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BhSLLaEl-The reactlon of lithiated (benzothiazol-2-ylthio)(benzotriazol-I-y1)- 

methane with n-propyl iodide yield& (benzothiazol-2-yl)(benzothiazol-2-yl- 

thio)(benzouiazol-I-yl)methane, (benzothiawl-2-yl)(benzotriazol-1-yl)(propyl- 

thio)methane and (benwuiazol-1-yl)(propylthio)methane. Reactions of 2- 

methyllhiobenzothiazole with I-methylbenzotriazole 2-methylbenzotriawle and 

(benzouiazol-I-yl)(phenylthio)methane are also described. 

INTRODUCTION 

Akyl halides can be mercaptomethylated by treatment with the lithium salt of 2-methylthiobenzothiazole (I) . '  

This process involves the displacement of the thioalkyl residue from the alkylated thiohenzothiazole 

intermediate (2) by n-butyllithium to afford 3 together with the product RCH,SH (Scheme 1). 

Scheme 1 
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The range of applicability of this method has been expanded by the use of trimethylsilylated intermediate (4).2 

Compounds such as 4 are sufficiently acidic to permit sequential deprotonation, alkylation and treatment with 

carbonyl containing materials to provide a route to the carhinols (5). The latter can be treated with t-butyl- 

lithium to afford the thioalkylated alcohols (6) (Scheme 2). 

Scheme 2 

The presence of a benzouiazolyl group permits facile a-liIhiati~n.'-~ Thus it was expected that (benzothiazol- 

2-ylthio)(benzouiazol-1-yl)methane (7) (Scheme 3) would be a useful extension to the mercaptomethylation 

methods vide supra, since the expected products (8) of alkylation should undergo further transformation by 

displacement of the benzotriazole residue.' 

RESULTS AND DISCUSSION 

(Benzothiazol-2-ylthio)(benzouiazol-1-y1)methane (7) was prepared in near quantitative yields by reacting the 

sodium salt of 2-mercaptobenzothiazole with 1-chloromethylbenzouiazole. However, treating 7 at -780C 

with LDA followed by rapid quenching with n-butyl bromide did not give the expected 8a. Likewise, when 

n-propyl iodide was employed, we could not isolate compound (8b). Instead, the products (9, 10  and 11) 

were isolated, each in approximately 25% yield (Scheme 3). The structures of these products were elucidated 

by nmr, using 'H-'H correlations and both direct and long-range 'H-I3C correlations. The structures of 9 and 

10 were confirmed by X-ray crystallography. 

The origins of 9. 10  and 11 have been rationalized in Scheme 3. Evidently, anion (7a) reacts preferentially 

with more 7 rather than undergoing C-alkylation hy the alkyl halide. The liberated thiolate (12) displaces 
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iodide ion from n-propyl iodide to afford 11. Subsequent deprotonation of 11 gives l l a  which reacts with 7 

to regenerate 12, together with product (9). 
Scheme 3 

We examined the nucleophilic behavior of other benzotriazole stabilized carbanions towards displacement 

reactions at the C-2 position of 2-alkylthioknzothiazoles. 2-Methylthioknzothiazole (13) was reacted with 

the carbanions of 1-methylbenzotriazole (14),2-methylknzotriazole (15) and (knwuiazol-1-yl)(phenylthio)- 

Scheme 4 
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methane (16)g to give the expected products (henzothiazol-2-yl)(henzotrizol-1-yl)methane (17), 

(henzothizol-2-yl)-(benzohazol-2-yl)methane (18) and (benzothiazol-2-yl)(benzohazol-l-yl)(phenylthio)- 

methane (19) in 85%, 55% and 92% yields respectively (Scheme 4). 

p R a y  and Nuclear Magnetic Resonance Determinatinm 

Figure 1 .  Perspective wew and atom Labelbng of the X-ray strunurn 010 

Fbure 2. Perspective vlew and atom Labellmp of the X-my arunure of 10. 

