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Design and synthesis of HSP90 inhibitor prodrugs
LIU Wenjin, CAO Xiaodong
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Abstract: To solve the peripheral toxicity problem of heat shock protein 90 (HSP90) inhibitors, we
designed and synthesized two HSP90 inhibitors, P1 and P2, as tripeptide prodrugs. The HSP90 inhibitors
HSP90i-1 and HSP90i-2 were synthesized from tert-Butyl 4-(2-hydroxyethyl) piperidine-1-carboxylate and
1-Bromo-4-nitrobenzene by the reactions of hydroxylamine condensation, nitroreduction, ring closure, etc.
The peptide linker M1 was synthesized from L-proline and IL-valine derivatives by the reactions of
condensation, deprotection, acylation, etc. HSP90i-1 and HSP90i-2 were condensed with M1 to obtain the
two tripeptide prodrugs of P1 and P2.'H NMR, LCMS.,"” C NMR analysis and characterization results
indicated that the two prodrugs were successfully synthesized. The study is characterized by the availability
of inexpensive raw materials, the mild and controlled conditions of the reactions at room temperature, and
the high overall yields, which provides new ideas and methods for the design and synthesis of polypeptide
prodrugs.
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1.2 Ml HSPIOI-1 & X

HEror 710G i 2 LK 1, 4-(2-3 23 IR
ME-1-FH IR AL T iR 48 TsClLIGfb R 5 R M4 & i 3
W IR PR AP SR IR R 4-(5-FR H-4-(1-
(2-(WR BE-4-3E) 2 Fo)-1 H-M| Wg-5-FE)-4H-1, 2, 4- =
Me-3-3E)-6-5 TH FE FR-1, 3- B¢ ( HSP90i-1),
"H NMR (400 MHz, DMSO) ¢ 11.90 (s, 1H),
9.07 (d, J=8.7 Hz, 1H), 8.88 (d., J =9.4 Hz,
1H), 7.50~7.45 (m, 2H), 7.43 (d, ] =1.9 Hz,
1H), 6.93 (dd, J=8.7, 1.9 Hz, 1H), 6.69 (s,
1H), 6.43 (d, J=3.0 Hz, 1H), 6.32 (s, 1H),
4.21 (t, J =7.1 Hz, 2H), 3.22~3.16 (m, 2H),
2.89 (m, 1H), 2.75 (q, J =11.7 Hz, 2H), 1. 83
(d, J =12.6 Hz, 2H), 1.68 (q. J = 13.5,
6.7 Hz, 2H), 1.49~1.32 (m, 3H), 0.81 (d,
J=6.9 Hz, 6H), LCMS[M+H]" =462. 3,
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HErorF 1A s & 0L 2, % 1-QRHF 5 -4-
Bl BEOR 22 B VB D L 46 6 L OC BR R A 40 45 20 3R
B 4-(5-F2 He-4- (4-(WR BR-1-38 H ) 2K §6)H-4H-1, 2,
4-= Me-3-5L)-6-5 T -1, 3- 7 B (HSP90i-2),
'"H NMR (401 MHz, DMSO) 8 11. 92 (s, 1H), 9. 51
(d, ] =82.9 Hz, 2H), 7.73~5.65 (m, 6H), 3.46
(ss 2H), 3.29 (s, 4H), 3.06~2.87 (m, 1H),
2.62~2.18 (m, 43H), 1. 38 (s, 9H), 0.94 (d, J =
6.9 Hz, 6H), LCMS[M+H]" =410. 1,
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B LA R A Y (M1a, 0.9 g, 2.95 mmol)
% F DMF (20 mL). il A il & M (0.3 g,
2. 95 mmol) FIHREZEN (0.5 g, 4.43 mmol) , IR
R 16 h, /K (10 mL) , FH 4R Z g (50 mL X 4) A
B, To /K B B2 A0 T 5 A BIL ), 8 v 4 45 1 €0 1 AR
(672.0 mg, WH:75%), LCMS[M+ H]" =
259. 1,
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¥ M1b(0.5 g, 1.59 mmol) 1 PAB(0.2 g, ¥ Mlc(0.6 g, 1.43 mmol) il A =& W &2
1. 75 mmoD it A Z & H %€ (20 mL), it A EEDQ (20 mL) , I A =4 £ (0. 4 mL, 4.30 mmol), %
(0.8 g» 3.18 mmoD) . =W W 3 h, ¥R WS . ik RN 3 h. U R 4, BE R Ak ik 4k (PE 5
Jie 8,33 vk 4fi Ak (PE 5 EtOAc (B R 7:3) 15 14 £ [# EtOAc AN 4: DA A @A (379. 0 mg, W,
& (513.0 mg, WHK.77%), LCMS[M+H]" = 80%), LCMS[M+H]" =320. 2,
420. 2,
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1.4.4 Mle &%

# M1d (0.1 g, 1.30 mmol) ¥ T =& W %t
(10 mL), Ii A M1a(0.2 g, 1.40 mmol) il = Z, %
(0.3 mL, 1.95 mmol), % & & % 3 h, fnskK
(5 mL), JH Z /R Z. 1§ (20 mL X 4) ZE B, JC 7K B R 4M
THRAHLZ  BUE MR AT 15 B A A (110 mg, %
69%),'H NMR (401 MHz, DMSO) & 10.15 ~
9.67 (m, 1H), 7.77 (d, J = 8.3 Hz, 1H),
7.66~7.41 (m, 2H), 7.23 (d, J =8.5 Hz, 2H),
6.84 (dd, J =23.6, 9.2 Hz, 1H), 5.76 (s, 2H),
5.09 (t, J=5.6 Hz, 1H), 4.42 (d, J =5.2 Hz,
4H), 3.92~3.71 (m, 2H), 3.63 (d, ] =6. 7 Hz,
1H), 2.12 (d, J=8.5 Hz, 1H), 2.06~1.79 (m,
5H), 1.38 (s, 11H), 0.97~0.69 (m, 13H),
LCMS[M+H]" =519. 3,
1.4.5 Ml A&

