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Abstract: Two exceptionally short and effective asymmetric
syntheses of N-BOC-CBI are detailed based on an asymmetric
hydroboration (80% ee) or Jacobsen epoxidation (92% ee) of a 3,4-
dihydrobenzo{f]quinoline ~ followed by  direct, transannular
spirocyclization for introduction of the activated cyclopropane.

CC-1065 (1)I and the duocarmycins (2—3)2 represent the parent
members of a class of potent antitumor antibiotics that derive their
biological properties through a sequence selective alkylation of duplex
DNA (Figure 1).3 In the course of studies to define fundamental
relationships between their structure, chemical reactivity, and
biological properties, the 1,2,9,9a-tetrahydrocyclopropafcjbenzo[e]-
indol-4-one (CBI) analog of the authentic atkylation subunits has been
found to possess especially interesting properties.4 The natural
enantiomers of the CBI analogs have been shown to be 4x more
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stable, 4x more potent, and synthetically more accessible than the
corresponding agents incorporating the natural CPI alkylation subunit
of CC-1065.""" In addition, they alkylate DNA with an unaltered
sequence selectivity at an enhanced rate and with a greater efficiency
than the corresponding CPI analogs indicating that they possess
characteristics that make them especially attractive to pu.rsue.l}']l
Herein we report two asymmetric syntheses of CBI potentially
applicable to the natural and related analog alkylation subunits
employing an asymmetric hydroboration12 (80% ee) or Jacobsen
epoxidation”” (92% ee) of N-BOC-6-benzyloxy-3,4-dihydro-
benzo[f]quinoline followed by a direct transannular spirocyclization of
the resulting alcohol for introduction of the activated cyclopropane.
The approaches were first examined with racemic N-BOC-
CBI (Scheme 1). N-Alkylation of 4° with 5 (1.2 equiv NaH, DMF,
25 °C, 30 min, 90%) followed by Pd(0)-catalyzed Stille cross-
coupling of 6'° (0.2 equiv (Ph,P),Pd, toluene, 50 °C, 1.5 h, 91%)
cleanly provided 7.5 Subsequent epoxidation with m-CPBA (1.5
equiv, CH,Cl,, —78 to —30 °C, 2 h, 84%) followed by regiospecific
Dibal-H reductive ring opening of the epoxide 8" (2 equiv Dibal-H,
THF, —78 to —30 °C, 1 h, 80%) provided exclusively the key alcohol
9."* mp 116-117 °C, derived from hydride delivery to the benzylic
position. Alternatively, hydroboration—oxidation of 7 (1.0 equiv BH;—
SMe,, THF, 0 °C, 2 h; NaBO,~4H,0) provided predominantly 9
(71%) and a small amount of the isomeric hydroboration product
(10%). Hydrogenolysis of the benzyl ether (cat 10% Pd—C, 1 atm H,,
CH,0H, 25 °C, 30 min, 97%) and direct transannular Ar-3'
spirocyclization upon Mitsunobu activation of the secondary alcohol”
(mp 172 °C, 3 equiv ADDP, 3 equiv Bu;P, toluene, 50 °C, 1 h, 72%)
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provided N-BOC-CBI (10) identical in all respects with authentic
material.*

