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Abstract: The Pd(PPh,),-catalyzed cross coupling between 3 and terminal alkynes furnished
enynyl aldehydes 4, which were converted to 6 by condensation with 5. Sequential treatment of
6 with n-butyllithium, methanesulfonyl chloride, and tetrabutylammonium fluoride (TBAF)
afforded enyne[3]cumulenes 8.

In recent years there has been a surge of interest in developing new synthetic routes to conjugated
enyne[3]cumulenes.! This is due to the discovery that upon exposure to methyl thioglycolate the nonprotein
chromophore of the antitumor antibiotic neocarzinostatin (NCS-Chrom, 1) is transformed to the cyclic
enyne[3]cumulene 2, which serves as a key intermediate along the pathway of DNA cleavage.2 Two general
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routes have emerged for synthesis of enyne[3]Jcumulenes, one involving the use of various dienediyne
derivatives as precursors!®f and the other employing a Horner-Emmons type reaction of
allenyldiphenylphosphine oxides with conjugated enynyl aldehydes.!8 We recently reported a facile synthesis
of [3]cumulenes via 1,4-elimination of hydroxytrimethylsilane from 4-(trimethylsilyl)-2-butyn-1-ols, readily
obtained from condensation of terminal propargylic silanes with aldehydes and ketones.> We now have
successfully extended this method to synthesis of enyne[3Jcumulenes by using conjugated enynyl aldehydes
for condensation.

The  Pd(PPhj),-catalyzed  cross  coupling of  various  terminal  acetylenes  with
1-(2-bromo-1-cyclopentenyl)carboxaldehyde (3), readily obtained from reaction of cyclopentanone with PBrg
and DMF in 68% yield,* proceeded smoothly and furnished the conjugated enynyl aldehydes 418 (Scheme 1)
in excellent isolated yields (Table 1). Treatment of 4 with 1-lithio-1-alkynes 5, derived from corresponding
propargylic silanes’ and n-butyllithium, afforded condensation adducts 6 in a straightforward and highly
efficient manner. Essentially equal amounts of two diastereomers were formed in the cases of 6c, 6d, and 6f.
Conversion of 6 to enyne[3]Jcumulenes 8 was carried out by treating 6 with n-butyllithium, methanesulfonyl
chloride, and TBAF in a sequence as described previously.> Again, enyne[3}cumulenes 8c, 8d, and 8f were
essentially 1:1 mixtures of the E and the Z isomers. It is worth noting that the mildness of the reaction
condition for the 1,4-elimination step through methanesulfonates 7 is ideally suited for the synthesis of
thermally labile enyne[3]cumulenes. By selecting different combinations of various fragments to produce 6
as precursors, enyne[3]cumulenes with diverse structures could thus be synthesized.

3785



3786

Scheme 1
RZ .
o g H-CZC-R 2z 1li—=—R
PBr; Pd(PPh;)4, 5 mol % 5 SiMe;
e ——_— H - > H >
DMF Cul / EIN(i-Pr), 2. NH,Cl
o 12h, 1t 4 0
3
/RRZ . /R R? R 2
/4 Rl 1. n-BuLi /4 R! = !
Z>  SiMe; 3. TBAF Z SiMe, | %C¢C R!
HO ¢ MsO 8
7

Enyne[3]cumulenes 8a and 8b were stable enough to allow isolation and purification by HPLC without
extensive decomposition. A small fraction of pure 8f was also isolated by HPLC. The efficiency of
conversion from 6 to 8 was determined by comparison of the integrated peak areas of the 'H NMR signals of
the crude reaction products using 1,4-dinitrobenzene as the internal standard as described previously.

