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g., were not identified but shown by their infrared spectra to
have terminal vinyl groups.

Mass Spectra of cis- and frans-a,a,1,6-Tetramethyl-3-piperi-
dinemethanol.—Mass spectra were obtained for the major and
minor Clarke-Eschweiler products using a C.E.C. Type 21-130
spectrometer. For the minor component the sample was pre-
pared by vapor phase chromatography of a 909 mixture on a
60-cm. silicone rubber column. There is no significant difference
in the spectra of the two isomers. The molecular-ion peak ap-
pears at m/e 171 and the base peak at M — 15. Two stable ions,
12 and 13, could result from loss of CH;; both probably are
formed. There are two remaining strong peaks at m/e >100,
M — 33 and M — 59. The first probably corresponds to loss
of water from 12. The second is presumably the result of loss
of the hydroxypropyl radical from the molecular ion.
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N.m.r. spectra were obtained using the Varian Model A-60
spectrometer. Tetramethylsilane, for carbon tetrachloride solu-
tions, and the sodium salt of ~-trimethylsilylpropanesulfonic
acid, for deuterium oxide solutions, were the internal standards.
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A series of compounds (II, X = H, F, NH,, OH, or COOH with n = 5-8) have been studied with respect to

pK values and n.m.r. (for X = F) and ultraviolet spectra.

Earlier conclusions regarding the interpretation

of the data on the po basis are confirmed for the most part, but it is shown that the ultraviolet data cannot be
go correlated reliably. The theoretical implications of these facts are considered.

The effect of a substituent (Z) located on a benzene
ring para to a reaction site (X) as in I is one of the most
thoroughly studied phenomena in the field of organic

x—@—z
I

chemistry, much of the study being summarized in
terms of the Hammett po relationship.4—¢ Typically,
Z (and hence ¢) is varied over a series of atoms or
groups, and various values of p are obtained depending
on the property being studied at the reaction site.
The property being examined is always a function of
the difference between two states (one may be a tran-
sition site in the case of rate phenomena), transitions
between which are under examination. It was origi-
nally thought that, for a given Z, there would be & single
¢ constant, or perhaps a few constants, which would
be applicable to different kinds of situations. When
the mechanism of the effective action of Z on X is
examined, it appears that in most, if not all, cases that
the effect of Z is simply to increase or decrease the
electronic charge at X in the states under observation.
Thus it seems reasonable a priori that, since this dis-
tribution will vary depending on the demands of the
states of X in question, ¢ should not be a constant,
but rather a function of the property being examined,
and hence to the next approximation a function of p
as well as of X. That this is in fact the case is shown
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by the profusion of ¢ constants, and of ways of defining
and measuring them, which have become available in
recent years.

There would be certain advantages to being able to
study a system in which it was possible to vary Z in
a systematic continuous fashion, rather than by large
uncontrollable increments (such as from nitro to
bromo to hydroxyl). One way in which such a varia-
tion might be brought about would be to have a group,
say acetyl, in which the properties examined were a
function of the rotational orientation about the bond
joining it to the benzene ring, and then to vary system-
atically the conformation of the side chain relative to
the ring. Such substituted acetophenones would allow
one to deal with a minimum of variables, but they
cannot, unfortunately, have their side chains held in
various definite, arbitrary arrangements relative to the
ring while the properties of interest are being studied.
If the acetophenone is further substituted with groups
of varying sizes, the side chain can be effectively
held. This has been done in the past in various
studies,®—® and, while such a technique is useful, there
are usually too many variables in the system to eval-
uate some of the points of interest accurately. The
present work is concerned with a study of benzocycla-
nones (II) in which one can come about as close as is

(7) B. M. Wepster in '‘Progress in Stereochemistry,” Vol. 2, W. Klyne
and P. B. D. de la Mare, Ed., Academic Press Inc., New York, N. Y.,
1958, p. 99.

