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Abstract: Reaction of N-tosplcarbamoylated chloroenamines 6b-d with sodium 
cyanide in acetonitrile gave 1n.3.03bicyclic lactams 8b-d instead of the 
expacted [n.l.O]bicyclic compounds of type 7. X-ray structure analyses of 
8b-d established an uniform cis-anellation of the pyrrolidone system and an 
uniform exo-position of the morpholino moiety. A similar formation of a 
l&t* was &observed upon thG reaction of the carbamoylated .chloroene&nee 6b 
and 11 with sodium .borohyd,ride. In the case of 11 an endo-morpholino Product 
12 could be isolated which rearranged to the 'la&e stable exo-morPholino 
bicytzlic system 13 upon heating. 6b directly Provided the thermodynemically 
controlled exo-mqrpholino isomer 10. Using LiAlHa as hydride reagent conver- 
ted 6a-c into aminocyclopropanes 2h-c; the carbamayl moiety, thereby, 
simultaneously was reduced to an aminomethyl group. A bicyclo[2.1.0)Pentyl 
morpholine 204, accessible by this method, isomerized into a cyclopentenyl 
morpholine 22 upon heating in the Presence of acid. 8, ’ IO, 12 and 13 could 
be regarded as subsequent Product of Primarily formed aminocycloproPane 
derivatives 2. A ;=;t:rn ring contraction - cyclization Process better seems 
to explain at the formation of the Cn.3.0lbicyclic laothms 8 from 
chloroenamines 6 and cyanide. 

Reaction of chloroenamines 1 with succinimide yielding aminobicycloalkane 

carboxamides 2 and thermolysis of the latter in a homoenamine type reaction 

Provides an easy route to bicyclic lactams 3.' Ring opening of 2 generating 

zwitterion 4, subsequent ringclosure of 4 Producing a lactam, elimination of 

succinimide and isomerization of the CC-double bond are discussed as intermed- 
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iate steps on the way from 2 to 3. Alternatively the formation of 3 from 2 

could be interpreted as a hetero-vinyl cyclopropane rearrangements via the 

tautomeric imidic acid 5 (Scheme I). 

b . 

lactams by the reaction of carbamoylated chloroenamines of type 1 with 

cyanide using special conditions. A [3.l.O]bicyclic nitxile 7 was accessible 

from the I-tosylcarbamoylated chloroenamine '5b and cyanide in wate\r.s Inter- 

action of 6b with sodium cyanide in acetonitrile,C however, gave the anellated 

lactam 8b in 75% yield instead of 7. Analogously, 'laetams SC (42% ‘yield) and 

8d (43% yield) resulted from 6c and 66 by 

cyclic nitriles, ‘the originally expected 

the reaction mixture. 

the same procedure. Again [n.l.O]bi- 

products, could not Be obtained from 
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The compounds isolated from the interaction of 6 and NaCN proved to be 

sterically pure. The lactam moiety of 8b-d shows a strong absorption at 

1735-1760 cm-' in the IR-spectrum. In the 1aC NMR spectra the pyrrolidinone 

ring system is represented by two doublets between 39.3 ppm and 47.0 ppm, one 

singlet at about 84 ppm and the carbonyl singlet at about 174 ppm. 

In the 'Pi NMR spectra the morpholino system gave complex signals due to the 

asymmetry of the bicyclic compounds. The bridge head hydrogen-atom in 

a-position of the carbonyl group is the most downfield shifted 

carbocyclic signals appearing as a multisplit system /8b (CrDs) 

d of d of d, 3Jns = 'Jsa = 8.7 Hz, 3Jn~ = 3.5 HZ; ac (cD;rch) 6 
of d, aJMl = 35s~ = 5.6 Hz; ad ,(CsDs, 50°C) 6 = 2.53 PPm. d of 

8.8 Hz, 3Jas = 7.2 Hz, 3Jsn = 4.5 Hz]. 

proton of the 

6 = 2.24 ppm, 

= 3.09 ppm, d 

d of d, 8Jaa = 

X-ray structural analyses of 8b, 8c and 86 established the configuration of 

the [n.3.0]bicyclic lactams. It turned out that the*two cyc$es uhiformly are 

cis-linked and that the cyano-group uniformly is in the qado-position of the 

bicyclic system. A comparison of the torsional angles (see Table 1) shows al- 

most the same values for 8c and 86; in 8b, however, the anellated five mem- 

bered ring strongly influences the puckering of the lactam cycle. A similar 

behaviour is found for the torsional angle involving the two bridgehead C-H- 

bonds (Ta,ble 1, f-d-g). No great differences are observed for the bond 

lengths of the lactam ring being almost the same in 8b. 8c and 8d (see Table 

1). 

