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1. Introduction

Owing to the advantages of rendering sufficient s$tmad OH
diversity, molecule complexity, high atom econorayceptional
efficiency, and convenient one-pot operation, rooltiponent
reactions (MCRs) have gained extreme popularity dimig
discovery, natural products synthesis, biology amdterial
science[l]. Among the variants of MCRs, isocyanidsdu
multicomponent reactions (IMCRs) have been a practienue
to access diverse highly valuable molecules[2]pdrticular, the
Ugi four-component reaction (Ugi 4CR) has been widely
investigated in organic chemistry for a long higtsince its first
discovery[3]. In addition, the combination of Ugi RCwith
appropriate post-transformations has been a suped for the

o= ;/OH
/
CoHyg

(0]

(-)-Pramanicin

synthesis of functionalized heterocyclic compoudfis|n our HOO/\SOH
previous work, the sequential Ugi/aza-Wittig, Ugi/tigtand .COOH
Ugi/intramolecular alkyne-azide cycloaddition (IAACgaction AHAG
have prepared multisubstituted [1,2,3]-triazolofa]xuinoxalin-

Clausenamide (+)-Lactacystin

4(5H)-ones, quinoxalin-2)-ones, indoles and benzimida-
zoles[5]. Figure 1. Examples of some biologically important molecules
y-lactam and its derivatives have been found asvilgged ~ Containingy-lactam motifs.

skeleton in a large number of natural products angortant  _derable research efforts have been focused odetelopment
pharmaceutical agents (Figure 1)[6]. They oftenspes a wide of the synthesis of-lactams. The traditional synthetic method for
array of pharmacological activities, like antiv[i@d| cytotoxic[8],  the construction of-lactam is based on the cyclization of the
anti-inflammatory[9] and antimicrobial[10]. Consemily, consi  dialkyl and primary amines[11]. Moreover, other eagzhes also
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Scheme 1 Approaches of MCRs tglactam
have been reported, such as the expansiop-lattams[12],
radical addition-cyclization reaction [13], cyclahiion
reaction[14], formation [3+2] annulations[15], metarbenoid
C-H insertion reaction[16] and transition-metal-tggad
intramolecular allylic alkylation reaction[17]. Alugh these
approaches provide complementary strategieg-tactams, it
should be noted that they suffer from low efficignenetal
contamination of the products and a lack of divgrsi

Recently, MCRs have enabled rapid metal-free actess
highly functionalized y-lactams with amplified molecular
complexity starting from readily available compoandPdacios
and co-workers documented the first highly enanksusioe
three-component reaction of pyruvate derivativasjnas and
aldehydes to efficiently afforded 3-amino-1,5-diy@H-pyrrol-

2-ones (Scheme 1a)[18]. Ding's group developed adlefac

synthesis of 5-oxopyrrolidine-2-carboxamides viai UER/S,
cyclization starting from Baylis-Hillman bromidescfg&me 1b)
[19]. Despite the remarkable advances, it is stijhly desirable
to develop a novel, metal-free and robust methagolto

constructy-lactams with amplified molecular complexity from

readily available starting materials based on MCRs.

In recent years, intramolecular cyclization reactid alkynes
which involved the addition of a nucleophile to aarkcarbon
triple bonds to form C-C, C-O, C-N bond have beerddee the
synthesis of a variety of biologically interestihgterocycles[20].
The combination of Ugi 4CR with a following intramolgar
cyclization of alkynes has attracted considerabingon for the
construction of diverse heterocyclic scaffolds[2Qontinuing
our interest in the development of new strategieshi® synthesis
of biologically relevant compounds utilizing seqtiehUgi 4CR
/intramolecular cyclization of alkynes, herein we lwie report a
one-pot two-step, metal-free, efficient and atom necoical
protocol for the regioselective synthesis of fuocdlized y-
lactams through intramolecularege-dig cyclization of the Ugi
adduct under basic conditions (Scheme 1c). To #s bf our
knowledge, there is no report previously on the eatjal Ugi
4CR/intramolecular cyclization to preparglactams regio-
selectively by using propenoic acid as acid compbirethe Ugi
reaction. It is interesting that in spite of Ugi 4QRoduct
comprises multiple nucleophilic centers and two tetghilic
sites, the reaction was completely regioselectivé provided
only y-lactams.

