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Communications to the Editor 
Gas-Phase Anionic Oligomerization of 
Thiacyclopropane Initiated by Allyl Anion 

We wish to report the first study of an anion-initiated 
ring-opening oligomerization reaction in the gas phase 
where solvent and counterion effects are absent. The 
monomer is thiacyclopropane and the initiator anion is 
allyl anion (C3H<). From this study (a) the sequential 
formation of monomeric through tetrameric anionic oli- 
gomers was observed and (b) the rate constants of the 
initiation and propagation steps leading to 
C3HS(-CH2CH2S-)&H2CH2S- were determined. 

A flowing afterglow (FA) apparatus was used to study 
this gas-phase oligomerization process at 298 K.' Ions are 
produced in the upstream end of the flow tube by electron 
impact methods and neutral molecules are added to the 
flow via inlet ports downstream of the ion production 
region. A fast flow of helium (PHe = 0.5-1.2 torr, flow 
velocity (a) = 36-80 m s-') in the flow tube was the buffer 
or bath gas in the FA experiments, which served as a 
third-body in collisional stabilization of vibrationally ex- 
cited product ions formed in these ion-molecule reactions. 
The ion composition of the flow was monitored with a 
quadrupole mass spectrometer. Reaction kinetics were 
determined under pseudo-first-order conditions where the 
neutral molecule concentration [N] was much greater than 
that of the ion concentration. From the slope of the plot 
of decay of log [ion signal] vs. varying [N] added to the 
flow, the bimolecular rate constant for the ion-molecule 
reaction was calculated by methods previously described.' 

The initiator anion, C3Hf, was prepared in the upstream 
end of the flow tube by the fast (7.5 X 10-lo cm3 molecule-' 
s-') H+-transfer reaction between H2N- and propenea2 The 
vibrationally excited C3Hf ions are cooled to their ground 
state by numerous collisions (103-104) with the buffer gas 
prior to reaching the downstream inlet port where thia- 
cyclopropane was added. The ion-molecule reactions occw 
in the final 60 cm of the flow tube prior to sampling and 
analysis using the quadrupole mass spectrometer. Figure 
1 is the plot of the percent ion signal vs. concentration of 
ethylene sulfide added to the flow for the reaction of C3Hf 
with thiacyclopropane at  PHe = 1.1 torr and = 36 m s-'. 
The pseudo-first-order decay of the initiator ions C3H5- 
and the sequential production of the oligomeric anions m/z 
101,161, and 221 are seen. Increasing the concentration 
of thiacyclopropane beyond that shown in Figure 1 allowed 
us to observe the slow formation of the tetrameric anion 
species, mlz 281. Formation of the secondary product ion 
HS- (mlz 33) was also observed as well as its initiation step 
in yielding ion mlz 93. 

The rate constant for the decay of C H - was determined 
to be (4.0 f 0.4) x cm3 molecul& "9l and was inde- 
pendent of PHe (from 0.5 to 1.1 torr, = 80 m 8'). Com- 
puter simulation of the data in Figure 1 gave a better fit 
for the decay of C3H< with a rate constant of 3 X cm3 
molecule-'s-', which is within the f30% error considered 
for FA rate constants. Computer fitting of the remaining 
data points yielded the calculated curves (solid lines) in 
Figure 1 using the rate constants for the propagation steps 
given in eq 2-6 (Table I). In general, the calculated fit 
of the data is good, although the maximum for monomeric 
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Figure 1. Plot of percent ion signal for the decay of C3H6- (mlz 
41, 0) and formation of the oligomeric anions m/z  101 (@), 161 
(a), and 221 (A), the byproduct ion m/z  33 (V), and its oligom- 
erized anion m/z  93 (w) for the reaction of C3H5- with (CH2)2S 
vs. added thiacyclopropane. The symbols are data points and 
the solid lines are the computer-calculated curves for the mech- 
anism and rate constants given in Table I. 

ion mlz 101 was missed slightly. The discrepancies in the 
early part of the fit of the HS- data are due to O2 con- 
tamination in the propylene. This yields 02 (fast electron 
transfer from C3H, to OJ, which produces exclusively HS- 
in its fast reaction with thiacyclopropane. This would be 
important only in the early stages of the reaction until the 
initiator is consumed, which is the region of Figure 1 where 
the fit of this ion is poor. Another possibility would be 
a small amount of H2S in the thiacyclopropane. 

The rate constants for the initiation and propagation 
steps given in eq 1-4 cover a range of 300. These rate 
constants are much larger than bimolecular rate constants 
usually observed in the condensed phase since ion and 
neutral solvation effects are absent in the present exper- 
iment, as are the effects of the ~ounterion.~ We note that 
the intrinsic propagation reactivity in this oligomerization 
decreases by a factor of 40 from formation of the dimeric 
species to that for formation of the tetrameric anion 
species. The absence of constancy in the rate constants 
for these anionic propagation steps is probably due to the 
increased polarizability of the increasing oligomer chain 
and potential ion-dipole and ion-induced dipole interac- 
tions between the -S- growing end with the dipolar 
-CH2-S-CH2- units of the oligomer chains. 

As shown in eq 5 ,  formation of the secondary ion HS- 
(mlz 33) is considered to arise by the unimolecular de- 
composition of the monomeric ion m/z 101. This pathway 
for formation of HS- is substantiated from the observation 
that ions mlz 33 and 101 were formed in nearly equal 
amounts when PHe was reduced to 0.5 torr. One mecha- 
nism by which HS- could be formed from m/z 101 is shown 
in eq 7. This unusual form of an intramolecular 8-elim- 
ination reaction is 14 kcal mol-' endoergic. However, we 
must recall that ion m/z 101 is produced in a reaction that 
has AHo = -55 kcal mol-'. Therefore, while some of the 
m/z 101 ions are collisionally stabilized by the buffer gas, 
a fraction of these energetic ions suffer intramolecular 
fragmentation, releasing HS-. The mechanism suggested 
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Table I 

reaction 
kcald, cm3 

molecule-' sT1  AH", kcal mol-' 

C,H,- t (CH,),S -+ C,H,-CH,CH,S- (1) 3 x -55.33a 

m/z 101 + (CH,),S -+ C,H,-CH,CH,S-CH,CH,S- (2) 4 x lo-" 
(m/ z  101) - - 23 3b 

m/z 161 + (CH,),S -+ C,H,fCH,CH,S j,CH,CH,S- (3) 5 x --233b 

m/z 221 t (CH,),S -, C3HS-fCH,CH,S j,CH,CH,S- (4 )  1 x lo-', - - 23 3b 

(m/z  41) 

(m/z  161) 

(m/z 221) 

(m/z 281) 
m/z 101 .+ HS- t (H,C=CH j 2 C H ,  (5) 1 x lo-" + 13.93a*c 

(m/ z  33) 
m/z 33 4 (CH,),S -+ HSCH,CH,S' (6) 

(m/z 93) 

( m / z  101) 

in eq 7 is supported by the fact that HS- is the exclusive 
product from the reaction of 02-. or F3C- with thiacyclo- 
propane where only those protons in the thiacyclopropane 
molecule could be involved.' 

The above results and those recently reported for the 
anionic oligomerization of acrylonitrilea demonstrate the 
potential utility of gas-phase methods to determine various 
factors associated with the early stages in ionic polymer- 
ization reactions in the absence of solvent and counterion 
effects. 
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