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Research Progress on the Synthesis of Nitrogen-Containing
Compounds with Cyanamide as a Building Block
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Abstract Nitrogen-containing compounds are widely found in many natural products and have a wide range of pharmaco-
logical and physiological activities. Furthermore, they have comprehensive applications in medicine and pesticide fields, in-
dustry and multi-functional materials. Great advances in the synthesis of these compounds have been sprung up, a diversity of
synthetic methods of them via cyanamide (NH2-CN) as raw material were exploited in recent years. The research progress on
the synthesis of nitrogen-containing compounds through cyanamide as a building block is introduced comprehensively. More-
over, their characteristics, rules, advantages and disadvantages are summarized and discussed for the development of new syn-
thetic methodologies and reactions of nitrogen-containing compounds.
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Figure 1 A variety of nitrogen-containing heterocyclic drug molecules with biological activity and medicinal value
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AR, F AR (NHCN)IEA LA B 1) # kR
BET. NAHRE, AETEWENEY, — 7,
BN, REIERNAEY; B—JrH, AERS T
U (NHL) 36 [ S % P 0, SIS (CN) 3 [ 2 25 FL
O PGP A G BE AT DL B2, AT B 25 )
N, R IEF AR E 2R OB, thln, 5 kA
s BUR 456 8RS B, AT HF& R EFh e
BRWEY, HhBAT 2N AMERE. I A4
VAR EAL PR R AR R
1.1 &Rk AMRELTEY

[k (amidine) /& — Fi AR ML &4, &4 RC(=NH)-
NH,, 2GS N B 5 T L R e S MAF 2. R
WEYEREEZRZYE IS, B AR N UK
B TE(ASICT) FH BRI, A g 55 BRI SN 71 Kk v 77 B
IRIRAFBRREN, A FH AR /)N AR SR SR ) 7 V3T B 22 R
| ABEHMHI7U4%E, 2012 4, Larhed Z5USHRIE T A HE
i RN 7 = G ) I B PSR v kb B R R ) 7 i
%715 LL PA(O2CCFs), AL, 120 “CHldk B 20
min, = 3075 3 77 FEBRATAEY)(Eq. 1). 2013 4F, Larhed
U R B T — PR BR A R A IS F NG B, LA
Pd(O,CCF3), 1E M AL, N-FFJm i g B (NMP) Ry %
7, 120 CHlt [ 87 20 min Ji v 1) 4 H 21 Bk R 55 3
BRATAEMI(Eq. 2), Hird 2,4,6-= FEIL KRR SR IEE
TE B 264 AT LA SO B 1) 75 LR AL S 70 (76%). iX
Pl 7120 757 HERAT AR R R B AL T B 7
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18 examples
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HN N/
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N ‘ DAF, p-TSA 10
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\R ; \R1

6 7 8
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FEAKH PA(0.CCFa), 1E AL, NN-—HJE 2 ki
(DMA) R, 5- %2 %j-9-B(DAF) ALK, 100 CKR
N 18 h, FThil & 7 AR 3-PREEMMAT Y. Ho, 1-
PR 5 1| W R 20 25 BT 1% 25 1 1 mT s Dl i) % e 0% B kA
EW(55%).

H AT AR B FAE N R B & & B AL SR AL
2 RONAR RIRTE D, 2021 4F, Klein ZEUSHR @ & 5
FON ERL L FEAL 2 A 2R 1 7 20 R R FF K 1) 7 72 (Bq.
4), ZM RLE R EUEAT ARG SR, ORI
HHF=AZ AT T3 — DA, Wb g
. 5 Odo I TAEAMHLL(Eq. 5), &M RARAE
JEMEAT, H BN SRR, VAR R TR

==
it

graphite Ni NQZ o
- rt ~35°C g
NH,—N ~

2 acetate buffe’HOACH,0  H2N OJ\ @

9, 75%

(1) desulfuration (Raney-Ni) N;iz

~ (2) Pt Il Pd-black Uy
NH,—=N HoN ®)
12% aq. H,SO,4 at <10 °C
X =CI, SO*
10

Ik (guanidine), 73F 3 HN=C(NH,),, tA]FE/EIE
fa ik, EEHT & EBIMMEDE L. EFER, Ak

S

BocHN
Method A:

