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ABSTRACT

The potentiality of electrolysis procedures in the penicillin-cephalospo-
rin conversion as well as in the direct transform of penicillins into oxazoline-
azetidinones as an intermediate for the preparation of the sulfur-free analogues
of cephalosporins are discussed. Especially, a chemoselective electrolytic
chlorination of methyl group of 3-methyl-3-butenocate moiety of thiazoline-
azetidinone derived from penicillins, a direct synthesis of 3'-thiosubstituted
cephalosporins from the thiazoline-azetidinones, an improved synthesis of exo-
methylenecephams, an efficient route to 3-chloromethyl-A*-cephems, electrochemi-
cal S-S bond fission of 4-(2-benzothiazolyldithio)azetidinones, a direct trans-
formation of penicillins into oxazoline-azetidinones by chloride salt-promoted
electrolysis, and a versatile intermediate for new B-lactam antibiotics are
presented.

I. INTRODUCTION

Making complex molecules from simple molecules is a major feature of syn-
thetic organic chemistry. Every synthetic conversions demand some of charac-
teristic synthetic reagents. The synthesis by using a variety of chemical rea-
gents might be called "Chemo-synthesis" (FIG. 1). Within the last decade, syn-
thetically meaningful electrosynthetic methods have been developed  and appa-
rently some of them are going to replace chemo-synthetic methods. The current
interests in the electrosynthesis are focused on the prominent aspects as bel-
lows.

1) Pollution-free, less-energy and less-resources

2) Recycle use of reagents or mediators

3) Development of new reactions and new technologies based on its

unique reaction circumstance

4) Manufacturing of chiral synthetic blocks from biomass

One of the recent topics on organic syntheses must be the synthesis of
chiral molecules. The asymmetric synthesis is of course a hot subject in this
line. Today, some of the attempts have been succeeded for this purpose, but
still there are some difficulties to attain the natures ability. On the other
hand, naturally occurring biomass must be important in obtaining chiral synthe-
tic blocks. Actually, the utilization of the chiral biomass as a synthetic
block becomes a current problem. Electrolysis procedure can be expected to be
a powerful tool of the conversion of biomass to chiral synthetic blocks. The
combination of electrosynthesis and biosynthesis will also provide a signifi-

cant way to prepare chiral complex molecules in future.

- 951 -



FIG. 1

Chemosynthesis  —
COMPLEX

\\k/ MOLECULES

Electrosynthesis

Biosynthesis Electrosynthesis

L_’ BIO MASS _J

In order to clarify the potentiality of electrolysis procedures, we chose

the penicillin-cephalosporin conversion problem, because it centains enough
subjects to examine those four characteristic aspects of electrosynthesis.

The clinical demand of cephalosporin antibiotics is rapidly increasing
lately because of their broad spectrum activities and their effectiveness to
penicillin resistant strains. Those cephalosporins are chemically prepared
from expensive 7-amino-cephalosporanic acid (7-ACA) by acylating the 7-amino
group and replacing 3'-acetoxy group with suitable substituents. On the other
hand, stimulated by the increased use of cephalosporins, many efforts have been
made in the conversion of penicillins to cephalosporins. Especially, the syn-
thesis of 3'-substituted cephalosporins has attracted much attention of many
investigators, but still only a few successful reports have appeared.l)

The first penicillin-cephalosporin conversion has been reported by Morin
et al.z) which comprises oxidation of penicillin to its sulfoxide followed by
thermolysis leading to sulfenic acid iii and recyclization of iii affording ii.
Many improved methods for protection (or trap) of iii and the recyclization
(i»iii+ii) has been developed. However, the cephalosporing so far obtained
lack substituents at the C-3' position. 1In order to obtain 3'-substituted cep-
halosporin, the oxidative functionalization of the terminal allylic position,
leading to intermediate iv is required (SCHEME I). In other words, the oxida-
tive functionalization (iii+iv) is an essential step of the penicillin-cepha-
losporin conversion (Z # H).

We found that electrolytic ene-type chlorination is a powerful tool for
this purpose. Following discussion covers some of our recent electrochemical
contribution on the penicillin-cephalosporin conversion as well as new f-lactam
synthesis.

