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SYNTHETIC COMMUNICATIONS, 29(21), 3739-3748 (1999) 

REARRANGEMENT OF N-ALLYL-cz,u-DICHLOROAMIDES, p- OR y- 
FUNCTIONALIZED, TO SUBSTITUTED ANALOGUES OF THE 

y-AMINOBUTYRIC ACID (GABA) 

Franco Bellesia, Luca Forti, Franco Ghelfi,* Gianluca Ghirardki, Emanuela Libertini, 
Ugo M. Pagnoni, Adriano Pinetti and Nicola Prochilo 

Diparthento di Chimica dell’universfi, Via Campi 183,141 100, Modena (Italy) 

Abstract: The rearrangement of y-chlm, p-hydroxy or p-vmyl N-allyl-N-benzyla,a- 
dIchlormarboxyamides to y-aminob&c acid analogues is efticienty promoted by 
CuCIW,N,N’,N’-tetramethylethylendiamine~I~I~~, With the p-wryl functionalization a tandem radical- 
radical reaction, yieldmg 3-aza-2-oxo-bicyclo[3,3,O]actatre adducts, is also observed. 

y-Ammobutync acid (GABA) has been u n p h d  UI several neurolwc and psychlatnc 

b r d e r s  such as epllqsy, Hunt~gton’s dlsease and parlunscmm ’ To mcrease the bram uptake 

of GABA the prodrug approach usmg y-lactam denvatms appears me ofthe most promsmg 

Among the &rent stmteg~es devlsed for the synthesis of the y-lactam skeleton, 

partwlarly ac ien t  is the rahcal cychticm of N-allyla,ahalocarboxyarmdes, wtuch d a d s  

the closure between the C(3) and C(4) rmg s&es The most attra&ve way to perform th~s 

c y c b o n  is the use of redoxatalysts, smce a profitable CCl  funct~on IS preserved m the 

prcxiuct (scheme I) 

* To whom correspondence should be addressed. 
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3740 BELLESIA ET AL. 

Scheme1 

We recently showed that CuCIW,N,N'N'-tetramethylethyldiammina (ThEDA) is an 

excel& catalyst for the rearrangement of scheme 1 .4,5 

"he recent report of GABA analogues with a C-3 hctionalized substhued spurred us 

to try the rean;mgement of y d o r o  (C), phydroxy @) or f3-vinyl (E) Nallyl- 

N-bazyiu,u-citchlorocarboxyamrdes The y-Iackms thus obtamable, besides bemg udereshng 

GABA analogues,6 are also synth&caUy ap-g adducts that could be used for the 

preparaticm of biaamw molecules, such as pcmtial nm pe@& substance P (SP) 

a) Feo/FeC1l, Dh4€, IOOQC; h) LiOH, i-C&OH/OB, -7°C; c) (COC1)2/Dh4F, CH2C12, 2040°C; d) 
'I'riethylamine, rwrn temperature; e) n-Butyllitium, THF, -78OC; f) RCHO, THF, -78°C; g) Allylbromide, 
THF, -78°C: h) CuCVTMEDA, CHfN, 60°C. 

Scheme 2 
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N-ALLYL-cx,cx-DICHLOROAMIDES 3741 

Table. Rearrangement of the N-allyl-N-benzyl-2,2-di~hloroamides.~ 
item Substrate R; R' Product conv. yield %b Cis ratio 

1 c1 -CHzCI; H F1 100 96(89:11)d 52:4Se 
2f c1 -CHZCl; H F1 93 86(52:48)d 
39 c1 -CHzCI; H F1 100 98(67:33)d 
4h c1 -CHzCI; H F1 100 98(44:56)d 
5 c 2  -CHzOCzHs; H F2 100 95(93:7)d 53:Ne 
gf c 2  -CH*OCzHs; H F2 41 37(81:19)d 
7 c 3  -CHzCI; -CH3 F3 100 98(98:2)d 53:Ue 
8 c 4  -(CHz)90W H F4 100 98(100:0)d 55:4se 
9 D1 -CH3 G1 100 76 

