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Abstract-Preparative separations or enrichments of enantiomers of diaziridines 1,2, and 5 were achieved by liquid 
chromatography on triacetylcellulose, ( t hl and ( t b2 being isolated almost pure (Table 1). Enantiomeric purities 
were determined by 'H NMR in the presence of the optically active auxiliary compound (+)-Eu(hfbc),. The 
barriers to nitrogen inversion in I and 4 were determined and its lower limit in the nitrogen unsubstituted 
diaziridine 3 was estimated. 

Chiral diaziridines2 have been the subject of in- 
vestigations in the recent years, largely because of the 
interesting display of steric and electronic effects upon 
nitrogen inversion barriers. trans-Diaziridine if suitably 
substituted exhibits stable diastereoisomers3 or enan- 
tiomers,*” e.g. (lR, 2R)- and (IS, 2St4, which aroused 
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more interest since their interconversion by two con- 
secutive nitrogen inversions3 starts from two isoener- 
getic ground states in contrast to diastereomeric diaz- 
iridines the interconversion of which is more com- 
plicated.3 

The classical resolution of chiral compounds via for- 
mation of diastereomeric salts has been carried out on 
diaziridines bearing functional groups in only two 
cases?’ Therefore, we tried liquid chromatography on 
an optically active sorbent, microcrystalline triacetyl- 
cellulose.8 The successful application’” of this obviously 
more universal method stimulated our interest for further 
enantiomers of diaziridines needed for the study of 
chiroptical properties as well as substituent and medium 
effects upon the barrier to nitrogen inversion. 

Preparative separations of enanfiomeric diaziridines by 
liquid chromatography on tn’acetylcellulose 

An almost complete preparative separation Qf enan- 
tiomers has been achieved for diaziridine ( 2 )-1 (Table I) 
as can be seen from the analytical chromatogram (Fig.’ I) 
showing very small overlap of the peaks of the enan- 
tiomers. 

In diaziridines ( 2)-S and ( + )-2 slight enrichment and 
nearly complete separation of enantiomers were 
obtained, respect. (Table I) by using the recycling pro- 
cedure’*’ combined with fractionating the eluate. Sur- 
prisingly, 3.3dibenzyldiaziridine (3) showed no separa- 
tion of enantiomers by liquid chromatography on tri- 
acetylcellulose. In this connection it is interesting to note 
that 1 ,2-bis(2-phenylethyl)-diaziridine,9 possessing two 
phenyl groups also, showed deviations from the chroma- 
tographic behaviour of other diaziridines’ by strong tail- 
ing of peaks and reduced separation. Preliminary 
experiment on 3,3dibenzyl-1-methyldiaziridine (6) 
showed only marginal resolution of enantiomers. 

‘H NMR in the presence of the optically active auxili- 
ary compound ( t )-trisQ-heptafluorobutyryl-u-camp 
horato) curopium( (t ~Eu(hfbch, served for the 
determination of enantiomeric purities P (Table 1). Enan- 
tiotopic1o groups in diaziridines become diastereotopic by 
association to ( t ) Eu(hfbc), and display unequal ‘H NMR 
shifts,” e.g. the 3CHBc groups of ( t )- and ( - l-1 (Fig. 2). 
From the relative intensities of such signals the enan- 
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Table 1. Separations by liquid chromatography and properties of enantiomeric diaziridines 
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Pi I. Adytical chromatogram of (k )l after passage through 
two columns of triacetylcelhdose. a: Rotation angle (-) at 
365 nm. A: Absorbance (---) at 257 run. V: Volume of elude; 

injection at V = 0. 
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Fig. 2. 90 MHz ‘H PFI’ NMR of Me groups of ( - )-1 (left), (2 tl 
(centre), and (t tl (right) in the presence of (+~Eu(hfbch. 
Numbers are S-values. Spectral width IMOHz: 42” pulses; 

50 scans. 

tiomeric purities were obtained by cutting and weighing of 
the corresponding spectra. 

