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Abstract - Sodium cyanoborohydrlde reduction of benzothla- 
zollum 1 and a*-thlazollnlum 2 cations give benzothlazollnes 
1 and tclazolldlnes 2 alongwl:h [ o-(dlsubstituted amino) 

I phenyl] and 2-(dialkylamlno)ethyl thlo]boranecarbonltrlles 
(N-B) 4 and 6. Because of the heterocycl&c structures 
formed-through N-+ B coordlnatlon and consequent chirallty, 
the latter species constitute mixtures of two dlastereomers 
which are exceptionally stable to acid and base. 

INTRODUCTION 

The potcntlal of benzothlazolLne 2 1,* and thlazolldlne z3 derlvatlvcs as 
synthetic lntermctilates has prompted InvestlQatlons on their procurement 
through reduction of benzothlazollum 1 and thlazollnlum 2 cations, because 
the latter undergo a myriad of transformations at C-2 substltuents 1,3a-c,4 . 
Lodlum borohydrlde reductions of 1 1,sc and *3c,5a,b have quite often been 
accompanied by reductive cleavages to mercaptoethylamlne 6 and o-amlnothlo- 
phenol 5c,7 cier1vst1vc.5. Sodlym cyanoborohydrlde8, a mild reagent used for 
selective reduction of ‘;c = "( has not been employed for reduction' of 
the cations 1 and 2. Here, we report that & and 2 with sodium cyanoboro- 
nydrlde furnish the reduced products 2 and 2 alongwith [[G-(disubstltuted 
;lmlno)phenyl] and 2-(dlalkylamino)ethyl]thlo]boranecarbonltriles (N-B) 4 
and 5 which exhibit N+B coordlnatlon and existence of an unprecedented 
heterocycllc structure (Scheme 1). 
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RESULTS AND DISCUSSION 

Sodium cyanoborohydrlde reduction of 3-methylbenzothlazolium iodzde 2 in 
anhydrous acetonitrlle at various reaction temperatures formed 3-methyl- 
benzothiazoline 3a (Table) and a product, m.p. 75OC. The latter was stable - 
to both aqueous hydrochloric acid and sodlwn hydroxide and its i.r. spectrum 
showed absorptions at I),,, 2420, 2330 (B-H) 10'llaOb, 215O(WN) and 730-750 
(B-N)I~' cm-l. Its molecular weight (M+, 190) and elemental analysis 
indicated a molecular formula CgH11BN2S. 1 H n.m.r. spectrum showed two 
singlets for methyl groups at d 3.1 and 3.25, and in the 13 C n.m.r. spectrum 
also two methyl carbons appeared at different chemical shifts (6 48.0 and 
51.0) but cyano carbon could not be observed 12 11 . B n.m.r. exhiblted a 
doublet at d -5.3 (J B-H = 124.5 Hz) depicting a tetrahedral geometry 13,14 

around the boron atom. These data could be explained by the structure 
[[~-(d~methylamino)phenyl]thio]boranecarbonitrlle (g-I$ involvlng a nltrogerr 
boron coordination and formation of a heterocyclic structure & with a 
stable choral boron atom and two dlastereotoplc N-methyl sqnals. The 

absence of any signal for trlcoordlnated boron In 11 B n.m.r. spectrum 
indicated that the tautomer 2, If present was in low concentration. Sodium 

borohydrlde reduction of la did not give - 2 and formed o-(N,N-dlmethylamlno) 

thlophenol15. 

Table Reactions of benzothlazollum gthlazollnlum 2 cations with sodium 
cyanoborohydrlde 

L*2 Prociuct(s) Time of reaction(h) Yleld(%)b(lsolated) 

2 4 

la 3aa, 4a 4-5 41 47 - ';;;",4& - 
lb 4-5 34 43 
- >,c lc 4 75 e -- 

2a - 3, 5 
2b 6b - 5&, - 

3-5 
3 

5 
25d 
25d 

6 
50 
55 

a-Compared with authcntlco samples, 
reactlons at -5O, or 0 or r.t. 