II. Chemoselective Electrolytic Chlorination of Methyl Group of 3-Methyl-3-—
3)

Butenoate Moiety of Thiazoline-azetidinone Homologues

Thiazoline-azetidinones 1 derived from penicillins4a)

are potential inter-
mediates for the penicillin-cephalosporin conversion, in which the oxidative
functionalization of the methyl group of the 3-methyl-3-butencate moiety is an

essential step. Recently, Cooper reported the direct chlorination of 1 with
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SCHEME 1

R'CNH SOH R CNH SOH
SN _— N Ay
Cop? CoR?
iii iv

chlorine (25°C, 3 days) or t-butyl hypochlorite (v 60% yields), giving the cor-

responding chlorinated compounds Z;4b)

5) we found

During our studies on halide salts promoted electrosynthesis
that electrolysis of 1 (Rl = PhCHz, Phcclz, PhOCH2 and PhC=0) in two-phase sys-
tems (H2O—CH2C12-Pt or C electrodes) provided chemoselective chlorination pro-
ducts lg (Rl = PhCCl2), 2a, 2b, and 2f, depending on the amount of electricity
passed as well as on the concentration of Cl~ in the media. Thus, a stirred
mixture of thiazoline-azetidinone la (400 mg), NaCl (8g), and H2SO4 (0.5 ml)
in H,0 (24 ml)—CH2C12 (20 ml) was electrolyzed by using platinum foil electro-
des (anode 6 cm2) in an undivided cell at a constant current (10 mA/cmz), pass-~
ing 15 F/mol of electricity, at room temperature. The usual workup followed
by column chromatography gave 2a (R3 = PhCCl,, R2 = Me) in 89% yield.

Likewise, the electro-chlorination of lb-e proceeded smoothly, yielding
the corresponding allylic chlorides 2b-d. The results are summarized in the
TABLE 1. Carbon electrodes can be used without any disadvantage {(entry 2).

The effect of HZSO4 was remarkable, since the absence of HZSO4 resulted in a
mixture of benzylic chlorides lg (25%), lh (20%), and recovered la (34%) toget-
her with complex compounds (20%) after passage of 15 F/mol of electricity.
Particularly noteworthy is the fact that the two-phase electrolysis procedure
brought about no appreciable amount of hydrolysis products on either the thia-
zoline or the B-lactam ring. In place of CH2C12, other hydronhobic solvents,
e.q., CHCl3 and AcOEt, could be used. In contrast to this, the use of hydro-
phylic solvents, e.g., THF, CH,CN, CH,CN~THF, or CH

3 3 2
phase system, facilitated hydrolysis of the thiazoline and/or the R-lactam

C12—THF, even in a two

ring, leading to the ring opened products 3 and/or 4.

In the course of electro-chlorination of 1lb (R1 = PhCHz), leading to tri-
chlorides 2b (entry 3) gem-dichloride lc (89%) was obtained as an initial pro-
duct at a higher concentration of sodium chloride (lg/3 ml) in water when
10 F/mol of electricity was passed (SCHEME 2). Electrolysis of the dichloride
lc in the same media afforded 2b in 85% yield (entry 4). The result is in con-
trast to that of the electrolysis at a lower concentration of aqueous sodium
chloride (100 mg/3 ml), which gave rise to the competitive formation of benzy-
lic and allylic chlorides lc (9%), 1f (11%), 2e (10%), and 2f (11%).
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TABLE 1 )
entry substrate 1 electrolysis electricity product 2

R R2 system F/mol R3 (Yield, dn)b)
1 la  PhCH, Me H,0-CH C1,=(Pt) 15 2a PhCC, (89)
2 la  PhCH, Me H,0-CH,C1,=(C) 15 22 pheel, (82)
3 b PhCH, PhCH,, nzo—cnc13-(m) 25 2b PhCCL, (76)
4 le  PhCCl, PICH, IIZO-CHCIJ-(PI) 10 2b PhOCL, (85)
5 id  PhUCH,  Me 1,0-CILCL,=(Pt) 10 2e  PhoCH, (77)
6 le PhCO Me uzo~cuzc12-(pt) 5 2d PhcO  (80)

2)

Carried out at a constant current of 10 ma/em® at room temperature.

b)Isolated yvields.
1.2 SCHEME 2
cx'x“Ph
NT S
high ¢1” conc. CHp -e, c1” 'R
la, b > N — > 2. »
N g CHa
CooR?

low €1~ conc.

