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HEZNESHAMR

FRERK &k AR

Wow TEH OH OB

(LVERHEIINE RS ILVRAEAHLIIRE D FREALRE WA 330013)

WE DR AR TR Y B AR, AT ROME. A TR s U R, 2Bl DA
BRI D-AHE N J50EL, LA Barton-McCombie e W Jii-26 ST B RIACHE 3'-F0 3 &l 21 3-SR Bl b R B8, 7 l2eid 8

AR T SR SN EL 3% 40% ) 7 F 58 8 T A 3R I A 1,

FEYIAlE >98.5%.

REEA AL, At KRR, B BRI RN, SRS

Total Synthesis of Cordycepin

Li, Qihuan Yang, Ruchun

Ruan, Zhizhong

Hu, Tao Ding, Haixin Xiao, Qiang™

(Jiangxi Key Laboratory of Organic Chemistry, Jiangxi Science & Technology Normal University, Nanchang 330013)

Abstract Cordycepin has a large spectrum of biological and pharmaceutical activities, which is beneficial to human health in

a number of aspects. In present paper, two total synthetic routes are developed to provide high quality product of cordycepin

using D-glucose or D-xylose as the starting materials. The key step of the total synthesis is deoxygenation of 3-OH using Bar-

ton-McCombie reaction to afford 3-deoxyribose. Cordycepin is obtained in 8 steps and 7 steps with 37% and 40% overall

yield, respectively. Its purity is above 98.5%.

Keywords nucleoside; total synthesis; natural product; glycosylation; radical reactions; carbohydrate

R 3- B IRTE, Cordycepin, 1, P& 1)/ M it
Hi(Cordyceps sinensis) 143 8513 5 KRZ L &1,
W R WZA S W B AT i 6 AL s R 2 B2 AR
AP DU I8 PR AU A0 M 2T 4 fh 5
R AR AW F I — D R, R R R
YN o A PSP A E A IR AN NS REE B
BT, SR T RER )2 AT .

AT HUR 2R MR, 3 B AN T 8% & (¥
SO B ARAS, AR S, R BB A S R
LR DR A SRR 1), SR AR5 952 & AT 2
SR, BRI I 2 IR I SR AR AR, R
MR e 3RS, 45 ] Barton-McCombie [ HiE
RN F2 bk 3L IFR AL, ARSI 2 R BE A9 21 B bx
FEYIRYL B R g VR R RN IR S N A F] 2
BRI ZIRBRIR G, SR 5 INEIE i 22 BRI R 7,
it AR A S k20 0y B4 21 H b ),

h T AREUA Tt B B AR PR ST, AR
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Figure 1 Structure of Cordycepin and its retrosynthetic analysis

R 2R ), A T I AIBN) B SR K L
ZIE T EE AN IR )R 574 Barton-McCombie H i FEid
JEUOMS 2] 3 AR W R R AR 6, 4l 2Kk
NAAERILA, F=2n] LIRS e TE 80% LA E.

ARE SCHER[11HRAE, A 3= S8R5 V. A - D~k i 2
ZiBE 6 F 3NN 7 AR T BRI, — g stik
FEMEKAE 5,6 I 5 W N BT A, 280k TR S A0 48 — 1,
SRJGZE NaBH, i8I 3k, o — ot SR H R B A7 7K
fif s SAALRE R — BV 3-AEZRE 7. b THemX
MR, BATRMEE Moy, 756 O FE R IRATTR IR,
SN AR RS PR 22, 1 HLE: LUK AP U
W, 2k RN, BEFRATAT AL 80% =215
FMAEY 7, AHEROVIGESR] 10 g DL R, V=21t
MRS 40% 4. &0t 2 IR N 41, Bdi]
ATHER TCVE A PaX A o) 5, W e %) S DAL v TR I S A 45
ZhE 4 ALEA —E RN, FECHAER]R N KA,
T FRATV A% 1) LA D-ACKE R BORLEAT H bR 51105 1.

