
TETRAHEDRON 

Pergamon Tetrahedron 54 (1998) 1221-1232 

Diastereocontrolled Synthesis of Pyrrolidines by Nickel 
Promoted Tandem Cyclization-quenching of Aminobromodienes 

Yolanda Cancho, Joan M. Martin, Maria Martinez, Amadeu Llebaria, Josep M. Moret6, and 
Antonio Delgado*¶ 

Depextmnent de Qufmica ~ c a  Biol6gica, C.I.D. (C.S.I.C.), Jofdi Girona 18-26, 08034 Bamelona. 

IUnivefsitat de Barcelona, Facultat de Farn~cia, Labcratori de Qulmica Fmmac~utlca, Avgda. Joan XXIII, s/n, 08028 Barcelona, 

Received 10 July 1997; accepted 1 ! September 1997 

Abstract: The nickel promoted tandem cycliT~tiou-quenchin 8 of tethered aminobromodienes has 
been extended to the synthesis of 2,3,4-trisubstituted pyrrolidines. By a judicious choice of 
subslituents m the starting aminohaledieae, the diasteteoselectivity of the process caa he efficiently 
controlled. When a chiral auxiliary on the nitrogen atom is used, enantiomerically enriched 
pym~lidinus can he obtained after removal of the auxiliary. 
© 1998 Elsevier Science Ltd. All rights reserved. 

In recent papers, we have reported on a new and mild intramolecular nickel-promoted tandem 

cyclization-quenching of amino-tethered vinyl bromides and alkenes leading to a diversity of heterocyclic 

nitrogen derivatives. 1,2 This process showed a remarkable diastereoselectivity when applied to the consu'ucfion 

of several fused and spiro pyrrolidine derivatives. This fact, as well as the excellent overall yields found for 

simple 3-substituted N-benzyl-4-methylenepyrrolidine, and our interest in functionalized pyrrolidine derivatives 

as precursors of natural products, prompted us to study the effect of substitution upon the aminodiene 

framework on the diastereoselectivity of the process to give 2,3,4-1risubstituted pyrrolidines. On the other hand, 

the use of a chiral auxiliary on the nitrogen atom of the starting aminohalodiene, should hopefully lead to 

enantiomerically pure 3-substituted pyrrolidines after separation of the diastereomeric mixture arising from 

cyclization and removal of the chiral auxiliary. In this paper, we wish to report on our progress along these lines 

(Scheme 1). 
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Synthesis of starting materials. 
Aminohalodienes la-e were obtained from allylamines 5a-e, prepared according to Overman, 3 by 

benzylation and further alkylation with 2,3-dibromopropene. Compounds lf-j were prepared from ld by 

standard procedures (Scheme 2). 

Ph ~1 Br 
, .~ l , , , ,  NI"I3 CI a V Ph b N 

R R R 

5a-o 6a-e la-e  

Ph,,,,] Br Ph,~] Br Ph~ Br 

CH2OR ' CH2OH CH2N(Et)2 

lf- I  ld  1| 

a: PhCH2Br, K2CO3, CHaCN; b: 2,3-dibromopropene, K2CO3, CH3CN; c: TBDMSCI, imidazole, DMF (lf 
R'=TBDMS); Ac20, CH2CI2, DMAP (lg: R'=COCH3); PhCOCI, CH2CI2, Et3N (lh: R'=COPh); EtNCO, 

CH2Cl 2 (11: R'=CONHEt); d: 1) MsCI, Et3N, CH2CI2; 2) EteNH, Et3N, CH3CN 
SCHEME 2 

Aminohalodienes 3a-c were similarly prepared from allylation of commercially available 

(S)-a-mcthylbcnzylamine or the aminoacid derivatives 4 (R)-phcnylglycinol and (R)-phenylglycine methyl ester, 

respectively, followed by alkylation with 2,3-dibromopropene. Compounds 3d and 3e were obtained from 3b, 

as shown in Scheme 3. 

TBDMSOCH2 =H ~ a b .~ ~ N  ~ N " ~ ' ~ ' ~  AcOCH2..H ~ N @ HOCH2"/H 

(R)-3¢1 (R)-3b (R)-3e 

a: TBDMSCI, imidazole, DMF; b) Ac20, EtaN, CH2CI 2 

SCHEME 3 

Results and Discussion. 
The results of the Ni(0) promoted cyclization-quenching of aminohalodienes la-j are collected in 

Table 1. As a general trend, cycloadducts 2a-j were obtained in lower overall yields than those previously 

reported for the parent unsubstituted aminohalodiene (RI=H), where the corresponding pyrrolidine derivative 

was obtained in quantitative yield. 2 Concerning diastereoselectivity, trans-cycloadducts were predominant in all 

cases with selecdvities ranging from moderate to excellent depending on the nature of the substituent R. 
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H 

1) Ni(COD)2 CN 

N 2) TMSCN R 

phiJ Ph"' j H ph,,,,,j 
la-I  2a-I ~ ,d, f - i  

en t ry  substrate R Products (% yield) ~a) diastereosel.  ~b) 

1 l a  CH3 2a (92) . . . .  52 : 48 

2 I b Pr 2b (99) . . . .  70 : 30 

3 l c  Ph 2c (47) 9c (18) 9 2 : 8  

4 1 d CH2OH 2d (49) 9d (5) 70 : 30 

5 I e CH2OBn 2e (60) . . . .  80 : 20 

6 I f CH2OTBDMS 2f (39) c 9f (6) 93 : 7 

7 l g  CH2OCOCH 3 2g (53) c 9g (12) 98 : 2 

8 l h  CH2OCOPh 2h (57) c 9h (18) 96 : 4 

9 l i CH2OCONHEt 2i (30) 9i (4) 100:0  

l0 I j  CH2NEI2 2j t52) . . . .  63 :37  
(a) isolated yields; Co) trans:cis for compounds 2, based on GC-MS of crude mixture; (c) 
only the trans isomer could be isolated. 

