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A series of new photochromic compounds were obtained tbr the first t+me from 1,2-his(2- 
ethy]thio-3-thienyl)perfluorocyctopentene by substi~ttting bromine atoms or carboxy. 
alkoxycarbonyt, and carbamoyl groups for hydrogen atoms m positions 4 and 4'. Introduction 
of these sub~tituent'~ causes a slight bathochromic shift [b~. 20--30 nm) of a long-wavelength 
:~bsorption band R~ the cyclic form and significantly increases the quantum yields of 
photocycfization tD A.,B and ring opening ~bs~, ,. Depending on Ihe nature of a substituent. 
d~.~..+t ~ decreases in the. order COOH > COOMe > CONHAr. The quantum yields are markedly 
reduced when the cthylthio groups in posinons 5 and 5" are replaced hy eth,dsultbnu groups (a 
tenfold reduction in 4~a.,B and a tbur- to fiveibtd reduction m %a-,.x)- The most considerable 
bathochromic shift of a long-wavelength band and the highest quantum yields of totward and 
reverse photoreacfions were obsewed for 1,2-bist4-bromo-2-ethyl-5-ethyhi~io-3-thienyl)per- 
llunrocyclopentenc. 1,2-Bis(2-eth?t 5-ethylthio-4-methoxycarbonyl-3-thienyl)perfluoro- 
cyclopemene was qruclurafly characterized b.v X-ray diffraction analysis. 

Key words: bisth~enylperfluorocyclopentenes, molecular s:ructure, photochromic com- 
pou;lds, r~aversible photocyclization, quantum ym[d. 

Previously ,  we described the synthesis of  1,2-bis- 
thienylperfluorocyclopentenes containhlg alkylthio-  or 
alkylsuIFonyl groups in the positions 2,2" and 5,5" of  the 
thiopl~ene rings, t - 3  reported the relevant cry, statlographic 
data, and studied the possibility of their reversible 
pho tocyc t i za t ion  A ~ B, 

It was shown  thai bis thienylperf luorocyclopentenes 
with su l fu r - con t a in ing  groups in positions 2 and 2 '  are 
not p h o t o c h r o m e s ,  whereas 2,2"-dialkyl derivatives ex- 
hibit such  p ropemes .  Introduct ion of an e thyhhio  or 
ethylsulfonyl  group into positions 5 and 5 significantly 
shifts the  long-wave leng th  band maximum of  the cyclic 
p h o t o c h r o m e s  (ZmaxB). Thus for 1 ,2-bis(2-methyl-3-  
th ieny t )pe r f luorocyc lopen tene ,  ;'.m~x B is 505 nm, 4 while 
for 1 , 2 - b i s ( 2 - e t h y l - 5 - e t h y l t  h i o - 3 - t h i e n y l ) p e r f l u o r o -  
cyc lopen tene  1 and 1.2-bis(2-ethyl-5-ethylsulfonyl-3-  
th ieny l )pe r f luorocyc lopen tene  2. these values are 564 
and 572 rim. respeclively. 3 

]n the  present  work, the synthesis and pho tochromic  
propert ies o f  4 ,4"-disubst i tu ted bis~2-ethyl-5-ethyhhio- 
and 2 - e t h y l - 5 - c t h y l s u l f o n y h h i e n y l l p e r f l u o r o c y c l o p e n -  

" For part 4. see Ref. i. 

tenes are described. Tile literature data on the effect o f  
Functional groups in these posi t ions on the photo-  
chromicity are lacking. In addit ion,  such derivatives are 
convenient starting reagents for the synthesis of  o ther  
promising photochromic products.  OF part icular  impor-  
tance is the relationship between the type o f  substituents 
and the position of  the long-wavelength  absorption band 
of  form B, because the pho tochromes  with such a band 
lying above 780 nrn can be irradiated with standard 
semiconducting lasers, s,6 

Results and Discussion 

Compounds 4- -8  were syn thes ized  accord ing  to 
Scheme  2. The key i n t e r m e d i a t e  was the known 
1,2-bis(2-ethyl-5-ethylthio-3-t hienyl '~perfluorocyclopen- 
tene i . t  in which the th iophene ring is substantially 
activated by tile alkyhhio group as regards electrophil ic  
substitution, thus facilitating its subseqt, ent  funct ionat i-  
zation. 

