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In the course of studies concerning coupling reactions between acid chlorides and esters we observed that
reactions with lactones failed!. In particular attempts to use B-propiolactone led to quantitative formation of 3-
iodopropanoic acid. This product probably arises from the nucleophilic ring opening of the lactone; the
complexation of samarium (IT or I1I) with the lactone could facilitate this reaction.

We verified that Sml3 readlly react in THF with B-propiolactone to yield 3-iodopropanoic acid, after

that a similar ring _p(:__ ng of B-nrnnm]amnne by MgX5 has also been

O -
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acid moiety onto electrophilic substrates using Barbier-type reactions mediated by Smiz.

RESULTS AND DISCUSSION.
Use of cyclohexanone as electrophile led to the formation of a spirolactone (Scheme 2).
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Scheme 2

This reaction needs a catalytic amount of nickel diiodide (1 mol% with respect to Smlp). It is worthnoting
that no coupling reaction occurs without this catalyst. The precise part of Nils in this reaction has not been
cleared up, however the beneficial effect of catalytic amounts of Nil; (and some other transition metal salts) on
reactions mediated by Smly has been previously reported and is again established here.3
A plausible mechanism is the following: after ring opening of the B-propiolactone, the samarium 3-

T
compound adds to cyclohexanone to yield the samarium alkoxy carboxylate 2. The hydrolysis o
spirolactone. Alternatively 2 could undergo cyclisation to 3 prior to hydrolysis (Scheme 3).

Metal homoenolates represent very useful nucleophilic species. Major efforts have been expended for
exploration of their chemistry. Preparation of metal homoenolates and their addition to carbonyl compounds
have been studied in the case of some metals (Zn, Ti, Li, Cu)4. In addition, reduction of 3-halopropionate by
low valent lanthanides (Metals or divalent compounds) furnishes lanthanide homoenolates .3-7

The use of B-lactone and Smly/(Nil» catalytic) reported here, represents a convenient new entry to the

homoenolate chemi stry.
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Use of 3-iodopropanoic acid instead of B-propiolactone also leads to a spirolactone

(scheme 4):

@)

54%

The yield however is lower probably because of a competitive reaction leading to samarium propanoate
(scheme 5). The fact that sodium salts of 2-iodo- and 3-iodo-carboxylic acids readily react with ketones in the
presence of the SmIp/(Nil; catalytic) system supports this assumption.8
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In further experiments we have been able to obtain lactones in a similar fashion using a variety of ketones
and aldehydes (fenchone and camphor do not react probably because of steric inhibition to carbonyl addition).
It should be noticed that there is no need to perform the preliminary step of ring opening of -propiolactone
with samarium triiodide. The formation of the samarium iodocarboxylate presumably occurs from reaction of
SmlI;% or a samarium(III) iodide (Sml3 or an alkoxy samarium(IIl) iodide such as 2 and 3) generated during

Barbier reaction (Table 1).

Table 1: Coupling Reactions Between B-Propiolactone and Ketones or Aldehydes
_ 4 o 1) 2.2 Smly; 1 mol% Nil, .
yal AN " THF; 1. t. ; 60 min. R
Ll ’ s 2) H,0" (HCI 0.1 M) N
Entry Ketone or Aldehyde Products.and
isolated yields (%)
1 cyclohexanone 4; 85
2 cyclopentanone 5; 80
3 cyclobutanone 6; 76
4 cycioheptanone 7; 81
5 2-octanone 8,78
6 3-octanone 9; 83
7 2-butanone 10; 90
8 octanal 11; 83
9 hexanal 12;75
10 2-phenyl propanal 13; 862
11 acetophenone ob
12 fenchone 0¢
13 camphor Q¢

a) 13C NMR data indicate that a single diastereomer is generated.
b) Pinacols coupling products of acelophenone.
¢) Unreacted ketone is recovered.

Use of other small ring lactones such as B-butyrolactone, also furnishes substituted tetrahydrofuranones
(Table 2).
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(O RTR THF; 1. 1. ; 60 min. O=(j<ﬂ’
N -
I 0 O 2) HaO" (HCI 0.1 M) O “R2
Entry Ketone or Aldehyde Products.and

isolated yields (%)

1 cyclohexanone 14; 79

2 4-r -butylcyclohexanone 15;74 2
3 octanal 16; 86
4 butanone 17; 98

a) Mixture of diastereomers: 83/17

Coupling reactions of B-propiolactone with aldimines instead of ketones or aldehydes allows preparation
of lactams in good yields (Table 3).

