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Abstnut - Indicine N-oxide (I), a pyrrolizidine alkaloid potentially us&d for an anticancer drug was synthesized 
m the noturalfonn through regioseiective coupling ~#(+)_retronecine (2) and the protected necic acids 160 and Ibb. 
the hatter being @ciently preredfron the optically pure lactone 5. 

Pyrrolixidine alkaloids are known to display a wide range of biological activities.t2 Indicine N-oxide 

(l), the major pyrrolizidine alkaloid in the plant Heliorropiwn indict L. (Boraginaceae)~ is known to exhibit 

significant antitumor activity with little hepatotoxicity. and is the only pyrrolizidine alkaloid that has undergone 

clinical trials as an anticancer drug.4 The potentiality as an anticancer drug coupled with the novel structum has 

made 1 a,n attractive synthetic target. Although there have been reported the results of several synthetic studies 

on 1, rather limited progress has been achieved on the enantioselective synthesis of 1.5 Described herein is a 

full account of an enantioselective synthesis of indicine N-oxide (1) in the highly efficient manner.6 

1 indicine N-oxide 2 retronecine 3 trachelanthic acid 

The synthesis of indicine N-oxide (1) in the natural form requited (+)-retronecine (2) and (-)-trachelanthic 

acid (3). In the coupling stage the diol moiety in 3 should be protected with a suitable protecting group. We 

had aheady achieved the enantioselective synthesis of 3.7 Our efforts were therefore directed toward the 

enantioselective synthesis of 3 in the appropriately protected form 6.8 In 1984, Seebach and his co-workers 

reported a practical method for JZK! (enantiomekally pure compounds) synthesis. in which an approach named 

“self-reproduction of chiity” was utilixed. 9 We envisaged that this approach might be applicable to the 

efficient JZFC synthesis of 6 involving the construction of the contiguous stereocenters as outlined in Scheme 1. 
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Scheme 1 
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As the starting material for the synthesis of 6, we chose (2&55)-2-(r-buty1)-5-isopropy1-1.3dioxolan-4-one 

(5),9.to.tt readily accessible from (S)-2-hydroxy-3-methylbmanoic acid (4).12 

Ibe enantiomerically and diastemomerically pure lactone 5 was converted into the cotmsponding enolate 

I.3 by reaction with lithium diisopropylamide (LDA) in THF at -78 OC and subsequent reaction with 

acetaldehyde provided a 58:33:7:2 mixtut@ of the lactone alcohols 7 (desired stereoisomer), 8,9,*4 and 1014 

(41% yield) together with unexpected products, the lactone alcohol 1115 (20%) and the amide 12 (27%) 

(Scheme 2, conditions B). The plausible reaction pathway for the formation of these unexpected products 11 

1) LDA, THF 
-108 “C 

2) CH&HO 

1 ‘S>& 

[Al 0 iH 

‘Bk& 

0 OH 

t-B>& 

o H 

7 8 9, 10 

5 

Scheme 2 

-::i 

11 12 

and 12 is shown in Scheme 3. At -78 ‘C, the enolate 13 was decomposed to some extent to pivalaldehyde 

and the ketene 14. Pivalaldehyde thus formed reacted further with the remaining 13 to give the lactone alcohol 

11, while the ketene 14 was trapped with diisopropylamine (or LDA), providing the amide 12. These results 

indicated that the enolate 13 was labile at -78 “C and the reaction of l3 with acetaklehyde proceeded with low 

diastemoselectivity. We anticipated that at the lower reaction temperature the collapse of the enolate 13 could 

be prevented and the diastereoselectivity of the aldol reaction might be increased Thus, we conducted the 
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Scheme 3 
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enolate formation from 5 and the reaction of the generated enolate 13 with acetaldehyde at -108 “C (Scheme 2, 

conditions A), providing, without formation of the undesired products 11 and 12. a 77: 136~4 mixture13 of 7, 

8,9, and 10 in 67% yield. Of the four possible diastereomers, the desired lactone alcohol 7 was formed 

predominantly. In Scheme 4 the stereochemical outcome of this aldol reaction is ihustrated. With the 

diastemoface selectivity of the enolate 13, the transition states A and B leading to 7 and 8, respectively may be 

preferable to the transition states C and D leading to 9 and 10, owing to the steric effect of the bulky t-butyl 

group in 13. With the enantioface selectivity of acetaldehyde, the transition states A leading to 7 may be 

preferable to the transition states B leading to 8, owing to the steric repulsion between the isopropyl group in 

13 and the methyl group of acetaldehyde in the transition state B. Consequently, the transition state A leading 

to the desired 7 may be the most favorable one among the four possible transition states. The pure, desired 

lactone alcohol 7 (43%) and the diastereomer 8 (5.2%) could be isolated by repeated column chromatography. 