Table 1. Bond Lengths and Torsional Angles of the Pyrrolidinone Ring in 8b, 
8c and 86 

bond length [i] 8b 8c 8d 

a 1.474(4) 
b 1.394(4) 
C 1.482(4) 
d 1.537(5) 
e l-546(4) 

torsional angPe 
C" 1 8b 8c 8d 

a-b&e -12.0 -0.8 -1.9 
b-c-d -4.5 25.4 -24.4 
c-d-e 18.1 -38.7 39.3 
d-e-a -24.0 37.7 -39.9 
e-a-b 22.7 -23.5 26.7 
f-d-g 8.1 -46.2 44.4 

1.478(4) 1.481(4) 
l-412(4) 1.404(4) 
1.506(5) l-508(4) 

9 
I 

l-526(5) 1.335(5) 
l-561(4) '1.560(4) 
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Figure 1. Molecule plots of the In.3.0lbicyclic lactams Sb, SC and 8d. 
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Information about the cis-connection of the bicyclic systems is of interest 

for the assignment of the coupling constant of the two bridgehead C-H units. 

The coupling of the two bridgehead H-atoms can be determined unequivocally 

only for 8b and 8c. The relatively large AS-coupling constant of 8.7 HZ (8b) 

is in accorknce with the small torsional angle from the ZFr'ay etructuraI 

analysis (8.10) and should be "characteristic of a cis-connected bicyclo- 

[3.3.0]octane derivative. The smaller coupling constant JAB = 5.6 Hz agrees 

with the larger torsional angle of the bridge head C-H - bonds in 8; (46.20) 

effected by the sixmembered ring strongly preferring a chair conformation. 

[3.3.0]BICYCLIC LACTAHS FROM 6 OR 11 AND SODIDM BOROHYDRIDE 

Sodium borohydride reacted with the acylated chloroenamines 6b and 11 in a 

similar manner forming [3.3.03bicyclic systems. Thus 6b and NaBHd in methanol 

produced the lactam 10 which could be isolated in 34% yield. Again, a 

[3.l.Olbicyclic 9 compound was not accessible by this method. 

0 

0 
N 0 

6b 

10 

Analogously a lactam 12 could be obtained in 39% yield from chloroenamine 11 

and WaSH4. Unexpectedly, 12 isomerized to lactam 13 upon distillation in a 

Kugelrohr appcratus. The 13C NMR data clearly indicate a lactam unit for 10, 

12 and 13 (1 singlet, 10: 176.1 12: ppm; 176.6 ppm; 13 176.3 ppm; 3 doublets, 

10: 85.0, 48.1, 37.7 12: 80.1, ppm; 48.1, 42.0 ppm; 13: 86.1, 47.2, 36.8 

ppm). The bridgehead H-atom in a-position of the C=O group appears as a 

characteristic multiline signal in the 'H NMR spectrum (d of d of ,d, 10: 2.29 

ppm, 3Jna = 3Jnn = 8.8 Hz, 3J1a = 3.1 Hz; 12: 2.66 ppm, 3J~~ = 3J~n = 9.2 Hz, 

3Jns = 4.1 Hz; 13: 2.65 3Jn~ = 3Jnn PPm, = 8.8 Hz, 3J~~ 2.6 = Hz). The aminal 
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Cl 
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C-H group shaws different coupling for the two isomeric lactams. Whilst no 

coupling is observed for I3 (4.15 ppm), the same signal of 12 (4.57 ppm) is 

split into a doublet (*JEu = 7.3 Hz). The X-ray structural analysis of 8b 

gave torsional angles of -19.50 for the exo-group and 103.7O for the endo 

group with respect to the adjacent bridgehead C-H bond. Comparing the 

coupling behaviour with these torsional angles allows the establishment of an 

endo-morpholino structure 12 for the primarily formed lactam and an exo-mor- 

pholino unit for the thermodynamically controled product 13. Analogously, 10 

is to be described by an exo-morpholino structure due to the missing coupling 

of the aminal H-signal (4.78 ppm). 

H-D-exchange experiments showed that the origin of the isomerism of the com- 

pounds obtained from 11 and NaBHa is not a cis-trans problem. Both compounds 

subsequently were treated with lithium diisopropylamide and Da0 to give 14 

and 15, respectively. This caused a complete H-D-exchange of the O-C-C-H 

moiety as shown by 1H NMR spectroscopy. Apart from this H-signal, not being 

present, each of the resulting compounds 14 and 15 was identical with the 

corresponding starting material. A cis-bicyclo[3.3.0]octane 16 was shown to 

be more stable than the corresponding trans isomer 17.4 A difference of 6.0 
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kaal/mol was reported' for the heat of combustion of 16 and 17 which were 

synthesitieda from the ketones 18 and 19. B-D-exchange in 12 and 13 nlthout 

chamgimg the ring lW%age, therefore, indicates a cl3 conf%guration in b&h 

cases. 

