
THE SYNTHESIS OF CYCLOPENTADITHIOPHENES’~2 

A. KRAAK,* A. K. WERSEMA, P. JORDENS and HANS WYNBERG 
Department of Organic Chemistry of the University, Bloemsingel 10, Groningen, The Netherlands 

(Received in the UK 16 October 1967; acceptedfor publication 6 November 1967) 

Abstract-The cyclopentadithiophenes (II-VI) in connection with studies of the charge transfer properties 
of dithienyls and related rigid analogs’ have been synthesized. The last step in the synthetic schemes is a 
ring closure reaction, namely oxidation of the appropriate dilithio intermediates. .This appears to he a 
useful general method. 

ALTHOUGH fluorene chemistry has been the subject of many investigations in the 
widest sense, 4*5 the heterocyclic analogues have attracted relatively little attention. 
The synthesis of three diazafluorene@ was reported in 1950 and recently the prepara- 
tion of a thiophene analogue of a substituted fluorenone, obtained in 1% yield, was 
mentioned.’ Of the six possible cyclopentadithiophenes, outlined below, we have 
already described the synthesis of 7H-cyclopenta[l.Z-b : 4.3~b’ldithiophene (I) in 
an earlier publication.* 

This paper deals with the synthesis of all of the remaining isomers. Compounds 
II through VI were prepared using the same synthetic “key-step” which proved 
successful in the case of I. This last step in the various reaction sequences leading to 
the desired cyclopentadithiophenes, involves an intramolecular oxidative ring 
closure of the appropriate dilithio derivatives with CuCl, in dilute ethereal solution 
at 0”. The dilithio intermediates could be obtained by halogen-metal interconversion9 
of the dibromo dithienylmethane precursors and n-butyllithium at - 70”. 

An improved method for the preparation of 3,3’-dibromo-2,2’-dithienylmethane 
(VII), an intermediate in the preparation of I,’ was developed. Instead of the low 
yield reaction between 3-bromo-2-thenylchloride and 3-bromo-2-thienyllithium in 

* Fellow of the Netherlands Organization for Pure Research (Z.W.O.). 
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ether, we used a Friedel-Crafts alkylation of 3-bromothiophene” with 3-bromo-2- 
thenylchloride and SnCl,. The yield amounted to 48%. 

On closer examination, the NMR spectrum of I reveals a broadened singlet at 
T 6.41 for the methylene protons, clearly pointing to coupling with ring protons. In 
addition the spectrum shows the expected two triplets centered about r 2.92 (aromatic 
protons at 2- and 5positions) with JZffj,CHI = 06 c/s and a broadened doublet at 
z 3.07 (J = 5.0 c/s). 

The synthesis of 4H-cyclopenta[Z.l-b: 3.4~b’ldithiophene (II) is summarized in 
Scheme 1. 

i%33EME 1 

1. 2 bquiv. n-BuLi 

2. cucl, -6 

S 

VIII II 

The starting material for the preparation of 2,2’-dibromo-3,3’-dithienylmethane 
(VIII) was the known 3,~-dithienylcarbinol. 1 ’ Reduction of this compound with an 
equimolar mixture of LAH and AICl, in dry ether12 furnished an 88% yield of the 
unknown 3,~-dit~enylmeth~e (IX), m.p. 315-32”. Addition of a Ccl, solution of 
IX to aqueous bromine at IS”, caused rapid decoloration and gave the 2,2’-dibromo 
substituted derivative (VIII) in 50% yield. 

The structure of VIII, m.p. 43”, was supported by elementary analysis and its NMR 
spectrum, which shows a characteristic coupling constant for the aromatic protons 
of a 2,3disubstituted thiophene ring.’ 3 

The dibromo product VIII could be+ converted by metal-halogen interchange 
followed by intramol~ular oxidative coupling into 4~-cy~lo~nta-~2.l-b: 3.4- 
b’ldithiophene (II), m.p. 74-75”, in 35% yield. The elementary analysis, NMR and 
UV spectra of this colorless solid are in accord with the structure assigned. The NMR 
spectrum shows a broadened singlet for the methylene protons and in consequence 
broadened peaks for the aromatic protons, again demonstrating mutual coupling. 
On carbonation of the dilithio intermediate of VIII, the expected 2,2’-dicarboxy-3,3”- 
dithieny~eth~e (X), a white solid, m.p. 240-241”, was obtained in good yield (61%). 

The success of the oxidative cyclization reaction prompted its use in the preparation 
of the third analog via 2’,3-dibromo-2,3’-dithienylmethane (XIV), the precursor of 
7IJ-cyclopenta[1.2-b: 3.4b’ldithiophene (III). The synthesis is outlined in Scheme 2. 
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In an early attempt at the synthesis of III, we allowed 3-bromo-2-thiophene- 
aldehyde ’ 4 to react with 3-thienyllithium, l5 furnishing 3-bromo-2,3’dithienyl- 
carbinol (XI) as an impure orange viscous oil in approximately 90% yield. All attempts 
to purify this alcohol failed. Oxidation of the compound with CrO, in an acetic 
acid-water mixture at room temperature gave 3-bromo-2,3’-dithienylketone (XII), 
b.p. 150-160”/0.15 mm. The yield based on impure starting material was 53%. The 
structure of XII was established by elementary analysis and was supported by its 
IR and NMR spectra. Moreover a 2,4dinitrophenylhydrazone, m.p. 243244”, 
could be obtained. The ketone was subjected to a Wolff-Kishner reduction, without 
loss of the bromine atom16 resulting in the formation of 3-bromo-2,3’dithienyl- 
methane (XIII), a colorless liquid with b.p. 102-106”/020 mm, in 62% yield. The assign- 
ment of the structure of XIII follows from the synthesis as well as from the IR and 
NMR spectra. Bromination of 3-bromo-2,3’-dithienylmethane (XIII) with bromine 
in dilute CHCI, solution at 0” yielded 70% of 2’,3-dibromo-2,3’-dithienylmethane 
(XIV), b.p. 11&122”/@20 mm, as an almost colorless liquid. The purified product 
analysed correctly for C,H,Br$,. The by-products, presumably isomers, have 
remained unidentified. The structure of XIV is based chiefly on the NMR spectrum 
(Experimental). 

