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A New Route to N-Aryl 2-Alkenamides, N-Allyl N-Aryl 2-Alkenamides, and
N-Aryl o, p-Unsaturated +Lac tams from N-Aryl
3-(Phenylsulfonyl)propanamides

Eng-Chi Wang* ( ), Keng-Shiang Huang ( ), Gwo-Woei Lin ( )
Jia-Ruei Lin ( ) and Ming-Kun Hsu ( )
School of Chemistry, KaohsiungMedi cal Uni ver sity, Kaohsiung, Tai wan807, R.O.C.

A seriesof N-aryl 2-alkenamideswere pro duced ef fi ciently by treat ingN-aryl 3-(phenylsulfonyl) -
propanamideswith potassiumtert-butoxide in THF at 0=C. Withoutisolation, it wasfur ther treated with an
addi tional equiv alent of potassium tert-butoxide and allyl bro mideto give N-allyl N-aryl 2-alkenamidesin
onepotingoodyields. Fol lowed by aring-closing metath esisreaction, these N-allyl N-aryl 2-alkenamides

wererespectively convertedintocor respondingN-aryl o, F-unsat uratedy-lactamsinmoder ateyields.

INTRODUCTION

2-Alkenamides or acrylamides, use ful mono mersfor
polyacrylamides, have been known to chem istsfor along
time. Inad di tion, they arewidely used asMi chael ac ceptors
for sev eral nucleophiles such as organolithums,! piperazine,?
anionof malonate,? thiourea, * etc.® It also played asastarting
material for producing 1-aza-2-cyano-1,3-butadiene, akey
inter medi ateto giveazacyclohexenes,® and also can be con-
verted to achiral dienophilesfor Diels-Alder reaction.” Fur-
ther more, inrecent reportsN-sub sti tuted 2-al kenamideshav-
ing N-allyl function, play anim por tant roleto cer tain -lac-
tams viaradi cal cyclizatior® and for o, B-unsaturated-lac-
tamsby ring-closing metath esisreactionwith Grubbscat &
lyst.® Thepresentindustrial prep arationfor acrylamides,
which cir cum ventsthe highly un stable and toxic acryloyl
chloride as key starting material,'® adopts the two-step
method. Thisstrat egy involvesthe Mi chael ad di tion and
amidation of acrylic ester with 2 equiv alents of amineand
fol lowed by deamination to give the de sired com pound at
180-300 “C.* Other meth od ol o giesin cluded theuse of hy-
droxyl group,*? chloride, ** bromide,'* amine,™® etc. asleav ing
group for the prep aration of N-sub sti tuted acrylamidesvia
1,2-elimination. Their draw backsin cludelow yield, long re-
actiontime, harshreactioncondi tion, andthereagent’ scorro-
sive, vol atile, andtoxic nature. Despitetheavail abil ity of
many synthetic meth ods, there still ex istsaneedto develop
moreef fi cient and |esstoxic pro ceduresthan thosecur rently
inex istence. Tothebest of our knowl! edge, all previ ousre-
ports forN-aryl alkenamideshavepaid no at tentiontotheuse
of phenylsulfonyl group asleav ing group. Herein we wish to

report anew, sim ple, ef fi cient and lesstoxic method to pre-
pare N-aryl alkenamides by debenzenesulfonation of 3-
(phenylsulfonyl)propanamideswith oneequiv alent of potas
sium tert-butoxide (Scheme I). On the other hand N-allyl
N-aryl alkenamides, anim por tant build ing block for some
T-lactams, preparedfor merly fromacor respondingamine
andtoxicacryloyl chloride, weredisadvantageous.

Scheme |

o)
D SONa + /\"/OH _»HO/U\

1

SOZ—C>

3

S0Cl,

ArNH2
—

|
cl \SOz—Q — - AN \/\SOZ_Q
6

P
NH\/

7

tert-BuOK”
[

O
) e+
i)2 tert—BuOKAr N "\/ Grubbs cat.
——

i)y ANB

-

\

aAr=CgHs
b. Ar = 4-CHCgHs

¢. Ar = 4-CH,0CgH;
d Ar=4-FCeHs

e Ar=4CICHg
f.Ar=4-BrCHg

PCy3
Cly, | P
RuU=N\

l I H
PCy3

Grubbs caalyst =



84 J. Chin. Chem. Soc., Vol. 48, No. 1, 2001

Inthisreported pro cess, it can be preparedin one pot by
treating N-aryl 3-(phenylsulfonyl)propanamide with two
equiv alentsoftert-butoxideand 1 equiv alent of allyl bromide
to un dergo debenzenesulfonation and fol lowed by allylation.
This method led a new route to N-allyl N-aryl alkenamides
and cir cum vented the use of thetoxic and vol atilestarting
material, acryloyl chloride. Further morethering-closureme-
tathesis(RCM) of N-allyl N-aryl alkenamides with Grubbs
catalyst'*wasachievedto giveaseriesof N-aryl i, 3-unsatu
rated -lactams, akey inter medi atefor mitomycin.*” Mean-
whilethephysi cal data, such as'H-NMR,**C-NMR, and El-

MS of some new N-aryl i, P-unsaturated-y-lac tams are de-
scribed.

