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Rate constants and thermodynamic parameters were determined for reactions in water of thiosulfate with cis- and trans-
1,1,2-trimethyl-3-alkylaziridinium iodides and trans-1-alkyl-2,3-dimethylaziridinium iodides, wherein the alkyl group is
methyl, ethyl, isopropyl, or tert-butyl. The observed reactivities are interpreted as resulting from a combination of steric

hindrance and steric acceleration.

Studies of the formation and reactions of aziridinium
ions seem particularly well suited for assessing the role of
steric effects on reactivity. We describe here our determi-
nation of the reactivities of the aziridinium ions la-d,
2a-d, and 3a-d with thiosulfate in water.
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Previous study2®:® of reactions of aziridinium ions, in-
cluding 2-methyl- and 2,2-dimethylaziridinium ions, with
thiosulfate and other strong nucleophiles has established
that these reactions occur by the SN2 mechanism with
negligible competition from pathways involving carboni-
um ions, We therefore proceeded with reasonable assur-
ance that reactions of 1-3 with thiosulfate would also be
clean second-order reactions. It should also be noted here
that rate constants for iodide ion catalyzed equilibration
of several N-deuteriomethylaziridinium ions analogous to
1 and 2 are related linearly to rate constants for reactions
of 1 and 2 with thiosulfate.2b:c

We expected that increase of the bulk of the alkyl
groups on the aziridinium ring would result in a decrease
in reactivity because of increased steric hindrance to at-
tack by thiosulfate. We also expected that such increase
of bulk might, for certain compounds, result in a percepti-
ble enhancement of rate reflecting a relief of nonbonded
interactions in the transition state for the ring-opening
reaction. Our results bore out these expectations.

The methods used for determination of the kinetics of
the reactions of the aziridinium jons with thiosulfate were
patterned after those described by others.?2 Prior to mak-
ing kinetic runs, the iodides of the aziridinium ions la-d
and 2a-d were characterized by means of elemental anal-
ysis and nmr spectroscopy. Aziridinium compounds of
3a-d were not isolated but were generated in situ. Three
of the products were characterized by elemental analysis.

The second-order rate constants and activation parame-
ters for the reactions of the aziridinium ions with thiosul-
fate are summarized in Table 1.

Several noteworthy features of the data are (1) the re-
activity in the la~d and 2a-d series decreases as the size
of the 3-alkyl group increases; (2) for these two series, the
cis isomer is the more reactive, and the cis/trans reactivi-
ty ratio increases as the size of the 3-alkyl group in-
creases; and (3) for the 3a-d series, the reactivity order is
3d > 3a > 3b > 3c.

For both the cis- and trans-1,2-dimethyl-3-alkylaziridi-
nium ions (1 and 2), the reactivity decreases by a factor of
1.9 when the 3-alkyl group is changed from methyl to

ethyl. This is near the statistical factor of 2, which would
be expected if all the ring opening took place by attack of
thiosulfate on a ring carbon bearing methyl. Replacement
of the ethyl group of an isopropyl or tert-butyl group slows
the rate of ring opening by factors of 9.6 or 9.9, respective-
ly, in the case of the cis isomers and 21.6 or 37, respec-
tively, in the case of the trans isomers. The net rate-re-
tarding effect can be ascribed to increased steric hin-
drance to attack at Cz by the larger alkyl groups at Cs, It
is noteworthy that replacement of ethyl by isopropy! has a
greater effect on rate than replacement of isopropyl by
tert-butyl, although the difference in effective size is nor-
mally greater for tert-butyl and isopropy! than for isopro-
pyl and ethyl.8 This greater than expected reactivity of
the tert-butyl ions requires that some factor other than
steric hindrance is playing a role in their reactivity, and
this factor is certainly steric acceleration of reactivity.?

This is seen more clearly by comparing the relative
reactivities of the cis and trans isomers. The cis/trans re-
activity ratio of 3.4-3.5 for both the 1,2,3-trimethyl and
the 1,2-dimethyl-3-ethyl ions can be ascribed to steric ac-
celeration being greater for the cis compounds, which un-
dergo greater relief of steric crowding as the ring opens. As
the size of the 3-alkyl group increases to isopropyl and
tert-butyl, this difference in reactivity becomes amplified,
and the cis/trans reactivity ratio increases to 7.7 and 13.