The oxidative ring closure of the intermediate 2’,3-dilithio-2,3’-dithienylmethane 
to 7H-cyclopenta[1.2-b : 3.4~b’ldithiophene (III), m.p. 465-47*2”, proceeded in 34% 
yield. The structure of III, a colorless solid, was supported by elementary analysis 
and its NMR and UV spectra. The NMR spectrum reveals marked coupling between 
the aromatic protons and the methylene protons. Indications for the positions of the 
different maxima in the NMR spectrum of III were obtained by comparison with 
the corresponding spectra of I and II. 

Further evidence for the correctness of the structure attributed to XIV was obtained 
by an independent synthesisof this material, avoiding a direct bromination. Although 
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this alternative preparation gave no unambiguous structure proof, it provides im- 
portant support for the structure XIV in addition to furnishing a shorter route. 
Scheme 3 gives a survey of the reaction sequence : 

SCHEME 3 

LAH, AlCI, 

ether 

XIV 

2-Bromo-3-thiophen~ldehyde14 was ailowed to react with 3-bromo-2-thienyl- 
lithium,15 This furnished 2’,3-dibromo-2,~-dithienyl~rbinol (XV), m.p. 56-58, as a 
colorless crystalline material in 61% yield. Its structure followed from the synthesis 
and was confirmed by the IR and NMR spectra. The carbinol XV was reduced, 
using an equimolar mixture of LAH and AlCl, in dry ether.” This treatment resulted 
in an 88% yield of 2’,3-dibromo-2,3’-dithienylmethane (XIV) as a liquid with an 
elementary analysis in agreement with cakulations. The IR and NMR spectra were 
completely identical with those recorded for compound XIV prepared via the 
bromination if XIII. GLC analysis showed a purity of 800/,, possible indicating some 
isomerization. 

The organometallic intermediate derived from XIV could be converted into 
2’,3-dicarboxy-2,3’-dithienylmethane (XVI), a white solid, m.p. 241-242”, by reaction 
with CO1 (yield 48 %)_ 

In connection with the synthesis of the fourth isomer 7H-cyclopenta-[1.2-c: 
3.4-c’jdithiophene (IV), we were prompted to prepare 4,~-dibromo-3,~dithienyl- 
methane (XVII) (Scheme 4). 

SCHEME 4 
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For this purpose a reaction of 4-bromo-3-thiophenealdehyde14 with 3-bromo-4- 
thienyllithium’s was carried out, furnishing a 60% yield of colorless crystalline 
4,4’-dibromo-3,3’dithienylcarbinol (XVIII), m.p. 805-81”. The structure of this 
compound was based on the synthesis and was supported by the IR and NMR 
spectra. In addition to a direct reduction with LAH and AlCl, in dry ether,” leading 
to an excellent yield (86%) of the desired dibromo compound XVII, the carbinol 
XVIII was oxidized to the dibromo ketone XIX. Lead tetraacetate in pyridine17 as 
solvent appeared to be a suitable agent for this conversion (yield 80%). Nevertheless 
we preferred an oxidation with CrO, in an acetic acid-water mixture (yield 657;) 
owing to the simpler procedure. From the colorless crystalline product XIX, m.p. 
855-86”, a 2,4dinitrophenylhydrazone, m.p. 248-2485”, could be obtained. 

Wolff-Kishner reduction of XIX proceeded poorly. More satisfactory results were 
obtained with the aid of a Clemmensen reduction in dioxan solution. This solvent 
was used instead of ethanol to prevent ether formation with the reactant. 4,4’- 
Dibromo-3,3’-dithienylmethane (XVII) resulted from the reaction as a colorless 
crystalline material in 25% yield, m.p. 38-38-5”. The structure of XVII was based on 
the two synthetic procedures which gave completely identical products and was 
supported by the IR and NMR spectra. 

The ring closure reaction of the dilithio derivative of XVII gave rise to the forma- 
tion of a number of different products indicating a rather complicated course for the 
lithium-bromine interconversion reaction with the molecules under consideration. 
A possible interpretation for the formation of the major products IV and XX is 
given in Scheme 5. 

SCHEME 5 

1 quiv. .,B~~LQ-cH=y-Jr “_B”L, - y--JCH1~y zs!L “Q-$? 
XVII XXII XXIII HZ 

\ 
2 quiv. 

\ n-LiuLi 
IV 

XXI xx 

Preparative GLC showed besides a 21% yield of colorless crystalline 7H-cyclo- 
penta[1.2-c: 3.4c’ldithiophene (IV), m.p. 114115”, small quantities of the starting 
material XVII, 3,3’dithienylmethane (IX), and 4-bromo-3,3’-dithienylmethane, as 
was determined by GLC, NMR and UV spectroscopy and elementary analysis. The 
NMR spectrum of IV reveals a triplet for the methylene protons. Furthermore a 
white solid, m.p. 985-99”, with a correct elementary analysis for C,H,S,Br was 
isolated in 23% yield. That the latter compound was 6-bromo-7H-cyclopenta[2.1- 
b: 3.4-c’ldithiophene (XX) was supported by the NMR and UV spectra (Experi- 
mental). The p-position assigned to the bromine atom is based on the fact that 
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debromination with zinc dust in acetic acid’* proved to be unsuccessful, whereas 
treatment of XX with n-butyllithium, followed by hydrolysis, furnished in 21% 
yield 7H-cyclopenta[2.1-b : 3.4-c’ldithiophene (VI). 

Whether 4-bromo-2,4’-dilithio-3,3’-dithienylmethane (XXI) is formed as the 
result of a direct metalation of the initially formed 4-bromo-4’-lithiodithienylmethane 
(XXII) with n-butyllithium, or as the intermediate product of a transmetalation’ 5 of 
XXII by 4,4’-dilithio-3,3’-dithienylmethane (XXIII) c.q. compound XXII itself, 
remains unknown. It is worthwhile noting that as opposed to the data in the litera- 
ture , 15* l9 the metalation assumed here did not take place at the most acidic hydrogen 
atom. 