% Mle(0.4 g, 1.30 mmol) ¥ T — 4 W &
(10 mL) , Jilm A K AiF 5 5 H AR 2R i (39. 0 mg, 0. 19
mmoD) , A = Z (1. 0 mL, 0.38 mmol), & & X
B2 h, 7K (5 mL) . Z R Z R (20 mL X 4) %
W, TR B B A T A L2 W Ve 4 15 1160 B4R
(441.9 mg, WH.84%)., LCMS[M + H] =

628. 3,
1.5 =B PIHAERK

H A5 5 F 1 A B 26 W& 4. o HSPY0i-1
(80.0 mg, 0.17 mmoDl) % T DMF (10 mL), fil A
M1(118.0 mg, 0.17 mmol) il HOAT (34.7 mg,
0.23 mmol), il A DIEA(41.0 mg, 0.34 mmol),
FE 30 CRM 4 h, ol He v 45 , i i £ 335 75 2l 1k (PE
5 EtOAc WIEHN 7:3) 153 H & [ {4 (123. 8 mg, I
#.71%),'H NMR (401 MHz, DMSO) & 11. 87
(s, 1H), 10.06 (s, 1H), 9.52 (d, J =16.2 Hz,
2H), 7.77 (d, J =8.8 Hz, 1H), 7.47 (ddd, J =
23.6, 14.1, 5.2 Hz, 5H), 7.28 (d, ] =8.6 Hz,
2H), 6.93 (dd, J =8.6, 2.0 Hz, 1H), 6.81 (d,
J=9.5 Hz, 1H), 6.68 (s, 1H), 6.42 (d, J =
3.0 Hz, 1H), 6.23 (s, 1H), 4.98 (s, 2H), 4. 38
(dd, J=15.9, 7.2 Hz, 2H), 4.20 (s, 2H), 3.95
(d, J=11.1 Hz, 2H). 3.82 (s, 2H), 3.63 (s,
1H), 2.95~2.77 (m, 1H), 2.10~1.79 (m,
6H), 1.67 (d, ] =6.5 Hz, 4H), 1.38 (s, 11H),
1.17~0.99 (m, 3H), 0.98~0.85 (m, 7H),
0.80 (dd, J =12.7, 6.9 Hz, 12H), LCMS[M+
H] =963.5,
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1.6 ZHBIZ P2 AR

H bR o> T 19 & i 26 WK 5. o HSP90i-2
(100. 0 mg, 0.24 mmoD % T DMF (10 mL), il A
M1(167.0 mg, 0.24 mmol) il HOAT (49.0 mg,
0.36 mmol), Ml A DIEA (57.9 mg, 0.48 mmol),
FE 30 ‘CRNL 4 h, ol H v 40 . BEIE 835 75 4lifk (PE
5 EtOAc WW{EH 7:3) 45 1 @A [E 44 (158. 5 mg., I
#.68%),'H NMR (401 MHz, DMSO) & 11.91
(s, 1H), 10.10 (d, J =23.2 Hz, 1H), 9.58 (s,
1H), 9.38 (s, 1H), 7.77 (d, ] =8.9 Hz, 1H),
7.56 (d, ] =8.5 Hz, 2H), 7.29 (dd, J =8.4,
4.6 Hz, 4H), 7.13 (d, ] =8.3 Hz, 2H), 6. 89~
6.66 (m, 2H), 6.25 (s, 1H), 4.99 (s, 2H),

4.39 (dt, J=17.0, 8.3 Hz, 2H), 3.82 (s, 2H),
3.64 (s, 1H), 3.46 (s, 3H), 3.07~2.85 (m,
1H), 2.76~2.59 (m, 2H), 2. 38-2.23 (m, 7TH),
2.20~1.74 (m, 6H), 1.38 (s, 9H), 1. 03~0. 69
(m, 18H), LCMS[M-+H]" =954. 2,

2 HR5ITiE

2.1 MIBERTESH

XF ML #E47 BT % 40 B ik, 45 R an &l 6 P,
TE = WREHEF M1 95 0 #2 , Mla I 220 R 76
DMF #l Na,CO, & T #4745 5. 15 8 M1b, %
KR A A TN A A TRRD L R S b T R R
75% ., K 6Ca) T M1b 78 Wi AH B EST IF # 3X
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3] N SR Bk M1d % 80% . & 6(0)
JEAR T M1d 8 M B i EST 48 2 3 ir 15 19
EERGHE 6 (o AL MAE FIE[M+H] =
320.2, 5 HF: W M1d i BS54y 7 B & 319. 2
—3.
M1d A E IS Mla 0935 PR 5 8 8046 &
3 = BB AT A Mle LR N 69% . K 6(d)
JBART Mle ¥ AH B EST 1IEAR 2L M3 or 45 19
WEE B E 6D A, A E FIEIM+H] =
519.3,5 H ¥ ™% Mle i B8 4> + Fi & 518. 3
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PRER MR 27%, K 6(e) BR T M1 16 W M B

W EST iEALZ T W3 BT 45 19 33 141 5 1 181 6 Ce) AT 501,
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