&tiers to niM~gen inoefsion 
For the interconversion of the enantiomers of trons- 

diaziridine two mechanisms have been proposed (i) 



Preparative separations and racemizations of enantiomeric diaziridincs 869 

simultaneous double nitrogen inversion and (ii) con- 
secutive ni~gen inversions via a ci~ jnte~~~~.3*’ 
Lone pair interaction is probably decisive in favouring 
the monoplanar transition state of inversion at one 
nitrogen atom in the diaziridine ring. This is understand- 
able since the dihedral angle between the lone pairs in 
this case amounts to about 25”” which corresponds to 
less conju~tive des~bil~tion than in the ecliptical 
conformation of the biplanar transition state of a hypo- 
thetical synchronous inversion. Additionally, the con- 
secutive mechanism is preferred energetically as esti- 
mated by ab inifio calculations, using a 4-31 G basis 
set,r3 which show that the monopla~r transition state is 
more stable by 122.6 k#mol than the biplane one. Fur- 
thermore, the difference in total energies of the mono- 
planar transition state (E = - 148.69925 a.~.) and the 
pyramidal ground state of tronsdiaziridine (E = 
- 148.74266 au., obtained by Pople et ~1.” with the same 
basis) is qua1 to 113.8 kJ/mol, which is in reasonable 
accord with our ex~~rnen~l endings’ (Table 2). The 
mechanism of consecutive inversions requires3 a statis- 
tical factor of 0.5 in the calculation of AC?‘ for one 
truns-ccis inversion. Therefore, this factor has been 
applied throughout. In order to obtain a “true” inversion 
barrier for each particular N atom and make possible 
strict ~ompa~son with known AC” values for substi~ted 
diaziridines, we synthesized compound 3 not substituted 
at either nitrogen. However, the separation of enan- 
tiomers was not accomplished. The methylene protons of 
3 are diastereotopic as demonstrated by the appearance 
of an AB quartet, This is compatible only with the tmns 
~nfi~~tion of the molecule. The shift ~~eren~ Av 
decreases with increasing temperature. This is accom- 
panied by broadening of the signals, though the coales- 
cence temperature in diphenyl ether cannot be attained 
even at 192”. The highest temperature of measurement 
and the rate consent k at this tempe~~e permitted to 

calculateLJ the lower limit of AG*, which has to be 
greater than 98 kJ!mol (Table 2). A proton catalysed 
exchange reaction seems to take place in C&Cl,,. The 
‘H NMR spectrum of 3 at 67” in this solvent showed a 
singlet revealing an averaging of the methylene shifts 
which was obviously due to the presence of trace 
amounts of acid or water which catalysed N-H 
exchange. In this case two processes, namely invers~n 
and proton exchange, must be considered. However, 
unequal chemical shifts of the methylene protons were 
observed in the spectra of 3 in benxene_db (25”) toluene- 
da (25’ and 108”). CDC13 (25”), CD3C40D (82.5”), and 
CD,OD (45”). The same phenomenon was observed 
when the inve~ion rate of 2~,3~-tct~me~yl~dine 
was measured.” 

The comparison of barriers to inversion shows that 
replacement of a benzyl group by phenylethyl does not 
generate a significant change (AG* values for 1 and 4, 
Table 2). The slight decrease of the barrier of 4 in 
n-propanol compared to benzene. (Table 2) indicates 
that N-H proton dissociation and recombination cannot 
be excluded as a possible interconversion mechanism for 
N-H containing diaziridines, 

M.ps were de~~~~~ 20 instrument and arc 
not corrected. ‘H NMR spectra were recorded on Varian T-60 
(CW mode, 6OMHz) and Bruker WH-90 lIPFT mode, 8K data 
points, WMHz) spectrometers in CDCI,, unkss indicated 
otherwise. Abbreviations employed: s, singlet; d, doubkt; m, 
m~tip~et. 13C NMR spectra were recorded in the PFT mode at 
22.63MHz on a Bruker WH-98 s~~ometer with 8K data 
points, lsN NMR spectra on a Bruker WH-90 spectrometer (PFI’ 
mode, 9.12MHz) and UV spectra on the Beckman Acta M VI 
spectrometer. Specific rotations were measured by means of a 
P&in-Elmer 241 electronic pokuimeter, CD spectra on a 
JASCO 3-40 A instrument at 27, and Dichrographc Mark III, Jobin 
Yvon at 20”. respect, A low and high resolution mass spectra were 

