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Reaction of 2,B-bis-TST (3b) with 2-Methylpropanal. A 
mixture of 2,5-bis-TST (3b) (1.15 g, 5 mmol) and the aldehyde 
(2.27 mL, 25 "01) was stirred at room temperature for 2 h. The 
crude reaction mixture was diluted with THF (20 mL) and a 
solution of TBAF in THF (1 mL) was added. After additional 
stirring (30 min), the solvent was removed under vacuum and the 
residue was dissolved in diethyl ether (30 mL). The solution was 
washed with saturated NaHC03. Usual workup and chroma- 
tography (silica gel, 1:l diethyl ether-n-hexane) gave 0.81 g (80%) 
of the alcohol 26b: oil; 'H NMR 6 0.34 (s, 9 H), 0.94 (d, 3 H, J 
= 4 Hz), 1.01 (d, 3 H, J = 4 Hz), 2.17 (m, 1 H), 3.24 (d, 1 H), 4.8 
(dd, 1 H), 7.66 (8,  1 H). 

Anal. Calcd for CloH19NOSSi: C, 52.35; H, 8.35; N, 6.10. 
Found: C, 52.37; H, 8.32; N, 6.11. 

Reaction of the Alcohol 26b with 3-Carbomethoxy- 
propionyl Chloride. A mixture of the alcohol 26b (0.165 g, 0.72 
mmol), 3-carbomethoxypropionyl chloride (0.5 mL, 4 mmol), and 
triethylamine (0.1 mL, 0.72 mmol) was heated at 80 "C for 48 h. 
The crude mixture was diluted with diethyl ether and washed 
with saturated NaHC03. Usual workup and chromatography 
(silica gel, 1:l diethyl etherln-hexane) gave 0.166 g (60%) of 
compound 29: oil; IR (CHC13) 1740,1675 cm-'; 'H NMR 6 0.98 
(d, 6 H, J = 7 Hz), 2.34 (m, 1 H), 2.72 (m, 6 H), 3.24 (m, 2 H), 
3.69 (s,6 H), 5.9 (d, 1 H), 8.3 (e, 1 H); mass spectrum, m/e  (relative 
intensity) M+ absent, 271 (38), 245 (19), 229 (27), 213 (32), 115 
(100). 

Anal. Calcd for C1,HBNO,S C, 52.97; H, 6.01; N, 3.63. Found 
C, 52.95; H, 6.00; N, 3.64. 
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PQ-Bis- and P,P,P-tris( 1-aziridiny1)phosphoramides containing aryl-substituted aziridine moieties, including 
para-substituted 2-phenylaziridines, an optically active aziridine, and all the possible C-aryl regioisomers of 
diphenylaziridine were prepared by condensation of the aziridines with the appropriate phosphoryl chlorides. 
For the preparation of the sterically hindered diphenylaziridine derivatives, an efficient phosphorylation procedure 
was developed that involved conversion of the aziridines to their lithium salts. The appearance of the aziridine 
ring regions of the 'H NMR spectra of these compounds suggested decreased conformational mobility, as well 
as the presence of an average axis of symmetry in tris(aziridiny1) compounds and a plane of symmetry in certain 
bis(aziridiny1) systems. The relative reactivities of these new phosphoraziridines with 4-(p-nitrobenzyl)pyridine 
indicate the likelihood of significant SN1 character in the ring-opening process. 

The phosphoraziridines2 AB-163 (la) and AB-132 (lb) 
have been shown in experimental and clinical studies to 
be potent antitumor agents as well as radiation  sensitizer^.^ 
Analogues of AB-132 with various alkyl substitution pat- 
terns on the  aziridine ring have been prepared and con- 
siderable variation in both the modes and rates of ring 
opening by water and 4-(p-nitrobenzyl)pyridine (NBP) was 
observed for these phosphinyl ~ a r b a m a t e s . ~  T h e  com- 
bination of potent antitumor and radiosensitizing activity, 
as well as the toxic effect of inhibition of acetyl cholin- 
esterase: is exhibited only by compounds such as la and 
lb, which possess geminal dimethyl ring substitution. 
These properties may be due to a unique mode of hy- 
drolysis involving rapid ring-opening at the  substi tuted 
position a n d  subsequent ring expansion? 
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(2) Trivial name for class of compounds comprising N-phosphinyl 
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l(a) x = OEt 
l (b)  x = NHCOOEt 

A pronounced tendency toward ring-opening at the  
benzylic carbon in  C-phenyl-substituted aziridines7 sug- 
gests t ha t  the  corresponding phosphoraziridines might 
resemble the 2,2-dimethylaziridine series in their chemical 
reactivity and thereby in their spectrum of biological ac- 
tivity as well. Radiation sensitization by a free radical 
process would also be expected to be favored. I n  this 
report we describe the synthesis of C-aryl analogues of the  
bis(1-aziridinyl) compounds 1 as well as those of tris(2,2- 
dimethyl-1-aziridiny1)phosphine oxide (TEPA-132): which 
has geminal dimethyl substitution but  lacks the  ability of 

(6) Bardos, T. J.; Dunn, J. A.; Perlman, M. E. Int. J. Radiat. Oncol. 
Biol. Phys., 1979,5, 1653. 
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1 to potentiate X-irradiation and to undergo the SN1-type 
ring expansion. Para substituents on 2-phenylaziridme and 
different isomers of diphenylaziridine were employed in 
order to probe both electronic and steric effects on ring- 
opening. An efficient procedure for the phosphorylation 
of hindered aziridines was developed to facilitate the 
preparation of the diphenylaziridine derivatives. 

Results and Discussion 
2-Phenylaziridine (2)9 was found to react readily with 

ethyl phosphorodichloridate, ethyl dichlorophosphinyl 
carbamate, and phosphorus oxychloride in the presence 
of triethylamine a t  0 "C by the methods previously de- 
scribed for C-alkylazir idine~~~~J~ to provide the corre- 
sponding ester 3a, carbamate 3b, and phosphine oxide 3c, 
respectively (Scheme I). Compounds 3a-c exhibited 
complex proton NMR spectra and were isolated as oils or 
solids having a broad melting range, suggesting that 3a-c 
were obtained as mixtures of diastereomers. In analogy 
with the symmetry properties of 2,3,4-trihydroxyglutaric 
acid (ABA-type) described by Elie1,ll four stereoisomers 
should be generated by the condensation of two asym- 
metric aziridines with a molecule of phosphoryl dichloride: 
a dl  pair and two meso forms. Condensation of 3 equiv 
of an asymmetric aziridine with POC13 should also generate 
four stereoisomers (as pairs of enantiomers). Since indi- 
vidual diastereomers could not readily be isolated from the 
mixtures obtained from phosphorylation of racemate 2, the 
syntheses were repeated by utilizing (R)-(-)-a-phenyl- 
aziridine (4)12 to yield the corresponding single diaste- 

(9) Brois, S. J. J. Org. Chem. 1962, 27, 3532. 
(10) Chmielewicz, Z. F.; Bardos, T. J.; Munson, A. E.; Babbitt, H. C.; 

(11) Eliel, E. L. Stereochemistry of Carbon Compounds, McGraw-Hill: 
Ambrus, J. L. J. Pharm. Sci. 1967,56, 1179. 