WA AW 7 8 £ B DUE 7 1 07 & IEAE R &
%20, Lipton 22K T (Method A) & AR ATA Y
7712 (Scheme 1), {8 FHFUT S FkEE(Boc) 2k H L4 16 IR
NIERE, FE HeCly fEEAM N AR T RYIATEY), X
FKiEMHAEENERE, AFRERYER, BIET
FIFRZ, o8k FDEERNER, KRR
A I FH - B AR R I B JC AT A A 1 2 FH 9
2006 4, Oza SFPAFLIRR & T — PP F 2 5 ORI IE i
AL A YD 771 (Scheme 1, Method B). iXFf 7
w7 AR, HElFEb, wf bl AT gk
T S .

UbAh, WFEANSE M B on B A e T 2 B A,
IR K R 23R 32241, 2017 4, Odell 25025 %% T Al 2
TR FAER BRI T, = CIREW, 1,4 —5
NIRRT, 7665 CIJM 20 h A AFEAL y N-BUE 2K
Bk E AR, SRS IR IS RN 1.5 equiv i,
AT DAL N-BE LT (Scheme 2). 1% 5 38 4018 F e 75
PR F R SN R, BRI T
1.2 A N-SELEY

THRECN)E RN S EEWERNIEE
B BR2E S ARG MPRE B RN SRS T I R, AR
M, fEGiE RN AN N RN X, R
I S R AL R a2 SR e R, i B
K2R A2 DL & 8 F A N AR,
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Scheme 1 Desired transformation to guanidine intermediate 13
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16, 50 examples
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Scheme 2 Pd-catalyzed carbonylative one-pot synthesis of N-acylguanidines
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SNE, R P BR B SCTE RARR R F T R S 50/ N DA 257
REFMFEETRAENAEY, HETE&REFMDTIEZ
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XA R B TG, S A () e S PEAERAR, R 2
B K m R B v

R2 R2
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R' 17 R'" 18
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R'=R? = (CHy),

2007 4, Bolm Z5P7HRIE | DURUT AR VR, N-TRAK
PREAME W AZ(NBS)EL L A A7, @i ii ) e
FN, ATLURE GG R 15 Bl N-FIERR W fZ AT AEY)
(Scheme 3). BbAb, TEBRMEZAET, 7RSS AR F
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N///N N-N
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29 R!
9 examples 30
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Scheme 5 Synthesis of N-(1H)-tetrazole sulfoximines

nE AR Hh /K (Pinacidil), IGREZH TRITR. SE e
M. &5 H PRZGH B 2 A BET 246 F AT 4 7 20
1980 4, Palomo 5D°VKfig | LLRRHT 2 15 MR L J A
Nt 8 Hs R 1) 77 ¥ (Traditional approach A, Scheme 6). 1f
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BE) W2 HE ] (2- T U R IR R B A D AL 7, iR —
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N N NaOCl, NaOH CSHTEA AL o DCM, rt.
'\O\ t+BUOH, KO-t-Bu, N I N, _Sulfolane, 45 ~ 80 °C '\@\ pyridine | FeClyH,0, TEA
> —_— 2 _ = —_—
CN Step 1 Step 2 NH, Step3 ” SH Step 4
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31 32 33 34
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NTS . "W Ep000c N HN NH,CN, DCC, DIPEA O\ 38
=z ' NH
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25 36 100% H 67% \N)\N ol
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CAS 60560-33-0
Maes's method
Overall yield 59%
(1) 1.1 equiv. NaOMe, 2 h t-Bu NH. == 2 equiv. R
/@ (2) 1.0 equiv. 3,3-dimethylbutan-amine*HCI, 18 h N 2
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31 2 | (2) 2 equiv. TEA, 80 0C, 3 h
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Me,COy3, 82% 2-PrOCgHql

DL T JFORL 5 RO S 1 /K P B 2

Scheme 6 Route to synthesize pinacidil using cyanamide as block

B NS, = 2K, 80 CI B3 h, SN 65 1] LIk
B ARHR, BPEERN 25%. 2016 4, Maes SEB4 IE 1)
TR 2 45, MRSy 59%. HI7i R s i1k
TEBA A R LR, A T AR PR AR T AR, LA R
JFRLEEEIRME, A4 IR AR 25 ) A gt T
k5%,