(8) E. A. Braude in ‘“‘Determination of Organic Structures by Physical
Methods,”” E. A. Braude and F. C. Nachod, Ed., Academic Press Inc., New
York, N. Y., 1955.
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physically possible to the ideal situation. While it is
not possible to fix the orientation of the carbonyl at
continuous arbitrary orientations, by changing the size
of the ring one can achieve a number of orientations
which, according to the literature, have known geom-
etries.’~1  The effect of the attachment of the other
end of the side chain to the benzene ring at the posi-
tion meta to X should be essentially constant.!?

The most simple case is the situation where X = H,
and here there are a number of properties that one might
conceivably examine. The ultraviolet and infrared
spectra are among the more easily measured properties,
and studies on those properties have previously been
reported for these compounds.®—!! As the benzocyclo-
pentanone (II, n = 2) must necessarily be planar (or
very close to it), the carbonyl is conjugated with the
benzene ring. As 7n increases the carbonyl is forced
out of the plane of the ring as a result of the conforma-
tional restrictions imposed by the unfavorable dihedral
angles in the acyclic ring. The carbonyl group is thus
twisted from the plane of the aromatic ring and de-
conjugated. The infrared carbonyl stretching frequency
thus first decreases (because of the change in bond
angle at the carbonyl carbon) and then increases with
increasing n owing to the interruption of conjugation.

The behavior of the ultraviolet spectra of the series
II (X = H) as a function of n has been discussed by
previous workers, and the assumption made was that,
for such a series of compounds, the extinction co-
efficient (properly the oscillator strength) of the K
band decreases, approximately proportionately to the
square of the cosine of the angle of torsion.®-1! 8o
far as the present authors have been able to determine,
there is no good experimental or theoretical justifica-
tion for this widely used relationship. It was intro-
duced as an empirical relationship by Klevens and
Platt,’® and was intended to correlate angles of twist
which were themselves unknown. That the reso-
nance energy gained from the conjugation of two reso-
nating systems would show such a proportionality
was derived for p-orbitals of hydrocarbon systems by
perturbation theory.'* This extra energy is simply the
conjugation energy of the ground state, and the cos?
relationship does not necessarily refer to the transition
energy, although it may in certain cases, nor does it
refer to the ratic of the extinction coefficients in the
nonplanar and planar cases. The extinction coeffi-
cients are determined by the transition moments, which
vary according to the difference in electron distribu-
tion between the ground state and the exeited state
being considered, and have in general no simple
relationship to the angle in question.!®® Guy showed
many years ago that for twisted biphenyls the relation-
ship is more complicated than the cos? proportionality
would indicate.’” More recently, from the rather thor-
oughly studied case butadiene,’® it can be seen that none
of the transition energies and none of the extinction
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coefficients vary as the square of the cosine of the
angle of twist. Since these cos? curves are ordinarily
deduced by knowing the value of the extinction co-
efficients at 0 and 90°, they will (as will any continuous
single valued monotonous function) give qualitatively
the observed results between 0 and 90°. The inter-
planar angles derived from such a relationship cannot,
however, be expected to be any more than qualitatively
ordered.

Detailed quantum-mechanical calculations of the
ultraviolet spectra of nonplanar acetophenones as a
function of the dihedral angle about the carbonyl
group will make it possible to deduce the interplanar
angles from the ultraviolet spectra. Such calculations
are in progress and will be reported later. For the
present it will simply be noted that the ultraviolet
spectra of such compounds, which involve an excited
molecular state and are hence distinct from the other
properties which are commonly correlated by po
treatments, and which involve only ground (or tran-
sition) states, are not expected to correlate with these
other properties. Experimentally, in the cases studied
here, it is found that in fact they do not correlate. In
the past it has been widely assumed that dihedral angles
can be determined by correlation between the extinction
coefficients for various series of compounds.s—81319.20
All such correlations are definitely suspect, but they
will not be discussed in further detail here.?!

