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Reaction of Tantalum-Alkyne Complexes with Isocyanates or Acyl Cyanides.
Stereoselective Functionalization of Carbon-Carbon Triple Bonds
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Treatment of alkynes with low-valent tantalum derived from TiCls and zinc produces tantalum-alkyne
complexes (not isolated), which react in situ with phenyl isocyanate (or butyl isocyanate) to give (E)-a,B-
unsaturated amides stereoselectively. The tantalum-alkyne complexes also react with acyl cyanides in the presence

of BFs3 - OEts to give a-cyanohydrins.

In both reactions, filtration of the reaction mixture containing the tantalum-

alkyne complexes before addition of isocyanates (or acyl cyanides) is indispensable to obtain good yields.

Insertion of unsaturated compounds into metal-car-
bon bonds is especially important as key steps of metal-
mediated carbon-carbon bond formations.!=% We
recently reported facile preparation of tantalum-alkyne
complexes and utilized the complexes for the synthesis
of (E)-allylic alcohols via insertion of carbonyl groups
into tantalum-carbon(sp?) bond.4) To explore the
applicability of the tantalum-alkyne complexes, we
chose isocyanates and acyl cyanides as the unsaturated
compounds.

Stereoselecitve Formation of a,8-Unsaturated Amides
from Alkynes and Isocyanates.1’2>56%) Treatment of a
tantalum-6-dodecyne complex 2, derived from 6-
dodecyne and a TaCls-Zn system,* with phenyl isocya-
nate in a mixed solvent of DME-benzene-THF (1:1:1)
at 25°C gave a complex mixture; only 9% yield of the
desired (E)-N-phenyl-2-pentyl-2-octenamide 1 could be
obtained after workup. However, filtration of the
reaction mixture containing the tantalum-alkyne com-
plex under an argon atmosphere before addition of the
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isocyanate improved the reaction markedly and 1 was
produced in 80% yield. Deuterated amide 1-3-d was
obtained in 829 yield (1009% deuterated) by quenching
the reaction mixture of 3 (or 4) with alkaline D20O.

The results of the reactions between tantalum-alkyne
complexes and isocyanates are summarized in Table 1.
Reactions between the tantalum-alkyne complexes and
butyl isocyanate took place at 25°C and N-butyl-2-
alkenamides were produced in good to excellent yields.
In contrast, t-butyl and trimethylsilyl isocyanates were
almost unreactive due to the bulkiness of the substitu-
ents (Runs 3 and 4). Reaction with p-toluenesulfonyl
isocyanate proceeded slowly under the reaction condi-
tions and the corresponding amide was obtained in 48%
yield (Run 5).

Tantalum-alkyne complexes derived from unsymmet-
rical alkynes produce two regioisomeric amides. Regio-
selectivities of the reactions between tantalum-alkyne
complexes and isocyanates have the same tendency as
those between the complexes and aldehydes.*? Inser-
tion of isocyanates took place at the less hindered side of
the tantalum-alkyne complexes (Runs 6—11). In the
case of 1-methylthio-1-alkyne, regioisomer A was pro-
duced exclusively because of the electronic nature of the
substituents (Runs 12 and 13).4

Reaction of the tantalum-6-dodecyne complex 2 with
phenyl isocyanate, followed by iodinolysis with 5 molar
amounts of iodine at —25°C produced (Z)-3-iodo-2-
pentyl-2-octenamide (5) in 66% yield stereoselectively
(Eq. 2). The structure of amide 5 was ascertained by
deiodination of 5 with triethylammonium formate and
Pd(PPhs)s in DMF at 60°C.7
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Table 1. Reactions between Alkynes and Isocyanates by Means of TaCls and Zinc®”
TaCl,Zn THF firation R°N=C=0 NaOH R\  F° R\ R
R!'—==—R? > — > » > \:g‘ +
DME, PhH 25°C,th H,0 5 NHR® 93"“*202/
25°C,2h 25°C,1h A B
R3NCO Yield” 9
Run R1 R2 R3 _ t/h R A/B
Molar amounts %
1 n-CsHu n-CsHn Ph 1.2 3 80 [1] -
2 Bu 1.2 3 72 —
3 t-Bu 1.2 20 6 (79) —
4 MesSi 1.2 20 <1 (63) —
5 Ts 1.2 20 48 (29) —
6 ¢-CsHn n-CsHais Ph 2.0 3 69 55/45
7 Bu 2.0 3 62 73/27
8 Ph n-CeHis Ph 4.0 3 51 60/40
9 ‘ Bu 4.0 3 74 72/28
10 MesSi n-CioHz Ph 4.0 3 60 84/16
11 Bu 1.2 3 33 82/18
12 MeS n-CioHa Ph 2.0 0.2 58 >99/<1
13 Bu 2.0 0.2 90 >99/<1

a) Reactions were conducted on 1.0 mmol scale. Two mole of TaCls and 3.0 mol of zinc were

employed per mole of an alkyne.
in parenthesis.

b) Isolated yields. Yields of unreacted 6-dodecene are shown
c) Regioisomeric ratios (A/B) were determined by 'H NMR analysis.

TaCl,Zn THF  PhN=C=0  NaoH ™CsHyy  m-CgHyy n-CiH,, — n-CiH,,
n-C_H =-—n-C.H > —
5 1T s 11 r— —
DME, PhH H,0 1 NHPh
48 (9) 7 (16)
filtration PhN=C=0  NaOH
_— 63 (80) 16 (6)
Hzo
1) removed solid NaOH
—_— (22) (7)
2) PhN=C=0 H,0
j 1) Zn NaOH
_————— 23 (15) 11 (20)
2) PhN=C-0  H,0
1) (TaCIs, Zn)soin NaOH
. . 24 21
2) PhN=C=0 Hzo
1) ZnCI2 NaOH
— 64 18
2) PhN=C=0 H,0

TaCl, (1.2), Zn (1.8)

(0: TaCI5 (2.0), Zn (3.0)

Scheme 1.

To clarify the effect of filtration, the following experi-
ments were conducted (Scheme 1).8 (1) When the
removed solid by filtration was put back to the reacted
mixture of tantalum-alkyne complexes and isocyanates,
many by-products appeared and the yield of the desired
adduct 1 fell to 22%. (2) The following compounds
were added into the filtered solution containing a
tantalum—6-dodecyne complex before reaction with
phenyl isocyanate. Yield of 1 is shown in parenthesis:
Zinc, 1.8 molar amounts (23%); low-valent tantalum

solution, 3 molar amounts (24%); zinc chloride, 1.8
molar amounts (64%); none (63%). «o,B8-Unsaturated
amide 1 was obtained in 48% yield under the same
conditions without filtration. These results suggest
that excess amount of zinc or low-valent tantalum pro-
motes further reactions which consume the initial
adduct 3 (or 4).

