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Abstract - The reaction of some halo-T~{thienyl)-2-phenylethanes such as
3-(2-phenylethyl)thiophene (1}, 3-[2-(2'-bremophenyl)ethylIthiophene {2y,
4-[2-(2' -bromo-4' -chlorophenyl }ethyl1-2-methyithiophene (3} and 4-[2-{2'-
bromopheny1)ethy] 1-2-chlorothiophene (4) with butyTTithium and Tithium-
diisopropylamide (LDA) under various conditions has been investigated.
Competition between halogen-metal exchange in the benzene ring and
metalation of the thiophene ring was observed and an intramolecular
transmetalation reaction was found.

-3 we have

In connection with our work on potentially neuroleptic spirecyclic compounds,
investigated the reaction of 3-(2-phenylethyl}thiophene (1), 3-[2-(2'-bromophenyl)ethyllthiophene
{2), 4-[2-(2'-bromo-4'-chlorophenyl)ethyl]-2-methylthiophene (3) and 4-[2-{2"-bromophenylethyl j-
2-chlorcthiophene (4) with organofithium compounds under various conditions. lle wished to obtain
information on the relative rate of metazlation of thiophenic a-positions versus halogen-1ithium
exchange on bromophenyl moieties, as well as on the further inter- or 1ntramolecular rearrande-
ments of organolithium derivatives in which the Tithium 1s not substituting the most acidic
hydrogen in the molecule.

The compounds 1-4 were all prepared in simi1§r ways, the key step being an 'olefin' synthesis
via the Wadworth-Emmons-Horner modification of the Wittig reaction4 followed by homogeneous cata-
1ytic hydrogenation over the Wilkinson catalyst ch]orotris(tripheny1ph05phine)rhod1um.5 Thus, 1 was
prepared starting from diethyl benzylphosphonate and 3-thicphenecarboxaldehyde followed by hydro-
genation of the predominant (E)-3-(2-phenylethenyl)thiophene (5). Similarly, (E)-3-[2-(2'-bromo-
phenyl)ethenyllthiophene (6) was prepared from diethyl {2-bromopheny1 Jmethylphosphonate and

3-thiophenecarboxaldehyde, which upon hydrogenation gave (2).
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The components used for the synthesis of 3 were 5-methyl-3-thiophenecarboxaldehyde and
drethyl [{2-bromo-4-chlorophenyl)methylIphosphonate. The latter compound was prepared from 4-nitro-
toiuene, Its bromination was best achieved with dibromoisocyanuric acid 1n cone. sulfuric acid.6
Reduction of 2-bromo-4-nitrotoluene with iren and conc. hydrochloric ac1'd,7 followed by diazotiza-
tion of the resulting 4-amino-2-bromotcluene and Sandmeyer reaction gave 2-brom0—4-ch?or0to]uene,8
which through bromination with N-beomosuccinimide in the presence of azobisisobutyranitrile was
converted to 2-bromo-1-broemomethyl-4-chTorobenzene, which by the usual Arbusov reaction was con-
verted to the desired diethyl [{2-bromo-4-chlorophenyl)methyllphosphonate. The (E}-4-[2-(2'-bromo-
4'~chlorophenylethenyl)-2-methyithiophene {7) obtained in the Wadworth-Emmons-Horner reaction was
hydrogenated to 3.

In order to obtain 4, we synthesized Z-chloro-4-thiophenecarboxaldehyde from 2,4-dibromothio-

? It was allowed to react with diethyl [(2-bromopheny))methyl]-

phene via d-bromo-2-chlorothiophene.
phosphonate to give (E)-4-[2-(2'-bromophenyl)ethenyl1-2-chlorothiophene (8), which was then hydro-
genated.

Metalation of 1 with ethereal butyllithium at roonm temperature or with butyllithium in tetra-
hydrofuran at 0% gave, after reaction with carbon dioxide, 3-{2-phenylethyl)-Z-thiophenecarboxylic
acid (9) and 4-(2-phenylethyl)-2-thiophenecarboxylic acid {10) in the proportions 20:80 and 25:75,
and in total yields of 82 % and 71 %, respectively. The isomer distribution was thus not much

different from that obtained in the metalation of 3-methy1th1’0phene.10

Pure 10 was obtained from
the reaction mixture through fractional crystallization from toluene, Authentic 9 was prepared
through halagen-metal exchange between butylTithium and 2-brome-3-(2-phenyiethyl)thiophene {11) at
-70%C followed by reaction with carbon dioxide. Compound 11 was prepared from 1 through bromination

with N-bromosuccinimide in acetic acid-carbon tetrachloride. When 1 was treated with LDA in ether-
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hexane solution at room temperature, no large change in isomer distribution occurred and 9 and 10
were obtained in the proportion 17:83. However, the total yield was in this case much lower. The

isomer distribution was determined by Glc analyses of the trimethylsilyl derivatives.

