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Kiyoshi Matsumoto* and Shun'kichi Makamura, Collepe of Liberal Arts and
Sciences, Kyote University, Kyoto 606, Japan
Takane Uchida and Yoshinori Takemoto, Faculty of Education, Fukui University

Fukui 910, Japan ‘

Abstract-——- The 130 chemical shifts for the cis- and trans-N-substituted diphenyl,

dibenzoyl, aroylaryl, and arylcyanoaziridines (lfjg) have been reported

(Table 1, 2, and 3). The differences of 3¢ chemical shifts between the cis

and trans isomers and the effects of N~ and ring C-substituents, and of the

para-substituted groups of phenyl or benzoyl group upon the chemical shifts

of the ring carbons are described. The chemical shifts of the ring carbons

are qualitatively discussed in terms of steric compression effects.
The 130 NMR technique has been valuable for the structural investigation of small ring compounds.2
Indeed, systematic 130 MMR studies of N-unsuhstituted3 and N-substituted4 aziridines have been re-
ported. In this note, we describe the results of 13C NMR spectral measurements of thirty-nine cis-
and trans-N-substituted aziridines (};—ﬁ),s which would complement the recent report of Cromwell
and Kingsbury et al.,é who have studied, from the 13C MMR spectral data of a number of N-substituted
2-aroylaziridines, the effect of three-ring to carbonyl hyperconjugation, the effect of the nitrogen

lone pair en J values and the carbonyl group, amnd the steric compression effect in these systems.

C-H
In addition to the last effect, we will briefly deal with the substituent (on the phenyl ring)

effects upon the chemical shifts of the ring carbons.

The 13C chemical shifts for the aziridines (1--8) are given in Table 1--3. The assignments were made

by considering signal multiplicities from off-resonance decoupling experiments or from coupled

spectra, coupling constants (JC_H), lipe intensities, and the chemical shifts of W-unsubstitutred
aziridines.3a The aromatic and cyclohexyl carbons were assigned by chemical shift comparison with
6,7

the substituted benzenes and N—alkylcyclohexylamines,8 and by means of their characteristic in—

tensities. The 130 FMR apectra of the aziridines (l-jﬂ) were simple and easily assigned as they
have same substituents on the @& and £ carbons (hereafter designated as C-a and C-B). The assignments

of C-a and C-B of the benzoyl aziridines (6) were established by comparison of the substituent
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1

? 1 {cis and trans) R1=R2=R3=C6H5
AN (cis and trans) RlsccH ., RE=R%=c.H
R2.chi—CcH-r3 . 1 2 5

N g {(cis and trans) R =C6HSCH2' R®=R =C6H5
(cis and trans) R1=C6H11, R2=R3=C6H5C0
(cis) R'=CH;, n=cH CO, R3=C6H5
(cis and trans) RI«CeH,,, RP=CoH CO, R3ac .H,
(cis and trans) RI=CGH,, R2=p-CH30C6H4CO, R3=C6H5
(cis and trans) R1=56H11, R2=p—CH3C6H4C0, R H,

. 1_ 2_ ! 3.
(cis and trans) R _C6H11’ R —p-C1C6H4CO, R —C6H5
. 1_ 2 3
(cis and trans) R FCGHll’ R%=p N02C6H4C0, R —C6H5

(cis and trans) RI=CeH , RE=CH CO, R¥=p-CHLOC H

(BB BRI R W B EE BB EE 2 B e ge gt )

éf11e 5 4
(cis and trans) RI=CeH ), RE=CoH.CO, R3=p-CH306H4
{cis and trans) R1=C6H11, R2=C6H5CO, R3=p-C1C6H4
{cis and trans) R1=C6H11, R2=CN, R3=C6H5
(cis) . RE=ch, . r%=oN, R3=p-cH 00 H,
{cis and trans) R1=C6H11, R2=CN, R5=p-CH3(26H4
(cis and trans) R1=C6H11, R2=CN, R3=p-C1C6H4
(cis and trans) R'=CH ., RZ=CN, R3=0-CiCH,
(cis) RI=C H CH, , R2=CN, R3=C H,
(cis) R1=C6H5CHZ, R%=cN, R3=p-CH30C6H4
(cis) R'=c HCH,, RE=CN, R3=p-c:-|3c6H4
(cis) RI=C(H CH,, RE=CN, RP=p-CICyH,
(cis) R'=CH CH,, RP=CN, R%=0-CIC(H,