Isomerixation of 12 

opening - ring closure 

use of methanol as 

to 13 is described best by a proton catalyzed ring 

sequence of the aminal moiety. In the case of I.0 the 

solvent and the presence of the tosyl 

facilitate the isomerization process: thus the exo-morpholino 

was isolated directly. 

group should 

compound 10 

BICYCLOEn.l.OlALRYL DERIVATIVES 20 FROM 6 ABD LITBIUH ALUHINfJM HYDRIDE 

Six-membered monochloroenamines of type 25b gave bicyclo[3.1.01hexylamines 

upon treatment with LiAlH4 leading mainly to the endo-amino derivatives be- 

sides some exo-isomer.~*a We investigated, therefore, the reaction of the 

carbamoylated chloroenamines 6 additionally with LiAlH4 instead of NaBHa. 

Analogous interaction of excess LiAl& with carbamoylated chloroenamines 6 

indeed provided bicyclic diamines 20. A reduction of the carboxamide func- 

tion, thereby, took place besides the cyclopropane ring closure. A seven-, 

six-, and even a five-membered carbamoylated chloroenamine 6 led to the cor- 

responding bicyclic systems 20~ (38% yield), 2Ob (52% yield) and 2Oa (45% 

yield). To our knowledge' this is the first example for the preparation 

of the strained bicyclo[2.l.Olpentane skeleton from a chloroenamine. 

Cl + LiAIH4 - 

la-c 
2Oa-c 

tla 

+ H+ r 
1 @fH2’Ts J 

1 

21 

-H+ 

c 0 

N I 
QC+NHTS 

22 
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The 130 BBB data clearly indicate the bicyclic constitution of 20; one aing- 

letand two doublets in the expected regions represent the cyclopropane moie- 

ty. The l&s ~oup%ing constants of the doublets show rharacteristir-ally high 

values (e.g. 2Oa: 176 Hz and 162 Hz; corresponding values for bicyclot2.&.01- 

pentane: 176 Hz and 160 IUP). 

20a-c were isolated as pure endo-morpholino derivatives; the endo-morpholino 

configuration could be assigned by the a&I1 coupling constant of the two 

cyclopropane hydrogen atoms. The observed values (2Oa: 5.5 Hz; 2Obr 7~4 Ha; 

20~: 7.7 Hz) well correspond to those which are described for similar endo- 

-substituted bicyclic systems; they strongly differ from the coupling con- 

stants of exo-substituted bicyclic compounds (bicyclopentaneg, bicyclohe- 

xanee and bicycloheptanes* 10 derivatives). The coupling constant unequivo- 

cally could be determined at the signal of the hydrogen atom of the Cl-bridge 

appearing as a doublet or h-part of an AB-system without any further coup- 

ling. In the case of 20a a clear identification of this signal required C~DI 

instead of CDCla as a solvenVa even using a 400 MHz spectrometer. 

The bicyclo[2.l.Olpentyl derivative 20a rearranged upon heating in the 

presence of acid to give a cyclopentenyl morpholine 22 (74% yield). The 

isoaerisation starts with an elimination of the endo-morpholino moiety in 20a 

generating cation 21 which yields 22 upon addition of morpholine. Such a type 

of rearrangement of a bicyclo[2.l.O]pentylamine was described to proceed 

very easily.10 

FOBUATION OF THE [n.3.01BICYCLIC LACTAMS 8, 10, 12 AND 13 

The reaction af 6a with sodium cyanide in water as a solvent yielded bicyclic 

nitrile 78, as cllready mentioned. Heating 7 in acetonitrile in a sealed tube 

to 13OeC, however, gave no aa as a product of a cyclopropane ring opening 

reaction. The same negative result was observed upon repeating the experiment 

in the presence of sodium cyanide. Attempted distillation of 7 in vacua cau- 

sed a total decomposition forming a black tar. Consequently 7 is no interme- 

diate on the way from 6 to 8, at least in the case of 8a. Formation of 8 from 

6, therefore, best is described by the sequence 6 + 23 + 4 + 8, a tandem ring 

contraction - cyclization process. The first step is represented by an addi- 

tion of cyanide to the activated CC-double bond of 6, followed by a proton 

transfer from the tosylamide to the carbanionic center. Subsequent removal of 

the chloride by a ring contraction leads to zwitterion 4. A cyclization of 7 

finally generates the [n.3.0lbicyclic lactam 8. The alternative formation of 

an [n.l.O]bicyclic nitrile 7 from 6a and sodium cyanide in water could be ex- 

plained in terms of an Snl-mechanism involving a bicyclic iminium ion. Thus 
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far it is not clear why a cis connection of the two ring systems and an exo- 