CozH
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Compound 2 reacted extremely slowly with ethereal butyllithium at -70°C. At room temperature,
a mixture of 9 and 3-[2-(2'-carboxyphenyl)ethy1] -2-thiophenecarboxytic acid (12} was formed upon
reaction with carbon dioxide. The product distribution was very difficult to reproduce, and 9 and
12 were obtained in ratios varying from 7:3 to 3:7, denending partly upon the amount of butyl-
1ithium used. If a deficient amount of butyllithium was used, 9 was obtained almost exclusively.

When 2 was reacted with butyltithium in tetrahydrofuran at —YOOC, 9 and another dicarboxylic
acid, 4-[2-(2'-carboxyphenyl)ethyt] -2~thiophenecarboxylic acid (13}, were obtained in about egual
amounts, besides traces of 10, after reacticn with carbon dioxide. At UUC, 9 and 10 were obtained
in a 5:2 ratio. The structures were evident from 1H nmr and mass spectra.

Under no conditions could the expected prifary product 2-[2-(3'-thienyl)ethyT] benzoic acid
(14) be found. Authentic 14 was prepared through hydrogenation of 2-[2-(3'-thienyl)ethenyl] benzoic
acid (15), obtained by the phosphonate method from 2-formylhenzoic acid and diethyl (3-thienyl-
methyl)phosphonate. It thus seems probable that the initially formed 3-[2-{2'-Tithiophenyl}ethyl] -
thiophene is very unstable and rapidly intramolecularly rearranged to the Z-11thio derivative via
the cyclic state 16 1n the etherea) reaction.

The formation of 12 is more difficult to rationalize. It is possible that metalation of the
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2-position followed by rapid halogen-metal exchange with butyllithium gives the appropriate
dilithium derivative. The halogen-metal exchange must be rapid because no 3-{2-(2'-bromophenyl)-
ethy1]-2-thiophenecarboxylic acid could be detected. It is also difficult to understand why no 13
was formed. Another possibility is therefore that the initial Yithium derivative formed upon
halogen-metal exchange 15 selectively metalated in the thiophenic Z-position. In tetrahydrofuran,
on the other hand, in which metalation is faster than in ether, it is possible that at -70%C the
first-formed Tithium derivative is stable enough to be further metalated in the 5-position, and
that the ortho-5-1ithio derivative does not rearrange. At room temperature, rapid intra- and
1ntermolecular rearrangements could explain the formation of the preducts.

The reaction with LDA is of course much simpler, since no halogen-metal displacement can
occur, and upon reaction with carbon dioxide 4-12-(2'-bromopheny?)ethyl]-2-thiophenecarboxylic
acid (17) and 3-[2-(2'-bromophenyl)ethy?]-2-thiophenecarboxylic acid (18} were obtained in the
proportion 83:17, thus the same as in the metalation of 1 with LDA. The total yield was, however,
only 30 %.

In order to cbtain additional evidence for an intramolecular transmetalation, the reaction of
3 was investigated. In this compourd the 5-position is blocked and the 4'-chlero group could be
expected to increase the rate of halogen-metal exchange and stabilize the 2'-Tithic derivative. At
—70°C, ethereal butyllithiun geve exclusively halogen-metal exchange, and after reaction with
carbon dioxide a 59 % yield of 4-chloro-1-[2-{2'-methy1-4'-thienyl)ethyll-2-benzoic acid {19) was
obtained. If the temperature was allowed to rise to UOC, rearrangement started to occur and after
carbonation, 19 and 3-[2-{4'-chlorophenyl)ethyl-5-methyl-2-thiophenecarboxylic acid tgg)1 wore

obtained in a ratio of 7:3.
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If the reaction was carried out directly at UUC, a mixture of 19 and 20 and the dicarboxylic

19 20 2

acid 3-[2-(2'-carboxy-4'-chlorophenyl)ethyll-5-methy]-2-thiophenecarboxylic acid (21} was obtained

— 450 —




HETERQCYCLES, Yol 15, No 2, 1981

in the proportions 7:1:2, respectively, according to glc analysis of the silyl esters.

In tetrahydrofuran, the resulis were even more clear-cut. At —7D°C, only 19 was obtained
after one hour, while reaction at 0°C only gave the rearranged product 20.