PhcH,: ¥'= x%= 1
PaCH,: X'= H; x’= c1
2

= Me; X1= X%= C1

Zn-AcOH-CH,C1

-e le: R2 =
1f: R2 =
1g: R2

)C\HXPh 1h: R? = Me;
N7 TS
CH
lc, 1f + ) 2
o] CHZCI
COOR?
2e: R® = PhCH,; X = ¥
2£: 8% - PhCH,; X = C1
2 R2 = Me; X =R
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This change of the product distribution is due to the fact that the dis-
charge of Cl~ can produce different chlorinating agents, e.g., Clz, HOC1, Cl2O,
etc., depending upon the Cl concentration, the pH of the media, oxidation po-
6) As shown in FIG. 2, the dis-
charge of chloride ion at the anode produces chlorine molecule, whose hydroly-

tentials, and the presence of aprotic solvents.

sis in an aqueous layer gives hypochloric acid, especially when the medium is
keeping pH value as a weak acid and a low concentration of chloride ion. It is
well known that generated hypochloric acid is in equilibrium with chlorine
oxide (c120). Those chlorine and chlorine oxide would migrate into the organic
layer and react with olefin to give the ene-type chlorination product.
Conversion of 2a and 2b (R3=PhCClz) into the corresponding allylic chlori-
des 2e and 2g (R3 = PhCHz) can be achieved in over 90% yields by removal of the
chlorine atoms attached to the benzyl carbon by treatment with zinc dust in
AcOH—CH2C12 (1/4) at 0-2°C.

III. Direct Synthesis of 3'-Thiosubstituted Cephalosporins from Thiazoline-

Azetidinones7)

Most of clinically significant cephalosporin antibiotics possess a sulfe-
nyl group at the C-3' position. They have been prepared by displacement of the
acetoxy group of the corresponding 3'-acetoxycephalosporins. In the preceding
paragraph, the electrolytic enetype chlorination of the thiazoline-azetidinones
1 derived from penicillin G and V has been shown to give potent intermediates
2 for the synthesis of 3'-substituted cephalosporing. We sought a direct route
to 3'~thio-substituted cephalogporins 6 from 2. A possible approach for this
goal must comprise the ring opening of 2 to disulfides 5 and subsequent base
catalyzed ring closure accompanied with displacement of the allylic chlorine
atom by the leaving thiolate (ArS”) (SCHEME 3).

SCHEME 3

1

X i j
i
N7 s R'CNH S-SAr R CNH S
e
0

0 ! 0 : 2

doom? Coor? COOR
1: 2 =4 5 6
2: 2 = Cl

The conversion of 2 to 5 was accomplished by treatment with sulfenyl chlo-
ride in the presence of water. The thiazoline ring opening with sulfenyl chlo-
ride was a known reaction. The reaction of 1 (Rl = PhCHZ; R2 = p-NOZPhCHz)
with (CH3)2CHCHZSC1 affording the corresponding disulfide 11 has been repor-
ted.a) However, there was no example with aromatic or heterocaromatic sulfenyl
chloride. Recently, another attempt to synthesize the disulfide 11 by the
reaction of 1 with sulfenyl iodide has been alsc reported but only trace amount
of 11 was detected.g) In fact, treatment of 2 with sulfenyl chloride in dio-
xane in the presence of water afforded the desired disulfide 5. However, the
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ylelds were not satisfactory (v 20%) and we intended to clarify in details the
reaction of 2 with aromatic and heteroaromatic sulfenyl chloride. In the reac-
tion of thiazoline-azetidinones with sulfenyl halide, thiosulfonium halide like
9, has been always proposed at the initially formed intermediate (SCHEME 4).
However, when the reaction of 2 with sulfenyl chloride was carried out in dry
media and then quenched with water, no ring opened products but considerable
amounts of sulfenylated products 8a and/or 8b were obtained (™~ 80% yields).

