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AbtmA - The thieno[2,3 (or 3,2)-flindolizidines (5a,b) were synthesized in four 

steps from ready available (S)-5-oxoprolines (la,b) derivatives. The stereospecific 

reduction of (5')-thienoV]indolizinediones (2a,b) was discussed and the optical 

purity of each compound was determined. 

Tylophorine (I) belongs to the phenanthroindolizidine group of alkaloids.' Interest in this group of alka- 

loids stems in particular from their reported antitumor activity, unfortunately tylophorine is also highly 

toxic.2 A variety of syntheses of tylophorine in both racemic and optically active form have been 

reported., 

OCH, 

Tylophorine, I 

Scheme 1 

With our interest in the synthesis of diversely substituted polycyclic systems in this area we have 

previously reported indolizidines annulated to thiophene,".j hen~othio~hene:~ both thiophene and 
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benzene.'.' Now we wish to report herein the synthesis of enantiopure (9-thienoV]indolizidines of type 

(It), closely related compounds of tylophorine. 

We have recently described an efficient synthesis of enantiopure N-alkylated proline derivatives: which 

could he used in a large scale. In this way our objective begun with ready available optically pure 

compounds (la,b) (see Scheme 2). These amido acids were conveniently converted to acid chlorides by 

the action of thionyl chloride in dichloromethane. The resulting acid chloride in dichloromethane, under 

Friedel-Crafts cyclization condidtions using aluminium trichloride of high quality as a catalyst gave the 

expected ketones (2a,b) in good yields (65, 70% respectively). Examination of the 'H NMR spectra 

showed no racemization. 

Scheme 2 

At this stage it was interesting to test the reduction of amido ketones (2a,b). Actually ~ a ~ o ~ o r t ' '  has 

described the reduction of carhonyl group of phenanthroindolizidinediones and reported the formation of 

a diastereomeric mixture of alcohols. The best diastereoselectivity (a alcohol as the major product) 

was obtained when K-selectride' or L-selectridem were used as reducing reagents. On the other hand, we 

have described that the reduction with sodium horohydride of related compounds led to a stereoselective 

or a stereospecific reduction depending of the position of the fused thiophene ring.""2 Interestingly, 

reduction of amido ketones (2a,b) with sodium horohydride in methanol at 0-5 "C gave only one 
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diastereomer (3a) or (3b). The stereochemical assignments are based on analysis of the NMR spectra. The 
I H NMR coupling constants (8.6 Hz for 3a and 8.1 Hz for 3b) are characteristics of the trans diaxial 

relationship between H-9 and junction proton H-8a (see Scheme 2). There are consistent with those 
10,13,14 of similar compounds. The P-alcohols (3a) and (3b) were obtained as optically pure compounds 

and their optical rotations are given in the Experimental. The enantiopurity of the products was 

determined by shift-experiments using Eu(hfc),. In similar conditions (NaBH,, methanol) indolizidine- 

dione fused to benzene ring gave the P-alcohol as the major product, but indolizidinedione fused to 

naphtalene gave the 0-alcohol as the minor product (20 %). In the phenanthrene series whatever the 

reductive reagent the a-alcohol was the major product (65 % with NaBH, and 97 % with L-selectride"). 

Our result is particularly interesting since we have obtained only the P-alcohol. Since the indolizidine 

moiety has probably the cis cinfiguration as in benzoindolizidinediones examination of molecular models 

reveals a striking aspect of the three dimensional configuration of the ketones (2a,b).I5 Because of the 

thiophene moiety carbons are coplanar, this results in the formation of two different ketone spatial 

environments. The central 6-membered heterocycle has a half-chair conformation and the reduction 

occurred on the carbonyl face leading to an equatorial position of the hydroxy group. This result was 

similar to those observed elsewhere in the benzoindolizidinedione series.13 These alcohols (3a,b) treated 

with triethylsilane in trifluoroacetic acid led to the optically pure amides (4a,b) in moderate yields (65- 

67%). The structure of 4a,b were supported by 'H and I3c NMR analysis as well as their microanalyses. 

