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A NEW EFFICIENT DECARBOXYLATIVE REDUCTION OF
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Abstract: A new synthetically useful decarboxylative reduction of Y-carbamoyloxy-a, B~

unsaturated esters with lithium dialkylcuprate under mild condition was described.

Carbamates are usually well crystalline compounds suitable for characterization and isolation
of synthesized and natural compounds except for derivatives of lower alcohols. D Furthermore,
because primary and secondary amines are very susceptible to oxidation and to substitution
reactions involving the N-H bonds, protecting groups are indispensible device to prevent
reactivity at the N-H group during the synthetic operations.z) In the synthesis of biologically
active natural products, N-H groups are often protected as their carbamates. 3

Gal]ina4) 5

and Goering™ recently reported that treatment of allylic N-arylcarbamates with

lithium dialkylcuprate gave exclusive or predominant y-alkylation in both cyclic and acyclic

systems. (Eq. 1)
Q Me ,CuLi .e.. Eq. 1
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During the course of our synthetic study on a toxic alkaloid of poison dart frog ,6) we had a
occasion to explore a new decarboxylative reduction of Y-carbamoyloxy-a, 8-unsaturated esters

with lithium dialkylcuprates as shown in Eq. 2 and 3. Scanning the literatures revealed that

a method for the decarboxylative reductim Y-calq)amoyloxy-a, B-enoate with zinc-acetic acid
reported by Overman was avajlable.7) Although organocopper(I) reagents are useful for carbon-
carbon bond formation,s) decarboxylative reduction of y-carbamoyloxy-a, B-enoates with the
Gilman reagent has no precedent in the literature. The unfortunate lack of reports on the

synthetically useful decarboxylative reduction with lithium dialkylcuprates prompted us to
describe our result. 9
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o, B-Enoate (13) was also isolated (12 %

a-Naphthylamine was also isolated and characterzed.
About 1:1 mixture of cis and trans stereoisomers.
o, B-Enoate (12) was also isolated (11 % yield).

yield).

Table 1. Reaction of y-Carbamoyloxy-a,8-enoates with some Reagents
Substrate Entry  Reagent Solvent Reaction Product(s) (Yield)
(equiv.) Condition
1 Zn AcOH Reflux Qcozm
Cco 2E’c (200) 18 hr
E3
M 23 9™
OCONHRl 2 Cr012 MeZCO—HZO R. T. No reaction occurred.
(__1) (5) (10 : 1) 5 hr
£
3 Bu2CuLi Et20-HMPT -50.-20° (M 7% 1
(10) (10 : 0.5) 2 hr
n t 4 Bu,CulLi Et O-HMPT -35.-30° “BuCH=CHCH,CO Et*z’*3
BuC|HCH=CHCOzEt 2 2 - 2772
. Q
OCONHR2 (10) (10 : 1) 2 hr (8) (76 %)
2) —_
CcO Et 5 BuZCuLi EtZO—HMPT -70.-20° (M) (67 %)*2
@ (5) (10 : 1) 2 hr
*
0CO NHR 6 BuZCuLi Et20—HMPT -70.-20° (M 979 2
€)) (10) (10 : 1) 2 hr
cO Et 7 MeCu(CN)Li EtZO—HMPT -30-0° No reaction occurred.
Cfl\ (10) (10:1)  1.5hr
OCONHR
MeZCuLi EtZO—HMPT -30.0° CO Et
4) (10) (10 : 1) 1 hr (9 *2 *4
CcO Et
i - - - o]
9 Bu,Culi Et,O-HMPT 35.-30 anzcozEt
(10) (10 : 1) 2 hr
OCONHR #9
(10) (95 %)
CO,Et Me,CuLi Et,0-HMPT  -40.0° OCH co,Et
Cf( (10) (10 : 1) 2 hr
CONHR (11) (80 %) ¥
(6)
1_ 2_
R = o-Naphthyl; R"= Phenyl.

*¥2 Aniline was also isolated.

D=CHCOZEt QCHCOZEt

(12)

13)
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Reaction of the carbamate (1) with excess zine in acetic acid7) under reflux gave the B8,y-
unsaturated ester (7) in 23 % yield along with a mixture of substantial amount of reddish
by-products. (Table 1, Entry 1). In the attempted decarboxylative reduction with chromous

chloridelo) (Entry 2) or lithium cyanomethylcupratell)

(Entry 7), neither reduction product
nor arylamine was present in any more than trace amount.

In contrast, treatment of the carbamates (Entries 3, 4, 6, 8, 9, and 10) with ten molar
equivalents of lithium dialkylcuprate in a mixture of Et 20 and hexamethylphosphoric triamide
(HMPT) gave the respective decarboxylative reduction product in high yield under mild reaction
condition. In these reactions, presence of HMPT was essential for the successful decarboxylative
reduction and the usage of ten molar equivalents of lithium dialkylcuprate was necessary for
the high yield of reduction (compare Entry 5 with 6). Furthermore, neither conjugate adduct
nor substitution product was detected in the present study.

The method described above was also applicable to the cyclic carbamates and the reduction

product was successfully used for the synthesis of gephyran (perhydropyrrolo[ 1,2-a]quinoline)
12)

derivative of the alkaloids of poison dart frog.

CH,, CsHyy CgHyq
H H H
H iij or iv H v H
—_— —_—
H ¥ H H II:II H |
0™0 MeO,C MeO,CCH,,
_(_}Q COzMe (19) (20)

Reagents and Reaction Conditions: i, MeZCuLi (20 equiv.), Et20, -73°, 5 min., 100 %;
ii, MeZCuLi (20 equiv.), EtZO, -73°, 5 min., 97 % ; iii, BuzcuLi (10 equiv.), Et20,
-73°, 5 min., 97 %; iv, MeZCuLi (20 equiv.), EtZO, -73°%, 5min., 99 % v, 1 % NaOMe

in MeOH, reflux, 3 hr., 50 %.
Chart 2

Thus, treatment of the carbamates (14) and (16) with MeZCuLi gave the decarboxylative
reduction produets (15) and (17), respectively, in high yields. The compound (17) has
recently been transformed into (j-_)—perhydrogephyrotoxin.6’7) In these decarboxylative
reduction, HMPT is not required and the reactions were completed at -73° within 5 min. In a
similar manner, carbamate (18) was converted into the enoate (19) in high yield by treatment
with MeZCuLi or BuZCuLi. Although we can not conclusively rule out the contamination by a
small amount of cis-isomer with respect to the double bond, the trans-stereochemistry in (15),
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(17), or (19) was inferred from the fact that the same product (17) was obtained from the
carbamate (16) by treatment with zinc in acetic acid at 90° for 12 hr in 34 % yield. Treatment
of the enoate (19) with 1 $ NaOMe in dry MeOH gave the gephyran derivative (20) in 50 %
yield.

In summary, clearly the described decarboxylative reduction methodology involving lithium
dialkylcuprate has several advantages in terms of mildness, efficiency, and convenience.
Application of this method for the synthesis of biologically active alkaloids such as gephyrotoxin
223 is under intense investigation. '
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