FEBATTRE A Hi 3 1 T A AR U2 1,2-0- 5 30 1A -
o-D-K % 8 AT LLLL 80%) 3 A D-ABH— 881k & if3 2,
RN SAFERAN, RS IR H wd. B UL 5
HEA], BN OBk, (Kl N IEREE A B 5-0-28 H -
1,2-0- 5 W N -a-D- KK 9, r=Zn] LI ETE 80% LA
RIS BRI 9 FIAC S ER-O- A5 S N AR
AN LA 86% =243 LAY 10, ARG RH 5 &L &
) 6 Z2ALLIY) Barton-McCombie [ 334 Ji 464440 IR 3
P33 3-Wi A AZHE 11, TEORIRMEAL T, DA ARSI 4 %
FICLO & D)2 5 M O 47 55 (41 1) ] B & A A5 310K
BEFRAA 3, 7= 84%. LINVERGUN, FEFRREE, R
INAERGBLIV PO RN

£ Vorbriiggen HIEAL4c1F R, A2 44 3 i MO
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P e [l A ] DUIGR) L 829%™ % AR 21 12, BT 2
fF LA IS 5N, RINVASE] B B,
HPLC A R o BEEAL =000 A . B Je Ar il
BT K ) SR, 110 °C P indny LA
ETABEIEARY IE LA 95% = R AF 8| i &, =&t
JKEESE B 5 HPLC ) Hr gl it 98.5%.

&it

AR SCBEVHRISE % T 50 5 LA D-FZTHERT D-ACHE Jy il
U5 R, UL Barton-McCombie [ It 2= %57 Kl R ACKE 3'-
FRHAE AT 2 3-SR N R IR, syt 8 AP
7 P RN SERR T B RN A A R, B R ] LA #
37%~40%, % [ N A A RE— A T PR e Tl &
R R T8, R TR IR — kT .
3 ZWERs
B 5
JEHTZRE DA R T AR P2 1 X4 507 8 7R A0 s A
(i R B IE); Bruker Advance DPX 400MHz 4% 3
AL, L TMS AWFxR, AR (CDCL)EGE it —
T H(DMSO-dy); Wi 55 it (ESI-MS) 4 Bruker Ama-
zon SL & F-BF TR (IF 25T A ), e I e A5 11 5% [
EIE R Autopol IV-T Jie)tAl; 2514 Agilent 8453 4841
0 FHREARFIN Alfa AT BT w7135 4 4t
S M AN G R e A i A S g, AdH]
AUZEH; HORG S mah nlm T, (EH a8, W2
W (TLC)H 5 54k 2 Tk 2 =] 1 38 2 B (GF-254), {E
BHh 254 nm PKEH T 10%50 82 B OB TR . ke
FEEIE A B4k Tk A & 1RER(200~300 H).

2

3.1
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Reagents and conditions: (a) NaH, imidazole, CS,, Mel, THF, r.t., 4 h, 95%; (b) BusSnH, AIBN, toluene, reflux, 110 °C, 2 h, 80%; (c) i) Hs|Os,
EtOAc; ii) NaBH,4, EtOH, r.t., 1 h, 79%; (d) BzCl, Et;N, DCM, Ny, r.t., 2 h, 95%; (e) BzCl, Et;N, DCM, r.t., Np, 1 h, 88%; (f) O-phenyl
chlorothionocarbonate, DMAP, DCM, N, r.t., 4 h, 86%; (g) BusSnH, AIBN, toluene, reflux, 110 °C, 2 h, 82%; (h) AcOH, AcOAc, H,SOy, r.t., 6
h, 84%; (i) BSA, TMSOTf, MeCN, reflux, 80 C, 1 h, 82%; (j) 7N NHz/MeOH, 110 °C, 8 h, 95%

