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- 2-Metalloalkylbencothiaeoles 2 readily ava- 
%%%om 2-alkylbenzothiazoles 1 und&o aldol rea- 
ction to give aldols Land A. Low 6 satisfactory threo 
diastereoselection was observed with I-lithio- and 2-tri- 
methylsilyl derivatives 2-a and 2e-2. Righ to excellent 
erythrostereoselection occurs witr2-stannylalkylbenzothi- 
azoles 2h-i. -- 

2-Lithicmethylbensothiazole g, readily available by lfthiation of 2-methyl- 

benzothiazole la under proper conditions le2, cleanly adds to carbonyl - 

compounds affording vinyl benrothiazoles probably via dehydration of the 

aldol intermediate.l 

It has recently been reported that the reaction of la with carbonyls can be - 

stopped at the aldol stage.3 This prompted us to disclose our re- 

sults4 on the diastereoselective aldol type reaction of some 2-metallo- 

alkylbenzothiazoles also in view of the fact that no stereoselective aldol con- 

densation of 2-alkylbenzothiaioles have been reported so far. 

Lithiation of 2-alkylbenzothiazoles lb-d with n-buthyllithium at -78OC -- 

followed by addition of a number of aldehydes gave after work-up quite good 

yields of the diastereomeric p-hydroxyalkylbenzothiaroles 3-4, which were -_ 

easily separated by column chromatography and characterized by IR and %I- 

B?4R spectroscopy. Aldols 2 and iwere assigned the erythro and threo configu- 

ration respectively on the basis of the coupling constants between the hydro- 

gens Ha and Rb. As can be seen from the Table there was no or rather Door 

diastereoselection with a slight preference of the threo or the erythro iso- 

mer depending upon the solvent, the benzothiazole and the aldehyde.4 A 
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satisfactory threodiastereoselection could be achieved by using lithium diiso_ 

propylamide (LDA) as the lithiating agent (entries 11, 12, 13). 

No aldol reaction took place when the LDA/?IMPA combination was used for the li- 

thiation step both in the case of &&and lc. This could tentatively be explai- 

ned by the complexation of lithium by RMPA in such a way that the metal cannot 

participate in the stabilisation of the aldolate in a chair-like conformation 

according to the Heathcock, Dubois and House cyclic transition state mo- 

de1.5 Yet no reaction occurred when using lithium hexamethyldisilylazide 

R 

BTJ 

la: R = H 

E:;:E 
-: 

g: R = Ph 

ET= CD :I / 

R 

BY 
-c1 

2a: R = Ii; M = Li 

f 
: R = Me; M = Li 

c: R = Et; M = Li - 

&I: R = Ph; M = Li 

2: R=Me;M=SiMe3 

z: R=Et;M=SiMe3 

2g: R=Ph;M=SiUe3 - 

z: R=Me;M=SnC13 

21: R=EtjM=SnC13 

BY ST 

OH "b 

R = Me; R1 = Ph 

z: 
R = El; R1 = Ph 
R=R = Ph 

3d: R =We; R1 =pClC& - 

2: R =Me~ R1 +ZCl&& 

s:R=Me; R1 =Pri 4h 
31: R =Rt; R1 = PC1C&, 4i - 

Looking for higher diastereoselection we investigated the aldol reaction of so- 

me other 2-metalloalkylbenzothiazoles. We prepared the trimethylsilylalkyl- 

benzothiazoles 2e-g according to the Corey's procedure from lb, 1" and g with -- 

trimethylsilylchloride.7 We could prove by lli-NMR that indeed the 

silyl derivatives 2e-g have the trimethylsilyl group bonded at the alkyl group -- 

in the a-position of the heterocyclic ring as no signal of the vinylic proton 

of the aza-silylderivative (A) could be observed. Silyl derivatives 2e-g were -- 

unreactive towards unactivated benzaldehyde. 

(8): M=!%;R'z&I (K) (L) (M) 

However, we found that & and & condense with benzaldehyde in the presence of 
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BB3 Et20 or Tic14 with poor diaatereoselectivity. Knowing that 

the enol silyl ethers of certain ketones give o(-trichlorostannyl ketones,S 

upon treatment with SnC14, we attempted preparation of the stannyl deriva- 

tives of the abovementioned 2-alkylbenzothiazoles. We examined the reaction of 

the silyl derivative 2 and SnC14 in CH2C12. Instantaneous rea- 

ction occurred on mixing e with SnC14 at low temperature, yielding the 

stannyl derivative z. Attempts to purify 21 failed, but the chemical shift of 

the methine proton and the absence in the lH-RMR spectrum of the vinylic 

proton of the trichlorostannyl aza-enolate (B) are compatible with the formu- 

lated structure 2h. - 

The reaction of z with benzaldehyde produced the erythro adduct a as the 

main aldol product. 

