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Recent Progress in the Synthesis of Thieno[2,3-d]pyrimidine
Compounds via Tandem Cyclization

Sun, Xiaohua Sun, Chuance Feng, Lijun Kang, Congmin™

(College of Chemical Engineering, Qingdao University of Science and Technology,
Shandong Province, Qingdao, Shandong 266042)

Abstract Thieno[2,3-d]pyrimidine compounds are an important class of organic synthesis intermediates and pharmacologi-
cally active molecules, which not only have broad medical application prospect, but also worth researching. Therefore the
synthesis of them has attracted much attention. The previous methods mainly apply tandem cyclization or one-pot multi-com-
ponent reaction combined with microwave-assisted reaction or new catalysts to reach the purpose of shortening reaction time,
reducing steps, enhancing yields and lowering costs. In this paper, the recent progress in the synthesis of thieno[2,3-d]pyri-
midine compounds via tandem cyclization in recent ten years, especially in the latest five years, is reviewed. The problems and

limitations faced are discussed, and the development directions are also prospected.
Keywords thieno[2,3-d]pyrimidine; tandem cyclization; microwave reaction; one-pot multi-component reaction
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Figure 1 Thieno[2,3-d]pyrimidine compounds with pharmacological activity
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Scheme 9 Synthesis of thieno[2,3-d]pyrimidine through three-
step reaction of ethyl 2-aminothiophene-3-carboxylate
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54
Cl
POC|3 / | SN N2H4'H20
N,
/
2 I N, N

\Y

CF3

_RCHO, I, _
CH3CN r.t.

B 14 2- SR WEW)-3-FE A JEORL & FROBEN I [2,3-d] W g
Scheme 14 Synthesis of thieno[2,3-d|pyrimidine from 2-amino-
thiophene-3-carbonitrile

2014 4F, Furuyama Z57HRIE T DL 2-G L MEM-3-

5 (59)F1 1,3- MV 2 5 5 15| I Wk (60) Ay J5R R — 25 Rl g
Wy 3E[2,3-d]WENE (1 5 10(Bq. 7). 2-Z BEMEmy-3- F AT AR
Y1 59 5 13- 3Fa 3 505 Wk (60) L DMF Jy i,
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100 C FHEHERM 12 h, Sk4E, M2 G B iEE
g DT A3 2 2 BRI E W IR [2,3-d] e AL &4 61, 7=
HN 66%. ZR MBI A AR HARMLE D, SER1E,
FERIE N, HFTR RN (R

NG CN RO NH
B DMF
NH, + NH —————
HN~ S RO 100 °C, 12 h
59 60 NH
NC NH,
~N N
S N R= 4-t—BUC6H4 (7)
OR
61 OR

2015 4F, B KF-ALO, /Rt 7
Gewald [V, &M 2-ZAEMEDY-3-THE 63. £ =55
BT, 63 5 =5 SIRAE W R v [ W 15 31 gE Wy Jf:
[2,3-d]EERTAEY) 64 (Scheme 15). Ja & 5 AN A )%
A J AT B AR AL S0 65, i KF AR
(KF-ALOs) & — Bl iy 801 [ AR A0 77, FLAHE A5 1 5 1
TR BB A o8, AR BB EE U 5 KF FE AR )
FEREA K, HIE 17.5%0 ARERMEIRE, &)
/ﬁiif”%#/mfru prin = LTI I ARG /L B N7 7

TP/ SERE S, IE 2 A T R4l . Knoevenagel
Claisen-Schmidt. Michal. Henry. Perkin &5 . H.

o)
NCCH,CN, Sg QICN TFA
KF-Al,O3 Toluene

@N
\N (R,S)
S/ \
(R,S)

CF3
65

IS =9 R G RUVE 5 [2,3-d) W%

64

B 15 2-F kY -3-
i

Scheme 15  Synthesis of thieno[2,3-d[pyrimidine from 2-amino-
thiophene-3-carbonitrile and TFA

WG ARG TN R, (LAY 65 1 R Xk
X} HepG2 #l MCF-7 B RIFMIHUMR S, Fehl Xt
MCF-7 B s v i T B RS e B e, X —
FEAT e TRy I [2,3-d e L IAEAE, AR 2 b
AL BN, T 65 [ S N B AT AT BE S KB R v
PE.

