RepucTioN-METHYLATION OF DERIVATIVES OF 3-BUTEN-2-ONE

intensity) 130 (100), 120 (64.9), 138 (36.6), 127 (17.6), 115
(97.5), 77 (15.4), 65 (12.7), 63 (21.8), 51 (29.3), and 39 (20.9).
2-Methylindene was isolated by glpe from the same fraction
[lit.? bp 79° (10 mm)]: nmr 8554 2.10 [s (fine splitting), 3 H,
C=CCHs}, 3.17 (s, 2 H, CH,), 6.36 [s (fine splitting), 1 H,
C=CH], and 6.9-7.2 (in, 4 H, C¢H,); ir spectrum identical with
that of 2-methylindene.?? The mass spectrum shows nearly the
same cracking pattern as 3-methylindene and the mass spectrs,
of both indenes are similar to that of a mixture of methylindenes
found in the literature.?® These same products were isolated and
identified from the SSPA reactions of butyrophenone, 1-phenyl-2-
butanone, 4-phenyl-2-butanone, 1-phenyl-l-butyne, and 4-
phenyl-1-butyne. 1-Methylindan was isolated and identified
similarly from the SSPA reactions of 4-phenyl-1-butene and 1-
phenyl-2-butene.

Pivalophenone was prepared by a reverse Grignard reaction?
and subjected to the catalyst in the same manner as described

(22) T. L. Yarboro, C, Karr, Jr., and P. A, Estep, J. Chem. Eng. Data, 6,
421 (1961).

(23) American Petroleum Institute, “Catalog of Mass Spectral Data,”
Serial No. 1250, Froject No, 44, Carnegie Institute of Technology, Pitts-
burg, Pa.

(24) J. Ford, C, Thompson, and C. Marvel, J. Amer. Chem. Soc., 8T, 2619
(1835).
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previously. Benzene, l-methylindan, and 1,2-dimethylindan
were isolated by preparative glpc and identified by comparison
of their ir and nmr spectra and glpe retention times with those of
authentic samples. 1- and 2-methylnaphthalene were isolated
as 8 1:1 mixture and identified by comparison of their physical
and spectral properties with those of an authentic 1:1 mixture.
A distillation fraction, bp 110-125° (30 mm), yielded 3.87 g of
2,3-dimethylindene by preparative glpe: mp 9-10° (lit.® mp
11°); ir spectrum identical with that for 2,3-dimethylindene;??
nmr 85%s 1.75 (s, 6 H, CH;C=CCHjy), 2.81 (br s, 2 H, CH,),
and 7.05 [s (fine splitting), 4 H, CsH,.

3-Methyl-2-butanone was allowed to react with the catalyst,
and the 2,3-dimethylindene product, obtained by preparative
glpe, was dissolved in benzene and subjected to fresh catalyst.
The products were analyzed by glpc and nmr, showing 287,
conversion of the indene into the same products obtained from
pivalophenone and 3-methyl-3-phenyl-2-butanone.

Registry No.—3, 3910-35-8; 4, 2177-47-1; 7, 767-
60-2; 9, 767-58-5; 1,1-dimethylindan, 4912-92-9; 2,3-
dimethylindene, 4773-82-4.

(25) G. Egloff, “Physical Constants of Hydrocarbons,” Vol. IV, Reinhold
Publishing Corp., New York, N. Y., 1947, p 48,

The Reduction-Methylation of Derivatives of 3-Buten-2-one'

LawreNce E. HigarowER,® Lowris R. GLascow,* KEArFoTT M. STONE,!®
Davip A. ALBERTSON,'® AND HoMER A. SmITH

Department of Chemisiry, Hampden-Sydney College, Hampden-Sydney, Virginia 23948
Recetved July 25, 1969

The lithium~liquid ammonia reduction and reduction~methylation of 3-buten-2-one derivatives tmns-4-phe;n—
yl-3-buten-2-one (la), 3-methyl-4-phenyl-3-buten-2-one (1b), and 4-methyl-3-penten-2-one (lc) have been in-

vestigated.

In each case the only monomethylation product obtained was derived from the specific lithium eno-

late generated reductively. Unlike 2-cyclohexenone derivatives, open-chain enones la~Ic also gave much poly-
methylation, ascribed to the effect of the conjugate base of the proton donor employed in the reduction step.
Polymethylation was minimized by the use of triphenylmethanol as proton donor or by the addition of excess ace-

tone with the alkylating agent.

Stork and coworkers? have developed a procedure
for the reduction-alkylation of an a,8-unsaturated
ketone to give the a-alkyl saturated ketone uncontam-
inated with the «'-alkyl isomer. The procedure con-
sists of treatment of an a,8-unsaturated ketone with 2
equiv of lithium in liquid ammonia to produce a specific
lithium enolate, followed by treatment of the enolate
with an alkyl halide in an appropriate solvent, as shown
for 2-methyl-2-cyclohexenone in Scheme I.
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The specificity of the reduction—alkylation depends
upon the relatively slow equilibration among structur-
ally isomeric lithium enolates?=% and has been confirmed

(1) (a) Bupported by the National Science Foundation and the Re-
search Corporation. (b) Undergraduate Research Participant, National
Science Foundation.

(2) G. Stork, P. Rosen, N. Goldman, R. V. Coombs, and J. Tsuji, J.
Amer. Chem. Soc., 87, 275 (1985).