New York, 1962; p 28. 
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reomers (R,R)-5a and -5b and R,R,R isomer 5c (Scheme 
I). They possessed much simpler 'H NMR spectra than 
3a-c, as it was expected, and all had very large optical 
rotations, e.g., -321' for 5c. 
2-(p-Nitrophenyl)aziridine (6) was prepared by epimi- 

nation of p-ni t r~styrenel~ with 3,3-pentamethylene- 
oxaziridine according to the method of Schmitz,14 and then 
phosphorylated to yield phosphinate 7 as a diastereomeric 
mixture (Scheme 11). Reduction of p-methoxyaceto- 
phenone oxime (8 )  with Vitride, based on the general 
aziridine synthesis of Lqdor,15 and careful workup pro- 
vided the very labile 2-(p-methoxyphenyl)aziridine (9). 

(12) Nabeva. A.; Shiaemoto. T.; Iwakura, Y. J.  O m .  Chem. 1976,40, 
3536. 

(13) Broos, R.; Anteunis,'M. Synth. Commun. 1976, 6, 53. 
(14) Schmitz, E.; Janisch, IC. Chem. Heterocycl. Compds. (Engl. 

(15) Landor, S .  R.; Sorola, 0.; Tatchell, H. R. J. Chem. SOC., Perkin 
Transl.) 1974, 1432; Khim. Geterotskl. Soedin. 1974, 1629. 

Trans. 1, 1974, 1294. 



C-Aryl-Substituted Phosphoraziridines J. Org. Chem., Vol. 53, No. 8, 1988 1763 

Table I. 270-MHz IH NMR Data for N-Phosphorylated Diphenylaziridines (in CDC13) 
coupling 3rd group 

aziridine bound to  chemical shifts, ppm constants,b Hz 
Ar HlHZ PHI PHP compd isomer P H la HZa OCHp CH3 

13 g e m  OEt 2.48 (dd) 2.64 (dd) 3.47d (quint) 0.88 (t) 7.32 (m) 1.5 13.8 14.8 
14 g e m  aziridine 2.31 (d) 7.21 (s) 13.8 
15 g e m  C1 2.85 (dd) 3.09 (dd) 7.29 (m), 7.46 (m) 1.3 16.2 19.5 
16 g e m  NHZc 2.58 (dd) 2.98 (dd) 7.29 (m), 7.41 (m) 1.6 13.3 15.8 
23 trans OEt 3.74 (d) 3.83 (d) 2.87 (m), 3.06 (m) (1:l) 0.56d (t) 7.23 (m), 7.32 (m), 7.38 (m) 14.5 15.2 
26 cis OEt 4.10 (d) 4.3Se (quint) 1.32 (t) 7.11 (m) 16.5 

'Protons on aziridine ring. *Coupling constants are first-order approximations. c6(NH) 1.80 (br d,  J = 3.3 Hz). dJ(CH,-CH3) = 6.9 Hz. 
'J(CHZ-CH3) 7.2 Hz. 

Condensation with ethyl phosphorodichloridate in the 
presence of a large excess of Et3N, followed by chroma- 
tography, yielded the less reactive diastereomeric mixture 
10. 

The analogous condensation reactions of diphenyl- 
aziridines with phosphoryl dichlorides proved to be con- 
siderably less facile than those of the monophenyl(ary1)- 
aziridines. 2,2-Diphenylaziridine (1 1) was obtained ac- 
cording to Navada16 by treatment of methyl N-(2-iodo- 
1,l-dipheny1ethane)carbamate" with methanolic potas- 
sium hydroxide (Scheme 111). Reaction of 11 with ethyl 
phosphorodichloridate under the conditions employed for 
the 2-arylaziridines yielded no product, probably due to 
severe steric hindrance toward condensation. Use of ele- 
vated temperatures yielded only polymeric material. 
Treatment of 11 at  0 "C with MeLi, followed by ethyl 
phosphorodichloridate, yielded a complex mixture, as did 
the use of NaH, while n-butyllithium at  -78 "C generated 
the desired product but in variable yields. However, the 
use of just below 1 equiv of methyllithium per equiv of 
aziridine at  approximately -78 "C in ether solution to 
generate lithium aziridine 12, followed by addition of 
phosphorodichloridate and subsequent stirring at  4 "C, 
resulted in nearly quantitative precipitation of the desired 
ethyl bis(2,2-diphenyl-l-aziridinyl)phosphinate (13). 
Tris(aziridiny1)phosphine oxide 14 was obtained in a sim- 
ilar manner by the reaction of phosphorus oxychloride and 
4 equiv of aziridine-lithium salt 12. 
Bis(aziridiny1)phosphinyl carbamate 18 could not be 

obtained by treatment of the aziridinelithium salt 12 with 
ethyl dichlorophosphinyl carbamate, presumably due to 
competing abstraction of the carbamate NH proton. 
However, bis(2,2-diphenyl-l-aziridinyl)phosphinic chloride 
(15) could be prepared as a fairly stable, crystalline solid 
by addition of POCl:, to 2 equiv of 12. The considerable 
steric bulk of the four benzene rings may be responsible 
for the much greater stability of 15 than that of the 
analogous phosphoryl chlorides prepared from ethylene- 
iminels and 2,2-dimethylaziridine.l9 In fact, subsequent 
reaction of the phosphinic chloride with KOCN in absolute 
EtOH at  4 "C provided not the phosphinyl carbamate 18 
as expected20g21 but, based on the infrared spectrum, only 
a phosphinyl isocyanate was generated that was presum- 
ably 17. Heating of 17 in situ yielded a carbamate, but 
attempts a t  isolation of either 17 or 18 without ring- 
opening were not successful. However, the phosphinyl 

(16) Navada, C. K. Ph.D. Dissertation, State University of New York 

(17) Haesner, A.; Lorber, M. E.; Heathcock, C. J. Org. Chem. 1967,32, 

(18) Friedman, 0. M.; Levi, R. S.; Papanastassiou, Z. B.; Waley, W. 

(19) Perlman, M. E.; Bardos, T. J., unpublished results. 
(20) Bardos, T. J.; Dillard, R. D.; Papanastassiou, Z. B. Chem. Ind .  

(21) Bardos, T .  J.; Papanastassiou, Z. B. U.S. Patent 3 201 313, 1965. 

a t  Buffalo, 1967. 

540. 

M. J. Med.  Chem. 1963,6, 449. 

(London)  1963, 1464. 

chloride 15 could be converted to amide 16 upon treatment 
with ammonia. 

