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REACTION OF BENZO[b]THIOPHEti-5- AND 6-HETHANOLS WITH n-BU'lYLLITHILN. 

DIRECTED LITHIATION IN THE BENZENE RING 
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Abstract - The preparation of 3-mefhylbenzolblthiophene-6-methanol (2) is 

described. Treatment of 2 with n-butyllithium followed by C02 gave, in 

addition to the expected 2-carboxylic acid 1, a substantial quantity of 

the lactone 2 formed via lirhiation at the 7-position. It was concluded 

that lirhiation at the 7-position is favoured by a co-operarive effect of 

the anion of the alcohol and the ring sulphur atom, as well as the 

3-methyl group which reduces the rate of lithiation at the 2-position. In 

the case of compounds in which the alcohol group is at the 5-position or 

which lack the 3-methyl group, lithiation in t?e benzene ring was much 

less favoured. 

In connection with the synthesis of some imidazolylmethylbenzo[blthiophene thromborane synthetase 

inhibitors, several hydroxymethylbenzo[blthiophene-2-carboxylie acids were required as inter- 

mediates. A particular target was 1 for which the hydroxymethyl intermediate 2 was needed. 

Benzo[b]thiophene-2-carboxylic acids are conveniently prepared by treatment of a benzo[blthlophene 

with n-BuLi followed by C02.2'3 Such an approach for the synthesis of 2 required the preparation 

of the alcohol 2 (Scheme I). 6-Bromo-3-methylbenzo[b]thiophene L was considered to be a suitable 

precursor to - 3 since bromination of 2-bromo-3-methylbenzo[b]thiophene (4) is reported ' to give 
exclusively the 2,6-dibromo compound 5 from which 1 should be available by selective 

mono-debromination. However, in our hands, bromination of 4 gave an inseparable mixture of Land 

what was show by subsequent reactions to be the 2,4-dibromo isomer 6 in the ratio 4 : I (Scheme 

I ) .  Treatment of the mixture with I equivalent of n-BuLi followed by hydrolysie gave a mixture of 

the monobromo isomers 1 and 8. It wae found fortuitously that 5 reacted more rapidly with n-BuLi 
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than 1 which provided a means of obtaining pure L. Treatment of the mixture with just sufficient 

n-BuLi to react with the 4 present followed by GO2 gave the acid 9, while distillation of the 

neutral fraction yielded pure 1. The greater reactivity of 8 than I may be ascribed to release of 

steric strain caused by peri - interaction of the substituents in 8. Release of steric strain has 

been found to be an important factor in determining the course of metal-halogen exchange in 

2,5-dibrom0-3-alkylthiophenes.~ A pure sample of 1 was prepared by re-bromination of L. 

Conversion of 1 to the acid 10 (MgIMeI followed by CO?) and then reduction (BH .THF) was found to 
3 

be the most convenient route to 2. Treatment of 2 with 2.5 equivalents of n-BuLi in ether 

followed by CO gave only a moderate yield (50%) of the acid 2 together with 27% of the lactone 11 2 

(Scheme 11). The latter must have arisen from lithiation at the ?-position followed by cyclisa- 
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tion of the hydroxy acid formed on carbonation. Since direct metalation in the benzene ring of a 

benzolblrhiophene lacking a 2-substituent appears to be unprecedented it was decided to 

investigate the factors responsible. 

It is known that 3-methylbenzo[b]thiophene lithiates exclusively in the 2-po~ition~'~ so the 

hydroxymethyl group, in the form of its anion, must be playing a role in directing lithiation to 

the 7-position. The role of heteroatom substituents in complexing organolithium reagents and 

thereby directing lithiation in aromatic systems is now well recognised.8 However, lithiation of 

benzyl alcohol in ether reqvires extended reaction times and even then only a low yield of product 

is formed after carbonati~n.~'~~ The more reactive n-BuLiItetramethylethylenediamine system is 

required to obtain acceptable yields in this reaetion.ll Thus, it is likely that additional 

factors are involved in the lithiation of 2 at the 7-poeition. It is known that an additional 

heteroatom substituenr in the 3-position of benzyl alcohol (e.g. OCH ) markedly assists lithiation 
3 