TABLE 1 

Stereochemical assignments for cycloadducts 2a-j were based on NMR data, especially n.O.e 

experiments. Thus, as shown in Figure 1 for trans-2g, the stereochemical relationship is consistent with the 

n.O.e, enhancements observed after H2 and H3 irradiation. Similar n.O.e, effects were also observed for the 

major isomers of 2a, 2c, 2e, and 2f, where a trans stereochemistry was secured. On the other hand, once 

firmly established the relative stereochemistry by n.O.e, experiments for the above set of cycloadducts 2, 

complementary IH NMR correlations emerged as useful tools for routine assignments. Thus, JH2.H3, 5 was in 

the range of 7.2 to 9.6 Hz for the trans-isomers, whereas it showed a smaller value (between 5.7 and 6.3 Hz) 

for the cis-isomers. Additionally, a small difference in chemical shifts (around 0.15-0.20 ppm) was invariably 

found for the olefinic exo-methylene protons in cis-isomers, whereas in trans-isomers no significant differences 

were observed. 6 
ON 

H - o-L. J-I • 

s'4, J- I 
H I ~I , ' ,  ~ '  , 

• . ~ , ~ . "  ' ,H  M 
Phi'° [ X H % 

H v.,' 5% 
The effect of chain substitution in aminohalodienes l on the diastereoselectivity of the 

cyclization-quenching process can be properly rationalized on steric grounds. Thus, according to the well 

established insertion mechanism of vinylmetal intermediates upon olefins, a mutual cis arrangement between the 
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alken¢ and the vinylnickel moieties must be achieved. 7 As indicated in Figure 2, insertion through conformation 

A, where the olefin and the R group adopt an anticlinal disposition should be favoured over the more crowded 

conformation B, where a synclinal arrangement must be attained. This might account for the t r a n s  

diastereoselectivity observed in the series. 8 

A 
N-Bn not shown for clarity 

FIGURE 2 
12 n n As we stated in our previous papers, que chi g with an appropriate terminating agent relies on the 

stabilization by coordination with the distal nitrogen atom lone pair in the intermediate alkylnickel species 2' 

arising after cyclization (Figure 3). In cases where this coordination was hindered, pipefidine derivatives arising 

presumably from a cyclopropyl carbinyl rearrangement 9'10 followed by Ni-H ~-elimination predominated.l l 

This mechanism might explain in our case the formation of piperidines 9 through a conformation 2'B, in which 

interactions between the N-benzyl and the (22 substituent are minimized at the expense of the N-Ni coordination 

(see Figure 3). 
H ~ ' ' N i  

= ~ f . ' ~ l  ~r ~ Ph ~ "~ R 

Ph ) H ( R  H Ph ) 
2 2'A 2'B 9 

FIGURE 3 

In 2ha-e series (Table 2), introduction of a a-methyl or a ct-hydroxymethyl substituent on the benzyl 

moiety (Table 2, entries 1 and 2) showed little effect on the diastereoselectivity. However, a bulky 

CH2OTBDMS group (entry 4) and, even better, methoxycarbonyl (entry 3) or acetoxymethyl groups (entries 5 

and 6) showed a complete diastereoselection, as evidenced from GC-MS analysis of the crude reaction mixture. 

In this redes, the relative stereoehemistry between the stereogenic centers was determined by X-ray analysis of 

4g to be otR,3S (see Scheme 4). This stereochemistry was inferred for 4e and 4e (see below) and was 

assumed to be that of 4f, as well as that of the major diastereomer in 4b and 4d. 

In this series, the diastereoselectivity was also dependent on the nature of the substituent at the 

~t-benzyl position, as evidenced in Table 2. However, although the bulky CH2OTBDMS (entry 4), COOCH 3 

(entry 3) and CH2OAc (entries 5 and 6) groups were again the most effective ones, the origin of the 

diastereoseleetivity remains intriguing. 12 
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H 

1) Ni(COD)2 R2 
N 2) quencher 

P h i .  R1 P h i .  R, 
3a-e 4a-f 

entry substrate  R I  quencher  R2 Produc t  diast.(b) 
4% yield) a 

1 (S)-3a CH3 TMSCN CN 4a (51) 60 : 40 

2 (R)-3b CH2OH CO/MeOH COOCH3 4b (29) 63 : 37 

3 (R)-3c COOCH3 TMSCN CN 4c (40) 100 : 0 

4 (R)-3d CH2OTBDMS TMSCN CN 4d (46) 83 : 17 

5 (R)-3e CH2OCOCH3 TMSCN CN 4e (45) 100 : 0 

6 (R)-3e CH2OCOCH3 CO/MeOH L-X)OCH~ 4f (31) I00 : 0 

(a) Isolated yield; (b) based on GC-MS of crude mixture. 

