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In the foregoing paper1 we described efficient routes to a variety of 2-vinyl benzothiazoles
(vinyl BT's) and also mild, effective modification of C-2 of the BT nucleus to form carbonyl
compounds. This note is primarily concerned with new carbon-carbon bond forming reactions of BT's
which are highly effective for the stereoselective attachment of one or two carbon appendages to a

ring and which substantially broaden synthetic methodology.

1. VINYL BT's AS MICHAEL ACCEPTORS. An extemnsive and useful series of annulation processes could

be developed if a reliable method were found for the conjugate addition of carbon nucleophiles to
a,B-unsaturated aldehydes. However, direct 1,4-addition to conjugated aldehydes is usually thwarted
by addition at the carbonyl carbon.2»3 We now report that organo-lithium reagents undergo clean
conjugate addition to the model vinyl BT %? (an enal equivalent) with no trace of competing proton

% with excess lithium reagent.s’e

.E F HO -CHO
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APP(FG): appendage, non-functionalized or functionalized
E- electrophile (H or carbon-derived)

abstraction or further reaction

Table I summarizes some of the results obtained with %? using a wide variety of organo-lithium
reagents. In each case, addition to the vinyl BT la is clean and rapid (0.5 - 3 hr, -78°, THF),
and affords the cis-2-substituted cyclohexane BT's % with a high degree of stereoselectivity
(generally 85-95%). The stereochemistry7 of the various adducts % was confirmed not only by
conversion to and isolation of the corresponding cis-aldehydes % (which upon mild acid treatment
(H+, THF) afford the corresponding trans-aldehydes 4 (Table II), but also by proton magnetic
resonance (pmr) analysis.

Though in most instances the intermediate lithio-derivative which results from conjugate
addition to %? was quenched with gt (MeOH, -78°), this intermediate also undergoes facile reactions
with other electrophiles (e.g., allyl bromide, -78°, 0.5 hr; methyl iodide, -78°, 1 hr). The latter
process constitutes an efficient method for the introduction of two vicinal appendages at one time
with a high degree of stereoselectivity (Table I).5,°

It is noteworthy that cis-2-substituted cyclohexane carboxaldehydes (e.g., éa—d, Table II)
suffer no detectable epimerization when formed by Ag(I) promoted hydrolysis of the corresponding
N-methyl benzothiazolines.
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Table I. Conjugate Addition of Organo-Lithium Reagents to the Vinyl BT la
RLi (equiv) Conditions® Electrophile Product % % yieldb (cis/trans)
a. n-Buli (1.4) -78°, 45 min  MeOH, -78° @-\/ 997 (89/11)¢
b. CHp=CHLi (1.5) -78°, 40 min  MeOH, -78° O:j 97% (95/5)4
T d
c. PhLi (1.75) -78°, 50 min  MeOH, -78° 96% (>95/5)%°¢
h
T d
d. MeLi (1.75) -78°, 160 min MeOH, -78° 90% (89/11)
4.5 equiv HMPA
2N
e. MeLi (1.75) -78°, 160 min allyl bromide 90% (89/11)%
4.5 equiv HMPA (-~78°, 20 min)
(-78° to 25°, 30 min)
¢ CCICH,
£. MeLi (1.85) -78°, 165 min  CICHCH=CC1CHg O:ﬂ 967
4.5 equiv HMPA (-78°, 80 min)
g. t-Buli (1.75) -78°, 75 min  MeOH, -78° O:TTB >95% (>80/20)8°"
-bu
15 T h i
h. HC(NNMe,)CH,Li -78°, 20 min  MeOH, -78° >95% (>85/15)"»
(1.75) 3.5 equiv HMPA NMe,
i. CHy=CHCHpLi  -78°, 15 min  MeOH, -78° CC; 787 (85/15)"
(1.5)

(a) THF as solvent; 8.2 ml/mmole ila. (b) After colummn chrom. (Si02), all products displayed
the expected pmr, ir and mass spectral characteristics. (c) Cis and trans isomers separated
by column chrom. (d) Ratio of cis/trans aldehydes (gc) obtained upon reductive hydrolysis

of the BT's. <(e) Mp. 83.5-85°. (f) 70:30 Mixture of E/Z olefinic isomers. (g) Slowly
isomerizes to the trans compound at 25°, (h) Cis/trans ratio by pmr. (i) Yield of unpurified

product.
II. ALKYLATION OF VINYL BT'S.

alkylated B,Y-unsaturated aldehydes is plagued by O-alkylation,dialkylation, and self condensation.1?