10' D2 -CH3 6 2  100 97(95:5)' 62:3SC 
11' D3 -CH3 G3 100 98(91:9)' 65:3SC 
12m D4 -CH3 100 97(84:16)' 51:49' 
13' -2-fury1 90 78(90:10)' 53:47e 

yoc (cis:truns) YO 

14 E l  €I1 100 43" 
a) 2.10" mol of substrate, 2.10-4 mol of CuCI, 4.10.' mol of W D A  and 4 ml of acetonitrile (AN) were 
used, reaction time 20 h, T=60'C. b) yield of isolated material. c) GC value. d) determined by HPLC. e) 
determined by H-NMR. 0 bipyidine replaces TMEDA. g) T=20"C. h) T=-10°C. i) OH protected as acetate. 
1) OH protected as isobutanoate. m) OH protected as benzoate. n) 56Yo of 3-aza-3-benzyl-7hI0methyl-I- 
methyl-2+~~[3,3,O]-bicyclooctane I1 was observed, as mixture of two diastereoimers (3:l). 

By using m&hodologies developed m our laboratory, we performed the synthesis ofthe 

p- or y - f i m d i m  N-allyt-N-benzyl-a,udi&orccarboxyamides with yields ranging from 

good to excellent (Scheme 2).4'8 The rearrangement of C, D and E to the respective 2- 

pymlidinones F, G and H (Scheme 2) WBS then carried out m a&cmt.de (AN) with 

CuCl\TMEDA at 60 "C, and Table reparts the resuhs obtained. Good yields were afforded with 

all substrates C. The Cyclizrdian is cis-stereosellectw~ and the cis:tram ratio is strcagly 

affededbythe reactiontenperatme (Table: items 1,3 and 4). lhk result can be understad by 

cmstdeamg that the C(3) stereogenic centre is cimfiguratidy AS a result, the 

isomer thermodymmdy more stable, i e. the 

one with the C(3) and C(4) bulkier appmdages tmns, is formed, and the lugher is the 

temperature the faster is the equilibrium reached 
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3742 BELLESIA ET AL. 

Besides the marked stereoseledivtty, a Me but siguficabve d m t e ~ ~ ~ l e d w t y  b e e n  

the two crs-adcbct F, mduced by the y-stemcenter, was also observed Only few orher 

examples of stereoselective radcal cychzatIons whlch use extraannular stereocentefi are 

kmvin, given that the use o f s t e m g a c  mtm msrde the c y c h g  lrmt is gmem~y p~eferred 

The P-OH m D1, shlfhng the asymmetric carbon to a pos&on next to the radcal cattre, should 

give a lugher chastereoselectnay lo The reanrrngament (Table rtem 9), however, was unclean 

and by-products from the nucleophllK: attack ofthe hydro4 on the near C-CI groups were also 

afhrded We then resorted to pratect the OH as acetate @2), and excellmt yields of the 

rearranged addud (62) were thus obmed (Table rtem 10) The CIS d w t e r e o m  was 

sele~hvely affwded, as expected, but the CIS xat.10, even If h&er than the me with y- 

stereocenters (0, was sbll u n ~ ~ f i c t o r y  "he selectiwty was dmppomtmg natwrthstandmg the 

mcrease ofprdechve group slze for the OH funct~on (Table dan~ 11 and 12), and even after 

the replacement ofthe end methyl vvlth 2-fiuyl (Table rtem 13) 

The rearrangement of El gave H1 wah unsabsfactory yelds because of a W v e  

tandem radd-radwl  react~m, wh~ch mcludes the 3-aza-3-benzyf-1 -chloro-7&lor~nnethfl-2- 

oxo-bicyclo-[3,3,O]~e I1 as a by-product I1 appears rather mtemtmg as prodrug, owmg 

to the u m f o m d  catlstndlon produced by the bndge between the C(3) and C(4) carban of 

the 2pyrrohdmme rmg l2 Its formahm IS outhed m scheme 3, where t IS clear that a basic 

reqwemaxt for the double cyclmtm is the czs s&ng betwxm C(3) allyl and C(4) radtcal 

appendage l 3  

When we mcreased the crowdmg m the carbgl which cams out the second cychzatIm 

(Scheme 4 E3), cascade appeared unaExted, an the ccntrary the b d d  up ofthe stmc bulk m 

the endo carbon ofthe C=C final acceptor (Scheme 4 E2) wtually stopped the sequance at the 

fist stage, whereas the altematm endoclame showed to be not compe#ve Fmally the N- 
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N-ALLY L-a,a-DICHLOROAMIDES 3143 

c1 CuCI-TMEDA 
--_) 