TABLE 2 

In order to verify the usefulness of the homochiral benzyl moiety for the synthesis of 

enantiomerically pure pyrrolidine derivatives, removal of the chiral auxiliary and determination of the 

enantiomeric excess of the resulting pyrrolidine derivative was next attempted (Scheme 4). This was achieved 

by treatment of single diastereomers 4c and 4e with neat methyl chloroformate 13 and chromatographic 

resolution 14 of the resulting carbamate 4h via chiral GC (~-cyclodextrin). Whereas the carbamate arising from 

phenylglycinol derivative 4e showed a 95%¢e, thus proving the enantiomeric integrity of its precursor, only a 

37%ce was measured for carbamate 4h arising from methyl phenylglycinate derivative 4c, which indicates that 

partial epimerization at the stereogenic center of the chiral auxiliary has taken place during the synthetic 

sequence. However, the same sign of rotation for both carbamates indicates that diastereoinduction proceeded in 

the same sense. Although at this point we cannot ascertain the origin of this epimerization, the sensitivity of 

ct-aminoesters towards racemization is well precedented in the fiterature. 15 Removal of the chiral auxiliary from 

4e was also possible by treatment with 1-chloroethyl chloroformate (ACE-CI) 16 to give, in a single operation, 

the more versatile pyrrolidine derivative (S)-4i. Although (S)-4i was not amenable to chiral GC 

chromatographic resolution, a 95% ee can be inferred based on the enantiomeric excess of its precursor. 

In summary, we have extended our recently developed tandem cyclization-quenching methodology 

to the synthesis of several substituted pyrrolidine derivatives of general structures 2 and 4. In both cases, the 

diastereoselectivity of the cyclization step can be efficiently controlled by a judicious choice of substituents on 

the starting aminohalodiene. Interestingly, by using a chiral auxiliary on the nitrogen atom in starting 

aminohalodienes 3, enantiomerically enriched pyrrolidines, such as (S)-4i, can be obtained. Application of 

these fmdings to the synthesis of natural products of the kainoid family with potential biological interest is 

currently underway in our laboratory. 
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H H H 

~CN ~ a ~CN ..~ 

~ N ~ )  CI ~ 
H N 

Ph = CHzOAc O OCHa 
41 H 

411 
~ - - ~ "  N i ~ " 95%°elr°m4e " ' C  "~'CN 37% ee from 4c 

H H 
4g (oR.~) 4c 

a: 1) ACE-CI, cat. proton sponge, rfx; 2) IdeOH, rfx; b: CICOOCH3, cat. proton sponge, rfx; c: K2CO3, eeOH 

SCHEME 4 
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EXPERIMENTAL 

Elemental analyses were determined on Carlo Erba models 1107 and 1500. IR spectra were 

recorded on a Bornem MB-120 with Fourier transform instrument and are reported in cm". 1H and '3C NMR 

spectra were obtained in CDC13 solutions (unless otherwise indicated) on a Varian Gemini 200 and a Varian 

Unity 300 spectrometers, operating at 200 and 300 MHz for ~H and 50 and 75 MHz for 13C, respectively. The 
chemical shifts are reported in delta (8) units, parts per million (ppm) downfield from Me,Si, or in ppm relative 

to the singlet at 7.26 ppm of CDCI3 for 'H and in ppm relative to the center line of a triplet at 77.0 ppm of CDCI3 

for "C  Optical rotations were measured on a Perkin Elmer 141 polarimeter. The MS (El) and MS ((2I) spectra 

(70 eV) were obtained using a Hewlett-Packard 5989A mass spectrometer. High resolution MS (El) spectra (70 

eV) were obtained on a Auto Spec-Q instrument. GC-MS were determined on a HP 5995 mass spectrometer 

coupled to a gas chromatograph equipped with a fused silica capillary column SPB-5 (30 m x 0.32 mm i.d.). 

Chiral GC analyses were performed on a 25 m x 0.25 mm heptakis(2,3,6-tri-o-methyl)-~cycledextrin column 

at 110 ~ C (isotherm). Commercial analytical-grade reagents were obtained from commercial suppliers (Aldrich 

Chemic, Fluka Chemic, Janssen Chimica) and were used directly without further purification. Solvents were 

distilled prior to use and dried by standard methods. Ni(COD)2 was prepared according to a described 

procedure. 17 Amines 5a-e(HC1) were prepared following a described methodology. 3 Secondary amines 6a-e 

were obtained from 5a.e(HCl) by treatment with benzyl bromide in dry CH3CN in the presence of K2CO3. 

Aminohalodienes la-e, (S)-3a, (R)-3b, and (R)-3¢ were prepared from the corresponding secondary amines 
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by treatment with 2,3-dibromopropene in CH3CN in the presence of K2CO3. Carbamate li was obtained from 

ld and ethyl isoeyanate (CH2C12, rt). Diamine lj  was prepared from ld by mesylation (MsCI, CH2C12, Et3 N) 

and treatment with Et2NI-I. Finally, tert-butyl dimethylsilyl derivatives I f  and (R)-3d were obtained from the 

corresponding alcohols following a standard procedure.18 

Synthesis of cycioadducts. General method: To a solution of Ni(COD)2 (1.5 mmol) in dry 