17 X = NCO 
18 X = NHCOOEt 

The 'H NMR spectra of bis(2,2-diphenyl-l-aziridinyl)- 
phosphinyl derivatives 13,15, and 16 are all characterized 
by two apparent doublet-of-doublets for the aziridine ring 
protons (see Table I for 270-MHz data). The effects of 
varying field strength and solvent showed that each 
doublet of doublets is an individual spin system. The 
spectra of phosphoraziridines of 2,2-dimethylaziridine, such 
as la,1° normally have a simple doublet for the aziridine 
methylene protons (Jp-H = 14 Hz). The methylene protons 
in the corresponding 2,2-diphenylaziridine compounds 
appear to exhibit geminal coupling, perhaps due to hin- 
drance to aziridine N-inversion or P-N rotation. N-In- 
vertomers were first observed in NMR spectra of secondary 
amines by Bardos and co-workers in the case of 2,2,3,3- 
tetramethylaziridineZ2 and have also been reported for 
d iphenyla~i r id ines .~~?~~ The aziridine portion of the 
spectrum of tris(aziridiny1) compound 14 consists only of 
a doublet, however, as does that reported for the mono- 
aziridinylphosphinate 19.25 The equivalence of the azir- 

R, . 0 

OR2 

idine rings indicated in the spectrum of 14 may be the 
result of an average axis of rotational symmetry. The lack 
of geminal coupling appears to indicate that in addition 
a plane of symmetry passes through each aziridine ring to 
yield average C,, symmetry. Thus, in 14 corresponding 
protons in different rings would be homotopic and those 
in the same ring enantiotopic, while in 13, 15, and 16 
protons in different rings would be enantiotopic (due to 
a plane of symmetry through P=O) and those in the same 
ring diastereotopic (see Scheme 111). 

