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Few satisfactory methods are currently available for the
N-methylation of amides and related compounds.? One of
the more promising existing methods for amide alkylation
was reported by Johnson and Crosby,2¢ who reduced a mix-
ture of a primary amide and an acetal by catalytic hydroge-
nation in the presence of concentrated sulfuric acid. We
now describe a milder and more versatile two-step proce-
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Scheme 1
RCONH, + HCHO

!

RCONHCH,OH —]

Et,SiH-TFA -CHC,

—> RCONHCH;

H,-Pd/C-TFA-CHCJ,

dure which consistently affords high isolated yields of
mono-N-methylated products from the corresponding un-
substituted compounds.

It is well known? that various amides and related com-
pounds react reversibly with formaldehyde, usually at neu-
tral or slightly basic pH, to produce methylol derivatives
(Scheme I). The equilibrium for this reaction lies to the
methylol side at most pH’s to the extent of about 5 kcal/
mol. Many such methylols have been reported and usually
are easily prepared and isolated. These methylols have
found wide synthetic use in amidomethylation at carbon.?
We have discovered that methylols derived from amides
are reduced to the corresponding N-methylated product,
usually at room temperature, by triethylsilane-trifluo-
roacetic acid, as well as by catalytic hydrogenation at atmo-
spheric pressure in the presence of trifluoroacetic acid. A
number of representative examples are shown in Table 1.

Triethylsilane has previously been shown to be effective
for the reduction of many types of electrophilic species,
particularly carbonium ions.* Treatment of an amide meth-
ylol with trifluoroacetic acid presumably produces an elec-
trophilic acyliminium ion (1 <> 2)3 which is then reduced to

+ +
RCON==CH, <— RCONCH,
H H

1 2

the N-methyl compound by hydride transfer from silicon
to carbon. It is likely that the catalytic reduction route, also
utilizing triflucroacetic acid, proceeds via the same acylimi-
nium ion (1 < 2).

Table I
Reduction of Methylols to N-Methyl Compounds

Isolated yield of N-methylated product, %

Registry
no. Methylol Et,SiH-TFA H,-5% Pd/C-TFA
57428-71-4 C,H,,CONHCH,0H 86 97
6282-02-6 C,H,CONHCH,O0H 94 97
CONHCH,0H
57428-72-5 91 84
CH,0
CONHCH,OH ‘
3569-99-1 @/ 88 93
SN

O
118-29-8 Q:Z\‘CH_,OH No reaction? No reaction

0
6043-65-8 g\ CONHCHOH 85 79
20779-63-9 C,H,NHCONHCH,OH 85 80
57428-73-6 (CH,CH,),NCONHCH,OH 57 65
15438-71-8 o//\? 84 84

CH,OH
CONHCH,OH

40478-12-4 /O/ 92 66¢

O.N

2 No reduction product was observed upon prolonged heating.

uct is p-amino-N-methylbenzamide.

b The product is N-methylhydrocinnamamide. ¢ The prod-
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The catalytic hydrogenation method and the silane
method complement each other nicely. Both procedures
will provide N-methylamide from the corresponding meth-
ylol in excellent yield, but show different selectivities
toward other functional groups in the same molecule.5
This selectivity is exemplified by the reduction of cinna-
mamide methylol and p-nitrobenzamide methylol to differ-
ent sets of products as shown in Table 1. Both of these re-
duction methods can be used for lactam methylation as ex-
emplified by reduction of N-methylolpyrrolidone to N-
methylpyrrolidone. Imide methylols, on the other hand,
appear to be inert to reduction, and phthalimide methylol
was recovered unchanged in both experiments. This lack of
reactivity is probably due to the inability of phthalamide
methylol to form the corresponding less stable acylimidi-
nium ion in trifluoroacetic acid.® Ureas can also be success-
fully methylated in this fashion, and in the two cases at-
tempted (Table I) satisfactory yields were obtained using
both reduction procedures.

