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WALTER L. ZIELINSKI, Jr., LAWRENCE FISI-IBEIN, RICHARD 0. THOMAS AND 
THOMAS E:. WELSKO 

Bionetics Rcsearc~~ Laboratories, Inc., Fadls Chwc7~, Va. ( U.S..4 .) 

(Reccivecl January Roth, 1967) 

Ethylenimine and its derivatives, the substituted aziridines, are an important 
class of compounds in industrial and biomedical areas. N-Substitutedlls, N-carba- 
moy13, sulfur”g b, and pl~ospl~orus~-1” containing aziridines, have been utilized as insect 
chemosterilants. Aziridines have also been studied in neoplasm&-l”, as monoamine 
oxidase inhibitorsl”, ion-exchange copolymerslO ; and wear and water proofingl’~ 18, 
textilelo-22 and paper improving agents231 24, 

Analysis of aziridines has been effected by calorimetry with y-(4-nitrobenzoyl)- 
pyridinezb and I,z-naphthoquinone-4-sulfonate20 and by direct27 and potentiometric 
titrstion28. Gas chromatographic analysis of aziridines, however, has been limited to 
the separation of a cis and tram alkyl aziridin@. 

This study describes the elution behavior of N-aryl- and N-alkyl-carbamoyl- 
aziridines on five liquid phases and relates the chromatographic data obtained for the 
aryl derivatives to the separation of solute moiety-solvent interaction via con- 
sideration of linear aryl moiety values as interaction products of a solute moiety value 
and a partitioning phase value. 

EXPERIMEYTAL 

The N-carbamoylaziridine derivatives were synthesized by reaction of ethyl- 
enimine with a selection of aryl and alkyl isocyanates in benzene. Ethylenimine was 
obtained from Chemirad, Inc., East Brunswick, N. J. (U.S.A.). The isocyanates were 
obtained from various commercial sources. 

Gas chromatographic analysis was carried out on 6 ft. by 0.25 in. O.D. glass 
coiled columns containing alternatively, 3 y0 Carbowax 2oM (polyglycol), 4 y0 DC 
QF-I (trifluoropropylmethyl silicone fluid), 15 % GE Versilube F-go (chlorophenyl- 
methyl silicone fluid), and 15 o/0 GE XE-60 (cyanoethyl methyl/dimetkyl silicone 
gum), housed in a modified (kit from Applied Science Labs., State College, Pa,, U.S.A.) 
F & M Model 1609 flame ionization instrument such that the samples were injected 
on-column with the effluent passing directly to the detector. Column temperature was 
set by an I; & M Model 240 power-proportioning controller and the carrier flow was 
maintained through a Brooks ELF Model 8943 constant downstream flow controller. 
Analysis on 12 y. GE SE-30 (methyl silicone gum) was performed on a 5.5 ft. by 
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in. O.D. copper coiled column in an F & M Model 720 oven containing a hot-wire 
detector. The specific conditions of analysis for all chromatographic columns are 
summarized in Table I. 

Physical constants of the synthesized aziridines and the respective isocyanates 
3 together with literature values where available are given in Table II. With the 

exception of several of th.e alkyl derivatives and N-P-phenylethyl-carbamoylaziridine, 
the synthesized aziridines were all solids. The melting points were obtained on a 
Fisher- Johns Melting Point Apparatus. Injected samples were of 0.1 to 0.2 ,ul, 
generally in acetone solution. 

TABLE I 

EXPERLMENTAL CONDITIONS 

Cdumns 

(5) 
SE-.90 

CoEwnn 
o/O Coating 
Support 

Dimensions 

Con&lions 
Column 

tcmpcrsltxrc 
Injection port 
Dctcctor 

temperature 
N,, ml/min 
D&=&or 

4 % 15 % 3 % I5 % =2 % 
Chromosorb W Chromosorb W Chromosorb G Chromosorb W Chromosorb W 
80-100 mesh 60-80 mesh Go-80 mesh 
(HMDS) (HMDS) (AW-DMCS) 
Gft. x x/4in. GfL. x x/4in, Gft. x 1/4in. 
(glass) (glass) (glass) 

1100 I5O0 170° 2lOO 140~ 200~ 

255O 25s” 255’ 

2000 2oo” 2000 

33 37 4.5 46 G9 xxg 
F.I. F.I. F.I. 

60-80 mesh Go-80 mesh 
(HMDS) (HMDS) 
6ft. x r/4in. 5.5 ft. X x/4 in. 
(gklss) (copper) 

165~ 180~ 

2w 24s” 

2000 250~ 
61 
F.I. %. 

fi He, ml/min. 

