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E. D SEBUKEEREEIAEE, SRR, SRR Suzuki-Miyaura fBEC . XU . SERZBUL . HERE R
TN T VT BEEE, ORI 56.0% ( LI 5-BUKBIE T ). % CHEAY Suzuki-Miyaura (B b 45 4E 7
THeAk, FARRR I E A « n( 1-FEIE-2- R R-4-1R (1) )« (2R3 = FNRRET) - n(FALAR) : n(=
FEHLEY ¢ n(BRIRHE)=1: 1.2 : 0.02 : 0.06 : 2, V(PUSIEIE) : V(7K)=9 : 1 IRE W RHEEN, Tk T kiR
05 mol/L, [N 12 h, TEZAMT 1-F - 2K H 2-4- ZIRFER (YR 91%, H B iR K =9 2514
% HRMS, HNMR. ®CNMR #iiF .

KR VT HEE; Suzuki-Miyaura fIk; S-TRUKAGIE; LGS = Jimess ; fanfk T ik
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Application of Suzuki-Miyaura coupling reaction
in the synthesis of salbutamol

CHEN Liping", QIU Zhongxuan®, LI Zhenpeng', WANG Yuexing', HUANG Longjiang"
(1. School of Chemical Engineering, Qingdao University of Science & Technology, Qingdao 266042, Shandong, China;
2. School of Biological & Chemical Engineering, Qingdao Technical College, Qingdao 266555, Shandong, China )

Abstract: Salbutamol with an overall yield of 56.0% (based on 5-bromosalicylaldehyde) was synthesized
from 5-bromosalicylaldehyde via reduction, benzyl protection, Suzuki-Miyaura coupling reaction, addition
to double bond, nucleophilic substitution and Pd/C reduction, followed by optimization on key parameters
of Suzuki-Miyaura coupling reaction. The optimal reaction conditions were obtained as follows:
n[ 1-benzyloxy-2-benzyl oxymethyl-4-bromobenzene( 11 )] : n(potassium vinyltrifluoroaborate) : n(palladium
chloride) : n(triphenylphosphine) : n(cesium carbonate) = 1 : 1.2 : 0.02 : 0.06 : 2, volume ratio of
tetrahydrofuran to water in solvent 9 : 1, intermediate I concentration 0.5 mol/L, refluxing time 12 h.
Under this conditionthe yield of 1-benzyloxy-2-benzyloxymethyl-4-vinyl benzene( I ) was 91%.
Meanwhile, the structure of intermediates and salbutamol were confirmed by HRMS, *HNMR and *CNMR.
Key words:. salbutamol; Suzuki-Miyaura coupling; 5-bromosalicylaldehyde; potassium vinyltrifluoroborate;
fine chemical intermediates
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AWFSETE S % CHR[13,22] B LA |, ¥ Suzuki-
Miyaura {5 52 i FH V0 T BB i & B, DA 5-
WK EE R G R, @ TP
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10% Pd/C(Pd/C fifk 5] Pd T 25345 °h 10%) .
S WA EE ) 4R [ Pdy(dba)s ). M R 40
[ Pd(OAC), ). =F L4 [ PA(TFA), ). PdCl, & fif
RN R orprat, W A BT Tk ( il ) AR
ocwls BRI A SRR A RA A,
B

Bruker AC-500 4 i 341z I 1A%, Hi 4 A B ot
JEAY #8257 5 Ultima Global Spectrometer %Y 75 73 3¢ [
AL, FEE AR AR F] ; e2695 AR AL,
% [E WATERS /A ) ; SGW X-4 B fues AL, F Y
HLIEIE2%); EYELAN-1100 Je 28 £, 7R 5t
fhas bk 234t ; DF-101S fHIRREE Siditlas, FM
KR TR A AL,
1.2 FHik
121 2-5WE-4-5-Kmr (1) 96 m

1L =¥ 5K 402 ¢
(200 mmol ) % FJo/K L (400 mL), 1AZRFERE
E 05 °C, ZEaftwmAmMEs 91 g
(240 mmol ), ke, HiFk 2 h, EIRRN, WERK

