glycoside where a carboxyl group at the active site of
the enzyme is participating in the reaction could, there-
fore, lead to significant catalysis.
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Evidence is given that during the course of the reduction
of a,B-unsaturated ketones with lithium in liguid am-
monia the 3-carbon atom becomes nucleophilic and can be
alkylated by a suitably placed electrophilic center. In
the more usual case, the 8-carbon becomes protonated by
ammonia leading to an enolate ion. Full details are
given of the method briefly reported in a preliminary
communication,® by which trapping of that enolate ion
with an alkyl halide or carbon dioxide leads to an alkyl-
ated or carboxylated saturated ketone in which the new
group appears on the carbon which was the a-carbon of
the original o,B-unsaturated system. The method has
been used with six- as well as five-membered unsaturated
ketones, with or without a hydrogen on the a-carbon.
The free hydroxyl group of 4-methyltestosterone did
not interfere with the reaction which led to 4,4-dimethyl-
dihydrotestosterone.

Some progress in solving the problems involved in
the alkylation of carbonyl compounds has been made
by the introduction of the enamine alkylation method,?
and later of the Schiff-base magnesium salt alkylation
procedure.®

Situations not amenable to these solutions occur
when an alkyl or carboxyl group must be introduced
on that a-carbon atom which is not substituted by these
methods. Two such situations are represented by the
trans-2-decalone (I, R = H or alkyl) and the 1-decalone
(IT) systems where these methods—as well as direct
base alkylation of the free ketone—lead to substitution
at the position marked by an arrow.* There are a
number of instances where it would be synthetically
useful to introduce substituents on the other a-carbon,
to produce IIT and IV.

0

~ »

R i

(1) G. Stork, P. Rosen, and N. L. Goldman, J. 4m. Chem. Soc., 83,
2965 (1961).

(2) G. Stork, A. Brizzolara, H. Landesman, J. Szmuszkovicz, and
R. Terrell, 1bid., 85, 207 (1963).

(3) G. Stork and S. Dowd, 1bid., 85, 2178 (1963).

(4) Cf. (@) A. R. Pinder and R. Robinson, J. Chem. Soc., 1224
(1952); (b) Y. Mazur and F. Sondheimer, J. Am. Chem. Soc., 80, 5220
(1958).

r O

R R v
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Various methods involving the use of blocking groups
to prevent enolization in the unwanted direction are
available,® but we were intrigued by the possibility that
one of the most useful methods for the synthesis of a
ketone such as I, i.e. the lithium-ammonia reduction
of the corresponding «,3-unsaturated ketone V, should
lead to an enolate ion VI which might be alkylated faster
than it could isomerize.

- O =0~
(6] s} ] ‘0 2
R R
\Y Va
—
0 :
RR

Previous work by Hauser® has shown that the metal-
ammonia reduction of benzalacetophenone leads to
a dianion VII which undergoes monoalkylation at the
more nucleophilic position, 8 to the oxygenated carbon,

0] (O

| \ _
C5H5CCH=CHC5H5 —_— C5H5‘—C=CHCH‘—C5H5 —_—
Vi1 (0]

|
CsH 5CCH2(,:HC5H 5
|
R

but in unsaturated ketones of the type under con-
sideration here, one would expect that a $-carbanion,
not being stabilized by resonance with a benzene ring
as in VII, should be sufficiently nucleophilic to abstract

(5) Cf. W. S, Johnson, ibid., 65, 1317 (1943); A. J. Birch and R.
Robinson, J. Chem. Soc., 501 (1944); W. S. Johnson and H. Posvic,
J. Am. Chem. Soc., 69, 1361 (1947); R. B. Woodward and A. A.
Patchett, J. Chem. Soc., 1131 (1957); R. E. Ireland and J. A. Mar-
shall, J. Org. Chem., 27, 1615 (1962); T. M. Harris and C. R. Hauser.
J. Am. Chem. Soc., 84, 1750 (1962).

(6) P.J. Hamrick, Jr., and C. R, Hauser, ibid., 81, 493 (1959).
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a proton from ammonia, thus leading to a mono-
enolate (¢f. VI). The product of the usual lithium-
ammonia reduction of an ¢,3-unsaturated Kketone
does not throw light on the mono- or dienolate nature
of the intermediate since either entity would give the
same saturated ketone on protonation.

We will now turn to the examination of the course
of the lithium-ammonia reduction of a A!%-2-octalone
(¢f. V). We will first show that addition of lithium to
an ammonia solution of derivatives of V does lead to an
intermediate with nucleophilic character on the g-
carbon atom (¢f. Va). We then show that, in normal
circumstances, this B-carbon becomes protonated by
the ammonia, leading to enolate ions which have a
structure corresponding to VI and can indeed be alkyl-
ated or carbonated to substances of type II1.

1. Electrophilic Reaction at the 3-Carbon Atom of an
Enone, Following Electron Addition. As a suitable
structure in which to demonstrate the nucleophilic
character of the 3-carbon atom we selected the tosylate
of 10-hydroxymethyl-Al-®-2-octalone (IX) which was
readily prepared from the ethylene ketal of 10-hydroxy-
methyl-Al-#-2-octalone? (VIII) by reaction with toluene-
sulfonyl chloride, followed by deketalization. Addi-
tion of the crystalline IX, m.p. 102-104°, to a lithium-

CH,0H CH,0Ts CH,0Ts
o0 = o000~ L0
&Y &Y 0

VIII X

liquid ammonia solution readily gave a saturated ke-
tone XI, C;;H,0, characterized as its 2,4-dinitrophenyl-
hydrazone, m.p. 153-154°. The fact that the ketone
only had one oxygen shows that reduction did not in-
volve the usual cleavage of a tosylate at the sulfur—
oxygen bond to regenerate the hydroxymethyl group,
but rather that a pB-carbanionic intermediate was
formed in which the negative charge was transferred
to tosylate ion in a displacement reaction, as®

CHzOTS
*O :
CH,0Ts CH,0Ts
0 *Q - NHz
X Xa
(,CH, 0TS
T PO IIRANGS
Xb

The structure of the saturated ketone XI was con-
firmed by its transformation on heating with acid into
the known® 10-methyl-A!.%-2-octalone (XII), charac-

(7) W. G. Dauben and J. B. Rogan, J. Am. Chem. Soc., 79, 5002
(1957).

(8) For a preliminary report on this cyclopropane formation, cf.
G. Stork and J. Tsuji, ibid., 83, 2783 (1961).

(9) E. C. du Feu, F. J. McQuillin, and R. Robinson, J. Chem. Soc.,
53 (1937); M. Yanagita, M. Hirakura, and F. Seki, J. Org. Chem., 23,

841 (1958).

terized by comparison of its 2,4-dinitrophenylhydrazone
with an authentic sample.

L8~ O

X

In an analogous manner, the reduction of the tosylate,
m.p. 81-82° of 10-hydroxymethyl-1-methyl-Al-9-2-
octalone (XIII) gave the cyclopropane ketone XIV,
characterized as its 2,4-dinitrophenylhydrazone, m.p.
125-127°, and transformed on heating with acid into
1,10-dimethyl-A'%-2-octalone (XV), identified by com-
parison of its 2,4-dinitrophenylhydrazone, m.p. 200
202°, with an authentic sample. 10

CH,OH CH,0OTs

SO 520 -
2060

It is significant that, in these special cases, the dec-
alones XI and XIV which are formed are necessarily
cis fused. We have discussed in detail elsewhere!!
the stereochemistry of the lithium-ammonia reduction
of «,B-unsaturated ketones. The transition state Xb
is favored here over the normally preferred Xa because
of the ease of formation of the three-membered ring
and the efficient transfer of charge to form tosylate ion.
In a less favorable case, for instance when the angular
substituent is a 3-hydroxypropy! tosylate, the lower
rate of formation of a five- compared to a three-
membered ring leads to reductive loss of the tosylate
group and to the usual protonation (from ammonia,
see below) on the 3-carbon atom via transition state
Xa_12

The B-carbon alkylations that have just been de-
scribed would be compatible with the formation of a
stable dicarbanion such as that (VII) obtained from
benzalacetophenone. It can easily be shown, however,
that with the type of ketone under consideration here
the nucleophilic character of the 8-carbon of the enone
undergoing reduction is such that abstraction of a
proton from ammonia does take place, when more
efficient alternatives are not available. Addition of
Al9-2-octalone to lithium in anhydrous liquid ammonia,
followed by replacement of the solvent by benzene and
addition of deuterium oxide, leads to deuteration on
the «-carbon only, since all deuterium can be removed
from the trams-2-decalone produced by washing with
dilute aqueous base. Had a B-carbanion not previ-
ously been protonated by ammonia, the B-carbon
would have acquired a nonexchangeable deuterium.!?

(10) F. D. Gunstone and R. M. Heggie, ibid., 1437 (1952).

(11) G. Stork and S. D. Darling, J. 4m. Chem. Soc., 86, 1761 (1964).

(12) M. Rosenberger, unpublished observation in this laboratory.

