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The trimethyltin-substituted alkenylborane 2 was prepared by simply treating lithium 1-alkynyl-
trialkylborate 1, readily obtained from the corresponding trialkylborane and 1-lithio-1-alkyne, with
trimethyltin chloride. The transformation is stereoselective with the boron and tin appendages
cis to each other. Sequential treatment of 2 generated in situ with n-butyllithium, CuBrSMe,,
1-bromo-1-alkyne, and iodine furnished the corresponding enynyl iodide 8 in a single operation.
Similarly, ene-allenic iodide 7a was produced by coupling with methanesulfonate 6. The subsequent
Pd(PPh;),-catalyzed cross-coupling between 8 or 7a with 1-alkynylzinc chloride or with 1-alkyne
in the presence of Cul/n-BuNH; produced enediyne 4 or enyne—allene 8 having a tetrasubstituted
central double bond. The use of propargyl alcohol for coupling with 7a resulted in the formation
of 10, presumably because a facile cycloaromatization reaction of the anticipated enyne—allene 9

occurred.

Recent interest in enediyne and enyne—allene chem-
istry has focused mainly on the use of these chemical
structures in generating biradicals as potential DNA-
cleaving agents.! The possibility of using the resulting
biradical species for synthetic applications has received
much less attention. It can be imagined that the high
reactivities of the radical centers could promote many
interesting chemical transformations.? One such ex-
ample involves capturing the radical centers intramo-
lecularly by properly situated carbon—carbon double or
triple bonds to furnish multiring structures.® It is also
apparent that the versatility of this approach could be
greatly enhanced if enediynes* and enyne—allenes®"5
with diverse chemical structures could be readily syn-
thesized. To this end, we have thus developed a facile
route to both enediynes and enyne—allenes having a
tetrasubstituted central double bond.

We reported earlier that the different reactivities of
the boron and tin appendages in the trimethyltin-
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substituted alkenylborane 2 can be independently ex-
ploited.® This strategy was successfully utilized for
sequential coupling with alkyl halides, leading to the
tetrasubstituted alkenes. We now have extended this
approach to the synthesis of a variety of enediynes and
enyne—allenes.

Treatment of lithium 1-alkynyltriethylborate 1, readily
obtained from triethylborane and the corresponding
1-lithio-1-alkyne, with trimethyltin chloride furnished the
trimethyltin-substituted alkenylborane 2 with the boron
and tin substituents cis to each other (Scheme 1).7 The
chemical reactivity of the boron functionality was then
first exploited by adding n-butyllithium to form the
corresponding borate complex without interference from
the adjacent trimethyltin group. The reaction mixture
was then treated with a solution containing CuBr-SMe,?
to promote cross-coupling with 1-bromo-1-alkyne.® Direct
treatment of the resulting enynylstannane with iodine
provided enynyl iodide 8 in a single operation from
triethylborane without isolation of any reaction inter-
mediates (Table 1). A straightforward Pd(PPh;);-cata-
lyzed cross-coupling of 8 with 1-alkynylzinc chloride!® or
with 1-alkyne in the presence of Cul/n-BulNH;* produced
enediyne 4 in good yields (Table 2).

The enediynes listed in Table 2 were found to contain
essentially only one geometric isomer. The geometry of
the central carbon—carbon double bond was assigned on
the basis of earlier reports that the two cross-coupling
steps*®910 as well as iodination of alkenylstannanes® are
stereospecific with retention of the geometry of the
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Scheme 1
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Table 1. Stereoselective Synthesis of Enynyl Iodide 3
enynyl iodide R! R? isolated yield, %
3a n-Bu n-Bu 71
3b n-Bu Ph 74
3c Ph n-Bu 63

alkenyl group. The four substituents on the enediyne
system were easily assembled from triethylborane and
a variety of terminal alkynes, including 1-hexyne, phen-
ylacetylene, (trimethylsilylacetylene, 1-ethynylcyclohex-
ene, propargyl alcohol, and 2-methyl-3-butyn-2-ol. It was
also possible to isolate enynylstannane 5 (70% yield) from
2a, providing opportunities to use the chemical reactivi-
ties of alkenylstannane for subsequent synthetic elabora-
tions.!!

n-Bu

/// SnMe,

n-Bu

By using methanesulfonate 6 derived from 2-methyl-
3-butyn-2-0l for cross-coupling with 2a,'? ene-allenic
iodide 7a was obtained in 50% yield from triethylborane
(Scheme 2). The subsequent Pd(PPhj)s-catalyzed cross-
coupling with phenylacetylene in the presence of Cul/n-
BuNH; proceeded smoothly to produce enyne—allene 8
in 59% yield. Enyne-allene 8 was stable enough to allow
purification and isolation by column chromatography.

