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Figure 1 The structure of A-01
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Figure 2 Synthetic route 1 to compound A-01
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Figure 3 Synthetic route 2 to compound A-01

I TR IR R 4-58-5 - [ 3 ,2-d ] W IE
2l (1) B AR UL SCRRARGE , LR AR I S AR
i AR SO Bt T IEORE 1R AT A U Ak
Wil 4 Fron . JEURE 1B R L N T
B %P LR N AR A IRLA, OAA,  E RREAR T
JEORE 1 -5 TR, R I SR 3L T 8 0 T 47
(SR RO %Y

FEUCIER b A SCYRE BT T 408 iy H stk
Y A1 195 i AOF R AT T 20 (1
4) o BT JEHIF S 2, B s 2 A AR T A | S N

AR B A PR A S D T SR B B E AR
e, FLARDE AL SR & K sl 7 2 1) i JORE 1461
AR 3 i B SR T2 B v A G R 79 Bk PR
R R BRI 2 45 A B TR B KT 1) sk 52 12 47 et
AR ; [FRE X A SR AR R AT 95T, R LR g
KRB G (i o B8, W 35 Ak T #4E
BT T A R 2) B aA 3 A b E]
410 Bl PR RV R DL N-H it i A 1
BRI T 2 i N, N- R BRI | )26
MR T 120 CREZE 60 T, ik AL AT LIA



1 5T 25% . TLRT #3h50 A-01 BIA AT 2o ekt 35

B B = 1 A G, B BN ISR A 46. 7 % Hi
15 2 88.9% ;3) M E A 12 il & P a4 9 11
i & RG AR, BOR 69, 1% i &
79.3% G AEFR T 200k B b SR L TRV i o T
AR 45 dh AT R T AT A ) B Ak 4
VB, 25 B A P2 AR I [ B, B 3245 Tl AR
KA B ARER

ZE b AR SCVE B TF & (08T T 25 6 4 3 ok 0 1

RS AR SR R v A s I 2% T aE R
B AL 77 (0 5 A SRR AR S SE L T HAn A&
VG RSCR S T E T, A R4 T
AR W S, g iR T 20k, IR GG FORE
13F B R i R B 17.3% T =
42.2% , T2 ERAE 2 Sk 5 AT e R R IR A5 31 i
ETE

O O

o NH, - HCI 0 O

\ "N EtONa, EtOH NCWO 15 _ )\(& EtONa, EtOH
/‘—‘/ 0°C, 45 min AcOH, AcONa 0 0 80°C, 4h

0°C—rt,24h NC/VN
13 14 16
~
0>s o i o

i ? ~o N7 HN"YO 0

\ o™ t /k J CH;ONa, CH;0H 0 NN
18 _ N NH o ’ N )I\ )I\N/ /

NH, AcOH, CH;0H, r.t,, 1 h oo MO rt,24h (6) ﬂ
[ \ i

17 19 20
o e G Ca /D\W
: H (0]
0 NN , : NN 0 >
M» - )I\ )|\ Ay NaOH, H,0, 1,4-dioxane )|\ Ay 2 O .
CH,CN, 70°C, 2 h 0o H N 50°C, 4 h : H,N” N K,COs, DMF, r.t,, 12 h
21 1

Y
N{ N
N 8

o (0N DIPEA, NMP
60°C, 60 h

H
\r/N N~
N | SOCl,, CH;CN
N —_—
O

HoN

g
Ny N LiAlH,, THF
—_—
_ o
o O 0°C—rt,8h
I

H
/7~ \
\r/N No~~ HN N-Boc
| —
Na N 6
. /D\/Cl DIPEA, DMF
o)

60°C,12h

9

Na ,Boc HCI, 1,4-dioxane, DCM Na
N N - \< N (" NH
— ;D\/ I\E\) rt,2h — /OI)\/ \)
I

Figure 4 Optimized synthetic route to compound A-01
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2 SIS ERS

