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The so-called Weinreb amides! (or N-methoxy-N-meth-
yl amides) are versatile building blocks in organic
synthesis.? Their preparation can be accomplished by
coupling carboxylic acids and N,O-dimethylhydroxyl-
amine. The majority of the methods reported uses peptide
coupling reagents such as chloroformates,® BOP,* DCC,®
and others® or phosphonic derivatives.” These reactives
are expensive in some cases, and the removal of their
excess (and/or the removal of byproducts) from the
reaction mixtures may be difficult. Additional purification
of the reaction product is often required. The importance
of Weinreb amides is attested by a recent communication
describing a one-flask synthesis of Weinreb amides of
carboxylic and amino acids using a Deoxo-Fluor fluori-
nating reagent.® Although simple, this method requires
the use of an expensive reagent. Moreover, the crude
products must be separated by column chromatography.

Following our interest in the use of [1,3,5]triazine
derivatives in organic synthesis,® we report here a new
simple and high-yielding one-flask synthesis of Weinreb
amides from carboxylic acids and N-protected amino
acids that uses different [1,3,5]triazine derivatives as the
coupling agents. The method allows the preparation of
Weinreb amides and hydroxamates as O-benzyl and
O-silyl hydroxamates'® that can be easily transformed
into hydroxamic acids.

Treating a carboxylic acid with 2-chloro-4,6-dimethoxy-
[1,3,5]triazine (CDMT) and N-methylmorpholine (NMM)
in THF, the corresponding activated ester is quantita-
tively formed in 1 h (monitored by TLC). This white
suspension, containing the activated ester, is subse-
quently treated with the required hydroxylamine deriva-
tive (N,O-dimethylhydroxylamine for the Weinreb amide
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and O-benzyl- or tert-butyldiphenylsilyl hydroxylamine!!
for hydroxamates). Stirring is continued for 8 h at room
temperature. The reaction mixture is diluted with ether
and then washed with water, aqueous Na,COg, diluted
HCI, and brine. The desired product is recovered in pure
form, simply by concentration of the ether extracts at
reduced pressure.

As shown in Table 1, a variety of N-methoxy-N-methyl
amides were prepared from commercially available car-
boxylic acids and amino acids (method A). In all cases,
the yields were quantitative and the conversion very
high: the product can be recovered pure without any
supplementary purification, as the unreacted acid was
separated during the workup of the reaction mixture.
This methodology is applicable to the synthesis of other
O-alkylhydroxamates (6 and 10, entries 10 and 16) and
to the preparation of O-silyl hydroxamates too. In this
last case it is noteworthy that the method allows an easy
preparation of O-silyl hydroxamates derived from a-ami-
no acids.’?> The previous syntheses of O-silyl hydrox-
amates started, in fact, from the corresponding acyl
chlorides, preventing the preparation of compounds as 9
(Table 1).

Taking into account that CDMT may be an irritating
agent for eyes and nose, we checked the possibility of
using 4-(4,6-dimethoxy[1,3,5]triazin-2-yl)-4-methylmor-
pholinium chloride (DMTMM)®® (Table 1, method B).
Even with this reagent the final products were exclu-
sively the desired Weinreb amides, which can be recov-
ered pure after the simple aqueous workup of the
mixture. However, the condensation of the acids with
DMTMM requires longer times due to the formation of
the activated ester (1.5 h). Moreover, the reactions carried
out in the presence of DMTMM proceeded, under the
conditions employed (8 h of stirring at room tempera-
ture), with conversions lower than those performed with
CDMT, with the exception of the reaction with 2-ni-
trobenzoic acid. In any case, the reactions can be forced
to the completion by prolonging the reaction time.

The synthesis of Weinreb amides can be achieved even
with the very cheap cyanuric chloride as condensating
agent, but the reaction occurs very slowly if conducted
following the one-flask procedure, probably owing to the
various salts present in the mixture. The reaction can
be accelerated by filtering off the precipitate formed on
Celite and transferring the THF solution, containing the
activated ester, into a flask containing the N,O-dimeth-
ylhydroxylamine hydrochloride THF suspension (Table
1, entry 3).

