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Abstract The fungal polyketide cytosporone B (Csn-B) displays diverse biological activities, and is an important small mol-
ecule probe for the studies on biological progress thus that its efficient synthesis attracts much attention. In this study, the
commercial available 1-(3,5-dihydroxyphenyl)ethanone was used as starting material. After converting to benzyl ether, the
product 1-(3,5-dibenzyloxyphenyl)ethanone was treated with sulfur powder and morpholine followed by hydrolysis in one pot
to afford the key intermediate 3,5-dibenzyloxyphenylacetic acid via Willgerodt-Kindler reaction. Respectively, the
3,5-dibenzyloxyphenylacetic acid was converted to Csn-B or secocurvularin (67.3% overall yield) through esterification,
Friedel-Crafts acylation reaction and deprotection procedures in 5 steps totally. Cytosporone A (Csn-A) was obtained in 65.3%
yield through hydrolysis of Csn-B and cytosporone C (Csn-C) was provided in 64.0% yield via reduction-cyclization of Csn-B.
Our synthetic approach to Csn-B and its derivatives has the advantages of short pathways, high yield, economical starting ma-
terial, and is suitable for large-scale preparation.
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Cytosporone C secocurvularln
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Figure 1 Structures of cytosporone A/B/C and secocurvularin
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fr, 1RSI S, MOk 3,5- - H AR
BEXT 3-IR IR HEAT SR A B R SO OB R B, B A
R AMIFE] 3,5-“HEER LR, R

37 5. 44%I¥ St 43 8 Csn-B. Yoshida B4 il
Lﬁy%qjllﬂﬁiﬁﬁ?}%ﬁﬁaﬁﬁ’ﬁﬁ)\firﬁﬁ Csn-B )28,
Mad B UEIE 7 B0 16%H 577 % 4535 Csn-B.
Dong 5 R| AR ALK 203 A BEL B, I E Ak
G RAIT 3 BLL 502% MR Csn-B. FRATHT
W) % 25N Beatriz MR FRZH K 28 (3 26 81% 2 R
HRUA B SR 3,5- — AL IR Z RN IR JER], B2
ZJEEMY S B 5t, FT RE & Csn-B 2T 204701058 1)
WA K. Dawson BRI PIRIFEAE ] 3,5- ~HAREZ
RN ERL, 23 5 WANLL 34.5%0 %15 3] Csn-B.
M, RE—KENE AR AR A S IR
BRI AT A A% AR R A B S UE £ Csn-B 28R
SR AN R AR =Y, F & A G 2 AP AT R % 1F
—fﬁ CHIROR R, IREIZE N TR IS, &

WA AT (Scheme 1), FATRIIRKIZHE LR 5 A
& Csn-B g b (a)4k, Z =] Ll BRI 2K 2
i 6 SmAy - ek & 2E Willgerodt-Kindler 5 HE 5 v .
Gt — 4R KIAR LS 2P Willgerodt-Kindler =
HES N TR, W 5 ] AT e g5 2 A T )
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ATLAR 3] Csn-A (1), &8 JEHA AT AR Csn-C (3).
Rk, FATEE T —45 LA Willgerodt-Kindler Jz Wk e
S SEFR) A G 22 (Scheme 2).
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Scheme 1 Retrosynthetic analysis for cytosporones A/B/C and
secocurvularin
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JETRAL LA 82% 7= A5 H 3,5- NI 2R ), fEizid
T v IR B A2 Sz AR S R BN YE TR A3 RN 3,5-
FTRERLROE T ERHART 3,5- = FEAERLK S
FE(10)(F= 2R 99%). SCRAARIE! M = A ES -t S k4T
SO BRI S N 277 AR R R U TE 2R IR 4 1 E =4,
XA BE A BT IR ST M B R A 2. Dawson i EZH P
8 FH = B 2 TR T AR08 T 1 D Y 7 R0 A 70 2 47 18 o Tk
FA SN, (A1) T bR — AR eIt R R
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1531 Csn-B 1 94%r= %453 secocurvularin. H4k, FAJ
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Scheme 2 Synthetic route for cytosporones A/B/C and secocurvularin
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Scheme 3 The mechanism of the Willgerodt-Kindler reaction
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%1 Willgerodt-Kindler 8 1) 5t
Table 1 Reaction conditions of the Willgerodt-Kindler reaction

e SRR B /(moleL ") 7/°C th  PEEY%
1 0.3 100 4 55
2 0.3 100 6 60
3 0.3 130 6 66
4 0.2 100 6 70
5 0.2 130 6 82
6 0.15 130 8 45
7 0.15 100 6 58
8 0.15 130 4 75
2 #ig