W J5z 1 26 1 R FH 2 (3% 9% (TLC) |, BT H
TLC /)M #z t 2R 56 Silica gel 60G 25 Glassplates
(20 cm x20 cm) #3745 %], 'H-NMR , "C-NMR
KAl Bruker AV —600 MHz % 4 i 3 {3
(TEEAE A A , TMS HINAR; LC/MS K
# ESI 514 Agilent TOF G6230A i i ( 2
EZEERA T s 1 SR M - 565 16 s A0
(/3 7)) ; HPLC % Agilent 1260 % ¥
AHETEACNE (LR Z R A A TS L iE R
73N /AN I L W EL IV o M e E

SEVEME(99% ) W T AL BHR = AL T4 R A
Al SN R — L FRER R ER (98% ) . 1,3-BL(H
SERIL ) -S-F BL-2-BiE JIK (98 % ) \3-H 48 Hk4-1R
SRR B G (98 % ) WA T2 i 5 Ak 2 s HLAh A
Bl T [ 25 8 A A 2R A PR A F
2.1 3-2E-1H-MIK2-FBFECHE (17) BOH &

# 100. 0 g( 1. 45 mol) FHEME (13 ) 1500 mL
CEEMAZE 2 LB R B T ,0 C 020 in
119.2 g(1 738. 6 mmol) JFi 53 B 21% 1Y L5
IR BT, 4E 5 0 SC IV 45 min , W R AR B
L N RN A 28 mL 2R . 214.4 ¢
(1.01 mol) & LN — 1 — ZFR#L MR +h (15) &
83.1 g(1.01 mol) Z R, ke, Jt 2 % I L N
24 h, JOVASH, WUEZERRIE A ARE 2 L 4
e 7 fiff, 28 200 mL 7K Pk | JC /K Bt R 4 Ik 3k
UE VeE 153 213.9 g(946.9 mmol ) 75 ¥ {4 AR
(16)

# 213.9 2(0.95 mol) HiE|{A 16 Fl 1 L ZF%
IWAZ 2 L BSP, W m 77. 2 g(1. 14 mol) Jii it
I 21% W BRI S BE VS W, B RN 4 h,
TLC MR 45, AR E IR, A 30 mL &
PR VR IR pH (HZE 5.0, R k48 = T, ki
1 LK#Sf, 4= FHRE(1 Lx2) %, A IFAE L
AL MU 100 mL 460 Ak R =L 4M . 100 mL 7K K&
100 mL 0 F1 Ak ARV MR R 1% , TC /K B IR A 1 442
WeARTHRLE . K™= P 2 ek A e alifh (&
R L TR-4 ik, R R EE 1:5—1:3) , 15 5] 98. 1 ¢
(636. 4 mmol) [ [E A (17) , I % 44.95% , mp
71.1~71.6 C. ESI-MS m/z:155.1[M +H]*,
"H-NMR (600 MHz, DMSO-d, )&:10.52(s,1H),
6.66(d,J=3.0 Hz,1H),5.53(d,J=2.6 Hz,
1H) ,4.98(s,2H) ,4.17(q,J =7.1 Hz,2H),1.26

(t,J=7.1Hz,3H) .
2.2 (4-BESHMIEH[3,2-d] BIE2-E) K
E R R (20) BFl &

#98.1 g(636.4 mmol) FFEI1A 17 5 131.2 ¢
(636. 4 mmol) 1,3-3( H AU 5L ) -S-HH -2 Ik
(18) %1 500 mL HEIF46A4 2 2 L aiifeir, fin
A 163.7 mL(2 863.8 mmol) Z 1R, % iR 4 +E i
1 h, BrEUIEE, A 343.8 g(6 364.0 mmol ) Ji
ST 21 % (1) H AN 1 BT, TR TR VT
ARSLAR FE o B AT TN R S R
pH {H% 5.0, 38, K 1200 mL 7K ,200 mL &
i M 100 mL 2 [k % % U8 UF, 15 2 90.6 g
(435.6 mmol) 4 & [# 14 (20) , & * 68. 5% , mp
253.4 ~254.6 T, ESI-MS m/z:209.1 [ M +
H]*, '"H-NMR (600 MHz, DMSO-d, ) 8: 11.99
(s,1H),11.21(s,1H),10.98 (s,1H),7.34(d,
J=2.9 Hz,1H) ,6.21(dd,J=2.8,2.0 Hz,1H),
3.74(s,3H) .

