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Abstract-The synthesis of the CC-1065 pharmacophore, 2-(1-methylpyrrole- 

2-carbonyl)-l,2,7,7a-tetrahydrocycloprop[l,2-c]indol-4-one (17), is desc- 

ribed. The methods reported here provide an alternative route for the synthesis of 

compounds possessing the biologically active 1,2,7,7a-tetrahydrocycloprop[1,2- 

clindol-Cone (CI) functionality. 

CC-1065, an antibiotic isolated from Stretomyces ~elensis,~ is extremely potent against a variety of tumor cell 

lines both in vitro and in v i v ~ . ~  The chemical synthesis of CC-1065 and its structural analogues as well as 

their mechanism(s) of antitumor activity have been extensively investigated in recent years.3 CC-1065 has 

been found t o  bind t o  double-stranded &DNA within the minor groove with the sequence preference of 5'- 

d(A/GNTTA)-3' and 5'-d(AAAAA)-3' and t o  alkylate the N-3 position of the 3'-adenine via the activated 

cyclopropane moiety of the CPI left-hand unit present in the antibiotic.4 Despite its high potency, CC-1065 

cannot be used in humans because it was found that i t  caused delayed death in experimental animals. In the 

search for compounds with improved antitumor selectivity and DNA sequence-specific binding properties, many 

CC-1065 analogues have been synthesized in attempts to avoid its undesirable side-effects but t o  maintain its 

cytotoxic potency against tumor cells.5! 3b Amongst the analogues reported are those possessing the 1,2,7,7a- 
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tetr?hydrocycloprop[1,2-clindol-Cone (CI) functional group.59 It has been shown that the sequence-specific 
, 

DNA-binding properties of these functional analogues and CC-1065 are remarkably similar suggesting that the 

CI unit is the minimum structural requirement for the expression of cytotoxicity (or pharmacophore) in the 

CC-1065 and its ana1o~ues.6, Sf During the course of chemical synthesis of compounds possessing this essential 

biologically active CI functionality, we encountered difficulty to remove the benzyl group from 6-benzyloxy- 

l-tert-butyloxycarbonyl-3-methanesulfonylomethyiindoline by catalytic hydrogenation using the reported 

method.59 This prompted us to search for an alternative method t o  synthesize the desired product. Accordingly, 

we report an alternative and convenient chemical route for the synthesis of compounds possessing the 

bioiogically active CI functionality. 

Compounds (2-7) were synthesized according the procedure by Warpehoski et a/. (Scheme I ) . ~ ~  The air 

sensitive compound (8) obtained by reductive cleavage of the methanesulfonyl group was allowed to react with 

di-tert-butyl dicarbonate t o  give 9.5i The hydroxy group of 9 was protected by reaction with acetic anhydride 

in the presence of 4-dimethylaminopyridine to afford 10 in high yield. The benzyl group of 10 was selectively 

removed either by catalytic hydrogenolysis or phase transfer hydrogenolysis using ammonium formate as 

hydrogen donor.Sc Both methods give quantitative yields. Compound (1 1) was converted t o  12 by treating with 

tert-butyidimethylsilyl chloride in the presence of imidazole.7 The acetal group of the latter was selectively 

removed by transesterification in ethanol catalyzed by potassium ~~an ide .8  High temperature or prolonged 

heating also removes the tert-butyldimethylsilyl group. The tert-butyloxy group is not affected under the 

reaction conditions. Compound (1 3) was allowed t o  react with methanesulfonyl chloride in the presence of 

triethylamine t o  afford 14. The removal of the ten-butyloxycarbonyl group from 1 4  was effected by in situ 

generated trimethylsilyl iodide by mixing trimethylsilyl chloride and sodium iodide together t o  give the 

unstable Without further purification the latter compound was coupled directly t o  the model compound 1- 

methyl-2-pyrrolecarboxylic acid in the presence of 1-(3-dimethy1aminopropyI)-3-ethylcarbodiimide t o  

afford 16 which proved t o  be quite stable to flash chromatography (Si0~).5Cs Product (16) was cyclized in 

the presence of tert-butylammonium fluoride t o  generated the desired final product (17) in high yield. The 
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cyclized 17 is very unstable t o  chromatographic purification (SiOz) but can be purified by sequential 

extraction with hexane and ethyl ether without causing decomposition. 

