
321 

Journal of Organometalbc Chenustry. 132 (1977) 321-326 
@ FXsevler Sequoza S k, Lausanne - Prmted m The Netherlands 

METALATIONS OF ALKOXYALKYLTHIOBENZENES 

S CABIDDU*,S MELIS, PP PIRASandM SECCI 

Istztuto Chlmzco and Istlfufo dl Chlmwa Famaceutlca e Tosslcologlca, Unwerslta’, 09100 
Caglzari (Italy) 

(Recewed November 26th, 1976) 

Metalatron of o-, m- and p-alkoxyalkylthlobenzenes with n-butylhthmm is 
examined. The analysrs of the products shows that m the o-compound only a 
thromethyl hydrogen 1s replaced, whrle m the other compounds studied a rmg 
hydrogen ortho to the alkoxyhc group is replaced The metalatlon has a low 
stenc requrrement. 

- ---___--- 

Introductron 

In metalatlon of aromatx substrates by organohthmm reagents the metal 
atom usually replaces a hydrogen atom ortho to an electron-wlthdrawmg group 
[l--4]. 

However, some o-alkoxy-substituted alkylbenzene derivatives show competl- 
tlon between rmg and slde-cham metalatlon [ 3,4], while the thloamsole IS 
metalated exclusively m the side cham [ 5,6] 

We prevrously showed that treatment of some organometalhc compounds of 
magnesmm, mercury and calcmm with ether or tluoether derivatives caused 
cleavage of the ether and/or throether bond [7--IO] We have now extended 
these studies to reactions of n-butylhthmm with aromatlc substrates contam- 
mg both ether and thloether bonds, m order to examme the possibility of a 
competition between oxygen and sulfur m the orientation of the metalatlon, 
and to obtain mformatlon about the stenc requnements of these substrates 

Results and discussion 

We have exammed the ortho-, meta- and para-alkoxyalkylthrobenzene deri- 
vatives (Ia, lb; IIa, IIb, IXIa, IIIb, IIIc) The reactions were carned o&, by treating 
the ether solution of the substrate with an equunolar amount of n-butylhthmm 
m hexane. The aryllithmm compounds were carbonated In the case of IVa 
(Scheme 1) the acid was rdentlfied by comparison wrth the acid obtained by 
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TABLE 1 

hIFTAL_TION OF ALKOXYALKYLTHIOBENZENES (I. II AND III) 

Startmg ma,enal 

1-RIethoxy-Z-(methylthlo)benrene (Ia) (Z-Wethouyphen)l)thloacetx acid (IVa) 65 
I-Methouy-2-Qsoprop~lthio)benzene (Ib) 2-Methoxy-3+soprop) Ithlo)benzolc acid (I%%) 45 
l-Methoxy-3-fmethylth:o)blNene (IIa) 2-\Iethox~-6-(methylth~o)benzolc acid (Va) 46 
I-BIethouy-3_(lsopropvlthlo)bervene (IIb) 2-~Ietho~y-6~lsopropylthio)be~olc acid (Vb) 43 
I-\Iethov>-i-(methylthlo)brnLene (Illa) 2-Methow-5-(methylthlo)benzolc acid (Via) 45 
l-\fethoxy-4-(lsooropylthlo)beruene (IIIb) Z-~Iethouv-5-(lsoprop~lthlo)be~olc acid (VIb) 50 
l-Lopropoq -4_(methylthlo)benzene (111~) %Isopropouy-5 (meth)lthlo)benzoic acid (WC) 38 

Products after Yield 
carbonation <S) 

reaction of Z-methoxgbenzenethlol with monochloroacetlc acid All the other 
acids (Scheme 1-3) were ldentlhed from then- spectra and by comparison of 
theu- desulfuratlon products wkh authentic sampies 

The results, listed m Table 1, show that- (1) metalatlon of odlsubstltuted 
compoclnds (Ia, Ib) gives two different types of results (Scheme 1) Ia gives IVa 
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by substltutlon of a thlomethyl hydrogen, while Ib gives IVb by substltutlon 
of a nng hydrogen ortho to the methoxy group, (u) metalatlon of m-d=ubstc 
tuted compounds (Ha, Ilb) occurs between the two functional groups gnmg Va, 
Vb (Scheme 2) No metalatlon of the thlomethyl group was observed, (m) m the 
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p-disubstituted compounds (IIIa-IIIc) (Scheme 3) the metalation occurs ortho 
to the alkoxyl group, giving the compounds Via-VIc Agam no metalation of 
the thiomethyl group (compound IIIa) was observed. 