I
OBn OBn OH
OBn t -BUNHZ OBn Hz, Pd/C OH
- > _—>
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45, FREYIMA Lmol/L /& (400 mL ). LRI
(200mL ) Z M43, A B 20 A HLAE H K
(400 mL ) Vi, FHTC/KBREREN T, HhiE, I8\
VR AR, 60 °CELAS THEfE Il {k 139.8 g, Uk
N 98%, HPLC 411 o4 99.1%, 4% 150 113~114 °C
( CHRPAME . 111~114 °C ),

122 1-FHEKE-2-FRFHR-4-8K (1) 896 %

£ 500 mL =, F K 1 3045 g
(150 mmol ) % T N,N-_—H FEH e (250 mL ),

KRR E 0~5 °C, fENFE M IMAR L (s
R 60%, A ECFHCR A% ) 12 g (300 mmol ), il
Ee Bidk 10 min 5, m A n S LR (BnCl) 38 g
(300 mmol ), fin&e, MARR AT 20, ik
6 h, ik, ABAKKE, IMALRLEE
(200 mL ) ZEHUITE, A 2 A HLAE 23 50 F K
(200 mL ), Mk (200 mL) Pk, JoKHL
FRAEN T, HhuE, VRS, 60 CHEZS T#1%
HE k1565 g, WFEHR 97%, HPLC ZifiEh
98.5%, 4 15>~ 61~63 °C., "HNMR (500 MHz, CDCly),
5: 758 (d, J = 2.3 Hz, 1H), 7.38~7.29 (m, 1H), 6.78 (d,
J = 8.7 Hz, 1H), 5.06 (s, 2H), 4.61 (d, J = 2.6 Hz,
4H), *CNMR (125 MHz, CDCl,), J: 154.6, 137.7,
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136.1, 131.0, 130.5, 129.1, 128.1, 127.9, 127.5, 127.2,
127.1, 126.7, 112.9, 112.8, 72.3, 69.8, 66.1, HRMS
(ESI) calcd. for CpHiO,BrNa [M+Na]*: 405.0466,
407.0446, found 405.0468, 407.0442.,

1.2.3 1 FRA-2-F AT K -4- T R R ()49 4 &
fE 500 mL = HfiHd, ¥dmEkl 383 g
(100 mmol ) ¥ T VUK /K ¥ (200 mL, Hi
DU 5K B RFEE N 90 1), IMA ZMFE =3
AR 40 16.08 of 120 mmol ), ZfL4" 0.36 of 2 mmol ).
=B 157 g (6 mmol ). R4 65.2 ¢
(200 mmol ), Fr45 K BT A P 2E B 1 T 103 R
12 h, 51k i, HARR AT 2 =5, InAZK( 150 mL ),
LMRHE (150 mL ) ZEHUAriR, A2 EUS 209 A HLAH
FAt ALK (100 mL ) ¥E%, JKBRRREN T4,
FhUE, DRV, KRR YN A SR R FIE
CLEBIRA W (100 mL, Hh 2R LB FIIE C %)
W 1:9), 4T3 1 h, ik, EVHHIEC B
(50mL ) P, 60 °CE 2 1145 1 @ [ A&
30.1g, WE K 91%, HPLC 4lififHy 98.7%, 1SN
56~58 °C.,*HNMR (500 MHz, CDCl3), 6: 7.54 (s, 1H),
7.41~7.28 (m, 11H), 6.88 (d, J = 8.4 Hz, 1H), 6.68 (q,
J = 10.9 Hz, 1H), 5.64 (d, J = 17.6 Hz, 1H), 5.14 (d,
J=10.9 Hz, 1H), 5.11 (s, 2H), 4.67 (s, 2H), 4.63 (s,
2H)., ®*CNMR (125 MHz, CDCl3), 6:155.6, 138.0, 136.6,
135.8, 130.1, 128.1, 127.9, 127.4, 127.3, 127.0, 126.7,
126.4, 126.1, 111.4, 111.2, 72.1, 69.6, 66.7, HRMS
(ESI) calcd. for Cx3H»O.Na [M+Na]™: 353.1517, found
353.1516,
124 1-[4-FRA-3-(F AT HR)KRK]-2-8 The-1-
B2 (IV) 9 4 r&,

