and a 
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triplet at 9-30; 9* 18 and 9-107 (6H) due to two partly superimposed methyls of the 

R\ 

type R/cH’CHa* 
It gives only liquid ester derivatives. 

The tertiary nature of the hydroxyl group in agarospirol is shown by its resistance 
to chromic oxide-pyridine complex’ or that of the dihydro alcohol towards chromic 
oxide in acetic acid. This is further supported by the IR bands at 3472 and 1149 cm-l 
’ G. I. Poos, G. E. Arth, R. E. Ecykr and L. H. Sarett, J. Amer. Chem. Sm. 75,422 (1953). 
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and confirmed by the NMR doubIet at 848 and 8~837 (J = 2 c/s) eha~cterist~c of a 
hydroxy-isopropyl group shown by agarospirol (Fig. 3). 

Agarospirol benzoate on pyrolysis gives a homogeneous (GLC) diene C,,HM (IV), 
which shows ‘ymax 3096, 1770 (overtone), 1639 and 888 cm’--1 (Fig. I), in addition to 
the peak at 813 cm--l for the trisubstituted double bond originally present9 thus indica- 
ting the end mtthylene nature of the newly formed double bond, which is to be expected 
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FIG. 3 

from a hydr~xy-~opropy~ side chain. This is further coaxed by the broad signal 
at 478~ (one H) and the sharp signal at 5.377 (2I-I) in the NMR spectrum of the diene. 
In addition, a signal at &27~ (6H) accounts for two methyl groups on double bonds 
and the G methyl group is a cIear doublet at 94% and 9-167 (3H). This ovation 
is imp~~ant as it shows that no isomer~tio~ of the skeleton has taken place during 
the pyrolysis. The two double bonds in the diene are not conjugated as shown by the 
absence of any charae~~stic absorption in the 230-350 rnp region (end adoption 
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(Fig, 6) as a characteristic sharp signal at 9-377 (while part of it remains merged with 
the other methyl signals downfield (J > 11 c/s). This assignment is only tentative. 
The methylene and methine protons a- to the carbonyl appear as a triplet centred 
around 7,837 (3H). The same ketone may be obtained in lower yield (4%) together 
with other products by BF, ethereate isomerization of the epoxide (X). The epoxide 
(X) prepared by peracid treatment of the monoene and purified by chromatography 
(95 %, GLC) shows a doublet at 7*20 and 7*26~ (J = 4 c/s, one H) for one proton in 

I I 
the epoxide ring and a signal at 8-887 attributable to the grouping CH,-C-CH. 

Y 
The epoxide is stable to LAH in refluxing tetrahydrofuran. However, small yields 
(~15 g) of an alcohol may be isolated by chromatography which when pyrolysed in 
the form of benzoate afford a mixture of hydrocarbons whose IR spectrum exhibit 
bands at 888 and 815 cm-” in accordance with expectations. 

Although this evidence indicates the presence of a methyl group positioned on a 
double bond, further chemical evidence was deemed necessary. Ozondysis of the 
monoene (V) followed by hydrogenation of the ozonide, yields a product with indica- 
tions of a positive iodoform test. The same product is obtained by periodate oxidation 
of the cis-dial* (XIb) obtained by osmylation of the monoene. The presence of an 

l It is interesting to note that the tronr-diol (XIb) obtained by acetic acid cleavage of the epoxide 
(X) followed by saponification of the resulting acetoxy alcohol (XIa) was comparatively stable to 
sodium metaperiodate. 
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aldehyde function in the product was proved by a +ve Fehling’s test, by the NMR 
signal at O-27 (about one H) and Y,_ 2770 and 1730 cm-l. Hydrogen bonding is 
suggested by the broad nature of the carbonyl stretching band and the strong hydroxyl 
frequency which appears around 3530 cm- I. Oxidation with silver oxide followed by 
careful esterification of the acid with diazomethane affords an ester, ClsH,OZ (90x, 
GE), whose spectral properties are in accordance with the structure, XXII. The 
ester grouping is shown by vmax 1722 and 1178 (split) cm-l and a shoulder at 1663 
cm-l can be attributed to a tetrasubstituted double bond in conjugation with an ester 
carbonyl. The UV spectrum, il,,, 229 rnp (E 7,800), is strikingly similar to those of 
1-carbomethoxy-2-methylcyclopent-l(2) enell (XXIVb; Aman 232 rnp, E 11,000) and 
methyl-isolauranolatelS (XXIII Ima, 229 rnp, E 9,850), but different from that 
of 1-carbomethoxy-cyclopent-l(2) enelr (XXIVa; imax 222 rnp, E 11,500). This struc- 
ture is further supported by the NMR spectrum which does not show olefinic 
protons but indicates the presence of a methyl group on a double bond and carbo- 
methoxy protons(6s39 T, 3H). These data suggest structure XXI for the hydroxy 
aldehyde. * 

After this evidence regarding the presence of a trisubstituted double bond on a 
six-membered ring, the position of the hydroxy-isopropyl side chain and the nature of 
the other ring was ascertained experimentally. The epimeric mixture of dihydroalcohol 
(IIIa) affords a benzoate (IIIb), pyrolysis of which furnishes a hydrocarbon, Ci,H, 

(VIII), %,, 1642,887 cm-l (>=CHJ, which is also a mixture of epimers in the ratio 
(45 : 55, GLC). Ozonolysis in chloroform at 0” followed by decomposition with hot 
water gives formaldehyde (~70 o/o), acetone (ml 5 %) and a mixture of ketones. Chro- 
matography of the ketone mixture yields as the less polar fraction (~80 %) a mixture 
of two epimeric ketones, C,,H,O, which is a methyl ketone (XIV) as suggested by a 
+ve iodoform test, Y,, 1709, 1370 and 1348 cm-l and confirmed by the NMR 
signal (slightly split) at 7,867 (3H) (Fig. 6). The mixture of 2,4dinitrophenylhydra- 
zones may be separated by fractional crystallization and have m.ps 147-149” and 
118-122”. The more polar constituent (XVa), C,,H,O, may be separated from the 
methyl ketone by column chromatography. The IR spectrum of this ketone (Fig. 2), 
which is also a mixture of epimers (45 : 55, GLC), taken for a thin film and for chloro- 
form solution show split bands of almost equal intensity at Y,,~ 1733 and 1709 cm-*, 
thus indicating a keto group on a five membered ring. The presence of at least one 
methylene group flanking the carbonyl is indicated by the inflexion at 1422 cm-l. 
Many cyclopentanones and cyclopentenones are known to give split carbonyl bands 
and in the absence of other structural features which justify such an observation, these 
doublet bands in the carbonyl stretching region have been attributed to Fermi Reso- 
nance.ls Cyclopentanone itself gives two carbonyl bands at 1746 and 1728 cm-l and 

l For similar cyclizations see N. L. Wendler and H. L. Slates, 1. Amer. Chem. Sot. 80,3937 (1958) 
and K. Tanabe and Y. Morisawa, Chem. & Pharm. Bull.,Japan 11,536 (1963). 

I* E. R. H. Jones, G. H. Mantield and M. C. Whiting, J. Ckm. Sot. 4077 (1956); A. T. Nielson, 
J. Org. Chem. 22,1546 (1957). 

I* Prepared according to B. Shive, J. T. Horeczy and H. L. Luchte, J. Amer. Chem. Sot. 62, 2744 
(1940) and carefully esterified with diazomethane. 

13 0 R. N. Jones, C. L. Angel& T. Ito and R. J. D. Smith, Cud. J. Chem. 37,2007 (1960); 
b R. N. Jones and C. Sandorfy in Teclrniques of Organic Chemisfry (Edited by A. Wiessberger) 
Vol. IX; pp. 487 and 444. Interscience, London, New York (1956). 
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has been extensively studied. l4 3-Isopropenylcyclopentanone is reported15 to give two 
bands at 1744 and 1724 cm-l and a C,,-keto steroid showing doublets carbonyl bands 
at 1745 and 1742 cm-l is also known .lBcrmb On the strength of these reports in the 
literature the above bands are attributed to a cyclopentanone moiety. Apart from 
proving the presence of a cyclopentane ring in agarospirol, the above series of reaction 
also prove the position of the hydroxy-isopropyl side chain. The derived epimeric 
ketones (XVa) from agarospirol have been characterized as to epimeric 2&dinitro- 
phenylhydrazones, m.p. 194-196” and 201-203” and have been independently ob- 
tained via Baeyer-Villiger oxidation of the methyl ketone (XIV). An unambiguous 
synthesis of the ketone (stereochemistry unknown) fully substantiates the structure 
(XVa) assigned. The NMR spectrum of the derived ketone is also in accordance 
with the structure (XVa) and shows the presence of six cyclopentanone protons 
which appear as a triplet at 7-77, 7-89 and S-06 (J = 17 c/s). The other ring protons 
appear around 8.63~. The two methyl groups remain partly superimposed and appear 
at 9908, 9*19 and g-337.* 