AN. 60"C, 2ah 
E2 

Bzl 

allyl-N-begzyl-2,2~chloro-4~entmmde rearrangement was attempted, however wah very 

poor result The reacmn showed a not complete convers~m (90%), and was unselectwe, being 

observed numerous products 

EXPEREMEATALPART 

'H NMR spectra were recorded on a Bruker DPX200 spectrometer Mass spectra were 

obtiuned on a combmed HP 5890 GC - HP 5989A MS Engine. Reagents and solvents were 
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3744 BELLESIA ET AL. 

standard grade commercial products and used without further purificat~on. The 2pyrrolidinones 

stereochemistry was assigned on rationale rqmted..6 

Procedure for synthesie of D1 or E. To a stirred solution of N-allyl-N-benzyl-trichloroamide 

(100 mmol) in 300 ml of anhydrous THF at -78OC under argon, a 1.6 M solution of butyl- 

litium m hexane (62.5 ml) was dnpped, and after 10 min a solution of ac&ld&yde or 

allylbromide (106 mmol) m 25 ml of anhydrous THF was added. The mixhue was stirred at - 

78°C for another hour before to be qumched with saturated aq. m C 1 .  'Ihe solut~cm was 

partitioned between CH2C12 (3 x 100 ml) and brine; the organic phases were collected, dned 

o v e ~  MgSOh filtered and then evaporated. Silica-gel chrclmatography, usmg petroleum ether 

@p. 40-6O0C)/&ethyl ether (3:1), gave D1 (99%) or E (88-98%). 

Procedure for esterification of D1: i )  Acetyhtion. N-aUyl-N-benzyl-2,2ilichloro-3hydroxy- 

butanamide D1 (40 mmol), acetic anhydnde (80 mmol) and pyidine (84 mmol) were stirred at 

room temperature. When conversion was completed, the mixture was acidified with 2.5% HCl 

and extracted w& ethyl ether (3 x 50 ml). The organic layer was dried over MgSOJ and 

evaporated. Sllica gel &omatogiaphy, using a petroleum ether @.p. 40-6OoC)/diethyl ether 

gradmt, gave 6 2  (99%). ii) Isobutanoylation and benzoylation. N-allyl-N-beaLzyl-2,2- 

dIchlorc~3hydroxy-butanamide D1 (40 mmol), isobutanoic or benzoic anhydride (60 mmol) 

and pyndme (64 mmol) were stirred at 12OOC till complete wnversim. Work-up and 

pdcation were performed as described above. 6 3  and 64 were af€brded in 98% yield. 

General procedure for cyclizetion. CuCl(0.2 mmol) and N-allyl-N-benzyi-2,2&doroamide 

(C, D or E) (2 mol)  were weighted m a S d m k  tube; then AN (4 ml) and TMEDA (0.4 

m o l )  were added, under argon. The mixture was stirred at 6OoC, and after 20 h diluted wah 

2.5% HCl (20 ml) and extracted wah CHZC12 (2 x 6 ml). The orgatuc layer was dried over 

Na2C03 and evaporated.Silica gel chromatography, using a petroleum ether (b.p. 40- 

6O0C)/dI&yl ether gradient, gave the 7-lactam (F, G or H), generally as a mixture of 

inseparable dlastereomers. 
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N-ALLY L-a,a-DICHLOROAMIDES 3745 

c i s - N - ~ c h l o ~ h l o r y ~ 2 ~ ~ ~ 0 1 ~ - p r o p ~ ~ p ~ ~ ~  (Fl ) 
IR(fdm): v =  1705(C=O).Odmixofdiastereoisomas. 'HNMR(CDCI~):cisI,6=2.56[lH,dd,J=8.6, 

