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From u study of tle strizcture-artivity relationship in a serins of 1,5-benzadioxolt syvnergists for the inseeticide
carbaryl in flies using substiluent constanis and regression analysis, il is conclinded that the synergisis may react
with an enzyme to proditee free radicals which bind tightly 1o the enzyme inhibiting its detoxifying action on
insecticides. Electronic sitbstituent effects parallel those fur homolytic arylation. The hydrophobie charweter

of the synergists is quite imporiant and, for maximum acrivity, log P is about 4.

I1 ix also shown that the e

crease in activity which occurs when large gronps are placed next to the strongly artivaling nitro group ean he
quantitatively accounted for by the use of Taft’s E, parameter.

In continuing our study of structure-activity re-
lationships in biochemical systems,® this report is
conceried with the work of Wilkinson* on the synergis-
tie activity of 1,3-benzodioxoles with the inusecticide
carbaryl (1-naphthyl-N-methylearbamate) in female
houseflies. In a recent review Metcalf® has assembled
evidence which indicates that these synergists operate
by inaetivating microsomal enzymes which netabo-
lize the insecticides. Insecticides are apparently de-
activated by microsoinal enzymes in much the same way
drugs are deactivated by ntammalian microsoines.®
Our suceess’ in correlating MceMahou's deniethylation
studies encouraged us to attenipt an analysis of Wilkin-
son’s results, It seenis to us that inforniation obtained
from a study of these synergists might be useful in de-
signing drug potentiators.

Carbaryl is relatively nontoxic to flies under ordinary
conditions;* however, it becomes quite toxic when
certain methylenedioxy derivatives (I) are added with
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it. This effect of methylenedioxy derivatives is not
limited to earbaryl but also occurs with other insecti-
cides ™ A number of structure-activity studies®
on various wmodifications of I have uncovered im-
portant molecular requirenmients for synergist activ-
itv. Up to the present, the only functional group ap-
proaching methylenedioxy in activity was the sulfur
analog IT.  The ring structure ITI has very low activity.
Replacing the methylenedioxy function with two
methoxy groups greatly reduees activity. At least one
livdrogen atom on the methylene bridge is necessary
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Replacement of both hyvdrogens by oxv-
gen or methyl groups destroys all activity.  Replace-
ment of livdrogen by deuterinim reduces activity.  This
observation, aniong others, led Hennessy™ to suggest
that loss of one of these hydrogens in the form of a hy-
dride 1on vields a biochamically aetive benzodioxolimn
o,

In the stochastic approach to struct ure-activity prob-
leins i biochemical svstenis, we have found eq 1 to be a

log BR = —k#x¥ + b’ + pe + L7 (1)

useful point of departure.' [ e 1, BR represents
standard biological response, 7 is 2 hydrophabic bonl-
ing constant,'? and o ix an cleetronie term. We have
found Hannnett constant=" tn be most nseful i this
ferm.  In this report we have applied ¢q 1 and its shu-
pler as well as more cowplex forms to the problent of
the syvuergistic activity of the 1.3-benzodioxoles.

for activity.

Method

Iu the work at hand, BR = SR where SR s the
weight fweight syvnergistic vatio of the LDy of car-
barvl in the absence and presence of syvuergizt.*  That
ix, SR = [LDs of carbarvl alone |/ {LDsy of carbaryl 4
sviiergist . Unfortunately, 1t is not possible to put the
data on a molar basis. TFor most of the synergists this
is not a serious cousideration since variation in ratios
due to variations in  weight /weight rvather than
wole ‘mole will probably be less than the variations in
tlie biological testing. However, a few of the molecules
with high molecular weight. will appear to be less active
on a weight basis than on @ molar basis.  Table T con-
tains data on 16 molecules for which substituent con-
stants are available.  For our Hrst exploratory work,
molecules 12, 13, and 14 were not included siiee it was
felt that steric hindrance of large groups next to the
nitro group would hinder its eleetronic interaction wirh
the ring electrons.

The results obtahied using o, o7, and o) 1 eq 1 (e
8-10) were not as good as one might expeet.  Irom
previous work®? it occurred to us that the inhibitors
might operate through a radical mechanism. In pav-
tieular, we were struck by the observation of Wilkinson?*
that the introduetion of almost any substituent on the

10y DT Nenuessy, J. Ape. Foodd Cheme, 18, 218 (1067,
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120 éay T, Fujita, 1 Lwasa, sond O ansel, ihid, 86, 5175 sahiGrer
VL Mansel and S0 ML Amderson, S Oen, Clem,, 832, 25838 (YOLT

130 L HL Jalté, Chem. Kol 83, 19) 419595,
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TaBLE 1
OBSERVED AND CALCULATED SYNERGESTIC ACTIVITY OF 1,3-BENZODIOXOLES witH CARBARYL IN FLIES
Y
X O\
CH,
X o’
Y

Obsd/ Caled?

