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Scheme 1 The general formula and mechanism of U4CR"™
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1.1 IRREKAEE ( Cyclopeptide alkaloid )

F N 1963 £E55—CHiiR TR IRA DB I, W5 | 1 AR 2227 2 0 B IR AR i T T X R BLAY
S (57 B )57 0 P 4540 BT RV AE 55 7 B Bt PO KA 438 5 2 13 ~ 15 JER KA, 1989 4F, Joullie 2 1)
4 24473 Ugi R (U4CR) VR F 25 MU, A5 T 14 JTTHRA P 11 (Scheme 2) .
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Scheme 2 The synthesis of compound 11 with U4CR™
1.2 Eledoisin
Eledoisin 12 J& HA L MLEAE ISR, il i U4CR JO & BUE R 13, B0 kAT 172y

PR ESRE o ZEISMY 13 1) U-4CR £ UM h , = F RIS R0 14 R B 5r B 5 N-( P
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Scheme 3 Compound 13 could be synthesized by the reaction of dimethylhydrazine schiff base 14, glycine 15 and

methionine isonitrile 16 with U-4CR as the analogue of eledoisin 12"/

1.3 T 3kEREZ= ( Motuporin)

1999 4F, Bauer %5 {38 1 42 24 ) 8 (W RR TG ( PP) 41157 Motuporin 17 )44 o 3X NFRAK Y
orai Rl 1 2 TR EE R (1 70T o- IR 2 70 B-EIETR AN — 3 y- B BRI, X o 4
Hynl It U4CR O A5 -5 PPL g4 2801 i~ Motuporin 17 (Scheme 4)
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Scheme 4  Synthesis of an intermediate in the total synthesis of compound 17 with U4CR™
1.4 Tubulysin
Tubulysin D 18 J2&—F il A ¥ J1 BT IS A= A DU K. & By Hofle F1 Reichenbach 75K 40 74 (1) < 1)
B ke Bl HA L 5 B L I 1 fir s, Horb, & i Tubulysin D 18 @075 1 Hp [A] 4 19
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Fig. 1 Preliminary retrosynthetic analysis of Tubulysin D"’
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Scheme 5 Compound 19, an important intermediate of Tubulysin D 18, is synthesized at the existense of multi-func-

tion isonitrile 20, aldehyde 21 and thioglycollic acid 22 with U4C-3CR™""
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2.1 XIREZ (bicyclomycin)
1972 4F, Miyoshi # lz]M%‘Lﬁ. Streptomyces sapporonensis H 4 B IS RPN E =R 23, E A AR
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SR HE 22 B 0 Pk Fukujama 551 78 SR MR 0 G B A 0B B, 8 T U4CR R

(Scheme 6)
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Scheme 6  Synthesis of the precursor of compound 23"’
2.2 Isowillardiin ., Sinfugin %5 & 2 ( Nikkomycin ) 1 % & & Z ( Polyoxin)
H A B IR0 2R LL 20 g FUBEA B SR PLARI 254 , Isowillardiine 24  Nikkomyein 25 ([ 2)
Al Sinfugin, U4CR 2N H A B — A B 3R

e, @

HO

COOH

2 HO'  OH 55

2 Isowillardiine 24 J Nikkomycin 25 gty e
Fig.2 Structures of Isowillardiine 24 and Nikkomycin 25"
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Fig.3 The classfication of UDP GlcNAc substrate analogue antifungals of Nikkomycin and Polyoxin''
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(Scheme 7)

[ONGHO) 1. DMF:Py:McOH (1:1:1), r.t., 48 h | /&
X o HN o) N (6]
2. 10%HCI-MeOH, r.t., 30 °C JL
+ RICOOH RN 0
H
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Scheme 7  Synthesis of analogues of Nikkomycin with solid phase synthesis and U4CR'"®!
1986 4, Boechm 21 U4CR 1% i F Polyoxin 29 424 . ( Scheme 8) .
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Scheme 8 The total synthesis of Polyoxin 29 with U4CR™’