Reaction of the tantalum-6-dodecyne complex with
phenyl thioisocynate resulted in recovery of (Z)-6-
dodecene in 819% yield.62 In contrast, tantalum-3-
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Table 2. Reactions between Alkynes and Acyl Cyanides by Means of TaCls and Zinc”
1 2 1 2
TaCl,zn  THF BF,OEl, R3CcN Pyridine N R R R
R1 —— Hz > > > > > R3 + R3
DME, PhH filtration 25°C,th H20 HO CN 0o
25°C,05h 25°C,1h A B
Yield/ %" RI!CH=CHR?
Run R1 R2 R3 t/h

A B %
1 n-CsHu:  n-CsHn Ph(CH2): [7] 3 60 [8] 7 191 11
2 ¢c-CeHn 4 41 8 13
3 -Bu [10] 5 <1 <1 33
4 Ph 4 <1 <1 21
5 MesSi n-CioHzi  Ph(CHa)z 3 709 8% 4

a) Reactions were conducted on 1.0 mmol scale. Two mole of TaCls, 3.0 mol of zinc, 1.0 mol of

BF;3 - OEts, and 2.0 mol of acyl cyanide were employed per mole of an alkyne.

b) Isolated yields.

¢) Many by-products appeared. d) The other regioisomer was not observed.

hexyne complex reacted with diphenylcarbodiimide
to give (E)-a,B-unsaturated amidine 6 in 34% yield
(Eq. 3).69

TaCIs, Zn THF filtration
Et———Et > > »
DME, PhH
25°C,0.5h
Et Et
PhN=C=NPh  NaOH/H,0
> > —NPh 3)
25°C,3h 25°C,1h Ph'f_i|
6 34%

Reaction of Tantalum-Alkyne Complexes with Acyl
Cyanides.®19 While tantalum-alkyne complexes react
with neither ester nor amide functional groups, insertion
of a carbonyl group of acyl cyanide was found to take
place to yield a mixture of an @-cyanohydrin and an
a,B-unsaturated ketone after workup (Eq. 4).

[o]

TaCl,zn  THFE filration ' nCr2z N
- 7
n-CyH, —=—n-CH,,
DME, PhH 25°C,3h
25°C,0.5h
pyridine, H,0 n-CgHyy  m-CgHy m=CgHyy  n-Cghyy
—_— +
- o TGP 5 {CH),Ph  (4)
25°C,1h I
8 a0% 9 19%

Reaction of a tantalum-6-dodecyne complex with acyl
cyanides 719 proceeded slowly compared to that with
ketone.#® In addition, acyl cyanide 7 was consumed
gradually by reaction with low-valent tantalum to yield
a complex mixture. Thus, filtration of the reaction
mixture of tantalum-6-dodecyne complex before addi-

tion with the acyl cyanide was indispensable to obtain
adducts 8 and 9 in good combined yields. When the
reaction mixture was quenched by addition of pyridine
(8 molar amounts) and water, a-cyanohydrin 8 was
produced as a main product. The reaction was acceler-
ated by addition of Lewis acids (2 molar amounts);*"
yields of 8 and 9 are shown in parenthesis: ZnCls (58%,
7%); AlCl3 (17%, 18%); MesSiCl (42%, 11%); BF3- OEts
(63%, 16%); none (40%, 15%).

Reactivity of an acyl cyanide depends on bulkiness of
a substituent of a carbonyl group. Acyl cyanide 1010%)
was recovered in 83% yield after exposure to a tantalum-
6-dodecyne complex (Run 3). Reaction between a
tantalum-6-dodecyne complex and benzoyl cyanide pro-
ceeded to give a complex mixture; the desired adducts
were not obtained (Run 4). When trimethylsilyl-
substituted alkyne was employed, insertion of acyl cya-
nide 7 proceeded regioselectively (Run 5).49 Enone 9
was obtained selectively in 68% yield from 6-dodecyne
by treatment of the crude mixture of Run I containing
cyanohydrin 8 and enone 9 with a solution of sodium
hydrogencarbonate.!?)

Experimental

Unless otherwise noted, materials were obtained from com-
mercial suppliers and were used without further purification.
Benzene, tetrahydrofuran (THF), and 1,2-dimethoxyethane
(DME) were distilled from sodium-benzophenone just before
use. Zinc dust purchased from Wako Pure Chemical Indus-
tries, Ltd. (GR grade) was activated by washing several times
with 5% hydrochloric acid, washing in turn with water,
methanol, and ether, and drying in vacuo according to Fieser
and Fieser.!? Internal alkynes were prepared according to
the standard procedure described in Ref. 13. Distillation of
small amounts of products was performed with a Biichi
Kugelrohr, and boiling points are indicated by an air bath
temperature without correction. All melting points were
obtained on a Yanaco MP-50929 apparatus. IR spectra were
obtained on a JASCO IR-810 spectrometer. Mass spectra
were obtained on a Hitachi M-80 mass spectrometer. 'H
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and BC NMR spectra were determined with a Varian XL-200
spectrometer. Chemical shifts are expressed in ppm down-
field from internal tetramethylsilane using the & scale.
Column chromatography was done with silica gel (200 mesh).
Elemental analyses were performed by the staff at the Elemen-
tal Analyses Center of Kyoto University.

General Procedure for the Synthesis of a,B-Unsaturated
Amide. To a pale yellow solution of TaCls (0.72 g, 2.0 mmol)
in benzene (5 ml) and DME (5 ml) was added zinc dust (0.20 g,
3.0 mmol) at 25°C under an argon atmosphere. The color of
the solution turned greenish dark blue with slightly exothermic
process. The resulting mixture was stirred at 25°C for 40
min. To the mixture was added at 25 °C a solution of alkyne
(1.0 mmol) in DME and benzene (1:1, 2 ml) and the whole
mixture was stirred at 25°C for 30 min. THF (5 ml) was
added to the mixture. After being stirred at 25°C for 15 min,
the mixture was filtered under an argon atmosphere and the
removed solid was washed with THF (2X3 ml). To the
combined filtrates was added isocyanate (1.2 mmol) and the
resulting mixture was stirred at 25°C for 3 h. Aqueous
NaOH solution (15%, 2 ml) was added and the mixture was
stirred at 25 °C for additional 1 h. The deposited white solid
was removed by filtration with Hyflo-Super Cel® and washed
well with ethyl acetate (3X5 ml). Organic extracts were dried
over MgSOs and concentrated in vacuo. Purification by
column chromatography on silica gel gave a,B-unsaturated
amide.