Perhaps the effect of steric acceleration of reactivity is
seen most clearly from comparison of the reactivities of
the 1-alkyl-trans-2,3-dimethylaziridinium ions (3a-d).
The rate of ring opening drops by nearly a factor of 2 as
the size of the l-alkyl group is increased from methyl to
ethyl to isopropyl. Then increase in size from isopropyl to
tert-butyl, which should result in a continued decrease in
rate if steric hindrance were the only effect, results in a
steric acceleration of rate by a factor of 7.2.

Experimental Section

Boiling points and melting points are uncorrected. Nmr spectra
were obtained at 60 MHz with a Varian Associates HR-60 system
equipped with electronic integrator and base-line stabilizer. Reso-
nance frequencies in nmr spectra were determined using the side-
band technique with a Packard CD-200 audiooscillator. Microan-
alyses were performed by Mr. V. H. Tashinian, Berkeley, Calif.

cis- and trans-1,1,2-Trimethyl-3-alkylaziridinium Iodides
(la-d and 2a-d). The procedure described for the conversion of
cis-1,2-dimethyl-3-isopropylaziridine to cis-1,1,2-trimethyl-3-iso-
propylaziridinium iodide32 was found to be satisfactory for the
preparation of the other 1,1,2,3-tetraalkylaziridinium iodides from
the corresponding aziridines3P in over 90% yield. The aziridinium
compounds were characterized by means of their decomposition
points, nmr spectra, and elemental analysis, which are summa-
rized in Table I1, as well as by their reactivities with thiosulfate.

trans-1-Alkyl-2,3-dimethylaziridinium compounds were pre-
pared in situ from the corresponding aziridines.* trans-1-Methyl,3.3
l-ethyl-,® and 1-isopropyl-2,3-dimethylaziridine® have been

described, trans-1-tert-Butyl-2,3-dimethylaziridine, bp 120-121°,

n24p 1.4176, was prepared from trans-2,3-dimethyloxirane by the
method described for preparation of other 1,2,3-trialkylaziridines.

Anal. Caled for CgHy7N: C, 75.52; H, 13.47; N, 11.01. Found:
C,75.17; H, 13.46; N, 10.53.
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Table I
Rate Constants and Activation Parameters for Reactions of Aziridinium Salts with Thiosulfate
10 %y, M =1 gec ! at AF*, 80.24°, AH*, 30.24°, — AS*, 30.24°,
Compd 20.00° 30.24° 39.84° 50.16° keal/mol keal /mol cal deg ~1 mo] ~!
la 119 316 868 21.2 17.6 12.0
2a 31.1 91.2 238 22.0 18.0 13.2
1b 56,1 167 493 21.6 19.5 7.0
2b 17.4 48.7 153 22.4 19.2 10.4
1le 17.8 52.2 135 23.0 19.7 10.8
2c 2.25 6.58 19.0 24,2 19.1 17.0
1d ) 16.8 49.7 134 23.0 19.8 10.5
2d 1.29 3.95 11.1 24.6 20.4 13.7
3a 30.8 95.3 239 22.6 19.5 10.4
3b 23.8 22.8
3ec 16.7 23.0
3d 121 336 893 21.8 18.9 9.6
Table 11 termined by titration with a standardized potassium iodide-io-

Decomposition Points and Principal Nmr
Resonance Frequencies of cis- and
trans-1,1,2-Trimethyl-3-alkylaziridinium Iodides

Mp, °C,* ————-——Resonance frequencies, ppm®————-—
Compd dec NCH; CCH:
lac 178 1.57 1.83 3.17
2ad 155 1.65 3.03
1be 138 1.56 1.78 3.11/ 3.470
2b* 116 1.63¢ 3.057 3.50¢
1ck 144! 1.52 1.70 3.16/ 3.49m 3.61m
2cF 147! 1.42 1.48 3.00/// 3.51™ 3.58™
1d~ 181 1.52¢ 1.57 2.9777"" 3. 40
2d» 194 1.47¢ 1.62 3.057 3.45