morpholino configuration in found uniformly, even for the bicyclo[9.3.0]tet- 

radecane compound. Fultthermore a participation of a cyclopropane intermediate 

9 in the formation of tQe Xactana ZO, 13 and X3 remains an open querrtim. 9, 

in m&l&et to 7, Sk&l- m +cc*t*r e&&itz!mt St t!w C*-5%?ldge: tkS5s @o%Sld 

strongly facilitate a ring opening to 4. An attempted preparation of 9 from 6 

and LiAlHl in fact gave a cyclopropane system, but the acceptor group, neces- 

sary for a ring opening reaction, was removed by the strong hydride reagent. 

cl - 
0 

1 

6 R=ls 

t TsNCO 24 

21 

NWtMe2S 

Cl - 

25 26 

1 

The bicyclic lactams 9, 10, 12 and 13 as formal homoenamine products retrosyn- 

thetically are deduced from the enamines 26. The anellation of the heterocy- 

cle, thereby, is accompanied by a contraction of the carbocycle. The carbamo- 

ylated chloroenamines 1 are important intermediate Product.9 of the three-step 

synthesis. The N-phenylcarbamoylated chloroenamine 11 (= 1, R = C6Iig) is 

synthesized by carbamoylation of 26 followed by a chlorination of the carbamo- 

ylated enamine.ls In the case of 6 (= 1, R = Ts), the sequence of the two 

steps has to be reversed as already described for the preparation of 6b from 

25b.3 Analogously, 6a, 6c and 66 were accessible in 83'2, 534 and 64% yield 

from the reaction of 24 with 25a, 25~ and 356, respectively. 
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3%_3acr,6ra 1. .3,3a.A.5.6.6a-0c hvd 3 m rob '-0 lno -mhm 
molslyohe ill, 8QQium borohy&deryG_A5 (Ji t: m&i) -sad&d &o-atsolution 
gf. ~~~*~~~~~~~Q~~~~~~ cbloroemamine 11x0 (3.29, 
acetomitrils,+ The-m@cture was.atbrred at AO°C. fex 5 d.. 

qi.10 mmol$ in 6O::mL of 
T&+m,the solvemt was 

evaporated and the residue was triturated with 20 mL of 0.2 n aqueous.~s,odium 
hydroxide solution. The remaining solid was extracted with 70 mL of dichloro- 
mebhWWJ_ Removal of the solvent ‘gave a colorlasa pre&+i+kte,whieh~ was 
recrystallized~fron acetone Cl0 m&t and ,waahid with ice-cold ether (3 x a0 
rnL) l Yield; 1.13 g, ,(398#; mp 0640C; IR (K%r;cm-s) 1670. (C=G); 'Ii RMR (CtDs) 
8 1.18-1.81 (III, 5H), 2.15-2~42 (m, 5H), 2.66 (d. of d of d, 'JSR - *Jan = 9..2 
Hz* 3JEE = A.1 Hz, la), 3.18-3.35 (m, 4H1, 4.67 (d, 3Jas * 7.3, Hz,, lH), 6.95 
-7103 (m, lH), 7.15-7.351 Em, 2H), 7.49 (d, 270; t3C DZdR (CDClt) 6 176.6 (s)i 
138-A (s), 128.8 (d), 126.2 (d), 124.9 (d), 80.1 (6, "Jcz = 148 Hz), 67.4 
(t), 49.3 (t), 48.1 (d), 42.0 (dl. 29.7 It), 28.1 (t), 27.2 (t). Anal. Calcd 
for Ci7HnzNsO~: C, 71.30; H, 7.74: N, 9.78. Found: C, 71.2; H, 7.80; lU, 9.7. 

