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solid’ which was dissolved in tetrahydrofuran at room
temperature, cooled to —10°, and treated with ~5097
excess of 1:1 chlorotrimethylsilane-triethylamine.!!
Addition of pentane after stirring for 10 min, followed
by addition of, and washing with, ice-cold saturated
aqueous sodium bicarbonate, washing with brine, and
drying gave the silyl enol ether 7 in 909 yield after
distillation (Kugelrohr, 65° (0.7 mm)). The nmr
spectrum showed a 3 H methyl singlet at (CDCl;) 0.9
ppm and a | H doublet (/ ~ | Hz) at 4.5 ppm.

Dropwise addition of the silyl ether 7 in dry glyme
(4 ml/mmol) to 1.05 equiv of ethereal methyl lithium
in glyme (4 ml/mmol) was followed by stirring at room
temperature for 30 min, cooling to —78° under a
stream of nitrogen, adding 1.2 equiv of the unsaturated
ketone 4, R = CHs,'? in glyme, stirring for 10 min, and
allowing to warm over 30 min. Work-up (saturated
ammonium chloride solution), followed by refluxing
with 5% sodium methoxide in methanol for 3 hr, gave
(679 yield) the known tricyclic enone 8, mp 122°,
identical with an authentic sample.?

Under the same conditions, the octalone 9!'3 was
transformed, via the trimethylsilyl enol ether (nmr:
8 (CDCl;y) 0.94 (3 H, s), 4.7 (1 H, b s) from reductive
trapping, into the tricyclic ketone 10, mp 141-142°:

1
H,C

0 H
9 0
10

nmr é 1.1 3 H,s), 39 (4 H, s), 58 (1 H, bs). Acid
hydrolysis converted 10 into the known corresponding
dione, mp 122°,14

The use of the bis-annelating reagent 11 allows, as
we have previously shown,’ the addition of the equiva-
lent of two rings at a time, thus leading to the type of
tricyclic enone which we previously used!® in the syn-
thesis of {=)-progesterone. Under the conditions de-
scribed for the conversion of 1 to 8, the silyl ether 13
(889 yield after Kugelrohr distillation at 75° (0.01
mm)) from the reductive trapping of 12!® was recon-
verted to the lithium enolate 14 which was treated with

(10) This mixture of lithium enolate and lithium fert-butoxide formed
in the lithium ammonia reduction (e.g., of 1) can be used directly, with-
out prior conversion to the silyl ether 7, simply by adding the a-silyl-
vinyl ketone to the dry lithium salts dissolved in glyme, under the condi-
tions described below for the lithium salt derived from 7. The tricyclic
ketone 8 is thus obtained, although in somewhat lower yield.

(11) Previously centrifuged to remove some triethylamine hydro-
chloride.

(12) The trimethylsilyl vinyl ketones used here are somewhat more
conveniently prepared from (commercially available) trimethylvinyl-
silane, exactly as described previously for the triethyl analogs (see
ref 7). We established that the use of the triethylsilyl vinyl ketone 4,
R = C:Hs, is also successful in the transformation of 1 into 8. No
evidence for the linear tricyclic isomer which would result from prior
equilibration of the enolate was found in this case or in the others re-
ported here,

(13) E. J. Corey, M. Ohno, R. B. Mitra, and P. A, Vatakencherry,
J. Amer. Chem. Soc., 86,478 (1964),

(14) G. Stork, Pure Appl. Chem., 9, 131 (1964). This was charac-
terized by its (correct) high resolution mass spectrum, as was 10.

(15) G. Stork and J. E. McMurry, J. Amer. Chem. Soc., 89, 5464
(1967). The present annelation method represents a much simpler
method than any previously devised and the overail yield is also def-
initely better.

(16) Z. G. Hajos, R. A. Micheli, D, R. Parrish, and E. P. Oliveto,
J. Org. Chem., 32,3008 (1967).