(13) It has more recently been shown that similar reductions in
deuterated liquid ammonia introduce a deuterium atom on the §-
carbon atom: D. H. Williams, J. M. Wilson, H. Budzikiewicz, and C.
Dijerassi, J. Ain. Chem. Soc., 85, 2091 (1963).
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We conclude that enolate ions of type VI are formed
in the lithium-ammonia reduction of enones. Their
alkylation or carbonation should lead to the intro-
duction of a substituent on a specific a-carbon atom (the
a-carbon of the precursor o,3-unsaturated ketone).
Such a reaction would be of considerable utility when
the «-position at which reaction is thus made to
proceed is not the same as that at which it would take
place in the corresponding saturated ketone. Ob-
vigusly in such a case, reaction of the initially formed
enolate will have to occur faster than its equilibration.

II.  Electrophilic Reactions at the a-Carbon Atom of an
o,B-Unsaturated Ketone Following Electron Addition.'*
Reduction of Al-%-2-octalone with lithium in liquid am-
monia, followed by addition of methyl iodide instead
of the usual proton source, led to ca. 509 yield of
methyldecalone which was shown by v.p.c. to be very
largely (>809%) trans-1-methyl-2-decalone (XVI) by
comparison of its 2,4-dinitrophenylhydrazone with an
authentic sample. The melting point of the deriva-
tive of the isomeric trams-3-methyl-2-decalone (XVII)
which would have resulted from enolate equilibration
prior to methylation was almost identical, but was
strongly depressed on admixture with the 2,4-dinitro-
phenylhydrazone in question.

Authentic 1-methyl-!* and 3-methyl-trans-2-decalones
were prepared by the reduction of I1-methyl-A.9-2-
octalone? and of 3-methyl-A!.%-2-octalone? with lithium
in liquid ammonia.

Similar enolate trapping with butyl iodide gave trans-
1-butyl-2-decalone (XVIII) in 439 yield. The butyl
compound was essentially free of its isomer as shown by
v.p.c. Here again, direct comparison of derivatives
was carried out. 1-Butyl-A!.%-2-octalone (XX) was
made by the Grignard reaction of amylmagnesium
bromide with the enol lactone'® of 2-cyclohexanone-

(14) Tt has come to our attention during the preparation of this
manuscript that the trapping of enolates arising from «,3-unsaturated
ketones was attempted several years ago (J. Schreiber, Ph.D. Disserta-
tion, Ziirich, 1953). Reduction of 2-methyl-A2-cyclohexenone (a) with
lithium and ammonia, followed by addition of 1,3-dichloro-2-butene
or of methyl vinyl ketone, led to moderate yields of 2-methyl-2-alkyl-
cyclohexanones (b).

CH, CH;

C - O -0
—_— -
0 0 0

a b

The choice of 2-methyl-A2-cyclohexenone was unfortunate. It is
not possible to tell from this example whether enolate trapping did
indeed occur or whether simple reduction, followed by normal base-
catalyzed alkylation, took place. The base-catalyzed alkylation of 2-
methylcyclohexanone is well known to introduce the alkyl group in the
same position (¢f. D. Caine, J. Org. Chem., 29, 1868 (1964); H. M. E.
Cardwell, J. Chem. Soc., 2442 (1951)). Our own early work (with
A. W, Burgstahler, 1953) was also inconclusive.

(15) D. K. Banerjee, S. Chatterjee, and S. P. Bhattacharya, J. 4m.
Chem. Soc., 77, 408 (1955).

propionic acid? (XIX) and was reduced to authentic
1-butyl-trans-2-decalone (XVIII), characterized as its
2,4-dinitrophenylhydrazone, m.p. 125-126.5°. Theiso-
meric 3-butyl compound XXII was produced by alkyla-
tion of 3-hydroxymethylene-trans-2-decalone®® (XXI)
with butyl iodide followed by cleavage of the formyl
group with base. The 2,4-dinitrophenylhydrazone of
XXI11 melted at 173-174.5°.

Jesples

Xvil

T

LX0 — L0
07707 0
Bu

XX XX

The implicit assumption in the use of lithium for
the generation of enolate ions vig reduction of «,8-
unsaturated ketones was that, in contrast to the sodium
or potassium enolates, it could be expected to undergo
slow equilibration via exchange with alkylated ketone.?
In fact, under the conditions ‘which gave 8397 mono-
methyl compound with lithium, either sodium or potas-
sium led to much polyalkylated material (ca. 80%).
Rapid equilibration of even the lithium enolate could
be expected in a dissociating solvent like dimethyl
sulfoxide: When alkylation of the lithium enolate was
conducted with butyl iodide as usual, except that the
ammonia wag replaced by dimethyl sulfoxide before
addition of the alkylating agent, the butyldecalone
formed proved to be 3-butyl-trans-2-decalone (XXII).
This is the product to be expected from equilibration
to the more stable enolate prior to alkylation.

Trapping of the enolate ion from lithium addition
to «,B-unsaturated ketones can also be done with carbon

(16) N. P. Shusherina, R. Ya Levina, and M. Yu Lure, Zh. Obsch.

Khim., 26, 750 (1956).
(17) Cf. D. Caine, J. Org. Chem., 29, 1868 (1964).
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dioxide. Addition of lithium in ammonia to 10-
methyl-Al-%-2-octalone (XXIII), followed by replace-
ment of the ammonia by anhydrous ether and addition
of solid carbon dioxide, gave a 8-keto acid which was
isolated as the 3-keto ester after treatment with diazo-
methane. The structure of the 8-keto ester, character-
ized as its 2,4-dinitrophenylhydrazone, m.p. 184-185°,
was established as XXIV by methylation followed by
acid hydrolysis which produced 1,10-dimethyl-trans-2-
decalone (XXV), identical with an authentic sample!s.1¢
formed by the reduction of 1,10-dimethyl-Al-°-2-
octalone (XXVI) with lithium and ammonia.

D~ D= -
0] LiO : (o) ;

XXIII CO.CH;
XXIV
CO,CH; XXVI

Application of the trapping procedure to the con-
struction of hydrophenanthrene systems is illustrated
by the sequence starting with 10-methyl-A%9-2-octa-
lone, using 1,3-dichloro-2-butene as the alkylating
agent to give the crude alkylated product XXVII
(2,4-dinitrophenylhydrazone, m.p. 147-148.5°) which

was cyclized with concentrated sulfuric acid to the
m.p. 125-127°,

phenanthrone XXVIII,

Jﬁj@—’

XXIII

undepressed

on admixture with an authentic sample.?

The same sequence, starting with the substituted
octalone XXIX, led to the dione XXX, the structure of
which was proved by degradation (via pyrolysis of the
benzoate of the hydroxy unsaturated ketone) to the
known?! XXXI. The yield in the synthesis of XXX

(18) M. Yanagita and R, Futaki, J. Org. Chem., 21, 949 (1956).

(19) (a) S. L. Mukherjee and P. C. Dutta, J. Chem. Soc., 67 (1960);
(b) B. Gaspert, T. G. Halsall, and D. Willis, ibid., 624 (1958).

(20) Prepared by Dr. P. C. Mukharji, in this laboratory, by Pd-C
hydrogenation of i (R. B. Woodward, F. Sondheimer, D. Taub, K.

Heusler, and W. M. McLamore, J. 4m. Chem. Soc., 74, 4223 (1952)),
follo wed by cyclization with potassium hydroxide in aqueous dioxane;
m.p. 123-124° (from ether-petroleum ether). Aral. Calcd. for
CisH20: C, 82.56; H, 10.09. Found: C, 82.75; H, 10.24.

was, however, very low, possibly because of the losses
involved in the concentrated sulfuric acid treatment.

Trapping of the reduction enolate in the hydrindenone
series was also examined. The reduction of 5,6,7,8-
tetrahydroindan-5-one? (XXXII) with lithium and am-
monia is known to give predominantly the trans
isomer.2? Addition of methyl iodide after the lithium
reduction was complete led, in 4097 yield, to a ~4:1
mixture of products which proved identical with the
mixture obtained on lithium-ammonia reduction of
XXXIV. The major product (XXXIII) from that re-
action was readily isolated as its 2,4-dinitrophenyl-
hydrazone, m.p. 144-145°. The fact that the same
ratio of products was obtained by trapping the enolate
from XXXII and by the lithium—ammonia reduction
of XXXIV incidentally shows that the presence of a
1-alkyl group has little effect on the cis:trans ratio of
the reduction products.

07 : 0
XXX

XXXIV

So far, the various alkylations which we have re-
ported in this paper involve the introduction of a sub-
stituent at a position which does not already carry an
alkyl group. As the sequel will demonstrate, the re-
action is equally useful in the creation of a quaternary
center.

For instance, reduction of XXXIV with lithium in
ammonia, followed by trapping with methyl iodide,
gave 1,1-dimethyl-trans-2-hydrindanone (XXXYV), char-
acterized as its 2,4-dinitrophenylhydrazone, m.p. 150-
152°. In addition to this product a considerable
amount of the product of simple reduction, the 1-
methyl ketone XXXIII, was formed.

