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ABSTRACT

NMe

HoN'® MezzNofvl% g HNTs |,

& "'ﬂ..\H + Me;SiNu By H’)\I‘, R2
(1.2 equiv) MeCN R
R2 Nu
R' = alkyl, phenyl Nu=CN, N5, Br, I 17 examples
R2 = H, alkyl 47-99%
The ring opening of  N-tosylaziridines with trimethylsilylated nucleophiles, catalyzed by N,N,N',N'-tetramethylethylenediamine, led to the production

of p-functionalized sulfonamides in good to excellent yields with high regioselectivity.

Aziridines are very useful synthetic intermediates for the reactions of aziridines have been developed using silylated
synthesis of functional materials and biologically active nucleophiles.Most of these methods are limited to the use
compounds. For this reason, in previous studies, we of heavy and/or inexpensive metal-based catalysts such as a
developed some facile synthetic methods for producing Lewis acid and frequently result in the formation of mixtures
aziridines through the introduction of an N1 unit to alkefies. of regioisomers. Hou and co-workers reported on the ring
The reactivity of aziridines toward ring opening and expan- opening of aziridines with silylated nucleophiles, triggered
sion is dependent upon their extremely strained ring struc- by the presence of tetrabutylammonium fluoride (TBAF).
tures. Among the procedures of ring opening of aziridines, In the reaction, ammonium cyanide, derived from trimeth-
a nucleophilic ring-opening reaction is one of the major vylsilyl cyanide (TMSCN) and TBAF, acts as a nucleophile
routes to highly functionalized compountiRing-opening for the ring opening. While Lewis acid catalyzed ring-
opening reactions, the regioselectivity of which are difficult
(1) (@) Sweeny, J. BChem. Soc. Re 2002,31, 247—258. (b) Tanner, 10 control, are based on the activation of aziridines, Hou'’s
%Aﬂqe\ll_\/iéﬁh%m-i\l'ht-éc:- 'rfnfgl394533c59|9régrln9-r(ecr)lgnasciw\é& ﬁe-;t;gifsc?irg method probably involved the generation of a rather strong
Chemistry Il: Katritzky, A R. Rees, C. W.. Serven, E. F. Eds; Nucleophile (cyanide, azide, etc.) from TMSNu, similar to
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Pergamon: Oxford, 1984; Vol. 7. 31, 6379-6380. (b) Leung, W. H.; Yu, M. T.; Wu, M. C.; Yeung, L. L.
(2) () Ando, T.; Minakata, S.; Ryu, |.; Komatsu, Metrahedron Lett. Tetrahedron Lett1996,37, 891—892. (c) Ferraris, D.; Drury, W. J., lIl;
1998 39, 309-312. (b) Ando, T.; Kano, D.; Minakata, S.; Ryu, |.; Komatsu, Cox, C.; Lectka, JJ. Org. Chem.1998, 63, 4568—4569. (d) Li, Z,;
M. Tetrahedron1998, 54, 13485—13494. (c) Minakata, S.; Ando, T.; Fernandez, M.; Jacobsen, E. Krg. Lett. 1999, 1, 1611-1613. (e)
Nishimura, M.; Ryu, |.; Komatsu, MAngew. Chem., Int. EdL998, 37, Chandrasekhar, M.; Sekar, G.; Singh, V. Retrahedron Lett1990, 31,
3392-3394. (d) Nishimura, M.; Minakata, S.; Thongchant, S.; Ryu, |.; 6379-6380. (f) Shin, S.-H.; Han, E. Y.; Park, C. S.; Lee, W. K,; Ha, H.-J.
Komatsu, M. Tetrahedron Lett.2000, 41, 7089—7092. (e) Kano, D.; Tetrahedron: Asymmetr®000,11, 3293—3301. (g) Yadav, J. S.; Reddy,
Minakata, S.; Komatsu, MJ. Chem. Soc., Perkin Trans.2D01, 3186— B. V. S.; Kumar, G. M.; Murthy, C. V. S. RSynth Commun2000, 32,
3188. (f) Nishimura, M.; Minakata, S.; Takahashi, T.; Oderaotoshi, Y.; 1797-1802. (h) Reddy, M. A.; Reddy, L. R.; Bhanumathi, N.; Rao, K. R.
Komatsu, M.J. Org. Chem2002 67, 2101-2110. (g) Minakata, S.; Kano, Chem. Lett2001, 246—247. (i) Osborn, H. M. I.; Sweeney, J. B/nlett

