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Due to their highly regio- and stereoselective ring-opening
reactions, aziridines are valued as building blocks for the synthesis
of a wide range of nitrogen-containing compoufdBollowing
Mansuy’s seminal work,several groups have also developed
transition-metal-catalyzed aziridinations based or—=ils as
the nitrenoid sourcé. Despite these advances, catalytic aziridin-
ation has not yet entered the realm of practical organic synthesis,
mainly due to the expense and inconvenience ofHNils as a
reagent.

Our long-standing interest in olefin oxidation processes led us
to search sporadically over the past two decades for a transition-
metal-catalyzed aziridination process using Chloramine-T (TsN-
CINa), a practical nitrogen souréeNo effective transition-metal
catalyst was found, but it was noticed that the presence of
inorganic bromine seemed to coincide with the better yields of
aziridine observed® Recent studies on this bromine effect
revealed that a wide range of bromine sources (e.g., Zr@Br,,
FeBr, CuBr, Br,, and NBS) act as catalysts for the aziridination
of simple olefins using Chloraminef. However, the substrate
scope for all of these systems is limited, as is also the case for
the interesting Chloramine-T/CuCl-catalyzed aziridination process
just reported by Komatsu et al.

Fortunately, additional screening experiments have identified
a much more robust bromine-based catalyst systphenyltri-
methylammonium tribromide (PhNM@®r;~, also known as
PTAB) This catalyst provides good to excellent yields of
aziridines across a wide range of olefin classes. Typical
experimental conditions employ 10 mol % of PTAB and 1.1 equiv
of anhydrous Chloramine®Tin acetonitril€ (0.2 M) at room
temperature for 412 h. The PTAB functions as the source of
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Table 1. Bromine-Catalyzed Aziridination of Olefins with
TsNCINa
entry olefin product yield (%) mp (°C)¢
NTs
1 AN 93 (90) 69-70
NTs
2 P oL 76 (62) §5-87
3 NTs 95 (8%) d
SN e
4 =\ NTs 89 (72) 82-83
Ph A
Ph
5 @NTS 86 (80¢) 7172
6 NTs
54 d
/\ﬁ/s\ /\(\‘)EQ
NTs
=
7 Ph Ph/L\ 68 (65) 88-89
8 \ﬁ/a\f( WNTS 76 (60) d
NT:
9 O/ (\/K s 51 90-91

a All reactions were run at 25C for 12 h on a 3 mmol scale and at
0.2 M [olefin] unless otherwise note@eneral procedure To a mixture
of 3 mmol of olefin and 3.3 mmol of anhydrous Chloramine-T in 15
mL of CH;CN were added 0.3 mmol of PTAB at 2E. After 12 h of
vigorous stirring, the reaction mixture was concentrated and filtered
through a short column of silica gel 84 cm, 10% EtOAc in hexane).
After evaporation of the solvent, the resultant solid was purified by
recrystallization” Isolated yields after silica gel column chromatog-
raphy. Yields in parentheses were obtained using TsSNGIND in
place of anhydrous Chloramine-TSee the Supporting Information
for recrystallization solvents. Colorless oil.¢ Use of the trihydrate of
Chloramine-T in this case gave an 80% yield @ 3 mmol scale and
also on a 0.5 mol scale, both run at 0.2 M concentration.

the positive bromine species (Br-X) which initiates the catalytic
cycle, and probably also as a sefiliquid phase transfer catalyst
aiding the dissolution of Chloramine-T in acetonitrile. As
depicted in Table % 1,2-disubstituted olefins (Table 1, entries
1-5) provided the corresponding aziridines stereospecifically and
in excellent yield. The two monosubstituted olefins (entries 6
and 7) gave more modest yields, albeit still in the useful range.
A disubstituted case, 2-methyl-1-heptene (entry 8), afforded 76%
of the desired aziridine along with 10% of the allylic sulfonamide
(6)° that is likely formed from an elimination process which
competes with aziridine ring closure. An allylic sulfonami@}
was also a minor byproduct (5%) from the aziridination of
1-methylcyclohexene (entry 9).

Good vyields were also obtained using the commercially
available form of Chloramine-T, which is a trihydrate (TSNCiNa
3H,0), with 10 mol % of PTAB in acetonitrile (0.2 M olefin
concentration) at room temperatufe.

To establish the applicability of this “trihydrate” version to
larger scale processes, a 0.5 mol scale reaction of cyclopentene
(34 g) was undertaken with TsNCIN&H,O (155 g) and 10 mol
% PTAB (19 g) in CHCN (2.5 L, therefore~0.2 M). The

9)
NHTs
8 9

NHTs
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(10) However, in contrast to the aziridination with anhydrous Chloramine-
T, higher olefin concentration with Chloramine-T trihyrate gave lower yields
of the aziridines. For example, the reaction of cyclopentene gave a 55% yield
with Chloramine-T trihyrate at 0.5 M [olefin], and interestingly when this
experiment was repeated in the presence of molecular sieves (4 A), the yield
was unchanged (i.e., 55%).