Although the synthesis of the target compound was achieved, the overall yield was not satisfactory. Therefore, 

another route was pursued t o  achieve the final goal (Scheme 2). Compound (7) was treated with sodium bis(2- 

methoxyethoxy)aluminum hydride by refluxing in toluene and then coupled with l-methyl-2- 

pyrrolecarboxylic acid t o  produce 18 which was then treated with methanesulfonyl chloride in pyridine t o  

afford 19. The benzyloxy protecting group of 19 was removed by phase transfer hydrogenolysis t o  give 20 

which was then treated with tert-butyldimethylsilyl chloride in the presence of imidazole t o  give 16. The 

overall yield using this method was significantly improved and now represents a convenient route to the 

powerfully biologically reactive CI moiety. 
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EXPERIMENTAL Melting points were determined using an Electrohome apparatus and are uncorrected. Nmr 

spectra were recorded at ambient temperature on a Bruker WH-300 spectrometer. High resolution electron 

impact ionization (EIHRms) mass spectra were recorded on an Associated Electrical Industries (AEI) MS-50 

spectrometer. Analytical thin layer chromatography was performed on silica-coated plastic plates (silica gel 60 

F-254, Merck) and visualized under uv light. Preparative separations were performed by flash 

chromatography on silica gel (Merck, 70-230 or 230-400 mesh). Acetone was obtained by distillation from 

P205. Tetrahydrofuran was dried by distillation from sodium-benzophenone ketyl. Dimethylformamide and 

triethylamine were dried over molecular sieves (4A) before use. The above solvents were stored over molecular 

sieves (4A). All other solvents were used as received and were reagent grade where available. 

4-Chloro-3-nitrophenol(2). 1-Chloro-2-nitro-4-benzyloxybenzene (3),  Diethy l  (4- 

benzyloxy-2-nitrophenylmalonate (4), 2-(4-Benzyloxy-2-nitrophenyl)prOpane-1,3-diol 
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(5), 2-(2-Amino-4-benzyloxyphenyl)propane-1.3-do (6), and 6-Benzyloxy-2.3- 

dihydro-1-(methylsulfonyl)-lH-indole-3-methanol, Methanesulfonate (7). The a b o v e  

compounds were synthesized according to the methods by Warpehoski et a1.5i and the H n mr and ms spectra 

were in agreement with their chemical structures. 

6-Benzy loxy-1 -tert-butyloxycarbonyl-2.3-dihydro-1 H-indole-3-methanol, rnethanesulf- 

onate (9). To l g  (2.4 mmol) of compound (7) dissolved in tetrahydrofuran (20 ml) was added toluene (50 

ml) under nitrogen and 3.4 M solution of sodium bis(2-methoxyethoxy)aluminum hydride (Red-Al) in toluene 

(5 ml, 17 mmol). The solution was heated to 100 OC under nitrogen for 1 h. The reaction mixture was cooled to 

room temperature and quenched by ice (5 g). Hz0 (1 50 ml, Saturated by nitrogen) was added and the pH of the 

solution was adjusted to 8 using NaHC03. The product was extracted by ethyl acetate (200 ml x 3, saturated by 

nitrogen) and the organic phase was dried over Na2S04 The solvent was evaporated and the product was taken up 

by tetrahydrofuran (20 ml). Di-tert-butyl dicarbonate (5 ml, 22 mmol) was added immediately and the 

reaction mixture was stirred at room temperature for 20 h. The product was purified by flash chromatography 

eluted with ethyl acetate and hexane (1/1). Product (9) is an colorless oil (0.82 g, 95% yield). 1~ Nmr 

