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Recent Advances on the Synthesis of B-Lactams by
Involving Carbon Monoxide
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Chinese Academy of Sciences, Shanghai 200032)
(b Department of Chemistry, College of Science, China University of Petroleum (East China), Qingdao 266580)

Abstract fS-Lactam compounds are antibiotics with high biological activity and high application value. Design and synthesis
of f-lactams with high efficiency and high selectivity have always been a hot issue in organic chemistry. Because of the car-
bonyl group in the ring structure, the carbonylation reaction between substrate and carbon monoxide (CO) has also developed
into a new method for synthesis of f-lactams, which can be used to synthesize novel and diverse structures in one step. In this
paper, the carbonylation of different substrates with CO to synthesize f-lactams in recent years is reviewed, and the existing
problems and future development of this strategy are prospected.
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Scheme 1 Synthesis of f-lactams catalyzed by transition metal

1 BRAARXAESYARYE B-ABER

T A A PR A s A T e -2- i A
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Scheme 2 Carbonylation of diaziridines to f-lactams catalyzed
by Cobalt

1983 4F, Alper PREEZHPHGE | 8EMEAL ZRIA A St
PR A = XSO BRI AR Y B- N RZ (P & 2) 1 S .
LR RS RFEEORIREE, ROWBUT B 1-E Rk
LI, ATLAMS 3B — ) B-NERIZ =4, (22 RO
W5 N JE-FAEER 2 B AR BRI, R
KA ZRR N, ABETT 25— [ H 457 ¥ (Scheme
3a). FHJE, ZURAALPYIE PR AL R AL S A R HE
BRI A B o0 JE-p- P T Ji, 3 I 0
AN TR PR AT A R R AR, 322 S S AE SR AN 2% A R (B,
CO JE7/714 101~303 kPa), Pd(PPhs), 8Bi# “Pd(OAc)y/
PPh;” 14 R BIREAR A7 b E AL IR 15 3 B AR =W (e %y

Chin. J. Org. Chem. 2021, 41, 3448~3458

© 2021 Chinese Chemical Society & SIOC, CAS

43%~83%) (Scheme 3b). 1989 4, %R ML 25 AE 2 |
TAER2UEEA I, PR TG PR R A LA b 25 BRI
K(21%~44%) & T T - EEZ = 4#)(Scheme 3c).

R
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Scheme 3  Regiospecific ring expansion of aziridines to
p-lactams
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F=4)(Scheme 4b).
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Scheme 4 Novel entry to 3,4-disubstituted 2-azetidinone deriv-
ative via Pd-assisted carbonylation of 2-substituted 3-vinyl- aziri-
dine
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Scheme 5 Pd-catalyzed transformation of a chiral vinylaziridine
to a f-lactams
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Scheme 6 First synthesis of highly strained trans-bicyclic f-
lactams
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R N-R R 0

N I Ni(CO), )Nj
_— )—\ _—
A THR reflux g Y THF reflux "
e

B 7 PUBRIEBRMEA BRI “ — ik &Rl p- Nt
Scheme 7 One-pot conversion of aziridine to fS-lactam using
Nickel tetracarbonyl
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VIR I BE A 20 5 BB A B- I B AN B- N Bl 48
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TEALTFI(S mol%)BF(CO K774 6.2 MPa), B IR N KthE
PL LB FA R (80% ~95%) A %, - N B % (Scheme 8).
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R’ R® €O, CICH,CH,CI R’ R
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B 8 [Lewis acid] [Co(CO)s] LA E I A WHRIL (b %
B-W B
Scheme 8 Carbonylation of epoxides to S-lactams using [Lewis
acid]"[Co(CO)4]” complexes
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(A b AN GE 49 21 B AR =4 (Scheme 9).
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Scheme 9 Theoretical study of Rh(I) catalyzed carbonylative
ring expansion of aziridines to S-lactams
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Scheme 10 Stereoselective synthesis of trans-$-lactams by Pd-catalyzed carbonylation of vinyl aziridines
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Scheme 11 Cobalt carbonyl-catalyzed carbonylation of func-
tionalized aziridines to versatile f-lactam building blocks
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Scheme 12  Mechanism for carbonylation of aziridines to
f-lactams
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Scheme 13 Pd-catalyzed carbonylation of allyl diethyl phos-
phate for synthesis of S-lactams
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PERARIEE S C-3 5 C-4 MER) T A 8 & 2k
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(Scheme 14b).
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Scheme 14 The stercoselective synthesis of alkenyl-S-lactams
by Pd-catalyzed [2+ 2] carbonylative cycloaddition