(3) (a) R. E. 8chaub and M. J. Weiss, Chem. Ind. (London), 2003 (1961);
(b) R. Deghenghi and R. Gaudry, Tetrahedron Lett., 489 (1862); (¢) M. J.
Weiss, R. E. Schaub, J. F. Poletto, G. R. Allen, Jr., and C. J. Coscia, Chem.
Ind. (London), 118 (1963); (d) R. Dehgenghi, C. Revesz, and R. Gandry, J.
Med. Chem., 8, 301 (1963); (e) 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); (f) H. O. House and T. M. Bare, J. Org. Chem., 33, 943 (1968).

in several studies on reduction-alkylation in ecyclic
systems.”?

Side reactions leading to polyalkylation products
are generally moderate in extent for the reduction-
alkylation of derivatives of 2-cyclohexenone®?® but
extensive for systems in which the enone moiety is not
part of a ring. In the present study, the reduction—
methylation of some 3-buten-2-one derivatives (la—
1c) has been carried out with a view toward investigat-
ing the reaction pathway by which polymethylation
oceurs and finding optimum conditions for monometh-
vlation. Some further work on cyclic systems has
been carried out with 4,4-dimethyl-2-cyclohexenone
(1d) and 2,4,4-trimethyl-2-cyclohexenone (1e).

R |
No=C—C—CH,
Rz/ Me
Rs
la, Rl = Ph;R2=R3 =H
b, R, =PhR, =H; Ry=Me Me Me Me Me

¢ R =R,=Mg;R;=H 1d le

(4) D. Caine, tbid., 29, 1868 (1964).

(8) H.O. House and B. M. Trost, tbid., 30, 2502 (1965).

(6) H. O. House, B. A, Tefertiller, and H. D. Olmstead, <bid., 33, 935
(1968).

(7) D.Caineand B.J. L. Juff, Tetrahedron Lett., 4695 (1966).

(8) D.Caineand B, J. L. Huff, ¢bid., 3399 (1967).

(9) H. A, Smith, B. J. L. Huff, W. J, Powers, and D. Caine, J. Org. Chem.,
82, 2851 (1967).
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In order to establish that generation of the lithium
enolates from 1 could be carried out in good yield, sim-
ple lithium-liquid ammonia reductions of enones la—le
were performed. The enone (usually admixed with 1
equiv of a proton donor?) was added to 2 equiv of lith-
ium in ammonia, followed by the addition of excess
ammonium chloride to the mixture. The structures
of the products isolated from enones la-1c are shown
in Scheme II, where 3 represents the o,8-dihydro prod-
uct and 4 the saturated alcohol product in each case.
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Product analyses for the reduction experiments are
shown in Table I. Every enone gave a satisfactory
yield of 3, either pure or containing no more than 79
of the saturated alcohol (4), when 1 equiv of ¢-butyl

TasLe I
Lirtmium-Liquip AMmonia REpuctions oF ENoNEs

Proton donor Product
(1 equiv) ~——composition, %——
Enone used 3 4 Yield, %
la t-BuOH 100 V] 662
la Ph,COH 100 0 54e
la MeOH 83 17
1b t-BuOH 97 3b 6le
lc t-BuOH 93¢ 7e 40, 654
Ic Ph,COH 96 4 510
1c MeOH 78 22
1c Pyrrole 49 51
Ic Ph,NH 72 28
1lc None 42 38
1d t-BuOH 100 0 62
1d None 60 (1
le Various? 100 0 974k
le! None 53 07

@ Based on distilled material. ® Not conclusively identified.
¢ Average of two runs. ¢ Based on vpe analysis using m~xylene
as internal standard. ¢ The product mixture also contained 209,
starting enone lc. /The product mixture also contained 409,
starting enone 1d. ¢ Separate trials gave the indicated produet
analysis with the following donors: acetic acid, water, pyrrole,
t-butyl alcohol, diphenylamine, and triphenylmethane. * For
trial using diphenylamine. ¢ Data from ref 9. /The product
mixture also contained 479, starting enone le.

alcohol was added along with the enone. Significant
quantities of alcohols have not been obtained in
previous work on the reduction or reduction-al-
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kylation of cyclic enones; in the present work they
were likely formed by protonation of the enolate by
the proton donor followed by further reduction by lith-
ium. Smooth reduction to give 3 also resulted when
triphenylmethanol was the proton donor; however,
significant quantities (17-519,) of 4 were obtained with
other donors. The extent of overreduction to give 4
does not correlate with the thermodynamic acidities
of the donors.’® However, such a correlation does
obtain among the oxygen acid donors in Table I as well
as between the nitrogen acid donors. It may be that
the extent of overreduction depends upon the rate of
attack of the donor on lithio carbanion aggregates and
that initial coordination of nitrogen with lithium en-
hances the rate for nitrogen acids.

Previous work? has indicated that reduction of
2-cyclohexenones in the absence of a proton donor leads
to recovery of significant quantities of starting enone,
except with 3-methyl-2-cyclohexenone, which has a
fully substituted 8 carbon. In contrast, Table I re-
cords that 1c, which also has a fully substituted 8 car-
bon, gave 209, starting enone in the absence of a donor.
It is noteworthy that le was reduced smoothly to pure
3e with a variety of proton donors, ranging from acetic
acid (pk = 3) to triphenylmethane (pk = 33).1Y Con-
jugate addition by amide ion to form a reduction-resis-
tant species has been suggested® to explain the recovery
of enone in the reduction of le; if so, it is interesting
that even a proton donor so weakly acidic as triphenyl-
methane led to complete reduction of le.