(CDC13, ppm): 7.69 (br s, 1 H, C7-H), 7.47-7.31 '(m, 5H, CgHg), 7.10-7.08 (dd, 1 H, J = 8.0, 0.6 Hz, 

C4-H), 6.62-6.58 (dd, 1 H, J = 8.0, 2.0 Hz, C5-H), 5.08 (s, 2 H, OC&CgHg), 4.1 1-4.04 (dd, 1 H, J = 

11.5, 10.0 Hz, NCHH), 3.93-3.87 (dd, 1 H, J = 11.5, 5.0 Hz, NCHN, 3.75-3.73 (m, 2 H, C&OH), 3.44 (m, 

1 H, WH20H),  1.56 (5, 9 H, 0C(CH3)3); ElHRms calcd for C21H25N04 355.1785, found 355.1786. 

6-Benzyloxy-l-tert-butyloxycarbonyI-3-acetoxymethylindoline (10).  To a solution of 9 (0.5 g. 

1.4 mmol) and 4-dimethylaminopyridine (50 mg, 0.41 mmol) in ethyl acetate (5 ml), was added acetic 

anhydride (0.146 ml, 1.55 mmol). The reaction mixture was stirred at room temperature for 2 h. The solvent 

was evaporated and the product was purified by flash chromatography eluting with ethyl acetate. Product (10) 

was obtained as an colorless oil (0.55 g, 98% yield). l~ Nmr (CDC13, ppm): 7.69 (br s, 1 H, C7-H), 7.47- 

7.31 (m, 5H, C6H5), 7.10-7.08 (dd, 1 H, J = 8.0, 0.6 Hz, C4-H), 6.62-6.58 (dd, 1 H, J = 8.0, 2.0 Hz, C5- 

H), 5.08 (5, 2 H, OCH.&Hg), 4.29-4.24 (dd, 1 H, J = 11.0, 5.0 Hz, NCHH), 4.13-4.04 (m, 2 H, NCHH, 
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CHHOCO), 3.71 (br s, 1 H, CHHOCO), 3.63-3.54 (m, 1 H, 0CH2CHCH2N), 2.1 1 (s, 0COCH3), 1.59 (5, 9 H, 

OC(CH3)3); ElHRms calcd for C23H27N05 397.1 91 7, found 397.1 894. 

6-Hydroxy-l - tert-butyloxycarbonyl-3-acetoxymethylindoline ( 1 1 ). Method a: To a solution of 

10 (0.47 g, 1.18 mmol) in tetrahydrofuran (10 ml) and methanol (10 ml) was added 10% Pd/C (0.5 g) and 

ammonium formate (0.5 g) respectively. The mixture was stirred at room temperature for 20 min. The solid 

product was then collected and the solid was washed with methanol. The solvent was evaporated and the product 

was extracted from Hz0 (20 ml) using ethyl acetate (20 ml x 4). The organic phase was dried over Na~S04 and 

concentrated t o  0.36 g (quantitative yield) of an colorless oil. Method b: 0.5 g (1.26 mmol) of 10  was dissolved 

in 20 ml of ethyl acetate and 0.1 g of 10% Pd/C was added. The mixture was subjected to hydrogenation a t  40 

lb/inchz for 2 h. The solid product was collected and washed with methanol. The solvent was removed by 

evaporation and 0.385 g of product 11 was obtained (quantitative yield). 1 H Nmr (CDC13, ppm): 7.44 (br s, 1 

H, C7-H), 7.04-7.01 (dd, 1 H, J = 8.0, 0.6 Hz, C4-H), 6.47-6.44 (dd, 1 H, J = 8.0, 1.5 Hz, C5-H), 4.26- 

4.20 (dd, 1 H, J = 10.5, 5.5 Hz, NCHH), 4.10-4.01 (m, 2 H, NCHH, CHHOCO), 3.79 (br 5, 1 H, CHHOCO), 

3.60-3.51 (m, 1 H, OCHZCHCH~N), 2.10 (5, OCOCH3), 1.58 (5, 9 H, OC(CH3)3); ElHRms calcd for 

C16H21 NO5 307.1420, found 307.1 427. 