2. Resultsand discussion

The propenoic aci@ were prepared as illustrated in Scheme

2. Bromination of the (E)-methyl cinnamatgsvith Br,, follow-

o o]
1.
Ar/\/U\OCH o DN Afﬁ/U\OCHa
8 2.NEt Br
1 2
1. R—=
CulPd(PPha)y  , -~ -COOH
NEts, THF, r.t.
2. NaOH |l
3. HyS0, R

Scheme 2 Preparation of propenoic acd

ed by removing HBr with NEf gave (Z)-methyl-2-bromo-3-
arylacrylates 2. Subsequently, a Pd(0) and Cu(l)-catalyzed
coupling reaction of compounds (Z)-methyl-2-bromo-3
arylacrylates2 with 1-alkynes under the Sonogashira conditions
and successive hydrolysis reaction were performéubnT the
addition of diluted HSGO, to the reaction mixture to obtain the
propenoic aci[22].

In the outset of our study, (E)-2-benzylidene-4+plileut-3-
ynoic acid 8a), 4-chlorobenzaldehyddd), p-methylaniline §a)
andtert-butylisocyanide §a) were chosen as standard substrates

Cl
F,h/T/COOH
i (e} H H
Ph CHO CH3OH |ph"™X N
3a + 4a rt ‘ ‘ o
5a 6a 3:3

X c

Cl

HN
base Ph™ X
solvent N < > CHs
temp Ph”
o
8a

Scheme 3 Regioselective preparation of compow8ad

Table 1 Optimization of reaction conditions for the
regioselective synthesis of compouwsad
Entry Base solvent  Temp ¢C) Yield (%)’
1 - MeCN 80 0
2 NEg MeCN 80 0
3 NaHCQ MeCN 80 0
4 K,CO; MeCN 80 50
5 K,COs MeCN 80 70
6 Cs,CO; MeCN 80 85
7 CsCO, MeCN 80 75
8 K'OBu MeCN 80 40
9 CsCO; DMF 80 77
10 CsCO; THF 70 60
11 CsCQO; toluene 110 0

% Standard conditions: (E)-2-benzylidene-4-pheny®wyhoic
acid 3a (1 mmol), 4-chlorobenzaldehyd@ (1 mmol),p-methyl-
aniline 5a (1 mmol), tert-butylisocyanide6a (1 mmol), base (1
mmol), solvent (5 mL), 4-5 h.

®|solated yield based on (E)-2-benzylidene-4-phemtyBynoic
acid3a.

“K,CO; (3 mmol)

4Cs,CO; (3 mmol)



Table 2 Regioselective synthesis pl.actams8 via a metal-free Sequential Ugi 4CR/intramolecular

5-exo-dig cyclization reactioh

o
COOH  R2CHO 4 3 o]
A MeoH |AT R Cs,C0; AN
+ ORONH, 5 N, | 2= N-R?
l 25 Tt Il R2 R*|  MeCN N
80°C

R R'NC 6 R o] r2 CONHR*
3 7 8
Entry Ar R R’ R’ R’ Yield (%)°
1 8a Ph Ph 4-CIGH, 4-CH;CgH,4 t-Bu 85
2 8b Ph Ph 4-CIGH, 4-CICH, t-Bu 75
3 8c Ph Ph 4-CIGH, 4-BrGsH, t-Bu 72
4 8d Ph 4-CHCgH, Ph 4-CHCeH,4 t-Bu 84
5 8e Ph Ph 4-CIGH, CeHs t-Bu 81
6 8f Ph Ph 4-CIGH, 4-CH,0CGsH, t-Bu 88
7 8g Ph Ph Ph 4-CHCeH, t-Bu 82
8 8h Ph Ph 4-CHCsH, 4-CHyCeH,4 t-Bu 77
9 8i Ph Ph Q\ 4-CH;CeH, t-Bu 83
10 8j Ph Ph Q\ 4-CH;CgH, t-Bu 82
u 8k Ph 4-CHC¢H,4 4-CICH, 4-CH;CgH,4 t-Bu 78
12 8l Ph 4-FGH, 4-CICH, 4-CH;CgH, t-Bu 89
13 8m Ph Ph 4-CIGH, 4-CH;CgH,4 c-CeHyy 83
14 8n Ph 4-FGH, Ph 4-CHCgH, t-Bu 85
15 8o Ph Ph 4-ClGH, 3-CH;CgH, t-Bu 84
16 8p Ph Ph 2-ClgH, 4-CHyCeH,4 t-Bu 0
17 8q Ph Ph 4-NQCgH,4 3-CHyCgH,4 t-Bu 0
18 8r Ph Ph 4-ClGH, 2-BrGsH, t-Bu 0
19 8s Ph Ph HCHO 4-CECeH, t-Bu 0
20 8t Ph Ph NH; - H,0 4-CHyCgH,4 t-Bu 0