It was worthy noting that again the threo isomer slightly prevailed when ben- 

zaldehyde preteated with SnC14 was added to &. Possibly the Mukajiama 

aldol condensation of G with the SnCl4 activated benzaldehyde oc- 

curs .g 

The erythro isomer 2 forms with high yield in the reaction between benzalde- 

hyde and the stannylpropylbenzothiazole g, prepared from g via transmetalla- 

tion with SnC14. Similarly & reacted with piperonal and p-chlorobenzal- 

dehyde to give exclusively the erythro isomers 2 and 31 respectively. - 

It is interesting to note that the reaction of tin enolates with aldehydes 

proceeds with threodiastereoselection.10 

The high erythro stereoselection observed in the al&l reaction of stannyl 

derivatives 2h-i might be rationalised by assuming that the reaction proceeds -- 

via an acyclic transition state. Taking into account that internal chelation 

provides stabilisation, transition states K,L,M, all leading to the erythro 

aldol, minimize the R-R1 interactions. 

Thus we have found a suitable procedure for the diastereoselective aldol con- 

densation of 2-alkylbenzothiazoles. When 2-lithioalkylbenzothiazoles derived 

from lb-c upon treatment with LDA are used the aldol reaction proceeds with a -- 

satisfactory threostereoselection, whereas an almost exclusive erythrodiaste- 

reoselection occurs with 2-stannylalkylbenzothiazoles. This is of particular 

importance from the synthetic viewpoint as both the threo and the erythro al- 

do182 and Lare suitable starting materials for the preparation of vinylben- 

zothiazoles of Z and E configuration, which could be used for the stereospeci- 

fit synthesis of d,@-unsaturated carbony1s.l Moreover, the stereoselective 

aldol reaction described in this paper could be exploited for the preparation 

of deoxysugars. Work is in progress to this end. 
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Table. Reaction of 2-metalloalkylbenzothiazo~es tt+BTt Za-k with aldehydez. -- 

Entry M-BT Solvent Aldehydej 
&d 

3/4 
R;;tTo T%* 

% % 
1 2bQ 

'TT 11 

88 42/58 -78 

5 t: 54Y56 -12 -78 
4 II 
2 ,, Z 

55/45 ,, 
56/44 

33/67 

tt I, 

: 34/66 
38/62 

1, 0 

9 43157 ,I 
10 54/46g II 
11 19/81 I, 
12 28/72 II 
13 20/80 W 

14 62/38g 
15 so/sag " 
16 55/45g II 
17 62/38g 0 
18 72/28 t, 

;: 
,t 

z;lp 
” ” 89i 

38/629 
80/20 ,I 

21 ,t 
a4 

86 >98 8, 
22 *t " 

a2 84 >98 " 

a n-BuLi was used as the.lithiating agent.b LDA wa 
% 
used for the 

liaiation. c TiCl was added to 2e before PhCHO. 
Et 0 added before 

SF3 

beg 
;iahed to the silyl derivative 

ore the aldehyde. 
determined on the 

ed to the aldehyde. g ratioi 
mixture byjTLC or $I-NMR. yield 

calculated on converted starting material. 
p-Cl-benzaldehyde; a3 = 

= PhCBO; a2 = 
2.6-dichlorobenzaldeiyii; a4 = piperonal; 

a$ = 2-furaldehyde; a6 = isobutyraldehyde. 

EXFZRIMENTAL 

lH-NMR spectra were recorded on a Varian EM-360X instrument and chemical 
shifts are expressed in values relative to Me4Si as an internal standard. 
The infrared spectra were recorded on a Perkin-Elmer 681 spectrophotometer. 
Melting points were determined on a Electrothermal apparatus and are uncorrec- 
ted. Column chromatography was carried out by using 70-230 mesh silica gel 
from Merck. 
Materials. Tetrahydrofuran (TEF) and diethyl ether from cozunercial sources 

arlo Brba) were purified by distillation (twice) from sodium wire in a 
2-n-propyl- and 2-benzyl-benzothiazole were pre- 

All other chemicals were commercial grade and were 
purified by distillation or crystallisation prior to use. Petroleum ether re- 
fers to the do-70°C boiling fraction. 

