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Abstract - New synthesis of (t)-hmrs-2-butyl-5-heptyl-1-methylpyrrolidine ( I ) ,  

ant venom alkaloid, was achieved by the use of stereoselective cyclizdtion of aminyl 

radicals. Thus, orthocstcr Claisen rearrangement of 1-hexen-3-01 (2) gave @-ethyl 

4-octcnoatc (3). Reaction of ester (3) with 2-methylaminopyridinc and AICI, 

afforded the corresponding N-methyl-N-(2-pyridyl)amidc (4), which was treatcd 

with hcptylmagncsium iodide at -78'C to give (E)-4-pentadecen-&one (5). 

Reductive amination of ketone (5) with methylamine gave N-methyl-l-heptyl-4- 

octenylaminc (6). Treatment of amine (6) with NCS in tolucnc gave the 

corresponding N-chlornamine (12), and successive heating under reflux with 

Bu,SnH and AIBN resulted in stereoselective cyclization of the aminyl radical tn 

give (2)-nmis-2-butyl-5-heptyl-1-mcthylpyrrolidine (1) in a 59 % yield. Similarly, 

1-noncn-3-01 (7) was converted into N-methyl-1-butyl-4-undecenylamine ( l l ) ,  

which was subjected to the aminyl radical cyclization to give 1 in a 49 % yield. 

Wc previously reported a new stcreoselcctivc synthesis of rrmu-2,5-disubstituted pyrrolidines' and 

substituted pyrroli~idines'.~ by cyclization of ncutral aminyl radicals generated from N-chloroalk-4- 

enylamincs and Bu,SnH-AIBN in refluxing bcnzenc' or in rcfluxing tolucnez (Schcmc 1). 

Scheme 1 

2,5-Disubstitutcd pyrrolidines are skclcton of some alkaloids and can be used as chemotherapeutic agents.' 

Actually, 2,5-disubstitutcd pyrrolidine alkaloids have recently been found in secretions of thief ants and f i e  



334 HETEROCYCLES, Vol. 50, N a  1,1999 

ants of the gcneraSole~~opsis, Mor~omorium,~ M e g o l ~ m ~ m z r r , ~  md have also been found in skin extracts 

of the poison frog Dxdrobutes I~istrior~icus.~ We selected (+)-trans-2-butyl-5-heptyl-1-methylpyrrolidine 

(I) ,  isolated from Mor~omorium lutir~ode in 1982,' as a synthetic target for an application of our 

stereoselective cyclization of aminyl radical. Hcre, we report the f i s t  stereoselective synthesis of (+)-trans- 

2-hutyl-5-heptyl-1-methylpyrrolidine (I) ,  ant venom alkaloid. Its synthesis hay only been reported in one 

literature.' For a synthesis of pyrrolidine (1) by means of aminyl radical cyclization, two strategies wcre 

planned as outlined in Scheme 2. One is the C2-N bond formation (path a), and another method is C5-N 

bond formation (path b) of pyrrolidine (1) by minyl radical cyclization. 

1 

Scheme 2 

Preparation of two different mines, the precursors of the corresponding aminyl radicals A and B leading to 

the pyrrolidine (I), was carried out according to Scheme 3. Starting mine  (6) to generate the minyl radical 

(A) was first prepared. Thus, 1-hexen-3-01 (2) was subjected to orthoester Claisen rearrangement according 

to our published method9 and (Q-ethyl 4-octenoate (3) was obtained in a 78 % yield. Its geometry was 

confirmed to be exclusively (E) by 'H NMR and capillary GLC analysis. Although various methods for 

transformation of estcr into the corresponding ketone have bcen reported,'' we selected the procedure of 

Meyers" to prep.dre ketone (5) from estcr (3). Thus, ester (3) was converted into the corresponding N- 

methyl-N-(2-pyridy1)amide (4) in a 94 % yield by treatment of 3 with 2-mcthylaminopyridine and AlCI, in 

1,2-di~hloroethane.'~ N-(2-Pyridyl)amide (4) was treated with heptylmagnesium iodide in THF at -78"C, 

according to Mcyers' procedurc," to give (Q-4-pentadecen-%one ( 5 )  and recovered 4 in 92 and h % yields, 

respectively. Reductive amination of ketone (5) with methylamine and NaBH(OAc), in 1,2-dichlorocthane" 

followed by separation with preparative TLC (Al,O,) gave the mine  (6) in a 89 % yield. Another m ine  

(1 1) to generate the aminyl radical (B) was also prepared in a 49 % overall yield from 1-nonen-3-ol(7) by 

thc same procedure (Scheme 3). 

