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We have a l ready  shown [1] that by the act ion of monoethyl oxalate acid  chlor ide (AC) in the p resence  of 
A1CI 3 on a solution of thiophenocycloalkanoncs (Ia) and (Ib) in benzene (see scheme  below), besides  the e s t e r  of 
benzoylpropionic acid,  compounds (IIa) and (IIc) a r e  fo rmed ,  which can fo rmal ly  be r ega rded  as adducts of 
these  compounds with benzene. Fur the r  study of this p roces s  showed that AC in a specif ic  way influences the 
fo rmat ion  of compounds  (ID, apparent ly  independent of it ,  but the nature  of this act ion is not ye t  c lea r .  In the 
p resen t  a r t i c le ,  we give new exper imen ta l  data r e l a t ed  to this p rob lem,  although they do not comple te ly  solve 

the problem.  

We should note that during a more  thorough study of the reac t ion  products ,  we detected sma l l  amounts of 
compounds (Ilia) and (IIIc), i s o m e r i c  with the adducts (IIa) and (Hc). In a s e r i e s  of the exper imen t s  without AC 
the fo rmat ion  of a mix ture  of compounds (IIIa) and (IIa) was a l so  observed ,  but with a cons iderable  p r ed o mi -  
nance of (IIIa). In the absence  of AC, the reac t ion  of ketone (Ia) with chlorobenzenc leads to compound (IIIb); 
i s o m e r  (lib) could not be i so la ted  in this case .  In the p re sence  of acetyl  chlor ide  in the init ial  mix ture ,  the 
d i rec t ion of the p roce s s  changed in favor  of i s o m e r  0170); i s o m e r  (IIlb) was isola ted in a sma l l  amount only. 
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*Adducts i somer i c  with compounds (IIb) and (IIIb) w i t h c h l o r i n e  a toms in the o or  m posi t ion (see below). 
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Thus, in the mixture of a ry l -subs t i tu ted  2,3-dihydrothiophenocycloalkanones,  the i somer  with the sub- 
stituting group in position 2 predominates  if the react ion takes place in the absence of AC; in the presence of 
AC, the main product is 3-subst i tuted i somer .  Hence, the nature of AC does not influence the direct ion of the 

process .  

F r o m  the above data we can assume,  as already stated in [1], that in the absence of AC a hetarenium 
cation (C) is formed,  which as the resul t  of electrophil ic at tack forms 3-phenyl-subst i tuted thiophenocyclo- 
alkanones. Of the two sys t ems ,  benzene and thiophenocycloalkanone, present  in the react ion mixture,  benzene, 
c lear ly ,  initiates the format ion of the format ion of the protonating agent, in this case HA1C14. In fact, under 
these conditions, thiophenocycloalkanone is deactivated as an aromat ic  system.  

~ . ~ . A , C , ,  o-;.,.cl~ 

The fact that in the canonical fo rm this corresponds  to a s t ruc ture  of a ring with a te tracovalent  sulfur 
does not contradict  existing assumptions,  as compounds of this type are  known (see [2]). 

In complex (A), the positive charge,  as in the case of the hetarenium ion, is localized at position 3, and 
therefore  the formation of compounds (II) can be descr ibed also without taking into account the assumption on 
the part icipat ion of the ~ complex in the process .  However, it appears that we have to take into account the 
fact that the acyl ium salt  R+COAIC14 formed at the beginning can serve  as a "supplier" of an acylium cation 
s t ronger  than a proton, which, in parallel  with the attack on benzene, reacts  with thiophenocycloalkanone (I) 
to fo rm a ~ complex (B). The lat ter ,  under the action of acid HAIC14, formed during the acylation of benzene 
(see a b o v e -  the formation of benzoylpropionic acid), is apparently able to be converted into complex (C). In 
this connection, we should note that complexes of type (B), but with a different counterion, have been de- 
scr ibed  [3] 
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The most  interest ing of the above phenomena is the formation of mixtures of ary l -subs t i tu ted  i somers  
with a predominance of one of them, depending on the react ion conditions {with or  without AC). In any in ter -  
pretat ion of the p rocess ,  we have to take into account the fact that the positive charge in the initially formed 
sys tem is local ized at position 3. For  this reason,  the 3 position is f irst  always occupied by phenyl. It follows 
that 2 -a ry l - subs t i tu ted  derivatives are  formed f rom 3-subst i tuted ones as the resul t  of a rear rangement .  We 
conf i rmed this experimentally.  On boiling with A1C13 in an excess of benzene, i somer  (Ha) is t ransformed into 
the 2-subst i tuted i somer  (IHa) in a 60% yield. Under s imi la r  conditions, i somer iza t ion  in an opposite direct ion 
is observed,  although the i somer  is formed in a smal le r  amount. 