—_—
0 0

XXXV

Formation of the simple reduction product without
alkylation proved to be an even more serious matter
in the case of 1,10-dimethyl-A!-%-2-octalone!® (XV)
which, under the usual alkylation conditions (addition
of alkyl halide to the liquid ammonia solution of the
enolate), gave almost entirely the unalkylated dihydro
product. The formation of insoluble lithium enolates
was suspected to be responsible for failure in this and
similar cases, and we devised an alternative procedure
which involved replacement of the liquid ammonia,
prior to alkylation, by tetrahydrofuran. Under these
conditions, alkylation of the reduction enolate of XV

(21) Prepared by Dr. P. C. Mukharji, in this laboratory: ¢f. British
Patent 746,620 (1956); Chem. Abstr., 51, 1282 (1957).

(22) Lithium—ammonia reduction of XXXII gives a trans:cis ratio of
85:15: W. G. Dauben, private communication,

278 Journal of the American Chemical Society | 87:2 | January 20, 1965



gave an 859 yield of saturated ketones, consisting
of ca. 709 of the desired 1,1,10-trimethyl-trans-2-
decalone (XXXVI), in addition to about 3097 of XXV,
the product of reduction without alkylation.

0 0 0

Cef,CHy XV XXXVI
XXXVII

The 2,4-dinitrophenylhydrazone of XXXVI melted
at 184-186°. This is almost identical with the melting
point of the derivative of XXV, but a mixture of the two
substances gave a strong melting point depression.
The structure of XXXVII was further established by
the presence of absorption peaks at = 9, 9.1, and 9.15
(singlets, 3H each) in the n.m.r. spectrum.

It is an interesting illustration of the usefulness of the
enolate trapping method which we are describing
here that 1,1,10-trimethyl-trans-decalone-2 is available
in one step and in ~60%] yield from the octalone
XV. The classical synthesis of the same compound
gives a 259 over-all yield from 9-methyl-At-®-octalone
and requires five steps.!*®

XV

In a similar manner, alkylation of the reduction
enolate from XV with benzyl chloride gave the antici-
pated 1-benzyl-1-methyl-trans-2-decalone (XXXVII)
while from 1-methyl-A!-%-2-octalone, a very good yield
of 1,1-dimethyl-trans-2-decalone (XXXVIII) (2,4-di-
nitrophenylhydrazone, m.p. 145-146°) was formed in
addition to some polyalkylated material.

XXXVIII

A particularly interesting case was that of A% 1-].-
octalone?® (XXXIX) which under the tetrahydrofuran
conditions led to a mixture of cis- and trans-9-methyl-
1-decalones in 629 yield, in addition to 239 of ma-
terial which had been methylated at the 2-position.
The mixture of cis- and trans-9-methyl-1-decalones
was shown to consist predominantly of the cis isomer.
It was isolated by preparative gas chromatography and
characterized as its 2.,4-dinitrophenylhydrazone, m.p.

(23) H. House and H. W. Thompson, J. Org. Chem., 28, 360 (1963).

162-163°.2¢ The ratio of the cis and trans isomers
was approximately 3:1.

0 HC HC O
Oé - (ﬁb oe
XXXIX

It is worth noting that in many cases the use of the
tetrahydrofuran method is not necessary. For example,
the reduction of 4-methyltestosterone? (XL) with
lithium in ammonia, followed by addition of methyl
iodide, gave, in about 60 97 yield, 4,4-dimethylandrostan-
3-on-17-01% (XLI). This is a particularly interesting
case since, under these conditions, there was no dele-
terious effect from the presence of the free secondary
hydroxyl group.2

XLI

Experimental

Deuteration of the Anion from the Lithium—-Ammonia
Reduction of A'9-2-Octalone. A mixture of 5 g. of
Al®-2-octalone? and 125 ml. of dry liquid ammonia
(distilled from lithium) was kept under dry nitrogen
and treated with lithium in small pieces until persist-
ence of a blue color. After stirring for 1 hr. the excess
lithium was destroyed by careful addition of methyl
iodide until disappearance of the blue color. The am-
monia was removed under nitrogen, finally under
vacuum, and 100 ml. of anhydrous benzene and 10 ml.
of deuterium oxide were then added. After standing
overnight, the organic layer was separated, washed
twice with water, dried over magnesium sulfate, and
distilled to give 3.4 g., b.p. 124-128° (20 mm.). The
material still contained ca. 89 of «,B-unsaturated
ketone on the basis of its ultraviolet absorption and
showed the expected strong carbon-deuterium absorp-
tion in the infrared. The deuterium absorption bands
completely disappeared after letting the ketone stand
in a 0.2%, methanolic potassium hydroxide for 3 days
at room temperature, followed by working up and re-
peating the washing for another 20 hr. The ketone
thus recovered showed no excess deuterium on deu-
terium analysis.?

10-Hydroxymethyl-A'%-2-octalone Tosylate (1X).
The ketal alcohol VIII” (4.2 g.) was dissolved in 40 ml.
of pyridine and 3.1 g. of toluenesulfonyl chloride was

(24) Cf. W. S. Johnson, ref. 5; also, J. M. Conia and F. Rouessac,
Tetrahedron, 16, 45 (1961).

(25) G. Rosenkranz and H. Ringold, J. Org. Chem., 22, 602 (1957).

(26) The use of enolate trapping has been reported, following our
initial description of this synthetic method, in a number of steroid
cases: R. E. Schaub and M. J. Weiss, Chem. Ind. (London), 2003
(1961); R. Deghenghi and R. Gaudry, Tetrahedron Letters, No. 11,
489 (1962); M. J. Weiss, R. E. Schaub, J. F. Poletto, G. R. Allen, Jr.,
and C. J. Coscia, Chem. Ind. (London), 118 (1963); R. Deghenghi,
C. Revesz, and R. Gaudry, J. Med. Chem., 6, 301 (1963); M. J. Weiss,
R. E. Schaub, G. R. Allen, Jr., J. F. Poletto, C. Pidacks, R. B. Conrow,
and C. J. Coscia, Tetrahedron, 20, 357 (1964).

(27) Analysis performed by Mr. J, Nemeth, Urbana, Il
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added slowly with cooling. The mixture was stirred
for 6 hr. at room temperature and then poured into an
ice—hydrochloric acid mixture. The tosylate was ex-
tracted with ether and then the ether was removed.
The oily residue was dissolved in a mixture of 50 ml. of
methanol and 10 ml. of hydrochloric acid and the solu-
tion was refluxed for 15 min. on a steam bath. The
tosylate was extracted with ether and the ethereal
solution was washed with sodium bicarbonate solu-
tion. On evaporating the solvent, the residue solidified,
yield 4.7 g. It crystallized from hexane-ethyl acetate
mixture, m.p. 102-104°.

Anal. Calcd. for CiH»n0.S: C, 64.65; H, 6.63.
Found: C,64.67; H, 6.80.
9,10-Methylene-cis-2-decalone (XI). Liquid am-

monia was poured into a three-necked flask and a small
amount of lithium was added. Then the ammonia
was slowly distilled into a second flask and about 300
ml. of dry ammonia was collected. The tosylate IX
(6.2 g.) was dissolved in 30 ml. of dry tetrahydrofuran
and the solution was poured into ammonia. Lithium
(0.55 g.) was added in small portions. The lithium
reacted instantaneously and no blue color was ob-
served during the reaction. At the end, the milky
solution became partly blue. After 15 min., 2 g. of
ammonium chloride was added and the ammonia was
allowed to evaporate. The residue was extracted with
ether and the ethereal solution was washed with water.
After evaporating the solvent, the residue was distilled
from an oil-jacketed flask. The first fraction (1.3 g.)
distilled at 70° (0.4 mm.), and the second (0.9 g.) at
100-110° (0.4 mm.). The low boiling fraction was
redistilled and a colorless liquid was obtained, b.p.
75-78° (0.4 mm.) The 2,4-dinitrophenylhydrazone
was prepared under mild conditions (0°) and orange
crystals were obtained, m.p. 153-154°, AZE%" 366 my
(e 20,400). If the hydrazone is prepared under the
usual hot acid conditions, a mixture of orange and red
hydrazones is obtained.

Anal. Caled. for CiHoN,Oy: C, 59.29; H, 5.85;
N, 16.27. Found: C, 59.37; H, 5.57; N, 16.41.

Rearrangement of XI to 10-Methyl-A'%-2-octalone
(XII). Refluxing XI in benzene solution with toluene-
sulfonic acid for 8 hr. gave a mixture of unsaturated
product XII and starting material.

A solution of XI in a 1:2:2 sulfuric acid—acetic acid
water mixture was refluxed for 6 hr. After the usual
work-up, the infrared spectrum of the product showed
the complete conversion of XI into XII. The product
was isolated as its 2,4-dinitrophenylhydrazone. The
deep red hydrazone melted at 168-169° (reported®
m.p. of 10-methyl-Al.%-2-octalone 2,4-dinitrophenyl-
hydrazone, 169°); the identity was confirmed by a
mixture melting point determination.