Scheme 1

3.2 ZWAHE
312 56-=-0-% & A KL -3-0-(= AR BB T
B8 )-a-D-vk 7 ] )45 (5) 894 A%,

P& 4 (50 g, 0.19 mol)F1 50 mg BKIMEE T 800
mL JE/K THF H, 2202 A NaH (50 g, 0.19 mol), %<
PR T HEFE 20 min J5,—XEEIIA CS, (43.88 g, 0.57
mol), AkZEHHE 30 min 5, ZE12E I Mel (49.08 g, 0.35
mol), 3 h JEH N5, N5e a4k < MY 15 min 5 0 10
mL BSR T AZ HT AR SOV 5 NaH, g, S8R 4d )G
#1500 mL LTk, 4351 M9 F NaHCO; (200 mL X 3),
T A 257K (200 mL X 2) ¥k, WS LA A LK
Na,SO, T 3 h J5 28T, R Wild i )=k o 5943
A AR A 5P (64 g, 95%); Ry 0.6 (F1 Tk 2,
RS, Vi V=5:1); '"H NMR (400 MHz, CDCl3) o:
5.91~5.89 (m, 2H, H-1,3), 4.66 (d, J=4.6 Hz, 1H, H-2),
4.33~4.04 (m, 4H, H-5,6a,4,6b), 2.57 (s, 3H, SMe), 1.52,
1.40, 131, 1.30 (4s, 12H, CMe); *C NMR (100 MHz,
CDCly) d: 214.7 (C=S), 112.4, 109.3 (2C, 2- 5 V. A K:1%),
105.0 (C-1), 84.2 (C-2), 82.8 (C-4), 79.8 (C-5), 72.4 (C-3),
66.9 (C-6), 26.8, 26.6, 26.2, 25.2 (4C, 4Me), 19.3 (SMe);
ESI-MS m/z: 373.0 [M+Na] .
322 3-BLEA-1,2:5,6-=-0-F L & 2 -a-D-7k " %] &
#E(6) 498 1R,

¥tk & 5 (20 g, 57.0 mmol) Al AIBN (2.81 g, 17.1
mmol)#%Hfi# T 250 mL Jo/K HORH, HEEPE 10 min, il

1342 http://sioc-journal.cn/
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B, AN ZIE T RS (21.6 g, 74.2 mmol) 1K
ERERF] 110 Cis, AR 2 h, RNVE WG,
BARRAHBNEE, 58NN 200 mL LR LTE, 535
i 10%M) KF 7K % (200 mL X 3), A1 57K (200
mL X 2)PE%s, AHUHAJEK NaySO, T8 3 h J5 25T, 5%
A kAT IE AT 4 B A RS R IR B A 67 (11.2 ¢,
80%). R:0.5 (f1Mlk/ LR LG, V: V=4 :1); '"H NMR
(400 MHz, CDCl3) 6: 5.75 (s, 1H, H-1), 4.69 (d, J=4 Hz,
1H, H-2), 4.15~4.01 (m, 3H, H-5,6a,4), 3.76~3.74 (m,
1H, H-6b), 2.12~2.09 (m, 1H, H-3a), 1.73~1.71 (m, 1H,
H-3b), 1.44, 1.35, 1.28, 1.25 (4s, 12H, 4CMe); °C NMR
(100 MHz, CDCl3) 6: 111.2, 109.5 (2C, 2 NN HEZ
1), 105.5 (C-1), 80.3 (C-2), 78.5 (C-4), 76.7 (C-5), 67.1
(C-6), 35.1 (C-3), 26.7, 26.4, 26.1, 25.1 (4C, 4Me);
ESI-MS m/z: 267.0 [M+Na] .
323 3-BLA-1,2-0-57F T & F-a-D- 4548 (7) 4 5%,
WAL &4 6 (8.5 g, 34.8 mmol)#ifiE 1400 mL J5/K 2
ROl WA, A SR (9.5 g, 41.7
mmol), 4REEHERE, 7K FRBUEIE T H TG A O HE B I
PEBEAT K& A PTE, TR N 58 5 L2008, IEHRZE
T, WS 500 mL LW, BOALEEE T o2 A
NaBH, (1.9 g, 52.1 mmol), 45 H o (A48 4 iR (0 f
JEARNFLAGEEVPIR, 1 h G R N, HEAT, ik
RYEMRT 300 mL LR LB, 43 BT NaHCO,
(100 mL X 3), YA E/K(100 mLX2)¥Eik, WEAHL

