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Relatively few reliable methods are currently available for the mono-N-alkylation

of amides, lactams, ureas, carbamates and other similar types of functionality.z-u We

recently reportedu two methods for N-methylation of such compounds via reduction of

= ! AIR !
 £=° . pewo == _ F=0 = . §=0
) r )
H CH,OH CH,R
M z

methylols (1), which are readily prepared by condensation of the parent amido compound
with forma]f\(;ehyde.5 In general, aldehydes other than formaldehyde cannot be used to pre-
pare alkyl substituted analogs of methylol 1, and therefore our reduction procedUresu are
not applicable for preparation of higher N-alkyl amide homologs.

We have found that simple amide methylols (1) can be directly coupled with trialkyl-
alunminum reagents to produce higher N-alkyl compounds (2) in good yield. For example,
treatment of benzamide methylol with trimethylaluminum in benzene produces N-ethylbenz-
amide. We have also tested this procedure with triethylaluminum and triisobutylalumintm,
producing the N-propyl and N-isopentyl amides, respectively. The best yields have been
obtained using four equivalents of alkylaluminum in refluxing benzene (vide infra). This
two step alkylation sequence works equally well for ureas and carbamates. Table 1 shows
the methylols which were studied and the isolated yields of N-alkylated products. Inexplic-
ably, pyrrolidone methylol gives only poor yields of coupled products, although this was
the only lactam methylol we attempted to alkylate.

We speculate that this coupling reaction proceeds through the mechanism outlined
below. The key step involves the transfer of an alkyi group from an aluminumate complex 3
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to an electrophile _E?J Acyl iminium ions such as 4 are believed to be intermediates in

the well known amidoalkylation reactions of methylols (Tscherniac-Einhorn Reaction) .5’9

R'CONHCH,OH + AR, ————————  RTCONHCH,0AIR, + ru 't
AIR,
R" CONHCH,
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RTCONHCH,R + R,AIOAIR, I + RyAl0AIR,
R'CONH=CH
® ° 3
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In a typical experiment one mmole of methylolsin 10 ml of dry benzene is cooled in
ice and 4 mmol of trialkyl alumninum (25% in hexane from Alfa Inorganics) is added slowly
with a syringe during which time gas evolution is observed. The reaction mixture is heated
under reflux for 6-10 hours, cooled, and dilute HCl is added. The mixture is extracted
with chloroform and the organic extract is dried and evaporated to afford nearly pure

alkylated product in most cases. The crude product can be purified further by recrystall-
ization or distillation if desired.
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Table 1. Reaction of Methylols with Four Equivalents of Trialkyl

Aluninum in Refluxing Benzene. 8

% Isolated Yield of N-Alkylated Product?

Methylol (CHy) 5A1 (CH3CH,) 3AL  ( (CHy) 5CHCH,) ;AL
NN CONHCH,,0H 70 71 65

©/CONHCH20H 81 86 88
CONHCH,0H . 61
e

2
2~ CONHCH,,0H 90 81 c
NS
Q}O 25 29 19

56 60

N on
(CH4CH,) ,NCONHCH..0H 96 9y 95
@/\CONHCHZOH 76 85 40
CH,, CH,0CONHCH,,0H 77 us 76

a. Yields have not been optimized

b. This reaction was run at room temperature

c. This reaction gave a complex mixture of
uncharacterized products



1468 No. 17

(6) For good reviews of organoaluminum chemistry see: (a) G. Bruno, Ed., "The Use of
Aluminum Alkyls in Organic Synthesis,™ Ethyl Corp., Baton Rouge, La., 1970; (b)
T. Mole and E.A. Jeffery, "Organoaluminum Compounds,”™ Elsevier, New York, N.Y.,
1972; (c) H. Lehmkuhl, K, Ziegler and H. Gelbert, in "Methoden der Organische Chemie
(Houben-Weyl) , "Vol. 13/4, Wth ed., E. Muller, Ed., Georg Thieme Verlag, Stuttgart,
1970.

(7) Four couplings which may go through a similar mechanism see: A, Meisters and T. Mole,
J. Chem. Soc., Chem. Commm., 595 (1972); S. Hashimoto, Y. Kitagawa, S. Iemura, H.
Yamamoto and H., Nozaki, Tetrahedron Lett., 2615 (1976).

(8) The methylols in Table 1 were either obtained commercially or were prepared as

described in reference 5a.

(9) It is also possible that an acylimine, rather than 4, is being alkylated. Since
only the lactam methylol cannot form a neutral acylimine, this might explain the
low yield in this case. Another mechanism could thus be operating in the case of
the lactam methylol.