In the case of the 2-phenylaziridine derivatives, the 
aziridine proton pattern in the spectrum of 5c is nearly 
identical with that of the monoaziridinyl analogue 20,26 
while 5a and 5b possess much more complex spectra. Thus 

~~~~~~~~ ~ 

(22) Bardos, T. J.; Szantay, C.; Navada, C. K. J. Am. Chem. SOC. 1966, 

(23) Martino, R.; Abeba, J.; Lattes, A. J. Heterocyl. Chem. 1973,10, 

(24) Martino, R.; Abeba, J.; Lattes, A. J. Tetrahedron Lett. 1973,433. 
(25) Hassner, A.; Galle, J. E. J .  Am. Chem. SOC. 1970, 92, 3733. 
(26) Berlin, K. D.; Rengaraju, S.; Clark, P. E. J.  Heterocyl. Chem. 

87, 5796. 

91. 

1970, 7, 1095. 
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Scheme IV 
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OC, pH 4.0) were determined. The plots of absorbance of 
the colored adduct formed with NBP (after addition of 
alkali) vs time of incubation were almost all nonlinear, 
presumably due to competing hydrolysis of the aziridine 
or the adduct. For the monophenyl phosphoraziridines 
3a-c rates of between 0.5 and 1.7 (XlO-, min-') were ob- 
tained, in contrast with 5 to 10 times higher rates for the 
2,2-dimethyl-substituted compounds la,b and tris(2,2- 
dimethyl-1-aziridiny1)phosphine oxide. Among the di- 
phenyl phosphoraziridines, only the trans isomer 23 yielded 
significant adduct (k' = 0.68). These results tend to in- 
dicate decreasing alkylating activity with increasing steric 
bulk. 

The initial rates of reaction with NBP for the p-meth- 
oxy-substituted (lo), unsubstituted (3a), and p-nitro- 
substituted (7) (2-phenyl-1-aziridiny1)phosphinates are 3.9, 
1.55 and 1.1, respectively. The increase in rate with in- 
creased electron donation by the aromatic moiety could 
be due to enhancement of protonation of the aziridine 
nitrogen or may be a result of stabilization of an incipient 
carbonium ion. Acid-catalyzed ring-opening at  the sub- 
stituted carbon has been observed for dimethyl (2- 
phenyl-1-aziridiny1)phosphinate and the free aziridines 2 
and 9.12,32 Adduct formation between NBP and N- 
phosphorylated 2-arylaziridines by an SN1-type process 
thus seems likely and is depicted in Scheme V. 

The rates of reaction of the free diphenylaziridines were 
measured and found to be consistent with those of the 
corresponding phosphoraziridines: 4.0 for trans isomer 21, 
0.7 for cis isomer 24, and no significant yield of adduct for 
g e m  isomer 11. The products of the ring-opening of di- 
phenylaziridines with HF33334 and HC17 typically exhibit 
a predominance of an S,1 mechanism. The slower 
cleavage of 24 than 21 by HF/pyridine3, is proposed by 
Wade to be the result of steric hindrance interfering with 
resonance stabilization of any positive charge in 24. Al- 
though a lower rate of reaction with HF for 11 than for 
21 was not observed by Wade, steric hindrance to reso- 
nance may be responsible for the lack of reaction of the 
geminally substituted aziridine with NBP. The relatively 
rapid ring-opening of phosphoraziridine 23 compared to 
13 and 26 may be the result of a similar dependence on 
steric interactions. 

The relative rates of ring-opening by 4-(p-nitro- 
benzy1)pyridine within each series of aromatic phosphor- 
aziridines thus appear to be consistent with significant s N 1  
character in these processes, which may be desirable for 
biological activity considering the apparent activation of 
the radiosensitizers la and l b  by SN1-type ring-opening. 
Evaluation of these new compounds as radiation sensitizers 
and antitumor agents is in progress. 

Experimental Section 
Melting points were determined in an open capillary tube in 

a Mel-Temp apparatus and are uncorrected. Infrared spectra were 
recorded on a Perkin-Elmer 197 spectrophotometer calibrated 
with polystyrene film. Nuclear magnetic resonance spectra were 

0 
Ph 

- '-N+N<h OEt 

Ph" Ph' Ph 

21 R = H  
22 R = L I  

23 

24 R = H  
25 R = L I  

26 

5c may also have average C ,  symmetry that allows the 
aziridine rings to be equivalent, while 5a and 5b lack an 
axis or plane of symmetry resulting in nonequivalent 
aziridine rings. 

It was found that trans-% and ci~-2,3-diphenylaziridine*~ 
(21 and 24, respectively) could also be converted to their 
corresponding lithium salts (22,25) by reaction with MeLi 
at -78 OC (Scheme IV). Subsequent treatment with ethyl 
phosphorodichloridate yielded the corresponding crys- 
talline phosphoraziridines 23 and 26. As 23 was generated 
from a chiral aziridine, a dl-pair and two meso isomers can 
in principle be formed. The 'H NMR spectrum of the 
analytically pure, crystalline product 23 indicates that it 
consists of a single diastereomer. Variation of the field 
strength revealed that the two doublets for the aziridine 
ring protons in 23 are due to independent spin systems. 
As with 5a and 5b this compound appears to lack a plane 
of symmetry and hence is probably the dl-form (shown in 
Scheme IV), with the trans protons being homotopic in this 
instance due to the possibility of exchange by 180' P-N 
rotation. Cis isomer 26 has a plane of symmetry that 
results in equivalent aziridine rings and a simpler spec- 
trum. The lack of symmetry in 23 is also supported by 
the presence of two sets of multiplets for the methylene 
group in the ethyl ester moiety, while single quintets are 
observed in the cases of 13 and 26. 

The preparation of 13-16,23, and 26 described above 
demonstrates the utility of using lithium salts for N-de- 
rivatization of diphenylaziridines. The generation of 
lithium aziridines 12, 22, and 25 has been reported by 
Kauffmann28 but always with subsequent thermal ring- 
opening to yield 2-azaallyllithium species that are of utility 
in 1,3-anionic cycloadditions. The intact aziridine amide, 
although presumed to be the intermediate in the formation 
of such 1,3-anions, was not trapped as was the case here. 

In order to probe steric and electronic effects of aromatic 
substituents on the ring-opening behavior of phosphor- 
aziridines, relative initial rates of reaction (k'),l with 4- 
(p-nitrobenzy1)pyridine (NBP)29-31 in aqueous ethanol (80 

(27) Diab, Y.; Laurent, A.; Mison, P. Bull .  SOC. Chim.  Fr. 1974,2202. 
(28) Kauffmann, T. Angew. Chem., Znt. E d .  Engl.  1974, 13, 627. 

Kauffmann, T.; Habersaat, K.; Koppelmann, E. Chem. Ber. 1977, 110, 