CH3CN (5 mL), at room temperature under argon, a solution of the vinyl bromide (1 mmol) and Et3N (3 mmol) 

in dry acetonitrile was added. The reaction mixture, which turned from yellow to red, was stirred at room 

temperature. When all the starting material was consumed (2.5 to 30 rain, checked by tic) the quencher (1.5-3.0 

mmol of TMSCN or MeOH (5 mmol) under a stream of CO) was added and the mixture was stirred at room 

temperature for additional time (0.5-3 h). After filtration through Celite and careful washings with CH2C12, the 

mixture was partitioned between CH2C12 and saturated Na2CO3. Drying of the organic phases, followed by 

filtration and evaporation afforded the desired cycloadduct (see Tables 1 and 2). 

trans.N.benzyl .3 .cyanomethyl .2 .methyl .4 .methylenepyrrol idine (2a). I H - N M R  

(300 MHz, CDCI 3 ): 1.30 ( d, 3H, J= 5.1 Hz ), 2.44-2.62 ( cs, 4H ), 2.94 ( dm, 1H, J= 14.1 Hz ), 3.17 (d, 

1H, J= 12.9 Hz ), 3.43 ( d, 1H, J= 13.8 Hz ), 4.08 ( d, 1H, J=12.9 ), 4.98 ( s, 1H ), 5.02 ( s, 1H ), 7.20- 
7.38 ( cs, 5H ). 13C-NMR ( 75 MHz, CDCI3 ) ~ 16.9 ( CH3 ), 19.6 ( CH2 ), 46.2 ( CH ), 57.3 ( CH2 ), 57.9 

( CH2 ), 64.1 ( CH ), 106.5 ( CH2 ), 118.2 ( C ), 127.0 ( CH ), 128.2 ( CH ), 128.7 ( CH ), 138.5 ( C ), 

147.4 ( C ). IR (nea t )  : 2965, 2792, 2248, 1665, 1492, 1451. Anal. Calcd. for CIsHIaN2: C, 79.61%, 

H, 8.02%, N, 12.38%. Found: C, 79.54%, H, 8.04%, N, 12.38%. 

trans.N.benzyl.3.cyanomethyl.4,methylene.2.propylpyrrolidine (2b). 1 H - N M R  

(300 MHz, C.6D 6 ): 0.83 ( t, 3H, J= 6.9 Hz ), 0.98-1.14 ( cs, 1H ), 1.20 -1.40 ( cs, 3H ), 1.72 ( dd, 1H, J= 

5.4, J'= 17.1 Hz ), 1.81 ( dd, 1H, J-- 5.4, J'= 17.1 Hz ), 2.12-2.30 ( m, 2H), 2.69 ( dm, 1H, J= 13.8 Hz ), 

2.85 ( d, 1H, J= 12.9 Hz ), 3.23 ( d, 1H, J= 13.8 Hz ), 3.75 ( d, 1H, J= 13.2 Hz ), 4.72 ( s, 2H ), 7.05-7.30 

( sc, 5H ). 13C-NMR ( 75 MHz, CDC13 ): 14.6 ( CH3 ), 17.8 ( CH2 ), 21.1 ( CH2 ), 32.0 ( CH2 ), 43.2 

(CH), 57.3 ( CH2 ), 57.8 ( CH2 ), 68.2 ( CH ), 107.1 ( CH2 ), 118.5 ( C ), 127.7 ( CH ), 128.3 ( CH ), 128.6 

(CH),  138.( C ), 147.9 ( C ). I R  ( neat): 2956, 2931, 2790, 2246, 1666, 1453. Exact mass: Calcd.: 

254.178299. Found: 254.177590. 

trans.N.benzyl .3.cyanomethyl .4.methylene.2.phenylpyrrolidine (2c). 1 H - N M R  
(300 MHz, CDCI3 ): 2.42 ( dd, 1H, J= 5.7, J'=16.8 Hz ), 2.60 ( dd, 1H, J= 4.5, J'= 17.1 Hz ), 2.70-2.82 

(m, 1H), 3.04 ( din, 1H, H5, J= 2.7, J'= 13.9 Hz ), 3.06 ( d, 1H, J= 12.9 Hz ), 3.38 ( d, 1H, J= 9.6 Hz ), 

3.73 (d, 1H, J= 13.8 Hz ), 3.85 ( d, 1H, J= 12.9 Hz ), 5.02-5.07 ( m, 1H ), 5.08-5.12 ( m, 1H ), 7.20-7.56 

(cs, 10H). 13C-NMR ( 75 MHz, CDCI3 ): 17.9 ( CH2 ), 48.3 ( CH ), 57.6 ( CH2 ), 58.0 ( CH2 ), 73.9 

(CH), 106.3 ( CH2 ), 117.9 ( C ), 127.0 ( CH ), 127.8 ( CH ), 128.2 ( CH ), 128.3 ( CH ), 128.4 (CH), 

128.9 (CH), 138.6 ( C ),139.9 ( C ), 146.9 ( C ). IR ( neat ) : 3029, 2794, 2248, 1667, 1494, 1453. Exact 

mass:  Caled.: 288.162649. Found: 288.161373. 

t rans-N.benzy l -3 .cyanomethy l .2 .hydroxymethy l .4 .methy lenepyrro l id ine  (2d). 