2.3 Plumbemycin
P4 R Plumbemycin A 30 1 B, LU EATHIZUY) , g 28 1 U4CR S oA S HEAD BRI 15 U 2k il
# ) (Scheme 9) , 7 F 1] 1k 80% ., HJ5 153 1SN ey vl d j‘@ﬁﬁé AT A
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Scheme 9 Synthesis of Plumbemycin A 30 with U4CR"™

2.4 EEEZ [( -)-Lemonomycin ]
Mori 22 S ] U4CR 37 188 156 DX S R 1 — BRWR MR SR, 4 B T 25 4 85 % 31 ( Scheme
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Scheme 10  Synthesis of compound 31 with U4CR™'*!

2.5 Muraymycin

Muraymycins( MRYs) 32, H 55 % i ( Streptomyces sp. ) W75, & —288 6'-N-ki 3L-5'-8-0-
BRI C-H SR £ AR08 2 4) 2 SUA B (B, Tarino %5 T
2010 4E4liE | U4CR Hihp) MRY-D2 33 K H2% [ A {4 1) 425 il (Scheme 11)
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Fig.4 General formula of MRYs!®!
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Scheme 11 The total synthesis of MRY-D2 33 under the auxiliary of U4CR™
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2.6 Massadine

Massadine 34 f5:4] 2 H1 Nishimura 25" M\ Seylissa aff. Massa W45 85 H 18— 25 2 AT IS F- bk s B4 2%
PR R o TR B VB A AL LS BR BTG T AR LA B 5 #9396 45 04T, Su 2512 F 2008
HESERL T X B 2E .

OH

R!

34 (Y=OH : massadine)
(Y=CI : massadine chloride)

K5 Massadine &AM A AT 2
Fig.5 Retrosynthetic analysis of massadine and massadine chloride®’
2011 4 Brede 6/ it T Massadine 34 [ D FRIE25H) 35 FO4 00 4 107 28 & BT 36 11l T
Ugi-4CR [z )i ( Scheme 12)
(6]
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Scheme 12 The synthesis of the precursor of compound 357

2.7 Furanomycin

Furanomycin J&:—Fh55 EERIH P , J2: Katagini 2177 F 1967 4E L BUH —FoBidiE R, BRI TR
TLAER 2 A EERREE R 1 AN PN R IR 4544 B G BRY triketide . Semple 251 i 1o fb 434 37 .38 .39 #1140 1y
U-4CR 4545 I, 5808 T ( + ) -Furanomycin 41 K & ) 37 AR A 1A ) e 45 ( Scheme 13)

3 Ugi S AE A ML RE 2R 285 A B H]
3.1 Dysidenin

Dysidenin 42 J2 R4 504 Dysidea herbacea {19525 th Hy— F B H4EHE AL B Williard 4511
5 MG 3 UACR 25 (Scheme 14) A0 T Dysidenin 9 — 1B 25K 43 (18 6) k9 2 /> 71 figh 3t
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37 o % NH,
O _CHO N—NH 0
+ \Q, \@j\ - - - COOH

38 N">py
+)-Furanomycin
o (
+ \~/ CN Ph 41
39
*  PhCOOH
40

Scheme 13 The synthesis of ( + ) -furanomycin 41 with U4CR™

WS A A LR L 17213 885 Pl FAEAE = AT Al 5 5 M AT 20T

CL,C \‘/I N \”/\/ CCly
o :
(0) 42 Dysidenin (R=CH,)

43 Demethyldysidenin (R=H)

Kl 6 Dysidenin il demethyldysidenin [P AR v
Fig.6 Structures of dysidenin and demethyldysidenin®

S
N

+ MeNH, j/j/:
+ e /‘v COOH KV:)

ccl,
/K/ CHO

Scheme 14  The synthesis of dysidemin 42 with U4CR"™’