638. Kauffmann, T.; Eidenschink, R. Chem. Ber. 1977, 110, 645, 651. 

(29) Epstein, J.; Rosenthal, R. W.; Ess, R. J. Anal. Chem. 1955, 27, 
1435. 

(30) Dum, J. A. Ph.D. Dissertation, State University of New York at 
Buffalo, 1981. 

(31) Bard-, T. J.; Datta-Gupta, N.; Hebbom, P.; Triggle, D. J. J.  Med.  
Chem., 1965, 8,167. 

~ ~~~ 

(32) (a) Hassner, A.; Galle, J. E. J. Org. Chem. 1976, 41, 2273. (b) 
Lamaty, G.; Sanchez, J.-Y.; Sivade, A.; Wylde, J. Bull .  Chim. SOC. Fr. 
1985, 1261. 

(33) Wade, T. N. J .  Org. Chem. 1980, 45, 5329. 
(34) Alvernhe, A.; Ennakoua, C. M.; Lacombe, S. M.; Laurent, A. J. 

J. Org. Chem. 1981, 46, 4938. 
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recorded on a Varian T-60 or a JEOL FX 270 spectrophotometer. 
Tetramethylsilane was used as an internal standard. Optical 
rotations were obtained on a Perkin-Elmer 141 polarimeter at 
the sodium D line. Thin-layer chromatography was performed 
on Analtech silica gel GF Uniplates, or Eastman plastic sheets 
if so indicated, and components were visualized with short 
wavelength ultraviolet light or iodine vapor. Preparative chro- 
matography was carried out on 20 cm X 20 cm plates coated with 
a 2-mm layer of Machery-Nagel silica gel P/UV254, unless oth- 
erwise indicated. Elemental analyses were performed by Atlantic 
Microlab, Inc., Atlanta, GA, or by Galbraith Laboratories, Inc., 
Knoxville, TN. 

Methyllithium in ether (Alfa) was titrated by the method of 
D ~ h a m e l , ~  just prior to use. All reactions involving its use were 
performed in flame-dried glassware, under a dry nitrogen at- 
mosphere and by utilizing anhydrous, reagent-grade ether stored 
over sodium metal. Ethyl phosphorodichloridate was purchased 
from Aldrich Chemical Co. and redistilled before use. In all 
procedures involving phosphoraziridines, anhydrous, reagent-grade 
solvents were employed. THF was distilled from LiAlH,, toluene 
and benzene were distilled from CaH2, and methylene chloride 
was distilled from PzOs. 
Ethyl Bis(2-phenyl-1-aziridiny1)phosphinate (3a). A so- 

lution of 2-phenylaziridine (2)9 (2.00 g, 0.017 mol) and Et3N (2.3 
mL, 0.017 mol) in ether (50 mL) was cooled to 0 "C. Ethyl 
phosphorodichloridate (1.22 g, 0.0075 mol) in ether (25 mL) was 
then added dropwise with stirring over 30 min at 0 to -3 "C. 
Stirring was continued for another 24 h at 4 "C, the suspension 
wm fiitered, and the residual powder (EhNSHCl) was washed with 
cold ether. Flash evaporation of the filtrate and washings yielded 
a clear, colorless, viscous oil, which was subsequently subjected 
to high vacuum and heated at 45-70 "C for 5 h to provide 1.75 
g (71%) of an oil. Purification with a micromolecular distillation 
apparatus at 0.02-0.04 mm (100-145 "C bath temperature) and 
subsequent drying at 60-100 "C (0.005-0.001 mm) for 54 h yielded 
0.973 g (40%) of 3a as a colorless oil: IR (neat) 3475 (H20), 1225 
(azir. (aziridine), P=O), 1040 (C-0), 930 (P-N) cm-'; 'H NMR 
(CDClJ 6 1.20 and 1.28 (2 t, 3 H, CHis of diastereomers, J = 7 
Hz), 2.15, (dm, 2 H, azir. H-3 cis to Ph, J = 18 Hz), 2.72 (dm, 2 
H, azir. H-3 trans to Ph, JPH = 16 Hz), 3.53 (dm, 2 H, azir. H-2, 
J = 14 Hz), 4.22 (m, 2 H, CH20), 7.22 (m, 10 H, Ar). Anal. Calcd 
for C18H21N202P-1/4 H20: C, 64.95; H, 6.51; N, 8.42; P, 9.30. 
Found: C, 64.99; H, 6.65; N, 8.40; P, 9.69. 
Ethyl Bis (2- phenyl- 1 -aziridinyl) p hosp hinylcarbamate 

(3b). Phosphorisocyanatidic di~hloride,~ (1.60 g, 0.01 mol) in 
toluene (25 mL) was cooled to 0-3 "C, whereupon absolute EtOH 
(0.58 mL, 0.01 mol) in toluene (5 mL) was added dropwise with 
stirring over 40 min at this temperature. Stirring was continued 
for another 2 h at room temperature. The resulting solution of 
ethyl dichlorophosphinylcarbamate36 was immediately added 
dropwise with stirring to a solution of 2-phenylaziridine (2)9 (2.50 
g, 0.0212 mol) and Et3N (2.95 mL, 0.0212 mol) in toluene (20 mL) 
over 1 h a t  0-2 "C. After the mixture was stirred for 24 h at 4 
"C, the resulting precipitate was filtered and washed with toluene. 
The filtrate and washings were evaporated in vacuo to a colorless 
glass, which was dissolved in warm ether (25 mL) and cooled to 
yield 2.85 g (78%) of 3b as a white amorphous solid (mp 90-107 
"C) that was pure by NMR. Trituration with ether (50 mL) and 
then warm ether (35 mL) and repeated recrystallization 
(THF/hexanes) afforded 0.107 g white needles, mp 107.5-110.5 
"C, which served as an analytical sample: IR (CHC1,) 3400 (NH), 
1740 (C=O), 1240 (P=O), 1080 (C-N) cm-'; 'H NMR (CDCl,) 
6 1.14 and 1.17 (2 t, 3 H, CH,'s of 2 diastereomers, J = 7 Hz), 2.32 
(dm, 2 H, azir. H-3 cis to Ph, JpH = 15 Hz), 2.90 (ddm, 2 H, azir. 
H-3 trans to Ph, JpH = 18, J(cis) = 6 Hz), 3.75 (dm, 2 H, azir. 
H-2), 4.07 and 4.13 (2 q, 2 H, CH,O, J = 7 Hz), 6.90 (m, 1 H, NH), 
7.32 (m, 10 H, Ar). Anal. Calcd for Cl9H2,N3O3P: C, 61.45; H, 
5.97; N, 11.31. Found: C, 61.43; H, 6.01; N, 11.55. 
Tris(2-phenyl-1-aziridiny1)phosphine Oxide (3c). A so- 

lution of POCl, (1.23 g, 0.0080 mol) in toluene (25 mL) was added 
dropwise over 20 min to Z9 (2.94 g, 0.0248 mol) and Et3N (3.45 
mL, 0.0248 mol) in toluene (35 mL) at 0-5 "C with stirring. After 
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being stirred at 4 "C for 38 h, the suspension was evaporated to 
dryness and the residue extracted with hexane. Evaporation of 
the hexane extract yielded a white powder, which after three 
recrystallizations (ether) afforded 0.451 g (14%) of 3c3' as fine 
needles: mp 85.5-88 "C; IR (CHCl,) 1245-1200 (azir., P=O), 935 
(P-N) cm-'; 'H NMR (CDCl,) 6 2.20 (dm, 3 H, azir. H-3 cis to 
Ph, JPH = 13 Hz), 2.75 (m, 3 H, azir. H-3 trans to Ph), 3.58 (m, 
3 H, azir. H-2), 7.23 (m, 15 H, Ar). Anal. Calcd for CZ4Hz4N30P: 
C, 71.81; H, 6.03; N, 10.47. Found: 71.70; H, 6.06; N, 10.47. 
(R)-2-Phenylaziridine (4).12 Ring closure by the method of 

Nabeya" yielded a crude oil that contained about 5% aceto- 
phenone by 'H NMR. Fractional distillation provided 4 as a 

-43.4" (c 10.062, EtOH); 'H NMR (CDCl,) identical with that 
of the racemic compound: except for a signal at 6 2.55 (s, CH,CO), 
indicating ca. 0.3% of acetophenone in product. 
(R,R)-Ethyl Bis(2-phenyl-1-aziridiny1)phosphinate (5a). 

The procedure described for the synthesis of 3a was followed, in 
