Aziridination of Aliphatic Alkenes
Catalyzed by N-Heterocyclic Carbene

Copper Complexes

Qun Xu and Daniel H. Appella*

ORGANIC
LETTERS

2008
Vol. 10, No. 7
1497—-1500

Laboratory of Bioorganic Chemistry, National Institute of Diabetes and Digesind
Kidney Diseases, National Institutes of Health, DHHS, 9000 HiekPike,

Bethesda, Maryland 20892
appellad@niddk.nih.gov

Received February 8, 2008

ABSTRACT

IPrCu(DBM) 10 mol % NSO;CH,CCly

R

R/<I

PhI=0 (1.5 equiv)

1 equiv
aliphatic alkenes

A copper-catalyzed aziridination of aliphatic alkenes promoted by

H;NSO3CH,CCl3 (1.5 equiv)
4AMS, CgHsCI, 25 C

N-heterocyclic carbene ligands is described. The readily available catalyst

IPrCu(DBM) can catalyze aziridination of a variety of aliphatic alkenes using alkenes as the limiting reagents.

Aziridines are versatile synthetic intermediates and are alsothere are notable applications of alkene aziridination in

present in many biologically active compouridsmong the

organic synthesis? but improvements could benefit re-

methods to access aziridines, nitrene addition to alkenessearchers.

constitutes one of the most straightforward synthetic strate-

gies? This type of reaction may proceed through a copper
nitrene intermediate derived from a copper catalystheig-
tosyliminophenyliodinane) (TsNIPh)2 In many aziridination

Recent studies on metahitrene catalysts have demon-
strated that an iminophenyliodinane may be generated in situ
in the presence of an oxidant, such as iodosobenzene or
iodobenzene diacetate, and a sulfonamittethe presence

methodologies, efficient trapping of a nitrene by an alkene of a metal (such as copp&rhodium? rutheniumé manga-
can be difficult and may require the use of a large excess of nesé’ silver° gold!! iron,'? and cobalt®), metal—nitrene

alkene (such as-510 equiv). This is not practical when the

catalysts can be generated. One of the best aziridination

starting material is a valuable synthetic precursor. Moreover, catalysts developed so far is the Rh-based system reported
high yields for aziridinations are usually limited to substrates by Du Bois and co-workers that has excellent reactivity with
derived from styrene whereas simple aliphatic alkenes oftennumerous types of substrates (including aliphatic alkenes),

exhibit diminished reactivity or competing side reactions
resulting from C-H insertion. Even with these shortcomings,

(1) (@) Sweeney, J. Bhem. Soc. Re2002,31, 247. (b) Zwanenburg,
B.; ten Holte, PTop. Curr. Chem2001,216, 93. (c) McCoull, W.; Davis,
F. A. Synthesi000, 1347. (d) Tanner, DAngew. Chem., Int. Ed. Engl.
1994,33, 599.

(2) Reviews: (a) Miller, P.; Fruit, GChem. Re»2003,103, 2905. (b)
Dauban, P.; Dodd, R. Fsynlett2003, 1571. (c) Espino, C. G.; Du Bois J.
In Modern Rhodium-Catalyzed Organic Reactidggans, P. A., Ed.; Wiley-
VCH: Weinheim, Germany, 2005; Chapter 17, pp 3446. (d) Hafen, J.
A. Curr. Org. Chem2005,9, 657. (e) Watson, |. D. G.; Yu, L.; Yudin, A.
K. Acc. Chem. Re006,39, 194. (f) Jacobsen, E. N. ldomprehensive

Asymmetric Catalysis; Jacobsen, E. N., Pfaltz, A., Yamamoto, H., Eds.;

Springer-Verlag: Berlin, 1999; Vol. 2, pp 665618.

(3) (a) Evans, D. A.; Faul, M. M.; Bilodeau, M. T. Am. Chem. Soc
1994,116, 2742. (b) Evans, D. A.; Faul, M. M.; Bilodeau, M. I..Org.
Chem.1991,56, 6744.

