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Novel Synthetic Method and Characterization of Ractopamine-D, Hydrochloride LIU Xiao-jia', HAN Shi-lei'* , KONG
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Abstract : Stable isotope internal standard reagent combined with isotope dilution mass spectrometry can offer a feasible method
with accuracy and precision for the detection of ractopamine.A deuterium-labeled ractopamine hydrochloride was synthesized from
4-(4-methoxyphenyl ) -2-butanone via the steps of H-D isotope exchange, reduction amination,and deprotection.The novel synthet-
ic route has the advantages of short route,easy operation,cheap,accessible starting materials,and high isotope abundance and so
on.The deuterium-labeled product was confirmed by nuclear magnetic resonance ('HNMR) and mass spectrometry (ESI-MS)
characterization with more than 97 atom% D deuterium isotope abundance,which can be used as MS internal standards in the
field of veterinary residues detection.
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Synthesis route of ractopamine-Dg hydrochloride
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1.1 FEEE SR
IKA-RCT i #AH f% g i B 4% . HB10 Y g §%

78 RAN (151 1KA 4 141) ; Bruker 400 MHz A% H
FLPR UL AN (T E AL A A F] ) 51260+6120 A5
RO (8,38 - 7 35 Bk A (IE A 3h EAE R 5 DAD
Rl 2%, 35 B & R B A A ) ; CHEETAH
MP200 B e LA AL (R BN SRR B AT
FRAFED)

4-(4-H B R BE ) -2-T W, R R B w1 Rk
(98% , 5% Ak 2= He R (i) ABR A E] ) ; HK
(98 atom% D) FILMIRALEN (fb2=4l 1 97% ,98
atom% D) i E AL EN (40% D,0 %, 98 atom%
D) (K ESIFE RO R AT 5 HAthialH 5 25 5
B i & oA el BRI B Ah v B A
1.2 LIk
1.2.1  4-(4-WAEZRHE)-2-TE-1,1,1,3,3-Dy
(2) W& L

FH K 5.0 g(28.1 mmol) 4-(4-F1 & 7K
) 2-THEI( 1T 50 mL BT 1,4- 58N
RSP FINA 17.3 ¢ (40% D,0 %,
168. 5 mmol ) NaOD F1 100 mL D,0, FFii % 50 C
Pk SNt B, K N R TR R (20% HE K %
W) AT 2 pH 6, R J5 M 0 Y 6 BT 35 ik it
P2, B IF AP, T8 R 415 5 5 ¢ 1k
A2, PERLAEY 1 iR 95. 0% , LR B AL B
11 81. 5% , Ltk , BT~ —4 &0,
1.2.2 1232 ((4-(4-H A LRI T
BEL) CIE(3) AL

FIRTH 4.0 g(21. 8 mmol ) LA 2 TEfRT
50 mL 1Y CH,0D H, FiflIA 4. 14 g(21. 8 mmol)
R BT 0. 26 g (4.4 mmol) Z TR, N, 143
TREZE O CIXBET, A HINA 2.2 g(32.7
mmol ) FUIEINTALAN , 5 2 = g FE %, TLC
(V(DCM) :V(MeOH)= 10:1) Wt R % . LN 45
B B N R AR RN SR AR B K S TR K B 2
TR TRZE B, & IR AP, T8 a8 k4515 3
7 g AR, W5 HYEAT Flash (A4 4lifb 155 6 g
WEW 3, UAbEY 2 1177 % 8 85.0% ., 'HNMR
(CD,0D,400 MHz) ,8:7.32~7.11(m,4H) ;6. 84
(dd,4H,J=21.6,8.5 Hz);3.77(d,3H,J=0.8
Hz);3.16~3.00(m,2H) ;2. 74(dd,1H,J=13.9,
4.4 Hz);2.60(dd,1H,J=13.9,8.8 Hz);1.42~