2017 4, Mashhad 5"V AT BEARVE AL, F e
W TR 66 A JERE—Rik s BiAS B T 2 BRI ey
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[2,3-d|MEBELL G WN(Bq. 8). Bt 2-FHk-3-F L HEW; (66)
55 2,4- T 5-5-1R-6- F LI NE (67) LARU T B4R Al 14 11k
), FERT BRI B 2 h, ZIEEIEDE, FERKeR
e, B A RT3 3 2 HUR I e R [2,3-d]
BE 68, FEHN 75%~92%. %It FESON AR AT, AXT
Egi a5, NI ] B R 4ga 5, Bt AL 7 5
13, 5 b BEfE .

cl
CN
z-—j\ )%N _tBUOK, +BUOH _
NH, )\A
Br
67
PP
NN
R~ | R'=R2 = Me, (CH,)s ®)
S N/)\/K
68 Br

2017 4§, Sureja 0005 75 5 AN 4 B
Bl N4, H POCL /R AL, fREAL 2-2 ey -
3-HIG — 25 I B A R T MW R [2,3-d) e AT AE T
(Scheme 16). HAAINH Gewald M, B LR
(DEA)YHEALER 69, A Bt = 4153 I Sl 4 1 R4 2-
FHE-3-FAEERY 70. LAY 70 5 5 R AE POCL; fiE 4L
WA R RS R H A= 71, %R 1.5~2.5 h,
FERON 70%~83%. th&W) 70 5N . EALHER A
)G, M POCL, & T xMN4EEF, 7 2~4 min
RIS H BP9 71, F250N 78%~90%. f# Fil POCL; Afi
R, B R UF, SRR, A AL SN = B AR,
R BNE IR, (B SN E R E =R, &
LR A4 dE, HLCIA AT I A B ] B

o R
)J\/Rz CNCH.CN, S Ncm
2
R’ EtOH,DEA N l R
69 2 S
70
(6] R1
RCOOH HNJI%*RZ
(1) POCl3, reflux, 1.5~ 2.5 h or R)\\N s
(2) AIzOS, POC|3, MW, 2 ~4 min 71

R1 H, CHs, Csz (CH2)3 (CHy)s, (CH2).CH(CH3)CHy, (CH,)3CO

B 16 2-ZFEMEY;-3-F K 5 0T IR & e W) I (2,3-d ] e
Scheme 16 Synthesis of thieno[2,3-d]pyrimidine via 2-amino-
thiophene-3-carbonitrile and fatty acids

1.2.2  2-3E 82 K 897K H[2,3-d|"E AT £ 4 89 & A%,
2017 4§, Khatri 205" 1) I 4 B (e T 714
R BT — R 51wy I [2,3-d] W WE T AE ) (Scheme
17). B, 2-% 5 -3- SR E W) (72) 5 FF I e 7 e i B
150 °C % 20~25 min 15 2R FIEWY 3 [2,3-d] B e
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& 13, PPN 68%~78%. [EI;, MATH AR E S
PP BERGHAT 75256, A KT W IR [2,3-d) e fTAE )
74, NGRS, IR IEH (69%~T78%). 1% 715G
& BN SER, RONRE . NI EEE, FRERE, AN
WE Y T [2,3-d | e AT AR W 1) A5 RIS T T 1 & 1l R

NH,
HCONH, /
MW. 150 .G HNOC )
CN
73
N\
S J ?
PhHNOC
72 N N2 HNoe /|
M.W., 150 °C /&
74 H

B 17 2-G by -3-HUIE 55 FR I PR 2 6 e I (2,3-d]
L

Scheme 17 Synthesis of thieno[2,3-d[pyrimidine from 2-amino-
thiophene-3-carbonitrile and formamide/urea

