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Palladium-Catalyzed Coupling Reactions of N-Methoxy-N-methylcarbamoyl
Chloride for the Synthesis of N-Methoxy-N-methylamides
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A new synthetic method of N-methoxy-N-methylamides is
developed. The palladium-catalyzed coupling reaction of N-
methoxy-N-methylcarbamoyl chloride furnished N-methoxy-N-
methylamide in moderate to good yield, wherein a carbonyl
equivalent was appended to sp and sp2 carbon atoms as a
versatile synthetic basis for further manipulation.

A carboxylic acid component is often used as a key
functionality for multistep syntheses. In particular, N-methoxy-
N-methylamides are practically useful precursors.!’2 Various
synthetic operations on the main chain skeleton are possible prior
to the manipulation of the carbamoyl group, which is easily
transformed into an aldehyde or a ketone at an later stage.
Mostly, N-methoxy-N-methylamides have been prepared from
carboxylic acids or from their derivatives.2-4 Due to the
established synthetic usefulness and versatility of N-methoxy-N-
methylamides, it is of current interest to develop a new
preparative method. N-Methoxy-N-methylcarbamoy! chloride
(1) is considered as a promising synthetic block to construct N-
methoxy-N-methylamides. However, examples of C—C bond
forming reactions of 1 still remain very rare.> The fact that the
known preparative procedure of 1, described in French patents,®
utilizes notoriously toxic phosgene gas might be relevant to the
paucity of its application to C—C bond formation.

R—M 9 OMe
f———— R—C—N-Me
- M-=ClI

On the other hand, the palladium-catalyzed coupling
reactions have proved to be especially powerful tools for C-C
bond formation with a high tolerance for other functional
groups.”8 We now report (i) a modified preparative method of 1
using solid bis(trichloromethyl) carbonate (triphosgene)? in place
of phosgene, and (ii) the synthesis of N-methoxy-N-
methylamides by the palladium-catalyzed coupling reactions of 1.
A useful synthetic C1 basis ready for further manipulation is
efficiently appended to sp and sp? carbon atoms.

N-Methoxy-N-methylcarbamoyl chloride (1) was syn-
thesized by the following procedure using bis(trichloromethyl)
carbonate: To a mixture of (MeO)NHMe*HCI (2.93 g, 30.0
mmol) and bis(trichloromethyl) carbonate (2.97 g, 10.0 mmol) in
CH,Clp (20 mL) at -78 °C was added a solution of pyridine (4.75
g, 60 mmol) in CHCl; (10 mL) over 90 min. The reaction
mixture was stirred overnight with the temperature being allowed
to rise to room temperature, and then subjected to extractive
workup (ether—water). The ethereal solution was successively
washed with aqueous solutions of NaHCOj and NaCl, and dried
over MgSO4. Kugelrohr distillation (bath temperature: 70 °C/32
mmHg) afforded 1 (3.04 g, 82%) as colorless liquid. Notably,
the carbamoyl chloride (1) is quite stable toward water.

OMe 2 pyridine O OMe

173 Cl3CO- C OCClz + HCIeH- N Me |I=C=N-
3 CH2Cla Cl—C Me

-78°C~rt 1 82%

Organostannanes, listed in Table 1, were treated with N-
methoxy-N-methylcarbamoyl chloride (1) in the presence of a
catalytic amount of PdCl,(PPhs); in tetrahydrofuran (THF). 10,11
An N-methoxy-N-methylcarbamoyl moiety was successfully
appended onto vinyl, aryl, and alkynyl skeletons via C—C bond
formation to afford the corresponding N- methoxy-N-methyl-
amides (2) in good yield. The mild reaction conditions tolerated
the presence of a vinyl ether linkage (entry 2).12 In cases of
entries 4 and 10, the desired amides were obtained in moderate
yield due to the competing homocoupling reactions of the
organostannanes.!3 The coupling with an aryl ring having an

Table 1. Synthesis of N-methoxy-N-methylamides by
palladium-catalyzed coupling reactions of
organostannanes with 1

3mol %
O OMe PdACI,(PPhg), O OMe
R=Sn(nBus + GloG—fi-pe ———> En
THF/60°c ~ © C7N-Me
1 2
entry R-Sn(n-Bu); product 2, yield (%)
1 Phn Ph N
Sn(n-Bu), CON(OMe)Me  2a, 82
OEt OFt
2 Sn(n-8u)s CON(OMe)Me 2b, 93
Me,Si MeSi OMe
3 N e By M NGoiMe 26 85

OMe
4 nCeHya \/\Sn(n-Bu)a n-CgHy3 \/\CO-I:]-Me 2d. 65
O OMe
5 @—Sn(n-Bu)g @—c -N-Me 2e, 97
O OMe
6 Me—@Sn(n-Bu)g —@—c -N-Me 2f, 81
O OMe
7 MeO—@—Sn(rrBu)g MeO—@—(IZI:-rll-Me
29, 80
9 (0] OMe
MeO—C-@—Sn(n-Bu)a MeQO- COC N-Me
2h, <10
O OMe
9 Ph-C=C~Sn(nBu), Ph~C=C-C-N-Me 2i, 81
3 oue
10 nCgHy3-C=C—Sn(nBu); n-CgHiz-C=C-C-N-Me
2j, 60
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ester group was sluggish (entry 8), probably due to the electronic
reason (vide infra).

The coupling reactions of 1 may be envisaged as involving
the normal oxidative addition—transmetallation—reductive
elimination process common to other palladium-catalyzed cross
coupling reactions. The contrasting results with substituted
arylstannanes (entries 5-8) suggest that transmetallation is the
rate-determining step.”-!14 Positive charge may well be developed
on the aryl ring in the transition state of transmetallation under the
present conditions.

Next, direct coupling reactions with terminal alkynes were
carried out using the Sonogashira conditions.!5 Both aromatic
and aliphatic alkynes afforded the corresponding alkynylamides
in yields analogous to those observed with alkynylstannanes.

3 mol % PdCl;(PPhy),

10 mol % Cul

10 mol % PPhy
—_—— 29 77%

EtaN/80°C/5h

Ph-C=C-H + 1

3 mol % PdCly(PPhg),
10 mol % Cul

10 mol % PPhg

nCgHiz—C=C—-H + 1 2h 60%

Et;N/90°C/5h

In summary, the palladium-catalyzed coupling reaction of
N-methoxy-N-methylcarbamoyl chloride (1) provides a new
preparative method of N-methoxy-N-methylamides. Various
possibilities of further transformations of N-methoxy-N-
methylamides signify the agent 1 to be a useful synthetic block
which is equivalent to a carbonyl group.
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