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mum of 285' was used. All compounds except the t-butyl- 
naphthylalkene VI gave only one observable peak (vide 
supra). Data on relative retention times are presented in 
Table 11. 

Polarography.-The solvent-electrolyte mixture, 0.1 dl 
tetra-n-butylammonium iodide in 75% (by volume) di- 
oxane in water, was pre-electrolyzed in an H-type cell for 
80-110 min. a t  3.0 v. in an atmosphere of pre-purified 
(>99.99'%) nitrogen. Polarography proper wm conducted 
using a Sargent Model XXI polarograph; an attached 
potentiometer for measuring E,  the applied potential, to an 
accuracy of f0.2 mv.; Sargent 5-29417 capillary tubing 
(m,  0.67 mg. per sec.; t ,  9.9 sec. a t  E = 0), and a thermo- 
stated (25.0 i 0.1') H-cell with a fine sintered glass disk 
separating anode compartment (containing a saturated 
aqueous solution of tetra-n-butylammonium iodide in water) 
from cathode compartment. Two saturated potassium 
chloride salt bridges (containing filter paper plugs in the 

ends toward the H-cell and joined in series via a test tube 
containing the same solution) connected the anode com- 
partment with a saturated calomel electrode (S.C.E.). 
Solutions ca. 3.5, 6.3, and 8.3 X IO-' AI in hydrocarbon 
were run for each alkene. The current i was obtained from 
the maxima of the pen oscillations. Values of El/, were cor- 
rected for iR drop (R"8000 ohms, measured during each 
run and at maximum drop size by means of a General Radio 
Co. impedance bridge Type 650-A using a 1000 c.p.8. 
current and an attached oscilloscope) across the cell and 
were within f 3  mv. of the average value for the various 
runs on naphthalene and on each of the compounds I-VI. 
Polarographic data are presented in Table 11. 
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The partial reduction of thujic acid has been shown to give 4,4-dimethyl-2,6-cycloheptadienecarboxylic acid (V). The 
isomerization of V waa studied and the structures of the isomerization products determined using spectral, chemical, and 
photochemical evidence. The possible identity of the isomerization products of V with naturally occurring acids isolated 
from Libocedrus formosana is indicated. 

The essential oil of Libocedrus formosana, found 
throughout the region surrounding the Pacific 
Ocean, has been investigated by Ichikawa' and was 
found to contain three crystalline CI0H1402 acids 
with melting points of 4041", 78-81', and 103". 
Of these acids, only the lower melting acid, termed 
shonanic acid, was stiidicd in any detail and struc- 
ture Ia  mas proposed.2 In  reviewing the earlier 
work, Erdtman3 suggested that structure Ib  is 
more reasonable for shoiiaiiir acid based 011 its re- 
ported chemistry. T,o and Lin4 reinvcstigatcd the 

COOH 

HOOC D Q 
Ia Ib ' 

acidic residue from Libocedrus formosana and iso- 
lated two acids, one melting a t  40-41' (CIOHIAOQ, no 
absorption between 220 and 340 mF in the ultra- 
violet) apparently identical with lchikawa's shon- 
anic acid and the second acid meltsing at  89-90' and 
identified as thujic acid (11). Shonanic acid could 
be hydrogenated to tetrahydroshonanic acid, which 

(1) N. Ichikawa, J .  Chem. Soc. Japan ,  63, 353 (1932); Bull. Chem. 
SOC. Japan .  11,759 (1936). 

(2) h'. Ichikawa, J .  Chem. SOC. J a p a n ,  66, 85, 95, 105, 111, 1074 
1124 (1934); Bull. Chem. SOC. Japan ,  111, 233, 243, 253, 258, 267 
(1937). 

(3) H. Erdtman, "Progress in Organic Chemistry," Vol. 1, J. R'. 
Cook, ed.,  Academic Press Inc., New York, N. Y., 1952, p. 51. 

(4) T. B. Lo and Y. T. Lin, J .  Chinese Chem. Soc., 8, #3 ,  30 (1956). 

was identical with hexahydrothujic acid. Ichikawa? 
reported that shonanic acid could be converted 
to isoshonanic acid (m.p. 44-46") on treatment 
with base. Lo and Lin4 confirmed this isomeriza- 
tion but reported a melting point of 87-87.5" with 
absorption in the ultraviolet a t  278 mp (log t 4.56). 

