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Abstract :

N-Chloro-alkenylpyrrolidinones, an N-chloro-alkenylsuccinimide and N-chloro-alkenyloxazolidinones were prepared as precursors
of olefinic cyclic carboxamidyl. imidyl and carbamyl radicals constrained to undergo intramolecular reactions uniquely via their
planar or shightly twisted (30-35°) Ily state (1.5-transfer of an allylic hydrogen, S-exo or 6-exo cyclization 10 give

e~ A £~ A

UleClO[A 2. uazaneptaue and DleclO[j Z. ljazaoctane skeietons respecuvely), those intramoleculiar reactions bClIlg unaccessibie to

the nhnm‘ Y state. Their nhntnlvclc gave nrr\dnr‘t: qncmg nmmmlv from intermolecular reactions of those mtrngpn radicals
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(addmon to an external olcﬂn hydrogen abstractlon from the solvent allylic hydrogen abstraction). An intramolecular reaction
leading to bicyclo[3.3.0}azaoctane derivatives via S5-exo cyclization was observed with an N-chloro-alkenylpyrrolidinone and an N-
chloro-alkenyloxazolidinone. In these two cases. both the Iy and the Zy states of the cyclic amidyl radical allow orbital overlap

for 5-exo r\m]wnhnn © 1999 Flsevier Science Ltd All righte racarved
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INTRODUCTION

Amidyl radicals are known to add to olefins to form C-N bonds,"'® which shows that the unpaired spin
resides mainly on the mtrogen (Scheme 1). It has been shown by EPR spectroscopy that the electronic ground
state of amidyl radicals is Iy (see 1, Scheme 1).”>** However, to our knowledge, there is no example in the
literature where the addition of an amidyl radical to an olefin would involve unequivocally the planar or slightly
twisted (30-35°) Iy ground state. On the other hand, there are cases of intramolecular addition of acyclic
amidyls to a double bond (5-exo- and 6-exo cyclizations leading to bicylic and tricyclic systems) where only the

Ty state (see 2, Scheme 2) or a highly twisted (= 70°) Ily state (5) (see 3, Scheme 1) can be the reactive

[

11
s 13

species.”™

Cyclic amidyl and imidyl radicals have been shown to be more reactive towards olefins in intermolecular
additions than their acyclic analogues.” In order to see if bicyclic skeletons could be constructed by cyclization
of olefinic cyclic amidyls and to evaluate the reactivity of their electronic states (planar or slightly twisted I'lx
and Xy states), we studied the olefinic cyclic amidyl radicals 4 to 13. For the olefinic carboxamidyl radicals 4, 5,
6,7 and 8, and the olefinic succinimidyl radical 11, only the Ily state can undergo intramolecular addition to
the double bond (or intramolecular abstraction of an allylic hydrogen) according to the inspection of molecular
models. In the case of the carboxamidyl radicals 9 and 10, and of carbamyl radicals 12 and 13, both the 1y and
Ty states can, in an intramolecular reaction, add to the double bond. Radicals 10 and 13 can also abstract an
allylic hydrogen (1,5-tranfer) via the Ty or the Xy state. We report the results in this paper. The nitrogen

radicals were generated by photolysis of the corresponding N-chloramides.

0040-4020/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
PII: S0040-4020(98)01158-2
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The 3-monoalkenyl- and 3, 3-dialkenylpyrrolidin-2-ones 17a (R = H) and 18a (R = H) were prepared as
shown in Scheme 2 using a procedure described by Padwa et al” Preparation of 4-allylpyrrolidin-2-one (27a,

D = I wac carrad
N W

5-allylpyrrolidin-2-one (30a, R = H), a Baker and Sifniades reduction =~ of N-benzylsuccinimide (28) was

“Q—

combined with a Takacs and Weidner alkenylation *° of the resulting trifluoroacetate 29 (Scheme 4). Finally, 5-

uction of encgln!mgrlp {11\

in acid medium followed by reaction with 3-butenylmagnesium bromide (Scheme 5). Treatment of the above six
pyrrolidinones with a commercial sodium hypochlorite solution 7 afforded the corresponding N-

22b 27h 30b and 32b (R = Cl)) in yields ranging from 53 to 100 % (95-

100 % active chiorine by iodometry).

V4

(ﬁ—l/ r_(w—’///
L /K (Me,CH),NLi 4 go Li/ NH, 4 )§0

| Br\m,/\\\ EtOH 1}‘
CH,Ph " CHwPh R
14 15 n=1(69%) 17a n=1 (R =H) (30 %)
16 n=12(45-83 %) 18a n=2 (R =H) (75-81 %)
| (Me,CH),NLi

B o™

\N/ O EtOH \N/ =0

| |

CH,Ph R

19 n=1 21a n=1(R=H) (33 % from 15)
20 n=2 22a n=2 (R=H) (35 % from 16)

Scheme 2
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Wer sole products detected by gas
liquid chromatography (GLC) and isolated by flash chromatography in the yields indicated. They were formed

by intermolecular hydrogen abstraction from the solvent, either by the amidyl radical ** or by the chlorine atom

reactions of amidyl radicals 4 and 5. As illustrated in Scheme 6 for radical 4, only the planar or a slightly
twisted (30-35°) Ilx state allows good overlap between the p orbital on nitrogen containing the unpaired spin
P ST T
dalda e J

(5-exo cyclization on the acyl chain in the case of 4, 6-exo cyclization on the acyl chain in the case of 5). For the
planar or a slightly twisted Ty state of radicals 4 and 5, the sp’ orbital containing the unpaired spin cannot
overlap with the m orbital of the double bond according to molecular modeis. Similarly, intramolecular
abstraction of an allylic hydrogen through a 1,5 transfer on the acyl chain in the case of radical 5 is possible only

with the planar or slightly twisted

state since it allows overlan (not nm‘lmnm\ between the p orbital on

Iy state since erlap (not optimum between the p orbital on
nitrogen and the o orbital of the allylic C—H bond (angle of about 150° for a 35° twisted Ily radical, see
Scheme 6). In the case of radical 4, such a 1,5 transfer of an allylic hydrogen through the N-alkyl chain should
orhital of the tu

Iy state (angle of 90°). Thus, intramolecular reactions of the Iy state of cyclic amidyl radicals 4 and 5, namely

5-exo cyclization of 4, 6-exo cyclization of § and 1,5-transfer of an allylic hydrogen in 5, are slower than

and(or) the chlorine atom. This might be due to the inherent unreactivity of the Iy state of these cyclic amidyls

or to unfavorable interactions in the transition states leading to bicyclo[2.2.1]azaheptane or to
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Table 1. Photolysis of N-Chloro-3-allylpyrrolidin-2-one (17b, R = Cl) and
N-Chloro-3-butenylpyrrolidin-2-one (18b, R = Cl)

N Mhlncnlnnbnns Dl leln F PN ) gy - Vo I Y .
IN-UINUTUlabtalll nouLoLysiy ©vone inoLoLysis 11CIa O1 paicii
(R=ChH conditiong® duration lactam (R = \b
[EAN 1925 LOLGLILULS Guiauuvii iavidiig (N i1y
(M) (h) %)
z ANl A2
17b A 0.050 2.5 33 (17a)
18b B 0.020 1.5 98 (18a)
18b C 0.022 1 51° (18a)
2 The nhatnlvesc wore carried nnt in a Ravannat reantnr neing a guartz rall Cnnd}usns A 254 nm la‘rﬂps CI{QC!"} (SG}VC“{} =78 OC
3 2
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. conditions B: 254 nm. cyclohexane, 10 °C ; conditions C: 300 nm, CH,Cl,, -78 °C,
e Yield of products isolated by flash chromatography.

° The yield takes into account 2 % of unreacted N-chlorolactam 18b (iodometric titration). A chlorinated coumpound identified by
GC-MS only was isolated in a 4 % yield.

Cl/ MeO I!T
8 2 (=11 20
22 20(n=1) 29
37(n=2)
As shown in Table 2, entries 1, 2 and 3, the photolysis of N-chlorolactam 21b (R = Cl), precursor of

carboxamidyl radical 6, led exclusively to the parent lactam 21a (R = H). Under conditions A (entry 1), the
yield of parent lactam (81%) was even higher than that obtained in the photolysis of N-chlorolactam 17b (R =
Cl) (Table 1, entry 1: 33% ). So, despite the fact that the probability of the intramolecular process (5-exo
cyclisation on the acyl chain) should be higher in the case of radical 6 having two propenyl chains than with
radical § having only one propenyl chain, it remained slower than intermolecular hydrogen abstraction from the

solvent. The intermolecular trapping of radical § by cyclohexene (entry 4, 6% of 1,2-adduct 35) and by

n PR}

tertiobutoxyethyiene (entry 5, 33% of adduct 36 after methanoiysis of the a-chioroether) shows cieariy that the

intramolecular reactions of the Iy state of such carboxamidyl] radical are slower than intermolecular addition to

an olefin which could involve the TTx or the Iy state. *°
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Table 2. Photolysis of N-Chloro-3,3-diallylpyrrolidinone (21b, R = Cl)

Yieid
%)
Entry Photolysis Conc.  Photolysis Parent Other products
conditions’ duration lactam
™M) (h) 21a (R =H)
1 A 0.030 11 81
2 B 0.015 25t04 99-100
1o
0.020
3 C 0.020 5 100
4 B 0,016 7 60 6
(\ (38, trans / cis = 1.5)
+ 7eq. w
5 C 0,017 95 65 33 (36)

+ Teq. "]L*’J

* Scc footnote a of Table 1. In entry 2, the range of values were obtained from two different experiments.
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See 1I00INGIC U 01 1.

