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Abstract: A synthesis of (-) supuu&ne 1 and 1t.s reg~olsomer 2 from L-prolme IS described.. The Frey step IS a thermal 
mtmmolecular oxune-olefii cycloaddmon, dmematm puducts resultmg from mhamol~ular nmoae formahon were also dated 

The necme alkalmds, compnse a group of pyrrolmdmes, many of which exlutnt hypotenslve, anhtumor 

or antispasmotic promes 2 One of these alkalmds IS (-) supundme, which has been synthesized by several 

research groups, both m the racenud and optically actwe form 4 The molecule is reportedly thf?icult to handle, 

volatde, unstable to chromatography and decomposes m ~II 5 

Recently, we have shown that pyrrohdmes possessmg an olefiilc moiety and a properly positioned 

aldoxnne or ketoxnne cham undergo thermally mduced mtramolecular &polar cycloaddmon (via N-H rutrones) to 

pyrrolmdmes or mdohudmes fused to an lsoxazohdme nng, wltb stereospecdic mtmductlon of stereo centers 6 

This provides an entry mto stereospectically funchonahzed pyrrohdmes Alternatively, intramolecular mmle 

oxide-olefim cycloaddmon7 may be usable m the synthesis of such systems A possible approach to chual 

supmldme 1s therefore, via mtramolecular cycload&uon stamng with an unsaturated oxune denved from chual 

probne As will be discussed below, the mtnle oxide-olefii cycloaddmon route proved to be non-operable We 

report here the apphcauon of mtramolecular oxune-olefm cycltihons (IOOC) to the synthesis of (-) supmldme 

1 as well as of its side cham Isomer 2. 
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i 

Our approach utked the comersron of Lprohne mto enher the N-allylpyrrohdme-2-carboxaldoxune 3 ox 

the N-acetoxmuno-2-vmylpyrroltdnte 8, followed by thermal oxrme-olefin cycloaddmon 6.8 L-Prolme possesses 

the same absolute configurahon as natural (-) suptmdme 

Because of the mstabthty of suptmdme and of the precursor 2-vmylpyrrobdme, we decrded to undertake 

first the syntheses of 2, the as yet unknown tegtotsomer of supmtdme for comparison of chemtcal and 

phystologtcal properttes L-Prohne was converted via methyl N-allylpmlmate and N-allylpmlmal to oxnne 3, 

[czl$“ = -108 20, (c, 1 65 THF) The latter was heated m a sealed tube m toluene at 18ooC for 18 h to atford the 

tncychc oxazohdmc 4, [a]~~ = -26 70 (c, 2 7 EtOH) as a smgle isomer III 81% yield Another product of this 

macnon was the tienc species 5 isolated m opncally acttve form III vsrymg yreld up to 19% The structure of 5 

was confii from its 1 H- and correlated 13C- NMR and ns mode of formanon will be discussed below 

LAH reductron of oxazohdme 4 led tn quanhtanve yield of the ammo alcohol 6, which on draxonzatron 

produced 2 m 60% yield 
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Next the IOOC reacuon was apphed to the syntlresrs of (-) supmtdme 1. LRohne was converted vra the 

unstable 2-vmylpyrroltdme 7 to the om 8, [a]$ 2= -95 90 (c, 1.45 THP). Heating of 8 at 18tPC for 15 h 

afforded the mcycbc compound 9 [a]$ = +I3 90 (c. 3.5 EtOH) III 56% yreld, accompamed somettmes by 

optically acme ti 10, up to 24%, (for the structum detemunatnm see below) These two products were 

& - tiNOH 
7 8 

&i+$si 

9 10 6 /NoH 

7 

separated by chromatography on s&a and eluhon with MeOH-EtOAc-N&OH The success of the 

oxrme-olefii cycloaddmon 8 -> 9 contrasts the unsuccessful attempts (tar formatron) to have oxlme-olefin 8 

undergo a mtnle oxrde-olefm cycloaddttron on tmatment wtth NaOCl or CAT 

Reductwe cleavage of 9 wnh LAH followed by drazotrzahon led vra ammo alcohol 11 to (-) sup&me 1 
(53%), [a]D22 = -7 4O (C, 1 35 EtOH), 11t9 [a]D 18 = - 10 30 (c. 165 EtOH) The compound was rdenhcal by 

PMR and CMR to the authenttc matenal Apparently, the pmparanon of prolmal, rts Wimg macnon to form 7. as 

well as the thermolys~s of 8 at 18ooC to a&eve the mtramolecular cycloaddmon had not led to cons&table 

racemtxatron 4~ Intermedtate 11 may also be useful for the synthens of other necme alkalords 