10.1021/01800288b CCC: $40.75
Published on Web 03/12/2008

© 2008 American Chemical Society

(4) Application in total synthesis: (a) Hudlicky, T.; Tian, X.; Kénigs-
berger, K.; Maurya, R.; Rouden, J.; Fan,BAm. Chem. S0d.996,118,
10752. (b) Masse, C. E.; Knight, B. S.; Stavropoulos, P.; Panek, J. S.
Am. Chem. Socl997,119, 6040. (c) Overman, L. E.; Tomasi, A. L.
Am. Chem. S0d 998,120, 4039. (d) Sudau, A.; Milinch, W.; Bats, J. W.;
Nubbemeyer, UChem.—Eur. J2001,7, 611. (e) White, R. D.; Wood, J.

L. Org. Lett.2001,3, 1825. (f) Ahmadian, M.; Khare, N. K.; Riordan, J.
M.; Klon, A. E.; Borhani, D. W.Tetrahedron2001,57, 9899. (g) Baron,

E.; O'Brien, P.; Towers, T. DTetrahedron Lett2002,43, 723. (h) Di
Chenna, P. H.; Dauban, P.; Ghini, A.; Baggio, R.; Garland, M. T.; Burton,
G.; Dodd, R. HTetrahedror2003,59, 1009. (i) White, R. D.; Keaney, G.
F.; Slown, C. D.; Wood, J. LOrg. Lett.2004,6, 1123. (j) Provoost, O. Y.;
Hedley, S. J.; Hazelwood, A. J.; Harrity, J. P. Petrahedron Lett2006,

47, 331. (k) Kessler, A.; Faure, H.; Petrel, C.; Rognan, D,; Césario, M.;
Ruat, M.; Dauban, P.; Dodd, R. H. Med. Chem2006,49, 5119.

(5) (a) Dauban, P.; Saniere, L.; Tarrade, A.; Dodd, RIHAmM. Chem.
Soc.2001,123, 7707. (b) Kwong, H.-L.; Liu, D.; Chan, K.-Y.; Lee, C.-S;
Huang, K.-H.; Che, C.-MTetrahedron Lett2004,45, 39665.



utilizes only a single equivalent of substrate, and is stereo- to oxidizing conditions, and NHC copper carbene complexes
specific’®' The only minor drawback to this system is the have been shown to catalyze cyclopropanation oveHC
substantial amount of competitive-& insertion observed  insertion!® To the best of our knowledge, there are only two
with cyclohexene and cyclopentene which limited its use for examples of aziridination using NHC metal complexes. Trost
our research purposésYudin and co-workers have devel- and Dong reported successful aziridination of an aliphatic
oped an elegant aziridination method that relies on electro- alkene with 50% IPrCuCl as a catalyst and 5 equiv of FsN
chemical oxidation oN-aminophthalimide. This method has IPh in the total synthesis of Agelastatin & Recently,
the broadest substrate scope but also requires specializedleming and co-workers employed the same catalyst to
apparatug®*® Therefore, we pursued the development of a promote an intramolecular aziridination of unsaturaiéd
simple aziridination catalyst specifically for cyclic and tosyloxy carbamate$® In this manuscript, we report a
aliphatic alkenes that are relevant to our research prodgtam. systematic investigation of aziridination using copper cata-
Whereas most aziridination catalysts rely on nitrogen lysts bearing NHC ligands under conditions where the nitrene

ligands, we felt thaN-heterocyclic carbenes (NHE€ould is generated in situ. Furthermore, we optimized conditions
potentially be better ligands to promote the reaction by so that the substrates are not used in excess, and we
stabilizing reactive intermediates in the catalytic cyéli specifically focused on using aliphatic alkenes as substrates.

addition, carbene metal catalysts are robust, highly tolerant In developing our methodology, we selected copper as the
metal because copper nitrene complexes usually react with
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in Table 1, toluenesulfonamide (TshH p-nitrobenzene-
. 4 - .

sulfonamide (NsNH),* and 5—methy!pyrldlne—2—sulfonam|de Table 3. Aziridination of Olefins Catalyzed by 10%

(MpsNH,)** were moderately efficient, but the best result |prcypBMY

was achieved with the trichloroethylsulfamate esteNEO;- PrPr

CH,CCl;) that was pioneered by Du Bois and co-workers 'N'?N_

for aziridination with their Rh-based catalyst. This sul- IPICU(DBM) = =T

fonamide group may be removed using Zn(Cu) in AcOH/ 23

MeOH/¢ In contrast to the procedure reported by Dauban R O O . /<’I\‘SO3CHch[3
and Dudd® 4 A molecular sieves (MS) were essential for 1 equiv Phi=0 (1.5 equiv)