The alternative reaction pathway is the first hydrolysis of thiazoline ring to
give thiol 7 which is trapped with the sulfenyl chloride to yield the disulfide
5. 1In fact, when 2 was treated with aqueous HCl and subsequently with aromatic
or heterocaromatic sulfenyl chloride, the desired disulfides 5 were obtained in
quite satisfactory yields as shown in the TABLE 2.

SCHEME 4

X
v )\ ' * 0
N s N7 5-sar N s Ry SR
);h(\/lk/u )/——_;\JKJ\/CI 0=2—_<H/|k/cu N\/L
0 2 o] ! ) u 1 0 Y
COzR COyR C02R2 60292
Ba: X =H; Y = ArS 9 10 1

b: X =Y = ArS

The ring closure of the disulfide 5a was widely examined by using acids,
bases, halogens, and so on. We finally found that a combination of gaseous
ammonia (NH3) and dimethylformamide (DMF) achieved the task. Thus, the treat-
ment of the disulfide 5a (0.07 mmol) with NH; (v 0.14 mmol) in DMF (0.8 ml)
at -30v-25°C for 60 min afforded the desired 3'-benzothiazolylthiocephalosporin
6a. The choice of a base is important, because stronger base such as triethyl-
amine which abstracts the proton faster than ammonia gave us unsatisfactory
results.

Interestingly, the reaction of 5b (Rl==R2==PhCH2, Ar==C6C15) with ~ 1.5
3 in DMF (v -25°C, 60 min) afforded a mixture of 6b (35%) and 3'-

chlorocephalosporin 12 (R1==R2 = PhCH

equiv. of NH
2 27%). The use of more than 2 equiv. of
NH3 resulted in an exclusive formation of 4b. This suggests that the ring
closure and the thio-substitution proceed stepwise (SCHEME 5) and 3'-chlorocep-
halosporin 5 is an intermediate.
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SCHEME 5

0 ~ i
_Y Nk S —S—Ar _ RICNH s s
" - ArS LI S
N\<"\/c{ N o B

, 2
2200¢ % COOR
N:NH
3 12
TABLE 2
vield, P’

Rl R2 Ara) 5 6
a PheH, PhCl, BT 81 74
b PneH, PNCH, Dz 70 83
c PhCH, PhCH, el 74 83
a Pheh, cHy BT 61 64
e PhOCH, PhCH, BT 84 83
£ PhOCH, PhCH, DZ 65 88
g PhOCH, pheit,, cllg 74 88

N

N
A pr = ¢ ;o2 = 4 i b) 1solated yields.
S S CH
3

IV. Improved synthesis of Exomethylenecephams

Exomethylenecephams 13 are useful synthetic intermediates for various new
types of cephalosporin antibiotics. For example, by the ozonolysis of the exo-
methylene double bond, they have been derived to cephems which have a substi-
tuent directly attached to the C-3 position.

The electrochemically produced chlorothiazoline-azetidinones 2 can be
good precursors of the exomethylenecephams 13 since Uyeo succeeded in the con-
version of 2 into 13 by the treatment with silver perchlorate although the

10)

yield was unsatisfactory. So we intended to develop a new and more practical

method to convert 2 into 13 (SCHEME 6).

SCHEME 6
R!
1
)\ R CNH
NZS AgClO, S
);N( I _a N
y : o
0 COZRZ aq. Dioxane COZRZ
2 low yields 13
H30.
-
1]
RICNH  SH base or A NJ\S
— cl
>N/ I_a O;Q\/(
g i :
CO,R? Co,R2
7 L
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It has been demonstrated that the thiol 7 can be generated by the hydro-
lysis of 2. The intramolecular substitution of the allvlic chlorine atom by
the thiol in 7 would be the straightforward route to the exomethylenecephams
13. Ssurprisingly, there has been no such conversion of 7 into 13, so we inves-
tigated this possibility.

Variety of conditions and bases have been examined to the thiol 7, but
only identified product was thiazole 14. These failure made us believe that
the allylic chloride is not reactive enough for the substitution. Consequent-
ly, we tried to use iodide instead of chloride.

The allylic iodide 15 was readily prepared from the chloride 2 with sodium
iodide in acetone. The acid catalyzed hydrolysis of the iodide 15 afforded the
expected exomethylenecepham 13. Although 16 was not isolated, the ring closure
would proceed via 16 at room temperature without any bases due to the high
reactivity of the iodide 15.