b-On using CH30H or by running the 
or under reflux no sqnlflcant change 

was observed, c-Traces of 2-phenylbenzothlazole detected (tic), 
d-Characterzsed by IH nmr, unstable in air, e-4c was not formed. - 

Even on using an excess of sodium cyanoborohydrlde In the reduction 
of &, only 3a and 4a were formed and 9 as such was also stable towards - - 
aodzum cyanoborohydrlde. Consequently, formation of 4a did not involve - 
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reaction of sodium cyanoborohydrlde with 3a. - Monrtorlng of progress of 
reduction (t.1.c. and 'H n.m.r.1, showed initial formation of 2, followed 
by 4a. - Based on these observations, we argued that cyanoborane generated 
in situ during reduction of benzothlazollum catlon to benzothlazoline 1, -- 
might be reacting with h to give &, In a manner analogous to the reactions 
of borane with benzothiazolines 13 or benzothlazoles where also ring 
cleavage and alternate ring formation 14 takes place. This mode of reaction 
1s corroborated by the formatlon of 4a In the reactions of 3 - 
with polymeric cyanoborane 10 . The extraordinary stability of 
attributed to the presence of CN group which would make boron 
enough to form a strong bond with soft S and through electron 
also facilitate coordination of N to B. 

performed 
& might be 
atom soft 
withdraw1 

2,3-Dimethylbenzothlazollum iodide G and sodium cyanoborohydrlde 
furnished, 2,3-dimethylbenzothlazoline 2 and [[g-(ethylmethylamlno)phenyl] 
thio]boranecarbonatrile (N-B) fill (M+, 204). The latter on t.1.c. showed 
two closely placed spots which could not be Isolated. The 'H n.m.r. of 
this mixture showed double signals each for N-CH3 ($ 3.0 and 3.2) and 
N-CH2CH3 (t, 1.25, 1.29 and q, 3.5, 3.521, and In 13C n.m.r. spectrum each 
carbon exhibited two signals. Evidently, the two constituents of the 
mixture are diastereomers due to two choral centers at B and N. 

A variable temperature lH n.m.r. experiment with compound 4b (1x1 - 
DMSO-d6) did not show coalescence of the signals for the methyl or ethyl 

16 groups In the mixture of diastereomers A and E, (see Scheme 2), upto 185'C. 
Only some shlftlng of the signals, approaching each other, was observed. 
These results lndlcate that the energy of the ring opened form )24 Kcal 
above that of cyclised. Furthermore, the dlasteromerlc ratlo remains 

constant even at 185OC. These facts show the high stablllty of the boron 

heterocycles depicted here. 

lc with sodium cyanoborohydrlde furnlshed 2-phcnyl-3-methylbcnzo- - 
thlazollne 3c alongwlth traces of 2-phEnylbenzothlazole. The lack of - 
formation of C may be attributed to stabllltjr of & and its nonreactlvlty 
towards cyanoborane. 

2,3-DImethyl- LL2-thlazollnium lodldc 2 and 2-phenyl-3-methyl- a2- 
thiazolinlum iodide 2b with NaCNBH3 furnlshed 2,3-dlmethylthiazolidlne 5a - 
and 2-phenyl-3-methylthlazolldine 5b alongzrlth [[2-(methylamino)ethyl]th~o] 
boranecarbonitrlle (N-B) 6a and [[z_(b _- _ enzylmethylamlno)ethyl]thlo]borane- 

carbonltrlle (N-B) $&. The latter s, 6b again existed as heterocycllc __ - 
species and mixtures of two drastereomers are evident from their Spectral 

data (vlde experimental). 
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Taking advantage of the sersltsvlty of 13 C n.m.r. to sterlc effects, 
lt was possible to deduce the conflguratlon at boron and nitrogen of the 

mixture of 4b and 6a and to assign the signals of compounds e, G, 6a - - - 
and 6& as shown In Scheme 2. 