RESULTSANDDISCUSSION

3-(Phenylsulfonyl)propanoic acid (3), pur chased from
Aldrich Co. or pre pared from so dium benzenesulfinate (1),
and acrylic acid (2), as gen eral method in 65% yields, was
treated with excess thionyl chlorideun der reflux togive
3-(phenylsulfonyl)propanoyl chloride (4). Af terremoving
ex cessthionyl chloride, andwith out fur ther puri fi cation, it
wasal lowedtoreact with cor responding pri mary aminesin
the pres ence of an hy droustriethylamineto af ford N-aryl
3-(phenylsulfonyl)propanamides (5a-f) in high yields. When
compound5 wasreactedwith potassiumtert-butoxide at 0=C
in THF, no cyclization or dimerization, but high yield of elim-
i nationproducts 6 was ob served. But thereaction of 5 with
potassiumtert-butoxidewascar ried out at roomtem per ature
inTHF, gavealower yield of 6to gether withitsdimer. Forin-
stance, in the case of com pound 5b, its dimer was givenin
10% yields, and showed two sin glet methyl sig nalsat & 2.30
and 2.37; andthreedou blet dou blet ol efinic protonsaté 5.54,
6.01, and 6.37 in*"H-NMR spec trum. By our method run ning
a 0 ®*C in THF, it gave N-phenylacrylamide (7a) in 90%
yield, N-(4-methylphenyl)acrylamide (7b) in 95% vyield,
N-(4-methoxyphenyl) acrylamide (7c) in 96% yield,
N-(4-fluorophenyl)acrylamide (7d) in 90% yield, N-(4-chlo-
rophenyl)acrylamide(7e) in 93% yield, and N-(4-bromo-
phenyl)acrylamide (7f) in 96% yield. Their struc turesare co-
inci dentwiththeprevi ousreportsby com paringwithMP,
El-MSandNMR spectradataif avail able. Fur ther morethese
acrylamides, withoutisolationor puri fi cation, can be ex-
tended to the one-pot method for the prep aration of N-allyl
N-aryl acrylamides (8a-f) ingood yieldsby reactingit with
anaddi tional equiv alent of potassiumtert-butoxide and allyl
bromide. Their structureswereelu ci dated by spectral data
suchasNMR, EI-MS, and HRMSS. For in stance, in the case of
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8c, the '"H-NMR (400 MHz, CDCl3) spectrum showed a
three- protonsingletsignal at 3.83 ppmindi catingthepres
ence of one methoxy! group; atwo-proton dou blet trip let at
4.34 ppmcor respondingtothemethy leneof theallyl groupin
thestructure. Inad di tion, athree one-proton dou bl et dou bl et
at 5.51 ppm (J=2.0Hz, and 10.4 Hz), 6.04 ppm (J = 10.4 Hz,
and 16.8 Hz), and 6.36 ppm (J = 2.0, and 16.8 Hz) werein di-
cated, respectively, tothethreevi nyl protonsby gem-cis,
cis-trans, and gem-trans coupling. Fur ther morethethree
olefinic protonsof theallyl group were shown, respectively,
at 5.07 ppm (d, J = 1.2 Hz, 1H), 5.11-5.14 ppm (m, 1H), and
5.83-5.93 ppm (m, 1H). Theremain ing two two-proton ar o-
matic multiplet signalswereindi cated, respectively, at 6.89-
6.92 ppm, and 7.05-7.09 ppm. The EI-M S spec trum showed
themolecularionatn/z 217, correspondingtothemolecular
formulaC13H1sNO». The high-resolution mass of 8¢, CisHisNO:
found for 217.1103, matched with the cal cu lated one. These
resultsproved thecor rect nessof thestructureof 8c. 8a-f was
acol orlessliquid, and dif fi cultto purify by distil lationbe
cause part of it was poly mer ized dur ing the pro cess of vac-
uumdistil lation. Itspuri fi cationwassubjected to chromato
graphicsilica-gel col umnusing ethyl acetate/n-hex ane(1/5)
as eluent. Our one-pot method has suc cessfully af forded a
new andef fi cientroutetoprepareN-allyl N-aryl acrylamides,
and suc cessfully cir cumvented theuseof toxicand vol atile
startingmaterial, acryloyl chloride. Fur ther morecyclization
of N-allyl N-aryl acrylamides (8a-f) to N-aryl @, [-unsat u
rated wlactams (9a-f) was ac com plished by oleifin ring-
closuremetath esisinthe presenceof Grubbscat alyst. Asin
thegen eral pro ceduredescribed by Grubbset a., 8a-f were
cyclized, re spectively, to give9a-f within 20 hoursin 50-
65%yieldsinanhy drousdi chloromethane, evenprolonging
there ac tion timeto 2-3 days. Re cently Furstner, A. et al. !
usingmodi fiedGrubbscatalysttocyclize 8ain anhydrousto-
lueneat 80 “C to give 9ain 82% yield wasre ported. Un der
the same con di tions, in our case using Grubbscat alyst to
cyclize 8a in anhydrous tolueneat 80~C gave 9a in 55%
yieldswhich al most gave the sameyield to com pare with the
reactionrunningindrieddi chloro methaneat roomtem per &
ture. But the de crease of there ac tiontime from 2 daysto 3
hourswas ob served. The struc ture of 9a-f waselu ci dated by
their physi cal datasuch as 'H-NMR, **C-NMR, HETCOR,
and HRMS. In the "H-NMR spec trum (400 MHz, CDCl3), a
typi cal pat tern wasfound inthisseriesof com pounds. The
case of 9d showed atwo-proton trip let at 4.34 ppm (J=2.0
Hz) cor respondingtoH-5, andtwo one-protondoublettriplet
(J=6.0Hz, J=2.0Hz) at6.19and 7.10 ppmindi cat ing the
presenceof olefinprotons, H-3and H-4, respectively. The
13C-NMR spec trum (100 MHz, CDCI ;) of 9d showed one
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sp°-car bon at 53.42 ppm cor re spond ing to C-5, two ol efinic
carbonsat 129.11 ppmand 142.17 ppm, respectively,indi cat-
ing C-3and C-4, four ar o matic car bonat 115.69 (J = 21.3
Hz), 120.70 (J= 9.1 Hz), 135.17 (J=0Hz), and 159.31 (J =
242.7Hz) respectivelyindicatingC'-3,C'-2,C'-1,and C' -4,
andonecar bonyl car bonat 168.98 ppm. Fur ther morebesides
themolecularion, somechar acteristicfrag mentssuchas
[m™-29], [m-55], and [m’-82] in the EI/MS spec tra were
commonly found in 9a-f. The detailed studies about the
fragmental behaviorsof N-aryl o B-unsaturatedy-lactamin
ElI/MSwill bereported elsewhere. Theap pli cation of acryl-
amides to synthesize some other interestingheterocyclic
compoundsnow iscur rentlyinprogress.

EXPERIMENTAL

Meltingpoints(Y anacomi cromelting-pointap paratus)
areun cor rected. *H-NMR and *C-NMR spec trawere ob-
tainedonaVarian Gemini-200 or Varian Unity Plus400 spec-
trometer. Chemi cal shiftsaremeasuredin partsper mil lion
withrespectto TMS. El emental anal y seswererecordedona
HeraeusCHN-O Rapidanalyzer. Massspectrawererecorded
onChem/hp/middleinstrument,and HRM Swererecorded on
JEOL, IMSD-200 or on JEOL, IMS-SX. Sil icagel (230-400
mesh) for col umnchromatography, and precoatedsil icagel
plates (60F-254) for TLC were pur chased from E. Merck. UV
light (254 nm) was used to detect spotson TLC plates af ter
development.

