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Synthesis of Stable Isotope Labeled "°C,-1,4-Dihydropyridines on
5,6-Position and Its Substituent Carbon

Hu, Yuzhao'™ Quan, Haiyuan™*? Wang, Liuyang® Wang, Zhinan“ Mei, Xiangdong®

Nin, Jun* She, Dongmei™*
(“ Institute of Plant Protection, Chinese Academy of Agricultural Sciences, Beijing 100193)
(® Shuguang Rubber Industry Research & Design Institute, Guilin, Guangxi 541000)

Abstract 1,4-Dihydropyridines are important central motifs that are abundant in many biologically active molecules and
drug molecules, as well as versatile building blocks for organic synthesis. Currently, there is no suitable method for the synthe-
sis of '*C-labeled 1,4-dihydropyridine. A method was described for the synthesis of '*Cy-1, 4-dihydropyridines in this article.
Using *C,-sodium acetate as the raw material for labeling, '*C,-acetoacetates were obtained by phosphoric acid acidification,
BC,-Acetic acid was acylated with N,N-carbonyldiimidazole to give '*C,-N-acetylimidazole. Then, the sodium salt of
1,2,3,4-13C,-acetoacetylimidazole was synthesized from '*C,-N-acetylimidazole by Claisen condensation under the catalysis of
sodium imidazolate. The sodium salt of 1,2,3,4-13C4-acet0acetylimidazole was acidified with acetic acid to obtain
1,2,3,4-13C4-acet0acetylimidazole, and then esterified with alcohol to obtain 1,2,3,4-13C4-acetylacetic esters. 1,2,3,4-13C4-acety-
lacetic esters were aminated by ammonium carbamate to give 1,2,3,4-13C,-3-aminocrotonates. Subsequently, 5,6-position and
its substituent carbon-labeled '*Cy-nitrandipine, '*C4-amlodipine besylate and '*C,-amlodipine maleate were synthesized using
Hantzsch modified method. The method has simple operation, mild reaction conditions, and high yield. This study provides a
new idea for the introduction of 1,4-dihydropyridine which 5,6-position and its substituents are labeled with *C isotope. And it
meets the independent synthesis requirements of stable isotope internal standards for the consistency evaluation of generic
drugs in China.
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LA4- AN R G2 — M EEN R AT S
Yo, REEBEAEYPEE ARG ERY 2 14—
SN E A AR N2 2 A, 1 R R
2. PUBEIRIAZ) . PUEIEZG . PUIARZy . PR 2. 4
2y, EEY . MEY KA. CREY RS IR
PoAR 2. MR 2 RRZERE YY1 57155010, Y2k
WL JBTEHCE. ERET . R R = ST A SR R
AT 1,4- —EUENE 2787 O I A 1) B B — 2K
A B AU 1,4- S NE & NADH (Nico-
tinamide adenine dinucleotide) % B ) & LA ¥y, &
NADH ({1 ieah, Y% —Anne b &9t
2 ] B K B AR W BRORT A 5% S 2 IR AL A W 1) B LA il
l‘m,ﬁg[M—H].

TSRSk, AL RARICTE LTI R e i bA
FoR AR D5 TH 1N R 2, K, PC ARid 1,4-=
SUERE & R T N 1,4- S EE R ST ER AL R A7 R bl SR
L 4ET BCFRIT 1,4- At A R IRIE A%, 1986
4 Fischert WAAIRIE T 5,6-07 L HEUREEBARICH
BC,- JEBEH T 1 AR 0 (LA T iZ 2K brictk & R
BC,-1,4- =AMk b &Y FK), TN 1,2,3,4-5C,-
LB RS (LA T iZRic i SRR BC-tea
LGB E FEE] PC,- R BEHTE. 2003 4E Ohtaka
A ROE T — R BB IC I PO, R PR T f AR
WA ITVE, %7 EEE P C- P I B U i 45 39 PR i
WFRICH PC-2 Bk 2.1 1 lg, B 5@ id Hantzsch 2R3k
5 FEEBRFRICH) BCo- i T

WRT BC KR 1,4- EMIE S IR — R RE
JiF. FEARWEFA, Bih T2 mRUN A RS 2L
W BC,- ZERANIE N IR JFURL, WL SR R R A 1 4 15
3 BC,- 1R, ¥ PCo- LR E N N-BiIE —IKME(CDI) R
53] BCy-N- B K M 7 K M By (IMNa) 1 F T S2 81
BC,-N- ZBEBK M) 7 SRR G5 15 3 BCy- 2Tk 2Bk s
s, FHEmREE] PC,- 4Bt ke, B 5347 TS
LR BN PCy- 2T Z BRI EY. I BCyr- 2B 15 5
BCy- 1 LRSI 7 %o v (A P2 gk A7 40 88, PCy- 2Bk 2
FREE 2 E A5 3] PC,-3-5 0L T HIRIER, B 5 2-TWie
B p-TRREGAE 315 PCy-1,4- “EMENE. N 2k
Scheme 1 IT7R.

