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ABSTRACT
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Nickel-mediated sequential addition of carbon dioxide and aryl aldehydes into terminal allenes is reported. The reaction proceeded in a
diastereoselective manner to afford o-methylene-y-hydroxy carboxylic acids, which allowed stereoselective preparation of cis-f,y-disubstituted
o-methylene-y-lactones.

Carbon dioxide (Cg@) is regarded as an important natural
carbon resource because of its abundant reserve and lowscheme 1. Nickel-Mediated Sequential Addition of G@nd
degree of toxicity. However, the low reactivity of G@as Electrophile into Allene

restricted the range of utility in synthetic organic chemistry.
One of the potential methods for overcoming such difficulties

in using CQ for organic synthesis may be employment of e Ni©) /\\O C"N? or &Ni'-‘g(‘?\ .
nickel complexes because they exhibit high levels of activity S co, | R Cs RO Cx 0

for coupling of CQ and various unsaturated hydrocarbéfs. 1 la b

In the course of our studywe found that various allenes 0 0 Ni—O

reacted with CQand a zerovalent nickel complex to form { R/\f/( L RYLO L )\KEO 1

a nucleophilic nickel complex that could react with aryl Ni,o =R .. N R

aldehydes in a highly stereoselective manner. We report here lla n llb

this nickel-mediated sequential coupling reaction and its COH E

application to stereoselective synthesig3of-disubstituted Ao or R)\WCOzH
a-methylene-y-lactones. YRy E

Our initial idea is presented in Scheme 1. According to 2 8
the previous reportsterminal allenel is expected to provide
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sr-allylnickel complexill. Generally, r-allylnickel complexes
have a nucleophilic natufeThus, it appears that oxanick-
elacyclesll could react with electrophiles (f to afford
carboxylic acid2 and/or3.

Our investigation started with screening of ligands that
could mediate the oxidative cycloaddition under mild condi-
tions in a short reaction time. Various ligands (amines and
phosphines) were examined, and it was found that only 1,8-
diazabicyclo-[5.4.0Jundec-7-ene (DBU) could mediate the
desired process effectivel§327In the presence of DBU
(2 equiv with respect to nickel), terminal allefia (1 equiv)
easily reacted with CO(1 atm) and Ni(cod) (1 equiv) in
THF under mild conditions (OC, 2 h) to afford carboxylic
acid4ain 59% yield after hydrolysis (Scheme 2). Treatment

Scheme 2. Nickel-Mediated Addition of CQinto 1a

Bn o/\A\[COZMe

B0 "N

1a
+

CO; (1atm)

1} Ni(cod), {1 equiv)

2) HCl aq. or DCI/D,O
3) CH,N, (after workup)

of the above-mentioned reaction mixture with DCKD
afforded 4a-D. These results suggested that the expected
nickelacycle intermediates should be formed.

Reactivity of the generated oxanickelacycle was first
examined by choosing benzaldehyskeas an electrophile.
After a reaction ofLa with CO, was carried out under sim-
ilar conditions,5a was added to the resulting solution and
the mixture was stirred at room temperature for 6 h. Hy-
drolysis of the reaction mixture followed by treatment of
the crude product with diazomethane affordedhydroxy
carboxylic acid methyl esteba in 47% yield from la
(Scheme 3). Estddawas readily converted ta-methylene-

Scheme 3. Sequential Addition of C@and5a into 1a

) BnO/\J%‘/COZMe

1a + CO,
(1 atm)

Table 1. Addition of CO, and Various Aldehydes intha
1} Ni{cod), (1 equiv)

DBU (2 equiv) Ar o
THF,0°C,2h
1a + CO, . o
(1 atm) 2} ArCHO (2 equiv)
rt, 6 h {in one-pot) BnO 7
3) PPTS, benzene, reflux
entry ArCHO Product yield
1 5a 7a 60%
2 MeochCHo 7b 66%
5b
3 FscOCHO 7c 62%
5c
4 F@CHO 7d 57%
5d
5 MeOCHO 7e 56%
5e
6 MeOOCHO 7f 46%
5f
Me
7 GCHO 79 63%
5g
FsC.
8 ®CHO 7h 61%
5h

1) Ni(cod), (1 equiv)

2) PhCHO 5a (2 equiv
rt, 6 h (in one-pot)
3) CH,N,, (after workup)

y-lactone7a in quantitative yield by treatment with NaH.
From the results of NOE experiments féa, the stereo-
chemistries of7a and 6a were determined as shown in

Scheme 3.

The overall yield of7a was improved when acid-cata-
lyzed lactonization was carried out without isolation of

2600

6a; after the sequential reaction df with CO, and 5a,

the crude carboxylic acid was heated in benzene in the
presence of a catalytic amount of PPTS with azeotropic
removal of water to provid@éain 60% yield fromla(Table

1, entry 1).

Various aryl aldehydes were examined for lactone syn-
thesis from la using this procedure. The results were
summarized in Table 1 (entries—8). In each case, the
desired lactone was obtained as a single diasterebiiries.
yields were generally good except in the case of aldehyde
5f, having an electron-donating substituent at the para
position (entry 6).
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Table 2. Addition of CO, and5a into Various Allenes
1) Ni(cod), (1 equiv)

DBU (2 equiv)
THF,0°C,2h

o]
A o)
R” ~C + CO,
S (1atm) 2)PhCHO 5a (2 equiv) j:{:
rt, 6 h (in one-pot)
3) PPTS, benzene, reflux
entry allene product yield
Ph o
1 BrOUeSe BHONO 58%
1b s
Phy_o
2 Py Sy Phﬁo 57%
1c 2

w

IS

1e (n=2)

5 1f (n=3)

9
O\ﬁ/\ Phy_o
o
2
2 C§ O\f)z:(
1d 10
o o Pha_o
pas
N
NorSey "
0 o

11 (n=2)

12 (n=3)

73%

67%

63%

A variety of terminal allenes were next examined for
lactone synthesis using aldehy8a (Table 2). Elongation
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of a tether of allendadid not affect the yield (entry 1), and
the reaction ofLb provided lactone in 58% yield. Simple
terminal allened.c and1d, which had no heteroatom in the
tethers, afforded the desired products in good vyields (en-
tries 2 and 3). Terminal allenes that had nitrogen substituents
were also applicable. The use of allebe and 1f for the
reaction gave lactondd and12, respectively, in good yields
(entry 4).

In summary, nickel-mediated sequential addition of,CO
and aryl aldehydes into terminal allenes was developed. The
reaction proceeds under mild conditions in a highly regio-
and stereoselective manner and provides a novel method for
synthesis ofo-methylene-y-lactones. Further studies on
expansion of the scope of this process and on the reaction
mechanism are now in progress.
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(8) Use of aliphatic aldehydes did not afford good results. When 1-butanal
was used in the reaction dfa, the desiredr-methylene-y-lactones were
obtained in 35% vyield as a mixture of stereocisomers atytip®sition of
the lactone ring along with the carboxylic acid corresponding to dstar
45% vyield.
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