1.22(m,1H) .
1.2.3  EERSERZERE-D(4) BE T

iR TR 4.5 g(14. 0 mmol ) L5 3 Wil T
60 mL S e rp P &) AR BRIR 2
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0 °C, A 5.3 g(21.2 mmol) =IRALIN, & iR HE+E
SR FONLAS RS P R S A K I W TR 2K
VB W 46 7% 2 ) B e PP A A, L VR
FREPH &, BT RO S A E AT difk (VS
{5) V(K (1% ERTR) ) = 0% ~ 100% ) 155 2.4 ¢
HERE AR, BB 3 1F2 %0 55. 0% , fL2F 4l
99. 8%, 2 ESI-MS i i, I [F] v 2] F & 97.7
atom% D, "HNMR(D,0,400 MHz) ,8:7.27(dd,
2H,J=8.4,6.1 Hz);7.17(d,2H,J=8.4 Hz);
6.92(d,2H,J=8.6 Hz);6.85(d,2H,J=17.6
Hz);4.91~4.82(m,1H);3.25~3.16(m,2H) ;
2.73(dd,1H,J=14.0,4.0 Hz) ;2.55(dd,1H,J=
14.0,6.9 Hz) , ESI-MS,m/z;308.3[ M+H]",

2 Z#ERE5ITR
2.1 HHTEHR
2.1.1  4-(4-HEEFEI) 2-Tlid-1,1,1,3,3-Dy
(2) A L
TEE TS RN B ARG 2 sk seh &
X AN R A8 ST K BBk 52 IE 1) 5% Wi i AT A5, 445
GIFR 1, RO LLE W, Y0 iR 8 1E R
A AL - Tr sS H8 S g e, 45 21 7= 1 1) S ) s R
FRE/NT 98 atom% D, i 248 F AR A AL 40, P
BRI ISR TR A BRI B R v, HLAE
FHH D A1 BE-D, X IRRA RO — 3%, (615
RS EEEL A R G R &=
F AR T rhapbric i S ER B - S5 1k
FHURBTFYER , 8 B A R F FE R 8,
KTHK(D,0) MR, B AR , 4
AR AAIN /1, 4- S NH-D,0 1K R AT
AL
R LAY 2 A RN AP
Tab.1 Reaction condition screening for the synthesis

of compound 2

o 7
e %  atom% D

C

Fe SR R

1 ExRE DO THF/D,0 25 96.0 96.5

1,4-Z5RH/

2 Affk#h DO 50 95.5 97.5
D,0
1,4-—5 N/
3 RAfk4s D0 ” 50 95.2 100
D,0
4 HEEH) CD;0D CD,0D 25 94.0 99.0
5  HEEg CH;0D CH;0D 25 945 99.0

BEAN ETXER 1 OB 3 H B BT EE K 1Y

o P A SO Ik R % S5 s T X6 52 7 7 46 1 ] 32
REERRWBEAT T 3BT 4R T 2,
A R] T, S it BT [ 3R A2 BE RS MR N %k
SRR ) B2 WA, Bl TRLIEE A T i, S 3 4R
PR ERAERS R B SOV R A R AR 5 ]
S 3K A A — E PR B A TR
FEPIR AR R
®2 AWM TZAM

Tab.2 Optimization of synthesis process of compound 2

V(D,0): R R .,
B n<(1zN§¢];)1> m(fe 1)/ s/ i j/ ati’i/ .
(mL-g)  C h
1 1:1 ~40:1 25 24 96.1 98.0
2 2:1 ~40:1 25 24 96.0 98.0
3 4:1 ~40:1 25 24 95.6 99.0
4 6:1 ~40:1 25 24 94.3 100
5 6:1 ~40:1 50 10 95.0 100
6 6:1 ~100:1 50 10 95.2 100
7 6:1 ~40:1 70 10 90. 5 100
8 6:1 ~100:1 70 10 88.6 100
2.1.2 1R RE-2-((4-(4-WAE R T3

