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Abstract ; A novel deuterium labelled tretoquinol hydrochloride was synthesized from 2-(3,4,5-trimethoxyphenyl) acetic acid via
the steps of demethylation, amidation, alkylation, Bischler-Napieralski cyclization reaction, reductive , and deprotection.The synthet-
ic route has the advantages of cheap,accessible starting materials and high isotope abundance.The deuterium-labelled product was
confirmed by nuclear magnetic resonance (' HNMR) and high-resolution mass spectrometry ( HR-MS) characterization with 99. 9
atom% D deuterium isotope abundance, which can be used as stable isotope-labeled MS internal standards for qualitative and
quantitative analysis.
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Synthesis route of tretoquinol hydrochloride-D,

Pd/C,NH,COOH, EtOH
HC1, MeOH

1 XIWEHS
1.1 FEERSEH

IKA-RCT fn#A A @4 7 36 #f #% L IKA HB10 #4
T 7% KA (15 IKA £ 141) ; Bruker 600 MHz %!

il e 35 A (1 A B 50/ H] ) 51260+ 6120
RSO AR 3 - B i A (B A sh iR
DAD £ &% , 38 B ‘& $ER B4 28 ] ) ; CHEETAH
MP200 B AL AAAL (RSN SR R B
BN s LC-IT-TOF-MS H 2543 3 A ( H AR
HA ) s QPH-1L B A SR A 4% ( B ifE 2R
XA PR ) 5 LGI-8 AU v T M AL (b & Py 2R
Bl HRAF) .

2-(3,4,5- =W FLA I ) £ (98%) (Bt
$t-D,(>99 atom% D) (B=RALFHA (L) AR
INE]) 33, 4-( R E ) R O R EL (95% , W
W () BE 25 AR FRS A ) 5 HoAth i 550 55 24
B HT Al BRI AN, v B A
1.2 STk
1.2.1  2-(3,4,5-=FIIRI) LR (2) A K

FE 500 mL = IR, imA 15.0 g (66.3
mmol ) 2-(3,4,5-= A JER L) L2 (1) 1 200
mL JCK I B 5E(DCM) | BHE S 3 K, A
ZIAVKAKIE S, ¥ 150.0 g(598. 8 mmol ) =1
AT T 100 mL Jo/K S H Be b, SR8 5 R Hom
PRV, T EZ RS 16 h,
SRS R FR R VoK TIN50 mL AR IS
OB K RN, 43 A AL, KA 2R 2 g
(200 mLx6) , 5 IFA MU, ToAK R BR 0 114,
1 U R IR 2R IR B AR AR R A A 2 AT
1950 8.2 g 77,77 % 68. 0%,
1.2.2 N-(3,4-XL(REHE) RO H)-2-(3,4,5-
SREREL) CERE (4) BB R

7E 500 mL B KBRS, A 8.2 g(44.5
mmol ) fL &) 2.17.0 g(46.0 mmol) 2-( 3, 4-%
(RS R L) e PR £ (3) ,20.5 g(53.9
mmol ) 2-( 7-f A AR I =AM ) -N, N, N', N'-p4 i
LRI TR TR (HATU ) #1160 mL 4469 N, N-
T H A HBER(DMF) |, UK T A 28.7 g(222.1
mmol ) N, N-— 55N 3£ 2 % ( DIPEA ) , Ft & % il i
FE16 ho WG, AR R TN 200 mL 7KK
K, R R AEEL(300 mLxS) , A IEA P,
FHIC /KB B 44 1458, b U8 DR 28 18 B3 253 711
FERPAAEEARE] 11,0 g 729, 77 % 49. 0%,
"HNMR ( DMSO-d, , 600 MHz) ,6:7.85(t,1H, J =
5.6 Hz) ;7.44(1,4H,J=8.3 Hz);7.40~7.34(m,
4H);7.31(ddd,2H,J=9.3,7.2,5.5 Hz);6.93
(dd,2H,J=13.8,5.1 Hz) ;6.66(dd,1H,J=8.2,
1.9 Hz) ;6. 18(s,2H) ;5.08(d,4H,J=7.4 Hz) ;
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3.19(dd,2H, J=14.2,6.3 Hz);3.10(s,2H);
2.59(t,2H,J=7.4 Hz) .
1.2.3  N-(3,4-3(REHEL) R H)-2-(3,4,5-
= HEERIL ) CEIE-D(5) A A

