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Summary: The Reformatsky reaction of iodo- or bromodifluoroacetate with imine(;) gave the
corresponding 3,3-difluoro-2-azetidinone derivative(l). Reaction of 2,2-difluoroketene silyl
acetal(4) with the imine(5a) or N,O-acetal derivatives(g8, 9) gave the 3-amino-2,2-difluoro
esters. 2,2-Difluoro analogs of 2,3—dideoxy—3—aminosugars(g) including daunosamine derivative
(29) were efficiently prepared through the reaction of 3 or 4 with N-benzylimine of 4-deoxy-

L-threose acetonide(?g) and (R)-glyceraldehyde acetonide(5h).

In a previous paper we reported aldol reaction of iododifluoroacetate(3a)-2n and 2,2-di-

1)

fluoroketene silyl acetal(4), which could be carried out under mild conditions. High anti-
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(erythro)selectivity was observed in the reaction of t
aldehyde acetonide and 4-deoxy-L-threose acetonide(§). The aldol products were converted to
2-deoxy-2,2-difluorosugars. Fluorinated sugarsz) and amino acids3) have been attracting much
attention in recent years due to dramatic changes in biological responses. Typical examples
are incorporation of fluorine into 2' position of sugar moiety, resulting in stabilization of
the glycosidic bond.2'4)
In this context, we report the Reformatsky reaction of difluoroacetate with aldimine(é)
leading to 3,3-difluoro-2-azetidinones(}l) and their conversion to 2,3-dideoxy-2,2-difluoro-3-
aminosugars(2). The related reactions of 2,2-difluoroketene silyl acetal(4) with the imine

(§9) and N,O-acetal(g, 2) leading to 3-amino-2,2-difluocro esters are also reported.
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Reaction of the Zn reagent, formed by treating methyl iododifluoroacetate(3a, 6 mmol) with
Zn powder(6.3 mg-atm) in THF at 0°C for 20 min, with N-benzylimine of (R)-glyceraldehyde aceto-
nide(gp, 3 mmol, 0°C-rt, 20 h; Method A) gave a diastereomeric mixture of the difluoro-f-lactam
(lp), which was easily separated by silica gel column chromatographylsyn-1b, 49%, mp 75-76°C,
[a]D ~8.48°(c=1.,02 CHC13); anti-lb, 16%, colorless oil, [Ot]D 5.72°(c=1.03 CHC13)]. Since
relatively high temperature is required for generation of Zn reagent from bromodifluoroacetate
(3b) and this reagent is thermally unstable,l'S) the lactam(l) was obtained by slowly adding a
mixture of the bromide(3b) and imine(35) to 2Zn powder in boiling THF(Method B). The results are
summarized in Table 1. Syn-selectivity(sny/anti=3.1-4.7/1) was observed with 5a and §9(Run
1-3). Imines derived from aromatic aldehydes afforded the lactamﬁi) in good yields{Run 4-6),

as compared with crotonaldehyde imine(Run 7).

RICH=NRZ 5

Method A) ICFZCOZMG + Zn THF 7 0°C FF 1
3a > N
Method B) BrCR00)Et + Zn + RICH=NR2 - R?
THF s reflux
3b 5 1
Table 1
Run Imine (5) Method Product (1) Yield (%)
C)>< N A2) ()7‘0 £ 71°) c)
1 ~#NBn 5g Fola (syn/anti= 4.3/1)
< BnN o
< 740 65
F‘
2 ANBn sp A m b (syn/anti= 31171)
67
3 ob B 16 (synlanti  4.7/1)

|
5 wNYPh g A o 19 66
F =
6 PhAN/LPhS,S‘ B ';j;prph 1 79

a) The reaction was carried out in CH3CN at room temperature. b) 3,4-Syn Ja

4 Ph/NNPh 5 B Fj Npn lc 87
F
F

was also isolated in 13% yield. c¢) The ratio is based on isclated la and 7a.

