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Synthesis of the active ingredient rosavin of Rhodiola rosea
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[Abstract] Objective To establish the chemical synthesis of the active ingredient rosavin of Rhodiola rosea. Methods  B-
D-pentaacetylglucose, 1-hydroxy-2,3,4-triacetylarabinose and cinnamyl alcohol were used as starting materials. The target
compound was prepared by 1-position selective of B-D-pentaacetylglucose deacetylation, glycosylation reaction, glucose 6-OH
selective protection and deprotection and other 8-step reactions. Results The target product, rosavage, was successfully obtained
with high yield. The structure was confirmed by ESI-MS, '"H-NMR and “C-NMR. The protection of 6-OH with high selectivity and
high yield of tert-butyldiphenyl chlorosilane played a vital role in the synthesis process,. Conclusion The synthetic route has the

advantages of simple operation, high yield, and good safety.
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triacetate (1) #94&-m%

# B-D- T BA#8E 780 g(2 mol) IIAZ 800 ml
g — FH L1 (DMF) R, AR 133 (2.2 mol),
BENZE 0 °C, KA BE 110 g(2.2 mol), Ji%fin e 5
Jai, THEE ROV, FHEE @35k (TLC) K6 I S i
HEATRERE, SN SE 5SS, A 1 mol/L #h 12 300 ml
WKL, 18 W5 (EA) 22 U, 1R RTk R A 16 14
TR ZE T, BT R Y, Pk AT E AL
AW (1) 640 g, T # 92%, 'H-NMR (600 MHz,
DMSO-dé6, 6) 7.28 (d, J = 4.3 Hz, 1H), 5.47~5.33(m,
1H), 5.24 (t, J= 3.3 Hz, 1H), 4.94 (t, J= 9.6 Hz, 1H),
4.73(dd,J=10.3, 3.4Hz, 1H),4.15(dd,J=8.5,2.4 Hz,
2H), 4.04 (dd, J = 15.5, 8.5 Hz, 1H), 2.03 (s, 3H),
2.01 (d, J = 1.4 Hz, 3H), 1.98 (s, 3H), "“C -NMR
(151 MHz, DMSO-d6, §) 170.54, 170.17, 170.09 ~
170.00 (4 C), 169.78, 89.50, 71.29, 69.85, 68.98,
66.76, 62.61, 20.88. ESI-MS C,4H,,0,, Na [M+Na]"
m/z=371.0951,

2.2 a4 (2R,3R4S,5R,6S)-2-(acetoxymethyl)-6-
(2,2,2-trichloro-1-iminoethoxy)tetrahydro-2H-pyran-
3,4,5-triyl triacetate (2) #9&%,

W DU 2 BE AT 4B 216 2(620 mmol) % T 350 ml
Tok — & BEH, A =5 25 160 g(1117 mmol),
PEFES], B HE 0 °C, il 18- A I —
Bl -7-%i (1,8-diazabicyclo [5.4.0] undec-7-ene, DBU)
9.4 g(62 mmol), FF &%, [ 3 h, TLC Kl L

SERE, ZE T, At 2R TR (2:1) PRtk A2
B, 3T R A G (2) 265 g, 0% 87%. 'H-
NMR (CDCl;, 6): 6.60 (1H, d, J = 3.2 Hz, H-1), 5.54
(1H, t, J = 9.3 Hz, H-4), 5.30~5.10 (2H, &%, H-2,
H-3), 4.30~4.00 (3H, m, H-5, H,-6), 2.14~ 1.95 (12H,
COCH;), "“C-NMR (300 MHz, DMSO-d6, ) 170.5,
169.8, 169.7, 169.6, 159.7, 90.5, 71.2 (2 C), 67.8,
68.8, 65.4, 62.0, 21.0, 20.7, 20.65, 20.6. ESI-MS
C,6H,0CI;NO;(Na [M+Na]" m/z=514.006 5,

23 4 A& 4 (2R,3R4S,5S,6R)-2-(cinnamyloxy)-6-
(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-
triol (4) #98m%,