C(5)H], 3.19 [lH, m, C(4)I-4,3.46 [lH, dd, J = 7.4,9.7 Hz, C(5)Hl, 3.60-3.90 [3H, m, C(4)CHP d 
CHClCHgI], 4.02 [ lH, dd, J = 5.5,11 .O Hz, C(4)CH&J], 4.16 [ IH, m, QlClCH2c(3)], 4.36 (lH, d, J = 
14.7% benzyl H), 4.72 (lH.4 J = 14.7 Hqbenzyi H), 7.20-7.40 (5H, m, H Ph). 'HNMR (CDCl3): 
a, 6 = 2.58 [ lH, dd, J = 9.2, 16.0 Hz, CHClC&C(3)], 2.92 [ lH, m, C(4)H], 2.99 [ lH, dd, J = 2.5, 16.0 

3.90 [4H, m, C(4)CHgI e CHCIC&Cl], 4.46 [ 1H, m, CuClCH2c(3)], 4.48 (lH, 4 J = 14.7 Hz, benzyl 
H), 4.58 (lH, d, J = 14.7 H2, benzyl H), 7.20-7.40 (5H, m, H I%). MS (EI, 70 ev) dz: 332 ( 7 % ) ;  298 
(2%); 208 (6%); 91 (lW?)). F d :  C, 49.0; H, 4.7; N. 3.7. C&i€l$JO reqrmed C, 48.81; H, 4.64, N 
3.79. 

15.4H~,CHClClI~C(3)],3.02 [lH,dd, J=2.5, 15.4Hz,CHClC_H2C(3)],3.11 [lH,dd, J=8.6,9.7Hz, 

Hz, CHClC&C(3)], 3.08 [lH, dd, J = 8.6,9.7 & C(5)Hl, 3.46 [lH, dd, J = 7.4,9.7 Hq C(5)H], 3.60- 

~ N - ~ ~ ~ r ~ o ~ ~ y ~ 3 - ( ~ o ~ ~ o ~ - p r ~ y l ~ p ~ ~ ~  (F2) 

9.4,15.6 Hz, CHClC&C(3)], 2.87 [ lH, dd, J = 2.2,15.6 Hz, CHClC&C(3)], 2.98 [lH, m, C(4)Hj, 3.08 
[ lH, dd, J = 8.3,lO.O Hz, c(s)Hj, 3.46 [ lH, dd, J = 7.4,lO.O Hz, C(5)H], 3.54-3.71 [SH, m, C(4)CHgl e 

IR(fdm): ~ = 1 7 0 5  (C=O). 'HNMR(CDCl3): &I(oil),6= 1.23 [3H,t,C&CH20],2.52 [lH,dd, J =  

CH~C&OC&],4.05 [lH,dd, J=4.4,11.4Hz,C(4)CHzCl],4.31 [lH,m,QClCHfi3)],4.47(1H,d, J 
= 14.7Hz, benzyl H),4.58 [lH, d, J = 14.7 H2, w H), 7.20-7.40 (SH, m, H Ph). 'HNMR(CDCl3): 
d ( o i l ) , 6 =  1.24 [3H,t, C&CH20],2.49 [lH,dd, J=8.8,15.6& CHClC&C(3)], 2.% [lH,dd, J =  
2.4,15.6 Hz, CHClC&C(3)], 3.10 [ lH, dd, J = 9.0,9.8 Hz, C(5)H], 3.26 [lH, m, C(4)H], 3.44 [lH, dd, J 

C ( 4 ~ ~ ~ ] , 3 . ~ 8 [ l H , ~ ~ ~ C H 2 c ( 3 ) ] , 4 . 3 4 ( 1 ~ d ,  J =  14 ,7Hz,wH),4 .73  [lH,d, J =  14.7% 

(looO?). F d  C, 54.1; H, 5.9;N, 3.6. C17HZClJQreQloredC, 53.91; H, 5.85; N 3.70. 