Table 2. Barriers to nitrogen inversions in diaziridincs 1,3, and 4 
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obtained with Varian MATCH5 and Variar’ MAT-31 IA spec- 
trometers, respect., operating at 70eV by direct insertion probes. 
The fractionations under reduced pressure were carried out on a 
Spaltrohr column (Fischer, Labor- und Verfahrenstechnik, Bonn- 
Bad Godesberg). The separation of e~ntio~rs was performed 
by liquid chromatography (glass columns of 2.5 x 38cm) on 
swollen microcrystalline triacetylcellulose (particle size 0.032- 
0.0% mm) and ethanol/Hz0 (%:4) as an eluent. The chromato- 
graphic equipment has been described earlier.’ (t j-&is (3. 
~p~~~t~l-~rnp~~to) e~pium~, f + )_Et@fb& 
was available from Rcgis Chemical Co., Morton Grove. Ill.. U.S.A. 

Rocemizatiuns monifoMd by polurimetty. The thermal race- 
mixationsof(ttl(P=92+3%),(-tl(P=901:3%)and(t)-4 
(P = 902 3%) nspect., were rno~tor~ by ~i~rne~ at 365 nm 
at 70. I + 0.2” during a period of two-half lives 1Q.s. The reaction 
was performed by setting a 0.025 M solution of enriched ( t )_l, 
( - )-1, and ( t )A respect., into the 5 cm cell of Perkin-Elmer 141 
polarimeter and measuring the rotation angle vs time. The Anal 
angle of rotation was zero. The temp. of the thermostated cell 
was read at its inlet and outkt. The racemizations were of Brst 
order. The evaluation of the rate constants and A(;“-values was 
carried out with the program ” KIN 3 using the least square 
prince. The calculations were performed on the Siemcnf TR 
440 computer. 

( + )-l-(2-Phcnykthyl)3, 3-diethylodiaziridne (1) prepared as 
reported”’ and fractionated under reduced pressure. The main 
fraction, b.p. 66-67” (0.005 Ton) was p~fied by c~mat~phy 
on triacetylcellulose with EtOHlHiO (%:4) as an cluent. ‘H 
NMR (CDCI’, 26”, 0.087 hi): S = 1.24 (C-Me, !I), 1.39 (C-Me, s), 
2.03 (N-H, s), 2.63.1 (CHsCHs, m), 7.2-7.3 (phenyl ring, m). UV 
(n-hexane): A, = 267 nm (r = 128 I mol-’ cm-‘), 264 (shoulder, 
144). 259 (195). 253 (162) 248 (shoulder, 116), 214 (3618). (MS 
molecular ion: Calc.: 176.1313. Found: 176.1313. C”H16N2 
Requires: C, 74.96; H, 9.15; N, 15.89. Found: C, 74.86: H, 9.07; 
N, 15.97%). 

( t b and ( - t 1-(2-Phmyfethy~~3-33_d~hy~d~~~d~~c (I), 
obtained from IoOmg of (k )-I which were conducted through 
two columns at a flow rate of 130 ml/hr. Altogether two column 
passages took place. The first fractions of the eluate contained 
3omg of (+t_l, m.p. = 37.5X, (a)&= +297+4”, (a)& = 
+ 180+2*, and (aIn w = t 102 + 2” (0.461 BflOO ml Ccl,), P= 
96 * 3%. The last fractions of the eluate contained 43 mg of 
(-)-1, m.p. 37-38”, (a)$& = - 227 ‘t 5”. Cd)& = - 170 2 2”, and 
(a&=-%962”, (0.419~l~mi CC&), P=89r3%. The (t)-1 
and ( - )-1 with enantiome~c purities P = 92 + 3% and P = 90 2 395, 
respect. were obtained analogously from 1OOmg of (+ )_l. The 
first fractions of the eluate contained 28 mg of (+ )-1, m.p, = 36 
37, (4)&=+285+5”. (a)&=+1?0*4” and (a)&=+98?4*, 
(0.385~l~ml CC&). The last fractions of the eluate contained 
37mg of (-)-I, m.p. = 36370, (Q)&= -280+3’, (a),% = 
- 172 + 6”, and (a)&, = - 108 * 6” (0.344 gllO0 ml ccl& 