In order to investigate the course of this rather unexpected reaction in detail, we 
treated the mixture obtained after halogen-lithium interconversion of XVII with 
methyl ptoluenesulfonate. The different products formed,” could be isolated and 
partly identified by preparative GLC. The reaction mixture appeared to contain 2% 
of 3,3’-dithienylmethane (IX), 4% of a monomethyl-3,3’-dithienylmethane (Me 
group probably in l&position), 18% of 4,4’-dimethyl-3,3’-dithienylmethane and 76% 
of 4-bromo-2,4’-dimethyl-3,3’-dithienylmethane, as was established by elementary 
analyses and their NMR spectra. This distribution clearly demonstrated the appear- 
ance of direct metalation in the 2-position to a large extent and is in agreement with 
the formation of a considerable amount of XX during the ring closure reaction of 
XVII (Scheme 5). 

Logically, for the synthesis of 7H-cyclopenta[1.2-b : 3.4-c’ldithiophene (V), our 
interest was directed to the preparation of 3,4’-dibromo-2,3’-dithienylmethane 
(XXIV). The synthesis is outlined in Scheme 6. 

SCHFME 6 

ether 

-70 

LAH, AU, 

ether 1. 2 equiv. n-BuLi 

XXIV V 

Reaction of 3-bromo-2-thiophenealdehydei4 with 3-bromo-4-thienyllithium15 at 
- 70” produced colorless crystals of 3,4’dibromo-2,3’-dithienylcarbinol (XXV), m.p. 
94.94*5”, in 70.5% yield. The structure of this coupling product followed from its 
formation and correct elementary analysis and was in accord with the NMR spectrum. 
Reduction of XXV using a mixture of LAH4 and AlCl, in dry ether” furnished the 
dibromo dithienylmethane XXIV as a gaschromatographically pure colorless 
liquid, b.p. 145-150”/1.0 mm in 88% yield. Elementary analysis as well as the NMR 
spectrum supported the structure assigned. 
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Ring closure of XXIV via the dilithio derivative in the usual way gave 46% of 
7H-cyclopenta[ 1.2-b : 3.4-c’ldithiophene (V) as a colorless crystalline material, m.p. 
81-82”. Small amounts (< 5%) of two by-products-one of which was 2,3’-dithienyl- 
methane**ould be detected in the reaction mixture by GLC. The structure of V 
rest on the elementary analysis and was supported by the NMR and UV spectra 
(Experimental). 

The formation of 7H-cyclopenta[2.1-b : 3.4-c’ldithiophene (VI), the last isomer in 
this series, was already mentioned during the discussion of the synthetic aspects of 
IV. A rational synthesis for VI oia the familiar ring closure reaction was attempted 
by using the appropriate dibromo dithienylmethane XXVI (Scheme 8). The reactions 
resulting in the formation of XXVI are summarized in Scheme 7. 

SCHEME 1 

XXVI 

Reaction of 2-bromo-3-thiophenealdehyde14 with 3-bromo-4-thienyllithium” at 
- 70” gave in almost quantitative yield 2,3’-dibromo-3,4’-dithienylcarbinol (XXVII) 
as a very viscous light yellow oil. All attempts to purify the alcohol failed, mainly 
due to the fact that the material would not crystallize. The structure of XXVII 

SCHEME 8 

1 equiv. 
n-BuLi 

XXVI 
C”Q_ VI 

* WoltT-Kishner reduction of the known 2,3’-dithienylketone afforded this unknown compound, as a 
colourless liquid, b.p. 62-65”/0~1 mm, m.p. 16”.” 
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followed from the synthesis and was supported by the IR spectrum ~hydroxyl 
frequency of 3400 cm-‘). Reduction of impure XXVII with a mixture of LAH and 
AU3 in dry ether resulted in the formation of colorless crystalline 2,3’-dibromo- 
3,4’-dithienylmethane (XXVI), m.p. 31-31*5”, in approximately 75% yield. In addition 
to the correct elementary analysis, the NMR and IR spectra of this compound were 
consistent with the assigned structure (Experimental). The behavior of XXVI under 
ring closure conditions resembles the observations during the analogous reaction 
of XVII (Scheme 5) and is accounted for in Scheme 8. 

Ring closure of XXVI after halogen-lithium interconversion with two equivaients 
of n-butyllithium at -70” afforded in a 10% yield colourless crystalline material 
with m.p. 91-915”. To this we assigned the structure 3-bromo-4H-cyclopenta[2.1-b: 
3.4WJdithiophene (XXVIII) on the basis of the elementary analysis, spectral data 
and its unreactivity towards zinc dust in acetic acid (see above). Debromination via 
the lithio compound gave the expected cyclopentadithiophene {II), as could be 
detected qualitatively by NMR spectroscopy and GLC analysis. 

TABLE 1. PHYSICAL AND SPECTRAL DAY’A OF THE CYCLOPEYTADITHIOPHEN 

Yieid of 
ring closure, 

% 

M.p. UV-spectrum” NMR-spectrum” 
“C kx, mli <Hz---, 5 

74-75 247, 312 6.66 (s) 

46.3-47.3 236, 287 6.52 (s) 

114-114~5 230, 289 6.52 (1) 

81-82 2f7, 268 6.37 (s) 

54-545 297 6.58 (d) 

Ruorene 

6-41 (s) 

263 
297 6.36 (s) 

* Apart from fine structure. 
* s = singlet, d = doublet, t = triplet. 
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Using preparative GLC we were able to isolate the desired 7H-cyclopenta[Zl-b: 
3.4-c’ldithiophene (VI), m.p. 5454*5”, as a second product in low yield (9%). The 
structure of this colorless crystalline analogue was supported by elementaryanalysis 
and its NMR and UV spectra. The NMR spectrum shows a doublet for the methylene 
protons (Experimental). 

At this stage no reasonable explanation can be given for the fact that VI is formed 
in such a relatively low yield as compared with the other cyclopentadithiophenes. 
Table 1 gives a survey of the physical and spectral properties of the ring closed 
compounds. 

Initial studies with these new condensed heterocyclic systems have been under- 
taken. Charge transfer spectra have been measured and will be reported on shortly.3 
Oxidation to fluorenone analogues also appear promising as does the study of the 
ions resulting from treatment of the cyclopentadithiophenes with n-butyllithium 
and lithium cyclohexylamide.” 
U I/ Spectra 

The UV spectra of the new cyclopentadithiophenes are reproduced along with the 
spectra of the corresponding dithienyls in Figs. 1-6. 

