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NEW METHOD FOR HOFMANN REARRANGEMENT
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Summary : Treatment of a series of primary aliphatic and aromatic carbox-
amides (la-1lm) with NBS—Hg(OAc)z—R'OH (a), dibromantin-Hg(OAc)2-R’OH (B),
NBS~AgOAc-R'OH (C), or dibromantin-AgOAc~R’OH (D) in DMF under argon
provides corresponding carbamates (2a-2m) in nearly quantitative yields.

The Hofmann rearrangement is the conversion of primary carboxamides
to amines or carbamates having one less carbonl; it is a useful reaction
for organic synthesis, e.g., the retro-inverso peptide modificationz.

The reaction, which is an oxidative rearrangement, has been carried
out by NaoBr'23, cmjomr?, Pb(onc),®, c HgI(ococE,),®, coHgI0?, or
CGHSI(OTS)OH8; however, these reagents have proved to be not practical in
respect of the reaction condition and the scope.

In connection with our studies on the bromonium ion (Br+) or its
equivalent generated from N-bromosuccinimide (NBS)9, 1,3-dibromo-5,5~di-
methylhydantoin (dibromantin)gb’c 9b,c in N,N-di-

methylformamide (DMF), we attempted applying the Brt to new procedures

, and N-bromophthalimide

for the Hofmann rearrangement. Herein we wish to report four new and
practical methods for the conversion of a series of primary aliphatic and
aromatic carboxamides 1 into the corresponding carbamates 2, by using
NBS-Hg(OAc)Z-R'OH (a), dibromantin-Hg(OAc)2-R'OH (B) , NBS-AgOAc-R'OH (C),
or dibromantin~AgOAc-R’'OH (D) in DMF.

RCONH, A (B, C,orD) RNHCO, R

1 DMF 2

A typical procedure is as follows: To a solution of benzamide lh
(50 mg, 0.41 mmol) and Hg(OAc)2 (159 mg, 0.49 mmol) in 2 ml of DMF, MeOH
(395 mg, 12.3 mmol) was added, followed by addition of a solution of NBS
(96 mg, 0.54 mmol) in 1 ml of dry DMF at room temperature under argon.
After the reaction mixture was stirred for 12 hours at room temperature,
it was evaporated under reduced pressure to remove excess of MeOH;
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diluted with 300 ml of EtOAc; washed successively with Hzo (20 mlx2),
5% HC1 (20 mlx2), sat NaHCO3 (20 mlx2); dried over anhyd. Mgso4; and
evaporated to give 68 mg of pale yellow semisolid. This was purified
with silica gel column chromatography (hexane;EtOAc=3:1) to give 60 mg
of colorless needles, mp 46°C (1it.10 47°C) (yield 96%). The reactions
for the other carboxamides and methods were performed in a similar
manner, and the results are summarized in Table I.

Table I. The conversion of carboxamides 1 to carbamates 2.

RCONH, 1 % yield of RNHCO,R'2'P 2
R ac B® c ¢

a CH (CH2 6 91 95 93 95
b CH, (CH 8 100 100 95 100
c CH (CH2)14 95 100 95 94
] CH3(CH2)3CH(C2H5) 96 100 91 96
e cyclohexyl 100 95 89 91
£ (CH3)3C 100 100 53 75
g CgHsCH, 95 100 93 96
h CgHs 96 98 91 100
ip- NO2 6l 92 96 90 95
1 o- EtOCGH4 100 98 87 100
k o--MeCsH4 100 100 96 100
1 o—ClCSH4 100 100 92 96
m 3-pyridyl 96 100 92 100
a R’ are methyl groups except for 2f (R'=CH206H5).
b All products gave satisfactory spectral data.
¢ The molar ratio of the reagents is as follows; RCONH (1.0), NBS(l 3) (or

dibromantin(l1.0), Hg(OAc) (1.2) (or AgOAc(1.2)), and R OH(12. 3 ). The
conversion was performed at room temperature, or at 45°C in the case of
ib, 1lc, and 1i, for 12 hours®.

d The requisite molar ratio was not investigated closely.

e According to the carboxamides 1, the reaction time can be shortened.

Although the mechanism is not exactly known, it is conceivable that
the heterolytic N-Br bond cleavage of NBS (or dibroﬂantin) by the help of
DMng starts with the formation of N-bromocarboxamide 3, which can be
transformed to the isocyanate 4, the intermediate for the Hofmann rear-
rangement, via 5. The conversion of 4 to the carbamate 2 is a well-docu-
mented process.
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DMF
1 + NBS e —— RCONHBr + Succinimide
3
3 + Hg (OAC) 7 ——= RN=C=0 + HgBrOAc + AcOH
P

f»n

As seen in Table I, all the carboxamides (la-lm) were converted to the
carbamates (2a-2m) in excellent yields under a mild neutral condition. The
Hofmann rearrangement of higher aliphatic carboxamides is usually difficultl,
and aromatic carboxamides can not be converted by using CGHSI(OCOCF3)26,
C6H5107, or C6H51(OTS)0H8; whereas by using our reagents the higher aliphatic
amides (la-1d) and the aromatic carboxamides (1lh-11) could be transformed to
the carbamates (2a-2d and 2h-21) in excellent yields.

In addition to the fact that NBS, dibromantin, Hg(OAc)2 and AgOAc
are commercially available and relatively cheap, it appears that NBS and
dibromantin are not so strong oxidizing agents as those aforesaid such as
Pb(OAc)4 and CGHSI(OCOCF3)2.

As is evident from the yields given in Table I, there was no difference
between NBS and dibromantin, and except for only lf, neither was there
between Hg(OAc)2 and AgOAc.

Therefore our methods can be applied very practically for the Hofmann
rearrangement.
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