1-Methyl-10-carbethox y-A'-*-2-octalone.  (This ex-
periment was done by William H. Brown.) To a
well-chilled solution of 29.0 g. (1.28 g.-atoms) of clean
sodium in 1500 ml. of ethanol was added 208 g. (1.22
moles) of 2-carbethoxycyclohexanone.® The sodium
salt soon precipitated as a white cake. To this was
added over 0.5 hr. 336 g. (1.22 moles) of crude I-
dimethylamino-3-pentanone methiodide,?®* and the

(28) "Organic Syntheses,” Coll. Vol. II, John Wiley and Sons, Inc.,
New York, N. Y., 1953, p. 531.

whole stirred 1 hr. at 0°, 3 hr. at room temperature,
and 3 hr. at reflux. The major portion of the solvent
was removed by distillation at reduced pressure and
the residue was taken up in ether, washed, dried, and
concentrated. Distillation gave 224.4 g. (74.59) of
the octalone, b.p. 105-118° (0.5-0.7 mm.), »¥»D
1.5092, \E2% 247 mu (e 12,400).

The semicarbazone, crude m.p. 167-168°, was re-
crystallized twice from ethanol-water with no change
in melting point.

Anal. Caled. for C15H23N303:
Found: C,61.30; H,7.72.

1-Methyl-2-hydroxy-10-hydroxymethyl-A'-*-octalin.
Lithium aluminum hydride (8 g.) was added to 1 1. of
ether, and then 1-methyl-10-carbethoxy-A'-%-2-octalone
(see above, 30 g.), dissolved in a small amount of ether,
was added slowly. The mixture was stirred overnight
at room temperature. Excess lithium aluminum hy-
dride was destroyed with ethyl acetate, saturated so-
dium sulfate solution was added, and the ethereal layer
was decanted. The sodium sulfate was washed with
ether, and the ethereal solution was dried and evapo-
rated. The oily residue was distilled by using an oil-
jacketed flask; b.p. 130-140° (0.1 mm.). It solidified
on standing and was recrystallized from hexane-
ethyl acetate mixture; m.p. 113-116°, yield 21 g.

C, 61.40; H, 7.90.

(84.7%).
Anal. Caled. for C;Hz0.: C, 73.43; H, 10.27.
Found: C,73.51; H, 10.19.
I-Methyl-10-hydroxymethyl-A'-%-2-octalone. Man-

ganese dioxide was prepared by adding a saturated
potassium permanganate solution to a hot solution of
manganese sulfate with stirring until no more per-
manganate was consumed. During the reaction the
temperature was kept between 80 and 90°. The manga-
nese dioxide was filtered off and washed with water until
the washing water became neutral. It was then washed
with methanol and dried overnight at 100°. Since the
allylic alcohol is sensitive to acidic conditions, incom-
plete washing tends to give lower yield of unsaturated
ketone.

The dialcohol (22 g.) was dissolved in chloroform
(2 1.) and oxidized with the above manganese dioxide
(170 g.) for 24 hr. at room temperature. The man-
ganese dioxide was filtered off, and the chloroform was
evaporated. The oxidized product was distilled by
using an oil-jacketed flask at 135-140° (0.07 mm.);
yield 16 g. (769), A\E29F 251 mu, (e 19,300). This
material was used directly in the next step.

10-Hydroxymethyl-1-methyl-AV%-2-octalone Tosylate
(XII). A solution of 3 g. of the above allylic alcohol
in 50 ml. of pyridine was thoroughly cooled, and 4.5 g.
of toluenesulfonyl chloride was added in small portions.
The mixture was stirred for 5 hr. with cooling. After
the usual work-up, the oily residue was passed through
a column of alumina. The fraction eluted with ben-
zene—hexane mixture (1:1) solidified and was recrystal-
lized fromi hexane-ethyl acetate mixture; yield 3 g,
m.p. 8§1-82°,

Anal. Caled. for CoH240:S: C, 65.50; H, 6.94.
Found: C,65.33; H, 6.88.

The deep red 2,4-dinitrophenylhydrazone had m.p.
150-151°,

(29) P. S. Adamson, F. C, McQuillin, R. Robinson, and J. L. Simon
sen, J. Chem. Soc., 1576 (1937).
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Anal. Calcd. for Cy;HoN,O-S: C, 56.81; H, 5.34;
N, 10.60. Found: C, 56.77; H, 5.55; N, 10.64.

9,10-Methylene-1-methyl-cis-2-decalone (XIV).
The same procedure was followed as with IX (5.6 g.
of XIII, 20 ml. of tetrahydrofuran, and 0.38 g. of
lithium) and 1.4 g. of XIV was obtained, b.p. 75-77°
(0.4 mm.). The 2,4-dinitrophenylhydrazone was pre-
pared under mild conditions, and orange crystals were
obtained, m.p. 125-127°; ASES 363 mu (e 23,100).
Anal. Caled. for CsHy:N,O,: C, 60.32; H, 6.19;
N, 15.63. Found: C,60.70; H,6.37; N, 15.58.

Isomerization of X1V to 1,10- Dimethyl-A'-%-2-octalone.
The same procedure used for XI was followed. The
cyclopropane (0.4 g.) was heated in 15 ml. of acetic
acid-sulfuric acid mixture for 5 hr., and the product
was isolated as its 2,4-dinitrophenylhydrazone; yield
0.6 g, m.p. 200-202° (lit.'* m.p. 199-200°). The
melting point of the mixture with an authentic sample
was undepressed.

General Procedure for the Methylation in Liguid
Ammonia of the Enolate Intermediate Formed during the
Metal-Ammonia Reduction of A'“9-2-Octalone. A
500-ml., three-necked flask fitted with a stirrer, Hirsh-
berg dropping funnel, and Dry Ice condenser was
heated for 15 min. with a free flame. Dry nitrogen gas
was swept through the system while heating, and for
several additional minutes. The system was then evac-
uated and filled with nitrogen. After 150 ml. of am-
monia was distilled into the reaction flask from an
ammonia-sodium solution, 4 g. (0.0266 mole) of Al.9-
2-octalone was introduced and stirring begun. Two
equivalents of the reducing metal was then added and
the resulting blue solution allowed to stir for 1 hr.
Methyl iodide (16 g., 0.11 mole) was then added drop-
wise and the medium soon turned white. After a
further 30 min., the Dry Ice condenser was replaced
by a water condenser and the ammonia was allowed
to evaporate overnight. The remaining salts were
dissolved in 100 ml. of water, and the mixture was made
acid by the addition of 109 hydrochloric acid. The
organic material was taken up in ether, the ether was
washed with water, dried, and concentrated. By gas
chromatography of the distilled material through a sili-
cone column and by comparison with an authentic
mixture, it was possible to determine the approximate
composition of the material obtained.

(a) Lithium. From 4 g. (0.027 mole) of A!.9-2-
octalone,? 150 ml. of ammonia, and 0.38 g. (0.053 g.-
atom) of lithium was obtained 2.6 g. of a colorless
liquid, b.p. 60-63° (0.!mm.). By gas chromatography,
using an 11-ft. silicone column at a temperature of
175°, it was determined that the mixture consisted of
179 of trans-2-decalone and 8397 of l-methyl-trans-
2-decalone (XVI). The 2,4-dinitrophenylhydrazone, re-
crystallized twice from ethyl acetate, had m.p. 182-
183°; mixture melting point with authentic (vide infra)
1-methyl-trans-2-decalone, 182-183°.

(b) Sodium. From 4 g. {(0.027 mole) of A!9-2-
octalone, 150 ml. of ammonia, and 1.22 g. (0.053 g.-
atom) of sodium was obtained 2.25 g. of colorless
liquid, b.p. 64-67° (0.02 mm.). By gas chromatog-
raphy the mixture was shown to contain 77 % of poly-
alkylated trans-2-decalone.

(¢) Potassium. From 4 g. (0.029 mole) of Al.9-2-
octalone, 150 ml. of ammonia, and 2.08 g. (0.0532
g.-atom) of potassium was obtained 2.97 g. of a color-
less liquid, b.p. 64-66° (0.015 mm.). By gas chroma-
tography the mixture was shown to be approximately
of the same composition as in the sodium case.

I1-Methyl-2-trans-decalone (XVI). A 1-1., three-
necked flask equipped with stirrer, dropping funnel,
and Dry Ice condenser was heated with a free flame for
15 min. while dry nitrogen gas was being swept through
the system, over a 45-min. period. A solution of
5 g. (0.034 mole) of 1-methyl-A!-%-2-octalone in 600
ml. of ether was then added to a solution of 2.8 g.
(0.40 g.-atom) of lithium in 500 ml. of liquid ammonia.
The solution was stirred for 30 min. and then dry ethanol
added until the blue color was discharged. After re-
moval of the ammonia, 200 ml. of water was added and
the mixture extracted with ether, washed with dilute
hydrochloric acid, dried, and concentrated. The
yellow residue was then taken up in 50 ml. of acetone,
and oxidation of the decalol was effected by the careful
addition of an 8 N chromic acid solution containing
5 ml. of concentrated sulfuric acid. The oxidizing
solution was added until an orange color persisted for
2 min. The acetone was then removed under vacuum
and the green residue treated with water and solid bi-
carbonate to pH 7-8. After extraction with ether and
subsequent washing of the ether extracts with water
and saturated salt solution, the decalone was isolated
and purified by vacuum distillation of the concentrated
ether extract to give 3.5 g. (6397) of XVI, b.p 66-67°
(0.07 mm.), lit. b.p. 170-175° (60 mm.). The 2,4-
dinitrophenylhydrazone, recrystallized twice from ethyl
acetate, had m.p. 180-182°,lit.* m.p. 179-180°.

