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In connection with studies directed toward the total synthesis of the anticholinergic, spirocyclic
alkaloid hi.striontcotomn1 (A), a method for the stereoselective introduction of a cis enyne grouplng2 was

required. It was apparent from examination of the literature that existing methodology was totally inade-
quate.3 This note reports a potential solution to this problem as well as our findings regarding the
preparation of terminal enynes with particular reference to stereochemistry.

Wittig condensation of an aldehyde with propargylidenetriphenylphosphorane appeared to offer the most
direct preparation of the desired enyne, When the requisite phosphonium salt3 1a in tetrahydrofuran (THF)
was treated at 0° with 1 equivalent of n-butyllithwum (pn-BuLi), a red color appeared. Treatment of this
solution with cyclohexane carboxaldehyde afforded in low yield the highly unstable cumulene 4 [1.r. 4 75

and 11.92 x4, p m.r. three olefimc protons 5,08 (terminal CH, doublet, which in turn 18 finely split) and

2
5.55 p p.m. (vinyl H, quartet, again finely split) 1n a ratio of 2 1]. The cumulene 4 might be formed as a
consequence of 1somerization of propargylidenetriphenylphosphorane to the allenylphosphorane 5 prior to

Wittig condensation. This highly interesting observation awaits further investigation,
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In the hope of obviating cumulene formation, the terminal trimethylsilyl (TMS) propargylic phos-
phonium salt 1b was prepared and converted to the phosphorane with 1 equivalent of n-BuLi. Subsequent
condensation with three representative aldehydes afforded the expected protected enynes in good yield
(Table I). However, this process was stereoselective for the trans, rather than the cis enyne unit, The
trans-enyne 3 was characterized by a strong infrared absorption at 9.60 u (C=C, out of plane bending) and
by the coupling constant between the vicinal olefinic hydrogens (J AB " 16. 0 Hz.), observed in the n.m, r,
spectrum. Quantitative removal of the TMS protecting group could be effected by treatment of a THF solu-
tion of silyl trans-enyne with an excess of (n-Bu) 4§ I; 4 or KF « 2H20 in dimethylformamide solution,

TABLE I
Reactant Product Yield (%) trans/cis
CHO
O/ 56 >10 1
CHO

©/ H 54 2.7-1
Q
CgH
5 uw CgHyq H 80 >10 1

H CHO -
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A third approach which led to a successful procedure for the synthesis of cis-enynes utilizes the well
known conversion of chloroolefins to acetylenes as a key step (see Scheme I). The propargylic alcohol 6

was reduced with hydrogen using Pd-CaCO,, as catalyst in benzene to afford the cis-allylic alcohol 7 (98%

3
yield) Oxidation with activated manganese dioxide in methylene chloride gave the sensitive conjugated

/,CH20H H
7 H
O/ 2 N 1. MnO,,
———— e ————(—
Pd/Caco, CH,OH 2. ¢,P=CHCI
6 (A
H H
H H
N 1. MeLi
———————
2. TMSCl
H C Wl
8 Cl 2 TMS
SCHEME 1

cis-aldehyde which was immediately treated with chloromethylenetr lpllenylphospluu‘mne5 in THF to afford
the chlorodiene 8 as a mixture of Z and E isomers (83% overall). The chlorodiene 8 was next treated with
methyllithium in THF at room temperature to effect dehydrohalogenation. After 12 hr., the reaction mix-
ture was quenched with trimethylsilyl chloride, and the resulting silylated cis-enyne 2 (R = TMS) was
isolated (70% yield). The cis-enyne 2 was characterized by strong infrared absorption at 13,10 u and by a
coupling constant between the vicinal olefinic hydrogens of 11.2 Hz observed in the n.m r spectrum

The requisite starting material, the propargylic alcohol 6, was prepared in good yield starting from
methyl cyclohexane carboxylate as outlined below (Scheme I). The S-keto amide 9, obtained from the

o] (o]

o
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O 2 LICH,CN(CH,), N(CH,), 1.NH,NH,
———————
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SCHEME I
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reaction of the reagent LiCHzﬁNMe2 6 (2 equiv. in THF) and methyl cyclohexane carboxylate, was treated
sequentially with NHZNH2 (MeOH, 3 hr. reflux), then TI(ON02)37 to afford the propriolic ester 10 (57%
overall) Reduction of 10 with 3 equivalents of diisobutylaluminum hydride in hexane at 0° for 0.5 hr.
proceeded smoothly and gave the propargylic alcohol 6 in greater than 80% yield. The applicability of this
process to the synthesis of histrionicotoxin is under current investigation. 8

The methods outlined above are further detailed by the following procedures for trans and ci1s-enyne
synthesis.

