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N 2 3HHEel a-lactam =4 45 FASH7] 918 N-benzyl-
2-chloroacetamide (3)2 F7|Z2ANA HFSAIAH a-$ 9]
R FAEAY] BhelA x5 AEEY 7 S 4lo] nitrogen®]] &) = FAE AASH anion FHAE A4S
B g ae] 125 7R3 Qo) whebA] A 28 3HAIS Al7]13L, A48 A intramolecular cyclization2: £3] a-lactam
st & o HHagE 5l gAY R GEA 45 =2 582 A A H(Scheme 1).
st sl Zo] BBt F st weka Be §7) 3)et
=L a-lactam,! B-lactam,? y-lactam® 112] & A 5H= o B- 2= SPM0f| 25t oA
2 Z7hA] WS At R ST = At A o2 v B-Lactam2- §H413}7] $18}o] N-benzyl-3-chloropropanamide
o] A H3t benzyl amine} acid chloride —,TEXJ] e
o]-g3}o] thaFst q, B, y-lactam 11| S}FEL WS B ()/in—‘ 0
=g 2&o| 9jt}. =, N-benzylchloroamide2] carbonylx} g N_Fh — [ Ph/\NJ\M;\CI ]
chloride”} -2 k4 ¢] %] o]] w2} intramolecular cyclizationS: I © 1I
&3 a, B, y-lactam §- = A& theFsHA 4 skt [n=0,1,2]

Fig. 194 E3= Z1 A7, N-benzylchloroamide & ¢ 7] A o
2]5}H amide®] nitrogeno] Eo] Y& FAE A AT
: Ph/\N)LM;\m

aminolateZ 7+ & AAAAAIZ 4= 1t} T A= aminolate =

ZIA|E intramolecular N-cyclization B2 ©]-8-3HH amide?] 11
carbonyl®} chloride A}o]E A Adt= BHAUR}F 420f w2} [n=0,1,2]
Al a, B, y-lactame A A o 2 YT = QIrh(Fig 1). Figure 1. Retrosynthesis of the lactam ring.
742 Ol &k o 0
S x L& NH KCO, / CHyCly
@ P C,)J\/C' w2 20, 700 /\NJ\/CI
a-ZHE 8oyl 2ot ¢4t 1 2 3
a-Lactam 5= 4] 45 /3517] 918l A F5HA dPH 2= NaH ) DMF A
T4 5= 8Jl+= benzylamine (1)} 1-chloroacetyl chloride (2)5 t, Thr, 96% o7 NP
A7)z 704 BH-&AlA N-benzyl-2-chloroethanamide (3)& 4
izl W o2 S TH ool A S-E] o] FFA Hi Scheme 1.
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Scheme 2.

(6)2 A3 ATE CH.CL-E1f 3}l 4] benzylamine (1)1},
3-chloropropionyl chloride (5)2 KoCOs2} A 24| 7F 59
SRA A 69%2] &2 amide GEA| 6& AYITh? of
amide =4 6= DMF-8 1} NaHg 7] s}l 4], Al-2-0f 4]
24A17F 59t REGAIAA A ES A 3l=l, B-Lactam 7]
st E Aolgke dAtitE ©E] o, B-unsaturated amide -
=) 89] 75%2] =& & 3 = A th(Scheme 2). Amide 6]
Q7 A S -§1319] St A Hof Telst uhg
o] 57] Wk 2 7] A7 §hgo] dojut Aelsirom
OFA3t o, B-unsaturated amide -3 =X 80| TAE Ao =
o) = of Rl .

919] Scheme 2014 A7 WFS-o] BAZ HATH] 94,
benzylamine (1)¥} a-$X]o] dimethyl7]7} =% 2,2-
dimethyl-3-chloropropypionyl chloride (9)E 7] Z Aol A
HE8-X| A N-benzyl-3-chloro-2,2-dimethylpropanamide (10)&
el W oz B STk olol A Sele] 334 B
g}stE<l B-Lactam §-=H] 112 3AlI5H7] €8l N-benzyl-
3-chloro-2,2-dimethylpropanamide (10)= @7]|ZA A vk
SAIA a-9129] nitrogeno]] &0 = FaE A AT
anion =7 & A A7) 31, A& A 4-exo-tet cyclizationS:
&3l B-Lactam =4 112 98%2] =& &2 JAT 5
R} 1 tH(Scheme 3).

y-2HE SH0|| 2t i

y-Lactam %4 145 A517] Qs A HsHA 44
0 2 118 4= 31 benzylamine (1)1} 4-chlorobutyryl chloride
(122 g7) 24 A ¥H-2A]|# N-benzyl-4-chloropbutanamide

NH, o K,CO3 / CH,Cl, 0
—_—
* m%@m tt-= A 2hr, 77% Ph/\”)k\Cl

1 9 10

OiNvPh

11

NaH / DMF
an OV
T, 1hr, 98%

Scheme 3.
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Scheme 4.