KAk A91(2)170 g(346 mmol) %+ 1 L Jo/K
SR BE R, A IEERE 70 g(520 mmol), Btk T
A 4 A5rTifi 100 g, Z I FHERE 30 min, SRFREIE
0 °C, % im = L H i ik — H LAt 8 g(34.6 mmol),
F IR SOV A, TLC Al B i 56 HE i, b0, 18
VRO IR R SR /K VA TR R 4% L TR PN Sl PR A 1 24
TOKBRBREN T, 25T, TREURE AL E T L 59
(2R,3R,4S,5R,6R)-2-(acetoxymethyl)-6-(cinna-
myloxy) tetrahydro-2H-pyran-3,4,5-triyl triacetate(3)
131 g (282 mmol), i 82%, mp.81~ 83 C. 'H
NMR (600 MHz, DMSO-d6, 3) 7.47 ~ 7.43 (m, 2H),
7.36 (dd, J = 8.4, 7.0 Hz, 2H), 7.29 ~ 7.26 (m, 1H),
6.60 (dd, J=16.0, 1.7 Hz, 1H), 6.43 ~ 6.23 (m, 1H),
531 (t, J = 9.6 Hz, 1H), 4.98 ~ 4.89 (m, 2H), 4.84
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(dd, J=9.7. 8.0 Hz, 1H), 4.40 (ddd, J = 13.3. 5.5,
1.6 Hz, 1H), 4.30 ~ 4.18 (m, 2H), 4.10 ~ 3.98 (m,
2H), 2.03 (d, J = 3.6 Hz, 6H), 2.00 (s, 3H), 1.95 (s,
3H). "“C NMR (151 MHz, DMSO-d6, ) 170.51,
170.01, 169.74, 169.53, 136.71, 132.28, 129.11 (2 C),
128.24, 126.84 (2 C), 125.89, 99.18, 72.59, 71.51,
71.08, 69.57, 68.72, 62.23, 20.94, 20.88, 20.83,
20.73, ESI-MSC,3H5,NO ([M+NH,] 'm/z=482.203 0.,
B4 (3)131 g (282 mmol) ¥ T 1 LIGK I B
A EERN 5 g, 13 1 h, TLC & iz by 56 B
Jo BB R TR K, SR Jm 76 1 W B, — S H e
HIEE-6 = 1 fECAEJEMTalifl, 15946 511(4)78.4 g, IR
% 95.2%, 'H-NMR (300 MHz, DMSO-d6, §) 7.43
(d,J=7.2Hz,2H),7.32 (t,J=7.4 Hz, 2H), 7.23 (t, J=
7.2 Hz, 1H), 6.66 (d, J = 16.0 Hz, 1H), 6.35 (dt, J =
16.0, 5.7 Hz, 1H), 4.49 ~4.34 (m, 1H), 4.28 ~ 4.13
(m, 2H), 3.68 (d, J=10.6 Hz, 1H), 3.45 (dd, J=11.7,
5.3 Hz, 1H),3.17~2.93 (m, 4H), "*C NMR (75 MHz,
DMSO-dy) & 136.97, 131.70, 129.09 (2 C), 128.05,
126.82, 126.77 (2 C), 102.61, 77.39, 77.22, 73.98,
70.57, 69.00, 61.58, ESI-MS C,¢H,;04[M+COOH]
m/z=341.1253,
2.4 444 (2R,3S,4S,5R,6R)-2-(tert-butyldipheny-
Isilyl-oxy-methyl)-6-(cinnamyloxy)tetrahydro-2H-
pyran-3,4,5-triol (5) #5865

YL &9 (4)57 g(200 mmol) i ML, ¥
HF 0 °C, SRIF o AGRUT e R R SR e
(TBDPSCI) 52 g(200 mmol), i ¥ J5 F+ & % I, 4
PR, TLC KW, i sebe, &+, RERCAE E Mt
EH1(5)96.1 g, L% 93.2%, 'H NMR (600 MHz,
DMSO-d6, 3) 7.76 ~ 7.67 (m, 4H), 7.49 ~7.39 (m,
9H), 7.33 (t, J = 7.6 Hz, 2H), 7.25 (t, J = 7.3 Hz, 1H),
6.66 (d, J = 16.0 Hz, 1H), 6.40 (dt, J = 16.0, 5.8 Hz,
1H), 4.53 ~ 4.41 (m, 1H), 4.31 (d, J = 7.8 Hz, 1H),
4.26 (dd, J=13.7, 5.8 Hz, 1H), 4.02 ~ 3.97 (m, 1H),
3.80 (dd, J = 11.0, 6.0 Hz, 1H), 3.36 ~ 3.27 (m, 2H),
3.24 ~ 3.16 (m, 2H), 3.08 (t, /= 8.2 Hz, 1H), 1.02 (s,
9H), "“C NMR (151 MHz, DMSO-d6, &) 136.88,
135.64 (2 C), 135.59 (2 C), 133.87, 133.76, 131.82,
130.21, 130.18, 129.09 (3 C), 128.23 (3 C), 128.08,
126.75 (3 C), 102.44, 77.22, 77.11, 73.93, 70.26,
68.75, 64.24, 27.06 (3 C), 19.40. ESI-MS
C3,HoNOgSi [M+NH,] 'm/z=552.278 1,
2.5 444 (2R,3R,4S,5R,6R)-2-(tert-butyldipheny-
Isilyl-oxy-methyl)-6-(cinnamyloxy)tetrahydro-2H-

