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Abstract
tion method was applied for the preparation of Hikiamides A-C, starting from Commercially available amino acid
such as L-N-Boc-Phe-OH, L-N-Boc-Trp-OH, L-N-Cbz-Van-OH etc. Tripeptide fragments( compounds 5a/5b) and
dipeptide fragments( compounds 8a/8b) were first prepared. The subsequent condensation of the resulted two

Total synthesis of cyclodepsipeptide Hikiamides A-C was described. Fragment convergent condensa-

fragments provided protected linear pentapetides ( compounds 9a/9b/9¢) ; Finally, the linear pentapetide was
cyclized by a mixed condensing agents comprised of PyBOP and HBTU. Hikiamides A-C was obtained with total
yields of 9% ,11% and 6. 5% , respectively. Compared with the natural source, this method has the advantages of
low cost, convenient operation and high yield, which effectively solves the problem of low isolated yield of Hiki-
amides A-C from Fusarium sp.

Key words  Fusarium sp. ; cyclodepsipeptide; Hikiamides A-C; PPARy; natural products; total synthesis
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Figure 1 Structures of Hikiamides A-C
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Scheme 1 Synthesis of the linear tripeptide ( compounds 5a/5b)
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Scheme 2 Synthesis of the linear bipeptide ( coumpouds 8a/8b)
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Scheme 3  Synthesis of Hikiamides A-C
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2.2.1 HA4EZAKHAE(52/5b) 9 R (%% 1) 4B
AL A 1(1.0 g,3. 8 mmol) FI{LA4 2(0. 8 g,3.4 mmol)
BT 100 mL FEEHEN D, AT K ST 8 (50 mLL) 7R,
TEVK ¥ F 4 FE 10 min J5, T 4> 510 A DIC (0.6 g,5.1
mmol ) ,HOBT(0. 7 g,5. 1 mmol) F1 DMAP(0. 6 g,5. 1 mmol) ,
TRIRAKSESTRE | h, SRJG1E 5 IR RS PE 6 h, TLC Wids )i
RMEATY 2 524 5% g I 25 S B e R U

2.1

9 R, = Q\é’ R-H  60%
9 R, = @ R,=Me 63%
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N\
N R,
R K

Hikiamide A R = Qé
Hikiamide B R = Q; Ry=H 32%

H
N
Hikiamide C R, :@

wY

R,=Me 26%

R,=Me 20%

10% F R SN K VA T (50 mL) \10% FEhR (50 mL) F4f 0
ALK (50 mL) PRk, JoKBRER A T 1A U2, g T &7
LefFmRAL &9, T Ok & H b (25 mL) R, BT
100 mL [# B, 18I A =R (25 mL) , iR
3 h, TLC g S 56 4, T T S R VA5 A il Ry, A
LT (20 mL) [# 4t 10 min ARSEFEZ IR AL 1 b, e AlE
B, TR O (50 mL) ##, F 10% bR Z04h
JKESWR pH % 8, AR M &K (50 mL) YA HUZ, 7
W, KRR TR A HLZ, e TR B i iRib &4 3
(1.0 g, % 80% ) ,'H NMR(300 MHz,CDCI, ) §:7.30(10H,
dd,J =33.3,5.8 Hz, Ph-H) ,5.18 (2H,dd, J=8.4,6.1 Hz,
PhCH,0) ,4.24(1H,dd,J =8.2,5.2 Hz) ,3.79(1H,dd, J =
8.2,4.4 Hz),3.20(1H,dd, J =13.6,4.6 Hz, PhCH,) ,2.77
(1H,dd,J =13.8,8.5 Hz, PhCH, ),2.06 ~ 1.38 (3H, m),
0.93(6H, m,-CH,),"” C NMR (75 MHz, CDCl, ) §:170.32,
165.42, 141.63, 137.21, 129.39, 128.62, 128.53, 128.31,
126.78,71.44, 67. 11, 55.54, 40.65, 39.68, 39.60, 24.59,
22.98, HRMS m/z [M + H]* Caled for; C,, Hy NO,*:
369. 194 0,Found:369. 194 1,

