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Figure 2. Supercoiled DNA interaction with selected model compounds. 
*X174 DNA was incubated for 48 h at 37 0C with compounds 14, lb, 
2b, 22, Ic, 2c, la, and A (the corresponding N-protected sulfone of la) 
in buffer (50 mM Tris-HCl, pH 8.5) and analyzed by electrophoresis (1% 
agarose gel, ethidium bromide stain). Lane 1: DNA control. Lane 2: 
14[10.OmM]. Lane 3: lb [10.OmM]. Lane 4: 2b [10.OmM]. Lane 
5: 22 [10.0 mM]. Lane 6: Ic [10.0 mM]. Lane 7: 2c [10.0 mM]. 
Lane 8: Ia[O-ImM]. Lane 9: A[LOmM]. Key: I, form I DNA; 
II, form II DNA; III, form III DNA. 

observed for the starting benzene diyne (12) and cycloaromatized 
product (23). In contrast, however, the naphthalene diyne 20 
produced, upon acid-induced Bergman cycloaromatization, the 
anthracene derivative 24 (49% yield), which exhibited, as expected, 
strong and characteristic UV and fluorescence profiles. These 
profiles were distinct from those of its precursor [UV (EtOH), 
20, Xmax (log e) 304 (3.47), 294 (4.01), 284 (4.26), 267-240 
(4.53-4.55), 214 (4.50) nm; 24, Xn^ (log«) 390 (3.74), 369 (3.78), 
351 (3.66), 333 (3.45), 318 (3.20), 267-244 (4.43-4.46), 215 
(4.43) nm; fluorescence (EtOH, 1 pM, excitation at 260 nm), 20, 
Xmax 435, 412, 393, 374, 357 nm; 24, Xmax 520, 466, 442, 413, 392 
nm, see Figure 1 ]. Figure 1 shows the fluorescence spectra of 
20 and 24, demonstrating the striking and potentially useful 
differences between the arene diyne 20 and its Bergman cyclization 
product 24. 

Epoxides lb and Ic (Scheme I) were generated from their 
corresponding precursors 14 and 22 by treatment with DBU in 
benzene, and although rather labile, they exhibited enhanced 
stability relative to the parent epoxide la.7b Treatment of lb and 
Ic with silica gel in wet benzene led smoothly to the ds-diols 2b 
and 2c. The benzene diyne 2b was stable enough to be detected 
by TLC and 1H NMR spectroscopy but cyclized readily on 
standing at ambient temperatures [half-life (r/2) in THF-J8 at 
20 0C, ca. 2.5 h]. On the other hand, the naphthalene diyne 2c 
exhibited enhanced stability compared to 2b and could be purified 
by chromatography and characterized by the usual means. Its 
half-life (t/2) in THF-J8 at 37 0 C was determined by 1H NMR 
spectroscopy to be ca. 44 h. Thus, the energy gains in forming 
the cycloaromatized products from these (ar)enediynes were 
approximately reflected in their observed rates of cyclization. 

Compounds lb, Ic, 2b, 2c, 14, and 22 exhibited significant 
DNA-cleaving activity when incubated with supercoiled *X174 
at pH 8.5 at 37 0C (Figure 2). Noteworthy in these experiments 
is the diminished activity of these arene diynes toward DNA 
relative to the enediyne la, which is in line with their chemical 
and steric profiles. Compounds 14 and 22 exhibited potent an­
ticancer activities against a variety of cell lines such as Molt-4 
leukemia [IC50 ca. 10"7 M for 14 and IC50 ca. 10"8 M for 22] . n 

The described designed molecules or modified analogues may 
serve as tools in following the reactions and distributions of en-

(12) We thank Dr. W. Wrasidlo of The Scripps Research Institute for 
these assays. 

ediyne-type agents both in vitro and in vivo. In addition, mod­
ulation of the enediyne reactivity toward Bergman cyclization 
allowed for the first time the isolation of cii-diol systems of the 
dynemicin A type. Finally, the powerful anticancer properties 
of these systems endow them with considerable therapeutic po­
tential. 
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Increased interest in p-block chemistry in the past few years 
has led to many advances in the synthesis and reaction chemistry 
of main-group elements and complexes. One of the more chal­
lenging synthetic problems in this area is the controlled con­
struction of molecules containing bonds between the heavier p-
block elements, which have lower bond strengths than their lighter 
congeners. For example, in group 15, RE=ER compounds (E 
= P, As, Sb, Bi) containing unsupported multiple bonds are known 
for phosphorus and arsenic,1 but analogous antimony and bismuth 
species have been observed only when stabilized by transition-metal 
carbonyl anions.2"8 Compounds containing E-E single bonds 
involving the heavier congeners in group 15 are known, but can 
be accessed by only a few synthetic routes: by reduction of the 
elements to form Zintl ions,9,10 by incorporation into transition-
metal carbonyl clusters,11"14 and by reduction of R3E and R2EX 