= 6.8,9.8 Hz, C(5)H], 3.51-3.70 [5H, m, C(4)CHD e C H m H & ] ,  3.87 [lH, dd, J = 4.5, 11.0 Hz, 

h q d  H), 7.20-7.40 (SH, 4 HI%). MS @I, 70 ev) d z :  342 (3%); 306 (2%1221(5%); 146 (22%); 91 

~ N - ~ Z J - ~ ~ ~ ~ ~ ~ - ( ~ ~ ~ I W - ~ ~ ~ ~ ~ ~ ~ ~  (F3) 

(CH3)CClC(4), cis o], 1.80 [0.53.3H, s, (CH3)CClC(4), cis I], 2.60 [0.47*lH, d, J = 15.6 Hz, 
IR (film): v = 1695 ( C 4 ) .  Oit mix ofdiastaeoisamas . 'H Nh4R 6 (cDCl3): 1.63 [0.47.3H, S, 

C(CH3)CICHH3), ~ ~ o ] , 2 . 7 8  [0.53*lH, d, J =  15.6 Hz, C(CH3)ClCLf2C(3), CkJ, 2% [0.47.lH, d, J = 
15.6 & c(cH3)Clc&C(3), cis o], 3.09-3.18 [lH, m, C(5)H], 3.18 [0.53.lH, d, J = 15.6 Hz, 
C(CH3)ClCHHC(3), cisJ, 3.33 [0.47.lH, m, C(4)H, cis o],3.41 [0.53.lH, m, C(4)H, cis IJ,3.47-3.57 
[lH, m, C(5)H], 3.62-3.84 [4H, m, ClC!5C(CH3)Cl e C(4)CH&3], 4.46 (0.47.lH, d, J = 14.6 Hz, bemyl 
H, cisZT), 4.51 (0.53.lH, d, J =  14.6 €4 H, Ckl) ,  
4.60 (0.47.lH, d, J = 14.6 Hz, baayl H, cis@), 7.20-7.40 (5H, m, H Ph). MS (n, 70 ev) 4': 310 (9%); 
274 (3%); 131 (13%); 91 (ICKY?). F d  C, 50.2; H, 5.0; N, 3.8. Cl&pL&NO I@& C, 50.16; H, 
5.00; N 3.66. 

H, cisl), 4.56 (0.53.lH, d, J = 14.6 & 

& N - ~ Z J - ~ ~ ~ - ( ~ - C ~ I O I W - ~ ~ - ~ - ~ ) ~ C ~ I O ~ Y I ~ ~ ~ ~ ~ - O Q ~  (F4) 
IR (film): v = 1700 (C4) .  'H NMR (CDCl3): &I (oil), 6 = 1.35-1.95 [16H, m, CHCl(CH&CH@], 
2.50 [ lH, dd, J = 9.1,15.4 Hz, CHClC&C(3)], 2.88 [ lH, dd, J = 1.8,15.4 Hz, cHcIcH_2c(3)], 3.13 [ lH, 
dd, J = 8.5,9.0 Hz, C(5)H], 3.33 [lH, m, C(4)I-Q 3.42-3.55 [3H, m, CHCl(CH&C&O e C(5)H], 3.70 
[lH,dd,J=9.6, ll.OHz,C(4)CHP],3.82[lH,m,~ClCH2c(3)],3.91 [lH,dd,J=4.3, 11.0% 
C(4)CHa], 4.39 (lH, d, J = 14.7 Hz, FhCHzN), 4.54 (2H, S, PhCHzO), 4.74 (lH, d, J = 14.7 Hz, 
phcH2N), 7.20-7.45 (lOH, Q H Ph). 'H NMR (CDCl3): (oil), 6 = 1.35-1.95 [16H, m, 
CHCl(C&CH20], 2.61 [lH, dd, J = 9.2, 15.7 Hz, CHClC&C(3)], 2.79 [lH, 4 J = 2.7, 15.7 Hz, 
CHUC&C(3)], 3.06 [lH, m, C(4)Hj, 3.10 [lH, dd, J = 8.0, 8.5 Hz, C(5)H], 3.40-3.57 [3H, m, 
CHCI(CHJ&&Oe C(5)Hj,3.65 [lH, dd, J =  8.7,ll.O Hz, C(I1)CHZCI], 4.11 [lH,dd, J = 5.1,ll.O Hz, 
C(4)CH&I], 4.22 [lH, m, CHCICH2c(3)], 4.54 (2% s, bst.zyi H), 4.55 (2H, m, berzyl H), 7.20-7.45 
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3746 BELLESIA ET AL. 