No. X X Y Tr® o' b Sop° Top @ Eg @ Eg© log SR5 log SR3

1 H H H 00 00 00 00 00 00 1.4} 1.586

2 H CH, H 0.52 0.09 —0.17 —0.03 —0.31 00 1.93 2.029

3 H Cl H 0.70 0.03 0.23 0.42 0.11 00 1.88 2.023

4 I Br H 1.02 0.11 0.23 0.45 0.15 00 2.19 2.252

5 H NO, H 0.24 0.47 0.78 0.68 0.79 00 2.48 2.430

6 H OCH; H —0.04 0.40 —0.27 0.28 —0.78 00 2.44 2.141

7 Cl Cl H 1.40 0.06 0.46 0.84 0.22 00 2.28 2.258

8 Br Br ¢4 2.04 0.22 0.46 0.90 0.30 00 2.44 2.489

¢ Cl OCH, H 0.66 0.43 —0.04 0.70 —0.687 00 2.62 2.590

10 Br OCH; H 0.98 0.51 —0.04 0.73 —0.63 00 2.66 2.824

11 NO: OCH; H 0.20 0.87 0.51 0.96 0.01 —0.25 2.73 2.770

12 NO, Cl H 0.94 0.50 1.01 1.10 0.90 —1.06 2.11 1.870

13 NO, Br II 1.26 0.58 1.01 1.13 0.94 —1.24 1.92 1.910

14 NO. NO. H 0.48 0.94 1.56 1.36 1.58 —1.99 1.38 1.509

15 Cl Cl Cl 2.80 0.12 0.92 1.68 0.44 00 2.34 2.121

16 Br Br Br 4.08 0.44 0.92 1.80 0.60 00 1.59 1.677
@ 7 values are from the pherioxyacetic acid system.!?# ¢ See text for definition of ¢*. ¢ From ref 13. ¢ From C. D. Ritchie and W.
¥. Sager, Prog. Phys. Org. Chem., 2, 334 (1964). ¢ For only compounds 11-14 did it seem appropriate to use this constant. See dis-

cussion under method. / From ref 4.

¢ Calculated using eq 7.

benzene ring gave derivatlives of increased activity.
This is a well-known characteristic of substituent effects
on honiolytic reactions with aromatic compounds.*

The two most activating substituents in Table I are
the nitro and methoxy functions. It is well known that
in nucleophilic or electrophilic substitutions these
functions have opposite effects. However, in certain
honiolytic substitutions, nitro and 1wethoxy are
among the strongest promoters of reaction.’® Rela-
tively little work has been done using the Hanunett
equation for homolytic reaction. Leffler and Grun-
wald® point out that sometimes radical reactions can be
correlated using o. Pryvor' has pointed out that in a
nurnber of instances substituent effects for electro-
philic radicals are correlated by o+. The fact that we
did not obtain a very high correlation using ¢+ ap-
peared to indicate that an electrophilic-type radieal
niight not be involved in our system and that it nmight
be profitable to formulate a Hammett-like constant
fronm the relative rates of phenylation obtained by Hey
and Williams®-® for compounds of the type CeH.X.
For the substituent X, ¢~ is defined as log EiK where K
is the relative phenyvlation rate!* for all positions on
PhX. Since in our example of the 1,3-benzodioxoles
each substituent is situated para to one and meta to the
othier methylenedioxy function, it seems more ap-
propriate to use the total rate constant K rather than a
partial rate constant for a meta or para position. KEqua-
tion 2 illustrates how the methylenedioxy function is
admirably constructed to delocalize an odd electron re-

(14) G. H. Williams, “Homolytic Aromatic Substitution,”
Press, New York, N. Y., 1960.

(15) Reference 14, p 57.

(16) J. E. Leffler and R. Grunwald, *‘Rates and Equilibria of Organic Re-
actions,” John Wiley and Sons, Inc., New York, N. Y., 1963, p 171.

