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A general method for the synthesis of substituted tetrathiafulvalenes is described in which tetrathiafulvalene 
(TTF) or a substituted derivative of TTF is metalated with butyllithium or lithium diisopropylamide and then 
reacted with appropriate reagents to give a wide variety of new substituted tetrathiafulvalenes. Electron-donating 
substituents were found to deactivate the adjacent proton, while electron-withdrawing substituents activated the 
adjacent proton; thus the sequence in which the substituents are introduced can be utilized to control the structure. 
Multilithiation, temperature effects, and mode of addition are also discussed in relation to their effects upon substi- 
tution patterns. 

Recent interest in low ionization potential materials such 
as tetrathiafulvalene (TTF, 1)' has spurred synthetic efforts 
to prepare various derivatives of 1 to effect modifications in 
the electron-donating properties of such molecules. The 
syntheses of symmetrical di- and tetrasubstituted T T F  de- 
rivatives of l have been reviewed by Pittman.2 Unsymmetri- 
cally substituted tetrathiafulvalenes, though, have been more 
difficult to obtain by the coupling techniques used, and only 
several have been reported utilizing mixed coupling proce- 
dures.3 More recently a series of unsymmetrical TTF deriv- 
atives has been reported by reaction of dithiolium salts with 
dithiolium phosphoranes4 and further unsymmetrical deriv- 
atives have been prepared by the Hurtley-Smiles syn- 
thesisS5 

However the only derivatives obtained from reactions di- 
rectly on TTF were radical cation salts6 until the first mono- 
substituted T T F  derivatives were prepared7 by reaction of 
TTF with BuLi and subsequent reaction with COz or 
Et30+PFs-. A significant generalization of the lithiation 
procedure for the synthesis of mono- and multisubstituted 
tetrathiafulvalenes, as well as the directive effects of various 
substituents upon further substitution, is reported here. 

Results 
The lithiation of l 8  with lithium diis~propylamide~ (LDA) 

in ether a t  -70 O C  gave 2, which reacted with a variety of re- 
agents to produce monosubstituted tetrathiafulvalenes in 
good yields (generally 30-70%; see Scheme I).  Species 2 was 
found to be very reactive at  -70 "C, and at  higher tempera- 

Scheme I 

tures redistribution occurred to give multilithiated products, 
TTF,  and an unidentified product. 

The multilithiated species were observed as their carboxylic 
acid derivatives when the reaction was carried out a t  -20 "C 
or when 2 was initially prepared at  -70 "C and then warmed 
to -20 O C  followed by addition to solid COz. However a t  -70 
"C, 2 was stable and only a small amount (5%) of the di- 
lithiated species 10 was formed, probably as a result of the 
reaction of LDA with 2 (Scheme 11). Addition of 2 mol of LDA 
to 1 gave the 2,6(7)-disubstituted adduct 10 but none of the 
2,3-disubstituted adduct 13 (Scheme 111). However dilithia- 
tion of 8 yielded the 6,7 substitution adduct 16 upon addition 
to ethyl chloroformate (Scheme IV). 

The presence of various substituents on 1 was found to exert 
directing effects that offer control over the position to be li- 
thiated. Electron-donating substituents, such as the methyl 
group, decreased the acidity of the adjacent proton, and 
thereby directed substitution to the opposite ring. Conversely, 
electron-withdrawing groups such as the carboxylate group 
increased the acidity of the adjacent proton and substitution 
was then favored in that position on the same ring. Further- 
more, variation of the temperature was found to extend the 
flexibility for the introduction of additional substituents. 
Protons deactivated by an adjacent methyl group failed to 
react with LDA at  -70 "C, but a t  25 O C  the lithiation reaction 
indeed occurred. Thus 2,6 (7) -dimethyltetrathiafulvalene 17 
was inert to lithiation reagents a t  low temperature, although 

Scheme I11 
IO 
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Scheme IV 
CHT-S S. 

16 

substitution was effected a t  room temperature (Scheme V). 
The methyl protons were found to be unreactive toward the 
lithiation reagents and no substitution on the methyl group 
was observed a t  temperatures up to 25 "C. 