effects on chemical shifts of the aziridines (ée—jg) with those of the chalconesg as shown in
Figure 1 and 2; the upfield resonances of ring carbons of the trams-benzoyl aziridines (gg-:g} and
the downfield resonances of those of the cis-isomer were attributed to C-B, since their
variation patterns with the substituents are similar‘to those of C-f resonances of the chalcones.
These assignments are in accord with those based upon qualitative considerations of long-range
l3C—H couplings of 6a and 9h.4 In the cyanoaziridines gz) and gg), the signal at the higher field
can be attributed to C-o bonded to a cyano group (Figure 3) based on the empirical rule that sub-
stitutfon with cyano group results in a shielding of the carbon, while substitution with phenyl
group causes a deshielding.6 In the trans-cyanoaziridines g\), pairs of the signals were observed
for C~B and cyclohexyl N-methine, cyano, and phenyl carbons, whereas, in the cis-isomer, they

10

appeared only at C-a. This phenomenon 1s possibly due to the presence of two conformational
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Table 1

€-13 NMR data of 1 . &
~J ~

{ppm from TMS)

Compd. cis N-Substituent? C—Substituentsb
ring-C
No. trans Cc-1 C-2 c-3 Cc-4 —EHZ— c-1t c-2 c-3 c-4' C=0
cis 49.0 154.5 119.8 129.1 122.7 135.9 127.8 127.8 126.9
1
~ trans 50.0 148.2 120.8 128.6 121.8 136.4 128.2 127.3 127.4
cis 48.1 68.8 32.4 24.5% 26.4 137.4 128.0 127.6 126.3
2
~ c 32.3 24.3
trans 46.3 58.6 (33.2 (24.8 26.1 14¢.2 128.0 128.0 127.1
( cis 49.3 139.90 127.9 127.6 126.5 64.9 136.4 127.9 127.6 126.9
3
~ trans 48.2° 129.7 128.2 127.8 127.4 56.2 139.6 126.5 128.2 126.4
( cis 48.4 69.9 32.3 24.7 25.7 136.5 128.4 128.4 133.2 193.3
4
32.6 24,4 136.2 193.1
~ trans 46.2 58.8 (33_0 (24.7 25.7 (137.3 128.7 128.7 133.7 (194'7
a Phenyl-C of 1, cyclohexyl-C of Zz and 4, and benzyl-C of 3.

[}

b Phenyl-C.

Center of the broad signals.
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Table 2

C-13 NMR data of 2-benzoylaziridines 5

and 2{ {ppm from TMS)

Compd. ij/, Ring-C Cyclohexyl-C Benzoyl-C Pheny1-C
No. trans o 4 ¢1 C2 ¢3 C-4 €=0 C-1' cC-2' C-3' ¢-4' C€-1" C-2 C-3° C-4" Sub.
s cis  51.1 52.4 47.3 193.2 136.8 128.4 126.0 133.0 134.9 128.¢ 127.9 127.3
cis  49.8 49.3 69.1 (513 24.6 26.0 193.5 137.1 128.3 128.0 132.7 135.6 127.8 127.5 127.2
2 (trans a7.3 486 57.9 (355 234 261 1s4.9 1382 1287 12804 1333 13005 128.4 127.4 1265
cis  49.8 48.9 69.2 (333 24.6 26.1 191.9 130.4 130.4 113.5 163.2 135.9 127.8 127.5 127.1 S5.
L (trans 7.0 47.8 s8.0 (357 (234 26,1 1929 131.3 130.7 113.8 163.6 139.5 128.2 127.3 126.5 55.
cis  49.8 49,1 69.2 (513 24.6 26.1 192.9 134.7 128.2 129.0 143.5 135.7 127.8 127.5 127.1 2l.
o (trans 7.1 48.1 57,9 (337 33 26.0 1942 135.7 128.5 120.3 1441 139.4 128.2 127.3 126.5 2.
cis  49.8 49.1 69.0 (333 319 26.0 192.5 135.4 120.5 128.6 139.1 135.4 127.8 127.4 127.3
8 (trans 47.1 48.6 57.9 (3] (343 26.0 193.5 136.4 129.7 1200 139.7 139.1 128.3 127.4 126.4
cis  50.2 49.6 68.8 (3;°3 24.5 25.9 192.3 >
% (trans 47.3 49.3 58.0 (33°¢ (G421 2509 1035 b
cis  49.9 48.9 69.1 (i'% 245 26.1 1936 137.3 128.6 128.2 132.6 129.8 128.2 113.4 158.8 S5.
& (trans 6.9 a8.4 579 (327 (243 261 195.0 138.2 128.6 128.2 133.0 133.0 127.6 113.7 159.0 SS.
cis  49.9 49.3 69.2 (13’3 24.6 26.1 193.5 137.2 128.3 128.1 132.7 127.5 128.6 128.6 136.8 2.
el (trans 47.1 48.6 57.9 (i%:; (243 26,1 195.0 138.2 128.6 128.2 133.0 137.0 129.0 126.4 136.4 21.
cis  49.8 48.5 68.9 (33°3 24,4 26.0 193.1 157.0 126.3 126.0 132.9 134.2 128.9 128.0 132.9
22 (trans 47.3 a7.6 57.8 (357 (233 26.0 194.5 138.1 128.6 128.4 133.3 138.1 128.4 127.8 133.3