In none of these experiments could the acid obtained through direct thiophene metalation
of 3 be found. Authentic 3-[2-(2'-bromo-4'-chlorophenyl }ethyl1-5-methyl1-2-thiophenecarboxylic acid
(22) was prepared by Vilsmeyer formylation of 3. followed by silver ox1de oxidation of the inter-
mediate 3-[2-(2'-bromo-4*-chlorophenyl)ethyl]-5-methyl-2~thiophenecarboxaldehyde. The compound 22
could not be cbtained by metalation with LDA followed by reaction with carbon dioxide. No acids
could be isolated, but in the neutral phase a large number of components was present. This is

10 If the metalation

probably due to metalation at the 3'-position followed by benzyne formation.
with LDA was carried out in the presence of furan, glc showed the formation of two major compounds,
besides many minor one. The nmr spectrum of the crude product showed olefinic singlets at 5.66 §
and 5.83 &, and one of the main components showed weak molecular 1ons at m/e 303, 301 and strong
peaks at m/e 117 (100 %) and 191, 193, giving some 1ndication that its structure might be 23. It
is known that in the metalation of 1-bromo-3-chlorobenzene predeminantly 3-chlorobenzyne is
formed.12
The reaction of 4 with butyllithium in ether at -70°C was very slow, and even after several
hours only 10-15 % of an acid mixture was obtained. At -62°C to —4G°C, the main acids formed were
5-chloro-3-(2-phenylethyl)-2-thiophenecarboxylic acid (24) (13 %), 2-[2-(2'-chloro~-4'-thienyl)-
ethyllbenzoic acid (25) (44 %) and 5-chlore-3-[2-(2'-bromopheny1)ethy11-2-thiophenecarboxylic
acid. It 15 thus evident that even at this low temperature metalation of the thiophenic 2-position
competes with halogen-metal exchange in the bromophenyl moiety, and some rearrangement has also
occurred. At higher temperatures the amount of 24 ncreased at the expence of 25, and dimetalation
also occurred, leading to the formation of 5-chloro-3-[2-{2'-carboexyphenyl)ethyl1-2~thiophene-
carboxylic acid (gZ) upon reaction with carbon dioxide. In this case, reaction of 4 with LDA
followed by reaction with carbon dioxide gave only 76, which was easily obtained pure. In tetra-
hydrofuran, more easily interpretahle results were obtained. After 3 h at -70°C, a mixture of 24
and 26 in the proportion 7:3 was obtained, showing that at this temperature halogen-metal exchange

and intramolecular rearrangement are faster than direct metalation of 4. Tt was even more

pronounced at 09C as then only 24 was obtained, as could be expected.

S,
/S\COQH CI/S\ Hozc CI/S\CozHBr CE/S\COQH l P

HO,

24 25 26 27
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Gas chromatographic analyses were performed with a Perkin-Elmer 900 apparatus equipped with
a flame-ionization detector. The following columns were used: OV 1 (3 %) on Chrom Q 807100 mesh
(2.5 m, 350%), O¥ 1 (3 %) on Chromesorb W 807100 mesh (1.7 m, 350%) and OV 17 (3 %) on Varaport 30
1007120 mesh {2.5 m, 3500). Mass spectra were recorded on an LKB 9000 mass spectrometer at 70 eV.
Nmr spectra were recorded on a Varian A-60 or a Jeol MH-100 spectrometer with tetramethylsilane
(TMS) as internal standard,

2-Bromo-4-nitrotoTuene. To 27.4 g (0.20 mol) of 4-nitrotoluene 1n 220 ml of conc. sulfuric

acid, a solution of 28.7 g (0.10 mol1) of N,N-dibromoisocyanuric acid in 280 ml of conc. sulfuric
acid was added with stirring, and the mixture was stirred for 30 min. The mixture was poured onto
crushed ice, the precipitate was filtered off and washed with 0.1 M sodium hydroxide solution and
water, yielding 38.0 g (88 %) of the title compound, mp 77-78%C after recrystallization from
ethanol. Literature va]ue:7 mp 76-77°C.

2-Bromo-4-chloro-benzyl bromide. This compound was prepared according to the detailed

description given in Ref. 13. From 198.4 g (0.966 mol) of 2-bromo-&~ch10roto1uene,8 171.9 g
(0.966 mol1) of N-bromosuccinimide, 1.7 g of azobisisobutyronitirle and 950 ml of carbon tetra-
chlorice, 153.8 g (56 %) of the title compound, bp 138-142°C/12 muHg, n;*" = 1.6299, was obtained.

Diethyl benzylphosphonate. A mixture of 59.8 g (0.35 mol) of benzy! bromide and 75.6 g

{0.46 mol) of triethyl phosphite was heated under nitrogen at about 120°C for one h and at 150°C

for another 2 h. The product was distilled 1n vacuo, yielding 73.2 g (92 %} of the title compound,
0 . -

bp 91-97°C/0.05 mmHg. Nmr (CDC13)‘ & 7.30 (CGHS’ s, BH}, 3.99 (EEQCHS, m, 4H}, 3.13 (Eﬂz P, d, 2H),

1.22 (CHEEEB’ t, 6H), J (CH2CH3) 7.4 Hz, J (CHZ—P) 22.0 Hz.

