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Abstract: Electroreduction of aliphatic amides (RCONMe,) with Mg electrode in the presence
of chlorotrimethylsilane (TMSCI) has been found to give the coupling products
[R(TMSO)C=C(NMe,)R] and hydrolysis of the products affords the corresponding a-amino
ketones [RCOCH(NMe,)R] in excellent yields. © 1998 Elsevier Science Ltd. All rights reserved.

It has been shown in our previous study that the electroreduction of aliphatic ester (1) and aliphatic amide
(2) with Mg electrode gives primary alcohol (3) when the reaction is carried out in the presence of a proton
donor like +-BuOH.® Recently we have also found that the electroreduction of 1 with Mg electrode in the
presence of chlorotrimethylsilane (TMSCI) gives the corresponding bis(trimethylsiloxy)alkene (4) through
electrochemical acyloin condensation of 1 (Scheme 1).”* Although the acyloin condensation of 1 to form 4 has
been well established by using alkali metal as the reducing agent so far the similar type condensation of

aliphatic amide 2 has never been reported.’
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Scheme 1

It has been found in the present study that the electroreduction of aliphatic amide (2) with Mg electrode
leads to the reductive coupling of 2 to form 5 (Scheme 2). This reaction is not only the first finding of the

reductive coupling of aliphatic amides 2 but also useful for the selective synthesis of the enol ethers 5, which
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are the versatile intermediates for the organic synthesis. The hydrolysis of 5 with 10 % aqueous solution of

HCl, for example, gave a-aminoketones 6 in excellent yield.

NR, R
+e (3 F/mol), TMSCI o 10% HCI w 2
R NR2 R!

LiClO4 / THF g R
Mg electrode TMSO 5 6

Scheme 2

2

The electroreduction of 2 was carried out as follows: Into an undivided electrolysis cell equipped with Mg
(99.9% purity, Rare Metallic Co., LTD) cathode and anode (rod, diameter =1 ¢cm; length =4 cm) were put
anhydrous LiClO4 (1.06 g, 10 mmol), molecular sieve 5A (1.5 g), and anhydrous THF (20 mL, dried over Na-
ketyl). After the mixture was stirred overnight under a N, atmosphere in order to remove the residual water, an
aliphatic amide (2) (5 mmol) and TMSCI (1.63 g, 15 mmol) were added to the mixture. The constant current
(0.05 A) electrolysis was performed at a cathode potential of ca. -2.7 V vs. SCE. The cathode and anode were
alternated at the interval of 15 sec. during the reaction. After 3 F/mol of electricity (based on 2) was passed
through the cell, product 5 was isolated by alumina column (ICN, Act. I, pentane). The hydrolysis of § with
10 % HC! (50 mL) at room temperature gave 6 in a quantitative yield. As some typical results are shown in
Table 1, the electroreduction of N,N-dimetylamides (2a-2d) (runs 1-4) gave the coupling products (5a-5d) in
good yields but that of primary amide 2e and secondary amide 2f (runs 5 and 6) did not give the coupling
products but the starting materials were recovered unchanged.'> The TMS-protected secondary amide 2g
afforded the desired product 5g in 28% yield (run 7). The aromatic amide 2f showed different reactivity, that
is, the coupling reaction did not proceed but the trimethylsilylated product 7a was obtained (run §). The

products (5a-5d and 6a-6d) gave satisfactory spectroscopic values for the assigned structures.

Table 1. Electroreductive Coupling of Aliphatic Amides
Product Yield (%)2 b ¢

entry Aliphatic Amides 2
5 6
1 n-C3H;CONMe, (2a) 70 (5a) 98 (6a)
2 n'C4H9CONM62 (2b) 67 (sb) 100 (sb)
3 CHp=CH(CHy)sCONMe, (2¢) 65 (S5¢) 100 (6¢)
4  MeCH=CH(CH,);CONMe, (2d) 63 (5d) 100 (6d)
[ n-C3H,CONH, (2e) od
6 n-C3H;CONHMe @ o
7 n-C3H;CONMe(TMS)  (29) 28 (59)
T:ii
8 PhCONMe. 2 64 (7a
2 @0 PH” “NMe; @2

a) Isokated. b) 3 F/mol of electricity based on 2 was passed.
c) All products gave satisfactory spectroscopic values for the
assigned structures. d) Starting material was recovered.
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Since so far the reductive coupling of aliphatic amide 2 has never been reported, we have examined the
reduction of 2 under typical reaction conditions of acyloin condensation'* and found that the reduction of 2a
with Na metal in the presence of TMSCI did not give the coupling product 5a but yielded 7b in 69 % yield
(Scheme 3).'% '

j\ Na, TMSCI T"i
NRz NR,

R toluene R!
2 7
2a: R! = n-C3H7, R=Me 7b: R!' = nC3Hy, R =Me
Scheme 3

These results indicate that the reaction pathway of the electroreduction of 2 shown in the scheme 2 is
different from the reduction of 2 with Na metal (Scheme 3). Although the difference in the reaction pathway is
not always clearly explained, the counter cation in the reaction seems to play an important role for the
determination of the reaction pathway. Namely, the reduction of 2 with Na metal forms an anion radical
intermediate 8 in which the counter cation is Na". The dimerization of the tertiary radical 8 to give 5 seems to
hardly take place due to its huge bulkiness, as shown in the scheme 4.7 On the other hand, two molecules of
anion radical intermediates are bound by Mg®* in the electroreduction of 2 with Mg electrode, and hence, the
coupling of radical 9 leading to 10 takes place much easier than that of 8 since the former is not intermolecular

but intramolecular.