H f 

OH 

I 
I 

9- c6 NH2 - 1 
N 
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The formation of dnner~ products 5 and 10 deserves comment. Ther structures were detemuned by tH 

and 13C-NMR, COSY and hetero COSY expenments and elemental analysis For instance. 10, present as a 

muture of syn- and anti-oxnnes, showed methyl doublets at 1 11 and 1 13 next to a quartet of doublets at 2 70 

ppm, con&ted with C absorphons at 16 36 and 59.07 ppm. The other tertiary carbon signals were at 67 80 and 

pans at 60.60 and 60 72.66 31 and 66 78 and next to 0 at 8101 and 8162 ppm. The latter methme carbons 

were correlated to proton ddd peaks at 4.37 and 4 39 The methylene next to the syn- and anti-aldoxnne function 

was pnsent as four sets of dd signals at 3.13.3 35,3.88 and 4 02 with two carbon absorphons at 51.05 and 

53 35 ppm Smular correlations penmtted the structure assignment to 5 

We propose that 5 1s formed ~18 a mechamsm resembhng the ene rea&onlo and mvolvmg an m-ate 

mtrone 12 as shown m Scheme-l A snrular transformahon will convert 8 to 10 An altematwe mechamsm 

Scheme-l 

mvolves tau tomenzation of the oxune to a N-hydroxyenanunet la later &sproved.llb 
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EXPERIMENTAL68 

7,8-Trimethylene-3-oxa-2,7-diazobicyclo[3.3.0loctane 4 and 2-methyl-4,5-trimethylene-8.(2’- 

formyl-l’-pyrrolidin)methyl-9-oxa-1,4-diazabicyclo~4.3.Olnonane oxime 5: 

The ourne 3. obtamed as descn@ but using Lprohne, (3.55g. 23 mmol) m 85 ml of dry toluene was 

heated at 180°C m a sealed ampule for 18 h. The toluene was removed under vacuum and the crude 011 was 

punf~ed on SloZ usmg MeOH+ EtOAc 25% NH3 (1.9 0.4) to afford 2 86 g (81%) of cycloadduct 4 and (2 4%) 

of duner 5 as a Z E oxune nuxture (30:70) In one case the yield of 5 was 19% and that of 4 was 63% 

4, PMR &Shad to that of racenuc 4.h [a]$* = -26 670 (c, 2.7 EtOH) 

5,011, (Z-E; 30-70). [a]~*5 = -15 70 (C. 1 19 THF). PMR COSY (CDC13) 6 9 5 (b, lH, OH), 7 24 and 6 77 

(m, lH, H-6’). 4 49 (m. 1H. H-8). 3 62 and 3 59 (m, 1H. H-6). 3 29 and 2 26 (m, lH, H-5’), 3 27 and 2 35 

(m, lH, H-5’). 3 02 and 2 04 (m. 2H, H-lo), 3 00 and 2 94 (m ,lH, H-2’), 2 93 (m, lH, H-2). 2 91 and 189 

(m, 2H, H-3). 2 85 and 2.46 (m. lH, H-13), 2 80 and 2 34 (m, lH, H-13), 2 50 and 2 49 (m, lH, H-5), 2.47 

and 167 (m, lH, H-7), 2 39 and 184 (m, lH, H-7), 194 and 169 (m. 2H, H-3’), 1.88 and 179 (m, lH, H- 
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11). 185 and 148 (m, lH, H-12),1 83 and 1.78 (m, lH, H-41, 182 and 1.43 (m, 1H. H-12). 180 and 176 

(m, 1H. H-4’), 176 and 169 (m, 1H. H-11). 1.13 and 1 12 (m. 3H, CX3). CMR (CDC13) 6 153 29 and 

153 06 (C-6’), 76.90 and 76 64 (C-8), 64 24 and 63 82 (C-2’), 63 97 and 63.28 (C-6). 62.72 and 62 56 (C-5). 