Table 3: Coupling Reactions Between B-Propiolactone and Imines.

o1 , 1) 2.2 Smily; 1 Mol% Nil

o o A /7™ R
Vs ‘ \‘/ THF; r. 1. ; 80 min. ozL\N)(H
|

I

|
Lo r'\L ) 2) HaO* (HCI 0.1 M)
~ g2 Lo
Entry RL RZ Products.and
isolated yields (%)

1 CeHs, CoHs 18; 90

’) r‘/”f f_nrnnu] ‘0' Qn

P~ MOLLD, 13 tll\ltljl ATy U

3 CgHs, cyclopentyl 20; 83

4 CeHs, cycloheptyl 21;70

5 CgHs, pentyl 22:77

6 1-naphthyl, C¢Hs 23; 93
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87%

(isolated yield, mixture of diastereoisomers)

Scheme 6

The following mechanistic scheme accounts for the formation of lactams (Scheme 7). It is very similar to

the one proposed above in the case of cyclohexanone (see Scheme 3).
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It is noteworthy that samarium iodocarboxylate 1 is much more reactive in Barbi

=

imines than l-iodobutane. In this latter case the only product of the reaction is the diamine which results

the reductive coupling of the imine (Scheme 8).

from
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succinic anhydride, ethyl octanoate, 1,2 epoxydecane, phenyl isocyanate or propyl isocyanate.
CONCLUSION.

To conclude, a new coupling reaction mediated by the Smlz/Nilp (cat.) system, using B-lactones as
reactants has been established. With ketones or aldehydes, disubstituted and monosubstituted

re obtained in hmh vleldg_ This procf‘dn e give:
S

and ketones with acrylate esters.!® Nevertheless, the mechanisms are probably quite different and the
experimental conditions are not the same. Using PB-lactones, reactions can be readily carried out in the absence
of HMPA and proton donors; consequently, the stereoselectivities could be different. In addition, reactions can
be performed with imines, which allows the preparation of a variety of pyrrolidinones. We are currently trying

to extend the scope of these reactions towards polyfunctionalized substrates.

EXPERIMENTAL.

Coupling constanls are reported in Hz. Infrared (IR) spectra were recorded neat on a FT-IR IFS 66 Bruker and
are reported in cm—

Mass spectra (MS) were determined on a GC/MS Ribermag R10-10 instrument. Chemical ionisation (CI)
was carried out using NH3 as the reactant gas and electronic impact was performed at 70eV. High Resolution
Mass Spectra were performed on a GC/MS Finningan-MAT-95-S. Flash chromotography was performed on

All commerciallv avai ganic comnounds were distilled ore nee. Samarinm nowder (40 mesh)
All commerciaily aval ganic compounds were distined DEIore use. samarum powaer (40 mesn)
.......... hacad fran tha T ahalansmant Acanenme Matrabhsrdefiieran warae Aictillad svmdar aramnm Framas ondiiimae
was purcnased irom tne iLaocicomat Loimpany. iélranyaroiuran was aistined unacr argon irom Soaium

N

benzophenone ketyl. Samarium diiodide was prepared as previously described.”

All the reactions were carried out under argon in Schlenk tubes using standard vacuum line techniques.

11117
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Procedure for reactions of B-propiolactone (and B-butyrolactone):

To a solution of Smly (2.2 x 10’3 mol) in THF (22 mL) is added a solution of Nilp (2.2 x 1()'5 mol) in
THF (2.2 mL); B-propiolactone (10'3 mol) and ketone, aldehyde or imine (10’3 mol) are mixed in THF (4 mL)
and added to the SmI; solution.

