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ABSTRACT

CO,
cat. Ni(0) R! TMS
Rl——TMS —— —
R3,Zn R3 CO,H

Syntheses of osilyl- #,6'-dialkyl o, f-unsaturated carboxylic acids were achieved from silylated alkyne, carbon dioxide, and a zinc reagent

using a catalytic amount of nickel complex in the presence of an excess amount of DBU. The regioselectivity of the introduction of CO 5 into
disubstituted alkyne is dependent on the electronic property of the substituent R on the alkyne because the thermodynamic stability of
oxanickelacycle IV or V should be affected by conjugation of the substituent R with the carboxyl group in IV or V.

Oxidative cyclization of carbon dioxide and multiple bonds carbene ligand and the cyclization of bisdiene using Ni-
using a transition metal gives an oxametallacycle, which (acac) and a phosphine ligafidhave been reported as
should be a useful intermediate for synthesis of various catalytic carboxylation reactions. Other nickel-catalyzed

functionalized carboxylic acids? On the basis of the results
of these studies, the synthesisogB-unsaturated carboxylic
acids from terminal alkyn@°using a stoichiometric amount
of Ni(cod), and DBU and an alkylative carboxylation of
diene?? allene3< or alkyné?¢ using Ni(cod), DBU, and a

carboxylations of alkyrnfe and other related unsaturated
hydrocarbonsinvolve the use of electrochemical methods.
Here we report the synthesis of tetrasubstituted alkenes from
disubstituted alkynes, carbon dioxide, and a zinc reagent
usinga catalytic amount of nickel complex.

zinc reagent has recently been reported. The synthesis of If disubstituted alkyné is treated with Ni(0) under carbon

y-pyrone using Ni(cod)and phosphinfeor N-heterocyclic

dioxide and then a zinc reagent is added, two carboxylic acids
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Il and Il should be formed after hydrolysi¢.Thus, to | A

re.alize the formation of tetrasu_bst_ituted a_tlkene fr_om disub- 1apje 1. Nickel-Mediated and -Catalyzed Carboxylation
stituted alkynel and carbon dioxide regioselectively, we

planned to use silylated alkynk because a nickel metal Ph—= ™S
. 1a
would be placed at the carbon connected to the silyl droup o
to givelV (RZ2 = TMS) (Scheme 1). 1) CO, (1 atm) Ph
J ( ) ) Ni(0), DBU H TMS ™S
MeyZn (3 equiv) — + —
2)CH2N—> C/ Me  COMe MeO,C  Me
. . 282
Scheme 1. Plan for Synthesis of Tetrasubstituted Alkene NOE  3a 2a
Using Alkylative Carboxylation
CO, i Re A e DBU temp time Yyield (%)
Rl— g _NO __ . _ entry Ni(mol%) (equiv) solvent (°C) (h) 8 2
R3,Znor HO.C  R® R®  CO.H 1 Ni(cod)s (20) 04 THF 0 24 0 0
R3Znx I I 2 Ni(cod)z (1200 24 THF 0 24 55 (¢
3 Ni(cod)s (20) 65 THF 0 29 33 8
. . R R2 — 4 Ni(cod)2(20) 10  THF 1t 20 68 23
R R _ RI—=—TMS 5 Nilcod) (200 10  toluene 40 18 64 21
ﬁ_ N o 1 6  Ni(cod)z (100 10  THF 40 19 64 22
0™ ™ 0 7  Ni(acac); (200 10  THF 40 21 59 20
v v

a4a was obtained in 14% vyield.1a was recovered in 35% vyield.

o ™s] " ™S
In this reaction, oxanickelacycl¥’a is transmetalated with { L»:L —
a zinc reagent to give alkylnickel compléfa via trans- N'~o 0 | MeOL H
metalation with R.Zn, and reductive elimination affords zinc Va da

carboxylate Vlla and Ni(0). Thus, the reaction should
proceed with a catalytic amount of Ni(0) in a similar manner
as it has previously been reporte@Figure 1). yield along with trisubstituted alkerain 14% yield (entry

