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(CRERZFHTERE  REE 300072)
CRERY REATHRGE L RKEE 300072)
(CRET I Res gL = AR TR L RE 300072)

Lu;/ EI];__%E a,b,c

F OB

TE LUS)-4-5(-3-Z HRRESIE T AR Z BT BREERNEOR}, Cu' 8T, ALY Blaise S SEHA 5 AN i
TR S SEAH B B i i i 124 20%, 17 9 3 3L [ A6 R 1) Blaise [ RIS BTG AL 72.1%5 55 2 97.0%, MAHLEE L
XA RGHAT T A BMRE. Z T ST Blaise NN SR T — N RR TR, TR SR T AT H 2
HEF AT RIBTFEA AT BE ) & TR T — 2R m . SRR R IR, RN E C—C B R MR T HiiNZ
F R

FREEW  Blaise N AL Hi &P AoftyT OIEE

Blaise Reaction Co-catalyzed by |, and Cu”

Wang, Lei®” Liang, Yuxia®”’ Zhang, Bao™** Feng, Yaqing™"*
(“ School of Chemical Engineering and Technology, Tianjin University, Tianjin 300072)
(¢ Collaborative Innovation Center of Chemical Science and Engineering, Tianjin University, Tianjin 300072)
(“ Tianjin Engineering Research Center of Functional Fine Chemicals, Tianjin 300072)

Abstract The yield of Blaise reaction of trimethylsilyl protected (S)-4-chloro-3-hydroxylbutyronitrile with fert-butyl bromo
zinc acetate is improved nearly 20% by using Cu” or I, as a single catalyst. Interestingly, when Cu” and I, were used as the
co-catalyst, the reaction yield was further improved from 72.1% to 97.0%. These results, which were reasonably explained via
the reaction mechanism, not only indicate that the Blaise reaction can be applied more widely, but also provide a simple route
for the preparation of the side chain of rosuvastatin and atorvastatin. Moreover, this optimized Blaise reaction provides a new

insight into the C—C bond formation.

Keywords Blaise reaction; catalyst; side chain of rosuvastatin

T 2P H A ME— Be PR e O, FHAEFLZ 1Y
KRR BEEUR R Z5H). & A VT A ¥ —
AT 25, IHAE R S 5R . Rk aetE s ar . AU
A ZWIAR ELAE A S A R — 3 “ AT D,
T P AT (La) HI BEA AN EE (1) Y &6 70 H (B 1), BA
WROTRBUT BEA(S)-4-F-3-F 58 T 1 (2) N R i &7
ARA T (% () S B PRI B . AR . ERAE T B S AL
RO 5 T8l TolkAk.

Blaise MNAEN—MERUEE C—C H#I M T
1901 =4 Blaise & X2 H. 7E Blaise KN, FEF a- <
AR B S S A i p-BAEE™. (22 J5 L H4EH, Blaise
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F
OH OH O ><
\ITI/I\\N j)( OBu-t
SO,Me 1a 1b

B AT TT (1a) K M (1b) I 45 4 =X
Figure 1 Structure of rosuvastatin (1a) and its side chain (1b)
SSE T HUSCFR AR 65 R SN AR AR S B R IR AE
PUE B SRR R I OB, ELE] 1983 4F Hannick
SR R Rl 3R R ok 2 B B 2 T 1 LA TSRS AR, AN
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AR KRR Hd vy 1 I B, Blaise S B F K 5] AL #
MR, R A SRR A VBT KA
A TR R P e i B 5 2 B S B PR A7 A AT — e FE P
PR T OSSR, FRA =PI 43 Bt ok — 2 (1 IR 3. B
EN R HE— 05T, I ] a- A 13 D0
AL EERO A LER TS AL B T DL R i N i £ 7
Cu PV i U, BETfi 4R 98 T Blaise SR [N
FYa . 7E Blaise R Fd 2, ELRER FHAC—X
WA A NGB S, TSRS R A SRR N R Y,
I S K AR = ).

