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ABSTRACT
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Suitable for Aromatic, Aliphatic, Cyclic and Acyclic
Alkenes as well as a,p-Unsaturated Esters.
Moderate Stereoselectivity for 1,2-Disubstituted Alkenes.

Iron(lll) porphyrin complexes Fe(Por)Cl are effective catalysts for aziridination of alkenes using bromamine-T as the nitrene source. The catalytic
system can operate under mild conditions with alkenes as limiting reagents. The aziridination reaction is general and suitable for a wide

variety of alkenes, including aromatic, aliphatic, cyclic, and acyclic olefins,

reactions proceeded with moderate to low stereospecificity.

as well as a,f-unsaturated esters. For 1,2-disubstituted olefins, the

Aziridination of alkenes mediated by a transition metal
complex is one of the most attractive methods for the
efficient and selective construction of synthetically and
biologically important aziridine$.The reagent [N-(p-tolu-
enesulfonyl)imino]phenyliodinane (PhNTs) and related

iminoiodane derivatives, aza-analogues of iodosylbenzene,
have been extensively used as primary nitrene sources for 4 o, the use of in situ formed iminoiodane, see: (a) Yu, X.-Q

catalytic aziridinatior?. Although great progress has been
made with PH=NTs in a number of metal-catalyzed systems
including asymmetric aziridinatiok® the reagent suffers from

several drawbacks including its commercial unavailability,
high cost, and insolubility along with generation of the heavy
Phl byproduct. Consequently, there has been growing
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interest in developing metal-catalyzed aziridination of alkenes
with alternative nitrene sources such as chloramirte-T,
bromamine-T¢ and azidesg.

Metalloporphyrins have played a pivotal role in the
development of several important catalytic atom/group
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Fe(TPP)CI:
Ry=Ry;=R3z=H.

Fe(TMeOPP)CI:
Ry =Ry =H, Ry =MeO.
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Fe(TDCIPP)CI:

Ry =Cl, Rp=Rg=H.
Fe(OEP)CI Fe(TPFPP)CI:
Ry=Ry=Rs=F.

Figure 1. Structures of iron(lll) porphyrin complexes.

transfer reactions, including aziridination of alkenes. In fact,
metalloporphyrins are the first transition metal complexes
that were demonstrated to catalyze aziridination of alkénes.
Following this breakthrough, porphyrin complexes of several

metal ions such as Fe, Mn, and Ru have been disclosed fo@

aziridination catalytic activity with PrENTSs® As a part of

Table 1. Aziridination of Styrene by Metalloporphyrifs

NTs
s

M(Por)]

<h

Nitrene Source

entry nitrene source metalloporphyrin® yield (%)°
1 PhI=NTs Fe(TPP)CI 31d
2 chloramine-T Fe(TPP)CI 5
3 bromamine-T Fe(TPP)CI 60
4 bromamine-T Mn(TPP)CI 12
5 bromamine-T Co(TPP) 27
6 bromamine-T Ru(TPP)(CO) 47
7 bromamine-T Fe(OEP)CI 0
8 bromamine-T Fe(TMeOPP)CI 25
9 bromamine-T Fe(TDCIPP)CI 38
10 bromamine-T Fe(TPFPP)CI 80

a8 Reactions were carried out for 12 h at room temperature igGDH
under N in the presence of 5 A molecular sieves with a styrene to nitrene
ource mole ratio of 5:1° Catalyst loading: 5 mol %; see Figure 1 for
tructures of metalloporphyringYields represent isolated yields 805%
purity as determined b¥H NMR. 4 From ref 3b.

our program of metalloporphyrin-based atom/group transfer
catalysist® we became interested in developing practical
catalytic aziridination processes with alternative nitrene 5 mol % catalyst with a styrene to nitrene source mole ratio
sources. We reveal herein that iron(lll) porphyrin complexes of 5:1. The results are summarized in Table 1. Although
Fe(Por)CI (Figure 1) are efficient and general catalysts for chloramine-T was ineffective for the aziridination by Fe-
aziridination of a wide variety of alkenes using bromamine-T (TPP)CI (Table 1, entry 2), bromamine-T was found to be a
as a nitrene source (Scheme!i)The reactions can be superior nitrene source in comparison with £NTSs,
performed under mild conditions with alkenes as limiting affording the desired aziridine in 60% isolated yield (Table
reagents and proceed with moderate to low stereospecificityl, entries 1 and 3). Other metal complexes of TPP such as

for 1,2-disubstituted alkenes.

