082 NotEs

and then distilled to give, after removal of toluene, 10 g (64%)
of a mixture of ¢is (62%) and trans (38%) 5, bp 41° (1 mm),
n%®p 1.4350. Infrared data and glpc data were in agreement
with that of the dihydro rose oxide prepared from 4.

Acknowledgment.—The authors are grateful to Dr.
V. W. Goodlett of these iaboratories for interpreting
the nmr spectra and to Professor Julia for his kindness
in providing the sample of dihydro rose oxide.
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While elucidating the structure of complex rearrange-
ment products from the reaction of N-chloroamines
we were confronted with the problem of synthesizing
certain 3-substituted 1-methylpyrrolidines. An at-
tractive route to these g-substituted amines appeared
to be through lithium aluminum hydride reduction of
the corresponding lactams. Lactams of this type were
obtainable by base-catalyzed alkylation of the readily
available 1-methyl-2-pyrrolidone. While examples of
a-C-alkylations of amides in a variety of base-solvent
systems can be found in the literature, nearly all such
studies have been carried out on a-aryl-substituted
amides? "1 or on amides containing other carbanion-
stabilizing substituents on the a-position.1?-16

Comparison of the anion of an N,N-disubstituted
amide (I) and the dianion of a g-diketone (II) shows

i i

0
E 2. I =z
R—CH—C—KR, RCH—&—CH——C———R’
I II

that these ions are isoelectronic. It has been amply
demonstrated that dianions of type II may be formed
by the reaction of g-diketones with sodium amide in
liquid ammonia and that these dianions can be subse-

(1) Esso Fellow, summer 1964; American Cyanamid Fellow, 1964-1965;
Goodyear Foundation Fellow, 1965-1966.

(2) R. B. Meyer and C. R. Hauser, J. Org. Chem., 26, 3187 (1961).

(3) L. Cheney, W. Wheatly, M. Speeter, W. Byrd, W. Fitagibbon, W.
Minor, and 8. Binkley, ibid., 1T, 770 (1952).

(4) P. Janssen, J. Am. Chem. Soc., T8, 3762 (1956).

(3) T. Hino, Chem. Pharm. Bull. {Tokyo), 9, 879 (1961).

(6) O. Martensson and E. Nilsson, Acta Chem. Scand., 14, 1129 (1960);
15, 1026 (1961).

(7) R. B. Moffett and B. D. Aspergren, J. Am. Chem. Soc., 79, 4462
(1957).

(8) M. Bochmithl and G. Ehrhart, German Patent 731,560 (1943);
Chem. Abstr., 38, 5512 (1944).

(9) A. E. Brandstrém, N. 8. Hjelte, and O. Martensson, British Patent
771,814 (1957); Chem. Abstr., 82, 1279k (1958).

(10) J. Cusic, U. S, Patent 2,776,282 (1957); Chem. Abstr., 61, 8813¢
(1957).

(11) O. Martensson, British Patent 796,839 (1958); Chem. Abstr., 88,
113137 (1959).

(12) K. Shimo and 8. Wakamatsu, Kogyo Kagaku Zasshi, 64, 299, 303
(1961).

(13) R. Asami, ibid., 60, 1138 (1957); 61, 1241 (1958).

(14) K. Shimo, 8. Wakamatsu, and T. Inoue, J. Org. Chem., 36, 4868
(1861).

(15) K.

(16) A.

Shimo and R. Asami, Nippon Kagaku Zasshi, T8, 798, 803 (1957).
Searles and D. Ressler, J. Am. Chem, Soc., 80, 3656 (1958).

Vor. 31

quently alkylated.” The alkylations of unactivated
N,N-disubstituted amides under similar conditions
appeared quite feasible,

Addition of 1-methyl-2-pyrrolidone to sodium amide
in liquid ammonia caused conversion of the pyrrolidone
to a monoanion of type I. Alkylation of this anion
with 1-bromo-3-methoxypropane followed by reduc-
tion of the resulting lactam with lithium aluminum
hydride afforded the expected amine, 1-methyl-3-
(3-methoxypropyl)pyrrolidine (III), in 429, over-all
yield. In view of these results, it appeared that this

=j

|
CHs

CHz CHzCHzOCHs

I1r

procedure would be an efficacious route to a variety of
B-alkyl-substituted amines. To delineate the useful-
ness of this synthetic scheme we carried out the typical
reactions compiled in Tables I and II.