Significant racemization of the chiral center of the
a-amino acids did not occur under the conditions em-
ployed, as revealed by the optical rotation values of the
products 10 and 12 if compared with those reported in
the literature!**S (entries 15 and 17).
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Table 1. Synthesis of Weinreb Amides and Hydroxamates from Carboxylic Acids

entry acid product method?  conversion?
(%)
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a Method A: with CDMT; method B: with DMTMM; method C: with cyanuric chloride. ® After 8 h. The yields are quantitative in all

the cases described. ¢ [a]%°p

—27.4 (MeOH). 9 [a]Zp

—36.6 (MeOH).
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Finally, the THF solution containing the Weinreb
amide can be used directly in further reactions without
any purification except the simple filtration of the salts
formed. For example, a filtered THF solution containing
N-benzyloxycarbonyl-L-proline-N'-methoxy-N'-methyl-
amide 13 was added to a THF solution of ethylmagne-
sium bromide to give the corresponding ethyl ketone 14
in good yield (67% after 0.5 h at room temperature)
(Scheme 2).

This method can also be applied to the preparation of
hydroxamic acids as demonstrated by the synthesis of
the Trichostatine A analogue (18, Scheme 3), a powerful
cytodifferentiating agent, very promising as a potential
cancer chemotherapeutic.t6:8

N-Boc-aminocaproic acid 15 was converted in good
yield (75%) into the corresponding O-benzylhydroxamate
16 using DMTMM as the coupling agent (method B).
After deprotection of the Boc with TFA, the coupling with
p-dimethylamino benzoic acid, performed with DMTMM,
gave product 17 that was finally transformed into the
hydroxamic acid 18 by transfer hydrogenation with Pd/C
in refluxing cyclohexene (overall yield 51% from 15).

In conclusion, we think that the one-flask method
described here is one of the most simple and convenient
for the preparation of Weinreb amides, hydroxamates and
hydroxamic acids even in large scale, as it uses friendly
reaction conditions and not expensive reagents. More-
over, this methodology should be an useful addition to
parallel synthesis.

Experimental Section

All the solvents and the reagents were used in the com-
mercially available grade of purity. The N-protected amino acids
were prepared according standard methods and their purity was
established before utilization by melting point and optical
rotation. Although 2-chloro-4,6-dimethoxy[1,3,5]triazine (CDMT)
and 4-(4,6-dimethoxy[1,3,5]triazin-2-yl)-4-methylmorpholinium
chloride (DMTMM) are commercially available, we prepared
them following a published procedure,*17 Cyanuric chloride,
N,O-dimethylhydroxylamine and O-benzylhydroxylamine hy-
drochlorides were purchased from Aldrich. tert-Butyldiphenyl-
silylhydroxylamine was prepared as described.©

Optical rotations were measured in a 1 dm tube. The 'H NMR
and 3C NMR were obtained at 300/75.4 MHz from CDCl;
solutions.

General Procedure for the Synthesis of Weinreb Amides
N-Methoxy-N-methylbenzamide 1. Method A. To a solution
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of benzoic acid (0.50 g, 3.7 mmol) in THF (11 mL), at room
temperature, were added CDMT (0.74 g, 4.4 mmol) and NMM
(1.2 mL, 11.1 mmol). A white precipitate was formed during
stirring for 1 h, and then N,O-dimethylhydroxylamine hydro-
chloride (0.36 g, 3.7 mmol) was added. The mixture was stirred
for additional 8 h and then quenched with 15 mL of H,O and
extracted two times with 7 mL of diethyl ether. The combined
organic phases were washed two times with 15 mL of a saturated
solution of NayCOs, followed by 15 mL of a solution 1 N HCI
and brine. The organic layer was dried over anhydrous Na,SO,4
to give, after evaporation of solvent, compound 1 that was
isolated pure without other purifications (85%): 1H NMR, 9,
7.66—7.59 (m, 2H), 7.45—7.31 (m, 3H), 3.53 (s, 3H), 3.32 (s, 3H);
13C NMR, 4, 170.2, 134.3, 131.1, 128.2, 123.1, 61.1, 33.9.

