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ABSTRACT. The electrochemical reduction of a, #-dibenzy! N-benzylidene L-aspartate in 0.1 M
LiCl ethanol solution was investigated by direct current (DC), differential pulse (DP) polarography, cyclic
voltammetry and controlled potential coulometry (CPC). The irreversible reductive amination of imino
group proceeded to form a, g -dibenyl N-benzy] L-aspartate by CEC or CE electrochemical reaction
mechanism at the first reduction step (~0.92 volts vs. Ag-AgCl). The polarographic reduction wave was
slightly suppressed due to inhibitory effect of micelle, while the irreversibility was increased according
to the increase of Triton X-100 concentration. Upon the basis of product analysis and polarogram inter-
pretation with pH change, possible CE electrode reaction mechanism was suggested.
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Scheme 1. Retrosynthetic analysis of carbapenems.
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Scheme 2. Synthesis of g -lactam from L-aspartic acid.
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Alek 9 o,  Schiff base ¢l «, 8-dibenzyl
N-benzylidene L-aspartate(7)<= C.H. Lee %*
o] wiyoz FAlstod Abgsiodz, AAANLR
AH2-gF lithium chloride © Wako A S&4]¢kS
ARg-Etoch, AlPBAAAZA  sodium lauryl sul-
fate{NaL$), cetyltrimethyl ammonium bro-
m‘ide(CTABr) 9 Triton X-100(TX-100) 5&
Aldrich ] EFAjekg AAsla o3 stock
solution{1072 M)25 al5o] F44]7]& widlo
2 A3kt &2 A £ ethanol &

Aldrich 4l HPLC & AL&3ldz pH 244
Al k& Wakod 53 hydrochloric acid ¢

sodium hydroxide & +-&3kch, g AAAF
A} Azl EelE 722 Aldrich Al 99.995% o)A
ol AS 2z ARg3idcd,

Al2e] #M, &,8-Dibenzyl L-sapartate
p-toluenesulfonic acid salt(5) &4 : L-aspar-
tic acid 13.3g {100 mmole), p-toluene sulfonic
acid monohydrate 19.0g(100mmole), benzyl
alcohol 73m! % benzene 70m! S 250 m/
round bottomed flask o 7}3t3 Dean-Stark #
A5 o|&3ted mpo}t 155-158°C<) A AAA 437
258 90%)% 2

a, 8-Dibenzyl lraspartate(ﬁ) M a, B
-Dibenzyl L-aspartate p-toluene sulfonic acid
salt 9.70 g (20 mmole)€ 5 150m/i<l 7}sk2 70
Coll A 2143 %2l 3 sodium bicarbonate 1.68
g(20mmole)F 715le] =34 7124 B4 610¢

(T5F 97%)% 4

a, f-Dibenzyl N-benzylidene L-aspartate
(7) &4 : a, #-Dibenzyl L-aspartate 9.40 g(30
mmole), benzaldehyde 3.18 g (30 mmole) ©
benzene 100 m/-§ 250m! round bottomed
flask ol 713l Dean-Stark A% 2 3847 o
7‘&}"{']:!-4 "3""?‘* I:M

IR(CHCY,) © v{ecm™)
=1640(C=N stretching),

1740 (ester carbonyl)
'H-NMR(CDCl;) : ¢(ppm)
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=7.90(s, 1H, -N=CH-Ph),
7.20-6.95(7n, 15H, three phenyl},
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A202 infrared spectrophotometer, Varian EM
306A (60 MHz) nmr spectrometer 2 <1849
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Fig. 1. Typical DP polarograms of (a) «,8-dibenzyl
L-aspartate(6) and (b) e, 8-dibenzyl N-benzylidene L-

aspartate(7) in 0.134 LiCl ethanol solution {(pH 8).