6-tert -ButyIdimethylsi lyoxy- l - tert -butyIoxycarbonyl-3-acetoxymethyI indoI ine ( 1 2 ) .  

tert-Butyldimethylsilyl chloride (212 mg, 1.41 mmol) was added t o  a solution of 11 (0.36 g, 1.17 mmol) and 

imidazole 200 mg (2.94 mmol) in dimethylformamide (1.5 ml). The reaction mixture was stirred at room 

temperature for 3 h. The reaction was quenched with water (20 ml) and extracted with ethyl acetate (50 ml x 

3). The organic phase was dried over Na2SOq and concentrated. The residue was purified by flash 

chromatography using ethyl acetate and hexane (1/5, v/v) as an eluent. Product (12) is an colorless oil 

(0.378 g, 76% yield). l H  Nmr (CDC13, ppm): 7.30 (br s, 1 H, C7-H), 7.03-7.01 (dd, 1 H, J = 8.0, 0.6 Hz, 

C4-H), 6.46-6.42 (dd, 1 H, J = 8.0, 2.0 Hz, C5-H), 4.25-4.22 (dd, 1 H, J = 10.5, 5.5 Hz, NCHH), 4.12- 

4.02 (m, 2 H, NCHH, CHHOCO), 3.82 (br s, 1 H, CHWCO), 3.60-3.51 (m, 1 H, OCHZCHCH~N), 2.10 (s, 
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OCOCHs), 1.58 (s, 9 H, OC(CH3)3), 0.99 (s, 9 H, SiC(CH3)3), 0.21 (S, 6 H, Si(CH3)z); ElHRms calcd for 

Cz~H35N05Si 421.2286, found 421.2299. 

6-tert-Butyldimethylsilyoxy-1-tert-butyloxycarbonyl-3-hydroxymethylindoline ( 1  3 ) .  

Potassium cyanide (200 mg, 3.07 mmol) was added t o  a solution of 12 (0.378 g, 0.9 mmol) in 95% ethanol 

(10 ml) and the reaction mixture was heated to 60 OC. The progress of the reaction was followed by tlc (20% 

ethyl acetate in hexane) for every 5 min. The reaction was quenched by water (20 ml) after 30 min and 

extracted with ethyl acetate (20 ml x 4). The organic phase was dried over Na~S04  and concentrated. The 

residue was purified by flash chromatography eluting with ethyl acetate and hexane (1/6, v/v). 0.254 g (75% 

yield) of 13  was obtained as an colorless oil and 84.2 mg of starting material was recovered. 1 H Nmr (COCl3, 

ppm): 7.40 (br 3, 1 H, C7-H), 7.00-6.98 (d, 1 H, J = 8.0 Hz, C4-H), 6.41-6.37 (dd, 1 H, J = 8.0, 2.0 Hz, 

C5-H), 4.10-4.03 (t, 1 H, J = 10.0 Hz, NCHH), 3.91-3.85 (dd, 1 H, J = 11.5, 5.0 Hz, NCHH), 3.75-3.73 

(dd, 2 H, J= 6.0, 2.0 Hz, CHzOH), 3.46-3.37 (m, 1 H, OCH2CijCH2N),1.54 (s, 9 H, OC(CH3)3), 0.96 (5, 9 

H, SiC(CH3)3), 0.18 (S, 6 H, Si(CH3)z); ElHRms calcd for C20H33N04Si 379.2179, found 379.2183. 