(1) Cowley, A. H.; Norman, N. C. Prog. Inorg. Chem. 1986, 34, 1-63. 
(2) Huttner, G.; Weber, U.; Sigwarth, B.; Scheidsteger, O. Angew. Chem., 

Int. Ed. Engl. 1982, 21, 215-216. 
(3) Huttner, G.; Weber, U.; Zsolnai, L. Z. Naturforsch. 1982, 37b, 

707-710. 
(4) Plossl, K.; Huttner, G.; Zsolnai, L. Angew. Chem., Int. Ed. Engl. 1989, 

28, 446-447. 
(5) Clegg, W.; Compton, N. A.; Errington, R. J.; Norman, N. C. Poly­

hedron 1988, 7, 2239-2241. 
(6) Arif, A. M.; Cowley, A. H.; Norman, N. C; Pakulski, M. J. Am. 

Chem. Soc. 1985, 107, 1062-1063. 
(7) Weber, U.; Huttner, G.; Scheidsteger, O.; Zsolnai, L. J. Organomet. 

Chem. 1985, 289, 357-366. 
(8) Arif, A. M.; Cowley, A. H.; Norman, N. C; Pakulski, M. Inorg. Chem. 

1986, 25, 4836-4840. 
(9) Critchlow, S. C; Corbett, J. D. Inorg. Chem. 1984, 23, 770-774. 
(10) Corbett, J. D. Chem. Rev. 1985, 85, 383-397. 
(11) Whitmire, K. H.; Raghuveer, K. S. / . Am. Chem. Soc. 1986, 108, 

2778-2780. 
(12) Whitmire, K. H.; Churchill, M. R.; Fettinger, J. C. J. Am. Chem. 

Soc. 1985, 107, 1056-1057. 
(13) Ang, H. G.; Hay, C. M.; Johnson, B. F. G.; Lewis, J.; Raithby, P. R.; 

Whitton, A. J. J. Organomet. Chem. 1987, 330, C5-C11. 
(14) Martinengo, S.; Ciani, G. J. Chem. Soc, Chem. Commun. 1987, 

1589-1591. 
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Figure 1. ORTEP diagram of [(C5Mes)2Sm]20i-i?2:t?2-Bi2) (1) with thermal 
ellipsoids drawn at the 50% probability level. Selected distances (A) and 
angles (deg) are as follows: Sm(I)-Bi(I), 3.265 (1); Sm(2)-Bi(l), 3.283 
(1); Sm(l)-Bi(2), 3.291 (1); Sm(2)-Bi(2), 3.311 (1); Sm(I)-Bi(I)-Sm-
(2), 129.6 (1); Sm(l)-Bi(2)-Sm(2), 127.6 (1); Bi(2)-Bi(I)-Sm(I), 64.7 
(1); Bi(2)-Bi(l)-Sm(2), 64.9 (1); Bi(l)-Bi(2)-Sm(l), 63.7 (1); Bi-
(1)-Bi(2)-Sm(2), 63.9(1). 

to form R2E-ER2 compounds.15"18 

We report here a new way to synthesize complexes of the heavy 
group 15 elements containing EE bonds using the divalent or-
ganosamarium complex (C5MeS)2Sm.19'20 Recent studies of the 
reactivity of this bent metallocene have shown that this complex 
can provide surprising results with a variety of substrates.21"26 In 
surveying the reactivity of (C5Me5)2Sm, we have found that it 
reacts with BiPh3 to provide a new route to dibismuth compounds 
and the first example of a planar M2(^-j?2:772-Bi2) unit. 

BiPh3 reacts with 2 equiv of (C5Me5)2Sm upon mixing in 
benzene, toluene, or cyclohexane to form a red-brown solution.27 

Removal of solvent gave a mixture which could be separated by 
differential solubility in hexane and toluene. The hexane-soluble 
portion was found by 1H NMR spectroscopy to contain biphenyl 
and (C5MeS)2SmPh (benzene and cyclohexane reactions) or 
(C5Me5)2Sm(CH2Ph) (toluene reaction).2829 The 1H NMR 

(15) Ashe, A. J., Ill; Ludwig, E. G., Jr.; Pommerening, H. Organo-
metallics 1983, 2, 1573-1577 and references therein. 