In the present work, a method  for the synthesis o f  
3-bromo-2-e thyl -5-e thyl th io th iophene  (3), a precursor 
for compound 1, from 2-e thy l th iophene  was proposed. 
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Scheme 1 
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R ~ = SEt, SO2Et, R 2 = H, Et, CHO, CQOH, R 3 = H 
F{1 R 2 R 3 

1 Et SEt H 
2 Et SO2EI H 

Unlike the previous method. 3 bromide 3 free from an 
impt, rit.v of isomeric 4-brorno-2-ethyl-5-e thyl th io-  

th iophene is lbrmed in good yield (-75%) from 
3,5-dibromo-2-ethylthiophenc. Starting from compound 
1, we synthesized 4 ,4 ' -d ib romo-  and -dicarboxy deriva- 
tives, which were used in subsequent transformations. 

Bromination of bissulfide i afforded dibromide 4 m 
quantitative yield. The latter was oxidized with H202 to 
give the corresponding sulfone 5. Treatment of dibromide 
4 ~,~ith BuLi in ether follov,ed by carbonization results in 
dicarboxylic acid 6 in 60--70% yield ]hen. diester 7 
and some aD'lamides 8a--d were obtained from acid 6 
according to the known methods. 

Attempts to formylate compound 1 in positions 4 
and 4' using the Vilsmcier or Rieche reactions 7 em- 
ployed in the synthesis of sterically hindered aromatic 
aldehydes and by the reaction of dibromide 4 with BuLi 
and HCONMe-, or H(:OOEt failed. In all cases, the 
starting compounds were recovered, with tracts of the 
reaction products. Such a resuh is probably due to steric 
hindrances which prevent the reactions of bulky inter- 
mediates with 1,2-dithienylperfluorocyclopentene 1. 

Compounds 4 - -8  were characterized by data from 
NMR spectroscopy and mass spectrometw; the struc- 
tures of amides 8 were additionally confirmed by I R 
spectra. [t is of note that the IH NMR spectra of 
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(,) C~ 15) Fig. !. Molecular structure of ester 7. 

arylamides 8b--d show doubled signals for the amide 
protons and for an aromatic proton (in the case of amide 
8b, the signals tbr the methylene protons of the OCH-,CF~ 
group arc also doubled). Apparently, this indicates the 
presence of two conformers in soh,tion. 

Tile molecular structure of ester 7 was determined 
using X-ray diffraction analysis {Fig. IL The perfluoro- 
cyclopentenc fragment (F) exists in the flattened enve- 
lope conformation with the C(5) atom deviating from 
the pkme of the other four ring atoms by 0.12 A. The 
greatest torsion angle is C ( 4 ) - C ( 5 ) - - C ( 1 ) - - C ( 2 )  
(10.06"). Orientation of the substituents with reference 
to the thiophene rings (T / and T 2) is determined by 
dihedral and torsion angles (]'able I). 

Note that small dihedral angles between the substitu- 
ents and the thiophene rings allow the substituted 
thiophene fragments to be regarded as nearly planar. The 
C(17) and C(25) atoms of the ethylthio groups and the 
C(21) atom of the ethyl group deviate from the least- 
squares planes calculated lbr these fragments by - 1.474, 
1.182, and - I .204  A, respectively. 

The main parameters of molecular geometw arc 
presented in Tables 2 and 3. ]he  bond lengths and 
angles are standard within the experimental error, except 
for the unusually short C(16)--C(17), C(24)--C(25),  
and C(18)--C(19) bonds. This is explained by the fact 
that the C(17), C(191, and C(25)a toms  cannot  be 
located precisetv because of considerable thermal vibra- 
tions of the terminal methyl groups, their equivalent 
thermal factors (Ucqt,iv) being three to four times higher 
than those for the other atoms. 