6 -  tert-Butyldimethylsilyoxy-1 -tert-butyloxycarbonyl-3-methanesulfonyloxymethylindol- 

ine (14). To a solution of 1 3  (191 mg, 0.51 mmol) in dimethylformamide (0.5 ml) cooled t o  0 OC under 

nitrogen was added methanesulfonyl chloride (58 ul, 0.76 mmol) and triethylamine (0.105 ml, 0.76 mmol), 

respectively. The reaction mixture was warmed to room temperature and stirred for 1 h. The reaction was 

quenched by water (1 0 ml) and extracted with ethyl acetate (20 ml x 4). The organic phase was dried over 

Na2SOq and concentrated. The residue was purified by flash chromatography eluting with ethyl acetate and 

hexane (1/4, v/v). 172 mg ( 75% yield) of 14  was obtained as an oil. IH Nmr (CDC13, ppm): 7.40 (br s, 1 

H, C7-H), 7.00-6.98 (dd, 1 H, J = 8.0, 0.6 Hz, C4-H), 6.41-6.37 (dd, 1 H, J = 8.0, 2.0 Hz, C5-H), 4.35- 

4.30 (dd, 1 H, J = 10.0, 5.0 Hz, NCHH), 4.21-4.15 (dd, 1 H, J =  10.0, 8.0 Hz, NCHY), 4.12-4.05 (m, 1 H, 

CHHOS), 3.92-3.86 (m, 1 H, CHHOS), 3.69-3.59 (m, 1 H, OCH2CHCH2N), 2.94 (s, 3 H, SOzCH-j), 1.55 (5, 

9 H, OC(CH3)3), 0.95 (s, 9 H, SiC(CH&), 0.17 (S, 6 H, Si(CH3)z); ElHRms calcd for C21H35N06SSi 

457.1 956, found 457.1 945. 
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6-tert-Butyldimethylsi lyoxy-1-(1 ' -methyl-2'-pyrrolecarboxy)-3-methanesulfonyloxy- 

methylindoline (16). Method (a). Trimethylsilyl chloride (13.3 ul, 0.105 mmol) was added to a mixture 

of 14  (40 mg, 0.0875mmol) and sodium iodide (26 mg, 0.175 mmol) stirred under nitrogen in acetonitrile 

(2 ml). The reaction mixture was stirred for 40 min and quenched with sodium thiosulfate (30 mg) and 

methanol (1 ml). The reaction was stirred for 5 more min and then loaded onto a filter filled with Si02 (10 g). 

The product was eluted with ethyl acetate (50 mi) and the the solvent was evaporated. Without further 

purification, the product was dissolved in dimethylformamide (2 ml) under nitrogen and 1-methyl-Z- 

pyrrolecarboxylic acid (12 mg, 0.096 mmol) and 1-(3-dimethylaminopropyl)-3-ethylcarbodiirnide 

hydrochloride (80 mg, 0.42 mmol) were added respectively. The reaction mixture was stirred at room 

temperature for 20 h. The reaction mixture was concentrated and purified by thin layer chromatography (Si02, 

2 mm) eluting with ethyl acetate and hexane (1/3, vfv). 22.1 mg (54% yield) of product 16  was obtained. 

Method (b). Compound ( 1  6) was also synthesized using a procedure similar t o  that described for 12. The yield 

was 75%. IH Nmr (CDC13, ppm): 7.38 (br s, 1 H, C7-H), 7.09-7.06 (d, 1 H, J = 8.0 Hz, C4-H), 6.78- 

6.76 (t, lH, J = 2.0 HZ, C3'-H), 6.62-6.60 (dd, 1 H, J = 4.0, 2.0 HZ, C5'-H), 6.54-6.51 (dd, 1 H, J = 8.0, 

2.0 Hz, C5-H), 6.1 5-6.1 3 (dd, lH, J = 4.0, 2.5 Hz, C4'-H), 4.45-4.33 (m, 2 H, NCHz), 4.25-4.17(m, 2 

H, CHzOS), 3.87 (5, 3 H, NCH3), 3.69-3.61 (m, 1 H, OCHZCHCH~N), 2.94 (s, 3 H, S02CH3), 0.96(s, 9 H, 

SiC(CH3)3), 0.18 (5, 6 H, Si(CH312); ElHRms calcd for C22H32N205SSi 464.1803, found 464.1816. 