General procedure for the preparation of N-aryl 3-
(phenylsulfonyl)pr opanamide (6a-f)
3-(phenylsulfonyl)propanoic acid (4a-f) (5 mmol), pre-
pared from so dium benzenesulfinate and acrylic acid, or pur-
chased from Aldrich Co., was re acted with ex cessthionyl
chloride (20 mmol) un der reflux for 12 hr. Thenthereaction
mix turewascon centrated under reduced pressuretoremove
excess thionyl chloride to afford 3-(phenylsulfonyl) pro-
panoy! chloride (5a-f). Withoutfurther purifi cation, it (5a-f)
wasdissolvedinanhy drousdi chloro methane (100 mL ), and
cooled with ice bath. To this cooled so lu tion, it was added
dropwisewiththecor responding amine(3a-f) (5 mmol), and
fol lowed with triethylamine (5.5 mmol). The mix ture was
stirred at 0 =C for 2 h, and then it was washed with 2% HCI
(10 mL = 2), and with brine (10 mL : 2). Finally the or ganic
layer wasdried with an hy drousmag ne sium sul fate, and fil-
tered. Thefil tratewascon centrated under areduced pressure
to give crude N-aryl 3-(phenylsulfonyl)propanamide (6a-f)
whichwaspuri fied by sil icagel chromato graphic col umn
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(n-hexane/ethyl acetate = 1/1). The results obtained are
shownasfol lows:

N-Phenyl-3-(phenylsulfonyl)propanamide (6a)

Pure(6a) (1.37 g, 95%) wasob tained ascol or lesscrys
tals; mp 116-117°C (EtOAc + n-hexane); R+ = 0.56 (EtOAC:
n-hex ane=1:1); '"H-NMR (CDCl;, 400 MHz) fi: 2.93 (t, J =
8.0Hz, 2H, SO,CH.CH.), 3.57 (t,J = 8.0 Hz, 2H, SO,CH.CH,),
7.08 (t,J=7.6 Hz, 1H, Ar-H), 7.26 (t, J= 8.0 Hz, 2H, Ar-H),
7.43 (t,J=8.0Hz, 2H, Ar-H), 7.56 (t, J=7.6 Hz, 2H, Ar-H),
7.66 (M, 1H, Ar-H), 7.94 (d,J=7.6 Hz, 2H, Ar-H), 8.04 (br s,
1H, NH); ®*C-NMR (CDCl3, 100 MHz) &: 29.80 (CH>), 51.89
(CH), 119.87,124.48,127.96 128.92, 129.47, 134.10, 137.55,
138.63 (Ar-C), 167.01 (C=0); MS (El, 70 eV), m/z289 (M,
54.30), 197 (7.26), 148 (2.95), 125 (41.02), 93 (100), 77
(19.07), 55 (34.67). Anal. Calcd for C1sHisNO3S: C, 62.26;
H, 5.23; N, 4.84. Found: C, 62.20; H, 5.28; N, 4.71.

N-(4-M ethylphenyl)-3-(phenylsulfonyl)propanamide (6b)
Pure(6b) (1.45 g, 96%) was ob tained ascol or lesscrys
tals; mp 136-137°C (EtOAc + hex ane); R = 0.41 (EtOAc :
n-hex ane=1:1);*H-NMR (CDCl3, 400 MHz) &: 2.29 (s, 3H,
CHs), 2.89 (t, J = 8.0 Hz, 2H, SO,CH,CHy), 3.55 (t, J=8.0
Hz, 2H, SO.CH.CH), 7.07 (d, J=8.0 Hz, 2H, Ar-H), 7.30(d,
J=8.0Hz, 2H, Ar-H), 7.57 (t,J= 7.6 Hz, 2H, Ar-H), 7.66 (t,J
=7.6Hz, 1H, Ar-H), 7.81 (br s, 1H, NH), 7.94 (d, J = 7.6 Hz,
2H, Ar-H); *C-NMR (CDCl3, 100 MHz) &: 20.82, 29.84,
51.92,119.99, 127.99, 129.44 134.06, 134.20, 134.92, 138.70,
(Ar-C), 166.81 (C=0); MS(EI, 70eV), m/z303 (M*, 67.34),
197 (1.35), 162 (6.97), 125 (26.80), 107 (100), 106 (20.76),
77 (16.19), 55 (27.12). Anal. Calcd for CigHi;NOsS: C,
63.34; H, 5.65; N, 4.62. Found: C, 63.32; H, 5.72; N, 4.53.

N-(4-M ethoxyphenyl)-3-(phenylsulfonyl)propanamide (6c)
Pure (6¢) (1.52 g, 95%) was ob tained ascol or lesscrys
tals; mp 118-119 *C (EtOAc + hex ane); R = 0.24 (EtOAc :
n-hex ane=1:2);"H-NMR (CDCl3, 200 MHz) &: 2.85 (t, J=
7.8 Hz, 2H, SO,CH,CH,), 3.55 (t,J = 7.8 Hz, 2H, SO,CH,CH,),
3.78 (s, 3H, OCHs), 6.84 (d,J =9.1 Hz, 2H, Ar-H), 7.33(d, J
=9.1 Hz, 2H, Ar-H), 7.42 (br s, 1H, NH), 7.54-7.68 (m, 3H,
Ar-H), 7.92-7.96 (m, 2H, Ar-H);**C-NMR (CDCl;, 50 MHz)
&: 29.77, 52.00, 55.46, 114.13, 121.85, 128.03, 129.48,
130.58, 134.09, 138.75, 156.62, 166.82 (C=0); MS (El, 70
eV), m'z 319 (M", 100), 125 (15.74), 123 (98.01), 108
(26.44), 77 (7.13), 55 (23.66). Anal. Calcd for CisH17NO4S:
C,60.17; H,5.37; N, 4.39. Found: C, 59.99; H, 5.38; N, 4.30.