I3 BRI E W) 1(345 mg, 1. 3 mmol) FIfL 54 3(500
mg, 1. 2 mmol) & F 50 mL RSN, I ATEK & H ke
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(20 mL) ¥ , 76 0K B FE10 min J5, F43 A HBTU
(682 mg,1. 8 mmol) Fl DIPEA (0.6 mL,3. 6 mmol) , {55 4k
ZEf P 1 h R TE = IR 4k i £ 3 h, TLC W45 5okl fk
G 3 S8 A R, U R 2 B VR AR AR I
10% Bk B2 A MK R (25 mL) (10% Fi b2 (25 mL) Fif
AR ERAK (25 mL) YU, KRR TIRAHLZ , ET =R
e R &4, R JOK & % (10 mL) %%, & T
100 mL [# BN, Z18 A = 4R (10 mL) , % {8/ 0
3 h, TLC WE¥ S 56 4% , e T 5 L i A B4 ik 9, i A
k(20 mL) &4k 10 min GEEEAE 2P EFE 1 b, 8 il
UEAT A E A, TR B8 16 (50 mL) i, T 10% iR
BKE R pH 2 8, FE A& #7K (50 mL) B %A Bl
200, oK ER AN T A HLZ e TR B iRk &
¥ 5a(430 mg, i 3K 70% ) ,'H NMR (300 MHz, CDCL, ) §:
7.47 ~7.05(15H, m,Ph-H) ,5.18(3H, m),5.01 (1H, m) ,
3.55(1H, dd, J = 13.5,6.9 Hz),3.41 ~2.99 (3H, m,
PhCH,),2.82 (1H, m, PhCH, ),2.56 (1H, ddd, J=28.2,
13.5,9.8 Hz),1.88 ~1.44(3H, m),0.94 (6H, m,-CH, ) ,
“C NMR(75 MHz, CDClL, ) &: 173.54, 173.44, 170.81,
170. 67,169. 43, 137.53, 137.29, 135. 65, 134. 83, 128. 98,
128.82,128.74, 128.23, 128.20, 128. 13, 128. 03, 127. 93,
127. 89, 127. 81, 127.70, 126. 53, 126.41, 126.30, 71.38,
66. 54, 56.04,52.52,40.36, 39. 18, 37.47,23.94,22.53,
HRMS m/z [M + H] * Caled for: C;, H;;N,05 * :517.262 4,
Found:517. 262 6,

I3 FRIRAL & 1) 4(400 mg, 1. 3 mmol) #4554 3(500
mg,1.2 mmol) , ZMALGY) Sa 149G W7 %, 19 3 8 R
) 5b(432 mg,65% ) ,'H NMR (300 MHz,CDCL,) §:7.99 ~
6.47(15H, m, Ar-H) ,5.34 ~5.08 (2H, m, PhCH,0) ,4.95
(1H,d,J=5.9 Hz),3.66 (1H,dd,J =8.9,3.9 Hz) ,3.2(m,
1H),3.03 ~2.44(4H, m,ArCH, ) ,1.54 ~1.32(3H,m) ,0. 92
(6H,m,-CH,) ,”C NMR(75 MHz,CDC,) §:174.59,171.38,
136. 13, 129.47, 128.64, 128.49, 128.35, 128.29, 127.59,
126.83, 123.00, 122.26, 119.62, 118.90, 111.61, 111.25,
71.85, 67.12, 55.48, 52.25, 39.71, 37.77, 30.42, 24.56,
22.94, HRMS m/z [M + H] " Calcd for; Cy; Hy N;O5 7 :
556.273 3,Found:556.273 4,

2.2.2 ZJRKFB(8a/8b) i A R (B4 2) A HlFRIb
EW6(1.0 g,4.0 mmol) M{k-&4 7a(0.6 g,4.4 mmol ) F
F 100 mL BJEHH T K Z 8 % (50 mL) %5 , 76
VKB HPEEE 10 min, FE4-300 A HBTU (2.3 g,6. 0 mmol ) FI
DIPEA(2 mL,12 mmol ) R+ IR EEAR L+, | h, K5 FEE
RS 3 h, TLC # M4k &9 6 58 2 H 2K, JhiE R &
SN I AR A, T TR AR YT 10% BRER S AN /KI5 (50 mL) |
10% Fi#h 2 (50 mL) FIf FIE 7K (50 mL) Pk, TooK B iR
WTBAALZ, e T & P e IR B R &9, %