Interestingly, the use of Pd(PPh;), to promote cross-
coupling between ene-allenic iodide 7a and propargyl
alcohol resulted in the formation of the cycloaromatized
adduct 10 in 58% yield (Scheme 3). Although it appears
that a facile Myers cycloaromatization reaction®®5 of the
initially formed enyne—allene 9 to produce ¢,3-dehydro-
toluene biradical 11 followed by two hydrogen-transfer
steps through 12 could account for the formation of 10
(Scheme 4), it is not at all certain that this is the actual
reaction pathway. Instead, one normally would expect
the hydrogen atoms at C-3 carbon of the butyl group to
undergo a faster 1,5-hydrogen shift to the benzenoid
radical center because the methylene C—H bond (ca. 95
kcal/mol) is weaker than the O—H bond of alcohols (ca.

(11) Stille, J. K. Angew. Chem., Int. Ed. Engl. 1986, 25, 508—524.
(12) Westmijze, H.; Ruitenberg, K.; Meijer, J.; Vermeer, P. Tetra-
hedron Lett. 1982, 23, 2797—-2798.
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110 kcal/mol).’® The possibility of a 1,3-hydrogen shift
to produce o-quinodimethane 13 was also ruled out
because of a lack of deuterium incorporation to the
benzylic carbon bearing the hydroxyl group as shown in
14 when deuterated ene-allenic iodide 7b was utilized
(eq 1). Itis also unlikely that disproportionation occurred
intermolecularly because of the extreme low concentra-
tions of the radical species.

H H
\
/ OH
13
| 1 PdPPhy, Smol% H
Cy 2. HOGH,—C=0—H, .
>—c:D3 Cul/n-BuNH, 3T\ CH:OH
CD; 5
7b 1

Perhaps an alternative reaction mechanism involving
a cationic pathway could better account for the formation
of 10 (Scheme 5). Protonation of the carbon-carbon
triple bond with the help of the adjacent hydroxyl group
could trigger the cycloaromatization reaction, leading to
benzylic cation 15 and consequently 10. The possibility
of having the palladium catalyst serve as a Lewis acid
in forming a complex with the carbon—carbon triple bond
and thus promote the cycloaromatization reaction is also
an attractive alternative. Further studies will be needed
to determine the actual reaction mechanism.

In conclusion, the reaction sequences summarized in
Schemes 1 and 2 provide facile synthetic routes to
enediynes and enyne—allenes having a tetrasubstituted
central carbon—carbon double bond. The ability to place
a variety of substituents at different positions of the
enediyne and enyne-—allene systems is an especially
attractive feature and creates pathways to highly func-
tionalized derivatives for subsequent synthetic elabora-
tions.

Experimental Section

General procedures for manipulation of organoboranes and
other organometallic reagents were described previously.14 All
reactions were conducted in oven-dried (120 °C) glassware
under a nitrogen atmosphere. Tetrahydrofuran (THF) and
diethyl ether (Et,0) were distilled from sodium benzophenone
ketyl prior to use. N,N-Dimethylformamide (DMF), n-butyl-
amine, and hexamethylphosphoramide (HMPA) were distilled
from CaH; and stored under a nitrogen atmosphere. The
following reagents were purchased from Aldrich Chemical Co.,
Inc., and were used without further purification: 1-alkynes,
Pd(PPhs)s, trimethyltin chloride (1.0 M in THF), n-butyl-
lithium (2.5 M in hexanes), triethylborane (1.0 M in THF),
CuBr-SMe;, Cul, and methanesulfonyl chloride. 1-Bromo-1-
hexyne and 1-bromo-2-phenylacetylene were prepared accord-
ing to the reported procedures.!s Silica gel (70—230 mesh) for
column chromatography was also obtained from Aldrich. 'H
(270 MHz) and '3C (67.9 MHz) NMR spectra were recorded in

(13) March, J. Advanced Organic Chemistry, 3rd ed.; Wiley-
Interscience: New York, 1985; p 23 and p 166.