this case using 4 (1.88 g, 0.0160 mol) instead of 2. The oil obtained 
was not distilled as before but instead was dissolved in ether/ 
petroleum ether (1:l) and a trace of insoluble solid was filtered. 
Reevaporation of the solvent and storage of the oil a t  -12 "C for 
2 days afforded, after drying at high vacuum, 5a as a semicrys- 
talline solid (quantitative yield), which could not be recrystallized 
from a variety of solvent systems: mp 25-38 "C; [(Ul2'D -220" (c 
1.20, absolute EtOH); IR (neat) identical with that of 3a; 'H NMR 
(CDCl,) 6 1.28 (t, 3 H, CH,, J = 7 Hz), 2.17 (dm, 2 H, azir. H-3 
cis to Ph, JPH = 14 Hz), 2.72 (dm, 2 H, azir. H-3 trans to Ph, JpH 
= 18 Hz), 3.49 (dm, 2 H, azir. H-2, JpH = 14 Hz), 4.22 (d q 
(apparent quint), 2 H, CH20, JPH = JHH = 7 Hz), 7.22 (s, 10 H, 
Ar). Anal. Calcd for C18H21N202P*1/4 HzO: C, 64.95; H, 6.51; 
N, 8.42. Found: C, 64.59; H, 6.70; N, 8.85. 
(R,R)-Ethyl Bis(2-phenyl-1-aziridiny1)phosphinyl- 

carbamate (5b). The procedure for the synthesis of 3b was 
followed, except that the aziridine used here was 4 instead of 2. 
After filtration of the Et3N.HC1, the resulting solution was 
evaporated at reduced pressure, and the residue was crystallized 
(THF/hexanes) to provide 3.17 g of 5b as fine crystals (85%): 
mp 101-111 'c; [(Y]%D -225" (c 0.515, absolute EtOH); IR nearly 
identical with that of 3b; 'H NMR (CDCl,) 6 1.15 (t, 3 H, CH,, 
J = 7 Hz), 2.23 (dm, 2 H, azir. H-3 cis to Ph, JpH = 15 Hz), 2.88 
(ddd, 2 H, azir. H-3 trans to Ph, JPH = 18 Hz, J(cis) = 6 Hz, J(gem) 
= 2 Hz), 3.66 (dm, 2 H, azir. H-2), 4.08 (9, 2 H, CH20, J = 7 Hz), 
7.20 and 7.25 (2 s, 10 H, Ar), 7.67 (br s, 1 H, NH). Anal. Calcd 
for ClgHz2N3O3P: C, 61.45; H, 5.97; N, 11.31. Found: C, 61.47; 
H, 5.97; N, 11.31. 
(R,R,R))-Tris(2-phenyl-1-aziridiny1)phosphine Oxide (5c). 

The procedure for the synthesis of 3c was followed, except that 
the aziridine used here was 4 instead of 2. The precipitated 
powder was fdtered and washed with toluene and then ether. The 
combined filtrates were evaporated, dissolved in toluene, filtered, 
and reevaporated. The residue was crystallized from ether/pe- 
troleum ether and then recrystallized from ether to afford 1.56 
g of 5c as large, white needles (48%): mp 81-83 "c;  [.ID% -321" 
(c 1.35, absolute EtOH); IR nearly identical with that of 3c; 'H 
NMR (CDC1,) 6 2.19 (ddd, 3 H, azir. H-3 cis to Ph, JpH = 16 Hz, 
J(trans) = 3 Hz, J(gem) = 1.5 Hz), 2.80 (ddd, 3 H, azir. H-3 trans 
to Ph, JpH = 17 Hz, J(cis) = 6 Hz), 3.49 (ddd, 3 H, azir. H-2, JpH 
= 15 Hz), 7.22 (s, 15 H, Ar). Anal. Calcd for C2,H2,N30P: C, 
71.81; H, 6.03; N, 10.47. Found: C, 71.78; H, 6.04; N, 10.43. 
Ethyl Bis(2-(p -nitrophenyl)-1-aziridiny1)phosphinate (7). 

Ethyl phosphorodichloridate (0.407 g, 2.5 mmol) in toluene (5  mL) 
was added dropwise to 2-(p-nitrophenyl)aziridine (S)', (0.816 g, 
5.0 mmol) and Et3N (0.725 mL, 5.2 mmol) in toluene (20 mL) at 
-2 "C with stirring. The suspension was then stirred at 4 "C for 
24 h and then at room temperature for 5 h. The precipitate was 
removed by filtration and washed with toluene (40 mL), and the 
filtrates and washings were evaporated at reduced pressure. 
Purification on preparative silica gel plates developed with THF 
and extracted with 1,2-dichloroethane/MeOH (51) afforded an 
oil. Crystallization by trituration with ether and recrystallization 

COlOdeSS Oil (31%): [.]26D -45.98' (C 9.835, EtOH) (lit.'' [.Iz6D 

(35) Duhamel, L.; Plaquevent, J.-C. J. Org. Chem. 1979, 44, 3404. 
(36) Papanastassiou, Z. B.; Bardos, T. J. J.  Med. Pharm. Chem. 1962, 

5, 1000. 

(37) Compound 3c has been reported in the literature, but ita prepa- 
ration has not been described: Borkovec, A. B.; Woods, C. W.; Brown, 
R. T. J.  Med. Chem. 1966, 9, 522. Gagliardi, D. D.; Kenney, V. S. US. 
Patent 3 547 688, 1970; Chem. Abstr. 1971, 74, 654261. 
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(THF/hexanes) gave 0.492 g (47%) of 7 as a powder: mp 115 "C 
dec; IR (CHCl,) 1525 [v(NO2) asym], 1325 [v(NOz), syml, 
1260-1200 (P=O, azir.), 1040 (C-0), 930 (P-N) cm-'; 'H NMR 
(CDC13) 6 1.28 and 1.37 (2 t, 3 H, CH3 of diastereomers, J = 7 
Hz), 2.25 (dm, 2 H, azir. H-3 cis to Ph, JPH = 14 Hz), 2.87 (dm, 
2 H, azir. H-3 trans to Ph, JPH = 17 Hz), 3.66 (dm, 2 H, azir. H-2), 
4.25 and 4.32 (2 quint., 2 H, CHzO of diastereomers, J ~ H  = JHH 
= 7 Hz), 7.45 (m, 4 H, H,), 8.17 (m, 4 H, H,). Anal. Calcd for 
ClBHlgN4O6P: C, 51.68; H, 4.58; N, 13.39. Found: C, 51.99; H, 
4.40; N, 13.40. 

2-Cp -Methoxyphenyl)aziridine (9). The method reported 
for the synthesis of p-nitroacetophenone% was utilized to prepare 
p-methoxyacetophenone oxime 8 in 97% yield as white crystals 
(stored in a desiccator in the cold): mp 84-88.5 "C (lit.39 mp 86 
"C); 'H NMR (CDClJ 6 2.27 (s, 3 H, CH,), 3.78 ( 8 ,  3 H, CH30), 
6.85 (dm, 2 H, H,), 7.52 (dm, 2 H, H,). 

A solution of 8 (8.25 g, 0.05 mol) in dry THF (25 mL) was added 
dropwise under N2 to a stirred solution of sodium dihydrido- 
bis(2-methoxyethoxy)aluminate (Vitride, 0.15 mol, 70% solution 
in toluene, Alfa) in THF (200 mL) at  reflux over 60 min. After 
being boiled further (2 h), the solution was allowed to cool to room 
temperature (2 h), and then 2 N NaOH (25 mL) was added 
dropwise (1 h) with vigorous stirring. The solution was decanted 
from gummy precipitate, which then was washed with ether (150 
mL). The combined solutions were dried over anhydrous Na2S04 
at  4 "C and fitered, and the Na2S04 was washed with dry toluene. 
The combined filtrates and washings were evaporated at reduced 
pressure at  30 "C and then chromatographed on a dry-packed 
column of neutral alumina (700 g, Woelm dry column grade with 
fluorescent indicator, Activity Grade 111), in a Nylon tube. The 
column was developed with dry ether/E&N (100, and the section 
from just above the origin to the beginning of the fast-migrating, 
short-UV-absorbing band was excised. The boundaries of the 
aziridine-containing region were confirmed by the production of 
a violet color upon treatment of samples with @-nitrobenzy1)- 
pyridine spray reagent.40 The band was extracted with 
CH2C12/MeOH/Et3N (12:41,1 L) and the extract evaporated at  
30 "C to yield a yellow oil (4.91 8). Treatment with dry toluene 
(2 mL) and fractional distillation (66 "C (0.02 mm), 85-120 "C 