Figure 1 shows a perspective view and 

atom labelling of the clysul structure 

of 9. The two benzazole ring systems 

are each planar to within 0.01 1 A and 

their mean planes are mutually inclined 

at an angle of 65.6". For packing 

reasons the propyl sidechain is not in 

the extended conformation but has the 

methyl group gauche to S(2) [S(2) - 

C(1') - C(2') - C(3') = 46.301. However 

the high displacement parametcrs for 

the methyl carbon do suggest some 

minor disorder in the orientation of the 

propyl side chain. Figure 2 shows a 

perspective view and atom labelling of 

the clystal structure of 10. The two 

benzothiazole rings are approximately 

coplanar [angle between meanplanes = 

8.001 and approximately orthogonal to 

the plane of the henzothiazole [76.40]. 

This conformation maximizes n-n 

interactions in the molecular packing. 
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rable 1. p a f i l a l ~ ~ ~ ~ ~ o w l i m  constants. The complete assignments of 1H and 13C chemical shifts for 7 

and 9-11 are presented in Scheme 5. The nmr data corroborated 

the x-ray determination for compound (9) and discounted 

structure (8b) on the bais  of: I) the abscncc of proton-proton 

coupling between the proton resonating at 7.64 ppm and thosc 1 ,, I : " l ; x l  jj 1 resonating at 2.59 ppm and 2.42 ppm (Table 1). ii) the absence 

1.56 of long-range heteronuclear coupling ktween the proton 
0.90 7.3 

resonadng at 7.67 ppm and the carbon resonating at 22.0 ppm. 
' sslnglet, d=doublet; t=triplet, sx=sexiet: 

m=m&iplet together with the fact that the proton at 7.67 ppm is coupled 

with only 3 carbons (131.2. 164.4 and 33.') ppm), and iii) the consistency of chemical shifts hoth for the 

proton and the carbon resonances of the n-propyl chains in compounds (9) as compared with 11 

Scheme 5 
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The complete assignments of 'H and "C chemical shifts for 14-19 are presented in Scheme 6. The observed 

deshieldings (15.7-15.9 ppm) of the m e t h y l  carbons in compound pairs 7/10, 1119. 14/17, 15/18 and 16/19 

were consistent with the simultaneous presence of the benzothiazol-2-yl and henzouiazol-1-yl moieties. 

Scheme 6 

CONCLUSION 

The present work illustrates the utility of benzotriazolyl substituted molecules (7, 14-16) which also contain 

other displilceahle functional groups. As is demonstrated here, the preparation of the carbanions of these 

spxics in the presence of electrophiles. leads to substitution products (9, 10, 17-19) which are otherwise 

difficult to obtain. Additionally, these highly functionalized compounds are well suited for funher elaboration. 
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EXPERIMENTAL 

Melting points were determined on a Kofler hot-stage microscope and are uncorrected. Nmr spectra were 

recorded on a Varian VXR-300 spectrometer, using CDCl3 as solvent and TMS as an internal reference. The 

spectral data is presented in Schemes 5 and 6 and in Table 1. Mass spectra were recorded at 70 eV on a 

Krafts AEI MS 30 spectrometer. Elemental analyses were performed on a Carlo Erha 1106 elemental 

analyser. 

Tetrahydrofuran (THF) was dried by disiiation over the sodium ketyl of benzophenone. AU the reactions 

were carried out under a dry nitrogen atmosphere. Flash column chromatography was carried out on silica gel 

(EM Merck 60,230-400 mesh). 

(Bewutriazol-l-yl~bewothiazol-2-ylthio)1nee (7). 2-Mercaptoknzothiazole (8.35 g, 50 mmol) was 

added to a solution of sodium ethoxide prepared from sodlum metal (1.15 g, 50 mmol) and absolute ethanol 

(100 ml) and the mixture stirred for 30 min. I-Chloromethylknzotriazole (8.37 g, 50 mmol) was added and 

the reaction mixture left overnight. ?he solvent was removed in vacuo and the residue dissolved in methylene 

chloride (150 ml), washed with water (2x50 ml) and dried over MgSO,. Removal or thc sulvcnt under 

reduced pressure yielded a solid which was recrystallized from ethyl acetate to yield (13.71 g. 92%) colorless 

crystals, mp 109-1 11%. Anal. Calcd for C,,H,,N,S,: C, 56.36; H, 3.38; N, 18.78. Found: C, 56.37; H. 3.35; 

N, 18.75. 

General Procedure for the Reaction of 7 with Alkylhalides. 

