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Abstract: First synthesis of pyrrolam A (1), a pyrrolizidine alkaloid from Streptomyces olivaceus, 
was accomplished. The SmI2-mediated intramolecular coupling reaction between a bromoalkyl and 
ynamide group gave solely a cyclized product, which was converted to pyrrolam A (1) efficiently. 

Many pyrrolizidine alkaloids have been obtained from plants and insects. 1 Much interest has been focused 

on their broad range of biological activity. Pyrrolam A (1), (5R)-1-azabicyclo[3.3.0]oct-3-en-2-one, isolated 

from Streptomyces olivaceus (strain Tti 3082) by R. Grote et al., contains an enamide structure in the molecule 

and is reported to cause damage to fertilized eggs at a low concentration of 5 pg/ml. 2 We planned the synthesis of 

pyrrolam A (1) based on a samarium diiodide (SmI2)-mediated cyclization. 

SmI2 is a useful reagent in organic synthesis. 3 There exist several examples of construction of heterocyclic 

compounds using this reagent. For example, Fukuzawa et al. reported the syntheses of y-lactones using Sml2- 

mediated intramolecular cyclization of haloacetals and intermolecular coupling reaction of ethyl 2-(bromc~ or 

alkoxy-methyl)acrylates with carbonyl compounds. 4 Preparation of dihydrofuran derivatives via 1,5-C-H inser- 

tion of alkylidenecarbenes by the reaction of 2,2-dialkyl- 1,1-dihalogenoalkans with SmI 2 in benzene was re- 

ported by Kunishima et al. 5 The construction of pyrrolidino[ 1,2-a]indoles and furo[3,4-b]indoles using SmI 2- 

promoted hydroalkylations of indol-3-carbonyls was described by Fang et al. 6 Baldwin's group prepared 

substituted pyrrolidines using the SmI2-promoted intramolecular coupling reactions of ketyl radicals with alkenyl 

and alkynyl groups. 7 The SmI2-mediated cyclization of alkynyl and alkenyl halides giving carbocycles were also 

reported, 8,9 but there are only a few reports concerning with the heterocycle syntheses using these reac- 

tions.10,11 Previously, we described the first total synthesis of (±)-oxerine by using the SmI2-mediated 

cyclization of'~--ethynyl halide, which was the key step of the synthesis. 12 In this paper, we report an efficient 

total synthesis of pyrrolam A (1) by using the SmI2-mediated intramolecular coupling reaction between the 

haloalkyl and the ynamide group of I. 

Our synthetic strategy is shown in the scheme 1. (R)-Proline (2), having R-configuration at the 2-position 

carbon was chosen as the starting material. By treating with SmI2, compound I, containing a haloalkyl and an 

ynamide group in the molecule, prepared from 2 v/a a several steps, may give compound II  having a 5-5 ring 

system, which could be converted to the aimed compound, pyrrolam A (1). 
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Scheme 1. Synthetic Strategy of Pyrrolam A 03 

Treatment of I (or 3, X = Br) with SrnI2 may produce bicyclic compounds 4, 5, and 6 having either a 5-5 

or 5-6 ring system (scheme 2). The heat of formation (AHf) obtained from the molecular orbital calculations, 13 

indicated that the formation of the 5-5 ring system (pyrrolizidine skeleton) was more favored, and thus the radical 

intermediate B was the major intermediate to produce 4 and 5 as the major products, with 6 as the minor prod- 

uct. Of the cyclized compounds 4 and 5, the heat of formation 4 was smaller than that of 5 to predict that 4 

would be the major product of the scheme. Finally, pyrrolam A (1) will be synthesized by transformation of 4. 
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Scheme 2. Heat of Formation (AIlf) of 3-~ and A-C Calculated by Means of 
PM3 and UHF/PM3 Methods 