The thiophene rings (T  j, 7 .2 ) are planar wi th  an 
accuracy of  0.01 A. The dihedral angles I " /T  I and t:}'T 2 
are 84.7(0.4)" and 86.7(0.4) ~ respectively: these values 
are much larger than the corresponding angles (~55 ~ ) in 
the previously studied analogs containing 2,2"- and 
5,5"-disubstituted thienyl rings. L2 

The dihedral angle between the 7" rings is equal to 
79.0(0.2)% which also exceeds the average value of the 
analogous angle in the aforesaid photochromes (56.0"). 
The alkoxycarbonyl and ethyl groups of both thiophene 
rings are in unusual anti-configuration to each other; as 
a result, the distance between the potential reaction 
centers, C(6)...C(10) (4.45 A). becomes significantly 
longer than the van der Waals C...C contact (3.42 .,~). 
This altogether suggests that the molecular conformation 
of 7 in the crystalline state is unfavorable for the open 
form A to undergo cyclization into form B. Indeed, no 
coloration was observed upon irradiation of a colorless 
crystal of ester 7 with UV light (Z = 313 rim), i.e., 
cyclization did not occur. 

Nevertheless, when a solution of compound  7 
(fbrm A) in ethanol is irradiated with the same light (k = 
313 nm), cyclization does take place to give form B. 

The photochemical parameters of compounds 1 and 
2 (see Ref. 3) and new derivatives 4--8 (Table 4) 
were studied in an ethanolic solution in the range 
220--800 nm: all of them are photochromes. A typical 

Table i. Conlbrmational parameters ({0) in molecule 7 

Angle q,/deg 

T I/C(8)--O( I )--C(14) -0(2)  
Tr 
T//'C(6)--C( I S)--C(19) 
Tt/C(14)--O(2)---C115) 
C(8)-C( 141--O{ 2)-- C(15) 
CI 1 )--S(2)--C( 161--C(17) 
T:/C(12}--C(22I--O(3)--O(4) 
fi/C( 13)- S(4)-C(241 
T2/C( ~ 0)--- C(20)--Cl 2 ] ) 
T~/C~22)--O(4)--C~23) 
C{ 12)--C(22)--O(4)--C(23 ) 
C(13)--S(4)--C(24)--C(25) 

10.2 
14.9 
22.7 
13.5 
.".5 

82.4 
5.1 
6.1 

60.6 
7.5 
3.2 

73.8 
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"Fable 2. Bond lengths (zh in compound 7 

Bond d/.~ Bond d/A 

S~1)--C(6) 
S(I)--C(9) 
S(2)--C{9} 
S{2)--C( 161 
S13}--C(t3) 
S(3)--C(I(}) 
S(4)--C(13) 
S(4)--C(24) 
011)--C(141 
O(2)--C(14) 
O(2)--C(15) 
013)--C(22) 
0{4)--C122) 
0~4}--C123) 
C{I)-C(5) 
Cl l ) -Ct7)  
C(1)--Ct2) 
C(24)-- C~25) 

1.708(8~ 
1.716{9} 
1725{10) 
1.75r 
1.677{II) 
1.731(10} 
1,766(lf} 
.77t2) 
,170111} 
.3;3(12) 
.475(14) 
.1631;I} 
319{12} 

.322110) 
/.4Oli!!} 
I 50{hl31 
1.26(31 

C(2}-C{3) 14012} 
C(3}.-C14} 1.5312} 
C14)-C(5) 1.476( 12} 
C(5)--C(I I) 1.506(I2) 
C(6)--C(7) 1.375110) 
Ct6)--C(18) 1.491i 13) 
C{7)--C(S) i.43211 I} 
C(8)--C(q) 1.419/I I) 
C(8) -C(141 1.495(12) 
C{ IO)--C~ I 1} 1.346(12} 
C{ I0)---C{20} [.47(2) 
CI i I)--('(12) 1.4l I(ll)) 
C(12)--C(13) I 3~2113) 
Ct~2)--C122) I 485(f3) 
C(16)--Cll7) I 31{3) 
C(18)--C(19) I t3(3) 
C(20~--C(2l) 1 47~2) 

absorption spectrum (namely, that of ester 7) is sh(}wn 
in Fig. 2. The observed long-wavelength bands are asso- 
ciated w i th  x,x*-transit~ons, because they experience a 
bathochromic shift when a nonpo lar  solvent in-hexanc) 
is replaced by a polar one (ethanol}. 

For all compounds,  there are isosbestic points which 
coincide for the forward (A.-4 B) and reverse reactions 
{B ~ A). The Iong-~.avelength absorption bands of open 
12)rirls {),max A) appear at 245--308 rim, while those of 
cyclic forms ().maxB), 211 562~6  10 am. Extinction coeffi- 

A and " and the cients of  forms A and B. "-ma,~ Amax B, 
quantum yields (the calculational procedure was de- 
scribed earlier 3) of photocyclization and ring-opening 
are given in Table 4. 