Method B. To a solution of benzoic acid (0.50 g, 3.7 mmol) in
THF (11 mL), at room temperature, was added DMTMM (0.68
g, 4.8 mmol) and NMM (0.8 mL, 7.4 mmol). A white precipitate
was formed during stirring for 1.5 h, and then N,O-dimethyl-
hydroxylamine hydrochloride (0.36 g, 3.7 mmol) was added. The
mixture was stirred for additional 8 h and then worked-up as
above to give compound 1 (56%).

Method C. To a solution of benzoic acid (0.5 g, 3.7 mmol) in
THF (25 mL), at room temperature, was added the cyanuric
chloride (0.73 g, 3.9 mmol) and NMM (1.2 mL, 11.1 mmol). A
white precipitate was immediately formed. After stirring for 3
h, the solid formed was filtered off on Celite and the solution
containing the activated ester transferred into a flask containing
N-O-dimethylhydroxylamine hydrochloride (0.36 g, 3.7 mmol).
The mixture was stirred for additional 8 h and then worked-up
as above to give 1 (49%).

General Procedure for the Synthesis of O-Benzyl Hy-
droxamates. N-Benzyloxy-2-phenylpropionamide 6 (Method
A). To a solution of 2-phenylpropionic (0.55 g, 3.7 mmol) in THF
(11 mL), at room temperature, were added CDMT (0.74 g, 4.4
mmol) and NMM (1.2 mL, 11.1 mmol). A white precipitate was
formed during stirring for 1 h, and then O-benzylhydroxylamine
hydrochloride (0.64 g, 3.7 mmol) was added. The mixture was
stirred for additional 8 h and then worked-up as above to give
6 that was isolated pure without other purifications (85%): 'H
NMR, 6, 9.14—8.85 (m, 1H), 7.57—7.29 (m, 10H), 4.94 (s, 2H),
3.60 (d, 1H), 1.61 (s, 3H); 13C NMR, 9, 172.0, 140.8, 135.4, 129.6,
128.9,128.7,126.7, 126.5, 78.1, 44.0, 18.5. Anal. Calcd for Ci6H17-
NO; (255,31): C, 75,27; H, 6,71; N, 5,49. Found: C, 75.25; H,
6.75, N, 5.52.

General Procedure for the Synthesis of O-Silyl Hydrox-
amates. O-tert-Butyldiphenylsilylbenzhydroxamate 2. To
a solution of benzoic acid (0.50 g, 3.7 mmol) in THF (11 mL), at
room temperature, were added CDMT (0.74 g, 4.4 mmol) and
NMM (1.2 mL, 11.1 mmol). A white precipitate was formed
during stirring for 1 h, and then tert-butyldiphenylsilylhydroxy-
lamine (1.08 g, 3.7 mmol) was added. The mixture was stirred
for additional 8 h and then quenched with 15 mL of H,O and
extracted two times with 7 mL of ethyl acetate. The combined
organic phases were washed two times with 15 mL of a saturated
solution of Na,COg3, followed by 15 mL of a solution 1 N HCI
and brine. The organic layer was dried over anhydrous Na,SO4
to give, after evaporation of solvent, pure 2 (83%) as a white
solid: mp 138—139 °C; 'H NMR, ¢, 7.84—7.73 (m, 6H), 7.46—
7.31 (m, 9H), 1.20 (s, 9H); 13C NMR, ¢, 170.2, 134.3, 131.1, 128.2,
123.1, 61.1, 33.9.