Before the synthesis of the ketone (XV; Chart 3) was initiated in order to confirm 
the presence of a five membered ring, we attempted Baeyer-Villiger oxidation of the 
derived ketone with the expectation of getting a normal &lactone. The IR spectrum 
of the lactone (XVI) does not show the normal Uactone frequencylW but a single 
band at 1762 cm-l, too high for a &lactone in normal environments. Such high fre- 
quencies have been reported for Spiro-d-lactones in cardanolidesL6a*b and in certain 
tricyclic 6 1actoneP and is a consequence of ring strain.lea This observation suggests 
the presence of an abnormal ring fusion in the ketone and consequently in agarospirol 
and a Spiro juncture appears to be the only possibi1ity.t A closer examination of the 
IR spectrum of the ketone (XVa) confirms this view. Chiurdoglu and Turschm and 
Dixon and Narosl have studied a number of a Spiro compounds and indicate that a 
doublet in the region 7.30 to 7*66 p is probably characteristic of Spiro compounds. 
These bands are not of general applicability in the terpenoid field as isopropyl and 

l Signals for tertiary methyl groups in such Spiro compounds appear to show up at unusually 
high field, i.e. around 9.37. Cf. the two epimeric Spiro compounds (XVIb,c) reported by Kropp and 
Errnan’” where the tertiary methyl groups appear as doublets czntered around 9.30 and 9.387 respec- 
tively, positions too high for tertiary methyl groups in other compounds. 

7 The lactone (XVII) derived from acorone (XVIII) is reported” to show carbonyl frequency at 

/‘_ I 
1730 cm-l. This low value is probably the effect of the atkyl substituent. The lactone 

\ / 
O-CO 

is reported” to absorb at 1754 cm-l. 

I4 C. L. Angell, P. J. Kreuger, R. Lanzan, L. C. Leitch, K. Noack, R. J. D. Smith and R. N. Jones 
S~c~ruc~im. Actu 11, 926 (1959); and Refs cited therein; * C. Castinel, G. Chiurdoglu, M. L. 
Josien, L. Lascombe and E. Vanlanduyf, Bull. Sot. Chim. fi. 807 (1958); e for a recent related 
study see H. Minato, Bull. Chem. Sot., Japan 38, 1020 (1963). 

ls Y. R. Naves, Bull. Sot. Chim. Fr. 1372 (1958). 
Ilo R. N. Jones and F. Herling, 1. Org. Chem. 19, 1252 (1954); 

b R. N. Jones and B. S. Gallagher, J. Amer. Chem. Sot. 81,5242 (1959). 
l7 T. J. Perun, L. Zetfel, R. G. Nelb and D. S. Tarbell, J. Org. Chem. a,2937 (1963). 
Illa L. J. Bellamy 7%e 1frar& spectra ofcomp1ex molecules. Methuen, London (1960); 

b P. J. Kropp and W. F. Erman, J. Amer. Chem. Sot. 85,2456 (1%3). 
I* P. Wilder and A. Winston, J. Amer. Chem. Sot. 76,5598 (1955). 
** C. Chiurdoglu and B. Tursch, Bull. Sot. Chim., Be&es 66,600 (1957). 
** J. A. Dixon and P. A. Naro, J. Ol;g. Chem. 2!?!, 2094 (1960). 
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gem-dimethyl groups also absorb in the same region. However, the derived ketone 
(XVa) which does not contain any such grouping shows a clear triplet in the region 

7-10 to 755 p [1397 (w), 1370 (m), 1342 (w) cm-l], further supporting the presence of 
a spire juncture. The triplet nature is evidently due to the additional methyl groups 
in the ketone (XVa). 

The relative disposition of the alkyl substituents in agarospirol is established by 
dehydrogenation. Spiro compounds are known to give the corresponding naphtha- 
lenes under dehydrogenation conditions .22 Dehydrogenation of the diene (IV) and the 
monoene (V), under conditions used for agarospirol (Ia), gives in comparable yields 
(28-35%) of eudalene (XXVI), characterized by UV and IR spectra and as the sym- 
TNB and picric acid adducts. As only traces of azulenes were discernible, the per- 
hydroazulene skeleton is ruled out. The presence of naphthalenes other than eudalene 
could not be detected. Contrary to the ease with which the above compounds undergo 
dehydrogenation, the dihydro alcohol (I Ha), the monoene (VIII) or the skeletal hydro- 
carbon (VI) give under similar conditions poor yields (6-10%) of eudalene, detectable 
only by UV. These experiments clearly indicate the special part played by the 
trisubstituted double bond in facilitating dehydrogenation of Ia, IV and V. The de- 
hydrogenation to the corresponding naphthalene can be rationalized on the basis of 
a Spiro-(4,5)-decane structure for agarospirol. Isomerization to the naphthalene pre- 
cursor, greatly fascilitated by the presence of a double bond in a convenient position, 
followed by dehydrogenation, explains the formation of the eudalene. In this respect, 
agarospirol is reminiscent of acorone (XVIII), the corresponding diol from which 
gives a mixture of cadalene and 1,7-dimethyl-4-isopropylnaphthalene (daucalin).a5 

In accordance with these results, only two structures (Ia and XXV) are possible 
for agarospirol. As only eudalene would result from either Ia or XXV, differentiation 
between these structures was obtained by labelling followed by dehydrogenation and 
also by an unambiguous synthesis of the ketone (XV) starting from 2,6-dimethylcyclo- 
hexanone (t;ide infrcz). 

Treatment of the derived six membered ring ketone (XIII) with methyl-lithium 
yields the carbinol (XXIX) which may be purified and dehydrogenated with selenium 
to furnish a substituted naphthalene identified as l&dimethyl-64sopropyLnaphtha- 
lene (XXVII). The m.p. of the picrate (101-102”), agrees with that reported for 1,4- 
dimethyl-6-isopropylnaphthalene picrate ( 102-103°).~u The sym-TNB adduct which 
analyses satisfactorily has a m.p. 135-136” after four crystallizations, though it is 
reported to melt at 144*5-146°.Mu However, its identity as the derivative of l+di- 
methyl-6-isopropylnaphthalene is confirmed by its NMR spectrum.* The mutual 
shielding and deshielding affects exerted by alkyl substituents has been used to assess the 
relative disposition of the alkyl substituents in the naphthalene nucleus.2s The methyl 
protons in 1,4-dimethyl-6-isopropylnaphthalene are expected to give a signal at 158 c/s 
which is in good agreement with the observed values (156 and 158 c/s). If the structure 
(XXV) is correct these reactions through the corresponding derived ketone (XXX) 
should give 1,2-dimethyl-7-isopropylnaphthalene (XXVIII picrate m.p. 92-93*5”, sym. 

* Measured in dil. CS, solution. 
*% P. Linstead, Ann. Rep. Chem. Sm. 33, 295 (1936). 
Ia V. Sykora, V. Herout, J. Pliva and F. Sorm, C’olf. Czech. Chem. Commun. 23, 1072 (1958). 
**a G. Krishna Rao and S. Dev, J. Ind. Chem. Sot. 33,561 (1956); 

b A. E. Bradfield, B. H. He& B. S. Rao, J. L. Simonsen and A. E. Giltam,J. Cham. SOC. 668 (1936). 
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TNB adduct m.p. 108-l 10°)tiqband the methyl signals should appear at 144 and 151 c/s.% 
These observations support Ia as the only possible structure for agarospirol and 
confirmed by an unambiguous synthesis of the derived ketone (XV) as detailed below: 

+ CN -CM2 COOEI 
Amm~6crlaW 
Adrc mEId l /CN c\ ccon 

XylDnD 
No.N(l:l) 

BIXN a. R-H 
b,R-TD 

The easiest route to the ketone (XV) is an approach through the diacid (XXXIIIa). 
As a trial experiment, the Guareschi condensatiorP of 2,6-dimethylcyclohexanone, 
was unsuccessful. Use of a stronger base (NaOMe)27 also failed to furnish the Guares- 
chimide (XxX11) as o-methyl groups are known to hinder this condensation.%*= 
However, Knoevenagel condensation of 2,6-dimethylcyclohexanone with cyanacetic 
ester to the alkylidene derivative (XxX1) was achieved by the CopezB procedure, 
though a large amount of the catalyst (NH,OAc-HOAc) was necessary. 

Michael addition of sodiocyanacetamide to the alkylidene ester using McElvain’s 
procedure” gave 38 “/u yield of the required p-(2,6-dimethylcyclohexyl)-a,=‘-dicyano- 
glutarimide (XXXII), m.p. 254-S” which was hydrolysed with sulfuric acid to fur- 
nish a nearly quantitative yield of @piro-(2,6-dimethylcyclohexyl)-glutaric acid 
(XXXIIIa), m.p. 189”. As acyloin condensation of the diester (XXXIIIb) using a 
large excess of finely pulverized sodium in a dry inert atmosphere in boiling xylene, 
does not give the acyloin, the latter was obtained in good yield by using instead of 
sodium an alloy of sodium and potassium (1: l).2g Quick chromatography of the 

*5 B. A. Nagasampagi, R. C. Pandey, V. S. Pansare, J. R. Prahlad and S. Dev, Tefruhedron Letters 
8,41 I (1964). 

