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A general synthetic methodology has been developed for the synthesis of a conformationally locked,
bridged diselena-bicyclo[3.2.1]octane skeleton by regio- and stereospecific tandem nucleophilic ring
opening ofcis-1,4-aziridino-epoxides with tetraethylammonium tetraselenotungstafd]p{Se;, 1, in

a one-pot synthesis. Some correlations have been made on the physicochemical characteristics of the
diselenides with a change in the dihedral angles.

Introduction there are not many reports in the literature for the synthesis of
i o _ .. .. selenium analogues except the one by StrakResently from
_Bridged disulfides are of great interest because of their rigid oy |aboratory we reported the synthesis of chjfedulfona-
bicyclic framework, which forces the dihedral angle of the mjgodiselenides from chiral aziridines using tetraethylammo-
sulfur—sulfur bond close to 0 The preferred conformation of  ium tetraselenotungstatdEt,N],WSe, 1, as an efficient
acyclic disulfides has a dihedral angle of abouf,9@hich selenium transfer reagehtn this article, we report a general
minimizes the interaction between the two pairs of 3p non- gynthetic methodology for the synthesis of a conformationally
_bondlng electrons on the s_ulfur atoms. When the dihedral anglelocked, bridged diselena-bicyclo[3.2.1]octane skeleton by regio-
is close to O, the chemistry of these molecules changes anq stereospecific tandem nucleophilic ring openingisfL,4-
dramatically. While the physicochemical properties of the ajrigino-epoxides wittl in a one-pot synthesis as well as re-

conformationally locked disulfides have been studied exten- yorting some physicochemical characteristics of these molecules.
sively! not much attention has been paid to the corresponding

selenium analogues. This has mainly been due to the nonavail
ability of general synthetic protocols for the synthesis of the
conformationally locked diselenides and the relative instability =~ Reaction of cis-Aziridino-epoxide 2 with Tetraselenotung-

of this class of molecules. Although the synthesis of bridged state 1.1t was of interest to study the nucleophilic ring opening

"Results and Discussion

disulfides was first reported by Davis et%and Harpp et aF, reaction ofcis-1,4-bis-aziridineg,cis-1,4-bis-epoxide§ andcis-

* Author to whom correspondence should be addressed. F&1-80-2293 (4) Tonkikh, N.; Duddeck, H.; Petrova, M.; Neilands, O.; Strakovs, A.
2404; fax: +91-80-2360 2423. Eur. J. Org. Chem1999 1585-1588.

THonorary Professor, Jawaharlal Nehru Center for Advanced Scientific (5) (a) Saravanan, V.; Porhiel, E.; Chandrasekarafme8ahedron Lett.
Research, Jakkur, Bangalore. 2003 44, 22572260. (b) Bhat, R. G.; Porhiel, E.; Saravanan, V.;

(1) (a) Barltrop, J. A.; Hayes, P. M.; Calvin, M. Am. Chem. So4954 Chandrasekaran, Setrahedron Lett2003 44, 5251-5253. (c) O'Neal,

76, 4348-4367. (b) Beecham, A. F.; Fridrichsons, J.; Mathieson, A. M.  S.; Kollis, J. W.J. Am. Chem. S0d998 110, 1971-1973. (d) Muller, A.;
Tetrahedron Lettl966 7, 3131-3138. (c) Bergson, G.; Sjoberg, B.; Tweit,  Diemann, E.; Jostes, R.; Bogge, Ahgew. ChemInt. Ed. Engl.1981, 20,

R. C.; Dodson, R. MActa Chem. Scand 96Q 14, 222—223. 934-955.

(2) Wilson, R. M.; Buchanan, D. N.; Davis, J. Retrahedron Lett1971 (6) Sureshkumar, D.; Gunasundari, T.; Saravanan, V.; Chandrasekaran,
12, 3919-3922. S. Tetrahedron Lett2007, 48, 623-626.