2.3 (4-5-5H-MLIEH([3,2-d] EE-2-B) &
BRI ES (21) RIS &

¥ 50.0 g (240.2 mmol) F1[H]{& 20 % T
500 mL ZJEIFINA R 1 L =8B b, &
70 °C, A 44.2 mL (476. 4 mmol) =4 %A #,2 h
PN ZE1E83% I 82. 8 mL (480.4 mmol ) N, N-—. 5
Wi (DIPEA) |, IV W FH VAR % vt o O
FRERNEER, BEGWMAT 157.6 g
(1922.0 mmol) B5H2 4M /) 800 mL 7K & W, i
F£ 10 min, 58K = SUEBE , R ZE BRI, BT
P A B Sl 2Kk vk, 60 T H S T
Ji: 24 h, 753 35.1 g(154.8 mmol) & ¥ {4 [ {4
(21) , 4% 64.5% ,mp 230.3 ~231.7 C, ESI-
MS m/z:227.0[M +H] ", "H-NMR (600 MHz,
DMSO-d,)8:12.27 (s,1H) ,10.23 (s, 1H) ,7.92
(d,J=2.9 Hz,1H),6.57(dd,J=2.8,2.0 Hz,
1H),3.65(s,3H)

2.4 4-5-SH-MIEF[3,2-d] BERE2-% (1) BY
Fl&

¥ 35.1 g (155.3 mmol) ] {k 21 & T
200 mL 1,4- 4R H-K (AR 1:1) 1R 5 35
IR A 2 500 mL [ S BEIE h, imA 24.8 g
(620. 1 mmol ) F A L4 ,50 THIFA A 4 h, TLC
W R 58 4 I Wk 4 2 R A AL R, A A
M, 245 FQR - 4muE , FH 50 mL 2B ke i 1t
T 60 CH=S T 8 h, 155 24. 3 g(142. 4 mmol)
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P E A (1), 0% 91. 7% ,mp 201.3 ~202.4 C.,
ESI-MS m/z; 169.0 [ M + H ], 'H-NMR
(600 MHz, DMSO-d, ) 6:11.63 (s,1H) ,7.62(d,
J=3.0 Hz, IH), 6.17 (s,2H), 6.20 (d, J =
3.0 Hz,1H) .

2.5 4-[(2-85EA-SSH-WIRFF[3,2-d] BEIE-
5-E)RE]I-FEEXHARPE3)WH&

# 10.0 g(59.5 mmol) JFRI 1 5 15.5 ¢
(59. 5 mmol ) 3- 1 4= FE4- 15 HT 328 HH iR HT i (2)
% 200 mL N, N-—H 3L H it ( DMF) 3 in A
%500 mL BRI, A 8.2 g(59.5 mmol)
PRIRER , B AR N EW|BFE RN 12 h, TLC ¥
W R e 4, D80 Ve 0 A5 3 0 [ (AORH | K A ™
PI% T 100 mL LR LT, H S #4E 30 min, 2245
FCU - il g, JEDE 15 mL 2R 2Bk e, T
60 C HZ5 T8 h, 155 18.3 g(52.8 mmol) [
O E AR (3), WK 88.72% , HPLC 4fi ¥ 99. 38%
[ HPLC J3—4k#k . (5% ZORBAX Eclipse XDB-
C, (4.6 mm x 150 mm,5 pm); 3 A K
(40% ) ; Wi s Ml B: B (60% ) ; K I % K
254 nm;#iR 25 C; R E 0. 8 mL-min ' JERE{AK
FR10 pL ;BB IHE] 17.7 min ] ,mp 225.1 ~225.7 C.,
ESI-MS m/z: 347.1 [M + H]'., 'H-NMR
(600 MHz, DMSO-d, ) 8:7.77 (d, J= 3.1 Hz,
1H),7.53(d,J=1.5 Hz,1H) ,7.46(dd,J =7.9,
1.5 Hz,1H) ,6.37(d,J=7.9 Hz,1H),6.31 (s,
2H) ,6.30(d,J=3.1Hz,1H),5.57(s,2H) ,3.94
(s,3H),3.83(s,3H),