A. trans-1-Cyclohexyl-2-trimethylsilylethynylethylene {3). To a cooled (-78°) suspension of phos-
phonium salt 1b (937 mg., 2.05 mmol.) in 10 ml. of THF was added 1. 58 ml. of 1.29 M n-BuLi (2.05

mmol. ). The solution was stirred at -40° for 0.5 hr. and cooled again to -78°. Cyclohexane carboxalde-
hyde (152 mg., 1.35 mmol.) was added, and the cooling bath was removed and replaced by ice water,
After 1 hr., the product was isolated by extraction with pentane. Filtration through a short column of
acidic alumina and purification of the product by preparative t.1.c. (pentane) afforded after evaporative
distillation at 130° (bath) and 0.7 mm., 155 mg. (56%) of trans-enyne 3- i.r. hﬁl:;( 4.62, 6.91, 8.00,
9.60, and 11.80 4, p.m.r. (CDCl,) 6.02 (vinyl H, doublet of doublets, J 2

ac = 8-7Hz., J, =16.0Hz.) and
5.25 p.p.m. (vinyl H, doublet, J B= 16. 0 Hz.), molecular 1on- caled. for C, H__Si 206, 1490, found
206. 1485.

A 1322

B. cis-1-Cyclohexyl-2-trimethylsilylethynylethylene (2). A solution of ¢jg-allylic alcohol 7177

mg., 1.27 mmol,), CHZCI2 (20 ml.), and 2.0 g of activated MnO_ was stirred at room temperature for

2
14 hr. The solution was filtered, and the solvent was removed on a rotary evaporator to afford 167 mg.

(95%) of cis-aldehyde 1 r. Agl:; 5 97, 8.67, 10 51, and 11,16 u, p m r. (CDCls) 10 13 (CHO, doublet,
J = 8.0Hz.), 6,52 (vinylic H, doublet of doublets, J =11,0Hz., J

(vinylic H, doublet of doublets, J,  =11,0Hz., J

AB =1Q.5Hz.) and 5. 93 p.p.m,

= 8,0 Hz.).

AC

AB AD
To a cooled (-78°) suspension of chloromethyltriphenylphosphonium chloride (1.30 g., 3.78 mmol.) in

10 mL. of THF was added n-BuL1 (3.70 mmol. ) 1n hexane. After 0.75 hr. at -78°, the cis-aldehyde (167
mg., 1.21 mmol ) was added in 1 ml of THF. The cooling bath was removed and replaced by ice water,
After 3 hr. the product was isolated by pentane extraction. Filtration through a short column of acidic
alumina and evaporative distillation (b. p. 100° (bath) and 0.7 mm.) afforded 173 mg. (83% overall) of the
chlorodiene 8: i.r. }\2:1(' 6.32, 10,71, 11.18, and 14.00u, p.m.r. (CDCI3) 7.00-5. 20 p. p.m. (vinylic
H's, complex), molecular 1on caled. for CIOHISCI 170. 0863, found 170. 0864,

To a cooled (0°) solution of chlorodiene 8 (60 mg., 0,35 mmol.) in 10 ml. of dry THF was added 3
ml of 1.6 M methyllithium. The cooling bath was removed, and the solution was stirred at room tempera-
ture for 12 hr, Addition of trimethylsilyl chloride (0.5 ml ) and isolation of the product by pentane extrac-

tion afforded after evaporative distillation (130° (bath) at 0.7 mm.) 53 mg. (70%) of the desired cis-enyne 2-
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1r. )\f:;l‘ 4,62, 8.00, 11,75, and 13.10 i, p.m.r. (CDCls) 5. 58 (vinylic H, doublet of doublets, JAB =

11.2 Hz., JAC =8.1Hz ) and 5.15 p.p.m. (vinylic H, doublet, JAB =11.2 Hz.), molecular ion calcd.
for CI3H2281 206. 1490, found 206. 1485,
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