¢ The temperature listed is the high temperature of the
2-5° range over which decomposition was noted when the
sample was heated in an open capillary at ca. 1°/min within
10° of the decomposition range. * Spectra were taken of 10%
solutions in deuterium oxide at 30-35°, and resonance fre-
quencies are reported in parts per million upfield from the
band due to residual water. ¢ Anal. Caled for CH; IN:
C, 31.73; H, 6.21. Found: C, 31.37; H, 6.15. ? Anal.
Found: C, 31.68; H, 6.24. ¢ Anal. Calcd for C,H;IN:
C, 34.87; H, 6.69. Found: C, 33.09, 36.26; H, 6.58, 6.61.
/ Resonance due to C, CHj; J = 5.4 Hz. //J = 6.2 Hz.
" = 5.8 Hz. ¢ Triplet, J = 7.0 Hz; center of the
methylene resonance at 2.85 ppm. *» Anal. Found: C,
34.26; 34.22; H, 6.44, 6.56; I, 52.22. ' A chemical shift
(<1 Hz) between the N-methyl resonances is discernible.
i Triplet, J = 7.0 Hz; center of the methylene resonance at
2.80 ppm. * See ref 1. !The decomposition range is
166.5-170° when the sample is heated at ca. 5°/min (see ref
1). m Doublet, J = 7.0 ppm. * Anal. Caled for CHzIN:
C, 40.16; H, 7.49; I, 47.15. Found: C, 39.99; H, 7.27.
° Cy H and C; H resonances at 1.25 and 1.68 ppm, respec-
tively; Jus = 9.6 Hz. » Found: C, 40.39; H, 7.43; I,
47.20. ¢ C; H and C; H resonance at 1.22 and 1.70 ppm,
respectively; Jians = 8.5 Hz.

Reactions of the aziridinium compounds with thiosulfate
were carried out in acetate-buffered aqueous solutions with con-
centrations chosen so that the initial ionic strength was unity.
The initial concentrations for reactions of la-d and 2a-d were
0.15 M 1 or 2, 0.15 M sodium thiosulfate, 0.40 M sodium acetate,
and 0.50 M acetic acid. For reactions of 3a-d, initial concentra-
tions were 0.15 M imine, 0.15 M perchloric acid, 0.15 M sodium
thiosulfate, 0.40 M sodium acetate, and 0.50 M acetic acid. Dur-
ing the course of each reaction, eight or nine 2.0-ml samples were
withdrawn, the last sample being taken after the reaction was
60-75% complete. Each sample was quenched immediately with
50 ml of water, and the amount of unreacted thiosulfate was de-

dine solution. An aliquot from each run was taken 4-8 min after
the reaction was begun, sealed in an ampoule, and heated at 60°
in an oil bath for at least 1 week, and the amount of unreacted
thiosulfate, which ranged from 2 to 8% of the original thiosulfate,
was determined.

The rate constant for each run was taken as the least-squares
slope of the plot of the reciprocal of the sodium thiosulfate con-
centration vs. time. In all cases, good linear plots were obtained
to at least 60-75% reaction. Each run was repeated at least once;
rate constants from duplicate runs agreed to within 2%. Rate con-
stants and activation parameters for reactions of the aziridinium
compounds with thiosulfate are summarized in Table I.

Formation of white, crystalline precipitates, presumed to be
thiosulfates, was noted during the reactions with le,72 1d,? 2¢,7c
2d, and 3d.

Registry No. la iodide, 43177-74-8; 1b iodide, 43177-75-9; lc io-
dide, 932-24-1; 1c thiosulfate, 43177-77-1; 1d iodide, 43177-78-2; 1d
thiosulfate, 43177-79-3; 2a iodide, 872-43-5; 2b iodide, 43177-81-7;
2¢ iodide, 1003-93-6; 2¢ thiosulfate, 43177-83-9; 2d iodide, 43177-
84-0; 3a iodide, 43177-85-1; 3b iodide, 43177-86-2; 3¢ iodide,
43177-87-3; 3d iodide, 43177-88-4; sodium thiosulfate, 10124-57-9;
trans-1-tert-butyl-2,3-dimethylaziridine, 6125-02-6; trans-2,3-di-
methyloxirane, 21490-63-1.
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