(E)-N-Phenyl-2-pentyl-2-octenamide (1): R=0.62 (ethyl
acetate-hexane, 1:5); mp 54—56°C; bp 130—132°C (bath
temp, 0.20 Torr, 1 Torr=133.322 Pa); IR (neat) 3296, 2924,
2854, 1653, 1598, 1539, 1439, 1324, 752, 689 cm~1; 1H NMR
(CDCl3) 6=0.88 (t, J=6.3 Hz, 3H), 0.90 (t, J/=6.3 Hz, 3H),
1.2—1.6 (m, 12H), 2.16 (dt, J=7.3, 7.3 Hz, 2H), 2.37 (¢, J=17.3
Hz, 2H), 6.26 (¢, J/=7.3 Hz, 1H), 7.07 (dd, J/=7.6, 7.6 Hz, 1H),
7.29 (dd, J=7.6, 7.6 Hz, 2H), 7.57 (d, J=7.6 Hz, 2H), 7.7—7.8
(m, IH); BCNMR (CDCl3) 6=13.9,22.4,27.1, 28.1,28.7, 31.5,
31.7, 119.9, 123.8, 128.7, 135.4, 137.7, 138.3, 168.0. Found:
C, 79.62; H, 10.44; N, 4.84%. Calcd for CioH2oNO: C, 79.39;
H, 10.17; N, 4.87%.

(E)-N-Butyl-2-pentyl-2-octenamide: R=0.40 (ethyl ace-
tate-hexane, 1:5); bp 139—141°C (bath temp, 0.20 Torr); IR
(neat) 3304, 2954, 2924, 2856, 1656, 1620, 1535, 1466, 1307
cm~l; THNMR (CDCls) 6=0.8—1.1 (m, 9H), 1.2—1.7 (m,
16H), 2.11 (dt, J/=7.0, 7.3 Hz, 2H), 2.28 (t, J=7.3 Hz, 2H), 3.30
(dt, J=5.9, 6.9 2H), 5.6—5.8 (m, 1H), 6.12 (t, J=7.3 Hz, 1H);
BCNMR (CDCls) 6=13.7, 13.9, 20.1, 22.4, 27.1, 27.9, 28.7,
28.8, 31.5, 31.7, 39.3, 134.2, 137.2, 169.7. Found: C, 76.36;
H, 12.64; N, 5.24%. Calcd for C17H33NO: C, 76.34; H, 12.44;
N, 5.24%,.

(E)-N-t-Butyl-2-pentyl-2-octenamide: R=0.41 (ethyl ace-
tate-hexane, 1:10); bp 125—127°C (bath temp, 0.16 Torr); IR
(neat) 3314, 2924, 2856, 1657, 1624, 1529, 1453, 1363, 1223
cm~1; tHNMR (CDCl3) 6=0.8—1.0 (m, 6H), 1.2—1.6 (m,
12H), 1.31 (s, 9H), 2.0—2.2 (m, 2H), 2.2—2.4 (m, 2H), 5.4—
5.7 (m, 1H), 6.03 (t, /=7.3 Hz, |H); BC NMR (CDCl3) 6=14.0,
22.5,27.2,28.0, 28.7, 28.8, 29.6, 31.6, 31.8, 51.0, 133.6, 138.2,
169.6. Found: C, 12.43; H, 76.08; N, 5.21%. Calcd for
Ci7H33NO: C, 76.34; H, 12.44; N, 5.24%,.