between the substituents. 10'L5 In the case of 2, it is probable that a co-operarive effect of the 

alkoxide anion and ring sulphur atom plays a role. The absence of any product derived from 

lithiation at the 5-position is evidence for the importance of the sulphur. Where metalation in 

the thiophene ring is not possible, as in dibenmthiophene, then the sulphur alone is sufficient 

to direct lithiation to an adjacent benzene ring position. 12 

In the case of the 5-hydroxymerhyl compound l2, e co-operarive effect is not possible, and 

lithiation under identical conditions fallowed by carbonation led to almost exclusive formation of 

the 2-earboxylic acid 12. Two lactone products 14 and 15 were formed in yields of only 0.8% and 
1% respectively. 

Another factor which could affect the relative extent of lithiation at the 2- and 7-positions is 

the inductive effect of the 3-methyl group which would decrease the acidity of the ?-proton and 

hence reduce the rate of lithiation relative to the corresponding desmethyl compound.13 Thus, 

lithiation of %l4 under identical conditions gave, after carbonation, a 67% yield of the 

2-carbonylic acid 2 together with only 3.5% of the lactone 18 (Scheme 11). 



The 4-methony analogue 2 was considered interesting since Lhe additional. substiruent might be 

expected to direct lithiation to the 5-position. 10'15 Treatment of 19 with n-BuLi followed by CO 
2 

gave a 79% yield of the 2-carboxylie acid 2. The predominant lactone product, though formed in 

m l y  0.9% yield was 21. The extent of lithiation adjacent to the methoxy group was negligible as 

shown by the isolation of only 0.06% of the isomeric lactone 22. The two isomers were 

distinguished by the presence of long range coupling (0.8 Hz) between H-3 and H-7 in the nmr 

spectrwn of 22. l6 Thus, even when additional activation is present in the benzene ring, 

lithiation in the 2-position ie by far the most preferred reaction. 

EXPERIMENTAL 

All melting paints are uncorrected. The structures of all compounds were confirmed by their ir 

1 
and nmr spectra. The ir spectra were recorded on a Perkin Elmer 983 spectrometer and the H 

nmr spectra were obtained using either a Varian XL-100-15 or a Bruker WM 250 spectrometer using 

CDCl as solvent unless otherwise stated. Accurate mass measurements were obtained using a VG 70 
3 

70 EHF mass spectrometer. 

2,4-Dibromo-3-methylbenro[b]thiophene (6) and 2,6-dibromo-3-methylbenzo[b]thiophene (5). 

Bromination of 2-bromo-3-methylbenro[b]thiophene by the literature procedure gave a mixture of 2 

and 6 (85X), bp 171-173'~ 1 2m., mp 35 - 40'~ (lit. mp 39 - 41'~); 100 Mz 'H nmr (2): 6 2.33 (s, 

3H, CH3), 7.44 (app*. s ,  IH, H-4 or H-5), 7.45 (appr. s,  lH, H-5 or H-41, 7.82 (dd, H-7). Signals 

due to 5 include; 2.69 (s,3H, CH3), 7.08 (t, IH, J = 8Hz, H-6). The CH integral retioa showed 
3 

that 2 and 5 were present in the ratio 4 : 1. 

4-Bramo-3-methylbenzo[b]thiophene (8) and 6-bromo-3-methylbenzo[b]thiophene (7). A 1.6M solution 

of n-butyllithium (93.6m1, 0.15mol) was added dropwise to s stirred solution of 1 and 6 prepared 

as described above (45.9g, 0.15mol) in dry ether (250ml) at O'C. The 8dution was stirred at O'C 

for 30 mi" and then an excess of water was added. The organic layer was dried (Na SO ) and 2 4 

distilled to give a mixture of I and 8 (25.0g, 73%), bp 126 - 132~~13mm (Pound:C, 47.89; H, 3.10. 