The photolysis of N-chlorolactam 22b (R = Cl) with two butenyl groups at position 3 did not give any
bicyclic lactam (bicyclo[3.2.1]azaoctane) resulting from a 6-exo cyclization (on the acyl chain) of amidyl
radical 7 (Table 3, entries 1 to 4) as in the case of the photolysis of N-chloro-3-butenyl-pyrrolidin-2-one (18b,
R=ClI) (see Table 1). However, in contrast with the results of Table 1, a monochloro derivative resulting from
allylic hydrogen abstraction (see 38) was isolated in a 39 % yield along with 49 % of the parent lactam 22a (R
= H) when the photolysis of 22b (R = Cl) was carried out under conditions C (Table 3, entry 2 : CH,Cl,, -
78°C). When the photolysis of 22b (R = CI) was carried out under conditions B (entry 1 : cyclohexane, 10°C),
the yield of parent lactam 22a was about the same (53 %) as under conditions C but the allylic chloride 38 was
not detected among the many unidentified products formed in small amounts. Concerning the mechanism of
formation of allylic chloride 38, there are three possibilities: i) intramolecular abstraction of an allylic hydrogen
by the amidyl radical 7 (1,5-transfer via the acyl chain with a non optimum angle of about 150° between the px
orbital and the C—H bond as with 5, see Scheme 6); ii) intermolecular abstraction of an allylic hydrogen by the
amidyl radical 7; iii) intermolecular abstraction of an allylic hydrogen by the chlorine atom. When the
photolysis of 22b (R = Cl) was carried out in the presence of cyclohexene oxide as HCI trap to break the
chlorine-atom chain reaction (Goldfinger type mechanism %), the yields of parent lactam 22a (R =H) and allylic

chloride 38 remained the same (Table 3, entry 3). In the presence of tertiobutoxyethylene which is a good trap



for both Cl, and HCI produced in the chlorine-atom chain, the yields of parent amide 22a and allylic chloride 38
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chlorolactam 22b to tertiobutoxyethylene, but the ratio of allylic chloride 38 to parent amide 22a remained the

same. The experiments of entries 3 and 4 of Table 3 therefore strongly suggest that a chlorine-atom chain was

Furthermore, intramolecular hydrogen abstraction by the amidyl radical 7 for the formation of allylic chlonide

38 does not seem highly probable for the following reasons: i) such a 1,5-transfer of allylic hydrogen via the N-

v

radical 7 would occur via the acyl chain and it has been shown that, in the case of an acyclic carboxamidyi
radical (photolysis of N-chloro-N-(1,1,3-trimethyl-butyl)-3,3-dimethylbutanamide *'), 1,5-transfer of hydrogen

was faster for a hydro on the N-alkyl chain

18 ¥ 1N Qe

than for a hydrogen on the N-acyl chain Therefore,

intermolecular ailylic hydrogen abstraction by amidyl radical 7, which could also abstract hydrogen from the
solvent, appears the most probable mechanism for the formation of allylic chloride 38. In agreement with this,

from 0.55 to 0.80,

as observed

upon increasing the concentration of N-chiorolactam 22b (R = Ci) from 0.004 M to 0.014 M when the
photolysis of 22b was carried out in CH;Cl, at —78°C. Such an increase of substrate concentration should

indeed lead to an increase of th
1 n increase of th

CI) and/or parent lactam 22a (R = H) and, hence, lead to an increase of the 38/22a molar ratio. Chow and
coworkers *' had proposed that the Iy amidyl radical was responsible for the preference for hydrogen

abstraction on the N-alk
abstraction on the N-alk

hotolysis of N-chloro-N-(1,1 3-trimeth

dimethylbutanamide mentioned above but they had no unequivocal evidence of the participation of the Iy

radical since, from an inspection of molecular models, both the Zx and Ily radicals appear to offer a good

than the intramolecular reactions of amidyl radical 8 (5-exo cyclization on the N-alkyl chain to a

bicyclo[2.2. 1]azaheptane and 1, 5-transfer of an allylic hydrogen on the acyl chain) which could occur only via

floTl',, +

Qta
v 1 AN Swa
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Table 3. Photolysis of N-Chloro-3,3-di(but-3-enyl)-pyrrolidin-2-one (22b, R = Cl)
Yield®
(%0)
Entry Photolysis Conc.  Photolysis Parent iactam Other products
cnnditiang? Avrentine 2. /D — LT
VUIBIUUILD uuiatiull a&d \IN —I1)
M) (h)
1 B 0.020 2 53 Many minor
products®
2 C 0.014 9 49° 39 % (38)
3 C 0.018- 6-6.5 48-50 35-38 (38)
e (Y00
- q
4 C 0,011- 7-8.5 25-27 46-50 (37)
+3,5-7Teq. 0,017
18 13ﬂ\
o, (28
* See footnote a of Table 1. In entries 3 and 4, the range of values correspond to two different experiments

" See footnote b of Table 1.
¢ None of the minor products were identified or characterized.
4 The yield takes into accounti 4 % of unreacied N-chioroiactam 22b (iodometric titration).

Photolysis of N-chloro-5-allylpyrrolidin-2-one 30h (R = CI), in cyclohexane at 10°C (conditions B),
gave the parent lactam in a 94 % yield (Table 4, entry 1). This is not surprising since 5-endo cyclization of
radicals is a slow process, usually not observed *.

Irradiation of N-chloro-5-butenylpyrrolidin-2-one 32b (R = CI), in CH,Cl, at — 78°C (conditions C),
gave the bicyclic lactams 40 and 41 (bicyclo[3.3.0]azaoctane skeleton, Scheme 7) via 5-exo cyclization of
amidyl radical 10, in a total yield of 9 to 24 % and as a 2 :1 to 2.5:1 mixture of two diastereomers (Table 4,
entry 2). Esker and Newcomb * have also obtained a 2 :1 mixture of diastereomeric bicyclic lactams by
reaction of N-thiophenyl-5-(but-2-enyl)pyrrolidin-2-one with tributyltin hydride initiated by AIBN. Since a
substituent at position 2 of a cis-bicyclo[3.3.0]octane shows a strong preference for the exo orientation * (see
39i in Scheme 7), the low stereoselectivity of the cyclization of radical 10, a 2:1 ratio of diastereomeric bicyclic
lactams (see 40 and 41), infers that the transition state is early, as would be expected from the fact that the
addition of an amidyl radical to a double bond should be exothermic. Inspection of molecular models shows: i)
that both the Iy (30-35° twisted) and Xy states can participate in a 5-exo cyclization; ii) that cyclization of the
Iy state of 10 should give the exo isomer 39i predominantly because of stronger interactions in the transition

state leading to the endo isomer 39j; and iii} that interactions in the two transition states for cyclization of the



would be involved in the cyclization of radical 1

I
n© T

owever, such conclusion is not on firm ground for the

following reasons: i) the cyclization of radical 10 gives bicyclo[3.3.0]azaoctanes whereas the cyclization of

less unfavourable interactions might be involed in the transition state for the cyclization of radical 10 than that

of radicals 4 to 8; and ii) in radical 10, the overla

=]
(=2

etween the orbital containing the unpaired spin and the n

mrhital of aho Aoibda hond ananig A b habioan fioio £
orbital of the double bond appears to be better (more favour:

state, again from the inspection of molecular models.

The dichlorinated bicyclic lactams 41 must have been formed by coupling of the diastereomeric radicals

20
J7

B Th
Z1 W 1
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abstraction from the solvent did occur in the photolyses discussed above and was the reaction mainly

responsible for the formation of the parent lactam in all photolyses described so far including this one (43-44 %

yield of 32a, Table 4, entry 2). We made no attempt to detect the products of solvent chlorination.
O o o
Il [ CH2H I CH, "
L =
. / N N N
{ ANV ) {
10 39i (ex0) 39j (endo)
N s - e _
v
, .
RCONCIR / . CHCL,
(- RCONR)

0] 0

CH,CI CHCl,
N—f N—f

A AL

40 (exo + endo) 41 (exo + endo)

Scheme 7



Table 4, Photolysis of N-Chloro-5-alkenylpyrrolidin-2-ones 30b and 32b (R = Cl)
Yield”
)
) DO AT MLt [ ) o ) PSRy [ ) ) ) MRy Dememd 1oa Ml .
iy IN=U IO O~ COUIIC rnot )belb I’l]UlUlyblb FaicIil 1dLdin ULNCI
lartam conditinne? diiratinn I's =H\ nrndunte
LAwLLLLEL ASAV VIV RRLVITIN) AVIPSRIARLV] Y \l\ 1] l} l,“ vuauvid
R =Cl) M) (h)
1 30 0.020 B 1.5 94 (30a)
2 32b 0.017 C 14.5-17.5  43-44 (32a) 5-13 (40)°
4-11 (41)*

* See footnote a of Table 1. In entry 2, the range of values were obtained from three different experiments.

® See footnote b of Table 1.

¢ Mixture of diatereomers in a 2 :1 ratio as determined by HPLC.

4 Mixture of diatereomers in a 2.5 :1 ratio as determined by '"H NMR.

¢ In addition to 32a, 40 and 41, a dichlorinated compound (according to mass spectrometry) was isolated in a 11-22 % yield but its
structure was not elucidated.

