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rearrangement of cyclohexadienone monoepoxides, these re
sults are indicative of the structure of the ring contracted 
product to be 4. Structure 4 is further supported by the fact 
that elution of 4 through a nonactivated basic alumina column 
with MeOH gave deformylated product 6 in 95% yield: liquid; 
bp 145° 1 mm; ir (KBr) 3540 (OH), 1700 cm"1 (C=O); 
NMR (CDCl3) <5 0.67 (9 H, s, f-Bu), 1.25 (9 H, s, r-Bu), 2.95 
(1 H, s, OH, exchangeable with D2O), 3.76 (3 H, s, OMe), 
4.08 (1 H, d, methine H, J = 2.0 Hz), 7.28 (1 H, d, vinyl H, 
J = 2.0 Hz), 6.7-7.3 (4 H, m, ArH). Elution of 3 through a 
column of nonactivated basic alumina with MeOH also gave 
6 in 70% yield, which gave no 5 on heating with J-BuOK. 
Compound 4 rapidly and quantitatively gave 5(R = 4-OMe) 
in the ?-BuOK/?-BuOH solution at 75 0C. Neither CO nor 
CO2 was liberated in all the cases where 5 (R = 4-OMe) was 
formed, suggesting the lost carbon atom being expelled as 
formic acid or its ester. Accordingly, neither Favorskii type 
rearrangement widely seen in the base-catalyzed ring con
traction of cyclohexene epoxides9^13 nor the mechanism similar 
to that observed in the one-electron oxidation of 2,4,6-tri-
ter?-butylresorcinol14 is applicable for the present reaction. 

From these results, the mechanism by which the cyclopen-
tadienones 5 are formed on the base-catalyzed oxygenation of 
the phenols 1 is depicted as shown in the scheme.15 The ex
clusive ortho hydroperoxylation of 1 can be rationalized by 
assuming that the carbanion electron distribution of the 
phenoxide prefers the 2-position because the carbanion at 4-
position is destabilized by electronic repulsion with the aro
matic substituent and because the potassium ion seems to be 
complexed coming close to the O-C2-Q area of the phenoxide 
(association of ion pair within solvent cage). 
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Toward Metalloc\ clopropenium Ions: Redox Cleavage 
of Diorganyldichalcogenides by 
Trichlorocyclopropenium Salts 

Sir: 

By virtue of their sp-hybridized carbon-to-ligand bonds and 
the availability of two orthogonal acceptor-7r-orbitals, cyclo-
propenium ions can with some justification be regarded as 
"sesquiacetylenes" in which the acetylene bonding principle 
is extended to a second dimension. The idea of connecting the 
extremely versatile bonding and reactivity patterns of acetylene 
chemistry with the trifunctionality and strain potential of cy-
clopropenium ions has led us to explore synthetic pathways 
which would yield (organo-)metallocyclopropenium systems, 
conceivable analogues of metal acetylides. 

In this paper we report on the unprecedented redox cleavage 
of diorganyldichalcogenides by the trichlorocyclopropenium 
cation as a general and convenient route to triorganylchalco-
genocyclopropenium salts. Furthermore, as part of a prelimi
nary mechanistic study of this reaction type, we outline a 
method which permits a controlled and high-yield synthesis 
of 1,2-dimethylthiocyclopropenthione, 11, the first derivative 
of thiodeltic acid. Except for the case of 21-2 all compounds in 
this paper are novel3 and should not be easily accessible by 
conventional techniques.4 The title reaction can be effected in 
CH2CI2 under mild conditions (3 h at room temperature) ac
cording to eq 1 with yields around 40%: 

? XCH, 2 X = S (dec. > 130°; 

The triflates were converted to the less hygroscopic and better 
crystallizing fluoborates 2-4. These salts are colorless needles 
which develop an obnoxious odor through partial hydrolysis 
when exposed to the air. 