D.; Fukuoka, R.; Oderaotoshi, Y.; Komatsu, Meterocycles2003, 60, 1994 145-147. (j) Chandrasekhar, M.; Sekar, G.; Singh, VTiétrahedron
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the Sakurai-Hosomi reactioff.In an attempt to better control ~ 1,2-dimethoxyethane was not effective, 1,2-bis(dimeth-
the regioselectivity of such reactions, we focused on the ylphosphino)ethane readily promoted the reaction (Table 1,
activation of silyl reagents with a Lewis base catalyst (Figure entries 5 and 6). Tertiary amines and a phosphine were also
1). Although Mukaiyama and Kobayaslarriginally reported found to function as catalysts for the ring opening. Among
these, amines are inexpensive and commercially available
s and would be promising reagents for asymmetric reactions
in our future studies. For the above reasons, TMEDA was
selected for use in the ring opening of other aziridines.

EV;’PN,N,_A EWG FeR+4N® N'EWG The ring opening ofla was attempted with 20 mol % of
R b R/<,) Me;SiNu R/<|) B TMEDA at room temperature, using a range of solvents,
\\SiMe Y N Eive including acetonitrile, toluene, dichloromethane, and THF.
N NPR,N® 3 Of these, only acetonitrile resulted in a complete conversion
This work within 24 h. The ring opening of 2-substitutétosylaziri-
Figure 1. Representative modes of the ring opening of aziridines dines was investigated under optimized conditions, and the
with TMSNu. results are shown in Table 2.

Table 2. TMEDA-Catalyzed Ring Opening of 2-Substituted
N-Tosylaziridines with TMSCN
Ts

that Lewis bases are good catalysts for the silylcyanation of
aldehydes with TMSCN, there are no examples of the ring
opening of aziridines in which a combination of silyl

compounds and Lewis base catalysts are used. From these N TMEDA (20 mol%) HINTs
points of view, we report on the Lewis base-catalyzed R +  MesSiCN —ween R)\
regioselective ring opening of aziridines with trimethylsilyl 1o (1.2 equiv) N
cyanide, azide, and halides. The resulting products have the
potent|al_ for serving as good bundl_ng blqcks for the entry  aziridine R T(°C) time(h) yield (%)
preparation of vicinal diamines agifamino acids. o

Although an initial reaction of aziridingéa with TMSCN ! if) 'éngi?' :E Zi gi g;z
in aceto_nitrile at_ room temperature did not proceed at all, 4 1e s-CiHy 60 48 93 (2¢)
when triethylamine (20 mol %) was added to the system 4 1d Ph rt 64 470 (2d)
ring-opening producka was obtained in 63% vyield after 50 le CH:O0H 60 18 88¢ (2e)

workup (Table 1, entries 1 and 2). Whidrmethylpyrrolidine

Table 1. Lewis Base Catalyzed Ring Opening of an Aziridine
with TMSCN: The Effect of Lewis Bases

aRecovery of 1d: 19%.° TMSCN: 2 equiv.Including 48% of
O-silylated ring-opening product (R CH,OSiMe;).

As described above, aziridined as well asla were
readily converted to the corresponding ring-opening products

Ts HNTs
/<| + MeSiCN Lewis base (20 mol%) o )\ in good yields with compl_ete regloselectlwty_ (Table 2_,_e_ntr|es
n-CeHyg (12 equiv) MeCN, it 24h TN 1 and 2). When the reaction sécbutyl-substituted aziridine
1a 2a 1c was examined at these conditions (rt), the reaction
entry Lewis base yield (%)  recovery of 1a (%) proceeded rather slowly (70% vyield after 120 h, 25%
1 none 0 100 recovery oflc). At a temperature of 60C, however, the
rate of the reaction increased, affordi@g in 93% yield
2 Et,N 63 27 (Table 2, entry 3). Although the efficiency of the reaction
3 Me_Na 75 0 of 1d_ could be improved, a complete regioselective ring
opening was observed (Table 2, entry 4). In the case of
4 MeNNMe g37ey 0 nonmetallic and metal salt-promoted reactions, the product
5 Voo™~ OMe 0 o1 that opened at the benzylic position was mainly produced

as a mixture of two regioisomefdn contrast to this known
6 Me,p > PMe; 78 0 behavior, the regioselectivity induced by the present method
is perfect and similar to the case where strong nucleophiles

aTMEDA: 10 mol % are used. The method was also found to be applicable to the

(7) Kobayashi, S.; Tsuchiya, Y.; Mukaiyama,@hem. Lett1991, 537—
540.