bath) afforded a colorless oil (1.54 g) that was approximately 93% 
9 by 'H NMR (yield of 9 = 19%). The only significant impurity 
appeared to be 1-(pmethoxypheny1)ethylamine: TLC (ether with 
5% EbN) Rf 0.29 (primary amine) and 0.38 (9); 'H NMR (CDCl,) 
6 0.72 (br s, 1 H, NH), 1.35 (d, 0.22 H, CH3CNH2, J = 7 Hz), 1.72 
(d, 1 H, azir. H-3 cis to Ph, J(trans) = 3 Hz), 2.12 (d, 1 H, azir. 
H-3 trans to Ph, J(cis) = 6 Hz), 2.95 (dd, 1 H, azir. H-2), 3.82 (s, 
3 H, CH30), 4.07 (4, 0.07 H, CHNH2, J = 7 Hz), 6.83 (dm, 2.12 
H, H,, J,,, = 9 Hz), 7.14 and 7.17 (2 dm, 2.56 H, H, of azir. 
(downfield) and amine). The spectral data are consistent with 
those of a previous preparation.32b 

In an attempt to obtain an analytical sample, 0.5 g of the above 
oil was applied to silica gel plates, which were developed with THF 
(5% EGN) and extracted with C1CH2CH2C1/MeOH/E~N (2021). 
Evaporation of the extracts yielded a yellow oil (0.255 g) that was 
free of primary amine byproduct by NMR but 40% decomposed. 
Complete decomposition resulted when vacuum distillation of this 
material was attempted. 

Ethyl Bis (2- (p -met hoxy pheny 1) - 1-aziridin yl) p hos phinate 
(10). Ethyl phosphorodichloridate (0.489 g, 3.0 mmol) in toluene 
(10 mL) was added dropwise over 45 min to 9 (0.960 g, 6.04 mmol 
by 'H NMR) and E&N (4.18 mL, 30.0 mmol) in toluene (20 mL) 
at  -4 to -2 "C. After being stirred for 5 h at 4 "C, the suspension 
was allowed to reach room temperature and filtered and the 
residual powder washed with toluene (15 mL). The filtrate and 
washings were evaporated and then chromatographed on silica 
gel plates developed with dry THF/Et3N (lOl), and the product 
was extracted with freshly distilled 1,2-dimethoxyethane. The 
solvent was removed in vacuo and again evaporated after each 
treatment with l,2-dichloroethane (2X) and CH2C12 (3X). Sub- 
sequent drying at  high vacuum at 30 "C afforded 0.846 g (70%) 

Perlman and Bardos 

(38) Silvia, T.; Pedrazolli, A.; Treu, T. Gam. Chim. Ital. 1954,84,701; 

(39) Belton, J. G.; Nowlan, N. V.; Wheeler, S. Sci. Proc. R. Dublin SOC. 

(40) Lalka, D.; Bardos, T. J. J. Pharm. Sci. 1973,62, 1294. 

Chem. Abstr. 1956, 50, 958b. 

1949,25, 19. 

of 10 as a viscous oil. The analytical sample was obtained by 
drying at  high vacuum at 40 "C over P20j. There was no indi- 
cation of the presence of significant byproducts in the final product 
in spectra or chromatographically: IR (neat) 3400 (H20),  
1250-1225 (M), 1035 (C-0), 930 (P-N) cm-'; 'H NMR (CDC1,) 
6 1.28 (m, 3 H, CH,C), 2.17 (dm, 2 H, azir. H-3 cis to Ph, JpH = 
14 Hz), 2.70 (dm, 2 H, azir. H-3 trans to Ph, JpH = 14 Hz), 3.45 
(dm, 2 H, azir. H-2), 3.78 (s, 6 H, CH30), 4.23 (m, 2 H, CH20), 
6.86 (m, 4 H, Hm), 7.21 (m, 4 H, H,,). Calcd for 
C&~204P. ' /2HzO: C, 60.44; H, 6.59; N, 7.05. Found: C, 60.25; 
H, 6.65; N, 7.05. 

2,2-Diphenylaziridine (1l).l6 Methyl N-(2-iodo-l,l-di- 
phenylethane)carbamate17 (25.4 g, 0.069 mol) in methanolic KOH 
(37 g in 400 mL MeOH) was boiled for 2 h. The suspension was 
filtered and the filtrate concentrated to 200 mL in vacuo and 
poured into water (500 mL), and the resulting suspension was 
extracted with ether. The organic extracts were washed well with 
water, dried (Na2S04), and evaporated. The oil was dried over 
NaOH pellets and distilled to provide 8.68 g (67%) of 11 as a 
colorless oil: bp 111-115 "C (0.17 mm); IR (neat) 3300 (NH), 1605, 
1495 (Ar), 1450 (azir. CH bend) cm-'; 'H NMR (CDCl,) 6 1.02 
(br s, 1 H, NH), 2.38 (s,2 H, CHz), 7.30 (s, 10 H, Ar). Anal. Calcd 
for C14H13N: C, 86.12; H, 6.71; N, 7.17. Found: C, 86.18; H, 6.85; 
N, 7.41. 

Ethyl Bis(2,2-diphenyl-l-aziridinyl)phosphinate (13). 
Methyllithium (12 mmol, 1.39 M in ether) was added dropwise 
over 30 min to a stirred solution of 11 (2.34 g, 12.2 mmol) in ether 
(100 mL) at approximately -78 "C (C02/acetone), and the clear, 
colorless solution stirred for an additional 60 min at this tem- 
perature. To the solution of lithium amide 12 was then added 
over 3 min a solution of ethyl phosphorodichloridate (0.978 g, 6.0 
mmol) in ether (5 mL). After being stirred for 24 h at  4 "C, the 
suspension was filtered and the residual white powder washed 
with ether. The filtrate was evaporated to an oil and dissolved 
in CH2C12 and the turbid solution stored in the cold for several 
days. After repeated filtrations through Celite-545 to remove all 
of the suspended LiC1, the now clear solution was evaporated and 
crystallized from ether to afford 2.44 g (85%) of 13 as fine white 
crystals: mp 147 "C dec; IR (CHC13) 1240 (P=O), 1025 (C-0), 
980 (P-N) cm-'. Anal. Calcd for CmHmN2O2P: C, 74.98; H, 6.08; 
N, 5.83. Found: C, 75.39; H, 5.96; N, 5.85. 
Tris(2,2-diphenyl-l-aziridinyl)phosphine Oxide (14). To 

a stirred solution of 12 (12 mmol, prepared as described for 13) 
in ether (50 mL) at  -78 "C was added over 5 min POCl, (0.460 
g, 3.0 mmol) in ether (5 mL). After being stirred for 38 h at  4 
"C, the thick suspension was filtered and the residual powder 
washed thoroughly with ether (75 mL) and then extracted with 
CHzC12 (50 mL). The turbid CHZClz solution was filtered through 
Celite-545, evaporated, and then coevaporated several times with 
ether to yield white crystals, which were recrystallized 
(CH2C12/ether) to provide 1.61 g (85%) of 14: mp 140 "C dec; 
IR (CHCl,) 3370 (H20), 1210 (P=O), 980 (P-N) cm-'. Anal. 
Calcd for C42H,N30P.1/,H20 C, 79.54; H, 5.72; N, 6.62. Found 
C, 79.67; H, 5.90; N, 6.77. 
Bis(2,2-diphenyl-l-aziridinyl)phosphinic Chloride (15). 

To a solution of 12 (20 mmol, prepared as described for the 
synthesis of 13) in ether (200 mL) at  -78 "C was added over 5 
min a solution of POC13 (1.53 g, 10.0 mmol) in ether (5 mL). After 
being stirred for 64 h at  4 "C, the suspension was filtered and 
the residual white powder washed with cold ether (50 mL). It 
was then extracted with CHzClz (150 mL), and the extract was 
filtered through Celite-545, treated with benzene (20 mL), and 
evaporated. The foam was dissolved in CH2Clz (25 mL), and ether 
(50 mL) and then petroleum ether (25 mL) were added to yield 
upon cooling 2.98 g (63%) of 15 as off-white crystals (mp 139 OC 
dec), which was homogeneous on TLC. Recrystallization provided 
the analytical sample: mp 146 "C dec; IR (CHC13) 3450 (H20), 