AT —25 BAL L, A DY kg (50 mL) %, & T
100 mL [RECBeiirh , 7EvKis b, I A E A AL R (0. 4 g,
16. 6 mmol ) , 2 RARZAFE 3 b, A7 i K B R A, TLC 1
AR oE 4, Tk, DB 2 18k (20 mL) ¥R 3 G S
2 .15 (50 mL) % %, 10% # #h 28 pH 2 6, fT bk
(50 mL) Peif, 53, TR TIRAVZ, T 2R &
g ot Ik 4 1k A 4 8a (917 mg,63% ) ,' H NMR (300
MHz,CDClL,) §:7.32(5H,d,J=9.5 Hz,Ph-H) ,6.79 (1H,
d,/J=7.8 Hz),5.85(1H,d,J =9.0 Hz),5.10(2H, s, Ph-
CH,),4.65 ~4.53(1H, m) ,4.13 ~4.02(1H, m) ,3.80 ~
3.63(1H,m),3.19(1H,dd,J=7.4,3.5 Hz) ,2.06( 1H, dd,
J=13.4,6.6 Hz) ,1.44(2H,dd,J =10.0,6.9 Hz),1.01 ~
0.80(12H,m,CH,) . C NMR (75 MHz,CDCL,) §:175.48,
171.44, 156.19, 135.65, 128.04, 127.70, 127.43, 66.64,
59.95,55. 16,40. 51,30. 58 ,24.31,22.28, HRMS m/z [ M +
H]* Caled for:C,yH,yN,0, * :365. 199 8, Found:365.199 9,
ARG 6 (1.0 g,4.0 mmol) L5 Th (0.7
g,4. 4 mmol) , ZHRILAY) 8a (W4 %, A EI LAk ey
8b(980 mg, % 65% ) ,' H NMR (300 MHz,CDCl,) §:7.36
(5H,t,J =3.6 Hz,Ph-H) ,5.82(1H,d,J=9.1 Hz),5.33
(1H,dd, J =10.1,5.1 Hz),5.13 (2H, s, Ph-CH, ) , 4. 55
(1H,dd,J=9.0,6.6 Hz),3.05(3H,s,CH,),2.07 (1H,
m),1.76(2H,m) ,1.58 ~1.42(1H,m),1.13 ~0.74 (12H,
m, CH, ) ,"” C NMR (75 MHz, CDCL, ) 3:175.48,171.44,
156.19,135. 65,128. 04, 127. 70, 127. 43 ,66. 64,59. 95 ,55. 16,
40.51,36.95,30.58,24.31,22.28, HRMS m/z [M + H]*
Caled for:C, Hy, N, 05 * :379. 215 5, Found:379. 215 6,
2.2.3  3KES Ak Hikiamides A-C #94-% (%4.3) 7 100 mL
B ke, 23 B AL G 9 8b (166 mg,0. 44 mmol ) FIfL A
¥ 5a(200 mg,0. 4 mmol) , FIJE/K —S F K2 (20 mL) 1, 78
PR EEI0 min, F-43 5 A DEPBT (180 mg,0. 6 mmol )
F1 DIPEA (0. 2 mL) , R4 BEAR L5 30 min, SR )5 76 % IR
FRgRSEERE 3 h, TLC # U JFoRME &4 Sa 58 AT 2%, B RR
F 0L R H AR K UK 10% Bk BR & AN K % TR (20
mL) \10% Fi#h R (20 mL) AR A 57K (20 mL) PR, ook
MR TIRANUZ e T W bR ik s R &4, 7
FHHEL(20 mL) 7%, A 100 mL [BFCBSE H, FR22 08 I A
PEAL R T4 e (ML 5 5 5% ), A RBRE 3 IR AR
PEFERL 2 h, TLC Wit S 56 4, Sl B 240 , e TR,
PR gE s s atifh (& - R, 100: 1 ~20: 1) 13T (A3
KP4 W 9a (170 mg, L3R 65% ) .'H NMR (300 MHz,
MeOD-d, ) §:7.40 ~7.01(10H, m,Ph-H) ,4.87(1H,d,J=8.2
Hz) ,4.70(2H,ddd, ] =23.4,9.6,4.5 Hz) ,4.06(1H,dd, J =
14.1,5.9 Hz),3.39(1H,dd,J =14.2,4.4 Hz) ,3.32(1H, d,
J=9.4 Hz,PhCH, ) ,3.05(3H,ddd, J =24.0,14.2,7. 1 Hz,
PhCH,) ,2.80(3H,s,CH,) ,2.04 ~1.87(1H,m),1.79 ~ 1. 64
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(3H,m),1.56(2H,dd,J =14.0,7.7 Hz),1.45 ~1.33(1H,
m,),1.04 ~0.76 (18H,m, CH, ) ,"" C NMR (75 MHz, MeOD)
8:171.43,170.72,170. 26, 169. 68, 159. 19, 158.79, 136. 75,
136.46,128.52,128. 28 ,127. 56, 125. 83,74. 05 ,55.70,54. 95,
53.39, 53.29, 39.95, 36.68, 36.13, 30.62, 28.86, 24.08,
24.00,21.94,21.56,20.46,20.05,17.69,14. 86, HRMS m/z
[M + H]* Caled for: Cy Hy; N,O, " : 653.391 4, Found:;
653.391 6,