FIRT, 17 250 mL B IIA 5.0 g(10.0
mmol ) tb &¥) 4,50 mL T /A9 DMF 1 5.5 ¢
(39. 8 mmol) JC/K K,CO,, 37 BN i 5.8 g(40.0
mmol ) CD, 1, ZIRAKLLEFE 16 h, [N Z5 5, N
A 150 mL KK N, LR CBE AL (150 mLx
3) , B IFAHUHE, FITCKBRRR AN T4 , i 8 5 o e
PR LR, B AE)ZNER 3.5 ¢ 7=
Yy, =R LAY 4 1R 60. 0% , 7= 3R L CD,1 it
N 45.0%, i A A R FE N 99.9 atom% D,
"HNMR ( DMSO-d, ,600 MHz) ,8:7.97(dd,1H,J=
10.4,4.8 Hz);7.44(t,3H,J=7.5 Hz) ;7.40 ~
7.34(m,4H);7.31(dd,2H,J=13.2,7.2 Hz);
6.93(dd,2H,J=7.9,5.7 Hz) ;6.67(dd,1H, J=
8.2,1.9 Hz);6.52(s,1H);5.07(t,4H,J=3.0
Hz);3.30(s,2H);3.26~3.19(m,2H) ;2. 62(t,
2H,J=7.2 Hz),
1.2.4  6,7-X(FEK)-1-(3,4,5- = HHEIL
3)-1,2,3,4-PUS S5 MEMR-D(6) B9E L

FER T, 1 250 mL S oA 70 mL
PCL,, 3t ANA 7.0 g(12. 6 mmol) tLE% 5,90 °C
TR 2 he NS5 R R BR 2 PCL, inA
HH 2R (20 mLx3) Jal R Z& I BR R A 1 PCLL , KA
mn i A T 30 mL B, Sr b n A 0.5 g (13.2
mmol ) M & ALEH, IBFE 2 ho SN 25 35 I
FERBR VSN, SR B 2255 3.3 g fk A
Yy, 772 49. 0%,
1.2.5  #FHERMFEMR-D,(7) 15

ZFHRR, 18 100 mL B EUHFP A 1.4 (2.6
mmol ) £ &4 6,280 mg (0. 06 mmol) 10% Pd/C .
504 mg(8.0 mmol) FR%E 28 mL L1, B A S
3, EIRRN 16 h, RV SSRGS U8, 58 R
FRIABR RVER, 5% B W Ak 2 M 45 20 il F6 0 13-
Dy, HHYE T 5 mL FHEES IIA 9 mL(1 mol/L)
ERTR , Wl ZE IR B 2 B B ¥ VR TR U5 45 31 600
mg 5 % i F6 M W3 -Dy , 7 3 58. 0%, HPLC 4
99. 9% ,SiF i Z FHEH 99.9 atom% D, HR-MS,
m/z:353.206 8 [M-H ] (Bt {8 353.206 3),
"HNMR ( DMSO-d, , 600 MHz) ,5:6.65(d,2H, J=
12.5 Hz) ;6. 62(s,2H) ;4.68(dd,1H,J=8.7,5.6
Hz);3.45(ddd,2H,J=19.8,13.5,5.9 Hz) ;3.27

(ddd,1H,J=12.8,7.4,5.8 Hz);3.01(ddd,2H,
J=12.9,9.7,5.1 Hz);2.92(dt,1H,J=17.0,6.2
Hz)