1255 (P=O), 980 (P-N) cm-'. Anal. Calcd for CzsH24C1N20P.'/3 
HzO: C, 70.51; H, 5.21; N, 5.87; C1, 7.43. Found: C, 70.64; H, 
5.22; N, 5.88; C1, 7.42. 
Bis(2,2-diphenyl-l-aziridinyl)phosphinic Amide (16). 

Anhydrous NH3 was passed through a stirred solution of 15 (0.500 
g, 1.06 mmol) in THF (25 mL) for 6 h and then above it (3 h) 
at  0 OC. The thick suspension was allowed to sit overnight at 4 
OC and was then filtered and the residual solid washed with 
CHzClz (10 mL). The combined filtrate and washings were 

Anal. 
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evaporated in vacuo to a powder, which upon recrystallization 
(hot THF/hexanes) afforded 0.311 g (65%) of 16 as a white 
powder: mp 135 "C dec; IR (KBr) 3440 (NH2 str. asym.), 3210 
(NH, str. sym.), 1555 (NH bend), 1215 (P=O), 975 (P-m) cm-'. 
Anal. Calcd for CzsH26N30P: C, 74.48; H, 5.80; N, 9.31. Found: 
C, 74.45; H, 5.82; N, 9.31. 
trans-2,3-Diphenylaziridine (21). Dimethyl (trans-2,3-di- 

phenyl-l-aziridinyl)phosphinate2s was prepared by the reported 
method as a white powder: lH NMR (CDCl,) 6 3.45 and 3.52 (2 
d, 6 H, nonequivalent CHis, JPH = 11 Hz), 3.86 (d, 2 H, azir. 
CH-CH, JPH = 15 Hz), 7.35 (m, 10 H, Ar). 

Following the method outlined by Hassnep for the preparation 
of crude 21, a solution of the above powder (9.77 g, 0.032 mol) 
in anhydrous ether (225 mL) was added dropwise over 25 min 
to LiAlH4 (0.083 mol) in ether (25 mL). After the mixture was 
stirred at  room temperature for 2 h, water (3 mL), 15% NaOH 
solution (3 mL), and water (5 mL) were added successively to the 
reaction mixture over 3 h with stirring. The resulting gray powder 
was fiitered and washed with ether (600 mL, last half warm), and 
the fiitrate and washings were evaporated to yield a solid a t  high 
vacuum (4.41 9). Recrystallization (n-pentane) provided 3.74 g 
(60%) of 21 as white crystals: mp 51-52 "C (lit!1 mp 46-47 "C); 
IR (CHC1,) 3320 (NH str.), 1450 (azir. CH bend) cm-'; 'H NMR 
(CDCl,) 6 1.37 (s, 1 H, NH), 3.07 (s, 2 H, azir. CH-CH), 7.28 (s, 
10 H, Ar). Anal. Calcd for CI4Hl3N: C, 86.12; H, 6.71; N, 7.17. 
Found: C, 86.02; H, 6.72; N, 7.14. 
Ethyl Bis( trans -2,3-diphenyl-l-aziridinyl)phosphinate 

(23). Methyllithium (4.0 mmol, 1.87 M in ether) was added 
dropwise over 5 min to a stirred solution of 21 (0.800 g, 4.1 "01) 
in ether (50 mL) at  approximately -78 "C (C02/acetone) with 
stirring. The white suspension was stirred at this temperature 
for another 60 min. Ethyl phosphorodichloridate (0.326 g, 2.0 
"01) in ether (2 mL) was then added to the suspension of lithium 
salt 22 over 5 min. The temperature was allowed to rise to -25 
"C (C02/CC14), whereupon the salt dissolved. After being stirred 
for another 45 min at this temperature and then at  4 "C for 36 
h, the thick white suspension was filtered cold. The residual 
powder was washed with cold ether (15 mL) and then extracted 
with CHzC12 (2 X 15 mL). The CH2C12 solutions were filtered 
through Celite-545 and evaporated to dryness. Recrystallization 
(acetone) provided 0.239 g of 23 as analytically pure rhombic 
crystals (mp 151-156.5 "C). The ether filtrate was evaporated, 
dissolved in CH2C12, and filtered through Celite. Evaporation 
and crystallization (ether) yielded additional crystalline product 
(mp 146-154 "C) (total 39%): IR (CHCl,) 1230-1210 (M), 1030 
(d, C-O), 960 (P-N) cm-'. Anal. Calcd for C30H29N202p: C, 74.98; 
H, 6.08; N, 5.83. Found: C, 75.05; H, 6.09; N, 5.82. 
Ethyl Bis(cis-2,3-diphenyl-l-aziridinyl)phosphinate (26). 

Methyllithium (6.0 mmol, 1.90 M in ether) was added dropwise 
over 10 min to a stirred suspension of cis-2,3-diphenylaziridine 
(24)n (1.20 g, 6.15 mmol) in ether (75 mL) at  approximately -78 
"C (C02/acetone), with complete dissolution of the aziridine. After 
being stirred at  this temperature for 75 min, the yellow solution 
of lithium amide 25 was reacted with ethyl phosphorodichloridate 
(3.0 mmol) in the manner described for the preparation of 23. 
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In this case, however, during the workup the CH2C12 solutions 
were stored in the cold to permit complete precipitation of the 
fine powdery byproduct that was removed by repeated filtration 
through Celite. Evaporation and crystallization (CH2C12/hexanes) 
afforded 0.858 g (60%) of 26 as white crystals, mp 151-172 "C 
(pure by 'H NMR and TLC (ether)). Recrystallization from ether 
provided the analytical sample: mp 168-172 "C; IR (CHCl,) 
1250-1225 (P=O). 1030 (d. C-0). 940 (P-N) cm-l. Anal. Calcd 

(41) Weissberger, A,; Bach, H. Ber. 1931,64B, 1095. 

for C30H29N202P:"C, 74.98; H, 6.08; N', 5.83. Found: C, 74.88; 
H. 6.10 N. 5.80. 
'Alkylation of 4-(p-Nitrobenzyl)pyridine (NBP). The re- 

action of alkylating agents with NBP was performed according 
to Dunn30 with slight modification. Both ethanol (1.0 mL) and 
0.05 M potassium hydrogen phthalate buffer (pH 4.0, 1.0 mL) 
were added to a sufficient number of glass screw cap test tubes 
so that there would be two tubes for the compound, to be tested 
for every time period. A blank for each time period was prepared 
similarly except that 2.0 mL of EtOH was used. Ethanolic NBP 
solution (1.0 mL of 5% solution, w/v) was then added to all of 
the tubes. To each of the sample tubes was then added a freshly 
prepared 0.2 mM solution of the compound in absolute EtOH 
(brief warming was occasionally required to dissolve the more 
lipophilic compounds). The test tubes were then tightly capped 
and the solutions vortexed and placed in an 80 "C water bath. 
At various time intervals, a blank and two sample tubes were 
removed and transferred to an ice-water bath. Once ice cold the 
blank tube was removed, and EtOH (1.0 mL) and 0.1 N KOH 
solution (1.0 mL) in 80% EtOH were added. The tube was then 
vortexed for 20 s, and the contents were transferred to a cuvette 
and used to adjust a Bausch and Lomb Spectronic 20 to zero 
absorbance at 600 nm. Then each sample tube was removed from 
the bath, one at a time, and reacted with base in the same manner 
and the absorbance read in the same cuvette. Plots of absorbance 
vs time were obtained using the average of the data points of the 
two runs, and k'values were calculated as the slopes of the initial 
linear regions. 
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