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Triphenylphosphine

N-Methoxy-N-methyl amides, or Weinreb amides, have
been widely used as versatile synthetic intermediates in organic
syntheses.” These amides serve as excellent acylating agents
for organolithium or organomagnesium reagents and as robust
aldehyde group equivalents.’ The utility of Weinreb amides has
been extended to the preparation of N-protected amino alde-
hydes, useful intermediates for many chemoselective transfor-
mations in peptide chemistry.*

Several approaches for the synthesis of Weinreb amides have
been reported, including aminocarbonylative coupling’ and
Stille cross-coupling.6 A one-pot synthesis of a-siloxy Weinreb
amides from aldehydes using masked acyl cyanide reagents
has been reported.7 Weinreb amides have also been prepared
using 4,6-pyrimidyl urethane and Grignard reagents.8 Among
various methods for the synthesis of Weinreb amides, direct
conversion from carboxylic acids is the most attractive because
there is no need to transform the carboxylic acids into activated
derivatives first. These methods rely mainly on the in situ acti-
vation of carboxylic acid followed by coupling with N,O-di-
methylhydroxylamine. Several carboxylic acid-activating rea-
gents have been used for this purpose including N,N-dicyclo-
hexylcarbodiimide,” propylphosphonic anhydride/N-ethylmor-
pholine,lo N-benzotriazole derivatives,11 [1,3,5]triazine deriva-
tives,” S,S-di(2-pyridyl)dithiocarbonate, " 2-bromo- 1-methyl-
pyridinium iodide,"* Deoxo-Fluor fluorinating agent,15 and
others.'® However, many of these methods have drawbacks,
which include the use of toxic or expensive reagents, long re-
action times, high reaction temperatures, low yields, multi-step
reactions, or tedious work-up procedures.

We report a mild and convenient one-pot method for the
synthesis of Weinreb amides from carboxylic acids employing
trichloroacetonitrile (TCA) and triphenylphosphine (TPP). We
first presumed that carboxylic acid chlorides formed in situ
from carboxylic acids with a combination of TCA and TPP"
were transformed into the corresponding Weinreb amides by
treatment with N, O-dimethylhydroxylamine in the presence of
triethylamine (TEA) (Scheme 1).
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Scheme 1

Benzoic acid was chosen as a model substrate to establish
the optimal reaction conditions. The reaction parameters, rea-
gent ratio, reaction solvent, and reaction temperature, were
varied, and the results are summarized in Table 1. When benzoic
acid was treated with TCA and TPP in a ratio of 1.2 : 1.2, the
corresponding Weinreb amide was obtained in 43% yield along
with some unreacted benzoic acid (entry 1). However, when
the ratio of TCA : TPP : benzoic acid was 2 : 2 : 1, the amide
was isolated in 92% yield (entry 2). An increase in the reagent
ratio to 3 : 3 : 1 did not further improve the reaction yield (entry
3). Likewise, increases in the amount of TEA, the reaction tem-
perature, or the reaction time had no effect on the yield of the
corresponding amide (entries 4-6). The effects of solvent on the
reaction were also examined. Reactions carried out in CICH,
CH,Cl, CH3CN, acetone, THF, EtOAc, or DMF afforded excel-
lent yields of the corresponding amide (entries 7-12); reactions
performed in ether or benzene produced somewhat lower yields
(entries 13-14). These findings led us to conclude that the opti-

Table 1. Optimization of reaction conditions
(0]

i 1) TCA, TPP, 1,1 h Ph)kN/OCHB
Ph” "OH 2) MeNH-OMe'HCI, TEA, it, 1 h éH3
Entry TCA TPP TEA Solvent Yield of
(equiv)  (equiv) (equiv) amide (%)
1 1.2 1.2 4 CHxClL, 43
2 2 2 4 CHxClL, 93
3 3 3 4 CHxCl, 91
4 2 2 6 CH,CL, 93
5¢ 2 2 4 CHxCl, 92
6 2 2 4 CH,Cl, 93
7 2 2 4 (CICH,), 92
8 2 2 4 CH:;CN 94
9 2 2 4 acetone 93
10 2 2 4 THF 91
11 2 2 4 EtOAc 90
12 2 2 4 DMF 91
13 2 2 4 ether 30
14 2 2 4 benzene 85

“The reaction was carried out at reflux in step 1. "The reaction times were
2hinstep 1 and 2 h in step 2.
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Table 2. Formation of various Weinreb amides from carboxylic acids

Entry Carboxylic acid Product Yield (%)
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“Typical experimental procedure: see text. "The reaction was stirred for 2 h
in step 2.