N-Benzyloxycarbonyl-pyrrolidin-2-yl-propan-1-one 14.
To a solution of N-benzyloxycarbonyl-L-proline (0.89 g, 3.7 mmol)
in THF (11 mL), at room temperature, were added CDMT (0.74
g, 4.4 mmol) and NMM (1.2 mL, 11.1 mmol). A white precipitate
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was formed during stirring for 1 h, and then N,O-dimethylhy-
droxylamine hydrochloride (0.36 g, 3.7 mmol) was added. The
mixture was stirred for additional 8 h and then the solid filtered
off under argon. The solution was added at room temperature
to a THF solution (11 mL) of ethylmagnesium bromide (2.46 mL
of 3 N in Et;0, 2.5 mmol), stirred for additional 0.5 h, and then
quenched with aqueous saturated NH,Cl and extracted two
times with 10 mL of diethyl ether. The combined organic phases
were washed with 15 mL of a saturated solution of Na,COs,
followed by 15 mL of a solution 1 N HCI and brine. The organic
layer was dried over anhydrous Na,SO, to give, after evaporation
of solvent, crude N-benzyloxycarbonyl-pyrrolidin-2-yl-propan-1-
one (85%), that was further purified by flash-chromatography
(EtOAc—hexane = 6:4) (67%): [a]®p —44° (c 0.8, CHCI3); 1H
NMR, 6, 7.31 (m, 5H), 5.08 (m, 2H), 4.47—4.26 (m, 1H), 3.62—
3.41 (m, 2H), 2.45 (dg, 2H), 2.15 (m, 1H), 1.83 (m, 3H), 1.00 (dt,
3H); 13C NMR, 0, 184.5, 155.3, 137.2, 128.5, 127.6, 67.2, 65.0,
46.9, 32.5, 29.6, 24.1, 7.51. Anal. Calcd for C15H19NO3 (261,32):
C, 68.94; H, 7.33; N, 5.36. Found: C, 66.98; H, 7.35, N, 5.39.
6 N-tert-Butoxycarbonylamino-hexanoic Acid N'-Benz-
yloxyamide 16. The product was prepared starting from N-tert-
butoxycarbonyl-hexanoic acid (1.5 g, 6.4 mmol) following general
method B. After the hydrolytic workup and evaporation of the
solvent, we recovered pure 16 (1.59 g, 77% yield). *H NMR, 0,
8.37 (s, 1H), 7.30 (s-like 5H), 4.91 (s, 2H), 4.60 (bs, 1H), 3.07
(m, 2H), 1.78 (m, 2H), 1.68—1.25 (m, 6H), 1.42 (s, 9H). 13C NMR,
0, 169.8, 157.7, 139.9, 128.7, 127.3 (2C), 77.7, 70.6, 44.6, 32.9,
30.8, 28.5, 26.7, 24.5. Anal. Calcd for C19H29N204 (336.20): C,
64.36; H, 8.39; N, 8.33 Found C, 64.06, H, 8.40; N, 8.30.
6-N-(4-Dimethylaminophenylcabarmoyl)hexanoic Acid
N'-Benzyloxyamide 17. Compound 16 (1.53 mg, 4.7 mmol) was
dissolved into CH»CI, (10 mL), and to this solution TFA (6.9 g,
61 mmol) was added followed by triethylsilane (1.37 g, 11.7
mmol). The mixture was stirred for 4 h at room temperatue.

i N
18
MezN ©

The solvent was evaporated and the residue taken up in ether.
The white precipitate was filtered and washed several times with
ether. This product was added to a solution of NMM (1.28 g,
12.6 mmol) in THF (25 mL) followed by 4-(dimethylamino)-
benzoic acid (0.77 g, 4.7 mmol) and DMTMM (1.3 g, 4.7 mmol).
The mixture was stirred at room temperature for 8 h. Ethyl
acetate (50 mL) was added followed by a solution of Na,CO3 and
by water. The organic solvent was separated and dried over
anhydrous Na,SO,, and the solvent was evaporated. The crude
product was crystallized from EtOH:HO to give pure 17 (86%).
Mp 118-119 °C. 'H NMR, ¢ 8.37 (s, 1H), 7.66 (d, J = 8 Hz, 2H),
7.3 (s-like, 5H), 6.66 (d, J = 8 Hz, 2H), 6.09, bs, 1H), 4.90 (s,
2H), 3.41 (m, 2H), 3.00 (s, 6H), 2.08 (m, 2H), 1.60—1.30 (m, 6H),
1.45 (s, 9H).

N-Hydroxy-(4-dimethylaminobenzoylamino)capra-
mide 18. Product (0.5 g, 1.3 mmol) was dissolved in MeOH (10
mL) and cyclohexene (5 mL), and to the solution was added Pd/C
10% (50 mg). The mixture was refluxed for 6 h, the catalyst was
filtered and washed with MeOH, and the solvent was evapo-
rated. The crude was dissolved in the lowest amount of MeOH,
and product 18 was separated as a white solid by slow addition
of Et,0 (77%). Mp 166—167 (lit.2® mp 170 °C). The compound
showed the same spectoscopical properties described in the
literature.18
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