Tasre I
O 0]
y} NaNH: R'X ig
RCH,CN(CH;)y ———> —> RR/'CHCN(CH;),
liqg NH; v
R R’'X % yield of IV Bp, °C (mm) np

H CH,I 68 74 (42) 1.4398¢2
H "CH,CH,Br 75 82-83(37) 1.4421¢
H (CH;),CHBr 75 T2-74(8) 1.4412
CH; CH,;CH,Br 62 70 (10) 1.4421°

® Structure was authenticated by comparison with known
material. ® R. Lukes and J. Langthaler [Chem. Listy, 51, 1869
(1957)] reported bp 76-77° (12 mm), n®p 1.4418,

Tasie IT
R R
NaNH, RX LiAlH,
0 ange o —
llv 1q 3 ITI N
I
CH: CH; CHs
9%, yield Bp, Picrate
RX of amine °C (mm) n¥p mp, °C
CH:;OCH:CH:CH:Br 42 83-64 (7) 1.4438 127-128
CH\.CH:Br 41 77 (154) 1.4416 150.5-152.0%
(CH3CH:0):CHCH,CH,Cl 13 87-88 (1.4) 1.4422

a R. Lukés, M. Ferles, and O. Strouf [Collection Czech. Chem.
Commun., 24, 212 (1959)] reported bp 123° (740 mm), n¥p
1.4303, picrate mp 152.0-152.5°.

In addition to the monoalkylations listed in Tables
I and II, it is also possible to carry out a dialkylation.
When 1-methyl 2-pyrrolidone was treated with 2
moles of sodium amide in liquid ammonia followed by
the addition of 2 moles of methyl iodide, 1,3,3-tri-
methyl-2-pyrrolidone (V) was obtained in 459 yield.

CHs,
CHs

O
bt
v

(17) K. G. Hampton, T. M. Harris, and C. R. Hauser, J. Org. Chem.,
30, 61 (1965), and references cited therein.
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The physical constants of this compound agreed with
the literature values.?®

The exploratory reactions listed above indicate that
the alkylation of amides in liquid ammonia!® followed
by hydride reduction offers an efficient method of
synthesizing g-substituted amines.

Experimental Section

Sodium Amide Solution.—Sodium amide was prepared from
sodium and liquid ammonia using ferric chloride as the catalyst.
The system was equipped with & constant-pressure dropping
funnel and the reaction vessel was kept free of air.

Alkylation of N,N-Disubstituted Acyclic Amides. General
Procedure.—To a stirred suspension of sodium amide in liquid
ammonia was added an equivalent amount of the amide. After
stirring for 20 min, an equivalent amount of alkyl halide was
added dropwise with stirring over ca. a 0.5-hr period. The re-
action mixture was stirred for 1 hr and 150 ml of ether was
added. The ammonia was allowed to evaporate. From this
point alternate procedures were used depending on the crystal-
linity of the precipitated salts.

Procedure A.—The highly crystalline salts were filtered off and
rinsed thoroughly with ether. After drying the combined
filtrate and rinses over anhydrous magnesium sulfate, the desic-
cant was filtered off and the filtrate was concentrated on a steam
bath. The residue was then distilled through a spinning-band
column having 28 theoretical plates. The purity of the distillate
was ascertained by glpe using a 5-ft column of 5%, SE-30 on
Fluoropak at 120°.

Procedure B.—The ethereal layer was decanted from the salt
slurry and saved. The walls of the reaction flask were rinsed
with a few milliliters of 9557 ethanol to destroy any residual
sodium. The salts were than taken up in water and either
manual’y extracted at least six times or continuously extracted
for 48 to 54 hr with ether. The combined ethereal extracts
were dr'ed over anhydrous magnesium sulfate and worked up as
in yrocedure A.

Preparation of 3-Substituted 1-Methylpyrrolidines. General
Procedure.—The alkylation of 1-methyl-2-pyrrolidone was
carried out as described above for acyclic amides. The crude
reaction mixture contained some l-methyl-2-pyrrolidone along
with the alkylated product (as determined by glpe using a 10-ft
column of 129, Carbowax 20M on Fluoropak at 170°). This
mixture was taken up in anhydrous ether and added dropwise
with stirring to a slight excess of lithium aluminum hydride in
anhydrous ether. After stirring for 14 hr at room tempera-
ture, the reaction was hydrolyzed, the salts were filtered off,
and the filtrate was dried over anhydrous magnesium sulfate.
The drying agent was removed by filtration and the filtrate
was concentrated on a steam bath. Depending upon the
relative boiling points of l-methylpyrrolidine (from reduction
of the starting lactam) and the product, the residue was either
distilled through the spinning-band column referred to above
or through a short Vigreux column. The two heretofore un-
known amines prepared by this method were analyzed: 1-
methyl-3-(3-methoxypropyl) pyrrolidine (Anal. Caled for Cs-
HiNO: C, 68.74; H, 12.18; N, 8.91. Found: C, 68.31; H,
12.20; N, 8.95.); l-methyl-3-(3,3-diethoxypropyl)pyrrolidine
(Anal. Caled for C,,HxNO2: C, 66.93; H, 11.70; N, 6.50.
Found: C,66.72; H, 11.64; N, 6.48.).