D-Proline (2) was reduced with lithium alumim'um hydride (LAH) according to the previously described 

method 14 to give an aminoaicobol 7 in 71% yield. The compound 7 was cyclized to give a bicyclic oxazolidinone 

g15 which was treated with phenylacetylide, prepared from phenylacetylene and butyllithium in s i ~  to give an 

alcohol 9 in 62% overall yield (2 steps). Compound 9 was also prepared in 76% yield by the condensation of 7 

with 3-phenylpropiolic acid in the presence of 1-ethyl-3-(3-dimethylaminopropyl)carhodiimide (water soluble 
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catbodiimide: WSC). Bromination of 9 with N-tmmmstr, cinimide (NBS)-triphenylphosphine system 16 gave the 

corresponding bromide 3 in 86% yield (Scheme 3). 
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Scheme 3. Preparation of Halide 

The SmI2-mediated intramolecular ring closure was studied under several conditions (Table 1). The best 

result was obtained in entry 2, in which, 4 was the only cyclized compound. The structure of the product 4 
obtained, (R)-E-phenylmethylene- 1-azabicyclo[3.3.0]octan-2-one, was identified by 1 H- 1H-NOESY (NOE) 
experiment. The experimental data agreed with the prediction that the production of 4 is more favored than those 
of 5 and 6. 

Table 1. SmI2-Mediated Intramolecular Coupling Reactions Under Several Conditions 

H 

~ N N  " " ~  Br SmI 2 ~ Ph 

,)~ ~ Additive 
Ph 

O 3 O 4 

Entry Additives Reaction Temp. (°C) Yield (%) of 4 after isolation 

1 HMPA *1 -7g 66 

2 HMPA .1 0 90 

3 HMPA *1 r.t. 68 

4 HMPA-tBuoH .2 -78 30(52) *4 

5 DMPU*3 -78 ---(63) .4 

6 none r.t. ---(7S) .4 

*l EIMPA : 0.1 M Sml 2 in TItF= 1 : 10. *2 *~OH:  EIMPA:0.1 M Sml 2 ht 
TEIF= 1 : 10 : 100. q DMPU : 0.1 M Sml 2 in THF; 1 : 10. "4 Flpurm in 
parmthesis are % of recovered starting compound 3. 
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Treatment of 4 with 03 gave a keto amide 10 in 94% yield. The trifluommethan suifonylation of 10 using 

proton sponge ®17 or 2,6-di-tbntyl-4-methylpyridine 18 as a base did not produce a triflate 11. When ipr2NEt 

was used as a base, 17 11 was synthesized in 50% yield. Finally, reduction of 11 with tributyltin hydride 

(Bu3SnH) 19 in the presence of tewakis(triphenylphosphine)palladium Pd(PPh3) 4 produced pyrrolam A (1), the 

physical data of which were identical with those of an authentic natural product. 2 

O 

Fig 1. 1H-1H NOE of 4 
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Scheme 4. Synthesis of Pyrrolam A (1) 

In this way, the total synthesis of pyrrolam A (1) was accomplished. It was shown that this short step 

synthesis is efficient. 

E x p e r i m e n t a l  

Infrared spectra were measured by using a JASCO A- 100 spectrophotometer. 1H-NMR spectra were 
recorded in CDCI3 with tetramethylsilane (TMS) as an internal standard on a Varian Gemini 300 or a Bmcker 

AM-400 instrument. Medium-pressure liquid chromatography (MPLC) was conducted by using a UVRZX3 

ALPC- 100 as the pump, UVILOG-51IIa as the UV detector (Oyo Bunko Kiki Co. Ltd., Tokyo) and Kiesel gel 
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60 (Merck AG, Darmstadt) as the packing material. Preparative thin layer chromatography (FIT,C) was carried 

out with Kiesel gel Art. 5744 (Merck Co. Ltd.). Mass spectral data were obtained with a Hitachi M-80 (Hitachi 

Co. Ltd.) or a VG Auto Spec (Faisons Co. Ltd.). High-Resolution MS (HRMS) was measured with a VG Auto 

Spec (Faisons Co. Ltd.). 0.1 M SmI2 in THF was purchased from Aldrich Chemical Co. Ltd. 