P SCHRIRIE, TR o T DA i A LA R P 1) % 8
R, PR BRATTHE D AR5t mT DASE FH 2] Blaise JOM AR &R
g R I REAT UL AR 7T T LA(S)-4- S -3-FR Ak
THEQ)E(S)-4-FA-3-= AL TG 5H LM
TSR ER) Blaise N2k, 7 T, Al Cu' (1« SLifL”
TERR, REBMCER T RIS &, o as v T usE
rh BRI S AR AL T — 2% 5 UK B8 4% (Sheme 1), Blaise
SBIFEY) 4 AR E X ARY . LB AR AT
i EP AT M EE 1b. EREFE R, FRATH Jeilnd SEge &
TRAEMEEIC b, 8 T R BRI R I 1) 5
M. R SEES, FATKINL 5 — AT 5 5 W1 CuBr X B
A R EAER, I E 0 L 5 — A0 e I
BT Blaise R, ffRMCEA TidE—Pitm. ET
SCHRI AR, BATTA 1, 5 — M8 25 7L #4011 Blaise &
NEEH T A BRI B RE. 12 N SIS S5 A TR 1
.

OH OTMS

ot _on 2= a o s
2 3 P

OH O O

C'\/'\)J\/U\ T \n/o\/k/k)J\OBu-t

4 OBu-t

Reagents and conditions: (a) (CH3);SiCl, (CH3CH,)sN, fiiHifi#(PE),
40 C, 98%; (b) tert-buty bromoacetate, zinc, CuBr, I, THF, 68 C,
97%

Bz 1 Blaise S fHi &A% f T (0] 5 o ) f4
Scheme 1 Synthesis of rosusvastatin side chain through Blaise
reaction

1 GR5iT1e

1.1 FAER M &/ R
TENBIMETHEATIBR T, e 28E 3 5

SR 22 HR RN « TR ST B8 B4 5 1) = 1Y L AE B

SN TR L TEIFR AN Ra (a3 = 7osm & 1 osomsrm). (ERATR

JRkL 2 B3 3 sE A N RIETHE R, A ER 2 e

DL IR R AT BRAE T L AE 72 rR AN B R A Y 4

210 http://sioc-journal.cn/

hn, RIS H R AR BT R T 2 AME, B, R
NEEEHER AT ISR — 0. RN ILER Ry K ED
HII AR BT, 2 AR (TLC) M R, M RA<1 :
12:1.6 W Ry=1:1.15: 1.5 i, JFR 3 AR, MHLA
Rya=1:12: 1.6 47N, JLFTCERE 4. M5
Ra HIURZN, W Ra=1:3:4~1:12: 1.6, RNBCEM
85.0%IZ W K2 72.1% (3 1, Entries 1~3 f15), Kk
A2 N EREERORIEL Ry 10 1.2 0 1.6, HEMIH 5
(Al 2 s AR 22 i) BEAELE IS8 S B ROB AL (1) (S)-4-
3-SR T B S 4 RN (2)IR SR
THE B S KRR (3)IR LERHUT TS EEM T R
(AR VRALEE R OB T TR, e RERIEM A NLE R A
M, oA —E ST I EARE, IRAE S KE
E 5 KRR B ]S (4) R ESEAE R o-H A P
AR RN, PR, S 6 3% B JEURH A S5 A T Lo 5K
R SEERINL @ [ A
F 1 FURHEC LG Blaise J2 SIS 1 @

Table 1 The effects of molar ratio of starting materials and
catalyst on the yield of Blaise reaction

n(2 5% 3) © n(EER) o Ak
o WRZ R TR o % (4 mol%)
1 1:3:4 85.0 I
2° 1:2:25 81.5 I
3° 1:1.6:2 77.4 I
4° 1:12:1.6 56.1 I
5¢ 1:12:1.6 72.1 "
6 1:12:16 89.1 L
7¢ 1:12:16 92.1 CuBr
8¢ 1:12:16 97.0 CuBr, I,
9 1:12:16 95.4 Cul, I,
10°¢ 1:12:16 90.1 CuCl I,

© 2017 Chinese Chemical Society & SIOC, CAS

R SIS HEB LA JZHT SRR S BRI R A% R R 1 P DUSURL 2
BEAT ST, © Blaise SN MU G 3 A BERIEELT, NPT N
SRR 2 IR GRS L R B B Blaise S M.