The problem of the mechanism of the rea r rangement  should not be considered as conclusively solved, 
but we believe that most  probable pattern of the relat ionships existing here is the following. The complexes 
of the ketones studied with A1C13 in a solution, c lear ly  exist in the form of an equilibrium sys tem 

(If) + AlCl3 �9 

O" ~.ICls ,Q - AICI~ 

(D) 

Thus, it becomes possible for an in termolecular  t ransfer  of the hydride ion with the formation of a phenonium 

cation 

Aluminum chloride or the polarized complex (D) can se rve  as acceptor  of the hydride ion. According to 
[4], in intermediate  forms ca r ry ing  the phenonium cation, the positive charge may be concentrated in the 
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TABLE 1. P a r a m e t e r s  of PMR Spect ra  of 2 ,3 ,Dihydrothiopheno-  
cyeloalkanones (II) and fin) 

I 
(IIa) CCI~ [ 3,90 
(llc) I CCl~ I 2,88 
(IIb~ ]CDCI31 3,~)3 
(lid) CDCIa] 2,95 
(IIIa)]CCl~ 13,07 
(IIlc)] CCI~ ] 3,29 
(IIIb) l CCI, ] 3,92 
(I11d) I CCI~ / 3,16 

I 
3,57 4,45 ] 7, t2 2,00+2,50 11,5 
3,62 4,58 ] 7,t2 ]1.75+2.43 11,5 
3,75 [ 4,52 I 7,23 11,80+2;801 11,5 
3,75 I 4,97 16,05+7.2511,72+2.781 11,5 
3,33 1 4;82/6,92+7.381175+2,671 16,0 
3,48 I 4,75 ]6,88+7:5511A7+2.85 [ 16,D 
3,33 ] 4,82 [ 7.18 [1,80+2.181 16,0 
3,38 [ 5,19 /6.68+7,76/1.65+2.751 16,5 

19,9 
ID,0 
9,7 

10,0 
9,1 
9,1 
9,9 
9,4 

3,D 
3,5 
3,0 
3,5 
8,4 
8,3 
7,5 
5,8 

l,D 
1,0 
2,5 
3,0 

2,0 
3,0 
2,0 
2,9 

t h r e e - m e m b e r e d  r ing,  and consequently,  d is t r ibuted over  all  the a toms of the benzene ring. This lowers  the 
energy level  of the t rans i t ion  fo rm,  which leads to acce l e ra t ion  of the p rocess .  It can eas i ly  be seen  that 
c leavage of the a bond during a t tack  by the hydride ion leads to a 2 -subs t i tu ted  i s o m e r ,  and c leavage at the 
b bond to the 3-subs t i tu ted  i s om er .  The r e a r r a n g e m e n t  of ketone (IIIa) can take place s imi la r ly .  

At p resen t  it is imposs ib le  to answer  the quest ion as to the nature of the influence of AC on the i s o m e r i -  
zat ion of a ry l - subs t i t u t ed  dihydrothiophenocycloalkanones.  It i s ,  however ,  c l ea r  that in the p re sence  of AC, a 
la rge  par t  of A1C13 is bound into a complex,  and thus there  is insuff icient  f ree  AICI 3 in the mixture  to effect  

the i somer iza t ion .  