(R)-l-Aza-3-oxobicyclo[3.3.0]octan-2-one (8): A mixture of 7 (3.00 g, 29.7 mmol), (EtO)2CO 

(4.20 g, 35.6 retool), and Na2CO3 (0.30 g, 2.97 mmol) was heated in an oil bath maintained at 120-130 °C until 

no more EtOH distillated (ca. 2h). Then the reaction mixture was cooled to room temperature and was poured into 

CHCI3 (50 ml). The mixture was washed with sat. NaC1 (30 ml x 2) and dried over Na2SO4. The organic sol- 

vent was evaporated under reduced pressure to give a brown oil, which was distillated to give 8 (2.59 g, 70 %) 

as a colorless oil. Bp. 130-140 °C / 3 tort (oil bath temp.); [Ct]D +37.1 o (c 1.61, CHC13); IR (trim): 1740 (C=O) 

cm-1; IH-NMR (CDCI3, 300 MI-Iz): 8 4.51 (1H, dd, J = 8.9 and 7.9 Hz), 4.16 (1H, dd, J = 8.9 and 3.5 Hz), 

3.94-3.85 (1H, m), 3.69-3.60 (1H, m), 3.23-3.14 (1H, m), 2.14-1.84 (3H, m), 1.54-1.40 (1H, m); CIMS: M/Z 

128 (M++I); Anal. Calcd for C6H9NO: C, 56.68; H, 7.14; N, 11.02. Found: C, 56.38; H, 7.39; N, 10.72. 

(R)-2-Hydroxymethyl -N-(3-phenyi -2-propynoyl )pyrro l id ine  (9): 

Method A: Reaction of 8 with Dhenvlacetvlide: To a THF solution (10 ml) of phenylacetylene (0.67 g, 6.6 

mmol ), 1.6 M BuLi in hexane (3.75 ml, 6 retool) was added at -78°C under Ar atmosphere. After stirring the 

reaction mixture for 0.5 h, a dry THF solution (10 ml) of 8 (0.508 g, 4 retool) was added dropwise. The re- 

sulting mixture was stirred at -78 °C for 2 h and then at 0°C for lb. To the reaction mixture, sat. NH4CI (20 ml) 

was carefully added. The resulting solution was diluted with Et20 (25 ml), and the organic layer was separated. 

The aqueous layer was extracted with Et20 (20 ml x 2). The combined organic layer was washed with sat. NaCl 

(30 ml x 3) and dried over Na2SO4. The solvent was evaporated under reduced pressure to give a residue, which 

was purified with MPLC (AcOEt) to give 0.81 g (88 %) of 9 as viscous colorless oil. [~]D +33.0 o (c 0.80, 

CHCI3); IR (film): 3400 (OH), 2205 (triple bond), 1610 (C=O) cm-1; 1H-NMR (CDCI3, 400 MHz): fi 7.56- 

7.53 (2H, m), 7.43-7.35 (3H, m), 4.24 (1H, ddd, ] = 14.6, 7.3 and 2.6 Hz), 3.99 (IH, m), 3.76-3.65 (3H, 

m), 2.20-2.12 (1H, m), 2.09-1.84 (3H, m), 1.74-1.65 (1H, m); MS : M/Z 229 (M+), 211 (M+-H20), 198 (M +- 

CO); HRMS Calcd for C14H15NO2:229.110279. Found: 229.110687. 

Method B: Reaction of 7 with phenylpropiolic acid in the presence of WSC: A mixture of 7 (1.00 g, 9.9 mmol), 

propiolic acid (1.44 g, 9.81 retool), WSC (2.1 g, 11.0 retool), Et3N (1.02 ml, 14.9 retool), and dry CH2Cl2was 

stirred at r.t. overnight. Then the mixture was poured into ice-water (50 ml),  and the organic layer was separat- 

ed. The aqueous layer was extracted with CHCI3 (20 ml x 2). The combined organic layer was washed with 5% 

HCI (30 ml x 3), 5% NaHCO3 (30 ml x 3), and sat. NaCl (30 ml x 3), successively, and then dried over 

Na2SO4. The solvent was evaporated under reduced pressure to give a residue, which was purified by MPLC 

(AcOEt) to give 1.72 g (76 %) of 9 as viscous colorless oil. 
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(R)-2-Bromomcthyl-N-(3-pLcayl-2-p~y~y~)py~U~~ (3): To a suspension of NBS (1.42 g. 