RESULTS AND DLSCUSSLON 

Retention data for the aziridine derivatives, relative to N-az-propyl-carbamoyl- 
aziridine, on the QF-I and Versilube F-50 liquid phases are given in Table III, 
Overall, retention and resolution were generally greater on the latter than on the 
former phase. Elution distinctions for isomeric aryl families may be discerned, as may 
the categoric retention order of NO, > CN > CEIaO, Br > Cl > Cl& > F. 

The chromatographic results of the aziridines measured on four of the par- 
titioning phases employed (chromatography on XE-60 to be discussed below), 
expressed relative to N-phenyl-carbamoylaziridine and as KOVATS hydrocarbon 
retention indices, are shown in Table IV. The isocyanate precursors to the respective 
aziridine derivatives were included in the analyses performed on QF-L . It was observed 
with interest and concern that the retention of the aryl derivatives was fairly close to 
that of their respective isocyanates in a number of instances. The slight differences 
obtained, however, were consistently reproducible -the isocyanate (with the ex- 
ception of the naphthyl and $-cyanophenyl derivatives) always eluting slightly ahead 
of the corresponding aziridine. On the polar Carbowax 2oM liquid phase, N-phenyl- 
carbamoylaziridine had an elution time of I .80 min, while phenyl. isocyanate eluted in 
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TABLE II 

FHYSLCAL CONSTANTS (M.P. AND B.P.) OF ISOCYANATES AND N-CARBAMOYLAZIRIDINES 

R-N=C=O 

0 
CI-I, 

R-:-i-N{ 1 
CEI, 

R Isocyanale (“C) (mm) Aziridine (“C) (mm) 

Found Literature 

Methyl 37-3ga 35-37 (o.4)‘l 
Ethyl 59-6I.a 51-53 be)” 
I?ropyl 87-88a 69-71 (0.4)” 
Isopropyl 73-7sa 50-52 
Butyl 110-11q.a 84-8G (0.4) a 

Phcnyl 54-55 (13) a 79-81 
Cycloh cxyl 1GG-1G8” 78-80 

o-Tolyl 184-186a 73*5-75 
m-Tolyl 75-76 (12P 69-70.5 
+Tolyl 70-72 (IO)& 97-99 
p-Fluorophenyl 71-73 (29)” 73-75 
o-Mcthoxyphcnyl 93-94 (7P 63-6415 
p-Mcthoxyphcnyl ( --I I)-_( -9)a 114-116 

o-Chlorophcnyl (--5H -3)” 51-53 
m-Chlorophcnyl 7G-78 (IO)a . 92-94 
p-Cl~loropl~enyl 29.5-30.5 133-135 
m-Trifluormethylphenyl 54 (IL)* 73-74 
p-Bromophenyl 41-42.5 141-143 
/!%l?hcncthyl 98-100 (IO)” 127-129 

a-Naphthyl 3-5 107-108 

p-Cyanophenyl 102-104 131-133 
o-Nitrophenyl 38-39 227-230 

m-Nitrophenyl 52-53.5 135-137 
+Nitrophenyl 57-59 171-172 

- 
- 
- 

- 

85-87 (0,4)“*” 

82-83’1 

81-820 

75-7Gb 
70.5-71.5’ 

98.5-99.5” 
- 

64-65” 

114-115.5” 

52-53.5” 

92.5-94” 
132-133.5” 
- 

138.8-139.5d 
- 

108-109~ 

- 

- 

164 clcc” 

n Boiling points. 
b A. *IS. ROAI~OVEC AND C. W. WOODS, J. Med. PI&arm. Cltsm.. 8 (1965) 545. 
0 E. SESTIAN, J. HEYNA, A. RAWER, G. EWLERS, B. HIRSEKORN, T. JACOUS, W. NOLL, 

W. WEIBEZAI-IN AND I?. ROTVIER, Amt., 566 (1950) 210. 
~1 B. C. FISCI-IBACX AND G, I-I. I-It\~nIs, U.S. Pal., 2,775,587, DCC. 25, 1956; c.A,, 51 (1957) 9700. 

0.7 min (column temperature, 140”). A considerable retention difference was observed 
for the N-allcyl-carbamoylaziridines vs. their respective isocyanates, illustrating the 
contribution to retention introduced by condensation of the ethylcnimine ring with 
the low boiling allcyl isocyanates. The retention relative to N-phenyl-carbamoyl- 
aziridine was less for hydrocarbon structures (e., 0. the tolyl derivatives) on Carbowax 
2oM than on the silicone phases. For the same reason (i.s. diminished extent of inter- 
action of Carbowax 2oM with non-polar hydrocarbon solutes*), the highest index 
values were obtained on the polar Carbowax 2oM phase. 

