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Abstract - The r e a c t i o n  of some halo-1-(thienyll-2-phenylethanes such as 

3-(2-phenylethyl)th~ophene ( l ) ,  3- [2- (2 ' -bromophenyl  ) e t h y l  l t h i o p h e n e  ( 2 ) ,  

4-[2-(2'-bromo-4'-chloropheny1)ethyl I - 2 - e t h y l t h i o p h e n e  ( 3 )  and 4 - [ 2 - ( 2 ' -  

bromophenyl )ethy l  I -2 -ch lo ro th iophene  (i) w i t h  b u t y l l i t h i u m  and l i t h i u m -  

d i i sop ropy la rn ide  (LDA) under  v a r i o u s  c o n d i t i o n s  has been i n v e s t i g a t e d .  

C o m p e t i t ~ o n  between halogen-metal exchange i n  t h e  benzene r i n g  and 

m e t a l a t ~ o n  o f  t h e  th iophene r i n g  was observed and an i n t r a m o l e c u l a r  

t r a n s m e t a l a t i o n  r e a c t i o n  was found. 

I n  connec t ion  w i t h  o u r  work on p o t e n t i a l l y  n e u r o l e p t i c  s p i r o c y c l i c   compound^,^-^ we have 

i n v e s t i g a t e d  t h e  r e a c t i o n  of 3-(2-pheny1ethyl)thio~hene ( 1 )  , 3- [2-(2 ' -bromophenyl  ) e t h y l  l t h i o p h e n e  

( L ) ,  4-[2-(2'-bromo-4'-chlorophenyl)ethyl]-2-methylthiophene (3) and 4-[2-(2'-br0mophenyl)ethyl 1- 

2 - c h l o r o t h ~ o p h e n e  (1) w i t h  o r g a n o l ~ t h ? u m  compounds under v a r i o u s  c o n d i t ~ o n s .  Ile wished t o  o b t a i n  

i n f o r m a t i o n  on t h e  r e l a t i v e  r a t e  o f  m e t a l a t i o n  o f  t h i o p h e n i c  a - p o s i t i o n s  versus h a l o g e n - l i t h i u m  

exchange on bromophenyl m o i e t i e s ,  as w e l l  as on t h e  f u r t h e r  i n t e r -  o r  i n t r a m o l e c u l a r  rea r range-  

ments of organol7th iurn d e r i v a t i v e s  i n  wh ich  t h e  l i t h i u m  i s  n o t  s u b s t i t u t i n g  t h e  most a c i d i c  

hydrogen i n  t h e  molecule.  

The compounds 1-4 were a l l  prepared i n  s i m i l a r  ways, t h e  key s t e p  b e i n g  an ' o l e f i n '  s y n t h e s i s  

4 v i a  t h e  Wadworth-Emmons-Horner m o d i f i c a t i o n  o f  t h e  W i t t i g  r e a c t i o n  f o l l o w e d  by homogeneous c a t a -  

l y t i c  hydrogenat ion over  t h e  W i l k i n s o n  c a t a l y s t  c h l ~ r o t r i s ( t r i ~ h e n y l p h o s p h i n e ) r h o d ~ u m . ~  Thus, 1 was 

prepared s t a r t i n g  from d i e t h y l  benzylphosphonate and 3-thiophenecarboxaldehyde fo l l owed  by hydro- 

gena t ion  o f  t h e  predominant  (E)-3-(2-phenylethenyl)thiophene (5). S i m i l a r l y ,  (E ) -3 - [2 - (2 ' -b romo-  

pheny1)ethenyl l th iophene (6) was prepared f rom d i e t h y l  (2-bromophenyl)methylphosphonate and 

3-thiophenecarboxaldehyde, which upon hydrogena t ion  gave (1). 



The carnpanents used f o r  t h e  s y n t h e s ~ s  o f  2 were 5-methyl-3-thiophenecarbaxaldehyde and 

d l e t h y l  [(2-bromo-4-chloropheny1)rnethyl lphosphonate. The l a t t e r  compound was prepared from 4 - n i t r o -  

to luene.  I t s  b ro ln ina t ion  was b e s t  achieved w i t h  d ib romo isocyanur i c  a c i d  i n  conc. s u l f u r i c  a c i d .  6 

Reduct ion o f  2 - b r o n o - 4 - n i t r o t o l u e n e  w i t h  i r o n  and conc. h y d r o c h l o r i c  ac id,7 fo l l owed  by d i a z o t i z a -  

t i o n  o f  t h e  r e s u l t i n g  4-amino-2-bromotoluene and Sandmeyer r e a c t i o n  gave 2-bromo-4-chlorotoluene, 8 

which th rough  b ron l ina t ion  w i t h  N-bcomosuccinimide i n  the prezence o f  a z o b i s i s o b u t y r x i t r i l e  was 

conver ted  t o  2-bromo-1-bromomethyl-4-chlorobenzene, which by t h e  usual  Arbusov r e a c t i o n  was con- 

v e r t e d  t o  t h e  d e s i r e d  d i e t h y l  I(2-bromo-4-chlorophenyl)methyllphosphonate. The (E)-4- [2- (2 ' -brorno-  

4'-chloropheny1)ethenyll-2-methylthiophene 11) ohta ined  i n  t h e  lladworth-Emmons-Horner r e a c t i o n  was 

hydrogenated t o  3. 

I n  o r d e r  t o  o b t a i n  4, we syn thes ized  2-chloro-4-th~ophenecarboxaldehyde f rom 2,4-dibromothio- 

9 phene v1a 4-bromo-2-chlorothiophene. It was a l l owed  t o  r e a c t  w i t h  d i e t h y l  l(2-bromopheny1)methyll- 

phosphonate t o  g l v e  (E)-4-[2-(2'-bromophenyl)ethenyll-2-chlorothiophene (c ) ,  which was then  hydro-  

genated. 

M e t a l a t i o n  of 1 w i t h  e t h e r e a l  b u t y l l i t h i u m  a t  room temperature or  with b u t y l l i t h i u m  i n  t e t r a -  

hyd ro fu ran  a t  OOC gave, a f t e r  r e a c t i o n  w i t h  carbon d i o x ~ d e ,  3-(2-phenylethy1)-2-th1ophenecarboxylic 

a c i d  (9) and 4-(2-phenylethyl)-2-thiophenecarboxy11c a c i d  (10) i n  t h e  p r o p o r t i o n s  20:80 and 25:75, 

and i n  t o t a l  y i e l d s  of 82 % and 71  %, r e s p e c t i v e l y .  The isomer d i s t r i b u t i o n  was thus  n o t  much 

d i f f e r e n t  f rom t h a t  o b t a ~ n e d  i n  t h e  m e t a l a t i o n  o f  3-methy l th iophene. '0  Pure was o b t a i n e d  from 

t h e  r e a c t i o n  m i x t u r e  th rough  f r a c t i o n a l  c r y s t a l l i z a t i o n  f rom to luene .  A u t h e n t i c  9 was prepared 

th rough  halogen-metal exchange between b u t y l l i t h i u m  and 2-bromo-3-(2-phenylethyl)th~ophene (11 )  a t  

- 7 0 ' ~  f o l l o w e d  by r e a c t i o n  w i t h  carbon d i o x i d e .  Compound 11 was prepared f rom 1 t h rough  b r o m i n a t i o n  

w i t h  N-bromosuccinimide i n  a c e t i c  ac id-carbon t e t r a c h l o r i d e .  When 1 was t r e a t e d  w i t h  LDA i n  e t h e r -  



hexane so lu t i on  a t  room temperature, no l a rge  change i n  isomer d i s t r i b u t i o n  occurred and 9 and 10 
were obtained i n  the propor t ion  17:83. However, the  t o t a l  y i e l d  was i n  t h i s  case much lower. The 

isomer d i s t r i b u t i o n  was determined by Glc analyses of the  t r i m e t h y l s i l y l  der iva t ives .  