2-(1-Methylpyrrole-2-carbonyl)-1.2,7,7a-tetrahydrocycloprop[1.2-clindol-4-one 

(1  7). To a solution of 16  (1 5.8 mg, 0.034 mmol) in tetrahydrofuran (6.8 ml) was added 1 M solution of 

tert-butylammonium fluoride (0.031 ml, 31 mmol) in tetrahydrofuran and the reaction mixture was stirred 

at room temperature for 20 min. The solvent was removed at room temperature. The product is not stable t o  

chromatographic purification (Si02). Therefore, the residue was extracted with hexane (2 ml x 2) and then 

with ethyl ether (2 mi x 10) sequentially. Most of the desired product had been extracted by ether. The ether 

was removed by blowing nitrogen into the flask affording 7 mg (81% yield) of pure 17. Nmr (COC13, 

ppm): 6.79-6.77 (t, 1 H, J = 2.0 Hz, C2'-H), 6.64-6.62 (dd, lH, J = 4.0, 2.0 Hz, C5'-H), 6.57-6.54 (d, 1 
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H), 6.40-6.36 (dd, 1 H, J = 10.0, 2.0 HZ, C5-H), 6.22-6.20 (d, 1 H, J = 2.0 Hz, C3-H), 6.09-6.07 (dd, 1 

H, J=4 .0 ,  2.5 Hz, C4'-H), 4.25-4.19 (dd, 1 H, J =  11.5, 5.0Hz. Cl-HH), 4.04-4.00(d, 1 H, J =  11.5Hz, 

C1-HH), 3.84 (s, 3 H, NCH3), 2.59-2.53 (dt, 1 H, J = 7.7, 5.0 Hz, C7a-H), 1.81-1.77 (dd, 1 H, J = 7.5, 

4.5 HZ, C7-HH), 1.56-1.53 (t, lH, J = 5.0 Hz, C7-HY); ElHRms calcd for C15H14N202 254.1056, found 

6-Benzyloxy-3-hydroxymethyl-1-(N-methyl-2-pyrrolecarboxy)indoline ( 1  8). 1 8  was 

synthesized using the same methods described for 8 and 16. The yield was 48%. 1 H Nmr (CDC13, ppm): 7.68 

(br s, 1 H, C7-H), 7.43-7.28 (m, 5H, CgHg), 7.1 2-7.10 (d, 1 H, J = 8.0 Hz, C4-H), 6.76-6.75 (t, lH, J 

= 2.0 Hz, C3'-HI, 6.68-6.62 (m, ZH, C5'-H, C5-H), 6.15-6.12 (dd, lH, J = 4.0, 2.5 Hz, C4'-H), 5.05 (5, 

2H, CgHgCH2,), 4.43-4.36 (dd, lH, J=11.0, 9.0 Hz, NCHH), 4.27-4.21(dd, lH, J=11.0, 5.0 Hz, NCHH), 

3.86 (5, 3 H, NCH3), 3.78 -3.67 (m, ZH, CHzOH), 3.47-3.38 (m, 1 H, OCHZC~~CH~N), ElHRms calcd for 

C2~H22N203 362.1 632, found 362.1 632. 

6-Benzyloxy-l-(N-methyl-2-pyrrolecarboxy)-3-methanesulfonyloxymethylindoline ( 1  9 ) .  

