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YANG Fanghong' >, ZENG Xiaoping”®, XU Feng”’, LIANG Guangyi>’, XU Bixue’”’
(1. College of Pharmacy, Guizhou University, Guiyang 550002, Guizhow, China; 2. State Key Laboratory of Functions
and Applications of Medicinal Plants, Guizhou Medcial University, Guiyang 550014, Guizhow, China;
3. The Key Laboratory of Chemistry for Natural Products of Guizhou Province and Chinese
Academy of Sciences, Guiyang 550014, Guizhou, China)

[ Abstract ] Objective: To design and optimize a synthetic route for the synthesis of M8 and M9 and
the metabolites of the new drug Tyrophentide ( Y101)-an anti-hepatitis B candidate , so as to prepare
qualified M8 and M9 for further study. Methods: Two different synthetic routes were designed for the
synthesis of M8 and M9 using L-tyrosine methyl ester hydrochloride as the starting material by acyla-
tion, hydrolysis, benzylation, alkylation, catalytic hydrogenation and N-oxidation reaction. The struc-
tures of the synthesized compounds were confirmed by 'H NMR, "C NMR and ESI-MS, and the purity
of M8 and M9 were analyzed through high performance liquid chromatography ( HPLC). Results: A
synthetic route for the large scale synthesis of M8 and M9 was developed and used for the preparation of
qualified samples of M8 and M9. Conclusion; The purity of M8 and M9 prepared for the optimized
synthetic route was more than 95% . The obtained samples can be used for the biological activities and
toxicity detection of M8 and M9.
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AR i D R 24 5 18 43 ( Dichondra re-
pens Forst) H 5 4 2 0 e AL St G 17—
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Fig.1 Chemical structures of Y101, M8 and M9
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Inova 400 MHz #j SAZREILIRAX (S5 1E Vari-
an 4] ) Lh CDCLy 8, CD;0D 5] [ TMS S5 AR,
AUTOPOLI H 3l Jie 6 A% ( & = 36 K 22 7)) HP -
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T WVIRFI A4, (a) IBCF ,NMM, Benzoic Acid, DMF,
CH,Cl,,0 °C,12 h,67% ;(b)2-dimthylaminoethyl hloride
hydrochloride , K, CO, ,DMF  r. 1,22 h,62% ; (¢)2. 0 mol/L
NaOH,CH;OH,r. t,3 h,68% ;(d) mCPBA,CH,Cl,,

v .4 h,62% ; ()2.0 mol/I. NaOH,

CH,0H,r. t,2 h,67%
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Fig.2 Synthetic route 1 of target compounds

2.2 A

2.2.1 N-ERIBE-L-BRERRNER (5) AW L
Mk 23 mlL 7K 23 mL {4 T 100 mL ¥ S i
A3.45 g (24.9 mmol ) K,CO,, 7KiA 1 F 20 min
Ja A 231 g(9.97 mmol) L-Ji% 24 H! HE ER R AL,
A2 mL g g im A 1. 38 mL(12. 0 mmol ) 78
HIES,0 CHEFERY 1.5 h 5, FFF =R 2 h
F N 5E 4 (TLC K ) | 18] S Bl R A 2R &
Fiit 50 mL, 2, A HUZARK LK (1 mol/L #i Rk |
TN NaHCO; /KL U, P4 IR BUER BE T4,
P IS R 22 1, 45 2. 97 g @B AR B A
A 1 (N2 P -L- i 28 R P 16 ) MLk o ESI-MS
m/2:322.0 [M+Nal"; [«]3) = -4(C =10,

MeOH); 'H NMR (500 MHz, DMSO-d,) &
(ppm): 9.27 (s, 1H, OH), 8.79 (d, J=7.8 Hz,
IH, CONH), 7.79 (d, J =7.2 Hz, 2H, H-3',
7'y, 7.53 (t, J=7.3 Hz, 1H, H-5"), 7.46(t, J
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(¢) NaHCO,/ DMF, r.t, 54 h, 61.3% over 3 steps; (d) 2-dimethylaminoethyl chloride hydrochloride, K,CO,, 1,
4-dioxane, 80 °C, 12 h, 81.2%; (e) H,, Pd/C, CH,OH, r.t, 2 h, 92.5% ; (f) mCPBA,

CH,Cl,, r.t, 4 h, 75.0% ; (g) NaOH, CH,OH, r.t, 2 h, 82.8%
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Fig.3 Synthetic route 2 of target compounds