Results and Discussion

At the outset of this investigation it was intended
to calculate the angles of twist for the accessible com-
pounds from the ultraviolet spectra and extrapolate
to an angle of twist of 90°, at which point only the in-
ductive part of the ¢ constant should be operative.
From these data a separation of ¢ into resonance and
inductive portions would be possible. This approach
to a separation of the components of ¢ failed because
of the failure of ¢ to show the type of behavior that
earlier workers had indicated that it should show;
thus plots of € vs. the other properties studied for II
as a function of n do not give straight lines. In the
meantime, a paper by Taft appeared?? which showed
that in substituted fluorobenzenes the chemical shift
of the fluorine in the n.m.r. spectrum could be used as
a measure of the electron density supplied to the fluo-
rine by the aromatic system. The transitions being
examined in this case involve two nuclear states which
do not differ to any noticeable extent in chemical
properties or electron distribution, and this seemed to
be a better standard to which to refer the other proper-
ties. The chemical shift of the fluorine was therefore
determined for compounds II (X = F) as a function
of ring size. As will be discussed below, many proper-
ties do correlate well with the chemical shifts. Taft
showed that a separation of ¢ into its components
could be made from the n.m.r. spectra of substituted

(19) (a) C. Dickinson, J. R. Holden, and M. J. Kamlet, Proc. Chem.
Soc., 232 (1964); (b) J. E. Bloor and A. Burawoy, Teirahedron, 20, 861
(1964); (c¢) H. Suzuki, Bull. Chem. Soc. Japan, 83, 1350 (1959); 88, 613, 619
(1960); (d) H. H. Jaffé and M. Orchin, “Theory and Applications of Ultra-
violet Spectroscopy,’” John Wiley and Sons, Inc., New York, N. Y., 1962, p.
38‘(;O) B, M. Wepster, Rec. trav. chim., 76, 335, 357 (1957).

(21) See also L. A, Cohen and W. M. Jones, J. Am. Chem. Soc., 88, 3402

(1963), and references therein.
(22) R. W. Taft, Jr., ibid., 79, 1045 (1957).
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fluorobenzenes, and he has tabulated the resonance
(er) and inductive () components for various substit-
uents.?? Taft values were therefore utilized in the
present work.

The compounds (IT) studied in the present work
had n = 5-8, and X = H, F, NH,, OH, and COOH.
The properties studied were the fluorine resonance
in the n.m.r. spectrum for X = F, the ultraviolet
spectrum for X = H, and the pK, values for the other
compounds. The syntheses of the compounds have
previously been described.?* The experimental data
are summarized in Tables I-V.

TasLe I
AprrARENT lonizaTioN CoNsTANTS OF BENzZOIC Acips®
Compd. pKa pK, (lit.)
Benzoic acid 9£005 5732565
p-Acetobenzoic acid 3 = 0.03 5.10

6-Carboxy-1-tetralone
7-Carboxy-1-benzosuberone
8-Carboxy-1-benzocyclooctanone ...

s In 509, aqueous ethanol at 25°; p = 1.464. ? Reference 7.
<H. H. Szmant and G. Suld, J. Am. Chem. Soc., 78, 3400
(1956).

5.5

5.0
5-Carboxy-1-indanone 4.93 = 0.04

5.0

5.2

5

TasLe I1
ArpaRENT IoNizaTioN CoNSTANTS OF PHENOLS®

Compd. pKa pKa (lit)
Phenol 11.12 = 0.08  11.28°
p-Acetophenol 9.04 = 0.05 9.21°
5-Hydroxy-1-indanone 8.70 = 0.02
6-Hydroxy-1-tetralone 8.98 3 0.03
7-Hydroxy-1-benzosuberone 9.40 %= 0.03
8-Hydroxy-1-benzocyclooctanone 9.36 £ 0.02

s In 509, aqueous ethanol at 25°; p = 2.545. ? Reference 7.

Tasre II1
ApPARENT JoN1ZATION CONSTANTS OF ANILINIUM JoNs®
Compd. pKs
Aniline 4.41 = 0.05
p-Aminoacetophenone 1.83 £0.03
5-Amino-1-indanone 1.47 = 0.01
6-Amino-1-tetralone 1.76 = 0.02
7-Amino-1-benzosuberone 2.29 & 0.02
8-Amino-1-benzocyclooctanone 2.34 & 0.03

s In 309, aqueous ethanol at 25°; p = 3.435.