The initially deep blue-green solution turns brown within 10 min. The mixture is stirred during an
additional period of 50 min. The mixture is then quenched with HCI (0.1 M) and stirred for 30 min. to obtain a
clear solution and then extracted with ether, The combined extracts are washed with sodium thiosulfate and
brine. The organic layer is dried over MgSQOy, and the solvents are removed under reduced pressure. The crude
material is purified by flash chromatography on silica gel.

ldentification of products:

1-oxaspiro[4.5]decan-2-one (4): purification : pentane/ether : 80/20, yellow oil, yield : 85%. IH NMR: § =
1.20-1.93 (m, 10H), 2.09 (1, / = 7.8 Hz, 2H), 2.31 (t, / = 7.8 Hz, 2H) ; 13C NMR: § = 22.5, 24.4, 25.3, 27.7,
30.6, 67.8, 177.9,; IR (CHCI3) : v= 2930, 2860, 1775, 1685, 1215, 1163 ; MS (70eV, EI) : m/z (%) = 154 (16)
[M*], 111 (100) [C7H]110%], 99 (16) [C6H1107], 83 (14) [CH110™), 85 (5) [CeH10™], 43 (5) [C3HT], 41
(15) [C3Hs5] ; CI/NH3 : m/z (%) = 155 (100) [MH1], 172 (98) [MNH4*] ; HRMS calcd for CoH1407 [M1]:
154.0990, found : 154.0990,

1-oxaspiro[4.4]nonan-2-one (5): purification : pentane/ether : 80/20, yellow oil, yield : 80%. 1H NMR: §=
1.56-2.01 (m, 8H), 3.01 (t, J = 7.8 Hz, 2H), 3.28 (1, / = 7.8 Hz, 2H) ; 13C NMR: § = 22.2,22.7, 277, 37.9,
69.4,179.2 ; IR (CHCl3) : v =2941, 2850, 1780, 1684, 1230, 1205 ; MS (70eV, EI): m/z (%) = 140 (21) [M*],
112 (17) [C7TH1207], 111 (75) [C7H1107], 84 (7) [CSHROT], 68 (24) [C4H47], 56 (58) [C4Hg™'], 55 (100
[C3H301], 41 (52) [C3H50%] ; CI/NH3 : m/z (%) = 141 (100) [MH*], 158 (98) [MNH4%] ; HRMS calcd for
CgH12072 [M*] : 140.0834, found : 140.0836.

1-oxaspiro[3.4]octan-2-one (6): purification : pentane/ether : 90/10, yellow oil, yield : 76%. 1H NMR: § =
1.86-1.95 (m, 6H), 3.97 (1, J = 7.8 Hz, 2H), 4.16 (1, J = 7.8 Hz, 2H) ; 13C NMR: § = 22.5, 27.8, 29.9, 47.8,
72.6, 184.9 ; IR (CHCI3) : v=12952,2863, 1781, 1660, 1180, 905 ; MS (70 eV, EI): m/z (%) = 126 (18) [M*],
98 (35) [CeH1007], 70 (23) [C4HgO™], 56 (100) [C3H40%], 54 (84) [C4Hg™], 42 (72) [Ca2H2 1] ; CI/NH3 :
m/z (%) = 271 (100) [MH*], 144 (100) [MNH4%] ; HRMS calcd for C7H1002 [M1] : 126.0678, found :
126.0678.

1-oxaspiro[4.6]Jundecan-2-one (7): purification : pentane/ether : 80/20, yellow oil, vield : 81%. l1H NMR: § =
1.14-1.86 (m, 12H), 2.11 (1, J = 7.8 Hz, 2H), 2.43 (1, J = 7.8 Hz, 2H) ; 13C NMR: §=22.3, 24.4, 27.9, 30.6,
43.9, 69.5, 177.0 ; IR (CHCI3) : v = 2938, 2850, 1768, 1684, 1230, 1205, 910; MS (70 eV, EI): m/z (%) = 168
(14) [M*], 96 (14) [C7H127], 83 (21) [CeH11%1, 72 (11) [C4H40%], 56 (18) [C3H41], 42 (31) [C2H207]
CINH3 : m/z (%) = 169 (70) [MH*], 186 (100) [MNH4*] ; HRMS calcd for C1gH1602 [M*] : 168.1146,
found : 168.1147.