Compound 2 reacted extremely s lowly w i t h  ethereal  b u t y l l i t h i u m  a t  -70'~.  A t  room temperature, 

a  mix ture  of 2 and 3-12-(2'-carboxyphenyl)ethyl] -2-thiophenecarbaxylic ac id  (11) was formed upon 

react ion  w i t h  carbon dioxide. The product d i s t r i b u t i o n  was very d i f f i c u l t  t o  reproduce, and 9 and 

12 were obtalned i n  r a t i o s  varying f r o m  7:3 t o  3 : 7 ,  denending p a r t l y  upon the amount of bu t y l -  - 

l i t h i u m  used. I f  a  de f i c i en t  amount o f  b u t y l l i t h i u m  was used, 9 - was obtained almost exc lus ive ly .  

When 2 was reacted w i th  bu ty l l i t h i u rn  i n  tetrahydrofuran a t  -70°c, 2 and another d icarboxy l ic  

acid,  4-[2-(2'-carboryphenyl)ethyl]-2-thiophenecarboxylic ac id  (g), were obtained i n  about equal 

amounts, besides traces o f  10, a f t e r  react ion  w i t h  carbon dioxide. At  O'C, 9 and 10 were obtained 

1 
i n  a  5 : 2  r a t i o .  The s t ruc tures  were evident from H nmr and mass spectra. 

Under no cond i t ions  could the expected p r i i a r y  product 2-12-(3 ' - th ieny1)ethyf l  benzoic ac id  

(la) be found. Authent ic 2 was prepared through hydrogenatlon o f  2-12-(3'-thienyl)ethenyl] benzoic 

ac id  (E), obtained by the phosphonate method from 2-formylbenzoic ac ld  and d ie thy l  ( 3 - t h ieny l -  

methy1)phosphonate. I t  thus seems probable t h a t  the initially formed 3-[2-(2'-lithiophenyl)ethyl] - 

thiophene i s  very unstable and r a p i d l y  intrarnolecular ly rearranged t o  the 2 - l i t h i o  derivative v i a  

the c y c l i c  s t a t e  16 i n  the  ethereal  react ion.  

The formation of 12 i s  more d i f f i c u l t  t o  ra t i ona l i ze .  I t  i s  poss ib le  t h a t  metalat ion of the 



2 - p o s ~ t i o n  fo l lowed by rap id  halogen-metal exchange w i t h  b u t y l l i t h ~ u m  gives the appropr iate 

d i  li thium der iva t ive .  The halogen-metal exchange must be r a p i d  because no 3-12-(2'-bromopheny1)- 

ethyll-2-thiophenecarboxylic ac id  could be detected. I t  i s  a l so  d i f f i c u l t  t o  understand why no 13 
was formed. Another p o s s i b i l i t y  i s  therefore t ha t  the i n i t i a l  l i t h i u m  de r i va t i ve  formed upon 

halogen-metal exchange i s  se lec t i ve l y  metalated i n  the thiophenic 2-posi t ion.  I n  tetrahydrofuran, 

on the other hand, i n  which metalat ion i s  f as te r  than i n  ether, i t  i s  possible t ha t  a t  - 7 0 ' ~  the 

f i rst- formed l i t h i u m  de r i va t i ve  i s  s tab le  enough t o  be fur ther  metalated i n  the 5-pos i t ion ,  and 

tha t  the o r t h o - 5 - l i t h i o  de r i va t i ve  does not rearrange. A t  room temperature, r ap id  i n t r a -  and 

intermolecular rearrangements could exp la in  the formation of the products. 

The react ion  w i t h  LDA i s  o f  course much simpler, s ince no halogen-metal displacement can 

occur, and upon react ion  w i t h  carbon d iox ide 4-LZ-(2'-bromopheny1)ethyl I-2-thiophenecarboxylic 

ac id  (11) and 3-12-(2'-bromophenyl ) e thy l  I-2-thiophenecarboxyl i c  ac id  (18) were obtained i n  the 

propor t ion  83:17, thus the same as i n  the metalat ion o f  1 wi th  LDA. The t o t a l  y i e l d  was, however, 

only 30 %. 

I n  order t o  obta in  add i t iona l  evidence f o r  an intramolecular t ransmetalat ion,  the react ion  of 

3 was invest igated. In t h i s  compound the 5 - p o s ~ t ~ o n  i s  blocked and the 4 ' -ch loro  group could be - 

expected t o  increase the r a t e  of halogen-metal exchange and s t a b i l i z e  the 2 ' - l i t h i o  de r i va t i ve .  A t  

-70°c, ethereal  bu ry l l i t h i u l n  gzve exc lus ive ly  halogen-metal exzhatige, and a f t e r  react ion  w l th  

carbon dioxide a  59 % y i e l d  of 4-chloro-1-12-(2'-methyl-4'-thienyllethyl l-2-benzoic ac id  (19) was 

obtained. I f  the temperature was allowed t o  r i s e  t o  O'C, rearrangement s ta r ted  t o  occur and a f t e r  

1 
carbonation, 19 and 3-[Z-(4'-chloropheoyl ) e thy l  I-5-methyl-2-thiophenecarboxylic ac id  (20) were 

obtained i n  a  r a t i o  o f  7:3. 

If the react ion  was ca r r i ed  out d i r e c t l y  a t  O'C, a  mix ture  o f  12 and 2 j  and the d icarboxy l ic  

ac id  3-[2-(2'-carboxy-4'-chloropheny1)ethyl I-5-methyl-2-thiophenecarboxylic  ac id  (2) was obtained 
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i n  t h e  p r o p o r t i o n s  7 : l  :2, r e s p e c t i v e l y ,  accord ing  t o  g l c  a n a l y s i s  o f  t h e  s i l y l  e s t e r s .  