2). An NOE experiment witt8a clearly indicates that CO

is introduced onto the alkyne carbon having a TMS group.
Thus, compoun@a should be formed from oxanickelacycle

R Tms Eﬁ%ﬁlﬂcgt\(gn CO, Va by transmetalation with M&n. The latter compounda
_ > Ni(0) Rl—=——TMS should be formed fromVa, but transmetalation did not
R3ZnO,C R3 1 proceed in this casé.Although the reason for the predomi-
Vila ; ’ nant formation of oxanickelacycMa is not clear, the fact
HLO* R /MS R TMS that tetrasubstituted alken®a was obtained as a major
RZn0,C  Ni = product is interesting. In the catalytic reaction conditions
lla R 0 .Ni (entry 1), MeZn (3 equiv) was added along with Ni(ced)
Via R TMS IVa and DBU at the same time. It was thought that:Kreshould
=\ R%,Zn be coordinated by DBU (eq 1.
o) N
Q 'Rs
- Me,Zn + DBU — Me,Zn(DBU), &

Figure 1. Possible Reaction Course . . .
Thus, to achieve a catalytic reaction, an excess amount of

DBU is required. When a THF solution df, Ni(cod) (20
When a THF solution ota (1 equiv), 20 mol % Ni(cod) mol %), DBU (6.5 equiv), and M&n (3 equiv) was stirred
and 40 mol % diazabicycloundecene (DBU) was stirred at 0°C under carbon dioxide (1 atm) for 29 h, we were very

under carbon dioxide (1 atm) in the presence of.Xfe(3 pleased to find tha@awas obtained in 33% yield along with
equiv) at 0°C overnight, none of the product was obtained 2a in 8% yield (entry 3). To improve the yield o8a,
andlawas recovered in 96% yield (Table 1, entry 1). reactions were carried out under various conditions.

Thus, a stoichiometric reaction was examined, but the The use of an excess amount of DBU improved the yield
unexpected tetrasubstituted alke3ewas obtained in 55%  Of the desired produda (entry 4). Toluene could be used
as a solvent (entry 5), and even 10 mol % Ni(coghve a

(8) (2) Dérien, S.; Dufiach, E.; PérichonJJOrganomet. Chen1990, good result (entry 6). The use of Ni(aca@stead of Ni-
363, (@) Déen, S Clinet 3-C.- Duntach. E: Perichond, Them. Soc,,  (c0dk gave a similar result (entry 7).

Chem. Commun1991, 549. (d) Dérien, S.; Clinet, J.-C.; Dufach, E.;

Périchon, JJ. Organomet. Chenl992,424, 213. (e) Dérien, S.; Clinet, (10) Compound4a should be obtained from oxanickelacydé by

J.-C.; Dufiach, E.; Périchon, Jetrahedron1992,48, 361. (f) Dérien, S.; hydrolysis with a small amount of water in the reaction solution.
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Table 2. Nickel-Catalyzed Alkylative Carboxylation Scheme 2. Effects of Substituent on the Alkyne
1. CQZ (1 atm) 1) CO, (1 atm)
Ni(cod), (20 mol %) Ni{cod), (20 mol %)  Ph
DBU (10equiv), R  Tms R TMS Ph DBU (10 equiv) \—QL
3 % — N
Rl——TMS RZn (3 equiv), >:< + >:< Me,Zn (3 equiv) MeOLC Ve
1 2. CH,N R®  COMe MeO,C R® 5a THF, tt, 24 h 2
T 3 2 2) CHoN; 6a 81%
yield (%)2 of 1. CO, (1 atm)
substrate P E— Ni(cod), (20 mol %) Ph Ph
entry ul R3,Zn 3 2 Ph — - DBU (10 equiv) R . R
1 BnO = . — —
_— Tus Me,Zn 76 0 5 MeaZn Bequl)  Meo,C Me  Mé  COMe
1b 2. CHyN, 6 7

R= o,
2 B0~ s Me,Zn 67 18 5b 94% 0%

1c 5¢ R=OOMe 100% 0%
- Ocone 72% 23%

Ph
4NN — Vs Me,Zn 68 10 \_)\=( R \_\_Q
1e Ni P
fe) Ni )
Vb

= TMS Mezzn 56 14 5d

o)
Ph
5P Vb
MesZn 71 11
=—TMS
MeQ 1f

7P ™S BuyZn 49 9 The remarkable features of this reaction are as follows.