3a.3aa,6aa-l.2&3a.4.5,6.6 .G ta J 3 n olino 2 oh&y -7 a 1,- 
en,or~o~,,~,i~o"~~st~~~2h f&3+71 g, 

cvcl oDentalcl- 
pprrol-l-one (13): 2.5 arm011 was distil- 
led in a Kugelrohr-apparatus at 170°Cf0.001 Torr. The resulting oil was 
triturated with ether (30 :mL) &to give colorless crystals of 13. Yield: 0.60 
g (84%); mp 112sC; IR (KBr, cm-l) 1665 (0~01; ‘H NMR (CsDr) 6 1.03-l-16 (m, 
l:H), 1.19-1.35 (m; 2H), 1.41-1.72 (m,2H), 1.88-2.27 (a, 6H), 2.65 (d of d of 
d, ~&II = 3,711 = 8.8 HZ, 3Jin = 2.6 Hz, lH), 3.31-3.43 (m, IH), 4.15 (8, lH), 
6.95-7.03 (m, 
(sf, 

llif, 7.15-7.28 (m, 2Hf, 7.85 (d, 2H); laC NMR (CDCl~);~~1;7'~3 
138.3 (d), 128.4 (df, 125.4 (d), 123.6 (d), 86.1 (d, ~J~II 

66.5 (t), 47.2. (d), 46.7 (t!, 36.8 (d), 33.8 (tf, 30.2 (t), 25.1 (t). Anal: 
Cald for CSVHPZN~OP: C, 71.30; H, 7.74: N, 9.78. Found: c, 71.1; H, 7.96; K, 
9.8. 

Dauterated Cpclopenta[c]pyrrol-l-one Derivatives 14 and 15 - General procedu- 
re: 0.43 g (1.5 mfaol) CyclopentatcPpyrrol-l-one 12 er 13 were dissolved in 5 
mL of THF and added to a solution of 15 mmol taf lithium d~iaQpropyl~ide 
[obtained from 9.4 mL butyllithium solution (1.6 M in hexanef. (15 mm01 
butyllithium) and 2.55 mL (18.2 mm&) diisopropylaminel in pentane (12.3 mL)- 
The mixture was stirred at room temperature for 3 h, then quenched with 0.25 
mL (15 nunol) of DzO and additionally stirred for 30 min. Removal of the 
solvent mixture gave a residue which was triturated with 5 mL of dichloro- 
methane. The solution was filtered and the solvent evaporated in the vacua. 

3%,3aa.6aa-6a-Deutero-l~2,3,3a,4,5,6-he~tahydro-3-mor~holino-2-~he~vl-~v~lo- 
pentiafcfvyrrol-l-one (14): Addition of 5 mL of ether to the residue, tritura- 
tion and isolation of the resulting crystals gave 0.19 g (44 &f monodeuterat- 
ed 14; mp 161QC; the 'H NMRspectrum (C&D61 was identical with that of 12 
except for the missing signal at 2.66 Dpm. Anal. calcd for CI ~HXL DNsOZ: C, 
71.05; H (for HZZ) 7.71; N, 9.75. Found: C, 70.3; H, 7.71; N, 9.4. 

3a,~3aa,6aa-6a-Deutero-l_2,3~3%,4_5~6-heotahvdro-3-moroholino~2-~henyl-cvclo- 
B (15): enta c The residue was distilled in a Kugelrohr appara- 
tus at 17O~C/O.O01 Torr. 0.24 g (56 %f of monodeuterated 15; mp 11OQC; the *H 
NMR spectrum (CeD6) was identical with that of 13 except for the missing 
signal at 2.65 ppm. Anal. Calcd for CI~HZIDNZO~: C, 71.05; H (for H22) 7.71; 
N, 9.75. Found: C, 71.1; R, 7.70; N, 9.6. 

