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Amines and their derivatives are very important functional Table 1. Cu(l)-Catalyzed o-Amination of Esters®
moieties present in a wide variety of biologically and chemically
significant molecules. The C—N bond formation represents one of
very important synthetic transformations. Various effective methods
have been developed for the construction of C—N bonds.' Convert- . >( %/O 79
ing C—H bonds to C—N bonds by direct amination is also an OMe ! N\é
attractive strategy to introduce nitrogens to molecules. Significant m m
progress has been made in this area.>’ During our studies on
amination with diaziridinones,*> we found that ester 1 can be ><
aminated at the o position using di-fert-butyldiaziridinone (2)%7 2
as a nitrogen source and CuCl as a catalyst, leading to a direct
formation of hydantoin (3) (Scheme 1). Herein we wish to report
our preliminary results on this subject.

Treating methyl phenylacetate (1a) with di-fert-butyldiaziridinone
(2) and 10 mol % of CuCl-P(n-Bu); (1:1) in CDCIl; at 65 °C in an 3
NMR tube for 12 h gave hydantoin 3a with 54% conversion
(Scheme 1). Lower conversions were obtained with the correspond-
ing ethyl ester (44%) and tert-butyl ester (25%) under the same
reaction conditions, suggesting that the bulkier esters are less >< o]
effective toward the amination. Further studies show that the N’« 8

mOMe
Me ©
J©/\I(OM6
MeO ©
. . . . . OMe N
reaction can be improved by slow addition of di-fert-butyldiaziri- m
dinone over 8 h. Under this protocol, hydantoin 3a was obtained cl © cl 0
OMe
oY
Br
OMe

Entry Substrate (1) Product (3) Yicld
(%)"

N4 62

in 79% yield using 5 mol % of CuCl-P(n-Bu); (1:1) as catalyst
(Table 1, entry 1) (the X-ray structure of 3a is shown in Figure 1).
As shown in Table 1, various methyl arylacetates were efficiently 5
a-aminated to give the corresponding hydantoin derivatives in good
yields (Table 1, entries 1—6). Heteroaryl and 3,y-unsaturated methyl
esters were also a-aminated to give the corresponding hydantoins
with somewhat lower yields (Table 1, entries 7—9). However,
aliphatic methyl esters such as methyl octanoate are not effective 6
substrates under the current reaction conditions.

The deprotection of the resulting hydantoin derivatives was

N\é 68
XNJ(O 61

investigated with compound 3a. Both fers-butyl groups were

smoothly removed with CH3;SOsH in hexane (1:10, v/v) at 65 °C 7 ><N //{O 57
for 3.5 h to give compound 4 in 92% yield. However, when the - OMe Njé
deprotection was carried out at room temperature, one fert-butyl NS O \\s 5

group was selectively removed to give compound 5 in 96% yield

(Scheme 2). The structure of compound 5 was determined by the >< o)

X-ray structure of its acetyl derivative 5a (Scheme 2) (Figure 1). 8 NJ( 49

opportunities to introduce different groups on the two nitrogen
atoms of hydantoins if it is desired.

The ability of selective removal of the protection groups provides %OW %N\é
N I o N 0
Ts

While an exact reaction mechanism awaits further study, a >< o
plausible catalytic cycle is shown in Scheme 3. The CuCl 9 N—4 54
probably first reduces the N—N bond to form species 6**~'! or /\/\/\/\[rOMe /\/\/\/S(N\é
(0] (0]
Scheme 1
5 mol% “All reactions were carried out with ester (1) (0.4 mmol),
0 CuC-P(n-Bu)g >< 0 di-tert-butyldiaziridinone (2) (0.8 mmol), CuCl-P(rn-Bu); (1:1) (0.02
R OMe j\ J{ (1:1) N% mmol) in CHCIl3 (0.05 mL) at 65 °C under argon for 12 h unless
/\ﬂ/ + NN W N otherwise stated. For entry 7, the reaction scale was doubled. For entries
1 o 2 123’h 3 1 and 3, the reaction scale was doubled except CHCIl3 (0.05 mL).

o} ® Isolated yield based on ester.
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Figure 1. The X-ray structure of hydantoins 3a and 5a.

Scheme 2
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Scheme 3. A Proposed Catalytic Cycle for the a-Amination
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6a, which reacts with ester 1 to form 7 possibly via a hydrogen
abstraction or deprotonation. The reductive elimination of 7 gives
compound 8 and regenerates CuCl catalyst.'*'* Compound 8
cyclizes to form hydantoin 3 by loss of MeOH. This mechanism
is also consistent with the fact that esters, such as methyl
octanoate, without groups that can facilitate the o-hydrogen
abstraction or deprotonation are not effective substrates under
the reaction conditions.

In summary, a variety of methyl arylacetates and f,y-
unsaturated methyl ester can be effectively a-aminated using
CuCl as catalyst and di-fert-butyldiaziridinone (2) as nitrogen
source under mild reaction conditions. The current a-amination
process provides direct access to various hydantoins which are
present in various biologically active compounds.'® Further
studies on the reaction mechanism, exploration of different
catalysts and nitrogen sources, and expansion of the substrate
scope as well as development of asymmetric process are currently
underway.
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