For any property, p, one can write the Hammett
relationship as

p = olaor + bor) + ¢ (1)
where (ag; + bog) = ¢. Ordinarily @ and b are equal

to 1. Taft has written an equation for the chemical
shift of a p-fluorine, 3§, as

5§ = 0.583¢1 + 1.88¢r — 0.08 (2)

The 7 electrons are thus more effective in shielding
the fluorine nucleus than are the ¢ electrons, while
quantities such as pK depend on the total electron
density. For the Hammett equation in its more usual
form (3) we can use the usual values of p for the ioni-

log k/ky = p (a1 + oRr) 3)

zation of benzoic acids, anilinium salts, and phenols
as given in Tables I-III. The value for o; can be
taken?? as constant for the whole series, independent

(23) N. L. Allinger and E. 8. Jones, J. Org. Chem., 87, 70 (1962).
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TasLe IV
ULTRAVIOLET SPECTRA OF THE BENZOCYCLANONES®
Compd. Amax, My ¢
Abs. Ethanol Solvent

Acetophenone 241 12,300
1-Indanone 244 12,200
1-Tetralone 247 11,300
1-Benzosuberone 246 9,300
1-Benzocyclooctanone 248 5,800
p-Acetobenzoic acid 249 18,300
5-Carboxy-1-indanone 251 18,600
6-Carboxy-1-tetralone 255 18,000
7-Carboxy-1-benzosuberone 253 15,100
8-Carboxy-1-benzocyclooctanone 246 9,500
p-Fluoroacetophenone 243 11,800
5-Fluoro-1-indanone 244 11,300
6-Fluoro-1-tetralone 248 11,400
7-Fluoro-1-benzosuberone 247 9,200
8-Fluoro-1-benzocyclooctanone 249 7,700
p-Aminoacetophenone 317 20,800
5-Amino-1-indanone 322 22,800
6-Amino-1-tetralone 323 22,100
7-Amino-1-benzosuberone 318 17,200
8-Amino-1-benzocyclooctanone 321 18,900
p-Hydroxyacetophenone 277 14,900
5-Hydroxy-1-indanone 203 11,400

269 13,000
6-Hydroxy-1-tetralone 278 14,500
7-Hydroxy-1-benzosuberone 276 12,300
8-Hydroxy-1-benzocyclooctanone 282 12,800

0.1 N NaOH Solvent
p-Hydroxyacetophenone 325 23,300
5-Hydroxy-1-indanone 323 28,300
6-Hydroxy-1-tetralone 330 25,500
7-Hydroxy-1-benzosuberone 327 20,000
8-Hydroxy-1-benzocyclooctanone 331 18,900
TaBLE V

NUCLEAR MAGNETIC SHIELDING PARAMETERS FOR THE
para-SUBSTITUTED FLUOROBENZENES
Compd. g

5-Fluoro-1-indanone 0.839
6-Fluoro-1-tetralone 0.701
p-Fluoroacetophenone 0.672°
7-Fluoro-1-benzosuberone 0.459
8-Fluoro-1-benzocyciooctanone 0.390

¢ Relative to fluorobenzene. *® Reported value, 0.66.2¢
of both X and n, and equal to the sum of the values for
p-acetyl and m-methyl, +0.22. We can then evaluate
or as a function of X with the angle of the carbonyl
group remaining 0°, and also as a function of the angle
with X remaining constant. It is to be expected
from theory, and it has been experimentally demon-
strated previously, that oy in eq. 3 should vary with
the nature of X. In the present case, considering
only the planar compounds (II, n = 2), we find that
to fit the data o5 must vary significantly, having values
of 0.23, 0.42, 0.63, and 0.73 for the acids, fluorides,
amines, and phenols, respectively. These numbers
span a range which is in satisfactory agreement with
the values given by Taft for ¢g and oz~ (0.25 and 0.60),
and they are in the qualitative order one might expect,
thus the larger the electron-donating power of X, the
greater the response of the acyl group toward accepting
electrons.??2¢

(24) R. W. Taft, Jr., 8. Ehrenson, I. C. Lewis, and R. E. Glick, J. Am.

