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1,3-Diphenyl-2,2-dihaloaziridines (1-5) were prepared by the addi t ion of  dihalocarbene (CClF, CBrF, CClBr, 
CC12, and CBr2) t o  N-benzyl ideneanil ine in n-hexane. These aziridine compounds were reduced w i t h  t r i -n -bu ty l t in  
hydr ide in n-pentane a t  room temperature t o  give the corresponding 1,3-diphenyl-2-haloaziridines (6-8). The re- 
duction of 1,2, and 3 proceeded stereospecifically, Le., w i t h  retention of configuration, indicating t h a t  the interme- 
diate 2-fluoro- and 2-chloro-2-aziridinyl radicals are pyramidal, and configurationally stable enough t o  abstract 
hydrogen from tri-n-butyltin hydr ide much more rap id ly  than inver t  the i r  configurations. 

I t  is known that the configurational stability of cyclopro- 
pyl radicals is strongly dependent on the nature of the a 
substituent, Le., the substituent a t  the radical carbon.' The 
energy barriers for inversion of the cyclopropyl (A), the a -  
chlorocyclopropyl (B), and the a-fluorocyclopropyl (C) radi- 
cals have been calculated to  be 0.8, 4.0, and 10.5 kcal/mol, 
respectively, by use of the CND0/2 approximation.2 These 
calculations indicate that the configurational stability of these 
radicals increases in the order A < B < C, which is in good 
agreement with that of the degree of stereospecificity observed 
in a number of reactions proceeding via these radicals, such 
as the reduction of cyclopropyl halides with organotin hy- 
drides, the brominative decarboxylation of silver cyclopro- 
panecarboxylates, and the thermal decomposition of cyclo- 
propanepercarboxylic acid esters. Thus, cyclopropyl radical 
(A)3 inverts its configuration so fast that it behaves as if it were 
planar, whereas the a-fluorocyclopropyl radical (C) reacts 

stereospecifically, Le., with complete retention of configura- 
tion, in many rea~tions.l,*,~ The inversion rate of the a-chlo- 
rocyclopropyl radical1X6 is between those of the radicals cited 
above. 

Recently, we have shown that the configurational stability 
of the a-fluorocyclopropyl radical is also affected by the p 
s u b ~ t i t u e n t . ~  Our findings are again in agreement with the 
prediction made theoretically by Dewar and Bingham.8 

As compared with cyclopropyl radicals, however, there have 
been very few studies on the configurational stability of other 
three-membered-ring radicals containing a heteroatom in the 
ring, such as oxiranyl, 2-aziridinyl, and thiiranyl radicals. 
Altman and his collaborator have shown both theoretically2 
and experimentallyg that the energy for inversion of the oxi- 
ranyl radical is larger than that of the corresponding cyclo- 
propyl radical. 

We have now extended our studies to the hitherto unexa- 
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mined 2-aziridinyl radical, with the expectation that the 2- 
aziridinyl radical might have a larger configurational stability 
than the cyclopropyl radical, as does the oxiranyl radical. In 
the present paper will be described the results of the studies 
on the reduction of 1,3-diphenyl-2,2-dihaloaziridines with 
tri-n-butyltin hydride. 

Results 
Preparation of 1,3-Diphenyl-2,2-dihaloaziridines. The 

aziridine compounds employed in this study were prepared 
by the reaction of dihalocarbene with N-benzy1ideneaniline.lO 

PhCHeN-Ph + C!XY 

Ph)dy +phkdx -- 
n hexane 

Y 
I 

H N  X H 

Ph Ph 
a b 

I 

I, X = C1; Y = F 
& X = C l ; Y = B r  4, X=Y=Cl 
5 , X = Y = B r  

All of the aziridine compounds prepared gave satisfactory 
elemental analyses as well as ir, NMR, and mass spectra. 