*I G. J. Handley, E. R. Nelson and T. C. Somevs, Awr. J. C&em. 13, 127 (1960). 
p7 S. M. McElvain and D. H. Clemens, J. Amer. Chem. Sm. 80, 3917 (1958). 
9* A. C. Cope and E. M. Hancock, Organic Syntheses 25,46 (1945). 
*O For a similar case, see B. Eisert, G. Back, IL Kosch, and F. Spalink, Chem. Ber. 93, 1451 (1960). 



126 K. R. VARMA, M. L. MAHESHWARI and S. C. BHATTACHARYYA 

reaction product on neutral alumina, deactivated with acetic acid, gave the pure acy- 
loin (XXXIVa), though there was some loss of material. From the earlier fraction of 
chromatography the keto-ester (XXXVI) and the Spiro-butanone (XXXVII), formed 
via Dieckmann condensation were isolated and characterized. 

The IR spectrum of the acyloin shows strong split carbonyl bands of almost equal 
intensity at I75 1 and 1703 cm-l apart from the hydroxyl(3509 cm-l) and Spiro absorp- 
tions [1402 (w), 1346 (m), I376 (w)] cm- l. The presence of a band at 1439 may be 
attributed to the -CH,-CO grouping. Lithium aluminium hydride reduction of the 
keto-tosylate (XXXIVb) gives the mono1 (XXXV) which on oxidation with chromic 
oxide* and chromatography furnishes small amounts of a hydrocarbon which appears 
to be XXXVIII together with the ketone (XV) as the major component. The IR 
spectrum of the synthetic ketone (XV) is almost superimposable on that of the ketone 
derived from agarospirol (Fig. 2), the difference being due to the stereochemical non 
homogenity of the derived product. The pure synthetic product shows the expected 
fine structure and unambiguously proves the correctness of structure (Ia) for agaro- 
spirol. Work on the stereochemistry and synthesis of agarospirol is in progress. How- 
ever, based on the information now available, the most probable stereochemistry of 
agarospirol is depicted by XXXIX. In the NMR spectrum, the doublet for the tertiary 
methyl group in agarospirol shows a normal pattern. In the acetate this methyl group 
appears as five closely spaced signals whose total area corresponds to 3 protons. It 
is also remarkable that in the spectrum of the acetate all other features are retained 
with the exception of the shielding effect produced in the methyl protons of the side 
chain. The explanation for this abnormal splitting may be sought in some steric factor, 
which leads to congestion on passing from the alcohol to the acetate. The possibility 
of any rearrangement during the interconversion of agarospirol to the acetate and oice 
versa can be unequivocally ruled out even from the NMR spectra themselves and has 
been confirmed by saponifying pure agarospirol acetate to agarospirol; agarospirol 
thus generated on acetylation reforms the same acetate as above, as confirmed by 
their identical physical properties and spectral data. 

Studies with Dreiding models indicate that only one conformation is possible where 
the acetoxy-isopropyl side chain and the tertiary methyl group come unusually close 
together. In all the other possible models the two groups are too far apart to account 
for the above phenomenon of abnormal splitting. It would thus appear that agaro- 
Spiro1 has the stereochemistry as in XXXIX, Such a geometry can also explain the 
difficulty encountered in acetylation in contrast to the facile saponification brought 
about by cold alcoholic alkali, a property not in accordance with the behaviour of 
tertiary alcoholic groups in many other molecules. The positive rotation of agaro- 
Spiro1 acetate (+ 1 I-32’) as compared with the negative rotation (- 57”) of agarospiro1 
also supports the steric restriction imposed on the side chain of agarospirol acetate, 
readily explained by the geometry (XxX1X). 

l This composite method of reduction of acyloin 
lished work of V. V. Dhekne of our laboratory. 

to the corresponding monoketone is the unpub- 
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The suggested structure for agarospirol does not represent a true isoprenoid. In 
view of the difference observed in the NMR spectra (Fig. 5) of the derived (XVa) and 
synthetic ketone further work is being undertaken to separate the two epimers from the 
derived ketone and also to collect additional evidences to substantiate the proposed 
structure and stereochemistry of agarospirol. Agarospirol may be biogenetically 
related to dihydroagarofuran (XXXX) another constituent isolated and studied from 
the same oil.a This view is strengthened by the presence in large amounts of alcoholic 
components on/y in the fungus infected wood. The following mechanism may be 
visualized : 

ci-$Ii; ‘pl;i- q-Gyjy& 

R xs11 “,<‘I 

The resulting stereochemical formulation (XXXXI), like the previously indicated 

D C R A 0 0 
I 

A 
I I 

e 0l-i 

A 

+i 
A B 

8 oc 
C 

I I I t I I I I I 

z 3 4 5 6 7 8 9 10 

PPM 
FIG 4 



128 K. R. VARMA, M. L. MAHESHWARI and S. C. BHAITACHARYYA 

sterio formula (XXXIX), would also explain the abnormal NMR sI~~trurn of agaro- 
spirol acetate. The formation of (XXXXI) involves a flipping of the six-membered 
ring to relieve I : 3-di-axial interaction of the two methyl groups at Cz and CS to give 
the intermediate Spiro carbonium ion. 
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EXPERIMENTAL 

All m.ps are uncorrected, b.ps indicate the bath temp. Rotations were taken in chloroform 
solutions. The IR spectra were taken in liquid cells or as liquid films for liquids and as nujol mulls 
for solids on a Perkin-Elmer 137B Infracord spectrophotometer. UV spectra are recorded for ethanol 
solution on a Beckman DIG! instrument. The GLC analyses were carried out using polyester columns 
on a Perk&-Elmer model or a Griffin-George instrument operating under press. using Hs as carrier 
gas. Pet. ether indicates the fraction b.p. 60-80”. Neutral alumina graded according to the Brockman 
s&em was used for chromatography. 

DQ E. Lederer and M. Lederer, C/zramatograpRy p. 26 Elsevier, N.Y. (1957); H. Brockmann and 
H. Schtidder, Ber. Dtsli. Chem. GM. 74,73 (1941). 
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The alcoholic fractions of agarwood oil from the infected wood* were chromatographed over 
fifty-fold alumina (gr. II). The earlier fractions eluded with benzene were a mixture of ketonic and 
other oxygenated constituents studied earlier. ’ The latter fraction having comparable properties 

1 I I I I 1 I I 1 

B 

2 3 4 5 6 7 8 9 10 
PPM 
FIG. 6 

(15 g) were mixed with freshly fused sodium acetate (15 g) and acetic anhydride (75 ml) and refluxed in 
an oil bath at 15o-60” for 6 hr and worked up to give the crude acetate (17.7 g) which was chromato- 
graphed over alumina (gr. II, 160 fold). The material (1.7 g) eluted with pet. ether was identified as 
IV. The earlier fractions eluted with pet. ether-benzene (85: 15) and showing comparable physical 
characteristics were mixed and distilled to furnish pure (GLC) agarospirol acetate (Ia, 10 g), b.p. 
130”/05 mm, (a): -t 1 l-33” (c, 9*52), n: l-4892, mol.wt. 266.4 (saponification); Ymax 1730,1253 cm--l 
(ester); 813cm-1 (trisubstituted double bond). NMR signals: 9.16, 9.1, 9.09, 9.06, 8.94 (3H, C, 
methyl), 8-57 (d, 6H, 1.5; C, side chain methyl protons), 8.37 (d, 3H, 2; C, methyl), 8.08 (S, 3H, 
acetoxy protons), 4-82 (broad, lH, C, (3 proton). (Found: C, 77.3; 77.13; H, 10*8,10.48. C,,H,,O, 
requires: C, 77.27; H, 10.6%). Attempted reduction with LAH in refluxing tetrahydrofuran gave 
back the starting material. The later fractions of chromatography (vmar 1645, 888 cm-‘) are under 
investigation. 
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Agarospiruf (la) 

Agarospirol acetate (28.82 g) was mixed with alcoholic potash (110 ml, 10%) and left at room temp 
for I7 hr. The product was diluted with water (600 ml) and extracted with ether (3 x 150 ml) and 
the combined ether extracts washed with water, dried over Na,SO, and the solvent removed to give 
the crude alcohol (245 g) which was freed from traces of unsaponified material (300 mg) by chroma- 
tography over alumina (gr. II, 500 g). The alcoholic fraction eluted with ether was distilled to furnish 
pure (GLC) agarospirol (la), as a colourless oil, b.p. 90-91”/0*1 mm, (a): -5.7” (c, 28.7), ng 1.5080, 
d,‘: 0.9797; +ve tetranitromethane test, Ymax 1654, 813 cm’ 1 (trisubstituted double bond), 3472, 
1149 cm-’ (t --OH); NMR signals :I1 9.16, 9.06 (d, 3H, 6; C, methyl); 8.89, 8.83 (d, 6H, 3; CI1 
side chain); 8.33 (broad d, 3H, 2; Cg methyl), 4.85 (broad S, one H; C, proton). (Found: C, 80.67; 
H, 11.34. CIIHtaO requires: C, 81 a08 ; H, 11 a71 %). It did not give any solid hydroxy derivative. 
Attempted oxidation with chromic oxide-pyridine complex7 yielded only the starting material. It 
resisted acetylation with acetic anhydride-pyridine; even under reflux only poor yields of acetate 
could be realized. 