2017 4E, Odell ZEFISLPL TN SFIEAER S —H
PR 55 JE A ) 4 R 2K R G AT A, 1R R
Pd(dba), AT, 1,18 R % k(dppDH
ik, —SEABRCATRIE, REFONRMERL, 76 120 C
SN Bh, B A T S A L AT AE ) (Eq. 7).
T ENRSE IR . Wb ANER . A MG A At K B2
TTHIE IR HE T A R

co o
Pd(dba),, dppf ! N
AX + QH =N ————— | C 7 )
120 °C, 5 min r H
40 41

VERKE TN Hy SZARFEHUR, R U] A 4 i Bl
JUK B A 2 RS R I R Ay, TR YT T i
. B RMEEE R MEIER S &K E-LR
(Zollinger-Ellison)Z¢ A 1iE. 2021 4, I [n] Zx [ AR &
T UL 2 453 1) 2 e FON TR v o v K T
WL (Eq. 8). 1E# R 4-[(2-% 3k L35 B AC H JE]-5-
FHRERK . SR U S R TR N I S, = R BRI e
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NH,
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N
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NS N\/\ N
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- 44 NH
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FRIPR GBI AV G, 05 MR 25 5
T BERERYI T AR RS 259
ST BRI 5y T Rk 2R 25009 725, &R
T BRI A 61 T R T

T EE RN TR A R A B E YT
LT T AN .
21 AREHESEAEIUEY

WEFCFN, 544 BE 5 3 2 S K e S5 4 g ik
fi 5K 259 T BA PUE AR F - MR PRI 7
G DS, fE4 b, A RS B 10 T 2 5 ) S
R LA FIERAE 270 CHAMET KA HEHE N K
SEHIBO. 2012 4F, AHERBIHUORIE T K &AL FA 2-
TR -N-(2- 15 2K 35 ) 2R HR I 2 e 70 A 1 Ak 26 4 T B LR O

DK P R R e 45 40 1 (03T U5 i, TS B T ERAR N
R, HzI7idx B el AR A AL = (Scheme 7). 758
RAR U A b, (R IR T RMALER: ok, fERCIR
AT T, AEEFS R LD T N-F5 L
TR A A; Ta R A B R BRI AL E, KR
53 WINBUE s ()& B, B fll C N HAS AL, C 431
W7 AL BAS B H AR D, AZAK 2R TR K I
WRERAT A=A P ) 2 SR AL 1 R

2015 4F, A5 A UCR 2 2L O N-2- 501X
HIE)-3-fe ik Y BERGAE AR HEAL T 5 T R K 0 T
AWN(Eq. 9). FULE SEMAB AT R AE C—N kR
R, A R REAT 701 S SR AZ N BOR E AL J
BRI S BUR BRI A . 2 s B2 BL Cul AL, Tk

(0]

(0] 2
_R2
A N -
RI-f N + (NH,—=N
O Br Br
45

intramolecular
N-arylation

. 2
[Cu], L-proline, DMF . SN N/Q
120 °C, N, R PR

46
20 examples, 33% ~ 82%

copper-catalyzed
intermolecular N-arylation

1,
N H
A
N/)\NI-Er
c intramolecular addition

tautomerization

0]

A
Br
N “NH
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B 7 BT A BRI IR [2,1-b] W -1 2(6 H)- TR

Scheme 7 Copper-catalyzed synthesis of benzimidazo[2,1-b]quinazolin-12(6H)-ones from cyanamide

pyrimidinone

R2 '
N = Cul (10 mol%), Cs,CO4 P f——%\»_Rz ;
R N Pipecolinic acid (10 mol%) I q ‘
' + (NH,—=N R LN : 9
Z >y O 2 DMF, 120 ~ 150 °C, 12 ~20 h, N, | Z N ! ©
X =Br, Cl S - I
47 benzimidazole
48
22 examples
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WEFR AU INF(PA), BREREAER, 75 N,N-—H B HEE%
(DMF)H 120~150 C FRAL 12 h, @It 3L 7 22 F
FH L R 2 G WK S E T AR, P2 2805 47%~90%. {H1%
SN T B BRI N-(2-1R 2K 38)-3- 2R FL T bR, 7
EAUH 47%.