BG4 9a (170 mg,0.26 mmol ) FH J6 /K — & W 4%
(260 mL) % fi% 7E 500 mL [&] i 58, 43 3 im A PyBOP
(210 mg,0.4 mmol) ,HBTU (153 mg,0. 4 mmol ) F1 DIPEA
(83 L), AEVKIE T HERE 2 h, RGBT Ak i e 72 h,
TLC Rl J5bH b A 4 9a 58 43 2, 4l il B 2% 5 v i A [
P MR ER 7K (200 mL) PR, e T U8R, AT €035 43 g 2l
(& e-H g, 1000 1 ~50: D B AT ERALEGY
Hikiamide A (43 mg, =& 26% ) ,'H NMR(500 MHz, Acetone-
dy) 6:8.03(1H,d,J =9.2 Hz),7.30 ~7.23(10H,m,Ph-H) ,
7.09(1H,d,J =8.7 Hz),5.01 (1H,dd,J =16.7,7.6 Hz)
4.90(1H,dd,J=10.0,4.1 Hz) ,4.57(1H,dd,J =8.5,5.0
Hz) ,4.52(1H,ddd,J =10.5,9.0,4.3 Hz),3.46 (1H,dd,
J=9.2,6.1 Hz),3.30 (1H,dd, J = 14.2,7.3 Hz),3.19
(3H,s,-CH,),3.16 ~2.98 (4H, m),2. 14 (1H, m) ,2.08
(1H,m),1.85(1H,ddd,J =14.0,10.0,5. 0Hz) ,1.62,(1H,
ddd,J/=14.0,9.1,4.0 Hz),1.73,(1H,ddd,J =14.0,8.2,
6.2 Hz) ,1.55(1H,m),1.52(1H,m) ,0.96 (3H,d,J =7.0
Hz,-CH,),0.92(3H,d,J =6.5 Hz,-CH, ) ,0.91 (3H,d, J =
6.0 Hz,-CH,) ,0.88 (3H,d,J =6.5 Hz,-CH,),0.86(3H,d,
J=6.5Hz,-CH,),0.82(3H,d,J =7.0 Hz,-CH,), "C NMR
(125 MHz, Acetone-d, ) 8:173.48,171.55,171.19,171. 16,
170.25, 139.21, 138.48, 130.22, 130. 17, 130. 14, 130.00,
129.28,129.23,129. 15,127. 40,127. 33,75. 93 ,67. 21 ,56. 29,
55.04, 54.09, 41.66, 40.11, 37.88, 37.49, 37.35, 31.10,
25.94,25.20, 23.40, 23.37, 22.40, 21.80, 20.25, 17.08,
HRMS m/z [M +H] " Caled for: Ci Hy, N, O, © :635.380 9,
Found:635. 380 8,