#Reaction condition: 1) MeOH, r.t., 12-24 h; 2) MeCNyLD;, 80 °C, 4-5 h.

® |solated yields based on propenoic adds

to optimize the reaction (Scheme 3). To our dejigthey
processed smoothly in methanol at room temperaforel?2
hours, then the solvent was changed to acetonitiild the
reaction mixture was heated to reflux for 4-5 h. Téaction did
not afford any product in the absence of a bashepresence of
weaker bases such as NENaHCQG (Table 1, entry 1-3).
Pleasingly, a positive result encouraged us, witlydiv. K,CO,
as a base, the desired prod8atwas formed in 50% isolated
yield, which increased to 70 % whenCO; was used in 3-fold
excess (Table 1, entry 4 and 5). We assumed thiabager base
was probably helpful for improving reaction efficn Among  Figure 2 ORTEP drawing of compourtgh with 50% probability
the bases screened, it was revealed that 1 equi€Gzsvas the  thermal ellipsoids
most effective base to provide cyclization prod8ggTable 1,
entry 1-8). Next, the effect of solvents was als@sgtigated with
1 equiv. CgCO; as a base. The screening results showed th
acetonitrile was found to be the best choice. Swigho other
solvents such as DMF, THF, and toluene resulteddecaeased : . . :

withdrawing group and amines carrying an electronatiog

yield (Table 1, entry 9-11). group were utilized (Table 2, compourtis 8f, 8l, 8n, 80, 84%-

The exact structure of compouid was confirmed by NMR, 89%). Two different heteroaryl aldehydes were alsplard to
HRMS, and X-ray. Furthermore, a single crystal wataiolked get the desired products in moderate yields (T2bkompounds
from the MeCN/DCM solution, and the X-ray structurealysis  8i, 8j, 82%-83%). However, no products were reached when
verified the proposed structure. It is noteworthgtttwo double aliphatic aldehydes or amines, aromatic aldehydé safitongly
bonds all have E configuration, and five-membered of y- electron withdrawing group (-Nfp group, andortho-substituted
lactam system adopts a planar conformation (Figre aromtic aldehydes or amines were used (Table 2poands3p-
8t). It is noteworthy that isocyanides have littlecett

components with different substituents carried gubathly to
ive the correspondingLactams8 in moderate to good yields
able 2, compound8a-8o, 72-89%). In good to high yields

afforded when aldehydes or acids carrying an eleetro

With the optimized reaction conditions in hand ([Eal,
entry 6), various propenoic aci®s aldehydest, amines5 and To gain an understanding of the reaction mechanism,
isocyanides6 were employed for the one-pot metal-free Ugiconducted the control experiment. As shown in Schemmne
4CR/intramolecular ®xo-dig cyclization reaction. The four- comparable results are observed with or without TENMB@n
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cl coupling constants (Hz) and integratid®C NMR spectra were
recorded on a Varian Mercury 500/600 (125/150 MHz)hwit
A( cl complete proton decoupling spectrophotometers (GDTI.0
0 HH Cs,CO3 (1.0 equiv) HN O ppm).
PR X N N TEMPO (2.0 equiv)
I o) CH4CN, 80 °C PR N@CH3 4.2 One-Pot and regioselective synthesis of functionalized y-
84% Ph_ .~ lactams 8
o}
P CH, 8a A mixture of propenoic acid8 (1 mmol), aldehydeg (1
7a mmol), amines5 (1 mmol) and isocyanide§ (1 mmol) were
Scheme 4 Mechanism exploration stirred in methanol (5 mL) at room temperaturef2¢24 h, then