pyran-3,4,5-triyl triacetate (6 ) #J-&-A%

P& (5)96.1 g(180 mmol) HIIA 300 ml i
IiF, 3 g —HIIEE SLNLIE (DMAP), = i 6~8 h,
TLC Al S W 58 He e, 26 TG, A SR Wi
fift, IMA 1 mol/L #hFR LM, M FIBRIR UM VE R, IR
Jr AACEAE S, PE AL 2T, 1316 B 11(6)105 g,
% 89%. 'H NMR (600 MHz, DMSO-d6, &) 7.70
(d, J=6.7 Hz, 2H), 7.64 (d, J = 6.6 Hz, 2H), 7.51 ~
7.40 (m,9H),7.33 (t,/=7.6 Hz,2H), 7.26 (t,/=7.3 Hz,
1H), 6.59(d,/=16.0Hz, 1H), 6.35(dt,/=16.0. 5.8 Hz,
1H), 5.30 (t, J= 9.6 Hz, 1H), 5.16 (t, J= 9.7 Hz, 1H),
490 (d, J = 8.0 Hz, 1H), 4.88 ~ 4.79 (m, 1H), 4.44
(dd,J=13.4, 5.3 Hz, 1H), 4.27 (dd, /= 13.4, 6.2 Hz,
1H), 3.88 (dd, J = 12.5. 2.8 Hz, 1H), 3.75 (s, 1H),
2.04 (s, 3H), 1.96 (d, J = 1.7 Hz, 6H), 1.00 (s, 9H).
“C NMR (600 MHz, DMSO-d6, §) 170.09, 169.58,
169.44, 136.68, 135.69 (2 C), 135.59 (2 C), 133.32,
133.06, 132.15, 130.34, 129.09 (2 C), 128.31 (6 C),
126.83 (2 C), 125.97,99.08, 73.58,73.05,71.61, 69.18,
68.41, 62.46, 26.92 (3 C), 20.95, 20.86 (2 C), 19.32,
ESI-MS C3;H;gNOgySi [M+NH,] "m/z=678.313 5,

2.6 444 (2R,3R,4S,5R,6R)-2-(cinnamyloxy)-6-
(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triyl
triacetate (7 ) #916-A%,

KAk A41(6)66 g(100 mmol) ¥ T 300 ml PUS
W, BEFE IR )R, 0 °C R AL BE 40 ml,
48% %R (30 ml), #R 5 2l 4 FF, TLC BRI
M, R SERE R, A 1 L 2R 2T, YRR R S A0
Ve, 1 mol/L FRFRVEVR, L K B EA T4, fif A
JEMTElA, LG (7)35.8 g, IR 84%. 'HNMR
(600 MHz, DMSO-d6, §) 7.45 (d, J = 7.5 Hz, 2H),
7.35 (t,J=17.6 Hz, 2H), 7.27 (t, J = 7.3 Hz, 1H), 6.61
(d, J=16.0 Hz, 1H), 6.34 (dt, J = 16.0, 5.7 Hz, 1H),
5.42 ~ 5.14 (m, 1H), 4.94 (t, /= 9.7 Hz, 1H), 4.88 ~
4.80 (m, 2H), 4.45 (dd, J = 13.5, 4.9 Hz, 1H), 4.27
(dd, J=13.5, 6.0 Hz, 1H), 3.73 (dd, J=9.7. 5.2, 2.1
Hz, 1H), 3.56 (dd, J=12.0. 1.9 Hz, 1H), 3.46 (dd, J =
12.1, 5.3 Hz, 1H), 2.02 (s, 3H), 1.99 (s, 3H), 1.95 (s,
3H). PC NMR (151 MHz, DMSO-d6, §) 170.08,
169.70, 169.55, 136.74, 132.12, 129.10 (2 C), 128.20,
126.83 (2 C), 125.97, 99.22, 74.22, 73.13, 71.69,
69.39, 69.10, 60.52, 20.94 (2 C), 20.81, ESI-MS
CyH30NOg [M+NH,]" m/z=440.1922
2.7 A& (2S8,3R,48,55)-2-(2,2,2-trichloro-1-imin-
oethoxy)tetrahydro-2H-pyran-3,4,5-triyl
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triacetate (8 ) #94-5%,