2019 4F, Tiwari 2542 C—0 &8 ARG T B
A i I T A DRSS = MR AR, PR S NN T AR
I ARG R, AR AR E A 2-1R-N-(2-1]
) 2R R e Ay SRk, AL ST R D TR, R =
& NI (Ligand 1), DMF YEIEH], BREAR NBRAE
120 C &M T & 1 2RI BRI I [2,1-0] W MR- 12(6H)-
Fil, AR &% I E AT G P BRI R 2R, 7P HEAUA
64%~76% (Scheme 8).

N N

NH—=N" 4+ (R H
% Br Br

49

O O %

50a, 76% 50b, 64%

E= 8

[Cu], Ligand 1, DMF
K,CO3, 120 °C, N, SN

22 &R 2-BESRRITUEY

2-AEE B IEINAE DN EBE MY LG
TEAE T H0E e K I R AR A a4 7 B WL REAS
BT, R, kB T AN Gk T s
-FIEEHANE Y EA EE R . DRI TR
HICE R 2-F I BRI G R — P A T At
HIEF&F R E. P EETRNHCN)E N
PR A R 2-2 3 & WA ML AW 7 AT T VA 9N i
5%y

2003 4, Ram ZEWBHGE T —MEARAS 5 E 1 2-
RAIIWEF AT EW K /77 (Scheme 9), 78 EALER AN
DMF i, g4, Wi i 5 2] 7 a2 30
W, XFP TR R BRI 513, BRVEMTE, A AL FE A AR,

o}

Pe vy
R~ /)\N
H

Plausible effective
coordination sites
> 7
- O
Ny e -
] HO "’O>\
Ligand 1 o)

AL 2-T5-N-(2- 15 2% 2 ) 4 Y I e A USOSE 15 A TR IR I 2, 1-5 ] AR - 1 26 H) -

Scheme 8 Copper-catalyzed reaction of 2-bromo-N-(2-bromophenyl)benzamide and cyanamide for the synthesis of benzimidazo-

[2,1-b]quinazolin-12(6H)-ones

SCH;
_N SCHy
- N KOH, DMF, rt. for 50 h NZ
NH,——=N + | |
Ar” 070 A SN ONH,
Ar = CgHs, 4-FCgHy4, 4-BrCgHy 52, 38% ~ 42%
51
SCH
N o)
X KOH, DMF, r+. for 50 h
| + (NH,—=N HaCS_ G| cNH
Ar” 07 0 ! ﬁfc=N
51 AT NS
JHQO
SCH;4
P N N o
| HaCS M -CO, [HsCS
A \N NH — NH |© CN NH
r 7 -
2 A N N
Ar \
52 I g

HR 9

B AL LA U 1 R SR I

Scheme 9  Synthesis of aminonicotinonitriles through base-catalyzed with cyanamide
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H2 I LR (A HLP= 2, 1 38%~42%. R M45
T 5552 R RO LRSS ), A7 BHL K B3 T FE 1 R G
Y, RN FAG. AEE S T RNV, HERAE AR
AR 51 fImR 6 A8, 3B R AL T R A 2
I KEEEER T, TR A4S 10, 10 B2 — 20 7 S ALK,
PR SR JE T = i A 52.

B A R R AL A TR B 25U T2 N
H, n 2-S KRR 2-BR AR K RIS 2006 4, Suther-
land ZEWSERHZ LT 2-F8 58 2 B 7T 1] SR AN 1Y 251
T AR T 2- R IR SATAE Y (Route 1), 2017
4, Szostak SEUOUE FH G LR A R T 2-Z Rk ME, IRtk —
A MBI AE R T 2-F AT A (Route 2). %
FKIFA T BIELERL, A kg g7 R EA
A, G5 T AR, NERA A R T kS
2 (Scheme 10).