Since chlorofluoro-, bromofluoro-, and chlorobromocar- 
benes and N-benzylideneaniline are both unsymmetrical, two 
isomers of the aziridine should expectedly be formed. In fact, 
from chlorobromocarbene and the anil, usual treatment of the 
reaction mixture and recrystallization from n-pentane gave 
a mixture of two isomers (3a and 3b) of 1,3-diphenyl-2- 
chloro-2-bromoaziridine in 61% yield. The NMR spectrum 
of the product showed the absorptions at  6 3.50 (singlet), 3.66 
(singlet), and 6.90-7.50 (multiplet). Heating the mixture of 
the two isomers in refluxing n-hexane-benzene (1:l) for a 
week resulted in the decomposition of one isomer (3a), with 
the other isomer (3b) left unchanged. The NMR spectrum of 
the remaining unchanged isomer showed the absorptions a t  
6 3.66 (singlet, I H) and 6.90-7.50 (multiplet, 10 H). Column 
chromatography (silica gel, n-pentane eluent) of the two iso- 
mers gave pure 3a which had the absorptions at  6 3.50 (singlet, 
1 H) and 6.90-7.50 (multiplet, 10 H) in its NMR spectrum. 
The isomer ratio in the product was 2.3/1, with the isomer (3b) 
having the absorption at  6 3.66 predominating. Although 
neither these NMR data nor the ir and mass spectral data of 
the isomers were sufficient to determine their configurations 
( E  or Z) ,  the results of the reduction of each isomer allowed 
us to assign the Z configuration to 3a and the E configuration 
to 3b.ll 

In the NMR spectrum of the product obtained from chlo- 
rofluorocarbene and the anil, only one doublet (6 3.48, doublet, 
J = 3.5 Hz, 1 H) was observed in addition to a complex mul- 
tiplet due to phenyl protons (6 6.90-7.58,lO H). Similarly, the 
NMR spectrum of the bromofluorocarbene adduqt showed 
one alicyclic hydrogen (6 3.50, doublet, J = 4.0 Hz) and ten 
aromatic hydrogens (6 6.92-7.60, multiplet). These doublets 
are due to the benzylidene proton coupled with the fluorine 
on the adjacent carbon. The magnitudes of the coupling 
constants suggest that these aziridines are the E isomers (a).12 
The absence of other absorptions which could possibly be 
attributed to the other isomer (b) indicates that these re- 
crystallized products contain only one isomer (a) and that the 
reaction occurs with high stereo~e1ectivity.l~ An analogous 
stereoselective addition was observed in the reaction of excess 
LiCHClz with N-benzylideneaniline in ether at temperatures 
below -70 OC.lxj 

Reduction of 1,3-Diphenyl-2,2-dihaloaziridines with  
Tri-n-butyltin Hydride. 1,3-Diphenyl-2-chloro-2-fluoro- 
aziridine (1) was reduced with a small excess of tri-n-butyltin 

2, X = Br; Y = F 

hydride in n-pentane at  room temperature under nitrogen 
atmosphere for 5 days. The reduction product was isolated by 
use of column chromatography (alumina). The NMR spec- 
trum of the product proved that only one isomer of 1,3-di- 
phenyl-2-fluoroaziridine (6a) was formed. The NMR spec- 

Ph 
+ n-BuanH - 

n-pentane 

Ph Ph 
la, x=c1 6a 
&,, X=Br  

"w H 1 :: 
I 
Ph 
6b 

not obtained 

trum in carbon tetrachloride showed the absorptions at  6 5.03 
(double doublet, J = 4.0 and 79.0 Hz, 1 H), 3.16 (double dou- 
blet, J = 3.5 and 4.0 Hz, 1 H), and 6.90-7.58 (multiplet, 10 H). 
The smaller coupling constant (4.0 Hz) a t  6 5.03 is due to the 
interaction between HM and Hx, and the larger one (79.0 Hz), 
to that between HM and F. Similarly, the coupling constants 
of 4.0 and 3.5 Hz at 6 3.16 can be attributed to the interaction 
between Hx  and HM, and between Hx  and F, respectively. 
These magnitudes of the coupling constantssuggest that the 
reduction product formed was the isomer (6a) whose fluorine 
atom was trans to the hydrogen (Hx) at  the adjacent ring 
carbon.12J6 This means that the reduction proceeded with 
retention of the original configuration. 