W 15835 -2,3,4- = £ T BT 7 A1 Ntk iR 4 276 ¢
(1000 mmol)¥% T 800 ml Jo/k — 4 W kzrh, iInA =
AN 216 g(1500 mmol), HEFEE], B HIZE 0 C,
I — &7 — ¥ (DBU) 18 g( 120 mmol), T} &%
&, S 3 h, TLC Rl )2 i 58 58, 251, fiifik: £
R T (2:1) PO RERAEJZNT, 15 TC iRy L&
Y (8)322 g, W *E 76%. 'H NMR (600 MHz,
DMSO-dg, ) 9.88 (s, 1H), 6.45 (d, J = 3.7 Hz, 1H),
5.42 ~ 538 (m, 1H), 5.30 (dd, J = 10.7. 3.4 Hz, 1H),
5.20 (dd, J=10.8. 3.5 Hz, 1H), 4.10 (d, J = 13.6 Hz,
1H), 3.89 (dd, J = 13.4, 2.0 Hz, 1H), 2.14 (s, 3H),
2.01 (s, 3H), 1.99 (s, 3H). *C NMR (151 MHz,
DMSO, &) 170.27, 170.24, 170.05, 158.69, 93.46
(2 C), 68.34, 67.26, 66.99, 63.06, 21.07, 20.89, 20.71 .,
ESI-MS C,3H,,CL3N,Og [M+NH,]" m/z=443.9826.
2.8 A4 rosavin (9) 494,

LAY (7)42 g(100 mmol) . L& 41(8)63 g
(150 mmol) ¥ T 500 ml JC/K — & &g, m A
4A%3 i 100 g, AR, =R T HEHE 30 min, 28
JE ¥R EE] 0 C, i = AR = 5H R R
(TMSOTY) 2.2 g( 10 mmol) , 2R J& T+ %= = i S b,
TLC BRERMEM . RN SE5e)a, A /D = Z ek
S, 1 mol/L $R B UE W, 1R ANk R S 4AUE R, JoK
TR AN T, 26T, 15 LB 4% 224, Joiiglifh, H
BT T — 2 RN, ¥ B4 2E M T 62 ¢
(90 mmol) ¥ T-JC/K Ry, 1 if, F-0 Bl 5 g,
I 3 h, SOV SEEE IR, INABS R K, SR J5 25 1 H
P, C-18 W AH 4> 55, 45 11 o [ A 2% S84k 32 g, PP
WK 75.7%, mp.171 ~ 173 C. 'H NMR (600 MHz,
DMSO-d6,8) 7.43 (d,J=7.8 Hz,2H), 7.32 (t,J=7.6 Hz,
2H), 7.27 ~ 7.19 (m, 1H), 6.66 (dd, J = 16.0. 3.8 Hz,
1H), 6.44 ~ 6.26 (m, 1H), 5.08 (t, J = 4.4 Hz, 1H),
5.00 ~ 4.92 (m, 2H), 4.82 (dd, J = 13.2. 3.1 Hz, 1H),
453 (d, J = 5.7 Hz, 1H), 447 (d, J = 4.5 Hz, 1H),
4.40 (ddd, J = 13.2. 5.3. 1.7 Hz, 1H), 421 (dd, J =
11.1, 4.9 Hz, 3H), 3.93 (dd, J = 11.3, 1.7 Hz, 1H),
3.84 ~ 3.69 (m, 1H), 3.69 ~ 3.59 (m, 2H), 3.57 ~ 3.27
(m, 8H), 3.14 (td, J = 8.9, 4.8 Hz, 1H), 3.08 ~ 2.96
(m, 2H). ®C NMR (151 MHz, DMSO-d, 3) 136.98,
131.98, 129.08 (2 C), 128.05, 126.80 (2 C), 126.70,
103.98, 102.37, 77.09, 76.15, 73.89, 73.01, 71.02,
70.66, 68.93, 68.61, 67.79, 6531, ESI-MS
C,oHa30oNa [M+Na]" m/z=451.1580,
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