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ABSTRACT

1) Ni(cod),, DBU R
R—= +C0, -2 DB F\cou

(1 atm) 2) R2Znor RZnX R

Nickel-promoted alkylative or arylative carboxylation of terminal alkynes via a carbon dioxide fixation process was investigated. In the presence
of a stoichiometric amount of a zero-valent nickel complex, the reaction of alkynes with CO, gave a nickelacycle, which was reacted with
various organozinc reagents under very mild conditions to provide 8,f'-disubstituted, a,f-unsaturated carboxylic acids in a highly regio- and
stereoselective manner.

Low-valent nickel complexes have been known to be has rarely been studied. Here we report a highly regio- and

efficient mediators for the coupling of carbon dioxide (£O  stereoselective synthesis gff'-disubstituted unsaturated

with various unsaturated hydrocarbdrsor instance, oxida-  carboxylic acid utilizing a related nickel-promoted €0

tive coupling of alkyne with C@ proceeds under mild  coupling process combined with a transmetalation process.

conditions in the presence of a Ni(0) complex to form  Our plan is shown in Scheme 2. Saito and Yamamoto very

oxonickelacycldll (Scheme 1%:2 Hydrolysis oflll gives recently reported a nickel-promoted regioselective coupling
of terminal alkynes with C@which afforded g-substituted

_ o,B-unsaturated acid after hydrolysis* They also reported

Scheme 1. Ni-Promoted Oxidative Coupling of Alkyne with that nickelacycldll ' is an intermediate for their carboxy-

Co, lation process. If transmetalation ¢if ' with organozinc
N reagents could proceed, vinyl alkyl nickel compixwould
Ni(0) Nis\ — Hy0" be formedk Succeeding reductive elimination of Ni(0) from
EI * COp —= | T, O|—=Ni\ g — Z>CoH VI would afford zinc carboxylate/Il, which would be
0 n v hydrolyzed to gives,f'-disubstituted unsaturated carboxylic
I acid VIIl .6
unsaturated carboxylic aciy . While nickelacycldll still Scheme 2
has an active nickelCsg# bond which can be used for further R R
transformation, the reactivity dfl, other than hydrolysis, Ni(0) R'-ZnX _
R—= +C0O, — [ —
. Ni NI 0
. I o7 0 R\ O
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Gibson, D. H.Chem. Re. 1996 96, 2063. (d) Leitner, WAngew. Chem.,
Int. Ed. Engl.1995 34, 2207. R o) R + R
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Initially, we tried a nickel-promoted reaction g with
CO, and dimethylzin@ (Scheme 3). When alkynka (1.1

Scheme 3

CO, (1 atm)
Ni(cod), (1 equiv), DBU (2 equiv)

1a  THF,0°C (addition of 1a; 1 h)
(1.1 equiv)

Ph o}

Ni—Q
llla

H ? NOE
@W
Me
3a (quant)

Me,Zn 2 (2.5 equiv)i 0% HCI aq.
0 °C, 2 h (one-pot)

equiv) was reacted with GQ1 atm) in the presence of a
stoichiometric amount of Ni(cod)(1.0 equiv) and 1,8-
diazabicyclo[5.4.0Jundec-7-ene (DBU, 2 equiv) according
to Yamamoto’s procedure, nickelacyclda is formed.
Dimethylzinc2 (2.5 equiv) was added to this solution at 0
°C, and the mixture was stirred at°C for 2 h. Hydrolysis

of the reaction mixture with a 10% aqueous HCI solution
affordeds-methylcinnamic aci®ain quantitative yield. The
results of an NOE experiment showed that the configuration
of the double bond irBa is E. These results indicated that
stereoselectiveis-addition of CQ and a methyl group to
the alkyne moiety ofla occurred in a highly regioselective

aromatic ring slightly reduced the yield (entry 2). Aliphatic
alkyneld also gave g,5'-disubstituted unsaturated acid in
a highly regio- and stereoselective manner (entry 3).