2 N-Methyl-C.

b Not assigned as the spectra were

€ Methyl- or methoxy-C.

measured without isolation of cis and

trans isomers.




Table 3 C-13 NMR data of 2-cyanoaziridines 7 and 8 (ppm from TMS)
~ ~

—1l¥e8—

Compd. cjj;, Ring-C Cyclohexyl- or Benzvyl-C Phenyl-C
No, trans a B Cc-1 Cc-2 c-3 Cc-4 -QHZ- -C=N c-1' c-2¢ c-3 C-4' Sub.
e ( cis  (3]'¢ 45.9 68.4 32.0 24,0 25.9 117.1  134.6 128.3 128.3 127.1
a )
Ia 52.2  60.9 120.3 136.3 ,128.6 ,127.0
trans  34.0 (5575 4.7 2.1 24.6  25.6 (1z1.8 161.0 (33773 (331 (2708
b cis (i%‘g 45,6  68.5 32.1 24.1 25.9 117.3 126.7 128.3 113.9 159.7 55.3
cis (gi'g 45.8 68.5 32.1 24.0 25.9 117.2  131.6 127.0 129.1 138.0 21.2
¢ ( )
I 52.1  60.4 120.6 126.5 133.4
trans  34.0 (52°%  $9°3 521 245 2506 A29:5 tenr (3382 12003 (13-4 214
cis  (31'% 45.1 68.3 2.0 z4.0 25.8 116.8  133.2 128.6 128.6 134.1
7d :
I 52,3 61.3 159.9 ,134.6 128.9
trans 34.0 (52.9 62.9 32.0 24.6 25.5 121.6 (160.3 (136.2 128.4 (129_2
) 30.9 133.7 .129.3
iy ( cis (3177 43.9 :s.: 32.1  24.0  25.8 116.8  132.5 ([55°4 (1238 129.0
52.4  61. 119.9 ,158.6 135.0 ,130.9
7 Ctrans 341 (5375 g3.y 319 246 25.5 (120.8 (1s9.2 (3g.5 (127,90 1301
7

§3 cis 32.6 46.8 136.5 128.6 127.8 127.2 63.3 116.6 133.8 128.4 128.4 127.
8b cis 32.6 46.6 136.7 128.6 127.8 127.6 63.4 116.8 125.9 128.3 114.0 141.5 55.2
Bc cis 32.6 46.9 136.7 128.6 127.7 127.1 63.5 116.6 130.9 127.9 129.1 138.2 21.2
8d cis 32.6 46.0 136.4 128.6 128.6 127.1 63.2 116.4 132.5 128.6 128.6 134.3

8¢  cis  32.1 44.8 136.5 128.6 128.0 127.8 63.2 116.3 133.¢ (i-1.3 (128.8

Be (1295 (j26.9 128-1

2 Methyl- or methoxy-C.
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Substituent effects of X and Y in Z-aroyl-3-aryl-l-cyclohexylaziridines
?ﬁﬁll on the 13
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Figure 2. Substituent effects of X' and ¥' in chalcones X'C6H4COCH=CHC6H4Y‘ on the 13
shi1fts of the ethylenic (@ and 8) and carbonyl carbons.