7.98 mmol) in dry CH2Cl2 (10 ml). a dry CH2Cl2 solution (10 ml) of PPh3 (2.30 g, 8.78 mmol) was added at 

0 “C under Ar atmosphere. After stirring the resulting solution at r.t. for 5 min. 5 (0.610 g, 2.66 mmol) in dry 

CH2Cl2 (10 ml) was slowly added at 0 “C. The mixture was further stirred at r.t. for 3 h. To the mixture, was 

added sat. N&K03 (30 ml) and the resulting deposit was filtered off on @Celite . The filtrate was washed with 

sat, NaCl(30 ml x 3) and dried over Na2SO4. The solvent was evaporated under reduced pressure to give a 

brownish residue, which was purified by MPLC (Hexane-AcOEt = 1: 1) to give compound 3 (0.669 g, 86 %) as 

colorless oil, which solidified gradually when left in a refrigerator. Mp. 54-55 “C. [U]D +14.6 o (c 0.55, 

CHCl3); IR (film): 2210 (triple bond), 1630 (GO) cm- 1; lH-NMR (CDCl3,400 MHZ): 6 7.61-7.53 (2H, m), 

7.47-7.34 (3H, m), 4.51 (0.5H, m), 4.37 (0.5H. m), 3.93-3.87 (0.5H, m), 3.83 -3.79 (0.5H, m), 3.76-3.55 

(2.5H, m), 3.34 (0.5H, dd, J = each 10 Hz), 2.21-1.83 (4H, m); MS: MIZ 293 (M+), 291 (M+); HFtMS Calcd 

for Cl4Hl4BrNO: 291.025875. Found: 291.024385. 

(R)-E-3-Phenylmethylene-l-azabicyclo[3.3.0]octan-2-oae (4): A dry THF solution (5 ml) of 3 

(0.154 g, 0.52 mmol) was added dropwise to a mixture of 0.1 M SmJ2 in THF ( 16 ml, 1.6 mmol) and HMPA 

(1.6 ml), at 0 ‘C under Ar atmosphere. The reaction mixture was stirred at 0°C for 1 h. Then, sat. NH4Cl(lO ml) 

was added to the solution and the resulting deposit was filtered off on @Celite. The deposit was washed with 

Et20 (30 ml). The filtrate was washed with sat. NaCl(30 ml), 8% Na2S203 (20 ml) and sat. NaCl(20 ml), 

successively. The organic layer was dried over Na2S04 and the solvent was evaporated to give a residue, which 

was purified by MPLC (Hexane-AcOEt = 1 : 2) to give 4 as colorless crystalline mass (0.10 g, 90 %). Mp. 93- 

94 “C (iPQ0). [U]J) +140 a (c 0.52, CHC13); IR (KBr): 1690 (C=O) cm-l; lH-NMR (CDC13,400 MHz): 6 

7.47 (2H, d, J = 7.5 Hz), 7.39 (2H, m), 7.33-7.30 (lH, m), 7.32 (lH, d, J = 1.4 Hz), 3.90-3.84 (lH, m), 

3.79-3.72 (lH, m), 3.33-3.23 (2H, m), 2.81 (lH, dt, J = 17.8 and 3.3 Hz), 2.20-2.00 (3H, m), 1.32-1.22 

(lH, m); MS: h4/~ 213 (M+), 185 (M+-CO); Anal. Calcd for Cl4Hl5NO: C, 78.84; H, 7.09; N, 6.57. Found: 

C, 78.53; H, 7.14; N, 6.63. 