11, R = CH;, and cyclized to give 15 (749 yield) mp
122°, identical with an authentic sample.!”
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The stereo- and regiospecific transformation, via
reductive methylation, of tricyclic enones, such as 15,
to natural steroids has been described previously. 1%

It is clear that the growing usefulness of regiospecifi-
cally generated lithium enolates can now be extended to
the Michael reaction, even with electrophilic olefins
possessing exchangeable hydrogens.
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(17) Prepared by a different route (ref 4a). Identity was established
by conversion to (=&)-D-homo-19-nortestosterone which was compared
with an authentic sample (ref 15).
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Conformational Analysis of Hydrocarbon Chains in
Solution. Carbon Tetrachloride
Sir.:

Very little is known about the conformational prefer-
ences of hydrocarbon chains longer than heptane and
shorter than polyethylene, either in the gas phase! or
in solution.? We present evidence which demonstrates
the flexible nature and random orientation of hydro-
carbon chains in carbon tetrachloride solution.

Our probe of chain conformation is a benzophenone

substituted with a remotely attached hydrocarbon
chain.® Conformations of the chain in which the chain

(1) (@) J. C. McCoubrey, J. N. McCrae, and A. R. Ubbelohde, J.
Chem. Soc., 1961 (1951); (b) R, S. Stein, J. Chem. Phys., 21, 1193
(1953); (c)L.S. Bartell and D. A, Kohl, J. Chem. Phys., 39, 3097 (1963);
(d) R. A, Bonham, L. S, Bartell, and D. A. Kohl, J. A4mer. Chem. Soc.,
81, 4765 (1959); (e) K. S. Pitzer, Ind. Eng. Chem., 36, 829 (1944); J.
Chem. Phys., 8, 711 (1940); (f) E. F. Meyer and K. S. Stec. J. Amer.
Chem. Soc., 93, 5451 (1971).

(2) (a) G. W, Brady, C. Cohen-Addad, and E. F. X. Lyden, J. Chem.
Phys., 51, 4039 (1969;) (b) G. W. Brady, Accounts Chem. Res., 7, 174
(1974); (¢) K. Liu and R. Ullman, J. Polym. Sci., Part A-2, 6, 451
(1968); (d) K. Liu, ibid., 5, 1209 (1967).
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Table I. Quantum Yields, Rate Constants, and Lifetimes for 3 as a Function of Chain Length
Chain length

1 3 9 10 11 12 14 16 18 20 22
7o 128 140 110 105 93 64 38.7 27.8 23.0 18.4 16.6
o 0 0 0.02 0.043 0.063 0.12 0.12 0.12 0.13 0.17
bp° 22.3 24.2 18.4 17.9 17.3 9.4 6.8 6.0 4.9 3.6 3.1
k.4 0 0 1.27 1.72 2.93 7.78 18.0 28.2 35.8 46.6 54.3
kye 175 173 167 170 185 146 176 213 214 195 187

o Measured phosphorescence lifetime in usec. Estimated error =5%.
¢ Quantum yield for phosphorescence (X 103%).

mated error ==109.

sec™! (X107%). ¢ Rate constant for phosphorescence, sec™.

achieves physical proximity to the ketone carbonyl
oxygen give rise both to photochemistry and to phos-
phorescence quenching. Experiments were designed
around the mechanism proposed in Scheme I below.
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The products of the photoreaction have previously
been described ;¥ we focused our attention on quantum
yield and phosphorescence lifetime (r) measurements.
In order to suppress bimolecular reactions, solutions
examined were approximately 1 X 10-2 M, Quantum
yields for reaction (¢.) were measured at 366 nm on an
optical bench using the photochemical cross-section
method of Johns*® and ferrioxalate actinometry.
Lifetimes were measured at 23 ° using single flashes from
a Xenon Corp. air spark lamp in conjunction with an
optical bench and a 1P28 phototube.t Oscilloscope
traces were photographed. The decay curves were
digitized and fitted logarithmically. Quantum yields
for phosphorescence were obtained as described by

(3) (a) R. Breslow, S. Baldwin, T. Flechtner, P. Kalicky, S. Liu, and
W. Washburn, J. 4mer. Chem. Soc., 95, 3251 (1973); (b) R. Breslow and
S. W. Baldwin, ibid., 92, 732 (1970); (c) R. Breslow and P. Kalicky,
ibid., 93, 3540 (1971); (d) R. Breslow and P. Scholl, ibid., 93, 2331
(1971); (e) R. Breslow, J. A. Dale, P. Kalicky, S. Y. Liu, and W, N,
Washburn, 1bid., 94, 3276 (1972); (f) R. Breslow and M. A. Winnik,
ibid., 91, 3083 (1969); (g) J. E. Baldwin, A. K, Bhatnagas, and R, W,
Harper, Chem. Commun., 659 (1970).