Asymmetric hydroboration of 7 with freshly prepared and
crystallized IPczBH]2 (prepared from (-)-a-pinene, 2.0 equiv, THF, —
20 to 0 °C; NaBO,;—4H,0) provided predominantly 9 (73%, 80% ee)
and a small amount of the isomeric hydroboration product (9%),
(Scheme 2). Hydrogenolysis of 9 and transannular spirocyclization
provided (+)-N-BOC-CBI as described above. Assessment of the
optical purity and the asymmetric hydroboration % ee was established
with 10 by chiral phase HPLC (0.43 x 25 cm ChiralCel OD column,
10% iPrOH-hexane, 1 mL/min, o = 1.13). Assignment of the
absolute configuration depicted in Scheme 2 was made by comparison
([a]lp, HPLC 1) with authentic material for which the assignments
were unambiguously established by X-ray on a heavy atom
derivative.!
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In what proved to be the more effective of the two asymmetric
syntheses of 10 examined and the most effective approach to an
optically active alkylation subunit detailed to date (Scheme 2),
treatment of 7 with Jacobsen's (S,S)-salen Mn(III) catalyst 11" (0.05
equiv, 5 equiv NMO, CH,Cl,, 2 equiv m-CPBA, -78 °C, 30 min)
provided the optically active epoxide 8 (70%, 92% e, [a]ZSD -19 (¢
0.3, CH;0H)). Reductive cleavage of the epoxide (3 equiv Dibal-H,
THF, -78 °C, 2 h, 86%) cleanly provided 9, [‘1]250 =35 (¢ 0.1,
CH,OH). Hydrogenolysis of the benzyl ether, transannular
spirocyclization, and chiral phase HPLC assessment of the optical
purity established that 10, [a]”’, +173 (c 0.15, THF), was 92% ce.

The extension of these observations to the asymmetric
synthesis of the authentic alkylation subunits of 1-3 and related
analogs is in progress and will be reported in due course.
Acknowledgments. We gratefully acknowledge the financial support
of the National Institutes of Health (CA55276) and the award of a
National Institutes of Health postdoctoral fellowship (J.AM,,
CA62589).

References and Notes
m Chidester, C. G.; Krueger, W. C.; Mizsak, S. A.; Duchamp, D.

J.; Martin, D. G. J. Am. Chem. Soc. 1981, 103, 7629.

2) Yasuzawa, T.; Muroi, K.; Ichimura, M.; Takahashi, I.; Ogawa,

T.; Takahashi, K.; Sano, H.; Saitoh, Y. Chem. Pharm. Bull.

1995, 43, 378.

3) Boger, D. L.; Johnson, D. S. Angew Chem., Int. Ed. Engl.

1996, 35, 1439. Boger, D. L.; Johnson, D. S. Proc. Natl. Acad.

Sci., US.A. 1995, 92, 3642. Boger, D. L. Acc. Chem. Res.

1995, 28, 20. Boger, D. L. In Advances in Heterocyclic

@

)
©®
™
®
®

(10

1n
(12)

(13)

a4

(15)

SYNLETT

Natural Product Synthesis, Pearson, W. H., Ed.; JAL
Greenwich, CT, 1992, Vol.-2, 1.

Boger, D. L.; Ishizaki, T.; Kitos, P. A.; Suntornwat, O. J. Org.
Chem. 1990, 55, 5823. Boger, D. L.; Ishizaki, T.; Wysocki, R.
J., Jr.; Munk, S. A ; Kitos, P. A.; Suntornwat, O. J. Am. Chem.
Soc. 1989, 111, 6461. Boger, D. L.; Ishizaki, T. Tetrahedron
Lett. 1990, 31, 793. Boger, D. L.; Ishizaki, T.; Zarrinmayeh,
H.; Kitos, P. A.; Suntornwat, O. Bioorg. Med. Chem. Lett.
1991, 1, 55. Boger, D. L.; Ishizaki, T.; Sakya, S. M.; Munk, S.
A.; Kitos, P. A; Jin, Q.; Besterman, J. M. Bioorg. Med. Chem.
Lett. 1991, 1, 115. Boger, D. L.; Munk, S. A.; Ishizaki, T. J.
Am. Chem. Soc. 1991, 113, 2779. Boger, D. L.; Yun, W. J.
Am. Chem. Soc. 1994, 116, 5523. Boger, D. L.; Yun, W. J.
Am. Chem. Soc. 1994, 116, 7996. Boger, D. L.; Yun, W.; Han,
N.; Johnson, D. S. Bioorg. Med. Chem. 1995, 3, 611. Boger,
D.L.; Yun, W,; Cai, H.; Han, N. Bioorg. Med. Chem. 1995, 3,
761. Boger, D. L.; Yun, W.; Han, N. Bioorg. Med. Chem.
1995, 3, 1429.

