K % GHOLAP SANDEEP SURYABHAN

[ESROL S G E A ) A (B

AR T H 5 P TR 1033 5

FALZGAEHH P28 4E9 H 23 H

EXVECECNOR SHiT BN 4 5558 1 TH%Y

A G E H Copper-Catalyzed Regioselective Alkylative Carboxylation of Allenamides

with Alkylzinc Reagents and Carbon Dioxide
(Sf e 2 W72 7 VX OVHESRIE L “RILRFEICL 2T L+ I FOfE
BN 7 LV F LB L O VR F 2 VALRIE)

i X # A &R ZREK  HEEXEIE & AR

e # A mE

MEEHIZ M W

e e 1 )

o7y )
i G

Carbon dioxide (CO,) is an attractive C1 building block in organic synthesis because it is an abundant, inherently
renewable, and environmentally benign carbon resource. Hence, development of selective and efficient methods
to utilize CO, for the synthesis of organic compounds through carbon-carbon bond-forming processes is currently
an important research subject. In this thesis, protocols for the regioselective alkylative carboxylation of allenamide
substrates with alkylzinc reagents and carbon dioxide are developed.

At first, NHC-Copper catalyzed carbozincation of allenamide is described. The reaction of allenamides with Me,Zn
(1.5 equiv) in the presence of [(IPr)CuCl] (5 mol%) in THF at room temperature was carried out. The methyl group was
introduced to the y-position in a highly regioselective manner. NOE confirmed that the remaining C=C double bond of
the product adopts an (£)-conformation. This is the first example of catalytic carbozincation of allenamides.

Next, the NHC-copper catalyzed carbozincation/carboxylation of various allenamides with dialkylzinc reagents
and carbon dioxide is described. The reaction of allenamides with dialkylzinc reagents (1.5 equiv) and CO, (1 atm)
proceeded smoothly in the presence of a catalytic quantity of [(IPr)CuCl] to afford alkyl substituted (Z)-a,B-dehydro-
B-amino acid ester derivatives in good to high yields. The alkyl group was introduced to the less hindered y-carbon,
and the carboxyl group was introduced to the B-carbon of the allenamides. The present catalyst system is also effective
for ethylative and butylative carboxylation of various allenamides by using Et,Zn and Bu,Zn, respectively, without
p-hydride elimination. The carboxylation reaction proceeded through the formation of an alkenylzinc intermediate,
followed by the nucleophilic addition of the alkenylzinc intermediate to CO,. Cyclic allenamides bearing chiral
Evans’ oxazolidone group such as phenyl or benzyl substituted oxazolidone moieties and acyclic allenamides bearing
Boc-protected carbamate, methyl carbamate, and benzyl carbamate moieties worked efficiently to afford the desired
alkylative carboxylation products in a highly regio- and stereoselective manner. The present method provides an easy

route to alkyl-substituted (Z)-o,-dehydro-B-amino acid ester derivatives under mild reaction conditions in one-pot with



high regio- and stereoselectivity.

Finally, the alkylative carboxylation of allenamides using functionalized alkylzinc halide reagents (FG-RZnX) was
examined. The reaction was carried out in a stepwise manner in one-pot. At first, the reaction of allenamides with
functionalized alkylzinc bromide reagents (FG-RZnX) (2.5 equiv) was carried out in DMF at 50°C for 48 h in the
presence of LiCl (2 equiv) and Cu(acac), (35 mol%). Then, introduction of CO, (1 atm) to the reaction mixture afforded
the functionalized-alkyl substituted (Z)-a,B-dehydro-B-amino acid ester derivatives in good to high yields. Cyclic
allenamides bearing oxazolidone and lactam moieties as well as acyclic Boc-protected allenamides all underwent the
desired alkylative carboxylation to afford the corresponding functionalized alkylated (Z)-a,B-dehydro-B-amino acid
esters in good yield with high regio- and stereoselectivity. Alkylzinc reagents bearing various functional groups such
as -COOR, -CN, and -OTIPS could be used in this reaction. This is the first example of one-pot catalytic alkylative
carboxylation of allenamides with functionalized alkylzinc halides and carbon dioxide.

Transformation of the (Z)-a,Bp-dehydro-B-amino acid ester products by hydrogenation and Simmons-Smith
cyclopropanation reaction into saturated f-amino acid ester derivatives is also achieved. To explore the potential
application of the carbozincation reaction of allenamides for synthesis of organic compounds through C-C bond forming
reaction, the alkylative allylation reaction of allenamides was studied using allyl bromide as an allylating reagent, which

afforded the allylated products in good yields.
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