1 
Calc for C H BrS : C,47.59; H, 3.11%). lOOMHz H nmr (1) : 6 2.40 (d, 3H, J - 1.2Hz, CH3), 7.02 

9 7 
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(9, IH, J = 1.2Hr, H-21, 7.46 (dd, IH, 5 = 8.6, 1.7Hz. HH), 7.53 (dd, lH, J = 8.6, 0.7Hz, H-4), 

7.95 (dd, IH, J - 1.7, 0.7H2, H-7). (8) : 6 2.75 (d, J - l.ZHz, CH ), other signals obscured. 3 

6-Bromo-3-methylben.oIblthiophene (7) and 3-methylbenroIblthiophene-4-ca~boxylic acid (9). A 1.6M 

solution of n-butyllithium (15.2~11, 0.024mol) was added dropwise with stirring to a solution of 1 

and 8 (27.5g, O.12mol) (in a ratio 4 to 1, prepared as described above) in dry ether (2OOml) at 

-70'~. The solution was stirred at -70' for 15 mi", allowed to warm up over 30 mi" and then 

poured onto a mixture of solid CO and dry ether. When the CO had evaporated the mixture was 2 2 

washed with water and the organic layer was dried (Na2S04). Evaporation of the solvent and 

distillation of the residue gave 6-bromo-3-methylbenzolblthiophene (19.5g, 71% based on total 

starting material), bp 136 - 141'~ I 2.5mm. Found:C, 48.00; H, 3.11. Calc for C H BrS : C,47.59; 9 7 

H. 3.11%. 100 MHz 'H nmr : 6 2.40 (d, 3H, J = 1.2Hz, CH3), 7.02 (q, IH, J = 1.2Hz, H-2), 7.46 

(dd, In, J - 8.6, 1.7Hz, H-5), 7.53 (dd, IH, J = 8.6, 0.782, H-4), 7.95 (dd, 18, J = 1.7, 0.7H2, 

H-7). 

The aqueous layer was acidified with conc. HC1 and the solid was filtered off, washed with H 0, 2 

dried and crystallised from toluene to give 9 (3.20g. 14% based on total starting material), mp 

184 - 186'~. Found:C, 62.14; H, 4.06. C H 0 S requires: C, 62.48; H, 4.19%. 250MHz 'H nmr 10 8 2 

(CD3)2C0 : 6 2.47 (d, 3H, J = 1.3H2, 3-CH3), 4.35 (br s, IH, C02H), 7.39 (dd, IH, J = 7.3, 8.4Hz, 

H-6). 7.41 (q, IH, J = l.3Hz, H-2), 7.63 (dd, lH, J = 7.3, l.OHz, H-5), 8.05 (dd, lH, J - 8.4, 
l.OHz, H-7). 

2.6-Dibromo-3-methylbenlo[b]thiophene (5). A solution of Br2 (11.2g, 0.07mol) in CHC13 (50ml) was 

added dropwise to a stirred solution of L (15.9g, 0.07mol) in CHC13 (200ml). The solution was 

stirred for 3 h washed with H20, NaHC03 soh., dried (Na2S04) and evaporated. Distillation of the 

residue gave 5 (19.0g, 89%), bp 208 - 212'~ 1 15 mm, mp 49 - 50'~ (from petrol b.p. 40 - 60'0. 

1 Found:C, 35.88; H, 2.01. C H BrS requires: C,35.32; H. 1.98%. 100 MHz H nmr : 6 2.35 (s, 3H, 9 7 

3-CH ), 7.46 (appr. 6 ,  IH, H-4 or H-5), 7.47 (appr. s, IH, H-5 or H-4). 7.84 (dd, IH, 8-7). 3 

3-Methylbenzolblthiophene-6-~arb0~ylic acid (10). A mixture of 1 (16.8g, 0.074mol) and 

iodomethane (23.8g, 0.17mol) was added dropwise to a mixture of Mg turnings (11.06g) and dry ether 

(150ml) at such a rate that the reaction was not too vigorous. The mixture was then heated under 

reflux for 30 min, cooled and poured onto a mixture of solid CO and dry ether. When the C02 had 
2 

evaporated, the mixture was washed with dil. HC1 and the layers were separated. The aqueous layer 

was washed with ether and the combined organic layers were washed with H20, dried (Na2S04) and 

evaporated. The residue was ~r~stallised from ethyl acetate to give 10, (7.71g. 54Z), mp 229 - 