While analyzing the effect of substituents in positions 
4 and 4" on the absorption spectra of tbrms B. it should 
be noted that a Iong-,,savclength band in the spectrum of 
compounds 4, 6. and 8a--d is slightly bathochromicatly 

shifted {'568--578 nm) as compared to the 4.4 ' -unsubsti-  
, B tuted analog 1 [;,.max B = 564 nm). One can see that "-ma• 

lies within a narrow range, which becomes even nar- 
rower for a~'lamidcs 8a--d 1571--578 nm). The batho- 
chromic shift of the long-wavelength band of form B is 
considerable only lbr bromides 4 and 5 (')~max B = 592 and 
~10 nm, respectively). When the ethylthio groups m 
positions 5 and 5" are replaced by ethylsulfonyl groups. 
the long-wavelength band of lbrm g is also shifted 
bathochromically {cf, compounds 1 and 2 or 4 and 5). 

1,2-Bis( 2-ethyl-5-ethylthio-3-thicnylIpedluorocyclo- 
pentenes 1, 4, and 6--8 are characterized by verB,." differ- 
ent quantum yields of photocyclization, Oa.._,8. The 
highest O:~_dt value is observed for 4.4"-dibromosulfide 
4 (I .0). {I)A_,II of the other sulfides decreases in the order 
carboxylic acid > ester > arylamide, which corresponds 
to a decrease in the electron-donating properties of 
the substituents in positiOBS 4 and 4". Almost all 
1,2-bis{ 2-ethyl- 5-ethylflfio- 3-thienyl )perfluorocyclo- 
pentenes are superior to 4,4"-unsubstituted analog I in 
OA~ B. Note that the pa~;sage from sulfide 4 to sultbne 5 
reduces d~A_,B by a lhctor of lO (Y) and causes the 
aforesaid bathochromic shift of the locig-wavelength band 
of form B. Tt~e quantum yields of the reverse photoreac- 
{ lo l l  q}g~A, for compounds 4--8 are one order of 
magnitude lower than the corresponding Oa_.,B values. 

Thus, while comparing the photochromic properties 
of compounds 4 and 6--8 with those of 4 ,4 ' -unsub-  
stituted analog I. one can note that substitution of 
bromine atoms possessing +M and - [  effects m posi- 
tions 4 and 4" sharply increases the quantum yields of 
photocyclization (Oa~ 81 and the reverse reaction IOII_,A ) 
and results in the most considerable bathochromic shift 
of kmax II among all the compounds under discussion. 

Experimental 

NMR spectra were recorded on a Broker WM-250 instru- 
ment. Mass spectra were recorded on a Kratos MS-30 inswument 
(ionizing voltage 70 eV. direct inlet of tile substance into the ion 

Table 3, Main bond angles (o~} in compound 7 

Angle m/des Angle {,~/deg Angle m/deg 

C(6)-Stl)--C(9) 93.9{4) 
C19)--S12)--C(16) t03.9(7) 
C{13)--S(3)--C(10} q2.415) 
C(13)--S(4H-C{24) 102.3(9) 
C{14)-O(2)--C(15) 113.8(9) 
C{22)--O(4}--C(23) 1170(8) 
C(5)--C(I)--C(7) 128.7{7) 
C15)--C(1)--C(2) 110.6(7) 
C(7)--C(I)--C(2) 120.5{7} 
C(3}-Ct2)--C{I) 104.5(9) 
C(2)--C13)--C(4) llt).nlg) 
C~5}--C14)--C(3} }01.2(7) 
C11)--C15)--C(4) 112.0~7) 
C~I}--C(5)--C(II) 128.117) 
C{4I--C(5)--C{II) II9.6(7) 
C(7)--C(6)--C(I8) 127.918) 

C(7)--C{6)--S(1) 111.5(6} 
C(18)-C{M---S(}) 120 3(6) 
C(6)--C(7}--C(S) I12.?I7) 
C{6)--C(7)--C(I) 123.4(7) 
C(8)--C(7)--C(I) 123.816) 
C19}--C(81-CiT) IIZ3(7) 
C{9)--C(8)--Ci14} 124.517) 
C(7)-.C(8)--C(14) 123.217) 
C(8)--C{9)-S(I) i09.5{6) 
C18)-C{9)-Sr 128.116) 
$11}-C(9)--S(2} 122.115) 
C{II)-C(10}--C{20) 130619) 
C(11)-C111})--S13) 111.0(7) 
C120)-C(10)--$13) 118 218) 
C110)-C111)---C{12) l12.8(g} 
C(13)--C(12)-C(11) 112.517) 

