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efficiency of the deoxystannylation has been compared with that of an analogous silyl counterpart and proved to

be much more efficient. The method has been applied to synthesis of conjugated enyne[3]cumuiene 3 as a
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propargylic alcohol and stannylated alienyl alcohol, both of which were converted to a singie [3jcumuiene by
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Abstract: Sequential treatment of a propargylic alcohol by BuLi and Bu3SnCl gave a mixture of stannylated

model compound of neocarzinostatin chromophore. © 1998 Elscvier Science Ltd. Al rights reserved.
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functionalized cumulenes such as 2. There have been several methods for cumulene
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deoxystannylation sequence.

propargylic alcohol 5 and stannylated allenyl lcohol 6 wa btamed owmg t the propargyl
and allenyl tautomerism of the carbanion. Their structures were confirmed by IR spectra; §
(2200 cm—1 for acetylene) and 6 (1927 cm~1 for allene). Two isomers could be separated
by silica gel chromatography, and they were treated with methanesulfonyl chloride and
triethylamine in dichloromethane at -78 °C to give 2,3,4-decatriene 7 in 85% yield as an
inseparable 1:1 mixture of the (E)- and the (Z)-isomers.
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These results show that both 1,4-elimination of propargylic alcohol § and 1,2-elimination of
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under low temperature and almost neutral condition which is mild enocugh for the
preparation of unstable 7. The cumulene structure of 7 was confirmed by 13C NMR
spectra, which showed two pairs of four olefinic carbons at 101.89, 107.70, 159.82, 161.60
and 101.99, 107.83, 159.86, 161.74 ppm, however, (E)- and (Z)-configurations could not be
determined for the two isomers. For a prac.ical synthesis of cumulene, separation of the
stannylated alcohols was not required, and the crude mixture was treated under the same
conditions to give 2,3.4- decatriene 7.
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The versatility of this method was shown in the synthesis of 1,4-diphenyl-1,2,3-butatriene 9
by applying the same series of reactions starting from 1,4-diphenyl-2-butyn-1-ol 812 in21%
yield without isolation of the intermediates.

Next, we exploited the stannylation-deoxystannylation sequence to prepare conjugated
enyne[3]cumulene 3. Treatment of cyclopentanone with Vilsmeier’s reagent (PBr3 and
DMF) gave bromoaldehyde 10,13 and the subsequent DIBALH reduction afforded alcohol
11. This was transformed into iodide 12 by way of a mesylate, and the resulting allyl
iodide 12 was condensed with the dianion derived from 2-methyl-3-butyn-2-ol and BuLi (2
equiv.) to give enynol 13. Palladium-catalyzed coupling of vinyl bromide 13 with 1-octyne
in the presence of copper iodide and butylamine afforded enediynol 14. 14 When 14 was
treated with two equivalents of BuLi followed by one equivalent of chlorotrimethyltin, 15
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nly stannylated ailenyl aicohol 15 was obtained. Tt 's was treated with methanesulfonyl
chloride and triet“y amine to give conjugated enyne[3}cumulene 3 in a moderate yield
(RO
\JO7C ).
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Two groups recently reported similar [3]cumulene syntheses by Peterson type 1,4-
3 Ty M1 a 1 ‘1‘ s s an A Py T
deoxysilylation from 4—(mmemy|suy )-2-butyn-1-0ls.8:10 In comparison with their
methods, our cumulene synthesis has several advantages. Our starting material is a readily
available common acetylene alcohol, however, in their methods, the starting propargylic
trimethylsilane unit must be prepared beforehand. Only 1,4-elimination of
hydroxytrimethylsilane was reported in their [3]cumulene synthesis, and both 1,4- and 1,2-
deoxystannylations led to cumulene in our synthesis. In p,mcular, 1,2-deoxystannylation of
Qta_nr\ylated allgnyl alcohol was 1 niqmﬂ because it involved cleavage of an sp<-carbon-Sn