the solvent was evaporated under reduced presse@N\N5 mL)
additive which showing that the reaction did not ugdea and CsCO; (0.326 g, 1 mmol) were added to the reaction system
radical pathway. Based on the result presented a@ and the reaction mixture were heated to 80 °C 6o formy-
previous reports[23], we postulated a plausible raem for  |actams8. The solvent was removed under reduced pressure and
the regioselective formation of thegséactams (Scheme 5). Two the residue was purified by flash chromatographysitica ge

amide moieties, a triple and a C-H bond togethesteixi the  (petroleum ether/ethyl acetate = 100 : 1, V: V) ted.
structure of Ugi adduct. Initially, under the action of GEQ;, ) )
the C-H bond which has an acidic character could bé-2-1 3,4-di((E)-benzylidene)-N-(tert-butyl)-2-(4-chiorophenyl)-5

deprotonated to form the carbanion. Subsequethigycarbanion -0%X0-1-(p-tolyl)pyrrolidine-2-carboxamide (8a)
regioselectively adds to the triple bond in Ugi acidd by yellow solid (yield 476 mg, 85%). mp: 213-214 6. NMR
intramolecular nucleophilic addition to forpLactams8. (CDCls, 600 MH2):5 7.69 (s, 1H), 7.53 (d] = 8.4 Hz, 2H), 7.21

oo Rico (d,J = 8.4 Hz, 4H), 7.07 (d] = 8.4 Hz, 2H), 7.01-7.00 (§,= 7.2
R<CHO

AN UgiacR | Aoy R Hz, 1H), 6.93-6.77 (m, 9H), 6.67 (s, 1H), 6.10 (s, 1M29 (s,
I CRNH 5 —— | H A 3H), 1.25 (s, 9H)*C NMR (CDCL, 150 MHz):5 169.7, 168.2,
MeOH, r.t. | Rg\m R* 136.8, 136.2, 136.1, 136.0, 134.9, 134.2, 133.8.8,3130.9,

R RINC 6 i O 129.7, 129.5, 129.4, 129.1, 128.9, 128.5, 128.8.112127.9,

3 7 127.1, 125.0, 124.3, 120.4, 77.4, 52.0, 28.4, 2aRMS (ESI):
cs,con | ] m/z [M + H]" caled for GgHsCIN,O,: 561.2303; found:

»,COj3 | deprotonation 561.2306.
o 0 s 4.2.2 3,4-di((E)-benzylidene)-N-(tert-butyl)-1,2-bis(4-chloroph-
AN regioselective A X R 9y enyl)-5-oxopyrrolidine-2-carboxamide (8b)
_R3 -exo-di izati ~_

rRANR > e:: Zic);?czzuon (\ | RZJ%fN‘R“ yellow solid (yield 435 mg, 75%). mp: 166-167 6. NMR
R2 CONHR* et p 0 (CDCl;, 600 MHz):5 7.69 (s, 1H), 7.53 (dl = 8.4 Hz, 2H), 7.35

8 Intormedid (d,J =9 Hz, 2H), 7.25-7.24 (il = 7.8 Hz, 4H), 7.02-7.01 (§,=
_ _ _ _ 7.2 Hz, 1H), 6.94-6.78 (m, 9H), 6.65 (s, 1H), 6.011{), 1.26 (s,
Scheme 5. Plausible mechanism for the regioselective foramati 9H):; 3¢ NMR (CDCb, 125 MHz):5 169.6, 167.9, 136.2, 136.0,
of y-Lactams 135.9, 135.2, 134.8, 134.1, 131.5, 130.7, 129.B.5,2129.3,
3 Condusion 128.9, 128.3, 128.0, 127.2, 125.5, 124.5, 77.2,528.4; HRMS
(ESI): m/z [M + HJ calcd for GsHg;,CLN,O,: 581.1757; found:
In conclusion, we have introduced a new one-pot an@g1.1754.
regioselective preparation of functionalizethctams by a metal- ) i
free Ugi 4CR/intramolecular &o-dig cyclization reaction under 423 3,4-di((E)-benzylidene)-1-(4-bromophenyl)-N-(tert-butyl)-2
mild conditions. The used propenoic acids, aldebydenines -(4-chlorophenyl)-5-oxopyrrolidine-2-carboxamide (8c)