Chin. J. Org. Chem. 2013, 33, 1340~1344
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A JEIK NapSO, T4 3 h G251, Bkl i il )= 4t
FE2 B3 AR 71 (5.0 g, 79%). Rp 0.2 (f1 ik 218
LWE, ViV=4:1); mp. 65~66 C; 'H NMR (400
MHz, CDCl;) d: 5.82 (d, J=3.5 Hz, 1H, H-1), 4.76~4.74
(m, 1H, H-2), 441~4.27 (m, 1H, H-4), 3.90~3.87 (m,
1H, H-5a), 3.57~3.54 (m, 1H, H-5b), 2.01~1.98 (m, 1H,
H-3a), 1.87~1.86 (m, 1H, H-3b), 1.50, 1.31 (2s, 6H,
2CMe); *C NMR (100 MHz, CDCl3) d: 111.3 (F3F 5
1), 105.5 (C-1), 80.8 (C-2), 78.5 (C-4), 62.9 (C-5), 33.8
(C-3), 26.8, 26.2 (2C, 2Me); ESI-MS m/z: 197.1 [M+
Na]".
324 5-O0-FK Y BLA-3-BLA-1,2-0-5% T A K -a-D-4%
F(11) 895 %,

B & 7 (5.0 g, 28.7 mmol WA 1T /K 5
(30 mLyH, 0 CHikE, AAS 10 min, MIATIK =L
(49 3 mL), ZA2W K% (4.94 g, 48 mL, 31.57
mmol), [V 2 h &, TLC Kl &5 F3& W Rk s b 56 4,
PINEA e Y ST o AR A T PN /B BUR (B
Hroy AT AR 1119 (7.6 g, 95%). R 0.45 (41 K/
LB TG, Vi V=4 1); 'H NMR (400 MHz, CDCL;) o:
8.04~7.42 (m, 5H, Ar), 5.86 (d, J=3.6 Hz, 1H, H-1),
4.77~4.75 (m, 1H, H-2), 4.54~4.53 (m, 1H, H-5a),
4.51~4.50 (m, 1H, H-4), 437~4.35 (m, 1H, H-5b),
2.19~2.14 (m, 1H, H-3a), 1.78~1.74 (m, 1H, H-3b),
1.52, 1.32 (2s, 6H, CMe,); *C NMR (100 MHz, CDCl;) ¢:
166.2 (C=0), 133.0, 129.7, 128.3 X2 (4C, Ar), 111.2 (;#
WA %), 105.7 (C-1), 80.2 (C-2), 75.8 (C-4), 65.2 (C-5),
35.4 (C-3), 26.7, 26.1 (2C, Me); ESI-MS m/z: 301.1 [M+
Na]’.
325 5-0-FK ¥ BLI-1,2-0-F7 T & F-a-D-KH¥E(9) 49
B,

B &) 8 (11 g, 57.84 mmol )i T /K 5 ¢
(70 mL)H, 0 CHiHE, mAETERAE R0
min), MIATIK=ZW(Z 3 mL), SN 251 2K
19 54(8.54 g, 7.05 mL, 60.73 mmol), [V 2 h )5, TLC K
DR RS 25, INFIE(L mL)VE R RN, WS R A R
ZWEA, BRI A R AT o s Ak, 370 Ltk
P9l (15.0 g, 88%); Ry 0.2 (f1ihBkK/ LR TG, V2 V=
5:1); "H NMR (400 MHz, CDCl;) J: 8.05~7.44 (m, 5H,
Ar), 5.96 (d, J=3.6 Hz, 1H, H-1), 4.76~4.35 (m, 4H,
H-2,4,5a,b), 4.21 (d, J=1.6 Hz, 1H, H-3), 1.52, 1.32 (2s,
6H, 2CMe); *C NMR (100 MHz, CDCly) §: 167.3 (C=
0), 133.5, 129.8, 128.6, 128.5 (4C, Ar), 111.8 (2 A%k
1), 104.7 (C-1), 85.0 (C-2), 78.5 (C-4), 74.5 (C-3), 61.6
(C-5), 26.7, 26.1 (2C, CMe); ESI-MS m/z: 317.1 [M+

Chin. J. Org. Chem. 2013, 33, 1340~ 1344
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Na]".
32.6 5-O-FFBLIA-3-0-ANRKFBEHA-1,2-0-F T
7 -0-D- A AE(10) 695 A%,