SRR G ) 8a(160 mg,0.44 mmol) FifL 5 ¥) Sa
(200 mg,0. 4 mmol) ,Z: & Hikiamide A (94 71, BS54
G E Y 9b, R AR e B A HAEE A6
ToE W kA Y Hikiamide B, b & 4 9b (153 mg, i R
60% ) ,'H NMR (300 MHz, MeOD-d,) §:7.42 ~6.99 (10H,
m,Ph-H) ,4.72(1H,dd, ] =9.2,4.6 Hz) ,4.59(1H,dd,J =
8.9,5.0 Hz) ,4.37(1H,dd,J=9.1,5.6 Hz),3.54(1H,d,
J=5.6Hz),3.40 (1H,d, J =4.6 Hz),3.33 (1H, m, Ph-
CH,),3.22 ~2.81(3H, m,Ph-CH,),2.24 ~1.95(1H,m) ,
1.87~1.59(3H, m),1.46 (3H,ddd, J = 17.6,12.0,7. 1
Hz),1.10 ~0.72(18H,m,-CH,) ., C NMR(75 MHz, MeOD-

d,) 8:173.65,172.91, 172. 42, 170. 44, 138. 68, 138. 28,
130. 44, 130. 39, 129.39, 129. 35, 127.63, 59.78, 55.71,
55.20, 54. 80, 53.28, 49.85, 49. 57, 49. 28, 49. 00, 49. 00,
48.72,48.43,48. 15, 42.06, 41.95, 38. 88, 38.23, 31. 83,
25.99.,25.70,23.81,23.38,22.15,22.00, 19.24, 17.85,
HRMS m/z [M + H] * Caled for; C;s Hyy N,O, © :639. 375 8,
Found: 639.375 7, Hikiamide B (46 mg, & & 32%),
'"H NMR (300 MHz,MeOD-d,) 8:7.32 ~7.16(10H, m, Ph-
H),5.01 (1H,dd,J =9.2,4.8 Hz),4.93(1H, m),4.40
(1H,dd,J=10.5,4.9 Hz) ,4.04(1H,d, ] =8.2 Hz),3.73
(1H,dd,]=9.2,6.3 Hz),3.30(1H,m),3. 15(1H,dd, J =
14.1,8.9 Hz) ,3.01(3H,m),2.95(1H,m) 2. 11 (1H,m),
1.81(2H, m),1.66 ~ 1.35 (4H,m),0.98 (3H,d, ] = 6.6
Hz),0.96 (3H, d, J = 6.7 Hz,-CH, ), 0.93 (3H,d, J =
6.7Hz,-CH, ) ,0.91(3H,d,J =6.7 Hz,-CH,) ,0.86 (3H,d,
J=6.7Hz,-CH,) ,0.83(3H,d,J =6.7 Hz,-CH,) . C NMR
(75 MHz, MeOD-d, ) 8: 174.04, 173. 65, 173.39, 172. 59,
170. 48 ,138.52, 138. 05, 130.43, 130. 09, 129. 52, 127. 85,
76.17, 61. 67, 60.87, 58.02, 56. 07, 55. 81, 55.06, 54. 16,
41.76,39.78, 38.04, 37.93, 31. 82, 25.96, 25. 64, 23. 26,
23.00,22.09,19. 86,18.86, HRMS m/z [M + H] * Caled
for;C;sHyyN, O * :621. 365 2,Found;621. 365 5,