CABRIT 1 3,5- 522K 0 7 A JERL, &t R4
), 10 OB RR AL N Sk kR MR 3,5-
TAEIEIR OB, R KRS B SR R ()44 3,5-
THRARER R, RIFETM TS E R O IEAT
kI Ak B s PA/C (AL AL R 25 73 73 79 31 Csn-B (5
= E 68.8%) 8L secocurvularin (5 5% 67.3%). FHAH,
TATE Csn-B /KAR1GE] Csn-A (NE2E 65.3%), ¥
Csn-B L JEIA 5152 Csn-C (N 725 64.0%). %82k 17
FE. &UF. LS THAE, sefE KER% Csn-B AHAT
AW

3 IS
3.1 UESHF

J SR XRC-1 BB s A EIE, 8 BE AR RS
1E; NMR ] Bruker Am-400. 500 5%, 600 %A% iR
M5E (¥ 7] CDCly 5%, CD;0D, TMS NN FRELE N FR);
4335 (ESI-HRMS) A ABI A ] i) QSTAR Elite PU#%
FE AT I 8] B B o A5 5 . AF 2R 200~300 H
kR (F Bl T 7= 5, #2 A1 (TLC)R A
GF254(fiH &5 4.2 T AR FLRT 7= ). Bt AR AT 710
T = A T4l BRI /K IV I35 22 B 7K RN B 2
AbFR.
32 WK
32,1  1-3,5-®(FAKE)RK)TER 8 496 %

¥ 1-(3,5-ZF IR EE) 4FH(2.0 g, 13 mmol)IMA 40
mL A B R, R AR S NN TG KRR BF (7.2 g, 52
mmol), /£ TR (6.7 g 4.6 mL, 39 mmol),
Whnse s, HidE 5 min, SRJEINAERHEE 6 w202,
TLC MWl B 524 J5, W& i, T uER 2= oL,
PR AR AR R TN, BRI 50 mL LR LERIE R 1
A ER/K(10 mLX2)PEA MU ToKBREREA T4, T
PE R IRAERR LA R R Y, SRR BT VR
W) © V(2R 2B8)=50 © ]2k R L Ok 4.2 ¢,
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7 # 98%. 'H NMR (400 MHz, CDCly) 6: 7.46~7.36 (m,
10H), 7.22 (t, J=1.8 Hz, 2H), 6.83 (d, J=0.8 Hz, 1H),
5.09 (s, 4H), 2.57 (s, 3H); *C NMR (100 MHz, CDCl3) ¢
197.8, 160.1, 139.1, 136.5, 128.8, 128.3, 127.7, 107.5,
106.9, 70.4, 26.8. HR-ESI-MS calcd for C»,H, 05 [M+
H]" 333.1485, found 333.1485.
322 2-(3,5-W(FAIE)REK)TER(9)89 & A%

B PR RN 3,5- 2R EER LS 33 g
10 mmol)¥fiET 50 mL Jo/KNGHEMK, fnAXTH 2R AR
(172 mg, 1 mmol), - HLAKIMABIH(0.96 g, 30 mmol),
AR 130 CHidk 6 h, =R RS S A
R, TLC Bl ERHEFES O, SN 58 B ks
AR 2k B MEmK, R MR R I LB 30
mL. =Z &I (227 mg, 1| mmol) I AL EHK
(3 mol/L, 10 mL), HRFAEIAL 2 h, il s 3. 56 5 Ja
RRAEN R AR, S8R MR pH{EZ 2, &
& ZIR(100 mL X 3)ZEHU M, A HLA A B A #h K
V(30 mL X 2), To/KBREREN T8, i€ vk bk A ML
WG R =Y, KU T VCRIE) @ (O
fE)=2 : 143 2 A g 2.9 g =% 82%, mp.
105~106 ‘C. 'H NMR (500 MHz, CDCl;) 6: 7.44~7.34
(m, 10H), 6.58 (s, 3H), 5.04 (s, 4H), 3.60 (s, 2H); *C NMR
(125 MHz, CDCl3) d: 177.3, 160.1, 136.8, 135.4, 128.6,
128.1, 127.6, 108.7, 101.1, 70.1, 41.3. HR-ESI-MS calcd
for C5,H,004Na [M+Na]" 371.1254, found 371.1254.
323 2-(3,5-W(FARIE)RL) LR TEE(10)49 6 &