58 65 and 57 16 (C-13). 56.90 (C-3). 55 35 and 54 60 (C-5’). 53.10 and 52 88 (C-2), 52 77 (C-lo), 3147 and 

30 56 (C-7). 29.12 and 28 99 (C-3’). 27 63 and 27.60 (C-12). 23 29 and 23 02 (C-4’). 2174 and 2177 (C- 

l I), 17 48 and 17 39 (CH3) MS (CI lsobutane) 309 (MH+. 100). 291 (MH+ - H20.17 2). 264 (MH+ - 

CHz=NOH, 14 2). 181 (MH+ - C!d-I12N20,217) Anal Calcd for Ct&I28N402 C, 62 20, H, 8 81. N, 17 79 

Found C, 62 34. H, 9 09, N, 18 18 

l(R)-Amino-2(R)-hydroxymetbyl-8(S)-pyrroiizidine 6: 

To a shrred soluhon of htbmmalum~mum hydnde ml0 mL THF under Ar at -10 to Ooc, a solution of 

cycloadduct 4 (0 35 g, 2 26 mmol) m 10 mL THF was added drop~se The temperanne was slowly rtused to 

25oC and sturmg contmued for another 6-8 hours The reaction rmxture was quenched by tihon of 0 26 rnL of 

water, 0 26 mL of 10% NaOH, 0 5 mL water and 4 g of sodmm sulfate, stured for another 15 mm, filmed and 

washed ~th THF (2x5 mL) and chloroform (3x5 mL) The combmed orgamc extracts were concentrated to 

afford 0.34 g (96 2%) of 6, [a]$ 2 = -10 640 (c. 2.63 EtOH). PMR (CDC13) & 3 87 (dd, J = 11.7 Hz, lH, H- 

9). 3 74 (dd, J = 11,4 9 Hz, lH, H-9), 3 28-3 18 (m, 2H. H-l and H-8), 3.04 (dd, J = 11,4 5 Hz, lH, H-3), 

2 97 (dt, J = 10 5, 6 5 Hz, lH, H-5). 2 68 (dt, J= 11.6 5 Hz, lH, H-3). 2.54 (dt, J = 10 5, 6 5 Hz, lH, H-5), 

2 40-2 28 (m, lH, H-2). 2 12-1 93 (m. lH, H-7). 192-l 68 (m, 2H, H-6). 1.63-145 (m, lH, H-7) CMR 

(CDC13) 6 72 56 (d, C-8). 62 53 (t. C-9). 60 12 (d, C-l), 56 69 (t, C-3). 55 25 (t, C-5). 44.% (d, C-2). 30 81 

(t, C-7). 25 53(t, C-6) MS (El) m/z. 157 (MH+, 16 4). 156 @I+. 20 6). 140 @I+ -NH2, 1 6). 125 (5.7). 110 

(3 7), 84 (116). 83 (loo), 82 (14 4), 70 (11) MS (CI aobutane) m/z 157 (MH+* 100). 199 (M+ + C3H7.3 3). 

213 (M+ + C4H9. 12 5) 

1,2-Dehydro-2-hydroxymethylpyrrolizidine 2: 

To ammo alcohol 6 (0 077 g, 0 5 mmol) III 2 5 mL of THF was added 3.5 ml of 2N HCl and at Ooc 3.5 

mL of 10% sodmm mtnte was added dropwlse The nuxture was surred m the cold for 1 h and at 25oC for 22 k 

Solvent was removed under vacuum and the residue was dissolved m CHC13 (10 mL) and 3 g of anh K2CO3 

was added After 24 h stunng at 25W and filtrahon, the filtrate was concentrated and punfied by chromatography 

over s102 (CHCl3 MeOH 25% NH3.85 15 1) to afford 0 04 g (60%) of 2 as an 011. [a]Dz = +26 72 (c, 161 

EtOH) PMR (CDCl3) 6 5 57 (bs, lH, H-l), 4 23 (bm, lH, H-8), 4 16 (s, 2H. H-9). 3 88 (bd. J = 15 Hz, lH, 

H-3), 3 32 (dd, J = 10 5, 4 Hz, lH, H-3). 3 07 (dt,, J = 10 5, 7 Hz, 1H. H-5). 2 53 (dt. J = 10 5,7 Hz, 1H. 

H-5), 2 05-l 86 (m, 1H. H-7). 1 82-l 62 (m, 2H, H-6), 158-l 40 (m, lH, H-7) CMR (CDCl3) 6 140 89 (s. 

C-2). 125 81 (d, C-l), 71.62 (d, C-8), 62 23 (t, C-3). 59 84 (t, C-9). 56 86 (t. C-5). 31 24 (t, C-7), 25 58 (t. 

