Alicyclic Cations in Biogenetic-Like
Olefin Cyclizations
Sir:

Many examples of stereoselective synthesis of poly-
cyclic fused-ring compounds by nonenzymic, cationic
cyclization of polyolefins are known.2 The potential
involvement of alicyclic cations (e.g., 1) as short-lived
intermediates in such reactions has been the subject
of considerable discussion.!-2*%6 If alicyclic cations
are intermediates, the observed stereoselectivity can be
rationalized only if attack of the olefinic double bond
on the cationic center occurs with a high preference
for formation of an equatorial C—C bond (1 => 2). The
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observation that reaction of solvent and other nucleo-
philes with intermediates derived from acid treatment
of cyclohexanol systems gives both axial and equatorial
attack” has been considered evidence against selec-
tivity of this type.

On the basis of modern concepts of conformational
analysis and organic transition state structures, we
have presented arguments® that the intramolecular
attack of a double bond on a conformationally rigid
cyclohexyl cation such as 1 should be expected to lead
to stereoselective formation of a trans fused ring system.
We now report the initial results of our cyclization stud-
ies with alcohol 5 which offer the first direct evidence
in support of the above proposition.

Alkylation of 4,4-dimethylcyclohexanone® with 4-
bromobutene using Stork’s metalloenamine procedure!®
gave the alkylated ketone 3!!* in 77 % yield (95% pure
by vpc; oxime mp 83-83.5°11%) after distillation!? at

(1) For reviews of some extensive investigations see: W, S, Johnson,
Accounts Chem. Res., 1, 1 (1968); E. E. van Tamelen, ibid., 1, 111
(1968).

(2) For some recent papers in this area see: (a) D. J. Goldsmith and
C. F. Phillips, J. Amer. Chem. Soc., 91, 5862 (1969); (b) G. Stork and
P. A. Grieco, ibid., 91, 2407 (1969); (c) E. E. van Tamelen and J. W.
Murphy, ibid., 92, 7204 (1970); (d) K. B. Sharpless, ibid., 92, 6999
(1970); (e) W. S. Johnson, M. B. Gravestock, and B. E. McCarry,
ibid., 93, 4332 (1971); (f) R, E. Ireland, M. I. Dawson, J. Bordner, and
R. E, Dickerson, ibid., 92, 2568 (1970), and references cited within these
papers.

(3) G. Stork and A. W, Burgstahler, ibid., 77, 5068 (1955).

(4) (a) W. S. Johnson, Trans. N. Y. Acad. Sci., II, 29, 1001 (1967);
(b) W. S. Johnson and J. K. Crandall, J, Org. Chem., 30, 1785 (1965).

(5) E. E. van Tamelen and J. P. McCormick, J. Amer. Cheni. Soc.,
91, 1847 (1969).

(6) A. Eschenmoser, D. Felix, M. Gut, J. Meier, and P. Stadler in
“Ciba Foundation Symposium on the Biosynthesis of Terpenes and
Sterols,” G. E. W. Wolstenholme and M. O’Connor, Ed., J. and A.
Churchill, Ltd., London, 1959,

(7) Two studies which show preferential axial attack on intermediates
derived from acid treatment of tertiary cyclohexanols are (a) S. D.
Elakovich and J. G. Traynham, Tetrahedron Lett., 1435 (1971); (b)
P. J. Beeby and S. Sternhell, 4ust. J. Chem., 25, 809 (1971).

(8) (a) K. E. Harding, Ph.D. Thesis, Stanford University, 1968;
(b) K. E. Harding, Bioorg. Chem., submitted for publication.

(9) R. F. Miller and R. Adams, J. Amer. Chem. Soc., 58, 787 (1936);
E.B.Reid and T. E. Gompf, J. Org. Chem., 18, 661 (1953).

I(10) Cf. G. Stork and S. R. Dowd, J. Amer. Chem. Soc., 85, 2178
(1963).

(11) (a) The ir and nmr data obtained for this compound were con-
sistent with the assigned structure. (b) A satisfactory elemental analysis
was obtained for this compound.

(12) Evaporative bulb-to-bulb distillation using a Biichi kugel-
rohrofen,

6245

86° (0.18 mm). Treatment of this ketone with a four-
fold -excess of the magnesium salt of ethoxyethyne
followed by acid hydrolysis!? and distillation'? at 105°
(0.05 mm) gave a,B-unsaturated ester 4 in 909 yield. !
The E configuration for the exocyclic double bond is
predicted on the basis of steric arguments!* and is
supported by the nmr spectrum of this compound,
which shows absorption for the 6-equatorial proton
as a doublet of triplets at § 3.75 ppm.! Addition of
excess methylmagnesium bromide to ester 4, followed
by a neutral aqueous workup!® to minimize dehydra-

tion, gave alcohol 5 in quantitative yield.'®* This
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material was not stable to distillation and was used
directly for cyclization studies.