(14) Brown, H. C.; Kramer, G. W.; Levy, A. B.; Midland, M. M.
Organic Syntheses via Boranes; Wiley-Interscience: New York, 1975.

(15) Brandsma, L. Preparative Acetylenic Chemistry, 2nd ed.; Elsevi-
er: Amsterdam, 1988; pp 149—151.
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Table 2. Stereoselective Synthesis of Enediyne 4

enynyl cross-coupling reaction reaction isolated

iodide method® enediyne R? R? R? temp, °C time, h yield, %
3a A 4a n-Bu n-Bu Ph 40 4 51
3a A 4b n-Bu n-Bu Me;3Si rt 15 61
3a A 4c n-Bu n-Bu 1-cyclohexenyl 40 4 50
3a B 4d n-Bu n-Bu hydroxymethyl 40 4 70
8a B 4e n-Bu n-Bu 1-hydroxy-1-methylethyl 40 4 il
3b A 4f n-Bu Ph n-Bu rt 20 90
3b B 4g n-Bu Ph hydroxymethyl 40 4 53
3¢ B 4h Ph n-Bu hydroxymethyl 40 4 57

@ Method A utilized 1-alkynylzinc chloride for cross-coupling with enynyl iodide 8, whereas method B utilized 1-alkyne in the presence

of Cul and n-BuNHj for cross-coupling.
Scheme 2

1. n-Buli, -78 °C -
_>=§f 2. CuBrsMey -78°C  _ (\ \
Et,B nMe; 3. MeyMsO)IC—C=C—H c
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Scheme 3
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i
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Scheme 4

I
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o
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CDCl; or C¢Ds using Me,Si, CHCl; (*H 6 7.26), CDCl; (1*C &
77.02), CeDsH (*H § 7.15), or CsDg (13C 6 128.00), as internal
standard. Mass spectra were obtained at 70 eV, and the
fragments containing 29Sn are indicated with an asterisk.
(Z)-6-Ethyl-5-iodo-5-dodecen-7-yne (8a). The following
procedure for the preparation of 3a is representative. To a
flask equipped with a low-temperature thermometer were
successively added by syringes 5 mL of THF and 0.58 mL of
1-hexyne (0.41 g, 5.0 mmol). n-Butyllithium (2.5 M in hexanes,
2.0 mL, 5.0 mmol) was then introduced dropwise at 0 °C. After
15 min of stirring, triethylborane (5.0 mL, 1.0 M in THF, 5.0
mmol) was slowly introduced and the reaction mixture was
then allowed to warm to rt and stirred for 1 h followed by the

