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Abstract: A 1,2,9 9a-tetrahydrocycloprop{c]benz[e}indol-4-one, CBI precursor, racemic 3 was resolved by Lipase
PS catalyzed hydrolysis in water-saturated isopropyl ether. A practical route for the synthesis of optically active
CBL. a potent analog of the CC-1065 pharmacophore, starting from the resolved material was thereby developed.

CC-1065, an antitumnor antibiotic isolated from the culture of Streptomyces zelensis (1), is one of the
most potent compounds discovered to date and has a wide spectrum of activities against tumor cells in vitro
and in vivo as well as against microbial organisms (2). CC-1065 binds to double-stranded DNA within the
minor groove at AT-rich sites and alkylates the N-3 position of the 3'-adenine by its warhead, the left hand
subunit of cyclopropylindole (CPI) (3). Despite its high potency, CC-1065 can not be used in humans
because of the delayed death it causes in experimental animals. In the search for compounds with better
antitumor selectivity, many CC-1065 analogs have been synthesized in attempts to avoid its unwanted side
effects but to retain its potency against tumor cells (4). This contains the modification of DNA binder. the
right-hand segment of the molecule (4) and the modification of the DNA alkylating moiety, the left-hand
segment (5,6).
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As a successful example, Boger first reported the synthesis of a simplified warhead, 1,2.9.9a-
tetrahydrocyclopropa[c]benz(e]indole-4-one (CBI) (Figure 1) and its analogs (6). It was found that CBI
analogs were more stable and more potent than the CPI counterparts. Subsequently, some additional routes
to CBI were developed by other groups (7). The common drawback in the synthesis is the optical
resolution of the precursor, which was performed by preparation of its diastereomers and HPLC separation
or direct HPLC separation of the enantiomers by using a chiral column. This represents a severe limitation
on the scale of the syntheses. Herein we report a practical route to optically active CBI based on lipase
mediated optical resolution and selective deprotection.
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Scheme 1: a) Ac0O, pyridine; b) (i) HCO3H, Pd/C, MeOH; (ii) (t-Bu07C),0, dioxane;
¢) Lipase PS, H,O/'Pr,0; d) MsCl, pyridine; e) NaH, THF; f) (1) NayCOs,
MeOH; (i1) MsCl, pyridine; g) KOH, MeOH

Scheme 1 shows a modified method for synthesis of CBI (72). Compound 1 was synthesized
according to reported method (7a). Acetylation of both hydroxy! groups, removal of the benzyl group and
reprotection of amino group by BOC gave 3 in the overall yield of 80% in three steps. The optical resolution
of 3 was attempted by lipase catalyzed hydrolysis. Considering the low solubility of the material in aqueous
media, the reaction was carried out in organic solvent, water-saturated isopropyl ether. In the presence of
Lipase PS (Amano, a lipase from Pseudomonas sp.), the acetate of the primary hydroxyl group of S
enantiomer, which corresponds to the natural enantiomer of CPI, was selectively hydrolyzed. The reaction
was monitored by TLC. The reaction was quenched by removal of the enzyme when half of the material
was hydrolyzed. Both enantiomers were obtained in the optical purity of 75-80% e.e. Each enantiomer was
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then obtained in its optically pure form (>99% e.e.) by simply repeating the same reaction once more. Both
optically pure enantiomers were obtained in about 80% yield in this way. The resolution was carried out in
gram scale (8). Along with the resolution, selective deprotection of the primary hydroxyl group was
accomplished. This afforded an important optically active intermediate for the synthesis of CBI. Mesylation
of the primary hydroxyl group of 4 gave 5 in 89% yield. Cyclization of 5 in the presence of sodium
hydride gave 6 in 79%. Removal of acetyl group of 6 and mesylation of hydroxy! group gave 7 in 94
yield. Finally removal of all of the protection group and formation of cyclopropane ring was performed in
one step to give CBI (8) (9) almost quantitatively (98%).

The optical purity of the resolved material (4) was determined by preparing its MTPA ester and
analyzing by !9F NMR (10). The optical purity was confirmed once more by replacing the acetate of 6
with MTPA ester and analyzing by 19F NMR. The absolute configuration of the resolved product was
determined by comparing the specific rotation value of 8 derived from 4 with the reported data.!l

In summary, a CBI precursor 3 was resolved by enzyme-catalyzed hydrolysis in an organic solvent.
Optically pure (+)-CBI, which corresponds to natural enantiomer of CPI, was synthesized by a modified
method (7a). Short steps in the procedure and the simplicity of the treatment in all of the steps provides a
practical route to a potent analog of CC-1065 alkylation subunit. The preparation of .CBI-Iexitropsin
conjugates and investigation of their properties is in progress.
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. General procedure for enzymatic resolution of 3: To a solution of 3 (4.12 g, 7.97 mmol) in water-

saturated isopropyl ether (300 ml) was added Lipase PS (13.0 g). The suspension was stirred at room
temperature for 18 h. The enzyme was filtered out. The solvent was removed. The residue was
chromatographed (AcOEt/Hexane = 1/2) to give R-3 (1.99 g, 48%, 74% e.c.) (12) and S4 (1.96 g.
51%, 80% e.e.). After subject to the same reaction once more, R-3 was obtained in the yield of 85%
(96% e.e.). Optically pure S-4 was obtained from second resolution in the yield of 78% (>99%e.e.)
(12). )

IH NMR of CBI (CD>Cl»), 8= 8.11 (m, 1H, aromatic), 7.42 (m, 1H, aromatic), 7.35 (m, 1H.
aromatic), 6.88 (m, 1H, aromatic), 5.85 (brs, 1H, NH), 5.70 (s, 1H, aromatic), 3.80 (dd, 1H,
J1=10.5 Hz, J»=5.0 Hz), 3.65 (d, 1H, J=10.5 Hz), 2.88 (ddd, 1H, J1=7.8 Hz, J,=5.0 Hz, J3=4.0
Hz), 1.59 (dd, 1H, J;=7.8 Hz, J3=4.0 Hz), 1.40 (dd, 1H, J;=J;=4.0 Hz).

19F NMR of MTPA ester of racemic 4 showed two peaks: 8= -71.78 and -71.86 and were referenced
to trichlorofluoromethane.

The specific rotation of compound 8 derived from optically pure 4 is: [at]p24= +325° (C 0.08,
MeOH), lit. (7a) [a)p23 = +335° (¢ 0.20 g/mL, MeOH).

The specific rotation of optically pure S-4 is: [a]p24=-12.8" (¢ 0.36, CHCl3). The specific rotation
of compound S-4 obtained from first resolution is: [a]p24 =-9.5° (¢ 0.78, CHCl3), 74% e.e.. The
specific rotation of compound S-4 obtained from second resolution is: [)p24 =-12.3° (¢ 0.48 g/mL.
CHCl3), 96% e.e.
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