7 500 mL = FR A A d a4l 19.8 g
(60 mmol ), —H WAL (DMSO, 150 mL ) Fizk
(1.5 mL), Hiidk 10 minJ5, JA N-JRACEEFAEE I
iz (NBS) 21.4¢g (120 mmol ), ZE iR 3 h, 15
1R, MAZK (150 mL ), ZMRZMEE (150 mL ),
RO, FEHS 2004 HLAH A kK (150
mL ) PE¥, JOKBRIREN T4, ik, DEIRIEE 4,
IR FE AR IV 23.8 g, WE K 93%, HPLC 4f
JEN 95.7%., Agatifh HAE T T — 80k
125 1-[4-FRAE-B-(FARTFTRE)RA-2-(RTERL)

Tl-1-B5 (V) #g 6 m%,

fE 500 mL = HIfH, o EkRlNV 171 g
(40mmol ), AT B (100 mL) i F 5 A B
(100 mL ), fnFEIGE 6 h, 55 1k, A 2R vk
45, 5% B P A S e FE O ke TR A 70 mL,
Horp AR BEANE CBEMIRTIEL S 10 9),4T3K 1 h,
ok, PEVIHIECSE (30mL) ¥Ei%k, 60 CHEST
MR HAEAY 136 g, WCE N 81%, HPLC 4l

J 98.7%, Wisih 74~75 °C. HNMR (500 MHz,
CDClg), 6: 7.38~7.19 (m, 12H), 6.85 (d, J = 8.4 Hz,
1H), 5.03 (s, 2H), 4.63~4.58 (m, 2H), 4.55 (s, 2H),
4.52~4.50 (m, 1H), 2.81~2.78 (m, 1H), 2.56~2.52 (m,
1H), 1.04 (s, 9H). “*CNMR (125 MHz, CDCly), ¢:
155.2,138.0, 136.7, 134.9, 128.0, 127.9, 127.3, 127.0,
126.7, 126.5, 126.4, 125.6, 111.2, 72.2, 71.6, 69.6,

66.9, 49.8, 29.2, 28.7.HRMS (ESI) calcd. for Cp/H3NOs
[M+H]*: 420.2539, found 420.2537,,

1.2.6 3V T HBBR 6 A%,

FE 500 mL = O, KAV 84 g

( 20 mmol )& T P4 & K ME( 200 mL ), Jil A 10% Pd/C
1AL (0.84 g, LIRS, HIVUA KPS
APEAME R ), TARRAR P E R T IRERBTE 12 h,
ik, g, JEVFH AR (10 mL ) PEE,
VEVRUR R IR 45, B ER BN R LR ANE O BENY
RAW (50 mL, HH 2R LB FIE O REr R L A
1:9), ¥ 1h, #ihE, WEYFHIECH (20 mL)
Yok, 60 °CHEHZS TS HGRAY TIREE 4.1 g,
AR 86%, [ MR A 56.0% (L 5-H/K
Wit ), HPLC 4fifiE 2y 99.4%, % 5k 151~152 °C
( Sk 151 °C ), *HNMR (400 MHz, DM SO-dg),
5:7.25 (d, J = 1.5 Hz, 1H), 7.00 (dd, J = 8.2, 2.0 Hz,
1H), 6.68 (d, J = 8.1 Hz, 1H), 4.47 (s, 2H), 4.40 (t, J =
6.0 Hz, 1H), 2.52~2.49 (m, 2H), 1.00 (s, 9H) . *CNMR
(100 MHz, DMSO-de), 6: 153.1, 134.6, 127.9, 125.0,
124.8, 114.0, 72.4, 58.3, 50.8, 49.5, 28.9.HRMS (ESI)
calcd. for CysH,NO; [M+H]*: 240.1600, found
240.1600.

2 #HR5WR

VT BB A B S FE T 5 3 50 B s Rks | A
BREM, 05 Suzuki-Miyaura {8 5€ 52 0 H T8
THeBE A P, fEI53R 500 5| AR, 5556
BRI, Hit, EAEETAGY NS &N T
S N AR AN TR o

OBn OBn
OBn UR, PhyP OBn
+ ZA>BFK M
Y, B, TR0
Br A
Il m

2.1 $BIRAEREE

FET MR AE S A 507 b5 | A KU 5] G H
MR T2, 25 R L3R 1.