2 RS
2.1 Y
2.1.1 AW s WA

TEALA W 5 (A U o v, e B RS2 I
REER S, B L A4 4 SERERET T DMF rfig
£k 30 min, TR 5t , 5256 K B0 L SR S 90 T
K E RG> B = B, I AT e R A AW 4
A M B = AN TS T ANERUE B A T S8, TR ek
ASTR] B v 750 B B TR AT T He Ak, 45 5151 T
F 1, NERFITLUE M, HFEZET, A5
4 PEATIGAL, AT LU SO 4R P 0 R Ah, 5
THF 1 DMSO # [t , DMF 45 50 52 1o 2 5 5 4
et FH B T 5 ) AR, 7 R

x1 ALBW 5 B BN RN SR 1E
Tab.1 Reaction condition screening for the synthesis

of compound 5

75 Bl BRI AR E/min PEER/%
1 TR DMF 30 i)
2 TR DMF 10 13
3 TR B DMF 0 49
4 HEALIN DMF 0 Cervay
5 TRIRBf THF 0 26
6 it DMSO 0 e

2.1.2 EWe MEk

W s E R RS 6 BA B RR
SR A, RIS G 8 6, 7- 8L (R4 L) -1-(3,
4,5- = FERRL) -3 4- A S MEMk-D,(8) , {H
SRR NI HEAT i AL B Al Ak i 3 AR, kR
(6,7-XL(WEEL)-3,4- A S MEMR-1-58) (3, 4,
S-= BRI - E-D, (Rl F= 4 11) (WL F 3
) B R i H e X e e ek, HEDI AT fiE
EALE Y 8 T o H SEIE MR R S R A AR
B AR 6, 7-R( R ) -1-(5(3,4,5- = H 4
FEORFL) L) -3, 4-— S S MEMR-D, (9) , #E i 7K
fife GAAL S 2R BRI 11, A 3 Gk A i
— IR (LA 1) Tizfb & W24, AE
TRl DL R R B S O - 1 R SR S
THK . ARYEIZ ) B, K 2 A R 5t S g R 28 L
N I HEAT AR H R AR T R ) i, IR
15 TR =3
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Supposed reaction mechanism of byproduct 11
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B 1 &= 115 "HNMR 3%

Fig.1 'HNMR spectra of byproduct 11

2.1.3  #HhihItrEm-D, A
FEERTR I FEME M -D, 1A B, &FXF H, (1, 4-

RO T 1, 3- 20 O A R R e AR ) LA
RATHRR (WK 2), WERPATLIE#], Pd/C/
R B AR R BSR4, o AN S i i rp
M, Pd/C/1,3-FR T w0 T, B R A
AR Pd/C/ R IREE I VAR FR , 2lifk T2 1A
fiE HIUS T8RP 3,

T2 LAY T AR A 1

Tab.2 Reaction condition screening for the synthesis

of compound 7

=2 FEALF W TR/ %
1 Pd/C AX 23
2 Pd/C 1,4-382 )% W
3 Pd/C 1,3-3°C 20 16
4 Pd/C PP iR e 58
2.2 HRERANFEER-D, A E 5 RIE
2.2.1 'HNMR #iF

ERER M FCEy-D, 1 "HNMR 5% & an e 2 i
Ne 3MHEIE LA 94 H T D reft,

BAE RIS IO G S 6. 65.6. 62 33| AR I
H TGS 6 4. 68 W& R 1,23 4-PU S S5 40k
ZER P 1 TP R S S A AP R SRR A

ol

<
o

6.75 6.70 6.65
8

& o
al 3.52 348 344 340
6.60 6.55

i 3.15 3.05 295 285
4.70 4.66
8
]

M

A

<

O . T —— 5%
é

2 iRERMNFEMEEY-D, B9 'HNMR 3% &

Fig.2 'HNMR spectra of tretoquinol hydrochloride-D,
MIREREAS 5 o ST AR % 7 S Y 1
IS T2 AN S5, 76 6 3.27.2.92 RIH
P~ Z i 5 3. 45 3. 01 M PUE SRR 1 HAh
NEWG H MRS , 2 5 AR bRic Sk e i FE v Bp 19
SR X, AR AT
2.2.2  HR-MS #fiE K [F F F A

ERFR AT ME W-D, MRS B0 4> 7 2l A C AT
] B A S A, I T A AR (& 3 BN ) i)
AL B SR B g M-H |~ =353.206 8,
SeELE R M-H ] =353.206 3 M%F.

x103
18

1.0=p=

el i)
i
L L

121

353.2068

N

0 1 1 L 1 1
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Fig.3 HR-MS spectra of tretoquinol hydrochloride-D,

[F B, 7 28 I3 3% 43 A, A T o R 4 2%
P VO ER R i FE 0 D, R 2GR
4 99.9 atom% D, HARTESFEUNT .