(E)-N-p-Toluenesulfonyl-2-pentyl-2-octenamide: R=0.65
(ethyl acetate-hexane, 1:2); bp 188—190 °C (bath temp, 0.11
Torr); IR (neat) 3266, 2926, 2856, 1693, 1425, 1189, 812, 661
cm~1; tTHNMR (CDCl3) 6=0.81 (t, J=6.5 Hz, 3H), 0.84 (t,
J=6.5 Hz, 3H), 1.1—1.5 (m, 12H), 2.0—2.3 (m, 4H), 2.44 (s,
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3H), 6.36 (t, J/=7.3 Hz, 1H), 7.35 (d, /=8.5 Hz, 2H), 7.99 (d,
J=8.5 Hz, 2H), 8.78 (bs, 1H); 3C NMR (CDCls) 6=13.7, 13.8,
21.5,22.3,26.3,28.1,28.4,28.5,31.3,31.4,128.2, 129.3, 134.5,
135.7, 141.1, 144.6, 166.3. Found: C, 65.65; J, 8.75; N,
3.81%. Calcd for CooH31NOsS: C, 65.72; H, 8.55; N, 3.83%.
(E)-N-Phenyl-3-cyclohexyl-2-hexyl-2-propenamide: R=
0.60 (ethyl acetate-hexane, 1:5); mp 138—140°C; bp 198—
200 °C (bath temp, 0.20 Torr); IR (Nujol) 3270, 1731, 1649,
1625, 1324, 694 cm~1; tH NMR (CDCl3) 6=0.88 (t, J=6.4 Hz,
3H), 1.0—1.5 (m, 12H), 1.6—1.9 (m, 6H), 2.3—2.5 (m, 3H),
6.05 (d, J=9.6 Hz, 1H), 7.10 (t, J=7.6 Hz, 1H), 7.33 (t, J=7.6
Hz, 2H), 7.44 (bs, 1H), 7.56 (d, J=7.6 Hz, 2H); 3CNMR
(CDClg) 6=14.1, 22.6, 25.67, 25.73, 25.8, 27.5, 29.3, 29.5, 31.6,
32.7, 37.5, 119.8, 124.0, 128.9, 136.2, 138.2, 140.4, 168.1.
Found: C, 80.56; H, 10.08; N, 4.439,. Calcd for Cs1H3:NO:
C, 80.46; H,9.97; N, 4.47%.
(E)-N-Phenyl-2-cyclohexyl-2-nonenamide: R=0.64 (ethyl
acetate-hexane, 1:5); mp 108—110°C; bp 198—200°C (bath
temp, 0.20 Torr); IR (Nujol) 3216, 1731, 1648, 1628, 759, 694
cm~!; THNMR (CDCl3) 6=0.90 (t, /=6.7 Hz, 3H), 1.1—1.6
(m, 12H), 1.6—1.9 (m, 6H), 2.1—2.3 (m, 2H), 2.4—2.6 (m,
1H), 5.88 (t, J/=7.0 Hz, 1H), 7.10 (t, J=7.4 Hz, 1H), 7.27 (s,
1H), 7.33 (t, J=7.4 Hz, 2H), 7.54 (d, J=7.4 Hz, 2H); BCNMR
(CDCls) 6=14.1, 22.6, 25.8, 26.8, 27.5, 29.1, 29.3, 31.0, 31.1,
31.7, 39.0, 119.7, 124.1, 129.0, 132.4, 138.1, 143.9, 175.0.
Found: C, 80.39; H, 10.17; N, 4.39%. Calcd for Cz1H3:1NO:
C, 80.46; H,9.97; N, 4.47%.
(E)-N-Butyl-3-cyclohexyl-2-cyclohexyl-2-propenamide: R=
0.33 (ethyl acetate-hexane, 1:5); bp 152—154°C (bath temp,
0.30 Torr); IR (Nujol) 3298, 1655, 1618, 1541, 1535, 1230 cm™1;
ITHNMR (CDCl3) 6=0.9—1.0 (m, 6H), 1.1—1.5 (m, 12H),
1.4—1.9 (m, 10H), 2.2—2.4 (m, 3H), 3.30 (dt, J=6.3, 6.7 Hz,
2H), 5.7—5.8 (m, 1H), 5.90 (d, J=9.8 Hz, 1H); BCNMR
(CDClg) 6=13.8, 14.1, 20.1, 22.6, 25.7, 25.9, 27.4, 29.2, 29.4,
31.7, 31.8, 37.2, 39.4, 139.3. Found: C, 78.03; H, 12.21; N,
4.95%. Calcd for C9HasNO: C, 77.76; H, 12.12; N, 4,77%.
(E)-N-Butyl-2-cyclohexyl-2-nonenamide: R=0.41 (ethyl
acetate-hexane, 1:5); bp 152—154°C (bath temp, 0.30 Torr);
IR (Nujol) 3290, 1649, 1618, 1523, 1237 cm~!; 'HNMR
(CDCls) 6=0.8—1.0 (m, 6H), 1.1—1.5 (m, 12H), 1.4—1.9 (m,
10H), 2.10 (dt, J=7.2, 7.1 Hz, 2H), 2.3—2.5 (m, 1 H), 3.25 (dt,
J=6.3, 6.7 Hz, 2H), 5.4—5.6 (m, 1H), 5.65 (t, J/=7.2 Hz, 1H);
BCNMR (CDCls) 6=13.8, 14.1, 20.1, 22.6, 25.8, 26.8, 27.3,
29.1, 29.4, 31.2, 31.7, 31.8, 38.8, 39.0, 130.9, 143.8, 169.7.
Found: C, 77.53; H, 11.72; N, 4.829%. Calcd for CigH3sNO:
C, 77.76; H, 12.02; N, 4.77%.
(E)-N-Phenyl-2-hexyl-3-phenyl-2-propenamide: R=0.30
(ethyl acetate-hexane, 1:5); bp 194—196 °C (bath temp, 0.50
Torr); IR (Nujol) 3246, 1643, 1599, 1543, 1499, 751, 688 cm~1;
1H NMR (CDCls) 6=0.85 (t, J=6.0 Hz, 3H), 1.2—1.5 (m, 6H),
1.5—1.7 (m, 2H), 2.5—2.6 (m, 2H), 7.1—7.3 (m, 2H), 7.3—7.5
(m, 7H), 7.62 (d, J=7.6 Hz, 2H), 7.76 (bs, 1H); BCNMR
(CDCl3) 6=14.0, 22.5, 28.1, 28.9, 29.4, 31.5, 120.0, 124.3,
127.9, 128.4, 128.9, 129.0, 132.6, 135.8, 138.1, 139.8, 168.2.
Found: C, 81.98; H, 8.23; N, 4.529%. Calcd for Ca1H2sNO: C,
82.04; H, 8.20; N, 4.56%.
(E)-N-Phenyl-2-pheny-2-nonenamide: R=0.37 (ethyl ace-
tate-hexane, 1:5); bp 194—196 °C (bath temp, 0.50 Torr); IR
(neat) 3246, 3300, 2924, 2852, 1671, 1597, 1523, 1439, 1378,
752, 701 cm~t; tHNMR (CDCls) §=0.83 (t, /=7.0 Hz, 3H),
1.1—1.4 (m, 6H), 1.3—1.6 (m, 2H), 2.01 (dt, J=7.7, 7.3 Hz,
2H), 7.0—7.2 (m, 2H), 7.2—7.4 (m, 5H), 7.4—7.6 (m, 5H);
1BCNMR (CDCl) 6=14.0, 22.5, 28.8, 28.9, 29.4, 31.6, 119.8,
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124.2, 128.4, 128.8, 129.1, 129.9, 1354, 137.9, 143.0, 165.6.
Found: C, 81.96; H, 8.30; N, 4.53%. Calcd for C21H2sNO: C,
82.04; H, 8.20; N, 4.56%.

(E)-N-Butyl-2-hexyl-3-phenyl-2-propenamide (A) and (E)-
N-Butyl-2-phenyl-2-nonenamide (B): The regioisomer ratio
(A/B) was determined by 'H NMR analysis (A/B=72/28).
Ri=0.27 (ethyl acetate-hexane, 1:5); bp 175—177°C (bath
temp, 0.20 Torr); IR (neat, mixture of A/B=72/28) 3302,
2926, 2856, 1728, 1648, 1619, 1535, 1465, 1459, 1277, 699 cm 1,
TH NMR (CDCl3) 6=0.86 (t, J=6.6 Hz, 3H), 0.95 (t, J=7.3 Hz,
3H), I.1—1.7 (m, 12H), 1.9—2.0 (m, 2H, B), 2.50 (dd, J=7.4,
8.2 Hz, 2H, A), 3.2—3.3 (m, 2H, B), 3.3—3.4 (m, 2H, A), 5.3—
54 (m, 1H, B), 6.1—6.2 (m, IH, A), 7.0—7.5 (m, 6H);,
BCNMR (CDCls) 6=13.6, 13.8, 14.0, 19.9, 20.1, 22.5, 27.9,
28.6, 28.8, 29.0, 29.2, 31.5, 31.7, 39.5, 127.5 (A), 127.9 (B),
128.2 (A), 128.4 (B), 128.5 (B), 128.7 (A), 129.7 (B), 131.6 (A),
135.9 (B), 136.1 (A), 139.2 (A), 141.1 (B), 166.5 (B), 169.9 (A).
Found: C, 79.35; H, 10.42; N, 4.90%. Calcd for CisHggNO:
C, 79.39; H, 10.17; N, 4.87%.

(Z)-N-Phenyl-2-decyl-3-trimethylsilyl-2-propenamide: R=
0.32 (ethyl acetate-hexane, 1:3); bp 167—169 °C (bath temp,
0.25 Torr); IR (neat) 3300, 2952, 2922, 1648, 1597, 1534, 1440,
1249, 858, 838, 734, 690 cm~1; tHNMR (CDCls) 6=0.20 (s,
9H), 0.88 (t, /=6.8 Hz, 3H), 1.2—1.6 (m, 16H), 2.47 (dd,
J=17.0, 8.0 Hz, 2H), 6.20 (s, 1H), 7.10 (t, J=7.7 Hz, 1H), 7.32
(t, J=7.7 Hz, 2H), 7.55 (bs, 1H), 7.59 (t, J/=7.7 Hz, 2H);
BCNMR (CDCls) 6=—0.1, 14.1, 22.6, 29.3, 29.4, 29.5, 29.8,
31.9, 32.6, 119.8, 124.1, 128.9, 132.2, 138.1, 154.7, 168.1.
Found: C, 73.19; H, 10.61; N, 3.83%. Calcd for Co2H37NOSI:
C, 73.48; H, 10.37; N, 3.89%.