We next examined the alkylative or arylative carboxylation
of 1d with various organozinc reagents (Tablé2Reactions

Table 2. Carboxylation ofld with Various Organozinc
Reagents

CO, (1 atm) R
"RZn"

1d Ni(cod), (1 equiv), DBU (2 equiv) product
(1.1 equiv) THF, 0 °C (addition of 1d; 1h)  0°C,2h 8-12
(one-pot)
entry "Rzn" equiv  yield (%)° product
nO
1 PhznCl 2 69 >~ coH
4 Ph
nO
2 o ~gep 15 81 Mj/ACOQH
5
Ph
9
nO
3 Et,Zn 15 gb Mj/ﬂcozH
6
10
Bno Z>COH
4  Buznl 3 68
7
1

manner and that the reaction proceeded via transmetalation asojated yield based on Ni(cod’ CompoundL2 was also obtained in

of nickelacycldlla with dimethylzinc2 as shown in Scheme
2.

To investigate the generality of this methylative carboxy-
lation, various terminal alkynes were examined (Table 1).

Table 1. Methylative Carboxylation of Various Alkynes
CO, (1 atm)
Ni(cod), (1 equiv), DBU (2 equiv) MeyZn 2

alkyne product
1b-d  THF, 0 °C (addition of 1; 1 h) 0°C,2h 3b-d
(1.1 equiv) (one-pot)
entry alkyne yield (%)? product
1P MeO—Q{
1b “ “COpH
3b e
2° CF3—©—: 53
1¢c = COzH
3¢ Me
BnO nO
3° 81 Z “CO,H
RN VJA? 2

a|solated yield based on Ni(codP 2.5 equiv of2 was used® 1.5 equiv
of 2 was used.

In each case, the desirBemethylated carboxylic aci@b—d

78% yield.
Bno\/\/\COZH

H
12

using phenylzinc chlorided and benzylzinc bromideés
afforded the desired carboxylic acilsand9b, respectively,

in good yields (entries 1 and 2). However, the reaction using
diethylzinc6 gavef-ethylated productOin only 9% yield.

In this reaction, the major product was carboxylic ati]
which possessed no ethyl group originating from the zinc
reagent6. This reaction should also proceed via the same
mechanism (Scheme 4). Transmetalation of nickeladjide

Scheme 4. 5-Hydride Elimination Pathway

\(\?o Et,Zn j/\COZZnEt - HyC=CH, j/\COQZnEt

Ni—O Ni “H
liid X
=-CH20HQOBH IX

XI

was obtained as a sole product. The yields were generallywith 6 affords ethyl vinyl nickel complexX, which then
good, but an electron-withdrawing subsituent on a conjugatedundergoesf-hydride elimination to form hydride nickel
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applications of this carboxylation reaction and the develop-

Table 3. Carboxylation ofld with Functionalized Organozinc ~ Ment of a catalytic process are now in progress.

Reagents
CO, (1 atm) Acknowledgment. This work was supported by a Grant-
19 Nicod); (1 equiv), DBU (2 equiv) FG-RZnX product in-Aid for Scientific Research (Grant No. 12771345) from
(1.1 equiv) THF, 0 °C (addition of 1d; 1 h) (%:lg_,p% 3 17-20 the Japan Society for the Promotion of Science (JSPS).
entry  FG-RZnX equiv  yield (%)° product Supporting Information Available: Information on
B0 experimental procedures, spectral data for substdtand
7 COH spectral data for compoun8s—d, 8—12, and17—20. This
1 MeOZC—Q—ZnI 2 70 material is available free of charge via the Internet at
13 17 Lome http://pubs.acs.org.
BnO o 0OL016585Z
2 MeO,C._ ZnBr 3 33 \/\C :
14 18 COMe (3) Recent reports of catalytic reactions involving a related coupling
process: (a) Inoue, Y.; Itoh, Y.; Kazama, H.; Hashimoto Bdll. Chem.
EtO.C_, . Znl BnO 7 CO,H Soc. Jpn.198Q 53, 3329. (b) Tsuda, T.; Morikawa, S.; Hasegawa, N.;
3 24 3 81 Saegusa, TJ. Org. Chem.199Q 55, 2978. (d) Deien, S.; Clinet, J.-C.;
15 19~ COEt Dufiach, E.; Pdchon, J.J. Am. Chem. Sod.991, 113, 8447.
(4) Duhach also reported a nickel-catalyzed electrochemical carboxylation
BnO = of terminal alkynes which afforded-substituteda,S-unsaturated acid in a
EtO.C. , Znl COzH )
4 N n 3 82 \/\C\iCOZEt reverse regioselectivity. (a) Danh, E.; Pachon, J.J. Organomet. Chem.
16 1988 352 239. (b) Dumch, E.; Pdachon, J.J. Organomet. Chen199Q
20 385, C43. See also ref 3d.
) ) (5) Transmetalation processes of structurally related oxanickelacycles
a|solated yield based on Ni(cod) with organozinc reagents were already reported by Montgomery. (a)