Lin, Lo, and Li115 reported that the reduction of 
t,hujic acid with sodium amalgam in a boric acid 
huff er followed by dist#illat,ion gave isoshonanic 
acaid. These authors proposed that isoshonanic 
wid could he rcprcsented hy either of the formulas 
I11 or IV with the former seemingly more probable. 

COOH COOH COOH 

I1 111 I V  

It seemed unlikely to the present author that 
sodium amalgam reduction of thujic acid should 
give either 111 or IV, since both 111 and IV are still 
a,p-unsaturated acids and should undergo further 
competitive reduction. This would result in a com- 
plex mixture of mono-, di-, and triunsat<urat,ed acids. 
It was felt that shonanic acid, represented as Ib, 
or the previously unmentioned acid V, was the 
prime reduction product which underwent isomeri- 
zation during distillation. (Reduction of thujic 

( 5 )  Y. T. Lin, T. B. Lo, and T. H. Lin, zb id . ,  3, P3, 36 (1956). 
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acid by 1,2-addition of hydrogen would give Ib  and 
by 1,4-addition would give V.) With this in mind 
and with the availability of nuclear magnetic reso- 
nance for unambiguous identification of the isomeric 
acids, a reinvestigation of the sodium amalgam re- 
duction of I1 was undertaken. 

The sodium amalgam reduction of I1 was carried 
out exactly as described in the literature5 but gave 
a crystalline product on removing the extraction 
solvent in UQCUO. Repeated low temperature re- 
crystallization from petroleum ether gave an ex- 
tremely unstable crystalline acid with melting 
point of 58-59.5' (infrared absorption at  5.83 p 
with low intensity end absorption in the ultraviolet). 
The n.m.r. spectrum confirmed the structure of the 
acid as being that of V. Centered a t  7.76 p.p.m. 
were two overlapping quartets corresponding to two 
protons. Analysis of this region showed it to be 
the AB part of an ABX systemGa were A b  is 
16.4 f 0.5 c.P.s., J A B  is 13.5 f 0.5 c.P.s., and J U  2: 
JBx 2: 6.2 C.P.S. The X proton absorption is buried 
beneath complex vinyl proton absorption centered 
a t  4.03 and 4.55 p.p.m. A broad single proton peak 
corresponding to H, appeared a t  5.87 p.p.m. The 
methyl proton absorption appeared as two singlets 
a t  8.97 and 8.95 p.p.m. The n.m.r. spectrum is 
compatible only with structure V where the asym- 

L7 

metry of the carboxyl bearing carbon produces the 
chemically different methylene protons, HA and 
HB, and methyl groups. The n.m.r. spetcrum of 
the crude reduction product indicated that it was 
composed of at, least 95% of T'. 

Treatment, of V with strong base for short periods 
of time produced a very rapid isomerization t'o give a 
crystalline mixture of two acids (5.95 p,  Xgz C2HsoH 
262 mp) . Reduction of the isomerized acid mixture 
with lit'hium aluminum hydride produced a mixt'urc 
of alcohols which showed absorption in the 248- 
252-mp region of the ultraviolet consistant with the 
presence of an alkyl substituted 1,3-cyclohepta- 

This, along with other evidence to be 

(6)(a) L. M. Jackinan, "Applications of Nuclrar Magnetic Reso- 
nance Spectroscopy in Organic Chemistry," Pergnnioii Press, New 
York, N. Y., 1959, p. 90; (b) ibid., p. 60 and 121. 

(7) The  ultraviolet spectrum of 1,3-cycloheptadiene has been re- 
ported to  show a iliaximum nt 248 m@ (7400) in isooctane solution 
[E. Pesch and S. I,. Friesn, J. A m .  Ckem. S o c . ,  71, 5756 (1950)). The 
present author has observed a maxiirium a t  241 m@ (53001 in 957, 
ethanol (D. ,J. Pasto, Pt1.D. dissertation, Iowa State University of 
Science and Technology, bmes ,  Iowa, 1960, p. 195) and 3,5-cyclohepta- 
diene-1-01 has been reported to  have a maximum a t  242-243 mLI 
(log e 3.80) in ethanol solution (J. Meinwald, S. L. Emerman, N. C. 
Yang, and G. Biichi, J .  A m .  Chem. Soc.,  77,  4401 (1955). 
(8) An alkyl substituent on a diene chromophore results in a. batlio- 

chromic shift of 5 mp (L. Fieser and M. Fieser. "Steroids," Reinhold 
Publishing Corp., New York, N. Y., 1939, p. 17). 

presented later, eliminates from consideration as a 
constituent of the mixture a structure such as V1 
which, precluding rearrangement during the hydride 
reduction, would not give a substituted 1,3-cyclo- 
heptadiene. 