KH PCy- LK TSR ARG A BRALIRTS PC,-
LB BRTS, 466 IS A0 B8 I Nl R R, A T
AW FOBEFRIC AR PCy- R REHL T L PC - AR R ST
A BC,- TR B ST, 9 BC AT 1,4- M E &
RAEEEN %, UC,y-1, 4-AMnE 14 A R T 5%
o E RIS R AR ICAR R, R R AR AR R DL AR G
AR b T S SR, it 2 24 i e [ o 24— B
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Scheme 1  Synthetic route of '*Cy-1,4-dihydropyridines
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1.1 °C,-Z Bt ZBAEER & R

HHTHRIEN PC FRICH 2Bk ZERER A T AR
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N 65%; SUGERVERZS] PC bric BERIMH BRI, A
Y A PR 0 SR AR B U VA — 45 CRIRB AR IR [ B
FAFF RN T A G . B, AW TR 1%
K I 1) 5 S AR 46 A FR LT3R 18 PC- BRI TR, %07
E TR A=Y AT 53 8, RGN, BARTE)
FERE. AiERE.
1.2 F|HRFIANERE

L LRI R A 4 P Cy-1,4- AU ) 5 22
L T PC-LBABRERRIE AL, B TR EY R
BRI EZEG R, BEREE, &K
WP IR A, BT REDSE. mE A B
FREE . ZUK. B IR B A IR S e B FH AFAE — Dl ANk
R, Bl R, o e R B B, PR R
NE VLN ARG ZERUE A b 2. BT R2H
LA TE A, TREHH 2 AT i1k,

K & B IR AT A R B, AT e G Atk D IR,
T i ) B R R DA SR B T I IR IR A i A 60 °C
PL R B A RS RE R IR SR LD, & —H
AN SERAE PR T, N AR ) 3-E A
TIRIRNs, B 7Bt Rk, TEERT
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P i 1 AR,
1.3 BCs14-ZSMIEMERK

Wit PC,-ZBE M P ER AR PR A E E
BC3-BETIHRTEE, B 2-G-MEIT Y E)2H 2
1% 2. e 7E 2 N4 80 “C IRl 10 h 53] 3Cy-JEBEHE
F-(Scheme 3)B43).

H,NCOOH-NH; ~ NH2 O

—an — N

(0] o
|
~ + /N+
O\WQJW _
0 0 o
80 °C, 10 h, EtOH
/\O

*=130 N

B3 PO R TG UK 2

Scheme 3 The synthetic route of *C,-nitrendipine
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I B %) A 2B 4R LR AE R R R NI E
80 CIHIJE 24 h, EFE17 ek = FH B L7,
15T H R, S FREMER PC-a fHF,
Bt 5 5 2R R R T SR R AR 15 3 PC,- IR R AU
Al BC,- TR ER b & F b P (Scheme 4)P¢7),
1.4 F@RFAESHR
1.4.1 PCy-RE T8 5 S R AEH AT

LT RAREE R BEHSE AT PCy- SR BT 5
TS AT UKL PC,- BT 4> T3 T4 m/z 364,
FEE m/z 242 LA S m/z 214 SR RIREE R REHT £ 4
ANFRER, W R AIOAS C R PC BUR. m/z
=364(RIREE: m/z=360)%F R ITEH B ANE 1 (A),
miz=242(FRAREE: m/z=23)X M EF AR 1
(B), m/z=214(KIRFFE: m/z=210)%F B FRIHE F B 1 A &
1 (C), PCy-JEREH T (15 W AR5 JE M T 1 B 1 4 AR
— XN, KPR IN PC,- e BT

A1 CC R BT

Figure 1 Fragment ions of *C,-nitrendipine

BC,-JEBEHSEHY "TH NMR 5 KARF 1 e 1)
) '"H NMR AL, EEXHIFET PCo-JEREHIT 1 1
fir PC JfF EREZBIEAE PC RTHEE, FEET
PRI, 7 0 2.60~2.13 AL HEIL T 3 i, S
BH 58 1.5H, 3.0H. 1.5H, T RARFFE R B/
52.60~2.13 &b R WA 3H [ 56 (S 1 E 2 450 ).
O