Anomalous results were obtained on the Xl560 stationary phase, where it was 

* Index values were determined using a C-IO to C-18 n-hydrocarbon mixture obtnincrl from 
Applied Science Lnborntodes. State College, Ps. (U.S.A.). 
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TABLE III 

N-CARBAMOYLAZIRIDINES RELATIVE TO N-YZ-PROPYLCARBAMOYLAZIRIDINB 

0 
CH, I&;-,( 1 

CH, 

Compound R 
NO. 

QF-rn vcYsilube F-50” 

I 91, * 0.24 
2 P-J3 0.30 

3 Cyclohexyl 0.3G 

4 m-CF,fjb o-38 

5 o-Tolyl 0,4I 
G m-Tolyl o*43 

7 p-Tolyl 0.44 
8 Methyl 0147 
9 Ethyl 0.62 

10 0.Cld) O.GG 

II m-Cld) 0.64 

I2 P-cl+ 0.69 

I3 B-@C&4 o-75 

I4 Isopropyl 0.90 

I.5 n-Propylc I,00 

IO p-Br$ 1.14 

‘7 o-Mcthoxyd, I.19 
18 P-Mcthoxy$ 1.32 

IQ ?2-Rutyl I.43 
20 c+Nrnphthyl 3.05 
21 P-CN$ 3.33 
22 o-NO& 4.23 

23 m-NO,+ 4.66 

24 P-NW 4.72 

0.50 

0.55 
- 

0.59 

o-73 
0.81 
a.92 
O.GI 
O.GQ 

0.94 
I.I4 
I.28 

0.74 
1.00 

I.74 
I.53 
I .G2 
1.71 

4.53 
3.31 
- 
- 

fi Column tcmpcrature IIo” for compouncls I-IQ: 150~ for compouncls 20-24. 
b Column temperature 2 Io” for compounds 20 and 21; 170° for all other compouncls. 
0 Reprcscntative acljustecl retention time (min) Eor the N-vt-propyl carbamoylazi.ricline 

standard: G.82 on Ql?-I (IIO~), 2.00 on QF-I (1500), 3.30 on Versilube F-50 (170’), 1.25 on 
Versilube F-50 (210~). 

observed that chromatography resulted in two peaks on the recorder chart for each 
sample analyzed, including the N-phenyl-carbamoylaziridine standard. Neither of the 
peaks were commonly present in all samples analyzed, belying lysis to a common 
degradation product (e.g. a fragment structure containing the ethylenimine ring). 
The first peak was found to coincide precisely with the respective parent isocyanate 
while the second peak matched the respective aniline derivative. The formation of 
aniline derivatives was :further substantiated by the positive Hinsberg test obtained 
by bubbling the effluent gas from the chromatograph directly into a small amount of 
test reagent in a small tube. This latter step was carried out on an F & M Model 500 
chromatograph equipped with a Model 720 dual column oven and a hot-wire detector. 
A copper column (8 ft. by 0.1~5 in. O.D.) was used with the same liquid phase 1oa.d 
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GC AND STRUCTURAL CORRELATION OF SUBSTITUTED AZIRIDINES 63 

(IS % XE-60 on 60-80 mesh EIMDS-Chromosorb W). The chromatographic obser- 
vations on XE-60 may be illustrated as follows: 

Aziridine 

Aniline 

Owing to the difliculty involved in accounting for the conversion of isocyanate 
to aniline, it is felt that the aniline proclucts may result directly during initial cleavage 
of the aziridines. 

As may be seen in Table V, the N-alkyl derivatives did not degrade. Degradation 
of the isomeric tolyl derivatives interestingly gave varying anilinelisocyanate peak 
area ratios (Table VI). The ortho isomer produced considerably less aniline product, The 

TABLE V 

CHROMATOGRAPHY 

0 
CI-I, 

R-;-&-N/ 1 

‘CI-J, 

ON 15 o/0 X&60 

Com~oamd I? 
NO. 

Isocyanate Aniline 
index” indexes 

I 

; 
6 

7 
IZ 
17 
IS 

IO 

12 
TG 
21 

N-Butyl-carbamoylaziridine 
Butyl isocyanatc 
Butylarninc 

1340 
1334 
1400 
1407 
1407 
- 

1643 
1659 
- 

- 

Indw 
1796 

965 
in solvmt front 

1506 
1563 
1573 
1605 
1569 
1666 

1695 

1805 

1.823 
1829 
1947 
- 

a Not detected. 
*J Rcprcsentative adjusfied retention time (min) for the standard hydrocarbon mixture: C-IO 

(0.25)~ C-12 (0.81), C-14 (1.85). c-16 (4,20), C-18 (9.45). 