Just as with 21,2 spectroscopic data of 3 and 4 are indicative 
of the high symmetry (Z)3/,) of these systems. The NMR 
spectra (CDCl3) consist of one sharp singlet (2, r 7.15; 3, r 
7.28; 4, T 7.62) which moves upfield as the electronegativity 
of X decreases. 

The ir spectra are very simple and are entirely dominated 
by an intense broad band around 1200 cm - ' which, according 
to Yoshida's analysis of triheteroatom substituted cyclopro-
penium systems,4 must arise from coupling of the degenerate 
ring deformation modes (E') with the corresponding carbon-
to-ligand vibration modes ("characteristic ring vibration"): 
ir (KBr),5 2, 1350 (m), 1245 (s, broad), 1050 (m); 3,1440 (m), 
1220 (s, broad), 1060 (m); 4, 1435 (m), 1175 (s, broad), 1050 
cm -1 (m). 

Longest wavelength uv absorption exhibit a pronounced red 
shift on going from 2 to 4: uv (CH3CN) nm, 2, 275 (e 16 800); 
3, 297 (( 20 100); 4, 342 (e 14 200). This is the expected trend 
for an intramolecular charge-transfer band and is in line with 
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theoretical predictions for triheteroatom substituted cyclo-
propenium systems.4 

Viewing the spectroscopic data in context it becomes ap
parent that 3 much more closely resembles 2 than 4. This is 
paralleled by the thermal behavior of these salts: while 2 and 
3 are thermally stable beyond 110°, 4 rapidly eliminates ele
mental tellurium above 90 °C and gradually during standing 
in diffuse daylight.6 Mass spectroscopic behavior of 2-4 re
flects the same trend: while trimethylthio- and trimethylsele-
nocyclopropenium ions appear as a parent peak in the spectra 
(70 eV, 110°) of 2 and 3, respectively, no such peak is observed 
in the spectrum of 4. 

Together with a recently synthesized trialkoxycyclopro-
penium salt7 compounds 2-4 complete the set of triheteroa-
tom-substituted cyclopropenium salts involving group 6b el
ements. Whereas trialkoxycyclopropenium cations are stabi
lized by the +M effect of the substituents (and destabilized 
by their —I effect); trimethyltellurocyclopropenium cations 
on the other extreme must receive what stabilization there is 
predominantly via the pronounced +1 effect of tellurium. This 
follows from the poor 7r-overlap between the diffuse 5p orbitals 
of tellurium and 2p orbitals of carbon. In fact, tellurium is the 
most electropositive element (electronegativity 2.01) to have 
been attached to the cyclopropenium cation as yet. Therefore 
4 represents the best model so far available for the study of 
triorganylmetallocyclopropenium cations which might be 
expected to reflect some of the properties of organometal ac-
etylides. 

Reaction 1 can be extended to the synthesis of triarylthio-
and triarylselenocyclopropenium salts (average yields: 60-
80%) but fails for the corresponding ditellurides which ob
viously are too stable. Replacement of 1 in eq 1 by 
C3Cl3

+SbCU-, 5, gives the corresponding trimethylchalco-
genocyclopropenium hexachloroantimonates in high yield 
(80-90%) for X = S, Se as very insoluble, yellow (X = S) and 
yellow-orange (X = Se) salts. C3(TeCH3)3

+SbCl6-, however, 
could not be prepared by this route as CH3-Te-Te-CH3 was 
oxidatively destroyed by SbCU-. The structure of salts 2-4 
indicates that a redox cleavage of the dichalcogenides must 
have taken place. Although one could in principle formulate 
a repeated 4-center exchange process yielding RXCl as the 
other reaction product in eq 1, we have so far been unable to 
confirm the presence of these unstable compounds in the 
complex reaction mixtures. On the other hand we made ob
servations which point to a more complex mechanism: (I)A 
search for further reaction products in the mother liquor of the 
reaction of 5 with CH3SSCH3 yielded small amounts of 
methyl(bismethylthio)sulfonium hexachlorantimonate (7), 
indentical with an independently synthesized sample.8 The 
most obvious way how 7 could have been formed is shown in 
eq 2. (2) While 7 is unreactive towards 5 (two positively 