(17) W. A, Pryor, “Free Radicals,” McGraw-Hill Book Co., lne., New
York, N. Y., 1966, Chapter 12,

(18) G. 1. Willinins, Chem. [, (London), 1286 (1961).
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SRS represents data from experiments where the ratio of synergist to insecticide was 5:1.

sulting from the homnolytic removal of a metliylene hy-
drogen and how a methoxy group could participate in
this process. The value® of o for OCHj; represents an
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uncorrected value in which sowme attack of the type de-
picted in eq 3 would make P0G K a little higher than
that corrected for attack on the ring only. Ior our
purposes this is very likely an advantage since the
methoxyl group on the benzodioxole ring could react in
a parallel manner in the biochemical syvstein.

?Hs ?Hg'
C-"0-0D

A rather successful approach for correlating sub-
stituent effects in radical reactions has been recently
developed by Yamamoto and Otsu'®*  These
workers have shown that the relationship, log (k/ko) =
pa + vEgr can be used to correlate a variety of radical

@)

(19) T. Yamamoto and T. Otsu, 1b1d., 787 (1967).



§29 Corwiy HanscH

reactions. In thix relationship ¢ is the nsual Hammeti
constant and Eg values were obtained from the hydro-
genl abstraction reaction of nuelear-substituted  cn-
menes.  The following £y values have been employed
by us in deriving eq 17 and 18: H. 0.00: CH;, 0.03:
Cl, 0.10; Br, 0.12: N0,. 0.41; OCH;, 0.11.

After obtaining a good correlation omitting 12-14 in
Table T (see eq 7), it seemed of interest to see if these
molecules could be ineluded by taking mto account the
decoupling of resonance of the nitro group and the ring
by large ortho substituents.  IFor this purpose we have
etmiployved Taft’s £, constants obtained from the hydrol-
vais of o-benzoates.®  Unfortunately, Taft has not
reported a value for H. - We have elected to place £ on
a basis relative to H by =ubtracting the constant 1.24
for aliphatic H from £, ax determined in o-benzoates,™
We gassume this defines £, for H in our systemn as 0.
We also assime there are no otlier xignifieant sterie in-
hibitions of resonance.  While the value of 1.24 for H
15 only a rough approximation, this is fortunately not
serious sinee the results with e 14 are not very sensitive
to changes in the figure of 1.24. 1f we use a value of
1.00 instead, the cocfficient with £ in the resulting
equation ix 0.969 and » is 0.943.  If we use the value of
1.48, the cocfficient for £ 15 0.778 and » 1= 0.933.  Nei-
ther of these coefficicuts is far from the value of 0.551 of
eq 14.

Results and Discussion

I'ront the data in Table I we have derived eq 4-7 by
the method of least squares. In these equations SR5
refers to the duta in which the ratio of synergist to in-

" i N

log S8R5 0.9400° + 1.963 13 0.6503 0.334 (1)
log SR5 = 0.0707 +

0.9170° + 2.050 13 0.635 0.338 (H)
log SRH = —0.1157* +
0.3487 + 2. 1406 13 0.500 0.350 ()

log SRH = —0.1957* +
0.670r + 1.3160" +

1.612 13 0.929 0.171 (7)
seeticide was 5:1, n stands for the number of data
points used in the regression, and s represents the stan-
durd deviation from regression.  Compounds 12-14
were not ineluded for reasons discussed under the
Method Section. ¢ is a radical eoustant defined in
the section on method.  Equations 4-6 give poor cor-
relations,  Adding an eleetronie tern to eq 6 vields eq
7 which gives a very good correlation, accounting for
NG9 of the variance in the data. Taking the partial
derivative, 0 log SR5/0 7, and setting this equal to zero,
gives a value of 1.72 (1.41-1.96) for m. This repre-
sents the ideal lipophilic character for the sum of the
substituents.? The figures in parentheses define the
937, confidence interval on this constant. The posi-
tive coefficient with ¢ indicates that the electronic as-
peet of the substituent effect parallels that of the hoino-
Ivtie phenylation of siinple benzene derivatives.