Chem. Soc., 81, 5352 (1959); R. W. Taft, Jr., and I. C. Lewis, ibid., 81, 5343
(1959).
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Figure 1.—Plots of the pK values of a series of compounds
(IT) for X = OH, COOH, and NH; vs. the & values for X = F,
and the same pK, data plotted against the ¢/¢ value of the
strongest absorption bands of the same compounds (e from
n = 5).

Next one can look at the variation of the effect of
or with the angle between the plane of the ring and
the carbonyl, and these data are summarized in Table
VI. In eq. 1, or is taken as independent of angle

TasLE VI
bor VALUES FOR THE para-SUBSTITUTED BENZOCYCLANONES
Compd. II F NH; x OH CO:H
5 0.42 63 73 0.23
6 0.35 55 62 0.14
7 0.22 40 45 0.05
8 0.18 38 47 -0.02

and the constant b varies with angle between the limits
of 1 (where ogr exerts its full effect) and 0 (where the
substituent exerts no resonance effect). It might be
supposed that for substituents (X) which can resonate
strongly with the carbonyl group, more conjugation
energy will be obtained than with substituents which
cannot resonate as well, and therefore the system might
be expected to flatten out for the amines and phenols,
relative to what is found for the carboxylic acids.
Such a flattening out has been suggested previously.>?%
In the present case it is opposed mainly by torsional
barriers, and these lead to energies which change only
rather slowly with change in dihedral angle. The
flattening-out effect should therefore be seen more
clearly here than in cases where the opposing force
is a van der Waals repulsion. From the data bog was
calculated as a function of » for each series of com-
pounds. It was expected that b would vary contin-
uously from the value one at § = 0° to zero at § =
90°, and a smaller value for b corresponds to a larger
value of 4. (No attempt will be made to specify

(25) R. O. C. Norman, G. K. Radda, D. A. Brimacombe, P. D. Ralph,
and E. M. Smith, J. Chem. Soc., 3247 (1961).
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what function relates b and 4 at this time.) Table VI
shows that for the amines and phenols, where the
resonance is very much more effective in one state
{amine or phenolate ions) than in the other (ammonium
salt or phenol), b falls slowly with increasing n, going
down by about 409, by the time n = 8. TFor the
fluorides the resonance is less effective and b falls more
rapidly, losing 609, of its initial effect at n = 8. For
eompounds like the acids, sg does lead to stabilization
of the anion and increased acidity, but the effect is
not great, and oy is small. The tendency for the ring
to be planar is also therefore expected to be small,
and b has been reduced to zero (within experimental
error) atn = 8.

We are able to reach a number of conclusions from
the present work. First, from evidence with quite a
different basis from that used by Taft, it can be con-
cluded that one component of the o value of an acyl
group shows an angular dependence which can be iden-
tified with Taft or. Second, accepting Taft values
for o1 and ogr, one can ascertain the extent to which
og contributes to compounds of structure II, both
as functions of n and X. Third, oy is seen not to be a
constant, but is a function of X and n. These con-
clusions have been reached by others, but few of them
have been as clearly established as in the present work.

More important, perhaps, is the variation of the
ultraviolet spectra for these series of compounds. If
a plot is made of the pK values of any single series
against the & wvalues for the corresponding series
(Figure 1%), a straight line is obtained. On the other
hand, if similar plots of extinction coefficients of these
series are made against the same values, no particu-
lar correlation is obtained. (The use of oscillator
strengths instead of extinction coefficients does not
improve the correlation.) Thus theory suggests and
experiment supports the fact that there is no simple
correlation between the ultraviolet extinction co-
efficients of these compounds and other properties of
the sort discussed here, and the so-called “angles of
twist’”’ deduced for systems of this type of earlier workers
from the data on extinction coefficients in the ultra-
violet are really only qualitatively meaningful at
best.