(3) (a) Folkins, P. L.; Harpp, D. NJ. Org. Chem1991, 56, 904—906. (7) There are no synthetic procedures reported in the literature for the
(b) Folkins, P. L.; Harpp, D. NJ. Org. Chem1992 57, 2013-2017. synthesis oftis-1,4-bis-aziridines.
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FIGURE 2. X-ray structure ofl3 with Se--O, C—Hwx interaction, | a
and intramolecular NH---O hydrogen bonding. Compound 24 900
—
300
SC"AEMil Reg!g- aénd .tShtelreospeuflc Ring Opening of FIGURE 3. Color of the crystals, orbital diagrams, aii8e NMR of
cis-Aziridino-epoxide 2 wi 13, 24, and26.
5 2 1 . \Se
o‘,Z:O:'(NTs [Et4N]2WS.e41 (2 Ptquw) . — | o
s ; 2 CH3CNé EhtCi:i (:1) o' it ToHR]
90% 3 0.8
1,4-aziridino-epoxide%.However, in the preliminary experi- g 0.6
ments, cis-aziridino-epoxide2 was chosen as the substrate to & -
study a nucleophilic ring opening reaction with tetraseleno- 2 0l
tungstatel as the diselenide equivalent. The choice is based on < ™
the increased reactivity of the aziridine ring, which could be
exploited to modulate the reaction in a tandem fashion to form 0.2
conformationally locked diselenides in a selective manner with
efficiency. Treatment oR with 1 (1.2 equiv; CHCN/EtOH; 0.0 T T . . .
300 350 400 450 500 550 600

- - - - Wave Length
(8) Treatment ofcis-1,4-bis-epoxides with tetraselenotungstatél.2 ave Length (nm)

equiv, CHCN/EtOH; 1:1, 28°C) failed to give locked diselenides even . . . .
under sonication conditions. This is due to a lack of reactivity tfwards FIGURE 4. UV-—vis spectrum of acyclic, cyclic, and representative

epoxides. locked diselenides.

(9) (a) Brien, O. P.; Pilgram, C. BDrg. Biomol. Chem2003 1, 523~ . o . . L .
534. (b) Sureshkumar, D.; Maity, S.; Chandrasekaran]. ©rg. Chem 1:1, 28°C, 6 h) furnished the bicyclic diselenicieas the only

2006 71, 1653-1657. product as wine red crystals in 95% yield (Scheme 1).
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TABLE 1. Conformationally Locked Bridged Bicyclic Diselenides

JOC Article

Entry cis-Aziridinoepoxides Bridged Diselenides Time (h) Yield(%)
e
\
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The structure o8 was confirmed byH, 13C, 7’Se, and COSY
NMR and HR-MS studies, and the solid-state structure was
proven by single-crystal X-ray analysis (Figure 1). This
methodology was then extended to study the reactivity of a
number of di, tri, and tetra substituteis-aziridino-epoxide%
4—11 (Table 1).

Study of Ring Opening of Different cis-Aziridino-epoxides
with Tetraselenotungstate 1.Interestingly, in the tri and tetra
substitutectis-aziridino-epoxidegl—11, aziridine ring opening

(10) (a) Lin, P.; Bellos, K.; Stamm, H.; Onistschenko, Petrahedron

1992 48, 2359-2372. (b) Tanner, DAngew. Chem., Int. EdL994 33,
599-619. (c) Stamm, HJ. Prakt. Chem1999 341, 319-331. (d) Davis,
F. A.; Coull, S. M.Synthesi200Q 1347-1365. (e) Hu, X. ETetrahedron
2004 60, 2701-2743. (f) Sureshkumar, D.; Koutha, S.; Chandrasekaran,
S.J. Am. Chem. So@005 127, 12760-12761. (g) Li, P.; Forbeck, E. M,;
Evans, C. D.; Joullie, M. MOrg. Lett.2006 8, 5105-5107.

(11) Chao, B.; Dittmer, D. CTetrahedron Lett2001, 42, 5789-5791.

always takes place by an attack of the selenium nucleophile at
the more substituted carbon slfewhereas in the case of
epoxide, the ring opening takes place by attack at the less
substituted carbon as well as at the more substituted carbon
center depending on the substrate (Table 1, entrie® 4t was
anticipated that by introducing a bulky substituent at C1, it
would be possible to facilitate the ring opening at the less
substituted site. However, in the reactiorbofith 1, the major
product was stillL3, resulting from ring opening at the more
substituted carbon. Reactiondiith 1 gavel? as the exclusive
product. In the reaction d with 1, the only product formed
was the diselenid&9 arising out of the ring opening of aziridine
and epoxide rings from the more substituted site. In the case of
10and11, aziridine ring opening occurs from the more hindered
site, while the epoxide ring opens from the less substituted site
to form diselenide®0 and 21, respectively. The attack of the