Results of Reduction-Methylation Experiments.—
Reduction—methylations were carried out with com-
pounds la-1d by generating the enolate as described
above for reduction and treating it with methyl iodide.
An equal volume of ether was added before alkylation,
as recommended previously.® The structures of the
principal products (determined by spectroscopic tech-
niques using samples collected by preparative-scale
vpe) were as shown in Scheme II, where 5, 6, and 7
represent the mono-, di-, and trimethylation products,
respectively. Each a,8-dihydro product (3) was iden-
tical with that produced by simple reduction. In
addition, 5a, the monomethylation product from 1a,
was identical with 3b, the simple reduction product
from 1b; similarly, 5d was identical with 3e. In each
case, the only monomethylation product (8) obtained
was that derived from the specific enolate produced in
the reduction step; 7.e., the a-methyl derivative was ob-
tained but not the «’-methyl. This observation agrees
with the established principle that the lithium enolates
of ketones can be trapped by reactive alkylating agents
without appreciable equilibration among the structur-
ally isomeric enolates.??

Table IT records the product analyses for some reduc-
tion—methylation experiments. Unlike substituted cy-
clohexenones® and other cyclic enones,? reduction-
methylation of open-chain enones la-lc gave rise to
substantial quantities of polymethylation products
(6,7), even when 1 equiv of methyl iodide was employed
(TableII, expt 1, 2, and 8-10).

As a consequence of the proton donor employed in
the reduction step, 1 equiv of the conjugate base of the
donor (e.g., lithium {~butoxide when t-butyl aleohol was

(10) D, J, Cram, “Fundamentals of Carbanion Chemistry,” Academic
Press Inc., New York, N. Y., 1965, Chapter 1.
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TasLe 1T
REDUCTION-METHYLATION OF ENONES IN ETHER-LIQUID AMMONIA

Equiv of
Proton donor compound Equiv

(1 equiv) added before of

Expt Enone used methylation Mel
10 1a t-BuOH 1
2 la t-BuOH e 6
3 la t-BuOH 1.0 :-BuOLi 6
4 la Ph;COH e 6
5 la Ph;COH 0.5 Ph;COLi 6
6 la t-BuOH 1.0 3d° 6
7 la t-BuOH 240
8 1b t-BuOH 1
gb 1c t-BuOH 1

100 Ic t-BuOH 3-5
11 1ic Ph;COH 3
12 1d t-BuOH Ce 4
13 1d t-BuOH 1.0 3a¢ 6
14+ le t-BuOH e 6

@ The total yield of all products, including starting material, is recorded.

sidering it to be only monoalkylation product.
hexanone.

clusively identified.
alkylation products in this experiment.

k Data from ref 9.

the donor) was present during the alkylation step. A
comprehensive study by House and Trost? of the alkyla-
tion of lithium enolates in 1,2-dimethoxyethane solution
in the presence of lithium #-butoxide!* indicated that
this base was principally responsible for the polyalkyla-~
tion they observed. In the present study, polymeth-
ylation produets would be expected to result from the
lithium alkoxide present during methylation, as de-
picted for the polymethylation of 2a in Scheme III.
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Ancillary data on the effect of lithium alkoxides was
provided by an investigation of the methylation of some
saturated ketones in conditions similar to reduction—
methylation experiments, and the results are recorded
in Table ITII. The literature contains several examples
of the alkylation of ketones in the presence of sodium or
potassium alkoxides in solvents such as ethers, hydro-
carbons, and aleohols,’? but the use of lithium alkoxides
in ammonia has not been reported.

Each of the open-chain saturated ketones 3a-3c
underwent substantial mono- and dimethylation in
ether-ammonia when treated with 1 equiv of lithium

(11) One equivalent lithium #-butoxide was produced as a consequence
of the reaction by which specific enolates were generated by these workers:
the treatment of 1 equiv of an enol acetate with 2 equiv of methyllithium,

(12) See H, O. House, ‘‘Modern Synthetic Reactions,” W. A. Benjamin,
Ine., New York, N. Y., 1965, pp 184~189,

¢ Based on vpc analysis using m-xylene as internal standard.
Vpe indicated that 129, of 3d was converted into 2,4,4-trimethylcyclohexanone (5d) in this experiment.
product, 8%, with vpc retention time similar to that of 5 was detected.
i Vpe showed 39, unidentified high-boiling material.

e ~Product composition, %—:
3 4 5 6 7 Yield,* %
23 0 54 16 7 66¢
2 0 48 41 9
1 0 13 20 66
20 0 73 7 0 694
23 0 58 19 0
5 0 50/ 26 10
12 0 85 1 2
28 0 62 8 2k 75¢
21 8 52 10 6t 79¢
1 9 34 33 23
9 7 75 8 0 844
14 0 86 0 0 904
10 0 90 0 0
7 0 93 0 0 46

¢ Based on distilled material con-
¢ 4, 4-Dimethylcyclo-
7 An unidentified
¢ Six equivalents of acetone added with Mel. * Not con-
i Vpe indicated that 419, of 3a had been converted into

b Average of two runs.