The order of addition of reagents was found to be important 
in the preparation of some of the TTF derivatives. Normal 
addition of 2 to an excess of ethyl chloroformate gave the ex- 
pected ester 4. However, inverse addition of the ethyl chlo- 
roformate to 2 yielded 3-(ethoxycarbonyl)-2-tetrathiaful- 
valenyl2'-tetrathiafulvalenyl ketone (24). 

Discussion 
The very property that makes TTF interesting as the donor 

component in charge-transfer salts (i.e., low ionization po- 
tential) also makes it difficult to substitute directly by most 
known methods. The common methods for introducing sub- 
stituents onto thiophene, such as halogenation or chloro- 
mercuration, yield only the radical cation or dication salts 
when attempted on TTF.6 This is due to the large difference 
in the oxidation potentials (thiophene +2.1 V; TTF +0.34 
L7).lo Thus, substitution reactions can be effected only by 
utilizing nonoxidizing reagents such as butyllithium. 

This direct substitution method has the advantage of in- 
creased versatility compared to the previously mentioned 
methods of the coupling of two substituted precursor moieties, 
where introduction of a functional group is limited by the 
incompatibility of many functional groups with the coupling 
reagents. As an example, the aldehyde or carboxylic acid 
functional groups would react with the phosphorus base used 
in the coupling reaction. I t  has the additional advantages that 
the starting material is commercially available and there are 
few separation problems, since most of the products are easily 
isolated by recrystallization or column chromatography. An 
exception, however, is found in the preparation of alkylated 
derivatives such as 6 and 8. Because small amounts of 1 and 
the disubstituted derivative are inherent in the reaction 
mixtures, purification in such cases is difficult. 

Further substitution of the T T F  derivatives is sensitive to 
temperaturehbsti tuent effects. The temperature a t  which 
the exchange reaction of 2 to form 10 occurs is substituent 
dependent. For instance 18 failed to undergo exchange even 

Table I. Oxidation Potentialsa of Tetrathiafulvalene 
Derivatives 

registry 
compd no. E1 E2 
17 0.32 0.68 
8 54397-94-3 0.33 0.70 
6 63822-41-3 0.33 0.70 
1 31366-25-3 0.34 0.71 
7 68128-93-8 0.41 0.79 
3 
9 
5 

20 
15 
4 

16 
23 
14 
24 

63822-38-8 0.47 
67361-90-4 0.47 
68128-94-9 0.53 

0.43 
0.45 

63822-39-9 0.47 
68128-95-0 0.54 
68128-96-1 0.57 

0.60 
68128-97-2 0.52 and 0.60 

0.83 
0.83 
0.89 
0.79 
0.81 
0.83 
0.87 
0.91 
0.94 
0.92 

Peak potentials, volts vs. SCE, CHsCH, 0.1 M tetraethyl- 
ammonium perchlorate, 0.2 Vis sweep rate, Pt electrode. 

Scheme VI 
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a t  25 "C, inhibited by the methyl group, while the parent 
system 2 exchanged a t  about -20 "C. Conversely, the presence 
of an electron-withdrawing group, such as in 4, accelerated the 
exchange reaction so that it occurred even a t  -70 "C. This 
might explain why 23 was formed exclusive of the 2,6(7) ad- 
duct 14 when 4 was lithiated and added to ethyl chlorofor- 
mate. Formation of 21 is possible to some extent in the addi- 
tion of LDA to 4 since 1 reacts with LDA at -70 "C, although 
direct formation of 22 is most likely since the proton adjacent 
to the ester group is more acidic. If formed, 21 might undergo 
exchange to yield 22 (Scheme VI). However in the preparation 
of 14,21 should be an intermediate of the reaction of 10 with 
ethyl chloroformate, but no 2,3 product is observed; therefore 
metalation of 4 must form 22 directly. 

The dilithiation of 1 gave an approximate 1:l mixture of the 
2,6 and 2,7 isomers as indicated in the NMR spectrum of 14. 
The ring protons adjacent to the carboxyl groups appear as 
two equal singlets separated by 1 Hz, whereas the monosub- 
stituted derivative 4 shows no splitting. The melting range is 
also broad, indicating a mixture of isomers. Reaction of 8, 
however, with 2 mol of LDA gave 16 upon reaction with ethyl 
chloroformate. It is not known with certainty whether the 
6,7-dilithio species is formed a t  -70 "C or if a stepwise reac- 
tion is involved. I t  appears, though, that the stepwise mech- 
anism is favored since the same reaction with dimethyl sulfate 
showed mainly 17 and only a trace of 2,3,5-trimethyltetra- 
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thiafulvalene upon C:C/MS analysis of the reaction mix- 
ture. 