(Z)-N-Phenyl-2-trimethylsilyl-2-tridecenamide: R=0.20
(ethyl acetate-hexane, 1:3); bp 167—169 °C (bath temp, 0.25
Torr); IR (Nujol) 3250, 1638, 1596, 1459, 840, 750, 690 cm™1;
'H NMR (CDCls) 6=0.26 (s, 9H), 0.90 (t, /=6 8 Hz, 3H), 1.2—
1.6 (m, 16H), 2.23 (dt, J=7.6, 7.2 Hz, 2H), 6.59 (t, J/=7.6 Hz,
1H), 7.09 (t, J=7.7 Hz, 1H), 7.13 (bs, 1H), 7.32 (t, J=7.7 Hz,
2H), 7.53 (d, J=7.7 Hz, 2H); BCNMR (CDCls) 6=0.2, 14.1,
22.7, 29.3, 29.4, 29.5, 29.6, 31.9, 96.1, 119.7, 124.0, 129.0,
138.3, 148.3. Found: C, 73.28; H, 10.67; N, 3.829%. Calcd
for Co2H37NOSi: C, 73.48; H, 10.37; N, 3.89%.

(Z)-N-Butyl-2-decyl-3-trimethylsilyl-2-propenamide: R=
0.50 (ethyl acetate-hexane, 1:5); bp 184—186 °C (bath temp,
0.30 Torr); IR (neat) 3298, 2922, 2852, 1636, 1595, 1534, 1466,
1249, 1123, 836, 691 cm~1; tH NMR (CDCls) §=0.16 (s, 9H),
0.88 (t, /=6.6 Hz, 3H), 0.94 (t, /=7.2 Hz, 3H), 1.2—1.6 (m,
18H), 2.3—2.4 (m, 2H), 3.30 (dt, /=6.3, 6.8 Hz, 2H), 3.2-3.3
(m, 2H), 5.9—6.0 (m, 1H), 6.00 (s, 1H); 3CNMR (CDCls)
6=—0.1, 13.7, 14.1, 20.1, 22.6, 29.3, 29.46, 29.53, 29.8, 31.7,
31.9, 32.6, 39.3, 130.9, 154.5, 170.1. Found: C, 70.88; H,
12.42; N, 4.109%. Calcd for CooH4NOSi: C, 70.73; H, 12.17;
N, 4.12%.

(Z)-N-Butyl-2-trimethylsilyl-2-tridecenamide: R=0.46
(ethyl acetate-hexane, 1:5); bp 184—186 °C (bath temp, 0.30
Torr); IR (neat) 3296, 2924, 2852, 1669, 1627, 1532, 1466,
1436, 1285, 1248, 841, 635 cm~1; TH NMR (CDCls) 6=0.21 (s,
9H), 0.88 (t, J=6.8 Hz, 3H), 0.93 (t, J=7.0 Hz, 3H), 1.2—1.5
(m, 18H), 1.3—1.6 (m, 2H), 2.1—2.2 (m, 2H), 3.25 (dt, J=6.2,
6.8 Hz, 2H), 5.3—5.4 (m, 1H), 6.38 (t, J=7.5 Hz, 1H),
BCNMR (CDCls) 6=0.2, 13.8, 14.1, 20.1, 22.7, 28.2, 29.3,
29.4,29.5,31.8, 31.9, 39.2, 39.8, 141.2, 147.0, 173.7. Found:
C, 70.60; H, 12.39; N, 4.179%. Calcd for CyH4uNOSI: C,
70.73; H, 12.17; N, 4.12%.

(E)-N-Phenyl-2-decyl-3-methylthio-2-propenamide: R=
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0.32 (ethyl acetate-hexane, 1:5); mp 54—56°C; bp 214—
216°C (bath temp, 0.60 Torr); IR (Nujol) 3288, 1639, 1600,
1534, 1500, 1377, 1317, 754 cm~1; 1H NMR (CDCls) 6=0.88 (t,
J=6.8 Hz, 3H), 1.2—1.5 (m, 14H), 1.3—1.6 (m, 2H), 2.41 (s,
3H), 2.4—2.5 (m, 2H), 7.10 (t, J=7.8 Hz, 1H), 7.22 (s, 1H),
7.33 (t, J=7.8 Hz, 2H), 7.3—7.4 (m, 1H), 7.42 (bs, 1H), 7.94 (d,
J=7.8 Hz, 1H); BCNMR (CDCl) 6=14.1, 17.3, 22.7, 27.9,
29.2, 29.3, 29.4, 29.6, 31.9, 120.0, 124.2, 129.0, 131.4, 138.0,
139.2, 164.5. Found: C,72.02; H, 9.37; N, 4.20%. Calcd for
C20H3:1NOS: C, 72.02; H, 9.37; N, 4.20%.

(E)-N-Butyl-2-decyl-3-methylthio-2-propenamide: R=
0.16 (ethyl acetate-hexane,1:3); bp 186—188 °C (bath temp,
0.50 Torr); IR (neat) 3310, 2922, 2852, 1734, 1624, 1533, 1466,
1377, 1288, 734 cm~1; tH NMR (CDCls) 6=0.88 (t, J/=6.8 Hz,
3H), 0.93 (t, J/=7.1 Hz, 3H), 1.2—1.5 (m, 18H), 1.4—1.6 (m,
2H), 2.30 (t, J=7.4 Hz, 2H), 2.38 (s, 3H), 3.31 (dt, J=5.9, 5.9
Hz, 2H), 5.7—5.8 (m, 1H), 7.10 (s, 1H); BCNMR (CDCls)
6=13.7, 14.0, 17.1, 20.1, 22.6, 27.9, 28.9, 29.2, 29.4, 29.5, 31.7,
31.8, 39.5, 131.0, 137.5, 166.2. Found: C, 69.11; H, 11.50; N,
4.54%. Calcd for CisHasNOS: C, 68.95; H, 11.25; N, 4.47%.