231'~. Pound:C, 62.49; H. 4.20. C H 0 S requires: C, 62.48; H, 4.19%. 250 MHz 'H nmr (CD3)2C0 10 8 2 

: 6 2.47 (d, 3H, J - l.OHz, 3CH3), 3.75 (br s ,  IH, C02H), 7.53 (q, lH, J = l.OHz, H-Z), 7.86 (dd, 

IH, J = 8.4, 0.9Hn, H-4), 8.05 (dd, lH, J = 8.4, 1.3Hz. H-5), 8.60 (dd, IX, 5 = 1.3, 0.9Hz. H-7). 

3-Methylbenro[blthiophene-5-methanol (12). A solution of ethyl 3-methylbenzo[b]thiophene-5- 

carboxylate (14.44g, 0.066mol) in dry ether (50ml) was added dropwise with stirring to a mixture 

of LiA1H4 (5.32g, O.156mol) in dry ether under dry N2. Sufficient heat was applied during the 

addition to maintain gentle reflux. The mixture was heated under reflux with stirring for 3 h and 

then cooled. Water (5.3ml) was added cautiously with stirring, followed by 5N NaOH sol" (5.3ml) 

and further H20 (16ml). The mixture was filtered and the filtrate was dried (Na2S04) and 

evaporated. The residue was crystallised from etherlpetrol (bp 40 - 60'~) to give 12 (8.93g, 

76%), mp 51 - 53'~. Found:C, 67.32; H, 5.66. C H 0s requires: C,67.38; H, 5.66%. 250 MHz 'H 
10 10 

nmr : 6 2.45 (d, 3H, J = 1.2Hz, 3CH3), 2.57 ( 8 ,  IH, OH), 4.79 (dd, 2H, J = 0.8, 0.5Hz, CH2), 

7.11 (dq, IH, J = 1.2, 0.4Hz, H-2), 7.33 (dddt, IH, J - 8.2, 1.6, 0.8, 0.4Hz, H-6), 7.67 (ddt, IH, 

J = 1.6, 0.65, 0.5Hz, H-4), 7.82 (dd, IH, J = 8.2, 0.65Hz. H-7). 

3-Methylbenzolblthiophene-6methanol (3). A 1M solution of borane-THE complex (44m1, 0.049mol) 

was added dropwise to s stirred solution of 10 (6.37g. 0.033mol) in dry THF (100ml) at O'C. The 

solution was stirred at room temperature for 18 h and then an excess of MeOH was added cautiously 

to decompose excess borane. The eolution was evaporated and the residue was dissolved in ether. 

The solution was washed with water, dried (Na SO ), evaporated and the residue was distilled to 
2 4 

give 2, 4.759 (81%), bp 147 - 149' I Imm, mp 65 - 67'~ (from CC14/petrol, bp 40 - 60'~). Found:C, 

1 
67.15; H, 5.73. CIOHIOOS requires: C,67.38, H, 5.66%. 250 MHz H nmr : 6 1.72 (s, lH, OH), 2.44 

(d, 3H, J = 1.2Hz, 3-CH3), 4.82 ( e ,  2H, CH2), 7.07 (q, lH, J = 1.2H2, H-2), 7.39 (dd, IH, J = 8.2, 

1.5Hz, H-5), 7.70 (dd, lH, J = 8.2, 0.65Hz, H-4). 7.85 (dd, lH, J = 1.5, 0.65Hz. H-7). 

4-Methoxybenzo[b]thioPhene-6-methanol (19). Reduction of methyl 4-methoxybenzo[b]hoxybenzo[blhiophene-6- 

carboxylate with LiA1H4 as above gave 19 (83%), mp 59.5 - 60.5'~ (from ethyl acetatelpetrol bp 60 

I 
- 80'~). Found:C, 61.82; H, 5.16. C10H1002S requires: C.61.83; H, 5.19%. 250 MHz H nmr:6 

1.78 (t, IH, J - 5.95Hz, OH), 3.97 ( 8 ,  3H, 0CH3), 4.78 (d, 2H, 3 = 5.95Hz, CH2), 6.78 (br s, lH, 

H-5). 7.33 (d, IH, J = 5.5Hz, H-2), 7.44 (br 6 ,  IH, H-7), 7.47 (dd, IH, J = 5.5, 0.7Hz, H-3). 