N-(4-Fluor ophenyl)-3-(phenylsulfonyl)pr opanamide (6d)
Pure(6d) (1.49 g, 97%) wasob tained ascol or lesscrys
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tals, mp 117-118~C (EtOAc + hex ane); Ri = 0.32 (EtOAC :
n-hexane=1:1);*"H-NMR (DM SO-d; + CDCl ;, 200 MHz) i:
2.94(t, J= 7.22 Hz, 2H, SO,CH,CH,), 3.57 (t,J = 7.22 Hz,
2H, SO,CH,CH), 6.88-6.96 (m, 2H, Ar-H), 7.35-7.42 (m,
2H, Ar-H), 7.51-7.71 (m, 3H, ArH), 7.91-7.95 (m, 2H, Ar-H),
8.33 (br s, 1H, NH); ®*C-NMR (DM SO-0s + CDCl3, 50 MHz)
8: 29.49, 51.87, 115.47 (d, Je.c.r = 22.25 Hz), 121.65 (d,
Je-c.cr =7.80Hz), 127.88, 129.48, 133.66 (d, Je-c.c-cr=2.65
Hz), 134.17, 138.53, 159.31 (d, Jcr = 242.20 Hz), 167.13
(C=0); MS (El, 70 eV), m/z 307 (M*, 15.69), 125 (63.20),
111 (100), 110 (10.02), 77 (16.42), 55 (32.63). Anal. Calcd
for CisH1sFNOsS: C, 58.62; H, 4.59; N, 4.56. Found: C,
58.96; H, 4.85; N, 4.27.

N-(4-Chlor ophenyl)-3-(phenylsulfonyl)pr opanamide (6€)

Pure(6e) (1.59 g, 98%) wasobtained ascol or lesscrys
tals; mp 160-161 ~C (EtOAc +n-hexane); R; = 0.42 (EtOAc:
n-hexane=1: 1);*"H-NMR (DM SO-d; + CDCl 3, 200 MHz) &:
2.78 (t, 3= 7.30 Hz, 2H, SO.CH:CH?>), 3.53 (t, J = 7.30 Hz,
2H, SO,CH,CH,), 7.20, 7.92 (each d, J = 8.0 Hz, 4H, Ar-H),
7.49-7.70 (m, 5H, ArH), 10.03 (br s, 1H, NH); **C-NMR
(DM SO-ds +CDCls, 50 MHZ2) &: 29.24, 51.01, 120.34, 127.33,
127.40, 127.95, 128.86, 133.38, 137.08, 138.35, 166.89
(C=0); MS (El, 70 eV),m/z 325 (M*, 4.68), 323 (M ", 14.32),
197 (10.13), 129 (29.09), 127 (100), 126 (12.53), 125
(90.66), 105 (10.94), 99 (7.21), 77 (28.95), 55 (41.46). Anal.
Calcdfor CisH1s Cl NGsS: C, 55.64; H, 4.36; N, 4.33. Found:
C, 55.86; H, 4.51; N, 4.27.

N-(4-Bromophenyl)-3-(phenylsulfonyl)pr opanamide (6f)

Pure(6e) (1.809, 97%) wasobtained ascol or lesscrys
tals; mp 169-170 “C (EtOAc +n-hexane); R = 0.33 (EtOAC:
n-hex ane=1: 1);*H-NMR (DM SO-d; + CDCl 3, 200 MHz) f:
2.86 (t, J=7.30Hz, 2H, SO,CH:CH>), 3.52 (t,J = 7.3 Hz, 2H,
SO,CH>CH?), 7.35, 7.43 (each d, J = 9.1 Hz, 4H, Ar-H),
7.52-7.66 (m, 3H, ArH), 7.92 (dd,J = 1.7 Hz, 2H, ArH), 9.63
(br s, 1H, NH); ®*C-NMR (DM SO-ds + CDCl 3, 50 MHz) fi:
29.44,51.52, 115.95, 121.05, 127.67, 129.07, 131.30, 133.66,
137.34, 138.53, 167.21 (C=0); MS(El, 70 eV),m/z369 (M*?,
37.67), 367 (M", 29.52), 197 (12.77), 173 (91.58), 171
(98.32), 125 (100), 55 (47.33). Anal. Calcdfor CisHy4 Br
NGsS: C, 48.92; H, 3.83; N, 3.80. Found: C, 49.12; H, 3.51;
N, 3.97.

General procedure for the preparation of N-aryl
acrylamides (7a-f)

Under dry ni tro gen, the mix tureof N-aryl 3-(phenyl-
sulfonyl)propanamides (6a-f) (5 mmol) and po tassium tert-
butoxide (0.57 g, 5.05 mmol) was sus pended in an hy drous
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THF (50 mL) at 0=Cfor 1 h. Attheend of thereaction, which
wasmoni tored by silical gel TLC (n-hex ane: ethyl acetate=
2:1),themix turewas pouredinto asep arating fun nel and
mixed with EtOAc (100 mL). The so lu tion waswashed with
brine (10 mL ¢ 5), thenthe or ganiclayer was sep arated, and
driedwith an hy drousmag nesium sul fate, andfil tered. The
fil tratewascon centratedunder areduced pressuretogivethe
desired compound (7a-f), whichwaspuri fied by sil icagel
chromatographiccol umn(n-hex ane/ethyl acetate=2/1). The
resultsobtained areshownasfol lows:

N-Phenylacrylamide (7a)

Pure(74) (0.66 g, 90%) wasob tained ascol or lesscrys
tals; mp 103-105 =C (EtOAc + n-hex ane) [lit.*** mp 101-
103]; Ry = 0.42 (EtOAc : n-hexane = 1 : 1.5); 'H-NMR
(CDCls, 400 MHz) & 5.72 (dd, J = 2.0 Hz; 10.0 Hz, 1H,
olefinic H), 6.30 (dd, J= 10.0 Hz; 17.0 Hz, 1H, olefinic H),
6.42 (dd, J = 2.0 Hz; 17.0 Hz, 1H, olefinicH), 7.11 (t,J=7.6
Hz, 1H, Ar-H), 7.31 (t,J = 8.4 Hz, 2H, Ar-H), 7.60 (d, J=7.6
Hz, 1H, Ar-H), 8.00 (br s, 1H, NH); *C-NMR (CDCls, 100
MHz) &i: 120.13 (olefinic), 124.47 (olefinic), 127.59, 128.93,
131.24, 137.79 (Ar-C), 163.82 (C=0); MS (El, 70 eV), m/z
147 (M*, 38.12), 93 (100), 55 (77.04).

