Rhodium(ll,Il) Dimer as an Efficient

Catalyst for Aziridination of

Sulfonamides and Amidation of Steroids

ORGANIC
LETTERS

2002
Vol. 4, No. 25
4507—-4510

Jiang-Lin Liang, Shi-Xue Yuan, Philip Wai Hong Chan, and Chi-Ming Che*

Department of Chemistry and Open Laboratory of Chemical Biology of the
Institute of Molecular Technology for Drug Discovery and Synthesis,
The University of Hong Kong, Pokfulam Road, Hong Kong, P. R. China

cmche@hku.hk

Received October 7, 2002

ABSTRACT
™ Rho(OAc), n
S/NHz + Phi{OAc)y —m8M——» S/N

O,

Rhodium dimer
[O]+RNH,/PhINTs
AcQO’

O,
wﬁi?zgw

Unsaturated sulfonamides underwent direct intramolecular aziridination catalyzed by Rhy(OAc), with PhI(OAc), and Al,O; to give the corresponding
aziridine products in excellent yields (up to 98%) and with good to excellent conversions. High turnovers (up to 1375) were achieved. The
intermolecular rhodium-catalyzed amidation of cholesteryl acetate with PhI=NTs or Phl(OAc),/NH,R as the nitrogen source exhibited both

excellent regio- and o-selectivity (oUf ratio up to 9:1).

Nitrogen-atom transfer reactions catalyzed by transition-metal insertion? In contrast to extensive investigations or-C
complexes are among the most appealing methodologies fotbond formation, the application of rhodium(ll,Il) dimer to

the synthesis of amines and amine derivativésThe

rhodium(ll,11) dimer has been proven to be a versatile catalyst

for reactions involving €&C bond addition and €H bond
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C—N bond formation has received significantly less attention
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with, to the best of our knowledge, only a handful of
publications reported to date*%8 Furthermore, despite

solvents were surveyed to ascertain the effect of the reaction
medium on yield and conversion. This revealed dichloro-

encouraging advances, challenges still remain: first, the methane to be the solvent of choice, furnishing the aziridine

turnover number for rhodium(ll,1l) dimer-catalyzed—Gl
bond formation remains rather low<p0) and needs to be

2ain 83% yield and with near quantitative conversion within
3 h (entry 1)!° In contrast, reactions conducted in either

improved; second, steroid starting materials have thus farbenzene, acetonitrile, or THF were found to give lower yields

received no attention as potential substrates.

Inspired by the work of Breslo¥® and Du Boi§ showing
that rhodium(ll,Il) dimers such as RIOAc), can catalyze
intramolecular amidation of saturated—& bonds, we

or conversions (entries 2—4).
With the solvent of choice established, the effect of
changing the oxidant was next examined. In comparing the

yield obtained for the model study carried out in £Hb

wondered whether these dimers could also be applied to the(entry 1), we found that changing the oxidant to iodosyl-

catalytic intramolecular aziridination of=€C bonds. Pio-
neering work by Miller showed that iminoiodinanes (derived
from unsaturated sulfonamides and Phi(OAa)nderwent
Rhp(OAc),-catalyzed intramolecular aziridination to afford
the corresponding aziridin2a albeit in low yield (about
20%)4 Work in our laboratory found that PhI(OAcand
RNH; (R = p-MeGH4SO;, p-NO,CsH4SO,) could be used

benzene (PhIO) was detrimental, affordizgin 67% yield
although having relatively little effect on the conversion
(entry 5). The use of 2,6-dichloropyridinid-oxide (2,6-
ClopyNO) gave no reaction (entry 6).

In turning our attention to the generality of our protocol,
a series of unsaturated sulfonamidds—j were found to
readily undergo intramolecular aziridination to give the

directly as the nitrogen source in intermolecular amidation corresponding producb—j in excellent yields and conver-
processe®! More recently, we described one such process sions (Table 2). We were particularly satisfied to find that,

of intramolecular amidation of sulfamate esters with high

diastereo- and enantioselectivity catalyzed by ruthenium(ll) _

porphyrins2" In light of these results, it was therefore envis-
aged a “Phl(OAc)+ RNH,” amidation protocol to be applic-
able to a wide variety of RNfHcompounds and for it to be

readily extended to intramolecular aziridination (Scheme 1).

Scheme 1
I Rha(L)s n
_NH, + Phl(QAC)y ———M87 — » _N
s S
O, Op

The intramolecular aziridination dfawas initially chosen

as the model substrate to establish the reaction conditions

(Table 1). In the presence of 0.02 equiv of RDAC),, 1.5
equiv of Phl(OAc), and 2.5 equiv of AlOs, a variety of

Table 1. Optimization of Reaction Conditions Catalyzed by
Rhy(OAC)4

(:(\ Rhy(OAc), N
—_———————
SO,NH, Oxidant g \
1a 2a

conversion yield

entry oxidant solvent (%) (%)

1 PhI(OAc), CHCl> 99 83

2 PhI(OAc), CH3CN 63 83

3 PhI(OAc), CsHs 90 71

4 PhI(OAc), THF 85 74

5 PhIO CHCl» 95 67

6 2,6-Cl,pyNO CHCl» 0 0

a All reactions were performed at 4€ for 3 h with a Ra(OAc)s/1a/
PhI(OACc)/Al O3 molar ratio of 0.02:1:1.5:2.5.