2006 4, Arndtsen VREZL S HRIE 1AL 2 47 (IF
i T SR — S8 A0 ) & 7 3- B HUAR ) p- At I S
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JE BRI, [ B BA A5 2 R AT IR (37%~76%)
(Scheme 15).
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Scheme 15  Multicomponent synthesis of p-lactams from
imines, acid chloride and carbon monoxide
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Je 4z U= )45-4¢)(Scheme 16).
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Scheme 16 Stercoselective synthesis of 3,4-diaryl f-lactams

2011 4, ESIBREAWIRE THEELERLE
WIAE B 2RI N R AR REEAL I R & UM, JF BRI &
52 FR) A7 5 0. frg 30 3 B 1 B S L4 1 B- A B . 32 A
JE I R BRI S N A . Staudinger IR [ N A# B- 4
PR AT AR AT R R 77 260 R AT R s AR et
PEWLER 73%~93%, XIIESEEM: rans/cis>95 1 5).
% L B R (DFT) THE AR ST BMALEE: Pd AL
Z 5 12420 AR, i i Bl el 1) 44 1) 5
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T ¥ri&42(Scheme 17).
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R

B 17 Pda(dba)s 1L CO 15 N- AR fi R AL Jic ) J2 1o
Scheme 17 Pda(dba)s-catalyzed reactions of CO with N-tosyl-
hydrazone salts and imines

2012 F, BHEARBEHMSHRIE T H/N-Z30 K 5
EUMEARILER . COL TENEH R B- N BEIE I SR
2L AR I, )R R AF IR (61%~96%) M X
IR % BN (trans/cis > 95 1 5). Bl )15 [RIAL 20N LI
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(100 C) F#47(Scheme 18).
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Scheme 18 Pd/N-heterocyclic carbene-catalyzed carbonylation
of substituted benzyl chlorides with imine to synthesize f-lactams
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50 )RS G R R (ee > 82%) (Scheme 19).
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Scheme 19 [1+1+2] reaction for the synthesis of chiral j-
lactams
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Scheme 20 Reaction mechanism of synthesis of f-lactams by
involving ketenes: mechanistic proposal
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FHEE, R ERE WAL SN B S 2 i U 4 e 45 1)
A5 T o AU A (4 T J(Scheme 21), 1Bl 7 BRI T 1%, 3G
5GSBS 2 B bR =W, 4
J& R FEIREEA R BB RS- B i A 2 R B A K
HeM, N - NI 1 22 R PR B B AL T B 1 SR A
?2[54-56].

L,
ML, " coO 9
R-X —> R-M-X —— R-C-ML,X
R
, i rRZ  R®
/=ML, _CO ~—c=0 R

R? R” N,

ML, o R

Target product

B 21 M—CH 5 M=C 8RR TS K p- A i
Scheme 21 Carbonylation of M—C bond and M=C bond to
synthesize f-lactams

1993 4£, Ungvary BREZHHRIE T 8484k i 1
CEIIEIH IR AV E B B- TR IE 0 B, 12 A
FIMEAL R )\ BRIE 4, fE=R&MH F(—SRIBIED
N 7.5 MPa)bL L H A AR N-FUT 528 O il
JRAD, BCRO95%) Mt & T N-FUT 3| -0- 455 I
P IE-p- RN BERE . % AR Al i 2 A 3 e 3t
LIRS N-H BB N-SE U A fE A B X B- N
Jiiz, (ERUE R 11%A1 13%. BFFHLEE & B0 e S5
W — AR T S K2 S ECR R LR R 7Em
AT, ATRERIE AP Cox(CO), FI Cox(CO)s-
(CHCO,EY), T{&E /19 Coy(CO)o(CHCOLEN)FI Coo-
(CO)s(CHCO,Et), (Scheme 22).