=7.7 Hz, 2H, H4',6"), 7.08 (d, J =8.4 Hz,
2H, H-5,9), 6.65 (d, J=8.5 Hz, 2H, H6,8),
4.56 (ddd, J =10.0, 7.8, 5.3 Hz, 1H, H-2),
3.62 (s, 3H, OCH,), 3.04 (dd, J=13.8, 5.3
Hz, 1H, H-3a), 2.97 (dd, J =13.8, 10.0 Hz,
IH, H-3b). “C NMR (126 MHz, DMSO-d,) &
(ppm ): 172.82, 166.96, 156.33, 134.09,
131.97, 130.46 (2C), 128.76 (2C), 128.13,
127.83 (2C), 115.48 (2C), 55.14, 52.36,
35.93, ¥ 2.97 g 4K 1 K & f#E T S0 mL
CH,CL, #1, /1A 1 mol/L NaOH 7K % 29 mL, %5
PidE 2 h N 5 4, B S N R R E 2, K2
20 mL CH,Cl, ¥, rf37K)2 A 3 mL ¥ HC1 3 pH
%6 ~7 J5,MA 150 mL ZR TG, %5, L 1%
JELTOKBREREE T8, Wk I R 2= 115 2.85 ¢
SEVE OWE HOIR AR 4 (V-8 B - L 20 R ) AL
fho ESI-MS m/z:308.0 [M+Na] *; [«]29 = 40

(C=1.0, MeOH); '"H NMR (500 MHz, DMSO-
dg) & (ppm): 9.25 (s, 1H, OH), 8.64 (d, J=
8.1 Hz, IH, CONH), 7.79 (d, J=7.0 Hz, 2H,
H-3",7"),7.52 (t, J=7.3 Hz, 1H, H-5"), 7.45
(t, J=7.5 Hz, 2H, H4',6"), 7.10 (d, J=8.5
Hz, 2H, H-5,9), 6.64 (d, J=8.5 Hz, 2H, H-6,
8), 4.52 (ddd, J=10.6, 8.2, 4.5 Hz, 1H, H-
2), 3.06 (dd, J=13.9, 4.4 Hz, 1H, H-3a),
2.94 (dd, J=13.8, 10.6 Hz, 1H, H-3b). “C
NMR (126 MHz, DMSO-d,) & (ppm): 173.50,
1200

166. 57, 155.91, 134.04, 131.53, 130.13 (2C),
128.41 (2C), 128.32, 127.47 (2C), 115.11
(2C), 54.74, 35.61, # 2.85 g Hhlal{& 4 K5
f#T 20 mL DMF &1, il A 2.10 g (25.0 mmol)
NaHCO, &, ZiE4HFE 5 min J5, T A 1.58 mL
(13.3 mmol ) JRALN , FIRTEFE B W T 2. Kk
N AT EL T SR LBR Y, IK VeV 3 IR, LR TR )2
ZTCIKBREREE T8, Jak e IRl s %) 2= 1, 5 5% B
YRR CTRES W15 2.3 g AR xS,
345 A% 61.3% . ESI-MS m/z: 398.0 [ M +
Na]“; [a]3) = ~16 (C=1.0, McOH) ; 'H NMR

(500 MHz, DMSO-d,) & (ppm):8.84 (d, J=7.7
Hz, 1H, CONH), 7.80 (d, J=7.6 Hz, 2H, H-3',
7'y, 7.53 (t, J=7.3 Hz, 1H, H-5"), 7.46 (t, J
=7.5 Hz, 2H, H4',6"), 7.36 -7.27 (m, 5H,
Ph-H), 7.08 (d, J=8.4 Hz, 2H, H-5,9), 6.65
(d, J=8.5 Hz, 2H, H6,8), 5.13 (d, J=13.3
Hz, 1H, Ph-CH), 5.10 (d, J=13.4 Hz, 1H, Ph-
CH), 4.65-4.58 (m, 1H, H2), 3.07 (dd, J=
13.8,5.7 Hz, 1H, H-3a), 3.01 (dd, J=13.8,
9.8 Hz, 1H, H-3b). “C NMR (126 MHz, DMSO-
dy) & (ppm): 171.85, 166.78, 156.05, 135.98,
133.80, 131.62, 130.15 (2C), 128.48 (2C),
128.41 (2C), 128.10, 127.81 (2C), 127.65,
127.49 (2C), 115.17 (2C), 66.04, 54.99,
35.56,

2.2.2 N-RHIPE-0-(2- 8 L5 ) -L-Fig 2 1R
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FHE(6) AR S g(13.3 mmol ) Hifa]fAk 5 H]
45 mL 1,4 RSB R T 100 mL s, inA
H,0 1.5 mL B2, TR A 12. 88 £(93.2 mmol )
K,CO, #12.30 g(16.0 mmol/L) — G ILE L biih
BREL K N E F 80 C il HAE R R T i
FEENR 12 h BNV TE4E . RN TECT LR L
Fiig o, K ZE PR 3 IR, LR £ Tig J2 4 TG /K it R
BETgR DR RN R 2 1, R B W) A hk I A IE
afifel (V (Z8EHLE) © V (HEE) =10:1]7154.83 ¢
e B IR A ] 44 6, i % 81.2% , ESI-MS m/
2: 469.1 [M + Na] "5 [«]3) = -30(C =0.4,