(4) H. R. Johns in “Creation and Detection of the Excited State,”
A. A. Lamola, Ed., Marcel Dekker, New York, N, Y., 1971, Chapter 3.

(5) All samples were degassed by five freeze—pump—thaw cycles at less
than 1 X 107% Torr. Quantum yields were obtained by observing dis-
appearance of starting material using a Cary 16 spectrophotometer and
matched 1.000-cm uv cells. Quantum yields were independent of ir-
radiation time up to 20 % conversion.

(6) Carbon tetrachloride was purified by Schuster’s method,” and all
experiments were carried out with a single 2-1. batch of purified solvent.
Approximately 5-10% reproducibility could be obtained on a day-to-
day basis. Better results were obtained for samples simultaneously
prepared and degassed. Sample purity was indicated by less than 109
variation in = and ¢, over a concentration range of 5 X 10-4t0 2 X 10-3
M.
(7) D. S. Schuster and T. Weil, Mol. Photochem., 4, 447 (1972).

> Quantum yield for disappearance of starting material. Esti-

¢ Rate constant for intramolecular phosphorescence quenching in 3,

Saltiel.* The value ¢, = 1.5 X 10~3 for benzophenone
was taken as a standard.® Our benzophenone sam-
ples had lifetimes of 106 usec in carbon tetrachloride.

Quantum yields and lifetimes are presented in Table
I. Rate constants are obtained as follows: 1/7, =
k, + ka + k.. The phosphorence rate constant is a
property only of the chromophore. The constant
kq is a sum of chain length independent unimolecular
rate constants for processes that contribute to radia-
tionless decay. These include solvent quenching,
internal conversion, and solvent impurities. For
chains too short to reach the ketone carbonyl (e.g.,
n = 1) 1/ry = k; -+ ka. Thisdefines the working equa-
tion (1).

R (1)
Tn T1

Phosphoresence quantum yields decrease with chain
length in a parallel fashion to the decrease in phospho-
resence lifetimes. From the definition (¢,,, = kp.nTn),
k... may be calculated. The table shows that the rate
constant for phosphorescence is independent of chain
length and has an average value of k, = 182 = 13
sec™1,

The radiationless decay constant k4 is calculated to
be 7600 sec~! for » = 1 and 7000 sec™! for n = 3.
These are the same within experimental error. The
constant k, is, therefore, a property only of the chromo-
phore and the solvent.

While k. in Scheme I may very well be the rate con-
stant for hydrogen abstraction, it is, phenomenologi-
cally, the rate constant for intramolecular collisional
quenching of emission by the chain. These rate con-
stants, k:.,, contain all the information about the con-
formation of the chain.?® These first-order rate constants
are proportional to the probability that the triplet C=0
and a CH, group will collide with the proper geometry
for quenching. If we assume unactivated CH, groups
to be equally reactive,! and if the th CH, in an »
carbon chain has a probability, P, ., of achieving a
reactive geometry, then eq 2 holds (k has units of sec™!).

n—1

kr,n = kZP1n (2)

In other words, 2P, , expresses the probability that any
CH; group in the chain will occupy the reactive volume

(8) J. Saltiel, H. C. Curtis, L, Metts, J. W. Miley, J. Winterle, and M.
Wrighton, J. Amer. Chem. Soc., 92, 410 (1970).

(9) (a) H. Morawetz and N. Goodman, Macromolecules, 3, 699
(1970); (b) N. Goodman and H. Morawetz, J. Polym. Sci., Part C, 31,
177 (1970); (c)J. Polym. Sci., Part A-2,9, 1657 (1971).

(10) (a) N. C, Deno, R. Fishbein, and C. Pierson, J. Amer. Chem. Soc.,
92, 1451 (1970); (b) P. Smith and H. J. den Hertog, Recl. Trav. Chim.
Pays-Bas, 83, 891 (1964).
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Figure 1. Measured rate constants k.., (@) for intramolecular

hydrogen abstraction in 3 and fraction of reactive conformations
(O), both plotted against chain length. The latter quantities are
obtained from lattice-based Monte Carlo calculations (ref 11).
The reactive sites are taken to be the two lattice sites adjacent to
the ketone oxygen in 3 coplanar with therings. These represent
the space occupied by the nonbonding orbtials on this oxygenin 1,
Error bars represent one standard deviation.

about the ketone oxygen in 3. Since the methyl group
is unreactive in 3,% one sums over n — 1 carbons only.