ST HFREAL A 8b (166 mg,0. 44 mmol ) F14L5 ¥ Sa
(200 mg,0. 4 mmol) , 2 i Hikiamide A 14 7% , & 64
BRI 9e RIGTE AT heh e R AR A6
T T A A 9 Hikiamide C. 44 9¢ (174 me, i %
63% ) ."H NMR (300 MHz,DMSO-d, ) 5:10.89(1H,s,NH)
8.50(1H,d,J=7.8 Hz,NH) ,8.09(1H,d,J =7.6 Hz,NH)
7.84(1H,dd, ] =22.2,8.0 Hz,NH) ,7.65 ~6.66 (10H,m,
Ar-H),5.00(1H,s),4.87(1H,d,J =4.9 Hz) 4. 74 ~4.53
(2H,m) ,4. 44 (1H,dd,J =13.0,7.7 Hz) ,4.07(1H,d, J =
2.7 Hz),3.15(3H,s,-CH, ) ,3. 13 ~2.82(2H,m) ,2. 81 ~
2.60(2H,m),1.74(2H,d, ] =4.7 Hz),1.56 ~ 1.37 (3H,
m),1.17(2H, m),1. 11 ~0.51 (18H,m,-CH,). “C NMR
(75 MHz, DMSO-d, ) &:171.51, 171.04, 169.79, 169. 56,
168.95,137.62, 137.41, 136. 07, 132. 61, 129. 23, 129. 06,
128.13,127.99, 127. 20, 126. 22, 123. 54, 123. 05, 120. 77,
119.07, 118.12, 115.10, 111.24, 109.77, 54.26, 53.65,
53.11,49.00, 48.52, 36. 86, 36. 38, 30.90, 30.17, 28.96,
23.95,22.92,21.75,21.36, 18.43, 16.43, 13.86, HRMS
m/z [M +H] " Caled for; Cy Hyy N5O, ©:692. 402 3, Found:
692.402 5. Hikiamide C (33 mg, I % 20%).
'H NMR(500 MHz,CDCL, ) §:8. 18 (1H,s,NH),7.59 (1H,
d,J=8.0 Hz, Ar-H) ,7.39 (2H,d,J =8.0 Hz, Ar-H) ,7.22
(1H,t,] =7.5 Hz,Ar-H) 7. 13(1H,t,J =7.5 Hz, Ar-H) |
7.11(1H,t,J =7.0, Ar-H) ,7.05 (2H, dd, J = 7.5 Hz, Ar-
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H),6.90(2H,d,J=7.0 Hz) ,6.86(1H,m) ,6.47(1H, m),
6.38(1H,d),5. 12(1H, m),4.89 (1H, dd, J =10.0,3.6
Hz) ,4.84 ~4.76(1H,m) ,4.48(1H,dd,J =8.5,4.4 Hz),
3.51(1H,dd,J =14.8,4.8Hz) ,3.35(1H,dd,J=11.0,4.3
Hz),3. 14(1H,m,Ar-CH, ) ,3.09(3H,s,-CH, ) ,3. 06 ~2.91
(3H,m,Ar-CH,),1.89 ~1.58(5H,m) ,1.30(1H,m) ,1. 14
(1H,m),0.93(3H,d,J =6.5 Hz,-CH;) ,0.91(3H,d, ] =
6.5 Hz,-CH,) ,0.88(3H,d,J =6.5 Hz,-CH, ) ,0.84 (3H,d,
J=6.5 Hz,-CH,),0.78(3H,d,J =6.5 Hz,-CH, ) ,0.60(3H,
d,J=6.5 Hz,-CH,) ,” C NMR (125 MHz,CDCl, ) §:172.54,
171.13, 170. 68, 170.40, 169.34, 136.79, 136.17, 129.69,
128. 15, 127.72, 126.52, 123.41, 122.45, 120.01, 118.47,
111.50,109.99, 75.77, 67.37, 65.69, 65.33, 57.79, 54.57,
54.34,54.13, 53.46, 52.28, 51.96, 44.26, 40.67, 40. 16,
36.57, 36.31, 30.36, 29.66, 26. 18, 25.04, 24.72, 23.25,
23.13,21.62,21.51,19.83,16.60,16. 60, HRMS m/z [ M +
H] " Caled for;CyHy,NsO4 * :674. 391 8, Found :674. 391 7,

3 RS

ARG iE ] Boc Fl Chz 1928 5 A AR 7 S %, LATH 5
L B0 Boe SRAMIAR N IR (L& 1) \L B %3 Boce
PHIEER (G 4) LBV R Chz LR 1SR (L&
Y 6) S2-Fe-4- VRN (b5 2) (L ALS R
Mg (fb&9) 7a) Fi L BVE TP 52 B P G (fL G4 Tb) )R
Blo R BOL R A MR SR & 5 s | 5, 20 il il 45 =
I B ({5 %) Sa/sh) # ik v B (fb &%) 8a/8b) s 485
MG MRS B B EE K (a9 9a/9b/9¢) | G
FHIRE 45677 ( PyBop/HBTU ) 234153 Hikiamides A-C, i
BRI HI R 9% 11% F1 6. 5% o ZWAH G BT ik EA 4
DRk SR R, oo v SO0 5, A 80 U T Hikiamides
A-C RIRFIFARAFIE AL 22 1 )
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