MeOH) ; '"H NMR (500 MHz, CDCL,) & (ppm):
7.74 (d, J=7.4 Hz, 2H, H-3',7"), 7.52 (t, J =
7.4 Hz, 1H, H-5"), 7.44 (t, J=7.7 Hz, 2H, H-
4'.6'),7.41 =7.34 (m, 5H, Ph-H), 6.92 (d, J
=8.5 Hz, 2H, H-5,9), 6.78 (d, J=8.5 Hz, 2H, H-
6,8),6.60 (d, J=7.5Hz, 1H, CONH), 5.25 (d, J
=12.1 Hz, 1H, Ph-CH), 5.17 (d, J=12.1 Hz,
1H, Ph-CH), 5.11 (dd, J=12.9, 5.5 Hz, 1H,
H-2), 4.03 (t, J=5.7 Hz, 2H, OCH,CH,N),
3.23 (dd, J =14.0, 5.9 Hz, 1H,H-3a), 3.18
(dd, J=14.0, 5.1 Hz, 1H,H-3b), 2.73 (t, J =
5.7 Hz, 2H, OCH,CH,N), 2.35 (s, 6H, N
(CH,),)."”C NMR (126 MHz, CDCl,) & (ppm):
171.54, 166.80, 157.97, 135.06, 133.92, 131.77,
130.38 (2C), 128.71 (2C), 128.66 (2C), 128.62
(3C), 127.62, 127.00 (2C), 114.61 (2C), 67.36,
65.85, 58.31, 53.60, 45.91 (2C), 36.93,

2.2.3 N-ARHEE-0-(2- @ 5L O -L- % A 1R
(M8) 5 M B2 g(4.48 mmol) H1[a]{A 6 ¥ fiF
F 30 mL CH,OH 1, i1 A 48 mg(45. 1 pmol ) £55% ,
EH, 5T =R NEE 2 h 2ROV SE4A, W, U8
WU [T 77 22 115 1. 55 g ot bR H bni
HYM8, HILV (FHNE):V (HCkE) = 10 mL:
5 mL ][5 4675 M8 [ 583 AR B4 1. 45 g, iR
92.5% ., ESI-MS m/z357.1 [M+H] ;[ a]20 =

16 (C =1.0, MeOH); 'H NMR (500 MHz,
CD,0D) & (ppm): 7.65 (d, J=7.1 Hz, 2H, H-
3',7"),7.43 (t, J=7.4 Hz, 1H, H-5") , 7.33 (t,
J=7.6 Hz, 2H, H4',6"), 7.10 (d, J=8.7 Hz,
2H, H-5,9), 6.76 (d, J=8.7 Hz, 2H, H-6,8),
4.60 (dd, J=6.8, 5.2 Hz, 1H, H-2), 4.18 -
4.13 (m, 2H, OCH,CH,N), 3.42 -3.37 (m, 2H,

OCH,CH,N), 3.21 (dd, J=13.7, 5.1 Hz, 1H,
H-3a), 3.02 (dd, J=13.7, 6.8 Hz, 1H, H-3b),
2.82[s, 6H, N(CH,),]."” C NMR (126 MHz,
CD,0D) & (ppm): 177.75, 169.02, 157.85,
135.77, 132.72, 132.63, 131.80 (2C), 129.57
(2C), 128.10 (2C), 115.40 (2C), 63.46,
57.72, 57.67, 43.91(2C) , 38.15,

2.2.4 N-FEHEEO-(2-N, N-— H H-N-E b B3 2
FE)-L- TR TR (T) A HU1.00 g(2.24 mmol)
Hallfk 6 %% T 6 mlL JosK CH,CL, H, LA 579. 68 mg
(3. 36 mmol) [A] G4 %7K H R (mCPBA ) | i IR 4
TEEBFEN 4 h F RN 5E 4, N LR 2
P 7 1, KU LA R Na,y S, 0, M A Na, CO, /K
FUKPES, A HLZ 0% ORI 21, k48 9 46k
AL E BT aifb[ VS H B ) VORIEE) = 20:1]4f
{153 780 mg IR ABESAR R EIA 7, R 75. 0% .,
ESI-MS m/z:463.4 [M+H]*; [«]20= —4(C=