Dih_ydrongurospirof (II Ia) 

Agarospirol (t-56 g) in glacial acetic acid (60 ml), containing PtO, (150 mg, pre-reduced) on stir- 
ring at 22” in an HP atm absorbed in the course of 5 hr H, (300 ml) equivalent to one double bond. 
The catalyst was filtered off, diluted with water (250 ml) and extracted with ether (3 x 75 ml). The 
combined ether extracts were washed with dil. Na,CO, aq and water, dried over NaSO, and the 
solvent removed to furnish the crude product (2.57 g) which was chromatographed over alumina 
(gr. III, 40 g). Elution with pet. ether failed to elute any hydrogenolysis product. Total elution with 
benzene (20 ml) followed by distillation furnished dihydroagarospirol (IIIa, 2.49 g) as a viscous oil, 
b.p. 118”(bath)/0.4 mm, ($,’ -!. 18-94” (c, 12.98), $ l-4962, urnax 3490, 1146 cm-’ (t -OH); -ve 
tetranitromethane test; NMR signals: 9.30, 9.18, 9.10 (t, 6H; superimposed C, and C, methyls); 
8.87,8.91 (d, 6H, 3; C, side chain). GLC analysis showed it to be a mixture of two epimers (56:44). 
Attempted oxidation with chromic oxide in glacial acetic acid yielded the starting material, It did 
not give any solid ester derivative. (Found: C, 80.17; H, 12.51. C,&HoeO requires: C, 80-37; 
H, f2.50%). 

Hydrogenation of agarospirol using PtOt in ethanol or ethyl acetate and with Pd-C (10%) in the 
same solvents gave comparable results. 

Agarospirol (1.0 g) in chloroform (10 ml) was cooled in ice and mixed with a chloroform solution of 
perbenzoic acid (0.92N ; 1.2 mole) and left in the cold for 24 hr. The chloroform solution was washed 
with dil. Na,CO, aq and water, dried over Na,SO, and the solvent removed under red. press. to 
furnish the epoxide (O-95 g) whose IR spectrum exhibited weak Ymax 1712 cm-l, due to partial iso- 
merization to the ketone. Crystalhzation from pet.ether gave shining cylindrical rods of epoxy agaro- 
Spiro1 (II, 300 mg), m-p. 109-llO”, (a)‘,” +44*78”; vrnax 1113, 1117, 1073, 86Ocm-l (epoxide), 3540 
cm--l (-OH); NMR signals 9.13, 9.25 (d, 3H, 7; C, methyl); 8.77 (s, 6H; CI side chain)+ 8.69 
(s, 3H; Ct methyl); 7.1 (t, one H, 5; CZ proton). (Found: C, 75-54; H, 10.76. ClrH,,Or requires: 
C, 75.58; H, 11.00%). 

The munoene (VIII) 

(a) Dihydroagarospirol was benzoylated under the conditions used for agarospirol benzoatc (vi& 
inJu) and the crude benzoate purified by chromatography over alumina and distilled to furnish pure 
dihydroagarospirol benzoate (IIIb) as a viscous oil, b.p. 180”/0-2 mm, (a)? +0.72” (c, 5.6), ng 
1.5240. NMR signals: (Fig. 4) 9.03, 9.07, 9.12, 9.26 (6H, partly superimposed CI and C, methyls); 
840,848 (d, 6H, 4; C7 side chain); 2.63 and 2.07 (5 aromatic protons). It could not be induced to 
crystallize. (Found: C, 8058; H, 9-96. C,,H,,O, requires: C, 8048; H, 9.754%). 

(b) Pyrolysis of dihydroagarospirol benzoate under the conditions used for agarospirol benzoate 
(de infro) followed by chromatography over alumina (gr. I, 70 fold) and distillation over Na gave 

in 90 % yield the monoene (VIII),(a)~’ $15.39” (c, 10.47),x? 1 *4920,vm.x 1642,887 cm-l (>=CH+ 

01 s, singlet ; d, doublet; t, triplet. In the parenthesis, the nature of the signals (7) corresponding 
number of protons, the splitting constant J (c/s) and the assignments follow in that order. 
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NMR signals: 9.25, 9.18, 9.10 (superimposed Cd and C, methyls); 8-28 (d, 3H, 1.5; C,, methyl); 
5.40 (S, 2H, C,, unsaturated methylene protons). (Found: C, 87.11; H, 12.53. C1aH3a requires: 
C, 87.32; H, 1269%). It could not be successfully resolved by GLC into the two epimers. 

?Ae ketones (XIV und XVa) 

The monoene (VIII, 3.45 g) in dry chloroform (60 ml) was ozonized at ice temp for 6 hr (ml20 mg 
of ozonejhr). The solvent was removed under red. press. and the residue heated with water (30 ml) 
for 3 hr on a water bath. The volatile vapours were collected in a cold water trap and divided into 
two portions. One portion gave formaldimedone, m.p. 188”, undepressed by an authentic sample. 
The weight of the crude formaldimedone corresponded to about 60% of isopropenyl moiety. The 
other portion gave iodoform, m.p. 119” (ale-water), the weight of the crude iodoform corresponding 
to about I5 % of isopropylidene moiety. 

The non-volatile -&rtion was extracted with ether and worked up to give an oil (3.0 g) which was 
chromatographed over alumina (gr. III, 150 g), Elution with pet. ether (100 ml) furnished unreacted 
hydrocarbon (965 mg). Further elution with pet. ether (100 ml) furnished a mixture of the ketone 
(XIV; Ymax 1709 cm I) and an ester** (vrnrx 1733, 1242 cm-l) which were separated by saponification 
followed by chromatography (the ketonic portion was identified as XIV while the alcoholic portion 
on oxidation gave XVa). Further elution with pet. ether (900 ml) gave the ketone (XIV, 815 mg) 
which was further purified by rechromatography to furnish an analytical specimen, b.p. 14O”(bath)/ 
3.5 mm, (cc): .- 0.35” (c, 6.0); Ymax 1709, 1370, 1348 cm-l (-CO.CHS); -i-ve iodoform test; NMR 
signals: 9.27, 9.20, 9-l (t, 6H; superimposed methyls at Ct and Q; 8.43 (s, one H; C1 proton); 
7.86 (S, 3H, -CO.CHI). (Found: C, 80-26; H, 11.53. C,,H3,0 requires: C, 80.67; H, 1 I.61 %). 
It gave a mixture of epimeric 2,4dinitrophenylhydrazones which were separated by fractional crys- 
tallization (ethanol) and gave m.ps 147-149’ and 118-123” (more soluble). Thin layer chromatography 
showed that both derivatives were fairly pure (Found: N, 14.53 and 14.28 respectively, &,H,,N,O, 
requires: N, 14*43x). The mixture of two epimeric semicarbazones showed m.p. 193-95” 
(alcohol) (Found: C, 68.92; H, 10.26; N, 15.82. C,,H,,N,O requires: C, 68-79; H, 10.28; N, 
16.74%). 

Further elution of the initial column with pet. ether-benzene (9: 1) furnished a product (513 mg) 
which was purified by rechromatography over alumina to yield the ketone (XVa), b.p. lM”(bath)/ 
3-5 mm, Ymax 1709, 1733 cm-r (cyclopentanone); 1397 (w). 1370 (m), 1342 (w) cm-l (Spiro system). 
GLC analysis showed an approximate epimer ratio (45: 55). Repeated fractional crystallization 
from ethanol gave two epimeric t+dinitrophenylhydrazones, m.p. 194-196” and 201-203”. Both 
were fairly pure by TLC. (Found: N, 15.32; 15-80 respectively. C,,H,,N,O, requires: N, 
1555%). 

