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(9) A more complete discussion of this reaction will be given in a later paper 
in this series. 

(10) These salts as hydrates are difficult to analyze and their assignment is based 
on their spectral properties and comparison with model systems such as 
2. 

(11) The KBr IR spectrum of perchlorate 1a was performed before its explosive 
nature was appreciated. 

(12) In fluorosulfonic acid this singlet remained almost invarient over a tem
perature range of —60 to +60 0C. No change was observed for 1a in the 
13C NMR chemical shift difference ( 4 * * = 30 Hz) when the temperature 
was raised from 30 to 80 0C. 

(13) A method for synthesizing mixed iminium salts (e.g., 1d) will be described 
in a later paper. 

(14) Characterization of 6 is based on the similarity of its spectral properties 
with 1c. 1H NMR (<5, CD3CN): 6, 1.78 (3 H, br s), 4.00 (2 H, br s); 1c, 1.76 
(3 H, br s), 4.03 (2 H, br s). The UV spectrum in 70% HCIO4 displays the 
expected bathochromic shift in going from 1c to 6 ( \ i c 255 nm, X8 275 
nm). 

(15) See following paper in this issue by R. R. Schumaker and E. M. Engler. 
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Thiapen Chemistry. 2. Synthesis 
of 1,3,4,6-Tetrathiapentalene-2,5-dione 

Sir: 

In the preceding communication,1 a new heterocyclic ring 
system, 1,3,4,6-tetrathiapentalene (abbreviated thiapen) was 
prepared as a 2,5-bis(dialkyliminium) salt by reacting a 
dialkylcarbamate with methyl dichloroacetate, followed by 
cyclization in acid. Attempts to convert the iminium groups 
to functional groups suitable for the elaboration of tetrathi-
afulvalene derivatives2 were unsuccessful. This problem has 
been circumvented by employing an O-alkyldithiocarbonate 
in place of the carbamate. This permits the preparation of 
l,3,4,6-tetrathiapentalene-2,5-dione (1, abbreviated thi-
apendione), analogous with previous work on the preparation 
of l,3-dithiole-2-ones.3 

Reaction of methyl dichloroacetate with 2 mol equiv of 
potassium O-isopropyldithiocarbonate in refluxing acetone 
provided in quantitative yield methyl 2,2-bis(0-isopropyldi-
thiocarbonyl)acetate (2)4 as a light yellow oil. This material 
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could be readily cyclized to the thiapen ring system5 with 
concentrated H2SO4 at 0-5 0C and isolated as the 2,5-dione 
derivative (1) on addition to ice-water (eq 1). Crystallization 
from acetonitrile gives thiapendione 1 as long white needles 
in 70-80% yield (mp 150 0C; IR (KBr, cm"') 1727*(m), 1678 
(s), 973 (w); 914 (w); UV (Xmax, nm, methanol) 273, 222; mol 
wt calcd 207.878, found (mass spectroscopy) 207.878). Thi
apendione is a central precursor for the preparation of a wide 
variety of novel organosulfur compounds. Some illustrative 
examples follow. 

Depending on reaction condition, thiapendione can be 
converted on treatment with boron sulfide into either the mixed 
carbonyl-thiocarbonyl derivative 3 or the dithiocarbonyl de
rivative 4. Thus, treatment of 1 with boron sulfide in refluxing 
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toluene afforded 3 (mp 176-179 0C dec; IR (KBr, cm-1) 1727 
(w), 1700 (m), 1675 (m), 1083 (s), 968 (w), 900 (w); mol wt 
calcd 223.855, found (mass spectroscopy) 223.853) as the 
major product with minor amounts of 1 and 4 also present. 
These impurities could be separated by chromatography. 
When a solid mixture of 1 and boron sulfide is heated overnight 
at 100 0C, dithione 4 is obtained as a yellow solid (mp 207-210 
0C dec; IR (KBr, cm-') 1068 (s), 959 (m), 900 (w), 776 (w); 
mol wt calcd 239.832, found (mass spectroscopy) 239.831). 

Treatment of 1 with trimethyl phosphite in refluxing ben
zene precipitated the dimerized system 5 (dithiapendione)4 

as a very insoluble olive powder in 75% yield (mp >360 0C; IR 

(CH3O)3P 

benzene 
reflux 

<xXx> 
(KBr, cm"1) 1740 (m), 1720 (s), 1700 (s), 1510 (w), 970 (w), 
880 (w), 845 (w), 765 (w), 745 (m)). No higher coupled 
homologues (trimers, etc.) were detected, even under more 
strenuous reaction conditions. 