SCHEME 7/

R!

et L 2 ||
: d
2
CO,R

15 16

3 i1)
V. An Efficient Route to 3-Chloromethyl-A~-Cephems

As another application of the electrolytic ene-type chlorination, we de-
veloped a straightforward synthetic route to 12 from azetidinone 17, prepared

12) 3-Chloromethyl-A3—cephems 12 are important pre-

from natural penicillins,
cursors in the synthesis of 3'-substituted cephalosporin antibiotics. They
have been prepared by displacement of the acetoxy group of 3-acetoxymethyl
cephalosporins with chlorine atom.lB)
The conversion of 17 to 12 comprises the electrolytic ene-type chlorina-
tion®) of 17 and the ring closure of 18 with base (SCHEME 8). It was found
that the arenesulfonyl groups (Ar—SOz) have a sufficient nature for both pro-

tecting the thiol groups at C(4)-position in electrolysis conditions (17-18)

SCHEME 8
7 i
0
R i $-S0gA R i 5- SOZAr R! CNH s
| H3
N . —————e> N cl
o T 0
¢00R? coonz Coor?
17 18 12
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and playing the part of leaving groups in cyclization conditions (18-12).
Some of our results are summarized in the TABLE 3.

The ring closure of 18a (0.1 mmol) was accomplished by treatment with NH,
(gas, 0.3 mmol) in DMF (0.5 ml) at -20-30°C for 1h, yielding 1l2a (Rl==PhCH2,
R2:=Me, 74%) without contamination of the Az—isomer. Use of gaseous ammonia
was most effective for the cyclization among the following bases (yields of 12a):

AcONa (29%) Et.N (18%): KOH (17%): and KI (l14%).

3
TABLE 3
yields, %a)
1 2
entry R R Ar 17 <>1_8 1_8 >12
1 PhCH., CHy p-NO,Ph 83 74
2 PhCH,, CH 3 pPh 77 82
3 PhCH,, PhCH., P-NO,Ph 91 86
4 PhCH,, PhCH,, Ph 84 78
5 PHCH, p—NO,PhCH, P-NO,Ph 75 52
6 PhOCH,, PHCH,, P-NO,,Ph 9l 93

a) Isolated yields after column chromatography (Sioz).

VI. Electrochemical S-S Bond Fission of 4-(2-Benzothiazolyldithio)azetidinones

(Kamiya's Disulfides)

In connection with penicillin-cephalosporin conversion, disulfides 19,

l4a) are one of

readily accessible from natural penicillins by Kamiva's method,
most actively investigated intermediates. Namely, by the actlion with bromine
or CuCl2 in CHZClz, the disulfides 19 can be converted to the corresponding
2B-halomethylpenicillins 20 (X =Br, Cl), which are good precursors of useful

cephalosporin antibiotics.l4)

In fact, the electrolytic cleavage of the 5-8
bond of 19 was found to be a good method for the conversion of 19 to either
2-halomethylpenicillins 20, 3-halocephams 21 or 4-methoxysulfinyl-azetidinone
derivatives 35.15)

The electrolysis was carried out in an undivided cell fitted with two Pt
electrodes. A solution of the disulfide 19a (R' =PphcH,, R2=CH3) in CH,CN-
tetrahydrofuran-HZO (6/1.5/0.3) in the presence of halide salts at 10 mA/cm2
at 23-27°C. After passage of 4 F/mol of electricity, the usual workup gave
halopenicillins 20 and halocephams 21 along with bis(2-benzothiazolyl)disulfide.
Some of the results are summarized in the TABLE 4.

Among various kinds of bromide salts, MqBr2 was most effective for this
purpose (entry 1). Thus, use of alkaline metal salts, e.g., LiBr, NaBr, and
KBr or HBr in place of MgBr, afforded a mixture of 20a and 2la (R1==PhCH2,
rR? = CHs,
ineffective, affording only dimer 24 and/ox decomposition products (entries 6