Bueyer- Vilf(qer oxidation of the ketone (XIV) 

To the ketone (XIV, 450 mg) in chloroform (5 ml), containing a catalytic amount of p-toluene- 
sulfonic acid, was added in the cold, a chloroform solution of perbenzoic acid (6 ml, O-9 N) and the 
mixture left ice cold for 48 hr. The product was found to be constituted mainly of the ester ~~~~~ 
1740(s), 1242(s) cm-l]. Saponification by reffuxing for I hr with alcoholic potash (IO ml, 5 %) followed 
by chromatography over alumina (gr. 111, 7 g) furnished the pure alcohol (212 mg; Ymax 3356, 1020 
cm-r) free of the ketone. The alcohol, in glacial acetic acid (3 ml), was mixed with a solution of 
0-0, (I50 mg) in acetic acid (3 ml) containing water (3 ml) and left at room temp for 3 hr. Excess 
of 00, was decomposed with methanol, diluted with water (30 ml), extracted with ether (3 x 20 ml), 
the combined ether extracts washed with dil. Na,CO, aq and water, dried over Na,SO, and the solvent 
removed to furnish the crude ketone which was chromatographed over alumina (gr. III.3 g). Elution 
with pet. ether-benzene (8 : 2, 30 ml) furnished the ketone (XVa), b.p. 130°(bath)/3.0 mm. The IR 
spectrum was superimposable on that of the ketone obtained by ozonolysis; the triplet at 1397,137O 
and 1342 cm-’ in the IR spectrum is attributable to a spiro system. It gave the same 2,4dinitrophenyl- 
hydrazones mentioned above. (Found: C, 79.83; H, 1 l-35. CllHIoO requires: C, 80.0: H, 11*20%). 
NMR signals: 9.08, 9.19,9*33 (two tertiary methyl groups), 8-63 (six-membered ring protons), 7.77, 
7.89, 8.06 (6H, t, 17; five-membered ring protons). 

a* Formation of esters during ozonization is not without precedents. 
L. Comeau and M. Naudet, Bull. Sue. C&m., Fr. 1794 (1963). 

For example, see J. 
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The /actone (XVI) 

The ketone (XVa, 30 mg) in chloroform (2 ml) containing a catalytic amount ofp-toluenesulfonic 
acid was mixed with a chloroform solution of perbenzoic acid (0.9 N, 3 ml) and left ice cold for 48 hr. 
The product was saponified by refluxing with alcoholic potash (5 ml, 5 %) for 2 hr. It was diluted 
with water and extracted with ether (2 x 15 ml). The aqueous solution was acidified with HCI aq 
and extracted with ether (3 x 10 ml), the combined ether extracts washed with water, dried over 
Na,SO, and the solvent removed to furnish the crude lactone which was passed over a column of 
alumina (gr. 11, 500 mg) and eluted with benzene to furnish the pure lactone (XVI, 15 mg), Ymsx 
1762 cm-l (Found: C, 74-25; H, 10-52. C,,H,O, requires: C, 73.47; H, lo-21 yd. 

The diene (IV) 

(a) Agarospiror benzoate. To agarospirol (1.6 g) in pyridine (5 ml) was added benzoyl chloride 
(2 ml) and the mixture left at room temp for 24 hr. Water (30 ml) was added and the product heated 
on a water bath for 20 min cooled and extracted with ether. The combined ether extracts (100 ml) 
were washed with dil. Na,CO, aq and water, dried over Na,SO, and the solvent removed to furnish 
the crude benzoate whose IR spectrum showed absence of hydroxyl absorption. Chromatography 
over alumina (gr. II, 50 g) furnished the pure benzoate (Jc), b-p. 175”(bath)/0*2 mm, (a~): + 5.96*, 
nr l-5279. It could not be induced to crystallize (Found: C, 8090; H, 9.52. C,,H,O, requires: 
C, 80.91; H, 9.69 %). 

(b) Agarospirol benzoate (l-6 g) was pyrolysed by heating in an oil bath at 22&230” for 30 min 
at 100 .!: 5 mm press. The material that distilled over was combined with the residue and filtered 
through a column of alumina (gr. I, 50 g) and eluted with pet. ether (150 ml) to furnish the pure diene 
(IV, 1.03 g). Distillation over Na gave an analytical specimen, b.p. 118”/3.0 mm, (ar)” - 1.98” (c, 

14.64 %), nr 1*5046, dp3: O-91 56; Ymxx 3096, 1777, 1639, 888 cm-.’ (>-CHI), 813 cm l (trisubsti- 

tuted double bond); E 210 rnp 3880; NMR signals: 9*06,9*16 (d, 3H, 6; C, methyl), 8-27 (S, 6H, 
C, and C,, methyls), 5.37 (S, 2H; Cu unsaturated methylene protons), 4.78 (broad S, one H; C, 
proton). GLC analysis showed it to be a pure product. (Found: C, 88.08; H, 12.06. CIIH,, 
requires: C, 88.24; H, 11*7772. 

Attempted isomerization with N-lithioethylenediamine, perchloric-acctic acid, BFI ethereate or 
formic acid did not give any appreciable amount of conjugated product as checked by UV absorption 
measurements. In all cases, shifting of the methylene double bonds from the side chain, without 
creating conjugation could be observed in the IR spectra. 

The morwene (V) 

The diene (IV, 1.34 g) stirred in absolute methanol (60 ml) containing Pd-C (200 mg, 5%) was 
allowed to absorb H, (185 ml) equivalent to l-08 double bond. The catalyst was filtered off and 
solvent removed to furnish the crude hydrocarbon which was a mixture of VI, V and IV in the ratio 
10: 75 : I5 by GLC analysis. Elaborate column chromatography over 1000 fold alumina (gr. I) col- 
lecting fractions of 25 ml each in pet. ether gave in the middle fractions in a pure condition (98 %, GLC) 
the monoene (V, 0.70 g) which was distilled over Na to furnish an analytical specimen, b.p. 118”(bath)/ 
3-3 mm, (z)‘,” -I 4-8” (c, 5-O), # l-4900; Imax 1656, 81 I cm 1 (trisubstituted double bond), 1379, 
1362 cm-l (Isopropyl group); E 210 m/J 2,600; E 215, 2,200. NMR signals: 8.43 (d, 3H, 2, C, 
methyl); 4-80 (broad, S, one H; C1 methyl) (Found: C, 87.01; H, 12-78. ClsHar requires: C, 
87.32; H, 12.69ya. 

Agaruspirane (VI) 

The diene (IV, 500 mg) stirred in glacial acetic acid (20 ml) with PtO, (50 mg, pre-reduced) in an 
H, atm absorbed in the course of 4 hr, Ho (132 ml) equivalent to 2.03 double bonds. Thereafter no 
absorption was noticed. The catalyst was filtered off, the filtrate diluted with water (60 ml), extracted 
with pet. ether and the combined pet. ether fractions (50 ml) washed free of acid, dried and solvent 
removed to yield the saturated hydrocarbon (480 mg) which was left ice cold for 24 hr in a chloroform 
solution of perbenzoic acid (5.0 ml, 0.52 N). The product was filtered through a column of alumina 
(25 g, gr. I) and the skeletal hydrocarbon (VI) eluted with pet. ether (50 ml). An analytical specimen, 
distilled over Na, showed b-p. 112*(bath)/3*0 mm, (a)‘,” + 19.88” (c, 10*5), &’ l-4772; Ymax 1379, 
1361 cm-l (isopropyl group): . ve tetranitromethane test: NMR spectrum: 9.32,9-2,9*17,9-12.9-08 
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(superimposed Cz, C, and C,, methyls). GLC analysis showed that it was a mixture of two epimers 
in the ratio (45 : 55). (Found: C, 87-O; H, 1290. C,,H,, requires: C, 8648; H, 13.52 O/J. The IR 
spectrum was different in the finger print region from that of an authentic sample of selinane (VII), 
(a): + 14.19” (c, 5.4). nr 1.4795, prepared by a similar process from dihydroeudesmol. Attempted 
isomerization of VI with BF, etherate in dry benzene (room temp, 24 hr) yielded starting material, 
identical in IR, NMR and other physical constants. 

The epoxide (X) 

The monoene (V, 3.25 g) in dry chloroform (10 ml) was mixed in the cold with a chloroform 
solution of perbenzoic acid (42 ml, 1-O N) and left ice cold for 24 hr. Titration of an aliquot portion 
after this interval indicated consumption of 0.98 mole equivalent of peracid. The product, the crude 
epoxide (3.23 g), showed weak vmlrx 3560 and 1713 cm-* indicating the presence of hydroxyl and 
ketonic impurities. Chromatography over alumina (gr. II, 130 g) and elution with pet. ether gave in 
the middle fractions the epoxide (X, 2.2 g) which was 98 ‘4 pure by GLC. An analytical specimen 
showed b.p. 120°(bath)/l mm, (r)pd -*‘.ll-32” (c, 6*185), J$ l-4845; Ymmx 901 cm l (epoxide); NMR 
signals: 7.20,7-26 (d, one H, 4; C, proton), 8-807 (S, 3H; C, methyl). (Found: C, 80.71; H, 1 l-77. 
C,,H,,O requires: C, 81.08; H, 11.71%). 