N-[(Morpholinobicycloafkyl~meth~l]-4-toluenesulfonainid%s 2Oa-c - General 
procedure: N-Tosylcarbamoylated chloroenamine 6 (6a: 3.85 g_ 10 mmol; 6b:3 
1.99 g, 5.0 mmol; 6c: 2.06 g, 5.0 mm011 was added to a suspension of LiAfHa 
(1.,90 g. 50 mmol) in ether (70 mL) and refluxed (6a,b: 20 h; 6c: 5 8). In the 
case of 2Oa the reaction mixture was poured into 300 mL of ethsr, then ice- 
water was added until the LiAlH4 was destroyed. Filtration, washing the resi- 
due with water (50 mL), separation of, the ether, extraction of the aqueous 
layer with ether (2 x 30 mL) and evaporation of the solvent from the combined 
ether layers gave crude 2Oa. It was crystallized twice from ether (30 mL) 
at -18oC. In the case of 2Ob,c 40% aqueous sodium hydroxide solution (50 mL1 
slowly was added to the reaction mixture. The precipitate was separated by 
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N-((la,$a,5%-Mer~ol~no~b~c~c~o~2.l.Ol~~nt-l-r~~~methYlt-4-tofu~neru2fon~S%~ 
/2&t) : Ylrld: 1.51 g I454): mp 243*c; 'H NJtm iC@$D+. 400 k?m$ d air22 h Of ‘ml 
AS-eystcrIn 'Jm, 3: 5.5 HZ, mt, x.29-2.37 (xi, m1,*2.49-2.55; hli, iHS, 2.6S-2.77 
[a, 2H), 2.78-2.85 Is, iSI), 2.90 (%, 3H), 2.29-2.30 h&, 4H1; $%5;11.(&2;, 2$ 
(HD) IAh%yatem, ¶Jmr * 12 Hn, 2H), 3;if-3.ffc &I, %H), 
6.80, 5185, 3.95, 8.00 IM’xx’-sSlataiTt, mIz {cxx;l A its:;' csi: 
237.3 tst, 228.8 [dL), 227.2 (di, 67.1 tt; 52.3 It), 52.5 (6, 'Joti * 262 
Hz), 47.2 (tS, 31.0 (s), 23.2 Id, ZJcr = f?i Hz), 22.6 IQ), PO.2 k):, Pi3.3 
(t). Anal. Calcd for C~T&~NIOSS: C, 60.69; H, 7.19; N, 8.33. Found: C, 60.5; 
H, 7.20; N, 8.2. 

N-((la.5 a,WkMor~he $a bi. 9~1 E3 01 hex-b-yl)-methyls-4-toluen*sulfon*arid 
[2Obj: Yield: 0.92 i (&)y mp"l10~k18C; *EI ?SPiB (CDCl*j (s l.Ob'l.16 (m, 1:) 
1.54 (1, *Jmn ‘- 7.4; ax), 1.59-1.95 (m, 6Hj, 2.26-2.45 tmt and 2,42 Is) (7Ht: 
2.91 (be. a, 2W, 3.52-3.66 (la, 4H1, 4-7 (s. lH, NH), 7.31, 7.35, 7.69, 7.73 
(AA'XX,-system, UH); '*c NMB (CDCls) 4 143.3 (11, 137.3 Is), 129.7 (61, 117.1 
(d), 67.1. (t), 53.8 (t), S2.5 (d, 'Jcr - 252 Hz), 49.5 (t), 3%.3# (81, 28.8 

26.8 (t), 26.0 (t), 21.4 (qI. Anal. Cacld for 
~~;H:?N~o~~:'~~ 6!f~9:2~:87.::~,N, 7.99. Found: C, 61.5; H, 7.35: N, 7,s. 

N-((la,6&,7%-Yor~holino-bicyc~o[4.l.O]he~t-li-vl~-methYlt-4-tOluena%ulfon~ide 
(20~): Yield: 0.69 g (384); mp 148-149°C; 'H NH% (CDClr) 6 0.65 (ill of d of d, 
8511 = 3.0 Hz, 8J~~ = 8511 - 7.7 Hz), 1.06-1.78 (m) and 1.24 (d, OJII = 7.7 
Hz) (9H), 2.25-2.44 (m) and 2.42 (8) (7H), 2.57 (HA), 2.71 (HEz) (AB-system, 
~JAB = 21.7 Hz, additional coupling by NH 3J~m = 5.9 Hz, 2H), 3.47-3.64 (m, 
4R), 4.45 (t, 'Jrr = 5 Hz, ZH, =>, 7.32, 7.35, 7.68, 7.72 (AA'='-system, 
4B); s*c NM% (CDCls) 6 143.7 ((I), 237.3 (a), 130.0 (d), 127.4 (d),.67.2 (t), 
53.8 (t, OC!, 49.7 ld, IJcs * 164 Hz), 22'+5 It), 21-9, 21*%* al*?' I3t and 
Is),, 21.6 [q), 19.2 (d, 'Jcr = 156 Hz), 19.2 (t). Anal. Calcd for 
C:iwHr8&0sS: C, 62.62; H, 7.74; N, 7.69. BoUti: C, 62-C: Hr 7-85: N, 7-6, 