Finally reduction of these amides were achieved using lithium aluminium hydride in refluxing 

tetrahydrofuran and gave the expected optically pure (S)-thienoV]indolizidines (5a,b) in good yields (77- 

91%). Their 'H NMR spectra revealed similar coupling constants to these observed for 4a,b. 

In conclusion, we have described a short synthesis of enantiopure (9-thienoV]indolizidines, 

heteroanalogs of tylophorine. The optical purity of each product was assumed by 'H and I3c NMR 

analyses by regarding the downfield shifts of the signal which resulted of the addition of E ~ ( h f c ) ~  to the 

chiral compounds compared to those observed with the racemic mixture. 

EXPERIMENTAL 

Melting points were measured on a Boetius micro hot-stage and are uncorrected. UV spectra were 

determined in methanol with a Carl-Zeiss Jena M-40 spectrophotometer. The IR spectra were recorded on 

a Philips analytical PV 9 800 FT IR spectrophotometer (potassium bromide). The NMR spectra were 

recorded on a Bruker AC-200 Spectrometer (200 MHz) in CDCI, and DMSO-d6 (compounds 3a,b) using 

tetramethylsilane ('H) or DMSO-d6 ("c, 6=39.5 ppm) as the internal standart. Optical rotations were 
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measured with a Perkin-Elmer 241 polarimeter in a 10 cm cell in ethanol (c 1) at 25 OC. Ascending thin 

layer chromatography was performed on precoated of silica gel 60 F 254 (Merck) and the spots were 

visualized using UV lamp or iodine vapor. E. Merck silica gel 60 F (70-300 mesh) was used for column 

chromatography. The elemental analyses were carried out by the microanalysis laboratory of INSA of 

Rouen, F 76130 M~.s'. Aignan. MS spectral measurements were recorded on a AEI MS 902 S 

Spectrometer. The compounds (2-5) gave the expected molecular ions. Preparation of the starting (S)-(+)- 

N-thienylmethyl-5-oxoprolines (la,b) from (9-glutamic acid is described in a previous paper.9 

(9-(-)-ThienoV]indolizinediones (2a,b) were prepared from acids [(9-(+)-la,b] by an intramolecular 

Friedel-Crafts acylation, analogously as described for racemic compounds (2a,b).' 

(S)-(-)-4,4a,5,6,7,9-Hexahydrothieno[2,3-flindolizine-4,7-dione [(q-(-)-Za]. This compound was 

prepared from ( 9 - l a  in the yield of 65%, mp 151-153 'C (ethanol); [aID= -18.7'; UV, h,, nm (log E): 

216 (3.29), 254 (3.13); 'H NMR: 6 2.29-2.55 (m, 4H, 2xH-5 and 2xH-6), 4.20-4.43 (m, IH, H-4a), 4.31 

(d, 1H,H-9ax, J=17.5 Hz), 5.40 (d, IH, H-9eq, J=17.5 Hz), 7.17 (d, IH, H-3, J=5.1 Hz), 7.37 (d, lH, H- 

2, J=5.1 Hz); MS, d z  (%): 208 (X), 207 (M', 54), 178 (4), 126 (4), 125 (X), 124 (loo), 123 (4), 97 (X), 96 

(56), 95 (6), 70 (13), 63 (4), 62 (5), 55 (4), 51 (4). Anal. Calcd for C,,H9N0,S: C, 57.95; H, 4.39; N, 6.76. 

Found: C, 57.89; H, 4.16; N, 6.79. 

(~-(-)-4,6,7,8,8a,9-Hexahydrotbieno[3,2-flindo~ine-6,9-dione [(9-(-)-2b]. This compound was 

prepared from ( 9 - l b  in the yield of 70%, mp 159-162 OC (ethanol); [a],= -85.2"; UV, h,, nm (log E): 

270 (3.13); 'H NMR: 6 2.27-2.57 (m, 4H, 2xH-7 and 2xH-X), 4.17 (d, IH, H-4ax, J=17.8 Hz), 4.25-4.37 

(m, 1H,H-Xa), 5.27(d, 1H,H-4eq,J=17.8 Hz), 7.01 (d, IH, H-3,J=5.1 Hz),7.73 (d, 1H,H-2, J=5.1 Hz); 

MS, d z  (%): 208 (9), 207 (M', 62), 178 (4), 126 (4), 125 (9), 124 (loo), 123 (7), 97 (9), 96 (49), 95 (7), 

70 (IX), 69 (4). Anal. Calcd for CloH9N0,S: C, 57.95; H, 4.39; N, 6.76. Found: C, 57.86; H, 4.22; N, 

6.59. 