2018 4, Ramya 2215 56 L BEAIAT, = RN
AL, 1,4-FR-2,5- - ](75) 5 5 KRR I B 2% vh
50 “C M2 min, PREA BT 2-2 3L -3-H i (76),
o SR A B R 12 SO ) R, S R Y SR I A
R ) R R [ e R R ) 7 SR T . A
76 5 HERAE LB H 1AL B 4 h BP W15 2] B AR &40
A-FHFEEWY IF[2,3-d M5 0E 77 (Scheme 18), F2E A 72%.
& 76 KGR 7155 Bk 5t w8 inpis

ZAHRAN H M.
OH N OH
S‘g CNCH,CN U\ HCOOH J N
S,S EtN, MW, Ng 7 NH, (AchO g L J
HO reflux, 4 h N
75 76 77

B 18 2-Z LMY -3- TP 5 HY IR 5 FUME ) I [2,3-dl| Wi e
Scheme 18 Synthesis of thieno[2,3-d]pyrimidine from 2-amino-
thiophene-3-carbonitrile and formic acid

2018 4F, HEAPHEIDL 4- B SL R /R Ak 77 B
BT Gewald Jx MA1F 2 8 Z T4 2-2 FEMEVy -3-F 15(79),
RIGZ A M. Dimroth HHE, 454 Mok 4 Bhi:
G T R MEWY H[2,3-d]EEAL &) 81 (Scheme 19),
FEEEIL 95%. HIRRURNE & —FhER T AR fiE AR 7,
TEFHTA AR 79 B, SO fa) R, o Bt pifa
SE. %N AT A A R R A L SO T] 2D | AR AR
Fe 77 5 DA S R A TR B

2019 4E, Elmetwally 25054 25 ik itk 77, &
T 2- FEmEy-3-F AT AE Y 83. F%%Eﬁ@afir” 3h
132 MEW; FE[2,3-d]ERERTAY) 84 (Scheme 20). HEMIIH:
S SIALEAN S Frs(Scheme 21): FEMSBRAELL T, I M
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BiliLE
0 CN
CNCH,CN, S DMF-DMA
Cat., MW $ H,0
B S NH2 2
78 79 /R
CN HN
Q—g\ . RNH,, AcOH “y
_—
s W%N MW g L
SN
80 81

R= C6H5, MeC6H4, MeOCGH4, F06H4, C|C6H4, BrC6H4, NC06H4,
HC=CCgHj,, OoNCgHj, F2CgH3, CloCgH3, (CH3)2CgH3
B 19 2- ey -3-H EZ KA #E. Dimroth S HEG 3|

WEWY IF[2,3-d M5 IE

Scheme 19 Polymerization, cyclization, and Dimroth rear-
rangement of 2-aminothiophene-3-carbonitrile to synthesize
thieno[2,3-d]pyrimidine

CNCHZCN S QI”\
morpholme H, fusion, 3 h
EtOH
B 20 2-FFEMELY-3-H g 5 H IR A BUEY I [2,3-d] s

Scheme 20 Synthesis of thieno[2,3-d|pyrimidine from 2-amino-
thiophene-3-carbonitrile and formic acid

/\ O BH) o= H-BH
CoeT NN P.T
I [
-H,0 BH
oHSN N7
S-S

N -
N\ NH S N NH
S~ N
| S S\ rearomatization
+S~ _— >
'~/ S\ /S ; ] S
S~
S sy
N
N

h
/E% . (3/ \\/_\HéH
| N NH, —— H% J E——
s HN | PT
83 S
OH 0]
=N rearomatization  HN

| H ——————
H/I<OH P.T, -Hy0 k

84

B 21 2- AR -
L

Scheme 21 Reaction mechanism for the synthesis of thieno-
[2,3-d]pyrimidine with 2-aminothiophene-3-carbonitrile and me-
thanoic acid