IH-NMR ( 300 MHz, CDCI3 ): 2.58-2.71 ( cs, 3H ), 2.72-2.80 ( m, 1H ), 3.05 ( din, 1H, J= 13.8 Hz ), 
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3.37 ( d, 1H, J= 12.9 Hz ), 3.48 ( d, 1H, J= 13.8 Hz ), 3.60 ( dd, 1H, J= 6.9, J'= 10.2 Hz ), 3.87 ( dd, 1H, 

J= 4.2, J'= 10.2 Hz ), 4.07 ( d, 1H, J= 12.9 Hz ), 5.01-5.02 ( m, 2H ), 7.20-7.40 ( cs, 5H ). 13C-NMR ( 75 

MHz, CDCI3 ): 21.4 ( CH2 ), 43.6 ( CH ), 58.8 ( CH2 ), 58.9 ( CH 2 ), 64.4 ( CH2 ), 69.4 ( CH ), 107.0 

(CH2), 119.6 ( C ), 127.1 ( CH ), 128.3 ( CH ), 128.6 ( CH ), 138.7 ( C ), 147.5 ( C ). IR ( neat ): 3500, 

2954, 2248, 1668, 1251. Exact mass: Calcd.: 242.141903. Found: 242.142798. 

trans-N.benzyl-2-benzyloxymethyl-3.cyanomethyl .4.methylene.3.pyrrolidine (2e). 

1H.NMR ( 200 MHz, C6D6 ): 1.85 ( rid, 1H, J= 5.2, J'= 16.8 Hz ), 2.02 ( dd, 1H, J= 5.5, J'= 17Hz ), 2.25- 

2.41 ( m, 1H ), 2.50-2.60 ( m, 1H ), 2.71 ( dm, 1H, J= 13.7 Hz ), 2.95 ( d, 1H, J= 13.4 Hz ), 3.18 ( dd, 1H, 

J= 6, J'= 9.6Hz ), 3.26 ( d, 1H, J= 13.8 Hz ), 3.37 ( dd, 1H, J= 4.4, J'= 9.6 Hz ), 3.83 ( 1H, d, J= 13.4 

Hz), 4.17 ( s, 2H ), 4.65 (s, 2H ), 7.00-7.20 ( cs, 10H ). 13C-NMR ( 50MHz, CDCI3 ): 20.9 ( CH2 ), 43.1 

(CH), 58.5 ( CH2 ), 58.6 ( CH 2 ), 67.7 ( CH ), 71.1 ( CH2 ), 73.5 (CH2), 107.0 ( CH2 ), 118.4 ( C ), 127.0 

( CH ), 127.6 ( CH ) 127.8 ( CH ), 128.3 ( CH ), 128.4 ( CH ), 128.5 ( CH ), 137.8 ( C ), 138.4 ( C ), 147.2 

(12). IR ( neat ): 2862, 2801, 2248, 1668, 1494, 1454. Exact mass: Calcd.: 332.188864. Found: 

332.187746. 

trans-N.benzyl .2. tert .butyidimethylsi lyloxymethyl .3.cyanomethyl .4.methylene.3.  

pyrrolidine (20. 1H-NMR ( 300 MHz, C6D6 ): 0.00 ( s, 6H ), 0.91 ( s, 9H ), ZOO ( dd, 1H, J= 5.4, J'= 

16.8 Hz ), 2.13 ( dd, 1H, J= 5.7, J'= 16.8 Hz ), 2.40-2.50 ( m, 1H ), 2.50-2.60 ( m, 1H, J= 4.2, J'= 6.6 

Hz), 2.82 ( dm, 1H, J= 13.8 Hz ), 3.08 ( d, 1H, J= 13.2 Hz ), 3.34 ( d, 1H, J= 13.5 Hz ), 3.48 ( dd, 1H, J= 

6.3, J'= 10.2 ), 3.67 ( dd, 1H, J= 4.2, J'= 10.5 Hz ), 3.91 ( d, 1H, J= 13.2Hz ), 4.73-4.75 ( m, 2H ), 7.05- 

7.30 ( cs, 5H). 13C-NMR ( 75 MHz, C6D6 ): -5.4 ( CH3 ), 18.3 ( C ), 21.1 ( CH2 ), 26.0 ( CH3 ), 43.7 

(CH), 58.9 ( CH2 ), 59.0 ( CH2 ), 65.3 ( CH2 ), 69.8 ( CH ), 106.4 ( CH2 ), 118.3 ( C ), 127.1 ( CH ), 128.3 

(CH), 128.5 ( CI-I ), 139.7 ( C ), 148.3 ( C ). IR ( neat ): 2954, 2930, 2858, 2360, 2248, 1712, 1471. Exact 

mass: Caled.: 356.228384. Found: 356.229738. 

t rans -2 .ace toxyme thy I .N .benzy l .3 . cyanomethy l .4 .me thy lene .pyrro l id ine  (2g). 

1H-NMR (300 Hz, C6D 6 ): 1.63 ( s, 3H ), 1.76-1.82 ( cs, 2H ), 2.21-2.31 ( m, 1H ), 2.36-2.45 ( cs, 1H, J= 

4.5 Hz ), 2.67 ( dm, 1H, J= 2.7, J'= 13.8 Hz ), 2.90 ( d, 1H, J= 12.9 Hz ), 3.2 ( d, 1H, J=13.8 Hz ), 3.89 

d, 1H, J= 13.1 Hz ) 3.96 ( dd, 1H, J= 3.9, J'= 11.4 Hz ), 4.46 ( dd, 1H, J= 4.8, J'= 11.7 Hz ), 4.63-4.67 

sa, 2H ), 7.05-7.24 ( cs, 5H ). 13C-NMR ( 50 MHz, CDCI3 ): 20.9 ( CH3 ), 20.9 ( CH2 ),  42.6 ( CH ), 58.0 