2-F IR B LE R AE T 2 R IR 250 55 7+,
ARG 25 8507, ] F - B- HA TR 1) 551 48]
FPUIE I AL 5 WL 2-Z KPR ) A T (1)
i 5 ACGHEAT G &, SR IEHEALEADY; (2) a- AR5
N-C IR BB, (3) a- B S FE MR 7E W 3 I 2% 1 T ik
AT IR S IR 25052500 I SR 8 7 VA7 A I SIS TR K

SEIGERAEE . M B ST I SR MR AL Rk
Bl A R s Je e R ARG 2 0. ST 2 BRI
4,5- " HUAR-2-Z SEK AT AE A, AR AER X e T VAR
AR, BAERMIBEW AT E R 2-Z AT A1)
2014 4, FATPIRBASIRE T —M b OG5S %ML
WIRVE FETA I 2- KM R 7 925, %4 28 1T B L T 2
JRFEB LT, T 2- R IR 2 W & AR AL T BT
771227 (Scheme 11). fEFIRE T RN HILRR
BRSO SENY A HATIE RN R, 153
TR B, ARERT T IR - R A1 B E bR
=Y.

2015 4, Tk FRIBASYRRARE T RAZHER . o-
T FEIR S AL B 5 Rl A B 2- B SR AT 2R M 1) 5 vk
(Scheme 12). 14K R ICTHALATAINFIF AT, =i %
PER, fERARERP AT 20 Fh 2-ZSEBRIRATAEY).
PEFR W T I N RSN 2, RS LI A
RIS B P R A B, S5 B A B TR A 4
BRN, KEDTKTE a-B R EIE C; &)a
FEMERA D TWEZINR MRS D; b 540 H
AR BB LT, R NRA 2 A0 —4ik, =
&M, TEHRINA, N 2-GIEk i A i & R At

KIH NH2
5§ A
R OCN O °N
Route 1 inorganic NH, o% /
phosphate )\ 55 OH HO ‘) HO (0]
Ox~oH + (NH;=ND ——— o Sn —55 . .
\—/ OH R
R 57
53 54 56 R =H, CH,OH
Route 2 OH HO
NH NH (0)
/K 2 /K 2 OWOH g\
O NH,—=N NH3 O">N * N7 'NH 5 NH
X~""0OH + 2 inorganic \—/ \—/ pH =7, 40 oG HO (0] 2
53 phosphate 54 58 60
BIRX 10  HEIEF G B IR
Scheme 10 Synthesis of amino oxazoline from cyanamide
R? Et:N RN
17 -
—— 3
R /\|/ + NH,—=N I \>_N|.|2
N3 EtOH,90°C,6h  _,~\
R® H
61 62
19 examples
57 % ~90%
2
e (v e [ g
- Base + _ B N HoN 2
NH,—=N NC-NH N AN — ¢ R
W)J\Rz R? N
Base+H ; R R
R
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Scheme 11 Synthesis of polyfunctionalized 2-aminoimidazoles via vinyl azides and cyanamide
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NO,

63 64

L2k 53 R
1

RGN

__n-propanol __ j[»wm
r.t. R2 ’}l
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65

20 examples

yield 35% ~ 92%

2
Ng fﬁgggx HNO, Rny R
1
R (P R" O
H B
A
NH,—=N |-H,0
@H Q
R3\NJL@ R3\N?\\\N
— Y
H- =,
R1 R2 R1 R
D c

BR 12 EEEMN o-THEIAACTTIR ] % 2-Z SRR HEn%

Scheme 12 Strategy for 2-aminoimidazoles via ring opening of a-nitro epoxides and and cyanamide
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A, WA R g B 28 1) 245 ) 485 Wt o] Dol i S R U E
R SEIIE A B

AT F0, EES (Purine) A& T B DL A% R 1)
RAFET NMEN I —M 5, EReRE AN ACBHR T A&
Y ARG SE 7 T AR T+ EEERIMEH, N P IR RS
19, M A NS 1A Bl BE S AL DNA R — 2 1A% {5 559, N
WAEN—F S B RH DT, 25T NMERETFEAR
(A AR, (R bk, MEERs B8 N 2 T R R I — A
FERRE 2R, TEAH GG 22 IR LW Ak 5] e )iz R
WK 2 FioR, S-RRERS I &9 ZM24138535T /I &6
8- AL NEISH BRG] vipadenantl®®] ELYEVRYT IH & AR
(1) 1 BRI PR S 1 U A B, Dolzhenko SE7EH A
JLMERAS T A T % LAE. 2013 4F, Dolzhenko ZF015¢ H
R R TR = L8 S =S S e In a1
150 CFHEEVE N 2 min, 8% T 12 FiE A 2
WA AR I I = M — R SRATAE . T VR s DA
REENR TR, N R, LR ER L, H2
SN T, AR T AR P Tl 4 R AR R, S0 Ak
KK .