(axons-3-Bcnzyl-lJ-dimelhyldiaziridinc (2) prepared as 
reported.‘910 ‘H NMR (CCL,, 33’. 0.19M 6 = 128 (C-CHs, s), 
2.04 (N-H, s, broad), 2.48 (N-CH,, s), 2.74 and 2.94 (CHAHB, 
‘J = 13.3 Hz), 7.3 (C&l’, m). 13C NMR (28”, 1.14 hi): 6 = 15.0 
&CH’), 40.6 (I-CH,), 47.7 (CH,), 59.8 (C’, diidinc), 126.9 
CC’, phenyl), 128.5 (C3, phenyl), 129.7 (C2, phenyl). 137 (C’, 
phenyl). (MS molecular ion: C&-z,: 126.1157. Found: 126.1159). 

( + t and ( - ~rruns-3-Bcnzyl-lf-dimethyldiazinilinc (2) 
obtained from 100 mg of ( + )-2 through two columns at a flow 
rate of 130 ml/h. Altogether five column passages by applying the 
recycling procedure took place. Three early eluates and the first 
fractions of the final eluate contained 18 mg of (+ h2, (a)$& = 
t 72 + 4” (0.267 g/100 ml Ccl,). P = 98 ? 2%. The last fractions of 
the final eluate contained 25 mg of (-)-2, (a)& =-.54?2 
(0.405 g/l00 ml Ccl,), P = 76 + 3%. CD (acetonitrile. 22”): A, = 
267.1 (Ae = -0.029 I cm-’ mol-‘), 260.5 (- 0.030). 253.9 (- 0,021). 
248.1 (-0.012). A,, = 266.9 nm (AC = + 0.929 I cm-’ mol-‘), 
260.2 (t 0.031) 253.9 (t 0.024), 249.9 (t 0.014). 

3.3~Dibmzyldiaziridine (3) obtained from L3diphcnyl acetone, 
Iiq~d ammos, and t-buty~~Mo~te according to the pro- 
cedure given for 3-~nzyl-3-methyld~di~.‘9 The isolation 
procedure was modified as follows: After removing the excess of 
ammonia by boiling off and filtration, the mother liquor was 

evaporated under reduced pressure. The raw product was 
purified by repeated columns chromatography on silica gel with 
acetone/chloroform (I : 5) as an eluent. Two fold recrystallization 
from acetone yielded colourless crystals, m.p. 95-95.5”. ‘H NMR 
(25*, 0.065 M): S = 2.86 and 3.04 (CH4HnI 3J = 13.7 Hz), 1.7 (NH, 
s. broad), 7.1-7.6 (C&, m). ‘H NMR (ds-tolucnc, 2Y, O.f8 M): 
6 = 2.20 and 2.48 (CH*Hn. *J = 14.0Hz), I.3 (NH, s, broad), 6.9 
(&H’, s). ‘H NMR (CDsOD, 25’. 0.07 hi): 8 = 2.78 and 2.80 
(CHAHr,, satellites not visibk), 7.2-7.4 (C& m). “C NMR (n0, 
1 M): 6 =42.2 (CH& 57.7 (C3, chine}, 127.0 (C?, phenyl), 
128.4 (C’, phenyl) 122.9 (C2, phenyl), 135.8 (C’, phenyl). MS: 
mlt = 225 (12%), 224 (66, M+‘), 206 (12). 182 (7),180(15), I79 (ll), 
133 (59). 132(19), 138(14), 118 (22), 117 (16). 116(12), 106(14).93 
(12)s 92 (IS), 91 (I@), 90 (8)s 89 (8)s 77 (9), 65 (24). C&I& 
requires: C, 80.32; H, 7.19; N, 12.49%. (Found: C, 80.29, H, 7.09; 
N, 12.49). 