1.2 B2 hEESTR MR

LY RN, ML EYD 2 BT Blaise /N, 24
RA<<1:1.6:2Hf, Gk 2 AR, UR=1:12:16
HEAT ISR, HUSCRANAT 56.1%(F€ 1, Entry 4), 1%L
WA 3 AT, E R =1:12: L6 M, Wb
R R BEIA B 72.1%(F8 1, Entry 5). HE 3= A
SRR RL 2 IR R R T AATE, S A LSRR
FIEAT RN 2R A MU, v REM R SALER LN Eq.
1. Rk, XF(S)-4-3-3-F2 2 T i 32 L A AT R Xt

OH (0] o
a A en + Brzn\)J\OBu-t c I _en+
0
.
Mgy * Zn8r 5
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T Blaise PR IE &+ b E.
1.3 |, #0 Cu' 3t & RIULZR A #2M

BTk, AT B Blaise RN IUE, A
SO HEAR AT 7RIS, A SCHRIRE, MR S
HUEER P B R AL Ve L R, AT 24k A
T Blaise SRR 5 ST BRI RV 5256
RN, A T TR R R S SR 72.1% 4 s 3
89.1%(3 1, Entries 5, 6). [Flth, Ml 5 7545 i S iR
Ji e AN a] 2 AR A

FAN, Cu AMYBE F T il 2 Fle 38 5l 2 05 S5 4
WA, ERERS ML C—C BN, Fik, 1A
BT Cu PR E R PR, SR,
B AL B IR AR D\ 2] Blaise [N AR R G, R
SR B IR 72.1%F52 3 92.1%(FK 1, L Entries 5,
7). HATREMIR IR Cu' MmN e s T FL R A i B AL
i (Scheme 2)!">"] JLAT R 1 & S ALEE 41 Scheme 3 AT
CuBr 5HNUEFRFE BB S b Ak, SR )5 5
BTSRRI N B T S IR R R s A, B
E RS TR, KEEE 4. dik
AL, Cu N B T TR S A N BRI S B R, A
—EFERE LIE] T AR S S R, s
IS &S

OH

/\
C'v'\/CEN
OBu-t
zn(0) H ZnBr SERZINEK
Br._COOBu-t 2n@) AN AR
H
OH N/ZnBr Ho. H
s H,0 OH (N
c COOBut —>¢ N S _coosut —
)
. H,0t
4 OH O
—_—
HO H,N ) O-H cl COOBu-t
i\ X~/ _cooBu-t

BR 2 Blaise x/VALHH

Scheme 2 Mechanism of the Blaise reaction

DR, JE SR, FRATR IS A L A CuBr 43 i A
17, BIE RS T Blaise M FINCKR. AT HZE T
PR 3L [ AR R A0 700 e RIS 26 () sl 4 N AR 6 (1)
&, AR L A CuBr JLEEH T 1 Blaise MR
3 89.1%. 92.1%$RmE 97.0%(FK 1, Lh#: Entries
6~8). SLIGLE R R W] CuBr Al I £ MR R e “Hh
7 fEH, JLFMAL Blaise SN, 112 50N USRS E
TR A, A, FRATAI CuCl 8¢ Cul 5 1,
W B A FIFE A0 AE (3% 1, Entries 8~10).
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OTMS

CuBr a. L _cn

t-BuUOCOCH,ZnBr ~——,. (t-BuOCOCH,);Cu(ZnBr) —— »

TMSO  N-

CH,COOBu-t
ClMC(Jm

‘ —» {-BuOCOCH,Cu +
CH,COOBu-t

OH N O

cl OBu-t

B3 Cu' LTI Blaise &MAHLEE

Scheme 3 Mechanism for the Blaise reaction catalyzed by Cu”
2 Hig

ARICARAE T — iR Blaise SR 772, BILAGE
E CuBr Al I, AFEAEALTIAEAL TMS LRARI(S)-4- -
3T 3 19 Blaise SN, 8 SRR KR B2 32 .
WOTEERAN R SifE. FERSEEI R, NE R
ST OB R RS AL T AR ik, B R
f Ak BT S, M C—C SRR RMAR Bt 18T
.