Reaction of 2-lithioalkvlbenzothiazoles 5 
The reaction of lb with be Id h d f 

b-4 with aid hvdea. general Drocedure. 
escribed as zn exampie An hexane so- 

lution of 2.4 N?i%Li Cl.?i"mlp z.3 4011 was added drormioe to a stirred 
TRF (or ether) s'i;lutionof lb (8.4 g, 2.45 nxnol) in 20 m‘i TBF at -78OC 
under a nitrogen atmoaphere. After 20 min the TIiF (or ether) solution of ben- 
zaldehyde (0.29 g, 2.7 snnolf in 5 ml TEF was added. After 30 min at 
-78OC the reaction mixture was warmed to room temperature and quenched 
with a saturated NR4Cl solution. Extraction with ether (3 x 20 mll, dry- 
ing over Na 

d 
SO4 and removal of the solvent under reduced pressure 

left a resi ue that was column chromatographed on silich gel, using petroleum 
ether-ether 8:2 as the eluant. The first eluted compound was the l- hen 1-2- 
(2-benzothiazolyl)propan-l-01 &. The second eluted component was +Ak 
isomer feL S t 1 data are reported below and yields are given in the Table. 
When LDA iasyekas the lithiating agent the solution of lb (1 mole) in TRF 
was added to the LDA solution (1.1 mole) prepared from &-Bzi (hexane) and di- 
isopropylamine in THF. Then the benzaldehyde was added as above. 

Reaction of 2-trimethylsilylalkylbenzothiazoles 2e-f with aldehydes. -_ 
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The 2-lithioethylbenzothiazole 2b (1.84 mnol) was generated as above. To the 
stirred solution of 2b (1.84 a) a slight excess of Me3SiCl (2.21 mn01) 
in 3 mlof THF was aed. After 20 min at -78'C the solution was warmed to 
room temwrature and the solvent (THF) removed under reduced pressure. The re- 
sulting yellow sflyl derivative& was dissolved in 20 ml- of CH2Cl2 
Then benzaldehvde (2.21 mm011 pretreated with BFI.Et70 (2.21 zzzol) 
was added at -78Oc. The resulting solution was W&z& to room temperature 
after 30 min an 
ted by TLC and P 

worked up as above. A 1:l &:4a ratio was obtained as indica- 
?I-NMR. A slight erythro select=n wag observed when tita- 

nium tetrachloride was used instead of BF3 Et20. Similarly, Z-trime- 
thylsilylpropylbenzothiazole Zf, prepared from lc as 2, was reacted with ben- 
zaldehyde and p-chlorobenzaldzyde pretreated wm BF3-Et20. 

&action of 2-trichlorostannyfalkylbenzothiazoles Zh-i 
procedure. The reaction of a with p-ChlorobenzaId~e 
example. To a solution 
as above a solution of 
added at -78Oc. After 
in 5 ml of CH2Cl2 was added and then the reaction mixture was allo- 
wed to warm to room temperature. The reaction was quenched with NH4Cl af- 
ter 10 h and worked up as usual. 

Aldols Land 9 (physical data. %I-NMR Spectra were recorded in CDC13 
and a few drops of D20): 

8.0 (m, 9H). 

mvl-2-(2-benzothiazolvl) 
lOO-10l°C; IR (nujol): 
(t, 3H, J 7 Hz), 1.7-2.3 (m, ZH), 3.2-3.6 (m, lH), 5.2 (d, lH,J 4.4 Hz), 
7.2-8.2 (m, 9H). 

m.p. 132-133OC; IR (nujol): 3500-3100 br b (OH) 
0.9 (t, 3H. J 7 Hz), 1.6-2.2 (m, ZH), 3.2-3.6 (m, 

lH), 5.15 (d, lH, J 6.4 Hz), 7.2-8.2 (m, 9H). 

L.2-Dinhenvl-2-(2-benzothiazolyl)ethanol. Erythro isomer &. lH-NMR:& 
4.6 (d, lH, J 5 Hz), 5 7 (d lH, J 5 Hz) 6.9-8.1 (m, 14H). 
Threo isomer 4c. m.p. iSO-l$l°C (EtOH): ;R (CH>C17): 3400 (OH) 
cm-l; lo-NMR:~ 4.45 (d, lo, J 8 HZ), 5.4 (d, rH,&J 8 Hz), 6.9-8.1 
(m, 14H). 