Scheme 5
- . s
LR H 10
C{A\\ .
>_ \— OH - OH
L -
8 15

addition of 5.0 mL of a 1.0 M solution of trimethyltin chloride
(5.0 mmol) in THF. After 1 h at rt, the reaction mixture was
cooled to —78 °C and treated with 2.0 mL of a 2.5 M solution
of n-butyllithium (5.0 mmol) in hexanes. After 15 min, the
reaction mixture was transferred via cannula to a second flask
containing 1.03 g of CuBrSMe; (5.0 mmol) in 10 mL of THF
maintained at —78 °C. After an additional 1 h at —78 °C,
1-bromo-1-hexyne (1.0 g, 6.2 mmol) was introduced dropwise
and the reaction mixture was stirred for 1 h at —78 °C before
allowing to warm slowly to rt. The reaction mixture was
treated with 5 mL of a 6 N NaOH solution and 5 mL of a 30%
H20; solution. The organic layer was then separated, washed
with water, dried over MgSO,, and concentrated to give the
corresponding crude enynylstannane derivative. A solution
of I (1.3 g, 5.0 mmol) in 10 mL of Et;O was added to the crude
enynylstannane derivative in 20 mL of Et;0. The resulting
mixture was stirred for 1 h at rt followed by the addition of a
saturated NayS;0; solution to destroy excess I;. An additional
40 mL of water and 50 mL of Et;O were added and the organic
layer was then separated, washed with a saturated NaCl
solution, dried over MgSO,, and concentrated. The residue
was purified by column chromatography (silica gel/hexanes)
to furnish 1.13 g of 3a (71% yield) as a yellow liquid: IR (neat)
2217 (w), 1594 (w), 1464 (s), 1114 (m) cm™; *H (CDCl3) 6 2.56
2H,t,J=74Hz),2362H,t,J=68Hz),2252H,t,J
= 7.5 Hz),1.6—-14 (6 H, m), 1.38—1.25 (2H, m), 1.09 B H, t,
J=175Hz),0923H,t, J="71Hz),091(38H,t,J="72Hz)
13C (CDCly) 6 132.70, 110.90, 93.59, 85.23, 40.30, 31.82, 30.67,
26.66, 22.02, 21.72, 19.24, 13.97, 13.63, 13.56; MS m/e 318
(M™), 275, 191; HRMS caled for Ci4Hysl 318.0846, found
318.0849. .
(Z2)-3-Ethyl-4-iodo-1-phenyl-3-octen-1-yne (8b): IR (neat)
2203 (w), 1660 (w), 1600 (s), 1488 (s), 754 (8), 689 (s) em™%; 'H
(CDCly) 6 7.54—7.51 (2 H, m), 7.35-7.30 (3 H, m), 2.65 (2 H,
t,J =74 Hz),238(2H,q,J=175Hz), 1.56 (2 H, quintet),
1.37 (2 H, sextet), 1.20 (3 H,t,J =75Hz), 095 B H, t,J =
7.2 Hz); 18C (CDC1;) 6 132.30, 131.45, 128.24, 128.21, 123.37,
113.36, 94.23, 91.97, 40.51, 31.87, 26.43, 21.73, 13.98, 13.62;
MS m/e 338 (M*), 295, 211.
(Z)-2-Ethyl-1-iodo-1-phenyl-1-octen-3-yne (3c): IR (neat)
2216 (8), 1601 (m), 1486 (s), 765 (s), 695 (s) cm™%; *H (CDCls,
MesSi) 6 7.33—7.20 (5 H, m), 2.45 (2 H, t, J = 6.8 Hz), 2.12 (2
H,q,J=175Hz),162-148 (4 H, m), 1.06 B H, t,J =175
Hz), 0.95 (3 H, t, J = 7.1 Hz); 3C (CDCl3) 6 143.00, 135.26,
128.40, 128.12, 127.90, 102.07, 96.36, 84.59, 30.61, 27.87,
22.03, 19.34, 13.69, 13.63; MS m /e 338 (M™), 295, 211.
(Z)-3-Butyl-4-ethyl-1-phenyl-3-decene-1,5-diyne (4a).
The following procedure for the preparation of 4a is represen-
tative for the cases using 1-alkynylzinc chloride for cross-
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coupling. A solution of 0.638 g of 3a (2.00 mmol) and 0.088 g
of Pd(PPhs)s (0.076 mmol) in 5 mL of THF was degassed by
three cycles of freeze-thaw and stirred at rt for 30 min. Ina
second flask, 0.255 g of phenylacetylene (2.50 mmol) was
dissolved in 5 mL of THF and was then treated with 1.0 mL
of a 2.5 M solution of n-butyllithium (2.5 mmol) in hexanes at
0 °C followed by the addition of a degassed solution of
anhydrous zinc chloride (0.34 g, 2.5 mmol) in 5 mL of THF.
After 5 min, the reaction mixture containing 3a was trans-
ferred via cannula to the second reaction flask followed by the
addition of 2 mL of HMPA. The resulting solution was stirred
at 40 °C for 4 h followed by the addition of 20 mL of water
and 40 mL of pentane. The organic layer was separated,
washed with a saturated NaCl solution, dried over MgSOy,
and concentrated. The residue was purified by column chro-
matography (silica gel/hexanes) to afford 0.298 g of 4a (51%
yield) as a pale yellow liquid: IR (neat) 2213 (w), 2193 (w),
1598 (m), 1489 (s), 1465 (s), 755 (s), 690 (s) em™%; H (CDCls,