and isocyanides can be varied broadly and prodydadtams yellow solid (yield 449 mg, 72%). mp: 196-197 6. NMR
with amplified molecular complexity. Moreover, milaction  (cpcl, 500 MHz):5 7.69 (s, 1H), 7.53 (dl = 11 Hz, 2H), 7.40
conditions, metal-free, easy work, atomic economy good to (d,J =11 Hz, 2H), 7.30-7.23 (m, 4H), 7.02-7.00Xt 9 Hz, 1H),
excellent yields all make it useful in syntheticdamedicinal 6 95.6.77 (m, 9H), 6.65 (s, 1H), 6.00 (s, 1H), 1.859H); °C

chemistry. NMR (CDCl;, 125 MHz): 8 169.5, 167.9, 136.2, 136.0, 135.9,
135.7, 134.8, 134.1, 131.8, 130.6, 129.7, 129.8.312128.3,
4. Experimental Section 128.0, 127.2,+125.7, 124.5, 119.4, 77.2, 52.2,;28RMS (ESI):
m/z [M + K] calcd for GsH3BrCIKN,O,: 663.0811; found:
4.1 General 663.0809.

General information: Reactions were generally cardetlin = 4.2.4 3-((E)-benzylidene)-N-(tert-butyl)-4-((E)-4-methylbenzylid-
an appropriate round bottom flask with magnetiaistit Unless  ene)-5-oxo-2-phenyl-1-(p-tolyl)pyrrolidine-2-carboxamide (8d)
otherwise noted, materials were purchased from cowiater S
suppliers and used without further purification. TiXeray yellow solid (yield 453 mg, 84%). mp: 160-161 “€. NMR
diffraction data were collected on a Bruker APEX-ICE  (CDCl, 500 MH2):3 7.66 (s, 1H), 7.55 (dl = 9 Hz, 2H), 7.24-
equipped with 1K CCD instrument by using a graphite/-18 (M, 5H), 7.05-6.91 (m, 5H), 6.84-6.78 (m, 4HE8K(s, 1H),
monochromator utilizing Mo-K radiation {=0.71073&). HRMs ~ 660 (d.J = 10 Hz, 2H), 6.10 (s, 1H), 2.27 (s, 3H), 2.12 (s, 3H),
(ESI) was performed on a Thermo Scientific LTQ Orlpitiél.. 126 (s, 9H);"C NMR (CDC}, 125 MHz):3 169.9, 168.6, 138.2,
IH NMR spectra were recorded in CQ®In a Varian Mercury 138.1, 135.9, 135.6, 135.2, 134.2, 133.6, 133.49.7,2129.5,
500 or 600 spectrometer and resonances were relativé1s, 1294, 129.2, 128.9, 128.2, 127.9, 127.8, 127.6,.62124.8,
Data are reported as follows: chemical shift, mdttipt (s =  78:2,51.9,28.4, 21.1, 20.9; HRMS (ESI): m/z [M + Edlcd for
single, d = doublet, t = triplet, q = quartet, mmultiplet), ~ CaaN20z: 541.2850; found: 541.2845.



425 3,4-di((E)-benzylidene)-N-(tert-butyl)-2-(4-chlorophenyl)-
5-oxo-1-phenylpyrrolidine-2-carboxamide (8€)

yellow solid (yield 442 mg, 81%). mp: 197-198 °& NMR
(CDCly, 500 MHz):5 7.70 (s, 1H), 7.55 (d} = 11 Hz, 2H), 7.38-
7.28 (m, 4H), 7.23-7.13 (m, 3H), 7.03-6.77 (m, 10HK6(S,
1H), 6.07 (s, 1H), 1.23 (s, 9H))C NMR (CDC}, 125 MHz):§
169.6, 168.1, 136.7, 136.6, 136.2, 136.1, 134.9,.513133.8,
130.7, 129.4, 129.2, 128.8, 128.3, 128.1, 127.9,212126.1,
124.9, 124.1, 77.4, 52.0, 28.3; HRMS (ESI): m/z [NH} calcd
for CasHa,CIN,O,: 547.2147; found: 547.2143.