Notes

Table 3. Formation of various N-Fmoc a-amino Weinreb amides from
a-amino acids”

Yield
(%)
1 N-Fmoc-L-Gly-OH N-Fmoc-L-Gly-N(OCH3)CH; ~ 89%°
2 N-Fmoc-L-Ala-OH N-Fmoc-L-Ala-N(OCH3;)CH; 85
3 N-Fmoc-L-Val-OH N-Fmoc-L-Val-N(OCH;)CH; 83
4  N-Fmoc-L-Leu-OH N-Fmoc-L-Leu-N(OCH;)CH; 86
5" N-Fmoc-L-lle-OH N-Fmoc-L-1le-N(OCH;)CH; 80
6[J
HF

Entry  o-Amino Acid a-Amino Weinreb Amide

N-Fmoc-L-Met-OH N-Fmoc-L-Met-N(OCH;)CH; 78

was used instead of CH,Cl. “The reaction was stirred for 2 h in step 2.

‘T

mal reaction conditions were TCA (2 equiv), TPP (2 equiv),
and TEA (4 equiv) in CH,Cl; at room temperature.

We applied the optimized reaction conditions to the prepara-
tion of other Weinreb amides. As shown in Table 2, the reaction
was general for a wide range of carboxylic acids. As compared
to aliphatic carboxylic acids, aromatic carboxylic acids afforded
the corresponding amides in higher isolated yields (entries 1-7
vs. entries 11-13). Aromatic carboxylic acids with an electron-
withdrawing group appear to be more reactive than aromatic
carboxylic acids with an electron-donating group (entries 2-4).
For instance, the reaction with p-methoxy benzoic acid required
1.5 h for the second step whereas the reaction with p-nitro
benzoic acid took 0.5 h. Heteroaromatic carboxylic acids are
also good substrates for the reaction (entries 5-7). Sterically-
hindered carboxylic acids were converted smoothly into the
corresponding amides in good yields (entries 8-10). Aliphatic
carboxylic acids containing olefin, chloro, carboethoxy, and
benzoyl functional groups were also transformed into the corre-
sponding amides in good yields, and the functional groups
were unaffected by the reaction conditions (entries 14-18).

Next, we applied this new method to the synthesis of Fmoc-
protected a-amino Weinreb amides. Various N-Fmoc-a-amino
acids were subjected to the reaction conditions to afford the
corresponding Weinreb amides in 78 - 89% isolated yields.
There were no signs of racemization or deblocking of the Fmoc
group under the reaction conditions, based on analysis of the
reaction mixtures by '"H NMR and HPLC."*"

In summary, we have developed a mild and convenient
method for one-pot synthesis of Weinreb amides from carbo-
xylic acids. The process is general for the preparation of Weinreb
amides from a variety of carboxylic acids. The reaction was
also applicable to the preparation of a-amino Weinreb amides
and proceeded without deprotection of the N-Fmoc protecting
group or racemization of the stereogenic centers.

Experimental Section

Typical experimental procedure. To a mixture of benzoic
acid (122 mg, 1.0 mmol) and triphenylphosphine (525 mg, 2.0
mmol) in dry CH,Cl, (3 mL) under argon at room temperature,
trichloroacetonitrile (0.2 mL, 2.0 mmol) was added dropwise.
After 1 h, NV,0-dimethylhydroxylamine. HCI (98 mg, 1.0 mmol)
and triethylamine (0.56 mL, 4 mmol) were added to the mixture.
The reaction mixture was stirred for another 1 h at room tem-
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perature while monitoring with TLC. When the reaction was
complete, the mixture was diluted with CH,Cl, (4 mL) and
was washed with saturated NaHCOs solution (3 mL) and water
(3 mL). The organic layer was dried over anhydrous MgSOs.
After filtration, the solvent was removed, and the residue was
purified by column chromatography on silica gel (hexanes/
EtOAc, 4 : 1) to give N-methoxy-N-methyl benzamide (154
mg, 93 %).

2-Cyclopentyl-N-methoxy-/V-methyl acetamide. 'H NMR
(300 MHz, CDCl3) 6 1.16 (m, 2H), 1.59 (m, 4H), 1.84 (m, 2H),
2.29 (m, 1H), 2.44 (d, J= 7.5 Hz, 2H), 3.18 (s, 3H), 3.68 (s,
3H); "C NMR (75 MHz, CDCL3) §32.7, 33.0, 33.2, 36.7, 38.4,
61.7,174.9. Anal. Calcd for CoHi7NO»: C, 63.13; H, 10.01; N,
8.18. Found: C, 63.51; H, 10.25; N, 8.29.

2,2,2-Trichloro-N-methoxy-N-methyl acetamide. 'HNMR
(300 MHz, CDCL3) 6 3.38 (s, 3H), 3.82 (s, 3H); "C NMR (75
MHz, CDCl3) 6 35.5, 61.3,92.1, 160.5. Anal. Calcd for C4Hs
CINO2: C,23.27; H, 2.93; N, 6.78. Found: C, 23.63; H, 3.01;
N, 6.64.
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