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A stoichiometric amount of nickel(0) complex mediated the
aminative carboxylation of unsaturated hydrocarbons through
oxidative cyclization with carbon dioxide followed by insertion
of dibenzoyldiazene into the carbon–nickel bond, giving �-
amino acid derivatives.

The development of reactions which incorporate carbon
dioxide into organic molecules has been an important challenge
in chemistry.1 In recent years, oxidative cyclization on nickel(0)
has emerged as an efficient elementary step to activate carbon
dioxide2 which is thermodynamically very stable. Oxanickella-
cycle intermediates formed by oxidative cyclization of carbon
dioxide and unsaturated hydrocarbons can undergo further
transformations including oxidation,2b carbon–carbon bond for-
mation,2d,f rearrangement,2h etc. The nickel(0)-mediated carbox-
ylation reactions possess good functional group compatibility,
and thus, provide unique preparative methods of carboxylic acid
derivatives. On the other hand, �-amino acid is an intriguing
structural motif because it is a valuable constituent of designed
peptides and biologically active compounds.3 It would become
a new synthetic method of amino acids if the carbon–nickel
bond of an oxanickellacycle intermediate is transformed into a
carbon–nitrogen bond. In this paper, we report the synthesis of
�-amino acids via nickel(0)-mediated oxidative cyclization
and subsequent amination of the carbon–nickel bond.

Terminal allene 1a was reacted with bis(1,5-cycloocta-
diene)nickel (Ni(cod)2, 1.0 equiv.) and 1,8-diazabicyclo-
[5.4.0]undec-7-ene (DBU, 2.2 equiv.) at 0 �C in THF under
atmospheric pressure of carbon dioxide for 2 h according to
the literature procedure.2f The resulting reaction mixture con-
taining an oxanickellacycle intermediate was then treated with
various nitrogen nucleophiles such as potassium phthalimide
and trimethylsilyl azide with the expectation that transmetalla-
tion with the nickel carboxylate moiety followed by reductive
elimination would form a carbon–nitrogen bond. However, the
reactions with nitrogen nucleophiles have all failed so far, which
encouraged us to examine electrophilic aminating reagents.
To our delight, dibenzoyldiazene (2, 1.1 equiv.) was successfully
incorporated into the oxanickellacycle intermediate.4,5 Acidic
hydrolysis of the nickel carboxylate moiety followed by esterifi-
cation with (CH3)3SiCHN2 afforded �-amino carboxylate 3a
together with a small amount of the regioisomeric aminated
product 4a (72% total yield, 3a:4a = 94:6).6 The product 3a
in which the terminal allene carbon was aminated predominated
over the regioisomeric aminated product 4a. This regiochemical
outcome is in marked contrast to that of the reaction of oxanick-
ellacycles with aldehydes.2f The plausible mechanism is shown
in Scheme 1. Initially, oxanickellacycle A having an allylnickel
moiety7 is formed by oxidative cyclization of carbon dioxide

and the allene on nickel(0). Diazene 2 was subsequently inserted
into the carbon–nickel bond of A, forming the seven-membered
nickellacycle B. The intermediate B is protonated and the result-
ing acid is esterified.

The results of the nickel(0)-mediated aminative carboxyla-
tion of allenes are shown in Table 1. Ether and ester functional-
ities were tolerated under the reaction conditions (Entries 1 and
2). A phthalimide remained intact (Entry 3). 1-Methyl-1-phenyl-
allene (1e) selectively gave 3e in 82% yield (Entry 4). The lower
yield observed with phenylallene (1f) can be ascribed to its com-
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Scheme 1. Sequential addition of carbon dioxide and diben-
zoyldiazene (2) onto (2-phenylethyl)allene (1a).

Table 1. Sequential addition of carbon dioxide and 2 onto
allenesa
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Entry Substrate (R, R0) Yield/%b Ratioc

3:4
E=Z of 3d

1 1b (BnO(CH2)2, H) 68 92:8 87/13
2 1c (BzO(CH2)2, H) 64 94:6 94/6
3 1d (PhthN(CH2)2, H) 74 94:6 94/6
4 1e (Ph, Me) 82 >99:1 >99/1
5 1f (Ph, H) 47 94:6 >99/1

aFor the experimental procedure, see the Ref. 6. bTotal yield.
cRatio was determined by 1HNMR. dThe geometry of the olefin
was determined by 1HNMR. Phth: phthaloyl.
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petitive oligomerization (Entry 5).
Next, we examined the use of other unsaturated hydrocar-

bons (Scheme 2). Terminal alkynes 5a and 5b, afforded the cor-
responding alkenylhydrazine 6a and 6b in 47 and 41% yield, re-
spectively. These results suggest that an oxanickellacycle con-
taining a sp2 carbon–nickel bond can also react with 2. Methyl-
enecyclopropane 7 yielded the aminative carboxylation product
8 without concomitant cleavage of the cyclopropane ring.2h,8 In
contrast to allenes (1,2-dienes), 1,3-dienes such as 1,3-cyclohex-
adiene and 1-phenyl-1,3-butadiene underwent only carboxyla-
tion2d but no insertion of 2 occurred, suggesting that the resulting
allylic oxanickellacycle intermediate is less reactive than that
derived from an allene.

Finally, reductive cleavage of the nitrogen–nitrogen bond
was performed using SmI2 (Scheme 3).9 Treatment of the diben-
zoylhydrazine 3a with SmI2 in THF/MeOH at �10 �C gave the
benzamide 9a in 86% yield.10 The �,�-unsaturated ester group
remained at this temperature. The reaction of 8 with SmI2 was
also successful under the same reaction conditions, giving the
product 10 in 80% yield.

In summary, we have described the synthesis of �-amino
acid derivatives through a nickel(0)-mediated oxidative cycliza-
tion reaction of carbon dioxide with unsaturated hydrocarbons
followed by an amination reaction with dibenzoyldiazene.
Simple unsaturated hydrocarbons such as allenes, alkynes, and
methylenecyclopropanes could be employed, giving �-hydrazi-
nocarboxylic acids in one-pot. The present study provides a new
example of utilization of carbon dioxide as C1 source.
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Scheme 2. Reactions with other unsaturated hydrocarbons.
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Scheme 3. Reductive cleavage of the hydrazine moiety.
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