3-Methyl-trans-2-decalone (XVII). The reduction of
3-methyl-A'-%-octalone was carried out exactly as
described above for l-methyl-Al:%-2-octalone. From
392 g (0.0239 mole) of 3-methyl-Al-®-2-octalone
[b.p. 68-70° (0.15 mm.), AEH 238 mu (log € 4.08); lit.?
b.p. 100-105° (0.5 mm.)], 3 g. (0.43 g.-atom) of lithium,
400 ml. of dry ether, and 500 ml. of ammonia was
obtained 2.5 g. (62.5%) of 3-methyl-trans-2-decalone,
b.p. 71°(0.1 mm.).

The 2,4-dinitrophenylhydrazone, recrystallized twice
from ethyl acetate, had m.p. 180-182° and depressed
the m.p. of the derivative of the isomeric XVI.

Anal. Caled. for ChHiO: C, 58.94;
Found: C, 58.79; H, 6.59.

H, 6.40.

Butylation of the Enolate Intermediate Formed
During the Lithium—Ammonia Reduction of A-%-Octa-
lone-2. The procedure was very similar to that used
for the successful methylation of the enolate inter-
mediate derived from the lithium-ammonia. reduction
of A'-%-octalone-2, but differed in that the octalone was
added to a solution of excess lithium in ammonia, as
compared to the previous method of adding an equiva-
lent of the metal to a solution of the ketone in liquid
ammonia. From 5.05 g. (0.337 mole) of V, R = H,
250 ml. of dry ammonia, 0.6982 g. (0.101 g.-atom) of
lithium, and 37 g. (0.2 mole) of butyl iodide there was
obtained 3 g. (43 %) of 1-butyl-trans-2-decalone (XVIII),
b.p. 90-91° (0.05 mm.). Gas chromatography indi-
cated 9997 purity. The 2,4-dinitrophenylhydrazone
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showed m.p. 125-126.5°, which was undepressed when
mixed with an authentic sample (vide infra).

A higher boiling fraction (0.8 g.) of polyalkylated
material was also obtained, b.p. 115-120° (0.05 mm.).

Attempted Alkylation with n-Butyl Bromide. The
procedure was that used for the methylation reactions
previously described. From 4 g. (0.0266 mole) of
Als-2-octalone, 150 ml. of ammonia, 0.6 g. (0.087
g.-atom) of lithium, and 16 g. of n-butyl bromide was
obtained 2 g. of trans-2-decalone, b.p. 55-60° (0.01
mm.). No alkylation product could be detected.

A% 0-Hexahydrocoumarin (XIX). 2-Ketocyclo-
hexanepropionic acid? (30 g., 0.18 mole) was refluxed
16 hr. with 140 ml. of acetic anhydride and 10 g. of
anhydrous sodium acetate. The solvent was removed
at atmospheric pressure and the residue was dissolved
in 400 ml. of ether, the ether solution was washed with
59 sodium bicarbonate followed by water, and was
then dried and concentrated. Distillation gave 19 g.
(70.399), b.p. 75-78° (0.02 mm.); lit.® b.p. 117-118°
(5 mm.).

I-Butyl-A1.%-2-octalone (XX). To a solution of 19
g. (0.125 mole) of A% *-hexahydrocoumarin in 400 ml.
of ether was added an ether solution of Grignard
reagent prepared from 21 g. (0.139 mole) of n-amyl
bromide and 3.4 g. (0.14 g.-atom) of magnesium. The
amylmagnesium bromide was made in a jacketed
Grignard flask, and was added dropwise over a period
of 1.5 hr. while the lactone solution was kept at —20°
in a nitrogen atmosphere. The mixture was then al-
lowed to stir a further 2 hr., the temperature rising to
—15° It was then decomposed with 59 hydrochloric
acid and a further 200 ml. of water was added. The
organic layer was separated and washed with 597
sodium bicarbonate, water, and was then dried and
evaporated. The residue was refluxed with potassium
hydroxide (14 g.) in methanol (200 ml.) for 9 hr., and
the product was isolated with ether in the usual way.
Distillation gave 8.9 g. (34.6 %) of XX, b.p. 105-108°
(0.15 mm.). This was used directly in the next step.

I-Butyl-trans-2-decalone (XVIII). To a solution of
8.9 g. (0.04 mole) of 1-butyl-A!-®-2-octalone, 150 ml. of
ether, and 300 ml. of anhydrous liquid ammonia was
added 0.62 g. (0.087 g.-atom) of lithium metal cut in
small pieces. The resulting blue solution was stirred
for | hr. Then, ammonium chloride (10 g.) was added
and the ammonia was removed at room temperature.
The remaining salts were dissolved with 200 ml. of
water and the mixture was acidified with 209 hydro-
chloric acid. The organic material was extracted with
ether, the ether solution was washed to neutrality,
dried, and the ether was removed. Distillation afforded
the desired decalone, b.p. 90-91° (0.05 mm.), which was
characterized as its 2,4-dinitrophenylhydrazone. After
three recrystallizations from ethyl acetate this gave an
analytical sample, m.p. 125-126.5°.

Anal. Calcd. for C20H28N4O4:
Found: C,62.16; H,7.34.

General Procedure for the Alkylation of the Reduc-
tion Intermediate in Dimethyl Sulfoxide. The reduction
was carried out in a manner similar to that described
previously. To a solution of 4 g. (0.0266 mole) of A!.*-
2-octalone in 150 ml. of distilled ammonia was added
a calculated amount of the reducing metal. The

C, 61.84; H, 7.27.

resulting blue solution was allowed to stir for 1 hr.
By the gradual addition of dimethyl sulfoxide, the total
volume was maintained at 100 ml. during the evapora-
tion of the ammonia. After all the dimethyl sulfoxide
(100 ml.) had been added, the system was warmed to
30° and placed under vacuum for 15 min. »r-Butyl
iodide was then added dropwise, and the solution was
stirred overnight, The solvent was then dissolved in
400 ml. of water and the mixture was extracted twice
with 400 ml. of ether. The ethereal extracts were
washed with water, dried, and concentrated. Analysis
of the various samples was carried out by means of gas
chromatography.

Lithium. Distillation of the product obtained from
4 g. (0.0266 mole) of A!-%-2-octalone, 0.4 g. (0.058 g.-
atom) of lithium, and 10 g. (0.0532 mole) of n-butyl
iodide afforded two fractions: (a) 1.1 g., b.p. 95-105°
(0.08 mm.); (b) 2.75 g., b.p. 110-120° (0.08 mm.).
Both fractions were submitted separately to gas chro-
matography. Fraction a contained approximately 1897
of trans-2-decalone, 759, of monoalkylated-trans-2-
decalone, and 7% polyalkylated trans-decalone. A
2,4-dinitrophenylhydrazone was purified by chroma-
tography according to the method of Elvidge.® Re-
crystallization from ethyl acetate afforded a bright
yellow material, m.p. 173-174°. Mixture melting
point with the 2,4-dinitrophenylhydrazone from au-
thentic 3-butyl-trans-2-decalone (XXII) was not de-
pressed; m.p. 172-173°. Fraction b consisted of
approximately equal amounts of trans-2-decalone,
monoalkylated decalone, and polyalkylated decalone.

Sodium. Distillation of the product from 4 g.
(0.0266 mole) of A'-%-2-octalone, 1.2 g. (0.0532 g.-atom)
of sodium, and 6 g. (0.033 mole) of n-butyl iodide
afforded three fractions: (a) 1 g. of trams-2-decalone,
b.p. 55-60° (0.06 mm.); (b) ! g., b.p. 85-98° (0.05
mm.); (¢) 1.7 g., b.p. 99-105° (0.05 mm.). Fractions
b and ¢ were separately submitted to gas chroma-
tography. Fraction b was approximately 309 trans-
2-decalone, 64 97 monoalkylated decalone, and 6 97 poly-
alkylated decalone. A 2,4-dinitrophenylhydrazone of
the monoalkylated fraction was purified by chroma-
tography.®*® Recrystallization from ethyl acetate gave
a bright yellow compound, m.p. 172-173°, which did
not depress the melting point of authentic 3-butyl-zrans-
2-decalone. Fraction c¢ contained only polyalkylated
material.

Potassium. Distillation of the product from 4 g.
(0.0266 mole) of A1.9-2-octalone, 2.08 g. (0.0532 g.-atom)
of potassium, and 10 g. (0.0532 mole) of n-butyl iodide
gave two fractions: (a) 0.6 g., b.p. 80-84°(0.03 mm.);
(b) 2.2 g.,, b.p. 96-107° (0.03 mm.). These were
separately submitted to gas chromatography. Frac-
tion a contained approximately 379 of trans-2-
decalone, 6097 of monoalkylated decalone, and 39 of
polyalkylated compound. A 2,4-dinitrophenylhydra-
zone from the monoalkylated fraction was purified by
chromatography® and recrystallized from ethyl ace-
tate; m.p. 172-173°. Mixture melting point with an
authentic sample of 3-butyl-zrans-2-decalone gave no
depression. Fraction b contained only polyalkylated
material.