5-hexyl-5-methyl-2-tetrahydrofuranone (8): purification : pentane/ether : 80/20, yellow oil, yield : 78%. 1H
NMR: & = 1.10 (t, 7 =7.8 Hz, 3H), 1.16-1.51 (m, 13H), 1.71 (t, J = 7.8 Hz, 2H), 1.93 (t, J = 7.8 Hz, 2H) ; 13C
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NMR: 6 = 14.6, 15.2, 23.6, 31.4, 32.1, 34.2, 40.7, 91.2, 180.2 ; IR (CHCI3) : IR (CHCI3) : v = 2941, 2850,
1780, 1684, 1230, 1205 ;MS (70 eV, EI) : m/z (%) = 184 (10) [M*], 169 (41) [C1oH17021], 155 (5)
[CoH]502%], 99 (100) [C5H7027%1, 85 (9) [C6H13%], 71 (4) [C5H11+) 57 (9) [C4Hgt], 43 (12) [C3H41] ;
CI/NH3 : m/z (%) = 185 (62) [MH*], 202 (100) [MNH4*] ; HRMS caled for C11Hp002 [M*]: 184.1458,
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5-ethyl-5-pentyl-2-tetrahydrofuranone (9): purification : pentane/ether : 80/20, yellow oil, yield : 83%. IH
NMR: §=0.98-1.11 (m, 6H), 2.23-2.38 (m, 10H), 1.68 (1, J = 7.8 Hz, 2H), 1.79 (t, / = 7.8 Hz, 2H) ; 13C
NMR: 6 =13.5,13.9, 14.2, 15.7, 22.8, 25.2, 25.7, 26.4, 28.3, 69.2, 168.1; IR (CHCI3) : v = 2939, 2850, 1768,
1664, 1230, 1205, 914; MS (70 eV, ED) : m/z (%) = 184 (12) [M*], 155 (16) [CoH1202%], 113 (100)
[CeH9O2*], 71 (8) [CsH11%], 57 (13) [C4H9Y], 56 (5) [C3H4027], 43 (12) [C3H7*] ; CI/NH3 : m/z (%) =
185 (78) [MH™], 202 (100) [MNH4%*] ; HRMS calcd for C11H20072 [M*]: 184.1458, found : 184.1458.

-ethyl-S-methyl-2-tetrahydrofuranone (10): purification : pentane/ether : 80/20, yellow oil, yield : 90%. H

3H), 1.2 2(t,J=7.8Hz 2H); 13C

-
-
N

-~y -

; 850, 1/60 1661, 1218, 1205, 947,
MS (70 eV, ED) : m/z (%) = 128 (11) [M™], 113 (13) [CcH9O2%], 99 (100) [CcH7027], 84 (14) [C4H4027],
56 (18) [C3H40727], 43 (33) [C3H7+] ; CI/NH3 : m/z (%) = 129 (76) [MHT], 146 (100) [MNH4%] ; HRMS
calcd for C7H 12072 [M™*] : 128.0834, found : 128.0836.

.,258, V=

1?‘? 9

5-heptyl-2-tetrahydrofuranone (11): purification : pentane/ether : 80/20, yellow oil, yield : 83%. lH NMR: §
=0.98 (t, J = 7.8 Hz, 3H), 1.20-1.63 (m, 13H), 1.90 (m, 2H), 2.41 (1, J = 7.8 Hz, 2H) ; 13C NMR: § = 14.6,

23.8,24.7, 30.0, 30.6, 31.2, 33.1, 39.7, 70.9, 179.6; IR (CHCI3) : v = 2952, 2863, 1781, 1660, 1180, 905; MS
(70 eV, EI): m/z (%) = 184 (13) [M*], 169 (31) [C1oH 17027, 141 (40) [CgH13027%], 127 (36) [C7H11027),

O /ML b 1
[C4Hg*] 43 (21 [C3H7+] ; CI/NH3 : m/z (%) = 185 (68)
458, found : 184.14