Of the seven  s t r u c t u r e s  poss ib le  for  the reac t ion  products ,  f r o m  the PMR data (Table 1), we can ex-  
clude, as in the case  of R = Ph [1], those in which the H a toms a re  at tached to double-bonded C a toms of the 
he te rocycl ic  r ing,  and a lso  s t ruc tu re  (VIII) in which the s p i n - s p i n  bond of the proton H x with H A and H B would 
be considerably  weaker ,  i .e . ,  JAX and JBX would have cons iderably  lower values than those l i s ted  in Table  2. 

HB Hx 
(VIII) 

Thus ,  the compounds  s tudied  have s t r u c t u r e  (II) o r  (III). The pos i t ion  of  subs t i tuen t  R in (ID and (Ill) was 
es tab l i shed  by PMR s p e c t r a  of compounds (VI) and (VII) obtained f r o m  (II) and (III) by reac t ions  shown in 
Scheme 1 (the PlVIR s pee t r a  a re  l i s ted  in the exper imenta l  part) .  

The conclusions f rom the PMR s p e c t r a  a r e  a lso  conf i rmed  by the 13C NMR s p e c t r a  (for n = 3), in which 
the spli t t ings of the l ines of vinyl C a toms  with 1Jc, H a re  miss ing ,  and there  a re  four t r ip le ts  with 1Jc,  H = 
129-146 Hz, indicating the p resence  of four CH 2 groups in dihydrothiophenocycloalkanones (see Table 2). 

I s o m e r s  (II) and (III) differ  in the following spec t r a l  cha r ac t e r i s t i c s :  in the 13C NMR spec t r a ,  the s p i n -  
spin coupling constants  1JHA and 1JHB in (II) a re  11-14 Hz higher  than in (HI), while JHX is by 6-11 Hz lower  
than in i s o m e r  (II). Moreove r ,  the 5 CHx i s  lower  for  (II), while 5 = CS is higher for  (II). In the PMR sp ec t r a  
of i s o m e r  (II), a g r e a t e r  difference in the chemica l  shifts  of H A and H B is obse rved ,  namely ,  0.67-0.80 ppm, 
compa red  to 0.19-0.31 ppm for  i s o m e r  (III). In the s p e c t r a  of (II) there  a re  a lso  much g r e a t e r  d i f ferences  in 

the values of JAX and JBX. 

As a l ready  mentioned,  in the adducts of thiophenocycloalkanones with chlorobenzene,  chlor ine is p resen t  
in different  posit ions.  The p posi t ion of the chlorine a tom in subst i tuent  R l n i s o m e r s  (fib) and (IIIb) (see Table2) 
follows f r o m  the p re sence  o f t w o o - a n d t w o m - C  a toms equivalent in pa i r s  in the 13C NMR spec t r a ,  and a lso  
f r o m  the t r an s fo rma t i on  of the a romat i c  protons singlet  in the PM_R s p e c t r u m  (with a width of 0.6 Hz) into a 
s p e c t r u m  of an AB spin s y s t e m  (JAB = 8.7 Hz) with broadened components ,  when Eu(fod) 3 is added to (IIIb). 
The obse rved  shift  in pa i r s  into the weake r  field of the two o and two m protons is poss ib le  only if chlorine is 

p resen t  in the p position. 

For  compounds (IId) and (IIId) (see Tables  1, 2 ) ,  a nonequivalency of all  the a roma t i c  13C nuclei in the 
13C NMR s p e c t r u m  is observed ,  while in the PMR s p e c t r u m ,  the re  is a complex mult ip le t  of a roma t i c  protons.  
This indicates  the p resence  of chlorine in the o or  m position. 