H#E LT LUEH, 4Lk 10% Pd/C. Pdy(dba); A
HRIS , RN AS K5 1.2), 10043 31 PA(OAC),.
PA(TFA), 5 = R BEBETC A A f AL S NI, S 24 h,
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HA#| R EKKE (P9 3. 4), FAEEE e
P, B S AGIZ RO 12 h, W] ik 84% (JF 5
5). Wik, VSEEIENRIENEIIAR, TR
N B P A, B RO T

# 1 BEM
Tablel Optimization of palladium source

P AL [LTEN SEHEh R %
1 10% Pd/C PhsP 48 —
2 Pd,(dba)s PhsP 48 —
3 Pd(OAC), PhsP 24 76
4 Pd(TFA), PhsP 24 72
5 PdCl, PhsP 12 84

Ve RN A T (10 mmol ), 74 5L = S
(12 mmol ), #Eh (BEIRAMEL 2%, Lhrbilik T i,
) 29, PhoP ( BE/RAT4K 6%, Lhrbialik T4 Bumseit, FF),
W4 (20 mmol ) fE S AEE (20mL ) HElg; “—" AF R
AREHE,

22 £ESEEE LRI

EE m AL N, 4 a5 EC AR Y BE H X T
R B e = G B, RN S b AR RS
Xt 4 JE 5 e AR B 4 5 ) o EE A T R, SR LER 2,

#2 &) SECELEIRIEL
Table2 Optimization of ratio of metal to ligand

5 a(PdCly) : n(PheP) R/ 1%
1 1:1 24 41
2 1:2 24 57
3 1:3 12 84
4 1:4 12 85

W RS PREAT (10 mmol ), Z4% 3k = JR il iR 4
(12 mmol ), & k4 (0.2 mmol ), BkER4E (20 mmol ) 7E5 KN
B (20mL ) Hrialig .,

& 2 s, 24 n(PACly) : n(PhsP)=1: 1 F1 1 :
20, MG PERAL, RWIERKZE 24 h, BCRCH
41%M1 57% (J7%5 1. 2), 4 n(PdCly) : n(PhsP)=1 :
3T, S AR B B, O 12 h IR AT A 84%
(5% 3), #E—2L4Em PhaP (fLk, WORTCHH e
(FF5 4), BT, BZHi5E n(PdCly) : n(PhgP)=1 : 3,
2.3 RRziA T R B 2

FEXT W50 25 58k R B, 3R R A g K
X g A B S AR AR, ELAREE SR LR 3,

H2 3 ATUL, 40 S FH BTk v ) IE DI B
SENBER, OB AT, USRI T5% A
84%, MIAEARM P T A8 rh e i PR 22, g
24 h IR HA 63% (JF%5 1. 2. 3). MLUEWEY
KRR 9: 1), FHEEOK (B 9: 1), Iy
SR OK (R 9+ 1) RIS (FF5 4. 5. 6),

T R—A PR, BoRA IR . R
HOKEARSCHE, X0 T RO s T A, K
A DL BRI A AT B, ek SO WA, (HOK R
PNUNSE S IR E IS O NOES (AL E S
& (o 7. 8), Hip LAPOnkmsk (R 9 : 1)
N PR R (91% ). ik, LIpdsk
WK CAFREE 9 ¢ 1) A RI#EAT R Sa0H T

23 VSN N Y R
Table 3 Effect of solvents on the reaction

75 sl SO A ) W%
1 n-PrOH 12 75
2 i-PrOH 12 84
3 LiES 24 63
4 n-PrOH/H,0 (9 : 1) 12 82
5 i-PrOH/H,0 (9 : 1) 12 87
6 THF/H,0 (9 : 1) 12 91
7 THF/H,0 (4 : 1) 12 79
8 THF/H,0 (19 : 1) 24 86

W RN EMA T (10 mmol ), 243 = S il e 40
(12 mmol ), EAL4" (2%), PhsP (6%), R4 (20 mmol )
TERF (20mL ) N RG-S H o IR L,