The stereochemistry of 7 and 8 was established unambiguously by transformation into (-)-trachelanthic acid 

Scheme 4 
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3 trachelanthic acid 15 viridifloric acid 

(3jlk and (+j-viridifloric acid (l5),1@ respectively, by acidic hydrolysis.10 

In Scheme 5 the completion of the synthesis of (+j-indicine N-oxide (1) is shown. Acid-catalyzed 

isomexization (camphorsulfonic acid, benzene, refluxj of the lactone alcohol 7 furnished a separable mixture of 

the protected necic acids 16a (62%) and 16b (9.3%). 17 The optically active pmected necic acids 16a and 

16b requhd for the synthesis of indicine (17) were now in hand, and were subjected to coupling with 

retronecine (2). Thus, regioselective coupling of 2 and 16a with DCC and DMAP (toluene, room temp.jsa 

gave protected indicine, which upon hydrolysis (1 M HCl, room temp.) provided 17 (two steps, 75%). 

Similarly, 17 was also obtained in 63% yield from 2 and 16b. Finally, oxidation of 17 (m-CUBA, acetone, 

room temp.) furnished 1(81%). Spectral and physical properties of synthetic 1 [mp 11%120 ‘C (MeGH- 

acetone), [c&l9 +35.6’ (c 0.85, EtGH)] were identical with those of natural 1% in all respects. 

Scheme 5 

7- ___c -1 

16a R’ = t-Bu, R2 = H 

16b R’ =H, R2=t-BU 17 

In conclusion, we have achieved an efficient enantioselective synthesis of indicine N-oxide (lj, an 

antitumor pyrmlizidine alkaloid, from the lactone 5 in five steps and in 18% overall yield. 

Experimental 

Melting points are uncorrected. IR spectra were taken on a JASCG IR-8 10 spectrophotometer. *H NMR 

spectra were reunded on a JEOL JNM-C675 (270 MHz) spectrometer: Chemical shifts (8) are qorted in ppm 

downfield from internal tetramethylsilane in chloroform-d (CDCl3), and coupling constants (4 in Hz. Low- 

resolution (EIMS and CIMS) and high-resolution mass spectra (HRBIMS and HRCIMS) were measured on a 

JBOL JMS-LG2000 instrument. Fuji-Davison silica gel BW-820 MH was used for column chromatography. 

Merck precoated silica gel 60 F254 plates, 0.25 mm thickness were used for analytical thin layer 

chromatography. Tehahydrofuran (THF) was distilled from sodium-benzophenone ketyl under nitrogen. 

Toluene and benzene were distilled from sodium under nitrogen. Diisopropylamine was distilled from calcium 

hydride (CaHd under nitrogen. Unless otherwise stated, the organic solutions obtained by extmctive workup 
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were washed with saturated aqueous sodium chloride (NaCl) solution, dried over anhydrous sodium sulfate 

(Na2SO4). and concentrated under reduced pressure by a rotary evaporator. 

Aldol Reaction of (2S,JS)-2-(t-Butyl)-5-isopropyl-1,3-dioxolan-4-one (5) and Acetaldehyde 

at -108 “C. To a cooled (-78 “C), stirred solution of diisopropylamine (0.23 ml, 1.6 mmol) in THF (7 ml) 

under nitrogen was added dropwise a 1.7 M solution of n-butyllithium in hexane (0.92 ml, 1.5 mmol), and the 

mixture was stirred for 30 min. The resulting solution of LDA was cooled to -108 “C by using a liquid NT 

THF bath. To the cooled LDA solution was added dropwise a solution of §9*10~11 (190 mg, 1.02 mmol) in 

THF (0.76 ml). After the mixture was stirmd for 1 h at -108 “C, acetaldehyde (0.13 ml. 2.3 mmol) was 

introduced to the mixture. The reaction mixture was allowed to warm to room temperature with continuous 

stirring. After 1 h. the reaction was quenched by the addition of saturated NH&I solution (2 ml). The 

aqueous mixture was extracted with ether (4 x 20 ml). The extracts were combined, dried, and concentrated. 

The residue was subjected to purification by column chromatography on silica gel (50 g, CH2Cl2) to give a 

77:13:6:4 mixture13 of 7,8,9, and 10 (158 mg, 67%). The mixture of 7,8,9, and 10 was sepamted by 

column chromatography on silica gel [30 g, ether/hexane (l/5)] to afford a mixture of 7 and 8 (134 mg, 57%), 

and an inseparable mixture of 9 and 10 (13.1 mg, 5.6%) as a colorless oil, respectively. Separation of the 

mixture of 7 and 8 by HPLC [Develosil ODS-10 (250 x 20 mm ID); solvent MeOH& (75/25); flow rate 8 

ml/min; detection UV 215 nm; recycled twice] provided pure 7 (102 mg, 43%; r~ 54 min) as a colorless oil and 

8 (12.2 mg, 5.2%; TV 50 min) as crystals, respectively. 