Repeated low temperature fractional recrystal- 
lization of the mixture from petroleum ether gave a 
pure crystalline acid with m.p. 79-80' [infrared 
absorption 5.95 p ;  and Xg5% max CnH60H 262 mp (log E 

3..55)]. The n.m.r. spectrum identified the acid as 
having the structure shown as VII. 

COOH COOH 

VI  Ha 
VI1 

The allylic protons H, and He appear as two over- 
lapping doublets a t  7.99 and 7.86 p.p.m. with Jab 
of 6.6 and J,, of 6.1 C.P.S. Proton H, appears as a 
doublet a t  3.56 p.p.m. with Job of 12.2 C.P.S. Pro- 
ton Hb, being spin-coupled with H, (12.2 c.P.s.) H, 
(6.1 c.P.s.) appears as a five peak pattern resulting 
from two overlapping triplets a t  3.97 p.p.m. Proton 
Hd appears as a triplet a t  2.70 p.p.m. (Jde of 6.4 
C.P.S.). 

Evaporation of the mother liquors from the isola- 
tion and purification of VII, gave a mixture of acids 
which could not be further separated by fractional 
recrystallization, fractional distillation, column 
chromatography on I'luorisil or by vapor phase 
chromatography RI'C) of the corresponding methyl 
esters. Analysis by n.m.r. indicated approximately 
60% VI1 still present in the mixture. Although the 
other isomeric acid could not be isolated in a pure 
state, indirect evidence was obtained to indicate 
that its structure is that shown as 111. The ultra- 
violet maximum of the mixture, left after removing 
part of TI1 that mas present, was still positioned at  
262 mp indicating that the same chromophore was 
present in both of the acids. Subtraction of the 
1i.m.r. spectrum of VI1 from that of the mixture 
revealed multiplets centered at  8.36 and 7.50 p.p.m. 
characteristic of methylene protons in a saturated 
and allylic environment, respectively. The re- 
mainder of the Ppectrum showed two doublets at 
4.27 arid 4.03 p.p.m. ( J  of 13 c.P.s.) and a triplct, 
at 2.81 p.p.m. ( J  of G r.p.s.). The n.m.r. spwtrum 
thus obtained is compatible with striictrire 111. 

As it appeared that it would be impossible t o  
effect separation of the acid mixture iiito it3 p i m  
component3 by purely physical memy, another 
method had t o  bc found either to effcrt separation 
or to provide more evidence as to the respective 
structures. Due to the apparent very facile double 
bond migration under acidic, basic, and thermal 
conditions, the method of separation would have to  
depend on prior conversion of the acidic compo- 
nents, or their methyl esters, into entities in which 
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isomerization could not occur. A method fulfilling 
this requirement is the photochemical isomeriza- 
tion of 1,3-~ycloheptadienes to bicyclo[3.2.0]hept- 
6-ene systems, a reaction which has been well doc- 
umentedg and is suitable for aiding in structure 
proofs. Although alkyl group migration has been 
observed during i r r a d i a t i ~ n , ~ ~ ~ ~  the migration of 
double bonds during irradiation has not been ob- 
served. As the double bonds in the acids being 
studied were very prone to migration it was first 
necessary to determine whether or not double bond 
migration could occur in these systems under irra- 
diative conditions. Irradiation of an ethereal 
solution of pure VI1 gave a photoisomer which was 
too unstable to characterize. The corresponding 
methyl ester of VII, 1-111, when irradiated gave a 
reasonably stable photoisomer I X  which was 
shown to be homogeneous by n.m.r. and VPC. The 
infrared spectrum of I X  showed peaks at  5.83 and 
6.24 p in carbon tetrachloride solution with absorp- 
tion in the ultraviolet a t  226 mp (log e 3.73). The 
n.m.r. spectrum confirmed the structure as IX.  
The n.m.r. spectrum showed a single proton reso- 
nance at  3.23 p.p.m. characteristic of beta proton 
resonances in a,p-unsaturated systems.6b The 
bridgehead protons appear as a complex multiplet 
a t  6.61 with the methylene protons appearing as 
two apparent doublets a t  8.44 and 8.54 p.p.m. and 
a complex multiplet centered at  8.69 p.p.m. The 
appearance of such a pattern is due to the non- 
equivalence of the two protons on each methylene 
group caused by different spatial orientation im- 
posed by the rigid system. The chemically dif- 
ferent methyls appear a t  9.00 and 8.92 p.p.m. 