TN - i i (8) For recent examples, see: (a) Hou, X.-L.; Fan, R.-H.; Dai, L:X.

or N,N,N'.N tetram_ethylethyl_ened|am|ne (TMEDA) was Org. Chem2002,67, 5295—5300. (b) Ding, C.-H.; Dai, L.-X.; Hou, X.-L.
employed, the starting material was completely consumed synjett2004, 16911694 (c) Yadav, J. S.; Reddy, B. V. S.; Baishya, G.;
and2awas produced in good yields (Table 1, entries 3 and Reddy, fP.” A% Harlfhglvardharlw, S. Syn22§$2024,H1854;(—1L85g. .FEr «
H : . . . successfully controlled examples, see: u, J.; Aou, X.-L.; Dal, L.-X.
4). Since TMEDA contains two Lewis basic sites, 10 mol J. Chem. Soc., Perkin Trans2001, 1314-1317. (e) Furuta, Y.; Kumamoto,

% of the base was used to produitzin 76% yield. While T.; Ishikawa, T.Synlett2004, 362—364.
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fing opening of a_ hydroxylated compound, giving the

corresponding product, including tiesilylated ring opening  1ap1e 3. TMEDA-Catalyzed Ring Opening of

compound, in good yields (Table 2, entry 5). 2,3-DisubstitutedN-Tosylaziridines with TMSCN
With an acceptable result for the ring opening of 2-sub- KGN
stituted aziridines catalyzed by TMEDA in hand, the method (1 equiv)
was extended to 2,3-disubstituted aziridines. When the R NS <2TOM53Q> HNTs, CN i
bicyclic aziridineslf and 1g were treated with TMSCN in 27 L oH + MegSICN ————» RUASZR® & RUSLR?
the presence of TMEDA at 6TC for 24 h, the yields of the R3 MeCN  RZ cN R® HNTs
ring-opening products were moderate, especially ¥gr 1 2t 3h, i
Since the starting aziridingg was recovered, the progress
of the ring opening of.gwas monitored byH NMR (Figure azir- MesSiCN T time  yield
2). The spectral data indicated tHag and2g were present  entry idine  R! R? R’ (equiv) (°O) (h) (%)
1@ 1f H —(CHg)s— 1.2 60 24 70 (20
I C kP Oe 2w o
3 1g H —(CHa)s— 1.2 60 72 97(2g)
100 4« 1h H n-CsHiy Me 1.5 100 48 0
with KCN 5 1h H n-CsHiy Me 1.5 80 100 90
(2h, 3hy
80| 6 1 nCHpy H Me 15 80 100 80
(2i, 3i)
;3 60} awithout KCN. ° Recovery oflg: 41%.¢ Regioisomer ratio:22h/3h =
“!; 67/33;2i/3i = 80/20.
2 40}
and1g to afford the corresponding products in quantitative
20¥, yields (Table 4, entries 7 and 8). The reactions listed in Table
with KCN 4 4 did not proceed in the absence of a Lewis base (TMEDA)
0 at all.

0 20 40 60 80 100

tme () 1

Figure 2. Time course for the ring opening @ at 60°C, without Table 4. TMEDA-Catalyzed Ring Opening of

KCN vs with KCN (1 equiv). N-Tosylaziridines with TMSNu
" N/TS TMEDA 9 FNTS H
. . , ‘ 4+ Me,SiNu _TMEDA @O mol%) _ ] 5 ge
as an equilibrium mixture and, as a logical offshoot, the R (1.2 equiv) MeCN o
addition of KCN improved the efficiency of the reaction, R? Nu
giving the desired®g in quantitative yield. Quite recently, 1a,b,f.g 4-6a,4-6b,4f,g

many examples of the ring opening of three-membered
heterocycles have appeared, but reactions of 2,3-dialkyl- entry aziridine  R!