Stereoselective cyclization of aminyl radiwl for a synthesis of ant vcnom alkaloid (1) was cmied out. A 

toluene solution of 4-alkenylaminc (6) (0.02 M) was treated with N-chlorosuccinimide (NCS, 1.0 cquiv.) 

for 30 min at room temperature to form the corresponding N-chloroamine quantitatively. Successive heating 

of the solution containing the N-chloroaminc with Bu,SnH (1.0 equiv.) and AIBN (0.2 equiv.) under 

reflux for 7 h resulted in stereoselective cyclization of the corresponding aminyl radical (A) to give (2)- 

@ur~s-2-butyl-5-heptyl-l-methylpyrrolidine ( I ) ,  ant vcnom alkaloid, in a 59 % yield as a single stereoisnmer. 

N-Chloroamine (12) generated from mine  (6) could be isolated by TLC (SiOJ and was subjected to the 

radical reaction to give pyrrolidine (1) in an almost same yield. On the other hand, similar treatment of the 

m i n e  (1 1) with NCS followed by the successive reaction with Bu,SnH and AIBN also gave the ant venom 

alkaloid (1) stereoselcctively in a 49 % yield via a cyclization of aminyl radical (B) (Scheme 4). The 'H and 
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13C NMR spectra of 1 were identical with those reported by ~ ros s i '  and the MS spectrum of 1 was also 

identical with that of previous report.' 

CH3C(OCHd3 R1- 

cat. C,H,COOH > COOC2H5 

OH reflux 
2; R1 = C3H, 3; R1 = C3H7 78% 

7; R1 = C6H13 8; R1 = C6H13 87% 

Scheme 3 

Probable reaction pathways are shown in Scheme 5. Starting amine (6) is converted into the corresponding 

N-chloroamine (12) by the @eahnent with NCS in toluene. Chlorine abstradion from N-chloroamine (12) 

by Bu,Sn. generdtcs the corresponding aminyl radical (A), which cyclizes stereoselectively to form the 

carbon radical intermediate having a trcurs-2,5-disubstituted pyrrolidine ring (C). Hydrogen abstraction of C 
from Bu,SnH results in a cyclization product (1). 



336 HETEROCYCLES, Vol. 50, No. 1,1999 

i), ii) 

I 59% I 49% I 'eH13 

cn, cn, CH3 

Reagents and Conditions; I) NCS (1.0 eq.)  - toluene, rt, 3 0  min, 

ii) Bu,SnH (1.0 eq.), AIBN (0.2 eq.) - to luene,  refiux, 7 h 

Scheme 4 

C 

Scheme 5 

Stereochemical outcome could be explained as outlined in Scheme 6. Arninyl radials (A) or (B), generated 

from amine (6) or (1 1) respectively, probably have a transition structure of D, in which an alkyl group of 

R2 is Iocatcd in a pscudoequatrial position. Cyclization could take place via this stable 5-rro-chair-like 

transition structure (D) to give a carbon radical intermediate (E) having a trwts-2,s-disubstituted pyrrolidine 

ring. This explanation is in good accordance with thc theoretical calculation of the cyclizetion of 5-hexcnyl 

radical.'" 

E 

trans 

Scheme 6 
u 

In conclusion, synthesis of (+)-trmrs-2-butyl-5-heptyl-1-methylpymidine (I ) ,  ant venom alkaloid, was 

achieved stercoselectively in a 35 % overall yield from 1-hexen-3-01 via 5 steps. Our study on a synthesis of 

various pyrrolidine alkaloids by using the aminyl radical cyclization as a key step is now in progress. 
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EXPERIMENTAL 

IR Spectra were determincd in a neat form with a JASCO IR-810 infrarcd spechophotometer. The 'H and 

13C NMR Spectra were determined in CDCI, (SiMe, as an internal reference) with a JEOL JNM EX-270 

high-resolution spectrometer. The J-values are in Hz. The MS spectra were recorded using a JEOL JMS- 

DX303 or JMS-HXI10 spectrometer (70 eV). Elemental analyses werc performed by the staff of the 

analytical laboratory of the Faculty of Pharmaceutical Science. Preparative TLC was carried out with Merck 

Kiesel gel 60PF,,, or Merck Alminium oxide 60PF,,, (Type E). 