As the photoisomerization of VI11 gave a single 
product without double bond migration, the 
method appeared suitable for attempted separation 
or identification of the components in the acid mix- 
ture. The mixture of acids, remaining after partial 
separation of VII,  was esterified with diazomethane 
giving the corresponding methyl esters VI11 and X, 
and irradiated to give a mixture of photoisomers 
which could not be resolved by VPC. Reduction 
to the corresponding primary alcohols with lithium 
aluminum hydride followed by VPC also failed to 
effect separation. The n.m.r. spectrum of the photo 
ester mixture showed, in addition to peaks corre- 
sponding to I X  which could be clearly distinguished, 
a finely split single proton resonance at 3.33 p.p.m. 
consistent with the beta proton of XI (there were 
no peaks characteristic of the photoisomer XI11 
discussed in a subsequent paragraph). The gem-di- 
methyls appeared at  9.11 and 8.95 p.p.m. with the 
ethereal methyl appearing at  6.35 p.p.m. thus indi- 
cating the probable presence of XI .  

(9) (a) G. Biichi and E. &!I. Burgess, J .  A n .  Chem. Soc., 82 ,  4333 
(1960): (h) 0. L. Chapman and D. J. Pasto, Chen .  I n d .  (London), 53 
(1961); (c) J. Riguady and P. Courtot, Tetrahedron Letters, X3, 95 
(1961); (d) J. J. Hurst and G. H. Whitham, Proc. Chem. Soc., 116 
(1961); (e) W. G. Dauben and R. L. Cargill, Tetrahedron, 12, $3,  186 
(1961); ( f )  G. .J. Fonken, Chem. I n d .  (London), 1.575 (1961). 

More drastic treatment of V with base, i.e. re- 
fluxing with base for long periods of time, resulted 
in a shift of the maximum in the ultraviolet to 272 
mp. The recovered acid mixture contained at  least 
three isomeric acids which again could not be sepa- 
rated by fractional recrystallization, fractional dis- 
tillation, column chromatography, or by VPC of the 
mixture of the corresponding methyl esters. Again, 
photoisomerization was turned t.0 in order to achieve 
separat,ion or identification of the components 
of the mixture. The mixture of methyl esters was 
irradiated giving a mixture of photoisomers which 
could be partially separated by VPC techniques. 
The vapor phase chromatogram indicated the pres- 
ence of three fractions. The first fraction showed a 
peak in the infrared at  5.80 p in carbon tetrachloride 
solution indicating the presence of a P,y-unsatu- 
rated ester.1° The ultraviolet spectrum showed 
only end absorption (220 mp, log E 2.91). The 
structure of fraction one was unambiguously shown 
to be that of XI11 by its n.m.r. spectrum. The 
n.m.r. spectrum showed two doublets, representing 

COzCHi 

XI11 

protons Ha and Hb, in the vinyl region a t  4.00 and 
3.87 p.p.m. (J of 2.5 c.P.s.), the doublet representing 
Hb being further split (< 0.5 c.P.s.) due to addi- 
tional coupling with the bridgehead proton H,. 
The bridgehead proton H, appears as an unresolved 
doublet at 7.22 p.p.m. with the methylene protons 
appearing as a complex multiplet centered at 8.28 
p.p.m. The gem-dimethyls appear as two singlets 
a t  9.03 and 9.02 p.p.m. The n.m.r. spectrum is 
compatible only with XI11 and must have been 
formed from the methyl ester of IV, XII. The 
shift to longer wave length in the ultraviolet during 
the base-catalyzed isomerization is consistent with 
the presence of IV, as it would be expected to show 
a longer wave length maximum than 111 or VII. 
The second fraction was identified as a mixture of 
IX and XI and the third fraction was identified as 
unreacted starting material. Analysis of the acid 
mixture formed after varying lengths of time 
in refluxing base, by methylation, irradiation, and 
n.m.r. and VPC analysis indicated the existence of 
a base-catalyzed equilibrium containing approxi- 
mately 13y0 111, 58% IV, and 29% T X .  