TasLr IIT

MzerayLaTiON® OF KETONES IN ETHER-L1QUID AMMONIA
Using Lrrarum (-BuTtoxipr

o ~Product composition, %p————-
Starting Monomethyla- Dimethylation
Ketone material tion product products
3ab 50 43¢ 74
3b (5a)e/ 43 460 117
3c 24 581 18/
3¢k 45 55 0
3d 70 30! 0
3e (5d) 75 257 0

¢ Unless otherwise indicated, 6 equiv of Mel and 1 equiv of
t~BuOLi were employed in each experiment. ?Total ketone re-
covery was 65%, using m-xylene internal vpc standard. ¢ Prob-
ably 1-phenyl-3-pentanone., ¢ Mixture of two components be-
lieved to be isomeric dimethylation products. ¢ Average of two
runs. / Total ketone recovery was 709, using m-xylene internal
vpe standard. ¢ Identical with 6a. *Identical with 7a. *5-
Methyl-3-hexanone. ¢ Mixture of three or more components;
major component 2,5-dimethyl-3-hexanone. * Lithium amide
was employed as base in this experiment. !2,4,4-Trimethyl-
cyclohexanone. ™ Four equivalents of Mel were employed in
this experiment. " 2,4,4,6-Tetramethylcyclohexanone.

i-butoxide followed by excess methyl iodide. The
methylation products in each case were those derived
from successive replacement of hydrogen at the less
highly substituted « carbon. The methylation of
3b was particularly noteworthy in that the starting
material was identical with 5a, the monomethylation
product in reduction—-methylation of la (Table II,
expt 2). The higher methylation products had identi-
cal structures in the two experiments. Although
methylation could also be carried out usinglithium amide
(see Table III), the presence of this base during reduc-
tion—-methylation is ruled out by the presence of the
proton donor, an acid much stronger than ammonia.
Also, lithium amide forms a suspension in ether-am-
monia, whereas homogeneous mixtures were observed
in reduction—-methylation.

Further evidence for the effect of lithium ¢-butoxide
was obtained by the addition of an equimolar amount
of that compound (thus doubling its concentration)
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to 2a before methylation (Table II, expt 3). A sub-
stantial increase in total polymethylation products
resulted (¢f. expt 2). The increase in the extent of
polymethylation was greater than indicated by a simple
comparison of percentages, since the trimethylation
product (7a) (669 in expt 2) was derived from a mono-
methylation product which had been alkylated two
additional times.

In an effort to find an effective proton donor whose
conjugate base would cause less polymethylation, tri-
phenylmethanol was employed (Table II, expt 4 and
11). Much less polymethylation resulted (cf. expt
2 and 10) and a good yield of relatively pure 5 was ob-
tained. The addition of lithium triphenylmethoxide
before methylation (expt 5) increased polymethylation,
but not as much as t-butoxide.

Triphenylmethanol is the reagent of choice as proton
donor in reduction-methylation syntheses, based on its
effect in promoting effective reduction and minimizing
polymethylation. The lower extent of polymethylation
may be due to steric factors, the base strength of tri-
phenylmethoxide, or aggregation of lithium triphenyl-
methoxide.

It is possible that part of the polymethylation comes
as a result of ionization of ketonic products (e.g., 5)
by unreacted enolate 2. This proton-transfer reaction
would result in formation of the a,8-dihydro product 3,
which was indeed obtained in each reduction-methyla-
tion experiment. Direct evidence against appreciable
proton transfer of this type came from expt 6 and 13 of
Table II, in which an equimolar quantity of a struc-
turally dissimilar, saturated ketone was added to enolate
2 before methylation. No appreciable increase in the
proportion of 3 compared with control experiments (expt
2 and 12) was found. It seems likely that 3 arose, as
suggested previously,® from protonation of 2 by meth-
ylammonium ion derived from methyl iodide solvolysis.
This view is supported by an experiment in which
methyl iodide was stirred in liquid ammonia for 15 min
and then added to a solution of enolate 2e. No
methylation products were detected and 799, 3e was
obtained.

The failure to observe appreciable enolate equilibra-
tion suggested a procedure to minimize polymethylation.
A large excess of methyl iodide admixed with excess
acetone was added to enolate 2a (Table II, expt 7).
The monomethylation produet (5a) comprised 85%
of the produet mixture, total polymethylation
amounted to only 39, and only a moderate quantity
of 3a (129, compared with 297, in expt 2} was obtained.

The structures of the methylation products obtained
in the experiments of Tables II and III indicates that
each is derived from the less highly substituted kinetic
enolate.#1® The failure to observe substantial amounts
of products derived from the more highly substituted
enolates!? suggests that lithium alkoxides may be
more selective kinetically than trityllithium previously
employed.* 13

The extent of polymethylation in the open-chain
ketones investigated here is greater than in alicyclic
ketones because the kinetic acidity of the former is
greater. The possibility that alicyclic ketones are

(13) H, O. House and B. M. Trost, J, Org, Chem., 80, 1341 (1965).
(14) Kinetic studies”'8 have shown comparable alkylation rates for struc-
turally isomeric lithium enolates derived from cyclohexanones,
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thermodynamically less acidic and do not transfer a
proton to alkoxides in ammonia is eliminated by the
successful methylation of 3d and 3e using lithium i-
butoxide (Table II1). Modest differences in the extent
of polymethylation have previously been observed in
the reduction—methylation of substituted 2-cyeclohex-
enones. The differences can probably be ascribed to
slight differences in the kinetic acidities of the ketonie
products.

Experimental Section?!®

trans-4-Phenyl-3-buten-2-one (la), 4-methyl-3-penten-2-one!®
(1c), 4-methyl-2-pentanone (3c), and 4-methyl-2-pentanol (4c)
were commercial products.

2,4,4-Trimethyl-2-cyclohexenone (le), bp 85-88° (20 mm),
2,4 4-trimethylcyclohexanone (3e), bp 82° (20 mm), and 4,4-
dimethyl-2-cyclohexenone (1d), bp 79-80° (20 mm), were pre-
pared as previously described.?