E X P E R I M E N T A L  

The 13C NMR s p e c t r a  we re  run on the "Brucke r  WP-60"  s p e c t r o m e t e r  (15.08 MHz) in a pulse r eg ime ,  
using Four i e r  t r ans format ion .  The chemica l  shif ts  of 13C nuclei w e r e  obtained in exper imen t s  on 1H-{ ~3C } 
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TABLE 2. P a r a m e t e r s  of 13C NMR Spect ra  of 2 ,3-Dihydrothiopheno-  
cycloalkanones  (II) and (lid at n = 3 

Sol" 
Adduct ~ent 

vila) ]CCI~ 

(tlb~ 1CDCla 

(lid) iCDCIa 

(IIIbl tCCt~ 

I CDC13 

(tlld) tCDCI, 

5CH2C'JcH) 

23,43(130) 50,45(140) 
27,07 (130) 
37.i5(131) 
23.43(t32)[ 49,78 (138) 
27.0l (13l) 
37.03 (130) 
23.49(131) 47,17 (135){ 
27.20 (130) 
37.03 (130) 
23.19 51,66 
26.t7 
36.?.4 

23.43(131) 51~6(144) 
26.59(129) 
36.73 (130) 
23A3 (131) 48,50(146) ~ 
26,52 (t30) 
36,66 (130) 

5CHx(tJGH) 6CHAHBX 6=GS 
" XUJcH) 6C,~ 

10,61(144) t43,09 i66,83 

~0,37(146) 141,64 167,191 

39,70(1~5) 139,27 169,08 
I 
/ 

4t,22 t 140,49 162,34 

I 
41,16(132) 1140,79 165,0t 

39.09 (134). ~ 139,63 164,58 

6c=o 6R 

192,03 t26,94; i27,i3 
t28,76; t35,44 

i9i,84 i28,40; i28,83 
132,7i; 132,02 

191,85 127,08; t27,37 
i28,34; t29,98 
t33,44 

190,41 t28,40; t28,7i 
130,7t; t33,25 

[ 192,81 12;8,52; 129,07 
130,83; 133,68 

192,33 127,49; 127,73 
t28,94; t29,67 
t30,76; t33A3 

NMDR with a comple te  decoupling f r o m  protons with r e f e r e n c e  to TMS (internal s tandard;  • ppm). The 
s p i n - s p i n  coupling constants  w e r e  m e a s u r e d  f r o m  h igh- reso lu t ion  s p e c t r a  obtained under "gated decoupling" 
r e g i m e  (• Hz). The PN[R s p e c t r a  w e r e  run  on the "Var i an  DA-60- IL"  s p e c t r o m e t e r  (60 MHz), with TMS 
as an internal  s tandard;  (• ppm). The JH,H constants  given a r e  accura te  to within • Hz. 

2-Phenyl -2 ,3 ,4 ,5 ,6 ,7-hexahydrobenzo[b] th iophen-4-one  (IIIa). A 29.4-g por t ion of anhydrous A1C13 was 
added gradual ly  at 5-10~ to a solution o f12  g (0.079 mole) of (Ia) in 100 ml of benzene. The mixture  was 
heated for  30 rain at 70~ and then poured onto a mixture  of 150 g of ice with 20 ml of concent ra ted  HC1. The 
organic  l aye r  was washed  with dilute HC1, a solution of sodium carbonate ,  and wa te r ,  and dr ied over  MgSO 4. 
By dist i l la t ion,  14.76 g (81%) of a viscous oil,  bp 188-195~ (5 mm),  we re  obtained, containing (GLC) 17% of 
(IIa) and 83% of {IIIa). A 14.7-g port ion of the mixture  of ketones was conver ted  into a mix ture  of oximes (10.4 
g, y ie ld  66%), which on r ec ry s t a l l i z a t i on  f r o m  alcohol,  gave 8.8 (85%) of oxime of ketone {IIIa), mp 188-189~ 
Found: C 69.04; H 6.13; N 5.70; S 13.02%. C14H15NOS. Calculated: C 68.54; H 6.16; N 5.71; S 13.08%. By heating 
with dilute HC1, this oxime was conver ted  into ketone (IIIa) (oil), y ie ld  66%, bp 202-205~ (7 mm); n~ 1.6375; 
tool. wt. 230 (here and forthwith,  m a s s - s p e c t r o m e t r i c a l l y ) .  Found: C 72.87; H 6.05; S 13.92%. CltH14OS. Cal -  
culated: C 73.00; H 6.13; S 13.92%. 