Attempted reduction with LAH in refluxing tetrahydrofuran gave an alcohol (~15%)~ Y,,,~~ 3560 
cm l which was purified by chromatography and pyrolysed as the benzoate to furnish an hydro- 
carbon mixture, Ymax 888 cm-* (medium, exocyclic double bond) and 813 cm-l (w, trisubstituted 
double bond). (Found: C, 86.93; H, 12.54. CllH4@ requires: C, 87.32; H, 12.69%). 

Isomerization of the epoxide 

To the epoxide (730 mg) in dry benzene (10 ml), BFI ethereate (0.3 ml) was added with cooling 
and the product left at room temp for 1 hr. The light brown coloured solution was washed with dil. 
Na,COI aq and water, dried and the solvent removed to furnish the crude product, Ymax 3571, 1709 
cm I. Chromatography on alumina (gr. II, 40 g) furnished on elution with pet. ether and pet. ether- 
benzene (8 : 2) respectively, unreactedepoxide (90 mg) and a ketone (H)o mg); Ymar 1710 (s), 1422 (sh) 
cm-l, (a); i 15.70 (c, 9*175), rrr 14860. (Found: C, 81.66; H, 11*7I. C,,H,,O requires: C, 81.08; 
H, 1 l-71 %), whose IR spectrum was superimposed on that of ketone (XIII) obtained by hydrobor- 
ation and oxidation of monoene (V). Further elution with pet. ether-benzene (6:4) furnished a viscous 
oil (225 mg; presumably an enolic a-ketol), b.p. 160°(bath)/O*2 mm, (IX):: ~2.43~ (c, 8.62; )&a, 
292 rnp (P 124), 237 rnp (shoulder) E 743) ; Ymax 3425 (s), 1706 (s) 1613 cm-l. (Found: C, 75.91; 
H, 11.15. C,,H,,Ot requires: C, 75.63; H, 10.92yJ. This product was not further investigated. 
Repetition of the isomerization under different conditions (using also ether as solvent) gave wmpar- 
able results. 

T/W morrol (XII) 

To the monoene (V, 620 mg) in purified tetrahydrofuran (20 ml), containing a trace of anhydrous 
Zn chloride and cooled in ice, was passed diborane generated’O by the addition of a solution of 
NaBH, (I.2 g) in pure, dry diglyme (20 ml) to a solution of BFI ethereate (15 ml) in diglyme (30 ml). 
The addition of diborane was over in I.5 hr. After another hr at room temp, NaOH aq (10 ml, 12%) 
was added under ice cooling followed by H,O, (10 ml, 300/J in the course of 1 hr and the mixture 
left at 0” for 2 hr. The upper layer of tetrahydrofuran was separated and the aqueous layer extracted 
with ether (3 x 30 ml). The combined organic layers were washed with water, dried over Na,SO, 
and solvent removed to yield the crude mono1 (580 mg) which was chromatographed over alumina 
(gr. II, 10 g). Pet. ether (50 ml) eluted unreacted hydrocarbon (100 mg). Benzene elutcd the alcoholic 
material (470 mg) which was distilled to furnish an analytical specimen of the mono1 (XII), b.p. 140” 
(bath)/O-8 mm, (=g + 12.23” (c, 3*93), &‘*” 1.4913; Ymax 3448,1036 cm-* (-OH); 1389, 1370 cm-’ 
(isopropyl group). GLC analysis on a polyazelate column showed the presence of two epimers in 
the ratio 30:70. (Found: C, 80.91; H, 12-70. C,,H,,O requires: C, 80.37; H, 12.59%). 

The ketone (XIII) 

(a) To XII (170 mg) in glacial acetic acid (3 ml), 00, (I 20 mg) was added in glacial acetic acid 
(4 ml) containing distilled water (3 drops) and the mixture left at room temp for 1 hr. It was diluted 
with water and extracted with ether. The combined ether extracts were washed with dil Na,CO, aq 
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and water dried over Na$O, and the solvent removed to furnish the crude ketone which was chroma- 
tographed over alumina (gr. II, 10 g) and eluted with pet. ether-benzene (8 : 2, 50 ml) to furnish pure 
XIII (130 mg). Ether (40 ml) eluted unreacted alcohol (25 mg). The ketone was distilled to furnish 
an analytical specimen, b.p. 118”(bath)/0~35 mm, (2); + 16-92” (c, 2*24), n: 1.4833. It was a mixture 
of 2 epimers in the ratio 31:69 by GLC; Ymax 1712, 1424 cm-i (six membered ring CH,.CO); NMR 
signals: 9.37 (sharp S, <3H ; J > 1 I c/s, probably due to part of C, methyl), 7.83 (d, 3H, 5; Ca 
and C, protons). (Found: C, 81.49; H, 11.79. CllHIIO requires: C, 81.08; H, 11.71%). 

(b) The above mixture of epimers (XIIl, 60 mg) was heated for 6 hr with a solution of K (100 mg) 
in absolute t-butanol (IO ml) on a water bath. The product was diluted with water and extracted 
with ether. The combined ether extracts were washed with water, dried over Na,SO, and the solvent 
removed to furnish the ketone (48 mg) which was found to be a mixture of epimers in the ratio 
(13187) by GLC and was totally converted to the 2,4dinitrophenylhydrazone which was initially 
obtained as a liquid and was chromatographed over alumina (10 g, gr. II). Elution with pet. ether- 
benzene (9: I, 30 ml) gave 10 mg of material. Further elution with pet. ether-benzene (I : 1,20 ml) 
gave 26 mg derivative, m.p. 179-180” (shining orange needles from ethanol). Benzene (30 ml) eluted 
impure material (5 mg). (Found: C, 83.11; H, 9.69; N, 21.00. C9,Ht0N,01 requires: C, 83.45; 
H, 9.93; N, 21.19%). 

The trans-diol (XIb) 

The epoxide (x, 1-O g) was heated for 2 hr on a water bath with glacia1 acetic acid (i0 ml). The 
acetic acid was removed under red. press. and the product chromatographed over alumina (gr. II, 
30 g). Elution with pet, ether-benzene (8:2, 100 ml) gave the impure enol-acetate (220 mg) as a by- 

product, urnax 1733, 1235 (ester), 1631,878 
( 
> - C-CHs ,843 (825) cm-’ (trisubstituted double bond). ) 

This was saponified with alcoholic alkali and the 2&dinitrophenylhydrazone prepared and purified 
by chromatography, m.p. 177-179” identified as the derivative of XIII by mixed m-p. 

Further elution of the original column with ether (100 ml) gave Xla (620 mg) which was saponified 
by refluxing with alcoholic potash (10 ml, 20%) and purified by chromatography over alumina (gr. III, 
25 g) and distilled to furnish an analytical specimen of the rrans-diol (XI\>), b.p. 133”(bath)/O.l3 mm, 
(a)E +9.8” (c, 6.5), nr 1.5028; Ymax 3521 (strong, -OH). NMR signals: 8.88 (S. 3H; C4 methyl); 
9*35,9*23,9-18,9.07,9.02 (other methyls); 6.56 (S, one H; Cj proton). (Found: C, 76.28; H, 11.86. 
CllHleOt requires : C, 76.02; H, 11.67 %). It did not react with sodium metaperiodate under varied 
conditions. 

The cis-diof (XIb) 

The monoene (V, 800 mg) tias mixed with a solution of OsO, (l-0 g) in dry ether (25 ml) containing 
dry pyridine (4 ml) and left for 6 days. The chocolate coloured precipitate was filtered off and 
refluxed for 4 hr with a mixture of benzene (50 ml), methanol (50 ml), water (50 ml), KOH (5.0 g) 
and mannitol(5.0 g). The mixture was diluted with water (100 ml), the benzene layer separated and 
the aqueous layer extracted with benzene (3 x 50 ml). The combined benzene extracts were washed 
with water and the solvent removed to furnish the cis-diol (690 mg) which was chromatographed 
over alumina (gr. III, 15 g). Pet. ether (70 ml) eluted unreacted hydrocarbon (280 mg). Benzene- 
ether (9: 1, 50 ml) eluted the cis-diol (Xlb, 380 mg), b.p. 14O’(bath)/0*15 mm, nr 1.5060, Ymax 3584 
cm-l (strong, -OH). (Found: C, 75.71; H, 11.56. C6HZ10 requires: C, 75.02; H, 11.67%). 

The cis-dial (XIb, 150 mg) in dioxane (6 ml) was stirred with a solution of sodium metaperiodate 
(150 mg) in water (13 ml) for 3 hr, diluted with water, extracted with ether, the ether extracts washed 
with water and the solvent removed at 40”. The last traces of moisture and dioxane were removed 
by adding benzene and removing the solvent under red. press. at 40”. The product (XXI, 135 mg) 
showed vmsx 3603 (broad, -OH), 2770, 1730 cm-l (broad, aldehyde); positive Fehling’s test, nega- 
tive iodoform test ; E 240-247 rnp, 140-I 70; NMR signal: O-2 (broad, about one H, aldehyde proton). 
Distillation in vucw did not lead to any appreciable dehydration as checked by UV measurements. 