N
o*
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Figure 2 Structural formula of '*C,-nitrendipine
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Scheme 4  Synthetic route of *C4-amlodipine besylate and '*C,-amlodipine maleate
A 4FPC R, BTN LRI § 168.1~166.9
g 4 B BC W, 6=145.8~144.0 4 3 fir. C ki, o
104.1~102.0 24 2 £ °C Wi, 5 19.9~19.3 Jy 1 4 °C
W (S HE 2 50 30).
142 BCrR AT, PC,- R A R-FHh PC,-
I R BR AR AR 09 75 S R A AT 1

BCAR AT PO IR A FHT A PC -k R
FEH T THNMR 53595 K AR FE A T T R
AT R SR ER A S P FEAAR O] X A
T BC- AR A F TR PCy- TR ZH P11 1 £
BC JH 7 EMERZBIILPHE BC R TR A, 1E62.52~
2.00 4 2 A, S A H 40 H08 1.5H A1 1LSH, TR
SREFE R BEHITAE 6 2.60~2.13 RA—A 3H [H (S
TR 3 g5i=X).

T RARE TR M KRR & T A1 ok
FRE M) °C NMR, PC-R &M T PC,- R R
SO AN PO, TR RR A ST PC NMR #FH L 4 41
SEI SR R R 4 B Be R, B PC,-
AT BC,- IR R &M PC,- T R R A
] 4 éﬁ%ﬁ%ﬁl&iﬂé*ﬁﬁ, bﬂ]E"JXﬂLF_‘Z%%ﬁFT:fBIM.SN RS
166.7 75 4 fr °C Wi, 5 146.2~144.4 79 3 i “C KUK Figure 3  Structural formula (1) of *C4-amlodipine besylate (2)
I, 6 103.1~101.0 & 2 fi7. *C Wi, 6 18.7~18.1 7 1 and "*C-amlodipine maleate (3)
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3 X
3.1 UEFE5HF

GC-MS-QP2010 SE "< AH & i 57 1% il 2 MS,
Bruker solariX {8 37 M-8 ¥ & 73 HE B3 A F HRMS,
DPX 500 MHz BUZREFEIRACH T "H NMR A1 °C
NMR (TMS NN FRY)), 5 502 BB sl e 1
(SGWX-4A)5E, 2B FT i GF254 # 2Rk
I G B AE BR AT RS, BTS2 28 S &
Sy R ek
3.2 ZWHE
32,1 BC, T BT BRES 6 H %

¥ 3C,- ZB248(10.00 g, 120.50 mmol) H,O (20 mL)
55 85%[#) H3PO, (20.80 g, 180.80 mmol)i& &, JF{EHZ)
e 2-CC- AR 2.k . ¥ ZBEE ] P,0s
ik, iLuE, JIEMA R WML OB, B33 PCr o’
(6.80 g), 7% 93.0%.

£ 150 mL IR A A PYE BRI (THF) (50 mL)F!
BC,-ZF2(2.00 g, 33.33 mmol), fEFiRBEPE T/ MIEE
PN IREE — K (5.35 g, 33.33 mmol), <N E H
JEE RO, ks M 3 h. OB 5E B JEH BmAE B vk
K, 15 Ny RT3/ 2 T AR RN (0.41 g,
17.00 mmol), MN5EETEER FHLSRML 3 h, KM AT
WL R BE(TLO) MR AER) - VA MmED)=1 : 1]
W, . RMNSEREE, KRA KR A & —
20 °C, A ZBR(2.00 g, 33.33 mmol) A FH fiE(1.06 g,
33.33 mmol), <7 30 min, S8t FE A4 il AN
—20 ‘C. KMTERESERH UKERR, R EBRIEF, A
10%EEIRERIL 2 pH v 2, F & AL AEHL(30 mL X 3).
R TOK R B BT, IR L BRVa I, 198 1.78 ¢
Totaiifhs, B PCp- LW LERFEERY, P25 90.7%, 4i
FEN 99.9%, PC FMIEEEN 99.0%. 'H NMR (500
MHz, DMSO-dq) 6: 3.51 (d, J=4.0 Hz, 3H), 3.44 (dt, J=
6.7, 130.5 Hz, 2H), 2.04 (ddd, J=1.7, 6.1, 127.9 Hz, 3H);
C NMR (125 MHz, DMSO-d) 6: 201.8 (ddd, J=2.7,
37.4, 42.1 Hz), 175.9 (dd, J=48.5, 70.1 Hz), 172.8 (dd,
J=5.3,74.8 Hz), 168.1 (dt, J=2.1, 58.5 Hz), 92.1 (dd, J=
4.2,159.0 Hz), 91.9 (t, J=4.7 Hz), 89.4 (dd, J=6.9, 145.9
Hz), 89.4 (dd, J=3.2, 7.4 Hz), 49.6 (ddd, J=14.2, 36.9,
58.5 Hz), 30.2 (ddd, J=1.6, 14.8, 41.6 Hz), 21.0 (ddd, J=
5.3, 7.4, 48.5 Hz); MS m/z: 120 [M]", 104 , 89, 76, 72, 60,
45.
322 PC,REHTEH &