J. Org. ChemVol. 72, No. 14, 2007 5315
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SCHEME 2. Tentative Mechanism for Formation of 3

]
1
0}"“ “NTs —-1 Path a ey -
toa, 2\ 9. _H
3 7 _NTs 2152 A
2 1.979 A -/': - s
AH = 6.4 kealimole AH = -5.9 kcalimole
1 Observed
/Se
Se
1 &
b Se
O— )
—_— |
¥ “_..QH_H TsN_ H__.-“’"-’ \ i
TN 2,004 ¥
A AH = 0 keal/mole
o AH =0 kcalimole 1.48 Unobserved
.. ] ..
Optimized geometry of I 22 Optimized geometry of 3

TABLE 2. Experimental and Calculated Torsion Angle and Intramolecular N—H---O Hydrogen Bonding of Different Diselenides

torsion angle of~-C—Se-Se-C— N—H---O intra H-bonding SeSe bond length
entry diselenides exptl calcd exptl calcd exptl caled Amaxn— o* e(Mtcm
1 3 0.3 -0.1 2.366 2.152 2.372 2.392 443 130
2 12 —4.0 —2.6 2.125 2.099 2.356 2.386 443 143
3 13 -1.9 2412 2.372 414 141
4 14 0.1 2.203 2.367 443 161
5 17 436 143
6 18 1.3 1.6 1.947 1.963 2.351 2.382 445 177
7 19 0.9 -1.0 2.130 2.087 2.354 2.380 443 145
8 20 3.6 45 2.041 2.058 2.355 2.382 445 195
9 21 17 5.7 2.261 2.080 2.364 2.383 442 179
10 24 —96.5 2.316 312 506
11 26 —54.9 2.319 348 293

selenium nucleophile at the more substituted carbon atom ofiC_H_(EjME 323 Redgizos- ar_1t(rj] ?tereOSpedﬁc Ring Opening of
the tosyl-aziridine is probably related to the stabilization of ZIndines 2s an wi

carbocationic character at this position when a good electron :I,s [EtaNJWSe4 (1.2 equiv) NHTs /\/‘\/
withdrawing group like NTs is preseht. The regio- and : oo /\‘/\/86‘Se v
stereochemical outcome of the reaction was confirmed by X-ray 23 are 24 NHTs

analysis of compourid 13 (Figure 2; see Supporting Informa- 85%

tion for other new compounds).
Tentative Mechanism and Theoretical Investigation of TsN NHTS — an

: ; A . 0B 2 equi el's
Tandem Multistep Reactions with cis-Aziridino-epoxides " EUNLWSes (12 00u) oo 7
Mediated by Tetraselenotungstate 1lt is possible to visualize =>"oBn CH,Cly, 1,5 h 26 NHTs
the nucleophilic attack df at C1 of the aziridine ring to generate TSN 25 62%

the intermediateX]. The selenium nucleophile iX can then ) . ]

open the epoxide ring either at C5 (path a) to generate 22 (Scheme 2). To explain the exclusive formation3obver
intermediatel or at C4 (path b) to give intermediate. The 22, DFT calculations were carried out on proposed intermediates
intermediatesl(or I ) can undergo an internal redox procéss, | arllg” using the B3LYP® method and LanL2DZ level basis
leading to seleniumselenium bond formation with the elimina- ~ Set:® A recent comparison of density functional methods and
tion of WSe.13214This process could lead to the formation of Molecular orbital methods with a variety of basis sets has shown
diselena-bicyclo[3.2.1]octargor diselena-bicyclo[2.2.2]octane  that the B3LYP/6-31G(d) method yields reliable geometries for
organoselenium compoundskFurthermore, this level of theory

(12) CCDC 2920583), CCDC 61060412), CCDC 61060513), CCDC
610606 (4), CCDC 61060716), CCDC 61060818), CCDC 61060919), (14) WSe was identified as one of the major inorganic byproducts after
CCDC 61061020), CCDC 61061121), CCDC 6106122%4), and CCDC reaction.