I 

200 220 240 260 280 200 320 

FIG. 1 UV spectra of 7H-cycIopenta[1.2-6: 4.3~b’ldithiophcne (I) (- ) and 3,3’-dithienyl 
(. . . . . .) in cyclohexane. 

A cursory survey shows a rough resemblance between the spectra of the ring 
compounds and the open compounds pointing clearly to structural relationships. 
Owing to the increased conjugation as a result of the fiied coplanar position of the 
thienyl rings, the cyclopentadithiophenes absorb at slightly longer wavelengths in 

H 
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RG. 2 UV spectra of 4&cyclo~nta[2.1-b: 3.4b’jdithiophene (11) (- ) and 2,2’-dithienyl 
(... - . +) k cyclohexane. 

ul 

,” 

4.00 

a.00 

Fro. 3 UV spectra of 7&zyclopcnta[l.Z-b : 3.db’]dithiophene (III) ( -) and &3’-ditlticnyl 
(. . . . .) in cyclohcxane. 
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a.60 - 

200 220 240 280 30 100 ‘Y 

RG. 4 UV spectra of 7H-cyclopenta[1.2-c: 3.4-c’ldithiophene (IV) ( -) and 3,3’dithienyl 
c . . . .) in cyclohexant. 

I 

200 no 

RG. 5 UV spectra of ‘IH-cyclopenta[l.Z-b : 3.4c’]dithiophcnc (V) (- ) and 3J’dithicnyl 
(. . . . . .) in cyclohexane. 
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comparison with the dithienyls. All spectra of the “bridged” compounds reveal some 
fine structure, mainly in the long wavelength region, a feature which was already 
reported for the first isomer (I). This characteristic fine structure has been associated 
with a strained planar or nearly planar structure.23 

RG. 6 UV spectra of 7H-cyclopenta[Z.l-b: 3.4-c’ldithiophene (VI) (- ) and 2,3’-dithienyl 
(. . .) in cyclohexane. 

EXPERIMENTAL 

NMR spectra were obtained using a Varian A-60 spectrometer, in Ccl, soln unless stated otherwise, with 
TMS (s 10) as an internal standard. UV spectra were recorded in cyclohexane on a Zeiss PMQ II spectro- 
photometer. IR spectra were determined in CCI, soln in KBr plates or neat on a Perkin-Elmer lnfracord 
Model 137. The alumina was made by E. Merck, A. G. Darmstadt, West Germany, no. 1077, activity 1. 
All m.ps and b.ps are uncorrected. The micro analyses were carried out in the Analytical Section of our 
Department under the direction of Mr. W. M. Haxenberg. 

3,3’-Dibromo-~-dithienylmethone (VII).9 To a stirred mixture of 150 g (092 mole) 3-bromothiophene” 
and 05 g (ooO2 mole) SnCI, dissolved in 50 ml CSI, a soln of 6.4 g (0030 mole) 3-bromo-2-thenylchloride 
in 20 ml CSx was added dropwise in the course of 2 hr at room temp. After stirring for 5 hr the dark liquid 
was poured into a mixture of crushed ice and cone HCl. The organic layer was separated and the aqueous 
layer extracted with CS2. The combined organic layers were washed with 10% NaHCO,aq and with water. 
After drying over MgSO* and removal of the CSI. the excess of 3-bromothiophene was distilled OR The 
crude product was collected at 160-170’/3 mm and puritied over an alumina column using n-hexane as the 
eluent. After removal of the solvent, two recrystallixations from MeOH with ice-salt cooling yielded 4.8 g 
(48%) of colorless VII, m.p. 37-38’. 

3,3’-Difkienylmetbne (IX). To a suspension of 5.82 g (0153 mole) LAH in 50 ml abs ether was added a 
soln of 2@4 g (@IS3 mole) AlCls in 70 ml abs ether. A soln of 3@0 g (@153 mole) 33’dithienylcarbinol in 
120 ml abs ether was added to this stirred reducing mixture at such a rate as to cause gentle refluxing 
(about 20 mm). After boiling under reflux for 15 min the reaction mixture was cooled in an ice bath and 
treated with 120 ml EtOAc to decompose the excess reagent. The resulting suspension was poured into a 
mixture of 200 ml of ice-water and 40 ml of cone H,SO,. The layers were separated and the aqueous phase 
was extracted with ether. The combined organic layers were washed with NaHCO,aq and with water. 
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Steam distillation of the residue after removal of the solvents furnished 24.1 g (88 %) of colorless crystalline 
IX. 

Recrystallization from EtOH gave the analytical sample m.p. 31+32”. The UV spectrum in cyclohexane 
showed a max at 1.2375 mp (log E 404) and shoulders at I 240 mp (log E 4a3) and 1244 mp (log E 399). 
The NMR spectrum showed a multiplet at T 2.80-3.22 and a singlet at 7 6.12, area ratio singlet, multiplet 1: 3. 
(Found: C, 6006,6UOl; H, 450,453; S, 3553,35.82. C,H& requires: C, 5994; H, 4.47; S, 3556%). 

2,2’-Dibromo-3,3’-dithienylmethane (VIII). To a vigorously stirred soln of 1@62 g (0664 mole) Br, in 
318 ml water at 15” was added rapidly a soln of 6-O g (m33 mole) of IX in 24 ml Ccl,. After a few min the 

mixture turned colorless. Stirring was continued for 15 min. whereupon 125 ml ether was added and the 
organic layer was separated. The water layer was extracted with ether and the combined organic phases 
were washed with NaHCO,aq and with water. After drying over MgSO, and removal of the solvents, the 
residue (109 g) crystallized on cooling. The product was puriIied over an alumina column, using 500 ml 
n-hexane as the eluent. After evaporation of the solvent and washing of the crystalline product with 7 ml 
cold MeOH, one recrystallization from 40 ml MeOH with ice-salt cooling yielded 5.6 g (50%) pure colourless 
VIII, m.p. 43”. The UV spectrum revealed a max at 1241 mp (log E 4.28). The NMR spectrum showed a 
singlet at c 6.20 and two doublets centred on r 3.34 and 2.92 (J = 64 c/s) respectively, area ratio singlet, 
two doublets 1:2. (Found: C, 31.82, 32al ; H, 1.89, 1.80; Br, 47.05, 46.91; S, 1854, 18.94. &H,Br,S, 
requires: C, 31.97; H. 1.78; Br, 47.29; S, 18.96%). 