Imidyl and carbamyl radicals
The nrenaratinn nf el lr\rn,’l,a"vlm|r'r‘|n;m;r|;- 42 1¢ decerthad 1in Sehame R and that nf J_chlAarn_4_
A il Pl Uy“l CGLIVIL Vi LYV WillVIV VG Y IDWWWILILILLIIUWY Tl 1D UWOWILIUWW LD Jwilwiliw U i LRI VL Yy wiiuvaivu™T
alkenyloxazolidinones 46b (R = CI) and 47b (R = CI) in Scheme 9.
1)(Me,CH),NLi
7 1 N Br \ 9 ~ .O
/(\ MGOC(’)-H«‘;C- -2C1 /(\ (20’3390) \/\/l\ NaOCi \/\ /<
| NH——————=| N—PMB | N-H = [ ~-a
\( 2C03 \« 2) NAC \( CHCL,
CH,CN CH;CN /H,0 (26%)
3 2
0 {R5_1NN9LN O {2704\ 0 0
\‘(]\/ FRAVAV Ve ’ \-Ji/70)
31 42 43a 43b
Scheme 8
DL a1 ~OCNT L1 . 02 M. ot AL, B - NN Lt e Al T s A MY L ki
rllUI,Ulyblb M IN=CIHOTO=O~ uylauuummluc (420D, N — LUl)) unuci CONUILIVID D alld U (Uclicy 11 1DUUIVLC

a of Table 1) gave only the parent 3-allylsuccinimide (43a, R = H) in a 80-85 % vyield. As in the case of

pyrrolidinyl radical 4 and for the same reasons, 5-exo cyclization of the intermediate imidyl radical 11, which

14
-Ouia

1.~

ve occured only through the Ty st
solvent. It is interesting to note that, in intermolecular radical-chain addition to olefins, N-chlorosuccinimide

gave higher yields of addition than N-chloropyrrolidin-2-one.’



1) BFz+ Et,O
2) /\MnMgBr
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\ (32%)  MeO \ CHCL N
\ Y CHCh R
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47b n=2 (41%) (R=C)
Scheme 9

The results of Table S, entry 1, show that the photolysis of N-chloro-4-allyloxazolidin-2-one (46b, R =

allylpyrrolidinone 30b (R = Cl) (Table 4, entry 1). In the photolysis of N-chloro-4-butenyloxazolidin-2-one
(47b, R = Cl), under conditions C also (Table 5, entry 2), the intermediate carbamyl radical 13 underwent 6-exo
the closely analogous carboxamidyl radical 10 in the photolysis of N-chloro-5-butenylpyrrolidin-2-one (32b, R
= Cl) (see bicyclic lactams 40 and 41, Table 4, entry 2). However, the photolysis of 47b (R = Cl) gave a much

viald
i

£ 40 +
1 5v 7

£EN

n 1-
L 921 G R .

of 32h (R =CN ¢
Of 228 (R I\
16%). This is not surprising since the intermolecular radical-chain addition of N-chlorocarbamates to olefins has
been reported to give higher yields than the addition of the analogous N-chlorocarboxamides, both for cyclic ’

and acyclic "> ® N-chloro precursors. This could reflect the hi

cher reactivitv. towards olefing of a carbamvl
“““““ J TR had had - oo ol AR Ty ¥ AR ARLIIT, VR W VR
radical as Compared ioa Carboxamxdyl radical.™
H
1
O/\‘/>
)
O —Cl
48 (exo + endo)
— N 7



Table 5. Photolysis of N-Chioro-4-alkenyloxazolidin-2-ones 46b (R = CI) and 47b (R = CI) *

Yield *
(%)
Entry N-Chlorocarbamate  Conc. Photolysis Parent Other
R=Cl (M) duration carbamate product
(h) (R =H)
1 46h 0.008 10 100 (462)
2 47b 0.015 9 0 48 (48)°

* Conditions C (see footnote a of Table 1).
® See footnote b of Table 1.

¢ Mixture of diatereomers in a 2:1 ratio as determined by GLC.

CONCLUSION

We have shown that whenever a carboxamidyl, imidyl or carbamyl radical is constrained to react in its
Ilx configuration to form bicyclo[2.2.1]azaheptane or bicyclo[3.2.1]azaoctane skeletons, intermolecular
reactions (hydrogen abstraction from the solvent, allylic hydrogen abstraction from the substrate, addition to an
external olefin) are faster than intramolecular reactions even if these intramolecular reactions are normally
favored processes such as 5-exo cyclization (radicals 4, 6,8 and 11), 6-exo cyclization (radicals 5 and 7) and

1,5-transfer of an allylic hydrogen (radicals 5 and 7). The most probable mechanism of formation of allylic

o ~=z

chioride 38 in the photolysis of N-chiorobutenyipyrrolidinone 22b (R = Ci) appears to be intermolecular allylic
hydrogen abstraction by the amidyl radical. On the other hand, radicals 10 and 13 did cyclize (5-exo cyclization)
to 2:1 diastereomeric mixtures of bicyclo[3.3.0]azaoctanes (see 40, 41 and 48). No firm conlusion could be
drawn concerning the eiectronic state, Iy or Zy, of carboxamidyl radical 10 and carbamyl radical 13 involved in
the latter cyclizations. Computational studies might shed light on the reactivity of the electronic states of the

radicals generated in this study.”

EXPERIMENTAL SECTION

Infrared spectra were taken on a Perkin-Elmer 1600 Series FTIR spectrophotometer. Routine "H and *C NMR
spectra were recorded on a Bruker AC-300 spectrophotometer. Mass spectra were taken from a Hewlett
Packard 5971 mass selective detector coupled with a HP 5890 Series IT gas chromatograph. High resolution
mass spectra were recorded on a ZAB-2F model VG apparatus. Flash chromatography was carried out on E.

— o~ .~

M. Merck F-254 silica gel (220-400 mesh). HPLC separations were carried out woth a Hewlett-Packard

rhremafngrnnh maodel lﬂ<ﬂ pqu}pppd with an UV detector (3\ = 260 “"l} us}ﬂg a semi preparatl‘v’e inversed

phase Cz Vydac column. Meltmg points were taken on a Buchx apparatus and are uncorrected.

1 74 =

A"yl' -benzylpyrrolidin-2-one (15)
a 00 mlL. three-neck round bottomed flask a solution of 1.7

AV LA LR UUTLULA TURLN VULLUINNG HASK, & SUiw

mL(13g, 13 mm dry ditsopropylamine in

mL of anhydrous THF was cooled to 0°C under argon, ihen mL ’( .8 mmol) of a hexane solution of
nBuL1 1.6 M was added dropwise. After cooling to -78°C, 2 g (11.4 mmol) of N-benzylpyrrolidin-2-one (14)
dissolved in 7 mL of anhydrous Et,O was added. After stirring for 15 minutes, 1 mL (1.4 g, 11.6 mmol) of allyl

-b:;' “a



bromide was added. The solution was allowed to warm up to ambient temperature and stirred overnight. A
saturated solution of NH. C | w:_is then added. Extraction with ethyl ether followed hv flash rhrnmntnoranhv of
the crude produ (Et,0) afforded 1.69 g (7.8 mmol, 69 %) of 01ly 15; IR (cm'l CHC13) 3009 (—C-H) 2925
(aliphatic C-H) 1675 (C= ) 1H NMR, 3 (ppm, CDClq) 1.55-1.65 (lH, m, H. of CH,-CH-CO), 2.05-2.55
(2H, m), 2.5-2.7 (2H, m), 3.17 (2H, m, CH>-CH;-N), 4.45 (2H, m, N-CH,-Ph), 5.03-5.14 (2H, m, CH,=C

woLINA13 2 L

35.5 (CHZ-CH~C H,), 414 (CH—CO) 448 (N CHZ-CHz) 46.8 (N- CH;—Ph), 116.9 (QH2=CH-) 127.5, 128
128.6 (terti :;X aromatic C), 135.5 (CH,=CH-), 136.6 (quaternary aromatic C), 178.4 (C=0); MS (m/e): 215
(M), 174 ( allyl); HRMS: calc. for C,H;7NO: 215.2944 ; found: 215.2950.

Ho),
5.73-5.86 (1H, m, CH,=CH-), 7.22- 736 (5H, m, aromatic H), 1,‘("N?\/fR 8 (ppm, CDCI;) : 23.9 (N-CH,-CH,),
1,

3-Allylpyrrolidin-2-one (17a, R = H)

Ina 100 mL three-neck round bottomed flask, 40 mL of NH; were condensed and 0.30 g (43 mmol) of metallic
lithiiim wac uAtlnA A nr\lufinn nf 1 :Q o (7 AN AF IR in 10 mI AF ov\‘“rﬂrnue I: Y and 1 sl 070 o 1’7

1L UILL YYGO o Tl UL l At \IJ llllllUl} Ul RaJ lll rv llLLl Ui mul] FUMDI LA ﬂ.ll\l 1 H/ V.70

mmol) of freshly dlstllled dry EtOH was added. After 18 h, ethyl acetate and a saturated solution of NH4C1
were added. The aqueous solution was extracted with ethyl acetate and dried with Na,SO,. Removal of the

A Ao oo - T~ -~ ~

soivent ieft 288 mg (l 3 mmOl jZ "/o) ori/a (ye“OW Oll) iR (Cm LHLI:;) 3220 (NH) 3005 (_L, l’l) 2950
(a“nhathH) 1600 {(‘ n\ Iy NMR 8 (nom (“n(‘l\ 1 71 lﬁﬂ (TtH m CH. (‘n\ 9“0')7(\ MH m)

A\ GG LUV (v X INIVAIN, U \ppii, LErNa \ARR, 1Rk, A Nk Ry iM1J,

238-2.57 (2H m) 336331 (2H, m, CHyCH,-N), 5.01-5.10 (2H, m, CH,~CH.), 5.70-583 (1H, m.
CH,=CH-), 7 (m m, NH): ®C NMR, & (ppm, CDCL): 26.5 (CH,-CH,-CH), 34.9 (CH,-CH=CHy), 40.4.
40.5 (CH,-N and CH-CO), 116.7 (CH,=CH-), 135’s (CH,=CH-); MS (m/e) : 125 (M), 96 (M" - allyl), HRMS
- cale. For C;H;;NO:125.1700 - found 11251711,