2-Phenyl -2 ,3 ,5 ,6 ,7 ,8-hexahydro-4H-cyc lopenta [b] th iophen-4-one  (IIIc). A 14.5-g (0.1 mole) port ion of 
A1C13 was  added with ice-cool ing  to a solution of 6 g (0.036 mole) of (Ib) in 50 ml of benzene. The mixture  was 
heated for  30 min  at 70~ and poured onto a mixture  of ice and HC1. F r o m  the organic  l aye r ,  9.12 g (60%) of 
an oil, bp 192-195~ (5 mm) were  isolated;  n~ 1.6298; on s to rage ,  the oil par t ia l ly  c rys ta l l i zed .  The product 
contained 15% of (IIc) and 85% of (IIIc) (GLC). Af ter  three  r ec rys t a l l i za t ions  f r o m  a mix ture  of hexane with 
toluene,  a pure ketone (IIIc), mp 38-39~ was obtained; tool. wt. 244. Found: C 73.64; H 6.62; S 13.10%. 
C15H16OS. Calculated:  C 73.71; H 6.60; S 13.12%. Oxime of ketone (IIIc), mp 132-133~ (from aqueous alcohol). 
Found: N 5.35%. C15HnNOS. Calculated:  N 5.35%. 

2-p-Chlorophenyl -2 ,3 ,4 ,5 ,6 ,7-hexahydrobenzo[b] th iophen-4-one  (IIIb). A 14.7-g (0.1 mole) port ion of 
A1C13 was added at  18-23~ to a solution of 6 g (0.04 mole) of (Ia) in 57 ml of Chlorobenzene. The mixture  was 
boiled for  30 re_in and poured onto a mix ture  of ice and HC1. The organic  l ayer  was diluted with e ther  and 
washed  with solutions of Na2CO 3 and NaC1. By dist i l lat ion,  9.1 g of an oil,  bp 218-226~ (5 ram) were  i sola ted!  
this was a mixture  of three  compounds (GLC). Heating with NH2OH in an aqueous-alcohol ic  solution yie lded 
a mix ture  of ox imes ,  which a f te r  r e c ry s t a l l i z a t i on  f r o m  alcohol,  gave 2.02 g of the oxime of ketone (IIIb), 
mp 176-177~ Found: N 5.21%. C14H14CINOS. Calculated: N 5.01%. F r o m  the mother  l iquor,  the oxime of 
ketone (Hid), mp 174-175~ (from alcohol) was isolated.  Found: N 5.51. C14H14C1NOS. Calculated: N 5.01%. A 
mixture  of  these  two oximes  mel ted  at 123-126~ The suspens ion of 6.3 g of the oxime of ketone (IIIb) in di-  
lute HC1 was boiled for  3 h to y ie ld  5.84 g of ketone (IIIb), mp 87-88~ (f rom alcohol). Found: 63.81; H 4.93; 
Cl13.58; S12.27%; mol.  wt. 264.5. C14H~3C1OS. Calculated: C 63.50; H 4.95; CI 13.39; S 12.11%. 