7: colorless oil; [a]@ +2.24’ (c 0.980, CHC13); IR (CHC13) 3625, 3600-3300 (broad), 1780, 1165, 1090, 

and 980 cm-l; 1H NMR (270 MHz, CDC13) 6 1.00 (9 H, s), 1.06 (3 H, d, J = 6.9 Hz), 1.06 (3 H, d, J = 6.9 

Hz), 1.33 (3 H, d, J = 6.6 Hz), 1.96 (1 H, d. J = 5.6 Hz, OH), 2.09 (1 H, qq, J = 6.9, 6.9 Hz), 4.31 (1 H, 

dq, J = 5.6,6.6 Hz: on addition of DzO; q, J = 6.6 Hz), and 5.42 (1 H, s); CIMS m/z (relative intensity) 231 

[(M + H)+, 151, 186 (49) 173 (IO), 145 (ll), and 87 (100) WRCIMS. Found: 231.1587. C12H2304 [(M + 

H)+] requires: 231.15961. 

8: mp 108-109 ‘C bemane); [o.]o14 -39.0’ (c 1.00, CHC13); IR (CHC13) 3600.3450 (broad), 1780, 1170. 

1100, and 980 cm-‘; lH NMR (270 MHz, CDC13) 6 0.98 (3 H, d, J = 6.9 Hz), 0.98 (3 H, d, J = 6.9 Hz), 

1.00 (9 H, s), 1.39 (3 H, d, J = 6.6 Hz), 1.64 (1 H, d, J = 5.6 Hz, OH), 2.12 (1 H, qq, J = 6.9, 6.9 Hz), 

4.23 (1 H, dq, J = 5.6, 6.6 Hz; on addition of D2O: q, J = 6.6 Hz), and 5.55 (1 H, s); CIMS m/z (relative 

intensity) 231 [(M + H)+, 111, 186 (66), 173 (15), 145 (12), and 87 (100) [HRCIMS. Found: 231.1581. 

Cl2H2304 [(M + H)+] requires: 231.15961. Anal. Calcd for Cl2H2204: C, 62.58; H, 9.63. Found: C, 

62.92; H, 9.79. 

A mixture of 9 and 10: colorless oil; IR (CHC13) 3600, 1790, 1230, 1170, 1080, and 980 cm-l; 1H NMR (270 

MHz, CDC13) for the major diastereomer, 6 1.01 (9 H, s), 1.06 (3 H, d, J = 6.9 Hz), 1.09 (3 H, d, J = 6.9 

Hz), 1.37 (3 H, d, J = 6.6 Hz), 2.13 (1 H, d, J = 5.0 Hz, OH), 2.27 (1 H, qq. J = 6.9, 6.9 Hz), 4.06 (1 H, 

dq, J = 5.0.6.6 Hz: on addition of D20; q, J = 6.6 Hz), and 5.23 (1 H, s); lH NMR (270 MHz, CDCl3) for 

the minor diastereomer, 6 1.00 (9 H, s), 1.08 (3 H, d, J = 6.9 Hz), 1.11 (3 H, d, J = 6.9 Hz), 1.30 (3 H, d, J 

= 6.6 HZ), 2.08 (1 H, d, J = 8.9 Hz, OH), 2.29 (1 H, qq, J = 6.9, 6.9 Hz), 4.09 (1 H, dq. J = 8.9, 6.6 Hz: on 

addition of&O; q, J = 6.6 Hz), and 5.26 (1 H, s); CIMS m/z (relative intensity) 231 [(M + H)+, 1001, 186 

(47), 173 (21), 145 (19), and 87 (49) [HRCIMS. Found: 231.1603. C12H23C.j [(M + H)+] requires: 

231.15961. 
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Aldol Reaction of 5 and Acetaldehyde at -78 T. To a cooled (-78 “C!). stirred solution of 

diisopropylamine (0.77 ml, 5.5 mmol) in THF (30 ml) under nitrogen was added dropwise a 1.62 M solution 

of n-butyllithium in hexane (3.24 ml, 5.25 mmol), and the mixture was stirred at -78 ‘C for 30 min. To the 

resulting solution of IDA was added dropwise a solution of WuJl (938 mg. 5.04 mmol) in TIIF (2 ml). 

After the mixture was stirred for 1 h at -78 “C, acetaldehyde (0.56 ml. 10 mmol) was introduced to the mixture. 

The reaction mixture was allowed to warm to rOOm temperatute with continuous stirring. After 1 h. the 

reaction was quenched by the addition of saturated NH&l solution (10 ml). The aqueous mixnne was 

extracted with ether (3 x 50 ml). The extracts were combined, dried, and concentrated. The residue was 

purified by column chromatography on silica gel (50 g, CH2C12) to give a 58:33:7:2 mixturel3 of 7,8,9, and 

10 (479 mg. 41%) together with 1115 (271 mg, 20%) and 12 (270 mg, 27%) as a colorless oil, respectively. 