A similar stereospecificity was observed in the reduction 
of 1,3-diphenyl-2-bromo-2-fluoroaziridine (2a). 2a was con- 
verted into 6a, with no sign of 6b being formed. 

A mixture of isomers (3a and 3b) of 1,3-diphenyl-2- 
chloro-2-bromoaziridine was similarly reduced in n-pentane. 
An attempt to isolate the reduction product (7) by column 
chromatography was unsuccessful because it was too unstable 
under the chromatographic conditions.17 Inspection of the 
NMR spectrum of the reaction mixture in n-pentane revealed 
the peaks at 6 3.20 (doublet, J = 5.0 Hz), 3.26 (doublet, J = 
2.0 Hz), 4.27 (doublet, J = 2.0Hz), 4.32 (doublet,J = 5.0 Hz), 
and 7.15-7.80 (multiplet) in addition to the peaks due to n -  
pentane, phenyl group, and the n-butyl group of n-butyltin 
bromide. After removal of the n-pentane from the reaction 
mixture, benzene was added to the residue. The NMR spec- 
trum of the benzene solution showed the peaks a t  6 2.87 
(doublet, J = 5.0 Hz), 3.16 (doublet, J = 2.0 Hz), 4.08 (doublet, 
J = 2.0 Hz), and 4.11 (doublet, J = 5.0 Hz) in addition to the 
peaks due to the n-butyl group of n-butyltin bromide and 
phenyl group. That these four doublets are due to aziridine 
ring hydrogens of the reduction product is supported by the 
comparison of the 6 values and the coupling constants with 
those of 1,3-diphenyl-2-chloroaziridine prepared by Deyrup 
et a1.l5J6 and of other analogous aziridine compounds.18 The 
larger coupling constant ( J  = 5.0 Hz) is attributed to the cis 
isomer (7b), and the smaller one ( J  = 2.0 Hz) to the trans 
isomer (7a). 

Each isomer of 3 was reduced separately under the same 
conditions. The NMR spectra of the reaction mixture con- 
firmed that only one isomer was formed from each of the iso- 
mers (7a from 3a, 7b from 3b), which indicated that the re- 
duction of 3 also proceeded stereospecifically. 
1,3-Diphenyl-2,2-dichloroaziridine (4) and 1,3-diphenyl- 

2,2-dibromoaziridine ( 5 )  were similarly reduced in n-pentane. 
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The reduction products (7 and 8) could not be isolated because 
of their instability under the chromatographic conditions. The 
NMR spectra (in n-pentane and in benzene) of the reaction 
mixture obtained in the reduction of 4 had the peaks, except 
a small one due to the unreacted starting material (4), at the 

Ph 
4, x = c1 
5, X = Br 

Ph 
7% x = c1 7 b , x = c 1  
Sa, X = Br 8b, X = Br 

same positions as the reaction mixture obtained from an iso- 
meric mixture of 3. The isomer ratio of the reduction product 
(7b/7a) was calculated from peak areas in NMR to be 1.9/1. 

Similarly, the NMR spectrum (in benzene) of the reaction 
mixture obtained in the reduction of 5 showed complex aro- 
matic peaks and four doublets, two of which ( J  = 5.0 Hz) 
centered at  6 2.88 and 4.26, and the other two ( J  = 2.0 Hz) 
centered at  6 3.25 and 4.17, in addition to the peaks due to the 
n-butyl group of n-butyltin bromide. The isomer ratio (8b/8a) 
was 2.011. 