In addition to 8b, the 'H NMR signals at § (C¢Dg) 6.62 (1 H, dt, J = 10.8 and 2 Hz), 6.17 (1 H,t, J = 2.8
Hz), and 5.98 (1 H, d of septet, J = 11.0 and 2.7 Hz), attributable to the formation of a substantial amount of 9
(8b : 9 = 1:1), were also observed when the elimination step was carried out at 0 °C. Presumably, 9 was
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produced from a competing 1,4-elimination by deprotonation of one of the allylic hydrogens on the
five-membered ring and protodesilylation of the propargylsilane moiety.® The geometry of the exocyclic
double bond is tentatively assigned the E geometry on the basis of less steric interaction. Fortunately by
conducting 1,4-elimination at -78 °C, the amount of 9 was reduced (8b : 9 = 5:1). Similar results were also
observed in other cases. Although all of the starting alcohol in the case of 6e was consumed, we were unable
to detect the formation of 8e. This is presumably because of the presence of a very labile monosubstituted
{3Jcumulene moiety’ in 8e, making it too unstable under the reaction condition as observed previously.>

The following procedure for the synthesis of 8b'8 is representative. To a degassed solution containing
0.867 g of Pd(PPh3), (0.75 mmol), 0.29 g of Cul (1.5 mmol), 2.63 g of 3 (15 mmol), and 5.82 g of
diisopropylethylamine (45 mmol) in 20 mL of DMF was added via cannula a degassed solution of 1.89 g of
1-hexyne (23 mmol) in 10 mL of DME. After 12 h of stirring at rt, the reaction mixture was poured into a
flask containing 200 mL of a saturated NH,Cl solution and 200 mL of pentane. After filtration, the organic
layer was separated, washed with water (3 x 30 mL), dried over Na,SOy, and concentrated. The residue was
purified by column chromatography (silica gel / 5% diethyl ether in hexanes) to afford 2.50 g of 4b'8 (14.2
mmol, 95%) as a yellow liquid: IR (neat) 2211, 1668, 1596 cm'!; 'H NMR (CDCl3) & 10.01 (1 H, s), 2.66 (2
H, «,J =7.7 and 2 Hz), 2.57 2 H, t,J =7.6 Hz), 243 2 H, t, / = 6.9 Hz), 1.92 (2 H, quintet, J = 7.5 Hz),
1.6-1.4 (4 H, m), 0.92 (3 H, t, J = 7.2 Hz); 13C NMR (CDCl,) § 189.23, 146.94, 144.71, 103.24, 74.99, 39.21,
30.42, 29.28, 21.99, 21,96, 19.51, 13.54; MS m/e 176 (M™), 175, 161, 147, 134, 105, 91.



Table 1. Synthesis of 4, 6, and Enyne[3]cumulenes 8
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enynyl aldehydes 4,2 alcohols 6,* enyne[3]cumulenes, 8
isolated yield, % isolated yield, % yield, % (isolated yield, %)
4a, 97 6a, 93 8a, 62 (30)
R = SiMe; R =SiMe;, Rl =RZ=Me R=H,R!=RZ2=Me
4b, 95 6b, 93 8b, 54 (35)
R = n-Bu R = n-Bu, Rl =R2=Me R =n-By, R! =R?=Me

6c, 93 8¢, 51

R =n-Bu,R! =H, R? = n-Bu R =n-Bu,R! =H,R?=n-Bu
4c, 98 6d, 91 8d, 41

R = 1-(1-cyclohexenyl)

R = 1-(1-cyclohexenyl),
R!=H,R2=n-Bu

R = 1-(1-cyclohexenyl),
R! =H,R?=n-Bu

6e, 91 8e, -
R = 1-(1-cyclohexenyl), R = 1-(1-cyclohexenyl),
R!=H,R2=H R!=H,R2=H

4d, 86 6f, 82 8f, 44

R=Ph R=Ph,R! =H,R?2=Ph R=Ph,R! =H,R2=Ph

aThe isolated products were characterized by IR, 'H (270 MHz) and '3C (67.9 MHz) NMR,? and/or MS.
bThe yield of the reaction was determined by comparison of the integrated peak areas of the 'H NMR
signals using 1,4-dinitrobenzene as the internal standard.