( 2 CH2), 63.7 ( CH2 ), 67.0 ( CH ), 107.6 ( CH2 ), 118.0 ( C ), 127.1 ( CH ), 128.3, ( CH ) 128.5 (CH), 

138.1 (C), 146.6 ( C ) ,  170.7 ( C ). Anal. Calcd. for C17H20N202: C, 71.81%, H, 7.09%, N, 9.85%, 

O, 11.25 %. Found: C, 71.86%, H, 7.18%, N, 9.69 %, O, 11.13 %. IR ( neat ): 2943, 2812, 2245, 1733, 

1456, 1267. 

t rans .N.benzyl .2-benzoyloxymethyl-3-cyanomethyl-4 .methylenepyrrol idine (2h). 

1H-NMR ( 300 MHz, C6D6 ): 1.81 ( dd, 1H, J= 5.7, J'=16.8 ), 1.88 ( dd, 1H, J= 5.4, J'= 16.8 Hz ), 2.28- 

2.40 ( m, 1H ), 2.54-2.66 ( m, 1H ), 2.75 ( dm, 1H, J= 13.8 Hz ), 2.97 ( d, 1H, J= 12.9 Hz ), 3.24 ( d, 1H, 

J= 13.8 Hz ), 3.92 (d, 1H, J= 12.9 Hz ), 4.16 ( dd, 1H, J= 3.9, J'= 11.7 Hz ), 4.30 ( dd, 1H, J= 4.8, J'= 

11.7 Hz ), 4.65-4.69 ( m, 2H ), 7.00-7.25 ( cs, 8H ), 8.12-8.15 ( m, 1H ), 8.15-8.18 ( m, 1H ). 13C-NMR 

(75 MHz, C6D6 ): 20.7 ( CH2 ), 42.6 ( CH ), 57.7 (CH2), 57.8 ( CH2 ), 64.2 ( CH2 ), 67.0 ( CH ), 107.6 
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(CH2), 117.9 ( C ), 127.0 ( CH ), 128.1 ( CH ), 128.3 ( CH ), 128.4 (CH), 129.4 ( CH ), 129.6( CH ), 

133.0 ( CH ), 139.2 ( C ), 146.6 ( C ), 166.1 ( C ). IR ( neat ): 2802, 2250, 1770, 1452, 1272. Exact mass: 

Calcd.: 346.168112. Found: 346.167108. 

t rans -N.benzy l .3 .cyanomethy i .2 . (N .e thy lcarbamoyloxymethy l ) .4 .me thy lene .  

-pyrrolidine (2i). IH-NMR ( 300 MHz, C6D6 ): 0.80 ( t, 3H, J=7.2 Hz ), 1.93 ( dd, 1H, J= 5.4 Hz ), 
2.02 ( dd, 1H ), 2.32-2.54 ( cs, 2H ), 2.72 ( d, 1H, J= 13.8 Hz ), 2.88-3.30 ( cs, 3H, J= 12.9 Hz ), 2.26 ( d, 

1H, J= 13.5 Hz ), 3.99 ( d, 1H, J= 12.9 Hz ), 4.16 ( bs, 2H ), 4.43 ( bs, 1H ), 4.69 ( bs, 1H ), 4.73 (bs, 

1H), 7.00-7.32 (cs, 5H ). 13C-NMR ( 75 MHz, C6D 6 ): 15.2 ( CH 3 ), 20.4 ( CH2 ), 36.0 ( CH2 ), 42.7 ( CH 

), 58.3 ( CH2 ), 58.4 ( CH2 ), 64.1 ( CH2 ), 68.0 ( CH ), 107.8 ( CH2 ), 118.2 ( C ), 127.3 ( CH ), 128.5 
CH), 128.9 (CH), 139.3 ( C ), 147.8 ( C ), 156.1 ( C ). IR ( neat ): 3352, 2974, 2933, 2804, 2248, 1714, 

1531. Exact mass: Calcd.: 313.179042. Found: 313.180357. 

trans.N.benzyl.3.cyanomethyl.2.diethylaminomethyl.4.methylenepyrrolidine (2j). 

Mixture of diastereomers. IH-NMR ( 200 MHz, CDC13 ): 0.84 ( t, 3H, J= 7.2 Hz ), 0.93 ( t, 3H, J= 7.2 Hz), 

1.97-3.04 ( cs, 28H ), 3.22 ( dd, 2H, J= 12.9 Hz ), 3.43 ( d, 2H, J= 13.2 Hz ), 3.52 ( d, 2H, J= 13.2 Hz ), 
4.86-4.94 (cs, 4H ), 7.15-7.30 ( cs, 10H ). 13C-NMR ( 50 MHz, CDCI 3 ): 11.8 ( CH 3 ), 14.7 ( CH 3 ), 15.8 

(CH2), 16.1 ( CH2 ), 41.4 ( CH ), 41.8 ( CH ), 42.9 ( CH2 ), 43.2 ( CH2 ), 51.9 ( CH2 ), 52.0 ( CH2 ), 56.6 

CH2 ), 57.4 ( CH ), 60.1 ( CH ), 60.6 ( CH2 ), 62.3 (CH2), 62.7 ( CH2 ), 109.8 ( CH2 ), 112.3 ( CH2 ), 
119.4 ( C ), 119.8 ( C ), 127.1 ( CH ), 128.2 ( CH ), 128.8 ( CH ), 129.0 ( CH ), 142.6 ( C ), 143.2 ( C ). IR 

(neat): 2968, 2810, 2246, 1652, 1454. Exact MS: Calcd: 297.220498. Found: 297.220125. 