J. Ciwomalog., 29 (1967) 58-67 
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reasons for solute lysis on XE-60 and not on other substrates is not known although 
there is apparently an early catalytic interaction of the XE-60 solvent phase with the 
injected solute molecules. 

The relative influence of various $ara substituents on the elution of N-aryl- 
carbamoylaziridines is presented in Table VII for each of the stationary phases 
employed. The phases are roughly arranged in order of increasing index values (see 
also Table IV), thereby suggesting their relative order of increasing polarity. With the 
exception of XE-60, on which aziridine degradation effects were noted, a general 
increase in the relative influence values of Table VII was observed (relative to the non- 
polar p-methyl substituent) with increasing stationary phase polarity. This should be 
greater with the more polar solutes as a result of the enhanced dipole-dipole inter- 
actions with the stationary solvent. 

In interpretation of the analytical chromatographic data, one may go further 
and ascribe values to the individual aryl moieties based upon the numerical loga- 

TABLE VI 

DEGRADATION OF xsoM~nIc N-TOLYL-CARBAMOYLAZIRIDINES ON SE-Go 

Posdtion Area (%)a AniZine/isocyanate 

?socyanalc Aniline 

OrlJ~l.0 65.3 34.7 0.5 
M&a 25.9 74.1 2.9 
Fava 22.8 77.2 3.6 

n .Bascd on relative chromatogram peak areas. 

TABLIZ VII 

RBLAT1V.E INFLUENCE OP $WcZ SUBSTITUENTS OF N-ARYL-CARBAMOYLAZIRIDINES ON RETENTION" 

?? Mol. wt. RcZnllve injhmacc~ 
OfR 

SE-30 z-50 QF-t X&Go” c20x 

Methyl 15.0 I .oo I .oo I .oo 1.00/1.12 1.00 

Fluoro 19.0 0.91 0.90 
cyan0 

0.94 0.95/1.11 1.07 
260 1.27 1.31 1.41 - - 

Mcthoxy 31.0 I.11 1.11 I.IG 1,18/1.28 - 
Chloro 35.4 I .08 S.06 1.06 - /I.30 - 
Nits0 50.0 -- - I - 

Rromo 
*47 

79.9 1.21 1.12 1.14 - /I.38 T33 

a Obtained by ratioing the hydrocarbon index values of the aziridincs to the index value 
obtained for p-tolyl-carbamoylsziridine on each liquid phase. 

b Values given as isocyanatelaniline, relative to $btolyl isocyanate. 

J. Cltromalog., 2g (1967) 58-67 



GC AND STRUCTURAL CORRELATION OF SUBSTITUTED AZLRLDLNES 65. 

rithmic differences of the elution data between the various substituted N-aryl- 
carbamoylaziridines and N-phenyl-carbamoylaziridine, for each liquid phase. This.. 
method had been used earlier for evaluating the relative moiety contributions to the 
gas chromatographic retention of 3,+methylenedioxyphenyl derivatives in which the. 
log differences were determined relative to methylenedioxybenzene~O, The rationale for 
this type of calculation obviously lies with the well known observation that isothermal 
gas chromatographic elution is a logarithmic function. The contribution of structural 
moieties to chromatographic behavior was early recognized by MARTINEZ prior to the. 
gas chromatographic era. Moiety values resulting from logarithmic calculations with. 
retention data were shown to be additive by KovATs~~~~~, KNLGNTS~~~~~ and in earlier 
work by the authors with N-substituted and simple carbamateP. Moiety values for 
the aryl substituents in the N-aryl-carbamoylaziridines are given Table VIII. They 
infer the relative linear contributions of the aryl substituents toward the chromato- 
graphic behavior reported in Tables III and IV, and suggest the relative overall degree 
of interaction of the solute moiety with the liquid phase. 