I n  t e t r a h y d r o f u r a n ,  t h e  r e s u l t s  were even more c l e a r - c u t .  A t  -7Ooc, o n l y  19 was o b t a i n e d  

a f t e r  one hour ,  w h i l e  r e a c t i o n  a t  O'C o n l y  gave t h e  rea r ranged  p roduc t  20. 

I n  none of these  exper iments c o u l d  t h e  a c i d  o b t a i n e d  th rough  d i r e c t  th iophene m e t a l a t i o n  

o f  3 be found. A u t h e n t i c  3-[2-(2'-bromo-4'-chloropheny1)ethyl I - 5 - m e t h y l - 2 - t h i o p h e b y  a c i d  

(22) was prepared by V i l smeyer  f o r m y l a t i o n  of 3, fo l l owed  by s i l v e r  o x i d e  o x i d a t i o n  o f  t h e  i n t e r -  

med ia te  3-[2-(2'-bromo-4'-chloropheny1)ethyl I-5-methyl-2-thiophenecarbaxaldehyde. The compound 22 
c o u l d  n o t  be o b t a i n e d  by m e t a l a t i o n  w i t h  LDA fo l l owed  by r e a c t i o n  w i t h  carbon d i o x i d e .  No a c i d s  

c o u l d  be i s o l a t e d ,  b u t  i n  t h e  n e u t r a l  phase a  l a r g e  number o f  components was p resen t .  T h i s  i s  

p robab ly  due t o  m e t a l a t ~ o n  a t  t h e  3 ' - p o s i t i o n  f o l l o w e d  by benzyne format ion.1°  I f  t h e  m e t a l a t i o n  

w i t h  LDA was c a r r i e d  o u t  i n  t h e  presence o f  fu ran ,  g l c  showed t h e  f o r m a t i o n  o f  two ma jo r  compounds, 

bes ides  many m inor  one. The nmr spectrum o f  t h e  crude p roduc t  showed o l e f ~ m c  s i n g l e t s  a t  5.66 & 

and 5.83 6 ,  and one of t h e  main components showed weak mo lecu la r  i o n s  a t  mle 303, 301 and s t r o n g  

peaks a t  m le  111 (100 %) and 191, 193, g i v i n g  some i n d i c a t i o n  t h a t  i t s  s t r u c t u r e  m g h t  be 23. I t  

i s  known t h a t  i n  t h e  m e t a l a t i o n  o f  1-bromo-3-chlorobenrene p r e d o m ~ n a n t l y  3-ch lorobenzyne i s  

formed. 12 

The r e a c t i o n  of 4 w i t h  b u t y l l i t h i m  i n  e t h e r  a t  - 7 0 ' ~  was v e r y  slow, and even a f t e r  severa l  

hours o n l y  10-15 % o f  an a c i d  m i x t u r e  was ob ta ined .  A t  - 6 0 ' ~  t o  -40 '~.  t h e  main a c i d s  formed were 

5-chloro-3-(2-phenylethyll-2-thiophenecarboxylic a c i d  (24) ( 1 3  %) ,  2-[2-(2'-chloro-4'-thieny1)- 

e t h y l  l benzo ic  a c i d  (25) (44 %)  and 5-chloro-3-12-(2'-bromophenyl ) e t h y l  I -2 - th iophenecarboxy l  i c  

a c i d .  i t  i s  thus  e v i d e n t  t h a t  even a t  t h i s  l ow temperature m e t a l a t i o n  o f  t h e  t h i o p h e n i c  2 - p o s i t i o n  

competes w i t h  halogen-metal exchange i n  t h e  bromophenyl moiety ,  and some rearrangement has a l s o  

occur red .  A t  h i g h e r  temperatures t h e  amount o f  2 ~ n c r e a s e d  a t  t h e  expence o f  25. and d i m e t a l a t i o n  - 

a l s o  occurred,  l e a d i n g  t o  t h e  f o r m a t i o n  o f  5-chloro-3-[2-(2'-ca~boxyphen~l)eth~ll-2-th1ophene- 

c a r b o x y l i c  a c i d  (2) upon r e a c t i o n  w i t h  carbon d i o x i d e .  In t h i s  case,  r e a c t i o n  o f  4 w i t h  LDA 

fo l l owed  by r e a c t i o n  w i t h  carbon d i o x i d e  gave o n l y  26, wh?ch was e a s i l y  o b t a i n e d  pure.  In t e t r a -  

hyd ro fu ran ,  more e a s i l y  i n t e r p r e t a b l e  r e s u l t s  were ob ta ined .  A f t e r  3  h  a t  -70 '~ .  a  m i x t u r e  o f  24 

and 5 i n  t h e  p r o p o r t i o n  7 : 3  was ob ta ined ,  showing t h a t  a t  t h i s  temperature halogen-meta l  exchange 

and i n t r a m o l e c u l a r  rearrangement a r e  f a s t e r  than  d i r e c t  m e t a l a t ~ o n  o f  4. I t  was even more 

pronounced a t  OOC as then  o n l y  2 was ob ta ined ,  as c o u l d  be expected.  



EXPERIMENTAL 

Gas chromatographic  analyses were performed w i t h  a Perk in-Elmer 900 apparatus equipped w i t h  

a f l a m e - i o n i z a t i o n  d e t e c t o r .  The f o l l o w i n g  columns were used: OV 1 ( 3  %) on Chrom q 801100 mesh 

(2.5 rn, 350°), OV 1 ( 3  %) on Chromosorb W 801100 mesh (1 .7  m, 350') and OV 17 ( 3  $1 on Varapor t  30 

1001120 mesh (2.5 m ,  350'). Mass s p e c t r a  were recorded on an LKB 9000 mass spectrometer  a t  70 eV. 

Nmr spec t ra  were recorded on a Var ian  A-60 o r  a Jeo l  MH-100 spec t romete r  w i t h  t e t r a m e t h y l s i l a n e  

(TMS) as i n t e r n a l  s tandard.  

2-Bromo-4-n i t ro to luene.  To 27.4 g (0.20 mo l )  of 4 - n i t r o t o l u e n e  i n  220 ml o f  conc. s u l f u r i c  

ac id ,  a s o l u t i o n  of 28.7 g (0.10 rnol) of N.N-dibromoisocyanuric a c i d  i n  280 ml o f  conc. s u l f u r i c  

a c i d  was added w i t h  s t i r r i n g ,  and t h e  m i x t u r e  was s t i r r e d  f o r  30 min. The m i x t u r e  was poured o n t o  

crushed i c e ,  t h e  p r e c i p i t a t e  was f i l t e r e d  o f f  and washed w i t h  0.1 M sodium hydrox ide  s o l u t i o n  and 

wa te r ,  y i e l d i n g  38.0 g ( 8 8  %) of t h e  t i t l e  compound, mp 7 7 - 7 8 ' ~  a f t e r  r e c r y s t a l l i z a t i o n  f rom 

e thano l .  L i t e r a t u r e  va lue:7 mp 76-77'~. 

