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Summary: An efficient methodology for the preparation of B-amino acid deriva-

tives (3) by C-C bond formation from Schiff bases (1) and vinvloxyborane (2) and
their utilization in the synthesis of the pyrimidine moiéty (3f) of bleomycin
are described.

In a recent communication,1 we reported on the synthesis of the pyrimidine
moiety of bleomycin, an effective antitumor antibiotic.2 The key feature of the
approach includes C-C bond formation at the C=N double bond of a Schiff base }f
with malonic half ester. However, the malonic half ester method always accompa-
nied unsaturated ester,3 and the ethoxycarbonylmethyl group was introduced in
rather low yields. The requirements for the introduction of an alkoxycarhonyl-
methyl group at the C=N double bond of Schiff bases are indeed demanding in the
elaboration of complex B-amino acid moiety contained in bleomycin conqeners4 and
also in the synthetic extension of Schiff bases. It was considered that the
vinyloxyboranes first applied to carbonyl compounds by Mukaiyama5 might provide
a solution for this problem.

We wish to describe here an efficient methodology for the preparation of
g-—amino acid derivatives based on the use of vinyloxyborane (Scheme I). This
method requires very mild reaction conditions and is applicable satisfactorilyv
to a variety of Schiff bases prepared from aldehydes and amines as shown in
Table I.

Scheme I 2
: ) OBBu2 NHR
R'CH=NR“ + CHz-—C X —> R! CHCH COSBu
“SBu
! 2 3

2109



2110

Scheme TI
H\ NHBoc 3
& R 0
N N A
ZN 2 ~"CONH,  3f X=Cl,R3=SBu', R*=0Et
N —> NN . 3i X=Cl,R3=SBu!,R*=0H

CI/S’ILCOZEt X’\/U\COR 3j X=NH2,R3=NH2,R4=OH

Me Me ~~

1€
Table I. Reaction of Schiff Bases (}) and Vinyloxyborane (g)
Schiff Base %a Solvent Product §b'12
2t R’ vield %

a Ph- PhCH,- Et,0 80, oil

a Ph- PhCH, - THF 35

a Ph- PhCHz— CH2C12 33

a Ph- PhCHz— Toluene 26

b PhCH=CH- PhCH,- Et,0 63, oil

c Ph- MeOZCCHz— Etzo 52, oil

g Ph- Me02C(CH2)2— Et20 86, oil

e MeOZC(CH2)2— Et,0 8l, oil

N
(K)ZMG
f NHBoc " Et,0 40 foam
~ 2 ’
N)\N ('ZHz—(‘:—CONHZ
CIMCOZEt ()
Me
g Bt- PhCH,- Et,0 43
h lpy PhCH,,- Et,0 45

3Phe Schiff bases la-lh were prepared by distillation under a reduced pressure

from the corresponding aldehydes and amines, and le and 1f were prepared in the
presence of activated molecular sieve (33) and directly reacted with vinyloxy-
borane. inelds are based on purified products and have not been optimized.

The representative C-C bond formations by the use of vinyloxyborane were
carried out according to the following general procedure. To about equimolar
quantities of di-n-butylboryl trifluoromethanesulfonate and diisopropylethylamine
(1.1 equiv), as a 0.5 M solution in anhydrous ether at 0°C under argon atmos-
phere, tert-butyl thiocacetate (1.0 equiv) dissolved in anhydrous ether (0.5 M

solution) was added gradually dropwise, and the reaction mixture was kept at 0°C



2111

for 30 min with stirring, indicating enolate formation by precipitation of white
amine triflate. The resultant enolate solution was treated with a Schiff base
la (0.8 equiv) dissolved in anhydrous ether (0.5 M solution). The reaction mix-
E;re was warmed to room temperature (30 min) and allowed to stand at room tem-
perature for 1 h. The resultant boron chelate of 3a was most efficiently oxi-
dized to BTamino thioester §§ by treatment with 30% H,0, at 0°C for 30 min. In
our hands,\the hydrogen peroxide procedure was superior to the molybdenum perox-
ige method.6 The ethereal solution was washed with 1 N aqueous sodium hydroxide
solution and after usual workup, the reaction products were subjected to tlc,
affording 3a in excellent yield.

Although no optimization of the yields was attempted, ether was found to be
the best solvent for the C-C bond formation, and tetrahydrofuran, methylene chlo-
ride and toluene were found to be poor solvents.

As for the C-C bond formation from Schiff bases, Grignard and Reformatsky
reactions7'8 and the use of organolithium compound59 are known. The Grignard
reaction and the organclithium compounds afford simply alkylation products, and
the Reformatsky reaction affords generally B~lactam compounds and requires high-
er temperatures (in benzene or toluene under reflux). Treatment of the Schiff

8a afforded no expected B-lactam com-

base %fl with ethyl bromoacetate and zinc
pound showing decomposition of such sensitive Schiff base }f under the Reformat-
sky conditions.

However, vinyloxyborane reacts smoothly even with the sensitive and compli-
cated Schiff base %f,ll

half ester method.?l Thus, the pyrimidine moiety of bleomycin has become more

affording 3f in reasonable yield higher than the malonic

easily available by the application of the present methodology as shown in Scheme
II. The introduction of methoxycarbonylmethyl at the C=N double bond of }§ was
carried out using a large excess of 2 (4.5 equiv) to give 3f. The thiocester
group was untouched by treatment with 0.1 N NaOH (2 equiv) in CH3CN) at 0°C for
1 h hydrolyzing only the ethyl ester group to afford 33 in 77%12 yield. The
thioester and chloro groups of 3} afforded pyrimidoblamic acid,l a key interme-
diate in belomycin synthesis,l easily in good yield by treatment with ammonia at
40°C for 3 days in EtOH.

It may be reasonable to postulate that the reaction proceeds via a pericy-
clic process like that of the aldol condensation.10 The generality of the pres-
ent reaction and the application to other biologically active compounds will be

reported in due course.
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The Schiff base 1f was prepared from ethyl 6~chloro-2-formyl-5~methylpyrimi~

dine-4—carboxylatel and (S)-3-amino-2-[(tert-butoxycarbonyl)amino]propion-
amide1 in the presence of activated molecular sieve in ether at room temper-
ature.

The compound gf was found to be an epimeric mixture in about equal amounts
by introducing to 3i as described in our previous communication,1 and all
materials gave mas;N(field desorption) and NMR (13C and lH) spectra consis-
tent with their structure.
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