LR M FEME 13 -D, 1 TS IERR R cm/ 2= 346 ~
358, ARTRARIC LS P R AR F B 4 AR 1 o b (H
— ARG )Y B Asyg 2 Ay * Ay A =0.800:0. 171
0. 026 :0. 003, K fr >k 4 2 /9 BT 1% B m/z =
346 347 348 349 350351 352 .353 354355 Y
WA 5 B A — 1k 5 43 e o A A, A, Ay A,
Ag Ag Ay Ay Ay ARATTRRAL (1) T 2, (=0,
1.23456.78.9),

I/a.u.

6F
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Ay = 0.800%, = 0 AT
A, = 0.171x, + 0.800x, = 0
A, = 0.026x, + 0. 171z, +0.800x, = 0 e &
A3 = 0.003%) +0.026x, +0.171x, +0.800x; = 0 [ 1]JBABICH M, ATKINSON J, PIASCIK M T.The effects of
Ay = 0.003x; +0.026x, +0.171x; +0.800x, = 0 (1 trimetoquinol on the intact rabbit heart and myocardial
As = 0.003x; +0.026x; +0.171x, + 0.800x5 = 0 adenylate cyclase activity ; Evidence for spare myocardial
Ag = 0.003x; + 0.026x, + 0. 171x5 + 0.800xs = 0 beta receptors| J].J.Mol. Cell. Cardiol. ,1985 ,17(6) :565-
A, = 0.003x, + 0.026x5 + 0. 171x, + 0.800x, = 0 574,
Ay = 0.003x; + 0.0265, + 0. 171x, + 0.800x, = 0.518 () ER TS, TARRE 5. DU 4 5 Wk 2 ) 9 2
Ay = 0.003x + 0.026x, + 0. 171z, + 0.800x, = 80.070 e A L/ N R A [ 0] v P [ PR 25 Tll 2 s

MR FRA RA 2,20 6, =0, = 0, =
0.2,=0.25=0.2,=0.x,=0,x,=0.648 x,=99.9,
2B IH— S5 B FRIE T 0~ 9 A Gy £h R
FeEm R E b, 51T 3,

F3  AREGTHRICA B R ER M FEvs B (1950 F H 43 1L
Tab.3 Molecular percentage of tretoquinol hydrochloride for

different number of deuterium labeling

m/z Xo X X, X5 Xy
ST EIT/ % 0 0 0 0 0

m/z Xs Xs X, Xy Xy
SFHEG/ % 0 0 0 0.64  99.36

R AT WD, MFEN R FEMD E R
A (2) BAR RN R R, BV FARic R
E=99.9 atom% D,

9 9
E=(XX)/(9%X) (2)
j=0 j=0
KX, FRPRIC A D R T B BRI FEEBR-D, 43 T RO BE
IRAPE Hh j=0.1.2.3.4.5.6.7.8.9,

3 it

ARCLL 2-(3,4,5-= HAFLKEL) 2R Nk
BRI, LARRIN 5 45 0 ST A B ot S A TR 6 3R
PR BRL, it — R A E B2 RO A T RS
[ Zbmic b & WL iR i L 19 -D, , I S T
B ITACR R 22 4 B, & O™ W 4 "HNMR
F HR-MS #E17 RAE M UESS 4 S E B, Beah, 47
W S P U BE-D, B 4 Sy oA AR e R, P e
FRICEH P C A D XUbRIC AL g, AT (8 A
JLAH X 1) 22 Fbric 4k & 9, an ih ¥E 0 8- C,
S T LAAE SR P9 A 3 500 2 o s 1 1)
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