292060 26) contain supplementary crystallographic data for this paper. (15) (a) B3LYP is Becke’s three parameter hybrid method using the LYP
These data can be obtained free of charge from the Cambridge Crystal-correlation functional. Becke, A. DJ. Chem. Physl993 98, 5648-5652.

lography Data Centre via www.ccdc.cam.ac.uk/datarequest/cif. (b) Lee, C.; Yang, W.; Parr, R. Qhys. Re. B 1988 37, 785-789. (c)

(13) (a) Kruhlak, N. L.; Wang, M.; Boorman, P. M.; Parvez, Morg. Vosoko, S. H.; Wilk, L.; Nusair, MCan. J. Phys198Q 58, 1200-1211.
Chem 2001, 40, 3141-3148. (b) Boorman, P. M.; Wang, M.; Parvez, M. (16) Calculations were performed using the Gaussian 98 program. For
J. Chem. Soc., Chem. Commu®95 999-1000. (c) Gea, Y.; Greaney, further reference, see the Supporting Information.

M. A.; Coyle, C. L.; Stiefel, E. I.J. Chem. Soc., Chem. Commua992 (17) Pearson, J. K.; Ban, F.; Boyd, R.1.Phys. Chem. 2005 109,
160-161 and references cited therein. 10373-10379 and references cited therein.
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FIGURE 5. Kohn—Sham HOMO and LUMO orbital 024, 26, and3 at the B3LYP/6-31G(d) level.

has been used successfully to model reaction mechanisms and Interestingly, the UVW-vis spectrum ofl3 shows a blue

can be expected to yield reliable relative eneréfe3he

shift (414 nm, Figure 4). Thé€’Se NMR of 13 shows a

calculations clearly suggest that the six membered intermediatedifference of 147 ppm between the two selenium signals,
| is 6.4 kcal/mol more favorable than the corresponding seven whereas the difference between the selenium signals in other

membered intermediatél (Scheme 2). The structures of
diselenide3 and22 were optimized using the B3LYP method
and 6-31G(d) level, which also clearly suggests Shat more
stable by 5.9 kcal/mol than the corresponding diselerzige
(Scheme 2).

Experimental and calculated values of torsion angles, in-
tramolecular N-H---O hydrogen bonding distances, and BV

vis absorption maxima of all the diselenides are summarized in

Table 2. The diselenide8 @nd12—21) with smaller dihedral
angles absorb light at longer wavelengths (4445 nm,n —

o*) and as a result are wine red in color (Figures 1 and 3) and
have lower ionization potentials.

(18) Pearson, J. K.; Boyd, R. J. Phys. Chem. 2006 110, 8979
8985.

(19) (a) lwaoka, M.; Komatsu, H.; Katsuda, T.; Tomoda).SAm. Chem.
Soc 2004 126, 5309-5317. (b) Sarma, B. K.; Mugesh, G. Am. Chem.
Soc 2005 127, 1147711485.

conformationally locked diselenides is only-100 ppm (Figures
1 and 3), which is due to an SeO (Se%--02, 2.843 A and
Se2-Sek--02, 166.4) nonbonding interactiof in 13
(Figure 2).

Synthesis of Acyclic Diselenide 24 and Cyclic Diselenide
26. To compare the behavior of diselenides having larger
dihedral angles, we synthesized the acyclic diselériddeand
cyclic diselenidé? 26 by regio- and stereospecific ring opening
of aziridine?® 23 and bis-aziridiné& 25, respectively, witH (1.2
equiv; CHCN, 28°C, 4-5 h) as the selenium transfer reagent
(Scheme 3).

Since diselenide®24 and 26 have larger dihedral angles
(—96.5 and—54.9, respectively), the interaction between the
two pairs of 4p nonbonding electrons on the selenium atoms
becomes much less. As a result, they absorb light at shorter
wavelengths in the ultraviolet region and are orange and yellow,-

J. Org. ChemVol. 72, No. 14, 2007 5317
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respectively, as compared to conformationally locked diselenides3.5 Hz, 1H), 1.71 (s, 3H), 1.321.15 (m, 1H);*3C NMR (75 MHz,
3 and12-21 (Figure 3). CDCl): 6 143.4, 137.4, 129.9, 126.9, 71.1, 60.8, 59.2, 49.0,