X =Br) in 73-46% yields (entries 2-5), while ammonium bromides are

and 7). In contrast to the reported results,ls) electrolvsis of 19a with MgC12

in the same medium brought about the exclusive formation of the corresponding
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chloropenicillin 20b (R1==PhCH2, R2 =CH3, X =Cl, entrv 8). However, iodide
salts, e.qg., Mg12 and Nal are less effective, leading to a small amount of io-
Y= pnch,, R?=CHy, X=1,20%) along with dimer 24 (26-41%)
(entries 9 and 10). The electrolytic conversion of 19a to 20b could be achie-

docepham 21c¢ (R

ved by using two-phase electrolysis system, comprising aqueous chloride salts
and CH,Cl, (entries 11 and 12), which are the typical electrolysis svstem for

SCHEME 9
0 2 2
i 1 It ‘II
R'CNH  5-S-BT R CNH R CNH
X
NJ\ — N— T N\k
6 Y x* x~ o CO,R 0 ' 2
CoyR? T COzR
19 2 20 DMF, 2
0 0 0 lA].ZO3
il ]
RICNH  $-S-BT R CNH s—)— R' CNH
Cl 2
N\/Qm N\/Ik g
o ' 0 H ¢}
¢o,R? ¢ogR? cozR?
23 24 2
a}
TABLE 4
b) c) products ields %d)
entry halide salt solvents vy
20 + 21(20/21) 23 28 19
1 MgBr2 A 96 (54/46) -- - -
2 LiBr A 73 (38/62) - - 18
3 NaBr A 74 (35/65) - -- 22
4 KBr A 58 (50/50) - 25 21
5 HBr A 46 (65/31) - - 14
6 EtANBr A -- - - 15
7 NﬂqBr A - - 52 32
8 MgCl2 A 66 (100/0) - - 15
9 Nal A 20 (0/100) - 41 14
10 MgI2 A trace - 26 68
11 NacCl B 72 (100/0) 5 - 26
12 MgCl2 B 65 (100/0) - - 30
13 NaBr B - -- - 90
14 NaIl B -- - -- 100
a) Carried out at 10 mA/cmz, passing 4 F/mol of electricity, at 23-27 °C.
b} A stoichiometric amount of halide salts was added. c A: CH3CN/THF/H20
{6/1.5/0.3); B: CHZCHZ/HZO {5/3). ) Isolated yields after column

chromatography (Sioz, benzene/AcOEt: 5/1).
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the ene-type chlorination described in the preceding sections. Similar attempts
with bromide salts and iodide salts in the two-phase electrolysis system failed
(entries 13 and 14).

Apparently, the product ratio of halopenicillins 20 to halocephams 21 va-~
ried remarkably depending on the choice of halide salts as well as the electro-
lysis conditions. The ratio of 20a to 2la (X =Br) was also effected by the
employed temperature as follows : temperature, 20a/2la (total yields): 23-25°C,
54/46 (96): 5-9°C, 80/20 (100): -3~ -5°C, 88/12 (90). The results so far obtai-
ned suggest that in the initial stage of the electrolysis, kinetically favored
halopenicillins 20 (X =Br, Cl, and I) are formed via episulfonium ion 27
(SCHEME 10) by the action with the anodically generated X+ or X2 (X =Br, Cl1,
142)  gpen, the
isomerization of 20 (X =Br and I), having a good leaving group at the C-2' po-

and I) in a similar fashion to the reported chemical conversion.

sition, to 21 would take place in the electrolysis media and partly under the
workup conditions. However, the chloropenicillin 20b (X =Cl) would be stable
enough in the electrolysis media to be recovered intact. The transformation
of 20a (X =Br) into 21b could be performed by standing in N,N-dimethylformamide
at room temperature overniqht14a)
lumn with benzene/AcOEt (1/1) afforded desacetoxycephalosporin 22 (Rl =PhCH2,
R2 = CH3, 95%).

With regard to the isomerization (20-27+21) in the aqueous medium, it is
notable that the solvolyzed products 26 (Nu=OH and NHCOCH3) could not be de-

and subsequent chromatography on a A1203 co~

tected, which are expected to be generated by the attack of the solvent to 27.
Several attempts to trap the intermediate 27 by using adqueous or protic sol-
vents, &.g., aqueous acetone, aqueous THF, aqueous DMF, and methanol, failed,
but the electrolysis of 1%a {0.5 mmol) in methanol (50 ml) containing conc.
H,S0, (0.4 ml) afforded 4-methoxysulfinylazetidinone 25 (R1==PhCH2, R2==CH3,

2°%4
53%), which is a new class of intermediates for B-lactam antibiotic synthesis.

