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ABSTRACT
o} e}
o m-CPBA, K,CO5 Arl, m-CPBA, /AN\
R + H,N—N R N
R CH,Cly, 25°C K2CO3, CH,Cly
o] 25°C O
R = alkyl, aryl up to 94% yield

Aryl iodide mediated aziridination of a variety of alkenes with

N-aminophthalimide under mild conditions (

m-CPBA, K,CO;, CH2C|2, 25 OC) was

achieved in moderate to good yields (up to 94%). By recovering the aryl iodide, a recyclable system is developed with product yield over 79%

attained for the aziridination of  trans-1,2-diphenylethylene.

Aryl-13-iodane mediated organic transformations have at- pounds such as PENSG.R (usually R= Ar), PhI=0, and
tracted a myriad of attention in recent years due to the usefulPhI(OAc), have useful applications in transition metal
oxidative properties of hypervalent iodine(lll) compounds catalyzed C—N bond forming reactions. In this regard? we
and the benign ecological character and commercial avail-and Yudin et aP.reported that a Phl(OAg)nediated version

ability of aryl-A3-iodane precursorsindeed, works by s
and others have shown that polyvalent iodine(lll) com-
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of the lead(lV) acetafecatalyzed intermolecular aziridination
of alkenes usingN-aminophthalimide (PthN§) as a nitrogen
source could be accomplished in good to excellent yields.

Despite these advances, the challenge remains to develop
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less toxic and inexpensive alternatives to adedane
reagents such as PhI(OAckuch reagents would be desir-
able in view of the growing interest and needs of the
chemical industry to develop nontoxic and inexpensive
catalysts that can mediate a wide variety of chemical
processes.

As part of an ongoing program aimed at developing
polyvalent iodine(lll) reagents for-€N bond formation, we
examined the potential applications of aryl iodides for

stereoselective nitrogen atom transfer reactions such as alkene

aziridination. Herein we describe the realization of a “Arl
+ PthNH" protocol that is useful for the construction of
aziridineg under mild conditions (Scheme 1). Notable

Scheme 1
o
with Arl R N\N:IZ
o) \_/
€O, m-C ©
K m-CPBA
X + HN- 2 ’ 12
RS + FNN CH,Cly, 25°C
" © <F
without Arl R

observations we have made for this intermolecularNC
bond formation process are: (1) in the absence of Arl,

complete chemo-switching occurs and the epoxide product

is furnished with quantitative recovery of PthiHand (2)

1,X=MeO,Y=Z=H;
Y 2,X=Z=H,Y =OMe; |
3,X=H, Y =Z=OMe; X BX=H.
X | 4X=Y=Z=H; OO 9. % - OMe
5,X=NO,, Y=Z=H; :
z  6.X=BrY=Z=H;
7,X=Me,Y=2=H.

Figure 1. Aryl iodides used in this work.

was obtained in 81% yield. Slightly lower product yields
(66—70%) were obtained upon lowering the loadinglof
from 1.4 to 1 equiv or in the absence of®Os. A markedly
lower product yield (31%) was found when the reaction was
conducted with 0.6 equiv df (entries 2—4). In contrast, on
changing the oxidant froom-CPBA to either NgO,, NaBG;,
‘BuG;H, or oxone no reaction was found on the basid+bf
NMR analysis.

Inspection of entries57, 9—11, and 13 in Table 1 reveals
that the intermolecular aziridinations diawith other aryl

itis possible to recover and recycle the Arl systems we have jodides are slightly less effective. Under the conditions of 1

employed. Since the completion of this work, the groups of
Kita® and Ochidl have reported the use of a variety of aryl

equiv of 11a, PthNH (1.4 equiv), andn-CPBA (2 equiv)
in CH,Cl, at 25°C for 12 h, aziridination with 1 equiv of

iodides as recyclable catalysts for various organic oxidations 2—4, 6—8, or 10 as the Arl source gavé&2ain 49—65%

that proceeded in moderate to good yield.