19 was synthesized using the same method described for 14. The yield was 49%. IH Nmr (CDC13, ppm): 7.68 

(d, J=2.0 Hz,lH, C7-H), 7.44-7.31 (m, 5H, CgHg), 7.17-7.13 (d, 1 H, J = 8.0 Hz, C4-H), 6.79-6.78 (t, 

1 H, J = 2.0 Hz, C3'-H), 6.70-6.67 (dd, J=8.0, 2.0 Hz, C5-H), 6.64-6.62 (dd, 1 H, J = 5.0, 1.5 Hz, C5'-H), 

6.17-6.15 (dd, lH, J = 4.0, 2.5 Hz, C4'-H), 5.05 (s, ZH, CgHgC&,), 4.48-4.33 (m, 2H, S02CH2), 4.27- 

4.17 (m, ZH, NCHz), 3.87 ( 5 ,  3 H, NCH3), 3.70 -3.64 (m,l H, OCH2CHCH2N), 2.95 (s, 3H, 502CH3), 

ElHRms calcd for C Z ~ H ~ ~ N ~ O ~ S  440.1407, found 440.1 398. 

6-Hydroxy-1-(N-methyl-2-pyrrolecarboxy)-3-methanesulfonyloxymethylindoline ( 2 0 ) .  

The benzyl group was removed by phase-transfer hydrogenation as described for 11. The yield was quantitative. 

IH Nmr (CDC13, ppm): 7.70 (d, lH, J=2.O Hz, C7-H), 7.12-6.99 (d, 1 H, J = 8.0 Hz, C4-H), 6.81-6.79 (t, 

lH, J = 2.0 Hz, C3'-H), 6.64-6.62 (dd, J=5.0, 1.5 Hz, C5'-H), 6.59-6.56 (dd, lH, J = 8.0, 2.0 Hz, C5-H), 

6.34 (br s, lH, OH), 6.18-6.15 (dd, 1 H, J = 4.0, 2.5 Hz, C4'-H), 4.48-4.32 (m, ZH, SOzCHz), 4.27-4.1 6 
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3.87 (s, 3 H, NCH3), 3.69 -3.63 (m, 1 H, OCHZCYCH~N), 2.94 (s, 3H, S02CH3), ElHRms calcd for 

Cl gH18N205 350.0937, found 350.10937. 

ACKNOWLEDGMENT 

This research was supported by grants ( to J. W. L.) from Taiho Pharmaceuticals Co. Ltd.; the National Cancer 

Institute of Canada and by the Department of Chemistry, University of Alberta. 

REFERENCES 

1. (a) L. J. Hanka, A. Dietz, S. A. Gerpheide, S. L. Kuentzel, and D. G. Martin, J. Antibiot.,l978, 3 1, 121 1. (b) 

D. G. Martin, C. G. Chidester, D. J. Duchamp, and 5. A. Mizsk, J. Antibiot.,l980, 33, 902. 

2. (a) B. K. Bhuyan, K. A. Newell, S. L Crampton, and D. D. Von Hoff, Cancer Re%, 1982, 42, 3532. (b) V. L. 

Reynolds, J. P. McGovern, and L. H. Hurley, J. Antibiot., 1986, 33, 31 9. 

3. (a) R. S. Coleman and D. L. Boger, in Studies in Natural Products Chemistry, ed. by Atta-ur-Rahman 

(Elsevier, Amsterdam), 1989, Vol. 3, 301 and references cited there. (b) L. H. Hurley, M. A. Warpehoski, 

C. H. Lee, J. P. McGovern, T. A. Scahill, R. C. Kelly, M. A. Mitchell, N. A. Wicnienski, I. Gebhard, P. D. 

Johnson, and V. S. Bradford, J .  Amer. Chem. Soc., 1990, 112, 4633 and references cited there. 

4. (a) C. G. Chidester, W. C. Krueger, S. A. Mizsak, D. G. Duchamp, and D. G. Martin, J .  Amer. Chem. Soc, 

1981, 1 0 3 ,  7629. (b) L. H. Li, D. H. Swenson, S. L. F. Schpok, S. L. Kuentzel, B. D. Dayton, and W. C. 