2-Bromo-4-chloro-benzyl bromide. T h i s  compound was p repared  accord ing  t o  t h e  d e t a i l e d  

d e s c r i p t i o n  g i v e n  i n  Ref. 13. From 198.4 g (0.966 mo l )  o f  2-bromo-4-chlorotoluene,8 171.9 g 

(0.966 m0l)  of N-bromosuccinimide, 1.7 g of a z o b i s i s o b u t y r o n i t i r l e  and 950 ml o f  carbon t e t r a -  

c h l o r i a e ,  153.8 g (56 % )  o f  t h e  t i t l e  compound, bp 1 3 8 - 1 4 2 ~ ~ 1 1 2  mmHg, n;O = 1.6299, was ob ta ined .  

O i e t h y l  benzylphosphonate. A m i x t u r e  of 59.8 g (0.35 mo l )  of benzyl  bromide and 75.6 g 

(0.46 mol)  of t r i e t h y l  phosph i te  was heated under  n i t r o g e n  a t  about  1 2 0 ~ ~  f o r  one h and a t  1 5 0 ' ~  

f o r  ano ther  2 h. The p roduc t  was d i s t i l l e d  i n  vacuo, y i e l d i n g  73.2 g (92 %) o f  t h e  t i t l e  compound, 

bp 91-97°~10.05 mnHg. Nmr (CDC13): 6 7.30 (C6H5, s .  5H), 3.99 ($CH3, m, 4H), 3.13 (CH2-P, d, 2H). 

1.22 (CH2CH3, t, 6H), J (CH2CH3) 7.4 Hz, J (CH2-P) 22.0 Hz. 

D i e t h y l  (2-bromo-benzy1)phosphonate. T h i s  compound was prepared as desc r ibed  above. From 

249.9 g (1.00 mol)  o f  2-bromobenzyl bromide and 216.0 g (1.30 m o l l  o f  t r i e t h y l p h o s p h i t e ,  298.8 g 

(97 %) of t h e  t i t l e  compound, bp 112- i22°~10 .02  mmHg, noz2 = 1.5238, was obta ined.  Nmr (C0Cl3): 

6 6.90-7.73 (C6H4, m, 4H), 4.05 ( l 2 C H 3 ,  0, 4H), 3.40 (CH2-P, d, 2H), 1.25 (CH2C&, t, 6H), 

J (CH2CH3) 7.6 Hz, J (CH2-P) 22.0 Hz, J (P-0CH2) 8.6 Hz. Found: C 42.92; H 5.24; B r  27.10. 

Calc .  f o r  CllH16Br03P (307.11: C 43.02: H 5.25; B r  26.02. 

D i e t h y l  [(2-bromo-4-chlorophenyl)methyl]phosphonate. T h i s  compound was prepared as desc r ibed  

above. From 213.3 g (0.75 mo l )  of 2-bromo-4-chlorobenzylbromide and 162.8 g (0.98 mol)  of t r i e t h y l  

phosph i te  166.6 g (65 % )  o f  t h e  t i t l e  compound, bp 131-133°~/0.02 mmHg, was ob ta ined .  Nmr (COCI3): 

6 7.62-7.18 (C6H3, m, 3H),  4.07 ($CH3, 0, 4H). 3.36 (CH2-P, d, 2H), 1.28 ( C H 2 s ,  t, 6H), 

J (CH2CH3) 7.3 Hz, J (CH2-P) 22.4 Hz, J (CH20P) 8.3 Hz. Found: C 38.40; H 4.38. Calc .  f o r  



C11H15BrC103P (341.6) :  C 38.68; H 4.43. 

General procedure f o r  t h e  p r e p a r a t i o n  of t r a n s  d i a r y l e t h e n e s  by t h e  phosphonate method. To a 

coo led  suspension o f  0.90 mol f r e s h l y  prepared sodium methoxide i n  200 ml o f  anhydrous N,N-di- 

methylformamide, a m i x t u r e  of 0.60 mol of a ldehyde and 0.60 mol o f  phosphonate was added dropwise 

w i t h  s t i r r i n g .  A f t e r  t h e  a d d i t i o n  was complete, t h e  m i x t u r e  was s t i r r e d  a t  O'C f o r  15 m?n and a t  

room temperature f o r  90 min,  poured i n t o  i c e - c o l d  wa te r  and e x t r a c t e d  w i t h  e t h e r .  The combined 

e t h e r  phases were washed w i t h  M sodium b i s u l f i t e  s o l u t i o n  and water ,  and d r i e d  over  c a l c i u m  

c h l o r i d e .  A f t e r  e v a p o r a t i o n  o f  t h e  s o l v e n t ,  t h e  p roduc t  was ana lyzed  by g l c  and r e c r y s t a l l i z e d  

from hexane o r  e thano l .  

(E)-3-(2-Phenyletheny1)thiophene (5) .  From 45.6 g (0.20 m o l l  o f  d i e t h y l  benzyl  phosphonate 

and 22.4 g (0.20 mo l )  of 3-thiophenecarboxaldehyde, 42.9 g (100 %) o f  t h e  t i t l e  compound was 

ob ta ined ,  mp 126-128'~ a f t e r  r e c r y s t a l l i z a t i o n  f r o m  hexane. Nmr (CDC13): 6 7.49-7.20 (a romat i c ,  m, 

8H). 7.11 (=CH, d, !HI, 6.87 (=CH, d ,  l H ) ,  J (CH=CH-t) 16.8 Hz. Found: C 77.20; H 5.32; S 17.00. 

Calc. f o r  C12H10S (186.3): C 77.38; H 5.41; S 17.21. 

(E)-3-[2-(2'-Bromophenyl)ethenyl] th iophene (61.  From 122.8 g (0.40 mo l )  o f  d i e t h y l  2-bromo- 

benzylphosphonate and 44.8 g (0.40 m o l l  of 3-thiophenecarboxaldehyde 106.9 g ( 9 8  %) o f  t h e  t i t l e  

compound was ob ta ined ,  mp 48.5-49.5' a f t e r  r e c r y s t a l l i z a t i o n  f rom hexane. Nmr (CDCl3): complex 

m u l t i p i e t  between 7.62-6.91 6 .  Found: C 64.50; H 3.20; S 11.90. Calc .  f o r  C12HgBrS (263.2) :  

C 54.35; H 3.42; S 12.09. 

(E)-4-[2-(2'-Bromo-4'-chlorophenyl)etheny1]-2-methy1thi0phene ( L ) .  From 205 g (0.60 mo l )  o f  

d i e t h y l  [(2-bromo-4-chlorophenyl)methyl]phosphonate and 85.2 g (0.60 mo l )  o f  2-methy l -4- th iophene-  

carboxaldehyde14 182 g (97 %I of t h e  t i t l e  compound was ob ta ined ,  mp 8 2 - 8 4 ' ~  a f t e r  r e c r y s t a l l i z a -  

t i o n  f r o m  hexane. Nmr (CDC13): 6 7.59-7.17 ( b a r . ,  m, 3 ) .  7.14 (=CH, d, 1 ) .  7.05 ( t h i a p h . ,  s ,  2 ) ,  

6.91 (=CH, d, I ) ,  2.49 (CH3, d, 3 ) ,  J (CH=CH-t) 16.1 Hz, J (CH3-3) 1.1 Hz. Found: C 49.80; H 3.21; 

S 10.20. Calc. f o r  C13H10BrC1S (313.65): C 49.78; H 3.21; S 10.22. 