N- (c~-methy lbenzy l ) -3 -cyanomethy l -4 -me thy lenepyr ro l id ine  (4a). Mixture of 

diastereomers; (c~S,3R) (major isomer): 1H-NMR (300 MHz): 1.37 (d, 3H, J=6.3 Hz), 2.31 (m, 1H), 2.46 

(m, 2H), 2.84 (m, 2H), 3.02 (d, 1H, J=13.8 Hz), 3.20 (rn, 2H), 4.93 (m, 1H), 4.95 (m, 1H). 13C.NMR 

(75 MHz, CDCI3 ): 21.6 (CH2), 22.7 (CH3), 39.0 (CH), 57.7 (CH2), 57.8 (CH2), 65.1 (CH), 107.0 (CH2), 
118.6 (C), 126.8, 127.0, 128.3 (CH), 144.6 (C), 148.9 (C). IR (neat): 2970, 2780, 2246, 1666, 1452. 

Anal. Calcd. for CIsH18N2: C, 79.60%, H, 8.02%, N, 12.38%. Found: C, 79.86%, H, 8.25%, N, 
12.69 %. 

N-(a-hyd roxymethylbenzyl)-3-methoxycarbonylmethyl .4-methylene-pyrrol idine 

(4b). Mixture of diastereomers; (aR,3S), (major isomer): 1H-NMR (200 MHz): 2.90 (m, 2H), 3.05 (rn, 

2H), 3.25 (m, 2H), 3.48 (q, 1H), 3.66 (d, 3H, J=8.2 Hz), 3.82 (rn, 2H), 4.88 (m, 2H), 7.30 (m, 5H). 13C- 

NMR (75 MHz, CDCI3): 38.2 (CH2), 38.7 (CH), 51.6 (C), 56.2 (CH2), 57.1 (CH2), 63.9 (CH2), 69.3 
(CH), 105.6 (CH), 127.9, 128.4, 128.5 (CH), 137.9 (C), 150.1 (s), 172.8 (s). IR (CC14): 3426, 2950, 1735, 
1436, 1160, 1062, 886, 765, 703. Exact mass: Calcd.: 275.152124. Found: 275.153087. 

(~R,3S) .N . (a .methoxycarbony lbenzy l ) .3 .cyanomethy l .4 .me thy lenepyrro l id ine  

(4e). 1H-NMR (200 MHz): 2.51 (rn, 3H), 2.98 (rn, 2H), 3.21 (dd, 2H), 3.67 (s, 3H), 4.01 (s, 1H), 5.02 

(s, 2H), 7.37 (m, 5H). 13C-NMR (75 MHz, CDCI3): 21.4 (CH2), 38.9 (CH), 52.1 (C), 56.9 (CH2), 57.2 

(CH2), 72.3 (CH), 107.5 (CH2), 118.4 (C), 128.2, 128.5, 128.7, (3xCH), 136.1 (C), 147.9 (C), 171.4 (C). 
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IR (CC14): 2952, 2246, 1745, 1453. [a]2S D -68.7 (c I, MeOH) (37% ee based on 4h, see text). Anal. 

Calcd. for CI6HlgN202: C, 71.09%, H, 6.71%, N, 10.36%. Found: C, 70.99%, H, 6.73%, N, 10.27%. 

N.[a . ( ter t .buty ld imethyls i ly loxymethyl )benzy l]  -3-cyanomethyl-4-met hylene. 
pyrrolidine (4d). Mixture of diastereomers;(aR,3S), (major isomer): 1H-NMR (200 MHz): -0.10 (d, 6H), 

-0.08 (s, 9H), 2.52 (m, 3H), 2.88 (m, 2H), 3.26 (t, 1H), 3.30 (q, 2H), 3.82 (m, 2H), 5.01 (s, 2H), 7.3 (m, 

5H). 13C-NMR (75 MHz, CDC13): -5.6 (C), 18.1 (C), 21.7 (CH2), 25.7 (C), 38.8 (CH), 58.0 (CH2), 58.3 

(CH2), 67.4 (CH2), 71.8 (CH), 106.9 (CH2), 118.6 (C), 128.2, 128.0, 127.3 (3xCH), 141.0 (C), 149.0 (C). 
IR (CC14): 2927, 2248, 1665, 1471. Exact mass: Calcd.: 356.228384. Found: 356.229168. 

(aR,3S).N.(a-acetoxymethylbenzyl)-3-cyanomethyl.4.methylenepyrrolidine (4e). 
IH.NMR (200 MHz): 1.99 (s, 3H), 2.53 (m, 3H), 2.86 (t, 2H), 3.25 (dd, 2H), 3.46 (t, 1H), 4.30 (m, 2H), 

5.03 (m, 2H), 7.25 (m, 5H). 13C-NMR (75 MHz, CDCI3): 20.9 (C), 21.7 (CH2), 38.8 (CH), 57.5 (CH2), 

57.6 (CH2), 67.0 (CH2), 67.9 (CH), 107.4 (CH2), 118.5 (C), 127.9, 128.5, (3xCH), 139.3 (C), 148.3 (C), 

170.6 (C). IR (CCl4): 2796, 2248, 1739, 1453. [ct]25 D -63.2 (c 1, MeOH). Anal. Calcd. for 

CI7H20N202 (HCI): C, 63.64%, H, 6.59%, N, 8.73%, CI, 11.05%. Found: C, 63.52%, H, 6.57%, N, 
8.78%, CI, 10.95%. 

