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Optimization of the Synthetic Process of Antineoplastic Drug
Dacarbazine

Xiao, Shengwei” Liu, Zhijun® Liu, Yang” Chen, Heru*
(“ Institute of Traditional Chinese Medicine and Natural Products, College of Pharmacy,
Jinan University, Guangzhou 510632)
(® Guangdong Province Key Laboratory of Pharmacodynamic Constituents of TCM and New Drugs Research,
Jinan University, Guangzhou 510632)

Abstract Dacarbazine has been prepared started from glycine, which was carried on firstly through a four-step process in-
cluding esterification, formylation, dehydration, amidation to give 2-isocyanoacetamide with a total yield of 42.9%. 2-
Isocyanoacetamide was then cyclized with cyanamide under basic condition to afford the important intermediate
5-amino-1H-imidazole-4-carboxamide with yield of 68.2%. This intermediate undergoing diazotization and following coupling
reaction with dimethylamine led to the target compound. The overall yield was 22.3%. All the intermediates and the target
products dacarbazine were confirmed by 'H NMR, '*C NMR and ESI-MS. The current process is economic efficient charac-

terized by applied cheap materials, mild conditions, and good overall yield.

Keywords dacarbazine; process optimization; drug synthesis; anticancer
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T, BERSHNH A S180. M IR L1210 K& iRHE 755, —
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FA A 11 40 2 i 2 20, A7 18 SRR A% 250 Igijl‘nfié
Ko BB K (7R B AL ) S ik A T T 2 S R i
AR Lk 31 BRI LR fATE, AT %ﬁﬁﬂ%ﬂaﬁﬁ

AR AR, ZaRETE KR 7, ZHIED RN
AA Y B 5. BRIk, AW EIREERAR) -2 Hk-4-
IO WAl PR e 5l i 2.

I A AT, 5-28 B4R FE S (S) I & s DA
BT B H 2R AN 2 I (R 31) 2 R R S
(Scheme 2). EH/ & HAMRE HEEIL. HEL. WKL
R R BT o- R TEE LB 9), 2 EYTE
B PR T 5 2 A i R 3R R A R TR S S A H T B A
TERK IR, 5 508 o ) {528 J5-4- oK W FR 5 i (5).
I B R) B AR SIS 2% A1 35 E 25 25 AH JG STHR[7 ~ 12] (1) B
fih Bt — A4S

1 &HR510R

1% Scheme 2 AT/RE{LR & IR, HiZE a-
FELE LWL B, & 4 B RNER. Pl
RIRAR I B, R I & FEEAE N RS, 16
TR H(SOCL) FIMER T LA 93.0% 1R 3k 159 H 2 R
i Eh W 6 (1), 5 =B A T B, & B H A
HCOOCHS/EGN, =i #E R a] KB, U3 A 78.0%; H
P 2 22 B 7K R S AR I RONEAE. POC, HIAE F R IR 3t
17, W% 65.0%; VDR o- T8 CREEQ) LA

o- T FIE LTk NZ(4), RFEEESRFMT, EREN 7
mol/L 1) NHy/F iAW h 347 B2, BIAT BARSIE 91.0%
PR SRAF TR Z AL =) 4.

ARICHELH, B a- 5 LT IZ (4) 5358 24 177
B 5-24 J -4- WK M F B i (S) 2 R B P IR, 238 SR
[10~12], {E# EPEEIENE SR 2 N6 3E R e
S EY) 4 NFRAG 5. ASSZIG IR LR . A
TP B BB T 25 R R AT IR R (R 1), RILLLVRENE
jjra%% NaH NBEPERF], THF NEF, 0 CHAEHMN,

HNRRPL 3 h AFAERME, BB LL 68.0% MK H3KkG
ﬂcé}% 5 1, Entry 7); FIFEAET, DURENED, H
R A 13.0%(% 1, Entry 3). BEARLL -BuOLi Jybis it
TR IS Mg 8 —L6(3% 1, Entry 8), 1H 75 BAEBARIR &
NHHT, BTUERATAH, RBZEAATILAER 1 Entry 7 A4