3- G 55 PR A MR JF[2,3-dl | WE
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SR Ul AR S T R TR A, TEBDR AR A s A0 R
B dh, TR IRL I N AL RRE AL &, SR sl I
TR P.T)HAT S EH N, 35 H R RA & E
AR B, A=) R EHEE A B b5 =4 84. 1%id F42
SR, ERAETE . S AR . (ER, AT g
Bk, NI R, HP2ReK, 1LEY 84 (5=
HN T7%.
2019 4F, FMHESR IR U %5 Scheme
19 AL 2] 7 B e Wy 37 [2,3-d] e fiTAE W) 88
(Scheme 22). B JuABREREF MM BN, 16
B TR T 2-F AN -3-HE 86. TE TPk
REFR, A UR R AT SR B s il i, e R () 4 i 3
5min, FEREIX 98%. &SEIHAT M R NS E] B bRtk
¥y 88.

0 CN
é CNCH,CN, S %NH DMF-DMA
K,CO3, EtOH, MW S 2 'MW, 78 °C, 5 min
85 86
CN Hn- A
//———N ArNH,
B AcOH, MW 7 N
S 90 °C, 10 min S N/)
87 a8

B 22 2-ZABEMEN) -3-H GO J5URL 6 ) IF[2,3-d R E
Scheme 22 Synthesis of thieno[2,3-d[pyrimidine using 2-ami-
nothiophene-3-carbonitrile
1.3 DL 2-FEIEM-3-FE R K 2-FEEM-3- At
TTEIARER

2012 4, Poojari Z0°VF faltipk Al BV 76 P4 Sk BR T
(T3P)FAAE R HRIE . =280, IR AN B T Y 37 [2,3-d]
BENEAL S PI(Eq. 9). 2-5 FEMEW; -3- H Bt A% (89) 5 R 90 /&
T3P, =M% R WBAFAE T, RN A5+ —1

EECT HARF 91, 77 515 98%. ML S ML
U1 R BiR(Scheme 23): E=ZJRMEL T, Bilk 89 Lk
90 K AMEEAL SR, oAt R I 2 — 2> oK, SRl
B 7K ) SR IR (e 0t S Bz, ETT A5 2 H AR 4. %%
IR ZAT . PAE T, B T SRR U, Ty e
Wy IF[2,3-d| e S VFRAE TR T .

@)

NH,
N NH, . TP, TEA, CH,Cly
s R?” “OH 120 °C, MW. 20 min
1 89 20
R HO
_N>_
2
,)—R
} X
s €)
R! 91 R'=CHj NO,; R? = Aryl
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JO]\ oK DCM 2 o [’ oo
oo R2_ O/
+ . P.__P—P
RZSOH * L LPr Tyes T Po ol
90 0710”0 © Pr
Pr
0
M Pr OH
/ RO~F II3| P—P
NH2 + Y / \O/I\O/I r ——
0 Pr
R1 89
0
NH, T
o) OH
I\ NH + Pr/ I F!’ b
—Fr
S ) /o7 1o ]
R (6] 0 Pr
H
/
Q) /\
AU A
'~ o Mw
IS\ NH //P\o/z\o/(lz Fr
R2 r
1 L o ' OoH
R \ Prg B bpr
H 707107l
Pr
o)
o)
:i;fj NH
2
| MNu M 0 [ \N/>_R
s —_—
S
R! HO R
)—R?
| ) N
S
R? 91

B 23 T3P A& W) IF[2,3-d] W BE 1 SR
Scheme 23 Reaction mechanism for synthesis of thieno[2,3-d]-
pyrimidine catalyzed by T3P

2016 4, El-Sayed 207 ¢ S FA R 92 A1 £ BEHE
FEREAEH T AR THEY 93, FHES5HAmRU =2
e RMEATI A BT 2- ey -3-F LT A 94, B
&, G 94 5 g NAFE] N-HEUR DY 3H[2,3-d]
BEBEAL A4 95 (Scheme 24), =N 88%. {H&i%Z ik
FIT I FR g SR B MK

o]
)J\ CNCH,CONHNH, g /CONHNHZ Sg
R

—_—
ACONH, CN 1,4-dioxane, Et;N
92 93

R O (@]