4.2.6 3,4-di((E)-benzylidene)-N-(tert-butyl)-2-(4-chlorophenyl)-
1-(4-methoxyphenyl)-5-oxopyrrolidine-2-carboxamide (8f)

yellow solid (yield 507 mg, 88%). mp: 155-156 °&H

NMR (CDCl, 500 MHz):8 7.69 (s, 1H), 7.49 (dl = 11 Hz, 2H),
7.22-7.19 (m, 4H), 7.02-7.00 @,= 9.25 Hz, 1H), 6.93-6.78 (m,
11H), 6.68 (s, 1H), 6.13 (s, 1H), 3.77 (s, 3H), 1.889H);°C
NMR (CDCl, 125 MHz):5 169.8, 168.4, 157.7, 136.8, 136.3,
135.9, 135.0, 134.1, 133.9, 131.0, 130.0, 129.4.11,2128.4,
128.1, 127.9, 127.2, 126.3, 125.0, 114.0, 77.74,9%.1, 28.5;
HRMS (ESI): m/z [M + HJ calcd for GgH34,CIN,O5: 577.2252;
found: 577.2245.

4.2.7 3,4-di((E)-benzylidene)-N-(tert-butyl)-5-oxo-2-phenyl-1-(p-
tolyl)pyrrolidine-2-car boxamide (8g)

yellow solid (yield 432 mg, 82%). mp: 142-143 °&4
NMR (CDCL, 500 MHz):8 7.67 (s, 1H), 7.57-7.55 (m, 2H),
7.24-7.18 (m, 5H), 7.06-6.89 (m, 8H), 6.83-6.77 (i),46.70 (s,
1H), 6.12 (s, 1H), 2.27 (s, 3H), 1.27 (s, 9 NMR (CDCE,

125 MHz): § 169.8, 168.5, 138.1, 136.5, 136.4, 135.9, 135.1

134.2, 133.8, 129.6, 129.5, 129.4, 129.2, 128.8.312127.9,
127.7, 127.1, 125.4, 124.7, 78.2, 51.9, 28.4, 26RMS (ESI):
m/z [M + H]" calcd for GgHzsN,O,: 527.2693; found: 527.2684.

4.2.8 3,4-di((E)-benzylidene)-N-(tert-butyl)-5-oxo-1,2-di-p-tolyl
pyrrolidine-2-carboxamide (8h)

yellow solid (yield 416 mg, 77%). mp: 170-171 °&4
NMR (CDCl, 500 MHz):5 7.66 (s, 1H), 7.44 (dl = 10 Hz, 2H),
7.21 (d,J =
6.68 (s, 1H), 6.08 (s, 1H), 2.27 @z 6.5 Hz, 6H), 1.25 (s, 9H);
¥C NMR (CDCL, 125 MHz):5 169.8, 168.6, 137.6, 136.6, 135.8
135.2, 135.0, 134.3, 133.7, 129.4, 129.2, 128.8.6,2128.3,
127.6, 127.1, 125.6, 124.8, 78.2, 51.9, 28.4, 2dRMS (ESI):
m/z [M + H]" calcd for G/H3/N,O,: 541.2850; found: 541.2842.

4.2.9 3,4-di((E)-benzylidene)-N-(tert-butyl)-2-(furan-2-yl)-5-oxo
-1-(p-tolyl)pyrrolidine-2-carboxa-mide (8i)

yellow solid (yield 428 mg, 83%). mp: 203-204 °&H
NMR (CDClL, 500 MHz):5 7.70 (s, 1H), 7.19 (d] = 10.5 Hz,
2H), 7.11 (dJ = 10.5 Hz, 2H), 7.03-6.76 (m, 12H), 6.70 (s, 1H),
6.29-6.28 (m, 1H), 6.10 (s, 1H), 2.31 (s, 3H), 1.899H); °C
NMR (CDCk, 125 MHz):8 169.7, 167.2, 149.9, 142.7, 136.4,
136.3, 135.3, 133.9, 133.8, 132.4, 129.4, 129.3.212128.9,
128.4, 127.7, 127.1, 125.0, 124.6, 113.3, 110.3],51.9, 28.4,
21.0; HRMS (ESI): m/z [M + H] caled for GuH33N,Os:
517.2486; found: 517.2489.