As the earlier report of the sodium amalgam re- 
duction of I1 indicated that isoshonanic acid was 
f ~ r m e d , ~  a finding contrary to the present results, 
the possibility that the primary reduction product 

(10) ,B.yUnsaturation produces a slight shift to longer wave length 
in the case of ketones [R. Mecke and K. Noack, Angew. Chem.,  18, 
150 (1956); N. Fuson, M-L. Josien, and E. M. Shelton, J .  Am. Chem. 
Soc., 16,  2526 (1954) l and  a similar effect would be expected in the case 
of esters although the shif t  observed in the  case of XI11 is larger than 
those reported with ketones. 
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V underwent isomerization on distillation was in- 
vestigated. The present author found that V could 
be distilled a t  110-115" at  0.5 mm. without rear- 
rangement.11 Heating a t  higher temperatures for 
longer periods of time (180" for 1 hour) caused ex- 
tensive decomposition but gave a mixture of acids 
which displayed a 272 mp maximum in the ultra- 
violet. Trituration with petroleum ether and 
chromatography on Fluorisil gave in poor yield 
(17%) an acid mixture virtually identical with the 
mixture obtained by strenuous base treatment of 
V. Esterification with diazomethane followed by 
irradiation and analysis by VPC indicated the acid 
mixture contained 370/, of a mixture of I11 and VI1 
and 63% of IV. The above transformat,ions are 
illustrated in the following scheme. 

COOCHs 

h=: 
IX 

1 .CH2NZ 2.hv I 
COOH 

4 
VI1 

IX 

i- 
2. hv 

COOCH3 d 
x1 

I1 

Na( Hg) 1 Boric acid 

zation of VI1 (1:: C2H50H 262 mp) indicates that 
isoshonanic acid (XFz C2HsoH 278 mp) must have a 
longer conjugated system such as that appearing in 
IV. (Structure 111 cannot be considered for iso- 
shonanic acid as it would be expected to absorb in 
the ultraviolet a t  262 m,u as does VII.) Additional 
evidence for the structure of IV for isoshonanic 
acid is that in a reaction from which isoshonanic 
acid has been isolated,5 i . e .  heat isomerization dur- 
ing distillation of the crude reduction product, the 
ultraviolet absorption has moved to longer wave 
length and the photoisomer XI11 can be isolated 
from the mixture after methylation and irradiation. 
This evidence strongly points to IV  as the structure 
for isoshonanic acid. 

At this point one may only conjecture as to the 

strenuous 

Although shonanic acid was not encountered dur- 
ing the present investigation and isoshonanic could 
not be isolated in pure form, evidence was obtained 
which would allow one to  assign structures for both 
acids. As there are only two 4,4-dimethylcyclo- 
heptadiene carboxylic acids which are totally un- 
conjugated, those being I b  and V, t,he isolation and 
characterization of V, having physical properties 
different from those reported for shonanic acid, 
gives added support for the structure of shonanic 
acid as that being Ib. The isolation and characteri- 

(11) 'rile original authors (see ref. 5 )  distilled the acid a t  130-132' 
a t  1.5 inm. 