BEE 9 (10.0 g, 33.9 mmol)iE T Io/K 5
(200 mL)", A DMAP (10.4 g, 84.9 mmol) L5
HR-0-2KE(7.1 g, 40.8 mmol), ZEERYT N, Hidl
P2 ARG 0.5 mol/L fIEEMR(80 mLX2), 0.5
mol/L Z4E 4L H1(80 mL X 2), /K(80 mLX2), HAIErEhK
(80 mL X 2)%ik, A MU LK ER N T4 3 h, JRIK
g, R mE AR B, AR iRk S
101" (12.6 g, 86%). Ry 0.6 (f1k/ LR LG, V @ V=5 :
1); 'H NMR (400 MHz, CDCl3) 0: 8.19~7.99 (m, 10H,
Ar), 6.10 (d, J=3.6 Hz, 1H, H-1), 5.86 (d, J=2.8 Hz, 1H,
H-3), 4.85~4.79 (m, 1H, H-2), 4.79~4.77 (m, 1H, H-4),
4.74~4.55 (m, 2H, H-5a,b), 1.52, 1.32 (2s, 6H, CMe,);
5C NMR (100 MHz, CDCly) 8: 192.9 (C=S), 165.1 (C=
0), 132.2~120.6 (8C, 2Ar), 111.5 (FFILAHEERK), 104.0
(C-1), 84.1 (C-2), 82.1 (C-4), 75.8 (C-3), 60.5 (C-5), 25.7,
25.2 (2Me); ESI-MS m/z: 491.1 [M~+Na]".

32.7 5-O0-KF B -3-BLEA1,2-0-5 T A 2 -a-D-#%
H(11) 894 A%,

B 10 (10.0 g, 23.23 mmol )i T JE 7K 1 4£(300
mL)H, IGH B4 5 AIBN (0.77 g, 4.7 mmol), i
TRAEA 20 min, RGN ZIE T REWMBI0.2 g, 31.4
mmol), Z B ANFETMELH 110 CHA TR 2 h,
BB ER, il KF RS LRRA WL uE, 1R
FE AR, TR AR W AT J2 At 0 28 4K 1) i IR 28 45 )
111°1(5.3 g, 82%). Ry 0.45 (f1MEk/ LML LG, V © V=4 :
1); '"H NMR (400 MHz, CDCl3) §: 8.04~7.42 (m, 5H, Ar),
5.86 (d, J=3.6 Hz, 1H, H-1), 4.77~4.75 (m, 1H, H-2),
4.56~4.53 (m, 1H, H-5a2), 4.51 ~4.50 (m, 1H, H-4),
437~433 (m, 1H, H-5b), 2.19~2.14 (m, 1H, H-3a),
1.78~1.74 (m, 1H, H-3b), 1.52, 1.32 (2s, 6H, CMe,); "*C
NMR (100 MHz, CDCl;) d: 166.2 (C=0), 133.0, 129.7,
128.3 X2 (4C, Ar), 111.2 (5N 2E0K), 105.7 (C-1), 80.2
(C-2), 75.8 (C-4), 65.2 (C-5), 35.4 (C-3), 26.7, 26.1 (2C,
Me); ESI-MS m/z: 301.1 [M+Na]".

328 1,2-=-0-TBEA-5-0- K F BRI -3-BLA-D-#%
FE(3) 895 A%,

KA 11 (4.0 g, 14.4 mmol)IK/KIAH R INA
FIEEHIRQ.0 mL). FE#£(80.0 mL). 5EF(8.0 mL)IiE
EWH, HEIRBEEZ 6 h, TLC Al )N 459, b 100.0
mL JK/KFERE, F & HE(200 mL)AEHL, 4373 H i
TRIER N (80 mL X 3), YA€ h/K(80 mL X2k,
HUR T TC K BRIRAA T 3 h, W Ic4s, TSPt ReA:

