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Synthesis of Pyrrolizidine Alkaloids via Rhodium-Catalyzed
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Abstract: Rhodium-catalyzed silylformylation and amidocarbonylation are applied to the syntheses of pyrrolizidine
alkaloids, (t)-isoretronecanol and (+)-trachelanthamidine, from 5-ethynyl-2-pyrrolidinone.

Recently, transition metal catalyzed silylformylation has been developedl and mechanistic detail of the
reaction has been investigated.2 The synthetic utility of this reaction arises from its ability to convert alkynes into
(2)-1-formyl-2-silylalkenes stereo- and regioselctively in excellent chemical yield.3 We applied silylformation to
the synthesis of precursors of pyrrolizidine alkaloids. Construction of the basic skeleton of pyrrolizidine
alkaloids, aza[3.3.0]Joctane ring system, can be achieved by using rhodium catalyzed amidocarbonylation.4 We
report here the synthesis of (f)-isoretronecanol and (¥)-trachelanthamidine from 5-ethynyl-2-pyrrolidinone (1) via
silylformylation followed by amidocarbonylation.

Silylformylation of 5-ethynyl-2-pyrrolidinone3 (1) was carried out with a catalytic amount of Rhg(CO)12,
CozRh»(CO); 5, or Rh(acac)(CO), under 300 psi of carbon monoxide in toluene at ambient temperature to afford
(2)-5-[(2-dimethylphenylsilyl-1-formylethenyl]pyrrolidinone (2) as only product in 65-97% yield.6 Among the
catalysts employed, Rh(acac)(CO), gave the best yield. The reduction of formyl group in 2 with sodium
borohydride followed by desilylation with p-toluenesulfinic acid in wet acetonitrile? gave 5-(1-
hydroxymethylethenyl)-2-pyrrolidinone (3) in 75% yield.
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Attempted amidocarbonylation of 3 by using HRh(CO)(PPh3); as a catalyst did not proceed cleanly
probably due to side reactions of reactive intermediates bearing hydroxyl group. Therefore, the hydroxyl group
was protected by acetyl (Ac), trimethylsilyl (TMS), -butyldimethylsilyl (TBDMS), or triisopropylsilyl (TIPS)
group.

The amidocarbonylation of 4 gave a diastereomer mixture of the desired product 8 and deacetoxylation
product 9 (8 /9 = 5/ 2) with the syn/anti selectivity of 2 for both products. The TMS group in § was cleaved
during the reaction to give 10 in 42% yield with the syn/anti ratio of 2. The TBDMS and TIPS groups in 6 and 7
survived during the reaction to give 118 and 12, respectively, in good yields with the syn/ansi ratio of 2.

CO/H,=1:1 (1600psi); HC(OEt)3
HRh(CO)(PPhs)s, 100°C, 24h

OR o OEt

Starting Material, Product; X= (yield, syn/ant)
OAc (37%, 2/1), 9, H (14%, 2/1)
10, OH (42%, 2/1)
11, OTBDMS (72%, 2/1)
: 12,  OTIPS (68%, 2/1)

-
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The diastereoisomers (syn/anti) of 11 were separated by preparative HPLC (silica gel, 3% 2-propanol in
hexanes). Both diastereoisomers, 11a and 11b, were successfully converted to pyrrolizidine alkaloids, (&)-
isoretronecanol (13a) and (1)-trachelanthamidine (13b), respectively, through removal of TBDMS group with
tetrabutylammonium fluoride followed by LAH reduction of the amidal and amido groups in 67% yield.?

1. n-Bu/,NF/THF,
rt., 1 h, 96%

2. LIAIH/THF, reflux,
12 h, 65%

11a (syn isomer)

1. Bu NF/THF,

.. rt, 1h, 96% :
Wb (antiisomen) 5 TA1N/THF, refiux, O/\>
6h, 70% N

13b, (1)-Trachelanthamidine
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The observed syn/anti selectivity in the amidocarbonylation stays same in all cases, which suggests that the
syn/anti selectivity does not depend upon the steric and electronic effects of hydroxy protecting groups. In
addition, thermodynamically less stable syn isomer was obtained as the major product. The results can be
accommodated by taking into account the stereoelectronic effects in allyl alcohol derivatives proposed for
thodium-mediated hydroboration reactions, 10 viz., the substrate alkene approaches to a rhodium catalyst with the
face anti to an electron-withdrawing group (EWG). This model predicts syn isomer as the major product in the
amidocarbonylation of 4, §, 6, and 7.
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R2 >’
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CH, ML, CH, ~"“[Rh(CO)]
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1H), 7.35-7.50 (m, 5H), 9.81 (s, 1H); 13C NMR (75 MHz, CDCl3) § 0.43, 28.08, 29.41, 53.56, 60.27,
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(dd, J = 3.3, 5.8 Hz, 1H); 13C NMR (75 MHz, CDCly) § -5.58, 14.94, 18.18, 21.41, 25.84, 34.06,
37.56, 40.85, 61.95, 62.60, 64.30, 83.85, 177.68. 13b: 1H NMR (300 MHz, CDCly) 3 .043 (s, 6H),
089 (s, 9H), 1.18 (t, J = 7.1 Hz, 3H), 1.61-1.72 (m, 1H), 1.77-1.97 (m, 2H), 2.30-2.48 (m, 3H), 2.56-
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84.05, 176.57.
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