SCHEME 3 

OR OR OR 

mro-Ii2 cl (PI a-PIG) 

R = CH3 , CH(CH312 

The metalation of the sidecham m Ia can be attributed to the acidity of the 
thioalkyl group, probably increased by the presence, m the ortho-position, of a 
methoxy group, which can stabihze the thloalkyhc carbamon through its m- 
ductive effect [l--7]. This hypothesis is supported by the fact that m the metal- 
ation of Ib the metalation takes place ortho to the methoxy group m this case 
the carbanron from the thioalkyl chain would be greatly destabihzed by the 
presence of two methyl groups [ll] With the mcta- and para-disubstituted 
substrates (IIa, IIb and IIIa-IIIc) the metal atom enters ortho to the alkoxy 
group even when this 1s more sterically hindered (compound I&), showing 
that the alkoxy group has a stronger orrentatmg effect than the thioalkyl group 

Our data also mdlcate that the process has a low sterlc requirement [3] since 
m the reactions with compounds IIa and IIb the hthium atom replaces the 
hydrogen lymg between the two substituents This hydrogen IS, of course, actl- 
vated by the presence of two adjacent electron-withdrawmg groups 

Experimental 

General 

Solutions of n-butylhthium in hexane were obtained from EGA-Chemie 
Infrared spectra were recorded on a Perkm-Elmer lModel325 mstrument NMR 
spectra were recorded on a JEOL C-60 HL spectrometer with hexamethyldlsil- 
oxane as internal reference Microanalyses for C and H were carried out on a 
Perkm-Elmer model 240 Elemental Analyzer, analyses for S were performed 
by a published procedure 112,131 Boilmg and melting pomts are uncorrected, 
the latter were determined on a Tottoll apparatus All compounds were shown 
to be pure by GLC analysis. 

Startzng ma terzals 
1-Methoxy-2-(methylthio)- (Ia), l-methoxy-4-(methylthlo)- (IIIa) and l- 

methoxy-4-(rsopropylthlo)-benzene (IIIb) were prepared by pubhshed methods 
[X4-16] 

I-MethoxyS-jmethylthzo)benzene (Ha) To a solution of 3-methoxybenzene- 
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thlol 1173 (0 1 mol), sodium hydroxide (0 15 mol) and water (60 ml), dunethyl 
suIphate (0.12 ml) was added dropwise under nitrogen with stirring The mrx- 
ture was heated under reflux for 2 hours, cooled, and poured into water. After 
extraction with dlethyl ether, the ethereal solution was dried (CaCll), the sol- 
vent was evaporated, and the residue distilled Yield 91%, b p 1X3-119”C/lO 
mmHg, n.g 1 5800 (fit [S] b p 125-127”C/16 mmHg). 

l-Xethoxy-2-(lsopropylthlo)benzene (Ib) To a stn-red solutron of sodium 
ethoxlde (0 14 mol, prepared from 3 4 g of sodium) m absolute ethanol (100 ml) 
2-methoxybenzenethlol [3] (0 13 mol) was added dropvvlse under mtrogen 
After 3 h of reflux the soivent was removed m a rotary evaporator, and the 
residue was poured mto water and extracted wrth dlethyl ether The ethereal 
solution was dned with calcium chloride, the solvent evaporated, and the 
residue distilled Yield 83%, b p 113-114°C/6 mmHg, ng 1 5620. (Found C, 
65 74, H, 7 74, S, 17 32 C,0H,40S calcd t, 65 89; H, 7.74, S, 17 59% ) ‘H 
NMR (,CCL+), 6 6 90 (m, 4H arom), 3 55 (s, 3l$ ---OCH,), 3-30 (m, lH, 
CH,-CB-CH,) and 115 ppm (d, 6H, CH,<H-CBX) 

Slmllarly startmg from 3-methoxybenzenethxol and 4(methylthto)phenol 
1191, respectively, the fohowmg compounds IIb and IIIc were obtamed. 