N2 t-BU\N COz(CO)g t-BU\N O
EtO\[HJ\ H + CO + J\ _—
H”~ph  DCM

0 Pressure Ph’ CO,Et
active cobalt catalysts 9
vary with pressure C
)H(OEt
H
o

highly reactive

B 22 HifE S EIREGE R GG R B- I Bl
Scheme 22 Synthesis of f-lactams derived from the ethoxycar-
bonyl ketenes catalyzed by cobalt
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2013 4F, Bruin PRARHSHRGE 1 Hnbibkd ()~ H
FH AR AL~ TR 5 WG & R - N IR G I S . 80 2%
Pk, PP EA BT (50%~ 67%) Fl X 45 %k 5
M (trans  cis>>95 © 5) (Scheme 23).

H . Catalyst (2.0 mol%) RO,C Ph
A(OR NR CO (2.0 MPa) 2 3
n _—
Nz 5 Ph)'\H CICH,CH,CI N,
50°C, 16 h 0 R

B 23 [Co'(Por) 1L a- EEIREAN AN G B B- A
Scheme 23 [Co'(Por)]-catalyzed trans-selective f-lactams syn-
thesis from a-diazocarbonyl compounds

2014 ¢, ZUREEAHPIARIE T PNN Feik 124
AL T A DAy TR R TR IV J¥e 525 W0 S B, T
i J2 5 Fi B~ A B G P EE S v ) =40, BT DA 38 ORI A
BEAPIAY AR RS N-F0 B DU R 19 3
T p-HBERE T 0(67.7%) (Scheme 24).

A(25mol%) o

7 CO (2.0 MPa) 4 2
RNy T , N : JEV . j
pr/ Ph

Na PhJ

CICH,CH,CI
55°C, 22 h Ph

H + PRy
b oo | PFe

\-
pri Ph
A

B 24 AR R RATIR S N-FRIE B G R B- %
Scheme 24 Rh catalyst screening for S-lactams synthesis from
carbene precursor and N-benzylidenemethanamine

4 C—H BENRIIE B-ABLER

2014 4F, Cramer BREZHOHRIE T4 {10 & 2 BER%
FAEW) C(sp®)—H Fe kb DU A8 7 W 3 (20% ~
99%)ill % B- N BERE RN SN AH F R AR A4S, 78
KA taddol oAk 5 ENIKERBRIEBIAIM %4 T, 1]
UFHb R T PRI WOk R O, XA R SR
He T BABERIER C(sp®)—C(sp®) B 138 J 1 B o 72,
ARG HLE BT - BEREAL &40 (Scheme 25).

2014 4F, Gaunt BREZHOHRIE 1L C—H B
TG i Jie il & B R DG B-NBERL IR
55%~87%) I . Z TAEE R T IUCIIRIEE 54 8,
I HLIOAE T I8 %2 AW Re 5 AR A7 AL R A ik B-
WEEAZ(Scheme 26a). 2016 4, ZifEIZH 2 HiiE T 40
AT R AR Wi R0 B-C—H BEIE b R A P A e oA
B- P I (R B BE, = A SR B LT B W2 (28% ~
89%) (Scheme 26b).
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Pd(dba), (10 mol%) 0
L (20 mol%), AdCO,H (10 mol%)

0
RlTJ\/m

R'-N
Cs,CO3 (1.5 equiv.), Toluene, 110 °C
R2 R2

Ar. Ar

o 0

>C[ PR

o O  Ar=3,5-Bu-4-OMeC¢H,

Ar LAr R = N(CHy)4

ER 25 X BUEEMHEAEA C(sp®)—H KedEfb il p- P Ik
Scheme 25 Access to f-lactams by enantioselective Pd(0)-
catalyzed C(sp*)—H alkylation

Pd(OAc), (10 mol%)
CO/air (101 kPa)

a
(a) _ o
N N
Cu(OAc), (10 mol%)
Toluene, 120 °C, 22 ~ 24 h -
g éc
D\'\N/Pd\ o—FPd
|l| Ac 2
8

®y Pd(O,CR), (5 ~ 10 mol%) H o
R NH CO (101 kPa) j,:/r
R2J\ Cu(OAc), (10 mol%), RCO,H, BQ R2%

quinoline or quinuclidine H

toluene, 120 °C

B 26 HEAEL C—H ISR H] & BRI ED
Scheme 26 Pd-catalyzed C—H activation of aliphatic amines to
give strained nitrogen heterocycles

2017 4, Baudoin U4 SR IE T & M 40K 1L
C(sp’)—H BEMZFEALA R -WIERZ I B, 1% J B
8 Ak 25 T B B — SR AR AE P = IR N3 R R R, 1RO
52 BTiRER C(sp®)—H B 5 14 5 1 A [7] (01-62.64-67]
Rt R HEH T —% .. —ZANGHIN =% C—H %,
I LR T 1 I 1R 2 T 1 A FH A8 8 4 I BV R X B i
PEPE, IXFROT LT DL SR A A I E A S 0 Bk ) B-
N i A B-28 HE R (Scheme 27).