Discussion 
The reduction of organic halides with organotin hydride 

have been rationalized as a free-radical chain reactionlg and 
the intermediacy of a free radical has been postulated also in 
the reduction of some 7,7-dihalonor~aranes~~ and of some 
gem- dihalocyclopropanes21 with organotin hydride. I t  is of 
little doubt that the reduction of 1-5 is a radical chain reaction 
which involves intermediate formation of the 2-halo-2-aziri- 
dinyl radical as one of the chain-propagating steps. 

The experimental results obtained in the reduction of 1 and 
2 demonstrate that the 2-fluoro-2-aziridinyl radical (9a) thus 
formed is pyramidal and abstracts hydrogen from tri-n- 
butyltin hydride much more rapidly than it inverts its con- 
figuration to 9b; if it is planar, or if the inversion occurs before 

'~~~ n.BuSSnH- n-Bu SnH 

I H I 
-ph%-phHF fast H N H  I 

, Ph Ph Ph 
la, 2a 9a 6a 

1.b. 

I 
Ph 
9b 

Ph 
6b 

hydrogen abstraction, a mixture of the two isomeric 1,3-di- 
phenyl-2-fluoroaziridines (6a and 6b) must be formed. The 

application of the same argument to the reduction of 3a and 
3b leads to the conclusion that the 2-chloro-2-aziridinyl rad- 
icals are also pyramidal and are configurationally very sta- 
ble. 

A similar stereospecificity was observed in the reduction 
of gem-halofluorocyclopropanes with tri-n-butyltin hy- 
dride,4,5 while the other hitherto known a-substituted cyclo- 
propyl radicals, formed in the reduction of a-substituted cy- 
clopropyl halides with organotin hydride or in the Huns- 
diecker reaction of a-substituted cyclopropanecarboxylic 
acids, were found to lose their original configurations com- 
pletely or partly during the reaction. Thus, 7-cyano-, 7-phe- 
nyl-, or 7-methoxycarbonyl-7-norcaryl radical equilibrates 
between its isomeric configurations before hydrogen ab- 
straction.22 The 7-chloro-7-norcaryl radica11,6 can retain its 
original configuration to some extent, but not completely. 

These results demonstrate that the 2-aziridinyl radical has 
a stronger tendency to retain its configuration than the cy- 
clopropyl radical. One of the possible explanations is to at- 
tribute it to the increase of s charactor of the radical orbital 
of carbon in the aziridinyl radical, caused by the electroneg- 
ative nitrogen atoma23 

The b isomer of 1,3-diphenyl-2-chloroaziridine (7) was 
preferentially formed in the reduction of 1,3-diphenyl-2,2- 
dichloroaziridine (4). This may be explained by postulating 
that the sterically less hindered chlorine, i.e., the one trans to 
the phenyl group at  the adjacent carbon, is abstracted by the 
tri-n-butyltin radical more easily than the cis chlorine24 and 
that the resulting 2-chloro-2-aziridinyl radical retains its 
configuration when it abstracts hydrogen from tri-n-butyltin 
hydride. The preferential formation of the b isomer of 1,3- 
diphenyl-2-bromoaziridine (8) in the reduction of 1,3-di- 
phenyl-2,2-dibromoaziridine ( 5 )  might be explained in a 
similar way, but no definite conclusion can be drawn a t  
present, because the configurational stability of the 2- 
bromo-2-aziridinyl radical has not been examined so far. 

Experimental Section 
Infrared spectra were obtained with a Shimadzu IR-400 or a Japan 

Spectroscopic Co. IR-DS 402G infrared spectrometer. IH NMR 
spectra were obtained with a Varian Associates T-60A or a JEOLCO 
4H-100 NMR spectrometer in carbon tetrachloride with tetrameth- 
ylsilane as internal reference. Mass spectra were obtained with a 
Shimadzu LKB-9000 or a Hitachi RMS-4 mass spectrometer. Isomer 
distributions were calculated from peak area in NMR spectra. All 
melting points are uncorrected. All chemicals were reagent grade and 
used without further purification. Solvents were distilled through a 
25-cm Vigreux column and, if necessary, were purified in the usual 
manner prior to use. 