Ctl3).-C(12)-C(221 118.6(8) 
C{11)--C(12)--C(22} 128.6(8) 
C(12)--C(13)--S{3) 111.4(7) 
C(12)--Cil3)--S(4) 126.417) 
5(3)--C(!3)--S14) 122.316) 
011)--C(14)--012} 124.8t9) 
O{1)--C{14;--C(8) t23.0[9) 
0{2)-C(1a)--C(8) 112.019) 
C(17).-C{16}--S12} 115,0(2} 
C{19).-.C(18)--C16) 131.012) 
C(21}--C{20)--C(101 1t3,2110) 
013}--C122)--0(4} 123.9110} 
013)-C122)--C(12) 124.3(10) 
014}--C122)--C{12) 111.7i8) 
C(25H-C(24}--$14) 109.012) 
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Table  4. Photoclaemical  paranteters of  1,2-bis(3-thienyl)per- 
f luorocyclopentenes  

Coff l=  }. , l la ,Jnnl  { a/'t~F'l C131- I ) 

p o u n d  A B 

O 

A--~ B B-+A 

I 243 (24500) 564 i lOSOu) 0 14 0.01 
Z 242 !20100) 572 i i520) . . . .  
4 20h 133100) 592 (5350~ 1.0 0 0 4  
5 250 (25100) 610 (1000) 0.1 0 0 0 0  
6 302 (14500) 568 (7930) 0.80 0.1)2 
7 308 (33200) 562 t21900) 0.35 0.1112 
8a  295 ( t5000)  578 (7940) 0.26 0.03 
8b 249 (606001 57I (10400) 0. I2 0.019 
8c 245 (68500) 573 (9050) 0.21 0.013 
8d 290 (31000) 578 (9700) 0.22 0 0 2  

source).  Column c h r o m a t o g r a p h y  was carried out on ,.dica gel L 
(100--160 meshL T L C  was peribrmed on Silufol UX"-254 plate:, 

Compounds  ~e r e  irradiated ~,,uh a DRSh-500 mercury lamp 
th rough  light filters o f  313 and 578 nm. -The radiaHon intensity 
o f  the me(caw l amp  wa~ measured with an F4 photocell 
calibrated with a ferr ioxalate  act inometer a for ;.. = 313 nm and a 
Reinecke sah a c t i n o m e t e r  q' for Z = 578 nm Absorption spectra 
were recorded on a S h i m a d z u  UV-2tOIPC spectrophotometer.  
The  quan tum yield was de termined b.,, irradiating an ethanotic  
solut ion o f a  co~'npoutld with light with k = 313 and 578 nm for 
the forward and reverse reactions, respectively. The exposure 
Time was. extended s tepwise  from 5 s to I - -2  rain (m total, seven 
to ten experimental  points},  with recording t'ffabsorption spectra 
o f  tile irradiated so lu t ion  I~>r each exposure time. 

3,5-Dibromo-2-elhylthiophene. A sokition of  Br- (111.3 g, 
0,697 tool) in 90 m L  o f  glacial AcOFI wits added at 2 - 4 " C  

c" 10" 'M i cm- I  

2 

I I 
f | 

3 J 

I I \k 

] i I X x 

0 
�9 I I I , I I 

300 400 501) 600 Z /nm 

Fig. 2. Spectra o f  an ethanol ic  solution of 1.2-his(2-ethyl-5- 
e thyl th io-4-methoxycarbonyl -3- th ienyl )per l luorocyclopentene  7 
irradiated with light with Z = 3t3 nm (forward reaction) and 
578 nm (reverse rea r ( ton i :  l, absorption spectrum of form ,at; 
2, absorption s p e c t r u m  in the photosteady state tirradiation 
t ime  350 s). In t e rmed ia t e  spectra were recorded for an exposure 
t ime of  S, 15, 40, 100, and  225 s. 