EHIBATE RN IR FEAE R ER S A 4 6
5, T IFZ L2, 45 LA KA (E 1, Entries
1~6). X[ LA 1 B R BALE 73 28] & B R RE. 1L
GV 4 1 AERE R T R S T e A X, Xt
BURZE I b (a4 UL, TR ERIRIEA P4
QA IR, HB s om il gk B 5e 1w ) 54,
FrLhi X AR UL SRR H oA F)L UL R4 T
BAZMMBUR L, R AR ZR R 54k U2, U2 it
IKFE K IR 54, X — I FRERR AR N, B
BORHIE R B R BL AT, ML T, R EEE
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0 N
NH(CH NH
</N [ NH, NaNO, N NH, (CH3), ¢ 2
Route 1: HN HC Gl 0-5%c NN cH
NH, HN . N
CHs
dacarbazine
(/N cooH NHiNOs (/N COOH  NH,CI (N CONH,  Pd/C CONH,
Route 2: HN] - )/ W HN J S I
NO, NO, He NH,
o]
NC._NH, N X NHz NaOH a N
Route 3: HCN + I HCI ~ g </ I NH,
NC AR
B 1 SCHRIRIE B IE I~ e G ik 2k
Scheme 1 Synthetic processes of dacarbazine reported by literature
Y MeOH/SOCI, Py HCOOCH, PR POCI5/DCM NH;/MeOH
HN™ "COOH ———— HCI-H,;N” "COOCH; —————> OHCHN~ ~COOCH; ——— CN~ "COOCH; ————>
93.0% Et3N, 78.0% 0°C. 65.0% 3 ca. 100%
1 2 '
0 o Q
NH,CN/THF NaNO,, HCI NH(CH N
CN"CONH, —= </N TNH 2N W L CLO s L
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NH, HNTN N"">N—CHs
2 |
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Scheme 2 The optimized synthetic process of dacarbazine
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Table 1 Synthetic conditions of 4-amino-5-imidazolecarboxamide

Entry A Tl 1 X5 W7 I /it 1) WK /%
1 RE CH;ONa CH;OH 0 C rt/dh 17.0
2 RE NaH THF 0 C/5h 0.0
3 RE NaH THF 0 C—rt/5h 13.0
4 RE NaH THF 60 "C/5h 0.0
5 JRE +-BuOLi THF —15 C—rt/5h 30.0
6 RE -BuOLi -BuOH —15 C—rt/5h 21.0
7 NG NaH THF 0 C—rt/3h 68.2
8 NG -BuOLi THF —15 C—rt/5h 69.3

0 0
+ +
e EE—
F NQLNH?] N7 NH, <N

X HoN™ SN

C1

Bl 1 5-5 - 4- IR M G B 1 TR B L B

Figure 1 The formation mechanism of 4-amino-5-imidazolecarboxamide

PIEEIRN sp A4k, FCoRAZ N RIS M LU R 25 IR Pk 2
L, Bk, B XCAERCCL IR Gtk AT. Bik—0H, |
Cl RAEDTHWREEINBR MR C2 &— M FIr
2. A4h, C2 s o7 W BT EAE, IR
T RFR N SUEE, TR T B R R, XA 12 F
HIFEA, ONTECRE /. LRI W, EEFE R EE
RNEEN . SHED 4 BTER S 1SR

RAEFREBERRA L, KEHT RS &
B, TEBRZG Tk b3z A A 7= 3h R B W P EF 1)
BL, MASKER, 5 TIREL, A A Rk 28 Se il Tolk Ak 2k
FE T REERGIN. B )5, & S 1E NaNO/HCI/ER T
T EEE, REE - HEMERREH =ik~ E
B, IR 76.2%.