(30) L. A. Elvidge and M. Whalley, Chem. Ind. (London), 589
(1955),
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trans-2-Decalone (I, R = H). The apparatus was
flame-dried as previously described. To a blue solu-
tion of 0.14 g. (0.06 g.-atom) of lithium in 200 ml. of
dry ammonia was added dropwise over a period of 0.5
hr. a solution of 4.5 g. (0.03 mole) of A%%-2-octalone,
2.2 g. (0.03 mole) of t-butyl alcohol, and 50 ml. of dry
ether. After the blue color was discharged, 10 g.
of ammonium chloride was added. The ammonia
was removed and the mixture was acidified by the addi-
tion of 250 ml. of 109 hydrochloric acid. The re-
duced octalone was extracted with 400 ml. of ether
and the ether solution was washed and dried. Distil-
lation gave 3.4 g. (76%;) of the desired decalone, b.p.
122-124° (20 mm.), reported b.p.'* 162-164° (60 mm.).
By ultraviolet analysis [\oio® 239 mu (¢ 170)] the ma-
terial was found to contain 1-1.59] of the unreduced
ketone.

3-Butyl-trans-2-decalone (XXII). To a mixture of
1.05 g. of sodium hydride (54.5%;) in 50 ml. of dry
ether was added 4 g. (0.022 mole) of 3-hydroxymethyl-
ene-trans-2-decalone.® The sodium salt precipitated
as a white cake (several hours). To this was added 16.5
g. (0.09 mole) of n-butyl iodide in 50 ml. of ether and
the resulting mixture was refluxed until it was no
longer basic (2 days). The excess butyl iodide was re-
moved by distillation at reduced pressure and the resi-
due was refluxed 5 hr. with a 109 potassium hy-
droxide solution. The organic material was taken up
in ether and the ether solution was washed with water,
dried, and concentrated. Distillation of the straw-
yellow residue gave 2.5 g. (559%) of 3-butyl-2-trans-
decalone as a water-white liquid.

The 2,4-dinitrophenylhydrazone, recrystallized twice
from ethyl acetate, had m.p. 173-174.5°.

Anal. Caled. for CyHysN,Oy: C, 61.84; H, 7.27.
Found: C,61.97; H, 7.32.

Carbonation of the Enolate Intermediate from the
Lithium—Ammonia Reduction of 10-Methyl-A'-*-2-octa-
lone (XXIII). To a solution of 1.93 g. (0.28 g.-atom)
of lithium in 400 ml. of dry ammonia was added drop-
wise a solution of 11.48 g. (0.07 mole) of 10-methyl-
Al-®-2-octalone® dissolved in 100 ml. of dry ether.
After 0.5 hr. a few crystals of anhydrous ferric chloride
were added and the mixture was stirred until the excess
lithium was converted to lithium amide (approximately
4 hr.). The ammonia was evaporated and replaced
by ether and a 20-fold excess of Dry Ice was then added.
The mixture was acidified, extracted with ether, and
the ether solution was then treated with diazomethane.
Fractionation of the crude product gave 3.55 g. of 10-
methyl-trans-2-decalone, b.p. 76-84° (0.2 mm.), and
5.2 g. of 10-methyl-1-carbomethoxy-trans-2-decalone
(XXIV), b.p. 108-111° (0.1 mm.).

The 2,4-dinitrophenylhydrazone, recrystallized from
ethyl acetate, had m.p. 184-185°,

Anal. Caled. for CisH2sN,Og:
Found: C, 56.15; H, 5.96.

Identification of the B-Keto Ester XXIV by Conversion
to 1,10-Dimethyl-trans-2-decalone (XXV). To a sus-
pension of 0.617 g. of 54.59 sodium hydride dispersion
in paraffin oil in 10 ml. of dry benzene was added 3.13
g. (0.014 mole) of the 8-keto ester XXIV in 10 ml. of
benzene. A bright yellow solution of the sodium salt
of the B-keto ester was observed to form after stirring
overnight. A twofold excess of methyl iodide was

C, 56.43;, H, 5.98.

then added and the solution allowed to stir an additional
24 hr. The precipitated sodium iodide was filtered off
and the solvent was removed in vacuo. Distillation
of the residue gave 2.3 g. (70%) of 1,10-dimethyl-1-
carbomethoxy-zrans-2-decalone, b.p. 115° (0.1 mm.).
The crude keto ester (2 g., 0.0084 mole) in 5 ml. of con-
centrated hydrochloric acid and 15 ml. of glacial acetic
acid was refluxed for 7 hr. Water (20 ml.) was then
added and the mixture was neutralized by the addition
of solid sodium bicarbonate. The organic material
was extracted with ether; the ether solution was
washed with water, dried, and concentrated. Distil-
lation afforded 1.0 g. (6697) of 1,10-dimethyl-trans-2-
decalone (XXV), b.p. 75-78° (0.2 mm.) [lit."® b.p.
99° (3 mm.)].

The 2,4-dinitrophenylhydrazone, recrystallized from
ethyl acetate, had m.p. 185-186°. The mixture melting
point with an authentic sample (vide infra) gave no
depression.

Authentic 1,10-Dimethyl-2-trans-decalone (XXV).
The metal-ammonia reduction described above for 1-
methyl-A!-%-2-octalone was carried out with a solution
of 5§ g. (0.028 mole) of 1,10-dimethyl-A-9-2-octalone, 18
600 ml. of dry ether, 500 ml. of ammonia, and 2.8 g.
(0.40 g.-atom) of lithium. This gave 3 g. (59.5%) of
1,10-dimethyl-trans-2-decalone, b.p. 75° (0.2 mm.),
lit. ¥ b.p. 99° (3 mm.).
The 2,4-dinitrophenylhydrazone, recrystallized twice
from ethyl acetate, had m.p. 184-185°, lit.®® m.p. 186°.

1-(3’-Chlorocrotyl)-10-methyl-trans-2-decalone (X X-
VII) from 10-Methyl-Av%-octalone-2. The procedure
here employed was exactly that used for the butylation
of the enolate intermediate derived from the lithium-
ammonia reduction of Al-f-octalone-2. From 6.25
2. (0.0381 mole) of XXIII,* 200 ml. of distilled ammonia,
0.802 g. (0.116 g.-atom) of lithium, and 25 g. (0.2
mole) of 1,3-dichlorobutene-2, there was obtained 3.8
g. (4097) of 1-(3’-chlorocrotyl)-10-methyl-trans-2-dec-
alone (XXVII), b.p. 116-124°(0.025 mm.).

The 24-dinitrophenylhydrazone, recrystallized from
ethyl acetate, had m.p. 147-148.5°.

Anal. Caled. for CuHxCIN,Og4:
6.26. Found: C,58.27; H, 6.32.

2-Keto-14-methyl-A'-V'-dodecahydrophenanthrene
(XXVIID). To 2 g. (0.0078 mole) of XXVII was added
4 ml. of concentrated sulfuric acid Thorough mixing
was effected by passing a stream of nitrogen through
the dark mixture. After 20 hr. the viscous mass was
poured onto a mixture of 20 g. of ice in 20 ml. of water
and the acid neutralized with solid sodium carbonate.
The organic material was extracted with ether and the
ethereal solution dried and concentrated. The resi-
due was dissolved in 5 ml. of benzene and chroma-
tographed with acid-washed alumina. By eluting with
a 109 ether-benzene solution, there was obtained 0.5
g. (319%) of XXVIII, m.p. 125-127°. The mixture
melting point with an authentic sample® was not de-
pressed.

C, 57.99; H,

2-Methyl-4-ethylenedioxycyclohexanone. A solu-
tion of 600 g. (2.5 moles) of dimethy! y-ethylenedioxy-
pimelate®! in 1 1. of dry benzene was added with stirring
to a suspension of 117 g. (4.8 moles) of sodium hydride

(31) R. M. Lukes, G. I. Poos, and L. H. Sarett, J. Am. Chem. Soc.,
74, 1401 (1952).
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(213 g. of sodium hydride dispersion) in 1 1. of benzene.
The evolution of hydrogen which began | hr. after the
addition was complete became so vigorous as to require
cooling of the reaction mixture. After 24 hr., methyl
iodide (825 g., 6.0 moles) was added to the heavy
yellow suspension and the mixture was stirred for an
additional 24 hr. The mixture was then filtered and
the residue was thoroughly extracted with ether. The
combined organic layers were washed with water,
dried, and concentrated. There was obtained 185 g.
of crude 2-carbomethoxy-2-methyl-4-ethylenedioxycy-
clohexanone.

The above (-keto ester (185 g.) was refluxed with
1500 ml. of a 59 potassium hydroxide solution for
36 hr. The mixture was then saturated with potassium
carbonate and extracted with ether. The ethereal
solution was washed with saturated sodium chloride
solution, dried, and concentrated. Distillation of the
residue afforded 100 g. of 2-methyl-4-ethylenedioxycy-
clohexanone, b.p. 70-72° (0.2 mm.). Redistillation
afforded an analytical sample, b.p. 70-71° (0.2 mm.).

Anal. Caled. for CiH,.0;: C, 63.51; H, 8.29.
Found: C,63.96; H, 8.41.