To demonstrate that the hydrocarbon chains in 1
are randomly oriented and flexible within the stricture
of tetrahedral bond angles, one must calculate ZP;,
as a function of n for such a flexible chain. We have
presented!! a lattice-based Monte Carlo method for
estimating hydrocarbon chain conformations in mole-
cules such as 1. This method takes rigorous account
of the volume excluded by the chain and the benzo-
phenone. By choosing certain lattice sites as reactive
(e.g., those adjacent to the reactive C==0 in 3), one
may estimate the total number of reactive conforma-
tions, #:.,, for a chain n carbons long. One can also
estimate the total number of conformations, #is,s,
available on a diamond lattice to a chain of length .
The ratio of (reactive conformations/all conformations)
for an n carbon chain equals ZP; , for a flexible hydro-
carbon chain.

n—1
Mr

Z:Pi,n =

While the details of the calculations, and of modeling
molecules like 1 in a tetrahedral lattice, have been pre-
sented before,!! it is important that we emphasize
certain weaknesses and artifacts inherent in these
calculations. Lattice-based calculations assume equal
bond lengths for C-O, C-C, and C-H; consequently,
C-H bond lengths are exaggerated. Hard sphere
potentials underestimate CH-HC nonbonding interac-
tions and seem to exaggerate steric interactions of CHz
groups with the faces of the aromatic rings. The
first two tend to off-set one another. The net effect,
however, is to exaggerate somewhat the length of the
shortest chain which can achieve a reactive conforma-
tion. This artifact has been described in some detail.'?
A more troublesome detail is that we are unable in
these calculations to distinguish gauche from trans

3)

t.n

(11) M. A. Winnik, R. E. Trueman, G. Jackowski, D. S, Saunders,
and S. G. Whittington, J. 4mer. Chem. Soc., 96, 4843 (1974).

(12) M. A. Winnik, D. S. Saunders, G. Jackowski, and R. E. True-
man, J. Amer. Chem. Soc., submitted for publication.

rotamers in the chain. This has the effect of biasing
the (m;../m:.) ratios we calculate in favor of more
highly coiled conformations of the chain. The ex-
tent to which this perturbs the calculated curve in
Figure 1 is unknown.

Figure 1 presents both the experimentally determined
dependence of k,, on chain length and the ratio of
(reactive conformations/all conformations) estimated
from the Monte Carlo calculations. The horizontal
shift between the two curves is consistent with the limita-
tions of the lattice model discussed above. Choosing
the reactive distance at twice the O-H bond length
in 4 shifts the calculated curve so that 11 carbon chains
become reactive. Expanding the reactive volume has
no effect on the curve shape.

The agreement between the experimental results
and the calculated reactive fraction of chain conforma-
tions for a randomly oriented flexible chain is excellent.
The agreement is at the limit of what one might expect
for the theoretical model at its current level of sophis-
tication.

While rigorous conclusions cannot be drawn until
quantitative calculations show that our data are in-
consistent with alternative models, it seems unlikely
that hairpin conformations?»¢ or micellar aggregation
with extended chains?*® are favored in dilute carbon
tetrachloride solution. It is possible that a small,
unfavorable solvent-chain enthalpy acts to cause
gauche and trans rotamers in the chain to become iso-
energetic. The chains, however, appear to be highly
flexible; within the framework of tetrahedral bond
angles, they assume all possible orientations.

Acknowledgment. We wish to thank Research
Corporation and the National Research Council of
Canada for financial support. We are indebted to
Professor N. J. Turro, Professor Martin Moskovits, and
Mr. W. Panning for assistance in assembling our flash
photolysis equipment and to Mr. Paul Cachia for writ-
ing a computer program. We thank Professor S. G.
Whittington for many helpful discussions.

Mitchell A. Winnik,* C. K. Lee, S. Basu, D. S. Saunders
Erindale College and Lash Miller Chemical Laboratories
University of Toronto

Toronto, Ontario, Canada, M58 141

Received June 6, 1974

Effect of Crown Ether on the Conformational
Equilibrium of Sodium Acetylacetonate

Sir:
The structures of enolate anions derived from (-

dicarbonyl compounds have long been a topic of
interest.'~!! Dynamic nuclear magnetic resonance
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