over 4 h to a solution of 2-ethyl thiophene 137.21 g, 0.332 tool) 
in 170 mL of glacial AcOH. Tile reaction mixture  was kept at 
20 ::C li~r I h and poured into 800 mL of  cold water. The 
ploduG was extracted v,.ifil Et20, and the extract was washed 
successively with water, a ~oiution of Na2CO 3, and  water  (to 
neutral reaction) and dried with CaCI 2. The solvent  was re- 
moved, and the residue was twice distilled in vacuo to gi~e the 
title dibronnde (35 g, 40~ b.p. 1 0 9 - - l l 2 ~  f l 3  Torr). 
nt) -'n 1,602ra. IH NMR,  d: 1.27 i t .  3 H, Me, hereinal ier  a = 
~7 Hz): 2.75 (q, 2 H, CH2): 6.86 (s, 1 H. | t (4 ) )  (of  Ref. 10: 
~I-t NMR,  6" 6.80 is, I H. H(4)). b.p. 90--95 ~ 13 T o r r D  

3-Bromo-2-ethyt-f-ethylthiolhiophene (3) .  A solut ion of  
BuaLi (9.95 g. 0.155 molt in I00 mL of Et_,O was cooled :o 
- 7 0  ~ and added in an atmosphere of Ar at the same  tempera-  
ture over 10 rain to a solution of 3 ,5 -d ib romo-2 -e thyhh iophene  
(3KI g. 0.141 tool) in 100 mL of  dry Et,,O. ] ' h en ,  a cold 
( -71/~ solution ofdiethyl disulfide (Et2S 2) (21.6 g, 0. 176 tool) 
in 60 m l  o f  g h O  was added in two steps, and the reaction 
mixture was kept at -Tfl~C for 2 h and left at 2 0 " C  for t2 h. 
A(ter hydrolysis with 5% NaOH,  the organic layer ~a s  sepa- 
rated, washed with water, and dried with CaCI 2. The  solvent 
was removed, and the residue was distilled in vacuo to give 
bromide 3 (266 g, 75%'k b,p. 114--116 ~C (5 Torr) ,  no  2~ 1.5852. 
The product is identical with the known c o m p o u n d  ~ / T L C  and 
tl-I NblR.  6:6 .92 (s, I H, H14). characteristic signal)).  

1.2- B i s (4 -b romo-2-e lhy l -S-e thy l th io -3 - th ieny l )pe r f luoro -  
cyclopenlene (4). A solu6on of BQ (0.495 g, 0.15S mL,  3.1 mmol) 
in 5 mL o f C H C I  3 was grJdually added at 2 0 ~  over I tt to a 
solution of coral:round 13 t0.8 g. 1.548 retool) in 12 m L  of dr5.' 
CHCly  The reaction mixture v,as heated at 5 0 - b 0  ~ for 1 h. 
cooled, washed succes,,,ively with H20,  5% NaOH,  and H,O,  and 
dried with CaCI-,. Removal or  the solvent gave dibromide 4 in 
qnantirative yield ( 1.02 g~. as a heavy, light green oil, which was 
purified by column chromatography in benzene, Found  1%1: 
C, 37.62: H, 2.83. C21HeoBreFr, S. v Calculated (%): C,  3740: 
H, 2.98. fH NMR, ,'5:1.20 (m, Me): 2.83 (m,  CH 21 (signal 
intensity ratio 3 : 2). MS, m,lZ(Ire ! 1%)): 676/674/672 IM]* (7.5}, 
395/594 I M - Brl* (17.7), 5i4 IM - 2Brl" (91). The  LH NMR  
spectrum of  the oil irradiated with UV lighl (5,. = 254 rim) shows 
n~[ only the signals corresponding to the open form but also those 
from the ring protons 16:1.10 (t, 3 H, C HICH2C);  1.4t (t. 3 H. 
CH__3CH2S): 2.40 (q, 2 H. CCI-t2CHI): 3.02 (q, 2 H, CH2S)).  