CN

3.2 Aspergillamide
Aspergillamides J& Toske 40300 1\ Bahamas Hb [X. 54 a8 7K 15 0 22 i 1 i Aspergillus spec W4y 85 H i —Fh

Q ©/\CHO
S = QTT* O

N H (OEt),0P 7 > CN

44 HOOC_  NH

7 Aspergillamide A 44 [J3554 B4 "

Fig.7 The retrosynthetic analysis of Aspergillamide A 44"
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NG o ZTRHERT I & I A A U BT R LS Beck %5171 572000 41 MR %) 44 19
BT E IR L (B T) , B YGE S U4CR S —#535 38 T aspergillamide A 44,

R, Bov) H e e 5 o
YRR 5% 14 (iGluRs )

3.3 Philanthotoxins
Philanthotoxins-433 ( PhTX-433) 45( & 8 ) & —FMk /0T KSR B e 55

BN I LS S ML) A R 22 R GRS R S B S B sz A (o 2 5 A

o
FIUHIR L BERE G852 A4 (nAChRs ) ) R T 7E A AR S 4P PE A 1
HO
amino chain
ﬁ\/\/\X/\/\X/\/\ NH,

45 PhTX-433 X=NH
46 PhTX-12 X=CH,

HN
head group
(0)
fko

K18  PhTX-433 fil PhTX-12 g
Fig.8 Structure of PhTX-433 and PhTX-120%

i AR PhTX 433 {1 SR BB 2008 B 25 (14 PhTX-12(46) , e b 5 nAChRs /EH . Liu
21320 12008 AERIE T PhTX-12 fiA ¥ ng o) U4CR % A i (Scheme 15) .
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Scheme 15 The solvent-free synthesis of derivatives of PhTX-12 with U4CR™

3.4 Dysibetaine
(-) -Dysibetaine 47 J& 1 Sakai 25" F 1990 44 M\ 25 74 B J& P W 345 Dysidea herbacea H143 55 Hi 1y

OH 0 0
a1’ feile
L-malic acid ’ '
N N; N
0 a\ H\
E e 0NS k - 0N
0 N N OMe — =
H OMe ¢ =
RO AcO HO
OMe .
Me
+ 3 O
\
Me,N Me3N\ o E
H \ E : O e (6]
(0] _ »
O N OMe OMe
\ HO
HO\‘ HO 47

Scheme 16  The total synthesis of ( — ) -dysibetaine 477
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KARY Mk o vl T8 B VR (4 20 0 7 8 315 7 , Kobayashi 45 3543 A S7 A e 8 45 BRI U4 C-
3CR WY SNLAA, LA L3 2R sk, 28 11 2B OB AR 2 11% 225 1 T ( — ) -Dysibetaine 47 ( Scheme
16) , EABAITAE 2008 4R IE (LG U4C-3CR WY 16 255 Bk A Bk .

4  Ugi W AEPTUIIRE S S He TR =6 1 H s v
4.1 7854 (Ecteinascidine)

TGRS 743 48 J2—2A IR B B Ecteinascidia turbinata W43 5 H 1) HA T AE T IR 16 T A9 W)
Ji . Endo 257 iz Scheme 17 528, T 1S 2 743 48 1944 . FLEE )4 49 12 U4CR 54 [
SERLY o

PMPHN
OMOM OMe OMe
OBn
I

OMOM
CN BnO MeOH #
flux(90%)
5 NH,  * o + CHO . il ©
-0 BocHN 0
ocC o
49

OTBDPS O NHBoc

COOH OTBDPS

OMOM

OMe
(0]
1. TBAF, THF, 20 °C, (89%) |
2. Ac,0, pyridine, DMAP, 20 °C, (93%) —H"T/LNH OBn
3. TFA, anisole, DCM, 20 °C N
4. EtOAc, reflux (87% in 2 steps) (0] I
\—0