2.6 4-{[2-BE4-(KESE)-SH-MKH[3,2-
d]EES-E]RE|3-FEEXRARFL(10) K
H&

#18.0 g(52. 0 mmol) FPE{A 3 % F 300 mL
N-HJEME I e B (NMP) FFIILA 2 500 mL [R]i b
P YA 30. 1 mL (260. 1 mmol) J% & F
35 mL(52. 0 mmol ) DIPEA ,60 CHit$k )i 60 h,
TLC W5 52 0 564, 980 s e 4 B 25 5 91, 459 31 3%
o R R LA 100 mL 218 2 BEV iR, H S
$ 30 min, 245 [Cw FHh 0% U8 UF LA 10 mL £ 7R
ZERMTE, F 60 CHZ T8 h,15%5] 18.4 ¢
(46.2 mmol) {4 [E{A(10) , 5% 88.9% , HPLC
4l & 99.80% ( HPLC %k 4 [6] I, £& B ) 6]
15.7 min) ,mp 230.3 ~231.7 C, ESI-MS m/z:
398.2[ M + H]*, "H-NMR (600 MHz, DMSO-
d,)8:7.53(d,J=1.5 Hz,1H) ,7.44(dd,J=7.9,

1.5 Hz,1H),7.33(d,J=3.0 Hz,1H) ,6.40(d,
J=7.9 Hz,1H) ,6.07(s,2H) ,5.83(s,2H) ,5. 54
(s,2H),3.94(s,3H),3.83(s,3H),3.30 ~3.28
(m,2H),1.33(dt,J=14.5,6.9 Hz,2H), 1. 12
(q,J=7.4 Hz,2H),1.01 ~0.88(m,2H),0.73
(t,J=7.4 Hz,3H) .
2.7 (4-{[2-2E4-(KEIZE)-SH-MEH[3,
2-d]EIE-S-BE)RE]3-FREXE) BEE(11)
Bl &

¥ 18.4 g (46.2 mmol) H Al & 10 5 T
300 mL PUSEIEHINAZE 500 mL B L,
RHIE 0 CLLT, 218 it 56 mL (56. 6 mmol )
1 mol-L ™" (AL 548 DU S0k IR VA, TH 2 = IR
FEN 8 h, TLC Wil [z i 5¢ 4, W4 Fieser
WK [0 C PRI A K (56.6 mmol)
1 mol-L ™" & & 1L 81 7K % W (56.6 mmol ) K& 7K
(56.6 mmol x3) ], it U BR 2 48, 98 Ve 46 Uk
AR MY, N 50 mL 2R 2B A
Ptk 30 min, 2845 Gl =08, BEUFLL 10 mL &
iz BRI YE, T 60 CHZS T4 12 h, 155 13.3 ¢
(36.0 mmol) I A& {4 (12) , Wit 77. 8% ,HPLC
4fi i 96.21% ( HPLC 2% 4 [A] I, £& & w) [6]
14.0 min) ,mp 140.2 ~ 141.9 C, ESI-MS m/z:
370.2[M + H]*, '"H-NMR (600 MHz, DMSO-
d,)8:7.20 (d,J=3.0 Hz, 1H),7.01 (d, J=
1.5 Hz,1H) ,6.77(dd,J =7.8,1.5 Hz,1H) ,6. 47
(d,J=7.7 Hz,1H),5.95(d,J=2.9 Hz,1H),
5.64(s,1H) ,5.37(s,2H) ,5.28(s,2H) ,4.45(s,
2H),3.85(s,3H),3.32 ~3.23(m,2H) ,1.39(p,
J=7.2 Hz,2H),1.22(q,J=7.4 Hz,2H),1.09
(tt,J=9.2,6.3 Hz,2H),0.81 (t,J=7.3 Hz,
3H) .
2.8 S5-[4-(SHE)2-BEEFE]-N-KE-
SH-MIEFH[3,2-d] BENE-2 ,4-— % (12) B9HI &