(Z)-N-Phenyl-3-iodo-2-pentyl-2-octenamide (5): To a
stirred solution of TaCls (0.72 g, 2.0 mmol) in a mixed solvent
of DME and benzene (1:1, 10 ml) at 25°C under an argon
atmosphere was added zinc (0.20 g, 3.0 mmol) and the mixture
was stirred at 25 °C for 40 min. To the mixture was added at
25°C a solution of 6-dodecyne (0.17 g, 1.0 mmol) in DME and
benzene (1: 1, 2 ml) and the whole mixture was stirred at 25°C
for 30 min. THF (5 ml) was added to the mixture. After
being stirred at 25°C for 15 min, the mixture was filtered
under an argon atmosphere and the removed solid was washed
with THF (2X3 ml). To the combined filtrates was added
phenyl isocyanate (0.14 g, 1.2 mmol) and the resulting mixture
was stirred at 25°C for 3 h. To the mixture was added at
—25°C a solution of iodine (1.3 g, 5.0 mmol) in THF (6 ml)
and the whole mixture was stirred at —25°C for 30 min.
Aqueous NaOH solution (15%, 2 ml) was added at 25°C and
the mixture was stirred at 25°C for additional 1 h. The
deposited white solid was removed by filtration with Hyflo-
Super Cel® and washed with ethyl acetate (3X5 ml). The
organic extracts were washed with saturated NaHSOgs (10 ml)
and brine, dried over MgSQy4, and concentrated in vacuo.
Purification by column chromatography on silica gel with
ethyl acetate-hexane (1:10) gave 0.27 g (66%) of (Z)-N-
phenyl-3-iodo-2-pentyl-2-octenamide. R=0.62 (ethyl ace-
tate-hexane, 1:5); bp 166—168 °C (bath temp, 0.18 Torr); IR
(neat) 3274, 3130, 3056, 1653, 1599, 1540, 1441, 1328, 754, 690
cm~l; THNMR (CDCls) 6=0.87 (t, J=6.6 Hz, 3H), 0.91 (t,
J=6.6 Hz, 3H), 1.2—1.5 (m, 8H), 1.4—1.8 (m, 4H), 2.42 (t,
J=8.0 Hz, 2H), 2.54 (t, J=7.5 Hz, 2H), 7.12 (dd, J=7.4, 7.4 Hz,
1H), 7.32 (dd, J=7.4, 7.4 Hz, 2H), 7.4—7.6 (bs, 1H), 7.57 (d,
J=7.4 Hz, 2H); BCNMR (CDCl3) 6=22.3, 22.4, 28.3, 28.9,
30.7, 31.5, 31.9, 40.5, 103.8, 120.1, 124.5, 128.9, 137.4, 144.9,
169.2. Found: C, 55.39; H, 6.82; N, 3.45%. Calcd for
Ci19H2INO: C, 55.21; H, 6.83; N, 3.39%.

Procedure for Deiodination of 57 To a mixture of the
«,B-unsaturated amide 5 (0.41 g, 1.0 mmol), EtsN (0.42 ml, 3.0
mmol), and Pd(PPhs)s (23 mg, 0.020 mmol) in DMF (2 ml)
was added formic acid (0.075 ml, 2.0 ml). The mixture was
stirred at 60°C for 1 h under an argon atmosphere. The
reaction mixture was poured into brine (15 ml) and extracted
with ether (2X10 ml). The organic layer was washed with
brine (10 ml) and dried over MgSQOs and concentrated in
vacuo. Purification by column chromatography on silica gel
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using ethyl acetate-hexane (1:20) as eluent gave 0.28 g (96%)
of the amide 1.

(Z)-N',N*-Diphenyl-2-ethyl-2-pentenamidine (6): To a
stirred solution of TaCls (0.72 g, 2.0 mmol) in a mixed solvent
of DME and benzene (1:1, 10 ml) at 25°C under an argon
atmosphere was added zinc (0.20 g, 3.0 mmol) and the mixture
was stirred at 25 °C for 40 min. To the mixture was added at
25°C a solution of 3-hexyne (82 mg, 1.0 mmol) in DME and
benzene (1: 1, 2 ml) and the whole mixture was stirred at 25°C
for 30 min. THF (5 ml) was added to the mixture. After
being stirred at 25°C for 15 min, the mixture was filtered
under an argon atmosphere and the removed solid was washed
with THF (2X3 ml). To the combined filtrates was added
diphenylcarbodiimide (0.24 g, 1.2 mmol)!* and the resulting
mixture was stirred at 25°C for 3 h. Aqueous NaOH solu-
tion (15%, 2 ml) was added and the mixture was stirred at
25°C for additional 1 h. The deposited white solid was
removed by filtration with Hyflo-Super Cel® and washed well
with ethyl acetate (3X5 ml). Organic layer was dried over
MgSOs and concentrated in vacuo. Purification by column
chromatography on silica gel with ethyl acetate-hexane (1: 10)
gave 94 mg (34%) of amidine 6: R=0.45 (ethyl acetate-
hexane, 1:5); mp 77—79 °C; bp 152—154°C (bath temp, 0.20
Torr); IR (nujol) 3254, 1730, 1586, 1534, 1271, 1122, 1071, 754,
688 cm~1; 1H NMR (CDCls) 6=0.90 (t, /=7.4 Hz, 3H), 0.97 (t,
J=17.5 Hz, 3H), 1.7—1.9 (m, 2H), 2.0—2.2 (m, 2H), 6.1—6.3
(m, IH), 6.3—6.6 (m, 1H), 7.2—7.5 (m, 4H), 7.4—7.8 (m, 6H);
BCNMR (CDClg) 6=12.7, 13.6, 20.7, 21.3, 120.2, 120.8,
121.38, 121.43, 121.5, 122.2, 128.6, 135.8, 137.9, 139.0, 155.8.
Found: C, 81.68; H, 7.94; N, 10.00%. Calcd for Ci9H22N2: C,
81.97; H, 7.97; N, 10.06%.

Typical Procedure for the Reaction of Tantalum-Alkyne
Complexes with Acyl Cyanides: To a mixture of tantalum-6-
dodecyne complex, derived from 6-dodecyne (0.17 g, 1.0
mmol), TaCls (0.72 g, 2.0 mmol), and zinc (0.20 g, 3.0 mmol)
in benzene (6 ml) and DME (6 ml) was added THF (3 ml) at
25°C under an argon atmosphere. After being stirred at
25°C for 15 min, the mixture was filtered under an argon
atmosphere and the removed solid was washed with THF
(2X1.5 ml). To the combined filtrates was added at 25°C
BFs-OEt2 (0.14 g, 1.0 mmol) and 2-0x0-4-phenylbutanenitrile
(0.34 g, 2.0 mmol)!% and the resulting mixture was stirred at
25°C for 3 h. Pyridine (0.65 ml, 8.0 mmol) and water (2.0
ml) was added successively to the resulting mixture at 25°C.
The deposited white solid was removed by filtration with
Hyflo-Super Cel® and washed well with ethyl acetate (3X5
ml). Organic extracts were dried over MgSO4 and concen-
trated in vacuo. Purification by column chromatography on
silica gel (ethyl acetate-hexane (1:30—1:10)) gave 0.20 g of
a-cyanohydrin 8 (609% yield) and 21 mg of «,B-unsaturated
ketone 9 (7% yield). When the crude mixture of 8 and 9 in
ethyl acetate (10 ml) was treated with ag NaHCOs3 (1 M
solution) at 25 °C for 24 h, 8 was converted to «,B-unsaturated
ketone 9. The reaction mixture was neutralized with aq
NH.CI solution and extracted with ethyl acetate (3X20 ml).
The organic extracts were washed with brine (40 ml), dried
over anhydrous NazSQs, and concentrated. Purification of
the crude product by column chromatography on silica gel
(ethyl acetate-hexane (1:30)) gave 0.20 g of 9 (68% yield).