HydroxyhexahydrotbienoVjindolizinones (3a,b). 

Sodium borohydride (0.83 g, 22 mmol) was added portionwise to a suspension of ketone (2a,b) (4.15 g, 

20 mmol) in methanol (70 mL) at 0-5 "C for 30 min. The mixture was stirred at 0-5 OC for 2 h. After 

removal of the solvent, the residue was diluted with water (50 mL), then it was acidified with 10% HC1 to 

pH 4, and extracted with dichloromethane (3 x 100 mL). The combined extracts were washed with brine, 

dried over magnesium sulfate and concentrated in vacuo to give a residue. Recrystallization of the solid 

from ethanol gave alcohols (3a,h) as colorless crystals. 
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(4R,4aS)-(+)-4-Hydroxy-4,4a,5,6,7,9-hexahydrothieno[2,3-flindoluin-7-one[(R~-(+)-3a]. This com- 

pound was prepared from (8-2a in 65% yield; mp 162-163 "C; [a],= +68.3"; UV, L,,,, nm (log E): 235 

(2.89); IR, v cm-l: 3254 s (OH), 3084 w, 2896 w, 2861 w, 1651 s (C=O), 1456 m, 1439 m, 1418 s, 1279 

m, 1267 m; 'H NMR: S 1.92-2.1 1 (m, IH, H-5), 2.12-2.43 (m, 3H, 2xH-6 and H-5), 3.45 (ddd, lH, H-4a, 

J=3.6, 8.6 and 10.5 Hz), 4.13 (d, IH, H-9ax, J=16.9 Hz), 4.29 (dd, lH, H-4, J=7.0 and 8.6 Hz), 4.79 (d, 

lH, H-9eq, J=16.9Hz), 5.77 (d, lH, OH, J=7.0Hz), 7.03 (d, 1H,H-3, J=5.1 Hz), 7.39 (d, 1H,H-2,J=5.1 

Hz); 13c NMR: 6 21.6 (t, C-5), 29.2 (t, C-6), 39.1 (t, C-9), 59.5 (d, C-4a), 68.7 (d, C-4), 124.3 (d), 125.8 

(d), 130.8 (s), 140.3 (s), 173.3 (C=O); MS, d z  (%): 209 (M', 26), 128 (5), 127 (X), 126 (74), 125 (42), 98 

(51, 97 (21), 96 (6), 85 (5), 84 (loo), 56 (5), 55 (6), 53 (11) . Anal. Calcd for CluH,,N02S: C, 57.39; H, 

5.31;N,6.69.Found:C,57.19;H,5.19;N,6.55. 

(~)-4-Hydroxy-4,4a,5,6,7,9-hexahydrothieno2,3-indol'in-7-one I(+)-3a]. This compound was pre- 

pared from (+a in 72% yield; mp 192-193 "C. Anal. Calcd for C1,HllN02S: C, 57.39; H, 5.31; N, 6.69. 

Found: C, 57.17; H, 5.20;N,6.51. 

(8aS,9S)-(+)-9-Hydroxy-4,6,7,8,8a,9-hexahydrothieno[3,2-flindoluin-6-one [(SS)-(+)-3b]. This com- 

pound was prepared from (9-2b in 67% yield; mp 197-198 'C; [a],= +88.3'; UV, X,, nm (log E): 234 

(2.94); IR, v ern-': 3347 m (OH), 2893 w, 2855 w, 1671 s, 1651 s (C=O), 1456 m, 1435 m, 1404 m, 1273 

m, 1251 m; 'H NMR: 6 1.92-2.10 (m, lH, H-8), 2.12-2.45 (m, 3H, 2xH-7 and H-8), 3.48 (ddd, lH, H-Xa, 