C-6) MS (ED m/z 140 (MH+, 15 51), 139 (M+, 100). 138 (M+ - H, 2169). 122 (517). 120 (19 89). 11 

(20 31). 110 (2198). 108 (29 97). 94 (11 79). 86 (40 62). 84 (63 48). 81 (10 39). 80 (70 28) If K2CO3 was 

onutted in the work up and the product was extracted with 50% MeOH 111 ether and chromatographed on cellulose 

usmg 50-7096 methanol m ether and finally with methanol as eluenf 2.HCL was obtamed as a serm solid 11166% 
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Wd. [uID~ = +3.260 Cc. 0 46 EtOI-0. PMR (ho) 6 5 74 (m. lH, H-l), 5 07 (bm, lH, H-8). 4 46 (ddt, J = 

15 8, 2 5, 1.2 Hz, lH, H-3), 4 22 (ddt, J = 2 0, 1.6, 1 1 Hz, 2H, H-9). 3 96 (bm, lH, H-3), 3.68 (dt, J = 

11 5,6 5 Hz, lH, H-S), 3 25 (dt, J = 11.5.6 5 Hz, 1H. H-5), 2.30-1.89 (m, 4H, H-6 and H-7) CMR (D20) 6 

141 12 (s, C-2). 126.73 (d, C-l), 78.73 (d, C-8). 64 72 (t, C-3). 61 36 (t, C-9). 6106 (t, C-5), 33 31 (t, C-7). 

27.86 (t, C-6) MS (CI lsobutane) m/z: 140 (MH+, 100). 122 (MI-I+ - H20.40 3), 196 (IQHg+), 178 

@4C3H3+). Treatment of the hydrochloride of 2 with 25% WOH afforded 2 

6,7-Trimethylene-3-oxa-2,7-diazabicyclo[3.3.O]octane 9 and 2-methyl-3,4-trimethylene-8-{(Ps 

oxo-l’-ethyl)-2’-pyrrolidinyl)-9-oxa-l,4-diazabicyclo[4.3.0]nonane oxime 10: 

Oxune 8, obtained as descrklh but usmg L-prohe. (0 525 g 3.4 mmol) was &ssolved m 24 mL dry 

toluene. sealed m an ampule under Ar and heated at 18ooC for 15 h Work up and punficatlon as described for 4 

led to cycloadduct 9,0 295 g (56%) as an ml. [a]$2 = +13 90 (c. 3 5 EtOH). PMR (CDCl3) 6: 4 18-4.06 (bm, 

lH, H-l), 4.02-3.70 (brn, 2H. H-4), 3 21 (td, J = 7,3 5 Hz, lH, H-6), 3 06-2.85 (m, 4H, H-5, H-8 and H-9), 

2 75-2.60 (bm. lH, H-9). 2 12-190 (m. 2H, H-10 and H-11), 1 86-l 70 (m, lH, H-lo), 165-l 51 (m, 1H. 

H-l 1). CMR (CDC13) & 77 72 (t, C-4). 71.36 (d, C-6). 67 OS(d. C-l), 56 89 (t, C-8). 54.53 (d, C-5), 52 70 (t, 

C-9), 30.37 (t, C-11), 24 46 (t, C-10) MS (EI) m/z. 155 (MH+, 25 45). 154 (M+. 28.95), 153 M+ - H, 7 71), 

138 (14.47). 124 (11 13). 123 (5145), 110 (24) 65). 109 (7 17). 108 (18 42). 97 (19.74). 96 (lOO), 95 (19.9), 

84 (3162), 83 (43 65), 82 (24.73), 81 (20 42), 70 (44 28), 68 (20.80) In some expenments up to 24% of 

&mer 10 along with 9 was obtamed on chromatography of the crude product. Duner 10, ZE = 5 6 4 4, [a]$ = 

-21 60 (c. 2 07 THF) PMR12 COSY (CDC13) 6: 7 51 (dd. J = 7 5,4 5 Hz, H-7’, E womer), 6 89 (dd, J= 4 5, 

3 5 Hz, H-7’. Z Isomer) 4 39 and 4 37 (ddd, J = 7.6.5 Hz, lH, H-8), 4 02 (dd, J = 16 5,3 5 Hz, H-6’. Z 

isomer), 3.88 (dd, J = 14.4 5 Hz, H-6’. E ~sorner), 3 35 (dd, J = 16 6,4 5 Hz, H-6’, Z isomer), 3 13 (dd, J = 

14,7 5 Hz, H-6’, E isomer), 3 15 (m, lH, H-5), 3 00 (m, lH, H-lo), 2 70 (dq, J = 9, 6 Hz, lH, H-2), 2 63 