__ ~oroohenvl-2-~~-benzothiazolyl~propa~-l~~l~~E~~~~~~~omer a. 
m.p. 95-96OC; IR (nujol) 3600-3100 b b (0 1 
1.32 (d, 3H, J 6.5 HZ), 3.35-3.75 (m, lH1, 4.8 (br s, lH), 5.3 (d, lH, J 3.5 
Hz), 7.3-8.15 (m, 8H). 
Three isomer & m.p. 97-99OC; IR (nujol) 3600-3100 br b (OH) cm-l 
H-NMR: 6 1.3 (d, 3H, J 7 Hz), 3.25-3.8 (m, lH), 4.65 (s, lH), 4.95 Id, 
lH, J 7.8 Hz), 7.3-8.2 (m, 8H). 

~-(2.6-Dich~orophenyl)-2-(2-benzof~~zolyl)propan-l-Ol. Erythro isomer 2. Oil 
IR (neat) 3700-3100 br b (OH) cm- ; H-NMR d 1 75 (d 3H, J 7 Hz), 
4.05-4.55 (m, lH1, 5.8 (d, 1H. J 8.8 Hz), 7.1-8.i (m, ;H). 
Three isomer d. m.p.117-119°C; IR (nujol) 3700-3100 br b (OH) cm-'; 
H-NMR: 6 1.32 (d, 3H, J 7 Hz), 4.1-4.6 (m, lH), 5.95 (d, lH, J 9.76 Hz), 
7.3-8.2 (m, 7H). 

l-(3,4-Methvlenedioxvp henyl)-2-(2-~~zo~lf~~~l~~~~~~~lid~r~thro isomer 
If. Oil; IR (neat) 3660-3100 br b 
7 Hz, 3H). 3.3-3.8 (m, lH), 5.27 (d, lH, J 3.8 Hz), 6.0 (s, ZH), 6.8-8.2 (m, 
7H). 
Threo isomer u. m.p. 114-117°C; IR (nujol) 3460-3070 br b (OH); l-H- 
NMR: 6 1.26 (d, 3H, J 7 Hz), 3.3-3.8 (m, lH), 4.92 (d, lH, J 8.4 Hz), 6.0 
(s, ZH), 6.8-8.2 (m, 7H). 

_ _ __ _ 
3600-310; br b (OH) cm- 

nzot?q;_l$%--an-l-01. Erythro isomer &_. Oil; IR (neat 
1.4 (d. 3H. J 7 Hz). 3.4-4.0 

(m, lH), 5.3 (d, lH, J 4.Hz), 6.4-(m, ZHj,.7.3:8.2 (m,igH)i 
Threo isomer 42 Oil; IR (neat) 3600-3100 br b (OH) cm - H-NMR:& 

1.35 (d, 3H, J 7 Hz), 3.6-4.1 (m, lH), 5.05 (d, lH, J i.2 Hz), 6.25-6.35 
(m, ZH), 7.3-8.15 (m, 5H). 

2-(Z-Benzothiazolyl)-4-methylpentan-3-01. Erythro isomer 3h. Oil; IR (neat - 
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3650-3100 br b (OH) cm -1 t l&NMRc 6 1.0 (d, 6H, J 6.5 Hz), 1.45 
(d, 3H, J 7 Hzl, 1.5-2.0 (m, lH), 3.4-4.1 (m, 21i),-U3.3-8.2 (m, 4Hl: 
Three isomer phr m.p. 56-58&C; IR (nujol) 3500-3100 br b (OH) cm- r 

H-NMR: d 0.9-1.15 (m, 6~.), 1.45 (d, 31x, J 7 Hz), 1.5-2.1 (m, lH), 3.3- 
3.9 (m, 2H), 7.4-8.2 (m, 4H). 

1-o-Chlorophenyl-2-(2-benzothiazolyl)buta 
102%; XR (nujol) 

-1-01. Erythro isomer&. m.p. lOl- 
3500 - 3100 b b ( 1 b&MR: & 0.85 

(t, 3H, J 7 Hz), 1.6-2.2 (m, fH), ?2-?6 im, 1H) , 5.22, (d, 1H. J 4.4 Hz), 
7.3-8.2 (m, 8H). 
Three isomer pL. m.p. 
H-NMR: d 0.9 (t, 

140-141OC; IR (nujol) 3500-3080 br b (OH) cm-l 
3H, J 7 Hz), 1.6-2.1 (m, 2H), 3.2-3.6 (m, lH), 5.12 

(d, 1H. J 6.2 Hz), 7.3-8.2 (m, 8H). 
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