J=3.5, 8.1 and 10.6 Hz), 3.97 (d, lH, H-4ax, 1 ~ 1 6 . 9  Hz), 4.44 (t, lH, H-9, J=X.l Hz), 4.65 (d, lH, H-4eq, 

J=16.9 Hz), 6.09 (d, lH, OH, h 7 . 3  Hz), 6.88 (d, IH, H-3, F5 .1  Hz), 7.44 (d, lH, H-2, J=5.1 Hz); I3c 
NMR: 6 21.5 (t, C-Q29.3 (t,C-7),39.8 (t, C-4),60.3 (d,C-8a),68.7(d, C-9), 124.8 (d), 125.4 (d), 131.9 

(s), 140.2 (s), 173.4 (s, C=O); MS, mlz (%): 209 (Mt, 29), 128 (6), 127 (9), 126 (88), 125 (59), 124 (6), 

97 (24), 96 (6), 85 (6), 84 (loo), 57 (12), 56 (111, 55 (12), 53 (18). Anal. Calcd for CluHllN02S: C, 

57.39;H, 5.31;N, 6.69. Found: C, 57.09;H, 5.17; N,6.52. 

(+)-9-Hydroxy-4,6,7,8,8a,9-hexahydrothieno3,2-indoluin-6-one [(+)-3bj. This compound was pre- 

pared from (+)-2b in 76% yield; mp 217-218 "C. Anal. Calcd for CluH,lN02S: C, 57.39; H, 5.31; N, 

6.69.Found:C,57.11;H,5.19;N,6.55. 

HexahydrothienoVjindolizinones (4a,b). 

Triethylsilane (2.4 mL, 15 mmol) was added to a stirred solution of alcohol (3a,b) (2.1 g, 10 mmol) in 

trifluoroacetic acid (20 mL) at 0 'C, and the resulting yellow solution was stirred at rt for 2 h. The 

reaction mixture was concentrated in vacuo, diluted with water (50 mL), made alkaline with 10% 

Na2C0,, and then extracted with dichloromethane (3 x 50 mL). The combined extracts were washed with 

water, dried over magnesium sulfate, and concentrated in vacuo. The residue was purified by flash 
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chromatography on a silica gel column eluting with dichloromethane. Recrystallization of the solid from 

cyclohexane gave amides (4a,b) as colorless crystals. 

(4aS)-(+)-4,4a,5,6,7,9-Hexahydrothieno[2,3-flindoluin-7-one [(a-(+)-4a]. This compound was prepa- 

red from (Sfi-3a in 62% yield; mp 100-102 'C; [a],= +39.9'; UV, h,, nm (log E): 235 (2.88); IR, v 

cm-I: 3077 m, 2934 w, 2915 w, 1682 s (C=O), 1455 m, 1441 m, 1431 s, 1412 s, 1366 m, 1298 s; 'H 

NMR: 6 1.68-1.92 (m, lH, H-5), 2.33 (td, IH, H-5pax, J=7.8 and 15.6 Hz), 2.40-2.47 (m, 2H, H-6), 2.49 

(tdd, IH, H-4ax, J=1.9, 10.8 and 15.3 Hz), 2.90 (ddd, IH, H-4eq, 5=1.4, 4.3 and 15.3 Hz), 3.71-3.88 (m, 

IH, H-4a), 4.16 (d, lH, H-9ax, J=16.7 Hz), 5.00 (d, lH, H-9eq, J=16.7 Hz), 6.72 (d, lH, H-3, J=5.1 Hz), 

7.12 (d, IH, H-2, J=5.1 Hz); "C NMR: 6 24.4 (t, C-5), 29.7 (t, C-6), 32.4 (t, C-4), 39.6 (t, C-9), 53.7 (d, 

C-4a), 123.3 (d), 126.5 (d), 130.1 (s), 132.7 (s), 173.3 (s, C=O); MS, miz (%): 194 (5), 193 (M+, 38), 192 

(5), 136 (5), 112 (5), 111 (lo), 110 (loo), 109 (5), 84 (5), 66 (7), 65 ( 9 ,  55 (5). Anal. Calcd for 

C,,H,,NOS: C, 62.14; H, 5.75; N, 7.25. Found: C, 62.01; H, 5.63;N, 7.05. 