bond. No example of similar 1,2-elimination of a silyl counterpart (1,2- deox?ysﬂylanon) as
been known in cumulene synthesis, although the fluoride ion-induced 1,2-elimination of

chlorotrimethylsilane from 1-chloro-2-(trimethylsilyl)-2-propene gave terminal allenes.!”
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To compare the facility of 1,2-deoxystannylation with deoxysilylation, we prepared the
silyl counterpart 16 of 15 by applying the same sequence of reactions for propargylic
alcohol 14 using chiorotrimethylsilane in place of chlorotrimethyitin. In this case, allenyl
16 and propargyhc sﬂanes 17 were obtamed as an mseparable mlxture ThlS mlxture was
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and shorter than the Sn—C bond.18 OQur enyne[3lcumulene synthesis has the additional
advantage that cumulenes were obtained in a pure form without contamination from
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isomeric olefins, whereas, in an analogous silyl method by Wang and co-worke

s
lene mostlv contained the tautomeric byp

obtained cumulen tly contain tautomer roduct. Our method is apph_.ab!., to
a variety of enyne[3]cumulenes by selecting combinations of propargylic alcohols and

In conclusion, we have shown that 1,4-elimination of stannylated propargylic alcohols as
well as 1,2-elimination of stannylated allenyl alcohols effectively give [3]cumulenes. The
entire process is carried out under mild conditions and can be used to synthesize reactive
intermediates, exemplified by the synthesis of conjugated enyne[3]cumulene 3 as a model
‘system of the NCS chromophore. Use of tin reagent proved to be more beneficial than the
silicon counterpart because 1,4-elimination as well as 1,2-elimination proceeded effectively
under the neutral reactlon condition.
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olution of alcohol 14 (690 mg, 2.53 mmol) m, THF (7 mL) was added BuLi (3.32 mL of 1.6 M

) 0
hexane solution, 5.32 mmol) at =78 °C under
°C for 1.5 h, and after being cooled to -78 °C, Me3SnCl (505 mg, 2. 53 mmol) in THF (5 mL) was

added dropwise. After being stirred at —78 °C for 1.5 h, the mixture was poured into ice and H20

and extracted twice with EtOAc. Organic layers were washed with brine, dried, combined, and
concentrated. The residual oil was purified by silica gel chromatography (toluene) to give

stannylated allenyl alcohol 15 (688 mg, 62% yield). Alcohol 15 (131 mg, 0.3 mmol) was dissolved in
CH?2Cl7 (1.5 mL), and MsCl1 (70 pL, 0.9 mmol) and NEt3 (138 pL, 1.2 mmol) were added at -78 °C.

The cooling bath was removed, and stirring was continued at room temperature for 30 min. The

mixture was pOUI'CCl into ice and 1 N HCI and extracted twice with EtOAc. Each organlc 1ayer was
wachad with catniratad Nall M0 nnn]
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silica gel chromatography (hexane
2924 2200, 2038 cm— 1 IH NMR
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brine, dried, and concentrated. The residual oil was purified by

to give enyne[3]cumulene 3 (44 mg, 58% yield). IR (CHCI3)
200 MHz, CDCI3) 3 0.89 (t, 3, J = 6.8), 1.2-1.6 (m, 8), 1.87

Ly WAL N1

(quintet, 2, J = 7.3), 1.96 (s, 6), 2.41 (1, 3, J = 6.6), 2.5-2.6 (m, 4), 6.36 (br's, 1); 13C NMR (75.4 MHz,

A5 Ladd

CDCl13) 8 14.07, 19.93, 22.40, 22.59, 24.29, 25.18, 28.64, 29.01, 31.41, 33.00, 37.67, 98.13, 99.61,
116.45, 122.31, 146.32, 152.04, 157.16; HR-LSIMS m/z 254.2011 M+ (calcd for C19H26, 254.2035).
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