Preparation of 1,3-Diphenyl-2,2-dihaloaziridines. 1,3-Di- 
phenyl-2-chloro-2-fluoroaziridine (1). To a stirred solution of 18.1 
g (0.10 mol) of N-benzylideneaniline and 4.8 g (0.20 mol) of sodium 
hydride in 200 ml of n-hexane, cooled to 0 "C in an ice bath, was added 
32.2 g (0.20 mol) of methyl dichlorofluoroacetate, under a nitrogen 
atmosphere, at such a rate that the temperature should not rise above 
5 "C. After the addition was over, the mixture was warmed up to 20-30 
O C  and then for 3 h a t  room temperature. The reaction mixture was 
suction filtered, the residue was washed three times with n-hexane, 
and the solvent was removed in vacuo from the combined filtrates, 
leaving a dark brown viscous liquid. n-Pentane was added to this 
liquid and then the solution was filtered again. The filtrate (n-pentane 
solution) was stored for 20 h a t  -20 "C to give as precipitates 5.7 g 
(23% yield) of 1,3-diphenyl-2-chloro-2-fluoroaziridine (1). Recrys- 
tallization from n-pentane gave pale yellow crystals: mp 54-55 "C; 
ir (KBr) 3040 (w), 1600 (vs), 1495 (s), 1410 (s), 1275 (w), 1235 (m), 1130 
(s), 1040 (w), 840 (w), 760 (s), 695 cm-l (s); NMR F 3.48 (d, JHF = 3.5 
Hz, 1 H), 6.90-7.58 (m, 10 H); mass spectrum m/e 249 (P + 2), 247 (P), 
229,227,212. Anal. Calcd for C14H1INClF: C, 67.89; H, 4.48. Found: 
C, 67.98; H, 4.37. 
1,3-Diphenyl-2-bromo-2-fluoroaziridine (2a). To a stirred so- 

lution of 18.1 g (0.10 mol) of N-benzylideneaniline and 22.4 g (0.20 
mol) of potassium tert-butoxide in 200 ml of n-hexane, cooled to 0 
to -10 OC in an ice-salt bath, was added 38.4 g (0.20 mol) of dibro- 



Reduction of 1,3-Diphenyl-2,2-dihaloaziridines 

mofluoromethane, under nitrogen atmosphere, over 2 h. After the 
addition was over, the mixture was stirred for 2 h a t  0 to -10 "C and 
then for 3 h a t  room temperature. The reaction mixture was worked 
up as described above. Light-tan crystals of 1,3-diphenyl-2-bromo- 
2-fluoroaziridine (2) were obtained in 28% yield: mp 57-59 "C; ir (KBr) 
3035 (w), 1600 (s), 1495 (vs), 1404 (s), 1275 (w), 1230 (w), 1120 (s), 1035 
(w), 835 (w), 755 (vs), 695 cm-l (vs); NMR 6 3.50 (d, JHF = 4.0 Hz, 1 
H),  6.95-7.55 (m, 10 H); mass spectrum m/e 293 (P t 2), 291 (P), 273, 
271, 212. Anal. Calcd for C14H11NBi-F: C, 57.56; H, 3.80. Found: C, 
57.59; H, 3.75. 
1,3-Diphenyl-2-bromo-2-chloroaziridine (3) was prepared by 

the same method as described for the preparation of 2. Dibromo- 
chloromethane was used as carbene precusor instead of dibromoflu- 
oromethane. The pale yellow crystals of 3 were obtained in 61% yield, 
mp 89-91 "C. The NMR spectrum of the crystals (in CC14) showed 
absorptions at  6 3.50 (s), 3.66 (s), and 6.90-7.50 (m), indicating the 
existence of a mixture of isomers of 3 (a and b). Column chromatog- 
raphy (alumina, n-pentane eluent) gave only one isomer (3a) (as- 
signment was made from the results of reduction), and the other 
isomer (3b) could not be isolated because of its decomposition. Pure 
3b was obtained by heating a mixture of 3a and 3b in refluxing n- 
hexane-benzene (1:l) for a week, which resulted in the decomposition 
of 3a, with 3b left unchanged. The isomer ratio of 3a/3b was 1/2.3. 