Thus, NaCNBH3 smoothly reduces ;c& of benzothlazollum and a2 - 
thlazollnlum catlons to their dlhydroderlvatlves. The latter unlike with 
sodium borohydrlde are not reductively cleaved with sodium cyanoborohydrlde 

but cyanoborane 

dines to form a 

generated In situ rcscts with benzothlazollnes or thiazoll- -- 
stable thlazaborole type species. 

EXPERIMENTAL 

1 
'H n.m.r. spectra were recorded on a JEOL JNM PMX 60 IlHz Instrument. 13C 

and l1 B n.m.r. were recorded on varlan XL-100A (32.1 MHz) and JEOL FX-9011 

(28.69 MHz) instruments using Me4Sz and BF3.Et20 as standards. Mass spectra 

were obtained on a VG Mlcromass 7070 F instrument. 1.r. spectra were 

recorded as IiBr disc or neat film on Hungarian Spectromom 2000 and 

!'YE UNICAM SP3-300 Instruments. 

1,3-Benzothlazollum and thlazollnlum cations l/2 

2e 3-Methylbenzothiazollum lodlde la , 2,3-dlmetnylbenzothlazollum lodlde - 
lb17, 3-methyl-2-phenylbenzothlazolium lodlde lc 18 2,3-dlmethyl- d2- - - 
thlazollnlum lodlde 2a 19 ; 

-' and 3-methyl-2-phenyl- A-thlazollnlum lodlde 

2b5b - were prepared by rLported methods. 

General procedure for the rcactlons of 1 and 2 with i"aCi;EH3 

To a ;tlrred sucpenslon of 1 or 2 (0.01 mol) in anhydrous acetonltrlle - 
(dried over P205)(20-25 ml) at ->C, sodium cyanoborohydrlde (Aldrich) 

(0.0175 11701) was added l)ortlon\>lse. It \las stirred for an addltlonal 

perloci at the same tcmyer;ture till tll,, IetSCtiOll was cotnplcted (t.1 .C.) . 

Water was added and tiic aqueous solutloI1 extracted .Ilth chloroform (3x50ml). 

Combined chloroform extracts ~~erc basllecl 1 ith colt ~atcr (2x50 ml), dried 

'over anhydrous Na2S04, conccntr?ted and the rcslduc chrornatogrsphed over 

slllca gel (, (60-120 mesh) uslnc, hexanc, benzene, ethylacetate or their 

mixtures as cluenis. The products formed arc llstcd. 

Reduction of la : - (a)-3-~~ct~~ylberl~oth~azollnc 3a: 0~12', Rf 0.26 (hexane); - 

IR(ncat): -1 1 3300, 2800 cm ; H NI~'::(CC~~): .$ 2.75(3h, N-CH3, s), 4.45(2H, 

CH2, s), 6.00-7.30(4H,Ar-H,m). 

(b)_[[o_(~~~~~thyl~~~~~t~o)phet~yl]tl~~o]boranccar~ot~~tr~lc(l~-~)~ : m.?. 
0 

75 C 
- 

(hexane-bcnzenc); Rf 0.55 (bdnzenc/cthyl acetate : 10/4); IR(KBr) 2420, 
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Taking advantage of the sensltlvlty of 13 C n.m.r. to sterlc effects, 
It was possible to deduce the configuration at boron and nitrogen of the 
mixture of 4b and 6a and to assign the signals of compounds 5, 4& 6a - 
and 6&, as shown In Scheme 2. 

Thus, NaCNBH3 smoothly reduces )C& of benzothlazolium and 'A2- 
thlazolinium catlons to their dihydroderivatlves. The latter unlike with 
sodium borohydrlde are not reductively cleaved with sodium cyanoborohydrlde 
but cyanoborane 
dines to form a 

generated in situ reacts with benzothlazolines or thiazoll- -- 
stable thiazaborole type species. 

EXPERIMENTAL 

1 H n.m.r. spectra were recorded on a JEOL JNM PMX 60 MHz Instrument. 13C 
and 1'B n.m.r. were recorded on varlan XL-100A (32.1 MHz) and JEOL FX-900 
(28.69 MHz) instruments using Me4Si and BF3.Et20 as standards. Mass spectra 
were obtalned on a VG Mlcromass 7070 F Instrument. 1.r. spectra were 
recorded as KBr disc or neat film on Hungarian Spectromom 2000 and 
PYE UNICAM SP3-300 instruments. 