1 \
+ 7
99 (100) [C7H15%], 85 (25) [C4H50%], 57 (26

AATILY AanAa 7100y MA YYITYR AN

(25
[MH*], 202 (100) [MNH4™] ; HRMS calcd for C11H2002 [M*]: 184.1

w
o0

5-pentyl-2-tetrahydrofuranone (12): purification ; pentane/ether : 80720, yellow oil, yield : 75%. 1H NMR: &
=1.10 (1, J/ = 7.8 Hz, 3H), 1.18-1.58 (m, 9H), 1.79 (m, 2H), 2.43 (t, J = 7.8 Hz, 2H) ; 13C NMR: § = 14.6,
22.2,22.8, 24.6,27.4, 29.6,70.7, 179.4; IR (CHCI3) : v =2958, 2863, 1761, 1660, 1160, 1148, 908; MS (70
eV, ED) : m/z (%) = 156 (15) [M*], 141 (9) [CgH 130271, 127 (7) [C7H11027], 85 (100) [C4H502%], 71 (11)
[CsH11%], 57 (8) [C4H9*1,43 (31) [C3H7+] ; CI/NH3 : m/z (%) = 157 (68) [MH™], 147 (100) [MNH4%] ;
HRMS calcd for CoH16072 [M™1] : 156.1146, found : 156.1149.

5-(i-phenyiethyi)-2-tetrahydrofuranone (13): purification : pentane/ether : 80/20, yellow oil, yield : 86%.
1H NMR: §=1.45 (q, J = 7.8 Hz, 3H), 2.10 (g, J = 7.8 Hz, 2H), 2.28 (t, J = 7.8 Hz, 2H), 3.63 (m, 1H), 5.1 (q,
J =179 Hz, 1H), 7.25 (m, 5H) ; 13C NMR: § =23.2,28.7,29.1, 34.1, 98.9, 114.1, 120.5, 129.5, 159.9, 186.7 ;
IR (CHCI3) : v =3090, 2965, 2875, 1765, 1605, 1495, 1215, 1160, 741, 438 ; MS (70 eV, ED : m/z (%) = 190
(21) [M*], 105 (57) [CgH9™], 85 (100) [C4H502%], 77 (17) [CeH51], 56 (7) [C3H4T] ; CI/NH3 : m/z (%) =
191 (58) [MH™*], 208 (100) [MNH4*] ; HRMS caled for C12H14072 [M*] : 190.099, found : 190.099.
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4-methyl-5-cyclohexyl-2-tetrahydrofuranone (14): purification : pentane/ether : 80/20, yellow oil, yield :
79%. 1H NMR: 6= 1.14 (d, J = 7.8 Hz, 3H), 1.18-1.86 (m, 12H), 2.05 (q,J = 7.8 Hz, 1H), 2.36 (d, / = 7.8 Hz,
2H); 13CNMR: 6 =17.2,23.2,24.6,27.7,41.8, 68.6, 178.2; IR (CHCI3) : v=2950, 2813, 1778, 1678, 1215,
1163 ; MS (70 eV, EI) : m/z (%) = 168 (28) [M*], 153 (8) [C9H1302%], 125 (70) [CgH1307], 82 (69)

IC£H1ntY 70 (41 ICAHEO T 69 (45) TCAH<OF 87 (Y ICAHo+1 85 (100) IC2H200+1 43 (11) [C2aHA+H1 41

LR A U Jy TV \TTA) [NQra(ghs Jy VT V) |3 d JRF g ST\ J LNRAY |y Y AV N DHARDNS )y TTU ALy iR gy T

TN [I"nuf\'}'] T NILYA o e e FON — 1£Q (779N ﬂ\/ll..l-!-‘l 1QL 71NN TARANTLY ++1 IIDRAAC ~nlad €rw 4 ALY s M~ TARA+FT

AU j U |, LI iNL IYZ(70) = 107 (70 | iVUL ' |, LOU L1UU) [IVIINDGL4 " |, IRV CAICG 10T L ipnjovr) (il )
168.1146, found : 168.1148

8-t-butyl-1-oxaspiro[4.5]decan-2-one (15): purification : pentane/ether : 80/20, yellow oil, yield : 74%. 1y
NMR: & = 1.06 (d, J = 7.8 Hz, 3H), 1.14 (m, 9H), 1.20-1.80 (m, 9H), 2.20-2.35 (m, 2H), 2.58-2.78 (m, 1H) ;
13C NMR: § = 14.0, 15.6, 21.4, 22.2, 25.0, 30.4, 35.7, 36.3, 39.0, 40.3, 87.7, 177.5 ; IR(CHCI3) : v = 2951,
2870, 1778, 1650, 1210, 1156 ; MS (70 eV, EI) : m/z (%) = 224 (1) [M*], 165 (100) [C12H217], 96 (19)
[CSH4027], 57 (15) [CaHot], 43 (5) [C3H7T] ; CI/NH3 : m/z (%) = 225 (82) [MH™], 242 (100) [MNH4%] ;
HRMS caled for C14H24072 IM‘*] :224.1770, found : 224.1772,