3-Methyl-4-phenyl-3-buten-2-one (1b) gave the {following
data: bp 117° (5 mm) [lit.”” bp 130° (12 mm)]; ir 6.00 and
6.14 »; nmr 51.82 (d, 3,J = 1 Hz, C-3 Me), 2.16 (s, 3, C-1 Me),
6.73 (s), and 6.81 (d, J = 1 Hz), total area 6 (C¢H; and —CH=—,
respectively). This compound was prepared in 589, yield by
published methods.!

Anal. Caled for CuHp0: C, 82.46;
C,82.36; H,7.49.

Lithium #-butoxide was prepared by refluxing lithium metal
with excess {-butyl alcohol (freshly distilled from sodium) and
evaporating the excess alcohol in wvacuo at 70°. Lithium tri-
phenylmethoxide was prepared by treating triphenylmethanol
in hexane under N; with n-butyllithium in hexane, heating to
reflux, and distilling two-thirds of the solvent. The product
was collected by suction filtration and dried in vacuo.

General Procedure for Lithium-Liquid Ammonia Reduction of
Enones.—The reductions of the various «,8-unsaturated ketones
were carried out as described previously? by adding dropwise
under N; over a 20-30-min period an equimolar mixture of enone
and proton donor in three volumes of ether to a stirred solution
of ca. 2.2 g-atoms of lithium/1 mol of ketone in dry ammonia
(distilled from sodium, ca. 0.5~1 ml per 1 mg of lithium). The
reaction mixture usually remained blue; occasionally the blue
color was discharged after ca. 909, of the enone was added, in
which case the addition was stopped. The mixture was stirred
for 20~30 min and excess NH.Cl was added. After evapora-
tion of the ammonia at room temperature and reaction mixture
was worked up as before? in water and ether. The combined
ether extracts were dried and concentrated to a small volume
under reduced pressure. Vpc analysis'® was carried out at this
point; aweighed quantity of m-xylene was added to some produect
mixtures as an internal standard. In some trials, no internal
standard was added and distillation was carried out after vpc
analysis. In the reductions of lc, only about two-thirds of the
ether was removed under reduced pressure; the remainder was
taken off at atmospheric pressure by flash distillation through a
1 X 30 ¢m unpacked column.

H, 7.55. Found:

(15) Melting points, determined on a Fisher-Johns apparatus, and boiling
points were uncorrected. Ir spectra were determined with a Perkin-Elmer
137b" spectrophotometer, Nmr spectra were determined at 60 MHz with
a Varian A-60 spectrometer and unless otherwise stated are in CCls solution
relative to internal TMS, Analytical vpe was performed on an F & M
Model 700 gas chromatograph with helium as the carrier gas. Product
composition was calculated by the area normalization method, Preparative
vpe was performed on a Microtek 2500R with nitrogen as the carrier gas.
t-Butyl alechol was refluxed over sodium and distilled. Methyl aleohol was
distilled from magnesium methoxide. Acetic acid was distilled from acetyl
borate. Pyrrole was dried over potassium hydroxide. Triphenylmethanol,
diphenylamine, and triphenylmethane were used as received. Methyliodide
was distilled from phosphorus pentoxide. All ketone starting materials
were distilled and were at least 99% pure by vpe. Lithium metal wire was
a low-sodium product from Lithium Corp. of America. Microanalyses were
carried out by Galbraith Laboratories, Inc., Knoxville, Tenn.

(16) Dried over Drierite and distilled using a spinning-band column.

(17) 1. Heilbron, Ed., “Dictionary of Organiec Compounds,” Vol. IV,
4th ed, Oxford University Press, New York, N, Y,, 1965, p 2294,

(18) (a) M. T, Bogert and D, Davidson, J. Amer. Chem. Soc., 64, 333
(1932); (b) J. D. Gettler and L. B. Hammett, ibid., 64, 1826 (1942).

(19) Unless otherwise noted, vpc analyses were carried out using a column
packed with SE-30 silicone gum rubber.
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Reductions of trans-4-Phenyl-3-buten-2-one (la).—From 14.6
g (0.1 mol) of la, 7.41 g (0.1 mol) of t-BuOH, and 1.60 g (0.23
g-atom) of lithium in 500 ml of ammonia was obtained 9.76 g
(669,) of pure 4-phenyl-2-butanone (3a): bp 80-85° (8 mm)
[lit.® bp 115° (13 mm)]; ir 5.83 u; nmr § 1.93 (s, 3), 2.34
3.00 (br,4), and 7.12 (s, 5).

Anal. Caled for Cy,H;0,:
C,81.15; H,8.10.

In a similar run using MeOH as the proton donor, vpe analysis
indicated that the product mixture consisted of 839 3a and 179,
4a, identified by vpc retention time.

Reduction of 3-Methyl-4-phenyl-3-buten-2-one (1b)—From
12.6 g (0.079 mol) of 1b, 5.84 g (0.079 mol) of {-BuOH, and 1.22
g (0.18 g-atom) of lithium in 1000 ml of ammonia was obtained
7.69 g (619) of 3-methyl-4-phenyl-2-butanone (3b): bp 78-
79.5° (1 mm) [lit.1% bp 127-130° (12 mm)]; ir 5.85 x; nmr §
091 (d, 3, J = 5.5 Hz, C-3 Me), 1.78 (s, 3, C-1 Me), 2.17-2.78
(br, 3), and 6.52 (s, 5). Vpc analysis indicated the presence
of 39, of an impurity whose retention time was that expected
for4b.

Anal. Caled for CHHMOZ
81.26; H,8.77.