4.2.10 3,4-di((E)-benzylidene)-N-(tert-butyl)-5-oxo-2-(thiophen-
2-yl)-1-(p-tolyl)pyrrolidine-2-carboxamide (8j)

yellow solid (yield 436 mg, 82%). mp: 172-173 °&H
NMR (CDCl, 500 MHz):6 7.74 (s, 1H), 7.33 (d] = 10.5 Hz,
3H), 7.10 (dJ = 10.5 Hz, 2H), 7.03-6.75 (m, 13H), 5.98 (s, 1H),
2.30 (s, 3H), 1.24 (s, 9HY’C NMR (CDCk, 125 MHz):5 169.4,
168.4, 140.9, 136.2, 135.9, 135.5, 135.1, 134.5%.113129.4,
129.3, 129.0, 128.6, 128.4, 127.8, 127.7, 127.4,.11,2126.0,

11 Hz, 2H), 7.06-6.88 (m, 10 H), 6.83-6.76 (m, 4H),

5
124.7, 123.7, 75.1, 52.0, 28.3, 20.9; HRMS (ESI)z M +
H]" calcd for GsH33N,0,S: 533.2257; found: 533.2257.

4211 3-((E)-benzylidene)-N-(tert-butyl)-2-(4-chlorophenyl)-4-
((E)-4-methyl benzyli dene)-5-oxo- 1-(p-tolyl) pyrrolidine-2-car box-
amide (8k)

yellow solid (yield 448 mg, 78%). mp: 190-191 °&d
NMR (CDCl, 500 MHz):5 7.67 (s, 1H), 7.52 (d] = 10.5 Hz,
2H), 7.20 (dJ = 11 Hz, 4H), 7.07 (d] = 10.5 Hz, 2H), 7.00-6.97
(m, 1H), 6.91-6.76 (m, 6H), 6.65-6.59 (M, 3H), 6.091¢d), 2.28
(s, 3H), 2.13 (s, 3H), 1.25 (s, 9HJC NMR (CDCE, 125 MHz):
6 169.8, 168.4, 138.3, 136.9, 136.1, 135.2, 13533.0, 133.7,
133.4, 130.9, 129.8, 129.6, 129.4, 129.1, 129.@.5,2128.3,
128.0, 127.8, 127.1, 125.2, 124.3, 120.3, 77.40,529.4, 28.4,
21.1, 20.9; HRMS (ESI): m/z [M + K]calcd for G/HzsCIKN,0,:
613.2019; found: 613.2023.

4212 3-((E)-benzylidene)-N-(tert-butyl)-2-(4-chlorophenyl)-4-
((E)-4-fluor obenzylidene)-5-oxo-1-(p-tolyl)pyrrolidine-2-carbox-
amide (8l)

yellow solid (yield 515 mg, 89%). mp: 177-178 °&d
NMR (CDCl;, 500 MHz):8 7.69 (s, 1H), 7.52 (d} = 11 Hz, 2H),
7.22-7.18 (m, 4H), 7.08-7.05 (m, 3H), 6.93-6.84 (ir),6.61 (s,
1H), 6.50-6.48 (tJ = 10.75 Hz, 2H), 6.13 (s, 1H), 2.29 (s, 3H),
1.26 (s, 9H);*C NMR (CDCE, 125 MHz):5 169.5, 168.2, 163.7,
161.2, 136.8, 136.1, 135.9, 134.9, 134.1, 133.2.313130.9,
130.1, 130.0, 129.5, 129.4, 128.7, 128.1, 127.3.(12124.3,
114.3, 114.0, 77.4, 52.1, 28.4, 20:% NMR (376 MHz, CDGJ)
8 -112.694; HRMS (ESI): m/z [M + K] caled for
Cs6H3,CIFKN,0,: 617.1768; found: 617.1758.

;1.2.13 3,4-di((E)-benzylidene)-2-(4-chlorophenyl)-N-cyclohexyl -
5-ox0-1-(p-tolyl)pyrrolidine-2-carboxamide (8m)

yellow solid (yield 487 mg, 83%). mp: 233-234 °&H
NMR (CDCl,;, 500 MHz):8 7.70 (s, 1H), 7.53 (dl = 11 Hz, 2H),
7.19-7.16 (m, 4H), 7.05-6.75 (m, 12H, Ar-H), 6.68 (H),16.27
(d,J = 10.5 Hz, 1H), 3.94-3.84 (m, 1H), 2.27 (s, 3H), 10851
(m, 10H); ®C NMR (CDCk, 125 MHz):§ 169.8, 168.3, 137.0,
136.3, 136.2, 135.7, 135.0, 134.2, 133.8, 131.D.6,3129.4,
129.1, 128.4, 128.1, 127.8, 127.1, 124.9, 124.6,74R.0, 32.7,
32.6, 25.2, 24.7, 24.6, 20.9; HRMS (ESI): m/z [M + Eflcd for

" CagH36CIN,O,: 587.2460; found: 587.2452.