2 Zhig

Tt LURR G 1) H 2O SRR, e TP A R T
HEFTAEY 5-FHE-4-0KME B, e EEl
AN & S NLRR P& 7 1 U 250k R B, Bl
22.3%. AT SCRRIRGE K e T AT 5, % BT
JERMT BE 20153« RN 26 PRI, SRR, RN At
T T R AR AT A M R i

3 LEHY

31 UHB5RHF
Bruker-AV300MHz ZUA%ZREFEIR1C (it Bruker 2
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F]); DHG-9140A BUER T4 (i AR R FER A3
HIRAF]); CLIBQ-3 RUMEIRRE 158 CF MK 38R} T
A PR AF]); EYELA BJieds 28 KA (R mt BRAL A bl 25
TJ7); LGI-12 AT ST 208 TR AR A
Al); FA2104 YRR (R PR A TR A AD);
TU-1810S &AM Mot FETHALR IS A 28 BR A 7)),
LC-UV100 AH 3 3 (g AR F B A R A R,
DZF-150 B4/ B2 TSR AR GRS IR T 52 A BR A /)
KQ3200E A8 7 8k 1 e a (B 1L i e P A 2R A BR A 7],
X-5 B RHUE A AR R AR AR A ). HEA
R JRE. ZHEER. ZF &SN aladdin {77 F# &
i B A PR A AD).

32 ZLWHE

3.2.1  HAER T BE(1)89 A%

GRS ROCERT7). REICE =R 7.5 g (100
mmol) T 500 mL [BJEFEHH, F 200 mL 225 (1) F1lE
A, vk REA ) 15 min, VRS 88 SR E 22
mL(# 300 mmol) ~ &K, IR MARRHF, T%
T RIS, RN e 28R 2 2 R ) SRR
M, R R D R BRI R, SRR DU R I K
A SRR R SO VK T R A A, RIS R R
AR, gk S Ak 116 g WE
93.0%. m.p. 174~175 CCLHME" m.p. 174~175 C);
'H NMR (300 MHz, D,0) §: 3.90 (s, 2H), 3.78 (s, 3H); °C
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NMR (75 MHz, D,0) : 168.7, 53.4, 40.2; MS-ESI m/z:
179.2 [2M~+H]".
3.22 N-FBEH AR T BE(2)89 &A%

E TS OR8], FREUH 2R R 3.56 g (0.4
mol). FERFfE 10 mL. — 8% 5 mL & T M+, 75
Eim A3 dJE, MRPEET 0 CTEE 30 min,
o BRI HA, a8 R 2 A R 5 o AR DR e 15 31
TEMRYI, TLC KR Al &%, AFRiE—E 0
St BRI E T B TR TR, Sk
2.95 g, ItF N 78.0%. 'H NMR (300 MHz, D,0) o: 8.25
(s, 1H), 4.15 (s, 2H), 3.83 (s, 3H); °C NMR (75 MHz,
D20) 0: 171.7, 164.6, 52.8, 39.8; MS-ESI m/z: 118.2 [M+
H]".

323 o-FHRAETH FTEQG)H A&

BT VRS OCHR[9). 4 N-FE H &R G 2.75 ¢
(23.5 mmol)¥ fiE7E 100 mL = ZE 1) Jo/K — & HE(DCM)
o, BB =2.0% 8.1 mL (58.7 mmol), # [ Mg &
BT UK P4 A 15 min. £ %45, B8N
& E M 2.2 mL (23.5 mmol) T MNAK R, T JE 4k 4k
TEVKI R R B 1 he BRSO 2 =00, HEE
IR Na,CO, VAR B2 pH T A, gkt &
IKAFFENA TR 532, R i AaNLE. KEH
DCM FHU(30 mL X 3). GHAHLE, AW EShKE%ER
3, BHUMATK MgS0O, T, iy, &IFER
FHHET, 1R o- - F AL LB S, ZH5 FH RP-HPLC
S aith, B TR E 15 E AR SR IS AR (R
% 1.51 g, W% 65.0%. 'H NMR (300 MHz, CDCl;) o:
4.21 (s, 2H), 3.72 (s, 3H); °C NMR (75 MHz, CDCl5) §:
164.5, 160.5, 53.1, 43.2; MS-ESI m/z: 98.2 [M—H] .
3.2.4 o-F+ R TBLE(4)89 6 A%