Ownizufion of the monoene 

The monoene (V, 750 mg) in dry 
O9 was bubbled in until absorption 

ethyl acetate (25 ml) was cooled to -20” and a stream of ozonized 
ceased (3.5 hr). Pd-C (1 50 mg, 10%) was added and the product 
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hydrogenated. Absorption of H, (1 IO ml) was over in 2 hr at atm. press. The catalyst was filtered 
off and the solvent removed under red. press. (below 40”) to afford a viscous oil (700 mg); vmax 
-3330 (broad, hydroxyl), 2762, 1745-1724 cm-i (broad, aldehyde), 1637 cm-l (sh); NMR signals: 
O-2 (about one H, aldehyde proton, 3.0 (unreacted monoene, double bond proton), no signal attribut- 
able to a methyl ketone, positive Fehling’s test, negative iodoform test. These results are comparable 
to those of XXI obtained by cleavage of the cisdiol. 

The ester (XXII) 

The above ozonization product (600 mg) in methanol (20 ml) containing AgtO (1.0 g) was stirred 
in the dark for 24 hr, after which KOH (300 mg) in methanol (5 ml) and water (3 ml) was added and 
stirred for another 24 hr. The product was diluted with water and extracted with ether. The aqueous 
layer was carefully acidified with dil. HCl aq in the cold, saturated with NH&l and extracted with 
ether. The combined ether extracts (about 100 ml) were washed with water till free from mineral 
acid, dried and the solvent removed leaving the crude material (300 mg) which in ether (20 ml), was 
treated with the calculated amount of anethereal solution of diazomethane at 0”. Immediately, acetic 
acid was added to decompose excess diazomethane. The solvent was removed and the product 
distilled to furnish XXII (105 mg), b-p. 127”@ath)/0.2 mm, t$,’ I a4720, urn- 1722,1178 (methyl ester), 
1663 cm 1 (tetrasubstituted double bond in conjunction with ester carbonyl), Amnr 229 rnp (E 7,800). 
NMR signals: 8.35 (broad S, about 3H; methyl on double bond), 6-39 (S, 3H; carbomethoxy 
protons). The compound was about 85% pure by GLC. No further purification was attempted. 
(Found: C, 75-36; H, 10.20. C,,H*,O, requires: C, 76.81; H, 10*4OY$ 

I-Carbomethoxy-2-methyl-cyclopent-I-(2)-ene is reported” to absorb at il,,, 232 rnp (e 11,100) 
and lcarbomethoxy-cyclopent-l-ene at 222 rnp” (E 11,500). Isolauranolic acid prepared according 
to Shive et al.** and esterified quickly with diazomethane gave an analytical specimen (GLC) of 
methyl isolauranolate (XXIII) il,,, 229 mp (e 9,850). (Found: C, 78.82; H, 10.42. Calc. for 
CloHleOl: C, 78.96; H, 10.51%). 

Agarospirol (I.63 g) was heated with Se (1.6 g) in a N1 atm. at 285-290” for 18 hr. The reaction 
product was totally eluted through a column of alumina (gr. I, 50 g) using pet. ether (300 mf). Traces 
of azulenes (20 mg, unidentified) were removed by washing with phosphoric acid and the non-azulenic 
portion (l-43 g) treated with an equal amount of picric acid in ethanol (20 ml) to furnish the crude 
picrate, the weight corresponding to approximately 31% conversion to the naphthalene compound 
which agrees well with the conversion calculated from UV (about 34%). Crystallization from ethanol 
gave eudalene picrate, m.p. 93-94*5”, undepressed on admixture with an authentic specimen. The 
picrate was decomposed by passing over a column of alumina (gr. I) to furnish a GLC pure sample 
of eudalene identical in UV and IR with an authentic sample. The TNB adduct was obtained as 
yellow needles, m.p. 1 I&l I 1” (alcohol), undepressed on admixture with an authentic specimen. 

The monoene (V), the diene (IV), the monoene (VIII) and the alcohol (IIIa) under comparable 
conditions gave respectively eudalene in 24-28, 32-34, 7-10 and 6*5-7.8% yields as estimated from 
the UV spectrum. Only traces of azulenic compounds were detected in each case. 

The curbirwf (XXIX) 

Methyl-lithiuma” was prepared by adding methyl iodide (4.7 ml) to Li metal (1.4 g) in 5 pieces 
suspended in dry ether (40 ml) and stirring mechanically under reflux for 4 hr after which the excess 
Li was carefully removed. 

To the clear solution, a solution of the ketone (XIII, 350 mg) in dry ether (10 ml) was added and 
the mixture refluxed with stirring for 48 hr. Excess of the reagent was decomposed with NaSO, aq 
containing some Na,S,O,. The ether layer was washed with water, dried over Na,SO, and the solvent 
removed to furnish the crude product which was separated from the unreacted ketone by chroma- 
tography over alumina (gr. II, 10 g) to furnish the pure carbinol (WQX, 240 mg), vmu 3490 cm-l 
(-OH). (Found: C, 80.32; H, 12.34. C,,H,O requires: C, 80.67; H, 12*6172. 

The carbinol (XXIX, 200 mg) was mixed with Se (200 mg) and &hydrogenated under the condi- 
tions used for agarospirol. The product was eluted through a column of alumina (gr. I, 10 g) with 

sa G. Stork and F. H. Clarke (Jr), J. Amer. Chem. Sm. 83, 3114 (1961). 
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pet. ether and converted into the picrate, m.p. 101-102” after crystallizations from alcohol, sym-TNB 
adduct, m.p. 135-136” after 4 crystallizations from alcohol. (Found: C, 60.82; H, 3.2; N, 10*22. 
(&H,,N,OI requires: C, 61.32; H, 3.42; N, 10*220/d). Lit. reports: m.p. 102-103” for the picrate 
and 144-145” for the sym-TNB adduct.s00 (The picrate of 1,2dimethyl-7-isopropylnaphthalene melts 
at 113-1145” and sym-TNB adduct at 141-142 ’ ) .9tD The NMR spectrum of the TNB adduct (taken 
in dil. CS* solution) showed the isopropyl protons at 75 and 82 c/s and the methyl protons at 156 
and 158 c/s. The aromatic protons appear at 559 c/s. The observed positions are in agreement with 
the calculated valueso (158 c/s). 

2,6-Dime thykycroirexatw ne 

6-Hydroxy-methylene-2-methylcyclohexanone was prepared from o-methylcyclohexanone (B.D.H. 
b.p. l6l-162”/718 mm; pure by C&C; 2&dinitrophenylhydrazone, m.p. 141-143”; semicarbazone, 
m.p. 191-192”, Lit := 143 and 191” respectively) by the method of Johnson and Posvic*& in 80% 
yield and methylated by the method suggested by King and King*‘ to get a mixture of o-methylcyclo- 
hexanone and 2,6dimethylcyclohexanone (4:6, GLC) which was subjected once again to Johnson 
and Posvic hydroxy methylation a7a to furnish in 62 % yield 2,6-dimethylcyclohexanone, b.p. 173-l74”/ 
718 mm, 2,4_dinitrophenylhydrazone, m.p. 149-l 51” (shining orange red flakes from ethanol), semi- 
carbazone m.p. 195-196”. Lit.“a,a7D reports 149-150” and 194-196” respectively. 

7%e alkyliderte ester (XxX1) 

The method is essentially that of Copes8 but for the large excess of catalyst and Ionger reaction 
time employed*. A mixture of 2,6_dimethylcyclohexanone (O-2 mole, 25.2 g) and ethyl cyanacetate 
(O-2 mole, 22.6 g) in dry benzene (30 ml) was mixed with glacial acetic acid (7.2 ml) and ammonium 
acetate (2.3 g) and refluxed in an oil bath at 165-170” with an azeotropic distillation head for 6 hr 
while 45 ml of the aqueous layer was collected. After the second and fourth hr more catalyst mixture 
(acetic acid and ammonium acetate) was added. The reaction mixture was washed with water, dried, 
solvent removed and fractionated. The material distilling upto 180”(bath)/13 mm was collected and 
again reacted 3 times. The higher boiling fractions were combined and distilled to get the pure 
alkylidene ester (15~4g; 40% on the basis of ketone), b.p. 126-128”/0*5 mm, ng 14855, Ymax 2212 
(-C=N); 1718 (broad), 1225 cm-l (conjugated ester); 1570 cm-l (==C-C=N). (Found: C, 70.87; 
H, 9-10. CHIDNOH1 requires: C, 70.60; H, 860%). 