The direct alkylation of o,B-unsaturated aldehydes to afford o-

We report here an attractive alternative which involves the generation and alkylation of BT-
Treatment of the vinyl BT's %a and kb with freshly

HO
T o
6 7

stabilized allyl anions (e.g., é and Q).
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Table II. Conversion of BT Conjugate Adducts to Aldehydes

Benzothiazole Methylationa Reductionb Aldehyde Qc d Aldehyde 4®
conditions conditions % yield (cis/trans) (cis/trans)
HO
%? 1.2 (2.5 hr) A, 90% (84/16) (5/95)
HO
%P 1.1 (1.5 hr) A. 85% (95/5) (12/88)
HO
28 1.2 (2.5 hr) A. h 90% (> 95/5) > 99% trans
HO
%g 1.2 (2.5 hr) A, 86% (89/11) (3/97)
N
.CHO
%e 2.0 (94 hr) A. 90% (89/11)
" CCICH,
WCHO £
2f 2.0 (268 hr) A. 76%
Y]
g HO
2g 1.2 (3 hr) A. 88%8 > 95% trans
" t-Bu Enma—

(a) Equiv (time) of MeOSO,F; 4.0 ml CHyCl, per mmol substrate. (b) A. = 4.4 equiv NaBHy,
-20°, 5 ml EtOH per mmol. (c) Ag(I) promoted hydrolysis1 of the intermediate N-methyl
benzothiazolines. (d) All aldehydes were purified by evap. bulb to bulb distillation and
exhibited the expected pmr, ir, and mass spectral characteristics; cis/trans ratio determined
by gc. (e) Isomerization (3+4) was carried out in THF containing a catalytic amount of HC1;
cis/trans ratio determined by gc. (f) 70:30 Mixture of E/Z olefinic isomers. (g) Sample
of BT 2g that was 60/40 trans/cis was used.

prepared lithium diisopropylamide (1.1 equiv, -78°, THF, 3 hr for la and 2 hr for Ab) led to

the intermediate anions 3 and 8 (0.12 M in THF) which underwent clean a-alkylation!lrespectively
with allyl bromide (3.0 equiv, -78°, 2 hr, 0°, 3 hr) and benzyl bromide (1.5 equiv, -78°, 130 min,
0°, 30 min) to afford the B,y-unsaturated BT's é (95%) and 2 (99%) after chromatography (Si0;).

As described previously! methylation of 6 (2.0 equiv Me0OSOyF, 27 hr, CH»Cl,) and 2 (1.2 equiv of
MeOSO,F, 2.5 hr, CHyClp) followed by NaBH, reduction (4.4 equiv, -20°, 20 min, EtOH) and Ag(I)
promoted hydrolysis affords the aldehydes ] (93%) and 10 (92%). In the later case, no a,B-
unsaturated (i.e. isomerized) aldehyde could be detected in the product.

III. REDUCTION OF VINYL BT'S, ALKYLATION OF SATURATED BT'S. The vinyl BT's ka and kc are
feadily hydrogenated (1 atm Hp, 25 mg 10% Pd-C per mmol substrate, EtOH, < 4 hr) to the correspond-

ing saturated BT's it (99%) and 12 (98%, 3:2 cis:trans) without significant catalyst poisoning.
Using the methodology previously developed12 the saturated BT %k was converted to cyclohexane
carboxaldehyde 13 in an overall yield of 81% from 1l (80 % from la).

Metallationl3 of the saturated BT k% (1.2 equiv n-Buli, -78°, 2 hr, 6.0 ml THF per mmol
substrate) followed by treatment of the resulting o-lithio derivative with allyl bromide (3.0
equiv, -78°, 2 hr, 0° to 25°, 3 hr) afforded the alkylated product 14 (98% chromatographed) as



12 Nol.l

HO > R/@/BT ; HO
fa R=H t-B + isomer
13 1c R:=t-Bu T 15
“\\\\\\\\\\\\\ *r T
R/O/m —> tB + isomer

11 R=H q BT
12 R=t-Bu

an 83:17 mixture of axial:equatorial BT. Alkylation of similar systemslq have been shown to proceed
in the same stereochemical manner affording products primarily derived from equatorial alkylation.
Conversion of %ﬁ to the 83:17 axial:equatorial mixture of known " aldehydes kz (83% from k&, 80%
from %9) was accomplished as follows; methylation (2.0 equiv Me0OSO,F, 89 hr, CH,Cl,), NaBH, reduc-
tion (5.0 equiv, -20°, 20 min, EtOH) and hydrolysis of the resulting N-methyl benzothiazoline (Method
B!, methylation - 1.2 equiv Me0OSO,F, 18 hr, CH,Cl, followed by 5% aq K,CO3-THF treatment of the
residue and purification of %g).ls

Cis-1-(2-benzothiazolyl)-2-phenyl cyclohexane 2c: A soln of PhLi (8.75 mmol, 4.17 ml of 2.1 M in
70:30 PhH:Et,0) in 31 ml of dry THF cooled to -/8° under argon was treated dropwise (10 min) with
the vinyl BT la (5.0 mmol, 1.08 g) in 10 ml of dry THF. The resulting yellow-orange soln was
stirred at -78° for an additional 50 min before MeOH (5.0 ml) was added. The reaction mixture was
poured onto sat'd NH,C1/NH,OH (pH 8) and extracted with ether. The combined organic extracts were
washed with brine, dried (MgSO,) and concentrated under reduced pressure. Chromatography of the
crude product (75 g Si0,, 25.5 x 2.8 cm, hexane to CH;Cl, gradient elution) afforded 1.41 g (96%) of
pure %f as a white solid, mp 83.5-85°, >95% cis; pmr (CDClz, ppm): 3.77 (1H, o-BT methine,w /2= 8-9
Hz), 3.16 (1H, benzylic methine, t split d, J=4 and 11 Hz, wj/p=16 Hz); ms: 293 ott, strong), 162
(base).
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