It appears to the authors that all of the experimental
properties discussed herein, including the ultraviolet
spectra, are probably now calculable by the semi-
empirical quantum-mechanical methods presently avail-
able.” The op type of treatment is essentially an
empirical way of applying perturbation approxima-
tions to systems of interest, We suggest that enough
is now known about the principles involved actually
to do the calculations for spectroscopic observables
and probably also for equilibria, and the elaboration
of the po approach has probably reached if not gone
well past the point of diminishing returns. The ex-
perimental data presented here in fact offer something
of a challenge to organic quantum chemistry, a chal-
lenge which will be taken up in a later paper.

(26) It is noted that for the compounds with » = 8, the carboxylic acid is
weaker, the ammonium salt stronger, and the phenol much stronger than re-
quired by a straight-line relationship with the n.m.r. While the data are
not completely definitive, this is consistent with appreciable differences in
ring flattening here, compared to the smaller, more rigid rings.

(27) For example, see E. G. McRae and L. Goodman, Mol. Spectr., 3,
464 (1958), and ref. 18.
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Experimental

Apparent Ionization Constants.—All measurements on the
acids and phenols were made in aqueous alcohol which was pre-
pared from carbon dioxide-free water and Commercial Solvents
Co. Gold Shield alcohol, mixed in equal parts by volume. Sam-
ples of about 30 umoles of compound in 75 ml. of 509, alcohol
were titrated with standard 0.05 N sodium hydroxide solution
made up in the same solvent. The titrations were done under an
atmosphere of purified nitrogen at 25 =+ 1° using a Leeds and
Northrup pH meter, Model 77664, equipped with glass and
saturated calomel electrodes. The meter was standardized with
aqueous buffers. The pK. values were calculated from the
Henderson equation® and are the average of two independent
determinations at approximately 20, 40, and 609, neutralization.
Tables I-II give the pK, values measured for the acids and
phenols.

The values of the apparent ionization constants of the anilin-
ium ions were measured in 309, alcohol by a spectrophotometric
method. The amine (about 50 umoles) was dissolved in 50 ml.
of 309, ethanol to give a stock solution. Aliquots of this stock
solution (1 ml.) were diluted with 50 ml. of 309, alcohol and with
1 N hydrochloric acid in 309 alcohol to secure the amine in the
forms of the free base and anilinium salt, respectively. Aliquots
(1 ml.) of the amine solutions were also diluted to 50 ml. with a
dilute hydrochloric acid solution having a pH within 0.5 units of
the expected pK, value. Absorption curves were then obtained

(28) F. G. Bordwell and G. D. Cooper, J. Am. Chem. Soc., T4, 1058
(1952).
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using a Beckman DU spectrophotometer equipped with a War-
ren Spectrocord automatic recording attachment. The pH
of the dilute acid solutions were determined at 25 =+ 1° using &
Leeds and Northrup pH meter standardized against a saturated
solution of potassium hydrogen tartrate. The pK, values were
determined from the equation: pK, = pH + log (RNH;*/
RNH:). The quantity log (RNH;*/RNH;) was obtained from the
relationship RNH;*/RNH; = (4, — A)/(A — A.) where A,
Ay, and A are the absorbancies of the acid, base, and dilute acid
solutions at Amax for the free amine. The pK. values listed in
Table III are the average of two determinations.

Ultraviolet Absorption Spectra.—The spectra for the com-
pounds were determined in absolute ethanol using a Beckman
Model DU spectrophotometer equipped with a Warren Spectro-
cord automatic recording attachment. The spectra of the
phenols were also obtained in 0.1 ¥ sodium hydroxide solution,
and the spectra of the amines were also determined in 0.1 N
hydrochloric acid solution. The results are tabulated in Table
Iv.

N.m.r. Shielding Parameters for the Fluorocyclanones.—The
n.m.r. spectra were determined in dilute carbon tetrachloride
solution using fluorobenzene as an internal standard, and the
results are tabulated in Table VI. The spectrometer employed
was a Varian Associates n.m.r. spectrometer, Model HR-60.
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Dr. L. A. Freiberg and to Mr. B. Shoulders (Univer-
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The rearrangement of 9a-bromo-11-ketoprogesterone with hydroxide ion gives 12«-hydroxy-11-ketopro-

gesterone.

