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Figure 1. Structures of the Duocarmycins
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1: (+)-Duocarmycin A 2: (+)-Duocarmycin SA
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Scheme 1. Retrosynthetic Analysis for Duocarmycin A
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Scheme 2. Aryl Amination —Palladium vs. Copper Reagents—
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entry reagents solvent time temp 11 12
1 Pd(PPh3)4, t-BuONa, K2CO3 toluene 3h 100 °C 28% 7%
2 Pdy(dba)s, P(o-tolyl)s, CsOAc, Cul DMF 5 min rt 66% none
3 CsOAc, Cul DMF 20min ot 60%  none
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Scheme 3. Synthesis of the Key Indoline Intermediate?
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“Reagents and conditions: (a) MsCl, Et,N, CH,Cl,, 0 °C to rt, 3 h, 88%; (b) H, (1400 psi), Ra-Ni, EtOAc, rt, 24 h,
quant.; (c) Br,, MeOH-CH,Cl, (1:1), 0 °C to rt, 30 min, 87%; (d) NaNO,, H,SO,, CH,CN-H,0 (1:1), 0 °C, 20 min;
then KI, 0 °C to rt, 96%; (e) KOH, CH,Cl,-MeOH (4:1), rt, 5 min, quant.; (f) BnBr, K,CO,, DMF, 1t, 1 h, 88%; (g) n-
BuLi, toluene, =78 °C; then 8 in toluene, 20 min, 58%; (h) AcOH-H,0 (1:4), reflux, 3 h, quant;; (i) HJIO,, THF,
0 °C, 5 min; then NaBH,, MeOH, -78 to 0 °C, 90% (>98% ee); (j) (i) Fe, FeCl,, 1 N HCl, EtOH, reflux, 2 h; (ii) o-
NsCl, NaHCO,, CH,C1,-H,0, rt, 5 min; (k) BnBr, K,CO,, DMF, tt, 1 h; then PhSH, 1t, 1 h, 74% (3 steps); (I) Cul (10
mol%), CsOAc (1.4 eq), DMSO, rt, 24 h, 67%; (m) TBSCI, imid, DMF, rt, 10 min, quant.

Scheme 4. Synthesis of Indolecarboxylic Acid Moiety?
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“Reagents and conditions: a) Br,, AcOH, CH,Cl,, 0 °C, 45 min, 87%; b) 18, TMG, CH,Cl,, tt, 3 d, 97%; c) Cul (1.5
eq), CsOAc (7 eq), DMSO, tt, 24 h, 98%; d) H,, Pd-C, EtOAc-EtOH, rt, 3 h, 99%; e¢) KOH, MeOH, reflux, 1 h, 89%;
f) SOCI,, toluene, 60 °C, 20 min.
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Scheme 5. Synthesis of Chiral Azlactone?
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“Reagents and conditions: (a) NaNO,, AcOH, 0 °C to rt, 4 h; (b) H, (1400 psi), Pd-C, EtOH, rt, 12 h, 91% (2 steps);
(c) CbzCl, pyr, CH,Cl,, 0 °C, 5 min, 96%; (d) Mel, MeONa, MeOH, 50 °C, 2 h, 76%; (e) PLE, acetone-H,0, pH 7.5-
8.5, 1t, 3 d, quant. (94% ee, >98% ee after recrystallization); (f) triphosgene, Et;N, EtOAc, 1t, 5 min, quant.

Scheme 6. Syntheéis of (+)-Duocarmycin A?
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“ Reagents and conditions: (a) n- -BuLi, THF, =78 °C; then 5 in toluene, ~78 °C, 50 min, 75%; (b) NBS, DMF, rt, 5
min, 91%; (c) Cul (2 eq), CsOAc (5 eq) DMSO, 1t, 3 h, quant.; (d) TrocCl, NaHCO,, CH,CN, 70 °C, 2 h, 70%; (e)
Zn, KH,PO,, THF-H,O (5:1), tt, 1 h, 69%; (f) 3, pyr, CH,Cl,, 0 °C, 10 min, 90%; (g) TBAF, THF, rt, 30 min, 76%;
(h) MsCl, pyr, 0 °C, 10 min, 88%; (i) H,, Pd-C, EtOAc-EtOH, tt, 8 h, 87%; (j) Cs,CO,, CH,CN, 1t, 30 min, 77%.



Scheme 7. Synthesis of (+)-Duocarmycin SA?
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“Reagents and conditions: (a) n-BuLi, THF, —78 °C; then I,, 97%; (b) 29, Pd(OAc),, P(o-tolyl);, Et;N, CH,CN, 90 °C,
4 h, 72%; (c) NBS, DMF, rt, 5 min, 82%; (d) Cul (2 eq), CsOAc (xs), DMSQ, rt, 10 min, quant.; (e) TrocCl, NaHCO,,
CH,CN, 70 °C, 20 min, 77%; (f) Zn, KH,PO,, H,O-THF (5:1), rt, 1 h, 58%; (g) 3, pyr, CH,Cl,, 0 °C, 10 min, 83%;
(h) TBAF, THF, 1t, 30 min, 85%; (i) MsCl, pyr, 0 °C, 10 min, 88%; (j) H,, Pd-C, EtOAc-EtOH, rt, 10 min, 81%; (k)
Cs,CO,, CH,CN, 1t, 1 h, 92%. :
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