10-Methyl-6-ethylenedioxy-A'-%-2-octalone (XXIX).
Sodium metal (0.2 g.) was added to a stirred solution of
155 g. (0.911 mole) of 2-methyl-4-ethylenedioxycyclo-
hexanone which had previously been degassed and
placed under an atmosphere of nitrogen. After the
sodium had dissolved (1 hr. at 50°), 56 g. (0.412mole) of
1-diethylaminobutanone-3 was added and the mixture
slowly heated to 125° (oil bath temperature). Soon
the separated diethylamine began to reflux. The tem-
perature was maintained for 3 hr. The reaction
mixture was then cooled and acidified with 28 ml. of
glacial acetic acid followed by 75 ml. of ice-water.
The mixture was quickly extracted with ether, and the
ethereal solution was washed with 109 sodium bi-
carbonate solution, saturated sodium chloride, dried,
and concentrated. Distillation of the residue gave
95 g. of 2-methyl-4-ethylenedioxycyclohexanone, b.p.
72-75° (0.2 mm.), and 55.4 g. (759 based on unre-
covered ketone) of XXIX, b.p. 135-140° (0.3 mm.),
m.p. 92-94°.  An analytical sample was recrystallized
from petroleum ether (b.p. 60-90°).

Anal. Caled. for C3HisO;: C, 70.24;
Found: C,70.43; H,8.21.

2,7-Diketo-14-methyl-A'-1\-dodecahydrophenanthrene
(XXX). The alkylation of XXIX with 1,3-dichloro-
butene-2 was achieved in the usual manner. From
10.152 g. (0.051 mole) of XXIX, 400 ml. of distilled
ammonia, 1.035 g. (0.15 g.-atom) of lithium, and 25 g.
(0.2 mole) of 1,3-dichlorobutene-2, there was obtained
6.2 g. (5097) of dark viscous oil which was distilled
through an oil-jacketed flask (bath temperature: 210°,
0.2 mm.). The compound was assumed to be the de-
sired 7-keto-4-(3’-chlorocrotyl)-9-methyl-trans-decalone.
Cyclization with concentrated sulfuric acid and -subse-
quent purification was carried out as described previ-
ously. From 1.0205 g. (0.0038 mole) of the alkylation
product and 2 ml. of concentrated sulfuric acid there
was obtained 0.1 g. (13 97) of XXX, m.p. 147-148.5°.

Conversion of XXX to 2-Keto-14-methyl-A1(10.8.
decahydrophenanthrene (XX XI). A solution of 50 mg.
of XXX (0.00021 mole) in methanol (10 ml.) was
treated with 12 mg. (0.00035 mole) of sodium boro-

H, 8.16.

hydride for 1 hr. at 0°. A few drops of acetic acid
was then added and the solution was brought to dryness
in vacuo.

The residual ketoalcohol was dissolved in | ml. of
dry pyridine to which was added 35 mg. (0.00025 mole)
of benzoyl chloride. The mixture was allowed to
stand at room temperature for 18 hr. Water (2 ml.)
was then added and the organic material was extracted
with ether. The ethereal solution was dried and con-
centrated. Theresidue had A 5.88, 6.0 u.

The elimination of benzoic acid was accomplished
by heating the benzoate ester, gently at first, and then
more vigorously, with a free flame. The procedure was
repeated three times. The residue was then dissolved
in a mixture of sodium carbonate (0.5 g.), 2 ml. of
water, and methanol (3 ml.), and allowed to stand
overnight. Most of the solvent was then removed
in vacuo and the organic material was extracted with
ether. The ethereal solution was then dried and con-
centrated. The solid was dissolved in 2 ml. of benzene
and chromatographed on 10 g. of acid-washed alu-
mina. Elution with benzene afforded 6.3 mg. of material
which gave on admixture with authentic XXXI?! an
undepressed m.p. 90-91°. The infrared spectrum
was identical with that of an authentic sample.

5,6,7,8-Tetrahydroindanone-5 (X X XII) was prepared,
by the procedure previously described,? from the pyr-
rolidine enamine of cyclopentanone and methyl vinyl
ketone. The unsaturated bicyclic ketone was obtained
in 4097 yield, b.p. 73-75° (0.3 mm.), lit.2 b.p. 80-81°
(0.4 mm.).

Alkylation of the Reduction Enolate from XXXII.
Methylation of the enolate from the reduction of XXXII
with lithium in ammonia was carried out by the general
procedure outlined above. The recovered material
(429) had b.p. 51-54° (0.15 mm.) and was shown to
consist of ca. 809 trans-4-methyl-4,5,6,7,8,9-hexa-
hydroindanone-5 and 209 of the corresponding cis
isomer as determined by v.p.c. on a 5-ft. silicone column
at 150°. The structure and stereochemistry of the
isomeric 4-methyl compounds follow from the ratio
of cis:trans isomers from the reduction of the parent
unsaturated ketone?? (see below) and from the identity
of the peaks in the v.p.c. with the isomers formed by
reduction of the 4-methyl unsaturated ketone XXXIV
(see below).

Lithium—Ammonia Reduction of 5,6,7,8-Tetrahydro-
indanone-5. A solution of the ketone (3 g.) in ether
(50 ml.) was added over 5 min. to a solution of 1 g. of
lithium in 150 ml. of anhydrous liquid ammonia. After
stirring for 1 hr., the blue color was discharged by addi-
tion of ammonium chloride and the mixture was worked
up as usual after evaporation of the ammonia. The
resulting ketones were saturated (infrared) and had
b.p. 50-54° (0.2 mm.). They were shown to be a
mixture of two components in ~4:1 ratio by v.p.c.
(Craig polyester, 10-ft. column at 210°). Previous
work?? has shown the major component to be the
trans isomer.

4-Methyl-5,6,7,8-tetrahydroindanone-5 (XXXIV)
was prepared by a slight modification of the general
method previously described, in which 1-chloropenta-
none-3 was used instead of the corresponding o,3-
unsaturated ketone. To a solution of the pyrrolidine
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enamine of cyclopentanone (0.2 mole) in 200 ml. of
dry dioxane containing 20.2 g. (0.2 mole) of triethyl-
amine was added 24 g. (0.2 mole) of 1-chloropentanone-
3. After standing for 24 hr. at room temperature,
the triethylamine hydrochloride which had precipitated
was filtered off (23.5 g., 869) and the filtrate was
worked up in the usual manner to give 17 g. of material,
b.p. 111-112° (0.8 mm.), largely uncyclized diketone,
which was cyclized by keeping at room temperature
for 3 hr. with a solution of 33.6 g. of potassium hy-
droxide in 1 1. of methanol. Work-up as usual gave
12.7 g. (4297 over-all) of the desired bicyclic enone,
b.p. 74-78° (0.25 mm.). The substance was homoge-
neous by v.p.c. and showed the expected absorption in
the ultraviolet: Ao.o¥ 245 mu (e 14,900).

Lithium—Ammonia Reduction of 4-Methyl-5,6,7,8-
tetrahydroindanone-5 (XXXIV). Reduction with lith-
ium-ammonia in the usual way gave 3.7 g. (74%))
of material, b.p. 52-55° (0.2 mm.), which consisted
of two components, identical with the products from
the reductive methylation of XXXII. Since the ratio
(3:1) was also similar, it can be concluded that
the trans compound was the predominant one and
that the presence of a 4-methyl group did not greatly
alter the ratio of reduction products of the unsaturated
ketone system. A 24-dinitrophenylhydrazone, m.p.
144-145° after crystallization from ethanol-ethyl
acetate, was prepared in very good yield from the
mixture, and must therefore be derived from trans-4-
methyl-4,5,6,7,8,9-hexahydroindanone-5 (XX X1II).

Anal. Calcd. for C16H2004N4: C, 57.82; H, 6.07.
Found: C,57.97; H,6.13.

Reduction-Carbonation of 4-Methyl-5,6,7,8-tetrahy-
droindanone-5 (XXXIV). A solution of the unsatu-
rated ketone XXXIV (7.8 g.) in 50 ml. of anhydrous
ether was added over 5 min. to a solution of 0.78 g. of
lithium in liquid ammonia (150 ml.). After 30 min.,
a trace of anhydrous ferric chloride was added and the
solution was then stirred until disappearance of the
blue color. The ammonia was then replaced by ether
(200 ml.) and the mixture was heated under reflux for
15 min. to remove as much ammonia as possible. It
was then cooled and poured onto a large excess of solid
carbon dioxide in ether previously saturated with carbon
dioxide. After it had warmed to room temperature,
the mixture was neutralized by the addition of the cal-
culated quantity of anhydrous hydrogen chloride in
ether. Removal of the precipitated salts and treatment
with excess diazomethane gave a solution containing
the desired (B-keto esters. Removal of solvent and
distillation gave about 3.0 g., b.p. 84-88° (0.2 mm.).
Examination of the product by v.p.c. showed three
components in the approximate ratio 2:1:1. Since it
is already known that the ratio of trans to cis bicyclic
ketone on reduction without carbonation (see above)
is largely in favor of the zrans compound,?? it follows
that the product consisted of the two possible epimers
of the trans series in a ratio of 3:1 to cis-3-keto ester.