(16) Ashe, A. J., Ill; Ludwig, E. G., Jr.; Oleksyszyn, J. Organometallics 
1983, 2, 1859-1866 and references therein. 

(17) Calderazzo, F.; Morvillo, A.; Pelizzi, G.; PoIi, R. / . Chem. Soc, 
Chem. Commun. 1983, 507-508. 

(18) Ashe, A. J., Ill; Drone, F. J. Organometallics 1984, 3, 495-496. 
(19) (a) Evans, W. J.; Hughes, L. A.; Hanusa, T. P. J. Am. Chem. Soc. 

1984, 106, 4270-4272. (b) Evans, W. J.; Hughes, L. A.; Hanusa, T. P. 
Organometallics 1986, 5, 1285-1291. 

(20) Evans, W. J. Polyhedron 1987, 6, 803-835. 
(21) Evans, VV. J.; Ulibarri, T. A.; Ziller, J. W. J. Am. Chem. Soc. 1988, 

//0,6877-6879. 
(22) Evans, W. J.; Chamberlain, L. R.; Ziller, J. W. J. Am. Chem. Soc. 

1987, 109, 7209-7211. 
(23) Edelmann, T.; Recknagel, A.; Stalke, D.; Roesky, H. W. Angew. 

Chem., Int. Ed. Engl. 1989, 28, 445. 
(24) Evans, W. J.; Ulibarri, T. A. J. Am. Chem. Soc. 1987, 109, 

4292-4297. 
(25) Evans, W. J.; Ulibarri, T. A.; Ziller, J. W. J. Am. Chem. Soc. 1990, 

112, 2314-2324. 
(26) Evans, W. J.; Ulibarri, T. A.; Ziller, J. W. J. Am. Chem. Soc. 1990, 

112, 219-223. 
(27) Addition of a toluene solution of BiPh3 (56 mg, 0.127 mmol) to a 

green toluene solution of (CsMe5)2Sm (107 mg, 0.254 mmol) causes an 
immediate color change to red-brown. Removal of solvent after 30 min and 
extraction with hexane leaves a yellow-brown solution and 1, as a red-brown 
solid (49 mg, 60%). Addition of THF to the hexane solution, removal of 
solvent, and NMR analysis in C6D6 shows the presence of biphenyl and 
(C5Me5J2Sm(CH2Ph)(THF).28'29 Recrystallization of 1 from toluene gives 
crystals suitable for X-ray crystallography. Anal. Calcd for C40H60Sm2Bi2: 
C, 38.14; H, 4.80; Sm, 23.88; Bi, 33.18. Found: C, 37.86; H, 4.75; Sm, 23.75; 
Bi, 32.90. 1H NMR (C6D6, 25 0C): 1.63 s. IR(KBr): 2958 m, 2902 s, 2857 
s, 1439 m, 1376 m, 1083 m, 1018 m, 803 m cm"1. 

(28) (C5Me5)2SmPh reacts with toluene to form (C5Me5)2Sm(CH2Ph). 
Evans, W. J.; Ulibarri, T. A.; Ziller, J. W. Organometallics 1991,10, 134-142. 

(29) In benzene, (C5Me5)2SmPh was formed and identified by addition of 
THF to form (C5Me5)2SmPh(THF): Evans, W. J.; Bloom, I.; Hunter, W. 
E.; Atwood, J. L. Organometallics 1985, 4, 112-119. In cyclohexane, 
(C5Me5J2SmPh was formed and identified by NMR. 

spectrum of the toluene-soluble product contained a single reso­
nance consistent with the presence of a C5Me5 ligand in a Sm(III) 
complex, but it was not structurally definitive. An X-ray crys-
tallographic study30 was necessarily initiated to identify this 
product, and it was found to be [(C5Me5)2Sm]2(M-7;2:??2-Bi2) (1), 
Figure 1. The overall reaction in benzene or cyclohexane is shown 
in eq 1. 