On the other hand, bridged diselenides have an enhancedjgf'l_?’?_'é I\Z/Igéivilf;sc% l\:gch(LG Ngzés?gD[CJ)M: ﬁ 4,\?613;]‘,1’
. . . . A - " 4r10NU3 .
interaction be_tween the two pairs of 4p nonbonding electrons 463.9314: found: 463.9299. Anal. Calcd forB.NOsSSe: C,
on the selenium atoms, and therefore, they have a longerzg5e 11" 436 N 3.19: S. 7.30. Found: G 38.41° H. 4.23° N
selenium-selenium bond length as compared to simple dis- 354-5 735 ST

elenides24 and26 (Table 2). To further understand how color, Compound 13.R; = 0.60 (hexanes/EtOAc, 8:2); Yield: 0.213

UV absorption, and SeSe bond length change with the dihedral g 73%; mp: 178C; IR (neatyma: 3486, 3255, 1597, 1423, 1330,
angle, we carried out DFT calculations on locked bridged 1255, 1156, 1064, 836, 779, 671 chm!H NMR (300 MHz,
diselenides3, 12, and18—21 using the B3LYP method and at CDCl): ¢ 7.72 (d,J = 8.1 Hz, 2H), 7.32 (dJ = 8.1 Hz, 2H),

the 6-31G(d) level basis set. The bond lengths and bond angles5.19 (d,J = 9.3 Hz, 1H), 4.168-3.95 (m, 2H), 3.83-3.69 (m, 3H),
are in good agreement with the experimental data (see Sup-3-60 (d,J= 9.3 Hz, 1H), 2.73-2.57 (m, 2H), 2.48 (s, 3H), 2.13
porting Information). The KohaSham HOMO and LUMO  1:99 (m, 3H), 0.95 (s, 9H), 0.13 (s, 6HY)C NMR (75 MHz,
calculations foiB, 24, and26 show that the energy gap between CDCly): 0143.6, 137.6,129.9,127.1, 72.1, 61.1, 58.1, 55.5, 45.8,

; . . f - 45.1,39.7,29.2, 26.2, 21.6, 18:45.2,—5.3;7"Se NMR (76 MHz,
HOMO and LUMO of diselenides increases with an increase CDCl): 6 480.2, 333.7; HR-MSnz calcd for GiHssNO,SSe-

@n the dihedrgl angle (Figurg 5) and .that the-S bond length Si[M + Na']: 608.0284; found: 608.0283. Anal. Calcd fosBas

increases with a decrease in the dihedral angle (Table 2). NO,SSeSi: C, 43.22: H, 6.05; N, 2.40; S, 5.49. Found: C, 43.36:
H, 6.23; N, 2.46; S, 5.52.

Conclusion Compound 14.R; = 0.70 (hexanes/EtOAc, 8:2); Yield: 0.052
g, 18%; mp: 16TC; IR (neatyvmax 3478, 3259, 1153, 1087, 835,

In conclusion, we have demonstrated an easy and efficient 777, 665 cm*; 'H NMR (300 MHz, CDC}): 6 7.76 (d,J = 8.1
synthesis of conformationally locked diselenides in a single step Hz. 2H), 7.29 (d.J = 8.1 Hz, 2H), 6.55 (s, 1H), 4.64 (bs, 1H),
starting fromcis-1,4-aziridino-epoxides. These compounds serve 4-38 (d.J=14.7 Hz, 1H), 4.10 (bs, 1H), 4.03 (bs, 1H), 34838

- ; : (m, 1H), 3.36-3.23 (m, 1H), 2.42 (s, 3H), 2.39 (dd= 17.7, 3.3
as useful precursors for the synthesis of selenium subsmutedHZ’ 1H), 2.18-2.06 (m, 3H), 1.82 (dJ = 15.3 Hz, 1H), 0.82 (s,

amino-cyclohexanol derivatives in a highly regio- and stereo- 9H), —0.06 (s, 3H),~0.07 (s, 3H):3C NMR (75 MHz, CDC}):

controlled manner. Some correlations have been made on thel432’ 139.9, 129.6, 126.9, 71.9, 63.2, 58.6, 54.4, 48.6, 39.9, 39.5,
physicochemical characteristics of the diselenides with changeszs 1, 25.9, 21.5, 18.2,5.5, —5.4; 77Se NMR (76 MHz, CDGJ):

in the dihedral angles. 0 453.8, 402.4; HR-MSwz calcd for GiH3sNO,SSeSi [M +

Na']: 608.0284; found: 608.0312. Anal. Calcd fop;H35NO4-
SSeSi: C, 43.22; H, 6.05; N, 2.40; S, 5.49. Found: C, 43.16; H,
6.26; N, 2.32; S, 5.44.