Reduction-Methylation of 4-Methyl-5,6,7,8-tetra-
hydroindanone-5 (XX XIV). By the general procedure
used for the reduction-alkylation of A'.%-2-octalone
with lithium, a mixture of dihydro compound and
methylated dihydro compound was obtained. This
was separated by preparative v.p.c., and the first frac-
tion was identified by its 2,4-dinitrophenylhydrazone,

m.p. 144-145° from ethyl acetate, as trans-4-methyl-
4,5,6,7,8,9-hexahydroindanone-5 (XXXIII, see above).
The second fraction was (largely) the anticipated
trans-4,4-dimethyl-4,5,6,7,8,9-hexahydroindanone-5 (X-
XXV); (the stereochemistry follows from the stereo-
chemistry of the reduction process). It was isolated as
its 2,4-dinitrophenylhydrazone, m.p. 150-152° after re-
crystallization from ethyl acetate.
Anal. Caled. for C17H22N4O4Z
Found: C,58.87; H, 6.29.

Alkylation of the Enolates from Lithium—Ammonia
Reduction in Tetrahydrofuran Solution. The low yields
obtained in a number of cases with the general pro-
cedure involving alkylation in the ammonia solution
suggested that solubility problems might be responsible.
A modified procedure was evolved which led to better
yields in a number of cases. It is illustrated below for
the reduction—-alkylation of 1-methyl-A1-%-2-octalone.

Reduction-Methylation of 1-Methyl-A'-%-2-octalone
(V, R = CH;). A solution of 0.02 mole of the «,3-
unsaturated ketone? in 50 ml. of dry tetrahydrofuran
was added dropwise to a solution of 0.34 g. of lithium
in 150 ml. of liquid ammonia which had been distilled
from lithium. The blue solution was stirred for 10
min. after addition was complete, and the ammonia
was then replaced by 150 ml. of dry tetrahydrofuran.
Removal of ammonia was completed by heating under
reflux and, after allowing the mixture to cool (inert
atmosphere), 30 g. of methyl iodide was added and the
mixture was refluxed for 1 hr. After standing at room
temperature overnight, the mixture was poured into
water and extracted with three 100-ml. portions of ether.
The ethereal solution was washed with saturated salt
solution and dried over magnesium sulfate. Distilla-
tion gave a mixture of alkylated ketones in ~809]
yield, b.p. 72-77° (0.2 mm.). Analysis by v.p.c.
showed that the mixture consisted of 8097 of the ex-
pected 1,1-dimethyl-trans-decalone-2 (XXXVIII), in
addition to 209 of material from further alkylation.
Collection of the former by preparative v.p.c. gave
materidl from which the 2,4-dinitrophenylhydrazone,
m.p. 145-146° from ethyl acetate-ethanol, was pre-
pared.
Anal. Calcd. for C18H24N404:
Found: C,60.08; H, 6.61.

Reduction-Alkylation of 1,10-Dimethyl-A1:%-2-
octalone (XV) with Methyl Iodide. lnitial attempts to
effect alkylation by direct introduction of methyl iodide
in the liquid ammonia solution of the enolate from
lithium reduction gave mostly the product of reduction
without alkylation, 1,10-dimethyl-trans-decalone-2 (X-
XV). Methylation by the tetrahydrofuran procedure
described above for 1-methyl-A'-%-octalone-2 gave a
mixture of saturated ketones, b.p. 78-84° (0.15 mm.),
in ~85% yield. The mixture was shown by v.p.c.
to consist of 309 of the product of reduction without
alkylation, 1,10-dimethyl-trans-2-decalone, and 709}
of the desired 1,1,10-trimethyl-trans-2-decalone (XX-
XVI). The latter, after separation by preparative
v.p.c., showed the expected three singlet methyl peaks
in the n.m.r. (7 9.0, 9.1, 9.15) and was characterized
as its 2,4-dinitrophenylhydrazone, orange needles,
m.p. 184-186° from ethyl acetate—ethanol (lit.'%* m.p.
185.5-186.5°). The melting point was depressed on

C, 58.92; H, 6.40.

C, 59.99; H, 6.71.
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admixture with the 2,4-dinitrophenylhydrazone, m.p.
184-185°, of 1,10-dimethyl-trans-2-decalone (XXV).

Reduction—Alkylation with Benzyl Chloride. Reduc-
tion and replacement of the liquid ammonia by tetra-
hydrofuran were carried out as described for the
reduction of V, R = CHj, using 0.7 g. of lithium for 4
g. (0.023 mole) of 1,10-dimethyl-At-%-octalone. Alkyla-
tion with a large excess (25.3 g.) of benzy! chloride,
followed by the usual work-up, gave an oil which was
passed through alumina, eluted with benzene, and then
submitted to v.p.c. which showed the presence of two
overlapping benzylation products (presumably C-1
stereoisomers) in the ratio of 80:20. Distillation of
the crude material from an oil-jacketed flask gave, after
removal of lower boiling dihydro unalkylated ketone,
a final fraction at ~125° (0.15 mm.). This mixture
of epimeric 1-benzyl-1,10-dimethyl-trans-2-decalones
(XXXVII) had the expected n.m.r. spectrum (aromatic
protons at 7 2.8 and two unsplit methyl peaks at 8.95
and 9.0. A 2,4-dinitrophenylhydrazone of the major

component was prepared. It had m.p. 158-159°
(from ethanol-ethyl acetate).
Anal. Caled. for Cy:H3oN:O4: C, 66.65; H, 6.71;

N, 12.44. Found: C, 66.70; H, 6.88; N, 12.17.

Reduction—-Methylation of A%1-]1-Octalone (XX XIX).
Reduction and replacement of the liquid ammonia by
tetrahydrofuran was carried out as with V, R =
CH;, using 0.7 g. of lithium for 4 g. of ketone,?? the
other quantities, etc., being identical. Work-up as
usual gave 3.4 g of material (80-85%), b.p. 67-72°
(0.25 mm.). This had a strong camphoraceous odor
and was shown (infrared, v.p.c.) to contain only traces
of unalkylated material. The major peak was the one
first eluted after a trace of a-decalone. This was col-
lected and showed an unsplit methyl peak at 7 8.8, thus
establishing its structure as a 9-methyl-1-decalone.
The 2,4-dinitrophenylhydrazone, prepared in 90 % yield,
established that the substance was 9-methyl-cis-1-de-
calone. Ithad m.p.162-163° (after crystallization from
ethyl acetate-ethanol). The reported?* melting point
of the derivative of authentic 9-methyl-cis-1-decalone
is 164°. The melting point of the derivative of 9-
methyl-trans-1-decalone?* (168-169°) was strongly de-
pressed on admixture with our 2,4-dinitrophenyl-
hydrazone. The next fraction eluted from the v.p.c.
contained both some trans-9-methyldecalone and some

2-methylated compound, the next peak being di-
methylated material. Condensation of the total mix-
ture with ethyl formate led to the recovery of ca. 289
of ketone which must therefore have had a 2-methyl
group, while the ketone recovered from the hydroxy-
methylene derivative after heating with dilute sodium hy-
droxide showed a 3:1 ratio of 9-methyl-cis-1-decalone
to the trans isomer. The yields thus obtained in this
reduction—-alkylation were 46 7 9-methyl-cis-1-decalone,
1697 9-methyl-trans-1-decalone, and 2397 of material
having a methyl group at C-2, with and without a C-9
methyl.

Reduction—Methylation of 4-Methyltestosterone (XL).
A solution of 500 mg. of 4-methyltestosterone?® in 50
ml. of ether was added over 3 min. to a solution of 0.2
g. of lithium in 150 ml. of anhydrous liquid ammonia,
Tlie blue solution was stirred for another 2 min. before
the addition of a solution of 10 g. of methyl iodide in
30 ml. of ether. The solution was stirred under re-
flux for 2 hr. and the ammonia was allowed to evaporate.
The resulting solids were dissolved in water (150 ml.)
and the mixture was acidified with 1097 hydrochloric
acid. The solution was extracted with benzene (three
100-ml. portions). The combined extracts were washed
with dilute sodium thiosulfate and with water, and were
then dried and evaporated, leaving 445 mg. of crude
solid material. This was dissolved in the minimum
quantity of benzene and chromatographed on 30 g.
of Merck alumina (1.5 X 15 cm.). Elution with
hexane, hexane-benzene, benzene, and benzene con-
taining up to 109 ether removed 72 mg. of material
and this was followed by ~300 mg., eluted with ben-
zene-25% ether to benzene-ether 1:1, in various
fractions which melted in the range 136-142°, These
showed only one spot on t.l.c., different from starting
material. Recrystallization from acetone gave ap-
parently pure 4,4-dimethyl-5«-androstan-3-one, m.p.
142-144° (lit.2* m.p. 145-147°). The structure was
confirmed by the n.m.r. spectrum (in pyridine) which
showed singlets at 70 (3H) and 63 c¢.p.s. (3H), in addition
to a singlet at 57 c.p.s. (6H). The parent 4-methyl-
testosterone showed 3 singlets at 57, 63, and 112 c.p.s.,
the last being due to the 4-methyl group.
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