R
~NH _NH
@ﬁu P oo o
S 1,4-dioxane S ~

NH,
94 95

B 24 2-ZELMEWY-3- L I 5 ORI O [2,3-d )W e

Scheme 24 Synthesis of thieno[2,3-d|pyrimidine from 2-amino-
thiophene-3-carboxyhydrazide and formaldehyde

Chin. J. Org. Chem. 2020, 40, 2626~2640

© 2020 Chinese Chemical Society & SIOC, CAS

2017 4, Amawi S8 LR B N MEALT . IE T BN
I, H 2-Z W3- BERGAT A1 96 5 05 il 97 M.
33 7 BUR IEs I [2,3-d|ME e L 5 98 (Eq. 10). %
REFR AR AT Gk, (ERN A K, FF 12 h, HP=E
HFE5(69%~78%).

o) NH, CHO
HCI (cat), n-butanol
N NH, F |\—R o
Ly = 80°C, 12h
97
96
(@]
NH
/:</ I (10)
~
ST N | X R
=
98

R = H, 4-F, 4-Cl, 2,4-Cl,, 3-NO,, 4-NO,, 4-CHj, 4-CN, 3-OCHj,
4-OCHg, 3,4-(OCHs),, 3,5-(OCHj),, 2-OH, 3-OCHj,

2018 4, Ghashang!"f) ] = i Bk BE (HSBM) B A FI
TEALTR StBisTisOys PR ARG 1 T 2-75 HEHUA 1 g
Wy HE[2,3-d|EREATAYD 101 (Eq. 11). B 5N R e e
ST SrBigTi 05 HEALT, SRR 2-2 Lk
Wy-3-FEEE 99, J5 & 100 F1 SrBisTi,0 s VR & WI1E
AEFARBTEE P WF S, 76 25 Hz. 80 C FALE 20~30
min. TLC il 2 5256 i, K45 2 T = P08 6 4 H
CHCI; ¥ aifh. IR, ZRIER, RIETELE
W 25 RIS B H AL & 101, F2F0E 95%. %
T RBRAERT . NI RV AR PR, E
Wy H[2,3-d]WE e A PN A AT TR A T SR B2 1)
JilAl.

le) CHO
NH, SrBi,Ti4O15 Nanopowder
+
7\ HSBM technique
s~ "NH,
R
99
o
NH "
) i
N R
S

101 R =H, CH3, OCHg, ClI, Br, NOy, C(CH3);

2018 4F, Ghayour 25U/l ZnO-CeO, 4K AL 71, i
AT 2-77 FEEUR I EN H[2,3-d] e 540 &4 104
(Eq. 12). & /e ILPTIEER £ T ZnO-CeO, P AL ).
B S BRI 2-FEEY 102 555 & g 103 L ZnO-
CeO, YUKB AWM, fETHEF] 140 C TR
i 1.5 h, 53] 7 HALAEY) 104, 72550k 90%. HEM
SMEHLEE AN R Fs(Scheme 25): 15646 &4 103 Bk
T A5 4R S ALY AL TR R 8% 5 1 7 5 R AR R AT
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BIHE RS R
HAEH, B85 25 SR %3k OIS AL 1R Bk 5L T BT % o (8] 0 0 . . < "
K, JE & REW R, JBEmES R H AR =Y 104. )J\R + NCJJ\NH2 W’ Z_\ﬁ\ :
SIS G, AT RT SR 5T [l I 2 P A nano-composite g~ NHy
. . " . 105 106
(BRI T Mk, RFE a0 ER, o "
R
Q ' RCHO A NH
Q’ﬁ\NHZ + ACHO CeO, -Zn0O nano-composite CeO, -MgO . s N/)\R
/ \ 140 °C, Solvent-free nano-composite
& NH, 103 108
102 o R = CgHg, 4-CHyCgHg, 4-CH30CgH,, 4-CICgH,, 4-O,NCgHy, 4-BrCgHy
%NH (12 ER 26 CeOrMeO HK A B A I 3H23-d)
S N/)\Ar U
104 Scheme 26 Synthesis of thieno[2,3-d]pyrimidine catalyzed by