In regard tc lithiation of substituted tetrathiafulvalenes, 
the temperature/substituent effects were particularly ap- 
parent upon inverse addition of ethyl chloroformate to 2, 
which yielded 24 (Scheme VII). The mechanism of this reac- 
tion must first involve formation of 22. The conditions of in- 
verse addition favor such a pathway since the initially formed 
4 is in the presence of a large excess of 2. Once formed, 22 could 
then react with 4 to displace the ethoxy group and give 24. No 
bis(2-tetrathiafulvalenyl) ketone was detected, indicating that 
reaction of 22 with 4 may be the preferred route, although a 
separate reaction of 23 with 2 also gave 24. A stoichiometric 
reaction of 2 with 4 also failed to yield the bis(2-tetrathiaful- 
valenyl) ketone, but instead gave 24 and unreacted 4. 

Since the oxidation potentials of these materials are a 
measure of their donor strength, these values are listed in 
Table I. Alkyl substitution decreased the oxidation potential 
of T T F  slightly as seen in the first four compounds listed, 
while the elecxon-withdrawing substituents increased the 
oxidation potentials to a greater and varying degree as in the 
next four entries. Methyl substitution had a greater effect 
though on conipounds containing an electron-withdrawing 
substituent. Two methyl substituents decreased the El value 
of TTF by only 20 my ,  while two methyl groups decreased the 
El values of compound 4 by 40 mV; and one methyl group 
lowered the El value for the dicarboxylate 23 by 30 mV as in 
compound 16. Thus the utility of functionalized TTF's as 
electron-donor systems is increased by alkyl substitution. Two 
electron-withdrawing groups on T T F  increase the ionization 
potential sufficiently to preclude formation of charge-transfer 
salts with TCNQ, while the monofunctionalized derivatives 
have low enough ionization potentials to do  SO.^ Alkyl sub- 
stitution of derivatives such as 23 or 14 then tends to coun- 
teract this effect of increasing the ionization potential beyond 
the useful limi-s. 

The cyclic \ oltammogram of 24 exhibits two reversible 
waves for the first oxidation and a two-electron wave for for- 
mation of the his dication. This represents the first example 
of a system containing multiple TTF moieties and having 
multiple oxidation states. 

The functionalized derivatives, particularly the mono- 
functional compounds, are of paramount importance in at- 
taching T T F  to other molecular systems such as polymers. 
Previous attempts at incorporating T T F  into polymer sys- 
tems1'-13 have been based on condensation polymers using 
difunctionalized T T F  monomers such as the diisocyanate or 
dicarboxamide. These electron-withdrawing substituents raise 
the ionization potential sufficiently so that charge-transfer 
salts are no longer formed. Alkyl substitution a t  the vacant 
positions on TTF might help, but such polymers suffer from 
a further drawback in that the TTF is within the polymer 
backbone. It therefore lacks the necessary degree of freedom 
to arrange itself into a stacked structure,13J4 which is required 
in the monomeric systems that display interesting solid-state 
electrical properties. 

However derivatives 3 and 7 can be attached to function- 
alized polymers such as chloromethylated polystyrene to form 
T T F  containing polymers with TTF pendant to the back- 
bone. This provides for a well-characterized polymer and still 
allows T T F  its necessary mobility. The properties of these 
polymers will be the subject of future p~b1ications.l~ 

It can readily be seen from these initial results that con- 
siderable flexibility and substituent control are offered 
through this general method for the preparation of new TTF 
systems. Therefore, optimization of the unique electronic 
properties of these novel materials, through structure modi- 
fication, can now be approached in a more systematic 
manner. 