j\ Na j\”a TMSCI T"i
R “NR,

R "NR; RY "NR;
2 8 7
Mg Mg
+e RaNﬁ NR» thg ENRZ TMSCI
. . 1 1 " 5
Mg electrode R? R! R R
9 10
Scheme 4
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The electroreduction of 2e with Mg electrode gave Mg salt (RCONH),Mg and this salt was insoluble in
THF and hence, 2e was not reduced under the conditions of electroreduction.

Sa: IR (neat) 2930, 1240, 840 cm-1; NMR (CDCl3) 8 0.10 (s, 9H), 0.86 (t, 6H, J = 6.0 Hz), 1.40 (m, 4H),
1.90 (m, 4H), 2.36 (s, 6H); HRMS Calcd for C13H29NOSi: 243.2020; Found: 243.1995.

5b: IR (neat) 2935, 1240, 835 cm-1; NMR (CDCl3) 8 0.10 (s, 9H), 0.88 (t, 6H, J = 6.0 Hz), 1.40-1.55 (m,
8H), 1.90 (m, 4H), 2.36 (s, 6H); HRMS Calcd for C15H33NOSi: 271.2333; Found: 271.2301.

The products 5¢ and 5d were rather unstable and their structures were determined after their hydrolysis to
the corresponding a-aminoketones 6¢ and 6d.

6a: IR (neat) 3430, 2975, 1710, 1478cm-!; NMR (CDCl3) § 0.92 (t, 6H, J = 6.1 Hz), 1.55 (m, 6H), 2.29 (s,
6H), 2.47 (t, 2H, J = 6.3 Hz), 2.93 (t, 1H, J= 7.0 Hz); HRMS Calcd for C;gH1NO: 171.1624; Found:
171.1620.

6b: IR (neat) 2970, 1720, 1470, 1040cm-1; NMR (CDCl3) 8 0.85 (t, 3H, J = 8.0 Hz), 0.88 (1, 3H, /= 8.0
Hz), 1.22 (m, 6H), 1.52 (m, 4H), 2.23 (s, 6H), 2.46 (t, 2H, J=7.0Hz), 2.88(dd 1H, J=6.0 8.0Hz) ; Anal.
Calcd for C12HosNO: C,72.31; H, 12.64; N, 7.03. Found: C,72.26; H, 12.93; N, 6.96.

6c: IR (neat) 2940, 1720, 1640, 1450, 910cm-1; NMR (CDCl3) § 1.49-1.72 (m, 6H), 1.97-2.10 (m, 4H),
2.23 (s, 6H), 2.48 (m, 2H), 2.90(dd 1H, J=7.3, 4.2Hz), 4.89-5.05(m,4H) , 5.64-5.87(m, 2H); HRMS Calcd
for C14HpsNO: 223.1937; Found: 223.1909.

6d: IR (neat) 2950, 1720, 1460, 980cm-1; NMR (CDCl3) § 1.23 (m, 4H), 1.61 (m, 8H), 1.97 (m, 4H), 2.23
(s, 6H), 2.45 (t, 2H, J=7.0Hz), 2.89(dd 1H, J=6.0 7.5Hz) , 5.38(m, 4H); Anal. Calcd for C1gHagNO:
C,76.44; H, 11.63; N, 5.57. Found: C,76.34; H, 11.92; N, 5.48.

Bloomfield, J.J.;Owsley, D.C. J. Org. Chem. 1975, 40, 393.

7: 1R (neat) 2970, 2790, 1460, 1260, 840cm-1; NMR (CDCl3) § 0.03 (s, 9H), 0.71(t, 3H, J=6.0Hz), 1.40
(m, 4H), 1.84(m, 1H), 2.29 (s, 6H); HRMS Calcd for CgH3NSi: 173.1600; Found: 173.1612.

Although the mechanism of the formation of 7 is not always clear, it has been reported that the reduction
of N,N-dimethylbenzamide with Mg/Mgl, gave 7 (R=C,H,) .11

Similar steric effect on the reductive coupling of an aliphatic ester has been reported. 18

Kuwajima, I,;Sato, T.; Minami, N.; Abe, T. Tetrahedron Lett. 1976, 1591.