Experimental Section

All methylols used in this study were prepared from the amide,
urea, or lactam and 40% aqueous formaldehyde solution usually in
the presence of potassium carbonate or sodium hydroxide using
standard procedures previously described in detail.® Pyrrolidone
methylol was purchased from K and K Laboratories. Trifluo-
roacetic acid was distilled from concentrated sulfuric acid before
use,

General Procedure for Reduction of Methylols with Tri-
ethylsilane-Trifluoroacetic Acid. A solution containing 1 mmol
of methylol, 1.14 g (10 mmol) of trifluoroacetic acid, 0.174 (1.5
mmol) of triethylsilane, and 10 ml of reagent grade chloroform was
stirred for 1-4 hr at room temperature.” The mixture was diluted
with ethyl acetate and washed with sodium bicarbonate solution.
The organic phase was dried (MgS0,) and evaporated to dryness,
giving a nearly pure product which could be recrystallized or dis-
tilled if desired.

General Procedure for the Reduction of Methylols with
Hydrogen-Pd/C-Trifluoroacetic Acid. A solution of 2 mmol of
methylol, 2.28 g (20 mmol) of trifluoroacetic acid, and 200 mg of
5% Pd/C in 30 ml of reagent grade chlorofrrm was hydrogenated at
room temperature and atmospheric pressure until the theoretical
amount of hydrogen was absorbed. The catalyst was removed by
filtration and the organic phase was washed with saturated sodium
chloride solution, washed with 15% sodium carbonate solution,
dried (MgS0,), and evaporated to afford an essentially pure prod-
uct which could be purified further if desired.
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The utility of alkyl, alkenyl, and aryl organocuprate(I)
reagents for the formation of carbon-carbon ¢ bonds via

_conjugate addition to «,8-unsaturated carbonyl com-

pounds? and homoconjugate addition to cyclopropyl car-
bonyl compounds® has been demonstrated. Organocuprate
(I) reagents have also been effectively used for selective
substitution reactions with a wide variety of substrates®.
Recently Marino® reported the preparation of a-carbeth-
oxyvinylcuprate 1, which is specific for allyl halides. Alkyl

I‘i+ C4chEC —Cu” COQEt

h

CH(OEY),

1
Li* PhS—Cu~

h

2

iodides, iodobenzene, 2-bromopropene, and benzy! bromide
were unaffected under the reaction conditions employed
with allyl halides. Furthermore, in direct contrast with lith-
ium divinylcuprate, dialkylcuprates,? and mixed cuprate
reagents,5 the reaction of 1 with a series of «,8-unsaturated
carbonyl compounds resulted in 1,2 addition to the carbon-
yl with the exception of methy! vinyl ketone.”8 In conjunc-
tion with our interest in functionalized nonterminal vinyl-
copper reagents,>10 we wish to communicate our results in-
volving the mixed cuprate phenylthio[(a-diethoxymeth-
ylvinyljcuprate (2) and (a-diethoxymethyl)vinylcopper

3).
Cu
h
3 4

Our interest in reagents of type 2 stemmed from a need
to construct a three-carbon unit fused to a carbon frame-
work which would be equivalent to a 2-substituted prope-
noic acid derivative (e.g., 4). In this regard we wish to re-
port the generation of the mixed organocuprate reagent 2,
its reactivity toward allylic halides and a,8-unsaturated ke-
tones, and its application to the synthesis of a-methylene
lactones. In addition generation of the vinylcopper reagent
3 and its reactivity toward allylic halides is reported.

The mixed cuprate 2 was prepared according to eq 1-3.
Thiophenol in anhydrous ether was treated with 1 equiv of

CH(OEt), R COOH

PhSH + nBuLi —5~ PhSLi + n-BuH M

PhSLi + Cul =2 PhSCu + Lil (2)

h

5

CH(OEY), —22—~

PhSCu + Li =

Li* PhS—Cu~
he

n-butyllithium. Addition of the lithium thiophenoxide to a
suspension of cuprous iodide at room temperature in anhy-

CH(OEt), (3)