Me,Si) 6 7.47~-7.43 (2 H, m), 7.33—7.25 (3 H, m), 2.44 (2 H, ¢,
J=68Hz),228 2H,t,J =7.6Hz),226 2H,q,J=176
Hz), 1.63—-1.31 (8 H, m), 1.12 (3 H, t,J = 7.5 Hz), 0.93 (3 H,
t,J = 7.3 Hz), 0.86 (8 H, t, J = 7.2 Hz); °C (CDCl;) 4 131.52,
131.27, 128.11, 127.72, 126.99, 124.01, 95.45, 92.64, 91.18,
81.48, 31.52, 31.06, 30.95, 25.62, 22.42, 22.00, 19.49, 13.99,
13.63, 13.23; MS m/e 292 (M), 249, 235, 221
(Z)-3-Butyl-4-ethyl-1-(trimethylsilyl)-3-decene-1,5-
diyne (4b): IR (neat) 2214 (w), 2140 (s), 1465 (m), 1249 (s),
842 (s) cm™1; 'H (CDCls) 6 2.39 2 H, t,J = 7.0 Hz), 2.18 (2 H,
q,J =7.5Hz), 217 (2H, t,J = 7.5 Hz), 1.6-1.4 (6 H, m),
14-1.252H, m), 1.06 3H,t,J =75Hz), 091 BH,t,J=
7.1 Hz), 0.90 (3 H, t, J = 7.2 Hz), 0.19 (9 H, s); 3C (CDCly) ¢
132.18, 126.97, 106.49, 97.32, 95.47, 81.21, 31.25, 30.99, 30.75,
25.50, 22.34, 22.04, 19.40, 13.93, 13.66, 13.07, 0.10; MS m/e
288 (M), 273, 245, 215, 73.
(Z)-3-Butyl-1-(1-cyclohexenyl)-4-ethyl-3-decene-1,5-
diyne (4¢): IR (neat) 2215 (w), 2182 (w), 1628 (w), 1458 (s)
em~1; 'H (CDClg) 6 6.10 (1 H, tt, J = 4.1 and 1.9 Hz), 2.40 (2
H,t,J=68Hz),2202H,q,J=75Hz),218 2H,t,J =
7.3 Hz), 2.2 (2 H, m), 2.1 (2 H, m), 1.7-1.4 (10 H, m), 1.4—
1.25(2H, m),1.07(3H,t,J =75Hz), 0913 H,t,J=171
Hz), 0.90 (3 H, t, J = 7.2 Hz); 3C (CDCly) 6 134.26, 129.95,
127.34, 121.17, 94.83, 94.71, 88.53, 81.55, 31.56, 31.08, 30.89,
29.35, 25.76, 25.50, 22.38 (2 carbons), 22.02, 21.57, 19.46,
13.97,13.71, 13.24; MS m /e 296 (M), 281, 267, 253, 240, 239.
(Z)-4-Butyl-5-ethyl-4-undecene-2,6-diyn-1-ol (4d). The
following procedure for the preparation of 4d is representative
for the cases using 1-alkyne in the presence of Cul/n-BuNH;
for cross-coupling. A solution of 0.636 g of 3a (2.00 mmol),
0.088 g of Pd(PPhs), (0.076 mmol), and 0.060 g of Cul (0.32
mmol) in 10 mL of THF was degassed by three cycles of freeze-
thaw. n-Butylamine (0.44 g, 0.60 mL, 6.0 mmol) and propargyl
alcohol (0.14 g, 0.15 mL, 2.5 mmol) were introduced and the
resulting solution was stirred at 40 °C for 4 h before 20 mL of
water and 40 mL of Et:0 were added. The organic layer was
then separated, washed with a saturated NaCl solution, dried
over MgSOQy, and concentrated. The residue was purified by
column chromatography (silica gel/ethyl acetate:hexanes = 1:9)
to afford 0.343 g of 4d (70% yield) as a pale yellow liquid: IR
(neat) 3330 (br, OH), 2212 (w), 1462 (m), 1019 (m) em™%; H
(CDCly) 6 4.43 (2H,5),2.39(2H,t,J =6.7Hz),2.18(2H,q,
J=17.7Hz),217(2H,t,J =8.6 Hz), 1.85 (1 H, br s, OH),
1.55—1.4 (6 H, m), 1.30 (2 H, sextet, J = 7.5 Hz), 1.06 (3 H, t,
J=175Hz),091(3H,t,J="7.0Hz),089(3H,t, J="73Hz)
13C (CDCl3) 6 131.60, 126.16, 95.17, 90.24, 87.07, 81.20, 51.75,
31.46, 30.86, 30.79, 25.50, 22.36, 21.85, 19.33, 13.91, 13.60,
13.11; MS m/e 246 (M*), 217, 187; HRMS caled for C17Hz60
246.1985, found 246.1964.
(Z)-5-Butyl-6-ethyl-2-methyl-5-dodecene-3,7-diyn-2-ol
(4e): IR (neat) 3419 (br, OH), 2244 (w), 2208 (w), 1463 (s), 1164
(s) em™Y; tH (CeDg) 6 229 (2 H, t,J = 6.8 Hz), 215(2 H, q, J
=17.5Hz), 2.14 (2 H, t,J = 7.7 Hz), 2.05 (1 H, OH), 1.55 (6 H,
s), 1.57—1.30 (6 H, m), 1.24 (2 H, sextet, J = 7.5 Hz), 1.11 (3
H,t,J=7.5Hz),084(3H,t,J=73Hz),081(3H,t,J=71
Hz); 13C (CeDe) 6 131.26, 126.90, 98.00, 94.74, 84.00, 82.26,
65.53, 31.90, 31.79, 31.36, 31.23, 25.90, 22.59, 22.29, 19.68,
14.14, 13.76, 13.50; MS m/e 274 (M™), 259, 245, 217.
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(Z)-4-Butyl-3-ethyl-1-phenyl-3-decene-1,5-diyne (4f): IR
(neat) 2211 (w), 2195 (w), 1598 (m), 1570 (w), 1489 (s), 1464
(8), 754 (s), 690 (s) em™'; 'H (CDCl3, Me4Si) 4 7.40—7.36 (2 H,
m), 7.26—7.18 (3H, m), 2.36 (2 H, t,J = 6.8 Hz), 2.23 (2 H, q,
J=76Hz),2.16(2H,t,J =7.9Hz),1.52-1.35(6 H, m), 1.28
(2 H, sextet, J =7 Hz), 1.08 3H, t,J = 7.56 Hz), 0.85 8 H, t,
J = 7.3 Hz), 0.79 8 H, t, J = 7.2 Hz); 3C (CDCl,) 6 131.54,
129.64, 128.65, 128.13, 127.75, 123.95, 95.23, 92.90, 90.85,
81.79, 32.06, 31.03, 30.85, 25.12, 22.44, 21.99, 19.47, 14.00,
13.683, 13.34; MS m/e 292(M+), 277, 263, 249, 235.