(FE)-2-Hydroxy-3-pentyl-2-(2-phenylethyl)-3-nonenenitrile
(8): Dehydrocyanation of a-cyanohydrin 8 took place under
distillation conditions. Mass spectral analysis and elemental
analysis were conducted with the corresponding trimethylsilyl
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ether produced by treatment with trimethylsilylimidazole.
IR (neat) 3410, 3024, 2952, 2926, 2856, 2225, 1498, 1457, 1379,
1059, 750, 698 cm~!; tHNMR (CDCls) 6=0.90 (t, /=6.4 Hz,
6H), 1.2—1.6 (m, 12H), 2.1—2.3 (m, 6H), 2.42 (s, 1 H), 2.7—
3.0 (m, 2H), 591 (t, J=7.2 Hz, 1H), 7.2—7.5 (m, 5H),
IBCNMR (CDCls) 6=14.0, 22.3, 22.5, 27.1, 27.9, 29.0, 30.0,
30.7, 31.6, 32.4, 41.3, 76.2, 120.7, 126.2, 128.3, 130.3, 137.2,
140.5; MS (rel intensity) 399 (M*+SiMes, 7), 342 (4), 295 (63),
294 (100), 195 (28), 105 (24), 91 (41). Found: C, 75.30; H,
10.60; N, 3.65%. Calcd for CosHaNOSI: C, 75.13; H, 10.34;
N, 3.50%.

(E)-4-Pentyl-1-phenyl-4-decen-3-one (9): Bp 98—100°C
(bath temp, 0.25 Torr); IR (neat) 3024, 2952, 2924, 2854, 1670,
1466, 1455, 1111, 746, 698 cm~1; 'H NMR (CDCls) 6=0.88 (t,
J=6.7 Hz, 3H), 0.90 (t, /=6.5 Hz, 3H), 1.2—1.6 (m, 12H),
2.1—2.4 (m, 4H), 2.94 (s, 4H), 6.55 (t, J/=7.3 Hz, IH), 7.2—7.4
(m, SH); 3BCNMR (CDCl3) 6=13.9, 14.0, 22.5, 25.7, 28.6, 28.8,
29.0, 30.8, 31.6, 31.9, 39.2, 125.9, 128.4, 141.6, 141.9, 142.8,
200.6; MS (rel intensity) 300 (M*, 13), 229 (100), 91 (29), 69
(16), 55 (17). Found: C, 83.94; H, 10.829%. Calcd for
C21H320: C, 83.94; H, 10.73%.

(E)-2-Cyclohexyl-2-hydroxy-3-pentyl-3-nonenenitriie: De-
hydrocyanation of the a-cyanohydrin took place under distil-
lation conditions. Mass spectral analysis and elemental anal-
ysis were conducted with the corresponding trimethylsilyl
ether produced by treatment with trimethylsilylimidazole.
IR (neat) 3412, 2926, 2852, 1467, 1453, 1379, 1101, 1028 cm™1;
'HNMR (CDCls) 6=0.8—1.0 (m, 6H), 1.0—1.6 (m, 17H),
1.6—2.0 (m, 6H), 2.0—2.3 (m, 4H), 2.28 (s, 1 H), 5.84 (t, J=7.2
Hz, 1H); BCNMR (CDCl) 6=13.9, 22.2, 22.4, 25.7, 25.8,
25.9, 26.7, 27.9, 28.0, 29.0, 29.9, 31.5, 32.4, 44.2, 80.5, 120.0,
130.8, 136.5; MS (rel intensity) 377 (M*+SiMes, 24), 295 (64),
294 (100), 239 (20), 238 (91), 195 (26), 168 (11), 73 (40).

Found: C, 73.29; H, 11.77; N, 3.61%. Calcd for Co3H43sNOS:i:
C, 73.14; H, 11.48; N, 3.71%.
(E)-1-Cyclohexyl-2-pentyl-2-octen-1-one: Bp 92—93°C

(bath temp, 0.25 Torr); IR (neat) 2926, 2852, 1665, 1452, 1251,
1104 cm~1; tH NMR (CDCls) 6=0.80 (t, /=7.0 Hz, 3H), 0.84
(t, J=6.4 Hz, 3H), 1.0—1.5 (m, 17H), 1.5—1.9 (m, SH), 2.1—
2.4 (m, 4H), 2.8—3.1 (m, 1H), 6.46 (t, J=7.3 Hz, 1H),
BCNMR (CDCls) 6=14.0, 22.5, 25.8, 25.9, 28.7, 28.8, 28.9,
29.8, 31.6, 44.3, 141.0, 141.3, 205.6; MS (rel intensity) 278
(Mt, 13), 207 (30), 195 (100), 83 (23), 55 (39). Found: C,
82.06; H, 12.51%. Calcd for Ci9H340: C, 81.95; H, 12.31%.
(E)-3-Decyl-2-hydroxy-2-(2-phenylethyl)-4-trimethylsilyl-3-
butenenitrile: Dehydrocyanation of the a-cyanohydrin took
place under distillation conditions. Mass spectral analysis
and elemental analysis were conducted with the corresponding
trimethylsilyl ether produced by treatment with trimethylsilyl-
imidazole. IR (neat) 3410, 3026, 2950, 2922, 2850, 1606, 1498,
1466, 1456, 1249, 1058, 858, 837, 748, 696 cm~1; TH NMR
(CDCl3) 6=0.16 (s, 9H), 0.88 (t, J=6.3 Hz, 3H), 1.2—1.7 (m,
16H), 2.1—2.2 (m, 2H), 2.2—2.6 (m, 2H), 2.69 (s, 1H), 2.8—
3.0 (m, 2H), 5.95 (s, 1H), 7.2—7.4 (m, 5H); 3C NMR (CDCls)
6=—0.1, 14.1, 22.6, 29.27, 29.33, 29.5, 30.3, 30.7, 31.8, 31.96,
32.06, 42.3, 60.5, 76.7, 120.8, 126.2, 127.5, 128.4, 128.5, 140.5,
154.8; MS (rel intensity) 471 (M*+SiMes, 2), 469 (2), 367 (36),
241 (15), 214 (27), 147 (10), 91 (28), 73 (100). Found: C,
71.11; H, 10.64; N, 2.86%. Calcd for CosH4NOSIa: C, 71.27,
H, 10.47; N, 2.97%.
(E)-4-Decyl-1-phenyl-5-trimethylsilyl-4-penten-3-one:  Bp
123—125°C (bath temp, 0.25 Torr); IR (neat) 3024, 2950,
2922, 2850, 1676, 1497, 1455, 1250, 855, 771, 748, 721, 697 cm™;
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IHNMR (CDCls) 6=0.17 (s, 9H), 0.88 (t, J=6.7 Hz, 3H),
1.1—1.3 (m, 16H), 2.3—2.5 (m, 2H), 2.9—3.1 (m, 4H), 6.52 (s,
1H), 7.2—7.5 (m, SH); 3C NMR (CDCls) 6=—0.3, 14.1, 22.7,
29.3,29.5, 29.6, 30.0, 30.2, 31.4, 31.9, 39.5, 126.0, 128.4, 139.2,
141.6, 156.7, 201.5; MS (rel intensity) 372 (M*, 21), 357 (11),
300 (11), 299 (31), 156 (18), 105 (17), 91 (43), 73 (100).
Found: C, 77.32; H, 11.00%. Calcd for C24H4OSi: C, 77.35;
H, 10.82%.