Scheme 1. Aziridination of Alkenes Catalyzed by Iron(lll)
Porphyrin Fe(TPP)CI

'lrs
R! 0 Na

n s Fe(Por)CI i N
>_ . O ﬁ_N\ [Fe(Por)Cl] R>L\
Reo Rs o) Br Ry Rs

We first surveyed the catalytic aziridination of styrene by
various metalloporphyrins (Figure 1) with different nitrene

Mn(TPP)CI, Ru(TPP)(CO), and Co(TPP) could also aziri-
dinate styrene, but with less efficiency (Table 1, entrie§}
Although porphyrin complexes of Fe, Mn, and Ru have been
known to catalyze aziridinatioh? to the best of our
knowledge, cobalt porphyrins have never been demonstrated
for aziridination activity previously. The catalytic activity

of Fe(Por)Cl with bromamine-T has a dramatic ligand
dependence. Whereas both Fe(MeOPP)CI and Fe(TDCIPP)-
Cl were less effective than Fe(TPP)CI (Table 1, entries 8
and 9), no activity was observed with Fe(OEP)CI (Table 1,
entry 7). However, the electron-deficient Fe(TPFPP)CI
improved the isolated yield of the desired aziridine to 80%
(Table 1, entry 10).

sources. The reactions were carried out at room temperature The substrate scope of the aziridination reactions by Fe-
in acetonitrile in the presence of 5 A molecular sieves using (TPP)Cl with bromamine-T was then explored using a variety
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of alkenes under the same conditions (Table 2, yield A,
bromamine-T as the limiting reagent). The catalytic system
is suitable for a variety of styrene derivatives witlra-
substituted alkyl and halogen groups, affording the corre-
sponding aziridines in yields similar to or better than that of
styrene reaction (Table 2, entries 7). Sterically hindered
derivatives such as 2,4,6-trimethylstyrene could also be
aziridinated, albeit in a lower yield (Table 2, entry 8). Both
o- andg-substituted styrenes including ettisdns-cinnamate
could be successfully converted to the desired aziridines in
moderate to good yields (Table 2, entries-1%). The
stereospecificity ranged from moderate to low for the 1,2-
disubstituted olefins (Table 2, entries-126). Like ethyl
trans-cinnamate, the.,5-unsaturated estéert-butyl acrylate
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Table 2. Aziridination of Alkenes with Bromamine-T Table 3. Aziridination of Styrene with Bromamine-T
Catalyzed by Fe(TPP)CI Catalyzed by Fe(TPP)CI under Various Conditions
entry substrate product  yield A (%)°  yield B (%)° N 0 Na (Fe(TPP)CI] NTs
\ o -
1 @N 60 77 O Br MSS5A
\ NTs - -
2 D/\ /@N 60 75 [Fe] temp time yield
Me - Me NTs entry S:BT®  (mol%) solvent  (°C) (h) (%)°
3 Q/\ /@N 68 - 1 5:1 5 toluene 23 12 0
tBu +Bu NTs 2 5:1 5  THF 23 12 0
4 m ON 709 ~ 3 5:1 5  CHCl, 23 12 5
CIH,C CIH,C NTs 4 5:1 5 CHsCN 23 12 60
/©/\ 5 5:1 5 CH3CN 23 6 64
> e B /©N a4 - 6 5:1 5 CHsCN 23 2 42
\ r NTs 7 5:1 5 CHsCN 40 12 65
6 ol Q/\ /@N 52 80 8 5:1 5 CH3CN 80 12 80
N Cl NTs 9 5:1 5 CHsCN 100 12 39
7 /©/\ /@N 55 - 10 5:1 2 CH3CN 23 12 10
F F 11 5:1 10 CH3CN 23 12 70
~ NTs 12 10:1 5 CH3CN 23 12 55
8 46 - 13 100:1 5 CH3CN 23 12 45
14 1:1.5 5 CH3CN 23 12 62
Me Me, NTs 15 1:2 5 CHCN 23 12 77
9 ©/§ @ 42 - 16 1:2 5 CHCN 80 12 67
17 1:2 10 CH3CN 23 12 82
Ph Ph_ NTs 18 15 5 CHCN 23 12 52
10 @/& ©)<1 72 - ' 8
aReactions were carried out undes N the presence of 5 A molecular
NTs sieves with a concentration of 0.1 mmol styrene/2 mL solveBtBT =
11 @ 28 48 the mole ratio of styrene substrate to bromaminé-Yields represent
isolated yields of>95% purity as determined b4 NMR.
12 ©/\ @QTTS 38 54
Me Me (61:39)¢  (56:44)7