N-(4-M ethylphenyl)acrylamide (7b)

Pure(7b) (0.76 g, 95%) was ob tained ascol or lesscrys
tals; mp 139-140 °C (EtOAc + n-hexane)[lit.® mp 138-139);
R¢=0.66 (EtOAc :n-hex ane=1: 1.5); *H-NMR (CDCl5, 200
MHz) &: 2.31 (s, 3H, CHs), 5.72 (dd,J = 2.0Hz; 10.0 Hz, 1H,
olefinic H), 6.25 (dd, J= 10.0 Hz; 17.0 Hz, 1H, olefinic H),
6.41 (dd, J=2.0Hz; 17.0Hz, 1H, olefinicH), 7.12, 7.46 (d, J
= 8.3 Hz, each 2H, Ar-H), 7.64 (br s, 1H, NH); *C-NMR
(CDCls, 100 MHz) &: 20.90 (CHs), 120.15 (ol€finic), 127.47
(olefinic), 129.52, 131.30, 134.20, 135.20 (Ar-C), 163.82
(C=0); MS (EIl, 70 V), mVz 161 (M ", 74.48), 107 (100), 106
(37.99), 55 (77.04).

N-(4-M ethoxyphenyl)acrylamide (7c)

Pure (7¢) (0.859, 96%) wasobtained ascol or lesscrys
tals; mp 99-101°C (EtOAc + n-hexane)[lit."* mp95-96]; R¢ =
0.28 (EtOAc : n-hex ane=1: 1.5); *H-NMR (CDClj;, 200
MHz) &: 3.78 (s, 3H, OCH3), 5.69 (dd, J = 2.0 Hz; 10.0 Hz,
1H, olefinic H), 6.26 (dd, J= 10.0 Hz; 17.0 Hz, 1H, olefinic
H), 6.40 (dd, J= 2.0 Hz; 17.0 Hz, 1H, olefinic H), 6.83, 7.48
(d,J=9.0Hz, each 2H, Ar-H), 7.91 (br s, 1H, NH); *C-NMR
(CDClj;, 100 MHz) &: 43.58 (OCH;), 126.62 (olefinic),
127.47 (olefinic), 127.80, 128.63, 130.65, 138.02 (Ar-C),
165.43 (C=0); MS (El, 70 eV), m/z 177 (M*, 100), 123
(80.28), 122 (27.65), 108 (46.37), 55 (53.01).
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N-(4-Fluor ophenyl)acrylamide (7d)

Pure (7d) (0.743 g, 90%) was obtainedascol orless
crystals; mp 132-134°C (EtOAc + n-hex ane); Ry = 0.57
(EtOAc : n-hex ane=1:2); 'H-NMR (DMSO-ds + CDCls,
400 MHz) & 5.68 (d, J=10.0Hz, 1H, olefinic H), 6.33 (d,J=
16.8 Hz, 1H, olefinic H), 6.43 (dd, J = 16.8 Hz, 10.0 Hz, 1H,
olefinic H), 6.98-7.02, 7.67-7.70 (m, each 2H, Ar-H), 9.94
(br s, 1H, NH); ®*C-NMR (DM SO-ds + CDCl3, 100 MHz) fi:
114.70 (d, Je-c-r = 22 HZz), 120.99 (d, Jc-c-c.r = 7.6 HZ), 126.11
(olefinic C), 131.37 (olefinic C), 134.85 (d, Jg-c.c.c.r = 2.2 HZ),
158.20 (d, Jc-r = 240.5 Hz), 163.19 (C=0); MS (El, 70 eV),
m/z 165 (M*, 41.99), 112 (4.96), 111 (100), 83 (13.41), 55
(50.29). Anal. Calcd for CgHgNFO: C, 65.45; H, 4.88; N,
8.48. Found: C, 65.67; H, 4.59; N, 8.76.

N-(4-Chlor ophenyl)acrylamide (7€)

Pure( 7e) (8.42 g, 93%) wasobtained ascol or lesscrys
tals, mp 174-176 =C (EtOAc +n-hexane); [1it.2 mp 101-103];
R = 0.73 (EtOAc : n-hex ane=1: 2); "H-NMR (DMSO-ds +
CDCl;, 400 MHz) &: 5.71 (dd,J = 3.6 Hz; 8.6 Hz, 1H, ol€efinic
H), 6.39 (m, 2H, olefinic H), 7.23-7.27, 7.67-7.70 (m, each
2H, Ar-H), 9.85 (br s, 1H, NH); *C-NMR (DMSO-ds +
CDCl3, 100 MHz) &: 120.24, 125.99, 127.26, 127.68, 130.76,
136.88 (Ar-C), 163.00 (C=0); MS (El, 70 eV),m/z 183 (M*?,
13.36), 181 (M ", 42.52), 129 (33.54), 127 (100), 55 (70.31);
Anal. Calcd for CaHgNCIO: C, 59.52; H, 4.44; N, 7.71.
Found: C, 59.74; H, 4.68; N, 7.79.

N-(4-Bromophenyl)acrylamide (7f)

Pure (7f) (1.08 g, 96%) wasob tained ascol or lesscrys
tals; mp 179-181 °C (EtOAc +n-hexane); [lit.*¥ mp 178-179];
Rr = 0.49 (EtOAc : n-hex ane=1: 2); 'H-NMR (DMSO-ds +
CDCl3, 400 MHZz) &: 5.70 (dd,J = 3.0Hz; 8.6 Hz, 1H, ol finic
H), 6.39 (m, 2H, olefinic H), 7.37-7.41 (m, 1H, Ar-H), 7.63
(d, J = 8.8 Hz, 1H, Ar-H), 9.89 (br s, 1H, NH); *C-NMR
(DM SO-d; + CDCl 3, 100 MHz) &: 115.29, 120.94, 126.37,
130.96, 131.11, 137.72 (Ar-C), 163.33 (C=0); MS (El, 70
eV), m'z227 (M*2, 14.09), 225 (M*, 14.05), 173 (34.02), 171
(34.64), 91 (10.54), 55 (100); Anal. Calcdfor CoHgNBrO: C,
47.82; H, 3.57; N, 6.20. Found: C, 47.86; H, 3.51; N, 5.98.