Orthoester Claisen Reurrangement of Ally1 Alcohols 

(E)-Ethyl 4-Octenoate ( 3 )  

Commercially available 1-hexen-3-01 (2) (6.2 g, 61.6 mmol) in hiethyl orthodcetate (80 mL) was heated 

with a catalytic amount of propionic acid (0.3 mL) at 130 "C for 3 h under an argon atmosphere. After 

excess triethyl orthoacetate was distilled off from the reaction mixture under a reduced pressure, thc residue 

wa. distilled to give ester (3) (8.2 g, 78 %). hp 107 "C / 30 mmHg. 'H NMR 8 ,  0.87 (3H, t, J=7.3), 1.25 

(3H, t, J=7.3), 1.35 (2H, sextet, .1=7.3), 1.95 (2H, q, J=7.3), 2.2-2.4 (4H, m), 4.12 (2H, q, J=7.3), 

5.3-5.5 (2H, m); 13C NMR 6 ,  13.60 (CH,), 14.27 (CH,), 22.55 (CH,), 27.98 (CH,), 34.47 (CH,), 34.59 

(CH,), 60.23 (CH,), 128.14 (CH), 131.61 (CH), 173.31 (C=O); IR 1740, 1372, 1249, 1165 m.': MS 

(El) mi2 170 (M*, 18), 124 (63), 96 (64), 88 (89), 82 (IOO), 55 (70 %); HRMS Calcd for C,,H,,O, 

170.1307. Found 170.1277. 

(E)-Ethyl 4-Undecenoate (8) 

Similar orthoester Claisen rearrangement of 1-noncn-3-01 (7) (11.0 g, 77.0 mmol), prepared in a 85 % 

yield from heptanal and vinylmagnesium bromide, with triethyl orthoacetatc (99 mL) and propionic acid 

(0.3 mL) gave ester (8) (14.25 g, 87 %). hp 85 "C I 0.5 mmHg. 'H NMR 8,, 0.88 (3H, t, J=7.3), 1.25 

(3H, t, J=7.3), 1.2-1.4 (8H, m), 1.96 (2H, q, .I=6.27), 2.2-2.4 (4H, m), 4.12 (2H, q, .1=7.3), 5.3-5.5 

(2H, m); "C NMR 6, 14.07 (CH,), 14.23 (CH,), 22.61 (CH,), 27.94 (CH,), 28.77 (CH,), 29.40 (CH,), 

31.72 (CH,), 32.49 (CH,), 34.43 (CH,), 60.20 (CH,), 127.89 (CH), 131.84 (CH), 173.28 (GO) ;  IR 

1737, 1373, 1247 m.'; MS (EI) mh 212 (Mi, 17), 166 (36), 149 (22), 124 (82), 96 (61), 88 (100 %); 

HRMS Calul for C,,H,,O, 212.1776. Found 212.1769. 

Transformation of Esters into N-Methyl-N-2-(pyridy1)nmides 

N-Methyl-N-(2-pyridy1)-4-octenamide (4)  

To a stirred suspension of AICI, (11.7 g, 88.0 mmol) in 1,2-dichlomcthane (60 mL) was slowly added 2- 

methylaminopyridine (9.0 mL, 88.0 mmol) at 0 "C under an argon atmosphere. To this solution was addcd 

ester (3) (6.0 g, 35.2 mmol) at 0 "C. After the addition was completed, the reaction mixture was warmed up 

t o n  and it was stirred at rt for 2 days. The rcaction mixture was poured into ice-watcr (100 mL) and then 

extracted with CH,C12. The organic phase was washed with water and then dried over anhydrous MgSO,. 