Reductions of 4-Methyl-3-penten-2-one (lc).—From 9.82 g
(0.1 mol) of 1c, 7.42 g (0.1 mol) of {-BuOH, and 1.68 g (0.24
g-atom) of lithium in 500 ml of ammonia was obtained 3.98 g
(40%,) of material, bp 110-114°. Vpe analysis of the crude mix-
ture indicated that it consisted of 949, 4-methyl-2-pentanone
(3¢) and 69, 4-methyl-2-pentanol (4c). The ir spectrum of
the product was identical with that of authentic 3¢ except for a
small hydroxylic absorption at 2.85 . The vpc retention times
of both 3¢ and 4c were identical with those of authentic com-
pounds.

Additional runs were carried out with other proton donors,
using ca. 2 g of enone and 400 m! of ammonia. Inaruninwhich
no donor was used, the product mixture contained 20%, of start-
ing enone lc, identified by vperetention time.

Reductions of 4,4-Dimethyl-2-cyclohexenone (1d).—From
5.14 g (0.41 mol) of 1d, 3.31 g (0.45 mol) of {-BuOH, and 0.65
g (0.94 g-atom) of lithium in 500 ml of ammonia was obtained
3.12 g (629,) of pure 4,4-dimethylcyclohexanone (3d), bp 88-
91° (45 mm) [lit.? bp 73° (14 mm)], ir 5.83 4.

Anal. Caled for CgHiO: C, 76.14;
C,76.08; H,11.11.

In a run in which no proton donor was added, the product
mixture consisted of 609, 3d and 409, starting enone 1d, identi-
fied by vpc?? retention times.

General Procedure for Reduction-Methylation of Enones.—
The reduction step was carried out by the same general proce-
dure described for the reduction runs. Approximate solubility
measurements indicated limited solubility for lithium enolates
and lithium ¢-butoxide in ammonia at —33°; however, the solu-
bilities were greater in ether. Therefore, after 20-30 min of
stirring the enolate mixtures were generally diluted with an equal
volume of dry ether. The blue color was discharged during the
addition. The enolate mixtures in ammonia usually contained
suspended white solid material; the material dissolved when
ether was added and clear, apparently homogeneous mixtures
resulted. For the alkylation step, Mel (usually 6 equiv/mol
of ketone used) in three volumes of ether was added dropwise
with stirring over 10-20 min. The ammonia was allowed to
evaporate at room temperature, and the reaction mixture was
worked up in a manner identical with that described for the re-
duction runs. Vpe analysis was carried out after removal of
most of the solvent but before distillation. In duplicate runs,
the percentages of a given component generally agreed within
5%. In some runs a final distillation was carried out to obtain
the yield of distillable material; yields were obtained in other
runs by use of m-xylene as an internal standard for vpec analysis.
Product analyses for various runs are recorded in Table II.

Reduction-Methylations of {rans-4-Phenyl-3-buten-2-one (la).
—From 14.6 g (0.1 mol) of 1a, 7.41 g (0.1 mol) of +-BuOH, 1.53 g
(0.22 g-atom) of lithium in 600 ml of ether~ammonia, and 14.2 g
(0.1 mol) of Mel was obtained 11.6 g (669, yield, assuming
product to be only 5a) of a mixture of ketones, bp 94-97° (3 mm),

C, 81.04; H, 8.16. Found:

81.44; H, 8.70. Found: C,

H, 11.18. Found:

(20) 1. Heilbron, Ed., “Dictionary of Organic Compounds,’”™ Vol. IV,
4th ed, Oxford University Press, New York, N. Y., 1965, p 2675.

(21) I. Heilbron, Ed,, “Dictionary of Organic Compounds,” Vol, II,
4th ed, Oxford University Press, New York, N. Y., 1965, p 1163,

(22) A Carbowax 20M column was used; SE-30 did not separate 1d and
8d.
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with the following composition: 3a, 24%,; 5a, 55%,; 6a, 149,;
and 7a, 5%. In a similar run on ca. one-fifth the scale in 500
ml of ammonia, the product analysis was as follows: 3a, 229,;
5a, 529,; 6a, 169,; and 7a, 119,. The components were col-
lected by preparative vpe, and (in order of elution) were identified
as follows: 3a, 4-phenyl-2-butanone, ir and nmr spectra and vpe
retention time identical with those of 3a from reduction runs;
5a, 3-methyl-4-phenyl-2-butanone, ir and nmr spectra and vpe
retention time identical with those of 3b from reduction of 1b;
6a, 2-methyl-1-phenyl-3-pentanone, ir 5.83 u, nmr & 0.90 (%,
J = 6 Hz) and 1.03 (d, J = 5 Hz), total area 6 (C-5 and C-2
Me, respectively), 1.92-3.03 (br, 5), and 7.13 (s, 5), 2,4-dinitro-
phenylhydrazone mp 94-95° (lit.?* mp 95-96°). The nror spec-
trum indicated small quantities (<10%,) of another compound,
which was probably an isomer of 6a. Compound 7a was eluted
last, and although the spectral data were not conclusive in this
case, the structure most consistent with the data was 2,4-di-
methyl-1-phenyl-3-pentanone: ir 5.83 u; nmr § 0.80 (d, J =
7 Hz), 0.97 (d, J = 7 Hz), 9.04 (d, J = 6.5 Hz) (total area
0.70-1.20, 9), 1.91-3.17 (br, 4), and 7.13 (s, 5).

In expt 3 and 5, Table II, lithium alkoxide was added after
generation of the enolate in the usual manner. The mixture
was stirred for 10 min before addition of Mel.