2.4 T HLERFNE G R R AR

Xof S5z 07 3k A Hh e JE ML ER A LA ) 2R A A 7
FoT, S5RWFE 4, HRHR T —RINRIRERNT
L RE M, & 3SR A6 it 2 TG AL R B ) 3 e 1T
Pm (75 1~4), #EMDE A TOALER b i 3 5 g
FIFIRRER TG 1L, DI 4 a8 56 8% S B PRk & 4
23R FA IR S 7 R G KsPO, IF, SR T —
ERERN R (F55), FEEHTRBARESS
el MR = 2. NN-Z 5N i
( DIPEA ) A HLBRAT, R FA R T RRE =Y,
WIS = PR ERAL ()PS5 6. 7). @it
BT AT, R R A 3 A TR IR S

L4 GRPETCHLER A AL SN B 5 0
Table 4 Effect of alkaline inorganic salts and organic bases
on the reaction

P BPETCAHLER ANy vy W 1%
1 Li,COs 12 21
2 Na,COs; 12 57
3 K2COs 12 74
4 Cs,CO; 12 91
5 K3PO4 12 83
6 EtsN 12 31
7 DIPEA 12 28

W RO AR EMA T (10 mmol ), 243 = s il s 40
(12 mmol ), EAL# (2%), PhsP (6%), % (20 mmol ) 7£MM
Ak (RFREE 9 1, 20mL ) HrElF .
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3 T DA bR PR 3R S G A 8 B N B L AR R
n(FPIEMAR ) @ (L5 = FRMBRER) « n(GEALAL):
n(=Z L) - n(BRIR4L)=1: 1.2 : 0.02 : 0.06 : 2,
TEVUERIR/K (P RRLEL 9+ 1, HrfalA Tk EE N
0.5 mol/L ) " [alift e i 12 h, FELbac T iR
7 91%.

25 I ZHRIKIERHR

P RER A 5 XU 5 NBS A9 J v LA S A
NN R R A B 2 B, T
JHie B 48 T 2 A% 0 & Suzuki-Miyaura fEEE 521 .
R, A% Suzuki-Miyaura (55 520 9 AT J5OR P
AT TS, HARZER L 5,

#5 TAWATBORMEMSE
Table5 Study on the scalability of process

o IR ZHHEZHRM Cs.CO, 2o HPLC
TS o meimo lkmol % e
1 0.1 0.12 0.2 91 98.7
2 05 06 10 90 990
3 10 12 20 %2 988

T TSk R R AR T AR R AP Sl 0.5 mol/L, Sk
41 (2%), PhsP (6% ), I U km/ K (B 9: 1), [Al
WM 12 h,

e 5 R, WORPERF ST IL#EAT T 3 AR
SE8, 709 BEAT 0.1 mol (Y FEAMESEEE A KICR 5 A% Al
10 A9 . ™ S BCRFNAERER R , R 5 A% A
10 f& 7 R R Al BE AT W . 22 v, DERHIZ R
iR AT R B AL RO

3 #it

VIBEMY 55 159 1) 5-K A7 e A 1h JoRk , 28040 5
AR Suzuki-Miyaura I . SGEINAR . FA
WAR . P/C 3 555 s vy il 48 1 b T el o O E A BT
55T R T 5 2 4 3 = &0 R 5 9 Suzuki-
Miyaura 28 XU EX S , e T Hole b &0k, 5
WAV T RN AR B, ZTZHEAUTF
a5

(1) R B S 150 5-T KW I by S g JEORHS
BLUD T R, BEAR T AR AR I H, R R T
BIGIA, wlfli RN AE SR 5 A7 R S ACE BT,
PE T RN B FNIRCR o

(2) fHF A X A T It AT AR P,
BRGE G T R ek T2 R RN ) Sz A e 2% I 1)
I FEBARY B Pd/C+E SR R AR R TR Y
BRI G, KRR T RN B, 46

“gptafb” RIEHEA.
(3) ¥ Suzuki-Miyaura 32 X B8 B T8 T

T B 5 FRCHR AU P e A7 P S e A (5 T S 2R
F7ER XU BRI, R TR T2 ReR.

(4) LI 56.0%) SR El & b T Ikl , T
FICHR RS (IR (20%~44% ), L& AR
A G TR . B AR PRI L B A ZORAR
BRAER A TR | PR K M T A SR AT Al
e, BAT LR nl O H Al T b T ki f
KA 75
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