Action of A1C13 on 3-Phenyl-2 ,3 ,4 ,5 ,6 ,7-hexahydrobenzo[b]  thiophen-4-one (IIa). A 5-g  (0.04 mole) port ion 
of A1C13 was gradual ly  added at 20-25~ to a s t i r r e d  solution of 2 g (0.0087 mole) of ketone (IIa) in 20 ml of 
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benzene. The mixture  was boiled for 30 min, and then poured onto ice with 5 ml of HC1. The organic l aye r  
was washed with solutions of NaC1 and sodium carbonate ,  and dr ied  over  MgSO 4. After  disti l lation, 1.82 g of 
an oil was obtained, bp 190-193~ (3 mm),  consisting of the initial ketone and a new compound (GLC). This 
mixture  was boiled with an aqueous-alcoholic  solution of NH2OH. An oxime was obtained (yield, 60%) melting 
at 188-190~ its mixture  with the oxime of ketone (Ilia) mel ted at 188-190~ 

Action of AIC 13 on 2-Phenyl-2,3,4,5,6,7-hexahydrobenzo[b]  thiophen-4-one (Ilia). The exper iment  was 
c a r r i e d  out by a s imi la r  procedure .  The reac t ion  product  contained, besides the initial ketone, 28% of (IIa), 
and an unidentified compound (GLC). 

2-Phenyl-2,3,4,5,6,7-hexahydrobenzo[b]thiophene (IVa). To a suspension of 1.85 g (0.053 mole) of LiAIH 4 
in 100 ml of absolute e ther ,  13 g of A1CI 3 were  gradually added at 0~ and then at 5-10~ a solution of 6.5 g 
{0.03 mole) of ketone (IIIa) in 100 ml of absolute ether .  The mixture  was boiled for 30 rain, cooled to 0~ and 
at _<10~ 120 ml of dilute HCI were  added. The e ther  layer  was separa ted ,  and the aqueous layer  ex t rac ted  
with ether .  The ext rac ts  were  t r ea ted  with dilute HCI, washed twice with a sa tura ted  solution of NaC1, and 
dr ied over  MgSO 4. After disti l lation, 4.45 g {73%) of (IVa), bp 156-158~ (6 mm), were  obtained: n~ 1.5965. 
Found: C 77.77; H 7.40; S 14.43%; mol. wt. 216. C14Ht6S. Calculated: C 77.72; H 7.46; S 14.82%. Compound (IVa) 
contained 1% of the initial ketone. IR spec t rum of (IVa) (v, cm-1): 1710 {C =O), 1655 (C =C), 3000-3100, 1500 
and 1600 (monosubstituted phenyl); the frequency of the OH bond is absent. 

2-Phenyl-2,3,5,6,7,8-4H-cyclohepta[b]thiophene (IVc). This was obtained s imi la r ly  to (IVa), yield 76%. 
The product  contained a small  amount of the initial ketone (IIIc), bp 170-173~ (5 mm); n~ 1.5932. Found: C 
77.61; H 7.74; S 14.14%; mol. wt. 230. CtsHlsS. Calculated: C 78.26; H 7,88; S 13.92%. 

2-p-Chlorophenyl-2,3,4,5,6,7-hexahydrobenzo[b]  thiophene (IVb). Compound (IVb) Was obtained by the r e -  
duction of ketone (IIIb) with LiAIH 4 in absolute e ther  in the p resence  of A1CI 3. Yield 95%, bp 186-190~ (5 mm); 
n~ 1.5990. Found: C 67.00; H 6.18; CI 13.84; S 12.52%. C14H15C1S. Calculated: C 67.05; H 6.03; C1 14.4; S 12.81%. 