http://sioc-journal.cn/ 1343
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JENTy Baife g aiky 3" 3.9 g, 84%, f:a=
81 1); Ry 0.3 (Filhk/ 2R 218, V1 V=51 1); p Skyfk
HiiEeE 4 'TH NMR (400 MHz, CDCly) o: 8.04, 7.57~
7.40 (m, 5H, Ar), 6.18 (s, 1H, H-18), 5.22~5.21 (m, 1H,
H-2f), 4.71~4.68 (m, 1H, H-4), 4.53~4.31 (m, 2H,
H-5a,b), 2.08 (s, 3H, CMe), 1.94 (s, 3H, CMe); *C NMR
(100 MHz, CDCl;) J: 169.4, 168.8, 165.7 (3C, 3C=0),
132.7,129.2, 128.0, 127.9 (4C, Ar), 98.9 (C-1), 78.2 (C-2),
76.3 (C-4), 65.5 (C-5), 31.0 (C-3), 20.6, 20.4 (2C, Me);
ESI-MS m/z: 345.3 [M+Na] .
329 3-BLA-N-FRF BLI-9-(2-0- LELI-5-0- K F
B A -3 B -f-D-AZ A8 AR (12) 59 8- A%,

¥ &4 2 (820 mg, 3.4 mmol) I A BT 251 IEK 1,2-
TR LKEA0 mL)H, AR 10 min, A BSA (2.5 g,
12.4 mmol)Fit #: H B AL A F I ##(10 min), 737 A
&9 3 (1.0 g, 3.1 mmol)Fl TMSOTS (4.1 g, 18.6 mmol),
WHLBERE 15 min BA RN 80 Ciis T, KA 2 h, &
FEIRAR, BRAYIRERAEZNT /) S 4l i 1374 125 (1.4 ¢,
82%). R 0.5 (/W V2 V=7 1); m.p. 78~81
‘C; [a]5 —10 (¢ 0.1, CH;CN); 'H NMR (400 MHz, CDCl;)
5: 9.55 (s, 1H, NH), 8.69 (s, 1H, H-2), 8.12 (s, 1H, H-8),
8.03~7.82, 7.54~7.34 (m, 10H, 2Ar), 6.09 (s, 1H, H-1'),
5.82~5.81 (m, 1H, H-2"), 4.70~4.50 (m, 3H, H-4'5"),
2.90~2.86 (m, 1H, H-3a"), 2.32~2.29 (m, 1H, H-3b"),
2.14 (s, 3H, CMe); *C NMR (100 MHz, CDCl;) § 170.1,
166.2, 164.6 (3C, C=0), 152.5 (C-6), 151.1 (C-2), 149.6
(C-4), 141.9 (C-8), 133.6~127.9 (8C, 2Ar), 123.4 (C-5),
90.4 (C-11, 78.9 (C-2"), 77.5 (C-4"), 64.8 (C-5), 33.1
(C-3"), 20.8 (CMe); ESI-MS m/z: 524.1 [M+Na]".
32,10 REZ()HIEMR

LA 12 (800 mg, 1.60 mmol)i T35 4 2
AR R RIVA W (15 mL), 110 CHE /RN 8 h, ¥
WA, WO RYE, TRARYIE AT R B A AR
) 1) (380 mg, 95%). Rr 0.3 (S T4/ FFEE, 6 1); m.p.
229~232 °C; [a]y —40 (¢ 0.05, CH;OH); UV-Vis
(CH50H) Amax: 213, 260 nm; '"H NMR (400 MHz, DMSO)
d: 8.35 (s, 1H, H-2), 8.12 (s, 1H, H-8), 7.31 (s, 2H, NH,),
5.85 (d, J=5.8 Hz, 1H, OH-1"), 5.67 (d, J=5.7 Hz, 1H,
OH-2"), 5.19~5.18 (m, 1H, OH-5"), 4.55 (s, 1H, H-2),
4.33 (s, 1H, H-4"), 3.69~3.66 (m, 1H, H-5a"), 3.51~3.46
(m, 1H, H-5b"), 2.27~2.20 (m, 2H, H-3a'), 1.93~1.89 (m,
2H, H-3b"); *C NMR (100 MHz, DMSO-ds) 6: 156.5
(C-6), 152.8 (C-2), 149.3 (C-4), 139.5 (C-8), 119.5 (C-5),
91.2 (C-1'), 81.1 (C-2'), 75.0 (C-4"), 63.1 (C-5"), 34.5
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(C-3"); ESI-MS m/z: 274.1 [M+Na]".
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