(13)& A3 W oz Gtk ofolx] $ele 23
4 23 8529l yLactan GEA| 142 A7) 99
N-benzyl-4-chlorobutanamide (13)2 F7]|ZAA] WH-3-A]
7 a-1#] 2] nitrogen©]] &0 1= =45 A 718ke] anion
SUHAIE BN 713L, AL A S-exo-tet cyclizationS &3
y-Lactam -3- =3 145 43S 4= A TH(Scheme 4).
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N-Benzyl-2-chloroethanamide (3)

S0} CHxCL: (50 mL)2} benzylamine (1) (1 g, 9.33 mmol)2]
o 0] KoCO3 (129 g, 9.33 mmol)yS W1 A& ofA] 15
oF WHHA]Z]1 3, 1-chloroacetyl chloride (2) (1.05 g, 9.33
mmol)E HHs] M7 F 247 B BRAIZA 1
71 919 SRR mLyE e T Buz

1 CHCLS ol §3te] S&starh &
GRS B4 MgSOE o] 510] A|7/8}
T ojaker 3 3 FUTleld SuiE AAtD A
(Ether/n-Hexane, 1:30)3}o] 31 A 9] 314 A A& N-benzyl-2-
chloroethanamide (3)= 1.46 g (70%) ¥ 21 t}: Re 0.4(n-Hexane/
EtOAc, 1.5:1); mp 95-97°C; IR (ATR): 3277(s), 3068(w), 1648(s),
1551(m), 1234(m), 784(m), 746(m) cm™"; 'H-NMR (CDCL):
4.04(s, 2H), 4.45(d, J=5.6, 2H), 7.02(bs, NH), 7.25-7.36(m,
5H); BC-NMR(CDCl;): 42.7, 43.9, 127.8, 128.9, 137.4, 166.0.

e
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>

1-Benzyl-aziridin-2-one (4)

Mineral oilo] g7 = o3¢l NaH (0.16 g, 6.53 mmol)2
n-hexane & 2 A AT -, 9F-3-87] &of @il A4 7pAR
ZZ A ZH ). DMF (10 mL)2} N-benzyl-2-chloroethanamide
(3) (1 g, 5.45 mmol)2] &S NaH7} E9¢] ¢l+= ¥H3-87]
407 g1 A2of| A 247k FoF wHkAI o RS-S9
AAZ)7] Y Z3} ammonium chloride =894 (30 mL)&
Hhg & Ho= du FEZr]o] %1 & CHCL (30
mL) §jE o]-&sto] & & Hof Folle
3 - MgSO.E o]-8-8fo] Al AskaL o 13t 3 3] 5
w7) o A gl & A 732l A A A (Ether:n-Hexane, 1:30)5}
o] Mo 71X AAE 1-benyl-aziridin-2-one(4)E 0.53 g
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(96%) A SITh. Rr0.2(n-Hexane:EtOAc, 1:1); IR (KBr): 3062(w),
2939(w), 1644(s), 1482(m), 1333(m), 1271(m), 1158(m), 716(m)
em™'; 'THANMR(CDCly): 3.91(s, 2H), 4.56(s, 2H), 7.25-7.35 (m,
5H); *C-NMR(CDCls): 49.2, 49.3, 128.2, 128.6, 129.0, 134.9,
163.3.

N-Benzyl-3-chloropropanamide (6)

21} CH,Cl, (50 mL)&} benzylamine (1) (3 g, 28 mmol)<2]
ol Zrof] K,CO;3 (0.59 g, 42 mmol)yS Wil Aol A 15
<9 2HE A1 71 &, 3-chloropropionyl chloride (5) (4.73 mL,
28 mmoly& 3| H7FAZ] 3 2A17F F3F SFAH T
WSS A A7]7] Q3 SR Q0 mLyE W F 22
o 7] of] H-3-E-2 $7]1 31 CHCLZ o]-8-3Fo] &390tk
oSl BS54 MgSO.E o] g 3fo] A|7Js}aL of Bt 3
3d 7oA SuiE A AL A A A (Ether/n-Hexane,
1:30)5}0] =g 31X AYAE N-benzyl-3-chloropropanamide
(6) 3.8 g (69%) AT} Ry 0.47(n-Hexane/EtOAc, 1.5:1);
mp 87-88 °C; IR (KBr): 3285(s), 3090(m), 2990(w), 1645(s),
1570(m), 1430(m), 1280(m), 740(m), 690(s) cm™; 'H-NMR
(CDCly): 2.34(t, J=6.5, 2H), 3.53(t, J=6.6, 2H), 4.35(d, J=5.7,
2H,), 6.6(brs, 1H), 7.21-7.34(m, 5H); *C-NMR(CDCl;): 32.8,
432,443, 127.3, 127.5, 128.5, 138.2, 171.8.