3 IS
31 X5

"H NMR [&F Bruker AVANCE 111 400M Jk i {4 A% 1
X E, TMS NI AR, CDCL AR, # 2 EHT(TLC)
AR E AT L R & B LRI A 5 1 2 E BT
TS GF254 FURER AN 200~300 HALEMEER. KM
% S AL BRI VA AR A PR B A, S B3 77 U Sk
Wi (THF) {5 FH i 288K, — 28 R ERVE N8R 728 1 e
A,

32 ZWHE
32.1 #hHFEL

7] 50 mL GedtH, IOANEERR(S g), PRI 3 mol/L
ERER(10 mL), #EF: 30 s JEHhUE, E—NA 20 mL /K¥E.
20 mL LFF. 20 mL LB e, REK iR
T-JEAE T 8 h
322 (S)-4-3-3-=F A AL T (3)89 6%

[ 100 mL 5O EJEFH A 20 mL A7 i A
(S)-4-F-3-FF T HE(2.391 g, 20 mmol)[I75 FR}EL it
Elaly —13.8 (c 1.0, H,0), CHME!": [a]} —12.2 (¢
1.0, Hy0)], #K¥% T = 5 & be (2.607 g, 24
mmol), A SFHEHIN=20%(2.429 g, 24 mmol). NS
EEAZRER, T 40 C4kZRM 12 h FIIA 10%5F ik
BOA (10 mL)Z ik RN, 2R SRV T . AT R A
(10 mL X 3), Jo/KBREREAN T8, 4515 3.7830 g kit
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THRBAA 3, 773 99%. 'H NMR (CDCls;, 400 MHz) 6:
4.11 (d, J=4.8 Hz, 1H), 3.55~3.44 (m, 2H), 2.66 (dd, J=
21.8, 5.5 Hz, 2H), 0.20 (s, 9H)"®.
323 (S)-6-F-5-FA-3- AR TR T BE(4) 49 5 &
1] 200 mL P Ge)fE A im AN VE AL 5 R EE# (2.093 g,
32 mmol). HALIEHI(114.8 mg, 0.4 mmol) LA A filll # )5
(101.5 mg, 0.4 mmol), f§SIA¥ FIMA THF (50 mL),
FEIBFE 10 min J5, TRVEE FIMALED 3, A5
T 1.5 h PRIGIR CHBUT B i n 56 S (PR I B R
W), BN 1~3 h, TLC Wi 2 R e MG, ¥K
YRR 10 min J5, #8503 mol/L HCI (16 mL), 7EIE &
NS FE 1~2 h, TLC M AHBK e 15 1E M, Hl
J€, e THF J&5, /K, ZBRABR(10 mLX2)AEH, &
I VLA JE TE K B R BN T R S 2 R 2 AT [ e R,
V(PE) : (EA)=10 : 1~5: 1108, K%, HFLAESET
AT 10 h J515 4.6250 g R PRk 4, =%
97%. [a]y —23.6 (¢ 1.0, CHCH[ L HRIE™: [a]¥
—24.4 (¢ 1.0, CHCl;)]; '"H NMR (CDCl;, 400 MHz) §:
4.15~4.25 (m, 1H), 3.54~3.42 (qd, J=11.2, 5.3 Hz, 3H),
3.36~3.26 (m, 2H), 2.81~2.66 (m, 2 H), 1.40~1.33 (m,
9 H)®.
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#BI#1 £ (Supporting Information) 454 3 1 4 1)
NMR I3 XS R RT BL G B AT I3 (http://sioc-
journal.cn/) I F %k,
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