chain alkenes are also suitable substrates (Table 2, entries

WMe 64 TS 18—21). Howeverexo-methylene carbocycles such as me-
Ts (18:82) thylenecyclohexane could only be converted to the corre-

&
/5
=
)
§Z
.—{
w
=
®
®
D
Q

=z

14 mh mh 64 ) 68 p sponding spirocyclic aziridine in a trace of amount under
on NTe (69:31)"  (60:40) the conditions (Table 2, entry 22).
15 Q/\’ @Q.nph 72 70 To further improve the Fe(TPP)Cl/bromamine-T aziridi-
(58:42)7  (50:50)° nation system, detailed optimization of various reaction
~COOEt e t ied out using st the model
16 g&..,ooogt a2 - parameters was carried out using styrene as the mode
(31:69)¢ substrate (Table 3). GEN appeared to be the solvent of
" choice, as other solvent h as toluene, THF, H
17 S COO(t-Bu) QN_T%OOU_BU) 36 N oice, as othe To ents such as toluene _ angﬂ_;_ _
gave none or only a trace amount of the desired aziridine
18 @ O:NTS 48 47" (Table 3, entries 14). The reaction time could be shortened
. to 6 h without affecting the yield, but a lower yield was
19 O ONTS 42 45 obtained when the reaction was stopped at 2 h (Table 3,
entries 5 and 6). Increase in reaction temperature gave better
20 O ONTS 53 60 results. For example, the isolated yields were 64% and 80%
91 A~ NTs 55 60 at 40 and 8C°C, respectively (Table 3, entries 7 and 8).
PV aNFNPaN|

However, further increase of the reaction temperature to 100
22 <:>= O{}‘TS 0 50 °C resulted in dramatic decrease of the desired aziridine due
g . b und ) to formation of several unidentified side products (Table 3,
aCarried out at room temperature in gEN for 12 h under N in the :
presence of 5 A molecular sieves using 5 mol %. Fe(TPP)CI. Concentration: enm_/ 9)' Decreas?d y'eld was observed when a qu\_/e_r CatalySt
0.1 mmol alkene/2 mL CECN. P Isolated yields with Bromamine-T as  loading was applied (Table 3, entry 10). The aziridine was

limiting reagent (alkene/Bromamine<¥ 5:1). ¢ Isolated yields with alkene isolated in 70% yield for a room temperature reaction using
as limiting reagent (alkene/Bromamine=T 1:2). 9 cis:transratios.© Per-

formed at 60°C. f Fe(TPFPP)Cl was usedContaminated with a small & higher catalyst loading (Table 3, entry 11). Whereas
amount of side product. increase of styrene to bromamine-T mole ratio worsened the

reaction (Table 3, entries 12 and 13), improved results were
could also be aziridinated in a moderate yield (Table 2, entry observed when the reactions were carried out with styrene
17). Cyclic alkenes with different ring sizes and straight- as the limiting reagent. For example, the isolated yields
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s The catalytic aziridinations by iron(lll) porphyrins with