After evaporation of the solvent. the residue was distilled to give amide (4) (7.7 g, 94 %). hp 129-130 "C 1 
0.25 mmHg. 'H NMR 8, 0.85 (3H, t, J=7.3), 1.33 (2H, sextet, J=7.3), 1.8-2.0 (2H, m), 2.2-2.4 (4H, 

m), 3.37 (3H, s), 5.3-5.5 (2H, m), 7.20 (IH, ddd, J=1.0, 5.0, 7.3), 7.29 (IH, hr d, J= 7.3), 7.75 (lH, 
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dt, J=2.0, 7.3), 8.50 (lH, ddd, J= 1.0, 2.0, 5.0); '" NMR aC 13.59 (CH,), 22.50 (CH,), 28.30 (CH,), 

34.54 (CH,), 34.93 (CH,), 35.37 (CH,), 120.70 (CH), 121.67(CH), 128.73 (CH), 131.14 (CH), 138.08 

(CH), 148.91 (CH), 156.14 (C), 172.83 (C=O); IR 1665, 1587, 1472, 1436, 1379, 971 cm-'; MS (El) 

m h  232 (W, 19), 203 (20), 189 (lo), 161 (17), 150 (lo), 108 (100 %); HRMS &lcd for C,,H,,N,O 

232.1575. Found 232.1589. Anal. Calcd for C,,H,,N,O: C, 72.38; H, 8.68; N, 12.06. Found: C, 72.28; 

H, 8.74; N, 12.07. 

N-Methyl-N-(2-pyridy1)-4-undecenamide (9) 

Asimilar reaction of estcr (8) (5.0 g, 23.5 mmol) with 2-methylaminopyridine (4.8 mL, 47.0 mmol) and 

AICI, (7.8 g, 58.8 mmol) in 1,2-dichlorocthanc (50 mL) gavc, along with recovered ester (8) (600 mg, 

12 %), amide (9) (4.9 g, 76 %; 85% based on reacted 8). bp 150 "C 10.1 mmHg. 'H NMR 6,0.87 (3H, t, 

J=6.3), 1.2-1.4 (8H, m), 1.92 (2H, q, J=6.3), 2.3-2.4 (4H, m), 3.37 (3H, s), 5.3-5.5 (2H, m), 7.20 (1H: 

ddd, J=1.0, 5.0, 7.3), 7.29 (lH, br d, J=7.3), 7.75 (lH, dt, J=2.0, 7.3), 8.49 (lH, ddd, J=1.0, 2.0, 

5.0); 13C NMR 6c 14.11 (CH,), 22.62 (CH,), 28.37 (CH,), 28.82 (CH,), 29.42 (CH,), 31.73 (CH,), 

32.52 (CH,), 35.02 (CH,), 35.42 (CH,), 120.75 (CH), 121.71 (CH), 128.57 (CH), 131.48 (CH), 
138.11 (CH), 148.96(CH), 156.19 (C), 172.88 (C=O); IR 1669, 1588, 1473-1379, 1135 cm~'; MS (EI) 

mb 274 (Mi, 8), 245 (4), 203 (12), 189 (7), 161 (13), 150 ( l l ) ,  108 (100 %); HRMS Calcd for 

C,,H,,N,O 274.2045. Found 274.2059; Anal. Calcd for C,,H,,N,O: C, 74.41; H, 9.55; N, 10.21. 

Found: C, 74.31; H, 9.66; N, 10.08. 

Transformation of Amides  into Ketones 
4-Pentadecen-8-one (5) 

To a stirred solution of amidc (4) (710 mg, 3.1 mmol) in THF (10 mL) was added an etheral solution of 

heptylmagnesium iodide (3.6 mmol) at -78 'C under an argon atmosphcrc. After stirring for 3 h at -78 'C, 

2N HCI (10 mL) was added to the reaction mixture at -78 "C and the solution was warmed up to rt. The 

reaction mixture was cxtractcd with ether, and tbc ctbcral solution was washed with water and brine. After 

drying over anhydrous MgSO, followed by evaporation of the solvent, the residue was purified by TLC 

(SiO,, hexane : AcOEt / 3 : 1) to afford, along with rccovered -mide (4) (42 mg, 6 %), ketone ( 5 )  (633 mg, 