(+ Al-Bcnzyl-3,3_di~fhyldiaziridinc (4) obtained as reported! 
( ‘c tl-8enzyl-3,3-cyc~o~w~~zj~e (5) prepared from 

cyclohexanone, benzylamine, and hy~oxyl~~~-su~onic 
acid, according to the general procedure given in the literature?’ 
The raw product was purified by fractionation under reduced 
pressure. The main fraction, b,p. 114-l lS“~OA16 Ton, yielded an 
oil which costly from n-pen&me at -30”: Colo~ess crys- 
tals, m.p. 34-35” (lit.” 34-35”). ‘H NMR (26”. 0.079 M): S = 1.3- 
2.0 (cyclohexylidene, m) 3,75 (CH’, s), 7.2-7.5 (phenyl. m). ‘lC 
NMR (rP, 1 M): 6 =39.0 (@, cyclobexytidene), 28.3, 25.5,25.0, 
24.9 (four other cyclohexylidene carbons), 56.7 (CH$, 61.7 (C3, 
diaziridine), 126.9 (C’, phenyl), 128.3 (Cs, and C’. phenyl), 139.2 
(C’, phenyl). “N NMR (CH’OH, 7 M): 6 = - 286.3 (N-H, s), and 
- 287.7 (N-beruyl, s), relative to external N4-. (MS, molecular 
ion: Calc.: 202.1470. Found: 282.1473. C13H’aN2 requires: C, 
77.18; H, 8.97; N, 13.85. Found: C, 77.05; H, 8.69; N, 13.62%). 

( + t and ( - )_l-Bmzyl-33-cyclohedja~~ne (5) 
obtained from 120 mg of (t: )-5 through two columns at a Bow 
rate of 14Oml/hr. Altogether six column passages by applying 
the recycling procedure took place. Five early eluates and the 
first fractions of the final eluate contained 45 mg of (+)_S, 
(a)$& = t 215 1” (0.945 g_/lOO ml of benzene). The last fractions 
of the final eluate contained 25 mg of (- )_5, (a$& = - 24+ IQ 
(l.l83~l#ml of benzene). The ‘H NMR spectra of (+j and 
ii;er were in complete agreement with the one of ( f: )-5 respec- 

33-‘Dsbentyl-l-nrethyldiozi~~ (6) synthesized from I$ 
dip~nyla~to~, me~ylami~, and hy~oxy~mine~-su~o~c 
acid in methanol as a solvent, according to the general procedure 
given in the literature. ‘93’ The isolation procedure was modified 
as follows: After filtration, the mother liquor was evaporated 
under reduced pressure, and the raw product purified by column 
chromato~phy on silica gel with a~to~~c~orofo~ (I :5) as an 
eluent. The oily product was purified by high pressure liquid 
chromatography on Lichrosorb RP-8 (particle sizes 0.01 mm) 
with MeOHlwater (3:2) as an eluent at a flow rate of 130ml/hr. 
A steel column (Knauer, Berlin) of 1.5 cm internal diameter and 
25 cm length was used. The final portion was achieved by 
chromatography on triacetylcellulose with EtOH/water (%:4) as 
an elucnt. ‘H NMR (&De, 26”. 0.048 M): LT = 2.25, ‘JCHNu = 0, 
and 2.78, ‘JcHNH “0, (CHAHn, ‘J = 13.9 Hz). 2.58, ‘JcHFIH = 
1,2Hz, and 2.72, ‘JcuNx*0.5 Hz (CHAHB, 3J = 14.7 Hz), 1.8 
(NH. s, broad), 7.b7.4 (C&. m). ‘jC NMR (274, 0.66 M): 
6 = 34.3 and 43.4 (CHi and CH:, respectively), 40.7 (N-CH’), 
62.6 (C’. diaziridine), 126.5 and 126. 7 (C’, phenyl), 128.3 and 
128.4 (Cs, phenyl), 129.7 and 129,9 (C*. phenylf, 136.3 and 136.7 
(C’, phenyl). MS: mlr = 239 (7%). 238 (35, M”), 180 (13). 179 (8), 
165 (8), 152 (16), 151 (lo), 147 (33), 146 (6). 132 (12), 131 (23). 130 
(14) 95 (29), 92 (22), 91 (IOO), 90 (8), 89 (12). 65 (26), 58 (26). 
(Found: C, 80.64; H, 7.70; N, 11.97%. C’&Nz requires: C, 80.6% 
H, 7.62: N, 11.75%). 
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