Treatment of alcohol 5 with anhydrous formic acid
at room temperature for 30 min effected cyclization
to bicyclic products in high yield. Removal of hydro-
carbon products by preparative tlc gave bicyclic for-
mates,!!* ir (film) 1720 cin—!, in 859 yield. Vapor
phase chromatography!™ showed two predominant
peaks with an area ratio of >85:15. Cleavage of the
formate group followed by oxidation with Jones
reagent!® gave a mixture consisting primarily of ke-
tones 6 and 7 in 709 overall yield from alcohol 5.
Vapor phase chromatography!™ showed the ratio of
peak areas to be ~90:10. Recrystallization gave pure
trans ketone 6, mp 73.5-74°, 1!
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8, R=CN 9, R=CN
10, R=COOH 11, R=COOH

The structure and stereochemistry of ketones 6 and
7 were established by comparison with compounds of
known stereochemistry. Authentic trans- and cis-
6,6-dimethyl-9-carboxy-2-decalone (10 and 11) were
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synthesized using procedures developed by Nagata.!®
Hydrocyanylation of 6,6-dimethyl-A!9-2-octalone!l20
with potassium cyanide and ammonium chloride in
dimethylformamide gave two cyano ketones, mp 66—
66.5° 1 and mp 83-83.5°,'1in a ratio of 5:2 after separa-
tion by preparative tle. Hydrocyanylation using tri-
ethylaluminum and hydrogen cyanide gave the same
products in a ratio of 17:1 by vpc analysis. On the
basis of the close analogy of these results to those ob-
tained by Nagata with A!9-2-octalone, the major prod-
uct, mp 66-66.5°, is assigned the trans configuration
8. The cyano ketones were converted to the trans
ketoacid 10, mp 85-86°,!! and cis ketoacid 11, mp 120~
121°,1' by alkaline hydrolysis using the procedures
reported by Nagata.

Ozonolysis of ketone 6 followed by oxidation of the
ozonide with Jones reagent?! gave a ketoacid, mp 85~
86°, identical (melting point, ir, and nmr) with the
authentic trans acid 10. A sample consisting predom-
inantly of a 50:50 mixture of ketones 6 and 7 was ozon-
ized and the acidic product was esterified with diazo-
methane. Vapor phase chromatography of this ma-
terial showed two peaks with retention times identical
with those of the methyl esters of acids 10 and 11.

The absence of dehydration-reprotonation reactions
in the cyclization was shown by conducting the cycliza-
tion in the presence of deuterium. Ketones 6 and 7 iso-
lated from a cyclization with deuteriotrifluoroacetic acid
at —78° were shown by mass spectrometric analysis
(comparison of P, P + I, and P + 2 ions) to contain no
more deuterium than material isolated from a similar
cyclization with trifluoroacetic acid.

The results obtained with alcohol 5 show that gen-
eration of a decalin ring system by intramolecular
attack of a monosubstituted double bond on a confor-
mationally rigid cyclohexyl ring system with one sp?-
hybridized carbon is highly stereoselective. It should
be noted that cyclizations in which the double bond is
a nonterminal double bond or in which axial substit-
uents are present on the six-membered ring should
exhibit even greater stereoselectivity than shown in
the present case.’ 22
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Mechanisms of Photochemical Reactions in
Solution. LXXVII. A New Method for the
Determination of Intersystem Crossing Yields'
Sir:

We describe a new technique for the determination of
intersystem crossing quantum yields in fluid solution
and report some preliminary results obtained with this
technique. The method is a combination of two pre-
viously reported procedures: the sensitized cis-trans
isomerization method of Lamola and Hammond? and
the flash spectroscopic method of Wilkinson and co-
workers which utilizes heavy-atom enhancement of
intersystem crossing.? While the method described
here is applicable to most aromatic compounds, it is
especially useful for substituted benzenes, compounds
for which the two previously mentioned techniques
are only marginally applicable. *

Our experimental procedure involves measurement
of relative fluorescence intensities of an aromatic com-
pound A and relative yields for isomerization of a
“triplet counter” C in solutions with constant con-
centrations of A and C but with varying concentrations
of heavy-atom fluorescence quencher H. The processes
of interest are shown in the kinetic scheme below.
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We carried out experiments with 0.05-0.10 M cis-2-
pentene as the triplet counter and monitored the ap-
pearance of frans-2-pentene (T) by glpc. The heavy-
atom fluorescence quencher was xenon, which has
been shown to quench singlets by inducing intersystem
crossing,?

The effect of fluorescence quenching by C in the
absence of H is given by eq 11.7 Equation 12 de-
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