Diethyl {2-bromo-benzyl)phosphonate. This compound was prepared as described above. From

249.9 g (1.00 mol) of 2-bromobenzyl bromide and 216.0 g {1.30 mol) of triethylphosphite, 298.8 g
(97 %) of the title compound, bp 112-122°C/0.02 mikg, ny?? = 1.5238, was obtained. Nmr (COCT,):
§ 6.90-7.73 (CgHy, my 4H), 4.05 (CH,CHy, 0, 4HY, 3.80 (CHy-P, d, 2H), 1.25 (CHyCHy, t, 6H),

J (CHQCHB) 7.6 Hz, J (CHZ-P) 22.0 Hz, J (P—OCHZ) 8.6 Hz. Found: C 42,92; H 5.24; Br 27.10.

Calc. for C BrO3P {307.1): C 43.02; H 5.25; Br 26.02.

11M6
Diethyl [(2-bromo-4-chloropheny])methyl] phosphonate. This compound was prepared as described

above. From 213.3 g (0.75 mol} of 2-bromo-4-chlorocbenzylbromide and 162.8 g {0.98 mo1) of triethyl
phosphite 166.6 g (65 %) of the title compound, bp 131-133%C/0.02 mmHg, was obtained. Nmr (CDC13):
§ 7.62-7.18 (C6H3, m, 3H), 4.07 (EEZCH3, o, 4H), 3.36 (CHZ-P, d, 74}, 1.28 (CHzCH , t, 6H),

J (CHZCHg) 7.3 Hz, J (CHZ—P) 22.4 Hz, J (CHZDP) 8.3 Hz. Found: C 38.40; H 4.38. Calc. for
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CyyHy5BrC10,P (341.6): C 38.68; H 4,43,

General procedure for the preparation of trans diarylethenes by the phosphonate method. To a

cooled suspension of 0.90 mol freshly prepared scdium methoxide 1n 200 ml of anhydrous N,N-di-
methylformamide, a mixture of 0.60 mol of aldehyde and 0.60 mol of phosphonate was added dropwise
with stirring. After the addition was complete, the mixture was stirred at 0°C for 15 min and at
room temperature for 90 min, poured into ice-cold water and extracted with ether. The combined
ether phases were washed with M sodium bisulfite solution and water, and dried cver calcium
chloride. After evaporation of the sclvent, the product was analyzed by gl¢ and recrystallized
from hexane or ethancl.

(E}-3-(2-Phenylethenyl)thiophene (5}. From 45.6 g (0.20 mol) of diethyl benzyl phosphonate

and 22.4 g {0.20 mol) of 3-thiophenecarboxaldehyde, 42.9 g (100 %) of the title compound was
obtained, mp 126-128°C after recrystallization from hexane. Nmr (CDC13): & 7.49-7.20 (aromatic, m,
8H), 7.11 (=CH, d, 1H), 6.87 (=CH, d, 1H), J (CH=CH-t) 16.8 Hz. Found: C 77.20; H 5.32; S 17.00.
Cale. for CypH 08 {186.3): C 77.38; H 5.41; S 17.21.

{E)-3-[2-(2' -Bromopheny])ethenyl] thiophene (6). From 122.8 g (0.40 mol) of diethyl 2-bromo-

benzylphosphonate and 44.8 g (0.40 mol) of 3-thiophenecarboxaldehyde 106.9 g {98 %)} of the title
compound was obtained, mp 48.5-49.5% after recrystallization from hexane. Nmr (CUCT3): complex
muitipiet between 7.62-6.91 §, Found: C 64.50; H 3.20; S 11.90. Calc. for C12HgBrS (263.2):
C 54.35; H 3.42; S 12.09,

{(E)-4-[ 2-(2' -Bromo-4'-chloropheny] }ethenyl] -2-methylthiophene (7). From 205 g (0.60 mol) of

diethyl BQ-brOmo—Q-ch1oropheny1}methy]]phnsphonate and 85.2 g (0.60 mol) of 2-methyl-4-thiophene-

1% 182 g (97 %) of the title compound was obtained, mp 82-84°C after recrystalliza-

carboxaldehyde
tion from hexane, Nmr (CD013): § 7.59-7.17 (benz., m, 3), 7.14 (=CH, ¢, 1), 7.05 {thiaph., s, 2),
6.91 (=CH, d, 1}, 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;
5 10,20. Calc. for CyqH gBre1s (313.65): C 49.78; H 3.21; S 10.22,

(E)-(4-[2-{2'-Bromophenyl)ethenyl] -2-chlorathiophene (8). From 184.2 g {0.60 mol1) of diethyl
5

2-bromopheny1)methy] phosphonate and 87.9 g (0.60 mel) of 5—ch1nr-o—2—th1'nphenecarboxa1dehyde,1
170.7 g (95 %) of the title compound, mp 68-69°C after recrystallization from hexane, was obtained.
Nmr ((CD3)250): § 8.00-6.80 (benz., thioph., CH=CH, m, 8). Found: C 48.15; H 2.67; S 10.67. Calc.

for C HBBPC1S (299.6): C 48.10; H 2.69; S 10.70.