ClalG, O Ly A& , 2P0

3-(But-3-enyl)-N-benzylpyrrolidin-2-one (16)

The same procedure as that described above for the preparation of 15 using 4-bromobut-1-ene afforded 16 as
an oil (6.47 g, 28 mmol, 83 %); IR (cm CHClL): 3009 (=C-H), 2923 (aliphatic C-H), 1672 (C=0), 1260 ( (C-
0); 'H NMR, d (ppm, LDLI;) 1.43-1.69 (2H, m, CHz—CHz—CH CH;) 2.02-2.22 (4H m, CHZ-LH =CH, and
CH,-CH,-CH- CO) 2.44-2.47 (lH m, CH-CO), 3.15-3.18 (2H, m, CHZ-CHTN) 4.39-4.50 (ZH1 m, N-CH,-

DY A QA £ NQ /MLT  wa LT — C 1Q /1LY AL My 9 ")f\ 724 Armeants 3(" NAAD S
rm), |#.70-J.0 (411, Ii, \./112 \.zll‘) J.70 (111, lll CIRTULL-), [1.4VU-7.0% \Jll lll ailvinaiiy Il) © INIVIN\, O

(ppm, CDClL): 24,4, 30.2, 309 (CHZ-CHQ-CH—CHz and N-CH>-CHy), 40.8 (CH-CO), 44.4 (N-CH,-CH,),
46.2 (N CHz-Ph) 1 14 7 (CHZ-CH -), 127.1, 127.6, 128.2 (tertiary aromatic C), 136.3 (quaternary aromatic C),

A_‘ P, —~ PSR S,

76.1 (C=0); MS (m/e) : 229 (M"), 175 (M" - CH,CH,CH=CH,); HRMS ' calc. for

3-(But-3-enyl)pyrrolidin-2-one (18a, R = H)
The same procedure as that described for the conversion of 15 into 17a was used to convert 16 into 18a which

was obtained as an oil (AQ'Z mg, 35 mmnl g1 OA\ IR (npn-,_f‘nr‘l.\\ 3441 fN_H free) 372794 {N-H honded)

sy rANAaZy. STT STEAR ANV ), JL&T \UsTiL

Vi)
3007 (=C-H), 2889 (aliphatic C-H), 1687 (C=0). 'H NMR_ & (ppm, CDCly): 1.35-1.50 (1H, m), 1.67-1 80
(1H, m), 1.89-2.40 (SH, m), 3. 223 -3.37 (2H m, CHZ-CHz-N) 4.92-5.06 (2H, m, CH,=CH-), 5.71-5.86 (1H, m
CH,=CH-}, 6.92 (1H, m, NH); "C NMR, & (ppm, CDCls): 27.5, 30.0, 31.3 (CH,-CH,-CH=CH, and N an—
CHs), 40.3 (CH,-NH and CH-CO), 115.0 (CH,=CH-), 137.8 (CH,=CH-), 180.6 (C=0); MS (m/e): 139 (M"),

85 (M™ - CH,CH,CH=CH,); HRMS: calc. for CgH;3NO: 139.1968; found: 139.1962.

3-Diallylpyrrolidin-2-one (21a)
\llyl-N-benzylpyrrolidin-2-one (15) was alkylated with allylbromide as described above for the allylation of

3,
3-/
N-benzylpyrrolidin -2-one (14). Debenzylatlon of the crude product was carried out w1th lithium in ammonia

using the same procedure as above for the debenzylatlon of 15 The d1allylpyrrohdmone 21a was obtamed as

1 728Q ~1 £80/1\. SLFal & fall 27 (N LT Firan) AN T hnnda N ANNEL (— ONN
an oi1 {550 mg, 1.85 mimnoi, 55 /0), IR \un \/ru.,lg,) 3437 (IN-I1 1P €C 3222 \1\-11 UUHUCU}, JUUO { \/-u}, LIVl

(aliphatic C-H), 1688 (C=0); 'H NMR, & (Dnm CDCh), J (Hz): 2.04 (2H, t, J = 7.1, CH>-CH,-N), 2.20 (2H,
dd, J=8.3 and 13.7, CH,-CH= CH,), 2.35 (2H dd, J=6.2 and 138, C}_{z-CH—CHg) 3.23 (2H t,J=7.1, CHy-
CH>-N), S. 09 5.14 (4H m, CH,=CH-), 5.71-5.85 (2H, m, CHZ—CH—) 5.94 (1H, m, NH); “C NMR ) (ppm

CMYCL Y 28 NI T f‘LI \ 'ZA 1 /CH__ L= \ A& D (INHI_OHL._(C11.\Y A9 Q I(‘ f‘n\ 'I'I"I 1 (CH =11\
Lisazy. 3. 0 UNT-Lrp~ur g, L L IpeUIT Uiy, UL (INDISUIE)mL i), 7.0 (v BRI S S W s by B

131. 2(CH2=QH 181.2 (C=0); MS (m/e): 165 (M) 123 (M" - allyl); HRMS: calc. for CmHHNO 165.2346;
found:; 165.2350.

3,3-Di-(but-3-enyl)pyrrolidinon-2-one (22a)

It was prepared from 3-(but-3-enyl)-N-benzylpyrrolidin-2-one (16) exactly as above usmg 4-bromobut-1-ene as
alkylatmg agent a and was obtained as a yellow oil ql 09 ) g, 5.6 mmol, 100 %) IR (cm CHC13) 3218 (N-H)
3005 (aliphatic C-H), 2940 (=C-H), H Ni J (H

i (ppm, CDCl), J (Hz): 1.61 (4H, m, CH>-CH,-
CH=CH,), 1.67 (1H, m, N-H) 190- 2.'6 (6H t, I = 7.1, CHy-CH,-N), 493-506 (4H, m,
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CH,=CH-), 5.76-5 85 (2H, m, CH,=CH-); °C NMR, § (ppm, CDCls): 28.6 (CH,-CH;-CH=CHj), 33 3 (CH,-
CHz-CH=CH2), 35 4 (NH-CH,), 457 (NH-CH,-CH;), 50.4 (C-CO), 114.6 (CH~CH-), 1358 (CH,~CH-),
182.7 (C=0); MS (m/e): 193 (M"), 139 (M" - CH,-CH,-CH=CH,); HRMS: calc. for C1,H;,NO: 193 2882.

found: 193.2876.

3-Acetoxy-N-benzylsuccinimide (24)

The preparation was carried out accordmg to procedure described by Caballero and coworkers.”* In a 500 mL
round-bottomed flask, a solution of 40 g (0.298 mol) of malic acid (23) and 150 mL (165.6 g, 2.1 mol) of
acetyl chloride was heated to reflux for 2.5 h. After removal of excess acetyl chloride in vacuo, the residue was
dissolved in CH;Cl,, cooled to 0°C, then was added 32.8 mL (32.2 g, 0.3 mol) of benzylamine dissolved in 300

mL of CHxCL. Dichloromethane was distilled off and 90 mL (99.4 g 13 mol) of acetyl chloride was added.
After refluxing for 3 h, acetyl chioride and acetic acid were removed in vacuo. The pH was then adjusted to 7

AB v ool
with aqueous Na;COs. The aqueous mixture was extracted with CH,Cl, (3x) and ducd over MgSO,. After flash

chromatography, 51.7 g (0.209 mol, 70 %) of 1m1de 24 (oil) was isolated; IR (cm™, CHCL3): 3027 (=C-H),
2949 (aliphatic C-H), 1750 (C=O very wide band), 'H'NMR, & (ppm, CDCI3) J (Hz) 2.15 (3H, s, CHs-CO),

2.67 (IH, dd, J =49 and 18 4, H, of N-CO-CHy), 3.16 (1H, dd, J =8 7 and 18.4, H, of N-CO-CH), 4.70 (2H,
m, N-anaph\ < A< (]T—I drl I = 40 and & 7 AcO_-CH_CONY 77207 A1 (SH araomatio LT\ C NNR

A O0 § gt § AiE, U Qaa U, AMNASTUARLTUNS ), (AT T VL, lll a1uUiiauv iy, o DNIVEING U

(ppm CDClg) 204 (Clh CO) 35 6 (N-CO- CHz) 42.6 (N-CH,-Ph), 67.4 (AcO«CH CO0), 128.0, 128.6, 128.8
(tertiary aromatic C), 135.0 (quaternary aromatic C), 169.6, 172.8, 173.1 (C=0); MS (m/e): 247 (M), 187 (M’
- OAc); HRMS: calc. for C3H;3NO,: 247.2500; found: 247.2495.