HoNSO5CH,CClg (1.5 equiv)

this transformation (compare entries 8 and 9). In addition, 4AMS, CoHsCl, 25 °C. 16- 25 h

other dehydrating agents (trimethyl orthoformate and MgSO

were not effective. To determine whether the NHC ligand onry ke aeindine yield
was important for the reaction, the same conditions of entry NN NP
8 were performed using CuCl and Cy@istead of IPrCuCl. NSOLCHACCly

In these cases, no aziridine product was formed. z \91/7\ \Mﬁf‘ o1

Next, we continued to optimize the conditions of entry 8 NS03CH,CCly

from Table 1. Reactions using catalysts derived from more

9

76

catalyst, 0.11 mmol oxidant and nitrene source, 80 mg 4 A molecular sieves
(MS) in 0.5 mL CDC} at room temperature (Z&) for 20 h.P Determined 15
by 'H NMR.

M
. ) ) . . NSO;CHCCl3
sterically demanding ligands (IPr, IAd) proceeded with higher 4 >(\ >|/<1 51
conversions than ones with less hindered ligands (IMes, ICy) /\/g /\MSOQ}CHZCCH
(Table 2, compare entries 1, 2, 4, 5, and 6). Imidazole and 5 o1
NSO3CH,CCI
6 /0% /O% s 82
| ! !
Table 2. Aziridination of 1-Hexene Catalyzed by Various . “\0% \Owsogcmcch o
Copper-carbene Complexes o ' X
5% catalyst NSO3;CHLCCly H :
SN o msocrigey, T NSO3CH,CCly
» Ha 3CHLCCls 8 PV P NG 359
4 A MS, CDClg, 25 °C, 20h NSOCH.CCI
9 SN 3 2 3 6t
% %
entry catalyst conversion® entry catalyst conversion® 10 /O\n/\/\/ 0 Mﬁozccmch sof
~
1 IMesCuCl 22 7  IPrCuOTf <2 0 o] NSOCH.CCI
2 IPrCuCl 29 8 IPrCuCl/ 11 11 SN T g
NaBAr4 m m
3  SIPrCuCl 34 9 IPrCuCl <2 12
NSO3CH,CCL 57¢
AgSbFg @ <:[: Eatichid
4 TAdCuCl 39 10 IPrCu(OAc), <2 13 O 43h
5 IBuCuCl 22 11  IPrCu(acac) 43 QNS°3CH2°°'3
6 ICyCuCl 17 12 IPrCu(DMB) 62 14 Q O: -
NSO3CH,CCly
a All reactions were performed with 0.1 mmol 1-hexene, 0.005 mmol

C):N5030H200|3 88

aAll reactions were performed with 0.5 mmol alkene, 0.05 mmol
. L. . L . IPrCu(DBM), 0.75 mmol, PO and 0.75 mmol pNSO;CH,CCls, 600
dihydroimidazole derivatives showed similar reactivity (en- mg 4 A powdered molecular sieves (MS) in 1.25 mkHgC| at room

tries 2 and 3) The counterion of these complexes has atemperature for 1625 h.bIsolated yield.¢ Diastereomer ratio 1:¥.Com-
L - . . . . bined yield,trans:cis= 8:1. ¢ Combined yield trans:cis= 1:2.6.f Trans
significant effect: for instance, replacing chloride with a only, 9'Seven percent allylic amination produbffen percent allylic
weakly coordinating ion decreases reactivity (entrie®y. amination product.
Interestingly, the Cu(ll) carbene complex IPrCu(OAaps
unreactive. Fortunately, 1,3-diketone ligands afforded the
highest yields. For instance, when dibenzoylmethane (DBM) is the counterion instead of chloride, the conversion increased
from 29 (entry 2) to 62% (entry 12). Therefore, the best

(17) (@) Arnold, P. L.; Rodden, M.; Davis, K. M.; Scarisbrick, A. C.;  copper complex for this reaction is IPrCu(DBM), a complex
\?\}ékjeégbjs‘ér\y 'EO,T[']_CA%_eg"Hgn?msrgarggg‘ll’llflééég? L ZiQuan, R yreviously developed by Nolan and co-workers to catalyze