~-2,6-DimetlSyicyclohexyl~-~,u’-dicyMoRI (XXXU) 

According to the method of McElvain and Clemens, *’ to a cold solution of Na (2.08 g) in absolute 
methanol (75 ml), cyanacetamide (7.602 g) was added with stirring. To the clear solution, a solution 
of the alkylidene ester (XXX], 10.0 g) in methanol (25 ml) was added in 3 installments. The mixture 
was left at room temp for 24 hr, diluted with water (200 ml) and extracted with ether (2 A 50 ml). 
The aqueous layer was acidified in the cold with dil. HCI. The separated oil solidified on freezing. 
Filtration and crystallization from a small volume of ethanol furnished XXX11 (4.2 g, yield 38.3%). 
An analytical specimen was obtained as tiny white crystals, m.p. 254-55” (dec). (Found: C. 67.02; 
H, 5.95; N, 14.6. C,,H,,N,O,: requires C, 67.39; H, 6.092; N, 15.05%). 

The &acid (XXXlIIa) and the dietier (XXXlIIb) 

(a) The above glutarimide (XXXII, 2.4 g) was mixed with cont. HtSOl (6 ml) and water (I.6 ml) 
and heated for 1 hr at 170” in an oil bath with occasional shaking. To the black reaction mixture, 
water (10 ml) was added and refluxed for I hr during which time frothing was observed. The black 
precipitate was filtered off, dissolved in ethanol and decolourized with animal charcoal. Concentra- 
tion of the alcoholic solution followed by addition of benzene precipitated the acid (l-83 g. yield 93 %) 
which was once again purified in a similar manner to furnish an analytical specimen of XXXIIIa, 

* According to a recent report in the literature (C. H. Grogan ef al. J. Med. Chem. 6,388 (1963), 
3.3,5-trimethylcyclohexanone does not undergo this condensation under the Cope conditions. 

sd R. B. Carlin and H. P. Landerl, J. Amer. Chem. Sot. 75, 3919 (1953). 
a6 W. S. Johnson and H. Posvic, J. Amer. Chem. Sot. 69, 1361 (1947). 
as F. E. King and T. J. King, J. Chem. Sot. 1373 (1954). 
I’l” W. J. Bailey and M. Madloff, 1. Amer. Chem. Sot. 76,2707 (1954) ; 

D R. E. lreland and J. A. Marshall, J. OrR. Chem. 27, 1619 (1962). 
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m.p. 189” (dec., no colour change), mol. wt. 234.8 (via acid equivalent; cal: 228.28). (Found: C, 
63-28; H, 8-76. CrlHmO, requires: C, 63.2; H, 8.77%). 

(b) The d&id (XXXIIIa, 6-O g) in absolute ethanol (20 ml) and benzene (40 ml) containing cone 
H,SO, (0.2 ml) was azeotropically refluxed for 24 hr using silica gel in the flow-back tube during the 
later stages to absorb any moisture. The cooled reaction mixturewaswashed with dil. Na,CO, aq and 
water, dried, and the solvent removed and the residue distilled to furnish the pure die&r (XXXIIIb, 
5-63 g, yield 83 %), b.p. 1 loo/O.35 mm, w mu 1726, 1176 (fork) cm-’ (ester). (Found: C, 67.87; H, 
964. CIaHIBO requires: C, 67.60; H, 9.98 %). The purity was ascertained by GLC. 

The dimethyl ester prepared by treatment with diazomethane showed NMR signals: 9.17, 9.06 
(d, 6H, 6, two methyls), 8.75, 8.59 (ring protons), 7.79, 7.31 (S, 2H each, -CH, COOMe), 6.40,642 
(6H, methoxy protons). 

fie ucyI0in (XXXIVa) 

A suspension of pulverized Na-K alloy (1: I) was prepared by stirring Na (2.0 g) and K (2-O g) in 
dry refluxing xylene (400 ml) by vigorously stirring in an atmosphere of dry, oxygen free nitrogen for 
4 hr during which time some xylene (50 ml) was distilled off. A solution of the diester (45 g, XXXIIIb) 
in dry xylene (50 ml) was added during 1 hr and the refluxing continued for another l-5 hr with 
efficient stirring. The flask was surrounded by ice and the excess alloy decomposed with ethanol 
followed by stirring with dil. HCI aq (50 ml ; 18 %). The xylene layer was separated and repeatedly 
washed with water and the solvent removed under red. press. in a stream of NL to furnish the crude 
acyloin (2.54 g) which was chromatographed over acetic acid&activated alumina (gr. III, 40 g). 
Elution with pet. ether-benzene (85: 15, 100 ml) gave material (1.2 g) which was a mixture of a satur- 
ated hydrocarbon, b.p. 183”(bath)/l.O mm, n, a**B l-4688 (presumably a dimeric product which is under 
investigation), the keto ester @XXVI) and ketone (XXXW) separated by further chromatography 
to pure XXXVI (210 mg), Ymax 1786,1745,1445,1408,1383,1342and 1176 cm I. (Found: C, 71.84; 
H, 8-73 ; C,,H,,O, requires: C, 72.01; H, 8.80%) and pure XXXVII (620 mg), b-p. I35”(bath)/4-0 
mm, Ymax 1780 cm I. (Found: C, 79.43; H, 10.65. CtlHleO requires: C, 79.52; H, 10.85%). 2,4- 
Dinitrophenyl hydrazone m-p. 121-l 23” crystallized from alcohol. (Found : N, 15.5 1; CIIIH,,N,O, 
requires: N, 1564%). Elution with ether (I 50 ml) furnished the pure enolic acyloin (XXXIVa, 
810 mg), b.p. 128”(bath)/O.l mm, yrnax 3509 (S, -OH), 1751, 1706, (split carbonyl bands due to 
CO-CH(OH) 1639 cm -I (C=C), 1439 (CH,-CO), 1402 (m), 1376 (s), 1346 (m) cm -* (Spiro-system) 
which was subjected to short-path distillation under high vacuum. (Found: C, 73.23; H, 9.98. 
C,,H,,O, requires : C, 73-47; H, IO.1 1%). 

The syrrthetic ketone (XV) 

(a) The acyloin (XXXIVa, 800 mg) in dry pyridine (10 ml) was mixed with a solution ofp-toluene 
sulfonyl chloride (I.5 g) in dry pyridine (10 ml) and left at room temp for 48 hr. The product was 
diluted with water (60 ml) and extracted with ether (3 x 30 ml). The combined ether extracts were 
washed with dil. HCl aq and water and the solvent removed to furnish the keto-tosylate (XXXIVb, 
l-32 g). Its IR spectrum showed complete absence of hydroxyl absorption. 

(b) The crude tosylate in dry ether (20 ml) was added to a suspension of LiAlH, (700 mg) in dry 
ether (30 ml) and stirred under reflux for 10 hr. Excess reagent was decomposed with aqueous alcohol 
followed by dil. HCI aq. The aqueous layer was washed once with ether and the combined ether 
extracts washed with dil. Na,CO, aq and water, dried and the solvent removed to furnish the mono1 
(XXXV, 5 13 mg) which was directly oxidized in acetic acid (15 ml) containing CrOB (500 mg) for I hr. 
The product was chromatographed over neutral alumina (gr. 11,20 g), Ret. ether (70 ml) eluted an 
hydrocarbon (140 mg) presumably XXXVIII. Pet. ether-benzene (50 ml) eluted the synthetic ketone 
(XV, 200 mg), b.p. 117”(bath)/l*S mm, Ymsx 1735,1708,1433,1370,1340,881 cm-l. The IR spectrum 
was nearly superimposable on that of the derived ketone (XVa). (Found: C, 79.77; H, 11.27. 
C1zH40O requires: C, 80.00; H, 1 I.1 1%). NMR signals (Fig. 5); 9.17,9-07 (d, 6H, 6.5, superimposed 
methyls), 860 (broad, six-membered ring protons), 8W7.86 (6H, 13.5, five-membered ring protons). 

GLC analysis on a polysuccinate column (6 ft) at 202” and H, flow rate (conditions under which 
the two epimers of the derived ketone (XVa) were resolved well enough for comparison) showed it to 
be identical with the second component, present in larger amount (55%) in the derived ketone. The 
2,4dinitrophenylhydrazone was obtained as orange plates m.p. 179-182”. (Found: N, 15.26. 

sw G. A. R. Kon and J. F. Thorpe, J. Chem. Sue. 686 (1919). 
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C,,H,,N,O, requires : N, 1555”/,), which showed a mixed m.p. of 178-I84” on admixture with an 
equal amount of the derivative, m.p. 194-196” of the derived ketone. This difference is evidently due 
to the racemic nature of the synthetic product. The IR spectrum (in nujol) of the derivative of the 
synthetic ketone (m.p. 179-182”) was superimposable but for the relative intensities at certain points 
on that of the derivative of the derived ketone (map. 194-196’). 
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