4-Acetoxy-5-hydroxy-N-benzylpyrrolidin-2-one (25)

In a 250 mL round bottomed flask, a solutlon of 12.7 8 (51 mmol) of imide 24, 100 mL of THF and 5 mL of
nzu was LUUICU io LU C, mcu A 4 g (76 mm()l) (JI lVdD[’l4 was dﬂaeﬂ ln Small portlons Aner SIlmng IOf IU
min, HCI 2 M was added to bring the pH to 5. The solvent was removed in vacuo then water and chloroform
were added. The residue was extracted with chloroform and the organic phase was washed with brine then
dried with Na,SO,. Evaporat:on of the solvent in vacuo gave 10. 38 g (42 mmol, 82 %) of a white solid.

anmratallicatinn (v havamas P s R | -y quprs P £y 0/ PSP R |- NIy P
l\cuyatallmatluu ifi nexanes // ﬂbU.C«l. d.LlUl UCU L.V Y \AU llllllUl D /0} Ul. LD Ulllxl.ulﬂ OI aiaster C()lbU"]Cl b) as

white crystals' m. p.- 102-108° C; IR (cm™, CHCM 3568 (O- H free), 3365 (O-H bonded), 3026 (=C-H), 2936

(ahphatch H), 1740, 1700 (C= O) 1239 ((‘ 0); "H NMR, S(ppm C‘DC|3) J(Hz) 2.13 (3H, s, (_,O(,Hq of one

isomer), 2.16 (3H, s, COCH; of one isomer), 2.32 (1H, m, O-H of one lsomer) 2.36 (IH, m, O-H of one
1

(6]
isomer), 2.61 (1H, dd J=53and 168, H, ofCHz—CH—OAc of both isomers), 2.76 (1H, dd, J =73 “d 6.8,

H, of CH,- CH OAc of both isomers), 4.32-4.60 (2H, m, N-CH,-Ph of both isomers), 5. 30 ( TH, dt,J =53 an nd
7.3, CH2-CH-OAc of both lsomers) 5.36 (1H, dd, J = 5.3, CH-OH of both 1s0mers) 7.25-7.40 (5H, m,
aromatic H of both isomers); *C NMR, § (ppm, CDCl;): 20.8 (COCH;s), 34.4 (CH-CH»-CO), 49.0 (N-CH,-
Ph), 72.6 (CH-CH-OAc), 87.7 (CH- OH) 127.4, 128.7, 1289 (tertiary aromatic C), 136.9 (quaternary
aromatic C), 164.1 (C=0 of OAc), 172.2 (C=0 of the amide); MS (m/e). 249 (M), HRMS: calc. for
C13HsNO4: 249.2658; found: 249.2660.

J

ar

4- Hvdrnrv— N-hen 7vlm;rrnluhn- 2-one (26)

To a solution of 5 g (20 mmol) of 25 in 60 mL of chloroform were added 3.4 mL (5.06 g, 24 mmol) of
trifluoroacetic anhydnde After stirring for 30 min, chloroform was removed in vacuo. The residue was
dissoived in 20 mL of trifluoroacetic acid and 4 mi (2.9 g, 25.2 mmol) of triethyisilane were added. After
stirring for 1 h, the solution was concentrated under vacuum and a saturated NaHCOQ; solution was added The
aqueous mixture was extracted with chloroform and the organic phase washed with a saturated NaHCO;
solution then with water and dried over Na,SO,. The oily crude product (6.6 g) was purified by flash
chromatography (Et,0-AcOEt 4:1 as eluent) to give 3.1 g (13.3 mmol, 67 %) of 4-acetoxy-N-
benzylpyrrolidin-2-one. Hydrolysis of 2 g (8.57 mmol) of this lactam was carried out by two successive

treatments with K,CO; in MeOH (1.8 g, 13 mmol, in 125 mL then 1.2 g, 8.7 mmol, in 80 mL). The usual
work up gave 0.91 g (4.8 mmol, 57 %) of hydroxylactam 26 as a brownish oil; IR (cm™, CHCI;): 3448 (O H

P'““), 3368 (O-}{ uanded), 3011 (_C H) 2876 ( \aupuauu C‘ll] 1676 (C=n}, lI‘I N}vm b (ppm CDCR}, J \I lL}
2.29 (1H, m, OH), 2.44 (1H, dd, I =2.5 and 17.9, H, of CH,-C0O), 2.75 (1H, dd, I = 663nd 17.4, H, of CH,-
CO), 3.20(1 H dd,J=2.1 and 10.9, H, ofHOCH-CHz-N) 3.51 (1H, dd, J _1§ 6 and 10.9, H, of HOCH-CH,-
N), 4.48 (3H, m, N-CH»-Ph and HO-CH), 7.23-7.37 (5H, m, aromatic H), “C NMR, & (ppm, CDCl:): 41.0
(CH,-CO), 463 (CH CH>-N), 55.7 (N-CH,-Ph), 63.9 (HO- CH} 127.5, 127. 9 128.6 (tertiary aromatic C),
135.9 (quaternary aromatic C), 173.3 (Q 0); MS (m/e): 191 (M"); HRMS: calc. for C;;H;sNO,: 191.2292;

found: 191.2300.
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in a 50 mL round-bottomed fiask, 0.85 g (4.4 mmol) of hydroxylactam 26 was dissolved in 20 mL of pyridine.
The solu t on was cooledto 0°Cand 1 8 ¢ (Q 4 mmnl\ Qf!gsyl chloride were added. The solution wag stirred for
2 h and kept overnight in the refngerator The mixture was extracted with methylene chloride. The organic
layer was washed 10 times wnth water then twwe with HC1 3 %. The solutlon was dried over Na;SO4 Removal

f.-}-. lesass aniIis ynt [ T o I VA WAV oy TR e i [Py P PR

e solvent in vacuo gave 0.86 g \./. S mimiol, 57 7o) O1 4-108yi- N—ucnlylpyrmuum-zoune as a browmnish oil. In
a 25 mL round-bottomed flask, 205 mg (0.6 mmol) of this tosylate and 12 g (3.7 mmol) of
tetrabutylammonium bromide were dissolved in 10 mL of acetone. After stirring for 4 days at room
temperature, water was added and the solution concentrated under vacuum. The usual work up gave 120 mg
(0.47 mmol, 79 %) of 4-bromo-N-benzylpyrrolidin-2-one. In a 10 mL round-bottomed flask, 175 mg (0.69
mmol) of 4-bromo-N-benzvlnvrrolldm—Z -one, 25 mg (0.15 mmol) of AIBN and 525 mg ( 1.6 mmol) of
allyltnbutyltm were dissolved in 4 mL of dry benzene. After reﬂuxmg for 5.5 h (in the dark), , the solution was
kept in the refrigerator overnight. Benzene was evaporated and the residue was purified by flash

chromatography (Et;0) to afford 4-allyl-N-benzylpyrrolidin-2-one (114 mg, 0.53 mmol, 77 %). Debenzylation

was carried out with Li/NH; as described above for the debenzylation of 15 to give lactam 27a as an oil (226
mg, 1.8 mmol, 100 %); IR (cm”, CHCly): 3220 (N-H), 3005 (=C-H), 2950 (aliphatic C-H), 1691 (C=0),

NMR, 6 (ppm, CDCl;), J (Hz): 2.02 (IH, dd, J = 6.7 and 16.4, H, of CH,-CO), 2.20 (2H, t, ] = 6.9, LH -
CH=CH,), 2.38-2.57 (2H, m, H; of CH,-CO and CH-CH,- CO), 304(1H dd. 7=58and97 H of CH,-NH),

ALY, & JCTL D0 i Vi N AATTRS Qi UL ATROXRITONS SOVUT 1Rk, U, J .0 all

3.46 (1H, dd, J = 7.6 and 9.7, H, of CH,-NH), 5.02-5.09 (2H, m, CH,=CH.), 5.65-5.79 (1H, m, CH;~CH.-),
6.73 (1H, m, NH); “C NMR, & (ppm, CDCL;): 30.6 (CH,-CH=CHy,), 37.1 (N-CH,-CH), 38.6 (CH,-CO), 52.1
(N-CH,-CH), 118.0 (CH,=CH-), 136.1 (CH,=CH-), 183.4 (C=0); MS (m/e): 125 (M’); HRMS: calc. for
C7H;;NO: 1251700 : found: 1251702,

2211 2032 &0

5-A4 llylpyrrolidin-z-one (.10__)

In a 250 mL round-bottomed flask, 5 g (26 mmo i) N-Dcnzylbuccmlm](]e \__) was dissoilved in 150 mL of
methanol. The solution was cooled to 0°C and 5.2 g ( 37 mmol) of NaBH, were added in small portions. After
stirring for 30 min, CH,Cl; and a saturated solution of NaHCO; were added. The pH was brought to 7 with a 2
M HCI solution. The residue obtained after extraction with CH,Cl, (5x) and the usual work up was dissolved
in 200 mL of CHCL and 5.2 mL (7.7 g, 37 mmol) of trifluoroacetic aﬁuyut ide were added. After stirring at
room temperature for 75 min, the solution was cooled to 0°C. A solution of 11 mL (8.0 g, 79 mmol) of
triethylamine in 100 mL of CH,Cl, was then added dropwise. The organic layer was washed with a NH,ClI

solution. After evaporation of the solvent, 3.37 g (12 mmol, 46 %) of crude ester 29 was obtained and was

4 20 .
immediately used for the next step. Ina 250 mL round-bottomed flask, 2.2 g (7.7 mmol) ) of crude ester 29 was

dissolved in 150 mL of CH,Cl,. After cooling to -78°C, 2.5 mL (2.8 g, 20 mmol) of BF:*Et,0 dissolved in 25
mL of anhydrous THF were added. After stirring for 1 h at -78°C, a solution of 3 mL (2.16 g, 19 mmol) of
allyltrimethylsilane in 25 mL of anhydrous THFwere added The solution was ailowed to warm up to room
temperature and strirred overnight. After addition of a saturated NaHCQO; solution, extraction with CHCl, (JX)
and usual work up, the crude product, an orange oil, was separated by flash chromatography (Et20) to give 5-
allyl N- bexuylpyrrolndm 2-one as an oil. Debenzylatmn was carried out with Ll/NH; as described for the

A1 P fal] ~ am i~

debenzylation of 13 to afford lactam 30a as an oil (413 mg, 3.3 mmol, 87 %), IR (cm™, CHCl;): 3432 (N-H
free), 3221 (N-H bonded), 3018 (=C-H), 2992 (ahnhnhr C-H), 1676 (C=0), 1423 (C=C), 1264 (C-N); 'H

NMR, ) (ppm CDCly), J (Hz) 1.72-1.83 IH, m, H, of CHz-CHz-CO) 2 14- 2 37 (SH m, Hh of CHy-CH;—CO
CH»-CO, CH,-CH=CH,), 3.71 (lH qt, J = 6.5, H NH), 5.11-5.17 (2H, m, CH,=CH-), 5.68-5.80 (2H, m,

CH,=CH- et NH); "C NMR, & (ppm, CDCly): 29.0 (CH,-C0), 31.1 (NH-CH-CH,), 37.0 (CH,-CH=CHL,),
523 (NH-CH), 118.1 (CH,-CH-), 128.5 (CH,CH.), 1842 (C-0); MS (m/e): 125 (M), 84 (M" - allyly

HRMS: calc. for C;H,;NO: 125.1700; found: 125.1692.