General Procedure for Aziridine Ring Opening. To a stirred Procedure for Ring Opening of Simple Aziridine 23 with 1.
solution ofcis-aziridino-epoxide2 (0.1 g, 0.38 mmol) in CHCN/ To a stirred solution of aziriding3 (0.101 g, 0.4 mmol) in Chi
EtOH (1:1; 5 mL), tetraethylammonium tetraselenotungstate  Clz (3 mL), tetraethylammonium tetraselenotungstai®.364 g,
(0.346 g, 0.46 mmol) was added at room temperaturé(38After 0.48 mmol) was added at room temperature (Z3. After
completion of the reaction (TLC, 6 h), the solvent was removed in completion of the reaction (TLC, 4 h), the black residue was
vacuo, and the black residue was extracted with@l+EtO (1: extracted with CHCl,—E0 (1:4, 5x 20 mL) and filtered through
4,5 x 20 mL) and filtered through a Celite pad. The filtrate was @ Celite pad. The filtrate was concentrated, and the crude product
concentrated, and the crude product was purified by flash column Was purified by flash column chromatography on silica gel 230
chromatography on silica gel (23@00 mesh, eluting with hexane/ 400 mesh, eluting with hexane/ethyl acetate 9:1) to ol?4ias a
ethyl acetate 8:2) to obtaBias wine red crystals (0.146 g, 90%). Yellow solid (0.226 g, 85%).d]*% = +37.83 € = 6.0, CHCl);

R = 0.70 (hexanes/EtOAc, 7:3). mp: 17€. IR (neatyma: 3464, mp: 103°C; IR (neat)vmax 3286, 1402, 1165, 1095, 816, 742,
3309, 1422, 1324, 1285, 1155, 1080, 1054, 1020, 668LcHh 666 cn!; *H NMR (300 MHz, CDC}): 6 7.77 (d,J = 8.1 Hz,
NMR (400 MHz, CDCY): ¢ 7.75 (d,J = 8.1 Hz, 2H), 7.33 (d)) 4H), 7.29 (d,J = 8.1 Hz, 4H), 5.09 (dJ = 8.1 Hz, 1H), 3.3%-

= 8.1 Hz, 2H), 6.29 (dJ = 8.4 Hz, 1H), 4.36-4.28 (m, 2H), 4.09  3.35 (M, 1H), 3.04 (dJ = 5.7 Hz, 2H), 2.43 (s, 3H), 1.381.22
(bs, 1H), 4.00 (bs, 1H), 3.50 (8 = 1.6 Hz, 1H), 2.67 (td] = (m, 1H), 1.02-0.92 (m, 1H), 0.79 (tJ = 7.5 Hz, 3H), 0.75 (d,
15.2, 4.0 Hz, 1H), 2.56 (bs, 1H), 2.45 (s, 3H), 2.06 (tds 14.0, = 6.9 Hz, 3H);"*C NMR (75 MHz, CDC}): ¢ 143.3, 137.8, 129.6,
3.6 Hz, 1H), 1.33 (ddJ = 15.2, 2.0 Hz, 1H)C NMR (100 MHz, 127.1,58.6, 37.7, 32.8, 24.8, 21.6, 14.8, 11’Sp NMR (76 MHz,
CDCly): 6 143.4,137.8,129.8, 126.9, 71.3, 54.1, 48.8, 48.5, 37.9, CDCl): 6 290.2; HR-MSm/z: calcd for GeHaoN20,S,Se; [M +
28.5, 21.577Se NMR (76 MHz, CDGJ): 6 380.2, 374.2. HR-MS Na']: 707.0397; found: 707.0389. Anal. Calcd foseH40N204S,-
m'z calcd for GgHiNOsSSe [M + Nat]: 449.9157; found: Se: C, 46.84; H,6.05; N, 4.20; S, 9.62. Found: C, 46.98; H, 6.28;
449.9156. Anal. Calcd for GH;/NO:SSe: C, 36.72; H, 4.03; N, N, 4.30; S, 9.86.