C chemical
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isomers which have different orientation of the cyclohexyl group on the nitrogen atom,

It is well documented that 13C chemical shifts are influenced by -steric interactions mostly aris-
ing from touching or overlapping of van der Waals radii of closely spaced substituents.ll When
two hydrogenated carbons are y-gauche relative to each other, the steric compression effect on
carbon shielding is generally observed.12 Therefore, an analogous compression effect due to the
steric interactions of the substituents Rl, Rz, and/or R3 in the present aziridine systems would

13 The values of the chemical shifts of the ring carbons

serve to shift the ring carbons upfield.
for the trans-aziridines (,_J\-J) and (l) are larger than those of the corresponding cis isomers, while
in the aziridines (}:-i) and (Q, the ring carbon signals of the cis isomer were observed at lower
field than those of the trans isomers. Therefore, it is speculated that, for /J\.Jand i, the cis-

interaction of R2 with R3 predominates over the syn-interaction of Rl with R2 or R3, and vice

versa for ’%-—i and ’é I’n the trans-aziridines ('_E;), the C-u are more shielded than the C-B, whereas,
in the cis isomers, were observed the opposite as shown in Figure 2, suggesting the m—relation
of the aroyl group {attached to C-a) with raspect to the cyclohexyl group im the trans-isomers.
Comparisons of the chemical shifts of the ring carbons of the cis-—aziridines ,]L' E‘, and i, of iand
93, and ofl and '_BVindicat:e that N-substitution with methyl, phenyl, benzyl, and cyclohexyl results
in an increasing order of shielding of the ring carbons. Specifically, substitution of methyl with
cyclohexyl group (2 and ge) causes the upfield shifts at C-a (1.3 ppm) and C-g (3.1 ppm). At pre-
sent, these shielding effects remain unexplained.

As shown In Figure 1 and 2, variations of the ring and carbonyl carbon chemical shifts in 'E_:\_with
the para-substituents have a resemblance to those of the ethylenic and carbonyl carbons in the
chalcones, though the substitution effects are smaller in the aziridines. While a pattern of sub-
stitution effects of the cls-cyanoaziridines (i) differs from that of the trans isomers (l’) (Figure
3), the chemical shifts of the cis 7 varies im a similar fashion to those of the cis 8.

Finally, the coupling comstants (JC_H) of the ring carbons of }:-3 are summarized in Table 4.

The J values of the trans-aziridines (’,L), (ff,)’ and (2) are larger than those of the corresponding
¢is isomers, whereas, in the case of 7, the J values of C-c of the trans isomers and of C~f of

the cis isomers are larger than those of the corresponding cis and trans isomers, reapectively.
Particularly, the differences of the J values between C-c and C-B of the trans-aziridines (7) are
remarkably large. A correlation of a carbon-proton coupling constant and an s character of the
carbon hybrid orbital has been know-n,la thus suggesting that the C—c of the trans-aziridines (f@/)
and (’Z/) and the cis-aziridines (§\2 which have relatively large coupling constants are hypercon—
jugated or pseudoconjugated with the aroyl or cyano groups. The effect of three-ring to carbonyl
hyperconjugation as well as the effect of the mitrogen lone pair onm selected coupling constants have

already been discussed.['
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on the 13C chemical shifts of the ring {(a and 8) and cyano carbons.

Table 4

Coupling constants (JC_H) of
the ring carbonrs in the N-substi-
tuted aziridines 1 ~ §

~ -

Compd. J {Hz)
Cis C-H trans

ho. a B a

s 165 168

s 161 _

3 165 —

4 165 173

i 165 164 —_

93 164 167 173 i64
QB 163 164 176 170
bc 164 166 173 167
QS 163 162 175 165
9‘3 J— _ _— _—
@\E 164 _ 178 167
gg 161 162 176 166
&h 164 165 173 167
~

j_’e 179 165 194 132
;7_3 178 165 —_— _—
ic 179 167 192 140
L)

7d 179 167 193 143
7e 182 171 185 129
~

8a 181 166 - _
e

§\b‘ 178 168 _— —
gc 178 166 —— —_—
gd 178 170 _— —_
¥

8e 181 170 — _
b
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In conclusion, the ~C NMR technique can be employed as an easy and reliable method of determ-

ing configuration of aziridines.

Recording of the Spectra----The 1H noise decoupled and proton coupled spectra, as well as the signal
13

frequency "off resonance” decoupled ~~C FT NMR spectra were measured using ca. 1.0 M solutiens in
CDCl3 on a JEOL JNM FX-60 spectrometer {15.04 MHz). The solutions were kept in 10 mm tubes at 25 °C,

and the deuterium signal of CDCl, was used as lock signal. The values of SC were referenced to in-

3
ternal tetramethylsilane and were accurate to + 0.1 ppm. The reliability of the JC-H values were +
1.2 Hz.
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