(lOH, m, H Ph). MS (EI, 70 ev) dz: 515 (1%); 460 (lo/); 409 (4%); 360 (16%); 236 (22%); 91 
(1 Wh). F d ,  C, 65.3; H, 7.3; N, 2.6. C&L&l$JO2 @ C, 65.16; H, 7.29; N 2.53. 

c i c N ~ l - W O ~ - d h y l ~ 3 - C h b ~ ~ O K t I i $ p ~ d b k  (G2) 
IR (fh): v = 1695 (C=OJactam) 1750 ( C 4 ,  estpr). Oil mix of- . 'H NMR (CDcl,): & 
l,S=1.43(3H,d,J=6.5,C&CH),2.13 [~H,s ,CH~(CO)] ,~.%[IH,~ lH,m,C(4)H],3.14[1H,dd,J 
= 8.5, 10.0 Hz, C(S)H], 3.51 [lH, dd, J = 7.2, 10.0 Hz, C(5)H], 3.67 [lH, dd, J = 10.5, 11.2 HZ, 
C(4)cH&J], 3.98 [ IH, dd, J = 4.2,ll.l HZ, C(4)cHzC1], 4.46 (lH, 4 J = 14.7 Hz,  bet^^$ H), 4.61 ( 1 9  
d,J= 14.7 Hz,blH),5.57(1H,q,J=6.5 Hz,CH&H),7.20-7.45 (5H,m, H ph). 'HNMR(CIXl3): 
c i ~ l l , S =  1.54(3H, 4 J =  6.4, C&CH), 2.05 [3H, S, CH3(CO)], 3.00 [lH,w l H , q  C(4)H], 3.14 [lH, d4J= 8.2, 10.0 Hz C(5)w, 3.57 [lH, dd, J = 7.4, 10.0 Hz, C(5)H], 3.67 [lH, dd, J = 10.5, 11.2 Hz, 
C(4)CHzC1], 3.90 [lH, dd, J = 3.9,11.2 Hz, C(4)cHzC1], 4.46 (lH, d, J = 14.7 HZ, ~~XEYI H), 4.61 (lH, 
d,J= 14.7~barzylH),5.42(lH,q,J=6.4Hz,CH~C~,7.2~7.45(5H,m,HPh).MS(El70ev) 
WZ: 307 (3%); 248 (62%); 208 (776); 200 (9%); 91 (NO%), Found: C, 56.0; H, 5.7; N, 4.0. 
C&&lzNO,requuedC, 55.83;H,5.56;N4.07. 

c i F N - ~ 3 - [ a ] - ~ ~ ~ ~ ~ ~  (G5) 

(lH, m, -NCH#Jj-); 3.39 (lH, dd, J= 6.43, 8.82 HZ, -NCBgH-); 3.71 (lH, dd, J = 10.6, 10.8 Hz, - 
C&Cl); 4.06 (1% dd. J = 3.9,10.8 Hz, €BzCl); 4.38 [( lH, d, J = 14 HZ, (2-finyi)cHzl; 4.53 [(lH, d, J = 
14Hz,(2-fiqvl)cH& 6.42 (lH, dd, J =  1.82,3.3 HZ,2-FutylH); 6.55 (lH, d, 5 ~ 4 . 1  Hz, 2-hjd H); 6.56 
(IH, S, OJWOCH,), 7.09-7.32 (5H, m, HPh); 7.43 (lH,dd, J ~ 0 . 7 ,  1.8 Hz, 2-fioyl H): d ( o i l ) , b =  
2.07 (3H, S, €Hi). 3.12-3.67 (5H, ID, -NC&CHC&Cl); 4.44 (1% d, J = 14.7 €4 benzyl H); 4.71 (lH, 
d, J =  14.7b-lH); 6.30 (lH, ~,@OCOCH3);6.44(1H,dd, J =  1.8,3.3 HZ, 2-FutylH); 6.58 