2015 4F, Dolzhenko SO g | —Fiuki B4 (1) = 4H 5y
SR R A 4-F M e = R 2R AT AE M ) 7772 (Scheme
13). AR B S-SR e -4- i A 5 F
B = W8, TERE AT 150 CHIREIE ) & B
25 min, fil%& 7T 12 Fl 4-ZIEMEME =B SRATAEP(Route
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Figure 2 Drug molecules containing purine building block
1), ARG SCRR R IE (Route 2) B {77162, S g 2k
i MR W 25 W) B A AR T B R SO 2017 4,
Dolzhenko Z5SILRHRIE 1 RBAK TAE, ARZALE R
VIR T 2-2 7 BEKMERT AR, WA TE FH IS IR IR, Ak
b R T 4-EBE keI = &), IR H Bk

FEVE HFR =40 00 A 5RT RS S B B HE R 25 2R
BBk, WENE (pyrimidine) /2 — AR & B IML S
), NAAWTE K DNA fil RNA LRI, A7 =F
WENE FIRTAEYD: HUMENE (cytosine). il iR IE (thymine) Al
PRUEWE (uracil). WEWEAE 52 1) 25001 BREH, #=Z
T RRAWE e BERZW. AWt 1. 81
ML A MDY BT R 4 — ORI, & RO IE
HERM LB RS 1,3- TR A 4 A i & gk
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N-NH N
/ - microwave, 150 °C, 20 min "N >N Dolzhenko, 2013
RN N/)\NHz + HC(OEt); + NH,—=N oor : ﬁ_\ L 12 examples
— R N7 N 52% ~ 75%
70 71 72
NH,
R2 N~ X
N—NH N N~ >N
RZ . microwave, 150 °C, 25 min N // ) Dolzhenko, 2015
N ~~NH, + HC(OEt); + ( NH,—=N R3 “ 12 examples
2 MeOH N % ~ 819
B3 /| 35% ~ 81%
Il N
73 71 1 74
N ) o . Dolzhenko, 2017
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| )—NH, + HC(OEt); + ( NH,—=N ' ’ A— 13 examples
ArJ:N>_ 2+ HO(OE, 2 AcOEt _@\N/) 71% ~ 892%
,,,,,,,,,,,,,,,,,,,,,,, L2 S A S
NH,
Route 1 5 N—NH \ )\
n\ / i [¢] H ~ N
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H MeOH Bri N
o N
Il 55%
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77a 71 1 N
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n
N / 7 NH, DMF-DMA, toluene, reflux, 1 h n\N / _ N//\NMez MeONa, MeOH, reflux, 24 h
H H
|N| 77a 56% 79 45%
B 13 FEF . T S-F M4 AR F R = 4l — 4R 2 40 6l 4-F FE e I =R 28k &

Scheme 13 A one-pot, three-component reaction of cyanamides, S-aminopyrazole-4-carbonitriles and triethyl or thoformate for the

synthesis of 4-aminopyrazolotriazine nitrile compounds

5. R, REEOTEMMUEIESR 2, FHA R,
JRH 2P IR = 2K, T FLAEBEA Bl =47 A1),

L e - e 1 24 ) B AR R I AR T M 2 3R
T 3), L2455 T 558h Bos R, iR
BH, 75 I PR A2 0 H B e e 7% 12 Lo0) K g 167, ] DA
VEA RS2 AR RS PUIOSI4E. 2011 47, Woller %501
5-1R-2,4- 7 G g L I IR -4- P R (1) [X Jalide 5 1 R AL,
SR 5 F AT BN Ak, FEEEE AL R AA AR TS F IR B2
INEF AT B 6-28 JE It W I 16 W 77 2E ) (Traditional
approach A); [Al4F, Wainwright ZE09)ii Fff 2-%(JE-4,6-
RS E AR IR R KL, KA Vilsmeier-Haack J% B