(20} Relerence 16, p 228,

Vol L1

Fquations 8 10 ave comparable to eq T except in
these we have examined the possibility that the elee-
tronie effects wight be better described by o, o, or e
Mueh poorer correlations resnlt using these pavmneters,

n v N
log SRS = —0.1197" +
02067 + 0 2800, +
2,126 13 0.541 0.388 (N)
log SRH = —0. 12872 +
0.0327 + 0.9450; +
1.851 15 0.852 0,242 9
log SRS = —=0.1137% +
0.3747 — 0.1660* +
201N 13 0.532 0.392 (10)

The best of these three equations (9) aceounts for only
739, of the vartance i log SRS,

It oceurred to us that using an additional term in eq
7 to accoull! for the perturbation of the nitro group hy
the ortho substituenis would allow us to inelude mole-
cules 12-14 in ouwr analysis.  Aceordingly, we have
derived eq 11 and 12, Including the three data points

0 r N
log SRH = —0.0U87" +

0.3187 + 0. 18567 +

1.970 16 0.359 0.440 (11)
fog SRH = —0.2067% +

0.7067 + 1. 4600 +

0.875F . + 1.586 16 0.943 0.164 (12)

i an equation of the form of 7 vields eq 11 which gives a
very poor correlation.  ISquation 12 in which correc-
tion is made for sterie interaction between the uitro
group and funetions ortho to it by E, vields as good a
correlation as eq 7. It is assunied in eq 12 that steric
interactions hetween ortho substituents can be ignored
i1 all of the examples except molecules 1114, In all,
the £, value for methoxy ix quite small and could be
negleeted sinee this compound was included in the
formulation of eq 7 and was found to he moderately well
fit.  The coefficients associated with ¢ ineq 7 and 12
are quite close as are mp values (1.71 for eq 12).  This
would indiecate that the sole effect of the F, term is to
correet. for the interaction between the nitro group and
the large group ortho to it

Equations 13 and 14, comparable to 12, are for ex-
periments done! with 1:1 and 10:1 ratios of synergist
and insecticide.  To conserve space, the experimental
data are not included in Table T.

n, i s
log SR1 = —0.1927* +
0.6897 + 1L.671lo +
0.909£, 4+ 1.191 16 0.941 0.170 (13)
log SR10 = —0.2017* +
0.7047 4+ 1. 41de +
0 NSLE, +1 709 16 0.940 01635 (14
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To explore the possibility that higher order equations
niight give better correlations, we added a term in 7o to
eq 12. A significant reduction in variance was not ob-
tained. The same is true for the addition of a term in
o2, However, adding two terms does result in a quite

significant reduction in variance (eq 15). How
n 7 s
log SR5 = —0.1237% +
0.633r — 1.8230°2 +
3.162¢" — 0.796(mq ") +
0.639E, + 1.450 16 0.991 0.074 (15)

niuch validity can be attached to eq 15 reinains to be
seen, One would certainly like a good many more data
points before making any strong statements about the
meaning of the additional terms, especially in view of
the fact that neither term alone caused a significant
improvement.

From a smaller group of compounds (Table II) for
which the synergistic ratio was defined in a slightly dif-
ferent fashion, we obtain eq 16. From eq 16 we find

n r s
log SRH = —0.5767% +
1.9087 + 3.501¢° +
0.233 6 0.934 0.404 (16)

Ty = 1.66, in good agreement with the other work.
However, the confidence interval on this figure can-
not be defined.2! While the coefficient with ¢ is much
higher for this different type of fly, we cannot say that
the difference in o is due to the different fly because of
the uncertainty in the value of the coeflicient with o°.
The 959, confidence interval is wide (£4.29). This is
partly because of the few points and partly because of
more scatter in the data.

TasLE II
OBsERVED AND CALCULATED SYNERGISTIC ACTIVITY FOR
MoNosUuBsTITUTED 1,3-BENZODIOXOLES
wiTH CARBARYL IN FLIES

Obsd® Caled®
Substituent T a’ log SR5 log S8R5
CH,0 —0.04 0.40 1.91 1.546
NO, 0.24 0.47 1.95 2.293
t-Butyl 1.68 —0.06 1.57 1.592
CH; 0.52 0.09 1.50 1.374
Cl 0.70 0.03 1.48 1.381
H 0 0 0 —0.223

o From ref 8 * Calculated using eq 17.

