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Abstract - A cyclic ketene imine prepared from 2,2,4,4-tetrame-
thyl-3-thioxccyclebutanone S-methylide and 2,3-bis{trifluorome-
thyl)fumaronitrile rearranges tc the iscmeric thiolane. The high
dependence of the rate on solvent polarity and the steric course

are in accordance with an open-chain zwitterionic intermediate.

Thiccarbonyl ylide 2 combines in situ with 2,3-bis(trifluorcmethyl)fumarcnitrile in
CDCl3 furnishing the strained 7-membered cyclic ketene imine 3 and the trans-thio-

lane 5 in 78:22 ratio.1 The zwitterion 4 is an attractive precursor.

A. The Rearrangement and Its Mechanism

Although stable in the crystalline state, ketene imine 3 rearranges in solution to
the thermecdynamically preferred thiolane 5. The strain-induced reversal to the zwit~
terion 4 is a likely initiating step. The gauche zwitterion 4 might be distributed
again in the ratio of the rate constant (kB/kA) until the whole material arrives

at 5. Both cyclizations of 4 are exothermic, and their transition states are suppo-—
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sed to be reactant-iike, i.e., structurally still close to 4. The net isomerization

rate constants (kex ) should be a function of three k values:

ky
how = ks ey + kg
The ring opening {3 + 4 with k~B) is accompanied by charge separation, and its late

transition state should profit from solvent polarity. A smaller dependence on the

polarity of the medium is to be expected for the partition coefficient.

The AB spectra of 7-H, of 3 and 5-H2 of 5 allowed monitoring the rate by 'y nmr
spectroscopy. The rearrangement follows the first reaction order (r > 0.99). The
half-life of the ketene imine at 60°C amounts to 107 h in cyclohexane and to 7.0

3 (Table 7} is in acceordance with the

min in acetonitrile. The rate increase by 10
cpen-chain zwitterion occurring in the rearrangement process. The relation between

lecg kexp and the empirical parameter of golvent polarity, ET, is fair (Fig. 1).

Table 1. Solvent dependence of rearrangement rate, 3 + 5

6 -1 6 -1
10 kexp (s ') kB/kA 10 kN {s ')
Solvent at 60°C and 40°C at 40°C at 40°C
[D12]Cyclohexane 1.94
Carbon disulfide 4.02
[D6]Benzene 22.1 4.6
[D]Chloroform 211 3.6
1,2=Dichlorobenzene 33.3
[DS]Tetrahydrofuran 159 13.6 5.3 132
Benzonitrile 497 80.4
[D3]Acetonitrile 1 640 g7
g In two solvents, the rate constant & was
3 exp
o also measured at 49 T and compared with the
K , o first-order rate constants (kN) cf genera-
o 2F
) ting the thiocarbonyl ylide 2 from thiadia-
+
w zoline 1. Of course, the rearrangement 3 -+ 5
1
( 3 r=0.932 sets in immediately upon formation of 3. In
. L — L HF 40°C, the N t i of 1 r ir
10 34 T 42 L6 T at c e N, extrusicn T reguires
E; (keal mel ") t1/a 87.5 min whereas the ring contraction,
Fig. 1. Relation between re- 3 + 5, takes place with t1/2 14.2 h, i.e.,
arrangement rate and solvent kN is 9.7 times larger than kexp' Acecording
pelarity parameter, ET to the rate law of consecutive first order
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reactions, cne expects only 0.24% (1.9%) rearrangement, 3 -~ 5, after 20% (50%} con-
version of 1. For product ratios, 3/5, at low conversion, we found next to no depen-
dence on time within the #2% limit of nmr analysis. Thus, kinetieally controlled

ratios (3/5 = kB/kA) are available for all solvents except the most pclar ones.

The data allow to determine the absclute rate constant of ring opening, 3 » 4, for

k
k =

B 6 -1
-B kexp ( T PR ) .
A

- FoN - -
THF at 40°C: = 13.6 10% 6.3 = 86 10°% &

4 + + 4
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Is a small negative response of kN to solvent polarity ({Takle 1} not contradictory
to the formation of 1,3-dipecle 2 ? 1,3-Dipoles are quadrupcles in the physicist's
language and do not necessarily possess high dipole moments.2 The resonance struc-
tures 7 of thiocarbonyl ylides show the negative charge distributed on both sides

of the positive. The resulting moment leading from the sulfur down to the center of
the negative charge is partially compensated by the lone pair moment on sulfur
(structure 7z). The partial electric moments of thiadiazoline 6 suggest higher pola-
rity. In fact, a modest decrease in the rate of N2 elimination with rising solvent

polarity was observed alsec for other 1,3,4-thiadiazolines (Table 2).

Table 2. Rate constants for the N2 extrusion of 1,3,4-thiadiazolines

in four solvents; 10°k. (s™!) at 40.0°C
N=N N=N N=N
K geH O g Hz oo Ha
Xylene 19 17 149
THF 114 132 128
Acetonitrile 7.3 97 107
Sulfolane 80

B. Stereochemistry of Ring Contraction

A second stereocenter is generated in the rearrangement of 3, giving rise to dia-
stereoisomeric thiolanes. 4 priort, the ring openings of 3 to give trans and cis

zwitterion, 4 and 8, have equal chances.
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In the first experiments, we cbserved only the F onr signals of the trans-thiola-

ne 5., After long pulsing the Cr, signals of the cis iscmer § appeared; comparison
with the 3C satellites of the CFB'S of 5 allowed 2 guantitative analysis. When the

rearrangement tocok place in D,C-CN or C6D6 at 60°C, the thiolane mixture contained

3
1.8% and 1.9% of the cis configuration 9.

The steric course of the cycloaddition of Z and 2,3-bis(triflucromethyl)fumarcnitri-
le | was reinvestigated in C.D, at 80°C (10 min) . Trans-and ¢is-thiclanes, 5 and 9,
occcurred in 98.4 1.6 ratio, along with 3. The same thiolanes appeared in a ratio

of 62:38 in the cycloaddition experiment with the cis acceptor olefin indicating a
lower stereospecificity. With some approximations it is calculated that a ring-ope-
ning of ketene imine 3 giving 9%% trans-and 1% cis-zwitterions, 4 and 8, could be re-
sponsible for the stereochemical cutcome: 1.%% 2. Van der Waals repulsion of the

CFy groups in the cis-zwitterion 8 can be conceived as the reason for the preferred

formation of the trans-zwitterion 4.
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