3a: mp 92-94 "C; ir (KBr) 3045 (w), 1590 (vs), 1305 (s), 1265 (w), 
1095 (w), 805 (s), '760 (s), 690 cm-l (s); NMR 6 3.50 (s, 1 H), 6.90-7.50 
(m, 10 H). Anal. Calcd for CIdH1lNBrC1: C, 54.49; H, 3.59. Found: C, 
54.65; H, 3.50. 

3b: mp 94-96 "C; ir (KBr) 3045 (w), 1588 (vs), 1306 (s), 1265 (w), 
1100 (w), 805 (s), 760 (s), 690 cm-I (s); NMR 6 3.66 (s, 1 H), 6.90-7.50 
(m, 10 H). Anal. Calcd for C14H11NBrCl: C, 54.49; H, 3.59. Found: C, 
54.73; H, 3.48. 

Mass spectrum (a mixture of 3a and 3b): m/e 311 (P t 41,309 (P + 2), 307 (P), 274, 272, 230,228. 
1,3-Diphenyl-~!,2-dichloroaziridine (4) was prepared in 55% yield 

according to the method of Cook and Fields:25 mp 97-99 "C; ir (KBr) 
3045 (w), 1590 (vs), 1390 (s), 1265 (w), 1100 (w), 820 (s), 765 (s), 695 
cm-l (s); NMR 6 3.95 (s, 1 H), 6.90-7.50 (m, 10 H); mass spectrum m/e 
267 (P + 4,265 (P + 2), 263 (P), 230,228. Anal. Calcd for C14HllNC12; 
C, 63.66; H, 4.20. Found: C, 63.41; H, 4.12. 
1,3-Diphenyl-2,2-dibromoaziridine (5). To a stirred slurry of 

N-benzylideneaniline (0.10 mol) and potassium tert-butoxide (0.20 
mol) in n-hexane (200 ml), bromoform (0.20 mol) was slowly added 
at  -20 to -30 "C. The reaction mixture was stirred for 3 h a t  this 
temperature and then for 5 h at room temperature. The mixture was 
suction filtered, the residue was washed three times with n-hexane, 
and the solvent was removed in vacuo from the combined filtrates, 
leaving a crystalline product. Recrystallization from n-pentane gave 
5 in 35% yield as light-tan crystals: mp 88-90 "C; ir (KBr) 3050 (w), 
1605 (vs), 1400 (s), 1280 (w), 1090 (w), 790 (s), 765 (s), 700 cm-l (s); 
NMR 6 3.58 (s, 1 H), 6.95-7.55 (m, 10 H). Anal. Calcd for C14HllNBi-2: 
C, 47.63; H, 3.14. Found: C, 47.31; €1, 3.05. 
Reduction of 1,3-Diphenyl-2-chloro-2-fluoroaziridine ( la) .  

In a 50-ml, two-necked flask fitted with an inlet an an outlet tubes for 
nitrogen and a magnetic stirrer was placed a mixture of 5 mmol of 
1,3-diphenyl-2-chloro-2-fluoroaziridine and 6 mmol of tri-n-butyltin 
hydride in n-pentane. The mixture was stirred at  room temperature 
until an aliquot from the reaction mixture showed no absorption due 
to Sn-H stretching (near 1820 cm-l), which took 5 days. The reduc- 
tion product was isolated in 55% yield by use of column chromatog- 
raphy (alumina, n-pentane eluent): mp 66-68 "C; ir (KBr) 3020 (w), 
1585 (s), 1480 (s), 1405 (s), 1265 (m), 1110 (s), 1010 (m), 760 (s), 695 