It is of interest to compare the results obtained with
the single constants ¢, ¢+, and ¢ with the more com-
plex constants (¢ + Eg) of Yamamoto and Otsu (see
the Method section). Equations 17 and 18 can be com-
pared with eq 7. In eq 17 we have simply added the

n r 8

log SR5 = —0.16072 +
0.386r + 1.883Eg +
1.777

log SR5 = —0.1807% +
0.5667 + 3.176Eg —
0.8470, + 1.585

13 0.843 0.249 (17)

13 0.944 0.162 (18)
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resonance interaction term (Er) to eq 6. While eq 17
does result in considerable reduction in variance, when
compared to eq 6 it is not nearly as good aseq 7. Equa-
tion 18, containing an additional variable and an ad-
ditional disposable constant, gives a very slight but not
significant improvement over eq 7. While the ¢ + Eg
constants have been shown to correlate a variety of
radical reactions, we feel that at least in the present in-
stance the greater simplicity of ¢ is a distinct advan-
tage. Log P, for eq 18 is 1.57 (1.10-1.91), in good
agreement with the value obtained from eq 7. The
fact that two different sets of radical constants give
comparable results for the benzodioxole synergists
strongly supports the idea that these molecules are in-
volved in radical reactions.

In the study by Wilkinson, Metcalf, and Fukuto froin
which the data in Table II are taken, activities for a
large number of derivatives were reported. Unfor-
tunately, substituent constants are not available to
analyze their relative activities. From an inspection of
these data one is inclined to suspect that flatness of the
synergist may be important for maximum activity.

The question arises, what does the fact that electronic
effects of substituents in the synergists parallel those in
homolytic phenylation mean? As mentioned in the
introduction, the hydrogens on the CH, group of the
methylenedioxy group are strongly implicated in the
synergistic action and synergists seem: to operate by in-
hibiting microsomal attack on the insecticides. Thus,
it seewns that abstraction of a hydrogen by a microsomal
enzyme from the synergist according to eq 2 could gen-
erate a relatively stable free radical which could act as
an inhibitor of a free-radical generating enzyine respon-
sible for oxidation of C—H bonds in lipophilic drugs. A
relatively stable radical, if sufficiently lipophilic,
could remnain bound to an enzyme, thus inhibiting its
further action. In the typical enzyinatic reaction se-
quence shown in eq 19 we have found?? that k; can be

k» k3

E+8 :_Z: ES — E + product (19)
greatly reduced by lipophilic binding between product
and E. The great dependence of activity of the syner-
gists on o' and the rather poor correlations obtained
using ¢t and o7 would indicate that H removal by
homolytic cleavage is a better postulate on which to
base discussion than hydride removal suggested by
Hennessy .

Turning to eq 12-14, we find m to be 1.71, 1.79, and
1.75, respectively. Taking advantage of the additive
character of = and log P we can calculate log Py, the
ideal partition coefficient for a synergist. Log P
for 3,4-methylenedioxybenzyl alcohol is 1.05; sub-
tracting log P for benzyl alcohol (1.10) fromn this yields
r (—0.05) for the ~-OCH,O- moiety. Addition of this
to the log P of benzene (2.13) gives 2.08 for 1 in Table I.
Taking m¢ to be 1.75, we find log P, of 3.8 for the ideal
lipophilic character of a synergist for carbaryl in flies.
Keeping in mind that the molecules of highest molecular
weight should be rated more active on a molar basis
(see the Method section), we would expect log P, for the
set to be close to 4. It is of interest to note that this is

(21) C, Hansch, A. R, Steward, 8. M. Anderson, and D. L. Bentley, J.
Med. Chem., 11, 1 (1968).

(22) C. Hansch, E. W, Deutsch, and R. N. Smith, J. Am. Chem. Soc., 87,
2738 (1965).
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about the same value we found for log £2 for a. variety of
bactericides acting on  gram-negative bacteria.!
This may not be a particularly useful observation; on
the other hand, it could be thut in both ingtances drugs
are acting ou the same type of cellular organelles and
about the sanie lipophilic character is ideal for penetra-
tion 1 cach case.

The big improvement in correlation of ¢ 12 over eq
11 constitutes another illustration of the use of the
sterie parammeter £ in a nonhonmogeneous biochenieal
reaction.  Our own previous work® 53 indicates that
£ may be a very importaut parameter for use in non-
liotnogeneous systems.

The results contained in the above equations do offer
useful information for the syuthesis of more potent syvn-
ergists for insecticides. In the first place, one should
design quite lipophilic molecules having log P values
near 4. Taking advantage of the additive character!'?
of 7 aud log P, such molecules can be degigned without
the effort of first making themnt and then measuring log
P. A hydrogen atom should be built into such com-
pounds and be so situated that the odd eleetron
generated by its homolytie renoval ean be stabilized by
an extensive w-electron system.  Keeping in mind
that the -OCH,0- function has a 7 value of ahnost
zero, and that log P for dibenzofuwran is 4.12) 4.05 for
phenothiazine, and 3.9 for methylacridine, IV-VI

23) ) Navseb avd K. W, Deulseh, Blochim . Biophys, Avla, 126, 117

a1yhs),

Estra-1,3,5(10),15-tetraenes. 1.