& b __4_ 0 4 ____ 4L .0 M s_4_._ L ___3 — - A e ,, Jat QN mMn 1 1 13 . O 7
S-nepiyi-4-meinyi-Z-teiran yurmurdnone \ll)) puI’]l’lLd[ pe ane/einer @ 3u/Lu, YEilow 011, YI1¢id ; 307,
Ty nve oy ~ ¥ -~ O 1 Y P vy o~ ¥ ~orT mArey 12~ avn ary
iH NMR: §=1.10 (t, J = 7.8 Hz, 3H), 1.18-1.58 (m, 16H), 2.10 (m, 1H), 2.39 (d, / = 7.8 Hz, 2H); 1°C NMR

5 =138, 14.6,24.5, 24.7, 30.2, 30.8, 32.0, 33.1, 38.5, 39.7, 89.9, 179.4; IR (CHCI3) : v = 2965, 2875, 1765,

1605, 1495, 1215, 1160, 741, 438; MS (70 eV, EI) : m/z (%) = 198 (21) [M*], 183 (31) [C11H]902*], 155
(10) [CoH15021], 141 (22) [C8H1302%1], 99 (100) [C7H15%], 84 (16) [C4H402], 57 (20) [C4H9™], 43 (21
[C3H71] CINH3 : m/z (%) = 191 (71) [MH*], 216 (100) [MNH4*] ; HRMS calced for C12H2202 [M*] :
198.1614, found : 198.1614.

L.athyl. 4 §_dimathyl D tatrahvdrafiiranana (17} m ieatinn - nantane/ethar + ROMDD vellaw a1l vield - QRO
S=CUNY =5, -GIMNCUN Y i=L=iTUHan YGrvidranviic (175, puriiiCatonl © plnans/Cinel @ v/ Lu, YeuOw Ol Yitil . 58670.
IO NMD. S_ 11N/ T T QLI 2L\ 1 N1 A7 (1 QIIV I 13 70 1N DA 4d 770> AN . 130 NMD. 8

I1LINIVIN, U= 1.1V L, J = 1.0114, D11}, 1.LU=1.%/ (i, Ol1) £L.14 \1l1, 111), &. 90 \U,J — /.7 114, &1L}, o INIVEIN, U
=13.8, 14.7,22.2, 22.6, 23.5, 27.9, 69.4, 179.1; (CHCI3) : v =2945, 2875, 1758, 1662, 1495, 1218, 1160,

938: MS (70 eV, EI) : m/z (%) = 142 (10) [M*], 127 (48) [C7H1102%], 113 (100) [C6eH9O?27], 83 (26)
[C4H3021]; CI/NH3 : m/z (%) = 143 (68) [MH*], 160 (100) [MNH4*] ; HRMS calcd for C§H1402 [M*] :
142.099, found : 142.099.

1-ethyl-5-phenyl-2-pyrrolidinone (18): purification : pentane/ether : 80/20, yellow oil, yield : 90%. 1H NMR:
6=2.05(t,J = 7.8 Hz, 3H), 2.35 (q, / = 7.8 Hz, 2H), 2.51 (m, 2H), 2.60 (m, 2H), 2.80 (1, / = 7.8 Hz, 1H), 7.24
(m, SH) ; 13C NMR: § =13.9, 18.1, 31.5, 36.7, 48.2, 114.1, 120.8, 129.5, 146.9, 178.7; IR (CHCI3) : v =

[C4H3%];
165.1150, found : 165.1152

1-isopropyl-5-phenyl-2-pyrrolidinone (19): purification : pentane/ether : 80/20, yellow oil, yield : 80%. IH
NMR: 6 =1.20 (d, J = 7.8 Hz, 6H), 2.31-2.37 (sextuplet, J = 7.8 Hz, 1H), 2.49 (m, 2H), 2.62 (m, 2H), 2.82 (t, ./
=7.8 Hz, 1H), 7.31 (m, 5H) ; 13C NMR: § = 14.0, 19.4, 31.5, 36.7, 48.7, 114.8, 120.8, 129.9, 148.2, 178.6; IR
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Q. O\ -
Y~
o0
-

[C3H40%], 43 (47) [C%HT"] CI/NH’; m/z (%) = 204 (56) [MH*], 221 (100) [MNH4*] ; HRMS calcd
C13H17NO [M*] : 203.1306, found : 203.1306.