Table 2. Intramolecular REOAc),-Catalyzed Aziridination
Reaction3
entry substrate product  conversion(%) yield(%)
&~ / \"7
1 1b LN 2b 100 97
SO,NH, S
O,
2 \ 1c 2c 100 93
SO.NH, N,SOz
# ~
3 1d 3 90 90
SO,NH, oM
O,
N
4 1e N 2e 85 80
SO,NH, 82
Cl o cl
5 1f N 2f 81 74
SO,NH, 82
v
SO,NH. s~
2! 2 02
Cl Vs Cl
7 \C(\/ 1h m 2h 91 9
SO,NH s”
2! 2 02
v
8 \(:(\/ 1i N 2i 92 91
SO,NH 87
2 2 02
~
9 1j N 2 100 95
SO,NH, s
O,

aReaction conditions: R{OAc)s/substrate/Phl(OAgjAl,O3 = 0.02:
1:1.5:2.5; all reactions were performed in &Hp at 40°C for 3 h.
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in a number of cases, product yields and conversions
observed were near quantitative (entrie16, and 9). Even

with substratedef and1h, where it was initially envisaged
that the presence of a para substituent on the aromatic ring O O
would be detrimental to the reaction, very good yields and O Q QO’)
o

conversions were still observed (entries 4, 5, 7, and 8).

Aziridine 2j was obtained as a crystalline and its structure O\P:O /k COMe
was determined by X-ray crystal analysisAlbeit not o9 Q. Q. o N
unexpected, only compourith was found not to undergo /Th_/’?h A= /Th_/'?h

C=C bond addition, preferring instead to exclusively undergo
C—H bond insertion to give vinyllic sultar@ in 90% yield
(entry 3)72

At this juncture, it is worth highlighting the superior nature
of the present procedure to previously reported work. In

every instance, for example, product yields were found to pased on 78% conversion). Aziridination of substratgs

be significantly higher than those found in work using and 1j catalyzed by this catalyst, however, gave lower ee
iminoiodinane intermediates or the analogous copper-values of 21 and 13%, respectivéfyNonetheless, this is
catalyzed reaction’s:’2 More significantly, the conditions  the first report of an asymmetric intramolecular aziridination
employed allowed for reaction to be achieved with a high reaction catalyzed by rhodium(ll,Il) dimer complexes and
turnover number, an important aspect of catalysis. In the efforts are currently underway to improve the observed
presence of 0.02% R{DAC),, the intramolecular aziridin-  enantioselectivities.

ation of1g, for example, affordeflgin 55% yield based on Amino steroids have been shown to exhibit noteworthy
50% conversion with a turnover number of 1375. To the pharmacological activity, for instance, as anesthetics and
best of our knowledge, this is the highest turnover number enzyme inhibitors in the central nervous systérrevious
ever achieved for rhodium-catalyzed nitrogen atom transfer yygork by Dauban and Dodd reported a copper-catalyzed
reactions. Furthermore, this method realized the convenientgziridination of 11-pregnene-3,20-dione in 53% yi&ld.
conversion of unsaturated sulfonamides to cyclic sulfon- Breslow demonstrated that manganese porphyrin catalyzed
amides with commercially available reagents (including the amidation of equilenin acetate in 47% yi#dWork
catalyst, oxidant, and base), waiving the tedious need for previously undertaken in our laboratory had showed that the
initial iminoiodinane preparation. The present procedure can amidation of cholesteryl acetate catalyzed by ruthenium
therefore be seen to offer an attractive synthetic route for porphyrin occurred witho-selectivity (o/Bratio up to 4.2:

the synthesis of precursors of sultams, a class of compounds1) 59 while, in contrast, the same reaction catalyzed by
known to exhibit a potent spectrum of bioactivig®?It can ruthenium—salen complexes resultedArselectivity (S/o

be envisaged, for example, that further elaboration of ratio up to 2.3:1' It therefore intrigued us to explore the
compoundLb (entry 1) would allow access # potent COX possibility of utilizing rhodium(ll,Il) dimer catalyst for this
inhibitors32in significantly improved overall yields, or that  reaction (Table 3). Thus, using RBAc), as the catalyst

of compoundd.g—i (entries 6-8) would lead to the synthesis  and PhI=NTs as the nitrogen source, it was found that the
of 5, a class of potent calpian | inhibitors, again with

significantly improved overall yields to known literature (10) Yield is higher than that of reported by Miller (ref 4c). We noticed
3b—c that a similar phenomenon occurred upon copper-catalyzed intramolecular
procedures: hat a similar phen d lyzed | lecul
. L o . aziridination reactions (see refs 7a and 7c).
In surveying numerous publications describing asymmetric  (11) See Supporting Information.