O

OTBDPS
MeO

HO

48

Scheme 17 The total synthesis of compound 48

4.2 Fructigenine §0 5-N-Acetylardeemin

Fructigenine A 50 J& Arai 2£°°'1989 4E M Penicillium fructigenium "4y BS15-3) , 3 & LT % 3HE 22 IR 25
B A M L-5178Y 40 B A KA liE Pk . 5-N-acetylardeemin 51 J&E 1 Aspergillus fischerii {815}
T, B R O T BT MR R (BN KRR A M AR IR 2 L LU R ) 22 I 24k i A R =2
TR TS R A AL TR BUIFSE . Takiguehi ) jof 56 B E M i ]
PR +)-52 1) UBCR/IRG S, 58 13 2 Fofr bk 1 k- it 1 5 | i £ 4y 9 179 I %o R 4245 B ( Scheme 18

A(— = o0

N-Boc-L-Phe
/ CNPMP W PMP 1.TFA, CH,CL, £t
N-
N toluene, r.t. N H 2. toluene, 100 °C

T\\J H 78% ]\lj H NHBoc quant. (2 steps)
Ac Ac O
(+)-52

NaOH

o N
MeOH, 0 °C H
\
58% Ac 1)

Fructigenine A
(—)-50

Scheme 18 The asymmelric total synthesis of fructigenine A 50
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D Ac O
MeOOC
N T NBocD Al N COOMe
\ H toluene, r.t.
e 1% \ NHBoc

(+)-52 :
1. TFA, CH,CL,, r.t. _
2. POCL,, CICH,CH,CI H N
95 °C, 53%(2 steps) s U
N
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Scheme 19 The asymmeiric total synthesis of 5-N-acetylardeemin 51"

4.3 Monamphilectine A

Monampbhilectine A 53 /& Aviles 2 l401 1 2006 ~2007 4F M4 Hymeniacidon sp 1PN 4385 H B9 —Fhigr
B B-INTE RS A e, & FAT TR TEPUE BTGV, J5 T 2010 ARt Al THRIE M T 9 85 3 19 KRR 51 54
NG ZRIEY, @ Ugi-PU .- =4 43 B8 Ugi-4C-3CR [ v 4 % T Monamphilectine A 53 ( Scheme
20), %% 61% .

o HOOC

i/ HzNJ
_ (0]
00C

MeOH, 25 °C
I i >\ N e JV Q
R—NC NH

54
H

Scheme 20 The semisynthesis of monamphilectine A 53 with Ugi4C-3CR™’
+
5 én ®

M 30 AF3k Ugi SORLAESESE AR 7415 P B R BIESE RO A 43 0] LUR Y, i T Ul Bz B RO 5%
PRI 7= 3R A BT 2 DA A S5 A, S E R IR A My B 5 IR B A R AE R IR =W & b A% 1
B B 2 ZATXE Ugt S SR ABIEST , T U SR BT B 5 i M TR M 1 5 1 160 5 o, i
Ugi SORERE Al 5 A0 B 2B A0 6710, T4 5 7= W0 — GO e SOE ZRPEE a9, ez
A8 G ROV ZR A T R AR HE Ugl SOWAER IR WA P A R o
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Applications of Ugi Reaction to the Synthesis of
Cyclopeptide Alkaloids, Small Peptide Antibiotics
and Cytotoxins Natural Products

ZHANG Feng", FANG Zheng, LI Xiaolin", HE Wei’, YUAN Aibang”, GUO Kai’*
(“College of Pharmaceutical Sciences ;" College of Biotechnology and
Pharmaceutical Engineering ,Nanjing University of Technology , Nanjing 211816, China)

Abstract Ugi reaction is an important multicomponent reaction to yield polycondensation a-amido amide in
which a molecule of aldehyde or ketone, an amine, an isocyanide and a carboxylic acid were involved. The
reaction not only possesses the advantages of mild reaction condition, high yield and atom economy, but also
can couple with some classical chemical reactions, for example, Suzuki, Heck and Smiles. Therefore it has
attracted more and more research interest in the synthesis of natural products. The article generally summarizes
the application of Ugi reaction in the synthesis of natural products in recent decades.
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