Vol

0 ) S 0
\ N
e CH, | | O,
- (\ / L /
0 0 0 0 0
v

v
CH,

/ ()\
D

V1
and their isomers would be interesting  exmmples.
Many other possibilities come readily to mind.

While the homolytic arylation studies reviewed by
Williams and the radieal work of Yamamoto and Otsu!®
provide excellent sonrces for leads in such work, this
would appear to be an ideal situation to which molecular
orbital theory?* could be applied in the design of -
electron systems best suited to deloealize an odd elec-
tron.

The above work 15 of course wost pertinent to the
wiechanism of aetion and design of svnergists for in-
secticides. It would also seeimn fo be of use in our gen-
eral understanding of the nmetabolism of drugs since
there is considerable evidence that the wicrosomal ac-
tion of inseets is quite shmilar to that of manunals, 1
seems likely that the homolytic constants we have for-
mulated from the work of Hey and Williuns shiould be
of use in correlating homolytic reactions i biochenical
[VItens.

(24) B. Pulbpap and M. Yullnuwt, “Qoantom Biovbentisory,” Interscience
Publisbers, Ine., New York, N. Y., 063,
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The uddition of organolithinnm reagenls to J-methoxyestra-1,:3,5010), I-tetraca-17-one (3 virldell i serips of
17-substituted AW derivatives (6). Birch rednction of 6a and 6b at. —78° led to rednetion of riag A withoitt re-
duction of the A% double boud. Oppenauer oxidation at rbom temperature of the intermediate 3-methoxyestra-

2,5(10),15-trien-178-ol (10) afforded the ketone 11 whieh was converted to a scries of active progestins.
pocholesteremic and estrogenic activities of the intermediate aromatie steroids are reported.
for ethynylation of base-sensitive ketones is desecribed.

As part of a synthetic program leading to modified
steroidal estrogens and their derivatives, some re-
actions of estra-1,3,5(10),15-tetraenes, in particular 3-
methoxyvestra-1,3,5(10),15-tetraen-17-one (3), were ex-
amined.! The A%-17-one 3 had previously been pre-
pared in five steps from estrone methyl ether (1) by
Johnson and Johns.? We used essentially the same
procedure, but reduced the number of steps to four by
direct bromination of estrone methyl ether with CuBr,?
(Scheme I).

I an effort to reduce the number of steps even fur-
ther, the direct dehydrobromination of bromo ketone
2 was reexamined. In a related series, Pappo, et al.,*

(1) ¥. W, Cantrall, R, Littell, and 8. Berusiein, J. Org. Ckem., 29, 64
(1064), have used 8 to prepare a series of 15-substituted derivatives.

() W, S Jobnson and W. F. Johns, J. Am. Chem. Soc., T9, 2005 (1957 ¢.

i3y E. R. Glazier, .J. Org. Chem., 27, £307 (1962).

@) R, Pappo. B. AL Bloom and W. 3. lohason, J. Am. Chem. Sec., T8,
@47 <19H0).

The hy-
A simple proeedinre

treated 1G-bromno-33-hydroxvandrostan-17-one acetate
with y-collidine and obtained the A“-17-one in 5G;
vield as the ouly isolable product. In the present
work the use of LiBr and Li,COy in DML on 2 at 100°%
gave little reaction after 21 hr. At 130° a mixture of
the A'4-17-one 4 and the 143-A%-17-one § was formed
with no significant amowmit of the less stable unsat-
urated ketone 3 present.® On a preparative scale.
399, of 4 and 389, of 5 were obtained. Use of CaCO;
in dimethylacetamide’ led to similar results; so, no
further shortening of our reaction sequence was ac-
complished.

(5) R. Joly. J. Warnant, G. Nominé, and D. Bertin, Bull. Soc. Chim.
France, 366 (1958).

(6) The instability of lla-AB-17-ones to heat [K. Tsuda, N. Ikekawa,
Y. Saco, 8. Tanaka, and H. Hasegawa, Chem. Pharm. Bull (Tokyad, 10, 332
1962) ] and 1o acid [ref 2 and E. W. Cantrall, R. Littell, and 3. Bernstvin,
J. Oy, Chem., 29, 214 (1961} ] bax heen noterd.
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