General procedure for one-pot preparation of N-Allyl
N-aryl acrylamide (8a-f)

Under dry ni tro gen, themix tureof N-aryl 3-(phenyl-
sulfonyl)propanamides ( 7a-f) (5 mmol) and po tassium tert-
butoxide (0.57 g, 5.01 mmol) was sus pended in aan hy drous
THF (100 mL) and stirred at O =C for 1 h. Then the mix ture
was added with an additional tert-butoxide (0.57 g, 5.01
mmol), and sub sequently fol lowedwithallyl bro mide(5.01
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mmol), and stirred continualy at 0=C for 1 h. At the end of
thereaction, whichwasmoni tored by sil icagel TLC (hex
ane/ethyl ac etate=2/1), themix turewascon centrated tore-
move THF under areduced pressure. Theresi duewas mixed
with EtOAc (100 mL), and washed with brinewater (10 mL
5). Thenthesolutionwasdried with an hy drousmag nesium
sul fate, andfil tered. Thefil tratewasconcentratedunder are
duced pressureto givethe de sired com pound (8a-f), which
waspuri fiedby sil icagel chro mato graphic col umn (n-hex-
ane/ethyl acetate=2/1).

N-Allyl N-Phenylacrylamide (8a)%

Pure (8a) (0.66 g, 70%) was ob tained as col or lesslig
uid; Rf = 0.45 (EtOAc : n-hex ane=1: 3); "H-NMR (CDCl5,
400 MHz) &: 4.38 (dt, J = 6.4 Hz, 1.2 Hz, 2H, alyl H), 5.09
(dd, J=1.2Hz; 8.0Hz, 1H, olefin H), 5.12 (br s, 1H, olefin
H), 5.50 (dd,J = 10.2 Hz; 1.6 Hz, 1H, olefin H), 5.84-5.93 (m,
1H, olefin H), 6.04 (dd,J = 10.4 Hz; 16.6 Hz, 1H, olefin H),
6.37 (dd, J = 2.4 Hz; 16.6 Hz, 1H, olefin H), 7.14-7.16 (m,
2H, Ar-H), 7.30-7.42 (m, 3H, Ar-H); *C-NMR (CDCl,, 100
MHz) & 51.97, 117.44, 127.21, 127.38, 127.76, 128.34,
129.08, 132.59, 141.57, 164.79 (C=0); MS (El, 70 eV), m/z
187 (M*, 24.18), 172 (19.51), 159 (12.40), 144 (7.66), 133
(29.07), 132 (50.04), 106 (23.14), 93 (22.18), 77 (35.68), 55
(100); HRMS: Calcd for G,H;3sNO: 187.0997. Found:
187.1027.

N-Allyl N-(4-Methylphenyl)acrylamide (8b)

Pure (8b) (0.75 g, 75%) was ob tained ascol or lesslig
uid; bp 135-145°C (2.5 mmHg); R = 0.34 (EtOAc :n-hexane
=1:3); *H-NMR (CDCl3, 400 MHz) f: 2.36 (s, 3H, CH3),
4.36 (dt, J = 6.0 Hz, 1.2 Hz; 2H, allyl H), 5.08(d, J= 7.6 Hz,
1H, allyl H), 5.11 (br s, 1H, alyl H),5.48 (dd, Jgem.cis = 2.0
Hz; 10.4 Hz, 1H, vi nyl H), 5.83-5.92 (m, 1H, allyl H), 6.05
(dd, Jeis-trans= 10.4; 16.8 Hz, 1H, vi nyl H), 6.36 (dd, Jgem-trans=
2.0Hz; 16.8 Hz, 1H, vi nyl H), 7.04, 7.19 (d, J = 8.4 Hz, each
2H, Ar-H); C-NMR (CDCls, 100 MHz) &: 20.61 (CHs),
51.92(CH.,), 117.34, 126.93, 127.53, 128.37, 129.65, 132.64,
137.23, 138.89, 164.80; MS (El, 70eV),m/z201 (M ", 27.43),
186 (13.22), 147 (28.38), 146 (35.74), 144 (10.01), 132
(20.70), 120 (24.31), 118 (18.98), 107 (37.34), 91 (39.19), 77
(16.36), 65 (31.14), 55 (100); HRMS: Calcd for C13H1sNO:
201.1154. Found: 201.1152.

N-Allyl N-(4-methoxyphenyl)acrylamide (8c)

Pure (8c) (0.82 g, 76%) was ob tained ascol or lesslig
uid; bp 165-170°C (3 mmHg); R = 0.54 (EtOAc : n-hexane=
1: 3); '"H-NMR (CDCls, 400 MHz) fi: 3.83 (s. 3H, OCHs),
4.34 (dt, J=6.0Hz, 1.2Hz; 2H, al lyl icH),5.07 (d,J= 1.6
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Hz, 1H, alyl H), 5.11-5.14 (m, 1H, alyl H), 5.51 (dd, Jgem-cis
=2.0Hz; 10.4 Hz, 1H, vi nyl H),5.83-5.93 (m, 1H, allyl H),
6.04 (dd, Jcistrans = 10.4 Hz, 16.8 Hz, 1H, vi nyl H), 6.36 (dd,
Jgem-trans = 2.0 Hz; 16.8 Hz, 1H, vi nyl H), 7.89-6.92 (m, 2H,
Ar-H), 7.05-7.09 (m, 2H, Ar-H); C-NMR (CDCl3, 100
MHz) &: 52.35(CH,), 55.35(0CHs), 114.47, 117.80, 127.35,
128.58, 129.24, 132.92, 134.49, 158.84, 165.41 (C=0); MS
(El, 70 eV), Mz 217 (M*, 48.23), 163 (32.07), 148 (26.43),
147 (15.77), 134 (35.98), 130 (19.78), 123 (59.82), 120
(11.51), 108 (29.89), 94 (40.08), 77 (31.59), 64 (21.74), 55
(100); HRMS: Calcd for GsHisNO: 217.1103. Found:
217.1103.