5-(But-3-enyl)pyrrolidin-2-one (32a)

In a 100 mL round-bottomed flask, 0.7 g
After cooling the solution to 0°C, 0.4 g (10
2 M were added until the pH reached 3.5 (

fr\ 7 nnﬂ'\ an athannlin cr\]nhnn of KOHY
n an ginanGiiC sGiulion o1 sun.

(7.1 mmol) of succinimide (31) was dissolved in 50 mL of EtOH.
.6 mmol) of NaBH, was added. Every 15 min, 1 to 2 drops of HCI
h). The mixture was stirred at 0°C for 1h then the pH was brought
ha enlvant waeg ra; ad . in Chlarafarea nAAdad tha
i BUlVUllL wao l\alllUVUu lll VQUUU \./luUlUlUllll Wab auUUU LU LtHc
residue and the solids removed by filtration. Evaporation of the filtrate under vacuum gave 5-ethoxypyrrolidin-
2-one (911 mg, 7.1 mmol, 100 %) as an oil. A solution of butenylmagnesium bromide prepared from 4-bromo-
i-butene (2.0 g, 4.7 mmol) and magnesium (400 mg, 16.5 mmoi) in anhydrous THF (20 mL) was added along
W ith 1 1 ml (10 6 mmol) af RFE.eFt.0) ta a enlutinn nf 047 o (3 68 mmn} of S.athnvunurralidin.?_aone in &0

Villd 1. ML, {1V, U MHIIVEIS Ul B3 LA WU G sUIuuvi vl V.57 & \_r U uiviy UL J= uuluf\_y}l_ylluuulu—‘. ULIG L UV

mL of anhydrous THF pre-cooled to -30°C. The reaction mixture was allowed to warm up to room
temperature and stirred overnight. Addition of aqueous NH4CI, extraction with ethyl acetate followed by the

usual work up and separation of the crude oil (582 mg) by flash chromatography (Et,0-AcOEt 1:1) afforded
188 me (135 mmnl '2704\ of the desired lactam 32a: IR {¢cm 1 CHCLY - 3433 (NH free) 3276 (N-H handed)

LU0 g 2 v LIV IGWVLRIEL WdR, XN (Vi m sy WARNAAF] L IOTFII UUNTEL MVL ), JL4LV (1VTI1 UULIULU ),
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3016 (=C-H), 2935 (aliphatic C-H), 1692 (C=0); 'H NMR, § (ppm, CDCh), J (Hz): 1.52-1.75 (3H, m), 2.10
(2H, qt, ] = 1.2 and 7.3, CH,=CH-CH,-CH,), 2.18-2.35 (3H, m), 3.64 (1H, gt, ] = 6.7, CH-NH), 4 95-5.08
(2H, m, CHy=CH-), 5.72-5.85 (1H, m, CH,=CH-), 6.82 (1H, m, NH); “"C NMR, § (ppm, CDClL): 27.8, 28.5,
29.6, 30.1 (CH,-CH,-CO, CH,=CH- CHz-CH ), 50.4 (CH-NH), 114.3 (CH,=CH-), 137.8 (CH. 1,=CH-), 178.8
£ —N) NAC fen/a) 120 I\l"’\ oA /At LY :f‘TTﬂTT MIT . ITDALAC el Lo M IT AIMN. 172 1TNLO.
LTU), MWD (TIVE)D 157 (Ivk ), 04 VI - LIy~ lrilriUnly), IRVID! CAIC. 10T UghiaiNuU. 1)0Y. 15008 munu

General procedure for the N-chlorination of lactams 17a, 18a, 21a, 22a, 31_0g and 32a

The method of N-chlorination is based on a previously described procedure.”” The lactam (0.50 to 0.70 mmol)
was dissolved in chloroform (3-4 mL). The solution was cooled to 0°C, protected from light and a commercial
solution of NaOCl (5-6 %) was added. The resulting mixture was allowed to warm up to room temperature.
The reaction was followed by TLC. After completion of the reaction (4 to 168 h depending on the lactam), the

aroanir nhaee wac cpnnrntpr] and pvfr'_‘lr‘fnr‘ unfh PI-L("I_ f<v\ The ammmt nf qr-hun nhlnnnn AF tha N
i b‘llu‘ le\r YY 8D “H“l iAWl livg A1 N RAAJNsR) JAI. A BE%W CQIMINURRIAR LR AW W HUL N U LilW 1%

chlorolactam isolated after the usual work up was 95-100 % as determined by iodometry. The yields of N-
chloration varied between 53 and 100 %. The N-chlorolactam was used immediately.

Typical procedure for the photolysis of N-chlorolactams
In a 25 mL quartz photolytl ell, 0.2 mmol to 1.25 mmol of N-chlorolactam was dissolved in 25 mL of dry

CH,Cl, or dry cyclohexane (freshly distilled over CaH,). Oxygen-free nitrogen was bubbled through the
solution for 5 minutes and the solution was irradiated in a Rayonet RPR 100 reactor equipped with 16 external
irradiation lamps (253.7 or 300.0 nm lamps). Irradiation was carried out at 10°C in r‘volnhexzne and at -78°C

in CH,Cl. After complete disappearance "of the N-chlorolactam (by TLC or starch-iodide paper test), the
reaction mixture was allowed to warm up to room temperature and the solvent removed under vacuum. The
products were isolated by flash chromatography. In footnote a of Table 1, the photolysis conditions have been
identified as conditions A (254 nm,CH,Cl,, -78°C), conditions B (254 nm, cyclohexane, 10°C) and conditions
C (300 nm, CHyCl,, -78°C). Some typical procedures are described below.

Photolysis of N-chlore-3,3-diallylpyrrolidin-2-one (21b, R = {lj in the presence of cyclohexene

obtention of N-(2-chlorocyclohexyl)-3,3-diallylpyrrolidin-2-one (35)

Conditions B were used. Flash chromatographic separation (hexanes-Et;0 1 :1) gave the parent lactam 21a (R
= H) (39 mg, 0.24 mmol, 60 %) and the adduct 35 (7mg, 0.025 mmoi, 6 %) as an oil consisting of a 3 :2
mixture of frans and cis {som“rs according to the "H NMR spectrum (see be!c“') IR {cm’', CHCL): 3007 (=C-

H), 2915 (aliphatic C-H 8 (C=0); '"H NMR, § (ppm, CDCly), J (Hz): 1.25-2.54 (13H, m), 3.16-3.28 (1H,

, ), 167
m), 3.35-3.56 (lH, m), 3.61-3.78 (1H, m), 3.83-4.00 (2H of the trans isomer, m, CHCI-CH), 4.11 (1H of the
and 1

12. 5, CHCI-CH), 4.65 (1H of the cis isomer, m, CHCI- CH), 5.05-5.20 (4H, m,
CH,=CH- nf hnfh mnmprq\ 5 ﬁA-Q 95 (')H m, CH,=CH- of both mnmpre\ C NMR_ 3 (nnm Cnm Y- 22, 7,

vV iy, SOV LNAVEAN, pai,

239 24.6, 25.0, 254, 25.6, 26.8, 274 300 ’316 333, 36.6, 40.7, 414 415 417 424 457, 540 594

>

63.5, 118.2, 118.3 119.4, 1327 134.0, 1343, 173.9; MS (m/e) 283 (M + 2), 281 (M), 239 (M - allyl).

TN ‘(‘l ~ \vl\nl r\

;l_ gy Lo o AI ~NOoO 1 TN
ARIVIS Caic. 101 Lmﬂzﬂ‘lU\.l 81.G0717 ; found: 281.0710

"!