N-[(2~Mor~holino-2-cpclo~enten-l-Yl)-methyl~-4-toluenesulfonamide (22,: A 
solution,of 20a (0.336 o, 1.0 mmol~ and benxoic acid (0.122 g, 1.0 sunal} in 5 
mL of chloroform was heated for 16 h to 6OeC. Extraction of the solution with 
2 mL of saturated aqueous NarCOa gave crude 22. Pure 22 was obtained by 
crystallization from ether - pentane (1 : 11 (20 mL). Yield: 0.250 g (748); 
mp 108oC; IH NMR (CDCls) 6 l.21-;H;5 (m, lH), 2.96-2.50 (mf and 2.45 (8) (20 
H), 2.96 (8, 2H), 3.51-3.60 (m, , 5.48-5.57 (m, lH), 5.81-5.90 (m, lH), 
7.29, 7.33, 7.73, 7.77 (AA,XX,-system, 4H); '*c NM% (CDCls) 6 243.1 (81, 
136.6 (81, 133.6 (d), 232.0 (d), 129.4 (d), 226.9 (d), 73.9 (s), 67.2 It), 
48.1 (t), 46.3 (t), 31.7 (t), 26.1 (t), 21.5 (q). Anal. Calcd for 
CIrHnrBr&8: C, 60.69; H, 7.19; N, 8.33. Found: C, 60.6; HI 7.05; I, 8.2. 

3-Chloro-2-mornho~ino-N-(4-toluenesulfonyl)-l-aYclopentene-~~c~~bOX~id% 
(6a): A solution of chloroenamine 25a” (3.0 g, 16 mm011 mL of aceto- 
nitrile was cooled to -1OOC. 4-Toluenesulfonylisocyanate (24) (3.16 g; 16 
mmol) was added within 10 min under stirring. Continuous stirring at -lO°C for 
30 min gave a colorless precipitate which was isolated by suction, washed 
with ice-cold acetonitrile (20 mL) and dried in vacua. Yield: 5.1 g (83%); mp 
13loC; IR (KBr, cn1-~1 1645, 1590 (C=O, C=C); 'H BMB (CDCla) 6 2.06-2.35 (m, 
2H). 2.42 (a, 3H), 2.42-2.61 (m, lH), 2.74-2.93 (la, lH), 3.10-3.35 (m, 4N), 
3.82-4.00 (m, 4H), 5.02 (me, lH), 7.32, 7.36, 7.96, 8.00 (AA'XX'isyStem, 4H11, 
10.1 (s, lH, NH); '"C NMB (CDCls) 6 161.5 (sf, 158.4 (81, 145.0 s(s). 136.6 
(s), 129.7 (d), 228.4 (d), 116.8 (s), 66.7 (t), 62.7 (d, 'JCI = 158 Hz). 51.8 
(t), 31.7 (t), 28.4 (tf, 21.6 (q). Anal. Calcd for CITHP~C~N~QIS: C, 53.05; 
H, 5.50; N, 7.28. Found: C, 52.8: Ii, 5.50; N. 7.3. 
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3-Chloro-2-mor~holino-N-(4-tolu~~eau~fony~)-l~cYe~oheDtene-l-car~x~ide 
(6~): 4-Toluenesulfonylisocyanate (24) (3.94 g, 20 mmol) was added to a 
solution of chloroenamine 25c17 (4.31 g, 20 mmol) in 50 mL of dichloromethane. 
The solution warn stirred at 20*C for 1 la. The solvent wa8 evaporatad and the 
residue was triturated with 30 mL of ethanol. Standing at -18OC for 24 h gave 
a cristalline precipitate which was isolated by suction and washed successive- 
ly with ice-cold ethanol, ether and pentane (each 30 mL). Yieldr 4.40 g 
(53%); mp 135-1360~; IR (KBr, cm-l) 1665, 1600 (C=O, C-C); 'H NNR (CDC13)6 
1.12-2.47 (m, SH), 2.44 (8, 3H), 2.98 (me, 4H), 3.97 (mc, 4H), 4.92 (nk, 1H). 
7.31, 7.35, 7.74, 7.78 UA'KK'-aystem, 4H); '8C NNR (CDCls)' 8 164.0 (s), 
155.7 (s), 144.9 (s), 137.0 (a), 135.3 (s), 129.8 (d), 128.6 (d), 66.2 (t), 
49.8 (t), 55.2 (d, 1Jcn = 150 Hz), 33.7 (t), 25.5 (t), 25.1 (t), 23.4 (t), 
21.7 (q). Anal. Calcd for C~NH~~C~NZOIS: c, 55.27: H, 6.10: N, 6.78. Found: 
C, 55.1; Ii, 6.14: N, 6.6. 