03
Although the stereochemistry of la and 1lb was determined

by converting to the sugar derivativeng), X-ray analysis F2
of anti-la(mp 84.5°C, see Fig.) and syn-lb was carried out 02

for unequivocal confirmation. N1

Fig. Molecular Structure of anti—&g
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Reaction of 29 with the ketene silyl acetal(gg) in CH3CN gave the fB-amino ester(]) with

moderate syn-selectivity(syn/anti=3.7/1), while similar reaction with the aldehyde(g) proceeded

in a highly anti-selective manner(syn/anti=1/l7).l) The observed diastereoselectivity for the

aldehyde(g, Y=0) is probably brought about from the si face attack through a Felkin-Anh transi-
8)

tion state(A).7' The presence of zinc halide in the reaction mixture may result in the

8)
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enhancement of the anti-selectivity by a chelate with B-oxygen in the transition state.
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with that of the aldehyde oxygen and the stereoelectronic effect of the imine group(anti-

)

favoured structure of the C=N bond)9 may facilitate the co-ordination of zinc halide to con-

tribute to a greater extent to the Q-chelated transition state(B), which results in the dia-

stereoselectivity in syn-favoured manner.s'lo)
N CH3CN Sy Ty
(3,4)-syn (3,4)-anti
’ SYVanti
6 Y=0 Y=0TES 5% 84 % s
5a Y=NBn 79 ¥Y:=NHBn 55°% 15 % 31
Mu‘/—o\{ %, 0
Y LNy}
c‘)\ H N
—': —s anti -y Y,:Zn’\ —> syn
H
A (Y=0) B (Y=NBn)

The ketene silyl acetal(ﬁ) was reacted with the N,O-acetal compounds(g and 2) to give the

corresponding adducts(;g and l}). Thus, reaction of gg, formed from 2 equiv. of 3a in CH3CN,
with 1 equiv. of 8 for 2 h gave the difluoro derivative of aspartic acid(;Q)Ba) in 60% yield,

while the Reformatsky-type reaction of 3 with 8 produced a complex mixture. Introduction of

the difluoroacetate moiety into the 4 position of the 2-azetidinone was successfully carried

out by the reaction of the ketene silyl acetal(4b) with 9 to give 11 in 40 % yield.ll)

FF
AcO 4u RF Q OAc
A NH/CHCOOB“—“%Meooc)ﬁ/\OBu L—r 4b COOMe
¢ NHAc o—NH o—NH

8 10 60°% 9 11 40°%

Conversion of each of the adducts(;g, ;? and 7) to the diacetate form of 2,3-dideoxy-3-
amino-2,2-difluorosugars{2) was achieved by the following procedure. Reduction of anti-lg with

DIBAL(Et2O, -78°C) followed by deprotection(CF3COOH, rt) and acetylation(Aczo, Py) gave the

1,4-0-diacetyl-N-benzyldaunosamine(2g} in 57% yield(o/8 ratio=3.4/1).12) After being converted

from syn—kg(l.lequiv. KCH, EtOH—HZO, rt, 1 h then acidified with 1IN-HC1l, followed by CH2N2,
Etzo—EtOH), syn-7a was converted to the diacetate form of L-2,3,6-trideoxy-3-N-benzylamino-2,2-
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difluorogulopyranoside(gg, 66%, o /B ratio=2.3/1). In a similar manner, anti—;; was converted

to 2¢(45%, o/ B ratio=3/1) and syn-1b to a-gg(45%).

>< 0\ OAc

Q F 1) DIBAL-H/Et,G
3 > F +
N i 2) TFAOH, Hy0  AcO Ac Ac
Bn~s 3) Acy0, Py BaNH F BnNH F
44 %l 13%%,
anti-la - 2a R-2a
- B 0
F -
. . 1) =OH syn-7a  JDIBALH 4 £ OAC
s A _J 2) CHyN, 2) TFAOH, H0 , (INC
an” 3) A0, Py
66 %l
syn-1a 2b
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