11:15 colorless oil; IR (CHC13) 3620,353O (broad). 1780, 1180, 1160, 1090, and 980 cm-l; IH NMR (270 

MI-Ix, CDC13, the signals for the major diastereomer are shown) 6 1.00 (9 H, s), 1.03 (3 H, d, J = 6.9 Hz), 

1.10 (9 H, s), 1.21 (3 H, d, J = 6.9 Hz), 2.22 (1 H, d, J = 5.9 Hz, OH) 2.33 (1 H, qq, J = 6.9, 6.9 Hz), 3.96 

(1 H, d, J = 5.9 Hz; on addition of D20, s), and 5.41 (1 H, s); CIMS m/z (relative intensity) 273 [(M + H)+, 

601, 187 (lOO), 169 (44), 159 (49), and 87 (43) WRCIMS. Found: 273.2052. Cl5H2g04 [(M + H)+] 

requires: 273.20661. 

12: colorless oil; IR (CHC13) 3410 (broad), 1630, 1370, 1330, 1040, and 1025 cm-l; lH NMR (270 MHz, 

CDC13) 8 0.78 (3 H, d, J = 6.6 Hz), 1.08 (3 H, d, J = 6.6 Hz), 1.21 (3 H, d, J = 6.6 Hz), 1.22 (3 H, d, J = 

6.6 Hz), 1.40 (3 H, d, J = 6.6 Hz), 1.45 (3 H, d, J = 6.6 Hz), 1.81 (1 H, dqq, J = 2.3, 6.6, 6.6 Hz), 3.43 (1 

H,qq,J=6.6,6.6Hz), 3.87 (1 H, qq,J=6.6,6.6Hz), and4.16 (1 H,d,J= 2.3Hz); CIMS m/z (relative 

intensity) 202 [(M + H)+, lOO], 183 (2), 158 (5), 128 (9), and 86 (9) [HRCIMS. Found: 202.1794. 

CtlHaN@ [(M + H)+] requires: 202.18071. 

(2S,4R,SS)-2-(t-Butyl)-4-isopropyl-5-methyl-1,3-dioxolane-4-carboxylic Acid (16a) and 

(2R,4R,5S)-2-(t-Butyl)-4-isopropyl-5-methyl-l,3-dioxolane-4-carboxylic Acid (16b). 

A mixture of 7 (300 mg, 1.30 mmol) and camphorsulfonic acid (169 mg, 0.728 mmol) in benzene (30 ml) was 

heated under reflux for 72 h. After cooling, the reaction mixture was concentrated. The residue was dissolved 

in ether (10 ml) and extracted twice with 5% NaHC03 solution (10 ml and then 2 ml). The combined aqueous 

extracts were acidified to pH 1 with coned HCl(3 ml) and then were saturated with NaCl. The aqueous 

mixture was extracted with ether (4 x 20 ml). The ethereal extracts were combined, dried, and concentrated to 

give a 7:l mixture13 of 16a and 16b (221 mg, 74%), which was separated by column chromatography on 

silica gel [20 g, CH2C12-+EtOAc/CH2Q (l/10+1/5)] to provide 16a (184 mg, 62%) and 16b (27.8 mg, 

9.3%) as colorless crystals, respectively. 

16a: mp 107-108.5 “C (pentane); [cz]D~~ +13.6” (c 1.02, CHCl3); IR (CHCl3) 3600-2400 (broad), 1770, 

1720, and 1100 cm-l; ‘H NMR (270 MHz, CDCl3) 6 0.97 (3 H, d, J = 6.9 Hz), 1.00 (9 H, s), 1.03 (3 H, d, J 

= 6.9 Hz), 1.49 (3 H, d, J = 6.6 Hz), 2.18 (1 H, qq, J = 6.9, 6.9 Hz), 4.14 (1 H, q, J = 6.6 Hz), and 4.51 (1 

H, s); CIMS m/z (relative intensity) 231 [(M + H)+, 81, 185 (25), 173 (28), 145 (12), and 87 (100) [HRCIMS. 

Found: 231.1569. Cl2H2304 [(M + H)+] requires: 231.15961. Anal. Calcd for Cl2H2204: C, 62.58; H, 

9.63. Found: C, 62.49; H, 9.68. 

16b: mp 66.5-68 “C (pentane); [a]~14 +13.5’ (c 0.850, CHC13); IR (CHC13) 3600-2400 (broad), 1770, 1720, 

and 1120 cm-*; *H NMR (270 MHz, CDC13) 6 0.95 (9 H, s), 0.99 (3 H, d, J = 6.9 Hz), 1.08 (3 H, d, J = 6.9 
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