Experimental Section 
All reactions were carried out  under an atmosphere of argon or 

nitrogen. Diethyl ether was distilled from NaPh2CO and stored under 
argon. TTFX and LDA (Ventronj were used as purchased without 
further purification. Melting points are uncorrected. Analyses were 
performed by Childers Laboratories and Galbraith Laboratories. 
Electrochemical datal0 were obtained by cyclic voltammetry using 
a Tacussel PRT-100-1X potentiostat driven by a Princeton Applied 
Research Model 175 Universal Programmer. NMR spectra were re- 
corded on a Varian A60 spectrometer, and mass specta were obtained 
using a Hewlett Packard 5992A GC/MS system. 

Tetrathiafulvalenyllithium (2). A solution of 5 mmol (0.535 g) 
of LDA in 20 mL of ether was added over lf5 min to  a solution of 5 
mmol (1.02 g) of 1 in 100 mL of ether a t  -60 to -70 "C. A yellow 
precipitate formed near the end of the addition. The slurry was stirred 
for 15 min a t  -70 "C before utilization in further reactions. 
2-Carboxytetrathiafulvalene (3). A slurry of 5 mmol of 2 at -70 

" C  was pressed (N2 pressure) through a Teflon tube inserted through 
a septum cap into a flask containing solid CO? and ether. The mixture 
was warmed to  15 "C and the solvent was evaporated. HzO (25 mL) 
was added and the mixture was filtered to remove unreacted 2 (0.535 
g). The solution was then acidified with 1 M HC1 and the red precip- 
itate (0.88 g) was collected. Recrystallization from benzene gave 0.75 
g i60% yield) of red needles: mp 182-184 " C  dec: U V  A,,, (0.1 M 
NaOH) 301 ( c  6900), 313 (7100j, and 420 nm (100); IR (KBr) 1660 
em-' (C=O); NMR [(CD:~)SCO, Me$i reference] K 7.6 ( 1  H ,  s, CH), 
6.7 ( 2  H. s, CH), and 5.35 (1 H. s, C02H); mass spectrum m/e 248. 
Anal. Calcd for C7H40&: C, 33.85; H, 1.62; 0.12.89: S. 51.64. Found: 
C,  34.03: H ,  1.50; 0, 13.03; S, 51.18. 

The reaction was repeated and the solution of 2 was heated to -20 
"C before addition to CO2. TLC (cellulose. 99% EtOH) of the mixture 
showed the presence of the mono-, di-, tri-, and tetracarboxy deriv- 
atives of 1 compared to authentic samples of the mono-, di-, and te- 
t racarhoxytetrathiafulvalenes. 
2-(Ethoxycarbonyl)tetrathiafulvalene (4). Method A. A slurry 

of 5 mmol of 2 was pressed (NP pressure) into a flask containing 25 
mmol of ethyl chloroformate in 100 mL of ether a t  -70 "C and the 
solution was allowed to warm to 20 "C. The mixture was added to  
water and extracted with ether. The  ether layer was dried over an-  
hydrous MgSO4 and the solvent was removed under vacuum. Dry 
column chromatography on grade 111 silica gel (4 .5  X 10 cm column) 
yielded upon elution with 3:l  hexanehenzene 0.69 g of 4 (50% yield): 
red crystals from methanol; mp 79.5-80.5 "C: CV A,,, (CH3CN) 292 
sh ( c  11 BOO), 303 (12 9001,314 (13 6001, 424 nm (1920); IR 1690 cm-' 
iC=O): NMR (CC14, Me4Si reference) d 7.3 (1 H, s, CHI. 6.3 (2 H, s, 
CHI, 4.25 (2 H. q, CHz, J = 7 Hz), 1.35 (3 E. t ,  CH:3,J = 7 Hz). Anal. 
Calcd for CgH802Sd: C,  39.1; H ,  2.89; 0,11.6: S. 16.4. Found: C. 39.50; 
H ,  2.97; 0, 11.81; S, 45.95. 

iMethod B. A solution of 5 mmol of 2 in 50 mL of ether a t  -70 "C 
was prepared as above but the ClCOzEt ( 5  mmol) in 20 mL of ether 
was added dropwise over 15 min to the solution of 2. The mixture was 
worked up and purified as in method A to give 0.7 g (51% yield) of 4 
and 0.3 g (24% yield) of 24, which was recrystallized from isooctane 
t o  give purple needles: mp 159-160 "C: UV A,,, (CHsCN) 214 sh ( c  
18 600), 253 sh (15 OOO),  290 sh (28 OOO), 304 i:10 800), 314 (31 700). 
475 (270O), 528 nm (3630); IR 1700 (C=0 ester). 1625 cm-' (C=O 
ketone); NMR (CDCl:l, Me4Si reference) 6 7.45 (1 H. s, CH), 6.35 (4 

mass spectrum m/r 506. Anal. Calcd for CliiH100,jSS: C. 37.99; H, 1.97. 
Found: C,  38.27; H, 2.28. 