1,3,3-Trimethyl-2-pyrrolidone.—To a stirred suspension of
sodium amide in liquid ammonia, prepared from 9.2 g (0.4
g-atom) of sodium metal as described in the general procedure,
was added 19.8 g (0.2 mole) of 1-methyl-2-pyrrolidone. After
stirring for 20 min, 56.8 g (0.4 mole) of methyl iodide was added
dropwise with stirring over a period of 1 hr. Stirring was con-
tinued for an additional 1 hr. About 150 ml of ether was added
and the ammonia was allowed to evaporate. After work-up
according to procedure B, 11.27 g (45.49%) of pure 1,3,3-tri-
methyl-2-pyrrolidone was obtained, bp 72-73° (20 mm), n¥p
1.4567 [lit.2¥ bp 87° (20 mm), n*p 1.4568]. The nmr spectrum of
the compound showed the following integrated intensities and

(18) R. Lukes and V. Dedek, Chem. Listy, 81, 2139 (1957).

(19) We have recently learned that a similar alkylation study has been
carried out in benzene and toluene by H. L. Needles and R. E. Whitfield,
Western Regional Research Laboratory, Albany, Calif. We wish to thank
these authors for informing us of their results prior to publication.

Notes 983
multiplicities: = 6.74, 2 H (triplet, J = 6.8 cps); 7.27, 3 H
(singlet); 8.17, 2 H (triplet, J = 6.8 cps); and 8.75, 6 H (sing-
let). This spectral data was consistent with the assigned
structure.

Acknowledgment.—The authors are indebted to the
National Cancer Institute for Public Health Service
Grant CA-07110-1, which partially supported this
investigation.
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It was discovered by Sisido and co-workers! that the
aldol-type condensation of esters with ketones in the
presence of diethylaminomagnesium bromide to form
B-hydroxy esters could best be carried out by the use
of t-butyl esters. Similar condensation was effected
also by Hauser and co-workers? with lithium amide or
a mixture of sodium amide and zine chloride as a con-
densing agent. The ester components used by these
authors were again the t-butyl esters. It has similarly
been observed by Hauser and co-workers®~3 that ethyl
acetate can be condensed satisfactorily with various
aldehydes and ketones by the improved procedure.

The mechanism of these condensations appears to
be very close to the Reformatsky reaction.® When
the zine is replaced by the more reactive magnesium,
the halomagnesium enolate attacks also the carbonyl
carbon of the ester to form B-keto esters.” Such a
condensation occurs naturally to some extent also
in the presence of zinc, causing the drop in yields of the
B-hydroxy esters. The above-mentioned observations
suggest the use of t-butyl halo esters, which may be
expected to retard the possible self-condensation of
the a-halo esters.®

It has now been found that the Reformatsky reac-
tion can be carried out conveniently by magnesium
with improved yield. Thus, to a mixture of ether
and magnesium was added a solution of t-butyl bromo-
acetate and a ketone in ether, and the reaction mixture
was decomposed with dilute acidic solution after re-
fluxing was continued for about 1 hr. The experi-
mental results are summarized in Table I. The con-
densation products from benzalacetone or benzalaceto-
phenone were not isolated; they were converted to the
a,B-unsaturated acid by alkaline hydrolysis in an over-

(1) K. Sisido, H. Nozaki, and O, Kurihara, J. 4m. Chem. Soc., 74, 6254
(1952).

(2) C. R. Hauser and W. H. Puterbaugh, ibid., T8, 2972 (1951); 78,
1068 (1953).

(3) C.R. Hauser and J. K. Lindsay, tbid., 7%, 1050 (1955).

(4) C. R. Hauser and D. Lednicer, J. Org. Chem., 32, 1248 (1957).

(56) W.R.Dunnavand and C. R. Hauser, ibid., 28, 503 (1960).

(6) R. L. Shriner, Org. Reactions, 1,1 (1942).

(7) N. Zelinsky and J. Gutt, Ber., 88, 2140 (1902); R. Willstatter and
D. Hatt, Ann., 418, 148 (1919).

(8) See J. C, Shivers, M. L. Dillon, and C. R. Hauser, J. Am. Chem.
Soc., 69, 119 (1947).