HAL) LIE(3) B

ARSI XA Rl R AR E Y 3 &
IS S IR W EAT IS | BN A5 A O C e A
AR B, 223 T AT RO, 45181 T 3% 3,
YT DU SRR A S SR B VAR R G AR e AR A
ERR P AL B 2 3 O R AR, AR SCBCA R
G RWFFERS G2, A AR S Ak 40 R 50 3 B A 4
RN OB R IR (VS -9 S U E
SARERIS SR A ) 2 FER R R o L e T A 5
HORONE 2 h FE A P8 B TUAR B A B B A &R
s ST AR AR D ik BRI EAT  — Rk
PokE, SCIRAERR M, (MR E T,
TE CTRAEAAE T 7= R s, B A iR ic iy
BRI AT AR R 4R e = ) ) o 28 R AL

®3 AW AT 2

Tab.3 Optimization of synthesis process of compound 3

R I T I R
1 NaBD, — THF 14 35.0 97.0
2 NaBD, — MeOH 14 50.0 85.5
3 NaBD, — MeOD 14 65.0 97.0
4 NaBD;CN —  MeOH 14 f&™Y —

5 NaBD;CN Zjfg MeOH 14 85.3 86.5

6 NaBD;CN ZJR MeOD 14 85.0 97.5
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2.1.3 2 ER-D(4) A

AR A A 4 B 5 R Ak 2 I 9 52 1)
R AT THFSE, S50 I3 4 FioR, S50 &
iR | SRR S A ARSI B i =, A R R A
JIR IR LR P2 ) A 8, BBry A iy M Y i ) Ak SR
BEAT  AH AR X S IO 5 M E A B i PR AR S
it —25 % BBr, B AT T4k, 2 n (=R
) cn (FbEW 3)= 1.5 10, =W/ R
55. 0% , i — 4 =L F i, i T4k
PRI AR KB IR ER A A, FLAL IS B ™ i
SO A R,
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Tab.4 Optimization of synthesis process of compound 4
AR e s
1 37% HCl H,0  fE&H Eh 4 Y
2 48% HBr H,0  fEdH i 4 BT
3 BBr; DCM 1.2:1 0~25 16 20.5
4 BBr; DCM 1.5:1 0~25 16 55.0
5 BBr; DCM 4:1 0~25 16 50.5
2.2 HRERZIE-D, B E S EF
2.2.1 'HNMR #fiE

AR H R R S e 2 ELRE-D, 9 'HNMR % £
W 1, 7 FEiE R X a—4H W E g =4
ZEES A E Y TR AR LA
B8 7.27(dd) .6 7.17(dd) .8 6.92(dd) .
86.85(dd) ;8 4.92~4. 81 HY— £ 2 55 52 KL
B — R RS S, H2 B4R AL 2 S R4
P R LSRR A E R, BT R B 2 B[S
8 3.27~3. 14 1—HIWERRAL H ZE A > A5
5, HE 2 2480 A FRIC IR T D AR 20
VR FREE 2In+ 1 B, S8 0437 2544 A 1 Xt ke
WIRG YR, AR —HZHIEF S h T
Iy T4 R T 5 A E B TR, TR S R
FEARTE A H R A B PR 2R AR SR 7
ARGV T 32 B R AN () A 2 5 B 1) 79 445 5 0
PIAS H 5T ) Bsf 52 281 [+] e S0 408 e 0 LA B 2 2k
AILE G RE I, e & BN A W R g, ]
82.73(dd) M8 2.55(dd) . IAb, 358 % U i oy
THEEF I B S A R R R S AR B
PLRTE A SR T4 D BT B, DRI A% R
R B A RPN AR S0, SIS R — 2,
25 LRI AR W i S B 5 R AR R

Z B AR — B AR R

] L

icici— &y

9.0 6.0 3.0 0.0
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1 iR wLUiE-D, 1 "HNMR % &