Reaction of 3-methylbenzo[b]thiophene-6-methanol (3) with n-BuLi and C 0 2  A solution of 3 (1.78g. 

0.Olmol) in dry ether (25ml) was added over 2 min to a stirred eolution of a n-butyllirhium 

(16.0ml of 1.6M sol" in hexane, 0.025mol) in dry ether (50ml) at O'C under dry N,. The mixture 
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was stirred ar OOC for 2 h and then an excess of crushed solid CO was added. When the CO2 had 2 

evaporated, the mixture was washed with water and the aqueous extract was washed with ether and 

acidified with eonc. HC1. The solid was filtered off, washed with water, dried at 100'~ for 4 h 

and then partitioned between ethyl acetate and dil. NaHCO sol". The NaHC03 layer was washed vith 
3 

ethyl acetate and acidified with conc. HC1. The solid was filtered off, washed vith water and 

dried to give 1, 1.10g (50%). mp 234 - 236' (decamp.) (from ethanol/H20). Found:C, 59.28; H, 

4.50. C H 0 S requires: C,59.44; H. 4.54%. 250 MHz 'H nmr (DMSOd-6) : 6 2.72 ( s ,  3H, H-3), 11 10 3 

3.36 (br s ,  lH, OH), 4.66 ( s ,  2H, CH2), 5.38 (br s, lH, OH), 7.43 (dd, lH, J - 8.4, 1.4Hz, H-5). 

7.90 (dd, IH, J = 8.4, 0.7Hz, H-4), 7.92 (dd, lH, J = 1.4, 0.7Hz, H-7). 

The combined ethyl acetate extracts were washed with water, dried (Na SO ) and evaporated to give 2 4 

11 (0.55g, 27%) mp 152 - 154'~ (from tol~enel~etrol bp 60 - 80'~). Found:C, 64.42; H, 3.89. - 

C H 0 S requires: C,64.68; H. 3.95%. V,. 1745cm-l; 250 MHz nmr : 6 2.52 (d, 3H, J = 1.2Hz, 11 a 2 
3-CH3), 5.45 (d, 2H, J = 0.7Hz, M2). 7.27 (q, LH, J = l.ZHz, H-Z), 7.47 (dt, lH, J - 8.2, 0.7Hz, 
H-5), 8.00 (d, lH, J = 8.2Hz, H-4). 

starting material (11%) was recovered after evaporation of the neutral ether solution. 

Reaction of 3-methylbenzo[blthiophene-5-methanol (12) with n-BuLi and C02. Treatment of 2 with 

n-BuLi and C02 by the above method gave the aeid 11 (56%), m.p. 260 - 262'~ (from ethanol). 

Found:C, 59.52; H, 4.70. C H 0 S requires: C.59.44; H, 4.54%. 250 MHz m~r:(a"lSO~_~) : 
11 10 3 

6 2.72 ( s ,  3H, 3-CH3), 3.72 (br, OH), 4.66 (s, ZH, CH2), 7.48 (dd, lH, J - 8.3, 1.6Hz, H-6), 7.86 

(d, 1H, J - 1.6Hz, H-4). 7.93 (d, lH, J - 8.3Hzl H-7). 

A mixture of laetones was obtained which was chromatographed on silica gel. Elution vith toluene 

first gave 2, (0.8%). mp 179 - 180'~ (from ethyl acetate). Found:C, 64.39; H, 4.08. CllH802S 

1 
requires: C, 64.68, H, 3.95%. Vco 1 7 4 5 ~ -  ; 250 MHz 'H nmr : 6 2.91 (d, 3H, J - l.OHz, CH3), 5.38 

(d, 2H, J = 0.7H1, CH2), 7.31 (dq, lH, 5 -  0.8, l.OHz, H-2), 7.36 (ddt, lH, J - 8.3, 0.8, 0.7H1, 