(Z)-4-Butyl-5-ethyl-7-phenyl-4-heptene-2,6-diyn-1-ol (4g):
IR (neat) 3386 (br, OH), 2236 (w), 2210 (w), 1598 (m), 1489
(s), 1025 (s), 755 (8), 690 (s) em~1; 'H (CDCl;, Me4Si) 6 7.49—
7.45 (2 H, m), 7.32—7.28 (3 H, m), 448 2 H, 5), 2.32(2 H, q,
J=176Hz),2252H,t J=179Hz), 199 (1 H, br s, OH),
1.58—1.47 (2 H, m), 1.35 (2 H, sextet, J = 7.5 Hz), 1.17 (3 H,
t,J = 7.5 Hz), 0.92 (3 H, t, J = 7.2 Hz); 13C (CDCl3) 6 131.54,
130.86, 128.25, 128.16, 128.04, 123.51, 93.86, 91.61, 90.29,
86.86, 51.72, 31.59, 30.77, 25.11, 22.37, 13.92, 13.20; MS m /e
266 (M), 237, 223, 209, 207.

(E)-5-Ethyl-4-phenyl-4-undecene-2,6-diyn-1-ol (4h): IR
(neat) 3362 (br, OH), 2210 (m), 1599 (m), 1014 (s), 771 (s), 700
(s) em~Y; *H (CDCls, Me4Si) 6 7.35-7.25 (56 H, m), 4.40 (2 H, s),
2.47(2H,t,J=6.8Hz),225(1H,brs, OH),221(2H,q,J
=17.5Hz),1.6-1454H m), .09 3 H,t,J =75 Hz), 094 (3
H, t,J = 7.2 Hz); 13C (CDCls) 6 137.63, 133.59, 128.54, 128.10,
127.46, 126.04, 98.05, 91.29, 86.76, 80.95, 51.52, 30.69, 26.42,
21.79, 19.37, 13.53, 13.26; MS m/e 266 (M*), 237, 223.