4(C5Me5)2Sm + 2BiPh3 — 
[(C5Me5)2Sm]2(M-t;V-Bi2) + 2PhPh + 2(C5Me5)2SmPh 

(D 
Complex 1 is the first example of a dibismuth complex in which 

the Bi2 moiety coordinates to two metals in a planar side-on 
bonding mode, and it is also the first dibismuth complex of an 
f element. The samarium and bismuth atoms are coplanar to 
within 0.0027 A. The average Sm-C(C5Me5) distance, 2.72 (2) 
A, is typical of the range of values found for eight-coordinate 
trivalent samarium complexes containing two C5Me5 rings24 and 
is significantly smaller than the observed range for eight-coordinate 
divalent samarium complexes.19'24,31 The formally dianionic 
dibismuth unit in 1 has a Bi-Bi distance of 2.851 ( I )A . This 
value is shorter than typical Bi-Bi single bond distances, which 
are generally greater than 2.99 A: Ph2BiBiPh2, 2.990 (2);17 

Bi2Os4(CO)2, 3.017 (2) A;13 [Bi2CoFe2(CO)10]-, 3.092 (2).11 It 
is also shorter than the 2.936 (2) and 2.941 (2) A distances in 
Bi4

2", which is assigned a bond order of 1.25.32 The Bi-Bi distance 
in 1 can also be compared with the distances in the following 
complexes, which are thought to contain some multiple bonding 
between the bismuth atoms: [W(CO)5J3Bi2, 2.818 (3);3 

[(MeC5H4)Mn(CO)2I3Bi2, 2.813;4 W3(CO),3Bi3Me, 2.796 (I);6 

and [(MeC5H4)Mo(CO)2]2Bi2, 2.838 (1) A.5 In the first two 
examples, the neutral Bi2 fragments are thought to be six-electron 
donors; in the latter two examples, they are considered to be 
four-electron donors. 

The composition of 1 is analogous to that of the crystallo-
graphically characterized dinitrogen complex [(C5Me5)2Sm]20i-
T?2:T;2-N2) (2).21 The structures of 1 and 2 differ, however, in that 
the four C5Me5 ring centroids in 1 define a square plane, whereas 
a tetrahedral arrangement of the four ring centroids is present 
in 2. This is reasonable since the average Sm-Bi bond distance 
in 1, 3.29 (2) A, is much longer than the 2.36 (1) A average Sm-N 
bond distance in 2. There is no steric need for a tetrahedral 
arrangement of C5Me5 rings in I.33 The 0.93-A difference in 
Sm-Bi and Sm-N average distances can be compared to dif­
ferences in calculated radii of these elements, which range from 
0.76 to 0.95 A.34 Note that in 2 the dinitrogen unit is also 
formally a dianion, but its short 1.088 (12) A bond distance is 
very close to that of free dinitrogen, 1.0975 A.35 In contrast, the 
Bi-Bi distance in the (Bi2)

2" unit in 1 is not unusually short. In 
previously reported transition-metal complexes, the electron 
contribution of the dibismuth unit to the metal has been ration­
alized on the basis of the 18-electron rule.3"6 The situation is less 
clear in 1 since (a) the samarium center does not follow an 18-
electron rule, (b) trivalent (C5Me5)2Sm units are known to bind 
one to three additional electron pairs,202636 and (c) the planarity 
of the Sm2Bi2 unit makes it impossible for two perpendicular Bi2 

T orbitals to point to both metals. The exact nature of bonding 

(30) Complex 1 crystallizes from toluene in space group P2\ with unit cell 
constants at 173 K of a= 13.045 (2) A, b = 10.9608 (12) A, c = 15.306(2) 
A, /S = 114.07 (I)0 , V = 1998.2 (5) A3, and DaM = 2.093 g cm"3 for Z = 
2. Least-squares refinement of the model based on 3684 reflections (|F0| > 
6.0<r(|Fo|)) converged to a final Rf = 3.5%. 

(31) Evans, W. J.; Ulibarri, T. A. Polyhedron 1989, 8, 1007-1014. 
(32) Cisar, A.; Corbett, J. D. Inorg. Chem. 1977, 16, 2482-2487. 
(33) Sm-Sm in 1 is 5.924 A vs 4.588 A in 2. 
(34) (a) Shannon, R. D. Acta Crystallogr. 1976, A32, 751-767. (b) 

Gordon, A. J.; Ford, R. A. The Chemists Companion: Wiley: New York, 
1972. (c) Slater, J. C. J. Chem. Phys. 1964, 41, 3199-3204. 

(35) Tables of Interatomic Distances and Configurations in Molecules and 
Ions; Sutton, L. E., Ed.; Chemical Society Special Publications; The Chemical 
Society: London, 1958; Vol. 11. 