fl-Cyclohexylethylbenzene (Via). A 15-g port ion of Raney nickel cata lys t  {stored under CH3OH) was added 
to a solution of 3.06 g (0.014 mole) of (IVa) in 75 ml of hot CH3OH. The suspension was s t i r r e d  at 55-60~ to 
a negative reac t ion  for S (12 h); nickel was f i l tered and washed severa l  t imes with CH3OH. Disti l lation of the 
f i l t ra tes  yielded 1.84 g {69%) of (Via), bp 105-107~ (5 mm); n~ 1.5158; d 2~ 0.924. Found: C 89.54; H 10.71%. 
C14H20. Calculated: C 89.29; H 10.70%; compare  [5]. Compound (Via) was obtained also by t reat ing a solution 
of {IVb) in CH3OH with Raney nickel catalyst;  y ie ld  78%, bp 120-122~ (7 mm); n~ 1.5139; d~ ~ 0.925. According 
to GLC data, the product  contained an admixture  of an unidentified compound. PiVIR spec t rum (5, ppm): 0.55- 
2.05 m (6CH2) , 2.22-2.28 m (=CCH2, CH}, 6.72-7.30 m (C6H5). 

fl-Cycloheptylethylbenzene (Vib). This compound was obtained f rom (IVc) s imi la r ly  to (Via), y ie ld  75%, 
bp 150-152~ (10 mm); n~ 1.5195; tool. wt. 202. Found: C 88.87; H 11.09%. Ci5H22. Calculated: C 89.04; H 
10.96%. PMR spec t rum (5, ppm): 0.95-2.22 m (7CH2), 2.22-1.80 m (=CCH2, CH), 6.78-7.30 m {C6H5). 

3-p-Chlorophenyl-2,3,4,5,6,7-hexahydrobenzo[b]  thiophen-4-one (IIb) and 3-o (or m) -Chlorophenyl-2 ,3 ,4 , -  
5~6~7-hexahydrobenzo[b]tMophen-4-one (IId). To a solution of 6 g {0.039 mole) of (Ia) in 57 ml of chlorobenzene,  
14.7 g of A1C13 was gradually added at 8-12~ and then at 3-5~ a solution of 6 g (0.076 mole) of CH3COC1 in 
50 ml of chlorobenzene.  The mixture  was s t i r r e d  for 30 min at 20~ and for 30 min at the boiling point, cooled 
and poured onto ice with HCI. After the usual t rea tment ,  p-chloroacetophenone was isolated in a yield of 43.5%, 
bp 88-98~ (5 mm); n~ 1.5585. Semicarbazone,  mp 202-204~ {alcohol) compare  [6]. Besides p -ch loroace to-  
phenone, 8.9 g (85%) of ketones,  bp 210-220~ (3 ram) were  obtained, whose c rys ta l l i za t ion  f rom alcohol gave 
5.35 g of ketone (IIb), mp 121-122~ Found: C 63.62; H 4.90; C1 13.33; S 12.06%. C14H13C10S. Calculated: C 
63.50; H 4.95; C1 13.39; S 12.11%. Oxime, mp 151-152~ {alcohol). Found: N 5.05%. C14H14CINOS. Calculated: 
N 5.01%. F r o m  the mother  l iquor,  0.8 g of ketone (IIIb) and 1.5 g of ketone {lid), mp 128-130~ were  isolated. 
Found: C 63.51; H 5.01; C1 13.38; S 12.10%. C14H13CIOS. Calculated: C 63.50; H 4.95; C1 13.39; S 12.11%. 

3-p-Chlorophenyl-2,3,4,5,6,7-hexahydrobenzo[b]thiophene (V). By the action of 2 . 5 g  of LiA1H 4 and 15 g 
of A1CI 3 on 10.64 g of (IIb), under conditions s imi la r  to those for (IVb), 7.14 g of (V), bp 187-190~ (5 mm), 
were  obtained; n~ 1.6049. Found: C 67.06; H 5.86; CI 14.05; S 12.70%. Cx4H15CIS. Calculated: C 67.05; H 6.03; 
C1 14.14; S 12.81%. The data of IR spec t rum showed that the product did not contain CO and CHOH groups.  