Oblinger, E.; Montgomery, JJ. Am. Chem. Socl997, 119 9065. (b)
Montgomery, JAcc. Chem. Re00Q 33, 467.
(6) We recently reported a cross-coupling reaction of nickel complexes

intermediateX. Reductive elimination of Ni(0) fronX would generated from 1,3-diene and €@ith organozinc reagents which was

. . based on a similar concept. Takimoto, M.; Mori, M. Am. Chem. Soc.
afford XI, which would be hydrolyzed to giv&2. It was 2001 123 2895.

very interesting that the use of butylzinc iodidénstead of (7) The actual yield based on used Ni(codjps 110%, which exceeded

i _ i i the amount of the limiting reagent. This result suggested that zero-valent
6 afforded the deSIreﬂ alkylated prOdUCﬂ'l In QOOd yleld’ nickel species regenerated and that the reaction could proceed by a catalytic

although the alkyl group of possesseS-hydrogen atoms.  amount of nickel complex. However, our initial attempt at a catalytic

As documented in Table 3, various organozinc reagentseégerimdent uslin% 025 n?Olld% of Ni(cogwas unsuccessful anga was
: : obtained in only 30% vyield.
having an ester group as a functional group were also (8) For the preparation of benzylzinc bromide, see: Berk, S. C.; Knochel,

applicable to this reactiol. High yields were generally P Yeh, M. C. P.J. Org. Chem1988 53, 5789.

; gdﬁ (9) Butylzinc iodide was prepared from butyl iodide and metallic zinc
obtained except for the case of ReformatSky rea ¢ according to a method described in the following report. Knochel, P.; Yeh,

Reactions using linear alkylzinc reageth&sand16 afforded M. C. P.; Berk, S. C.; Talbert, J. Org. Chem1988 53, 2390.

the desired prOdUCEQ and 20, respectively, in high yields (10) Reviews for functionalized zin_c reagents: (a) ‘Kr)ochel, P.; Singer,
ith h hvdrid limi . R. D.Chem. Re. 1993 93, 2117. (b) Rieke, R. DAldrichimica Acta200Q
without the occurrence gf-hydride elimination. 33, 52. For the preparation of specific zinc reagents that appear in Table 3,

In summary, we succeeded in the alkylative or arylative see refs 1+13.

carboxylation of terminal alkynes. The remarkable feature Oré%lc)r'gr{]'_zl'ggl'ogg’jiﬁg.Zh“’ L.; Wehmeyer, R. M.; Rieke, R. Q.
of this reaction is that the reaction proceeds under very mild  (12) Reformatsky reagertt4: (a) Cure J.; Gaudemar, MBull. Soc.
conditions in a highly regio- and stereoselective manner. Not fggg-gﬁéigfa 8, 3224. (b) CufeJ.; Gaudemar, MBull. Soc. Chim. Fr.
only aromatic but also aliphatic terminal alkynes g@yg- (13) For the preparation of organozinc reagetfisind 16, see ref 9.

disubstituted unsaturated carboxylic acid in high yields. W(1h4) It its ntott_clelar yet WH tget r%/aifld oflth? t;eat(r:]tion us;mwayocvz\g

. . . . . . _ € have lentatively speculate was lost by the reaction wi
Various Qrganozmc reagents, including funCtlonahzeq aryl since the nucleophilicity ofl4 is higher than that of other organozinc
or alkylzinc reagents, could be used. Further studies onreagents.
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