(~)-(4-~2-(2'-Bromophenyl)ethenyl1-2-chlorothiophene (8). From 184.2 g (0.60 rnol) o f  d i e t h y l  

2-bromopheny1)methyl phosphonate and 87.9 g (0.60 mo l )  of 5-chloro-2-thiophenecarboxaldehyde. 15 

170.7 g (95 %I of t h e  t i t l e  compound, mp 6 8 - 6 9 ' ~  a f t e r  r e c r y s t a l l i z a t ~ o n  f r o m  hexane, was ob ta ined .  

Nmr ((CD3)2SOl: 6 8.00-6.80 (benz., th loph . ,  CH=CH, m, 8 ) .  Found: C 48.15; H 2.67; S 10.67. Calc .  

f o r  C12H8BrC1S (299.6): C 48.10; H 2.69; s 10.70. 

General Through a i,2-diarylethanes.uspenuspe o f  0.1 mol 

of t h e  ( E ) - l , 2 - d i a r y l e t h e n e  i n  300 ml o f  a b s o l u t e  e t h a n o l ,  n i t r o g e n  gas was bubbled f o r  15 min. 

Then 0.8 g o f  t r i s t r i p h e n y l p h o s p h i n e  rhodium(1)  c h l o r i d e  was added and t h e  m i x t u r e  hydrogenated i n  

a P a r r  apparatus a t  6 0 - 7 0 ' ~  and a hydrogen p ressure  o f  60-30 p s i .  Hydrogenat ion was u s u a l l y  

complete i n  4-5 h. The a l c o h o l  was evaporated and t h e  r e s i d u e  chromatographed on a s h o r t  s i l i c a  g e l  



column using chloroform as an eluent. The catalyst-free solution was evaporated and the residue 

distilled in vacuo. 

3-(2-Phenylethy1)thiophene (1): - yield 87 %, bp 70-80~~/0.03 mmHg. Nmr (COC13): 6 7.26-7.13 

(arom., m, 6), 6.92-6.86 (arom., m ,  ZH), 2.93 (CH2, s, 4H). Found: C 76.40; H 6.35. Calc. for 

C12H12S (188.3): C 76.55; H 6.42. 

3-(2-(2'-Bromophenyl)ethyl] thiophene (2) :  yield 88 %, bp 1~0-126~~/0.1 mmHg. Nmr (COC03): 6 

7.55-7.47 (H-3'. m, 11, 7.24-6.90 (arom., m, 6). 3.07-2.83 (CH2, m. 4). 

4-[2-(2'-8romo-4'-chlorophenyl)ethyl] -2-methylthiophene (3): yield 77 %, bp 148-156~~/0.02 

mmHg. Nmr (CDCl31: 6 7.56-7.96 (benz., m, 3H), 6.66-6.56 (thioph., rn, 21, 3.08-2.66 (CH2, m, 41, 

2.43 (CH3, d, 3), J (CH3-3) 1.1 Hz. Found: C 49.20; H 3.84; S 9.90. Calc. for C13H12BrC1S (315.7): 

C 49.47; H 3.83; 5 10.16. 

4-(2-(2'-Bromophenyl)ethyl]-2-chlorothiophene (4): yield 85 %, bp 117-124°~/0.001 mmHg, 

noz2 = 1.6112. Nmr (C0Cl3): S 7.64-7.42 and 7.24-6.94 (benz., 2m, 4HI. 6.69 (H-4, d, 11, 6.52 

(H-3, d, 11, 3.03 (CH2, s, 4), J (3,4) 3.8 Hz. Found: C 47.74; H 3.40; 5 10.50. Calc. for 

Cl2HIOBrC1S (301.6): C 47.78; H 3.34; S 10.63. 

2-Bromo-3-(2-phenylethy1)thiophene (11). To 4.0 g (0.021 mol) of 3-2-(phenylethy1)th iophene 

in 15 ml of chloroform and 15 ml of acetic acid, 4.0 g (0.022 mol) of N-bromosuccinimide was added 

and th? mixture stirred at room temperature for 30 min. The reaction mixture was diluted with an 

equal volume of water, the chloroform layer was separated, washed once with potassium hydroxide 

solution, once with water, dried over magnesium sulfate and evaporated to yield 3.5 g of crude 

product. Nmr (CDC13): 6 7.26-7.15 (benz.. m, 5), 7.11 (H-5, d, 1) .  6.69 (H-4, d, I), J (4,5) 5.6Hr. 

3-~2-(2'-8romo-4'-chlorophenyl)ethyl]-5-methyl-2-thiophenecarboxaldehyde. To a mixture of 

5.0 g (0.016 mol) of 4-(2-(2'-bromo-4'-chlorophenyl)ethyl~-2-methylthiophene and 1.44 g (0.020 

mol) of N,N-dimethylformarnide cooled with ice, 3.04 g (0.020 moll of phosphorous oxychloride was 

added dropwise with stirring. The mixture was stirred for an additional 30 min with cooling, and 

then heated to 75% for 30 mln, poured onto ice and allowed to stand over night. The pH of the 

mixture was then adjusted with 5 M sodium hydroxide solution to 6-7. The organic phase was taken up 

in ether, washed with dilute hydrochloric acid, water and sodium bicarbonate, dried over magnesium 

sulfate and evaporated, yielding 5.0 g (92 % )  of the title compound, rnp 70-73'~ after recrystal- 

lization from hexane. Nmr (CDC13): 6 9.78 (CHO, s, I), 7.55 (H-3', d, 1). 7.19 (H-5', q ,  I ) ,  7.02 

(H-6', d, l), 6.70 (H-4, q, 11, 3.27-2.90 (CH2, m, 41, 2.50 (CH3, d, 3), J (3.5') 2.1 Hz, J (5',6') 

8.4 Hz, J (CH3-4) 0.9 Hz. Found: C 48.90; H 3.53; S 9.28. Calc. for Cl4HlZBrC1OS (343.65): C 48.93; 

H 3.52; S 9.33. 

Reaction of compounds 1-4 with butyl lithium reagents. General procedure: To 1-3 g (3.2-11.2 

mmol) of the d~aryl ethane in anhydrous ether or anhydrous tetrahydrofuran, 1.3 equivalents of 
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b u t y l l i t h i u m  i n  hexane was added (when not otherwise stated) a t  the appropr iate temperature and 

s t i r r e d  a t  - 70 '~  usua l l y  f o r  1-7.5 h and then a t  O'C f o r  15 rnin o r  a t  room temperature f o r  30 rnin. 