"HNMR spectra of ractopamine-D, hydrochloride
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2.2.2  ESI-MS #:i A= 4 [R5 2 4= BE A A

GRS v 2 L -Dg 28 ESI-MS Kl
HCE B A RNt B X BT s B an 1 2
~o BVMEEYIR B FIESIE[M+H ] =
308.3 . [M-H] =306.3, 535l 5 #1155 45
308.2( C,, H4D,NO?) Al 306.2 (C,, H, D,NO;)
AHFE

120000} 2 g
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i
H
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8000} > g
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# L
0: L ,.hl.l, . o -
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Fig.2 ESI-MS spectra of ractopamine-Dg hydrochloride

[F B, 7 ) 28 I3 3% 43 A, < 5T o 1 2%
WU R R S T £ D TR R S
FE4 97.7 atom% D, EAAIFHESEMT .

AR 3 5 £ T HE-Dg 1Y B35 0 N s m/z =
302~310, JAE5bR L B A& 4 AR T2 B2 43 A 1Y o
FE(UA— ARG ) BEDA Ay, 2Agg 1 Aqy P45 =0. 813
0.164:0.021 :0.002, K JiT & 4 3 /) Jo 1% &)
m/z=302.303.304 305,306 .307.308 309 .310 1}
VAR B A — AR 5 43 e A A, LA, Ay A,
Ag Ag AT RRAL (1) 15, f# %,(j=0.1.2.3 .4,
5.6).
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Ay = 0.813x, = 0
A, = 0.164x, + 0.813x, = 0
A, = 0.02lx, + 0. 164x, + 0.813x, = 0

S
w
1}

0.021x, + 0.164x, + 0.813x; = 0 (1)

S
I's
1}

0.021x, + 0. 164x; + 0.813x, = 0.8
As = 0.021x; + 0. 164x, + 0.813x5 = 8.2
Ag = 0.021x, + 0. 164x5 + 0.813x5 = 62.9
MR RAT 2)=0.%,=0.,4,=0 ;=
0.x,=0.984 x,=9.90 x,=75. 4, — L5
BIAFRIC T 0~ 6 IR iy $h IR 3 5 2 U e 1 43+
HArle, 1% 4,
F4  ARRITARC BRI L EUER 4 T 1 4 1L
Tab.4 Molecular percentage of ractopamine hydrochloride

for different number of deuterium labeling

m/z Xy X, X, X5 X, X X,
SFHEHSH/% 0 0 0 0 1.14 11.5 87.4
Rk e Z EUE-D, BRI R FEEELL E £
X () IHEAARRIN R FE B E=97.7

atom% D,

6 6
E=(2jX)/(6)X) (2)
j=0 j=0
ot X, FORAFIC A D BT I S 2 EURE-D, 43T Y
FE RSB, Hok j=(0.1.2.3.4.5.6)

3 g

ARCE R LA 4-(4-W EREL) -2- T B o 2 46
JERL, LLRRIY 55 45 1 S 7K e [ R Amic iR, 48
AR S A5 B DG (A 4-(4-F AR ) -
2-THA-Ds , P28 340 I e Ak | i O 47 56 s R A B H
FRF=H) 3K — Ak 4B N R IR 3 7 £ U D 1Y
A R 2k | o e o 2 A S R TS B A A
JRRACPIAN i AR X A A W R & 3 B2 i i, JF
IRF) TR T, B 2k R I R A B TR
PR F MBS, & Mo R AL %= F ik 3
97.7 atom% D, ARSI A KL | Rk
BEMT SO AR BRI T2 G 8, iR
DL 4-(4-HERIE) -2- T HTHR R T 44% , LU G HE
Prid AR 4-(4-H 5 R 38 ) -2-T Bid-Ds 1124
47% A W B T LG A 6 A ARl SR
T, AR 24 I AT Y PN B O R 8 B0
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