Algl 247} o
3},

AHYY, PARCS 334
€ AHE5le] Ag-AgCl 7|5A3
7 22 A AYRFTES g2l AA
shadet, 0.1 M LiCl =434 e] ethanol L
ol a,8-dibenzyl N-benzylidene L-aspartate
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E3d 427k TLCH o= #qlale] 3 =22rm}
Exd=yeos 44EE Eejstn A3ARA
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Fig. 2. Typical polarograms of a,g -dibenzyl N~ben-
zylidene L-aspartate{?) in 0.1 LiCl ethanol solution
(pH 8).
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gk ethanol &4 <tell4 dibenzyl L-aspartate
(6)s+ a, g-dibenzyl N-benzylidene L-aspar-
tate(7) (¢]st DBBA)2l polarogram 723}
DBBA ¢ imino group(-C=N-)eil g} #7]3}
2 Bk —~0.92volts TutellA] 1ckA] ghelo
2 A=A  dibenzyl L-aspartate(6)e] di-
benzyl ester group & 31351 {(—1.52volts &%)
o 843| Hejs= 7222 2ol DBBA #x
of 4 #7453 A271E Sl imino group 2t
Aeiroz AFHYo| rpedtelen] o Ay
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3809} Ruks wl2 Fig 20 ofA] el
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M AYUARE izl ds =43¢
F3lsl e 2ubgel szl sl of
stod EAlsle] olF zallZe B ul AR+
g sk dof, 2 4l DBBA S ¥
EZ7loll ubE imino group & el gk g
AF WEE Fig 3o Jellten] #Hslx| 7kl
w2 A A-Fol Wihe Fig 4o VeI,
Fig.3, 4ol 3YAF[FE d=lalfe 245
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Fig. 3. Concentration dependence upon the limitting
current of a, 8 -dibenzyl N-benzylidene L-aspartate(7)
in 0,1 M LiCl ethanol solution (pH 8).
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Fig. 4, Variation of limitting current with a drop times.
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Fig. 5. Aplotof log i/s;-f vs. potential for a, $—dihenzyl
N-benzylidene L-aspartate(7) polarogram.
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Table 1. Polarographic data for the reduction of a, 3-di-
benzyl N-benzylidene L-aspartate(7) 0.1 Af LiCl ethanot
solution

“Es Slop Es-Ey, Polarographic Coulometric

Volts vs, V) (mv) electron electron
Ag-aght V) MV} nfer(en)  transfer ()
0.92 77 80 0.7 2

Table 2, Cyclovoltammetric data for the reduction of
¢, f-dibenzyl N-benzylidene L-aspartate(7} in 0.1Af
LiCl ethanol solution

Reduction Sweep Peak potential Current .

rate (volts) (uA) i P‘/r,"ﬁ
step (mVisec) _E, -Ep “ip ip

200 1.02 — 235 — 017
100 1.00 — 193 — 019
1st wave 50 097 — 148 — 021
20 09 -~ 100 — 022
10 095 — 083 — 026

7ok Az} olFa Avjgkgos oleojA Az}
9t &l Table 1 ERHS]

dutd o ® polarogram o4l Aol tidt log
i/igi o) BAE ebd ZAle] £ 3el4 71 87]9
arelvh | By -Eal @ MS13k 3ko] 59/pmV el 7}
g e 7} A 2B 7ledAde) 7hr-g- A Fvpe-o)
2 welrt ALFE v]rldwg) vlgog oledA
e, o] Wl w7l Ho o] 7147) e 54.2
FanmV ol |E;-E | 32 31.7/anmV el =
%217lck, Cyclic voltammogram 7o4% i,/
etrol 10l 7PAHAIG | Epe-Epy| 0l 56.5/n
mV ol A3l gt gde s vu |E-E,,l 9
A atgtol 47.7/anmV ol FALEsE 104
F 7kl wal E, kel —30/anmV S o] Fsw
d]7}ednl d o 2 spudglA] o),

Table 1014 AAH A7|ebi ez A7 ¥ st
v Qdojd Azlo) T4 (4=2)F AAZ AFE
off Foidt Mz & wl Table 1014 71¢717L
TTmV ol |E-E @0l 80mV Y Ze A2
o] sbd vzl AEnAes Agsles AL
oeldte] o] Wl o FHL ¢ 0,35 Aseidr),
Cyclic voltammogram &] Z3}= Fig6oll 2%
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Fig. 6. Cyclic voltammograms on the a, §-dibenzyl N-
benzylidene L-aspartate(T} in 0.1/ LiC] ethanol solu-
tion at sweep rates of 10, 20, 50, 100, and 200 mV/sec..

2 Fig 604 doizl ZaE Table 20 feh)
%

Table 2ol “Febd cyclic voltammogram #
el A oo/ v FAEC] FALE RS Zhso] w2} F
7tEle e Hol -C=N-2 3gzb= ofrle
WeAEsl £88 Hu4HEAL o 4 9o
T ol HEHE o7t A9 JehA] ok |E,-
Epa| 2% < 90mV 7h slda] Fajdge] 104
Z7kl wel E, it oF 40/anmV 4 dZo

2 olFsle, ol4e AMEZRE HFulgel
o] B Ae 2k wrfd Y- &4+ U,

pH 8| A&, ZetzaadldeAe pH 9 tﬂﬁr
of dgl FUHdFe} lalAdsie] H3ls U
24 kg g 41A AEE 4 Aok, £ A4Y |