2-Formyltetrathiafulvalene ( 5 ) .  A solution of 5 mmol of 2 was 
pressed into a flask containing 50 mmol of dimethylformamide in 100 
mI, of ether at -70 "C. The  mixture was warmed to 20 OC and added 
t o  H20, extracted with ether, and dried over MgSO4. After purifica- 
tion on a silica gel column, the adduct was recrystallized from isooc- 
tane to yield 0.5 g (44% yield) of red needles: mp 110-111 "C; UV A,,, 

nm (2260); IR 2810 and 1660 cm-' (CHO); NMR (CD3CI, Me&i ref- 
erence) 6 9.S2 (1 H. s, CHO). 7.48 (1 H, s. CH), 6.38 (2 H, s, CH). Anal. 
Calcd for C;H40&: C, 36.19; H, 1.72: 0.6.89; S. 55.20. Found: C, 35.97: 

H. S, CHI, 4.25 (2 H ,  q,  J = 7 Hz, CHa), 1.27 ( 3  H, t, J = 7 Hz. CH3); 

(CH:lCN) 238 ( 6  1620), 285 (13 300), 298 (13 300), 312 (12 900), 462 

H ,  1.76; 0.7.19; S, 54.94. 
2-Ethvltetrathiafulvalene (6). To a solution of 5 mmol of 2 a t  -70 

"C was added 10 mmol of Et,OPF, in ether. The yellow oil obtained 
(1.1 g of 5050 TTF/EtTTF)  was purified by dry column chromatog- 
raphy on grade I11 alumina using hexane as eluent. A narrow portion 
of the product band was shown to contain 5% TTF by mass spec- 
trometry: IR 3080, 2980, 1490, 800, 780, and 650 cm-'; NMR (CC14 
relative to Me4SI) K 6.30 (2 H, s, CHI, 5.85 (1 H,  t, J = 1.5 Hz. CH), 

2-(Hydroxymethyl)tetrathiafulvalene ( 7 ) .  Formaldehyde gas 
2.45 (2 H ,  q,  J = 7 Hz, CH2), 1.25 (3 H ,  t, J = 7 Hz, CH3). 
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(from ,TO mmol of paraformaldehyde heated to 180 "C under a nitro- 
gen stream) was passed through a solution of 5 mmol of 2 in ether a t  
-70 "C. When the addition was complete, cooling was discontinued 
and the mixture was allowed to warm to 20 "C. H20 containing 5 mL 
01' 1 M HCI was added and the mixture was extracted with ether and 
purified on a silica gel column. Elution first with benzene removed 
the unreacted T T F  and then with acetone gave the product, which 
was obtained as a yellow oil (0.4 g, 34% yield). Recrystallization from 
isooctane/toluene gave yellow crystals (mp 70-71 "C). This material 
decomposed on standing unless stored under an inert atmosphere: 
UV A,,, (CH3CN) 309 ( 6  13 200), 316 (13 400), 353 (23001,452 nm 
(244); IK (HCC13) 3300,3200.3040,3010,3000,2405,1380,1240,1200, 
1110,1030,800, and 650 cm-'; NMR (CDC13, Me4Si reference) 6 6.30 
(2  H,  s. CH), 6.23 (1 H,  t ,  J = 1.5 Hz, CH), 4.40 (2 H,  S, CH;?), 2.0 (1 H,  
s, OH). Anal. Calcd for C;H,jOS4: C,  35.85; H ,  2.56; S, 54.60. Found: 
C, 35.97; H,  2.53; S, 54.62. 