1 ,Z- gis(4-bromo- 2-ethyl-S-elhylsulfonyl- 3- thienyl)per- 
fluorocyclopentene (5). A solution of dibromide 4 (80 rag, 
0.118 retool) in 3 niL of g!acial AcOH and 40% H202 10.2 mL. 
1.80 mmol) wits heated at 95 ~ for 2 h and left at 20 ~ 
for 12 h. AcOH was removed in vacuo, and the residue 
was dried in vacuo to give bissutfone :5 (80 rag, 95%1. 
m.p. 65~  (from aqueous EtOH).  Found (%): C,  34.65; 
H, 2.85. CziH20gr2FsOaS a Calculated (%): C, 34.1: H, 2.71. 
IH NMR,  /5:1.30 (t. C_H_ICH 2. C H_.ICIt2S): 2.95 (q. C~12CHI): 
3.32 (q, CH2SO 2) (signal intensity ratio 3 : 1 : I). MS. 
m/z (/rel I%)): 647/645/643 IM - SOeEtI* 1100), 553/551/549 
[M - 2 S O - , E l -  H]- (90). 474/472 (30), 392 (17). 

1,2- Bis(l-carboxy-2-ethyl-S-ethyRhio-3-thienyl)perfluoro- 
cyciopentene (6). A solution of BunLi t0.313 g, 4,89 mmol)  in 
3.29 mL of  n-hexane was gradually added at - 5  to - 1 0  ~C to a 
solution of  dibromide 4 11.5 g, 2.22 mmol)  in 15 m L  of dry 
Et20. The reaction mixture was kept at 0 :C for 30 min ,  poured 
into soiid CO~ in ether, and left at 20"C for 12 h. Water  was 
added to the resulting dark solution, the organic  layer was 
separated, and the aqueous layer was washed with Et20 and 
acidified with dilute HCI (1. : t). The precipitate that  formed 
was filtered off, washed with water, and dried in u desiccator 
over C a C h  to give dicarboxylic acid 6 I1t.91 g, 68%),  m . p  
255-.257 ~ 1from 70% EtOH). Found (%): C,  45.95: H, 3.87. 
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Table 5. Physicochemical characteristics of amides 8a--d 

Corn-  M p./~ Found ~%) Molecut:Jr Yield 
pound (solvent) Calculated [brmula (%) 

C H 

IR, v /cm -1 I1-1 N M R ,  6 
tCHCI 3) 

8a 2 3 2 - 2 3 5  53.48 403  C's, HI~Fs~ ~O484 
(EtOH, 53.42 4.10 
CHCI.O 

8b 178.--180 45.22 3.32 C.q,H 2F!2N4()~S~ 
(CHCI3) 45.00 .3.10 

8e 203--205 53.20 3.55 C47H3sF6Na()08 ~ 
(Ce, H~,-- 53.19 3.02 
hexane) 

8d 14q-151 w 4~2_66 Ca3H ;0F:,N20:S4 
IEIOtt 60.40 4.25 

45 i640 (COl,  1.30 (m, 6 H. C H 3 C H  2, CH3CH2S): 2.75, 2.90 
3280(NH) (2 q, 4 H, C I-t2Me. SCI-12Me); 6.85--7.20 (rn, 

4 H, Phi: 8.3 is, I H, O H ) ;  9.20 Is. I H, NHI 
60 [660, 1671), 1 26 (m, 6 H, C_H3CH 2, CH3CH2S);  2.55--2.90 

3345(NI--I)** (m,  4 H, C I-12Me. SC _H2Me): 4.25, 4.2g (2 q, 
2 I--1. OC_H2CF~); 7 .35.  7.45, 7.55, 785 ,  7.90 
(all s, 3 tt, Phi; 8.80, 8.9(I (2 s, I t4, NIa) 

40 1680 tCO), 1.25 (m. 6 H, C,H3CH 2, C__H3CH2S); 2.70. 2.9l) 
3280 (NH)  (2 q, 4 H. CH2Me,  S C H 2 M e ) ;  7.55--7.60 (m, 

5 H. Phi; 7 .75--7 .80 (2 s, I kl, Phi;  8.15 (br.s, 
1 H, Phi: 8.82. 8.92 12 s, I H, NH)  

51~ 168(1 t(7'O), 1.22 {m, 6 It, C.H_sCH2S, CLI3CH2); 2.55--2.90 
3345{NH)*" (m. 4 H. C[[2Me, SCt_{.2Me)~ 7 . 3 8 . - 7 9 0  (m, 5 H. 

[~-CuiFI;): 8.15, 8.70 (2 S, 2 H, .13-CulHT); 8.28, 
9.12 (2 s. 1 H, N H )  

" MS, m,./z (Ire ~ (%)): 787 [M} + (<:5L 509 lx, I - 2NI-t{OH)C~I-14I* 18), 513 (10). 
*'* Pellet:~ with Kgr. 