80, Anti-tumor activities

. o 81, Antagonist A
in preclin-ical models

B3 &

82, Antagonist B

(POCIs/DMF)#EAT FH AL RN &AL SN, FFFR AR 8 S 3
13 78%HI P A, (HZ XTGP IR, JFORHS B
B, TAEASEERAN =SER, HalEw2, Eik
@%\,w%ﬁwwwxﬁﬁéﬁz¢ 8%) (Tradi-
tional approach B). Jy7FF /& B i &4 Al R4 &, 2018
4, Wong FU7ORKG S B FUE Jy ROt e - s g - B2 1)
B}, SR FH S RN 5k — FR R R DRAT AR A R R R 5
HEAR 3~5 h, GRS 10 ARt g EmEnE AT, Ho
RIE 63%~83% [F](Scheme 14), %713 & e &
Bor AR T B S
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Figure 3 Drug molecules containing pyrimidine building block

Chin. J. Org. Chem. 2023, 43, 436~454

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

http://sioc-journal.cn/ 445



BIHEFE SRR
Traditional approach A
Cl

cl )\ )N\Hz
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| P Stegos 1 o _J_Steps 2 Steps 2 | ' _Steps 3_ | P Woller. 2011
cl 71% 34% HN = 31% HN '

Br N= N= Total yield<8%

84
Traditional approach B
(0]

Steps 1
N/)\N H, POCI3, DMF, 84%

*ﬁ

b
_ Steps2 N ~N

hydrazme 93% )Ij%
HN Cl
N=

Total yield78%

Wainwright, 2011

88 90
NMe2
HTN X
NN
- \
XN A\ o, NH,—=N CHsSOzH, refluxfor 5 h N(\ Il N wong, 2018
I\\l\ H 11 examples
R' = Me, OMe, CI, Br, NO,, Ph Ph 63% ~83%
91 Ph 92
_ _ /I\iHZ
1 -
CH3SO,Cl Wong, 2019
o One-pot = N ’
+ (NH,—=Nlp) _55°C. MW pot N=
Steps 1 Total yield 86% R2
95 5
major product \—

R'=Me, OMe, Cl, Br, NO,, Ph
R? = Me, t-Bu, OMe, CI, Ph

16 examples
63% ~ 86%

B 14 BRSSP RBEE S E I T ot e g

Scheme 14  Acid catalytic microwave-assisted synthesis of pyrazolopyrimidines from cyanamide

—4FJ5, Wong SETNH R T — P d Bh R (2
A R 624 kbt W I E T A2 M) ¥ 77 5 (Scheme  14):
SR FH 0 25 SR e PR PR PR 7 PR S T Tk S 7 R
RiE R T 6- 2 FEME M I ENT A Y. XM S DART L
PEUV2AR L, ROBEET [RAR KAR BE R 4 a, H =20k 86%,
AT LATE A A 1 6- 22 J5 ML 1 I s g AT AR IR S B B 4. AR
FX R MAVR AT TIRABEA, 3T PO R BHLER
(Scheme 15): B4, BK A # R RS 3E47 0 Ak AR {2 13 )
N, HH 2R AN HLCN) AR R i 5 S5 I T ol P s Pt A B
B ER B AERBOM AR T B2 B, A o Uik
[k C, ZHEF(NHLON) S Pk C KA 75 WLE
BAEY) D, SRIEHAT IR, FERRIEEE &1 N R AE
FIAFN T F b B L ™= W), {E#%4E B (Path B)H,
rh A4 E FE il B R T R AE TN MR B, RS
T I SR AZ AR K B & 1 FUR) A A I U RE LA B H
Frr=4).