(aR ,3S ) .N . (a .ace toxyme thy lbenzy l ) . 3 .me thoxycarbony lme thy l .4 .me thy lene .  

pyrrolidine (4f). 1H-NMR (200 MHz): 1.96 (s, 3H), 2.45 (m, 3H), 3.02 (m, 2H), 3.16 (s, 2H), 3.42 (t, 

1H), 3.65 (s, 3H), 4.22 (A of an ABX, 1 H, JAB =17 Hz, J.~= 9 Hz), 4.38 (B of an ABX, 1 H, JAB =17 Hz, 
JAX = 9 Hz), 4.82 (m, 1H), 4.88 (m, 1H), 7.3 (m, 5H). 13C-NMR (75 MHz, CDCI3): 20.9 (C), 38.3 (CH2), 

38.8 (CH), 51.5 (C), 58.0 (CH2), 58.4 (CH2), 67.1 (CH2), 68.2 (CH), 105.3 (CH2), 127.6, 128.0, 128.3, 

(3xCH), 139.7 (C), 150.4 (C), 170.7 (C), 172.8 (C). IR (CC14): 2950, 2788, 1739, 1436. [a]2SD -34.0 (C 

1, MeOH). Anal. Calcd. for C18H23NO4: C, 68.12%, H, 7.30%, N,4.41%. Found: C, 68.09%, H, 

7.31%, N, 4.5%. 

(aR,3S).3-cyanomethyl.N.(a.hydroxymethylbenzyl).4.methylenepyrrolidine (4g). 

Obtained from 4e by tTeatment with K2CO 3 (1.5 equiv.) in refluxing MeOH for 30 min. Filtration and 

evaporation afforded 4g as a solid in quantitative yield. 1H-NMR (200 MHz): 2.45 (m, 3H), 2.81 (m, 2H), 

3.20 (m, 2H), 3.39 (t, 1H, J =5.6), 3.71 (dd, 1H, J =6.0, J'=5.8), 3.79 (dd, 1H, J =6.0, J'=5.8), 4.96 (m, 
2H), 7.25 (m, 5H). 13C-NMR (75 MHz, CDCI3): 21.6 (CH2), 38.6 (CH), 56.5 (2xCH2), 64.2 (CH2), 69.6 
(CH), 107.3 (CH2), 118.5 (C), 127.8, 128.3, 128.4 (CH), 138.2 (C), 148.1 (CN). IR (CC14): 3380, 2245, 

1666, 1450. [a]2SD -78.2 (c 1.16, MeOH). Anal. Calcd. for ClSHIgN20: C, 74.35%, H, 7.48%, N, 

11.56%. Found: C, 74.26%, H, 7.31%, N, 11.74%. 

(3S)-3-cyanomethyI-N-methoxycarbonyl-4-methylenepyrrolidine (4h). A solution of 
4e or 4c (0.4 mmol) and 1,8-bis(dimethylamino)naphthalene (Proton-Sponge @) (0.2 mmol) is heated with 

methyl chloroformate (2 mL) at reflux under argon until consumption of the starting material. The reaction 
mixture is then evaporated, treated with 1N HCI (5 mL) and evaporated again to dryness. The residue is 

purified through a short pad of silica gel (Hexane-EtOAc 50%) to give carbamate 4h in 59% yield (from 4e) or 
in 36% yield (from 4c). IH-NMR (200 MHz): 2.53 (d, 2H), 3.03 (s, 1H), 3.70 (s, 3H), 3.54 (d, 2H), 4.08 
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(s, 2H), 5.18 (d, 2I-I). 13C-NMR (75 MHz, CDCI3): 20.3 (CH2), 39.3 (CH), 49.7 (CH2), 50.6 (CH2), 52.4 

(C), 108.9 (CH2), 117.5 (C), 145.5 (C), 155.2 (C). IR (CChI): 3563, 2956, 2358, 2248, 1702. [al~D 

-28.2 (c 2, MeOH) (95% ee by chiral GC, from 4e). Exact mass: Calcd.: 180.089861. Found: 180.090455. 

(3S).3-cyanomethyl.4-methylenepyrrolidine hydrochloride (4i). Obtained as above 

from 4e (0.6 mmol), 1,8-bis(dimethylamino)naphthalene (Proton-Sponge ®) (0.3 mmol) and freshly distilled 

1-chloroethylchloroformate (2 mL). The residue obtained after purification through a short pad of silica gel is 

refluxed with MeOH (2 mL) for lh and evaporated to dryness to give 4i in 73% yield. IH-NMR (200 MHz): 

2.77 (d, 2H), 3.25 (s, 2H), 3.65 (s, 1H), 4.01 (s, 2H), 5.27 (d, 2H). 13C-NMR (75 MHz, CDCI3): 20.1 

(CH2), 37.8 (CH), 48.5 (CH2), 49.4 (CH2), 111,6 (CH2), 117.4 (C), 141.3 ((2). IR (CC14): 3382, 2917, 

2245, 1735. [a]2SD -56.4 (C 1.28, MeOH). 
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