(36) Evans, W. J.; Drummond, D. K.; Hughes, L. A.; Zhang, H.; Atwood, 
J. L. Polyhedron 1988, 7, 1693-1703. 
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will require further study of 1 and related species. The generality 
of this reaction is being explored. 
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Despite the synthetic usefulness of radical cyclization reactions,1 

the cyclization pathway is mainly limited to 5-exo closure along 
with somewhat less efficient 6-exo and 6-endo closure due to 
stereoelectronic and geometric reasons.2 A fundamentally new 
approach for the formation of five- and six-membered-ring radicals 
from acyclic precursors was sought, and we report here an un­
precedented radical cyclization using 2-phenyl-JV-aziridinyl imines 
which we believe has considerable synthetic potential for the 
formation of carbon-carbon bonds. Our approach is outlined in 
Scheme I and is based on three factors along with the original 
Eschenmoser reaction.3 First, alkyl radicals are known to add 
to oxime ethers.4 Second, /3-fragmentation of three-membered 
rings is a facile process due to the relief of ring strain.5 Third, 
consecutive /3-fragmentations via ejection of styrene and nitrogen 
are expected to be fast processes.6 

Our initial study focused on the use of the A -̂aziridinyl imines 
as radical acceptors. TV-Aziridinyl imines were prepared in 60-80% 
yield by treatment of aldehydes and ketones in ethanol with a 

(1) For recent reviews, see: (a) Hart, D. J. Science 1984, 223, 883. (b) 
Giese, B. Radicals in Organic Synthesis: Formation of Carbon-Carbon 
Bonds; Pergamon: New York, 1986. (c) Ramaiah, M. Tetrahedron 1987, 
43, 3541. (d) Curran, D. P. Synthesis 1988, 417, 489. (e) Laird, E. R.; 
Jorgensen, W. L. J. Org. Chem. 1990, 55, 9. 

(2) (a) Baldwin, J. E. J. Chem. Soc, Chem. Commun. 1976, 734. (b) 
Beckwith, A. L. J.; Easton, C. J.; Serelis, A. / . Chem. Soc, Chem. Commun. 
1980, 482. (c) Stork, G. In Current Trends in Organic Synthesis; Nozaki, 
H., Ed.; Pergamon Press: New York, 1983; p 359. (d) Beckwith, A. L. J.; 
Schiesser, C. H. Tetrahedron 1985, 41, 3925. 

(3) Felix, D.; Muller, R. K.; Horn, U.; Joos, R.; Schreiber, J.; Eschenmoser, 
A. HeIv. ChIm. Acta 1972, 55, 1276. 

(4) (a) Corey, E. J.; Pyne, S. G. Tetrahedron Lett. 1983, 24, 2821. (b) 
Hart, D. J.; Seely, F. L. / . Am. Chem. Soc. 1988, 110, 1631. (c) Bartlett, 
P. A.; McLaren, K. L.; Ting, P. C. J. Am. Chem. Soc. 1988,110, 1633. (d) 
Enholm, E. J.; Burroff, J. A.; Jaramillo, L. M. Tetrahedron Lett. 1990, 31, 
3727. 

(5) For recent examples of fragmentation of three-membered rings, see the 
following, (a) Epoxides: Ayral-Kaloustian, S.; Agosta, W. C. J. Am. Chem. 
Soc. 1980, 102, 314. Barton, D. H. R.; Motherwell, R. S. H.; Motherwell, 
W. B. J. Chem. Soc, Perkin Trans. 1 1981, 2363. Johns, A.; Murphy, J. A.; 
Patterson, C. W.; Wooster, N. F. / . Chem. Soc, Chem. Commun. 1987, 1238. 
Murphy, J. A.; Patterson, C. W.; Wooster, N. F. / . Chem. Soc, Chem. 
Commun. 1988, 294. Johns, A.; Murphy, J. A. Tetrahedron Lett. 1988, 29, 
837. Rawal, V. H.; Newton, R. C; Krishnamurthy, V. / . Org. Chem. 1990, 
55, 5181. Kim, S.; Lee, S.; Koh, J. S. J. Am. Chem. Soc. 1991, 113, 5106. 
(b) Cyclopropanes: Ratier, M.; Pereyer, M. Tetrahedron Lett. 1976, 2273. 
Feldman, K. S.; Romanelli, A. L.; Ruckle, R. E., Jr.; Miller, R. F. J. Am. 
Chem. Soc. 1988, UO, 3300. Miura, K.; Fugami, K.; Oshima, K.; Utimoto, 
K. Tetrahedron Lett. 1988, 29, 5135. Feldman, K. S.; Ruckle, R. E., Jr.; 
Romanelli, A. L. Tetrahedron Lett. 1989, 30, 5845. (c) Benzoylaziridine: 
Padwa, A.; Eisenhardt, W. / . Am. Chem. Soc. 1971, 93, 1400. 

