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Abstract: [2.2.3]Cyclazines me obtained in moderate yields by reaction of 3!-pyrrotizines 
bearingconjugative substituents lPh or Cope) with uinantidinium salts in the presence of 
strori bases. Syntheses of the previously unknaM 2-phenyI-3H-pyrrolizine and 
l-methoxycarbonylcyclopenta [h] [2.2.4]cycZazine are aZso descm’bed. 

Despite considerable activity in the cyclazine field' during the past 

24 years, the original indolizine-based syntheses of [2.2.3]cyclazines (l], 

developed by Boekelheide and his co-workers2, remain among the most convenient 

of existing routes to these interesting [IOlannulene derivatives. In principle, 

an approach to [2.2.3]cyclazines starting from 35-pyrrolizine (2a) 3 and based 

on the three-carbon annellation procedure of Jutz and his co-workers 4 would seem 

to offer a shorter alternative route. In practice, however, the yield of the 

parent cyclazine (la] obtained5 from 3;-pyrrolizine and the vinamioinium salt (3a] 

was only 2.8%. Condensations 5,6 and cycloadditions 5,687 starting from 3-methyl- 

enepyrrolizines have been scmewhat more successful, though less convenient. 
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We now report that the Jutz procedure, and modifications of it, are 

applicable to 3g-pyrrolizines, (2b) and (2~1, bearing conjugative substituents 

in the 2- or 6-position. These substituted pyrrolizines, unlike the parent 

compound, are quite stable in air and the yields of derived cyclazines, 

though not yet optimised, are moderately good. We believe, therefore, that 

this method will provide a valuable alternative means of entry to the [2.2.31- 

cyclazine series. 

2-Phenyl-3g-pyrrolizine (2b), which is unobtainable8 by the original 

Schweizer procedure from pyrrole-2-carbaldehyde and the phosphonium salt (4) 

was readily prepared by a modification of this route: a toluene solution 

containing pyrrole-2-carbaldehyde and the phosphine oxide (5) 
9 
was stirred and 

heated under reflux with 5M aqueous potassium hydroxide in the presence of a 

phase-transfer catalyst (Bu4Nf); work-up after 100 h yielded the pyrrolizine 

(2b)* [66%, m.p. 179OC (from CH2C12-light petroleum), G(CDC13) 4.94 (2H, m), 

5.90 (lH, dd, J 3.5 and 1.0 Hz), 6.14 (lH, dd, J 3.5 and 2.7 Hz), 7.00 (lH, m), 

7.08 (lH, m), and 7.15-7.60 (5H, m)]. 

The pyrrolizine (2b) was converted into 1-phenyl[2.2.3lcyclazine (lb) by 

treatment with the vinamidinium salt (3b) and sodium methoxide in quinoline 

(0.5 h at 40°C and 3 h at 160°C) according to the general procedure of Jutz 
4 

and his co-workers . Evaporation of the solution, chromatography (Si02-CH2C12), 

and sublimation yielded the cyclazine (lb)* [36%, m.p. 61°C (from light 

petroleum), G(CD3COCD3) 7.40 (lH, d, H-41, 7.64 (lH, d, H-3), 7.89 (lH, t, H-61, 

7.98 (lo, s, ~-21, 8.16 (lH, dd, H-5), 8.42 (lH, dd, H-7) and 7.34-8.00 (5H, Ph) 

J3 4 4.3 Hz, J5 6 = J6 7 7.8 Hz)]. 
, , I 

6-Methoxycarbonyl-3H-pyrrolizine (2c), first prepared by Flitsch and - 
Heidhues" in two stages from pyrrole-2-carbaldehyde and methyl acrylate, was 

obtained in better overall yield by a more recently described 
11 

three-stage 

procedure from the same starting materials. Although it is claimed 
11 that the 

later synthesis gives 2-methoxycarbonyl-3fi-pyrrolizine (2d), our product was 

identical with that of Flitsch and Heidhues who showed unambiguously by lH 

n.m.r. that the compound is the 6-methoxycarbonyl isomer. Treatment' of the 

pyrrolizine (2~) with the vinamidinium salt (3a) 
12 

and sodium hydride in 
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N,N-dimethylformamide (DMF) (1 h at 60°c and 35 h at reflux), dilution with 

water, ether extraction, and chromatography gave l-methoxycarbonyl[2.2.3]- 

cyclazine (lc) [49%, m.p. 60°C (from pentane), (lit. 13 m.p. 59-61°C) I. The 

same product was obtained in lower yield (26%), but somewhat more conveniently, 

by heating the pyrrolizine (2~) for 6 h with 1,1,3,3-tetramethoxypropane in 

boiling acetic anhydride. 

ao; 

(6) (7) a:R=H 

6-Methoxycarbonyl-3H-pyrrolizine was also used to prepare l-methoxycarbonyl- 

cyclopenta[&][2.2.4]cyclazine (28%) by reaction with the fulvene iminium salt 

(6) and sodium hydride in DMF (0.25 h at room temp., 0.5 h at 70°C, and 20 h 

at reflux). Like the parent compound (7a) 14 and its methyl 
14 

and halogeno- 

b: R = C02Me 

derivatives14'15, the cyclazine (7b)+ was a green crystalline solid 

[m.p. 135-136OC (from light petroleum) G(CDC13) 3.98 (3H, s, OMe), 7.30 (HI, d, 

H-3), 7.49 (lo, d, H-4), 7.76 (lH, s, H-2), 7.84 (2H, m, H-6 and 8), 7.97 ClH, 

t, H-7), 8.54 (lH, s, H-5), and 9.58 (lH, s, H-9)]. 

We are currently investigating further applications and improvements of 

these reactions. 
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