COOK Q IV 

CPOCH3 

IX 

COOCHI d 
XI 

identity of the acids reported by Ichikawal with 
melting points of 78-81" and 103". The similarity 
of the melting point of VI1 (79-80") with the un- 
known acid of melting point 78-81" may indicate 
this unknown acid has the structure VII.  The 103" 
melting acid may be 111. Although no direct com- 
parison of Ichikawa's acids with those isolated in 
the present investigation was possible, the proce- 
dure for the production of I11 and VI1 via a base- 
catalyzed isomerization of V parallels the original 
extraction procedure employing aqueous base for 
the isolation of the natural acid mixture containing 
predominantly Ib. 
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Experimentall2 
Sodium Amalgam Reduction of Thujic Acid.-A suspen- 

sion of 6.7 g. (0.04 mole) of thujic acid and 11.4 g. of boric 
acid in 114 ml. of water was cooled to 0" in an ice bath and 
2.2 g. (0.095 mole of active hydrogen) of sodium in 125 g. of 
mercury was added slowly with stirring. Stirring was con- 
tinued until the evolution of hydrogen had ceased. The 
solution was acidified with hydrochloric acid and then was 
extracted with two portions of ether. The ether extract was 
washed with water, dried over sodium sulfate, and the sol- 
vent was immediately removed under reduced pressure leav- 
ing 6.1 g. (0.037 mole, 937") of a pale yellow oil which rrys- 
tallized on standing in a freezer overnight. Recrystalliza- 
tion from petroleum ether a t  -70' gave unstable, colorless 
needIes with m.p. 5&59.5°.18 The infrared spectrum 
showed a peak a t  5.87 p with only low intensity end absorp- 
tion in the ultraviolet (215 mp, log c 2.98). 

Base-Catalyzed Isomerization of V and Isolation of MI.- 
A solution of 1.0 g. of V in 20 ml. of 20% sodium hydroxide 
wm heated a t  reflux for 1 hr. The solution was acidified 
with hydrochloric acid and wa9 extracted with two 50-ml. 
portions of ether. The extract was dried over sodium sulfate. 
The solvent was removed under reduced pressure leaving a 
pale yellow residue which crystallized on standing. Re- 
peated low temperature fractional recrystallization from 
petroleum ether gave colorless needles of VI1 with m.p. 79- 
80' [5.95 p and A:: C'"60H262 m p (log 6 3.55)]. 

Anal. Calcd. for Cl0&,O2: C, 72.26; H, 8.49. Found: 
C, 72.00; H, 8.52. 

The mother liquors from the separation and recrystalliza- 
tion of V were combined and evaporated leaving a pale 
yellow, viscous liquid which could not be induced to crystal- 
lize. The mixture showed a peak at  5.95 p in the infrared 
with absorption in the ultraviolet a t  262 mp. The mixture 
could not be further separated by fractional recrystalliza- 
tion, fractional distillation or by column chromatography 
on Fluorisil I Esterification with ethereal diazomethane 
followed by analysis by VPC on a silicone GE SF-96 column 
at  180" produced a single symmetrical peak with a retention 
time of 15.7 min. 

Esterification of VI1.--A solution of 500 nig. of V in 15 ml. 
of ether was treated with a slight excess of freshly distilled 
diazomethane. The solvent was removed under reduced 
pressure. The residue was purified by molecular distillation 
a t  45-50' at 0.1 mm. giving a colorless, mobile liquid VIII, 
TPD 1.4974. The infrared spectrum showed a peak at  5.88 
p with ultraviolet absorption at  267 mp (log c 3.68). The 
n.m.r. spectrum in carbon tetrachloride showed gem-di- 
methyls a t  8.99 p.p.m. (relative to tetramethylsilane), 
overlapping doublets at 8.03 ( J  of 5.7 c.P.s.) and 7.91 p.p.ni. 
( J  of 6.6 c.P.s.), ethereal methyl a t  6.29 p.p.m., two over- 
lapping triplets producing a quintet centered a t  3.99 p.p.m. 
( J  of 5.3 c.P.s.), doublet at 3.60 p.p.m. ( J  of 11.2 c.P.s.), 
and a triplet a t  2.88 p.p.m. ( J  of 6.0 c.P.s.). 

Anal. Calcd. for CIlH1602: C, 73.30; H, 8.95. Found: 
C, 73.35; H,  8.77. 

Photoisomerization of Ester VII1.-A solution of 240 mg. 
of VI11 in 400 ml. of anhydrous ether was irradiated with a 
200-watt Hanovia immersion lamp, using a 250 mp cut-off 
filter, until the absorption a t  267 mp had disappeared. The 
ether waa removed under reduced pressure and the residue 

(12) All melting points and boiling points are uncorrected. Micro- 
analysis were carried out by Schwarskopf Microanalytical Laboratory, 
56-19 37th Avenue, Woodside, N. Y. 