To a solution of 0.35 g of 3-methyl-3-(trimethylsilyl)-1-butyne (2.5 mmol) in 10 mL of dry THF was
added 0.96 mL of a 2.5 M solution of n-butyllithium (2.4 mmol) in hexanes at -30 °C. After 20 min of
stirring, 0.387 g of 4b (2.2 mmol) in 5 mL of THF was added via cannula, and the reaction mixture was
allowed to warm to 0 °C. After 1.5 h, 5 mL of a dilute NH,Cl] solution and 60 mL of pentane were
introduced. The organic layer was separated, washed with water (2 x 20 mL), dried over Na,SO,, and
concentrated. The residue was purified by column chromatography (silica gel / 5% diethyl ether in hexanes)
to give 0.65 g of 6b ( 2.06 mmol, 93%) as a light yellow liquid: IR (neat) 3431, 2216, 1457, 1249, 840 cm’l;
IH NMR (C¢Dg) 8 5.71 (1 H, 5), 2.65 2 H, t, J =7.5 Hz), 241 2 H, t,J =7 Hz), 2.11 2 H, t, J = 6.6 Hz),
2.07 (1 H, s, OH), 1.66 (2 H, quintet, / =7 Hz), 1.3-12 (4 H, m), 1.09 3 H, s), .08 3H,s),0.76 3H, t,J =
7.1 Hz), 0.03 (9 H, s); 13C (C¢Dg) 8 148.41, 120.80, 96.12, 92.61, 80.30, 76.63, 60.57, 37.50, 31.31, 31.14,
24.09, 22.46, 22.20, 19.51, 17.36, 13.71, -4.43.

To a solution of 0.474 g of 6b (1.50 mmol) in 10 mL of dry THF was added by a syringe 0.64 mL of a
2.5 M solution of n-butyllithium (1.6 mmol) in hexanes at -50 °C. After 20 min, 0.183 g of methanesulfonyl
chloride (1.60 mmol) in 6 mL of dry THF was introduced via cannula. The reaction mixture was stirred at
-50 °C for 2 h and then was cooled to -78 °C before 4.5 mL of a 1.0 M solution of TBAF in THF was added
by a syringe. After 1 h at -78 °C, the reaction mixture was allowed to warm to -20 °C and was transferred via
cannula to a separatory funnel containing 40 mL of a degassed aqueous solution of Na,CO;z and 60 mL of
pentane under a nitrogen atmosphere. The aqueous layer was separated, and the organic layer was washed
with 30 mL of a degassed aqueous solution of Na,CO; and then was transferred via cannula to a flask under a
nitrogen atmosphere. The organic solvent was evaporated under reduced pressure at 0 °C, and a solution of
0.081 g of 1,4-dinitrobenzene in 1 mL of C¢Dg and 1.8 mL of THF was introduced. The yield of 8b!8 (54%)
was determined by comparison of the integrated peak areas of the lH NMR signals of 1,4-dinitrobenzene at §
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8.05 and the vinylic hydrogen of 8b at § 6.37.% In a second run by starting from 0.221 g of 6b (0.70 mmol),
the reaction mixture containing 8b was concentrated to ca. 2 mL and was passed through a column (Florisil,
100-200 mesh, Fisher F-101, pentane) at 0 °C under a nitrogen atmosphere. The fractions containing 8b were
combined and concentrated under reduced pressure at 0 °C to ca. 0.3 mL and were further purified by HPLC
(silica / hexanes) to afford 0.055 g of 8b (35%) as a yellow solid: 'H NMR (C¢Dg) 8 6.97 (1 H,5),2.59 (4 H,
q,J=7Hz),222 (2H,t,J=6.5Hz),1.74 3 H, s), 1.68 3 H, 5), 1.63 (2 H, quintet, J = 7.7 Hz), 1.4-1.2 (4 H,
m), 0.76 (3 H, t); 13C (C¢Dy) 8 158.10, 153.02, 146.42, 123.27, 116.06, 100.34, 98.36, 78.24, 38.04, 33.41,
31.27,24.93,24.01, 22.61, 22.20, 19.81, 13.68.
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