1-cyclopentyl-5-phenyl-2-pyrrolidinone (20): purification : pentane/ether : 80/20, yellow oil, yield : 83%. 1H
NMR: 6 =0.98-1.90 (m, 8H), 2.38 (m, 2H), 2.54 (m, 2H), 2.80 (t, / = 7.8 Hz, 1H), 3.95 (quintuplet J = 7.8 Hz,
1H), 7.28 (m, SH) ; 13C NMR: 6§ = 25.0, 30.4, 32.1, 32.4, 36.4, 48.7, 115.1, 120.9, 130.2, 150.3, 176.7; IR

(CHCI3) : v= 30185, 2960, 1685, 1600, 1467, 750, 428 ; MS (70 eV, EI) : m/z (%) = 229 (21) [M*], 160 (41)
(1 nT\Tﬂ‘H 187 (100N a1 AN 77 (A2 I'FrT_I +1 AQ (5R) f‘:un+1 SA (T IC2HAOTT 42 (1))
L\_alUlll LY S J j W \LUUI L\Jy‘ llql‘u | I I \UJ’ |\101 I/ \JU \/)AA J E) ~\7 \L\II l_\/’Alq\l J E) e g4 \Ld—r/
[C3H7* ; CI/NH3 m/z (%) = 230 (S1) [MH*], 247 (100) [MNH4+] ; HRMS calcd for C15H{9NO [M+]

229.1462, found : 229.1464.

1-cycloheptyl-5-phenyl-2-pyrrolidinone (21): purification : pentane/ether : 80/20, yellow oil, yield : 70%. 1H
NMR: 6 = 1.10-1.92 (m, 12H), 2.40 (m, 2H), 2.51 (m, 2H), 2.83 (t, J = 7.8 Hz, 1H), 4.01 (quintuplet, J = 7.8
Hz, 1H) , 7.24 (m, 5H) ; 13C NMR: § = 18.2, 24.6, 30.1, 32.4, 32.6, 36.8, 48.9, 115.0, 121.0, 130.1, 150.5,
177.0; IR (CHCI3) : v= 3008, 2960, 1681, 1605, 1467, 768, 421 ; MS (70 eV, EI) : m/z (%) = 257 (15) [M*],

160 (51) [C10H10NO*] , 180 (100) [C11H1gNO] ;93 (36) [C7H 131, 77 (34) [CgH5+] , 57 (15) [C4HoH]
43 (15) [C2H71) : CI/NH2 : m/z (%) = 258 (78) IMH*1. 275 (100) IMNH411 : HRMS calcd for C17HH»2NO
Y \A ) LNDAR ) oy NRjANARY My AR Dy MRS T RI ) (AVRAR g i AWV 4 V4 Y J,ALL\L 1S CalCq Ior o] fARLHANNS
lll+l NEFT 17177 A £ A .NETT 17177 A
v 2 Lo/7.10 774, 10UNA [ LD7.17 74,

1-pentyl-S-phenyl-2-pyrrolidinone (22): purification : pentane/ether : 80/20, yellow oil, yield : 77%. Iy
NMR: 6§ =0.95 (t,/ = 7.8 Hz, 3H), 1.30 (m, 6H), 2.30 (m, 2H), 2.31 (m, 2H), 2.79 (1,J = 7.8 Hz, 1H), 3.41 (t,J
=7.8Hz, 2H),7.28 (m, 5H) ; 13C NMR: § =18.1, 22.2, 26.3, 26.5, 28.5, 30.1, 32.0, 42.1, 46.5, 114.3, 120.5,
129.6, 146.8, 176.6; IR (CHCI3) : v = 3008, 2930, 1683, 1610, 1450, 741, 436 ; MS (70 eV, ED) : m/z (%) =
231 (11) (M1}, 218 (21) [C14H18NO*] |, 190 (15) [C12H12NOt] |, 160 (48) [C10H10NOT] , 154 (100)
[C9H16NO] , 77 (31) [CH5H], 57 (11) [C4H9H , 43 (8) [C3H771] ; CI/NH3 : m/z (%) = 232 (62) [MH?],
249 (100) [MNH41] ; HRMS caled for C1sH21NO [M1]: 231.1618, found : 231.1618.