(m, lH, H-2’). 2 62 (m, lH, H-7), 2 60 (m, lH, H-5), 2 11 (m,lH, H-10). 1 86 (m,lH, H-71, 1.73 (m, lH, 

H-3). 1 11 and 1 13 (d, J = 6 Hz, 3H, CH3) CMR (CDCl3) 6 150.3 and 149 55 (C-7’), 8162 and 81.01 (C- 

8), 67 80 (C-3), 66 78 and 66 31 (C-2’). 60 72 and 60 60 (C-6). 59 07 (C-2), 55 63 and 54 92 (C-5’). 53 97 

(C-lo), 53.35 and 51.05 (C-6’), 5105 (C-5), 34 37 and 34 21 (C-7), 28 28 and 28 04 (C-3’), 27 82 (C-12). 

23 20 and 23.09 (C-4’), 21 87 (C-11), 16 36 (CH3) MS (CI isobutane) m/z 309 (MH+, lOO), 291 (MH+ - 

H20.5 5), 268 (MH+ - CZH~N, 4 1). 264 (MH+ - CHz=NOH, 8 5). 252 (MH+ - CZH~NO, 3 3) Anal Calcd 

for Ct6H28N4@ C 62 65, H 9 41, N 17.42 Found C 62 34, H 9 09; N 18 08 

2(R)-Amino-l(R)-hydroxymethyL8(S)-pyrrolizidine 11: 

LAH mducfion of 0 225 g (1.46 mmol) of 9 in 15 mL THF as described for 6 gave 0 2 g (87%) of 

ammo alcohol 11, [a]+! = -314O (c, 1 15 EtOH) PMR (CDC13) 6 3 86 (dd, J = 11 5.4 Hz, lH, H-9). 3 76 

(dd, J = 11 5, 7 Hz, lH, H-9), 3 65 (ddd. J = 5 5, 4 5, 2 Hz, 1H. H-2). 3 46 (td, J = 7 5, 6Hz IH, H-8). 2 9E 

(dt, J = 10 5.6 Hz. lH, H-5). 2 95 (dd, J = 10, 2 Hz, lH, H-3), 2 74 (dd, J = 10,4 5 Hz, lH, H-3). 2 58 (dt, 

J = 10 5.6 Hz, 1H. H-5), 2 10-l 76 (m, 4H, H-6, H-7 and H-l), 1 60-l 41 (m, lH, H-7) CMR (CDCl3) 6 

64 19 (d, C-8). 63 95 (d, C-3), 61 64 (d, C-9), 55 95 (d, C-2), 54 88 (t, C-5), 50 75 (d, C-l), 31 62 (t, C-7). 
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25 63 (t. C-6) MS (EI) m/z: 157 @III+, 3147), 156 @I+, 2192). 125 (16.41). 108 (1141), 84 (19 71). 83 

(lOO), 82 (14 31). 70 (10 4) 

(-)Supinidine 1: 

FromO04g(O26mmol)of11m15mLTHF,2mLof2NHCland2mLof10%~ummrnteas 

described for 2, there was obtamed 0 02 g (53%) of suprmdme 1 as an 011, [a]$ = -7 41e(c, 1.35 &OH), lr$ 

1~1~~~ = -10 30 (c. 1 65 EtOH) PMR (CDC13) 6 5 50 (bs. lH, H-2), 4 25-4 08 (m, 3H and H-8, H-9), 3 87 

(w. J = 15 Hz, 1H. H-3). 3 31 (ddd. J = 15,4, 15 Hz, lH, H-3). 3 07 (dt, J = 10 5,7 Hz, lH, H-5). 2 57 

(dt, J = 10 5,7 Hz, 1H. H-5). 2 10-l 88 (m, lH, H-7). 1 85-l 70 (m, 2H. H-6), 1.60-l 40 (m, lH, H-7) 

CMR (CDCl3) 8 144 24 (s, C-l), 121 00 (d, C-2), 71 26 (d. C-8). 61 97 (t., C-3). 59.89 (t, C-9), 56 65 (t. C- 

5), 30 43 (t, C-7). 25.54 (t. C-6) MS (EI) m/z 140 (MH+, 15 44). 139 @I+. 100). 138 @I+ - H, 14 93). 122 

(30 95) 120 (15 80), 11 (13 72), 110 (15 84) 109 (9 27). 108 (93 14). 84 (10 29). 183 (30 29). 80 (41 34) 

PMR and CMR tdentrcal to those reported 4 
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