(*)-4,4a,5,6,7,9-Hexahydrothieno[2,3-flindoluin-7-one [(+)-4a]. This compound was prepared from 

(+)-3a in 67% yield; mp 108-1 10 "C. Anal. Calcd for C,,H,,NOS: C, 62.14; H, 5.75; N, 7.25. Found: C, 

61.97; H, 5.60; N, 7.09. 

(8aS)-(+)-4,6,7,8,8a,9-Hexahydrothieno[3,2-flindoluin-6-one [(a-(+)-4b]. This compound was pre- 

pared from ( S a - 3 b  in 65% yield; mp 136-138 "C; [a],= +100.8"; UV, h,,, nm (log E): 231 (2.87); IR, v 

cm-I: 3069 w, 2938 w, 2911 w, 2845 w, 1676 s ( G O ) ,  1455 m, 1439 s, 1414 s, 1304 s, 1267 s; 'H NMR: 

6 1.71-1.88 (m, IH, H-81, 2.35 (td, lH, H-8, J=7.8 and 15.6 Hz), 2.40-2.55 (m, 2H, H-7), 2.66 (tdd, IH, 

H-9ax, J=1.7, 10.6 and 15.5 Hz), 3.02 (ddd, IH, H-9eq, J=1.1,4.3 and 15.5 Hz), 3.75-3.93 (m, IH, H-Xa), 

4.06 (d, lH, H-4ax, J=16.8 Hz), 4.87 (dd, IH, H-4eq, 5=1.7 and 16.8 Hz), 6.77 (d, lH, H-3, J=51 HZ), 

7.1 1 (dd, IH, H-2, J=0.9 and 5.1 Hz); "C NMR: 6 24.7 (t, C-8), 30.1 (t, C-7), 32.1 (t, C-9), 40.7 (t, C-4). 

54.6 (d, C-8a), 123.7 (dl, 124.9 (d), 130.8 (s), 131.9 (s), 174.1 (s, C=O); MS, mlz (%): 194 (7), 193 (M', 

41), 192 (51, 136 (71, 112 (71, 111 (lo), 110 (loo), 109 (7), 97 (51, 84 (71, 77 (5), 69 (6), 66 (lo), 65 (8), 

58 (5). Anal. Calcd for CloHl,NOS: C, 62.14; H, 5.75; N, 7.25. Found: C, 62.03; H, 5.53; N, 7.01. 

(+)-4,6,7,8,8a,9-Hexahydrothieno[3,2-flindolizind-one I(*)-4bl. This compound was prepared from 

(9-3b in 72% yield; mp 146-148 OC. Anal. Calcd for CloHllNOS: C, 62.14; H, 5.75; N, 7.25. Found: C, 

61.94; H, 5.59; N, 7.11. 

HexahydrotbienoV]indolizines (5a,b). 

Lithium aluminium hydride (0.48 g, 12.6 mmol) was added to a solution of amide (4a,b) (0.60 g, 3.1 

mmol) in dry tetrahydrofuran (30 mL) at rt and the mixture was heated under reflux for 1 h. The 
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resulting mixture was cooled and water was added cautiously until the lithium complex was 

destroyed. Then the mixture was diluted with water (20 mL) and dichloromethane (50 mL). The 

dichloromethane layer was separated, and the aqueous layer was extracted with dichloromethane (2 x 50 

mL). The combined extracts were washed with brine, dried over magnesium sulfate, and concentrated in 

vacuo to give a residue. Recrystallization of the solid from hexane gave amines (Sa .b). 

