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A powerful reagent, PINCH;(OCH3)]; (3), for conversion of carboxylic acids directly to Weinreb amides was developed. In most cases the
yields of the corresponding Weinreb amides were above 90% when P[NCH,(OCH;)]; was heated with aromatic and aliphatic carboxylic acids
in toluene. The sterically hindered carboxylic acids can also give the corresponding Weinreb amides in excellent yields.

Weinreb amides (N-methoxy-N-methylamides) have been
developed into important and effective acylating agents since
their original discovery by Nahm and Weinreb in 1981.1#
They could cleanly react with Grignard reagents,>® organo-
lithium,”® and LiAIH, to give ketones or aldehydes in high
yield via stable metal-chelated intermediates without dual
nucleophilic attack to their carbonyl group even with excess
of organometallic reagents. Rencently, it was also reported
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that they could react with Wittig reagents to give ketones.®
Because of their effectiveness as acylating reagents, Weinreb
amides have now been widely used in total synthesis of
natural products .1°"%°

Significant effort has been devoted toward the devel opment
of their mild and general synthesis in recent years. For
example, Weinreb amides can be prepared via carboxylic
acids,** '8 acid chlorides, ™ esters,® lactones,?* amides,?
and anhydrides.”® Among them the direct conversion of
carboxylic acids to the corresponding Weinreb amidesis very
attractive. Peptide coupling reagents such as BOP,2*?°
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DCC,% chloroformates,®” phosphonic derivatives® = 2-chlo-

ro-1-methylpyridinium iodide (CMP!),3* BMPI,** Deoxo-
Fluor, and triazine derivatives®™ have been applied for this
transformation.

Several other methods for the preparation of Weinreb
amides have been reported, which include Stille-type cross-
coupling,® Pd-catalyzed aminocarbonylation of aryl bro-
mides,*® and heterocyclic-derived triflates.*® Sterically hin-
dered Weinreb amides were also successfully obtained from
carboxylic acids viamixed anhydrides with methanesulfonic
acid.®” In addition, synthesis of a-siloxy-Weinreb amides
from aldehydes has been reported.® However, the use of an
excess of expensive coupling reagents is necessary in most
of these methods, and the sterically hindered carboxylic acids
often give the corresponding Weinreb amidesin poor yields.
Thus, the development of general and efficient methods for
synthesis of Weinreb amides is still highly desirable.

Attracted by wide application of Weinreb amidesin natural
product synthesis, we intended to explore a simple and
practical method to synthesize Weinreb amides. In the
literature, we found that P(NMey); could convert carboxylic
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acids to the corresponding amides in high yields.* We
envisioned that PINCH3(OCH3)]s would be able to react with
carboxylic acids to afford Weinreb amides. Thus, we
prepared PINCH3(OCHj3)]; from PCl; and HNCH3(OCH,)
(Scheme 1) and then heated it with carboxylic acids in

Scheme 1. Synthesis of PINCH3(OCHj3)]3
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_OCH NN
pcl, + HN 0 BN, O Hyco P OCH;8
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1 2 67% 3

toluene (Scheme 2). To our delight, Weinreb amides were
obtained in excellent yields. In this paper, we report that

Scheme 2. Synthesis of Weinreb Amides from Compound 3 and
Carboxylic Acids
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P[NCH3(OCHg3)]5 could convert carboxylic acids directly to
Weinreb amides in excellent yields under mild conditions.

We first treated PCl; with N,O-dimethylhydroxylamine
hydrochloride in Et,O using triethylamine as base to give
compound 3 in 67% yield (Scheme 1). Although compound
3 was obtained, the yield was not so good. In order to
improve the yield of compound 3, excess N,O-dimethylhy-
droxylamine was used in a subsequent reaction without using
triethylamine as base for trapping of HCI released from the
reaction. However, the yield of 3 was 70%, which is almost
the same as the yield in using EtsN as base. Thus, triethy-
lamine was an effective base for trapping of the HCI. We
used triethylamine as base in our experiment because it was
much cheaper than N,O-dimethylhydroxylamine.

With PINCH3(OCHj3)]3 in hand, we initially examined the
reaction of 3 with benzoic acid. Benzoic acid and
P[NCH3(OCHg3)]; were heated at 80 °C for 1 h in toluene,
and the corresponding Weinreb amide was obtained in 79%
yield (Table 1, entry 1). The reaction conditions were
optimized using benzoic acid as substrate (Table 1).

As can be seen in Table 1, the mole ratio of benzoic acid
and 3 had a great effect on the yield of product. The ratio of
benzoic acid to 3 should be 3:1 theoretically. However, it
was found that the reaction gave the best result with 95%
yield of product when the mole ratio of benzoic acid and
P[NCH3(OCHg3)]3 is 2:1 (Table 1, entry 3). It was observed
that the reaction temperature had no significiant influence
on the yield of 5a (Table 1, entries 4—7). When the
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Table 1. Optimization of Reaction Conditions for Synthesis of
Weinreb Amides

0 CH; CHs o]
©AOH + HacO’N\FT"N‘OCH3 ©)LN/CH3
|
Hy00 Vo, OCHs
4a 3 5a
entry 4a (mmol) 3 (mmol) time (h) 7 (°C) solvent yield* (%)
1 3.0 1 1 80  toluene 79
2 2.5 1 1 80  toluene 86
3 2.0 1 1 80  toluene 95
4 2.0 1 1 60  toluene 94
5 2.0 1 0.5 60  toluene 93
6 2.0 1 0.5 40  toluene 89
7 2.0 1 1 40  toluene 93
8 2.0 1 2 20  toluene 87
9 2.0 1 2 20 CHyClL, 60
10 2.0 1 2 20 Et,0 55
11 2.0 1 6 20  CH,Cl, 88
12 2.0 1 6 20 Et,0 78
2 |solated yield.

temperature was above 60 °C, an excellent yield of Weinreb
amide could be obtained in 0.5 h (Table 1, entry 5). However,
even if the reaction was conducted at 20 °C, a good result
could also be obtained with a longer reaction time (Table 1,
entry 8).