£ 10 mL BN PCu- 2B ZBR FHR(0.30 g,
2.50 mmol). ZFEHFERE(0.21 g, 2.75 mmol)FlH i (4
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mL), EiRHFE 24 h, K ER2EZEEARS 70 ClH
W, RECSIEBH G RUE B 25057, R8N 2-(3-fif %
R 2Bk 2R 2. F5(0.63 g, 2.40 mmol) A1 2B (5 mL),
TEN,PRY T T80 °C N+ R M. 10 h, R 5ERE,
REPE 0 CLANF BT fn A, by, HADE%
[ BEBESs, TR, 5% 070 g PCy BB, 7K
77.0%, 4EFEN 97.7%, PC A ZFFEN 99.0%. %Kikt
ik, mp. 158~159 CCCHME" mp. 160 C); 'H
NMR (500 MHz, DMSO-dy) J: 9.04 (t, J=4.3 Hz, 1H),
8.02~7.98 (m, 2H), 7.63~7.53 (m, 2H), 5.01~4.98 (m,
1H), 4.06~3.97 (m, 2H), 3.55 (d, J=3.9 Hz, 3H), 2.30 (s,
3H), 2.30 (ddd, J=3.5, 6.6, 129.5 Hz, 3H), 1.15 (t, J=7.0
Hz, 3H); >C NMR (125 MHz, DMSO-d;) 0: 167.5 (dd,
J=6.3, 80.6 Hz), 150.6, 148.1, 147.0 (ddd, J=6.3, 44.2,
76.9 Hz), 134.5, 130.1, 121.9 (d, J=69.0 Hz), 101.2 (dd,
J=176.4, 80.6 Hz), 59.7, 51.2, 39.4, 18.7 (d, J=44.8 Hz),
14.6; MS m/z: 364 [M]", 335, 319, 291, 242, 214, 182,
153. HRMS (ESI) caled for "C4C 6H,sCIN,Os2CsHgO5S
[M+H]" 365.1320; found 365.1529.
3023 PCRBBRAFINT L PC,- I kR A AT
o ) &