(13) The recorded melting point represents the temperature range 
in which a majority of the sample melted. The material underwent 
rapid decomposition and required filtration after each recrystallization. 
.4cceptable analysis could not be obtained: a sample analyzed within 
48 hr. showed carbon 3% low, after 10 days 10% low. The material 
could be stored for several days without appreciable decomposition 
a t  -20O. 

was purified by molecular distillation at  50' a t  1 mm. giving 
a colorless liquid IX,  n% 1.4717. The infrared spectrum 
showed peaks at  5.83 and 6.24 J.I in carbontetrachloride with 
ultraviolet absorption at  226 mp (log 3.73). The vapor 
chromatogram at  180' on a silicone GE SF-96 columri 
showed a single sharp symmetrical peak with a retention 
time of 11.7 min. The material slowly polymerized on 
standing a t  room temperature for several days. 

Anal. Calcd. for C11Hl6Oz; C, 73.30; H,  8.95. Found: 
C, 73.32; H, 8.75. 

Photoisomerization of the Mixture of Esters VI11 and X.- 
The acid mixture remaining after isolation of VI1 was esteri- 
fied with ethereal diazomethane. A solution of 750 my. of 
the ester mixture in 400 ml. of ether waa irradiated as above 
until the absorption a t  267 mp had disappeared. The ether 
was removed under reduced pressure, and the residue molec- 
ularly distilled a t  60' a t  1 mm. The infrared spectrum 
showed peaks at 5.83 and 6.24 p with ultraviolet absorption 
a t  227 mp (log e 3.82). The vapor phase chromatogram 
showed two overlapping peaks on a silicone GE SF-96 
column a t  180' with retention times of 11.8 and 12.4 min. 
The n.m.r. spectrum showed the following peaks which were 
not found in the n.m.r. spectrum of IX:  gem-dimethyls a t  
9.11 and 8.95 p.p.m., ethereal methyl a t  6.35 p.p.m., and a 
doublet a t  3.33 p.p.m. ( J  of 0.6 c.P.s.). The n.m.r. spec- 
trum indicated that the acid mixture contained approxi- 
mately 60% of VI1 and 40% of 111. 

Anal. Calcd. for CllH1s02: C, 73.30; H, 8.95. Found: 
C, 73.29; H, 8.93. 

Base-Catalyzed Isomerization of V to the Mixture of ZII, 
IV, and VI1 and Irradiation of the Corresponding Ester 
Mixture.--A solution of 3.0 g. of V in 30 ml. of 20% sodium 
hydroxide was refluxed for 22 hr. The solution was acidified 
and extracted with two portions of ether. The extract was 
dried over sodium sulfate. The solvent was removed under 
reduced pressure leaving a pale yellow residue which crystal- 
lized on standing. The infrared spectrum showed a peak at  
5.95 with ultraviolet absorption at  272 mp. The n.m.r. 
spectrum indicated the presence of I11 and VI1 plus an addi- 
tional acid. The mixture could not be separated by frac- 
tional recrystallization, fractional distillation or by column 
chromatography on Fluorisil. 

The mixture of acids was converted to the corresponding 
mixture of methyl esters with ethereal diazomethane. The 
ester mixture (750 mg.) was dissolved in 400 ml. of ether and 
irradiated as above. The ether was removed under reduced 
pressure. Analysis by VPC on a silicone GE SF-96 column 
a t  180" showed a symmetrical peak with a retention time of 
9.2 min. (frartion one), two overlapping peaks with a reten- 
tion time of 13.2 min. (frartion two) and a peak with a 
retention time of 15.2 min. (fraction three). Fractions m e  
and two were collected using preparative scale VPC techi- 
niques. Fraction two was identified as a mixture of I X  and 
XI,  and fraction three was identified as starting material by 
comparison of retention times and admixture. 

Fraction one was molecularly distilled at  50' at  1 mm. 
giving a colorless, mobile liquid XIII. The infrared spec- 
trum showed a peak at  5.80 p in carbon tetrachloride soh- 
tion with only low intensity end absorption in the ultraviolet 
(225 mp and below, log E 2.91). 

Anal. Calcd. for C1,H1602: C, 73.30; H, 8.95. Found: 
C ,  73.27; H, 9.07. 