'H Nh4R (CDClj) c& (oil), 6 = 2.2 (3H, s, CQ.& 3.13 (lH, dd, J = 6.21,8.82 HZ, -NC&CH-); 3.16 

(lH, m, 2-Furyl H); 7.25-7.44 (5% m, H Ph); 7.48 (lH, dd, J=1.8,J=O.6,2-FmyI H). Ms (n, 70 ev) 
m'z: 360 (S%); 301 (11%); 208 (31%); 91 (1ooOh)). Fomd: C, 57.8; H, 4.4; N, 3.7. Cl&17cI~NO4 
requued C, 57.88, H, 4.35;N 3.55. 

c i c N - ~ 3 - a i l y l - 3 - c b l o r ~ r o m e t h y l - ~ ~  (JXl) 
IR (fihn): v = 1705 (c=o,hctam) 1750 ( C 4 ,  esba). Oil. 'H NMR S (CDC13): 2.82 [lH, m, lH, m, 

HZ,  C(5)w, 3.63 [lH, dd, J = 9.3, 11.2 HZ, c(4)cH2cI], 3.85 [IH, dd, J = 5.1, 11.2 HZ, C(4)CHzCl], 

6.0 (lH, m, CH&_H-), 7.20-7.45 (5H, m, H Ph). MS @I, 70 ev) d z :  297 (2%); 262 (48%); 212 (130/0); 

C(4)I-Q 2.95 [2H, LII, CHeCkIL],  3.09 [ lq  dd, J = 1.1,lO.O Hz, C(5)HJ, 3.41 [lH, dd, J = 2.8,lO.O 

4.44 (lH, d, J = 14 7 Nz, w H), 4.65 (lH, d, J = 14.7 Hz, -1 H), 5.2-5.4 (2H, ID, W S H - ) ,  5.7- 

91(1Wh).Found C.60.4;H,5.8;N,4.8.C~~~F1~NOreqrmedC,60.42;H,5.75;N4.70. 

3 - a z a ~ b e a y l - l c h l o ~ 7 ~ o ~ ~ x ~ ~ ~ 0 [ 3 ~ . 0 ] ~  (I1) 
IR (nujd): v = 17oQ (C=O,lactam). 'H NMR (CDCl,): di- I (solid, p.E 77-79 T), 8 = 1.67 
[lH, m, C(6)Hl, 203 [lH, dd, J = 10.8, 13.1 Hz, C(8)W, 2.10 [lH, m, C(6)H], 2.26 [lH, m, 

Hz, C(4)H], 3.49 IlH, dd, J = 6.8,ll.O Hz, C(7)HCH&l], 3.58 [lH, dd, J = 5.5,ll.O Hz, C(7)HCH&Cl], 
3,60[1H,dd,J=76, 10.5HqC(4)H],4.47(1H,d,J=14.7Hz,~H),4.54(1H,d, J =  14.7Hq 
bmzyl H), 7.20-7.40 (SH, m, H Ph). 'H NMR (CDCl,): diastaeoisolna II (oil), S = 1.21 [lH, m, C(6)H], 
2.25-3.00 [SH, 4 WlH, C(6)H, C(7)H, c(8)Hl, 2.26 [W m, C(7)!CHzC11,2.88 119 m, C(4H], 2.95 
[lH,dd,J= 1.7, 103Hz,C(4)HJ,3.46[1H,dd,J=6.6,10.9Hz,C(7)~C~1],3.56[1H,dd,J=7.0, 
10.3 Hz, C(4)q, 3.57 [ l q  dd, J = 5.5,10.9 Hz, C(7)HC&Cl], 4.47 (lH, d, J =  14.7 Hz, barzyl H), 4.56 
(lH, d, J = 14.7 HL; bazyl  H), 7.20-7.45 ( 5 6  m, H Ph). MS (EI, 70 ev) d z :  297 (10%); 262 (42%); 