The react ion  mixture was then poured onto f resh ly  crushed carbon d iox ide covered w i th  e ther  o r  

tetrahydrafuran. After a few hours, water was added and the r a t e r  phase separated. (Ether was added 

for the ex t rac t i on  i f  tetrahydrofuran had been used as solvent.)  The a l ka l i ne  water phase was 

a c i d i f i e d  w i t h  1 M hydroch lor ic  acid.  The precipitated organic ac id  was taken up i n  ether and the 

aqueous phase extracted w i t h  ether.  The combined ether phases were washed w i th  0.5 N hydrachlor ic 

acid,  d r i ed  over magnesium s u l f a t e  and evaporated. Nmr spectra were run on the crude products, 

which were s i l y l a t e d  w i t h  GSA and analyzed by g l c  and combined glc-mass spectrometry. Then separa- 

t i o n  of pure compounds was attempted and i n  some cases a lso  achieved. 

Reaction w i t h  l i t h i u m  diisopropylamide (LDA). General procedure: L i th ium diisopropylamlde 

was prepared by mixing 1.1 g (0.011 mol l  of f r esh l y  d i s t i l l e d  diisopropylarnine i n  10 ml of anhyd- 

rous ether w i t h  7.6 ml (0.011 mol l  of b u t y l l i t h i u m  i n  a dropping-funnel under n i t rogen.  When the 

evo lu t ion  o f  butane had subsided and the mixture had reached room temperature, i t  was added drop- 

wise to  2.7 g (0.010 mol) of compound 1, 2, 3 or  5 i n  50 ml of anhydrous e ther  a t  room temperature. 

When the add i t i on  was complete, the mix ture  was ref luxed f o r  3 min. ( I n  one experiment w i t h  

compound 2 ,  the react ion  mix ture  was re f l uxed  f o r  1 h, but  t h i s  gave on ly  a 2 % b e t t e r  y i e l d  of 

acid,  a f t e r  react ion  w i t h  carbon dioxide. The mixture was cooled t o  room temperature and then 

poured onto crushed carbon d iox ide covered w i t h  ether and then worked up and analyzed as described 

above.) 

Reaction o f  3-(2-phenylethy1)thiophene (11. 

a) KcLion-wLt! ~ y l l ~ i ~ i _ ?  ether dt-room ~ p g r ~ t y ~  foy iOOrninl From 2.0 g o f  (1). 2.02 g 

(82 $1 of crude ac id  mixture was obtained, which according t o  g l c  analyses o f  s i l y l  esters 

consisted o f  80 % o f  4-(2-phenylethy1)-2-thiophenecarb~x~lic a c ~ d  (10) and 20 % o f  3-(2-phenyl- 

ethyl)-2-thiophenecarboxylic ac id  (91. R e c r y s t a l l i r a t l o n  from toluene, fo l lowed by t r i t u r a t i o n  w i th  

b o i l i n g  hexane (which dissolved res idua l  91, and r e c r y s t a l l i z a t i o n  from toluene gave pure 

4-(2-phenylethy1)-2-thiophenecarboxylic ac id  (E), mp 150-152'~. Nmr (CDC13): S 7.25-7.17 (benz., 

m, 5),  7.59 (H-3, d, I ) ,  7.09 (H-5, d, I ) ,  2.89 (CH2, s, 4H1, J (3,5) 1.7 Hz. Found: C 67.60; 

H 5.32. Calc. f o r  C13H,202S (232.3): C 67.21; H 5.21. 

b) ~ e ~ c t i ~ n - w ~ t ~  b u t y l l s i ~ i o  t e t ~ a h y d r _ o f u x  a t t ~ ~ ~ C f O r - 3 ~  mi_?. From 2.0 g of 1, 1.74 g of 

crude ac id  mixture was obtained, which according t o  g l c  analyses of s l l y l  es ters  consTsted of 75 % 

o f  10 and 25 % of:!. 

C) ~ e ~ c t i o n - w ~ t ~  fl. The crude ac id  mix ture  obtained from 1 i n  32 % t o t a l  y i e l d  consisted of 10 
and 9 i n  the propor t ion  o f  83:17. 



3-(2-Phenylethy1)-2-thiophenecarboxylic a c i d  ( 9 ) .  From 2.0 g (0.0076 mo l )  o f  2 - b r o w - 3 -  

(2-phenylethy1)thiophene and 6.5 ml (0.0099 m o l l  of b u t y l l i t h i u m  i n  hexane, 0.70 g (39 % )  of t h e  

t i t l e  compound was o b t a i n e d  a t  - 7 0 ' ~  f o l l o w i n g  t h e  genera l  procedure g i v e n  above, mp 156-161'~ 

a f t e r  r e c r y s t a l l i z a t i o n  from to luene .  Nmr (CDC13): 6 7.23 (benz., s, 5 ) ,  7.46 (H-5, d, 11, 6.89 

(H-4, d, 11, 2.86-3.43 (CH2, m, 4 ) ,  J (4,5) 5.1 Hz. Found: C 67.10; H 5.24; 5 13.70. Calc .  f o r  

C13H1202S (232.3) :  C 67.21; H 5.21; S 13.80. 

React ions of 3-12-(2 ' -bromophenyl)ethyl ] th iophene (1). 
a )  &egi:n-wLt& & > y ~ l ~ i ~ m - i ~  !the1 *om t e m p e r a t y e  foy E n ,  From 2.0 g o f  2, 1 .60 g of 

crude a c i d  m i x t u r e  was ob ta ined .  The co r respond ing  s i l y l  e s t e r s  were determined by combined g l c -  

mass spectrometry ,  which i n d i c a t e d  t h e  presence of one monocarboxyl ic  a c i d  ( 3 0  %) and one d i c a r b -  

o x y l i c  a c i d  (70 %).  The m i x t u r e  was then  b o i l e d  w i t h  t o l u e n e  and t h e  i n s o l u b l e  p roduc t  r e c r y s t a l -  

l i z e d  from aqueous e thano l ,  y i e l d i n g  n o t  comp le te l y  pure 3-12-(2'-carboxyphenyl)ethyl] - 2 - t h i o -  

phenecarboxy l i c  a c i d ,  mp above 1 6 0 ~ ~ .  Nmr (DMSO): S 7.65 (h-5, d, I ) ,  7.47-7.24 (benr . ,  m, 3). 