4H-Cyclopenta[Z,l-b :3&b’]dirhiophene (II). A soln of 2,2’-dilithio-3,3’-dithienylmethane was prepared 
at -70” from 200 g (OQ592 mole) VIII in 300 ml abs ether and 95 ml 1.37N ethereal n-BuLi (0130 mole) 
in a 1 litre 3-necked flask. The yellow soln was poured under N, in an externally cooled (- 20”) dropping 
funnel, which was attached to a second 2 litre 3-necked flask containing 17a g (0.126 mole) anhyd CuCl, 
(dried at 130” for 05 hr) in 100 ml of abs ether, maintained under dry N,. While stirring the ice-cooled 
suspension vigorously the dilithio compound was added dropwise in the course of @5 hr. After stirring at 
0” for 6 hr, 200 ml 2N HCI was added and the reaction mixture tiltered with suction in order to remove 
the greyish ppt of Cu,CI,. 

The ether layer was separated and the aqueous phase extracted with ether. The combined ethereal 
extracts were washed several times with 4N HCI, NaHCO,aq, and Iinally with water. After drying over 
MgSO, and removal of the solvent, the residue was extracted with 175 ml n-hexane and purified over ti 
alumina column using 500 ml n-hexane as the eluent. After removal of the solvent the impure product was 
pressed on a buchner funnel and crystallized from a little EtOH. Sublimation in oacuo (005 mm) followed 
by a recrystallization from EtOH alTorded 3.65 g (35%) of colourless II, m.p. 74-75”. The UV spectrum 
showed maxima at I mp, (log E) 224 (sh) (3.67), 230 (3.72), 247 (3.83), 252 (sh) (3.79). 300 (sh) (4.15), 303 
(4.19), 308 (4.23), 312 (4.22). 317 (sh) (4.16). 322.5 (409) and 328 (sh) (3.91). The NMR spectrum revealed a 
broadened singlet at r 666 and two broadened doublets centred on s 3.12 and 3.04 (J = 4.9 c/s) respectively, 
area ratio singlet, two doublets 1:2. (Found: C, 60.80, @66; H, 3.54, 3.59; S, 35.72, 35.67. CgH,Sz re- 
quires: C, 6061; H, 3.39; S, 35.96%). 

2.2’~Dicarboxy-3,3’-dilhienylmelhane (X). A soln of 2,2-‘dilithio-3,3’-dithienylmethane was prepared 
at - 70” from 4.59 g (0.0136 mole) of VIII in 45 ml abs ether and 22.0 ml 1.36N ethereal n-BuLi (00299 
mole) and poured into solid CO, covered with ether. After standing for 2 hr the reaction mixture was 
hydrolysed with 100 ml water and the ether phase extracted with 10% NaHCO,aq. The combined aqueous 
layers gaveon acidification with 4N HCI 3.1 g of crude product. Two recrystallizations from an 1: 1 EtOH- 
water (Norit) yielded 2.2 g (61%) of XIII, m.p. 240-241” (dec). The UV spectrum (96% EtOH), &,,., 262.5 
mp (log E 4.38). The NMR spectrum in dioxan showed a singlet at r 5.18 and two doublets centred on r 309 
and 2.54 (J = 5Q c/s) respectively. The IR spectrum (KBr) showed OH absorption at 2900 cm-’ and CO 
absorption at 1675 cm-‘. (Found: C, 48.93, 4850; H. 3.15, 3.25; S, 23.50, 23.61. C,,HIIO,SI requires: 
C. 49.23; H, 3Gl; S, 2390%). 

3-Bromo-23’-dilhienylcorbinol (XI). To a stirred suspension of 3-thienyllithium which was prepared at 
- 70” from 119 g (0.73 mole) 3-bromothiophene lo in 260 ml abs ether and 550 ml 1.43N ethereal n-BuLi 
(0.79 mole), a soln of 140 g (O-73 mole) 3-bromo-2-thiophenea1dehyde’4 in 350 ml abs ether was added. After 
stirring overnight, the cooling bath was removed and 260 ml water was added at - 10”. The ether layer was 
washed with water until neutral and dried over MgSO*. Careful removal of the solvent furnished 182 g 
(90%) impure XI as an orange viscous liquid no ” 16463. Purification was tried in vain. The IR spectrum 
showed OH absorption at 3350 cm-’ whereas the CO absorption of the starting material (1670 cm- ‘) 
had been disappeared. The UV spectrum revealed a max at A 241 m)r (log E _ 4%). 

3-Bromo-2,3’-dithienylketone (XII). An oxidizing soln of 50.0 g (O.Mo mole) CrO, in 800 ml AcOH and 
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abs ether as described above. The crude product was distilled with steam, yielding 3.4 g of a crystalline solid. 
Washing with cold 4: 1 EtOH-water followed by recrystallization under shaking from this solvent (Norit) 
afforded 2.8 g (34%) dcolourless III, m.p. 46,-7,3”. Sublimation in uucuo (40”/@2 mm) gave the analytical 
sample m.p. 46547~2”. The UV spectrum showed maxima at 1 mp (log 8) 207 (4-01), 219 (400), 226 (sh) 
(402), 233 (41 l), 238 (4*12), 2485 (3.77). 2575 (366), 282 (4.00), 288 (sb) (3.98) and 305 (sb) (3.72). The NMR 
spectrum revealed a broadened singlet at T 652 and Sour doublets czntred on r 290 (split in two triplets 
by the metbylene protons: J = O-6 c/s) and 3.06 (J = 50 c/s), 3.13 (broadened) and 3a (J = 48 c/s) 
respectively. (Found: C, 6@42, @53; H, 3.26, 3.32; S, 35.79. 35-76. C,H,S, squires: C, m61; H, 3.39; 
S, 35.96%). 