A portion of V was refluxed in 20% sodium hydroxide. 
Aliquots were removed periodically and the acid mixture 
isolated. The mixture was esterified with ethereal diazo- 
methane and the ester mixture irradiated. The resulting 
mixture of photoisomers was analyzed by VPC and n.m.r. 
indicating the existence of an equilibrium between 111, IV, 
and VI1 containing approximately 13% 111, 58% IV, and 
29% VII. 

Thermal Isomerization of V.-A 1-g. sample of V was 
heated under nitrogen a t  180" (no solvent) until there was no 
further change observed in the ultraviolet. The material 
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was triturated with petroleum ether and chromatographed 
on a short column of Fluorisil giving 174 mg. of crystalline 
material (5.95 p and xg6" mar CPH60H 

identical with that of the strenuous base-isomerized mixture 
containing 111, IV, and VII. Esterification with ethereal 
diazomethane followed by irradiation and analysis by 

VPC showed the presence of 70% of IF' and 30% of a mix- 
ture of I11 and VII. 

272 mp). The n * m ~ r -  was Acknowledgment.-The author wishes to ac- 
Crown Zellerback Gorp. Of Camas, 

Washington, for generous amounts of thujic acid. 
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Starting from the crystalline tricyclene derivative tricycloekasantalic acid, several compounds having different bicyclic 
Some of these are of use in the synthesis of compounds of the bornane and camphene ring systems have been obtained. 

series. 

a-Santalol (I), p-santalol (11), and the corre- 
sponding hydrocarbons, a-santalene (111) and P- 
santalene (IV), are the main constituents of East 
Indian sandalwood oil. The chemistry of these in- 
teresting compounds and allied products has been 
investigated by several workers.' Some of the 
earlier investigations2 have been extended by us 
with a view to having a better understanding of the 
nature of the molecular rearrangements in this 
series and the results are presented in this communi- 
cation. We were specially prompted to put our 
results on record because of a very recent publica- 
t i ~ n . ~  

a-Santalene gives, on ozonization or permanga- 
nate oxidation, the crystalline tricycloekasantalic 
acid (V), which can be conveniently reduced with 
lithium aluminum hydride to tricycloekasantalol 
(VI), previously prepared4 by reduction of the cor- 
responding ester with sodium and alcohol. Hydra- 
tion of VI with trichloroacetic acid and subsequent 
hydrolysis gave the crystalline diol (VII). Formic 
acid, dilute sulfuric acid, and triffuoroacetic acid5 
were found to be less convenient for this purpose. 
The secondary nature of the ring hydroxyl group 
was confirmed by chromic acid oxidation of the diol 
to a crystalline ketocarboxylic acid (VIII) which on 
Huang-Minlon reduction gave dihydroekasantalic 
acid (IX). 

On treatment with gaseous hydrogen chloride in 
methanolic solution, tricycloekasantalic acid was 
converted to the methyl ester (X). Somewhat con- 
trary to the findings of S e m m l e ~ , ~  this chloro ester 

(1) J. L. Simonsen and D. H. R. Bartori, "The Terpenes." Vol. 3, 
2nd ed., The University Press, Cambridge, 1952, p, 08; E. J. Corey, 
8. W. Chow. and R. A. Scherrer, J. A m .  Chem. SOC., 79, 5773 (1957); 
V. Herout, V. Jsrolim, and J. Pliva, Collection Czech. Chem. Communs.,  
33, 773 (1957). 

( 2 )  P. C. Guha and S. C. Bhattacharyya, J .  Indian Chem. SOC., a i ,  
261, 271, 281, 333, 341, 377 (1944); S. C. Bhattacharyya, J. Indian 
Chem. SOC., 31, 339 (1944); Sci .  and Culture, 13. 158 (1947). 

(3) A. Bhati, Perfumery Essent. Oil Record, P3, 15 (1962); J. Org. 
Chem., 37, 2135 (1962). 

(4) F. W. Remmler and K. Bode, Chem. Rer.. 40, 1124 (1907). 
( 5 )  E. J. Corey, RI. Ohno, S. \V. Chow, and R. A. Scherrer, J .  A m .  

Chem. Soc., 81, 8305 (1959). 
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