N-Benzylacrylamide (8)

Mineral oilo] & = ¢{%l+= NaH (0.07 g, 3.07 mmol)S
n-hexane Q. 2 A A &, Wh-5-87] &of Y1 A4 7pAR
ZZA A F . DMF (10 mL)2} N-benzyl-3-chloropropanamide
(6) (0.5 g,2.56 mmol)2] §-H-3 NaH7} 0] 3= ¥h-5-8-7]
40 2 Wi A2 A 2447 59t WHIA ZTh - 2
AA7]17] Y3l 33} ammonium chloride 4~89% (30 mL)&
g 8 Hom gy Bz 7o &1 $ CH.CL (30
mL) & o]-§5Fo] FEIAth &Y Hof Foldles o
& 7 MgSO4E ©]-&38fo] Al AskaL o a3t 3 31 5
B7] o A & & A A3} column chromatography (r-Hexane/
EtOAc, 2:1)2 E-2]3t X 3] A1 9] 11 2] A A& N-benylacrylamide
(8)2 0.31 g (76%) A 31th. R 0.38 (n-Hexane/EtOAc, 1.5:1);
mp 70-70.5°C; TR (KBr): 3288(s), 3069(w), 2954(w), 1661(s),
1642(s), 1543(m), 1254(m), 1005(m). 968(m), 765(s), 703(s)
em™'; 'H-NMR(CDCLy): 4.47(d, J=5.7, 2H), 5.63(dd, J=9.7,
2.2, TH), 6.14(dd, J=17.0, 9.7, 1H), 6.30(dd, J=17.0, 2.2, 1H),
6.47(brs, 1H), 7.23-7.36(m, 5H); BC-NMR(CDCL): 43.5, 126.7,
127.5, 127.8, 128.7, 130.6, 138.0, 165.6.

N-Benzyl-3-chloro-2,2-dimethylpropanamide (10)
£-0l] CH,CL, (10 mL)2} benzylamine (1) (0.5 g, 4.67 mmol)2]
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2:0]] K»C0;5(0.71 g, 5.13 mmol)& 2l Al 0] A 15
WHEAIZ] &, 3-chloro-2,2-dimethylpropionyl chloride (9)
g 5.13 mmohZ AH8| A7}AIZ T AL A 1417t
A7) 3 1R H BRAAT ¥ 8] 250 dol Qi
= oste] A AL CH.ChLE rotary evaporators
sko] A ASFATE Fotls ol Eoll CHCL (30 mLyS
R4 (G0 mL x 3)2 HojE F CHChFS Hop
= e T MgS0sE 0]-8-5ho] Al AstaL o sttt
ZHE7] o 4] CHCLE A| A3} column chromatography
(CHCL)2 &35t & 3 AA 113 amide 102 081 ¢
(77%) 2 A T}: Ry 0.42(n-Hexane/EtOAc, 2:1); mp 47-48 °C;
IR (KBr): 3349(s), 3042(w), 2986(m), 1648(s), 1550(s), 1309(m),
1245(m), 1033(w), 743(s) em™'; "TH-NMR (CDCL): 1.29(s, 6H),
3.63(s, 2H), 4.43(d, J=5.7, 2H), 6.45(brs, 1H), 7.24-7.35(m,
5H); "C-NMR (CDCl): 23.2, 43.3, 44.0, 52.6, 127.2, 1274,
128.5, 138.1, 174.2.
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3,3-Dimethyl-1-benzyl-2-azetidinone (11)