4.2.14  3-((E)-benzylidene)-N-(tert-butyl)-4-((E)-4-fluorobenzyl-
idene)-5-oxo-2-phenyl-1-(p-tolyl) pyrrolidine-2-car boxamide (8n)

yellow solid (Yield 463 mg, 85%). mp: 175-176 °CH
NMR (CDCl, 500 MHz): & 7.68 (s, 1H), 7.56-7.54 (m, 2H),
7.25-7.16 (m, 5H), 7.04 (d, = 10 Hz, 3H), 6.95-6.85 (m, 6 H),
6.65 (s, 1H), 6.50-6.47 (1,= 10.75 Hz, 2H), 6.14 (s, 1H), 2.27 (s,
3H), 1.27 (s, 9H)*C NMR (CDC}, 125 MHz):5 169.7, 168.5,
163.5, 161.1, 138.1, 136.2, 136.0, 135.0, 134.8B.7,3132.5,
130.0, 129.9, 129.5, 129.4, 129.3, 128.5, 127.9,.22125.4,
124.7, 78.2, 52.0, 28.4, 20.5F NMR (376 MHz, CDC) & -
113.079; HRMS (ESI): m/z [M + H]calcd for GgH3,FN,O.:
545.2599; found: 545.2601.

4.2.15 3,4-di((E)-benzylidene)-N-(tert-butyl)-1-(4-chlorophenyl)-
5-ox0-2-(m-tolyl)pyrrolidine-2-carboxamide (80)

yellow solid (yield 471 mg, 84%). mp: 169-170 °&d
NMR (CDCl, 600 MHz):8 7.69 (s, 1H), 7.54 (d} = 8.4 Hz, 2H),
7.22-7.21 (m, 3H), 7.15-7.14 @,= 7.8 Hz, 1H), 7.09 (d, J = 7.8
Hz, 1H), 7.02-6.89 (m, 7H), 6.83-6.78 (m, 4H), 6.691(3), 6.08
(s, 1H), 2.28 (s, 3H), 1.24 (s, 9HC NMR (CDCE, 150 MHz):
8 169.7, 168.1, 138.7, 136.8, 136.5, 136.2, 13634,9, 134.3,
133.8, 130.8, 129.5, 129.4, 129.1, 128.6, 128.8.012127.9,
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127.2, 127.0, 125.0, 121.2, 77.4, 52.0, 28.3, ARMS (ESI): [7] (@) K. Takahashi, M. Kawabata, D. Uemura, S. Iwad#&.
m/z [M + HJ caled for GgH3CIN,O,: 561.2303; found: Mitomo, F. Nakano, A. Matsuzaki, Tetrahedron Lett.(2685),
561.2307. 1077-1078. (b) K. Kawazu, H. Kanzaki, G. Kawabata, 8w,
A. Kobayashi, Biosci. Biotechnol. Biochem. 56 (1992B382-
1385.

[8] (@) J. M. Andrés, N. de Elena, R. Pedrosa, AeRé&mncabo,
Tetrahedron Asymmetry 12 (2001), 1503-1509. (b) M.KJ
Rieser, F. John, K. V. Wood, J. L. McLaughlin, Tatdron Lett.
32 (1991), 1137-1140. (c) I. Baussanne, O. SchwardRoyer,
M. Pichon, B. Figadere, A. Cavé, Tetrahedron Le#t.(B997),
2259-2262. (d) A. Cavé, C. Chaboche, B. FigadereCJ.
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Highlights

» We provided a new one-pot and regioselective synthesis of functionalized
y-lactams by a meta-free Ugi 4CR/intramolecular 5-exo-dig cyclization
sequence.

» There is no report previously on the sequential Ugi 4CR/intramolecular
cyclization to prepare y-lactams regioselectively by using propenoic acid as acid
component in the Ugi reaction.

» Owing to the high atom efficiency, the good yields, the mild reaction conditions,
metal-free and the easily available starting materials, the efficient synthesis will

make it useful in synthetic and medicinal chemistry.
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