¥ 13.3 g(36.0 mmol) H Al {& 11 & T
400 mLZEF A Z 500 mL [RE B H,0 C
SN2 16. 5 mL (180. 0 mmol ) S AL IEAR, i #4
F 70 T 1 h, TLC Wi 58 4, I 26 B
#5812, 7 g(32.9 mmol) #HAEAK(13) , Fr
377 Wy JC w5 gl Ak B nT T 28 N, IR
91.3% ,HPLC 4li[% & 97. 03% ( HPLC £&/4IF) I,
FRE4EFTR] 14.0 min) ,mp 186.1 ~188.3 C, ESI-
MS m/z:388.2[M +H] *, '"H-NMR (600 MHz,
DMSO-d,)6:12.67(s,1H),7.43(d,J=3.0 Hz,
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1H),7.13(d,J=1.6 Hz,1H) ,6.92(dd,J=7.8,
1.6 Hz,1H) ,6.53(d,J=7.8 Hz,1H) ,6.21 (d,
J=3.0 Hz,1H) ,5.56(s,2H) ,4.70(s,2H) ,3. 83
(s,3H),3.46 ~3.41 (m,2H), 1.43 (p, J=
7.2 Hz,2H),1.20(q,J=7.2 Hz,2H), 1. 11 ~
1.02(m,2H),0.79(t,J =7.3 Hz,3H) ,

2.9 4-(4-{[2-2EA4-(KESE)SH-MH
[3,2-d]E0E-5-E]RE]3-RERETHE) UkME-1-
FRERALT B (9) Bl &

# 12.7 g(32.9 mmol) H A & 12 ¥ T
300 mL DMF Ff-HILA 2 500 mL BJESEH A 4K
JIMA 30.6 g(164.5 mmol) Boc-WR B £ 5.7 mL
(32.9 mmol ) DIPEA ,60 CHit+¥ 5 v 12 h, TLC ¥
W R e 4, D8 e 4 2 B i A 2R 9, F
50 mL 2R ZBR¥ AR, A 100 mL A7 il ik, A A
E AT, 240 Qe - Hl g, JEDF 2L 10 mL &
R CTRIYE, T 60 CHEZS T4 12 h, 55 14.0 ¢
(26. 1 mmol) [ [E {4 (9) , Y% 79. 3% , HPLC
4 if 98.45% ( HPLC 2k F Al LI, £& B4 A [a]
7.1 min) ,mp 154.6 ~ 154.9 C, ESI-MS m/z:
538.4[ M + H]*, "H-NMR (600 MHz, DMSO-
d,)8:7.22(d,J=2.9 Hz,1H),6.98 (d, J =
1.5 Hz,1H) ,6.75(dd,J =7.7,1.5 Hz,1H) ,6. 38
(d,J=7.7 Hz,1H) ,5.96 (d,J=3.0 Hz,1H),
5.54(d,J=5.5 Hz,1H),5.37(s,2H),5.25 (s,
2H),3.85(s,3H),3.45 ~3.42(m,2H) ,3.28(d,
J=9.9 Hz,4H),2.27(t,J=5.0 Hz,4H),1.38
(s,9H),1.33(p,J=7.3 Hz,2H),1.22 ~ 1. 16
(m,2H),1.07(tt,J =10.3,6.4 Hz,2H) ,0. 80(t,
J=7.3 Hz,3H) .