1,3-Benzothlazollum and thlazollnlum cations l/2 

3-Methylbenzothlazolium iodide la 2e , - 2,3-dlmethylbenzothlazollum lodlde 

$.~~olln~um lodlde 
3-methyl-2-phenylbenzothlazolium lodlde 1~ 18 02 - 2,3-dlmethyl- - 

2a 19 5 
-' and 3-methyl-2-phenyl- A -thlazollnlum iodide 

2b5b - were prepared by reported methods. 

General procedure for the reactlons of 1 and 2 with NaCNBH3 

To a stlrred suspension of 1 or 2 (0.01 mol) In anhydrous acetonltrlle 
(dried over P205)(20-25 ml) at -5OC, sodium cyanoborohydrlde (Aldrich) 

(0.0175 mol) was added portlonwlse. It was stirred for an addltlonal 
period at the same temperature till the> reactlon was completed (t.1.c.). 

Water !las added and the aqueous solution extracted wrth chloroform (3x50ml 

Combined chloroform extracts were washed tllth cold water (2x50 ml), dried 

over anhydrous Na2S04, concentrated and the residue chromatographed over 
slllca gel G (60-120 mesh) using hexane, benzene, ethylacetate OX their 
mixtures as eluents. The products formed are llsted. 

Reduction of la : - (a)-3-Methylbcnzothlazollne 3a: 0=12', Rf 0.26 (hexane); - 

IR(ncat): 3300, 2800 cm -l; 'H NMR(CC14):d 2.75(3H, N-CH3, s), 4.45(2H, 

CH2' S), 6.00-7.30(4H,Ar-H,m). 
(b)_[(~_(D~methylam~no)phenyl]thlo]boranecarbonltrlle(~-~)~ : m-I?* 75Oc 

(hexane-benzene); Rf 0.55 (benzene/ethyl acetate : 10/4); IR(KBr) 2420, 

I. 
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2330 (B-H), 215O(C=N), 730-750(B-N) cm-'; 'H NMB (CDC13):$ 3.1(3H, 

N-CH3,s), 3.25(3H,N-CH3,s), 7.1-7.55(4H, Ar-H,m); 13C NMR (CDCl,):& 40.45, 
50.99(N-CH3), 117.30, 124.78, 128.08, 129,54, 137.07 and 145.53, CN was 
not observed: "B NMR (CDC13):& -5.3(d,J B-H=124.5Hz); Mass: M+' m/z 190 
(Found: C, 56.61: H, 5.67. CgH11BN2S requires C, 56.84; H, 5.78%). 

Reduction of 2: (a) - 2,3-Dlmethylbenzothlazollne 3b : Oil - 20b, Rf 0.3 

(hexane); IR(neat): 3100, 2900, 1612 cm -l; 'H NMR (CDC13):&1.60(3H, CH3, 

d, J = 6Hz), 2.85(3H, CH3, s), 4.95(1H, CH, q, J = 6Hz), 6.00-7.90(4H, 
Ar-H, m); Mass: M+' m/z 165. 

(b)- [[g-(Eth 1 y methylamino)phenyl]thio]boranecarbonltrile(N-B) 4b: 0x1, _- - 
Rf 0.53 (benzene/ethyl acetate: 10/3); IR (neat): 2470, 2370, 2350 (B-H), 
2247(CEN), 750(B-N) cm"; ' H NMR (c!DC13):d 1.25, 1.29(3H, CH3, two triplets, 
J = 7Hz), 3.0, 3.2(3H, NCH3 two singlets), 3.5(2H, CH2, two quartets, 
J = 7Hz), 6.85-7.5(4H, Ar-H, m); 13C NMR(CDC13):S 9.41/9.65 (CH3), 45.10/ 
46.95 (N-CH~), 54.75/56.70(cH2), 119.01/119.45, 124.37/124.47, 128.23, 
129.54/129.64, 137.64/137.78, 143.88/144.75,CN was not observed: 11 B NMR 
(CDC13):& -6.3(B-H , d, J B-H = 121.6Hz); Mass: M'* m/z 204. 