1
RIH o
R2 r}l/go
R3

= 27 U C(sp®)—H SIS AL A B B- P B i
Scheme 27 Synthesis of S-lactams by Pd(0)-catalyzed C(sp’)—
H carbamoylation

2017 £, Gaunt VIS HRIE 1 HEAE AL AR I — 2%
JEH) p-C—H BE AR AL BRI S NI R 2 B- A A 4 e
R, 1% B A R AT 4 A T R (40% ~ 82%) Al
5 T I AR X R B (dor > 7 1 1) R XU B A4
Xantphos X 1% 5 B ) & AE R BIR S EE VR, AL
T S BRI AR () F) A4, ek p-C—H B gk 6

Pd(0)/L cat. R! 0
CO (3 equiv.)

PIVOH (cat), Cs,C05 s N

R3
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5 AR L TR i — A T PR R AR A A AT 51 K 1
(Scheme 28).

Pd(OAG), or Pd(OPiv),

R’ R’
CO (101 kPa) ) 0
R2J\NH Xantphos R J\j]:/(
4
R3 R AgOAc or AgOPiv, BQ R3= I"R“
H toluene, 80 °C H
disubstituted flactams
PPh, PPh,
Xantphos

B 28 AL IR NI NG p-C—H SEIVERIEAL SR & R -9 Bt

i
Scheme 28 Pd(II)-catalyzed carbonylation of f-C—H bonds in
aliphatic amines to synthesize f-lactams

[FJ4F, Gaunt PREEZHIOVHGE T a-RUEARHIK )
AR NI p-C—H BRI BREAL R BLA B B- M . —
FBE o-AUNE R R RS C—H 8 DA S C(sp?)—H B8 o LG 1,
FEPIRE IR R0 B A R R AT BEL I B R T 1. e
FEHBSE, BOSI C—H fEUR S SR A AL, B
W5 Pd HG IEE AN a-BURHS 1R A AR 2 ] v
R, Bel IR E T F IR A B AR S R A AL ) . %R
MAK B A B 2 AR F5 U2 (20% ~ 89%) (Scheme
29).

R1\[H

1
Pd(OAc), (10 mol%), CO (101 kPa) R\/\ o
Xantphos (10 mol%) N

Rzl}\li(H AgOAc (3.0 equiv.), BQ (2.0 equiv.) R2 . %R3
R3 R3 toluene, 80 °C R
a-tertiary amines p-lactams
30 examples

PPh, PPh,
Xantphos

B 29 a-BUEBSIREEAEANRDE p-C—H BRI
SN -3 L
Scheme 29 a-Tertiary amine motif drives remarkable selectivity
for Pd-catalyzed carbonylation of methylene f-C—H bonds to
synthesize f-lactams

R EFTIR, ik S AR AL SRS A B- I BRI AL
EYIH S SALEE AT LAV G40 R0l w1 e il P 4 BBl A
WA SR 73— I U B A A s B A e T
&g, HikkA C—H 85BN fLch &8
HRAAA, B JE AR Y B I A5 21 H AR 72 ) (Scheme
30).
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0O

RL
1
A H [MIL R\NJ\[M]LH C-H activation
3 — —_—
R T co st\(H
R R2

e}
1 R! 0
R\N//< N
S
3 2
R® - R R
Target product

B 30 C(sp)—H B AL SRIR AT - A L G 1 S S AL B
Scheme 30 Synthesis of -lactams by C(sp*)—H carbonylation:
mechanistic proposal

5 HibRBHREMNRBIDE B-FBLRE

1979 4, Ban PGS UTOHRGE T 2-IR1-3- B N IEATAE
Y oy P R REEAL R SR B- IR (4 S 8. 1% T
YEFIF “Pd(OAc),/PPhs” fEAV TR 1A 5 R IS 8L F S
A2 — AR E A, ERE OMEEE A S
—SEALBR AR [ N 15 2 (1)(Scheme 31a). 1985 4, i%if
RN SRS T — BB S s A R 3- ki R
o AR ) D S PRI SN R B P T
W, fE# i@ PPhs AT AL FI7E — AR AR &
BT H b= 4)(Scheme 31b).