At the outset of this study, we examined the effect of
several substituted aryl iodides—10 (Figure 1) on the
outcome of various intermolecular alkene aziridination
reactions. The aryl iodide reagents-10 were prepared
following literature methodsor purchased from commercial
sources? With styrenellaas our initial probe substrate, a
survey of different reaction conditions revealed that aziri-
dination of 11a was best performed in the presence of
PthNH, (1.4 equiv),m-CPBA (2 equiv), and KCO; (3 equiv)
in CH,Cl; at 25°C for 12 h with 1.4 equiv op-MeOGHql
(1) as aryl iodide source (Table 1, entry 1). Under these
conditions, 2-(2-phenyl-aziridin-1-yl)-isoindole-1,3-dich2a
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Table 1. Optimization of Reaction ConditioAs

(0] o
PR + HZN—N>;:© Al m-CPBA Ph/A N\Nifz
CH,Cly, 25°C
o (0]
Ma 12a

entry Arl yield (%)?

1¢ 1 81

2d 1 70

3 1 66

4¢ 1 31

5 2 64

6 3 65

7 4 49

8 5 26

9 6 51

10 7 55

11 8 60

12 9 27

13 10 65

a All reactions were performed in G&l, at 25°C for 12 h with styrene/
Arl/PthNH,/m-CPBA ratio of 1:1:1.4:2% Isolated yield.c Conducted with
1.4 equiv of1 and 3 equiv of KCOs. 9 Conducted with 1 equiv of and
3 equiv of KCOs. ¢ Conducted with 0.6 equiv df.
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yield. Reactions oL 1awith either5 or 9 as Arl source are || N

the only instances where markedly lower yields of 26% and Tpje 2. Intermoleculari-Mediated Aziridination with PthNpi

27%, respectively, were obtained (entries 8 and 12). as Nitrogen Source and Comparison with the Analogous
At this juncture, we would like to highlight that employ-  phi(OAc)-Mediated Reactions
ment of aryl iodide for the aziridination reaction is essential. vield (%)

entry substrate product

As depicted in Scheme 2, under our experimental conditions, 1° PhI(OAc),"

Fth

\ N
1 @A @A 81 84
11a
Scheme 2 12a o
(e} A N
N >;:© m-CPBA, CH,Cl, 0 2 FsCJ@/\ @A 79 62
©/\ + HN—N O/Q 11b Fc
25°C 12b
11a 0 - NPth
3 FQ/\ J@(Q 82 56
He " i
the reaction of 1 equiv ofla, 1.4 equiv of PthNK and 3 Pth
equiv of m-CPBA in CHCI, at 25°C for 12 h gave styrene /@A @/QN
oxide in 40% yield; the absence of Arl seemed to act as a 4 o 11d o 82 73
trigger for chemo-switching from €N to C—O bond 12d o
formation (see later section). /@A\ N
To define the scope df-mediated aziridination reactions, 5 Ve /©/<‘ 49 70
we applied this process on a series of terminal and internal 1le Y e
alkenes11b—I| (Table 2). These reactions afforded the e
corresponding aziridines2b—I in moderate to good yields 6 Ph;l\f/ P 68 35
(up to 94%) (entries 212). The highest product yield of L
94% attained in this work was for the intermolecular 7 PPN Ph/QNI/Ph 84 89
aziridination of 1,3-diphenyl-propen-3-oiéh (entry 8). To g 12g
our knowledge, this represents the highest product yield so 2 [
far achieved forl-mediated aziridination of alkenes using 8 Ph 1\111 P o <Ly 94 93
PthNH; as the nitrogen source under mild oxidizing condi- zn
tions. Notably, the electron-rich or -deficient nature ¢fC N
C bond was found to have a marked effect on reaction yield. ¢ @A 37 -
In general, electron-deficient alkenes were found to proceed 11i 12i
in =11% higher product yields than those with electron- o . g N
donating substituents (cf. entries 2—4 and 8 vs 5, 6, and 9). 10 @A ©/Q 80 A
Conformationally restricted alkenes, such as 2,2-dimethyl- 11j 12§
2H-chromenellk and 1H-indenelll, were also found to “ Jo
undergo intermolecular aziridination, to give aziridirlek CQV m 60 20
and 12l in 60 and 50% vyield, respectively (entries 11 and 11K 121
12). Pth
As shown in Table 2, a comparison of themediated ~ N
aziridinations oflla—I with the analogous reactions using 12 ©§Z 50 4