FiRFMT, F BRSNS ARG ST 9 (2.8
g, 8 mmol)i& T 40 mL JTo/K 41, IIANRERER 1 mL, jn
Al 8 h, TLC MR B5E4s i, R IRYERR % R,
50 mL LFR ZERIEMRTR AR, AN IR AR S
£4(40 mL X 2) MO A& £ 7K (30 mL X 2)¥eik, To/KBiEREN
T, U R A VA SR, SR
ENTIVCR ) @ M(C CB8)=20 & 1464015 2 T8 il
R 3.0 g 7% 99%. '"H NMR (400 MHz, CDCl;) o
7.48~7.36 (m, 10H), 6.63 (s, 2H), 6.61 (s, 1H), 5.07 (s,
4H), 4.21 (q, J=7.3 Hz, 2H), 3.60 (s, 1H), 1.31 (t, J=7.3
Hz, 3H); C NMR (100 MHz, CDCl;) o: 171.4, 160.1,
137.0, 136.4, 128.7, 128.5, 128.3, 128.1, 127.6, 127.2,
108.6, 101.0, 70.1, 61.0, 41.7, 14.3. HR-ESI-MS calcd for
Cy4H,50, [M+H]" 377.1747, found 377.1747.
3.2.4 uddh 11 4= 12 694 %

2-(3,5- X (W EAFE)-2-F WL F KAL) 4T AFR (AN &
B EERAM T, ¥ PR RBIFTE =Y 10 (752 mg, 2
mmol)iF T 10 mL =5 LIREF, Z212WNiEFIR (346
mg, 0.38 mL, 2.4 mmol), #i$f 20 h, VKA T FHMF
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WRIREANA TR pH HE 7, LR LER3B0 mLX3)#
B, WA 27K (20 mL X 2)Pk ik, /KRB T1¢, i
JE URRR LA WA R Y, SPuEAEENT V(A
W) @ V(LR 2H8)=50 © 11404075 3% 3% (O ik
913 mg, “& 91%. '"H NMR (500 MHz, CDCl;) 6: 7.41~
7.34 (m, 10H), 6.56 (d, J=2.1 Hz, 1H), 6.51 (d, J=2.1 Hz,
1H), 5.05 (s, 2H), 5.03 (s, 2H), 4.16 (q, J=7.1 Hz, 2H),
3.64 (s, 2H), 2.84 (t, J=7.4 Hz, 2H), 1.58 (t, J=7.4 Hz,
2H), 1.27~1.20 (m, 11H), 0.88 (t, J=7.1 Hz, 3H); “C
NMR (125 MHz, CDCly) §: 207.0, 171.3, 160.4, 157.9,
136.4, 136.1, 134.6, 128.7, 128.6, 1282, 127.6, 127.5,
109.2, 99.5, 70.8, 70.2, 60.9, 44.7, 38.9, 31.8, 29.3, 29.2,
24.8, 24.1, 22.6, 142, 14.1. HR-ESI-MS calcd for
C3,H305 [M+H]™ 503.2792, found 503.2792.

2-(3,5- M (R SL)-2- OBt 2R L) 4R 2. BB (12): 1l
FINESHED 11 K0, SR AHRY), 773 90%.
'H NMR (500 MHz, CDCLy) 6: 7.41~7.33 (m, 10H), 6.55
(d, J=2.2 Hz, 1H), 6.50 (d, J=2.2 Hz, 1H), 5.05 (s, 2H),
5.03 (s, 2H), 4.14(q, J=7.1 Hz, 2H), 3.63 (s, 2H), 2.83(t,
J=5.1 Hz, 2H), 1.61~1.55 (m, 2H), 1.26 (t, J=7.1 Hz,
2H), 1.23~1.16 (m, 4H), 0.83 (t, J=7.0 Hz, 3H); “C
NMR (125 MHz, CDCly) §: 207.1, 171.2, 160.4, 157.9,
136.4, 136.1, 134.6, 128.7, 128.6, 1282, 127.6, 127.6,
109.2, 99.5, 77.3, 77.1, 76.8, 70.8, 70.2, 60.9, 44.6, 38.9,
31.5, 23.7, 22.5, 142, 14.0. HR-ESI-MS calcd for
Cs0H3505 [M+H]™ 475.2479, found 475.2482.