Reduction of lc : 3-Methyl-2-phenylbenzothlazollne 3c : m.p. 115OC (aceto- 

nitrile)21, Rf 0.73 (benzene); IR(KBr): 3100, 2900, 1610 cm -1 1 ; H NL'R 
(CDC13):$ 2.30(3H, N-CH;,s), 5,65(1H, CH, s), 6.00-7.50(9H, Ar-H, m). 

Reduction of & :(a) - 2,3-Dlmethylthlazolldlne 5a: 011, Rf 0.45(benzene/ - 

ethyl acetate : 10/4); IR(neat): 3200, 2850 cm -l; 'H NMR(CDC13);d 1.5(3H, 

CH3, d, J = 6Hz), 2.65(3H, NCH3, s), 2.8-3.7 (4H, 2xCH2, m), 4.6(1H, CH, 
q, J = 6Hz). 

(b)-[[2-(Eth 1 y methylamino)ethyl]thio]boranecarbonltrlle(N-J3) &: 0~1, 

Rf 0.5 (ethyl acetate); IR(neat): 2460(B-H), 2220(CzN), 720, 770(B-N)cm -1 ; 
'H NMR(CDC13): 51.34, 1.4(3H, CH3, two triplets, J = 7Hz, 2.8, 2.9(3H, 
N-CH3, two slnglets), 2.5-3.0(4H, 2xCH2, m), 3.24(2H, CH2, two quartets, 
J= 7Hz); 13C NMR(CDC13): 6 9.40/9.79(CH3), 24.05/24.40(CH2), 42.77/43.42, 
(N-CH3), 55.30/55.60(CH2CH3), 62.58/62.79(CH2), 132 (br, CN);"B NMR 
(CDC13): d -8.46(B-H, d, J B-H = 117.22 Hz): Mass: M+' m/z 156. 

Reducatlon of z: (a) - 3-Methyl-2-phenylthlazolldlne 5b: 0~1, Rf 0.39 - 

(benzene); IR(neat): 2900 cm -l; 'H NMR (CDC13): 5 2.2(3H, NCH3, s), 

2.6-3.5(4H, 2xCH2,m), 4.8(1H, CH, s), 7.0-8.0(5H, Ar-T-I, m). 

(b)_~[2-(Benzylmethylam~no)ethyl]thlo]boranecar~n~tr~le (E-B)6b : O1ld 

two spots on tic, R f 0.33, 0.57 (benzene/ethyl acetate: 10/4): IR(neat): 
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2440 (B-H), 2200 (CBN), 725-76O(B-N) cm-': ' H NMR(CDC13):& 2.7, 2.85(38, 
N-CH3, two singlets), 
singlets), 

2.8-3.5(4H, 2xCH2, m), 4.3, 4.4(2H, N-CH2C6H5, two 
7.L7.85(5H, AT-H, m); 13C NMR(CDC13):d 24.18/24.52(S-CH2), 

41.49/41.73(N-CH3), 63.09/63.77&CH2), 75.18/75.77(CH,C,H,); % NMR 
(CDC13): 6-7.0(&H, d, J B-H = 127.5Hz): Mass: M+* m/z 218. 

Reaction of cyanoborane and 3a - 

A solution of & (500 mg) In anhydrous acetonltrlle (7ml) was added with 
stirring at amblent temperature to acetonltrlle solution of polymeric 
cyanoborane obtained from sodium cyanoborohydrlde (lg)l'. After 24 hrs, 
water (20 ml) was added and mixture was extracted with chloroform (2x40 ml). 
The extract was dried (anhydrous Na2S04), solvent was removed and rcsldue 
was chromatographed over s~llca gel G (60-120 mesh) using benzene/etnyl 
acetate (90/10) as eluent to xolate 4a (188 mg, 30%) xdentlcal (l.r., - 
n.m.r., mmp.) with authentic sample. 
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