Boger, D. L.; Yun, W.; Teegarden, B. R. J. Org. Chem. 1992,
57,2873.

Boger, D. L.; McKie, J. A. J. Org. Chem. 1995, 60, 1271.
Drost, K. J.; Cava, M. P. J. Org. Chem. 1991, 56, 2240,
Aristoff, P. A.; Johnson, P. D. J. Org. Chem. 1992, 57, 6234.
Boger, D. L.; McKie, J. A.; Cai, H.; Cacciari, B.; Baraldi, P. G.
J. Org. Chem. 1996, 61, 1710.

Boger, D. L.; Han, N.; Tarby, C. M.; Boyce, C. W.; Cai, H.;
Jing, Q.; Kitos, P. A. J. Org. Chem. 1996, 61, 4894. Boger, D.
L.; McKie, J. A;; Han, N.; Tarby, C. M.; Riggs, H. W_; Kitos,
P. A. Bioorg. Med. Chem. Lett. 1996, 6, 659.

Boger, D. L.; Munk, S. A. J. Am. Chem. Soc. 1992, 114, 5487.
Brown, H. C. Chemtracts: Org. Chem. 1988, 1, 77. Brown, H.
C.; Singaram, B. Acc. Chem. Res. 1988, 21, 287. Brown, H.
C.; Singaram, B. Pure Appl. Chem. 1987, 59, 879. Matteson,
D. S. Synthesis 1986, 973. Brown, H. C.; Singaram, B. J. Org.
Chem. 1984, 49, 945. Brown, H. C.; Jadhav, P. K.; Mandal, A.
K. Tetrahedron 1981, 37, 3547.

Zhang, W.; Loebach, J. L.; Wilson, S. R.; Jacobsen, E. N. J.
Am. Chem. Soc. 1990, 112,2801. Jacobsen, E. N.; Zhang, W.;
Muci, A. R.; Ecker, J. R; Deng, L. J Am. Chem. Soc. 1991,
113, 7063. Zhang, W.; Lee, N. H.; Jacobsen, E. N. J Am.
Chem. Soc. 1994, 116, 425. Palucki, M.; Pospisil, P. J;
Zhang, W.; Jacobsen, E. N. J Am. Chem. Soc. 1994, 116,
9333.

Corey, E. J.; Eckrich, T. M. Tetrahedron Lett. 1984, 25, 2415.
The reported alcohol was converted to the corresponding
bromide by treatment with Ph;P—CBr, (1.4-1.2 equiv, CH,Cl,,
0 °C, 1 h, 68-86%) or MsCI-Et;N (1.1 equiv, CH,Cl,, 0 °C, 2
h), LiBr (5 equiv, acetone, reflux, 8 h, 86% overall).

For 6, major rotamer: 'H NMR (CDCl;, 400 MHz) & 8.28 (d,
1H, J= 8.2 Hz), 8.18 (d, 1H, J = 8.2 Hz), 7.58-7.32 (m, 7H),
6.69-6.62 (m, 1H), 6.65 (s, 1H), 5.86 (d, 1H, J = 12.5 Hz),
5.27-5.08 (m, 2H), 4.73 (dd, 1H, J = 4.3, 15.0 Hz), 3.60 (dd,
1H, J = 8.8, 15.0 Hz), 1.29 (s, 9H), 1.26-1.17 (m, 6H), 1.06—
0.97 (m, 6H), 0.71-0.68 (m, 9H), 0.61-0.49 (m, 6H); 13
NMR (CDCl;, 100 MHz) 6 162.1, 154.9, 154.0, 143.7, 135.0,
132.7, 132.1, 128.6, 128.3, 128.1, 127.8, 127.2, 126.1, 125.4,
122.4, 108.5, 108.1, 80.3, 70.3, 54.1, 28.9, 28.3, 27.1, 13.6,
10.0; IR (film) v, 2955, 1702, 1591, 1374, 1159 em™’. For 7:
'H NMR (CDCl,, 400 MHz) & 8.28 (d, 1H, J = 8.2 Hz), 7.98
(d, 1H, J = 8.4 Hz), 7.58-7.48 (m, 3H), 7.44-7.35 (m, 4H),
7.23 (brs, 1H), 7.16 (d, 1H, J = 9.6 Hz), 6.06 (dt, 1H, J =44,
9.6 Hz), 5.24 (s, 2H), 4.36-4.35 (m, 2H), 1.51 (s, 9H); IR
(film) v, 2973, 2928, 1673, 1590, 1365, 1320, 1240, 1160
cm_l; FABHRMS (NBA-CsI) m/z 520.0876 (C,sH,(NO; +