= 4.0, J H F  = 79.0 Hz, 1 H), 6.71-7.52 (m, 10 H). The NMR spectrum 
showed that the reduction product formed was one isomer of 6, and 
the magnitudes of the coupling constant suggested that the isomer 
formed had the configuration (a) whose fluorine atom was trans to 
the hydrogen at  the adjacent ring carbon. Mass spectrum: m/e 213 
(P), 193,93,66. Anal. Calcd for C14H12NF: C, 78.85; H,  5.67. Found: 
C, 78.71; H, 5.58. 

The same product (6a) was obtained in 60% yield in the reduction 
of 1,3-diphenyl-2-bromo-2-fluoroaziridine (2a) with tri-n-butyltin 
hydride at  room temperature for 4 days. The NMR spectrum also 
confirmed the formation of only one isomer (6a). 
Reduction of ]1,3-Diphenyl-2-chloro-2-bromoaziridine (3a,b). 

The reduction of a mixture of isomers of 3 (3b/3a = 2.3) was con- 
ducted at  room temperature for 24 h. Attempts to isolate the product 
(7) by column chromatography (alumina or silica gel, n-pentane el- 
uent) or by recrystallization from n-pentane were unsuccessful. 
However, the NMR spectrum of the reaction mixture revealed the 

cm-l (9); NMR 6 3.16 (9, JHH = 4.0, JHF = 3.5 Hz, 1 HI, 5.03 ( q , J H H  
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formation of a mixture of isomers of 7 (7b/7a = 2.5). Each isomer of 
3 was reduced separately under the same conditions (room temper- 
ature, 24 h). The NMR spectrum of the reaction mixture of 3a in n- 
pentane showed the absorptions at  6 3.25 (d, J = 2.0 Hz) [3.16 (d, J 
= 2.0 Hz) in benzene] and 4.27 (d, J = 2.0 Hz) [4.08 (d, J = 2.0 Hz) in 
benzene] in addition to the peaks due to n-pentane, phenyl group, and 
the n-butyl group of n-butyltin bromide. The NMR spectrum of the 
reaction mixture of 3b in n-pentane showed the absorptions at 6 3.20 
(d, J = 5.0 Hz) [2.87 (d, J = 5.0 Hz) in benzene] and 4.32 (d, J = 5.0 
Hz) [4.11 (d, J = 5.0 Hz) in benzene] in addition to the peaks due to 
n-pentane, phenyl group, and n-butyl group of n-butyltin bro- 
mide. 
Reduction of 1,3-Diphenyl-2,2-dichloroaziridine (4). The re- 

duction was conducted at  room temperature for 4 days. The reduction 
product (7) could not be isolated by column chromatography. The 
NMR spectrum of the reaction mixture showed the formation of the 
two isomers of 7 (7b/7a = 1.9/1). 
Reduction of 1,3-Diphenyl-2,2-dibromoaziridine (5). The re- 

duction was conducted at  room temperature for 23 h. The starting 
material ( 5 )  was completely consumed. The reduction product (8) 
could not be isolated by column chromatography because of its de- 
composition. The NMR spectrum of the reaction mixture showed the 
formation of the two isomers of 8 (8b/8a = 2.0/1). 

Registry No.-la, 57500-62-6; 2a, 57500-63-7; 3a, 57500-61-5; 3b, 
57500-60-4; 4,3543-98-4; 5,39072-51-0; 6a, 60253-62-5; 7a, 3683-71-4; 
7b, 952-87-4; 8a, 60253-63-6; 8b, 60253-64-7; CClF, 1691-88-9; CClBr, 
13590-47-1; CBrF, 4539-11-1; CBr2,4371-77-1; N-benzylideneaniline, 
538-51-2; tri-n-butyltin hydride, 688-73-3. 
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