2.10 &7 A-01 I &

# 14.0 g(26. 1 mmol) FF[E{K 9 % T 200 mL
THERM IR 500 mL AiE A 042 mL
(186.0 mmol) &M 4.5 mol-L 'R 1 ,4-—
FONFRAWR, EIRBEFE R 2 h, B i R A
TLC W5 i 564, i, U 20 mL A i ik
WYE, 50 C HEA T 24 h, 153 109 g
(25.0 mmol) [ & [& {& (A-01), L 3K 95.6% ,
HPLC 4 99.94 % [ HPLC JH—{k ¥ . (0 3% 4
ZORBAX Eclipse XDB-C,, (4.6 mm x 150 mm,
5 um); B ALK (50% ) ; i sh 4 B: & 1
(50% ) ; K I 9% K 254 nm; K& 25 °C; %
0.8 mL-min "5 #F #£ & F1 10 pL; £/ & B[]
12.5 min] ,mp 139.0 ~ 141.1 T, HR-MS m/z:

438.2976 [M + H] ", caled. for 438.2975, 'H-
NMR ( 600 MHz, DMSO-d, ) 8: 7.22 (d, J=
3.0 Hz,1H) ,6.97(d,J=1.5 Hz,1H) ,6. 74 (dd,
J=7.8,1.5 Hz,1H),6.38(d,J=7.7 Hz,1H),
5.96(d,J=3.0 Hz,1H),5.35(s,2H),3.84 (s,
3H),3.35(s,2H),3.28 ~3.25(m,2H) ,2. 63 (t,
J=4.8 Hz,4H),2.23 (s,2H), 1.33 (p, J =
7.1 Hz,2H),1.19(q,J=7.2 Hz,2H),1.08 ~
1.00 (m, 2H), 0.79 (t, J= 7.4 Hz, 3H).
BC-NMR (150 MHz, CDCl, ) §: 158.2, 155.5,
151.2,150.5,140.4,132.2,127. 1,124.1,122. 1,
111.1, 110.9, 100.0, 63.4, 55.5, 54.6, 47.5,
46.1,40.5,29.0,28.9,22.4,14.0,
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Improvement of the synthesis process of TLR7 agonist A-01

FANG Zixin'*,LIU Dan’>* ,ZHONG Wu'"
(1. National Engineering Center for the Emergency Drug ,Beijing 100080, China ;
2. Shenyang Pharmaceutical University ,Shenyang 110016 , China)

Abstract ; The synthetic process of the TLR7 agonist 5-[ 2-methoxy-4-( piperazine-1-ylmethyl ) benzyl | -N*-
pentyl-5 H-pyrrolo[ 3 ,2-d | pyrimidine-2 , 4-diamine ( A-01) has been optimized to address several issues in
previous methods, including the high cost of starting materials, harsh reaction conditions, low yields, and
challenges in scale-up. The new process significantly improved the yield,increasing from 17.3% to 42.2%
(based on starting material 4-chloro-5H-pyrrolo [ 3,2-d | pyrimidin-2-amine ). The total yield for the new
route was 7. 6% ( based on isoxazole). The structure was confirmed by 'H-NMR,"” C-NMR , and ESI-MS,
with the final product exhibiting a purity of 99.94% . Additionally, a novel synthetic route for starting
material 4-chloro-5H-pyrrolo[ 3 ,2-d | pyrimidin-2-amine was developed ,reducing its cost from 1 000 CNY/g
to approximately 60 CNY/g. Combined with key optimizations such as low-cost acid-binding agent
screening , solvent system improvement, and simplified post-treatment, the process provides an economically
feasible solution for large-scale production. The optimized process offers a viable approach for the industrial
production of TLR7 agonists, which have shown promising potential in cancer immunotherapy and other

therapeutic areas.

Key words: TLR7 agonist; immunostimulatory drug; synthesis; process optimization