12
General procedure for the preparation of 1,2-diarylethanes. Through a suspension of 0.1 mol

of the (E)-1,2-diarylethene in 300 ml of absolute ethanol, nitrogen gas was bubbled for 15 min,
Then 0.8 g of tristriphenylphosphine rhodium(1) chloride was added and the mixture hydrogenated in
a Parr apparatus at 60-70°C and a hydrogen pressure of 60-30 psi. Hydrcgenation was usually

complete in 4-5 h. The alcohc] was evaporated and the residue chromatographed on a short silica gef
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cotumn using chloroform as an eluent. The catalyst-free solution was evaporated and the residue

distilled in vacue.

3-(2-Phenylethyl)thiophene (1): yield 87 %, bp 70-80°C/0.03 mmHg. Nmr (CDC13): 5 7.26-7.13

(arom., m, 6), 6.92-6.86 (arom., m, 2H), 2.93 (CHZ’ s, 4H). Found: C 76.40; H 6.35. Calc. for

C12H125 (188.3): C 76.55; H 6.42.

3-{2-{2" -Bromopheny1 Yethyl] thicphene (2): yield 88 %, bp $20-126°C/0.1 mmHg. Nmr {CDCOg): 6

7.55-7.47 (H-3', m, 1), 7,24-6.90 (arom., m, 6}, 3.07-2.83 (CH2, m, 4).
4-[2-{2"'-Bromp-4'-chloropheny1)ethyl] -2-methy1thiophene (3}: yield 77 %, bp 148-156°¢/0.02

mmHg. Nor (CDC13): § 7.56-7.96 (benz., m, 3H), 6.66-8.56 (thioph., m, 2}, 3.08-2.66 (CHZ, ms 4},
2.43 (CHS, d, 3}, 4 (CH3—3) 1.1 Hz. Found: C 49.20; H 3.84; 5§ 9.90. Catlc. for C13H12BFC1S (315.7)
C 45.47; H 3.83; S 10.16.

4-{2-(2'-BromophenyT)ethy1] -2-chlorothiophene {(4): yield 85 %, bp 117-124%¢/0.001 mmHg,

n022 = 1.6112, Nmr (CDCT3): § 7.64-7.42 and 7.24-6.94 (benz., 2m, 4H), 6.69 (H-4, d, 1), 6.52

{H-3, d, 1), 3.03 (CHZ, s, 4}, J (3,4) 3.8 Hz. Found: C 47.74; H 3.40; S 10.50. Calc. for

C12H?UBrC1S {301.6): C 47.78; H 3.34; S 10,63.
2-Bromg-3-(2-phenylethyl}thigphene (11). To 4.0 g (0.021 mol) of 3-2-(phenylethyl)thiophene

in 15 m! of chloroform and 15 m? of acetic acid, 4.0 g (0.022 mol) of N~bromosuccinimide was added
and tho 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 tc yield 3.5 g of crude
product. Nar (CDC14): § 7.26-7.15 (benz., m, 5}, 7.11 (H-5, d, 1), 6.69 (H-4, d, 1}, J (4,5) 5.6 Hz

3-[2-(2'-Bromo-4' -chlorophenyl }ethy]]-5-methyl-2-thiophenecarboxaldehyde. Tc a mixture of

5.0 g (0.018 mol) of 4-{2-(2'-bromo-4' -chlorophenyl)ethyl] -2-methy) thiophene and 1.44 g (0,020

mol} of N,N-dimethylformamide cocled with ice, 3.04 g {0.020 mol) of phosphorous oxychloride was
added dropwise with stirring. The mixture was stirred for an additional 30 min with cooling, and
then heated to 7500 for 30 min, poured onto ice and alTowed tc 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, mp 70-73°C after recrystal-
lization from hexane, Nmr (CDC13}: & 9.78 {CHO, s, 1), 7.56 (H-3', d, 1), 7.19 {(H-5', a, 1), 7.02
(H-6", d. 1), 6.70 (H-4, q, 1), 3.27-2.50 (CH,, m, 4), 2.50 (CHy, @, 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; § 9.28. Calc. for Cy4Hy,BrC1os (343.65): C 48.93;
H 3.52; $ 9.33.