3-Chloro-2-morpholino-N-(4-toluenesulfonyl)-l-c~clododecene-l-carboxamide 
(66): A solution of 4-toluenesulfonylisocyanate (24) (1.97 0, 10 mmol) in 
ether (20 mL) was dropped under stirring-to a solution of chloroenamine 25810 
(2.86 g. 10 mmol) in 40 mL of ether at -2OOC. Stirring was continued for 45 
min. Crystallization was completed by standing at -2OoC for 2 h. The crystal- 
line solid was isolated by suction, washed with 20 mL of ether and dried in 
vacua. Yield: 3.09 g (64%); mp 103*C: IR (KBr, cm-') 1695, 1615 (C=O, C=C); 
'H NMR (CDCla, -3OoC) 6 0.86-1.55 (unstruct. signal, 13H), 1.65-2.28 (m, 4H), 
2.30-2.55 (m) and 2.39 (s) (4H). 3.20 ktk. 4H), 3.74 kk. 4H). 5.00 (mc. lH), 
7.29, 7.33, 7.91, 7.95 (AA'KlC'-system, 4H), 13.2 (8. NH, 1H); 13C NMR (CDC13, 
-3O“C) 6 166.4 (s). 

(t), 
153.2 (a). 145.4 (9). 135.5 

(d, I&II = 146 Hi), 
(a). 129.9 

128.5 (d), 66.6 57.1 52.2 (t); 
(d). 129.9 Is). 

32.2 (t); 26.9 It), 
26.3 (t, ac), 23.1, 22.9, 22.7, 21.9, 21.0, 19.3 (5t and 1s). Anal. Calcd for 
CnrH31ClNz04Si c, 59.67; H, 7.30; N, 5.80. Found: C, 59.6: H, 7.18; N, 5.8. 

X-Ray Crystal Structure AnalYS8S'g~x0 

8b: CleHaaNaO~S, F.W. = 382.5; triclinic, space group P I; a = 11.175(5), b = 
11.736(a), c = 7.923(6) A, a = 103.27(3), 8 = 109.77(4),v = 92.37(3)O, V = 
944(2) An; 2 molecules per unit cell, D. = 1.37 g cm-a; u(Mo-K,) = 1.921 
cm-'; crystal size 0.50 x 0.40 x 0.30 mm. Data collection: Diffractometer 
Enraf-Nonius CAD 4, monochromatized Ma-K, radiation: 3583 independent 
reflections with 2.00 < e < 25.000 [w/28 scan, scan width (0.85 + 0.35 tan 
8)0, scan speed 0.9 - 5.0°min-1] absorption correction. Structure 
solution and refinement: Full-matrix nyeast-squares method, H atoms refined 
isotropically, 2700 reflections with I > 30(I); 244 variables, unit weights, 
maximum shift/error ratio < 0.72, R = 0.050, RW = (CApP /C F02)1/2 = 0.051. 

SC: CzoHnsNaO4S, F.W. = 403,5; monoclinic, space group P 21/c; a = 12.424(l), 
b= 9.023(3), c = 18.114(3) A, f3 = 101.35(l)“, V = 1991(l) A3; 4 molecules 
per unit cell, DX = 1.346 g cm-a; p (MO-K,) = 1.845 cm-l; crystal size 
0.40 x 0.25 x 0.10 mm. Data collection: Diffractometer Enraf-Nonius CAD 4. 
monochromatized MO-K, radiation; 2752 independent reflections with 2.00 < 0 < 
i3,0rin'"{2 0 scan, sqan width (0.90 + 0.35 tan 0 )*, scan speed 0.9 - 
_O_ 1 no absorption 

Full-matrix least-squares 
correction. Structure solution and refinement: 

method, H atoms refined isotropically, 2170 
reflections with I > 20(I); 353 variables, unit weights, maximum shift/error 
ratio < 0.50, R = 0.043, RU = (CA2F /Z Fo')l/p = 0.041. 

8d: CzsHagNaO4S, F.W. = 473.6: mgnoclinic, space group P 21/c; oa = 12.016(6), 
b = 15.916(g), c = 13.797(17) A, 8 = 107.37(6)0, V = 2518(3) A=; 4 molecules 
per unit cell, Dx = 1.249 g cm-s; II (Cu-K,) = 13.86 cm-l; crystal size 
0.30 x 0.45 x 0.70 mm. Data collection: Diffractometer Enraf-Nonius CAD 4, 
monochromatized Cu-K, radiation; 4271 independent reflections with 4.00 <e < 
65.00° [w/20 scan, scan width (0.90 + 0.14 tan 8 )O, scan speed 0.9 - 
5.0°min-11, linear correction for intensity loss (< 3.4%), empirical absorp- 
tion correctionPI. Structure solution and refinement: Full-matrix least-squar- 
es method, H atoms refined isotropically, 3731 reflections with I > 2.2o(I); 
483 variables, unit weights, maximum shift/error ratio 1.23, R = 0.053, Rv = 
(CAzF / CFoz)1'2 = 0.053. 
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