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Total Synthesis of Cephalosporin C

Significance: -Lactams are the most widely used 
antibiotics and include structures with a penam or 
cephem core. During the second world war, when 
the total synthesis of penicillin was a major goal for 
chemists, Woodward and others suggested the 
correct -lactam structure for penicillin. In 1945, 
the cephem cephalosporin was isolated. It took un-
til 1965, when Woodward was awarded the Nobel 
Prize for the art of chemical synthesis, to present 
the first total synthesis of cephalosporin during his 
Nobel lecture. Nowadays, synthetic cephalosporin 
analogues are used to treat numerous bacterial in-
fections.

Comment: Dimethyl azodicarboxylate was used 
to affect an -oxidation of a protected L-cysteine, 
trans-selective in respect to the methyl ester. After 
transformation of the new hydroxyl group into an 
amine in a few steps, the -lactam was formed by 
treatment of the amino ester with triisobutylalu-
minium. The -lactam was then functionalized with 
a Michael acceptor, and, following an acid-mediat-
ed deprotection, the cephem core structure was 
obtained. Steglich esterification and deprotection 
yielded cephalosporin C.

MeO2C

BocN S

from L-cysteine

A

MeO2C

BocN +S
N

NH

CO2Me

CO2Me

MeO2C

BocN
S

N

NH
MeO2C

CO2Me

H

MeO2C

BocN S

OH

1. Pb(OAc)4
2. NaOAc, MeOH

MeO2C

BocN S

NH2
1. MsCl, DIPEA
2. NaN3
3. Al–Hg, MeOH

BocN S

NH

i-Bu3Al

O

H H

BocN S

N
O

H H

CHO

CHO

O
O CCl3

H2N SH

N
O

H H

CHO

CHO

O
O

CCl3

TFA

H2N S

N
O

H

CHO

O O CCl3

N
H

S

N
O

H

CHO

O O CCl3

O

O

O

Cl3C

NHTroc

N
H

S

N
O

H

O

HO2C

NH2

1. BH3
2. Ac2O, py
3. Zn, AcOH

cephalosporin C

OAc

CO2H

DCC, pyr, C

80 °C, B

Michael 
addition

Steglich
esterification

N
N

CO2Me
MeO2C

A

B CHO

CHO

O O CCl3

3 steps

C

O

O

O

Cl3C

NHTroc

OH

cephem

–

SYNFACTS Contributors: Dirk Trauner, Belinda E. Hetzler
Synfacts 01042021, 17(04), 0452 Published online: 18.03.20211 861 -1 958186 1- 194 X
DOI: 10.1055/s-0040-1719460; Reg-No.: T01721SF Georg Thieme Verlag KG  Rüdigerstraße 14, 70469 Stuttgart

Category

Chemistry in 
Medicine and 
Biology

Key words

antibacterials

chiral pool

azo dicarboxylates

-lactams

 

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