2-Methyltetrathiafulvalene (8). A 15-mmol solution of 2 (pre- 
pared using a 10% excess of LDA) was added to an ether solution of 
150 mmol of Me2SO,, at -70 "C. The mixture was worked up as usual 
and dry column chromatographed using a nylon foil column on grade 
I11 basic alumina with hexane as the eluent. The first third of the 
yellow hand was cui out and extracted to give 0.62 g of a yellow oil 
(80% 8 and 20% 16). The remainder of the band contained 1,8, and 
16: NMR (CC14, Me4Si reference) 6 6.30 ( 2  H, s, CHI, 5.85 (1 H,  q, J 
= 1 Hz, CH), 2.05 (3 H,  d ,  J = 1 Hz, CH3); mass spectrum mle (relative 
intensity) 218 (loo), 173 141). 146 132), 116 (36), 102 (52), 88 (54), 76 
(67), 45 (30). 

2-Acetyltetrathiafulvalene (9). A solution of 5 mmol of 2 was 
pressed into a flask containing 25 mmol of acetyl chloride in ether a t  
-70 "C. The mixture was warmed slowly to 20 "C and the ether and 
excess acetyl chloride were removed under vacuum. The residue was 
purified on a silica gel column using 3:l hexane/benzene as eluent to 
give 0.8 g (67% yield) of red needles from isooctane: mp  152-153 " C ;  

455 nm (1940); IR 1635 cm-' (C=O); NMR (CDC13, Me4Si reference) 
6 7.32 ( L  H, s, C H ) ,  6.35 ( 2  H. s, CH) ,  2.40 (3 H,  s, CH3). Anal. Calcd 
for C&l&S4: C,  39. LO; H ,  2.44; 0 ,6 .51;  S, 52.10. Found: C,  39.09; H,  
2.42; 0, 6.57; S, 51.90. 
2,6(7)-Bis(ethoxycarbonyl)tetrathiafulvalene (14). To 5 mmol 

of TTF in 100 mL of ether at -70 "C was added 10 mmol of LDA in 
10 mL of ether. This slurry was pressed into a flask containing 50 
mmol of ClC02Et in 50 mL of ether at -70 "C and slowly warmed to 
25 "C. Purification on a grade I11 alumina column eluting with 1:l 
chloroformhexane gave 0.5 g of 4 and 0.1 g of red crystals: mp 140-160 
"C (cis-trans mixture) (lit. 169-172 OC);13 IR (KBr) 1700 cm-I 
(C=O); NMR S 7.27 (1 H,  s, CH), 7.28 (1 H,  s, CH),  4.25 (4 H, q,J = 
7 Hz, CH;?), 1.33 (6 H, t, J = 7 Hz, CH3). 
2-Methyl-6(7)-(ethoxycarbonyl)tetrathiafulvalene (15). T o  

an ether solution of0.88 mmol of 8 at -70 "C was added 0.8 mmol of 
LDA in ether. The mixture was pressed into a flask containing excess 
ClC02Et in ether a t  -70 "C. After normal workup, chromatography 
and recrystallization from isooctane gave a yellow solid (35% yield): 
mp  67-70 "C (mixture of isomers); UV A,,, (CH3CN) 214 ( t  10 OOO), 
294 (11 OOO), 303 (11 400), 313 (12 OOO), 432 nm (1500); IR (neat) 1695 
cm-l rC=O); NMR tCC14, Me4Si reference) 6 7.30 (1 H ,  s, CH), 5.85 
(1 H,  q , J  = 1 Hz,CH).4.25 1 2 H , q , J  = 7 Hz, CHz), 2 . 1 0 ( 3 H , d , J  = 
1 Hz, CH3), 1.3 ( 3  H. t ,  J = 7 Hz, CH3); mass spectrum m l e  (relative 
intensity) 290 (62) 262 (loo),  173 (28). 160 (69), 116 (30), 88 (30), 76 
(17). Anal. Calcd for Cl"HloO& C, 41.4; H,  3.5; S, 44.1. Found: C, 
41.47; H,  3.66; S, 43.65. 
2-Methyl-6,7-bis(ethoxycarbonyl)tetrathiafulvalene (16). 