1.0, MeOH); 'H NMR (400 MHz, CDCl,)
(ppm) :7.71 (d, J=7.1 Hz, 2H, H-3',7"), 7.48
(t, J=7.4 Hz, 1H, H-5'), 7.40 (t, J=7.5 Hz,
2H, H4',6'), 7.37 =7.32 (m, 5H, Ph-H), 6.91
(d, J=8.6 Hz, 2H, H-5,9), 6.72 (d, J=8.6 Hz,
2H, H6,8),5.22 (d, J=12.1 Hz, 1H, Ph-CH) ,
5.13 (d, J=12.1 Hz, 1H, Ph-CH), 5.06 (dd, J
=13.0, 5.5 Hz, 1H, H2), 4.55 -4.42 (m, 2H,
OCH,CH,N) , 3.66 -3.60 (m, 2H, OCH,CH,N) ,
3.26 (s, 6H, N(CH,),), 3.22 (dd, J =14.0,
5.8 Hz, 1H, H-3a), 3.14 (dd, J=13.9, 5.3 Hz,
1H, H-3b). “C NMR (101 MHz, CDCL,) & (ppm) :
171.41, 166.79, 156. 67, 134.95, 133.78, 131.72,
130.53 (2C), 128.63 (2C), 128.59 (3C),
128.55 (3C), 126.94 (2C), 114.46 (2C),
69.98, 67.31, 61.91, 59.92, 59.84, 53.57,
36. 80,

2.2.5 N-EHE-0-(2-N,N-—H 3E-N-SAfb Z It 2,
H) -L-TE TR (M) (& L B 150 mg (324 pumol )
HRIA 7 7% T 1 mL(2. 0 mol/L) NaOH H ¥ K
o SRR 2 h 2N 584, DR IS R 2 T
WA A RE AT JZ T aifb [ V(& W be) - V(H
fig) =10: 1] 4if, RIFF 100 mg JopEHOR H ARk
A4 M9 | I% 82. 8% , ESI-MS m/z:373.3 [M +
H]* ;[@%9:10((::0.4, MeOH) ;'H NMR (400

MHz, CD,0D) & (ppm):7.69 —7.66 (m, 2H, H-
1201
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3'.7"),7.47-7.42 (m, 1H, H-5"), 7.39 -7.34
(m, 2H, H4',6"), 7.13 (d, J=8.7 Hz, 2H, H-
5,9),6.79 (d, J=8.7 Hz, 2H, H-6,8), 4.61
(dd, J =7.1, 4.9 Hz, 1H, H-2), 4.40 - 4.37
(m, 2H, OCH,CH,N), 3.66 - 3.62 (m, 2H,
OCH,CH,N), 3.25 - 3.18 (m, 7H, H-3a, N
(CH,),), 3.01 (dd, J=13.7, 7.2 Hz, 1H,H-
3b)."” C NMR (101 MHz, CD,OD) & (ppm):
176.52, 167.64, 156.47, 134.44, 131.15,
131.07, 130.37 (2C), 128.11 (2C), 126.70
(2C), 113.90 (2C), 69. 10, 61. 65, 58.20 (2C),
56.37, 36.85,

3 e

FYZ ANV TN A PR D 1 I A
(11 2)  fH i TR G IR 40 S 4 7 2 ik
FTREEAT A A R AR A i 2B BEAE dy, BEST, i T H
B M8 SR PIPEAL4) , 8 2 Bl K A I AR A
FLF= 4 20 B LURE IR 5] 90% 7247, 1 24 % M8 347
HEZ Mraliflm & A i AL JZ AT g B b R 5
FEERTIOZR I . S sE R L L TR Sl K T
I FE A KB 5 AR BRI IR
— P I A S B B 2 i RV A
MBS #Edh o X TR 4 1958, B E LB A
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R B 7K A YR R R S8 BN /K VR AN [ ) S o i
JE TN Y gt SR A T 2 A B AL SN,
Ty R R AN R AR B A TR 5 A e e A R 2 A
HRHBEACH Y, A5 R BB . T AP al ik 3 fy
B A P B8 IR L SR T R R IR R I
T IOK R A P b s DMF 254 HLIR R, e 4%
=M SRR L (DIPEA) S5 A7 LA A K ik
T o R S B S5 TG LA D R R, AR Y T
AR, 25 R H 1 R Mo AR SCRE PR LT
1R Y I A R MBI TR #4173 T L T AR 7K 4 A 7 77
H1,0 C YR EIBERE T I Y It S, B SE B T &
HE 5 RS B S, P = ) A 14T AR B
LEAL IR IR B B AR o e R B R A
(AL 2ty P S R 0 R SRR T O B e it ol
T AR B PR FEAIR, 23 B 75 5, NG P AR 4
DT 3o 5445 s 9 vk vl A4 3 0 E AR o f) o R4
6, 3 3 FH RS e 1 S A A QR Rl P K i 1) 5 326 Fd
B TEANTT BRE S AT AL O 1S D0 T AT 5 51 s 4
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