(.23H22Fd0484. Calculated (%): C, 45.(,9: H, 3.67. "H NM R ,  6: 
1.25(, ,  3 H CH.H3CH2), 1.38 It, 3 H, Ct-J3Clt2S); 2e ,5 (m.  2 H, 
C H: ,CHo,  2.98 (m. 2 H, CHTCH2SL MS. m/:. {Ird (%)): 
61)4 I;'VI]'" (70). 564 (85). 530 (501. 

Tile ether was removed from the organic layer to gv, e an oil 
(038  g) containing bissulfide I as a major component  ITLC). 

i ,2- Bis(2-ethyl-5-ethylthio-4-metboxycarbonyl-3-thienyl)- 
perfluorocyclopentene (7) .  An excess of  an ethereal solution of  
diazometflane was added to a suspension of dicarboxylic acid 6 
(60 rag, 0.1 retool) in 2 m L  of  ether. Tile reaction mixture was 
left at 20 ~ for 12 h. The  solvem was removed, and ester 7 
(55 rng, 90%) was obta ined as heavy green oil, which crystal- 
lized with time. M.p. 1 0 8 - - 1 1 0 ~  n -hexane )  F ound (%) :  
C. 47.69; H, 4.32. C25H26F~,OaSa. Calculated 1%): C, 47.45: 
H, 4.14. IH N M R ,  o: 1.10 (t, 3 H, C_H.!CH2): 1,38 (t, 3 H. 
C]-t3CH2S); 2.60 (m, 2 H, C_H.aMe); 2.98 (m, 2 H, CH)C H2S). 

Synthesis of N,N'-bisaryl-l.2-bis(2-ethyl-S-ethylthio-3- 
thienyS)perfluorocyclopentene-4,4"-dicarboxamides (8a--d). A 
suspension of dicarboxylic acid 6 (0.1 g, 0.166 mmol) in 2 mL 
of do '  benzene was refluxed wilh an excess of  SOCh (I mL) R~r 
I h. Tile resulting brown solution was concentrated in vaeuo, 
and the residue was dissolved in benzene. The corresponding 
arylamine {0408 retool) was added, and the reaction mixture 
was refluxed for I h. left at 20~  for t2 h, -rod then fil tered 
"[he filtrate was washed with water and dried with MgSO 4. Tile 
solvent was removed, and the residue was recrystallized from 
appropriate solvents {Table 5). 

X-ray diffraction analysis of 1,2-bis(Z-ethyl-5-ethylthio-4- 
methoxycarbonyl-3-1hienyl)perfluorocyclnpentene (7). ]he trans.  
parent colorless crystals (C25H26SaO4Fd) grown from a solu- 
tion in heptane are monoct in ic .  The unit cell parameters 
are a = 12.,1-05t6) A. b = 2445(2~ A, c = 9.876{4) A, 
1} = 103,51(4) ~, V =  2912(3) ..~3 dc;:!,: = 1.443 g c m  -3, space 
group Cc, 7 = 4. Intensity data were collected at 20~ on a 
Syntex P2~ automated lbur-circle diffractometer (graphite mono-  
chromator ,  ,'VloKc~ radiation. 0/20 scan mode). The number  of  
independent  reflections is 3975. The structure was solved by the 
direct method and refined on /:2 lbr all independent retlections 
by iidl-matrix least-squares in tile anisotmpic approximation for 
non-hydrogen atoms. Hydrogen atoms were located from an 

electron-densi ty difference map  and  refined jsolropically by the 
least-sqt,ares method.  The d i sc repancy  factor R I = 0.065 {from 
1374 reflections with F 2 ".. 2~ (F'X)). For all observed reflections, 
wR, = 0.153. All calcuhHions were per formed with SHELXTL 
PLUS 5 and AREN-90  program packages .  ,Atomic coordinates, 
thermal Factors, and geometric pa r ame te r s  of  molect, le 7 have 
been deposited with the Cambr idge  Structur-fl Database. 

T h i s  w o r k  was  f i n a n c i a l l y  s u p p o r t e d  by the  I n t e r n a -  

t ional  S c i e n t i f i c  and  T e c h n i c a l  C e n t e r  (P ro j ec t  No.  419) .  
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