Ar = CgHsCHCH, CgHsCHo, CgHs, 4-CHyCgHg, 4-CHyOCgH,,
4-CICgHy, 4-O,NCgH,, 4-BrCqHj, 4-(CH3)3CCgH,, 4-HOCGH,,
4-FCgH,, 4-(CHg)oNCgH,4

O O

NH, A Cyclization Q/fLNH
//— r
| DN s | P
S

O

Oxidation
~xaaton Q/jEU\NH
L Al

N Ar

104

B 25 CeO0,-ZnO GUKE S YIMELL & RMEW) IF2,3-d] W E 1]
SR NEALER
Scheme 25 Proposed mechanism for the synthesis of thieno-
[2,3-d]pyrimidine catalyzed by CeO,-ZnO nano-composite

2018 4, Shafighi 2] Ce0,-MgO 4k E &+
AL SN 4 1 2-57 HEHUR I WERY I [2,3-d| e 51
108 (Scheme 26). B 5 HILTTIEES] £ H Ce0,-MgO 44
KEEMEL B S 105, 5 LT % 106 i £ CeO,-MgO
YK EREMEAL T« 75 S P B S M AR B 2- 2 kg
Wi-3- LI AT A 107, Ja 8 507 B BEETCHT 140 °C
T CeO,-MgO HURE S A K H bR Y ews JF
[2,3-dEREAL 54 108, W0 88%. %I RN 2% A
WA, JFELGAT, D 7RI B aidl, S AL R
S PLEE R, AR BLSOE 2 A A, 75 & ax tfh

2 PUBTELTEMNER S BIEM F[2,3-d]IETE
A-r7

WEEWE f& — RIB L 5 RN Tea MY, &M ELE
MBS Z5 R aE, Tz FIEER 2 B0R), ndiE s B Ak
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Ce0,-MgO nano-composite

WENE i S T E R, R AR, W nE R, BREL
SE. MEARSE YuRlER]L f 5-5-6- B - 2-(FR SR AR
TN -4-fi-d & HAT s fRmEE SR k), ARl
GEARLUT. WENE AT A MO . R s
e AN S
21 LUA-SBIETTEYAER

2009 £, Brough Z1211) 4-50-5- F S0 AT 424 109
NIE RGBT 2 BUR [ IE %y I [2,3-d] B RE AL A 111
(Eq. 13). EHibE 109 5 2-5i5E 2.8 Z.05(110) LA
B ML, 722 R 5 h BPAT45 3] H bRk
AW, FEERAIL 82%. N ERERI . JFR 515
KA RGN, BCE BT

Cl
N X0 K,CO3, MeCN
Aﬁ? F O T
H.NT N el o :
110

109
cl
o
NN
A 13
HN"N" S O
11

2012 4E, Kobayashi Z51%1DL 4-&(mnE 112 IR
BE, HRIE TR S Ry IE[2,3-dEE AL S 115 (1T
1%(Scheme 27). EALEY) 112 5ZEFREH —RHAER
FEA(LDA)EM, CADYEIRE AT, f/E—78 C 53|
W& 113, J5 & &AL SES TR BE #5(PCC) AL, A
AL &Y 114, K 114 38— R P HE 515 3] B
FRPEHIENS I [2,3-d]BE0E 115, FREEA]IE 79%. %7155
BLERIN 15, HBAEW 5, =5 T 08, EaILE R+
A —E RN FHIMA.

b5, R R IR A R R 5 vk e T PR A
WBEWY I£[2,3-d]MEnEATAEY) 118 (Scheme 28). 4-FUMEBERT
AW 116 fE—78 “C. THF 1A LDA 4P, FHIIA N-

Chin. J. Org. Chem. 2020, 40, 2626~2640



Chinese Journal of Organic Chemistry

REVIEW

OMe OMe OH
LDA THF, -78°C N~ \\y" “ph PCC, CH,Cl,

| > | _
I\N/ Cl PhCHO I\N/ Cl rt.