H-6), 8.09 (d. lH, J = 8.3Hz. H-7). Further elution with toluene gave 15 (I%), mp 197 - 198'~ 
(from ethyl acetate). Found:C, 64.59, H, 3.90. C H 0 S requires: C, 64.68; H, 3.95%. V,, 1748 11 8 2 
-1 . cm , 250 MHz 'H nmr : 6 2.50 (d, 3H, J - l.OHz, CH3), 5.44 (d, ZH, J - I.OHz, CH2), 7.39 (q, 18, 

J = l.OHz, 2-H), 7.77 (dt, lH, J - 0.9, l.OHz, H-4), 8.40 (d, IH, J = 0.9 Hz, H-7). 

Reaction of benrolblthiophene-6-methanol (16) with n-BuLi and COT Treatment of with n-BuLi 

and C02 by the above method gave the aeid 17 (67X), mp 220 - 222'~ (from ethanol/H20). Found:C, 

57.54; H. 3.86. C10H803S requires: C, 57.68; H. 3.87%. 250 MHz nmr (MeSO-d6): 6 3.37 (br, lH, 

OH), 4.66 ( s ,  2H, CH2), 5.38 (br, IH, OH), 7.42 (dd, lH, J = 8.4, 1.4Hz. H-5), 7.96 (d, lH, J = 

8.4Hz, H-4), 7.97 (dd, J = 1.4, 0.7Hz, H-7), 8.07 (d, lH, J = 0.7Hz, H-3). 

The lactone 18 (3.5%) had mp 158 - 160'~ (from ethyl acetatelpetrol bp 60 - 80'~. M+, mlz 



190.00894. C H 0 S requires: mlz 190.00888; Vc. 1745cm-l; 250MHz 'H nmr : 6 5.46 (d, 2H, J = 
10 6 2 

0.7Hz, CH ), 7.47 (dt, IH, J = 8.1, 0.7H1, H-5), 7.50 (d, LH, J - 5.4Hz, H-3), 7.65 (d ,  lH, J - 2 

5.4Hz, H-2). 8.12 (d, IH, J - 8.1Hz, H-4). 
Reaction of 4-methoxybenrolblthiophene-6-methanol (19) with n-BuLi and C02 Treatment of 19 with 
n-BuLi and C02 by the above method gave the acid 20 (79%). mp 209 - 211'~ (from isopropanollpetrol 

1 bp 60 - 80'~). Found:C, 55.28; H. 4.17. CllH,004S requires: C, 55.45; H, 4.23%. 250 MHz H nmr 

(cD3),co : 6 4.00 ( s ,  3H, Om3), 4.77 (dd, ZH, J - 0.9, 0.4He, CH2), 6.95 (dt, IH, J - 0.9, 0.4Hz, 

H-5), 7.53 (ddt, IH, J = 0.9, 0.85Hz, H-7), 8.08 (d, IH, J = 0.85Hz, H-3). 

A mixture of lactones was obtained which was chromatographed on silica gel. Elution with ether 

first gave (.06X), mp I30 - 132'~ (from ethyl acetate). PI+, m/z 220.02004. Cl1H8O3S requires: 

I 
mlz 220.01942; V,. 1738, 1752 cm-'; 250 MHz H nmr : 6 4.35 (s ,  3H, 0CH3), 5.35 (d, 2H, J - 1.1Hz. 
CH2), 7.44 (d, IH, 5 - 5.55Hz, H-2), 7.56 (dt, IH, J - 0.8, l.lHz, H-7), 7.62 (dd, IH, J - 5.55, 
0.8Hz, H-3). 

Further elution with ether gave 2, (0.9%). mp 238 - 239'~ (from ethyl acetate). Found:C, 59.77; 

H, 3.62. C11H803S requires: C, 59.98; H, 3.66%; V,, 1745, 1752 em-'; 250 MHz 'H nmr : S 4.06 (s, 

3H, 0CH3), 5.37 (d, 2H, J - 0.8Hz, C H 2 ) ,  6.78 (d, IH, J - 0.8Hz, H-5), 7.51 (dd. IH, 5 = 5.5, 

0.3Hz, H-2), 7.66 (d, IH, J - 5.5Hz, H-3). 
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