(18) For a recent review on NHC-copper complexes in homogeneous a reductive aldol reactioff.
catalysis, see: (a) Deiz-Gonzélez, S., Nolan, SSyRlett2007,14, 2158. . .
Cyclopropanation: (b) Fructos, M. R.; Belderrain, T. R.; Nicasio, M. C.; Once the best copper comple_:x, OX_'@'a”L Su!f‘?”am'de: and
Nolan, S. P.; Kaur, H.; Diaz-Requejo, M. M.; Pérez, PJ.JAm. Chem. the proper amount of MS were identified, additional param-
Soc.2004,126, 10846. (c) Gawley, R. E.; Narayan, Ghem. Commun.

2005, 51009.
(29) (a) Trost, B. M. Dong, GJ. Am. Chem. So2006,128, 6054. (b) (20) Welle, A. Deiz-Gonzélez, S. Tinant, B. Nolan, S. P. RiantO@y.
Liu, R. Herron, S, R. Fleming. S. Al. Org. Chem2007,72, 5587. Lett. 2006,8, 6059.
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eters were optimized. A brief comparison of solvents was aziridinated with high regio- and stereoselectivity (entry
demonstrated that benzene and chlorobenzene were bettet0) to afford a vinyl aziridine that could be a versatile
than CHCI,, toluene, or CHCN. Ultimately, the ideal  synthetic intermediat&. Currently, unprotected alcohols
conditions for aziridination of 1-hexene were: 10% IPrCu- are not compatible in this reaction. However, aziridination
(DBM),?° 1.5 equiv of PhlO and trichloroethylsulfamate ester of TBS-protected 6-methyl-5-hepten-2-ol proceeded very
in chlorobenzene at room temperature (25 for 16—25 h well (entry 11). Aziridination of cyclic substrates (entries
under an inert atmosphere of nitrogen. Under these condi-12—15) worked best with cycloheptene and cyclooctene.
tions, the product from aziridination of 1-hexene was isolated Cyclohexene and cyclopetene are known to be challenging
in 75% yield (Table 3, entry 1). Although portionwise substrates for aziridination reactions due to the formation of
addition of oxidant is necessary in some aziridination products derived from allylic amidation. Using our reaction

reactions! a benefit of our method is that all reagents are conditions, moderate yields of aziridine were obtained along
combined simultaneously in one flask at room temperature. with minor amounts of allylic amines (5—10%).

Application of the optimized conditions to a variety of
aliphatic alkenes yielded the corresponding aziridines in
moderate to high yields. Terminal olefins are generally
suitable substrates (Table 3, entries7). The reaction is

In summary, we have developed a practical aziridination
method catalyzed by the copper complex IPrCu(DBM).
Under the optimized conditions, a wide variety of aliphatic

.. . k . alkenes were converted to aziridines in moderate to high
sensitive to steric hindrance, as seen in the lower yields for

entries 4, 8, and 9. For 1,2-disubstituted alkenes, there wasylelds using the ;ubstrgtes as the limiting reagents. Further-
— . ) ._“more, the ease with which the catalyst can be prepared along
significant loss of stereochemistry from the starting material.

In the case ofrans2-heptene (entry 8), the azirdine product Wlthh tf(;el Slmp|ICIt¥ 0{ fthe reac.tlﬁn profcocol fmalge this
was obtained with &ranscisratio of 8:1. Forcis-2-heptene, methodology practical for use with a variety of substrates.
the products had @ans:cisratio of 1:3.

A loss in stereospecificity has been observed in previous
studies of metal-catalyzed aziridinatiéifP6-8219%nd indi-
cates that a two-step radical pathway is a possible mec
anism?a.22

Fortunately, electron deficient alkenes perform very well
as substrates. For instance, aziridination of methyl meth-
acrylate afforded the product in high yield (entry 6). The
correspondingd-menthyl ester was also aziridinated, but
there was no diastereoselectivity (entry 7). However, pub-
lished procedures could be used to separate these diastere-
omers by fractional crystallization, and thus provides a access
to enantiomerically pure aziridine derivativ&dnterestingly,
the conjugated diene estel5§2E)-methyl hexa-2,4-dienoate
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