~,3-D~~boxy-2,~-dithienyl~t~ne (XVI). Prepared as described above, starting from 4-60 g (00136 
mole OS XIV in 75 ml abs ether and 22.5 ml 1+3lN ethereal n-BuLi (@o-O295 mole). Two recrystallizations of 
the 3.2 g crude product from AcOH yielded 1.75 g (48%) white crystalline XVI, m.p. 241-242” (dec.). The 
UV spectrum (96% &OH) showed a max at 1249 mp (log E 4-26) and a shoulder at d 266 mp (log E 416). 
The IR spectrum (KBr) showed a OH peak at 2850 cn- ’ and a CO absorption at 1675 cm-‘. The NMR 
spectrum in dioxan revealed a singlet at T 5Q3 and two doublets centred on T 3+04 and 254 (J = 5Q c/s), 
2-90 and 264 (J = 5.2 c/s). (Found: C, 49.13, 49.41; H, 307, 2.98; S, 23.32, 23.47. C, ,Hs04SZ requires: 
C, 49.23; H. 3W ; S, 23*9PA). 

4,4’-Dibromcr3,3’-dithienylurrbinol (XVIII). The preparation of this carbinol was carried out as described 
above for the formation of XV. Reaction oS72.6 g (0.30 mole) 3,4~ibromotbiophene~’ in 100 ml abs ether 
with 220 ml l-36N ethereal n-BuLi (O-30 mole) at -70”. followed by 57-3 g (O-30 mole) 4-bromo-3-thio- 
phenealdehyde’* in 100 ml abs ether furnished a crude liquid product which solidified on standing. Re- 
crystallization from petrol (b.p. 60-80”) yielded 63.3 g (60%) almost colourless XVlII, m.p. 80+81”. The 
UV spectrum showed a max at I 246 mp (log E 4.04). The IR spectrum (Ccl,) showed a OH peak at 3300 
cm-‘. The NMR spectrum revealed Sour doublets centred on r 2.80 and 2.98 (J = 3.3 c/s), 4.28 and 671 
(J = 4.0 c/s). (Found: C, 30.62. 30.65; H, l-81, 1.78; S, 17.79, 17.85. C,H,Br20SI requires: C, 30$2; 
H, 1.70; S, 18.12%). 

4,4’-Dibromo-3,3’-dithienylketone (XIX) (by oxidation of XVIII with 00,). The oxidation was carried 
out as described above for XI. From 20 g (0057 mole) of XVIII in 80 ml AcOH and 17 g (al7 mole) CrG, 
in 270 ml AcGH and 130 ml water, there was obtained without distillation 165 g solid crude product. 
Recrystallizati,r, lrom MeGH gave 13.0 g (65.5%) eolourless crystalline XIX, m.p. 85%86”. The UV sper 
trum revealed maxima at 1226 mp (log E 4.18) and i 260 rnp (log E 404). The IR spectrum (Ccl,) showed 
a CO absorption at 1670 cm-‘. The NMR spectrum showed two doublets centred on r 2.65 and 2.24 
(J = 3.4 c/s). (Found: C, 3lG8, 30.87; H, 1.27. 1.18; S, 18G5, 18.15. C,H,Br,OS, requires: C, W70; H, 
1.15; S, 18.21%). 

4,4’-Dibromo-3,3’-dithienylketone (XIX) (by oxidation of XVIII with lead terraacetate). To a stirred soln 
of 42 g (012 mole) of XVIII in 600 ml pyridine, 100 g (0.23 mole) freshly prepared lead tetraacetate? was 
added slowly. After refluxing and stirring for 2 hr another 20 g (0046 mole) lead tetraacetate was added 
to the reaction mixture. The reaction was continued for 24 hr followed by removal of most of the solvent 
by distillation. The residue was acid&d with 2N HCI and extracted with ether. The organic layer was 
separated, washed with lPA NaHCO,aq and water and dried over MgSO*. Fractionation in vucuo 
after removal of the ether furnished 336 g (80%) OS XIX, b.p. 174-195’/05-09 mm. 

The compound gave a 2,4-dinitrophenylhydrazone,24 m.p. 248-248.5”. (Found: C, 34.03; H, 166; 
N, 1040. C,,H,Br,N,O,S, requires: C, 33.85; H, 1.52; N, 1053%). 

4,4’-Dibromo_3,3’-dirhienybnethane (XVII) (Clemmensen reduction of XIX). Granulated Zn (50 g, @76 at) 
was amalgamated with 1.50 ml 5% HgCI,aq for 1 hr. ” The supematant liquid was decanted and 10 g 
(0.028 mole) of XIX in 200 ml dioxan was added, Sollowed by 125 ml cone HCl under vigorous stirring. 
While stirring was continued for 26 hr at room temp an additional amount of 10 ml cone HCl was added to 
the reaction mixture every 6 hr. The resulting liquid was poured into water and the whole extracted with 
ether. The ether phase was washed with water and dried over MgSO,. Removal of the soivent gave 9-S 8 
oil, which was purikd over an alumina column using n-hexane. Crystallization from MeOH yielded 2.4 g 
(25%) OS XVII, m.p. 38-38.5”. The UV spectrum showed a max at 1246 rnb (log E 4.07). The NMR spectrum 
revealed a broadened singlet at T 6.14 and two doublets centred on T 3.15 (split in two triplets by the methyl- 
ene protons, / = @9 c/s) and 2.71 (J = 3.4 c/s). (Found: C, 31.92, 32%; H, 1.84, 1.80; 9, 18.83, 18*85. 
C9H,Br,S, requires: C, 31.97; H, 1.77; S, 18~96%). 

4,4’-Dibromo-3,3’-dithienybnerhane (XVII) (reduction ofXVII1). The reduction was carried out as described 
above using 5.6 g (0~1.5 mole) LAH in 8 ml abs ether and 37.6 g (0.28 mole) AICl, in 80 ml abs ether for 
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28il g (00790 mole) of XVIII in 160 ml abs ether. After the addition, refluxing was continued for 30 min. 
Crystallization from MeOH furnished 23.3 g (86%) of XVII. 