(R)-l-Azabicyclo[3.3.0]octane-2,3-dione (10): A dry MeOH (2 ml) - dry CH2Cl2 (5 ml) solution 

of 4 (0.217 g, 1 .Ol mmol) was ozonixed at -78 ‘C until the starting material could no longer be detected on TLC 

(ca. 0.5 h). After Ar gas bubbled at -78 ‘C for 0.5 h to remove excess 03. Me2S (0.3 ml) was added and the 

reaction mixture was allowed to warmed to r.t. The solvent was evaporated under reduced pressure to give a 

residue, to which, CHCl3 ( 30 ml) was added. The solution was washed with sat. NaCl(15 ml x 3) and dried 

over Na2S04. The solvent was evaporated under reduced pressure to give an oil, which was purified with PTLC 

(CHC13-MeOH = 9: 1) to give a ketoamide (10) (0.132 g, 94 96) as colorless solid. Mp. 102-103 ‘C (benzene- 

iPr-20). [a]D +143 o (c 0.34. CHCl3); JR (KBr): 1760, 1700 (C=O) cm-l; lH-NMR (CDCl3,300 MHZ): S 

3.93-3.77 (2H, m), 3.50 (lH, ddd, J = 13. 9.6, and 3.0 Hz), 3.04 (lH, dd, J = 19.2 and 4.1 Hz), 2.40 (lH, 

dd, J = 19.2 and 4.1 Hz), 2.39-2.10 (3H, m), 1.47-1.33 (lH, m); MS: IWZ 139 (M+), 111 (M+-CO); Anal. 

Calcd for C7HgN02: C, 60.42; H, 6.52; N, 10.07. Found: C, 60.38; H. 6.41; N, 10.07. 



First total synthesis of pyrrolam A 875 

(Jt)-l-Aza-2-exablcycle[3.3,1lmet,3-eayl t r i f loremetlmmmdfeaate  (11): To a dry CH2C12 (5 

ml) solution of the keto amide 10 (0.o45 g, 0.32 retool), iPt2NEt (0.055 ml, 0.32 ml) and then Tf20 (0.054 ml, 

0.32 mmol) were added at -78°C. The reaction mixture was stirred at -78°C for 0.5 h. CH2C12 (30 ml) was added 

to the reaction mixture and the reaction mixture was allowed to warm to r.t. The solution was washed with H20 

(20 ml x 3) and dried over Na2SO4. The solvent was evaporated/n vacuo to give a brown oily residue, which 

was purified by silica gel column chromatography (Hexane-AcOEt = 2:1) to give 11 (0.043 g, 50 %) as color- 
less solid. Mp. 69-71 °C. [Ct]D -9.7 ° (c 0.31, CHC13); IR (film): 1708 (C---O) cm-1; 1H-NMR (CIX~I3, 300 

MHz): 8 7.02 (IH, d, J -- 2.1 Hz), 4.27-4.21 (1H, m), 3.57-3.48 (1H, m), 3.40-3.33 (1H, m ), 2.42-2.19 (3H, 

m), 1.39-1.18 (1H, m): MS: MfZ 271 (M +) , HRMS Caled for CgH8F3NO4S: 271.012614. Found: 

271.011383. 

Pyrrolam A (1): Compound 11 (0.023 g, 0.085 mmol) in dry THF (1.5 ml) was added to a dry THF 

(1.0 ml) solution of Pd(PPh3)4 (0.010 g, 0.009mmol) and LiC1 (0.011 g, 0.25 mmol). Then, Bu3SnH (0.025 

ml, 0.093 mmol) was added slowly by using a micro syringe. After refluxing for 2h under Ar atmosphere, the 
reaction mixture was treated with CH2C12 (20 ml). The organic layer was washed with cold 5% NaOH (20 mix 

2) and sat. NaCI (20 ml x 2), successively, and then dried over Na2SO4. The solvent was removed under 

reduced pressure to give an oily residue, which was purified by a combination of silica gel column chromato- 

graphy (AcOEt) and PTLC (AcOEt) to give pyrrolam A (1) (0.009 g, 83 %) as colorless solid. Mp. 60-62°C. 

[~X]D -26.3 ° (c 0.31, CHCI3) (natural: Mp. 62 °C; [¢Z]D -29.3 ° (c 1.00, CHC13) ).2 The physical data of thus 

obtained 1 were identical with those reported of the authentic natural product. 2 
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