Method A. 8 (0.5 mmol) was reacted with 1 mmol of LDA in ether a t  
-70 "C. This mixture was added to 5 mmol of ClCOzEt in ether a t  -70 
"C. The usual workup and chromatography gave a 30% yield of 15. 
Kecryst.allization from hexane gave purple crystals: mp 33-34 "C; UV 
A,,, (CH3CN) 293 I C  13 700),  316 (13 800), 447 nm (1450); IR (neat) 
1720 cni-I (C=O): .NMR (CC14, Me4Si reference) 6 5.85 (1 H,  q, J = 

1.3 (6 H ,  t, J = 7 Hz, CH?); mass spectrum m/e (relative intensity) 362 

U V  A,,, (CH3CN) 235 (6 5650), 285 (9600),300 (98001,312 (10 200), 

1 Hz, CH),  4.25 (4  H. q,  J = 7 Hz, CH;?), 2.05 (3 H,  d ,  J = 1 Hz, CH3), 

(70),  262 (loo), 160 (86), 116 (221, 84 (201, 29 (24). Anal. Calcd for 
Cl3HI404S4: C, 43.10; H, 3.90; 0, 17.65; S, 35.35. Found: C. 42.94; H. 
3.74; 0, 17.71; S, 35.78. 

Method B. Equimolar amounts of 15 and LDA were reacted in the 
usual manner. Reaction with ClCOzEt and workup and purification 
as for method A gave a 40% yield of 15. 

2,6(7)-Dimethyl-7(6)-(ethoxycarbonyl)tetrathiaful~~alene 
(20). T o  4.3 mmol of 1715J6 in 100 mL of ether at -70 "C was added 
4.3 mmol of LDA in 10 mL of ether. No reaction was observed (TLC 
sample treated with ClC02Et) until the mixture was brought to 25 
"C and stirred for 1 h. Then 21.5 mmol of ClCOzEt was added. Normal 
workup and chromatography yielded 50 mg (3.8"o yield) of 20 which 
was recrystallized from hexane: mp 62-64 "C; UV A,,, (CH3CN) 212 
nm ( c  9700), 289 (8900), 310 (9200), 319 (9600). 415 (1300); IR (neat) 
1701 cm-I (C=O); NMR (CC14, MerSi reference) 6 5.85 (1 H,  q.  J = 

d, J = 1 Hz, CHs), 1.3 (3  H,  t,  J = 7 Hz, CH,); mass spectrum mle 
(relative intensity) 304 (751,276 (80), 217 (45), 160 (100),116 (56), 88 
(23), 76 (33), 71 (31),45 (27),29 (24). Anal. Calcd for C11H120&: C,  
43.40; H, 4.0; 0, 10.5; S, 42.10. Found: C, 43.19: H,  3.93; 0, 10.74: S. 
42.03. 
2,3-Bis(ethoxycarbonyl)tetrathiafulvalene (23). To 2.6 mmol 

of 4 in 200 mL of ether a t  -75 "C was added 2.6 mmol of LDA in 20 
mL of ether. This was stirred for 15 min a t  -75 "C and pressed into 
a flask containing an excess of ClC02Et in ether a t  -75 " C .  After 
normal workup and chromatography there was obtained 0.2 g of 4, 
0.13 g of 24, and 0.30 g (33% yield) of 23. Recrystallization of 23 from 
isooctane gave purple needles: mp 63 "C; UV A,,, (CH3CN) 292 ( c  
17 7001, 302 (18 7501, 314 (19 500), 460 nm (1060); NMR (CDCls, 
Me4Si reference) 6 6.30 (2 H, s, CH), 4.25 (4 H, q , J  = 7 Hz, C H d ,  1.30 
(6 H, t, J = 7 Hz, CH3); mass spectrum mle (relative intensity) 348 
(46), 248 (81), 203 (161, 146 (loo), 102 (24), 88 (22) ,76 (18), 70 (19), 
29 (19). Anal. Calcd for C12H1204S4: C, 41.40; H. 3.47. Found: C. 41.41: 
H,  3.59. 
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Regis t ry  No.-2,63822-37-7; 14 isomer 1,42770-32-1; 14 isomer 
2, 42770-33-2; 15 isomer 1, 68128-98-3; 15 isomer 2,  68128-99-4; 17 
isomer 1,54397-96-5; 17 isomer 2,54397-97-6; 19 isomer 1,68129-00-0; 
20 isomer 1,68129-01-1; ethyl chloroformate, 541-41-3. 
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