N-Allyl N-(4-fluorolphenyl)acrylamide (8d)

Pure (8d) (0.80 g, 78%) was ob tained as col or lesslig-
uid; Ry = 0.43 (EtOAC : n-hex ane=1: 3); "H-NMR (CDCl3,
400 MHz) &: 4.36 (dt, J= 6.0 Hz, 1.2 Hz, 2H, dlyl H), 5.08
(brs, 1H, alyl H), 5.14(d,J = 10.8 Hz, 1H, allyl H), 5.55 (dd,
Jgem-cis = 2.0 Hz; 10.0 Hz, 1H, vi nyl H), 5.83-5.92 (m, 1H,
allyl H), 6.02 (dd, Jsstrans = 10.0 Hz; 16.8 Hz, 1H, vi nyl H),
6.39 (dd, Jyern-trans = 2.0 HZ; 16.8 Hz, 1H, vi nyl H), 7.07-7.17
(m, 4H, Ar-H); ®C-NMR (CDCl3, 100 MHz){: 52.16, 116.12
(d, Jec.cr=8.4Hz), 117.92, 127.76,128.17, 129.75 (d, J,c.r =
22.8Hz), 132.54, 137.68, 161.52 (d,J..r= 246.5 Hz), 164.97;
MS (El, 70 eV), m/z 205 (M*, 21.72), 190 (17.87), 177
(11.56), 151 (36.14), 150(44.70), 148 (11.09), 124 (17.08),
122 (18.68), 111 (25.51), 95 (34.66), 94 (14.18), 55 (100);
HRMS: Calcd for C 1,H3,NFO: 205.0903. Found: 205.0903.

N-Allyl N-(4-Chlorolphenyl)acrylamide (8e)

Pure (8e) (0.80 g, 72%) wasob tained ascol or lesslig-
uid; Rr = 0.49 (EtOAc : n-hex ane=1: 3); 'H-NMR (CDCl 3,
400 MHz) &: 4.36 (dt,J=6.0Hz, 1.2 Hz, 2H, allyl H), 5.08 (d,
J=1.2Hz 1H, alyl H), 5.14 (d, J= 10.4 Hz, 1H, allyl H),
5.56 (dd, Jgem-cis = 2.0 Hz, 10.2 Hz, 1H, vi nyl H), 5.82-5.92
(m, 1H, allyl H), 6.03 (dd, Jisrans= 10.2 Hz, 16.8 HZ, 1H, vi-
nyl H), 6.39 (dd, Jgem-trans = 2.0 Hz, 16.8 Hz, 1H, vi nyl H),
7.09-7.13(m, 2H, Ar-H); 7.36-7.39 (m, 2H, Ar-H):"*C-NMR
(CDCl3, 100 MHz) &: 52.21, 118.11, 128.13, 128.27, 129.36,
129.54, 132.58, 133.48, 140.37, 165.01; MS (El, 70 eV),m/z
223 (M*?, 4.95), 221 (M*, 17.80), 206 (10.33), 178 (5.66),
167 (38.12), 166 (28.05), 140 (20.00), 130 (18.60), 127
(24.45), 111 (16.02), 94 (15.78), 75 (13.48), 55 (100); HRMS:
Caled for C12H1.NCI®0: 221.0607. Found: 221.0607.

N-Allyl N-(4-Bromolphenyl)acrylamide (8f)
Pure (8f) (1.04 g, 78%) wasob tained ascol or lesslig-
uid; Rr = 0.41 (EtOAc : n-hex ane=1: 3); 'H-NMR (CDCl3,
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400 MHz) &: 4.32 (dt,J = 6.0 Hz, 1.2 Hz; 2H, allyl H), 5.04
(d,J=1.2Hz, 1H, alyl H), 5.10 (d, J=10.4 Hz, 1H, allyl H),
5.53 (dd, Jgem-cis= 2.0 Hz, 10.2 Hz, 1H, vi nyl H), 5.78-5.82
(m, 1H, alyl H), 6.01 (dd, Jeis trans = 10.2 Hz, 16.8 Hz, 1H, vi-
nyl H), 6.39 (dd, Jyem-1rans = 2.0 Hz, 16.8 Hz, 1H, vi nyl H),
7.00-7.02 (m, 2H, Ar-H); 7.47-7.50 (m, 2H, Ar-H); ®*C-NMR
(CDCls, 100 MHz) &: 52.17, 118.13, 121.43, 128.18, 128.25,
129.69, 132.55, 140.87, 164.95; MS (EI, 70 eV), m/z 267
(M*?, 5.11), 266 (2.38), 265 (M*, 5.14), 211 (7.26), 184
(6.56), 171(6.51), 157 (4.99), 130 (13.53), 94 (9.24), 76
(9.21), 55 (100); HRMS: Calcdfor C 12H1N Br'O: 265.0102.
Found: 265.0103.

General procedurefor N-aryl i, p-unsaturated y-lactams
(ga_f)lﬁb

Com pound9a-f (1 mmol) dissolvedinan hy drousto I
ene (30 mL), was added with Grubbs cat alyst (0.05 mmol).
Themix turewasstirred for 3h at 80 =Cunder dry argon. The
sol vent wasremoved under vac uum, and theresi duewassub
jectedtoasil ica-gel col umn (n-hex ane/MTBE = 1/1) togive
9a-f inmoder ateyields.

N-Phenyl i, F-unsaturated-lactam (9a)

Pure9a(0.09g, 57%) wasobtained ascol or lesscrystal,
mp 85-86 =C (EtOAc + n-hex ane)[lit.*** 86 °C]; R; = 0.53
(EtOAC : nrhex ane = 1: 1); IR ¥max (CH2Cl2) cm'*: 1692.11,
1596.95; "H-NMR (400 MHz, CDCl3) fi: 4.39 (t, J = 2.0 Hz,
2H, H-5), 6.22 (dt,J = 6.0 Hz,J = 2.0 Hz, 1H, H-3), 7.14 (clt,J
=6.0Hz,J=2.0Hz, 1H, H-4), 7.11 (m, 1H, ArH), 7.35 (m,
2H, ArH), 7.68 (m, 2H, ArH);**C-NMR (100 MHz, CDCI) &
53.03 (C-5), 118.65, 123.97, 128.89 (C-3), 138.93, 142.26
(C-4), 169.99 (C=0); MS(EIl, 70 eV): m'z159 (M*, 100), 131
(13.16), 130 (60.69), 104 (41.53), 77 (43.44), 51 (12.08);
HRMS: Calcd for CoHgNO: 159.0684. Found: 159.0684.