(4aS)-(+)-4,4a,S,6,7,9-Hexahydrothieno[2,3-flindoluine [(q-(+)-Sa]. This compound was prepared 

from (9-4a in 77% yield; mp 69-70 OC; [aID= +28.2'; UV, h,,, nm (log E): 235 (2.75); IR, v cm-I: 2955 

m, 2913 m, 2870 w, 2780 m, 2734 w, 1441 m, 1374 m, 1337 m, 1320 m, 1291 m; 'H NMR: 6 1.41-1.65 

(m, lH, H-5), 1.73-2.15 (m, 3H, 2xH-6 and H-5), 2.29 (q, IH, H-7pax, J 4 . 9  Hz), 2.31-2.56 (m, 2H, H-4a 

and H-4ax), 2.88 (dd, lH,  H-4eq, J=1.8 and 11.8 Hz), 3.25 (dt, lH, H-7peq, J=2.4 and 8.3 Hz), 3.38 (d, 

lH, H-9ax, J=14.3 Hz), 4.16 (d, lH, H-9eq, J=14.3 Hz), 6.74 (d, lH, H-3, J=5.1 Hz), 7.07 (d, IH, H-2, 

J=5.l Hz); "C NMR: S 22.0 (t, C-6), 30.2 (t, C-5), 32.4 (t, C-4), 51.8 (t, C-9), 54.1 (t, C-7), 60.9 (d, C- 

4a), 122.5 (d), 126.7 (d), 133.1 (s), 134.4 (s); MS, m/z (%): 180 (6), 179 (M', 34), 178 ( l l ) ,  112 (6), 111 

(I I), 110 (loo), 109 (6), 84 (9), 77 (6), 66 (12), 64 (8). Anal. Calcd for C,,H,,NS: C, 66.98; H, 7.32; N, 

7.81. Found: C, 66.89; H, 7.19;N, 7.65. 

(+)-4,4a,S,6,7,9-Hexahydrothieno[2,3-flindolizine [(+)-5a]. This compound was prepared from (+)-4a 

in 86% yield; mp 72-73 OC. Anal. Calcd for CIUH13NS: C, 66.98; H, 7.32; N, 7.81. Found: C, 66.81; H, 

7.21; N, 7.69. 

(8aS)-4,6,7,8,8a,9-Hexahydrothieno[3,2-flindolizine [(q-(+)-Sb]. This compound was prepared from 

(5)-4b in 81 % yield; mp 73-75 'C; [a],= +124.2"; UV, h,,, nm (log E): 234 (2.90); IR, v cm-I: 2954 m, 

2917 m, 2799 m, 2774 m, 2749 m, 1447 m, 1429 m, 1401 s, 1331 m, 1312 s; 'H NMR: S 1.45-1.67 (m, 

lH, H-8), 1.76-2.16 (m, 3H, 2xH-7 and H-8), 2.28 (q, lH,  H-hpax, J=8.9 Hz), 2.35-2.53 (m, lH, H-8a), 

2.65 (tdd, lH, H-9ax, J=1.2, 10.2 and 15.0 Hz), 3.00 (ddd, lH, H-9eq, J=1.9, 3.8 and 15.0 Hz), 3.23 (dt, 

I H, H-6peq, J=2.2 and 8.9 Hz), 3.24 (dd, IH, H-4ax, J=1.9 and 14.0 Hz), 4.06 (dd, lH, H-4eq, J=1.2 and 

14.0 Hz), 6.71 (d, lH, H-3,J=5.1 Hz), 7.05 (d, 1H, H-2, J=5.1 Hz); I3cNMR: S 22.0 (t, C-7), 30.3 (t, C- 

8), 32.0 (t, C-9), 52.6 (t, '2-41, 54.0 (t, C-6), 61.1 (d, C-8a), 122.8 (d), 124.9 (d), 134.0 (s), 134.2 (s); MS, 

mlz (%): 180 (S), 179 (M', 36), 178 (9), 136 (5), 112 ( 9 ,  11 1 (9), 110 (loo), 109 (S), 97 (5), 84 (9), 77 

( 9 ,  66 (1 I), 65 (5). Anal. Calcd for C,,H,,NS: C, 66.98; H, 7.32; N, 7.81. Found: C, 66.86; H, 7.17; N, 

7.69. 

(+)-4,6,7,8,8a,9-Hexahydrothieno~,2-flindolizidine ((+)-5b] This compound was prepared from (+)-4b 

in 88 % yield; mp 62-63 OC. Anal. Calcd for Cl~Hl ,NS:  C, 66.98; H, 7.32; N, 7.81. Found: C, 66.89; H, 

7.19; N, 7.65. 
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