SCHEME 10

-e, 1[250A/n(wn

N }i/'k

’“e_ 23
X 22
Q ; 2
SE x'g{““ R CNH
S S Nu
N N
I ‘co, R? o co,R?
2 N e
20 7 \21
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VII. A Direct Transformation of Penicillins into Oxazoline-Azetidinones by

Chloride Salts-Promoted Electrolysis

The sulfur-free analogues of penicillins and cephalosporins have attracted
much attention of both synthetic and medicinal chemists, since the successful
development of new l-oxacephem antibiotics was made by Shionogi group.l6)
Namely, oxazoline-azetidinone derivatives 29 and 30 have been freguently used
as a key intermediate in the synthetic chemistry of the new f-lactam antibio-
tics.l7) The compounds 29 and 30 have been usually prepared by two-step opera-
tion, involving the reaction of 19 and 28 with chlorine or t-butylhypochlorite
followed by treatment with base.

We found that the direct conversion of penicillins 19 and 28 into the cor-
responding oxazoline-azetidinones 29 and 30 can be achieved by the halide salt-
mediated electrolysis. The electrolysis was carried out in an undivided cell
fitted with two Pt electrodes. The electrolysis conditions and results are
summarized in the TABLE 5. The temperature (-70°C) is critical in this trans-
formation (entry 1), since the electrolysis at -40~ 0°C brought about a consi-

derable amount of the ring-opening products on the R-lactam ring, affording only

SCHEME 11
R R
19 d N/ko NT TP
R' CNH K- electrolysis A—fe
—_— Y- “H H H
Vo n—L, Nz Ne
o “Co,R? 0 0
CO,R? co,R?
19a: Y = a-H
b: Y = B1 20az =H 29b
28: Y = a--()()H3 i): Y = OCH3
a
TABLE 5 )
entry penicillin electrolysis temp current product
¥ Rt R? system®) °C P/mol (yield, )¢’
1 19a o-H PhCH,  CH, A -70 3 29a (829
2 19a  a-H PhCH,  CH, A -40 3 29a (45)
3 19a a-H PhCH,  CH, A 0 3 2%a (20)
4 19a o-H PhCH,  CH, B -40 5 29a (81)
5 19a o-H PhCH,  PhCl, B -40 5 29a (65)
6 19a  a-H PhOCH, CH, B -40 5 29a (74)
7 19a a-H Ph CHy B -40 5 29a (72)
8 1%9a  a-H Ph Ph,CH B -40 5 29b (93)
9 28 @-0CH,;  PhCH,  CH, c 0 5 30 (71
10 19b  g-H PhCH,  CH B -40 6 26 (80)°

3

|

a) Carried out at 10 mI\/cm2 by using Pt electrodes. ) A: LiCl (0.19 mmol)-

methanol {2 ml)-t-butyl alcohol (0.5 ml); B: MgCl2 (0.2 mmol)-methanol (2.5 ml)~-
t-butyl alcohol (0.5 ml); C: MgCl, (0.1 mmol)-methanol (2 ml)-tetrahydrofuran

. a [u;éi = +49°
vage). ) @123 = —44° (c 0.1 in chely

(0.5 mly. C)Isolated vields after coluwnn chromatoaraphv.
{c 0.1 in CHCl,: 1169
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45-20% yields of 29a (entries 2 and 3). In contrast, use of MgC12 in place of
LiCl provided good results even at -40°C, affording 29a in 8l1% yield (entry 4).
In a similar manner, some of penicillins 19a and 28 were converted into the
corresponding oxazoline-azetidinones 29a and 30 by using MgCl2 at -40°C, smoot-
hly (entries 5-9). 6-Epi-penicillin 19b (Y = @-H; R1==PhCH2; R2==CH3) was also
converted to epi-oxazoline-azetidinone 29b (R1 =PhCH2; R2==CH3, 80%) (entry 10).