A THF solution of LDA-mono.THF complex (2.5 ml. 50 mmol) was added by syringe lo a solution of 7 (1.49 

g, 50 mmol) in THF (40 ml) at -780C and stirred for 15 min. The alkyl halide (5 mmol) was then added and 

the mixture stirred at that temperature for a further 5 h. The mixture was permitted to warm to room 

temperature over 12 h and was quenched by the addition of saturated NH,CI (15 ml). The organic layer was 

separated, dried over MgSO, and concentralzd in vacuo. The residue oil was loaded onto a column of flash 

silica gel and the appropriate fractions collected and purified further as described. 
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( B e n z 0 t h i a z o l - 2 - ~ l ) ( b e n z o t h i a u , l - 2 - ~ l ~ e  (10) was prepared from the reaction 

of 7 with n-hutyl bromide as descrihed ahove. Trituration of the oil separated by column chromatography with 

ethyl acetate afforded crystals (0.19 g. 18%) mp 1480C. d z :  Calcd for C2,Hl,N,S,: 432.041. Found: 

432.039. 

(Benzotriazol-1-yl)(thiopropyl)methane (11) was purified by microdistillation (bp 175% I 1 mm Hg) of the 

mixture of 11 and (benzothiaml-2-yl)(benzotriazol-I-yl)(propylthio)methane (9). eluted from the column as 

descrihed ahove to yield (0.25 g, 1.21 mmol) as a colorless oil. Anal. Calcd for C,,H,,N,S: C, 57.95; H, 6.33; 

N, 20.29. Found: C, 57.95; H, 6.39; N, 20.21. 

(Benzothiazol-2-yl)(benzotriazol-l-yl)(propylo)mee (9) was ohtained by the trituration of thc 

residual oil from the distillation described ahove to give (0.38 g, 1.15 mmol) of colorless crystals mp 94-95T. 

Anal. Calcd for C16H16N4S2: C. 59.99; H, 4.74; N, 16.47. Found: C. 59.89; H, 4.72; N. 16.46. 

General Procedure for the Reaction of 13 with 14,15 or 16. 

A THF solution of LDA-mono THF complex (20 ml, 40 mmol) was added by syringe to a solution of 13 

(4.82 g. 20 mmol) and either 14, 15 or 16 (20 mmol) in THF (40 ml) at -78°C and stirred at that temperature 

for 24 h The mixture was quenched by the addition of saturated NH,CI (20 ml). The organic layer was 

separated and the aqueous fraction re-extracted with methylene chloride (3x20 ml). The organic layers were 

comhined, dried over MgSO, and the solvent was removed in vacuo and the product purified as indicated. 

(Benzothiazole-2-yl)(benzotriazole-1-yl)methane (17) was obtained by the reaction of 1 3  with 14. The 

residue was triturated fust with diethyl ether (1x20 ml) then with ethyl acetate (1x20 ml) to yield 17 (4.52 g, 

85%), as colorless crystals, mp 117-1 1 8 T .  Anal. Calcd for CI,H,,N4S: C, 63.14; H, 3.78; N, 21.04. Found: 

C, 63.23; H, 3.91; N. 21.05. 

(Benzothiazole-2-yl)(benzotriazole-2-yl)methe (18) was obtained by the reaction of 13 with IS. The 

residue was chromatographed on silica eluting with hexane and increasing amounts of ether, then 
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recrystall~zed from ether to yield 18 (2.93 g, 55%). as colorless crystals, mp 810C. Anal. Calcd for 

C,,H,,N,S: C, 63.14; H, 3.78; N, 21.04. Found: C ,  63.14; H, 3.82; N, 21.04. 

(Benzothiaznl-2-yl)(ben~triau,le-l-yl)(phenylio)mee (19) was obtained by the reaction of 13 with 

16. Thc residue was triturated with diethyl ether (1x20 ml) to yield 19 (6.88g. 92%), as colorless crystals, mp 

146-l470C. Anal. Calcd for C2$3,,N,S,: C, 64.15: H, 3.77; N, 14.96. Found: C, 63.99; H, 3.88; N. 14.97. 