Photolysis of N-chloro-3,3-diallylpyrrolidin-2-one (21b, R = Cl) in the presence of tertiobutoxyethylene :
obtentlon of N-(Z 2—dtmetho.7qyethyl)-3 3- dlallylpyrrolulm-z-one (__)

. a nemd
\ UIlulLlUHb L, WEIE usS€a. rCXCESS lllCl.Hd.HUl was aaaea at - IO \J at tllC cna o

HOLOIy SIS ¢
chromatographic separation (hexanes-Et;0 1:1 — Et;0 — AcOEt) gave the lactgmiJ 21a (yR =H) (53
mg, 0.32 mmol, 65 %) and the adduct 36 as an oil (35 mg, 0.14 mmol 33 %), lR c "', CHCIs): 3007 (=C-H),
2934 (aliphatic C-H), 1680 (C=0); '"H NMR, & (ppm, CDCLy), J (Hz): 1.91 (2H, t, CHZ—CH -N), 2.17 (2H, dd,
J=284 and 13. 7, CLIZ CH-CHU, 2.34 \ZH dd J =64 and 13. 5, CHz CH- CH:), 330 (211 i, J= 72, CHz-
CH»-N), 3.37-3.39 (8, m, 2CH,0 and N- CH7 CH), 447 (1H, t, ] = 5.5, N-CH,-CH), 5.06-5.11 (4H, m
CH,=CH-), 5.66-5.80 (2H, m, CH,=CH-); *C NMR, & (ppm, CDCL): 27.1 (CH,=CH-CH,), 41.5 (N-CH,-
CH), 44.4 (CH;-CH;-N), 45.7 (CH>-CHx-N), 47.4 (C-CO), 53.9 (2CH;0), 102.0 (N-CH,-CH), 118.3
(CH,=CH-), 133.9 (CH,=CH-), 177.4 (C=0); MS (m/e): 253 (M"), 238 (M" - CH3), 222 (M" - OCH;)

HRMS: calc. for C;4H;:NO;: 253.1678; found: 253.1667.

omT PRy

Photolysis of N-chioro-3,3-di(but-3-enyi)-pyrroiidin-2-one (22b, R = Ci) : obtention of 3-(2-chiorobut-3-
enyl)-3-(but-3-enyl)-pyrrolidin-2-one (38)

Conditions C were used. Flash chromatographic separation (hexanes-Et,O 1 :1 — Et,0) allowed the recovery
of unreacted N-chlorolactam 22b (3 ‘mg, 0.013 mmol, 4 %), the isolation of f parent lactam 22a (3] mg, 0.16

T

mmol, 46 %) and the isolation of allylic chioride 38 (29 mg, 0.13 mmol, 37 %) as an oii; IR (cm™, CHCL):
mm( C-H), 2930 (aliphatic C-H), 1681 (C=0); "H NMR, & (ppm, CD Cl). J (Hz) - 1.78-1.89 (2H. m). 1.95-

TARy, LSV \GaipiGuy TR, g, AR aNAVAER, O PP V.—’V 30 \LRL/ FRLiR, 1ixj, 2

(9]
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AL Y 2098 2 0Q MILT v LT LT ANl nead (OIOLT AT CIT N A QT & 17 (ALY . ML _MNIT N £ 72 & QN
<<% UK, M), 5.69-3.96 {50, M, LHp-Ug-Iv and LiLO-Uho=triy), 4.5/-5.12 (411, M, LHy=Lh-), 3./0-3.50
(2H, m, CH,=CH-); *C NMR, & (ppm, CDCL): 27.8, 28.1, 36.1, 37.1, 46.8, 48.1, 53.4, 115.1, 115.2, 137.4,
180.6; MS (chemical ionisation with NH:): 247 (MNH," + 2), 245 (MNH,"), 230 (MH" + 2), 228 (MH").

DPhatalveic af W _ahlasa 2 2 _difhict 2 _aavll_ngemalidia 9 | 0 Y
KIULULY 353 UL IN-LIUTU-Oyo-Uvur-o-tilyi)~pyi Te1iGiIN-2-011e | 1. L Sl W

tertiobutoxyethylene : obtention of N-(2,2-dimethoxyethyl)-3, 3-dt(but- nyl)-pyrrolidin-2-one (37)
Conditions C were used. Flash chromato;:,raphlc separation (hexanes Et,0 1 1 - EtzO) gave the parent lactam
22a ( R = H) (22 mg, 0.11 mmol, 27 ‘f/o) and the adduct 37 (60 mg, 0.21 mmol, 50 ‘Vo) as an oil; IR (cm
CHCL): 2980 (aliphatic C-H), 1680 (C=0); 'H NMR, & (ppm, CDCLy), J (Hz): 1.61 (4H, m, CH,-CH,
CH=CH,), 1.99-2.16 (6H, m), 3.30 (2H, t, ] = 7.1, CH>-CH>-N), 3.37-3.40 (8H, m, 2CH;O and N-CLI_;—CH)
450 (1H, t, J = 5.7, N-CH,-CH), 4.93- 5.06 (4H m, CH;=CH-), 5.76-5.85 (2H, m, CH;=CH-); "C NMR, &
(ppm, CDCl3): 28.6 (CH,-CH,-CH=Cl1,), 33.3 (CH,-CH,-CH=CH,), 35.4 (NH-CH;}, 40.9 (N-CH,-CH), 457
(NH-CH;-CHy), 50.4 (C-CQ), 53.5 (2CH;:0), 103.1 (N-CH,-CH), 114.6 (CH,=CH-), 135 8 (CH,=CH-), 1827

LAATNRATIRRZFy VLT R TN (S 8y 1200\ R R

(C=0). MS (m/e): 281 (M), HRMS: calc. for CsHxNO;: 281.3942; found: 281.3940. B

.2

Ly -~

Photoiysis of N-chioroe-5-(bui-3-enyi)-pyrroiidin-2-one (32b) : obtention of
2-ones (40) and 8-{2 Z—JmhInrnﬂhvl)_nvrrnlnnhn-Z-nnm (41)

£mOR0S &7 <= © LISy LA LEENALCEE Al ) (N

Conditions C were used.. The crude product was separated by HPLC to give the parent lactam 32a (R = H) (27
mg, 0.20 mmol, 43 %), a dichlorinated product (10 mg, 0.047 mmol, 11 %) according to GC-MS, a mixture
(2:1 by HPLC) of dlasteremsomenc bicyclic lactams 40 as an oil (4 mg, 0.023 mmol, 5 %), and a mixture
(2.5 :1 by integration of the CHCl, '"H NMR signal) of diastereoisomeric bicyclic lactams 41 as an oil (4 mg,
0.018 mmol, 4 %)

Blcycllc lactams 40 * IR (cm™, LH(JI;) 2980 (aliphatic C-H), 1676 (C=0);, 'H NMR1 & (ppm, CDCI;) l 58-

172 /1 T ~FC afhath | 1 7.1 Q4 /111 (8] Afhath 197 10K ¢ ~F
1./3 \u;, M, i, 01 L O5 00Ul muulcxa} L.70=1.06% (151, M, 11, Ul \.4 o1 o0t muuncxa}, 1L.O/~1.70 \111, i, ll.l, [4)1

C, of both isomers), 2.18-2.28 (2H, m, H, of C; and H, of C; of both isomers), 2.31-2.37 (1H, m, Hy of C; of
both isomers), 2.54-2.62 (1H, m, H, of C; of both isomers), 2.70-2.82 (1H, m, H, of C; of both isomers), 3 68-
3.85 (2H, m, H of Cg and H, of CH,CI of both isomers), 3.97-4.06 (1H, m, H of Cs of both isomers), 4.10-4.15
(H m H of CH.OL of hoth icamere) 2C NMR & (ppm, CDCL): 27.9, 29.8, 33.3, 37.3 (Cs, Cs, Cs, Cy of

VAEE, 11k, £1h Ul LLiguid Ul VUL 1DV S, O INIVIIN, U \PPIM, ARSI ) AT 7, 7.0, JI.T, T T (WE, d, Wb, VT UL

both u,omers) 43.6 (CH-CH,CI of both isomers), 53.6 (CH-CH,Cl of both isomers), 64.6 (C4 of both isomers),
172.0 (C=0 of both isomers); MS (m/e): 175 (M +2), 173 (M), 138 (M" - CI), 124 (M’ - CH,Cl); HRMS:
calc. for CgH;,NOCIL: 173.0607; found: 173.0604.

Bicvelic lactams 41 - (IR (hml (“H(‘I ). 2978 (alinhatic C ) 1680 (C:Q), 'H NMR 3 ( CDCL). 1 (HzY

lllllllllllllll A S AL e o s N AL 1 vYivaa nnm NSAT R ~ A AL F.
o Vl’ 37, ¥ \L3L)

i hl
1.21-2.78 (8H, m)316(1H dtJ—56andl45)35 68(1 , m), 3.78-3.83 (1H, m), 3.90-4.04 (1H, m),
6.03 (lH dd, J =49 and 8 1, CHClz of isomer B (majo SO )) 6.21 (lH dd, J = 4.9 and 8.1, CHCI, of
isomer A (minor 1somer)), *C NMR, 6 {ppm, CDCls): 28.5, 28.7, 28.0, 25.4, 29.6, 30.0, 32.3, 32.5(C;, Cy, Co,
C7 of both 1somers), 46.4, 46.8 (QHz-CHClz of both 1bomers) 542 (Cs of both 1somers) 63.9, 64.3 (Cs of both
isomers), 68.1, 68.5 (CH,-CHCI, of both isomers), 170.6 (C=0 of both isomers); MS (m/e): 225 (M™ +4), 223
(M™ +2), 221 (M) 188 (M +2-Cl), 186 (M" - Cl), 124 (M" - CH,-CHCl,); HRMS: calc. for CoH;sNOCI,:
I JO

~1
Ll

8-(chioromethyl)-pyrrolizidin-

o’
C
Ql.