=

2 Nu T(°C) time (h) yield (%)

substituted unfused aziridines are réighe ring opening of 1 1a nCeHis H N; 1t 24 90 (4a)
2,3-cis-dialkyl-substituted aziridingh failed to proceed at 2 1a n-C¢H;s H Br rt 48 88 (5a)
all, even at 100C, in the absence of KCN. The presenceof 3 1a n-CéHiz H I 1t 24 97 (6a)
KCN enabled the ring opening dh andli in good yields, 4 1b CH:Ph H N; rt 24 88 (4b)
giving a mixture of regioisomers, where the stereoselectivity 5 1b CHePh H Br rt 48  88(5b)
was completely controlled to afford a sole diastereomer ¢ 1P CH:Ph H I 1t 48 99(6b)
(Table 3). 7 1f —(CHz3— N; 50 48 97 (4f)

8 1g —(CHzy— Nz 50 48 98 (4g)

This amine-catalyzed reaction of aziridines with TMSCN
is applicable to other silylated nucleophiles, TMSahd
TMSX, as shown in Table 4. Alkyl-substitutédtosylaziri- Heterogeneous catalysts immobilized on silica gel have
dines, such ada and 1b, were readily opened by azide, peen developed extensively. Among these, silica gel func-
bromide, and |qd|de in the_ presence of a cf'italync amount tionalized with amino groups has proved to be a useful
of TMEDA to give the desired compounds in good yields jnsolyple catalyst for Knoevenagel condensatinghe
(Table 4, entries £6).1° Even in the absence of KCN, the  qyidation of alkane&? and Michael addition reaction&The

stronger nucleophilicity of the azide ion, compared to that utility associated with the reusability and simple workup
of cyanide led to the ring opening of bicyclic aziridings

(11) Angeletti, E.; Canepa, C.; Martinetti, G.; Venturello,J?.Chem.

(9) For meso-aziridines, see, for example, ref 4h. Soc., Perkin Trans. 1989, 105—-107.

(10) While Hou’s method is successfully applicable to the ring opening (12) Kurusu, Y.; Neckers, D. Cl. Org. Chem1991,56, 1981—1983.
of aziridines with TMSCI, ring opening dfa with the silyl chloride under (13) Mdoe, J. E. G.; Clark, J. H.; Macquarrie, D.Synlett1998, 625—
the conditions did not proceed at all to recover the starting material. 627.
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s 2awas produced in 60% vyield in the second cycle and 59%

Scheme 1. Application of a Lewis Base Catalyst Immobilized N the third cycle (Scheme 1). o _
on Silica Gel to the Ring Opening and Its Reusability In summary, the novel and efficient nonmetallic catalyzed

regioselective ring-opening of aziridines with silylated nu-

40 mo];j)Mez cleophiles is describgd hereiq. The reaction proviqles a facile
fa + MesSIN —— > 22 route to _the synth_e5|s ¢@-amino acids and 1,2-d|an_1|nes.
’ ‘ Further investigations of the scope of the reaction are
: silica gel L Kol currently underway.

3rd cycle 59%
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CDClg) 6 0.84 (t, 3H,n-CsH1CHs, J = 6.8 Hz), 1.07—1.60 (m, 10H,
(14) Representative procedure for ring opening of an aziridianelo a n-CsH10CHs), 2.44 (s, 3H, Ar-CHs), 2.50—2.68 (m, 2H, E,CN), 3.38—
solution of N-tosylaziridinela (84.3 mg, 0.3 mmol) in acetonitrile (1.2 3.46 (m, 1H, N-CH), 4.75 (d, 1H, M, J = 7.6 Hz, DO exchangeable),
mL) were added trimethylsilyl cyanide (48., 0.36 mmol) and TMEDA 7.32 (d, 2H,m-H,J = 8.2 Hz), 7.75 (d, 2Hp-H, J = 8.2 Hz);13C NMR
(9 uL, 0.06 mmol). The mixture was stirred at room temperature and the (CDCls) 6 = 14.05, 21.60, 22.45, 25.13, 25.30, 28.50, 31.49, 33.90, 50.01,
progress of the reaction was monitored by TLC. After consumption of the 116.74(CN), 126.96, 129.76, 136.93, 143.83; MS (Cl, methaverelative
starting material, removal of solvent under reduced pressure gave the crudentensity) 309 ((M+ 1]+, 61), 268 ([M — CH.CN]*, 100); HRMS (ClI,
product, which was purified by silica gel column chromatography using methanem/zcalcd for GeH2sN20,S (M + H) 309.1637, found 309.1646.
n-hexane—AcOEt as an eluent to give the ring-opening prodag?6.7 Anal. Calcd for GeH24N20,S: C, 62.30; H, 7.84; N, 9.08. Found: C, 61.89;
mg, 83%): colorless oil; IR (neat, cr) 2251 (CN);*H NMR (270 MHz, H, 7.52; N, 8.92.
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