BT S OCER[9]. B a- R AT 1.0 g
(5.0 mmol) T~ 25 mL [FELHEH, IO 5.0 mL HIEE, #H
IR ZE% . RS IIER 7 mol/L S/ F VAT
1.5 mL (10.5 mmo)II N MR R, TR T
. S NG5 A e 75 bk 2 E A M B, KRR
CE B BT 10.0 mL HFEER, DN 5%1075 1
w, T 50 C R 2 h RGBS R LI, KiE
Wk 4515 2K A E R, RP-HPLC 20 Hr R BI4iRE 95%,
L —B sk, By E s T8, 5KA AR K
765 mg, W% 91.0%. m.p. 113~114 °C CCHERE"" m.p.
113~114 °C) ; "HNMR (300 MHz, D,0) d: 4.71 (s, 2H),
4.37 (s, 2H); C NMR (75 MHz, D,0) J: 168.4, 156.2,
44.6; MS-ESI m/z: 85.1 [M+H]".

3.2.5 5-ZH-4-mKed P BLE(5)89 6 K

AT Z B SCHER[10~12]. B NaH (60%) 280
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mg(#] 7.0 mmol) T & A LRI T 0N B 7% 1 VY &k i
(THF) 10 mL, VK %1 15 min; HX 420 mg (5.0 mmol)
o- I WA AR T 5 mL EZE THF o, 3
B FiRk &b, BERE RN 0.5 h; AEUEEER 210 mg (5.0
mmol)¥% T THF w1, iy 5 25 5218 I\ 21 e LA £ .
IRksEEE, UKIE, kRSB T R, keLmk
JBE 3 h, AR AT R AL ROSES TR, N 5.0 mL
KRN, FERRGERRE T pH £ 9 /45, T TiaRlE
FH R B Ak RE 4, DA TG [ A AR O R 0.25 um JE AR
L JERE S S, B A RP-HPLC i bk v
i) @ V(K)=15 : 85], &1, hez&kR 2 HEE, %
W TR AGCE AR K 430 mg, ILFE 68.2%. m.p.
169~171 C(CCHRE"Y mp. 168~170 C); 'H NMR
(300 MHz, DMSO-dq) J: 11.45 (br, 1H), 7.14 (s, 1H), 6.80
(s, 2H), 5.56 (s, 2H); >C NMR (75 MHz, DMSO-dj) o:
167.2, 146.1, 129.8, 109.2; MS-ESI m/z: 127.1 [M+H]".
3.2.6 FEFEFER

B T2 HEOCHR[4]. U 5-50 JE-4- KMk FR ik iz 378
mg (3.0 mmol) & T 50 mL [ LM H, MIA 1.0 mL %1%
KUK FERE; B 1.2 mL(Z) 12.0 mmol)ik R 2.0 mL
IKMRE SRR I R S, OB AR ARFFTE VK T 1k
17; BUE RS FREAI(NaNO,) 207 mg (3.0 mmol)i&f#AE 1.0
mL ZE TR H B S IIN B s Bk Z b, A A 3K
YA BE S SO AR A R AN . LR S SV AR R
CLth, JRMNIRLARFREVKRI FRHT. BidE 0.5 h )5, R
Rtk RIS H 40% W IERIKER 0.5 mL (4.5
mmol), ZkEEARIR M 2 h. JeN4EH, ¥ NE T
VRT3 BR ) /K A i O [ AR € 3 A A 0.25 pm 8
JEE, #Edh A RP-HPLC 4E4b[HREEFI A VIFEE) @ VoK)=
15 : 85], A IFMESY, RIRIEZL R 2 L, W% B WA T19
R EAARK K 415 mg, WF 76.2%. m.p. 203~205 C
CCHERE™ m.p. 203~205 °C); "H NMR (300 MHz, D,0)
8: 15.14 (br, 1H), 9.03 (br, 2H), 8.52 (s, 1H), 2.51 (s, 6H);
C NMR (75 MHz, D,0) J: 152.8, 152.6, 143.9, 119.8,
34.4; MS-ESI m/z: 181.3 [M—H] .

#H B#1 kL (Supporting Information) L&Y 1~5 Kik
FEEER 'H NMR fil °C NMR B35, X Lehpklal 4
i WASFI i (http://sioc-journal.cn/) | N %K.
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