Mineral 0ilo] 385 o] Ql+= NaH (0.063 g, 2.66 mmol)2-
n-hexane O 2 A| A § &, WES-87] Lo Wil A4 VAR &
A Ftt. DMF (6 mL)2} N-benzyl-3-chloro-2,2-dimethyl-
propanamide (10)(0.5 g, 2.22 mmol)2] &H-2 NaH”7} &9
U W87 Ho 2 @ar 204 10A]7F & ¢F wREA]
ZAth. High vacuumol| 4] DMFE A A8kl FolQle %k
o] CH,CL (30 mL)yS 911 28540 mL x 3)& A oj%
T CHCLE Mol Folll= &S 4= MgS0s& 0]-8-5}¢]
A|ABAL, o T3 GAt). 314 7] o 4 CH.CLE Al A St
11, column chromatography (n-Hexane/EtOAc, 3:1)2 £
3lo] FEA O] @ Q) 3 3-dimethyl-1-benzyl-2-azetidinone (11)-2
041 g (98%) A Ac}: R 0.37 (n-Hexane/EtOAc, 1.5:1); IR (neat):
3032(w), 2966(m), 2932(w), 1750(s), 1417(m), 1203(w), 1024(w),
701(w) cm™"; 'TH-NMR (CDCL): 1.24(s, 6H), 2.88(s, 2H), 4.31
(s, 2H), 7.15-7.30(m, 5H); '*C-NMR (CDCl;): 20.8, 45.1, 50.5,
53.4,127.4,127.8, 128.5, 135.6, 173.6.

N-Benzyl-4-chlorobutanamide (13)

81l CHyCl (15 mL)2} benzylamine (1) (0.5 g, 4.67 mmol)<]
S &l KoCOs(0.55 g, 3.98 mmol)y& L Aol A 12
F<9F WHEA]Z] 3, 4-chlorobutyryl chloride (12) (0.5 g, 3.55
mmol)}E 3] H7FAIX] 3 Aol A 1A17F ILREA[Y] &
A7 B SERAIRATE Hhg- &7] Sofl Fot Q= A= o]
1}3}e] A A3l CH.Clx= rotary evaporators ©]-83}1¢]
AAsEA T Hotgl= #hol =l CHCL (40 mLyS ¥l 5
9 20 mL x 3)& Aol ¥ CHCLT S Hot Holgle=
TS 75 MgSOss ©]-8-5Fof A|AsEaL of2fsteict. 314



858 ojmA] - A2 /d

ZHE7) 0| A 81} & A 7] 3}2L column chromatography (CHCl)
2 25t & 3 11X N-benzyl-4-chlorobutanamide (13)-2-
0.53 g(70%) A 3ith: R 0.22 (n-Hexane/EtOAc, 2:1); mp 56—
57; IR (KBr): 3305(s), 3065(w), 2970(w), 1648(s), 1542(m),
740(m), 690(s) cm™'; 'H-NMR (CDCls): 2.05(q, J=6.5, 2H),
234(t, J=6.5, 2H,), 3.53(t, J=6.6, 2H,), 435(d, J=5.7, 2H),
6.6(brs, 1H), 7.21-7.34(m, 5H); *C-NMR (CDCls): 27.9, 32.8,
43.2,44.3,127.3, 127.5, 128.5, 138.2, 171.8.

1-Benzyl-2-pyrrolidinone (14)

Mineral oil®] $FF F ¢ %= NaH (0.027 g, 1.14 mmol)

n-hexane©. 2 A A3F &, HF2-87] &Lof Wil A A VAR
SAAIZA

NaH?} DMF (3 mL)9] &3-g990] N-benzyl-4-chloro-
butanamide (13)(0.2 g, 0.95 mmol)& DMF (3 mL)*|| <l
gl HHe] Wi AeolA 147 B TUAAC
High vacuum rotary evaporatorol] 5 DMF& A| A 3}al Fo}
9li= o] Zof CH,Cly (20mL)S Y3 ZF-420mL x 3)&

BolZ F CHCLS Ro} dolgli B8 B MeSOS

o]-gstof A AstaL, o5t 314 S 7oA CHLhE
A A 8}aL, column chromatography (n-Hexane/EtOAc, 1:1)=
Halslo] FrAH9] @ Y 1-benzyl-2-pyrrolidinone (14)E 0.16 g
(96%) LAk Ry 020 (n-Hexane/EtOAc, 1:1); IR (neat):
3031(w), 2918(s), 1686(s), 1428(s), 1275(s), 710(w) cm"; 'H-
NMR (CDCls): 1.99(m, 2H), 2.45(t, J=8.3, 2H), 3.27(t, J=8.3,
2H,), 4.45(s, 2H), 7.21-7.340(m, 5H); *C-NMR (CDCls): 173,
30.5, 46.1, 46.2, 127.2, 127.8, 128.3, 136.3, 174.6; mass spectrum,
m/z (relative intensity, %): 175(M, 98), 146(44), 131(6), 118(22),
104(39), 91(100), 77(7), 65(26), 43(25).
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