7.01 (H-4, d, I ) ,  3.24 (CH2, s ,  41, J (4,5)  5.1 Hz. Nmr of t h e  crude p roduc t  showed t h a t  t h e  mono- 

c a r b o x y l i c  a c i d  p r e s e n t  i n  t h e  m i x t u r e  was 3-(2-phenylethy1)-2-thiophenecarboxylic a c i d  (2).  

b )  &edcJion_w?tj! & r y ~ l ~ t h i ~ i n  THE at_O!~for-3g mi?. From 1.0 g o f  2, 0.42 g of crude a c i d  

m i x t u r e  was obta ined.  Combined glc-mass spec t romet ry  o f  t h e  s i l y l a t i o n  p roduc t  showed t h e  presence 

of ~ W P  i somer i c  s i l y l  e s t e r s  of monocarboxyl ic  a c i d s .  Nmr spectrum o f  t h e  c rude  a c i d  p r o d u c t  

showed t h a t  i t  c o n s i s t e d  of 3-(2-phenylethy1)-2-thiophenecarboxylic a c i d  (9) and 4-(2-phenyl -  

ethyl)-2-thiophenecarboxyl~c a c i d  i n  t h e  p r o p o r t i o n s  5:2. 

C )  & e g i o n _ o f  2 v j ~ h _ b u t y l l i ~ u ~  Ln-THF-at :71°~. From 2.0 g o f  2,  1.2 g of a c i d  m i x t u r e  was 

obta ined.  From combined glc-mass spec t romet ry  of t h e  s i l y l  e s t e r s ,  we found t h a t  t r a c e  amounts of 

4-(2-phenylethy1)-2-thiophenecarboxylic a c i d  (10) had been formed. The main components were 

3-(2-phenylethyll-2-thiophenecarboxylic a c i d  ( 9 )  and 4- l2-~2'- (carboxyphenyl)ethyl ] -2- th iophene- 

c a r b o x y l i c  a c i d  (13) i n  about  equal amounts. The d i c a r b o x y l i c  a c i d  was o b t a i n e d  a lmos t  pu re  by 

r e c r y s t a l l i z a t i o n  f rom t o l u e n e ,  mp 173-179'~. Nrnr (DMSO): 6 7.93-7.84 (H-3, m, 11, 7.65 (H-3, d, 

1) .  7.41 (H-5, d, I ) ,  7.47-7.23 (benz., m, 3 ) ,  3.53-2.79 (CH2. m, 4 ) ,  J (3,5) 1.7 Hz. 

d )  - Reac t ion  - - - - w i t h  - - - LDA. - The crude a c i d  m i x t u r e  o b t a i n e d  i n  30 % y i e l d  was shown by glc-mass 

spec t romet ry  o f  t h e  s i l y l a t e d  d e r i v a t i v e s  t o  c o n s i s t  of 83 % of 4-12-(2 ' -bromophenyl)ethyl ] -2-  

th iophenecarboxyl  i c  a c i d  (n) and 17 % o f  3-1 2-(2 ' -bromophenyl  ) e t h y l ]  -2 - th iophenecarboxy l i c  a c i d  

(18). R e c r y s t a l l i z a t i o n  from t o l u e n e  gave pure E, mp 124'~. Nrnr (DMSO): 6 7.64-7.51 (H-3, H-3 ' ,  

m, 3 ) ,  3.11-2.76 (CH2, m, 4 ) .  Found: C 50.05; H 3.60; S 10.55; B r  25.50. Calc .  f o r  Cl3HllB~O2S 

(311.2): C 50.17; H 3.56; S 10.30; 8 r  25.68. 18 was n o t  o b t a i n e d  pure  b u t  was c h a r a c t e r i z e d  b y  t h e  

mass spectrum o f  i t s  s i l y l  d e r i v a t i v e  and by i t s  nmr spectrum. Ms ( s i l y l  e s t e r ) :  m/e 384 ( 8  %) ,  

382 ( 8  % ) ,  369 (12 %), 367 (12  %) ,  259 ( 2 8  %), 213 ( 7 6  %) ,  185 ( 2 8  % ) ,  73 (100 %). Nrnr (DMSO): 6 
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7.64 (H-5, d, 11, 6.98 (H-4, d, 11, J (4 ,5)  5.1 HZ. 

React ions o f  4-[Z-(2'-bromo-4'-chlorophenyllethyl]-2-methylthiophene (2). 

a )  . . . . . . . . . . . . . . . . . . . . . .  Reac t ion  w i t h  b u t y l l i t h i u m  a t  -70°c f o r  1 h .  Only 4-chloro-1-[2-(2'-methyl-4-thienyllethyl - 

2-benzoic a c i d  (19)  was o b t a i n e d  i n  59 % y i e l d ,  mp 9 9 - 1 0 2 ~ ~ ,  a f t e r  r e c r y s t a l l i z a t i o n  from t o l u e n e  

Nmr (OMSO): 6 7.81 (H-3 ' ,  d, l ) ,  7.43 ( H - 5 ' ,  q, 11, 7.23 ( H - 6 ' ,  d, I ) ,  6.75 (H-3, q, 11, 6.66 

(H-5, t, 11, 3.26-2.66 (CH2, m, 4 ) ,  2.40 (CH3, d, 31, J ( 3 ' , 5 ' 1  2.4 Hz, J ( 3 ' , 4 ' l  8 .6  Hz, J (3,51 

1.1 Hz, J (CH2-51 1.1 Hz, J (CH3-41 1.0 Hz. Found: C 60.00; H 4.67; S 11.40. Calc. f o r  Cl4Hl3C10S 

(280.8) :  C 59.89; H 4.67; S 11.42. S i m i l a r  r e s u l t s  were o b t a i n e d  i n  THF a t  -70°c. 

b )  p ? e g i o n j _ ?  P _ u i y l l  j t i l i ~ i o  at_0!~CfOr-15 mi!. Only 3- 2 - (4 ' - ch lo ropheny l  l e t h y l  -5- 

methyl-2-thiophenecarboxylic a c i d  ( 3 1 ,  mp 172-178'~ a f t e r  r e c r y s t a l l i z a t i o n  f r o m  t o l u e n e  was 

ob ta ined .  It had t h e  same nmr spectrum as an a u t h e n t i c  sample, mp 178.5-179.5, prepared 

p r e v i o u s l y .  1 

C) P,eaction_bgth t & y l l i t j l i ~ i n  e t_he l  at-~:~-for3c ?in. From 1.0 g o f  2, 0.70 g o f  crude a c i d  

p roduc t  was ob ta ined .  S i l y l a t i o n  and combined glc-mass spec t romet ry  i n  t h e  usua l  way i n d ~ c a t e d  

t h e  f o r x a t ~ o n  o f  t h e  a c i d s  19, 20 and o f  3-[2-~2'-carboxy-4'-chlorophenyllethyl)-5-methyl-2- 

t h i o p h e n e c a r b o x y l i c  a c i d  (21 )  i n  t h e  p r o p o r t i o n s  7:1:2. Treatment  o f  t h e  a c i d  m i x t u r e  w i t h  

b o i l i n g  t o l u e n e  l e f t  the i n s o l u b l e  d i a c i d  11, which was t h e n  r e c r y s t a l l i z e d  from e thano l ,  y i e l d i n g  

al lnost pure - 21, mp 248-257%. Nmr (DMSOI: 6 7.82 (H-3 ' ,  d, 11, 7.45 ( H - 5 ' ,  q, 11, 7.25 (H-6 ' ,  d, 

11, 5.71 (H-4, q, l ) ,  3 .18 (CH2, s ,  4). 2.42 (CH3, d, 3 ) ,  J ( 5 ' . 6 ' 1  8.3 Hz, J ( 3 ' , 5 ' )  2.4 i i z ,  

J (CH3-41 1.0 Hz. 