(a)

R’ R!
R2™ X -Br Pd(OAc),, Pd(acac), RZ’H\j(O
o~ PPys, n-BnsN/HMPA
N R N_ R

. \/@
BrJH ©
HN —>CO
Pd(OAc),-PPh3
o O/\© n-BuN3

0 L)
pe
=

B 31 p- AR 254 Hh AR 1 5 1

Scheme 31 Synthesis of f-lactam skeleton medical intermediate

1985 4, Mori Sl 41L7HE 1 2-IR NI RERA &4
LT A ORI S LA - A MG R B E, 1% S
HA P UCR (IR 14.9%~62.9%). 1E# LRGN
Y, EeE T S A F IR B 2- IR A S
W, FHEEA R R B A, mcRAE T
AHRLH H F5P=4#)(Scheme 32).
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Br

Pd(OAc), or Pd(acac),PPh; O
/l\ PPh3 ] [
N

AN CO, 100 °C ‘R

B 32 L 2P B A -
Scheme 32 Synthesis of p-lactams from 2-bromopropenyl-
amine
1991 4, Nagashima 1@ 2H P3RS T B AL R TR 25
i SRAT AR W R A IR A S B LA AR S A R
(14%~81%) il & a- FEERE-B- N BERG M M. 7E1% TAE
TR E MR AR B - A B, R RefS
BT AL =P, E R P P R DL B — 8 A
(AL 1 e S ORI, JLIRAE 4-MHENg e B L e A — 24
UL — MU H 0B JBe AK 3R A 1 - -9 I8t % (Scheme
33).

1

R1 3a: B
R R2 Rhy(CO);,  R3SIT\__:.R2
=<+ RSH ——> +
N-Z CO (20 kg/cm?) N_
H CgHg, Base o z
2

RN
AN
— H
Rsi |
0

B 33 Rh MEARPEEIZEATE DRG] % - HRE
fre-p- A B
Scheme 33 Approach to a-silylmethylene-f-lactams via Rh-
catalyzed silylcarbonylation of propargylamine derivatives

1996 4, Alper UREAHUIEZ Fif TARR- 2R L4 1
B 7 AE AL PIIEBER IR A 2- 07 Bk -1 3-MEWy T AW
KAESRHA N, UL SRR OA - A B [ S L
(N 44%~T72%), 1% SNEHR 73 A I8 1 B A AL 75 B
AT LA#LAK.(Scheme 34).

R. R CO (5.5 MPa) )S
P(O)(OCH,CH=CH,); (1.2 equiv.) :

o%f*Ar
|

B 34 /AR I R R G OB B- P4 i
Scheme 34 Synthesis of bicyclic S-lactams via Pd/Rh-catalyzed
carbonylative coupling and cyclization reactions

2005 4F, BRAEBIERAATHRIE T PACL fEAL(CuCly
AR AR T 8 425 ) bR A 26 e P P Bl A s 87 DA o &5 2 00 5 )
2 (32%~ 80%) 13 2l(E)-0- L fi e -B- A B ™), 1%
SSONE PR 72 ) ARG I BAH L) Z- e 2 S A AR B e A ™
Y. IR AR AT OGS PR I A B R
TV (ee fH: 93%~98%) I (E)-a- 58 L Ft & -B- N Bt e r= 4
7. VR EE X SHE R AT A E 1 P I i R AN

NYS (-Pr),NEt (2 equiv.), THF
Pd(PhCN),Cl; (2 mol%)

Ar
PPh3 (8 mol%),110 °C, 48 h
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FEGTAE) Y, 0 R B2 S5 I PR SEAAR SR 38 P A (R P b 7
1E RIS B 1 5L(Scheme 35).