3.2.5 44&4 Csn-B A= secocurvularin #9-4-m%,

2-(3,5- " HL-2-F B R IR R R (Csn-B, )i
G B R R N A& = 11 (502 mg, 1 mmol)iE T
10 mL ZEEMIZBR 2BV : V=1 > DR &ERS, n
A Pd/C (106 mg, 0.1 mmol), FIZ/SAEMIES%1F T
RIEA 2SS 8 K, REFHHASERES 8 Ik, 1E
SR E N EIRBRE 8 h, TLC Wl [ N 584 Jm, 4enEi
iy, JEDH 50 mL PR LBV, DR IRAE R 2
FAF RV, YRR ENTVCRIE) @ LR
fig)=3 : 11464045 23 35 & 4 305 mg, /=% 95%. m.p.
78~79 °C; 'H NMR (600 MHz, CDCL;) J: 12.13 (s, 1H),
6.30 (d, J=2.4 Hz, 1H), 6.27 (d, J=2.4 Hz, 1H), 5.85 (s,
1H), 4.22 (q, J=7.1 Hz, 2H), 3.86 (s, 2H), 2.84 (t, J=7.4
Hz, 2H), 1.74~1.69 (m, 2H), 1.32~1.26 (m, 2H), 0.90 (t,
J=6.81, 3H); *C NMR (150 MHz, CDCly) &: 206.7,
1713, 164.5, 160.1, 136.7, 116.6, 112.5, 103.2, 77.2,
77.01, 76.8, 61.6, 43.4, 41.8, 31.7, 29.2, 29.1, 24.1, 22.6,
14.1, 14.0; HR-ESI-MS calcd for C;sH,OsNa [M~+Na]"
345.1672, found 345.1673.
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2-35- R E2-COB R KE) LR LB
(Secocurvularin, 4)FIHI&AIEE 2 5L, B3N E A
IRFEAE, 7% 94%. m.p. 85~86 ‘C; "H NMR (600 MHz,
CDCly) 6: 11.97 (s, 1H), 6.32 (s, 1H), 6.26 (d, J=2.5 Hz,
1H), 6.25 (d, J=2.5 Hz, 1H), 4.20 (q, J=7.1 Hz, 2H), 3.82
(s, 1H), 2.82 (t, J=7.4 Hz, 2H), 1.72~1.67 (m, 2H),
1.31~1.67 (m, 7H), 0.89 (t, J=7.0Hz, 3H); C NMR
(150 MHz, CDCl3) d: 206.7, 171.7, 164.2, 160.3, 136.5,
116.6, 112.7, 103.3, 61.7, 43.4, 41.8,31.4, 24.6, 22.5, 14.1,
14.0. HR-ESI-MS caled for C;¢H»,OsNa [M + Na] *
317.1359, found 317.1358.

326 2-35-—H KA 2-FBAXRKA)TLBR T B
(Csn-A, 1) %) &

HY Csn-B (33 mg, 0.1 mmol)¥& T | mL ZEE, Hiiki
fiftJg I N SEAL B3 mol/L, 0.5 mL), #iHE 1 h, 2%
PN ERER T pH BN 2, 4R BEFEEL(20 mL X
2), WA KB A HUA(10 mL X 2), To/KE R T
e, IR, UERR A HUE IS R Y, S POERE
MrVCR B @ V(LR R =1 1113 2R stk 28
mg, 73 95%. m.p. 113~114 ‘C; '"H NMR (500 MHz,
CD;0D) 6: 11.97 (s, 1H), 6.32 (s, 1H), 6.26 (d, J=2.5 Hz,
1H), 6.25 (d, J=2.5 Hz, 1H), 4.20 (g, J=7.1 Hz, 2H), 3.82
(s, 1H), 2.82 (t, J=7.4 Hz, 2H), 1.72~1.67 (m, 2H),
1.31~1.67 (m, 7H), 0.89 (t, J=7.0 Hz, 3H); *C NMR
(125 MHz, CD;0D) §: 206.7, 171.7, 164.2, 160.3, 136.5,
116.6, 112.7, 103.3, 61.7, 43.4, 41.8, 31.4, 24.6,22.5, 14.1,
14.0. HR-ESI-MS caled for C;H»,OsNa [M + Na] *
317.1359, found 317.1359.

327 1-%-6,8-—% & 5 &#%-3-8(Csn-C, 3)494&
&

H{ Csn-B (33 mg, 0.1 mmol)i&f#T 1 mL Jo/K 2.1
o IIANBREALAN(7.6 mg, 0.2 mmol), FiHE 24 h, Wk
R pHAEZR 1, LR LBE(20 mL X 3)AFHY, A&
IKBEER(10 mL X 2), Jo/KBREREAN T, U, kR 25
PV AS 2, S PREFE M (VR TEE) @ MR
BE)=2 @ 1J4ifbf R s A A 26 mg, =% 93%. m.p.
119~122 C; '"H NMR (400 MHz, CD;0D) ¢: 6.22 (d,
J=2.0 Hz, 1H), 6.13 (s, 1H), 3.80 (d, J=19.6 Hz, 1H),
3.50 (d, J=19.6 Hz, 1H), 1.83~1.77 (m, 2H), 1.55~1.29
(m, 13H), 0.89 (t, J/=6.8 Hz, 3H); *C NMR (100 MHz,
CD;0D) §: 172.8, 158.2, 153.9, 131.5, 112.5, 104.7, 100.7,
78.8,35.4,34.2,31.6,29.0,28.9,25.3,22.4, 13.1. HR-ESI-
MS caled. for C;¢H»O4Na [M+Na]® 301.1410, found
301.1410.
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