3-~2-(2'-Bromo-iI'-chlorophenyl)ethyl]-5-methyl-2-thiophenecarboxylic a c i d  (11). To a 

suspension of s i l v e r  o x i d e  prepared f r o m  0.52 g (3.1 mmol) o f  s i l v e r  n i t r a t e  and 0.24 g (6.0 mmol) 

of sodium hydrox ide  i n  5 m l  of w a t e r  0.5 g (1.5 mnol) o f  3-[2-(Z'-brorno-4'-chlorophenyl)ethyl] -5- 

methyl-2-thiophenecarboxaldehyde was added and t h e  ,mixture heated t o  b o i l i n g  w i t h  stirring. A f t e r  

c o o l i n g ,  t h e  r e a c t i o n  m i x t u r e  was f i l t e r e d  and t h e  p r e c i p i t a t e  washed w t h  h o t  water .  The f i l t r a t e  

was a c i d i f l e d  w i t h  0.5 M h y d r o c h l o r i c  a c i d  and e x t r a c t e d  w i t h  e t h e r .  The combined e t h e r  phases 

were d r i e d  over  magnesium s u l f a t e ,  evaporated and r e c r y s t a l l i z e d  f r o m  t o l u e n e ,  y i e l d i n g  0.36 g 

(67 % )  o f  t h e  t i t l e  compound, mp 1 6 1 - 1 6 6 ~ ~ .  Nmr (DMSOI: 6 7.66 (H-3 ' ,  d ,  11, 7.39 (H-5 ' ,  q, 11, 

7.27 (H-6 ' ,  d, 11, 6.77 (H-4, q, 11, 3.28-2.80 (CH2, m, 41, 2.42 (CH3, d, 3 ) ,  J ( 5 ' , 6 ' )  8.5 Hz, 

J ( 3 ' , 5 ' )  2.0 Hz, J (CH3-41 0 .9  Hz. Found: C 47.80; H 3.51.  Calc. f o r  C14H,2BrC102S (359.651: 

C 46.75; H 3.36. 

React ions o f  4-12-(2'-bromophenyl1ethyl1-2-chlorothiophene (41.  

a) k c i i o n - w l t h  b u l y l l f i i x i ! !  e t h e r  at--OOCfor-l-hl From 2.0 g o f  5, 0.17 g of c rude  a c i d  

m i x t u r e  was ob ta ined ,  which a c c o r d i n g  t o  t h e  usual  glc-mass s p e c t r a l  a n a l y s i s  of t h e  t r i m e t h y l -  

s i l y l  e s t e r s  c o n s i s t e d  o f  13 % o f  5-chloro-3-(2-phenylethyll-2-thiophenecarboxy1ic a c i d  (241,  



44 % of 2-12-(2'-chloro-4'-thienyl)ethyl]benzoic a c i d  (5) and 43 % o f  5-ch loro-3-(2 - (2 ' -bromo- 

pheny1)ethyll-2-thiophenecarboxylic a c i d  (26). The mono a c i d s  2 and c o u l d  be i d e n t i f i e d  by 

t h e i r  c h a r a c t e r i s t i c  f ragments i n  t h e  mass spectrum a t  ni le 338, 340 and a t  m/e 207, r e s p e c t i v e l y ,  

and a l s o  by comparison w i t h  a u t h e n t i c  24 ( c f .  be low).  The s t r u c t u r e  o f  6 was a l s o  proven by 

comparison w i t h  an a u t h e n t ~ c  sample. Separa t ion  o f  t h e  a c i d s  was n o t  achieved. 

b )  Reac t ion  w i t h  b u t y l l i t h i u m  i n  e t h e r  a t  - ~ O ' C  f o r  1 h. From 2.0 g o f  4, 0.15 g o f  crude a c i d  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
m i x t u r e  was obta ined.  Glc-mass s p e c t r a l  a n a l y s i s  of t h e  t r i m e t h y l s i l y l  e s t e r s  i n d i c a t e d  t h e  a c i d  

m i x t u r e  t o  c o n s i s t  o f  10 % of 2, 51 % o f  25 and 39  % of 6. 
C )  m c t i g n _ w i t &  b u L y c l t h i ~ i n  e t h e r  &-10% From 2.0 g o f  4, 0.79 g o f  crude a c i d  m i x t u r e  

was ob ta ined .  Glc-mass s p e c t r a l  a n a l y s i s  i n d i c a t e d  t h e  presence o f  35 % o f  24, t r a c e s  o f  25, 42 % 

o f  26 and 23 % of a d i c a r b o x y l i c  a c i d ,  which from t h e  f ragmenta t ion  o f  i t s  t r i m e t h y l s i l y l  e s t e r  

was i d e n t i f i e d  as 5-chloro-3-[2-(2'-carboxyphenyl)ethyl]-2-thiophenecarboxylic a c i d  (27). 
d )  4 y i t h u t y l h t h i u m  Ln-THF-aJ c 0 ~  f o r  m n l  From 1.0 g o f  4, 0.44 g (50 $1 o f  

24 was ob ta ined  which a c c o r d ~ n g  t o  glc-mass s p e c t r a l  a n a l y s i s  o f  t h e  t r i m e t h y l s i l y l  e s t e r  was - 

t h e  o n l y  a c i d  p resen t .  R e c r y s t a l l i z a t i o n  from t o l u e n e  gave r ale y e l l o w  c r y s t a l s ,  mp 95.5-99'. 

Nmr (CDC13): S 7.31-7.13 (benz., m, 51, 6.72 (H-4, s, I ) ,  3.34-2.80 (CH2, m, 4 ) .  Found: C 58.00; 

H 4.17. Calc. f o r  Cl3Hl1C1O2S (266.7) :  C 58.53; H 4.16. 

e )  ne?cLign_wJth E. The c rude  a c i d  6 o b t a i n e d  i n  27 % y i e l d  wes r e c r y s t a l l i z z d  frm to lue ,?e ,  

mlp 15d-160'~. Nmr (DMSO): 6 7.55 (H-3',  2 t ,  I ) ,  7.32-7.10 (H-4 ' .  H-5'.  H-6', m, 3 ) ,  6.93 (H-4, s,  

I ) ,  3.40-2.88 (C1I2. m, 4 ) .  Found: C 45.25; H 2.93; S 9.27; B r  22.50. Calc .  f o r  C13H10BrC102S 

(345.65) :  C 45.17; H 2.92; S 9.28; Br 23.12. 
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