9' 
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5 
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charged species.) it does undergo a highly specific exchange 
reaction with tetrachlorocyclopropene according to eq 3: 

/ | \ 

SbC 1,» 

7 

SCHj 

+ CHjSCI3 ( -dec) (3) 
H3CS 

Thus hitherto unknown dimethylthiochlorocyclopropenium 
salt 8 is precipitated in pure form from the homogeneous re
action mixture as white microcrystalline material with mp 
219° dec: ir (KBr),5 cirr1, 1865 (m), 1330 (m), 1280 (s), 1235 

N Q H C 0 J / H ? 0 

CH,CU 

SCH3 

(s); uv (CH3CN), nm, 266 («17 900); NMR (CD3CN) r 6.93 
(s, 3 H), 7.08 (s, 3 H). The lower symmetry of 8 as compared 
to 2 is evidenced by the occurrence of the A]-band'4 at 1865 
cm -1, the splitting of the characteristic ring vibration (E] at 
1280, 1235 cm -1), and the 1:1 splitting of the -SCH3 signal 
in NMR. The latter observation is compatible with CiS--sym-
metry, e.g., a rigid exo-endo alignment of SCH3 groups due 
to hindered rotation at room temperature, as indicated in 8. 
The following points concerning eq 3 are noteworthy: (a) the 
very yield of 8 indicates that 7 must be capable of twofold 
CH3S transfer; (b) in the course of this exchange reaction free 
(CH3S)2 does not intervene. According to control experiments 
(CH3S)2 instantaneously converts 8 into C3(SCHs)+SbCl6

-; 
(c) so far the formation of CH3SCl3 is a postulate. This un
stable compound could not be observed directly in NMR, 
rather a variety of signals which may result from its expected 
decomposition.9 Equation 3 can be taken as a reasonable model 
for the presumable further reaction of 6 with 7 to yield 
C3(SCH3)3

+SbCl6
-. The overall process could then be written 

as eq 4: 

5 + 2(CH3S)2 —«• C3(SCHs)3
+SbCl6" + CH3SCl3 (4) 

We are still actively searching for further support of this 
mechanism and its generalization for the higher homologues 
of (RS)2. Finally, 8 deserves mention as a key intermediate in 
the first synthesis of thiodeltic acid dimethyl ester, 11, via 9 
and 10, according to eq 5: 

SCH, S1CH3 

P^J=O ICOCU. 

V S i[ SCH3 SCH3 SCH3 
SbCi6" IJSV.) ( , „ „ , ) I9 , . , . , 

! ! J! Ji 
All these reactions proceed very cleanly at room temperature. 
The new compounds had the following characteristics: 9, col
orless needles from CH2Cl2/«-hexane with mp 114° dec; ir 
(KBr), cm-1, 1860 (s), 1760 (m), 1520 (s), 1430 (m), 1325 
(m), 1085 (s), 985 (w), 725 (m), 695 (m); uv (CH2Cl2), nm, 
264 (e 18 100); NMR (CDCl3) r 7.24 (s); 10, thermally un
stable yellow oil, characterized by its conversion to 11 and 
reconversion to 8 with SbCl5, NMR (CDCl3) r 7.31 (s); 11, 
light brown needles from cyclohexane, mp 126° dec; ir (KBr), 
cm"1, 1685 (w), 1430 (w), 1280 (s), 1140 (s), 980 (m), 750 (s), 
700 (w); uv (CH2Cl2), nm, 271 (e 18 800); NMR (CDCl3) r 
7.08 (s); mass spectrum m/e (assignment, rel intensity) 162 
(M+, 100%), 147 (M+ - CH3, 23%) 115 (M+ - SCH3, 81%), 
100 (C3S2

+, 59%), 88 (C2S2
+, 14%). 
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