4= 01 M HCl 01M NaOH &4 483
o] pH20lA pH1l 7tz w3k 7|=ix olofxl
DC polarogram & Fig. 7l 2%i¢},

Ff:g 7% 2% pH8 ZdelA¥yg o7jdez
5 stz dAsH zZhis|EA dlelAg s
h 4 219 o] E8 (pH7 ol —0.92 volts, pH

9ol —0.94volts) ¥ ohdelt pH10 o] Aol 4=

lal} kA s Ak AE o 4 Qlek, pHol

ru"
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(Initial potentials, -0.60volts vs. Ag-AgCl)
Fig. 7. Variation of DC polarogram with pH change for
the reduction of a, §-dibenzyl N~benzylidene L-aspar-
tate(?) in 0.1M LiC) ethanol solution at initial potential
of -9.60 volts,
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Fig. 8. Effects of pH change on half wave potentials
and limitting current of a, 2-dibenzyl N~benzylidene L~
aspartate(7) in 0.1 M LiCl ethanol solution.
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Fig. 9. Cyclic voltammograms on the a,8 -dibenzyl N-
benzylidene L-aspartate(?) in 0.1Af LiCl ethanol solu-
tion (pH 8) ata sweep rate of 100 mV/sec. (a) sample on-
ly, (b) 5 x 10-3M NaL$, (c) 5 x 10-3M CTABr, (d) 4 x
10-3% TX -100.
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Fig. 10. Triton X~100 addition effects-of DP polarogram
in 0.1M LiCl ethanol solution (pH 8) {a) TX-100 0%,
(b} 5 x 10-4%), () 1 x 10-3%, (e) 4 x 10-3%, {f) 8 x 10-3%.

TX-100& Fig. 72 374 Lol 2i9} Falala
lzte] dslE 249 ol F4)7 9 AEe 7
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Fig. 11. Triton X~100 addition effects of DC polaro-
gram in 0.1 M LiCl ethanol solution (pH 8) (a) TX-
100 0%, (b) 5 x 10~4%, (c} 1 x 10-3%, (d) 2 x 10~3%, {e)
4 x 10-3%,

ter 28 X-Y rocorder & A&z yg .:;a:qg}uq,q
z-]-:’-lzl]-—é-o] 2].@51 uil] 77}-2) 2;{]7}. °T”‘" #Psloion
of uf dojzl Ar|zke 2 LE] A4E HTure z.i
- (n=2)% Table 1o eloicl, A7) L8] 4)
 FA #sho} wtola)r) Alabsle] ok 304 o]
FollE —1.25volts vs. Ag-AgCl olde] =3
FAoll A st shAd AelAls Aoz 4
imino group ©] 38is]o) 7= 21AL B9)d et
(Fig. 12).

YYE2 &l 9 W1, A7 Bl o7
E] _Q.OHE_ 7|-0IJ- E-.BLAI.‘;II_—JI_ %..CL 7].%‘_]_ ]:}_,Q ether

2 F3o%lee] 323 ether £ magnesium-
sulfate 2 71=3lod=}, Chloroform 7 diethyl
ether(2: 1) &lle] olFAlolx] TLCE 2<lsim
sillicagel column 2.2 ¥2]%e] IR3 NMR
spectrometer 3 #4135} it},

IR(CHCI,) ! v(cm™)=3300(4rd, sec-amine),

1740 (ester carbonyl)
'H-NMR(CDCl,) : é{ppm)
=7.25(m, 15H, three phenyl),
5.20, 5.10(each s, 4H, two -OCH,-Ph),

[l il
4.50(m, 3H, -CH,-Ph, -NCH-C-),
O

]
3.40(d, J=3Hz, 2H, -C-CH,-)
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Fig. 12. Variation of DC polarogram on the electrolyzed
a,8-dibenzyl N-benzylidene L-aspartate(?} in 0.1 M
LiCl ethanol solution (pH 8) (a) before electrolysis, (b) for
30 sec., (c) for 10 min,, (d) for 15 min., (e) after electro-
lysis.

at pH < 7
H H
¥ 000N ! aCO0BA
¢ e |
Ba0C N=CHPh BROOC Ni=CHPh
7
i Bn !?
+ 2E-_I-
BnOOC Ni=CHen BrOeC -Cieh
1 H
« LOOBN ¢ 00BN
. H ——
BnOOC NH-CHPh BROOC L, BPh
a
or
1 _coomn ¥ coomn
. Z!i’ﬁ
Broot , hecmn BrOOC  WH-CH,Ph
" _coomn ¥ _ cocen
+ e ———u——
BrooC NFi-C7i, Ph BrOCC o NHeCH,Ph
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