Reaction of 1 or 5 under nitrogen with 4 mol equiv of sodium 
ethoxide in refluxing ethanol or methyllithium in tetrahy-
drofuran at room temperature afforded the corresponding 
air-sensitive tetrathiolate salts6 6 and 7 which could be con-
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verted on addition of methyl iodide to the known compounds: 
tetrathiomethoxyethylene (8)7 and tetrathiomethoxytetra-
thiafulvalene (9),8 respectively.9 TTF derivative 9 reacts with 
TCNQ in nitroethane at low temperature to give a blue-black 
1:0.9 charge-transfer salt with a room temperature compaction 
conductivity of 2.5 X 1O-4Q cm. 
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When only 2 mol equiv of sodium ethoxide or methyllithium 
are added to 5 and subsequently treated with methyl iodide, 
the half-opened dithiomethoxy derivative (10)'° can be isolated 

CH3S' 

CH,S ;-^~~-s' X S - ^ S / 

in low yield after chromatography (mp 178 0C dec; IR (KBr, 
cm-') 2900 (m), 1660 (s), 1610 (m), 1420 (m), 965 (w), 875 
(m), 765 (w) 750 (m); NMR (6, CDCl3) 2.40)." 

While dimer 5, a tetrathiafulvalene derivative, appears to 
be unreactive with TCNQ, monomer 1, surprisingly, forms a 
1:1 blue-black charge-transfer salt with TCNQ4 with a room 
temperature compaction conductivity of 10_8/n cm. 

Further elaboration of the chemistry of thiapendione, in
cluding capping reactions with 1,3-dithiole derivatives,'2 will 
be reported shortly. 
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Changes of Mechanisms and Product Distributions in the 
Hydrolysis of Benzo[a]pyrene-7,8-diol 9,10-Epoxide 
Metabolites Induced by Changes in pH 

Sir: 
Numerous investigations from several laboratories have 

indicated that diol epoxides 1 and 21 play a dominant role in 

Table I. Rate Constants for Hydrolysis of 1 and 2 in Water and 
Dioxane-Water Mixtures at 25 0C0* 

the cytotoxic, mutagenic,2 and carcinogenic3 action of the 
ubiquitous environmental carcinogen benzo[a]pyrene. Thus, 
a knowledge of the solvolytic reactions of these metabolites4 

assumes a special importance. To date, only product studies 
with qualitative rate data,2a,4b-5 and one kinetic study6 over a 
very limited pH range (ca. 5-6) in 50% dioxane-water have 
appeared. In the latter study, kinetic data revealed only the 
existence of acid-catalyzed mechanisms for the hydrolysis of 
1 and 2, and both isomers were found to possess similar reac
tivities.7 The present study reports the pH-rate profiles and 
product analysis for the hydrolysis of 1 and 2 in water and in 
dioxane-water mixtures. This study reveals that the mecha
nisms for hydrolysis of both 1 and 2 change from acid-cata
lyzed processes at lowpH to spontaneous reactions with sol
vent at higher pH in highly aqueous solutions (Figure 1), 
accompanied by changes in product distributions. Whereas 
isomer 2 is about twice as reactive as isomer 1 toward acid-
catalyzed hydrolysis, 1 is more than 30 times more reactive 
than 2 under conditions of spontaneous hydrolysis. The large 
difference in reactivity between 1 and 2 in the physiological 
pH range may play a significant role in the relative tumorgenic 
properties of 1 and 2. 

The pH-rate profiles for the hydrolysis of 1 and 2 in water 
and in 25% dioxane-water are given in Figures 1 and 2.8 The 

Com
pound 

1 
2 
1 

2 
1 

2 

Solvent 

Water 

10%dioxane-
waterc 

25% dioxane-
water'' 

&H+, M - ' s ' 

5.8 ± 0.9 X 102 

1.4 ±0.2 X 103 

5.1 ±0.4 X 102 

1.4 ±0.2 X 103 

4.1 ±0.1 X 102 

7.9 ±0.2 X 102 

fco,s-> 

1.8 ±0.1 X 10-2 
5.4 ±0.8 X 10-4 

4.2 ± 0.3 X 10-3 

1.3 ±0.5 X 10-4 

7.2 ±0.3 X 10-4 

0 Ionic strength = 0.1 (NaClO4). Rate constants were calculated 
from weighted least-squares plots of/t0bsd vs. AH+- All solutions con
tained 10~4 M ethylenediaminetetraacetic acid (EDTA). Rates were 
monitored by observing the absorbance change of the reaction solution 
at 278-279 nm in the thermostated cell compartment (25.0 ± 0.2 0C) 
of a Gilford 2400 spectrophotometer. * Reference 8. c v/v. 

Figure 1. Plots of log it0bsd vs. pH for hydrolysis of 1 and 2 in water (0.1 
M NaC)O4,1O-4 M EDTA), 25 0C. The pH range throughout any given 
run was generally <0.05 pH unit. Several kinetic solutions for 2 underwent 
a greater pH change in the plateau region, and the ranges are represented 
by horizontal error bars. 

Figure 2. Plots of log kabsi vs. pH for hydrolysis of 1 and 2 in 25% diox
ane-water (0.1 M NaClO4, 10~4 M EDTA), 25 0C. Several kinetic so
lutions (•) for 1 contained Tris buffer (total buffer concentration 0.02 
M). 

plots of log Jfcobsd vs. pH for 1 and 2 in water exhibited slopes 
of - 1 at low pH, which indicated the predominance of acid-
catalyzed mechanisms for hydrolysis. However, at pH > ca. 
5 for 1 and 7 for 2, the profiles leveled out until finally the rates 
of hydrolysis were independent of pH. These data demonstrate 
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