The electrolytic transformation of 19 into 29 can be reasonably explained
by assuming that the C(5)-S bond cleavage is promoted by the attack of at
{or Clz), generated by discharge of Cl  at the anode, and the subsequent repla-
cement with the amide oxygen gives oxazoline-azetidinone 31 which, in turn,
suffers from desulfurization by the action with base (CH3O_ or E-BuO—) produced
at the cathode (SCHEME 12). In fact, oxazoline-azetidinone 31 could be isocla-
ted when the electrolysis was carried out in an acidic medium. Thus, the elec-
trolysis of 19a (Y¥=a-H; R} =PhCH,; R®=CHj,
chloric acid (2.5 m1/0.5 ml) containing benzyltrimethylammonium chloride
(0.15 mmol) at 0°C at 10 mA/cmz, 2.5 F/mol of electricity passed, afforded 31
(Rl==PhCH2; R2==CH3). Treatment of 31 with lithium methoxide in tetrahydrofu-
ran at -70°C gave 29a (Y=H; r! = PhCH,,; R2 =CH3) in 60% yield from 19a.

Upon the electrolysis in the acidic media, 6-phthalimidopenicillin 32,

0.31 mmol) in chloroform-3M hydro-

which may be difficult in producing the oxazoline system, afforded azetidinone
33 and subsequent treatment of 33 with triethylamine gave 34 in 70% overall
yield from 32.

In this electrochemical conversion of 19 and 28 into 29 and 30, both ano-
dic and cathodic reactions, so called "paired reaction", proceed smoothly at

the same time. It is possible only in the heterogeneous electrolysis system.

SCHEME 12

R

¢l

! NJ\O

— S0l —p———> 29
);r(\/k 7 =
¢] 1

N .
at ca” o “co,R2 R row, Lit o,
;—20; éosz e {or Mg )
anod/L: ’ 2 c/‘athode
R o= Cliy, tebu
Ft S % Ft /Cl rt N Ft /Cl
: —_—> 5Cl ——————>
N . N Nz
o *Co,Me g : 5
o Me CO,Me
32 33 34
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VIII. A Versatile Intermediate for New B-~Lactam Antibiotics

Thiazoline-azetidinone 36 is a versatile intermediate for the synthesis
of varieties of R-lactam antibiotics.ls) The most straightforward route to 36
must be removal of the B-lactam N-substituents of thiazoline-azetidinone 35,
which is readily obtained from penicillins by Cooper's method.4a) This has
been usually done by the two-step operation, involving ozonolysis and the sub-

19)

sequent methanolysis. Direct transformation of 35 to 36 has been also

achieved by oxidation with potassium permanganate or osmium tetraoxide, but
yields were unsatisfactory (~ 37%).20)
We found that the electrochemical acetoxylation of 35 proceeds smoothly,

affording 36 along with 37.

SCHEME 13

Ph Ph
K "

N N7 0 OAc
N7 > NH T

COOM
O looMe 0 €
> X X
Ph
H +
-e N7 S kx
> $7<L:OAC
d
AcQO COOMe
¥

The electrolysis was carried out in a Et3N—AcOH—EtOAc-Ac20—(Pt—Cu) system
and 36 was obtained in 94% yield (v 60% conversion) together with the acetoxy-
ester 37. This reaction can be reasonably explained by assuming that the elec-
troacetoxylation of 35 gives intermediate 38 which is hydrolyzed either during
the reaction or workup to afford 36. The intermediacy of 38 is implied by the
isolation of the acetate 37.

Alternative electrochemical route to the thiazoline-azetidinone 36 was
also developed. Carboxylic acid 39 prepared from penicillin G was converted
to 36 via 40 by electrochemical decarboxylative acetoxylation followed by hy-
drolysis. After 4 F/mol of electricity was passed in AcONa-AcOH-DME-(C) system
at 0°C, most of the starting material disappeared on TLC and the acetate 40
was obtained in 80% yield. Cooper, et al., reported that this acetate 40 could
be obtained by lead tetraacetate oxidation of 39 and it was hydrolyzed in a
buffer solution but he revealed the yield of 36 was low.lg) After various hy-
drolysis conditions of 40 were checked, the best result was achieved by adding
aqueous sodium carbonate slowly to the methanol solution of 40, affording 36
in 69% yield.
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SCHEME 14

£ L
N/ S —e N7 ™8 ad. NaZCO

3

Eﬁ
x
|
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