Financial support from the Ministry of Education,
Science and Culture (Grant-in-Aid No. 02953042) is
acknowledged.

References

1) a)S.L.Buchwald, R. T. Lum, and J. C. Dewan, J. Am.
Chem. Soc., 108, 7441 (1986); b) S. L. Buchwald, B. T.
Watson, and J. C. Huffman, ibid., 109, 2544 (1987); c) S. L.
Buchwald and R. B. Nielsen, Chem. Rev., 88, 1047 (1988); d)
T. Takahashi, D. R. Swanson, and E. Negishi, Chem. Lett.,
1987, 623; e) E. Negishi, S. J. Holmes, J. M. Tour, J. A.
Miller, F. E. Cederbaum, D. R. Swanson, and T. Takahashi,
J. Am. Chem. Soc., 111, 3336 (1989); f) B. C. Van Wagenen
and T. Livinghouse, Tetrahedron Lett., 30, 3495 (1989).

2) a)S.F. Pedersen, 194th National Meeting of the Ameri-
can Chemical Society, New Orleans, Fall 1987, Abstr., ORG
218; b) A. C. Williams, P. Sheffels, D. Sheehan, and T.
Livinghouse, Organometallics, 8, 1566 (1989); c) J. B.
Hartung, Jr. and S. F. Pedersen, J. Am. Chem. Soc., 111, 5468
(1989); d) idem, Organometallics, 9, 1414 (1990), and refer-
ences cited therein.

3) D. Kwon and M. D. Curtis, Organometallics, 9, 1
(1990); M. D. Curtis, J. Real, W. Hirpo, and W. M. Butler,
ibid., 9, 66 (1990); J. R. Strickler, M. A. Bruck, P. A. Wexler,
and D. E. Wigley, ibid., 9, 266 (1990); J. R. Strickler and D. E.
Wigley ibid., 9, 1665 (1990).

4) a) Y. Kataoka, K. Takai, K. Oshima, and K. Utimoto,
Tetrahedron Lett., 31, 365 (1990); b) Y. Kataoka, J. Miyai, M.
Tezuka, K. Takai, and K. Utimoto, ibid., 31, 369 (1990); c¢) K.

Reaction of Tantalum-Alkyne Complexes

1549

Takai, Y. Kataoka, and K. Utimoto, J. Org. Chem., 55, 1707
(1990); d) K. Takai, M. Tezuka, Y. Kataoka, and K. Utimoto,
ibid., 55, 5310 (1990); e) K. Takai, J. Miyai, Y. Kataoka, and
K. Utimoto, Organometallics, 9, 3030 (1990); f) K. Takai, Y.
Kataoka, K. Yoshizumi, Y. Oguchi, and K. Utimoto, Chem.
Lett., 1991, 1479; g) K. Takai, M. Tezuka, and K. Utimoto, J.
Org. Chem., 56, 5980 (1991). h) K. Takai, S. Miwatashi, Y.
Kataoka, and K. Utimoto, Chem. Lett., 1992, 99.

5) E.KleiandJ. H. Teuben, J. Orgonomet. Chem., 222,79
(1981); S. Gambarotta, S. Etrologo, C. Floriani, A.
Chiesi-villa, and C. Guastini, /norg. Chem., 24, 654 (1985); D.
Nobel, G. van Koten, and A. L. Spek, Angew. Chem., Int. Ed.
Engl., 28, 208 (1989); H. Hoberg, J. Organomet. Chem., 358,
507 (1988); H. Hoberg and M. Nohlen, ibid., 412, 225 (1991).

6) a)lJ. D. Wilkins, J. Organomet. Chem., 65, 383 (1974);
b) J. D. Wilkins, ibid., 67, 269 (1974); ¢) J. D. Wilkins, ibid.,
80, 349 (1974).

7) S. Cacchi, P. G. Ciattini, E. Morera, and G. Ortar,
Tetrohedron Lett., 45, 5541 (1986).

8) To eliminate the effect of the excess amount of low-
valent tantalum, the amount of TaCls and zinc was reduced to
1.2 and 1.8 molar amounts, respectively. Y. Kataoka, K.
Takai, K. Oshima, and K. Utimoto, J. Org. Chem., 57, 1615 (1992).

9) S. Hiinig and R. Schaller, Angew. Chem., Int. Ed.
Egnl., 21, 36 (1982); R. F. Borch, S. R. Levitan, and F. A.
Van-Catledge, J. Org. Chem., 37, 726 (1972).

10) a) F. Asinger, A. Saus, N. Offermanns, and H.-D.
Hahn, Justus Liebigs Ann. Chem., 691, 92 (1966). b) K.
Herrmann and G. Simchen, Synthesis, 1979, 204.

11) D. R. White, Tetrahedron Lett., 21, 1753 (1976).

12) L. F. Fieser and M. Fieser, “Reagents for Organic
Synthesis,” John Wiley & Sons, New York (1967), Vol. I, p.
1276.

13) L. Brandsma, “Preparative Acetylenic Chemistry,”
Elsevier, New York (1988).

14) S. R. Sandler and W. Karo, “Organic Functional
Group Preparations,” Academic Press, New York (1974), Vol.
2, p.214.