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

mmal) of the diaryl ethane in arhydrous ether or anhydrous tetrahydrofuran, 1.3 eguivalents of
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butyllithium in hexane was added (when not otherwise stated} at the appropriate temperature and
stirred at -70°% usually for 1-7.5 h and then at 0°C for 15 min or at room temperature for 30 min.
The reaction mixture was then poured onto freshly crushed carbon dioxide covered with ether or
tetrahydrofuran. After a few hours, water was added and the water phase separated. (Ether was added
for the extraction if tetrahvdrofuran had been used as solvent.) The alkaline water phase was
acidified with 1 M hydrochloric acid. The precipitated organic acid was taken up in ether and the
aqueous phase extracted with ether. The combined ether phases were washed with 0.5 W hydrochloric
acid, dried over magnesium sulfate and evaporated. Mmr spectra were run on the crude products,
which were silylated with BSA and analyzed by glc and combined glc-mass spectrometry. Then separa-
tion of pure compounds was attempted and in some cases also achieved.

Reaction with Tithium diisopropylamide (LDA}. General procedure: Lithium diisopropylamide

was prepared by mixing 1.1 g {0.011 mn1) of freshly distilled diisopropylamine in 10 ml of anhyd-
rous ether with 7.6 m1 (0.07% wol) of butyllithium in a dropping-funnel uncder nitrogen. When the
evolution of butane had subsided and the mixture had reached room temperature, it was added drop-
wise to 2.7 g (0.010 mel) of compound 1, 2, 3 or 4 in 50 ml of anhydrous ether at room temperature.
When the addition was complete, the mixture was refluxed for 3 min, (In one experiment with
compound 2, the reaction mixture was refluxed for 1 h, but this gave only a 2 % better yield of
acid, after reaction with carbon dioxide. The mixture was cooled to room temperature and then
poured onte crushed carbon dioxide covered with ether and then worked up and analyzed as described
above.)}

Reaction of 3-{2-phenylethyl}thiophene (1).

a} Reaction_with butyllithium in ether at room temperature for 30 min. From 2.0 g of (1), 2.02 g
(82 %) of crude acid mixture was obtained, which according to glc analyses of silyl esters
consisted of 80 % of 4-(2-phenylethyl)-2-thiophenecarboxylic acid (10} and 20 % of 3-(2-phenyl-
ethyl}-2-thiophenecarboxylic acid (9). Recrystallization from toluene, followed by trituration with
boiling hexane {which dissolved residual 9), and recrystallization from toluene gave pure
4-(2-phenylethyl)-2-thiophenecarboxylic acid (10), mp 150-152%C. Nmr (CDC13): & 7.25-7.17 (benz.,
m, 5), 7.59 (H-3, ¢, 1}, 7.09 (H-5, d, 1), 2.89 (CHE, s, 44}, J (3,5} 1.7 Hz. Found: C 67.6D;

H 5.32. Calc. for C13H12025 (232.3): C 67.21; H 5.21.

b) Reaction with butyllithium in tetrahydrofuran at 0°C for 30 min. From 2.0 g of 1, 1.74 g of

crude acid mixture was obtained, which actording to gle analyses of si1lyl esters consisted of 75 %
of 10 and 25 % of: 9,
c) Reactign with LDA. The crude acid mixture obtained from 1 in 32 % total yield consisted of 10

and 9 in the proportion of 83:17.
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3-(2-Phenylethyl)-2-thiophenecarboxylic acid (9). From 2,0 g (0.0076 mol)} of 2-bromo-3-

(2-phenylethyl}thiophene and 6.5 m1 (0.009% mol) of butyllithium in hexane, 0.70 g (39 %) of the
title compound was obtained at -707¢ foltowing the general procedure given above, mp 156-161°¢
after recrystallization from toluene. Nmr (CDC]3): § 7.23 (benz., s, 5), 7.46 {H-5, d, 1), 6.89
(H-4, d, 1), 2.86-3,43 (CHZ’ m, 4), J {4,5) 5.1 Hz. Found: C 67.10; H 5.24; 5 13,70. Calc. for
C13H12023 {232.3}: C 67.21; H5.21; S 13.80.