I-Methoxy-3-(lsopropylthro)benzene (Ilb) Yield 88% b p 115-116”C/6 
mmHg rzg 1 5560 (Found: C, 65 52, H, 7 71, S, 17.38 C10H,40S calcd C, 
65 89,‘H, 7.74; S, 17 59%_) ‘H NMR (Ccl,) 6 6.75 (m, 4H arom), 3 60 (s, 3H, 
--OCH,), 3.25 (m, lH, CH3-CI+CH3) and 120 ppm (d, 6H, C&-CH-C&). 

l-Isopropoxy4-(methylthro)benzene (IIIc) Yield 78%, b p 122-124”C/2 
mmHg, m p 32-33°C (Found C, 65 60, H, 7 68, S, 17 65 C10H130S calcd 
C, 65.89, H, 7.74, S, 17.59% ) ‘H NMR (CDCl,): S 7 10 (m, 4H arom), 4 69 
(m, lH, CH3-Cs<H3), 2 50 (s, 3H, -SCH3) and 135 ppm (d, 6H, CH,-CH 

+X&3) 

Authentrc samples 
](2-hlethouyphenyl)thio]acetlc acid (IVa) and 2-isopropoxybenzorc acid 

were prepared by published procedures 120,211 2-hlethoxy-, 3-methoxy- and 
4-methoxy-benzolc acrd were commercial products (EGA-Chemle) 

Metalatron procedure 
il starred soiution of starting material (0 03 ml) m anhydrous dlethyl ether 

(50 ml) was blanketed with nitrogen and then treated dropwrse at room tem- 
perature w&h 1.6 M n-btityllmhrum m hexane (0.035 mol, 22 ml) When the 
ad&ion was complete the mixture was stirred under reflux for 4 hours After 
coolmg, the mixture was poured onto ca 100 g of crushed sohd carbon dioxide 
and allowed to stand for 24 hours The residue was treated successively with 
10% aqueous sodium bicarbonate and dlethyl ether (100 ml) The alkah layer 
was separated, washed with drethyl ether and then acidtiled wrth cold concen- 
trated hydrochloric acid The acidified Iayer was then extracted with chloro- 
form The combmed extracts were dried with sodium sulphate, filtered and 
concentrated m vacua. The crude product was chromatographed on a silica 
gel column, usmg benzene/diethyl ether (l/2) as eluent. 

In this manner, startmg from Ia, Ib, IIa, IIb and IIIa-IIIc, respectlveIy, the 
followmg compounds were obtained_ 
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K2-Methoxyphenyl)fhtolacettc actd (IVa) Yield 6570, m p ll9-121”C, (lrt 
1201: m p_ 121-122°C)_ 

2-Methoxy-3-(isopropyithto)benzotc actd {IVb) Yield 41%, m p 67-68”C 
(Found C, 58.25; H, 6.31; S, 14 01. C11H1303S calcd - C, 58.38; H, 6 24, S, 
14.17% ) ‘H NMR (CDCl:) 6 10 20 (s, lH, COOH, D,ZO exchanged), 7 25 (m, 
3H arom), 3 89 (s, 3H, -OCH3), 3 30 (m, lH, CH,--Ci+C!H,) and 110 ppm 
(d, 6H, C&-CH-C&) IR (KBr); 3300 (OH), 1700 (C=O), 750 cm-’ (1,2,3- 
tvsubstltuted benzene). 

2-Methoxy-6-(methyIthro)benzozc acid (Va) Yield 46%, m p. 184-185°C 
(Found: C, 54.41; H, 5.04. S, 16 01. CSH,009S calcd C, 54 53, H, 5 08, S, 
16 17% ) ‘H NMR (CD(&) 6 9.35 (s, lH, COOH, D,O exchanged), 6 95 (m, 
3H arom), 3 90 (s, 3H, -OCH3) and 2 40 ppm (s, 3H, -SCH3) IR (KBr) 3200 
(OH), 1690 (C=O), 760 cm-’ (1,2,3-tnsubstltuted benzene) 