~-Cyclohexyle thylbenzene (VII). Compound (ViI) was obtained f rom (V) in the same way as (IVa); yield 
78%, bp 118-120~ (6 mm); n'~ 1.5195; d 2~ 0.9407; compare  [1]. Found: C 89.16; H 10.77%. C14H20. Calculated: 
C 89.29; H 10.70%. PMR spec t rum (5, ppm): 1.15 d (CH3, J = 7.0 Hz), 2.35 dq.. (CH, J = 7.0 Hz), 0.75-2.00 m 
(5CH 2, CH), 6.77-7.40 m (C6H5). 
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C O N C L U S I O N S  

1. The p r imary  products  of the reac t ion  of thiophenocycloalkanones with benzene or chlorobenzene in 
the p re sence  of A1C13 a re  3 -a ry l - subs t i tu ted  2,3-dihydrothiophenocycloalkanones.  

2. 2- and 3-Substi tuted compounds of this type i somer i ze  into one another  by the action of A1C13. 

!, 

2. 

3. 

4. 

5. 

6. 
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E L E C T R O R E D U C T I O N  IN T H E  S E R I E S  O F  

T H I O P H E N E  D E R I V A T I V E S  

II.* E LEC TROSYNTHESIS OF 2,5-DIHYDROTHIOPHENE-2-CARBOXYLIC ACIDS 

V. P .  G u l ' t y a i ,  I .  V. P r o s k u r o v s k a y a ,  UDC541.138.3:542.91:541.733 
T.  Y a .  R u b i n s k a y a ,  A. V. L o z a n o v a ,  
A.  M. M o i s e e n k o v ,  a n d  A.  V. S e m e n o v s k i i ~  

In recen t  y e a r s ,  grea t  at tention is being paid [2-4] to the development of methods for the prepara t ion  of 
dihydro der ivat ives  of thiophene because of the in teres t ing  possibi l i t ies  of using them in synthesis  [2, 5]. In 
par t i cu la r ,  methods of e lec t rochemica l  synthesis ,  by ca r ry ing  out both anodic [6] and cathodic [1] p roces ses ,  
a re  ve ry  promising.  Previous  studies [1] on the conditions of e lec t ro lys i s  of th /ophene-2-carboxyl ic  acid on 
m e r c u r y  led to the development of an original  method for the prepara t ion  of i ts 2 ,5-dihydro derivative.  It was 
nece s sa ry  to c lar i fy  the influence of the introduction of substi tuents into the thiophene ring on the process  of 
the e lec t rochemica l  hydrogenation,  and on the position of the double bond in the dihydro products ,  since the 
stabil i ty of this bond is very  dependent on the nature of its substitution. 

For  the e lec t rochemica l  reduct ion,  we chose thiophenecarboxylic  acids (]I), obtained by hypobromite 
oxidation of the corresponding acetothienones (1). Compounds (Ia) [7] and (Ib) [8] were  synthesized by known 
methods,  while (Ic) was obtained by reduct ive dechlorinat ion of 5 -methy l -4-ch loromethy l -2-ace to th ienone  [9] 
by the method given in [8]. 

Thiophenecarboxylic  acids (II) were  e lec t ro lyzed  under previously found optimal conditions [1], i .e . ,  
at a d ischarge  potential of Li on the background of a 2 M aqueous solution of LiOH. It was found that the reduc-  
tion of these compounds leads to a high mater ia l  y ie ld  (~90%) of the corresponding 2,5-dihydro acids (HI), con-  
ve r ted  into the corresponding methyl e s t e r s  (IV). Thus, the introduction of methyl substi tuents into the thio- 
phene ring does not affect  the d i rec t ion of the e lec t rochemica l  process .  

It was the re fo re  in teres t ing to study the reduct ion of a more  complex compound, and we choose a func- 
t ionally subst i tuted dicarboxylic acid (X) for this purpose.  We there fore  synthesized the in termediate  thio- 
phenecarboxaldehyde (IX) by the condensation of Li sal t  (V) with iodoacetal (VII), obtained f rom the chloride 
(VI) by the Finkels te in  react ion,  s tar t ing f rom the known [10] chloroaldehyde {VIII). The oxidation of the 

*Art ic le  I, see  [1]. 
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