We have aso investigated the effects of solvents on the
reaction. CH,Cl, or Et,O was used as solvent. It was found
that the reaction could also occur in CH,CI, or Et,O, but
the yield was lower than that in toluene (Table 1, entries
8—10). If the reaction was carried out in CH,Cl, or Et,O
for a suitable amount of time, the yield of the product was
also satisfactory (Table 1, entries 11 and 12).

In order to examine the effectiveness of the reagent 3,
different kinds of carboxylic acids were subjected to the
optimized set of conditions (Tables 2 and 3).

Table 2 shows the results with aromatic carboxylic acids.
As can be seen in Table 2, all of the aromatic carboxylic
acids with electron-withdrawing or electron-donating groups
on their phenyl ring could be converted to the corresponding
Weinreb amides in yields above 90%. Benzyl and heteroaro-
matic acids gave productsin 95—96% yields (Table 2, entries
7-10).

The results for conversion of aliphatic acids to the
corresponding Weinreb amides are shown in Table 3. All of
the used aliphatic carboxylic acids gave the products in
excellent yields. Halide group such as chlorine in aiphatic
acids could be present. For example, when 3-chloropropanoic
acid was used as substrate, 3-chloro-N-methoxy-N-methyl-
propanamide 5k was obtained in 92% yield (Table 3, entry
1). Dioic acids also smoothly reacted with compound 3 to
give the biss-Weinreb amides in high yields (Table 3, entries
6—38).

Most importantly, compound 3 could aso convert steri-
caly hindered carboxylic acids to the corresponding Weinreb
amides in excellent yields. For example, the reaction of 3
with pivalic acid 4l and adamantane-1-carboxylic acid 40
gave the productsin 83% and 91% yield, respectively (Table

4476

Table 2. Synthesis of Weinreb Amides from Compound 3 and
Aromatic Carboxylic Acids®

yield
entry substrate product %)
o [5)
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1 oH \ 5a 94
OCH,
4a
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OH N Ce
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OH N e
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cl a °
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4e
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7 m W % sy o3
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o o]
0. O N,CHs
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\_/ \/ OCHj
4i
o) o)
S OH S N
10 | | I | YT i 95
s S
4

#Reaction conditions: 3 (1 mmol) and carboxylic acid (2 mmol) in
toluene (10 mL) at 60 °C for 0.5—1 h. ° Isolated yield.

3, entries 2 and 5). It was found that when trans-2-
butenedioic acid 4r reacted with compound 3, the corre-
sponding product was formed in 89% yield with retention
of configuration (Table 3, entry 8).

However, as shown in Scheme 3, when the reaction was
carried out with cis-2-butenedioic acid 4s at 60 °C in toluene
for 2 h, the correspoding cis-product 5s with retention of
configuration was formed only in 47% yield, and the trans-
product 5r with change of configuration was formed in 42%

Org. Lett, Vol. 11, No. 19, 2009
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Table 3. Synthesis of Weinreb Amides from Compound 3 and
Aliphatic Carboxylic Acids®

yield

product (%) s

o]
CH
Cl/\)kN/

I
OCH,

><[( TOCH, 51 83
o o
OH XMN/CH3 sm 92

-
X
AL !
Ey
LA,

entry substrate

5k 92

O)‘\ 5n 95
OCH3
@\ﬂ/ “OCH; 50 91

6 5p  89°
OCH3 OCH3
o o
—CH
7 Ho)J\é)éLOH J\ﬁ)\N ’ 5q 86°

OCH3 ocH3

8 HONOH HaCO” N s g0 ¢

o ocH3
4r
#Reaction conditions: 3 (1 mmol) and carboxylic acid (2 mmol) in

toluene (10 mL) at 60 °C for 0.5—1 h. ® Isolated yield. €3 (1 mmol) and
carboxylic acid (1 mmal).

yield. If the reaction was carried out at a lower temperature
such as 20 °C in toluene for 2 h, there was no change of the
configuration, and the yield of the product 5s was 84%.
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Scheme 3. Reaction of Compound 3 and Maleic Acid
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0, 7 \
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yield: 84%

Another advantage of compound 3 is that it can be
prepared and used on a large scale without a big difference
on a small scale.

In summary, we have developed a highly effective reagent
3 for the formation of Weinreb amides directly from
carboxlic acids. Compound 3 could be easily prepared from
PCl; and N,O-dimethylhydroxylamine hydrochloride in Et;0.
It can be applied to the transformation of different kinds of
carboxylic acids such as aromatic, aliphatic, sterically
hindered, and dioic acids into the corresponding Weinreb
amides in excellent yields under very mild conditions.
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