2-Methoxy-6-(lsopropylthro)benaorc aced (Vb) Yield 43%, m p 109-110°C 
(Found. C, 58 24, H, 6 31, S, 13 99 CllH1403S calcd C, 58 38, H, 6.24, S, 
14.17% ) ‘H NMR (CDCla). 6 10 50 (s, lH, COOH, DzO exchanged), 6 90 (m, 
3H arom), ,3 80 (s, 3H, ---OCHJ), 3 40 (m, lH, CH,-CH-CH,) and 130 ppm (d, 
3H, C&-CH--C&) iR (KBr) 3200 (OH), 1710 (C=O), 760 cm-’ (1,2,3-tn- 
substituted benzene) 

2-Methoxy-5-(methylthto)benzozc aczd (Via) Yield 45%, m p 69-70°C 
(Found. C, 54.35, H, 4 98, S, 16 02 C,H,,O,S calcd _ C, 54 53, H, 5.08, S, 
16 1770.) *H NMR (CDC13)- 6 9 85 (s, lH, COOH, DzO eschanged), 7 30 (m, 
3H arom), 3 95 (s, 3H, -OCH3) and 2 40 ppm (s, 3H, -SCH,) IR (KBr) 3100 
(OH), 1700 (C=O), 820 cm-’ (1,2,4_tmubstltuted benzene) 

2-Methoxy-5-(zsopropylthto)benzotc actd (VIb) Yield 50%, rzg 1 5700 
(Found: C, 58 21, H, 6 16, S, 14 05 CllH1403S calcd C, 58 38, H, 6 24, S, 
14.17% ) ‘H NMR (CDC13). 6 9 00 (s, lH, COOH, D2Q exchanged), 7 50 (m, 
3H arom ), 3 9,5 (s, 3H, -OCH3), 3 20 (m, IH, CH,-C&CH,) and 120 ppm 
(d, 6H, C&-CH--C&) IR (neat) 3300 (OH), 1730 (C=O), 810 cm-’ (1,2,4- 
trlsubstltuted benzene) 

2-isopropoxy&(methylthro)ben,70rc acrd (WC) Yield 38%, ng 1 5240 
(Found C, 58 15, H, 6 20, S, 14 03 CllH1403S calcd C, 58 38, H, 6 24, S, 
14 17% ) ‘H NMR (CDCl,).,G 8 75 (s, IH, COOH, D20 exchanged), 7 50 (m, 3H 
arom), 4 8$ (m, lH, CH,-C&-CH,), 2 50 (s, 3H, -SCH3) and 1 50 ppm (d, 
6H, C&-CH-C&) IR (neat) 3200 (OH), 1710 (C=O), 820 cm-’ (1,2,4-trl- 
substituted benzene) 

TABLE 2 

4CTIOh OF RANEY NICKEL OX BENZOIC ACIDS (IV t Ah‘D VI) 

Benzow acids Products Ywld 

<G) 

2-hletho~,-3+so~ro~,lthio)benzo~c a.xd (IVb) 
2-hIethoxy-G-(methslthlo)benzolc acid (Va) 
2-\lethoxy+(lsopropylthlo)ber7olc acid (Vb) 
2-Methoxv-5-<methylthlo)benrolc acid (Via) 
2-~~ethoxy-5-<lsopropylthlo)bellzolc acid <VIb) 

2-Isopropoxy+-(meth)Ith~o)benzolc acid (VIc) 

2-Methorvbenzolc acid 68 
2-Methou>benzox acid 63 
2-‘5Iethoxybenzolc acid 71 

2-hfethox:2 benzolc acid 60 
P-~~ethox~benzo~c acm 75 

P-Isopropox,benzolc acid 58 
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General method for desrtlfuratron of acids IV, V and VI 
A solution of acids (IV, V and VI) (0 01 mol) ui 10 ml of 95% ethanol was 

refluxed 2 hours pnth about 2 g of Rzmey nickel f22f The mixture was faltered 
and evaporated. The residue was treated \mth warm concentrated sulfunc acid, 
pomed into water and extracted with chloroform After drying (Na,S04), the 
solvent was evaporated, and the residue identified by comparison with an 
authentic sample The results are hsted XX Table 2. 
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