Reactions of 3-[2-{2'-bromcphenyt)ethyl]thiophene (2).

a) Reaction_with butyliithium in ether at room temperature for 30 min. From 2.0 g of 2, 1.60 g of
crude acid mixture was obtained. The corresponding silyl esters were determined by combined glc-
mass spectrometry, which indicated the presence of one monocarboxylic acid (30 %) and one dicarb-
oxylic acid (70 %). The mixture was then boiled with toluene and the insoluble product recrystal-
Tized from aqueous ethanol, yielding not completely pure 3-[2—(2'-carboxypheny])ethy]]-2-thio-
phenecarboxylic acid, wp above 160°C. Nmr {OMSD): & 7.85 (h-5, d, 1), 7.47-7.24 {benz., m, 3),
7.01 (H-4, d, 1), 3.24 (CHE, s, 4), J {4,5) 5.1 Hz. Nmr of the crude product showed that the mono-
carboxylic acid present in the mixture was 3-(2-phenylethyl)-2-thiophenecarboxylic acid {9).

b) Reaction_with butyllithium in THF 3t_03C_fgr_3g min. From 1.0 g of 2, 0.42 ¢ of crude acid
mixture was obtained. Combined glc-mass spectrometry of the silylation product showed the presence
of two isomeric $ilyl esters of monocarboxylic acids. Mmr spectrum of the crude acid product
showed that it consisted of 3-(2-phenylethyl)-2-thiophenecarboxylic acid (9) and 4-(2-pheny?-
ethyl)-2-thiopherecarboxylic acid in the proportions 5:2.

c) Reaction of 2 with butyllithium in THF at -70°C. From 2.0 g of 2, 1.2 g of acid mixture was
obtained. From combined glc-mass spectrometry of the silyl esters, we found that trace amounts of
4-(2-phenylethy1)-z-thiophenecarboxylic acid {18) had been formed. The wain components were
3-(2-phenylethy1)-2-thiophenecarboxylic acid (9} and 4-[2-(2'-(carboxyphenyl}ethy1] -2-thiophene-
carboxylic acid [1§) in about equal amounts. The dicarboxylic acid was obtained almost pure by
recrystallization from toluene, mp 173-179°C. Nmr {DMSC): & 7.93-7.84 {H-3, m, 1), 7.65 (H-3, d,
1), 7.41 (H-5, d, 1), 7.47-7.23 (benz., m, 3}, 3.53-2.79 (CH,, m, 4), J (3,5) 1.7 Hz.

d} Reaction with LDA, The crude acid mixture obtained in 30 % yield was shown by glc-mass
spectrometry of the silylated derivatives to consist of 83 % of 4-[2-(2'-br0mcphenyl)ethy1]~2-
thiophenecarboxyiic acid (17) and 17 % of 3-]2-(2'-bromophenyl)ethyl] ~2-thiophenecarboxylic acid
(18). Recrystallization from toluene gave pure 17, mp 124°C. Nmr (DMSO): & 7.64-7.51 (H-3, H-3",
m, 3), 3.11-2.76 (CHZ, m, 4). Found: C 50.05; H 3.60; S 10.55; Br 25.50. Calc. for C13H11Br02$
(311.2): C 50.17; H 3.56; S 10.30; Br 25.68. 18 was not abtained pure but was characterized by the

mass spectrum of its silyl derivative and by its nmr spectrum. Ms (siTyl ester): m/e 384 (8 %),

382 (8 %), 369 {12 %), 367 (12 %), 259 (28 %}, 213 {76 %), 185 (28 %), 73 (100 %). Nmr (DMSO): &

~ 956 —




HETEROCYCLES, Vol 15, No

7.64 (H-5, d, 1), 6.98 (H~4, d, 1}, J (4,5) 5.1 Hz.
Reactions of 4-[2-(2'-bromo-4'-chloroptenyltethyl]-2-methylthiophene (3).

a) Reaction with butyllithium at :jgpg_jpﬁ_l h. Only 4-chloro-1-[2-(2"-methyl-4-thieny])ethyl] -
2-benzoic acid {19) was obtained 1n 59 % yield, mp 99-102°C, after recrystaliization from toluene,
Mmr (DMSO}: & 7.81 (H-3', d, 1), 7.43 {(H-5', g, 1), 7.23 (H-6’, d, 1), 6.75 (H-3, g, 1), €.66
(H-5, t, 1), 3.26-2.66 (CHZ’ m, 4}, 2.40 {CH3, d, 3), J(3',5') 2.4 Hz, J (3',4') 8.6 Hz, J (3,5]
1.1 Hz, J (CHZ—S) 1.1 Hz, J (CH3—4) 1.0 Hz. Found: C 60.00; H 4.67; 5 11.40. Calc. for T, H,5C105
(280.8): C 59.89; H 4.67; S 11.42. Similar results were obtained in THF at -70°C,

b) Reaction with butyliithium in THF Etkpfpﬁfgrq1§'@jg. Only 3- 2-(4'-chlorophenyl)ethyl -5-
methy1-2-thiophenecarboxylic acid (gg), mp 172-178°C after recrystallizaticn from toluene was
obtained. It had the same nmr spectrum as an authentic sample, mp 178.5-179.5, prepared
previous1y.1

product was obtained. Silylation and combined glc-mass spectrometry 1n the usual way indicated

the formation of the acids 18, 20 and of 3-[2-(2'-carbaxy-4'-chloropheny])ethyl] -5-methyl-2-
thiophenecarbexylic acid (21) in the proportions 7:1:2. Treatment of the acid mixture with

boiling toluene left the insoluble diacid 21, which was then recrystallized from ethanol, yi1elding
almost pure 21, mp 248-257°C. Ner (DMSO): & 7.82 (H-3', d, 1), 7.45 {H-5', q, 1), 7.25 (H-6', d,
1), 5.71 (H-4, q, 1), 3.18 (CH,, 5, 4}, 2.42 (CH3, d, 3}, J {5'.6') 8.3 Hz, J (3',6') 2.4 Hz,