Downloaded by: Collections and Technical Services Department. Copyrighted material.



May 1997

Cs requires 520.0889). For 8: [ot]zsD —-19.0 (¢ 0.3, CH;0H);
"H NMR (C¢Dg, 400 MHz) & 8.16 (d, 1H, J= 8.6 Hz), 7.86 (d,
1H, J = 7.4 Hz), 7.72 (s, 1H), 7.25-6.90 (m, 7H), 5.12-5.04
(m, 1H), 5.05 (4, 1H, J=11.3 Hz), 497 (d, 1H, J = 11.3 Hz),
4.30 (dd, 1H, J = 5.0, 13.4 Hz), 4.05-3.97 (m, 1H), 3.68 (dd,
1H, J= 2.1, 13.4 Hz), 1.38 (s, 9H); IR (film) v, 2946, 1704,
1591, 1365, 1246, 1154 cm™'; FABHRMS (NBA-Csl) m/z
536.0842 (C,sH,sNO, + Cs' requires 536.0838). For 9: [(1]251)
-35.0 (¢ 0.1, CH;0H); mp 116-117 °C (needles, toluene); 'H
NMR (CDCl;, 400 MHz) 8 8.28 (d, 1H, J= 8.1 Hz), 7.79 (d,
1H, J = 8.4 Hz), 7.53-7.32 (m, 7H), 7.23 (s, 1H), 5.21 (s, 2H),
4.44-4.38 (m, 1H), 3.86 (dd, 1H, J = 6.5, 12.8 Hz), 3.78 (dd,
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1H,J=2.7, 12.8 Hz), 3.36 (dd, 1H, J=6.1, 17.0 Hz), 3.02 (dd,
1H,J=4.8,17.0 Hz), 1.92 (d, 1H, J= 5.0 Hz), 1.52 (s, 9H); IR
(film) v, 3443, 2926, 1698, 1595, 1368, 1252, 1157 cm_l;
FABHRMS (NBA-Csl) m/z 538.0999 (C,;H,,NO, + cs*
requires 538.0994). For N-BOC-2,6-dihydroxy-1,2,3,4-tetra-
hydrobenzo[f]quinoline: mp 172 °C; 'H NMR (DMSO-d;, 400
MHz) 8 9.93 (s, 1H), 8.05 (d, 1H, J=7.7Hz), 7.77 (d, 1H, J =
8.4 Hz), 7.48 (t, 1H, J= 6.9 Hz), 7.37 (t, 1H, J= 7.7 Hz), 7.11
(s, 1H), 5.18 (br s, 1H), 4.07-4.04 (m, 1H), 3.80 (dd, 1H, J =
2.9,12.3 Hz), 3.39 (dd, 1H,J=17.8, 12.3 Hz), 3.23 (dd, 1H, J=
6.2, 16.8 Hz), 2.74 (dd, 1H, J= 6.1, 16.8 Hz), 1.47 (s, 9H); IR
(film) v,,.,, 3347, 2924, 1674, 1368, 1255, 1156, 1069 om .

Downloaded by: Collections and Technical Services Department. Copyrighted material.



	s04996st.pdf
	page 2
	page 3