3.29: S, 7.54. Found: C, 36.55; H, 4.12: N, 3.38; S, 7.66. Procedure for Ring Opening of Bis-aziridine 25 with 1.

Compound 12.R; = 0.70 (hexanes/EtOAc, 7:3); Yield: 0.201 To a stirred solution of aziridiﬁéZS (0.252 g, 0.4 mmol) in Ckt
g, 92%: mp: 166C; IR (neatyyma: 3481, 3287, 1597, 1418, 1325, CN (5 mL), tetraethylammonium tetraselenotungsta(@.364 g,

1158, 813, 668 cm; 'H NMR (400 MHz, CDCH): 6 7.76 (d,J 0.48 mmol) was added at room temperature (2. After
= 8.1 Hz, 2H), 7.33 (dJ = 8.1 Hz, 2H), 6.23 (dJ = 8.8 Hz, 1H) completion of the reaction (TLC, 5 h), the solvent was removed in

4.01-3.96 (m, 2H), 3.85 (ddJ = 10.8, 2.0 Hz, 1H), 3.473.44 vacuo, and the bIacI_< residue was extract_ed witb(C]H—E_tzO (1:

(m, 1H), 2.76-2.71 (m, 1H), 2.44 (s, 3H), 2.14 (dd,= 14.3, 4,5 x 20 mL) and filtered through a Celite pad. The filtrate was
concentrated, and the crude product was purified by flash column

chromatography on silica gel (23@00 mesh, eluting with hexane/

Experimental Section

ZSé%SO)(t(J?)LEﬁrtg;' BG"BS-';G\g%re\I(a'SS 'r\farﬁggé Jk %?rg]hlsdﬁgnsfé tztilsgég ethyl acetate 9:1) to obtaid6 as a yellow solid (0.196 g, 62%).

. , B.B.; VY , K. 26 — _ _ . . o

30, 2623-2626. (¢) Berry, M. B.. Craig, DSynlet1992 41-44. (d) Bieber, 14”0 > 11:17201(13 = %'0' C"'l%)% mp: 1%2 S’N',\'}R(nseat)

L. W.; De Araujo, M. C. F.Molecules2002 7, 902—906. vmax 3293, 1402, 1160, 1090, 814, 736, 665 ¢nt (300
(21) Sureshkumar, D.; Maity, S.; ChandrasekaraT,e®ahedror2006 MHz, CDCk): ¢ 7.81 (d,J = 8.1 Hz, 4H), 7.39-7.17 (m, 7H),

62, 10162-10170. 5.49 (d,J = 3.9 Hz, 1H), 4.19 (bs, 1H), 4.11 (dd,= 38.1, 12.0
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Hz, 2H), 3.87 (dJ = 4.2 Hz, 1H), 3.36 (ddJ = 9.6, 5.4 Hz, 1H), Delhi for the CCD X-ray facility and for the JC Bose National

2.76 (dd,J = 9.6, 3.0 Hz, 1H), 2.44 (s, 3H}*C NMR (75 MHz, Fellowship to S.C. We also thank Prof. K. Venkatesan for

CDCl): 6 143.7, 136.8, 135.8, 129.6, 128.5, 127.9, 127.6, 127.3, valuable discussions.

73.1,72.1,56.7, 38.8, 21.6Se NMR (76 MHz, CDG): 6 211.3;

FR'M,S miz_calcd for GaHagN206%,5e [M + Na?r]. 817'03,99' Supporting Information Available: Spectral data of other new
ound: 817.0421. Anal. Calcd forsgH3sN-,0sS,Se: C, 51.51; H, 1

4.83; N, 12.11; S, 8.09. Found: C, 51.63; H, 4.96; N, 12.41; 5, S0mPounds, copy ofH, *C, and DEPT spectra for all new

8 23’ ' T ' T T '’ =’ compounds, and X-ray structural details of compounds 3;142
o 16, 18-21, 24, and 26. This material is available free of charge
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