2018 4F, JH KPR PIERE 26 T, ﬂﬁi_ﬁﬂﬁﬁ
AT 55 G BV ROBE, DARS RAE g Bl 7, 1B 844
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(Scheme 16). 1ZJ7 VL0 VF 2 EE T e A R I 52
P, HrpVEE R T 2L TR I L S N A 2 %
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HIREFETSIZE, 2019 4F, (A5 BRI R T A HEE
75 o T R PRS2 A0 S LA 4 2- S -5k S e
WAL SR 77 122(Scheme 17). %7 VE7E 1-FH3E-2 it ng
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AT 28 ANEAA I G I -5 - TR S e AL A 1),
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o) - 39oU2 HoN One-pot /
Ar=p7 X * Y oo v A AN
N= H ' Ar—N H N=
N= w
A W w G
CH3S0,Cl
NH,—=N = 55 °C, MW
N “ /3 CNH
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Scheme 15 Proposed reaction mechanism of synthesis of pyrazolopyrimidine from cyanamide
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Scheme 16 Synthesis of substituted pyrimidines from nitriles

=, HIRYI R LR AN DR Y A R, SRR AR E
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2021 4F, lla SEEERRAMT, FIHREFR A
/R T5 B b B Wi lE K 422K Thorpe-Ziegler B
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Scheme 17 Route to synthesize antifungal drug using cyanamide as block
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Scheme 18 A one-pot, reaction of cyanamides and dithioesters for the synthesis of 2-(hetero)aryl thiazoles compounds
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ZERATE MR - R EEN S EEIMEY, 7
TET H MR RIR =P b 951, e300 2,4- =2 2 -
1,3,5- = A7 A= 0 R I HE AR 7 0 B RD P v PEDSOL. 4k
T A R =R AT A 7 1A B SR E N R, 1% 27
RN AR R, JFORH % 2%, 1 BLR ) 3Z TN
AT BHL 250 5 e A DR 180, i P S B A TR SR A R =
R AT AN 2 — P (o = RURR 7775, 1954 4F, Robinso
SEISSURTE TR IR R R R RS ROIRAS R, Wik
ERIR 5 A TR Z TR SN, MR R s I 3 T R
=, AR A T 20 MR R = EATAEY, BPRAE
20%~60% 8], FFxf H & 2 Mgk AT 7K, SLaeiE
LT HH R SRR WA AEY B PUE
(Scheme 19).

1997 4%, Brill 48 7 I H 2L FAE =i &1~
A Y R AT AR 7, B SR R A RO, SR R U
100~300 CaFEF I MF LA, 7 —T7m, fLE
BLEAL R E AN BRIV AW, Z 5T T
fi FA 3 AR5, T iz & SR F A N AL IR,
BE— 25 & BT WY BRI A W0 (Scheme 20). %44k 2 2 AT
B RRN R A

o
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O G o (0]
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123 124 125

B 19 AR AN G R A ORI =,
Scheme 19 Synthesis of benzotriazine from nitroaniline and
cyanamine

2020 4, BXEMRIREAPOTER T MUREZ Ao &
J 2,4- a8 HE-1,3,5- = RATAEMI T %, ZOTIER A
B F R AN 5 od i 2 20 0 P S R 4 — sk =
=21k &) (Scheme 21). 1% SR H A #AE 7 52 5 KA
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(COVID-19)55 B | 2 5t A 24
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Mg -2-fi, BEITK, B RG1%) K. b, K~
fiRRIX EE X R, 2020 4F, Snead ZEO3LUREIE AR RL, Rk
T EA AR =R Ak SRR ST I e = 4R,
W 31%BIME 2] 59%, & BUPREEDb % 2 8. BT
RIS AN G ISR, [FI4F Sarpong SE4HF R T FIH
5L AU ML JF =W 25 W) A BL 1Y) 75 ¥ (Scheme  22).
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Scheme 20 Synthesis of acridine derivatives from cyanogen
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Scheme 21 A one-pot, three-component reaction of cyanamides, methyl ketones and arylamines for the synthesis of 2-amino-triazines

2021 4F, JHEHURELHOSRIE  N-H R I s A0 A [
GRS T 1,2,4-=ME, 1,3,4-1E W J7 1,3,4-F05 1k
(Scheme 23). FJ F 2 ZEFAF Jy UL I AN IR R AT AR AE
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AR EE MR EY), RS TR, TSR
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BVEBRAE, X TH R RER AT A = R A2,
EARZ N [P N A — 58 1 = PR .
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