112 113

OMe O OMe Ph

(1) Na,S, DMF, 60 °C

Ny “Ph (2)BICHEWG, 0°C N
L (3) NaH 2;)"c L —Ewe

N ' NT S

114 115

BT 27 4500 N 5Ok £ R E (2,3
Scheme 27 Synthesis of thieno[2,3-d[pyrimidine from 4-ch-
loropyrimidine

PSR- N-FH B DR I e i, S 485 o 5 K i K B AT 45
FMLAEY) 117, FEE 117 L8ALE BrCH,EWG (EWG
N TRR) . BRI AR R B AR 118.

OMe OMe
LDA, THF, -78 °C Ny COAT
eS)I\N/ o ACON(OMe)Me Mes)I\N/ o
116 117
OMe A

(1) Na,S, DMF, 60 °C
(2) BICH,EWG, 0 °C NS
3)NaH, 0 °C A~ EWe
(3NaH, Mes” "N~ S

118

B 28  4-SMENEL 2 DAL HE - BOBE) F(2,3-d) W e
Scheme 28 Synthesis of thieno[2,3-d]pyrimidine by multi-step
treatment of 4-chloropyrimidine

2015 4F, Wilding Z£40) 4-50mnE 119 A& —4
EA T HARME G YIS IF[2,3-d]MEWE 121 (Scheme
29). JEKH 119 S5EEAIILL 4 "B (EG) AT S RiAT F)
AR 4-BRALMENE 120, )58 5 OREAERRIR AT A AL
TRNAFH] 2-GAHEBENY I [2,3-d]WEEER 121, SEIGR B,
PEVESRAT T REAT OB, FIAEAN Y B SR LT
BEAT N — 2D E R, BRI SR AR IR RN, %07

BOPRRGE T, KKRYEM T OV B IR,
O
S

o
HN NaSH Jj\ CICH,CHO
K,CO;4
HZN*\ ey
119 120 121

Cl 130 °C HyN
B 29 4- S0 0E A AR —Bavd B BROBEY F[2,3-d s E

Scheme 29 One-pot synthesis of thieno[2,3-d]pyrimidine with
4-chloropyrimidine

2017 4F, Tolba 251IL 4-GUms e 7 AL M) N AT & A
T HUAR I Ry I [2,3-d] M REAL A ) 152 (Scheme 30). 4-
F-2-ChF AR BR S0 HL )-6- R L -5 - g TG (122) 7E W Ak
AL T 5T R B R AT RN ER 123, (LAY 123 IS
LB ERAZ B h (Al 124, J5EdE—0 5 LR #
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KA Thorpe-Ziegler ¥4k [ N, 45 2 BUAX 1) 48 Wy FF
[2,3-d]%0E 125. (L&Y 125 W RES &S 1Z 0
B VIR B G 2R I S VIR T4

CN CN

PhWA/CI S, NaHB, Ph%(s"“f CICH,CN
| —_— | i i
N?N EtOH Nﬁ/N rt.
R R
122 123
CN Ph  NH,
PhWSCHzCN EONa. EIOH NHT%*CN
NQ(N reflux, 0.5 h R)\N/ S
R

125

=
N
£

R = 4-CH3CgH4NH

B 30 4-500E 28 =0 SN RO I [2,3-d] W e
Scheme 30 Synthesis of thieno[2,3-d]pyrimidine via 3-step
reaction of 4-chloropyrimidine

2.2 LLA-RREMEESTE R ER

2013 4, Ho 2515I10) 4-3hkmine (b 454 126 Aitih
JEEL, AT 2 BUR I I [2,3-d] MR BEAL B 127
(Scheme 31). =i T, BEIEHAY) 126 1E1d &I KIKER
BEAL R, 5SS NEAZE DMF bz Rif8 3] B bR e
Y127, RN 94%. A RALEY 127 TR IALER a1
Scheme 32 s, WEHEM127 5 2,5- ALY AR
W 7E B8 BT BIMEW) 37 [2,3-d] M5 RERTAEY) 128, 1%
THEFARRA, PRSI B 5 T oy 8. SRIGIE B B
AR 5K e AP BRI ARG O, AT T
MR A FIR R, HRDUH R A28 B
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