N-(4-Methylphenyl) ,B-unsat urated--lactam (9b)

Pure9b (0.11g, 64%) wasobtained ascol or lesscrystal,
mp 96-97 “C (EtOAc + n-hexane) [1it.'** 95 “C]; R; = 0.56
(EtOAC : n-hex ane, 1: 1); IR ¥max (CH2Cl2) cm'™: 1694.00,
1598.15; *H-NMR (400 MHz, CDCls) & : 2.33 (s, 3H, CHa),
4.42 (t,J =2.0Hz, 2H, H-5), 6.26 (dt, J = 6.0 Hz, J = 2.0 Hz,
1H,H-3), 7.15(dt,J=6.0Hz,J=2.0Hz, 1H, H-4); 7.18, 7.57
(each d, J=8.0 Hz, 2-H, ArH); ®C NMR (100 MHz, CDCl>)
fi: 20.77 (CHs), 53.38 (C-5), 119.12, 129.24, 129.59 (C-3),
133.91, 136.55, 141.95 (C-5), 170.04 (C=0); MS(EIl, 70eV):
m'z 173(M*, 100), 145 (13.97),144 (64.39), 130 (24.74), 118
(22.53), 91 (28.87), 65 (11.51), HRMS: Calcd for C1:H1:NO:
173.0841. Found: 173.0841.
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N-(4-Methoxylphenyl) ,B-unsaturated -t-lactam (9c)

Pure9c(0.109, 53%) wasobtained ascol or lesscrystal,
mp 103-104 “C (EtOAc +n-hexane)[lit."** 103C]; Rt = 0.40
(EtOACc : nrhex ane, 1: 1); IR ¥max (CH2Cl2) cm™: 1681.30,
1609.21; 'H-NMR (400 MHz, CDCl ) & : 3.81 (s, 3H, OCH3),
4.41 (t,J=2.0Hz, 2H, H-5), 6.27 (dt, J = 6.0 Hz,J = 2.0 Hz,
1H, H-3), 6.91-6.94 (m, 2H, ArH), 7.15 (dt,J = 6.0 Hz,J = 2.0
Hz, 1H, H-4), 7.57-7.60 (m, 2H, ArH); ®*C NMR (100 MHz,
CDCls) f: 53.38(C-5), 55.33 (OCHs), 114.16, 114.40 120.99,
129.24 (C-3), 141.70 (C-4), 156.37, and 169.81 (C=0); MS
(El, 70 eV): mz189 (M*, 100), 174 (34.59),160 (18.77), 146
(27.44),134(23.34), 107(7.47), 92 (7.47), 77 (9.47); HRMS:
Calcd for C11H1aNOs: 189.0790. Found: 189.0789.

N-(4-Fluor ophenyl) ti, B-unsatur ated -lactam (9d)

Puredd (0.11g, 62%) wasobtained ascol or lesscrystal,
mp 72-73°C (EtOAc + n-hexane), R = 0.47 (EtOAcC : n-hex-
ane = 1: 1); IR ¥, (CH,Cl,) cm™: 1680.59, 1594.80;
'H-NMR (400 MHz, CDCls) fi : 4.34 (t, J=2.0Hz, 2H, H-5),
6.19 (dt, J= 6.0 Hz,J = 2.0 Hz, 1H, H-3), 6.96-7.02 (m, 2H,
ArH), 7.10(dt,J = 6.0 Hz,J = 2.0 Hz, 1H, H-4); 7.55-7.61 (m,
2H, ArH), *C NMR (100 MHz, CDCls) & 53.42 (C-5),
115.69 (d,J..c.c.=21.3HZ), 120.70 (d,Jc.c.c.c = 9.1 HZz), 129.11
(C-3), 135.17 (S, Jpc-c-c.r = 0 Hz), 142.17 (C-4), 159.31 (d, Je.
=242.7 Hz), 168.98 (C=0); MS (El, 70 eV): m/z177 (M",
100), 149 (18.84), 148 (86.95), 122 (36.58), 95 (32.10), 75
(12.47); HRMS: Calcd for C1o0HsFNO: 177.0590. Found:
177.0592.

N-(4-Chlorophenyl) z,B-unsaturated-y-lactam (9¢)

Pure9e(0.119g, 57%) wasobtained ascol or lesscrystal,
mp 76-77 =C (EtOAc + n-hexane), R; = 0.53 (EtOAc : n-hex-
ane=1:1); IRV (CH,Cl,) cmt: 1690.68, 1594.47; 1H-
NMR (400 MHz, CDCl3) & : 4.38 (t, J = 2.0 Hz, 2H, H-5),
6.22 (dt,J =6.0Hz, J=2.0Hz, 1H, H-3), 7.17 (dt, J=6.0Hz,
J=2.0Hz, 1H, H-4); 7.29-7.31 (m, 2H, ArH), and 7.63-7.65
(m, 2H, ArH): ®C NMR (100 MHz, CDCls) &: 52.97 (C-5),
119.70 (Ar-C), 126.95 (Ar-C), 128.79 (C-3), 134.12 (Ar-C),
137.51 (Ar-C), 142.41 (C-4), 169.99 (C=0); MS(El, 70 eV):
m/z 195 (M*?, 35.09), 193 (M*, 100), 166 (15.52), 164
(42.67), 140 (17.90), 138 (45.11), 130 (41.46), 113 (11.08),
111 (32.99), 75 (15.48); HRMS: Calcd for CioHsCINO:
193.0294. Found: 193.0294.

N-(4-Bromophenyl) c,B-unsaturated 1lactam (9f)

Pure 9f (0.15g, 63%) wasobtained ascol or lesscrystal,
mp 85-86 =C (EtOAc + n-hexane), R = 0.54 (EtOAc : n-hex-
ane=1:1); IR¥ma (CH2Cl2) cm™: 1682.77, 1585.45; ‘H-

NMR (400 MHz, CDCl5) & : 4.40 (t, J = 2.0 Hz, 2H, H-5),
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6.25 (dt, J=6.0 Hz, J=2.0Hz, 1H, H-3), 7.19 (dt, J=6.0Hz,
J=2.0Hz, 1H, H-4); 7.44-7.48 (m, 2H, ArH), 7.60-7.63 (m,
2-H, ArH); **C NMR (100 MHz, CDCls) &i: 52.94 (C-5),
116.75 (Ar-C), 120.06 (Ar-C), 129.04 (C-3), 131.94 (Ar-C),
138.12 (Ar-C), 142.32 (C-4), 170.02 (C=0); MS(El, 70 eV):
m/z 239 (M*?, 100), 237 (M*, 99.52), 210 (35.74), 208
(35.92), 184 (49.99), 182 (48.75), 157 (34.38), 155 (33.24),
130 (64.68), 103 (7.84), 79 (14.63), 76 (20.45), 75 (17.56);
HRMS: Calcd for CioHsBrNO: 236.9798. Found: 236.9800.
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