Scheme 2. Possible Mechanism for Aziridination of Alkenes ~ Promamine-T are assumed to proceed via a mechanism
Catalyzed by Iron(lll) Porphyrin with Bromamine-T similar to that proposed for other metalloporphyrin systems
with PhI=NTs&° As shown in Scheme 2, reaction of iron-

(o) Na Ts
<:> n 7 R N (1) porphyrin with bromamine-T generates the iron-nitrene
(IS)I N\Br R2>L\ Rs intermediateA with concomitant formation of NaBr. Nitrene
transfer from intermediaté to alkene substrate produces
NTs R the aziridine product and regenerates iron(lll) porphyrin to
NaBr >=\ turn over the catalytic cycle. However, the low to moderate
A Ry Rs stereoselectivity observed for 1,2-disubstituted olefins could

imply the involvement of a radical intermediate.
In summary, we have revealed for the first time that

reached 62% and 77% when styrene to bromamine-T mo|ebromamine—T is an effective nitrene source for aziridination

ratios were 1:1.5 and 1:2, respectively (Table 3, entries 14 Of @lkenes by porphyrin complexes of transition metal ions

and 15), but further increase of bromamine-T equivalence INcluding Mn, Fe, Ru, and Co. We demonstrated that the
gave a poor result due to the generation of side products"€W Fe(TPP)Cl/bromamine-T catalytic aziridination system

(Table 3, entry 18). Side products were also observed whenC@n b€ operated under mild and practical conditions with

the reaction was done at elevated temperature with Styrenealkenes as limiting reagents. The catalytic reaction is general
to bromamine-T mole ratios of 1:2 (Table 3, entry 16). The and suitable for a wide range of alkene substrates, forming
best isolated yield (82%) of the desiri(p-tolylsulfonyl)- desired aziridines in good yields, although the stereospeci-
2-phenylaziridine was achieved when a higher catalyst ficity is only moderate to low for 1,2-disubstituted olefins.

loading was employed at room temperature with the 1:2 ratio Further improvements are expected with iron(lll) complexes
(Table 3, entry 17). that are supported by different porphyrin ligands, as we have

On the basis of the above optimization and the consider- /réady demonstrated with Fe(TPFPP)CI for yield improve-
ation of practicality, the aziridination of representative Ment(Table 1, entry 10). The development of an asymmetric
examples of alkenes with bromamine-T was carried out again Ve'Sion of the catalytic system is in progress.

at room temperature with alkenes as the limiting reagents i )
using 5 mol % Fe(TPP)Cl. As summarized in yield B of Aqknowledgment. We are grateful for flnanlual support
Table 2, yields were improved in all of the cases examined. of this work from the UT Department of Chemistry and Oak

Ridge Associated Universities (ORAU) for a Ralph E. Powe
Junior Faculty Enhancement Award. We wish to acknowl-
tedge Dr. Al Tuinman of UT Mass Spectroscopy Center for
@ssistance with high-resolution mass spectroscopy.

For example, large increases in yields were obtained for
styrene derivatives (Table 2, entries 1, 2, and 6). For
[B-substituted styrenes, good yields were achieved in mos
cases, but stereospecificities remained almost the same (Tabl
2, entries 1+15). Similar improvement in yield was also
observed for cyclic and straight-chain alkenes (Table 2, . .
entries 20 and 21). Under this new condition, the previous tal prgcedures and analytical data for .aII products. This
negative reaction of methylenecyclohexane was successfuII)/n"’ue”"’lI is available free of charge via the Internet at
performed to afford the desired spirocyclic aziridine in 50% hitp://pubs.acs.org.

yield (Table 2, entry 22). OL049691K
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