(6) (a) Little, R. D.; Muller, G. W. J. Am. Chem. Soc. 1979,101, 7129. 
(b) Evans, D. A.; Nelson, J. V. / . Am. Chem. Soc. 1980, 102, 774. (c) 
Mohamadi, F.; Collum, D. B. Tetrahedron Lett. 1984, 25, 271. (d) Padwa, 
A.; Gareau, Y.; Xu, S. L. Tetrahedron Lett. 1991, 32, 983. (e) Leone, C. L.; 
Chamberlin, A. R. Tetrahedron Lett. 1991, 32, 1691. 

Scheme I 

I 
^ N=N " ^ 

Table I. Radical Cyclization of 2-Phenyl-JV-aziridinyl Imines 

substrate0 

la: n=l, X=Br 
lb: n=l, X=SePh 
fc: n=2, X=Br 

'A 
3 

^ R^N-A 

5a: R=H 
5b: R=CH3 

time, h 

4 
2 
2 

4 

3 
3 

product (yield, %) 

E (£/E 

2a (30) 
2a (75)b 

2c (85) 

4(89) 

A. 
SnBu9 

6a (84) 
6b (96) 

7a: R=H 4 8 a (87/13)c 9 a (67) 
7b: R=CH3 6 8b (94/6)c 9b (92) 

0 E = COOEt, A = 2-phenyl-JV-aziridinyl group. 'Nine percent of 
the reduction product was obtained. 'The ratio was determined by 1H 
NMR analysis and refers to 8a/9a and 8b/9b, respectively. 

pentane solution of l-amino-2-phenylaziridine at 0 0C, and a 
mixture of syn and anti isomers was used. CAUTION! 1-
Amino-2-phenylaziridinium acetate is explosive, and proper 
precautions should be taken whenever it is used.1 Treatment 
of the bromide la (Table I) with W-Bu3SnH (2.0 equiv) and AIBN 
(0.1 equiv) in benzene (0.01 M in the bromide) at 80 0C for 4 
h afforded 30% of 2a along with 33% of the JV-aziridinyl-
piperidine.8 Under the same conditions, the use of the phenyl 
selenide lb obviated the problem of intramolecular N-alkylation 
and gave 2a in 75% yield. Ic was cleanly cyclized to 2c, and there 
was no evidence of the N-alkylated product. As shown in Table 
I, radical cyclization of 3, 5a, and 7a using structurally different 
radical precursors proceeded smoothly, yielding the cyclized 
products in high yields.910 Similarly, the keto hydrazones 5b and 

(7) CAUTION! After preparation of l-amino-2-phenylaziridinium acetate 
(approximately 10-g scale) by the known procedure (Muller, R. K.; Joos, R.; 
Felix, D.; Schreiber, J.; Wintner, C; Eschenmoser, A. Org. Synth. 1976, 55, 
114), it exploded during storage at room temperature, causing minor injuries. 
The cause of the explosion is unclear at present. Thus, it is desirable to use 
a pentane solution of l-amino-2-phenylaziridine for the preparation of JV-
aziridinyl imines. 

(8) The byproduct was l-(2'-phenylaziridinyl)-4,4-bis(ethoxycarbonyl)-
piperidine. Furthermore, it was obtained in 75% yield without the formation 
of 2a when la was treated with H-Bu3SnH in refluxing benzene for 4 h without 
the addition of AIBN. 1H NMR (300 MHz, CDCl3, -50 "C): i 1.19 (t, 3 
H , / = 7 . 1 Hz), 1.21 (t, 3 H , / = 7 . 1 Hz), 1.89 (t, 2 H, / = 11.5Hz), 2.10 
(d, I H , / = 4.5 Hz), 2.15 (d, I H , / = 7.64 Hz), 2.28-2.51 (m, 4 H), 2.72 
(dd, I H , / = 4.8, 7.9 Hz), 3.08-3.11 (m, 2 H), 4.12 (q, 2 H, / = 7.1 Hz), 
4.16 (q, 2 H, / = 7.1 Hz), 7.16-7.32 (m, 5 H). IR (NaCl): 2952, 1733, 1452, 
1367,1246,1129 cm-'. HRMS (M+): calcd for C19H26O4N2 346.1892, found 
346.1877. 
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