J (CH3-4) 1.0 Hz.

3-12-(2'-Bromo-4'-chlorophenyT Jethy 1] -5-methy1-2-thiophenecarboxylic acid {22}. To a

suspension of silver oxide prepared from 0,52 g (3.1 mmol) of silver nitrate and 0.24 g (6.0 mmol)
of sodium hydroxide in 5 m1 of water 0.5 g (1.5 mmol) of 3-[2-(2'-bromo-4'-chlorophenyTjethyT] -5-
methy1-2-thicphenecarboxaldehyde was added and the mixture heated te boiling with stirring. After
ccoling, the reaction mixture was filtered and the precipitate washed with hot water. The filtrate
was acidified with 0.5 M hydrochleric acid and extracted with ether. The combined ether phases
were dried over magnesium sulfate, evaporated and recrystallized from toluene, yielding 0.36 g

(67 %) of the title compound, mp 161-166°C. Nmr (DMSO): & 7.56 (H-3', d, 1), 7.39 (H-5', q, 1},
7.27 (H-6', d, 1), 6.77 (H-4, q., 1), 3.28-2.80 (CHZ‘ m, 4}, 2.42 (CH3, d, 3), J (5',6") 8.5 Hz,

J (3',5') 2.0 Hz, J (CH3-4) 0.9 Kz. Found: C 47.80; H 3.51. Cale. for C,,H 2BrC1023 (359.65):

1471
C 46.75; H 3.36.

Reactions of 4-[2-(2'-bromophenyljethyl]-2-chlorethiophene (4).
a}) Reaction with butyllithium in ether Et_jgogc_fgr_1_h;_ From 2.0 g of 4, 0.17 g of crude acid

mixture was obtained, which according to the usual glc-mass spectral analysis of the trimethyl-

silyl esters consisted of 13 % of 5-chloro-3-(2-phenylethyl)-2-thiophenecarboxylic acid (24},
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44 % of 2-[2-(2’-chloro-4'-thienyl)ethyl]benzoic acid (25) and 43 % of 5-chlere-3-{2 -(2'-bromo-
phenyl)ethyl] -2-thiophenecarboxylic acid (26}. The mono acids 24 and 25 could be identified by
their characteristic fragments in the mass spectrum at m/e 338, 340 and at m/e 207, respectively,
and also by comparison with authentic 24 (cf. below). The structure of 26 was also proven by

comparison with an authentic sample. Separation of the acids was not achieved.

mixture was cbtained. Glc-mass spectral analysis of the trimethylsilyl esters indicated the acid

mixture to consist of 10 % of 24, 51 % of 25 and 39 % of 28,

was obtained. Glc-mass spectral.anaTysis indicated the presence of 35 % of 24, traces of 25, 42 %
of 26 and 23 % of a dicarboxylic acid, which from the fragmentation of its trimethylsilyl ester
was identified as 5-chloro-3-[2-(2'-carboxyphenyl}ethyl] -2-thiophenecarboxylic acid {27).

d} Reaction of 4 with butyll1thium in THF at 0°C for 30 min. From 1.0 g of 4, 0.44 g (50 %) of

24 was pbtained which according to glc-mass spectral analysis of the trimethylsilyl ester was
the only acid present. Recrystallization from toluene gave pale yellow crystals, mp 95.5-99°,
Nmy (CDC13): § 7.31-7.13 (benz., m, 5), 6.72 {H-4, 5, 1), 3.34-2,80 (CHE’ m, 4). Found: € 58.00;
H 4.17. Cate. for C,,H C1023 (266.7): C 58.53; H 4.16.

13N
e} Reaction with LDA. The crude acid 26 obtained in 27 % yield wes recrystallizad from toluene,
mp 153-166°C. Mmr (DMSO): § 7.55 (H-3', 2t, 1), 7.32-7.10 (H-4', H-5', H-6', m, 3}, 5.93 (H-4, s,
1), 3.40-2.88 (CHQ, m, 4). Found: C 45.25; H 2.93; § 9.27; Br 22.50. Calc. for C?3H1DBrC1UZS

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