7H-Cyclopenta[l.Z-c: 3.4-c’]dithiophene (IV). Compound XVII (l@l g. o-030 mole) in 150 ml abs ether 
was treated with 50 ml 1.3lN ethereal n-BuLi (OSaS mole) at -70” in the manner as described above. 
Ring closure was effected with 10 g (0074 mole) anhyd CuCI, in 100 ml abs ether in the usual way. After 
a first purification of the crude product over an alumina column using n-hexane, there was obtained 4.5 g 
crystalline solid. Preparative GLC (using a 2 m-04 cm diameter-Silicon Rubber SE 30 column at 208”) 
yielded as major products : 

(a) 1.1 g (21%) of IV, purified by sublimation in U(ICUO, m.p. 114-l 14.5”. The UV spectrum showed maxima 
at 1 mp. (log E) 223 (sh) (420). 227.5 (4.22). 233 (sh) (4.20). 260 (sh) (3.49). 266 (3.69). 271 (394). 276 (408). 
283 (4.31). 289 (4.24), 295 (4.43). 212 (4.35). 229 (sh) (3.98). 260 (409) and 293 (sh) (3.13). The NMR spectrum 
revealed a triplet centred on T 6.52 and two doublets centred on T 3.17 (split in two triplets by the methylene 
protons: J = 1.2 c/s) and 3.02 (J = 2.2 c/s) respectively. (Found: C, 6071, 6U56; H, 3.42, 3.38; S, 36.36, 
3567. C,H,S, requires: C, 6061; H, 3.39; S, 35.96%). 

(b) 1.8 g (23%) of XX, purified on an alumina column using n-hexane as the eluent, m.p. 98.5-99”. The UV 
spectrum showed maxima at I mp (log E) 247 (3.71), 291 (4.32). 301 (4.22) and 305 (sh) (4.20). The NMR 
spectrum gave a doublet centred on 7 6.60 (J = 1.2 c/s), a singlet at 7 299 and a doublet centred on r 3.14 
(J = 2.2 c/s) in a multiplet between 7 3a2-3.20. (Found: C, 41.80, 41.79; H, 1.87, 1.88; Br, 30.30, 3@70; 
S, 24.73,24.76. C,H,BrS, requires: C, 42a3; H, 1.96; Br, 3198; S, 24.93%). 

As by-products, we detected small amounts of starting material XVII and IX, by comparison of the 
NMR spectra and GLC retention times with data of authentic samples Finally a small amount of a liquid 
with nk” 1.6370 was isolated, which gave a correct elementary analysis for C,H,BrS,. All facts indicated 
this to be 4-brom~3.3dithienyImethane. The NMR spectrum showed a broadened singlet at 7 6.17 and a 
multiplet at 7 2.80-3.40, area ratio singlet, multiplet 2: 5. (Found : C, 4166,41.73 ; H, 2.75, 2.84; S, 24.68, 
24.97. C,H,BrS, requires: C, 41.70; H, 2.72; S, 24.74%). 

Methylohm of 4,4’-dilithio-3,3’-dilkienylmethane. The dilithio derivative was prepared from l@l g 
(Oa30 mole) of XVII and 128 ml 144N ethereal n-BuLi (0.079 mole) at - 70”. Reaction of this mixture with 
12.1 g @064 mole) methyl-ptoluenesulphonate in 30 ml abs ether yielded 8a g crude product, partly solid. 
The product was filtered with suction and the remaining solid recrystallized from petrol (60-8Oq. There 
resulted 6.3 g (76%) 4-bromo-2,4’dimethyI-3,3’dithienyl-methane, m.p. 109+110~5”. The I~MR spectrum 
(CDCl,) revealed two singlets at 7 2.97 and 7.68, two multiplets centred on 7 3.58 and 3.13, two doublets 
centred on r 6.27 and 777, respectively, area ratio 1:3 : 1 : 1 :2:3. (Found: C, 45.71, 45.98; H, 3.82, 3.96; 
Br, 27.98,28.06; S, 22Q9.22.17. C, ,H, ,BrS2 requires: C, 45.99; H, 3.86; Br, 27.82; S, 22.33 %). 

?he filtrate was analyzed with preparative GLC (using a 2 m-0.4 cm diameter-Silicon Rubber SE 30 
column at 165”, with temp programming up to 300”-7.5” pro min). There were isolated additionally three 
products in the following order: 

(a) @l g (2”/.) of IX (yield from peak area). 
(b) 02 g (4%) monomethyl-3,3’dithienyImethane. The NMR spectrum revealed a multiplet at K 2.77-3.29 

and two singlets at 7 6.18 and 790, area ratio 5:2:3. (Found: C, 61.42; H, 5.14; S, 32.83, 3304. CI,,HIOS2 
requires: C, 61.80; H, 5.19; S, 33.01%). 

(c) 1.1 g (18%) 4,4’-dimethyl-3,3’-dithienylmethane, m.p. 305”-31.5”. The NMR spectrum showed two 
broadened doublets centred on 7 7.40 and 7.25 (J = 30 c/s) and two broadened singlets centred on 7 6.36 
and 7.90 respectively, area ratio 1 : 1 : 1 :3. (Found: C, 6343,6304; H, 5.75, 5.77; S, 31.13, 31.26. C1 ,H1& 
requires, 63.41; H, 5.81; S, 30.78%). 

3,4’-Dibromo-2,3’-dithienylcarbinol (XXV). Prepared at - 70” as described above from 218 g (090 mole) 
3.4-dibromothiophene” in 300 ml abs ether and 620 ml 1.56N ethereal n-BuLi (095 mole), followed by 
182 g (095 mole) 3-bromo-2-thiophenealdehyde’* in 300 ml abs ether. Crystallization from n-hexane 
yielded 225 g (7@5%) of XXV, m.p. 92-93”. An analytically pure sample after recrystallization from the 
same solvent had m.p. 94-94.5”. The NMR spectrum revealed a multiplet at 7 265-3.15 and two doublets 
centred on 7 3.95 and 7.22 (J = 3.7 c/s) respectively, area ratio 4: 1: 1. (Found: C, 3@61, 3096; H, 1.38, 
1.49; S, 1841, 1804. C,H,Br,OS, requires: C, 3@52; H, 1.70; S, 18.12%). 