92 %; 98% based on reacted 4). bp 87-90 "C 10.15 mmHg; 'H NMR b,, 0.8-0.9 (6H, m), 1.2-1.4 (IOH, 

m), 1.5-1.6 (2H, m), 1.9-2.0 (2H, m), 2.2-2.3 (2H, m), 2.38 (2H, t, .1=7.3), 2.45 (2H, t, J=7.3), 5.3- 

5.5 (2H, m); ')C NMR 6, 13.64 (CH,), 14.07 (CH,), 22.59 (CH,), 22.62 (CH,), 23.85 (CH,), 26.92 

(CH,), 29.09 (CH,), 29.24 (CH,), 31.70 (CH,), 34.61 (CH,), 42.66 (CH,), 42.96 (CH,), 128.59 (CH), 

131.30 (CH), 211.01 (C=O); IR 1717 m';  MS (El) mlz 224 (Mi, 6), 181 (5), 140 (7), 127 (77), 109 (X), 

97 (14), 82 (42), 57 (100 %); HRMS Calcd for C,,H,,O 224.2140. Found 224.2138; Anal. Calcd for 

C,,H2,0: C, 80.29; H, 12.58. Found: C, 80.08; H, 12.60. 

8-Pentadecen-5-one (10) 

Similar reaction of amide (9) (2.5 g, 9.1 mmol) with an etheral solution of butylmagnesium iodide (10.8 

mmol) followed by TLC (SiO,, hexane : AcOEt I 3  : 1) @ve, along with recovered amide (9) (280 mg, 

1 % )  ketone (10) (1.8 g, 86 7%; 96 % based on reacted 9). 'H NMR b,, 0.8-0.9 (6H, rn), 1.2-1.4 (10H, 
m), 1.5-1.6 (2H, m), 1.9-2.0 (2H, m), 2.2-2.3 (2H, m), 2.39 (2H, t, .1=7.3), 2.45 (2H, t, J=7.3), 5.3- 
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5.5 (2H, m); "C NMR 8, 13.87 (CH,), 14.11 (CH,), 22.39 (CH,), 22.64 (CH,), 25.93 (CH,), 26.92 

(CH,), 28.82 (CH,), 29.45 (CH,), 31.75 (CH,), 32.52 (CH,), 42.66 (CHJx2, 128.34 (CH), 131.57 

(CH), 210.96 (C=O); IR 1716 m'; MS (EI) mlz 224 (M', 4), 182 (3), 167 (6), 139 (5), 124 (13), 113 (4), 

96 (lo), 85 (loo), 57 (67 %); HRMS Calcd for C,,H,,O 224.2140. Found 224.2134. Anal. Calcd for 

C,,H,,O: C, 80.29; H, 12.58. Found: C, 80.37; H, 12.64. 

Reductive Amination of Ketones 

N-Methyl-1-heptyl-4-octenylamine ( 6 )  
To a solution of ketone (5) (500 mg, 2.2 mmol) and 40 % methanolic methylamine (0.4 mL, 3.3 mmul) in 

1,2-dichloroethane (7 mL) were added AcOH (0.2 m l  2.7 mmol) and NaBH(OAc), (710 mg, 3.3 mrnol). 

The mixture was stirred at rt under an argon atmosphere until the reactants were consumed as determined by 

TLC (for 36 h). The reaction mixture was quenched by 4N NaOH, and the product was extracted with ether. 

The organic phase was washed with water and brine, and dried over anhydrous MgSO,. After evaporation 

of the solvent, the residue was purificd by TLC (AI,O,, hexane : AcOEt / 30 : 1) to give amine (6) (474 mg, 

89 %). 'H NMR S,, 0.88 (6H, brt, J=7.3), 1.2-1.5 (16H, m), 1.9-2.1 (4H, m), 2.37 (3H, s), 2.3-2.4(1H, 

m), 5.3-5.5 (2H, m); 13C NMR Sc 13.64 (CH,), 14.09 (CHJ, 22.66 (CH,), 2, 25.63 (CH,), 28.86 (CH,), 

29.31 (CH,), 29.94 (CH,), 31.86 (CH,), 33.37 (CH,), 33.44 (CH,), 33.57 (CH,), 34.68 (CH,), 58.65 

(CH), 130.26 (CH), 130.35 (CH); IR 3308, 1144, 1101, 967 cm"; MS (El) mh 239 (M', 3), 210 (4), 182 

(3), 168 (3), 142 (loo), 140 (87 %); HRMS Calcd for C,,H,,N 239.2613. Found 239.2595. 