. PdCl, (5 mol%) Cl
RI_— \/NHR CuCl, (2 equiv.) RIA\ R2
R2 benzoquinone (1 equiv.) N
R = alkyl, phenyl CO (2.0 MPa) g “R3

R2 = alkyl, phenyl THF, 40°C 32% ~ 80%
R®=H, Bn, Ts
B 35 PACI {4 TR 38 i D v 380 AR B BRU(E)-o- T St
I Bt

Scheme 35 PdCly-catalyzed efficient transformation of propar-
gylic amines to (E)-a-chloroalkylidene-f-lactams

2012 4, Aronica FRZHOHRIE T 48 B K BURL
B i S A A AR i B R RE BRI AL & B B- P TR 1)
. AN KU PR 1] £ 2 388 I 35— PRI R A I B
TAAVURE TN BHC, y-ALOs Fe,05) L4, 1%
D7 V2 AL AR L TRk AR ) Rh/C. Rh/p-AlLOs
CLSC S FRAEAL TR Rha(CO)p v PERE 1, HAEAL R B
rh A E R IR (17% ~ 98%) AT X 3 idk 5 11 (89% ~
91%) (Scheme 36).

R .
R CO DBU /SiMe,Ph
TSN =" TRk, PhMe,SiH "N
) i
Me 2 ¥ 0
R = Me, Et, t-Bu

B 36 SRR LRI AL B- BRI I & Ak
Scheme 33 Synthesis of f-lactams catalyzed by rhodium nano-
particles

2014 4F, BESCRBAUMRIE TR N-JF TN i
PR B R B E  B- ATt 20 26 ik, P29
B P EEMRF IR (41%~98%). DFT i+ EWHIE
Ji% B~ A T Jie DU 76 B P i U 345 2 A2 1) (Scheme 37).

H o H

PdCl,, Cu(OPiv), @
|
R1/N\/§ + CO (2.7 MPa) K

PPys, PivOH
R2 R’I R2

DMF, 100 °C
B 37 AEAEAL NI DU R SE AR AL SR 5 13- P B
Scheme 37 Pd-catalyzed oxidative carbonylation of N-allyl-
amines for the synthesis of f-lactams

2016 4F, Arndtsen {RARZHSHRIE 1 4L £ 4 o0k
L ARG N R 0 R A B A S M) 2% - PN BB A 1) 7 1.
ZRMLLL PA(PBus), 1E MR, P A0 Bk 1L
BT HARF=H), IR IEVE R (CR R 28%~
89%) (Scheme 38).

6 REERE

B-W B RE ) & B 1 30 L+ 58 % e 2 Fih i T
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X ) R% 0 R
| ~ N/R Pd catalyst N R3 //\
= + | + 2CO 5 \ S

R1/ RSJ\H N/R4 R 2/N
R
X=Br, | Al 0
R H modular synthesis
27 examples

B 38 AL 2 A ikl & p- AT

Scheme 38 Pd-catalyzed multicomponent approach to f-lac-
tams

%, (BRI G i B- NI ATT IR Vi 22 BRI R 2=
B0 R R =R E  B- N BERE (PRI R, Fe e 1)
HEAMNEGYE K p-NWBEIEHI 2B R #, FIH Stau-
dinger XA R RDEFIE R R) B-NBERL =4, AL4h 5k
SER) R PR T A DA s M 2 AR 25 7 55 X e
I AR 2 AR B TAE & O 78 #4023k 1
—E S 5 U SR A R R IR R B A R B- N T
w2 Mk VR M, FIA—8Mmns 5 ESE
THEA ) B i A B I R A DA B ) 10 SR A A o 14 5 1k H
PR A2 Staudinger BN ). (H ARV 4 8-
FHEBCAREINFNIE RLE B- NI & B 7 A 4 T
VIR BT AL, REEE AR Ae % RIS £ A s JEXT ik
FEPE LS mo G Aim e p-N R RE I 7k, ok, s i
FAEY) C(sp®)—H HRE L — DAR R p- N i
7 1A TR A R, B R SR Be e il 1%y
TG L 2 R Z R B- I 1. BRFEAR N B
TEE B MIME ™= &, I B BB AE Tl A =R AT AR
WEHTZ R, REAR KR — S RIE R B
Tt 1 43 ¥ 1100 SR B 2 FH 281 RS Tl A= 7= DA K 2454 v 1)
G .
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