TsHN OH
TsHN Me

© 1998 American Chemical Society

Published on Web 06/27/1998



Communications to the Editor

Scheme 1

Ph1Me

"Bt

(Br-X, X = Cl, TsNClI, Br, etc.)

Br
Pha
'H
TsN Me
4 _
B _
l r M
" 5 TS
H H Ph [ -
RG_ oMe \"H
+ Br NTs Me
N cl
Ts 3
5

aziridination product was easily isolated by crystallization of the
crude reaction mixture (95 g, 80%, mp 712 °C) [see the
Supporting Information].

Our proposed pathway for this bromine-catalyzed aziridination
process is shown in Scheme 1 takicig-/3-methylstyrene ) as
the specific case. Initially, the olefin reacts with a*Bsource
(Br-X) to give the bromonium io2, which then suffers benzylic
opening by TsNCI forming the -bromo-N-chloroN-toluene-
sulfonamide3.1* Attack of Br~ (or TsNCI") on the N-Cl group
in putative intermediate8 generates the anioA and a Br-X
species. Expulsion of Brfrom the anion4 finally yields the

aziridine5, and the regenerated Br-X species (vide supra) is ready 1, coupling con

to initiate another turn of the catalytic cycle.
As revealed in Table 2, allylic alcohols are especially good

substrates for this bromine-catalyzed aziridination process. Given
that charged intermediates and reagents pervade the propose
catalytic cycle (Scheme 1), interesting mechanistic scenarios

invoking important roles for the proximate hydroxyl group are
easily imagined. For the moment, we note only one result of
possible relevance to these considerations, which is the sligh
preference forsynaziridination of 2-cyclohexen-1-ol, the sole
cyclic case in Table 2 (entry 9, 2.5:1:8 syn:anti)*?

In the parent case (i.e., allyl alcohol, entry 6), 30% of the 2,
3-disulfonamides?’ is also produced. This is not surprising since
TsNCI is an excellent nucleophfi® and the primary product,
an aza-glycidol analogue, should be a reactive electrophile.
However, the reaction of 2-methyl-2-propen-1-ol (entry 7) gave
the corresponding aziridine in a 70% yield and only 12% of the
disulfonamide9.® When these latter two reactions (entries 6 and
7) were repeated using 2.2 equiv of anhydrous Chloramine-T,
only the disulfonamide product8 (60%) and9 (62%) were
obtained.

In conclusion, we have found a simple bromine-catalyzed
process for the direct formation &-sulfonyl aziridines from
olefins"® with RSONCI™ salts as the nitrogen source. Successful
preliminary results have also been obtained vitNO,PhSQ-
NCINa*2MeSGNCINa** n-BuSONCINa*°t-BuSGNCINa 4
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1971, 1899. Campell, M. M.; Johnson, @hem. Re. 1978 78, 65.
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Table 2. Bromine-Catalyzed Aziridination of Allylic Alcohols
with AnhydrousTsNCIN&
entry olefin product yield (%)b: ¢
NTs
1 WOH /W\OH 97
= NTs
2 "\ on 95
OH
NTs
3 PR " 0H Ph OH 70
NTs
4 WOH on .
5 )\/\ R 94
X OH OH
NTs
6 NX0H <~om 30€e
NTs
7 YoH ﬂ/\OH 70f
Ph— = NTs
o OH Ph—, 80
OAOH
OH H
9 1 878

a All reactions were performednoa 2 mmol scale and at 0.2 M

[olefin]. P Isolated yields after silica gel column chromatography.

¢ Colorless oil unless otherwise notetnp 63-64 °C. ¢ 30% of the
disulfonamide8 was also obtained.12% of the disulfonamid® was

also obtained? Syn:anti= 2.5:1.0 (assignment of the configuration of
the diastereomers was made by comparison of coupling constants with
literature valued? syn, J;, = 4.2 Hz,J15 = 7.0 Hz; anti,J; s = 6.8
stants of a similar pair of aziridine diastereoriters:
Syn,JJ_'z =45 HZ,Jl,sA =9.0 HZ,Jl,eg =6.0 HZ; anti,Jl,z =1.0 HZ)

and N-chloro-N-sodiobenzothiazole-2-sulfonami#éé,currently
ynder investigation as alternative nitrogen sources due to the mild
reaction conditions needed for subsequent deprotection of the
resulting sulfonyl aziridines or their derivativ€s.Thus bromine
joins its third row neighbor selenium in catalyzing a selective
tatom transfer oxidation process of olefifisUse of Chloramine-T
(TsNCINa) is especially attractive because it is inexpensive and
its aziridine derivatives tend to be crystalline. Since the process
can be run fairly concentrated (e.6.5 M), and in the case of
crystalline products entails a very simple workup/isolation
sequence, large scale applications can be considered.
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Supporting Information Available: A discussion of the challenges
faced in developing metalloid-main group elements as catalysts for atom
transfer oxidation of olefins, experimental details, and spectral data (8
pages, print/PDF). See any current masthead page for ordering informa-
tion and Web access instructions.
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