PhI(OAc), as aryl iodide source revealed that in the latter,  ajsolated yield? Al reactions were performed in G, at 25°C for
Comparab|e product y|e|ds of 8803% were obtained for 12 h with alkene/1/PthN#m-CPBA/KCQO; ratio of 1:1.4:1.4:2:3¢All

. fl d h . d b 0 reactions were performed in GEI; at 25 °C for 12 h with alkene/
reactions o 13-"?1“ 11g—h(entries 1, 7, an( 8), but 9% PhI(OACK/PthNH,/K ,CO; ratio of 1:1.5:1.4:2.89 No reaction.
lower product yields were found for reactions bfb—d,
11f, and11l (entries 2-4, 6, and 12). In addition, Phl(OAg)
was found in this work to be unable to mediate the 3, entry 1). The aryl iodidd0 was recovered and subjected
aziridination of11i and 11j; in both instances, the alkene to another five consecutive reactions under the same condi-
starting material was recovered in quantitative yield (entries tions mentioned above (see Supporting Information for
9 and 10). Phl(OAg}mediated aziridinations dfleand11k details). As shown in entries26 in Table 3, product yields

are the only examples where higher product yields of 70% of 80%, 82%, 89%, 84%, and 79% were achieved for each

were obtained (entries 5 and 11). consecutive reaction and no apparent loss of activity was
In this work, a recyclable aryl iodide system for aziridi- observed.
nation of alkenes was developed. Additionldfg (1 equiv) The proposed mechanism for tiienediated aziridination

to a CHCI, solution containind.0 (1.4 equiv), PthNH (1.4 of alkenes is depicted in Scheme!3We postulate that
equiv), andm-CPBA (2 equiv) at 25°C followed by PthNH, is oxidized by AH(OCOAP), (Art = p-MeOGHj,
subsequent stirring for 12 h gadgin 87% vyield (Table Ar2 = m-CIGH,), the latter is produced in situ from
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Table 3. Recyclable Aryl lodidelO for Alkene Aziridination Scheme 3

Reaction m-CPBA
Q Al
aUPh 10, m-CPBA N,P‘h H0
Ph + HpN—N R
CH,Cly, 25°C PPN 1
o] Pth OCOA?
119 129 N APOCO-NHPth Arl—(
R o / 0CoAr?
entry yield (%) 12 ocoa’ PthNH
Al LOCOA? 2
1 87 ! o
9 80 NHPth OCOAr?
3 82
4 89 aziridine product for reactions conducted with oxidants other
5 84 thanm-CPBA.
6 79 In summary, we have developed an efficient and recyclable
2 All reactions were performed in Gl at 25°C for 12 h with11g/ method for mediating alkene aziridination that is practical,
10/PthNH/m-CPBA/K,CO;s ratio of 1:1.4:1.4:2:3" Isolated yield. nontoxicy and inexpensive_ The method probab|y involves

in situ generation of an aryl®-iodane species from oxidation
oxidation of1 by m-CPBA. Dissociation of A from the of the aryl iodide withm-CPBA. Reaction of this intermedi-

newly formed AH(OCOAR)(NHPth) intermediate results in ~ &t€ With PthNH produces the active species of the alkene
the generation of-benzoyloxyaminophthalimide, the active aZiridination step. Efforts are currently underway to develop
species that undergoes=C bond addition and cyclization &N @symmetric aryl iodide mediated version of the present
to give the aziridinel212 The role of1 seems to facilitate reaction and its application to the total synthesis of natural
formation of the aryli>-iodane species. As mentioned in an Products.

earlier section, this is supported by the reactioriidé in

the absence ofl, which gave styrene oxide (without
competitive formation ofLl2a) and quantitative recovery of
PthNH. The involvement of such polyvalent iodine(lll)
intermediates is further supported by the systematic decreas
in product yields from 81% to 31% with a decrease in aryl
iodide loading from 1.4 to 0.6 equiv and detection of no
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