The syntheses of two other 11,12-ketols, viz., 11a-hydroxy-12-ketoprogesterone and 128-hydroxy-

11-ketoprogesterone are also described, and their alkaline equilibration is discussed. The four possible 11,12-
dihydroxyprogesterones have been prepared as well ag the acetonides of the 11,124, 118,128, and 114,128

isomers.

The reaction of 9a-halo-11-keto steroids with nucleo-
philic reagents leading to 12«-substituted 11-keto
steroids has been the subject of a number of recent
publications.? In 1961 the reaction of 9a-bromo-11-
ketoprogesterone (I) with methoxide ion yielding 12a-
methoxy-11-ketoprogesterone was reported?b from this
laboratory. We would now like to report the reaction
of I with hydroxide ion and the conversion of the
product of this reaction to other 11,12-oxygenated
progesterones.

The reaction of 9a-bromo-11-ketoprogesterone with
sodium hydroxide under mild conditions gave a bro-
mine-free compound which showed a correct analysis
for CyHesOs. That this compound was 12a-hydroxy-
11-ketoprogesterone (II) and not one of the other
isomeric 11,12-ketols which might have been formed
under these alkaline conditions was confirmed by both
chemical and physical methods. Reaction of 118,128-
oxidoprogesterone® (III) with perchloric acid gave
118,12a-dihydroxyprogesterone (IV) which on acetyla-
tion gave only a monoacetate, the 12a-acetate (IVa).

(1) Deceased January 23, 1965,

(2) (a)J.8.G.Cox, J. Chem. Soc., 4508 (1960); (b) P. A. Diassi and R. M.
Palmere, J. Org. Chem., 26, 5240 (1961); (c) J. Fried, ‘‘Biological Activities
of Steroids in Relation to Cancer,”” G. Pincus and E. Vollmer, Ed., Academic
Press Inc., New York, N. Y., 1960, p. 9.

(3) J. E. Herz, J. Fried, and E. F. S8abo, J. Am. Chem. Soc., 78, 2017
(19586).

Oxidation of 1Va with Jones reagent®® gave 12a-acetoxy-
11-ketoprogesterone (I1a), identical with the acetyla-
tion product of II. That the structural assignments
for these compounds were correct was also supported
by the n.m.r. spectra of these compounds (¢f. Table I)
and the hydrogen bonding detectable in both the infra-
red and proton magnetic resonance spectra.’® The
11a and 128 protons of IV appeared at r 5.75 (W, =
8.5 c.p.s.) and 6.10 (W, = 7.5 c.p.s.), respectively,
and for IVa appeared at r 577 (W,,, = 8 c.p.s.) and
496 (d, J = 25 c.ps.). The doublet and small
coupling constant of the 128 proton in the latter case
indicated the diequatorial relationship of the C-12
proton to the C-11 proton. In II and Ila the 128
proton appeared at r 6.10 (d, J = 3.5 c.p.s.) and
5.21 (s), respectively, the singlet of Ila confirming
that no vicinal proton was present. That the carbonyl
groups of II and Ila are at position 11 and not at 12
was evident by the resonance bands for the 18-methyl

(4) The opening of 118,128-oxides by nucleophilic reagents of the type
HX has been shown to lead to the irans diaxial (118-OH, 12«-X) configura-
tion: ¢/. (a) J. W. Cornforth, J. M. Osbond, and G. H. Phillips, J. Chem.
Soc., 907 (1954); (b) D. Taub, R. D. Hoffsommer, and N. L. Wendler, J.
Am. Chem. Soc., 79, 452 (1957); (c) J. Elks, G. H. Phillipps, T. Walker, and
L. J. Wyman, J. Chem. Soc., 4330 (1956).

(56) (a) K. Bowden, I. M. Heibron, E. R. H. Jones, and B. C. L. Weedon,
ibid., 39 (1946); (b) A.I. Cohen, B. T. Keeler, E. J. Becker, and P. A, Disssi,
J. Org. Chem., 80, 2175 (1965).