£ 50 mL BRI T i PCy- 218k 2. FR FE(1.00 g,
8.33 mmol). & FIRE(1.00 g, 12.82 mmol) AT FHEE(10
mL), =R 24 h, KB EREZEETHRE 70 C, fr
ToAGRTEH JE R B 297, SRR NN 2-28 &R
FE-4-[(2-AF K WL %) 8 FE ) LBk 1R LR (4.00 g,
9.06 mmol). S EEB0 mL)FI+ /5 kidk = 3L iRk i%
(0.05 g, 0.14 mmol), 7EN, LR4 T80 C TS v 24
h, RN SERE, W5 RE, 19205 kY.
AN B2 mL)E PR IE, =il e RS 12 h, 28
J ik AR, AR R D B ARV, TS I E
25%MT F KM (12 mL)H, T =i NHcRE 24 h, )8
A, KPEE pH 7~8, T4, 155]2.05 g PC,-A 5t
L PR A3.4%. AR, mp. 179~180 CHEFRICY
SCHERE ™ mp. 178 ~180 ‘C); 'H NMR (500 MHz,
DMSO-dg) d: 7.36~7.10 (m, 4H), 5.30 (s, 1H), 4.61 (dd,
J=15.5, 47.0 Hz, 2H), 3.97 (s, 2H), 3.50 (d, J=3.4 Hz,
3H), 2.74 (d, J=5.5 Hz, 2H), 2.30 (dd, J=4.3, 129.6 Hz,
3H), 1.10 (t, J=7.2 Hz, 3H); “C NMR (125 MHz,
DMSO0-dy) 6: 167.7 (dd, J=6.9, 80.6 Hz), 146.0 (ddd, J=
6.3, 44.2, 77.4 Hz), 131.6 (d, J=9.0 Hz), 129.4, 128.0 (d,
J=40.6 Hz), 102.3 (dd, J=77.4, 81.1 Hz), 73.6, 67.1,
59.7, 50.9, 41.4, 37.4, 37.1, 18.5 (d, J=44.8 Hz), 14.6.
HRMS (ESI) caled for "C4CisHpsCIN,Os [M + H]©
413.1450; found 413.1659.
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B BC,- & HF(1.00 g, 1.76 mmol)F1 Z. 1% (5 mL)
BN 25 mL Bt R, TEVKKIBYA R I ZREER(0.33 ¢,
2.11 mmol), #i#¥ 10 min 5 T %R FHHE 5 h, JIE, D
B OB, TR B3 141 g BC,- AR A &Hhr,
FEH95.0%, MIUEK 41.2%, 4N 99.9%, *C FAi &+
FEA 99.0%. A A, mp. 200~201 CEEFRICHI T
BREM m.p. 200~201 C); 'H NMR (500 MHz, DMSO-
de) : 8.40 (t, J=3.8 Hz, 1H), 7.84 (s, 3H), 7.63~7.61 (m,
2H), 7.35~7.11 (m, 7H), 5.32~5.29 (m, 1H), 4.63 (dd,
J=142, 64.7 Hz, 2H), 3.99~3.96 (m, 2H), 3.67~3.64
(m, 2H), 3.50 (d, J=3.8 Hz, 3H), 3.08 (dd, J=4.1, 6.4 Hz,
2H), 2.30 (ddd, J=3.5, 6.6, 129.5 Hz, 3H), 1.10 (t, J=
7.05 Hz, 3H); “C NMR (125 MHz, DMSO-d;) J: 167.6
(dd, J=6.9, 80.6 Hz), 166.7, 148.6, 145.7 (ddd, J=6.8,
44.8, 77.9 Hz), 145.6 (ddd, J=6.3, 44.8, 77.4 Hz), 131.6,
131.5, 129.5, 128.9, 128.1 (t, J=29.0 Hz), 125.9, 102.4
(dd, J=176.9, 80.6 Hz), 67.1, 67.0, 59.9, 51.0, 39.1, 37.3,
37.0, 18.7 (dd, J=9.0, 44.2 Hz), 14.5. HRMS (ESI) calcd
for C4C16HpsCIN,O52CsHgO5S [M + H] © 413.14500;
found 413.16551.

B ik PO S (1.00 g, 1.73 mmol). Z.1% 2.5
(10 mL)IMA 25 mL Beiff, ZEBEFE T IS KER(0.23
g,2.01 mmol), 4% i3 h, FHE, Hrin, SUE, JEHH
SRR R, T, 155 0.52 g PC-TRERR
U, PR 94.0%, SR 40.4%, 46N 99.9%, °C
FALRFEEN 99.0%. HEEE, mp. 173~175 CEE
PR SCERE ™ mp. 172~174 °C); '"H NMR (500
MHz, DMSO-dq) 0: 8.38 (d, J=5.0 Hz, 1H), 7.83 (s, 3H),
7.35~7.12 (m, 4H), 6.04 (s, 2H), 5.33~5.31 (m, 1H),
4.65 (d, J=50.1 Hz, 1H), 4.65 (d, J=78.6 Hz, 1H), 4.02~
3.95 (m, 2H), 3.68~3.66 (m, 2H), 3..51 (d, J=3.8, Hz
3H), 3.10~3.08 (m, 2H), 2.31 (ddd, J=2.95, 3.6, 10.1,
129.4 Hz, 3H), 1.11 (t, J=7.2 Hz, 3H); "C NMR (125
MHz, DMSO-d,) J: 167.6 (dd, J=6.6, 80.6 Hz), 167.9,
167.7, 167.6, 167.6, 167.2, 166.8 (d, J=10.3 Hz), 145.6
(ddd, J=6.8, 33.1, 77.9 Hz), 145.9, 1459, 145.8, 145.3,
1452, 145.0, 136.6, 131.6, 131.5, 129.5, 128.3, 127.9,
102.4 (dd, J=77.6, 80.5 Hz), 102.8, 102.8, 102.7, 102.7,
102.1, 67.1 (d, J=6.0 Hz), 59.9, 51.0 (d, J=2.2 Hz),, 39.1,
37.4,37.0, 18.8, 18.7 (dd, J=9.2, 44.7 Hz), 14.5. HRMS
(ESI) caled for "C4CaHCIN,Oy [M+H]" 413.1450;
found 413.1655.

i Bh#4 £} (Supporting Information) H ¥ = ¥l 1 [A]
) "TH NMR. *C NMR. MS 5 HRMS i &, ix st}
RER] PL G 2 AT B3 (http://sioc-journal.cn/) & T %K.
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