N-Methyl-1-butyl-4-undecenylamine (11) 

Amine (11) (154 mg, 67 %) was also obtained by a similar treatment of ketone ( l o )  (215 mg, 1.0 mmol) 

with 40 % methylamine in MeOH (0.2 m l  1.4 mmol), AcOH (0.1 m l  1.4 mmol) and NaBH(OAc), (410 

mg, 1.9 mmol). 'H NMR S,, 0.8-1.0 (6H, m), 1.2-1.5 (16H, m), 1.9-2.1 (4H, m), 2.37 (3H, s), 2.3-2.4 

(lH, m), 5.3-5.5 (2H, m); 13C NMR 6, 14.11 (CH,xZ), 22.64 (CH,), 23.02 (CH,), 27.84 (CH,), 28.84 

(CH,x2), 29.56 (CH,), 31.75 (CH,), 32.58 (CH,), 33.14 (CH,), 33.39 (CH,), 33.59 (CH,), 58.64 (CH), 

130.05 (CH), 130.62 (CH); IR 3294, 1458, 1144, 1099 c d ;  MS (EI)m/r 239 (M', I), 210 (I), 182 (64), 

140 (lo), 100 (100 %); HRMS Caled for C,,H,,N 239.2613. Found 239.2599. 

Synthesis of trans-2-Butyl-5-heptyl-I-methylpyrrolidine by Aminyl Radical Cyclization 

(i) from N-Methyl-1-heptyl-4-octenylamine (6) 

To a toluene solution (16 mL, 0.02 M) of N-methyl-1-heptyl-4-octenylamine ( 6 )  (100 mg, 0.32 mmol) was 

added N-chlorosuccinimide (43 mg, 0.32 mmol), and the solution was stirred at rt for 30 min under an 

argon atmosphere. To this solution were added Bu,SnH (0.086 m l  0.32 mmol) and AIBN (11 mg, 0.064 

mmol) and the reaction mixture was heated under reflux for 7 h under a nihogen atmosphere. After 

evaporation of the solvent, ether (3 mL) and 10 % - KF aqueous solution (10 mL) were added and then 

stirred for a few hours. The precipitate was filtered off with elite and filtrate was extracted with ether. The 

organic phase was washed successively with water and brine, and dried over anhydrous MgSO,. 

Evaporation of the solvent gave a residue, which was purified by TLC (&O,, hexane : AcOEt 1 30 : 1) to 

give hmo-2-butyl-5-heptyl-1-methylpymlidie (1) (59 mg, 59 %) as a single stereoisomer. 'H NMR a,, 
0.8-1.0 (6H, m), 1.0-1.4 (IhH, m), 1.4-1.5 (2H, m), 1.5-1.7 (2H, m), 1.8-2.0 (2H, m), 2.35 (3H, s), 
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2.7-2.8 (2H, m); 13C NMR 6,14.12 (CH,x2), 22.68 (CH,), 23.05 (CH,), 26.90 (CH,), 28.68 (CH,x2), 

29.09 (CH,), 29.34 (CH,), 29.97 (CH,), 30.19 (CH,), 30.49 (CH,), 31.86 (CH,), 35.13 (CH,), 63.43 

(CHx2); MS (El) m h  240 [(M+l)', 2), 239 (M', I), 238 (3), 208 (I), 182 (69), 141 (lo), 140 (NO), 96 

(22), 84 (12), 83 916), 82 (30), 70 (12), 55 (17), 43 (22), 42 (18), 41 (29 %); HRMS Calcd for C,,H,,N 

239.2613. Found 239.2635. 

(ii) from N-Methyl-1-butyl-4-undecenylamine (11) 

Similar reaction of N-methyl-1-butyl-4-undecenylamine (11) (100 mg, 0.32 mmol) with N-chloro- 

succinimide (43 mg, 0.32 mmol) followed by the reaction with Bu,SnH (0.086 mL, 0.32 mmol) and AIBN 

(11 mg, 0.064 mmol) gave ant venom alkaloid (1) (49 mg, 49 %). 
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