C(7)BCHzCl], 2.81 [IH, dd, J = 6.1, 13.1 Hz, C(8)H], 2.88 [lH, m, C(5)H], 2.89 [lH, dd, J = 1.8, 10.5 

226(27%);91 (lW?h). Fomd: C,60.5;H,5.7;N,4.7. Cl&&l~NO+C,60.42;H, 5.75iN4.70. 
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c W * W f l F ~ * 2 - e  (HJ) 
'HNMR(CDCI3)6= 1.82(3H,~,4&); 1.84(3H,s,-C&);2.92 (lH,dd, J=9.2,14Hz, -NC&CH-); 
2.98 (1% dd, J = 7.25,9.2 Hz, -NCHm-); 3.27-3.38 (2% IU, CHKHmz),  3.41 ( 1 9  m, -NCH&CH- 
); 4.52(1H,d,J=14.7&wH);4.63(1H,d, J = 1 4 , 7 H z , ~ ~ ; 5 . ~ - 5 . ~ ( 2 % m , m ~ -  
); 5.58-5.5.78 (IH, 4 ma-);  7.247.44 (5H, m, H Ph). MS @,70 ev) dz: 289 (4%); 212 (8%); 
118 (1 1Yo); 91 (1 W?). Found: C, 62.5; H, 6.6; N, 4.4. C17Hz1CIzNO @ C, 62.58; H, 6.49; N 4.29. 
Oil. 

3 - ~ ~ b e a e J l n - 7 ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ [ 3 3 . 0 ~  (l3) 
'H NMR ( C D C l 3 ) ,  main w d  31%),S= 0.90 OH, S, CB3); 1.10 ( 3 9  S, €&); 1.89 
(1% IU, CHOCFJ-), 2.23 (lH, dd, J = 11.4,13.9 HZ, CHaCHCb); 2.57 (lH, dd, J = 2.9,8.3 Hz, - 
CXJX~N-);2.98(lH,dd,J=6.5,13.9&€H&lCHC&), 3.11 (lH,dd,J=2.9,10.8Hz,-CHC&N- 
); 3.41 (lH,dd,J=8.3, lO.SHz,-CHC&N-); 3.45(1H,dd,J=8.8,10.9&C&Cl-);3.54(lH,dd,J 

290 (36%); 185 (52%); 91 ( lW?) .  Fand: C, 62.5; H, 6.4; N, 4.3. C17HzICIzNO @ C, 62.58; H, 

' 

= 5.3, 10.9 Hz, C H a ) ;  4.51 (2H, s, benzyi H); 7.34 (SH, m, H HI). MS @I, 70 ev) d!: 325 (5%); 

6.49; N 4.29. Oil. 

&N-bd-YZmethyCp~2+11~&3-~hI01~44hdyI-p~&~ (H2) 
'H NMR (CDCl3) 6 = 1.8 (3H, S, C&); 2.78 (lH, ~cJ, J = 0.5, 14 Hz, C&CH=CH& 2.82 (lH, m, - 
CH&&CH&l); 3.O9(lH,dd, J=8.9,9.9Hz,-NC&CH-);3.15 (lH,d, J =  14HZ,€&C=CH&3.44 
(lH, dd, J = 7.2,9.9 Hz, -NC&CH-); 3.66 (lH, dd, J =9.2,11.1Hz, €&CI); 3.82 (1% &I, J = 4 8,ll.l  
Hz, -C&Cl); 4.49 (lH, d, J=14.6 Hz, -1 H); 4.6 (1% d, J = 14.7 benzyl H); 4.95-5.03 (2H, 4 

F d :  C, 61.4; H, 6.1; N, 4.6. C1&&lzNO 
C u d ) ;  7.23-7.43 ( 5 4  4 H Ph). M!3 @I, 70 ev) d z :  3 11 (3%); 276 (48%); 226 (13%); 91 (lOG??). 

C, 61.55; H, 6.13; N 4.49. Oil. 
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