Crystallography 

Crystal data for 9 at -1430C: C,,H,,N,S,, hlr = 340.5, monoclinic, space group P2,/c, a = 11.682(2), b = 

19.071(4), c = 7.615(2) A, p = 108.02(1)0,11 = 1613(6) A', F(000) = 712, Z = 4, D, = 1.40 g m-', MMo- 

Ka) = 3.34 cm-1.0.65 x 0.41 x 0.11 mm, w scans, 20,, = 48O, N = 2507,208 parameters, S = 1.04, wR(F2) 

= 0.117, R = 0.043 for 1979 reflections with I > 2NI). 

Crystal data for 10 at -143°C: C,,H,,N,S,, hlr = 431.5, onhorhombic, space group P2,2,2, , a = 9.671(2). b 

= 10.236(2), c = 19.311(4) A, P = 108.02(1)0, U = 1911.6(7) A', F(000) = 888, Z = 4, D, = 1.50 g m-', 

~(Mo-Ka)  = 4.07 c d ,  0.76 x 0.19 x 0.05 mm, o scans. 20, = 52O, N = 2153, 262 parameters, S = 0.87, 

wR(F2) = 0.078. R = 0.038 for 1649 reflections with I > 2u(I). 

Intensity data were collected at -1430C with a Nicolet R3m four-circle diffractometer by using 

monochromatized Mo K a  (h = 0.7107.Q radiation. Cell parameters were determined by least square 

rcfmements, the setting angles of >25 accurately centered reflections (28 > 25) being used. Throughout data 

collections the intensities of three standard rzflections were monitored at regular intervals and this indicated 

no significant crystal decomposition. The space groups followed from systematic absences. The intensities 

were corrected for Lorentz and polarization effects but not for absorption. 

The structures were solved by direct methods, and refined on F2 using SHELXL92. AU non-hydrogen atoms 

were refined with anisotropic thermal parameters. Hydrogen atoms were included in calculated positions with 

isotropic thcrmal parameters 1.3 times the isotropic equivalent of their carrier carbons. ?he function 

minimized was Zw(F,Z-F:), with w = [u2(f21 + 0.0624P2 + 1.106P]-1 for 9 and w = [&(f,Z) + 0.0378P21-1 for 

10, where P = [max(Fo2 + 2F,2]/3. Fial atom coordinates, bond lengths and bond angles are listed in Tables 

2-5. Tabulations of hydrogen atom coordinates, anisotropic thermal parameters, structure factors and 

equations of meanplanes are available from the author P.I.S. 
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Table 2. Atomic  coordinates ( ~ 1 0 " )  and i s o u o p i c  

thermal parameters (A2xlO3) for 9. 
I Y 

c(I) 1448(3) 3264(21 -74q4) 
S(2) IYM(1) 3595(1) 1592(1) 
C(l') 3534(3] 3341(2) 2268(5) 

4414(4) 37W2) 1739(8) 
C(T) C(3') 4458(5) 4453(3) 192602) 
NO) 182q2) 3688(11 -2067(3) 
N(2) 2592(2) M I )  -2899(41 
NO1 2875(2) 3874(2) -39W41 

COA) 2285(3) 4487(2) -376014) 
,341 2294(3) 5144(2) 4568(4) 
C(5) 1613(3) 5659(2) 4162(4) 
C(61 932(3) 554q2) -2%3(4) 
c(7) 913(3) 4901 (1) -2141(4) 

C(7A) 1610(2) 4374(1) -2569(41 
XI') -611(1) 2475(1) -2524(1) 
C(Z') 103(3) 3207(1) -13W4) 
N(3') -581(2) 368q1) -964(3) 

C(3N -1779(2] 3487(1) -1679(4) 
C(4') -275513) 388912) -1568(4) 
c(5') -3892(3] 3631(21 -2389(4) 
C(6) -407q3) 2981(2] -3262(4) 
C(T1 -3128(3) 2577(2] -3371(4) 

Cl7N -197613) 283q21 -2571(4) 

thermal parameters (AzxlO') f o r  10. 

a Equivalent isampic U defined as one third of the mace of the 
onhogonalized Ui, tensor 

Table 3. Atomic  coordinates (x1W) and isotropic 
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Table 4. Bond lengths (A) and angles (O) for 9 

Table 5. Bond lengths (A) and angles (O) for 10 
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