1a The reaction proceeds with a catalytic amount of Ni(0) under

, _ o mild conditions, and the procedure is simplahat is, a
a All reactions were carried out using Ni(cedR0 mol %), DBU (10 . . . .
equiv), and RZn (3 equiv) in THF under carbon dioxide at room- solution of an alkyne, a catalytic amount of Ni(ced) Ni- _
temperature overnight.Reaction conditions: 46C, 5 h. (acac), a zinc reagent, and an excess amount of DBU is

stirred at 0—40°C under an atmosphere of carbon dioxide.

Various alkynesl were used for this reaction, and the o-Silyl-3,4'-dialkyl a,3-unsaturated carboxylic acid is ob-
results are shown in Table 2. In each case, tetrasubstitutedained from the trimethylsilylalkynel and is a useful
alkene3 was formed predominantly in good yield. The use precursor in synthetic organic chemistry.

of BuZn as the zinc reagent afforde?l (R> = Bu) in Further studies are in progress.
moderate yield (entry 7).
On the other hand, when alky®a bearing dbutyl group Acknowledgment. This research was supported by a

on the alkyne was treated in a similar manner, only Grant-in-Aid for Scientific Research on Priority Areas (A)
tetrasustituted alken@a, which should be derived from the “Exp|oitation of Multi-Element Cychc Molecules” from the

oxanickelacycleVb, not Vb, was obtained in 81% yield.  Ministry of Education, Culture, Sports, Science and Technol-
Furthermore, in the case 6b bearing a phenyl group, alkene gy, Japan.

6b (R = Ph) was obtained predominantly. These results
indicated that the alkyne bearing'tautyl or phenyl group

gave only oxanickelacycle/b (Scheme 2). experimental procedures and spectral databpfld, 1f, 2a,
To clarify the regioselectivity of introduction of GO 2c—f 3a—f. 4a. 5a. 5c—d. and6a—d. This material is

effects of the substituent on the alkyne were further oy qiaple free of charge via the Internet at http://pubs.acs.org.
examined. When alkyngc bearing a 4-methoxyphenyl group

on the alkyne was treated in a similar mannéc, was OL047912G
obtained in quantitative yield, whiléod, which has a

4-carbomethoxyphenyl group on the alkyne g@deand (12) In the case of trimethylsilylalkyn& Va should be thermodynami-
. o . . ! cally more stable thalva because of the conjugation of the carboxyl group
7d in 72 and 23% yields, respectively. These results it the alkyl group (R) in Va, although we first thought that the silyl

suggested that in the selective formation of oxanickelacycles suk()stigution nelxt to th((ej met?l (as ma] is therfmodynaﬂ;)ica"y fgvoqsd-

; ; Al 13) General Procedure for Synthesis of Tetrasubstituted Alkyne
IVb, an eleCtron'C_eﬁeCt of the substituent R on Oxamck Using Nickel-Catalyzed Alkylative Carboxylation. To a stirred suspension
elacyclelVb or Vb is important because the thermodynamic of Ni(cod), (10~20 mol %) in degassed THF was added DBU (10 equiv)

stability of oxanickelacycléVb or Vb should be affected at 0°C under an argon atmosphere. A balloon filled with Qs attached
to the reaction vessel. To the suspension was added a solution of the

by conjugation of the substituent R with the carboxyl group. substrate (1 equiv) in degassed THF andEfe(1.1 equiv) at C'C, and
Thus, carbon dioxide should be introduced on the alkyne the solution was stirred at room temperature for 24 h. To this solution was

. . A . added 10% HCI (aq) at @C. The aqueous layer was extracted with EtOAc,
carbon distant from the substituent R, giving thermodynami- 7 . 1"ihe organic layer was washed with brine, dried ovesSs and

cally more stable oxanickelacyclgb. 1? concentrated. The residue was purified using an appropriate procedure.
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