In expt 6, Table II, 1 equiv of 4,4-dimethylcyclohexanone
(3d) was added to the enolate mixture, followed immediately by
Mel. An unidentified compound, 8% of the total material de-
rived from la, eluted between 32 and 5a upon vpe analysis. Of
the material derived from 3d, 889, was recovered 3d and 129,
was 5d.

In expt 7, Table II, a mixture of 6 equiv of dry acetone and
24 equiv of Mel was added as rapidly as possible to the enolate
generated from la.

Reduction-Methylations of 3-Methyl-4-phenyl-3-buten-2-one
(1b).—From 16.0 g (0.1 mol) of 1b, 7.41 g (0.1 mol) of ¢-BuOH,
1.53 g (0.22 g-atom) of lithium in 600 ml of ether-ammonia, and
14.2 g (0.1 mol) of Mel was obtained 10.6 g of material, bp 101-
110° (6 mm). The blue color was discharged after 809 of 1b
had been added and the addition was stopped. The yield was
75%, based upon the quantity of 1b added and assuming the
mixture to consist of only 5b. The major components of the
product mixture were collected by preparative vpe and were
identified as follows (in order of elution): 3b, 2-methyl-4-
phenyl-2-butanone, ir spectrum and vpe retention time identical
with those of 3b obtained in reduction runs; 5bh, 3,3-dimethyl-
4-phenyl-2-butanone, ir 5.83 u, nmr & 1.07 (s, 6, CMe;), 1.99
(s, 3, COMe), 2.74 (s, 2, PhCH,), and 7.13 (s, 5). Compounds
6b and 7b were not isolated but gave vpe retention times ex-
pected for di- and trimethylation products. The crude product
composition was as follows: 3b, 35%,; Sb 579,; 6b, 7%; and
7b, 1%. In a similar run the composition was as follows: 3b,
21%; 5b, 67%; 6b, 109%; and7h, 2%,.

Reduction-Methylations of 4-Methyl-3-penten-2-one (1c).—
From 9.82 g (0.1 mol) of 1c, 7.41 g (0.1 mol) of :-BuOH, 1.533 g
(0.22 g-atom) of lithium in 800 ml of ether-ammonia, and 14.2 g
(0.1 mol) of Mel was obtained 9.1 g (799, assuming the mixture
to be only 5c) of distilled material. The major components of
the product mixture were collected by preparative vpe and identi-
fied as follows (in order of elution): 3c, 4-methyl-2-pentanone,
vpe retention time identical with that of 3¢ from reduction runs;
4c, 4-methyl-2-pentanol, ir 2.95 g, nmr § 0.91 (d, 6, J = 6 Hz),
1.14 d, 3, J = 6 Hz), 1.67-2.34 (br, 3), 3.79 (br, 1, CHOH),
and 4.77 (br s, 1, OH), vpe retention time identical with that of
authentic 4c; 5S¢, 3,4-dimethyl-2-pentanone, ir 5.83 u, nmr &
0.84 (d, J = 6.5 Hz), 0.90 (d, J = 6 Hz), 0.98 (d, J = 6.5 Hz)
(total area 0.70-1.10, 9), 2.05 (s, 3), 1.61-2.53 (br, 2), 2,4-di-
nitrophenylhydrazone mp 94.5-95.5° (lit.2* mp 94-95°); 6c,
4,5-dimethyl-3-hexanone, ir 5.83 u, nmr 8 0.83 (d, J = 6.5 Hz),
0.90 (¢, J = 6.5 Hz), 0.91 (d, J = 7 Hz),1.01 (d, J = 7.5 Hz)
(total area 0.70~1.20, 12), 1.50-2.60 (br, 2), and 2.40 (q, J =
7.5 Hz). The nmr spectrum was nearly identical with that of
Sc in the 5 1.0 region except for the triplet at § 0.90. The nmr
spectrum is clearly consistent with the postulated structure and
inconsistent with 3,3,4-trimethyl-2-pentanone, which would re-
sult from methylation of 5¢ at the more highly substituted «
position. Compound 7¢, 2,4,5-trimethyl-3-hexanone, was eluted

(28) R. Jacquier, Bull, Soc. Chim. Fr., 1653 (1956); Chem. Abstr., 81,
8023¢ (1958).

(24) A, P, Meshcheryakov and L. V. Petrov, Iz, Akad. Nauk SSSR
Otd, Khim. Nauk, 1057 (1955); Chem. Abstr., 50, 11239f (1956).
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next: ir 5.83 p; nmr § 0.70-1.15 (complex set of sharp peaks,
15), ca. 1.80 (m, 1, J = 7 Hz), and ca. 2.40 (m, 2, J = 7 Hz).
The nmr spectrum is clearly consistent with the postulated struc-
ture. The alternative structure, 4,4,5-trimethyl-3-hexanone,
which would result from methylation of 6¢ at the more highly
substituted « position, is inconsistent in that it requires a quartet
centered at ca. § 2.40; the spectrum has a clear multiplet of at
least sixth order in this region. The crude product composition
follows: 3c,249,; 4¢,5%; 5S¢, 53%,; 6¢,119,; 7c,4%,; and un-
identified high-boiling material, 4%. A similar run on a smaller
scale gave the following composition: 3¢, 17%; 4c¢, 119%; 5S¢,
51%; 6¢, 9%; 7c¢, 7%; and unidentified high-boiling material,
3

o+

Reduction-Methylations of 4,4-Dimethylcyclohex-2-enone
(1d).—From 2.00 g (0.016 mol) of 1d, 1.197 g (0.016 mol) of
t-BuOH, 0.255 g (0.037 g-atom) of lithium in 750 ml of ether—
ammonia, and 9.0 g (0.06 mol) of Mel was obtained 0.89 g
(459, assuming the product to be only 5d) of material, bp 75—
85° (40 mm). Analysis by vpe? gave a composition of 309, 3d
and 709, 5d, identified by comparison of retention times with
those of authentic compounds from reduction runs.