TABLE VIIL 
ARYL MOIETY VALUES (M)a 

“Q-~-E-N<r 
2 

(s) 
i SE-30 F-50 QF-1 Czo-M 

WZ-Cl?, 
0X1-1, 
WX, 
;-&% - 
un Cl 
p-c1 
0~.CI-I,0 
$-CI-I,O 

0.000 0.000 

0.025 0.041 
0.053 0.072 
O.IG4 0.164. 
0.176 0.207 
0.204 0.265 
0.260 0.272 
0.366 0.358 
0.375 0.408 
0.403 0.486 
0.441 0.510 
o.GG5 0.543 
0.794 0.821 
- - 

0.000 

0.093 
0.199 
0.230 
0.248 
0.263 
o-438 
0.423 
0.456 
o.Gg3 
o.73G 
0.673 
1.083 
= -243 
r.290 *“’ 

0.000 

0.250 
- 

-0.252 
0,000 
0.013 
0.548 
- 
- 

0.4.13 
- 

1.127 
- 
- 

n Obtained from: log R.E.,+t -log R.E.2. 

It is possible to delineate these interactions somewhat by a consideration of the 
moiety values of Table VIII as interaction products of the solute moiety with the non- 
mobile solvent phase in a manner analogous to the IIammett calculations for sub- 
stituent values from equilibrium or rate constants in organic reaction@. If such 
dissection were quantitatively descriptive, moiety values could be obtained. which, in 
principle, would be independent of the liquid phase, and a liquid phase selectivity 
scale might be attainable. Such a simplified approach obviously contains several 
inherent errors (e.g. the aggregation of induction, dispersion and hydrogen bonding 
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forces into a net interaction value, and the assumption that the differences in the 
electronic,induction effect of the various aryl substituents on the “polarity” of the 
residual portion of the aziridine molecule and relative to N-phenyl-carbamoyl- 
aziridine, are negligible). The results of this semi-quantitative/qualitative approach 
towards a selectivity scale for the liquid phases employecl in this study is, nonetheless, 
somewhat interesting and may be described as follows: 

The relatively low polar (methyl silicone polymer) SE-30 phase was arbitrarily 
designated a relative selectivity of 1.00. Consideration of the Hammett equation 
proposes a similar equation for gas chromatographic interaction as 

log X.E.,+$ -log X.E.$ = MQ = ps 
where X.E. = relative elution ; JWs = moiety value (additive) ; ~5 = relative selectivity 
of liquid phase; s = substituent value; and the Mc values for SE-30 in Table VIII 
become the s substituent values. 

In the expression MS = $4~~ one has a linear equation possessing a slope of p and 
an intercept of zero. The greatest point scatter was obtained for Carbowax zoM. The 
calculated slopes together with their standard deviations are given in Table IX. The 
observation that this approach suggests a selectivity scale for the liquid phases em- 
ployed in this study towards the aziricline solutes analyzed is clear when the difference 
M1: - J$ = PA(% - sj) for two substituents on column A is algebraically compared to 
pn (SJ - SJ) for the same two substituents on column B. If $n (~8 - SJ) > PA (sg - sj) 
and (st - sj) approximates a constant, then $, > $A, which proposes that column 13 
is more selective than column A for the separation of the two aziridines containing 
substituents i and j, respectively. 

TAl3LE IX 

Sl%LRCTIVITY SCALB POR LIQUID PHASES 

PliUSC P 

SE-30 

Ver&lubc 
1.00 0.00 

F-go t.18 0.23 
QF-I x-42 0.24 
Carbowax 2oM. x,60 0.45 

The paucity of ample data in the approach discussed above for delineation of 
solute-solvent interactions is readily conceded. Doubtlessly more reliable and, perhaps, 
more general selectivity values could be determined if a model block-type experiment 
could be designed such that varying degrees of polarity in solutes and stationary 
phases were represented. Delineation of solute-solvent interactions would likewise be 
improved if one could quantitatively isolate the various attractive forces comprising 
such interactions. 
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SUM?rlARY 

A diverse selection of alkyl and substituted aryl N-carbamoylaziridines were 
prepared via reaction of ethylenimine and various isocyanates. The gas chromato- 
graphic behavior of these derivatives was reported on five liquid phases and the data 
obtained reported relative to N-phenyl-carbamoylaziridine and as KovA~s’ indices. 
Degradation to the isocyanate and the aniline derivatives was observed for aryl 
aziridines on XE-60. The N-alkyl-aziridines were found to chromatograph without 
thermal rupture. To correlate structural features with the analytical results, structural 
and positional moiety values were obtained from the log differences of the N-aryl- 
carbamoylaziridines with N-phenyl-carbamoylaziridine in a manner similar to which 
the sigma-rho product is obtained in the Hammett equation from equilibrium or 
rate constants in organic reactions. Separations of o, m and $ substituted N-chloro- 
phenyl derivatives were successful. 

The influence of functionality in the para position of N-aryl derivatives revealed 
an elution order of E < CH, < Cl < Br, CH,O < CN. 
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