3-Allylsuccinimide (43a)
N- Methoxybenzyl) -3- allylsuccinimide 42 was prepared from succinimide (31) by the same procedure as that

i i tn tranafnem St~ hnténimand 1ol LE oy 42 2 s AL fenn e gy

o ~ . arad N
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methoxybenzyl)-3-allylsuccinimide was dissolved in 50 mL of CH;CN-H,0 9 1. After the addition of 4.5 g of
ceric ammonium nitrate, the solution was refluxed for 36 h. The solution was cooled to room temperature ‘and
CH,Cl, was added. The organic layer was successively washed with water, 20% aqueous NaHSOs, aqueous
saturated NaHCO; and water again, Flash chromatography (hexanes-Et,0 [ :2) of the crude product after the
usual work up gave the allyl imide 43a as an oil (172 mg, 1.24 mmol, 37 %); IR (cm CHCl;): 3405 (N-H
free), 3214 (N-H bonded), 3018 (=C-H), 2934 (aliphatic C-H), 1785, 1723 (L =0); 'H NMLR, 8 (ppm, CDCly),
J (Hz): 2.30-2.47 (1H, m), 2.51 (1H, dd, J =4.7 and 180),264405(11—1 m), 2.82 (1H, dd, J—%a.nc 18.0),
2 88-2 95 (lI—I m) 5.08-5. (2!—{ m (CH.= "H-). 5.58-5.71 ‘H m (‘n-_r‘n \ 752] (1“ m, NHY

X, M1, M5, AR ArTy, J.J0TJ0 00 X, 111, ANAXF, o LNIVRAN,

1
5 (ppm, CDCL) 35.0, 35.9 (CH,~CH-CH, and CH,-CO), 413 (CH-CO), 117.7 (CH,~CH-), 1348
(CH=CH), 1749, 176.1 (2C=0); MS (m/e): 139 (M"); HRMS: calc. for C;HoNOQ,: 139.0633; found:

PR P

139.0050.

N-Chloro-3-allylsuccinimide (43b)
N-Chlorination of imide 43a was carried out by the same method used above to prepare the N-chlorolactams to
give N-chloroimide 43b as an oil (32 mg, 0.18 mmol, 26 %, 100% active chlorine).



Anodic oxidation of Oxaznhdm 2-one (44) was carried out in a two-compartment glass H-cell with a Nafion-

324 (E. 1. du Pont de Nemours & Co) membrane as separator at a constant current of 55 mA using a ESC 640
potentiostat and an 2830 BK Precision ammeter. The electrodes were made of reticulated graphite (ESC SG-
132). Each compartment was filled with 100 mL of MeOH containing Et4NOTs 0.17 M as supporting
electrolyte. Oxazolidinone 44 (5 g, 57 mmol) was dissolved in the anodic compartment and the current applied.

The electrolysxs was stopped. after the consumptnon of 2 F / mol (theoretical amount) The anodic compartment

was recovered and aqueous saturated NaHCO; was added to the reaction mixture. Extraction with ethyl

acetate followed by the usual work up and flash chromatography (Et;0-AcOEt 3 7) of d‘ne crude yellow oil

(3.18 g) afforded the methoxyoxazolidinone 45 as an oil (2.15 g, 18 mmol, 32 %)1’ IR (cm’, CHCls): 3464 (N-
H free), 3282 (N-H bonded), 2919 (allphatlc C-H), 1762 (C=0), 1091 (C-0); 'H NMR, '8 (ppm, CDCly), J

(Hz): 3.34 (3H, s, OCHas), 4.28 (1H, dd, J = 1.7 and 10.0, H, of CH,), 4.45 (1H, dd, J*60and 10.0, H, of
CH,). 506 (1H. dt. J=14 and 6.0 CH) 759 (1H m mu\ B NMR. § (oom. CDCLY: 54 0 (OCH.)

LRy, JUVUV (ELL, U ST oalu v.u, iy 1.0 \111 i, iNLL) o LNEVEIN, U \PPIM, L/u\,l'{} [ AV \U\/ll}} 710

(N-CH-CH,), 83.8' (N-CH-CH,), 159.8 (C=0), MS (m/e). 117 (M’). HRMS: calc. for CaH,NOs: 1170426
found: 117.0421.

J.AIIvlnw"nhrhn_ 2-one (46a R = H)

Ina dry 100 mL round- bottomed ﬂasl\ 250 mg (2.1 mmol) of 4-methoxy-oxazolidin-2-one (45) were dissolved
in 50 mL of anhydl ous THF under argon. After coolmg to -30°C, 10 mL of 1 M dllvlmagnesmm bromide in
l’_‘,IQU was auucu (IU mmol 5 Gq ) dl()l'lg Wl[n l mL (l l) g, B l mmm) OI BF3‘E[2U lne feaCUOﬂ SOIUUOH was
allowed to warm up to room temperature and stirred overnight. A saturated solution of NH,4C| was added and
the mixture was extracted with Et;0. Usual work up followed by flash chromatography (Et;0-AcOEt 3 :2) of
the re51due aﬁ‘orded 134 mg (1.05 mmol, 50 %) of 0|1y allyloxazohdmone 46a (R = H) IR (cm™, CHClq)

—asY 29N N ‘IY ~ndady ﬁnon VS P M. 1PN 7=y 10N 70 MY iy aiman

.)“"UU UN"H UC\:) JLOV (IN-I1 bU Wca ), L7oV \dllpﬂd iC \. l"l} 170U (L —U), IRV L1V \\, U) I'l IVIVm O \ppm,
CDCL), J (Hz): 2.34 (2H, t, ] = 6.9, CH,-CH=CI 2) 3.89-3.98 (1H, m, H, of COOCH.), 4.08 (1H, dd, J = 5 6
and 8.6, Hy of COOCH,), 4.48 (1H, t, J = 8.4, NH-CH), 5.14-5.21 (2H, m, CH,=CH-), 5.66-5.79 (1H, m,
CH,=CH-), 7.65 (1H, m, NH); “C NMR, & (ppm, CDCly): 35.3 (CH-CH=CHp), 56.7 (N-CH), 73.7
(COOCH,), 119.2 (CH,=CH-), 1284 (CH,=CH-), 160.0 (C=0), MS (m/e): 127 (M"), 86 (M - allyl); HRMS:

calc. for CeHgNO,: 127.0633; found: 127.0628.

4-(But-3-enyi)-oxazoiidin-2-one (47a, R = H)

The same procedure as above was used with but-3-enylmagnesium bromide. The preparation of the latter has
already been described (see preparation of 16). Flash chromatography (Et;O-AcOEt 3 2) of the crude product
afforded 307 mg (2 2 mmol, 61 %) of 011y butenyloxazohdmone 47a (R = H); IR (cm CHCL): 3465 (N-H
free), 3283 (N-H bonded), 2990 (aliphatic C-H), 1765 (C=0), 1095 (C-O) 'H NMR, & (ppm, Luu3) J (Hz):
1.63-1.79 (2H, m, CH,-CH,-CH=CH,), 2.13 (2H, g, ] = 7.4, CH,-CH,-CH=CH,), 3.89 (1H, qt, J = 6.9, NH-

V1R, il S S VAL U0 B 5l O § Sl 3 § ik, Ty RAZTRAATTNLL Jy <97 i1k, "l‘ v V., 1Naas

CH), 4.03 (1H, dd, ] = 6.5 and 8.8, H, of COOCH,), 4.49 (1H, t, J = 8.2, Hy of COOCH,), 4.98-5.11 (2H. m.
CH,=CH-), 5.71-5.83 (1H, m, CH,=CH-), 5.83-5.97 (1H, m, NH); 13‘(:NMR 5 (ppm, CDCly): 28.6, 33.7

bl ]
{CH,-CH,- CHfCH;) 51.6 U\FH-‘"") 69.7 (COOCH,), 114.8 (CH,=CH-), 136.4 (CH,=CH-), 160.1 (C=0)
MS (m/e): 141 (M), 86 (M™ - C H,CH=CH,); HRMS: calc. for C;H;;NO;: 141.0790; found: 141.0792.

N-Chloro-7-allyloxazolidin-2-one (46b, R = Cl) and N-chloro-4-(but-3-enyl)oxazolidin-2-one (47b, R = CI)
They were prepared from the corresponding carbamates 46a (R = H) and 47a (R = H) using the same method
as that described above for the chlorination of the lactams.

46b - colorless oil, 30 mg (0.19 mmol,36 %, 92 % active chlorine)

47b : colorless oil, 73 mg (0.42 mmol, 68 %, 98 % active chlorine)

Photolysis of N-chloro-4-(but-3-enyl)oxazolidin-2-one (47b, R = Cl) : ebtention of 8-(chloromethyl)-3-
oxopyrrolizidin-2-one (48)
Conditions C were used. Flash Chromatography (CH,Cl,-AcOEt 4 :1) of the crude product afforded only one

fraction consisting of an oily 2 :1 mixture (by GLC) of diastereoisomeric pyrrolizidinones 48 (31 mg, 0.18

mmol, 48 %); IR (cm, CHCI3) 2975, 2905 (allphaucC H), 1748 (C= 0) 1HNMR, 8 (ppm, CDCL), J (Hz):
1.76-1.90 (1H, m, H, of C; of both lsomers) 1.93-2.02 (1H, m, H, of C7 of both isomers), 2.23-2.44 (2H, m,

2H of C¢ of both momers) 384 (1H,dd, J=2.6and 11.3, H, ofC4 of both isomers), 3.91-3.94 (1H, m, H of
C: of both mnmnr:\ AﬂQ(]H t I—Rq H. of CH,(C] nf‘hnfh mﬁmnrc\ 4 |R-A74{7H m. H. of C; anr]T—TnF

o5 Vi v VO LA,y vy, &az VA LA Ul vVu 111, 21 Vi 4 QGurv 21 Vs

C; of both |somers) 449 (1H t, ] =8 l Hj of CH,Cl of both 1somers) 13’C NMR, 8 (ppm CDCl): 29.3 (both
lsomers) 333 (both 1§0merq) 435 (both lqomerq) 553 (both 1§0mer°.) 60.8 (both 1§0merq), 69.6 (both

isomers), 158.3 (one isomer), 158.5 (one isomer); MS (m/e): 177 (M" + 2), 175 (M"), 140 (M" - C), 126 (M -
CH,CI); HRMS: calc. for CsHaNO,Cl: 175.0400; found: 175.0406.
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