3,4’-Dibromo-2,3’-dithienylmethane (XXIV). Compound XXV (10-5 g, 0297 mole) in 40 ml abs ether was 
reduced as described above using 2a g (O-053 mole) LAH in 3 ml abs ether and 14.1 g (0.105 mole) AICl, 
in 30 ml abs ether. After the addition, refluxing was continued for 05 hr. The crude product was purilied 
over an alumina column using n-hexane as the eluent. Removal of the solvent yielded &9 g (88%) of liquid 
XXIV, ni” 1.6600, m.p. about lo”, b.p. 14~150”/1~0 mm. The UV spectrum showed a max at A 245 mp 
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(log E 4a3). The NMR spectrum revealed a doublet antred on r 6a (J = @9 c/s) and a multiplct at T 
2.80-3.25,area ratio,multiplet,doublet 2: 1. (Found: C, 31.853190; H, 1.79.1.74; S, 1947,18.97. C,H,Br,S, 
requires: C, 31.97; H. 1.77; S, 18.96%). 

‘IH-Cyclopata[l.2-b: 3.4-c’ldithiophene (V). Compound XXIV (9.7 B. O-029 mole) in 150 ml abs ether 
was treated with 50 ml 1.30N ethereal n-BuLi (0065 mole) at - 70” in the manner described. Reaction of 
the mixture with 10 g (O-074 mole) anhyd CuCl, in 100 ml abs ether furnished 54 g crude solid which was 
purified over an alumina column using n-hexane. The resulting 3.4 g colourless material was subjected 
to analytical GLC incidating the presence of l-3% 2.3’ditbienylmethane and 3-5x of an unknown 
compound. Sublimation in uacuo, followed by crystallization from EtOH afforded 2.4 g (46%) pure colour- 
less crystalline V, m.p. 81-82”. The UV spectrum revealed maxima at 1 mp, (log E) 217 (4.41X 228 (sh) 
(4.09), 236 (3.88). 244 (3.81), 256 (402), 264 (4.18), 267 (sh) (4.16). 273 (4.15) and 285 (sh) (3.51). The NMR 
spectrum showed a multiplet at c 2.8c3.25 and a broad singlet at T 6.37, area ratio multiplet, singlet 2 : 1. 
(Found: C, 6033, 6054; H, 3.43, 360; S, 35.48, 35.56. C,H,S, requires: C, 60.61; H, 3.39; S, 35.96%). 

2,3’-Dibromo-3,4’-dithienylcarbinol (XXVII). This carbinol was prepared as described from 68.5 g 
(@283 mole) 3,4_dibromothiophene ” in 200 ml abs ether and 225 ml 1.27N ethereal n-BuLi (@286 mole) 
at - 70”, followed by 53.7 g (@283 mole) 2-bromo-3-thiophenealdehyde” in 135 ml abs ether. The crude 
product, a light yellow very viscous oil, weighed 99.7 g (99%) and could not be crystallised and purified. 
The IR spectrum showed a OH absorption at 3400 cm-’ and no CO absorption of the starting material. 

2,3’-Dibromo-3,4’-dithienylmethane (XXVI). Prepared as described by reduction of I40 g (0039 mole) 
of XXVII in 100 ml abs ether with a mixture of 2.63 g (0069 mole) LAH in 5 ml abs ether and 18.5 g (@138 
mole) AICIJ in 40 ml abs ether. After the addition, refluxing was continued for 5 min. The crude product 
was purified over an alumina column using n-hexane as the eluent. Crystallization from n-hexane at -40” 
gave 9.9 g (75%) of XXVI as white needles, m.p. 31-31.5”. The NMR spectrum revealed 5 doublets centred 
on r 6.15 (J = la c/s), 3.27 and 2.86 (J = 5.6 c/s), 3.22 (split in two triplets by the methylene protons: 
J = la c/s) and 2.80 (J = 3.4 c/s) respectively, area ratio aromatic, aliphatic protons 2 : I. The UV spectrum 
showed a max at I241 rnp (log E 4.15). (Found: C, 31.99, 31.77; H, 1.82, 1.85; Br, 47.30, 47.17; S. 18.65. 
18.63. C,H,Br,S, requires: C, 31.97; H, 1.79; Br, 47.28; S. 18.96%). 

7H-Cyclopento[Z.I- b: 3.4-c’ldithiophene (VI). Compound XXVI (9Q g, 0026 mole) in I60 ml abs ether 
was treated with 40 ml 1.29N ethereal n-BuLi at - 70” in the manner described. Ring closure was carried out 
using 8.0 g (0059 mole) anhyd CuCI, in 40 ml abs ether. The crude product was purified over an alumina 
column using n-hexane as the eluent. Removal of the solvent gave a light yellow oil, which partly solidified 
on standing. Addition of 10 ml n-hexane and cooling at - 10” furnished crystalline material which was 
filtered olTwith suction. Recrystallization from EtOH gave 0.67 g(lO%)of XXVIII m.p. 91-91.5’. The NMR 
spectrum showed two singlets at 7 6.65 and 3.08, two doublets centred on T 2.92 and 3.07 (J = 50 c/s) 
respectively. Area ratio aromatic, aliphatic protons, 3:2. (Found: C, 42.10, 42.24; H, 1.96, 1.86; Br, 31.10, 
30.89; S, 24.63.24.57. C,H,BrS, requires: C, 42.03; H, 1.96; Br, 31.08; S, 24.93%). 

The remaining liltrate was subjected to preparative GLC (using a 2 m-04 cm diameter-Silicon Rubber 
SE 30 column at 190”). Compound VI (042 g. 9%) could be isolated after sublimation in uacuo. as white 
needles. m.p. 54-54.5”. The UV spectrum showed maxima at 1 mp. (log E) 245 (3.78). 255 (3.81). 263 (3.84). 
281 (sh) (4.18). 287 (sh) (4.27). 291 (4.34). 299 (4.26) and 303 (4.26). The NMR spectrum revealed a doublet 
centred on T 6.58 (J = Ia c/s), two doublets centred on I 2.91 and 3.14 (J = 5.0 c/s) and a multiplet at 
T 3.m3.30. (Found: C, 6034, 6012; H, 3.45, 3.43; S, 35.31, 35.70. C,H,S, requires: C, 6061; H, 3.39; 
S, 35.96%). 
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