In another run, the enolate was generated as usual from 1.243
g (0.01 mol) of 1d, 0.741 g (0.01 mol) of {-BuOH, and 0.152 g
(0.022 g-atom) of lithium in 800 ml of ether-ammonia. 4-
Phenyl-2-butanone (3a), 1.485 g (0.01 mol), was added to the
stirred mixture followed immediately by 8.52 g (0.06 mol) of
Mel. For the material derived from 1d, vpe analysis gave the
following composition: 3d, 10%,; 5d, 90%. For the material
derived from 3a, vpc analysis gave the following composition:
3a, 59%,; and two later eluting components, 38 and 3%,. These
two components gave vpe retention times similar, but not identi-
cal, with those of 5a and 6a and were probably isomeric mono-
and dimethylation products.

Methylation of Saturated Ketones.—The saturated keton

(25) An Apiezon L column was used for the analysis. A second analysis
on Carbowax 20M indicated the absence of starting material (1d).
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in three volumes of ether was added dropwise with stirring over
10 min to a solution of {-BuOLi in 1:1 ether—ammonia under
N:. The mixture was stirred for 10 min and Mel in three vol-
umes of ether was added dropwise over 5 min. After 15 min,
excess NH4Cl was added and the mixture was worked up and
analyzed as usual. The methylation of 3a gave a monomethyla-
tion product with a vpe retention time similar but not identical
with that of 5a, probably the isomeric compound 1-phenyl-3-
pentanone. The major dimethylation product had a vpe re-
tention time identical with that of 6a. Compounds 3d and 3e
gave 2,4,4-trimethylcyclohexanone and 2,4,4,6-tetramethylcy-
clohexanone, respectively, with vpe retention times identical
with those of authentic materials. Compound 3b (5a) gave a
mixture of three components which were collected by vpe and
shown to be 5a, 6a, and 7a By comparison of ir and nmr spectra
with those of material from reduction-methylation runs. Com-
pound 3¢ gave a mixture of four or more methylation products.
The two major components were collected by vpe and assigned
structures as follows: 5-methyl-3-hexanone, nmr & 0.90 (d,
6, J = 6 Hz, CHMe), 0.99 (t, 3, J = 7.5 Hz, CH,CHj;), 2.22
(d, 2,J = 2 Hz, CHCH,), ca. 2 (br, CH), and 2.33 (q. 2, J =
7.5 Hz, CH,CH;); and 2,5-dimethyl-3-hexanone, nmr 0.90 (d,
6, J = 6 Hz, CMe,), 1.03 (d, 6, J = 6.5 Hz, CMe), 2.23 (d,
2,J = 2Hz, CH,), and ca. 2-2.5 (br, 2, CH).

Registry No.—1a, 1896-62-4; 1b, 1901-26-4; Ic,
141-79-7; 4c¢, 108-11-2; 5b, 13705-37-8; 5¢, 565-78-6;
6a, 23936-95-0; 6¢, 6137-14-0; 7a, 23936-97-2; Tc,
23936-98-3; 5-methyl-3-hexanone, 623-56-3; 2,5-di-
methyl-3-hexanone, 1888-57-9.
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The results of spin-decoupling and variable-temperature nmr studies show a conformational equilibrium to be

oceurring in endo-bicyclo[3.3.1]nonan~3-ol.

From the magnitude of the coupling constants, it is concluded that

the major conformer is the chair-boat form. On the basis of a facile radical oxidation of the alcohol to the
bridged ether, oxaadamantane, it is suggested that the minor conformer is the chair—chair form.

Transannular reactions commonly observed in me-
dium-ring compounds have been widely studied, and
generally interpreted on the basis of proximity effects.?
As part of a continuing investigation on transannular
radical and carbenoid reactions,® we have examined the
bicyelo[3.3.1nonane system, a potentially interesting
homolog of eyclooctane.

In cyclooctane itself, the theoretically most stable
conformation is the boat—chair, 1.4 Calculations also
show that the crown form, 2, and slightly modified

(1) (a) To whom inquiries should be addressed. (b) Chargé de Re-
cherches au CNRS; Boursier de 'OTAN, 1968~1969.

(2) For a recent review, see A. C. Cope, M. M. Martin, and M. A, Me-
Kervey, Quart. Rev. (London), 20, 119 (1966).

(3) M. H. Fisch and H. D, Pierce, Jr., J. Chem. Soc., D, in press.
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forms thereof are somewhat disfavored relative to 1,
the differences in energy content being small and on the
order of 2-3 kcal/mol.t Another conformer, 3, is
easily excluded in all calculations owing to the non-
bonded interactions between the endo hydrogens.
These theoretical conclusions have been supported by

(4) (a) J. B, Hendrickson, J. Amer. Chem. Soc., 86, 4854 (1864); (b)
K. B. Wiberg, ibid., 87, 1070 (1965); (¢) N. L. Allinger, J. A, Hirsch, M. A.
Miller, I. J. Tyminski, and F. A, Van-Catledge, tbid., 90, 1199 (1968); (d)
M. Bixon, and 8. Lifson, Tetrahedron, 28, 769 (1967).