i-(1-naphthyi)-5-phenyi-2-pyrroiidinone (23): purification : pentane/ether : 80/20, yellow oil, yield : 93%.
1+ -
1

HNMR: 6§ =2.33 (m, 2H), 2.36 (d, / = 7.9 Hz, 2H), 2.81 (t,J = 7.8 Hz, 1H), 6.90-7.70 (m, 12H) ; ‘-’CNMR:
6 =209, 46.5,52.4,109.2, 117.4, 1199, 120.1, 122.6, 125.9, 126.0, 127.2, 128.1,128.6, 128.9, 134.4, 141 4,
143.0, 174.7; IR (CHCI3) : v = 3015, 2980, 1685, 1595, 1461, 750, 426 ; MS (70 eV, EI) : m/z (%) = 287 (12)
(M7, 210 (68) [C13H12NOT], 160 (100) [C1gH19NOT] , 127 (38) [C10oH71], 77 (28) [C7H5F], 71 (11)
[C4H5NO™], 51 (28) [C4H31]; CI/NH3 : m/z (%) = 288 (65) [MH*], 305 (100) [MNH4*] ; HRMS calcd for
CrqH17NO [M*] : 287.1306, found : 287.1306.

o707, 1T ANmMAD. S_ 11973 7 _
O/70. “I1 INIVIIN, O= 1.14 \U,J =
-
N

1-isopropyl-4-methyl-5-phenyl-2-pyrrolidinone (24): punﬁcatlon pcmane/ether 80/2 yellow oil, yield :
7.8 H: 7

(m, 2H), 2.61 (m, 1H) , 2.78 (m, iH) , 7.28 (m, 5H) ; 13C NMR: 5.1, 19.7, 33 8,36.8,49.4, 114.6,
121.0, 129.6, 146.1, 180.0; IR (CHCI3) : v= 3009, 2985, 1680, 1610, 1495, 760, 428 ; MS (70 eV, EI) : m/z
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(%) = 217 (14) [M*] , 202 (18) [C13H16NO*] , 174 (41) [C11H12NO*], 140 (100) [CTH14NO*], 77 (51)
[C7H51] , 56 (10) [C3H4NO] ; CI/NH3 : m/z (%) = 218 (65) [MHT], 235 (100) [MNH4*] ; HRMS calcd for
C14H19NO [M'] : 217.1462, found : 217.1462.

N, N’-diisopropyl-1,2-diphenyl-1,2-ethanediamine (25): purification : pentane/ether : 70/30, white crystals,
yield : 95%. 1H NMR: & = 0.76-0.92 (m, 12H), 1.61 (s, 2H) , 2.44 (q, J = 7.8 Hz, 2H) , 3.65 (s, 1H) , 3.84 (s,
1H) , 6.95-7.21 (m, 10H) ; 13C NMR: § =222, 22.3, 24.6, 24.8, 45.7, 46.4, 65.7, 126.9, 127.5, 128.1, 128.3,
128.4, 128.7, 141.6, 142.4; IR (CHCI3) : v = 3372, 3008, 2965, 2940, 1667, 1605, 1466, 1073, 1057, 1022,
741, 438 ; MS (70 eV, EI) : m/z (%) = 296 (23) [M*], 253 (41) [C17H11N2%], 219 (28) [C14H23N2*] , 148
(100) [C10H14N*] , 77 (58) [CgH51] , 43 (34) [C3H7] ; CI/NH3 : m/z (%) = 297 (99) [MH*], 314 (100)
[MNH4%] ; HRMS calcd for CooH28N?2 [M+] : 296.2246, found : 296.2246.
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