; i i i (12) For a review, see: (a) Hansch, C.; Sammes, P. G.; Taylor, J. B.
carbene transfer react_lo_?\mree chiral rhqdlum(“’l_l) dlm?rs_ Comprehensie Medicinal ChemistryPergamon Press: Oxford, 1990; Vol.
were chosen for providing a means of introducing chirality 2 chapter 7.1. For a list of biological applications, see: (b) Hanson, P. R.;
into our intramolecular nitrogen atom de]ivery reaction Probst, D. A;; Robinson, R. E.; Yau, Metrahedron Lett1999,40,4761.

. (13) (a) Inagaki, M.; Tsuri, T.; Jyoyama, H.; Ono, T.; Yamada, K.;
(Figure 2). RA(R-BNP)** and Rh(R-ODACA),'*> showed Kobayashi, M.; Hori, Y.; Arimura, A.; Yasui, K.; Ohno, K.; Kakudo, S.;

poor enantioselectivities with ee values less than 5% for the Koizumi, K.; Suzuki, R.; Kato, M.; Kawali, S.; Matsumoto,  Med. Chem

e : 16 ) 2000,43, 2040. (b) Wells, G. J.; Tao, M.; Josef, K. A.; Bihovsky, R.
aziridination of substrateda.’® Doyle’s catalyst RK(4S- Med. Chem2001, 44, 3488. (c) Ryokawa, A.: Togo, Heetrahedror2001,
MEOX)4 showed more moderate enantioselectivity with an 57, 5915.

0 i 04 Vi (14) Pirrung, M. C.; Zhang, Jetrahedron Lett1992,33, 5987.
observed ee value of 49% for the same reaction (54% yield (15) Pierson, N.; Fernandez-Garcia, C.; McKervey, M.Tatrahedron
Lett. 1997,38, 4705.
_ (16) All asymmetric reactions were performed under the conditions of
Table 2. Intramolecular aziridination dfa by Rh(R-BNP), afforded
conversion of 67% and yield of 64% and that by, W ODACA), afforded
R, Ry conversion of 88% and yield of 51%.
Ard S -R (17) Aziridination of1g afforded conversion of 55% and yield of 82%;
N 4 _NH 5 aziridination of1j afforded conversion of 85% and yield 54%.
8 Rz 8 (18) (a) Anderson, A.; Boyd, A. C.; Byford, A.; Campbell, A. C,;
2 2 Gemmell, D. K.; Hamilton, N. M.; Hill, D. R.; Hill-Venning, C.; Lambert,
. . . . J. J.; Maidment, M. S.; May, V.; Marshall, R. J.; Peters, J. A.; Rees, D. C.;
Figure 1. Pharmacologically interesting compounds. Stevenson, D.; Sundaram, B.. Med. Chem1997,40, 1668. (b) Gasior,
M.; Carter, R. B.; Witkin, J. M.Trends Pharmacol. Scl999,20, 107.

Rhy(R-BNP), Rh,(R-ODACA), Rh,(45-MEOX),

Figure 2. Chiral rhodium complexes used in this work.
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s = 7.8 (entry 5). Despite this, the scope of the nitrogen source
Table 3. Intermolecular Amidation of Cholesteryl Acetate Was. f‘?“”d to include '\,ISN#' (Ns = p-NOZC6H4SQ%),
Catalyzed by Rhodium(ll,Il) Dimér furnishing compound again with preferentiad-selectivity
in a ratio ofa/f = 5.1 (entry 6). Thea-selectivity of 9:1
catalyzed by R}{{R-BNP), with PhI=NTs represents the
highesta/p ratio for the amidation of cholesteryl acetate.

In this Letter, we described a rhodium(llll) dimer-
_Rihodium dimer,_ catalyzed aziridination reaction that is both general and high
yielding and the use of the same catalyst for the inter-

AcO'
molecular amidation of cholesteryl acetate that was achieved
with improveda-selectivity. In the case of aziridination, the
procedure employed relied upon unsaturated sulfonamides
. . . to readily undergo intramolecular aziridination in the pres-
nitrogen conversion yield .
entry catalyst source ) %) ence of RB(OAc), and PhI(OAc) to give sultam precursors,
a class of compounds known to be an essential component
L Rh;(OAC) PhINTSs 30 7334 for the potent activity observed in a vast array of biologically
2 Rh(4SMEOX); PhINTs z o4l significant compounds. Efforts are currently underway to
3 Rhy(R-ODACA); PhINTs 28 75 4.8 ) s . .
4 Rhy(R-BNP),  PhINTSs 21 73 9.0 develop an enantloselgctlve rhod!um-catalyzed version o_f the
5 RhyR-BNP),  PhI(OAC)/NH,Ts 20 72 78 present reaction and its application to the total synthesis of
6 Rhy(R-BNP);  PhI(OAc)2/NH;Ns 25 74 5.1 a variety of natural products.
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