(Z2)-6-Ethyl-5-(trimethylstannyl)-5-dodecen-7-yne (5).
Purification by distillation (94—95 °C, 0.05 torr) of the crude
enynylstannane, starting from 20.0 mmol of triethylborane,
as described for 8a afforded 4.943 g of 5 (70% yield) as a
colorless liquid: IR (neat) 2213 (w), 1717 (w), 1459 (s), 767 (s)
em™1; 'H NMR (CDCl3) 6 2.31-2.20 (4 H,m), 220 2 H, q,J =
7.5 Hz), 1.55—-1.15 (8 H, m), 1.06 (3 H, t,J = 7.5 Hz), 0.91 (3
H,t, J=71Hz), 0893 H,t, J=71Hz),0.16 (9 H, s); 1*C
NMR (CDCl3) 6 151.52, 134.66, 88.27, 83.92, 33.38, 32.37,
30.91, 25.12, 22.67, 22.12, 19.14, 14.11, 13.77, 13.63, —8.41;
MS m/e 341* (M* — 15), 231%, 165*.

(2)-5-Ethyl-6-iodo-2-methyl-2,3,5-decatriene (7a). A
similar procedure as described for 3a by starting from trieth-
ylborane (10.0 mmol) was utilized. A solution of 15.0 mmol
of methanesulfonate 6 was prepared in situ by treating 1.26 g
of 2-methyl-3-butyn-2-ol (15.0 mmo)) in 10 mL of THF at —70
°C with 6.0 mL of a 2.5 M solution of n-butyllithium in hexanes
for 15 min followed by 1.16 mL of methanesulfonyl chloride
(1.72 g, 15.0 mmol) for 15 min. Methanesulfonate 6 was used
to replace 1-bromo-1-hexyne for cross-coupling at —78 °C. The
resulting crude alkenylstannane was treated with an Ip
solution in diethyl ether until the color of I persisted (ca. 7
mmol). Purification by column chromatography (silica gel/
hexanes) afforded 1.522 g of 7a (50% yield) as a yellow liquid:
IR (neat) 1948 (m), 1678 (w), 1630 (w), 1595 (m), 1455 (s) cm™;
1H (CDCls) 6 6.13 (1 H, septet, J = 2.9 Hz), 261 2 H, t,J =
7.6 Hz), 2.27 (2 H, q,J =74 Hz), 1.73 (6 H, d, J = 2.9 Hz),
1.54 (2 H, quintet, J = 8 Hz), 1.34 (2 H, sextet, J = 7.5 Hz),
0973 H,t,J=75Hz2),093 3 H,t,J=173Hz), 3C (CDCls)
é 205.41, 139.67, 105.51, 100.10, 97.97, 41.63, 32.02, 23.83,
21.87, 20.20, 14.07, 14.06; MS m/e 304 (M*), 261, 177, 135.

(Z)-5-Ethy}l-6-iodo-2-[(*H;)methyl]-(1,1,1-*H;)-2,3,5-dec-
atriene (7b). The same procedure was repeated as described
for 7a except that deuterated 2-methyl-3-butyn-2-ol, derived
from acetone-ds and lithium acetylide,'¢ was used to prepare
the corresponding methanesulfonate for cross-coupling with
2a to afford 1.536 g of 7b (50% yield) as a yellow liquid: IR
(neat) 2234 (m), 2197 (m), 2121 (w), 2063 (m), 1949 (m), 1464
(s) em™%; 'H (CDCly) 6 6.12 (1 H, 8), 2.61 (2 H, t, J = 7.6 Hz),
2.27(2H, q,J = 7.5 Hz),1.60—1.48 (2 H, m), 1.35 (2 H, sextet,
J="72Hz),097(3H,t,J=75Hz),093(3H,t,J="72Hz)
13C NMR (CDCl3) 8 205.42, 139.69, 105.47, 100.06, 41.63,
32.02, 23.83, 21.88, 14.07, 14.06; MS m/e 310 (M*), 267, 183,
141.