Krueger, Cancer Res., 1982, 42, 999. (c) L H. Hurley, Acc. Chem. Res.,1986, 19, 230. (d) W .  C. 

Krueger, L. H. Li, A. Moscowitz, M. D. Prairie, G. Petzold, and D. H. Swenson, Biopolymers., 1985, 24, 

1549. (e) W. C. Krueger, D. G. Duchamp, L. H. Li, A. Moscowitz, G. Petzold, M. D. Prairie, and D. H. 



1410 HETEROCYCLES, Vol. 36, No. 6,1993 

Swenson, Chem.-Biol. Interact.,l986. 59 , 55. (f) W. C. Kruegerand and M. D. Prairie, Chem.-Biol. 

lnteract.,l987, 62, 281. 

5. (a) D. L. Boger, R. S. Coleman, B. J. Invergo, S. M. Sakya, T. Ishizaki, S. A. Munk, H. Zarrinmayeh, P. A. 

Kitos, and S. C. Thompson, J. Amer. Chem. Soc., 1990,112. 4623. (b) D. L. Boger, €3. J. Invergo, R. S. 

Coleman. H. Zarrinmayeh. P. A. Kitos, S. C. Thompson, T. Leong, and L. W. McLaughlin, Chem.-Biol. 

Interact, 1990, 73, 29. (c) D. L. Boger and R. S. Coleman, J Amer. Chem. Soc., 1988, 110, 4796. (d) D. 

L Boger and R. S. Coleman, J .Org. Chem.,1988, 53, 695. (e) D. L. Boger, H. Zarrinmayeh, S. A. Munk, P. 

A. Kitos, and 0. Suntornwat, Froc. Natl. Acad. Sci, 1991, 88, 1431. (f) D. L. Boger, H. Zarrinmayeh, and S. 

A. Munk, J.Amer. Chem. Soc., 1991, 113, 3980. (g) D. L. Boger, R. J. Wysocki, and T. Ishizaki, J Amer. 

Chem. Soc., 1990, 112, 5230. (h) D. L. Boger, T. Ishizaki, H. Zarrinmayeh, S. A. Munk, P. A. Kitos, and 0. 

Suntornwat, J. Amer. Chem. Soc., 1990, 112, 8961. (i) M. A. Warpehoski, I. Gebhard, R. C. Kelly, W. C. 

Krueger, L. H. Li, J. P. McGovern, M. D. Prairie, N. Wicnienski, and W. Wierenga, J. Med. Chem., 1988, 

31, 590. (1) M. Toyota and K. Fukumoto, J. Chem. Soc., Perkin Trans I., 1992, 547. 

6. (a) D. L. Boger, H. Zarrinmayeh, S. A. Munk, P. A. Kitos, and 0. Suntornwat, Proc. Natl. Acad. Sci,, 1991, 

88, 1431. (b) D. L. Boger, S. A. Munk, and H. Zarrinmayeh, J. Amer. Chem. Soc, 1991,112, 3980. (c) D. 

L. Boger, S. A. Munk, H. Zarrinmayeh, T. Ishizaki, J. Haught, and M. Bina, Tetrahedron, 1991, 47, 2661. 

7. K. K. Ogilvie and D. J. Iwacha, Tetrahedron Lett., 1973, 4, 31 7. 

8. K. Mori, M. Tominaga,T. Takigawa, and M. Matsui, Synthesis, 1973, 790. 

9. (a) G. A. Olah, S. C. Narang, B. G. Balaram Gupta, and R. Malhotra, J. Org. Chem.,1979, 44, 1249. (b) R. S. 

Lott, V. S. Chayhan, and C. H. Stammer, J. Chem. Soc, Chem. Comm., 1979, 495. 

Received, 7 t h  January, 1993 