(2)-3-Butyl-4-ethyl-7-methyl-1-phenyl-3,5,6-octatrien-
1-yne (8). A solution of 0.608 g of 7a (2.00 mmol), 0.060 g of

(16) Midland, M. M. J. Org. Chem. 1975, 40, 2250—2252.
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Cul (0.32 mmol), and 0.110 g of Pd(PPhs), (0.095 mmol) in 10
mL of DMF was degassed by three cycles of freeze-thaw
followed by the addition of 0.60 mL of n-butylamine (0.44 g,
6.0 mmol) and 0.25 mL of phenylacetylene (0.23 g, 2.3 mmo}).
The resulting solution was stirred at rt for 3 h before a
saturated NH,Cl solution (20 mL) was added and the reaction
mixture was exposed to air. After 1 h, an additional 40 mL of
pentane and 20 mL of water were added. The organic layer
was separated, washed with a saturated NaCl solution, dried
over MgSO,, and concentrated. The residue was purified by
column chromatography (silica gel/hexanes) to afford 0.328 g
of 8 (59% yield) as a pale yellow liquid: IR (neat) 2189 (m),
1946 (m), 1598 (m), 1488 (s), 754 (s), 735 (s), 689 (8) em™!; *H
(CDCl3, MeySi) 6 7.46—7.42 (2 H, m), 7.31-7.24 (3 H, m), 6.57
(1 H, septet, J = 2.9 Hz), 2.30 2 H, t,J = 7.5 Hz), 2.25 (2 H,
q,J=173Hz),176 (6 H,d,J = 2.9Hz), 1.65—-1.58 (2 H, m),
1.46—1.33 (2 H, sextet), 1.01 3 H, t,J = 7.5 Hz), 0.85 3 H, t,
J = 7.2 Hz), 8¥C (CDCly) 6 204.52, 143.80, 131.22, 128.19,
127.59, 124.09, 118.46, 97.75, 93.78, 90.06, 31.96, 31.23, 22.68,
22.55, 20.28, 14.10, 13.98; MS m/e 278 (M*), 263, 249, 235,
221, 207; HRMS caled for C21Hge 278.2036, found 278.2035. A
minor set of signals in the 'H NMR spectra attributable to a
cycloaromatized adduct as in the case of 10 was also detected.

1-Butyl-2-ethyl-5-(hydroxymethyl)-4-(1-methylethenyl)-
benzene (10). The same procedure was repeated as described
for 8 except that 0.14 g of propargyl alcohol (2.5 mmol) was
used for cross-coupling with 7a to afford, after purification by
column chromatography (silica gel/9:1 hexanes:ethyl acetate),
0.269 g of 10 (58% yield) as a colorless liquid: IR (neat) 3333
(br s, OH), 1639 (m), 1458 (s), 1020 (s), 896 (s) em~1; TH NMR
(CDCl3) 6 7.21(1 H,s),698 (1 H,5s),521(1H,dq,J =22
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and 1.7 Hz), 4.91 (1 H, dq, J = 2.1 and 1.0 Hz), 4.65 2 H, s),
264 (2H,q,J=175Hz),261(2H,t,J="7.7Hz),209 3 H,
dd, J = 1.5 and 1.1 Hz), 1.69 (1 H, br, OH), 1.65—-1.53 (2 H,
m), 1.42 (2 H, sextet, J = 7.4 Hz), 1.22 (3 H, t, J = 7.6 Hz),
0.96 (3 H, t,J = 7.1 Hz); 18C NMR (CDCl;) 6 144.94, 141.18,
140.56, 139.50, 134.59, 129.20, 128.04, 115.12, 63.26, 33.44,
32.11, 25.25, 25.20, 22.94, 15.36, 14.04; MS m/e 232 (M*), 217,
203, 189, 175.

1-Butyl-2-ethyl-5-(hydroxymethyl)-4-[1-(*Hs)methyl-
(2,2-?Hy)ethenyllbenzene (14). The same procedure was
repeated as described for 10 to afford 0.261 g of 14 (55% yield)
as a colorless liquid: IR (neat) 3318 (br s, OH), 2226 (m), 1594
(m), 1462 (s), 1027 (s) em™!; 'H NMR (CDCl3) 6 7.21 (1 H, s),
6.98(1H,s),465(2H,s),264(2H,q,J=75Hz2),2612H,
t,J = 7.2 Hz), 1.70 (1 H, br s, OH), 1.64—-1.53 (2 H, m), 1.42
(2 H, sextet,J = 7.3 Hz), 1.22 B3 H, t,J = 7.5 Hz), 0.96 (3 H,
t, J = 7.1 Hz); 3C NMR (CDCly) 6 141.17, 139.49, 134.59,
129.21, 128.04, 63.26, 33.44, 32.11, 25.25, 22.94, 15.36, 14.04;
MS m/e 237 (M*), 220, 219, 208, 207, 194, 180.
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