526 % 43 1
201246 H

a0 T
JOURNAL OF MOLECULAR CATALYSIS( CHINA) Jun. 2012

Vol.26,No. 3

XEHS: 1001-3555(2012)03-0211-05

DDQ/TBN {57 FR AN FT UL G K
FREMITEZAEE

R, RILRK, Lk, 7

W, WEH, ALY

(T Tl k2 A2t TRS APRERE , 7Y HiH 310014)

& . LI DDQ 1 TBN ML, SO, BHE 12 R AMTT BAZ A il F M IO e (1) B4k
LAY E v (] A CTD) ) SR AT A A SO, 558 1 RO IRLIE , SN I8 790 e A A 730 P ) S A 575 A4 A1 S 10 B 52 .
AR EGREN, LL2% i1 DDQ K& 10% TBN JHEALH], A0 RB, 72 60 CRY 24 h, ZI A%
WESE AL, FRAF R AR A AT R AL R NE R A (ID) . 75 SO mmol B i1 48 155 #4) b SN 14 S 35 v 34

T 98.8% M B, T N ) Je AL L {5 7 375

X IR PRMAMITPEE; AU T ERENE; BENE; DDQ; AR

PESES: 0643.32 XHERFRIRAGD: A

TR AZAMTT (Rosuvastatin ) g — Filr & £
HMG-CoA i I B, J& F 39419 Mg 59 2547,
e TR AR 25 22— A AR B X
ISl R NI, 5 RAZ A WP L R T
FE 1Y Zeneca 2\ F) ( BRTE J& AstraZeneca) . fRIEL
MHRGE , B R AT 85 A PRIk, — &
3k 22 B B s E HY R (B R b T B ) 5 T
BE B 22 B h, 25 Winig J2 1 45 4515 21 B % (R A
TP A= e e B A% TR L, 5 Tk
M R 22 Wittig J2 I8 4 A3 A9 0. Rm, W &tk
I T A B RO R A B P R 2 —. TEE A
HAE R JLA 2 R et 7T B 4% (22 O 00 85 g 3 2
Y A BT 2B, X ORI R S T I S R
Mase 206 % R AT BEAZ B SE [ SRR, AR Z
b2y B 2R PR S-H L SR IR B R R B R
R VR AR BUR = A i Y 55— A i
Bl REARF T A AR R 2 B A E S A
AN B REHT, (HE TR 21T A A J7 H A i s
I7, R 22 RO — S e 4Rk 0 1 A AR oz 119 22
AR E. X > S 05 M Ak S LT R F A 25
TR 2,3- 2505, 6- ZFUE IR R (DDQ) 5K & it
Y MnOMER A AR 4 A 5 F 4k 1 B g

Wis HER: 2012-04-06; 1&[E HEA: 2012-05-10.

E®WE: EXKAARIE4S(21146001) B

EE B IR, 53, 1986 4FA4:, M-

1) siREE R N, Tel: 0571-88320103, E-mail; xinquan@ zjut. edu. cn.

MEMFAN AT , (ER SN Y i Ak B BRI, 2™ A
TREREY), 1 H DDQ HY#PEHIK, 1M MnO, 5
i B B A, BT AR 2 X AR BR B A
BRIEE.

UTARSR, IR EOR H 4R R, EORR T
T A CBOR B IR P BOR  my. TT 70 4R (28 R
O BRI, AR YK, R T ILAF
I I LAY 28N o A v S A7) (9 8 AR S 0 A E 5
BT X — U A AT TR 2004 4F, FRATT4IE
T ARSI A R R, B TEMPO/
Br,/NaNO, , JRIH5E L LA 73 48 0 4801 790 0 e g
TEPEE I AL U R OB B, FRAT N
#IF R T IJLA LA TEMPO/NO 25 4 49 g AL 0] 1A 2
[ REEPEE AL RN B, FRATREL DDQ/
TBN/ O, 3 AL AL M AR A BE T — 263 kI
MREFEIE S A, BG5S AR B 2 fR 7 2 119 I
B RS AILHTHE T DDQ/NaNO,/
O, AL AL IR R REA ALY X 9, 10- A B A7 4 Ak
TR, FATHED DDQ/TBN/ O, 4 1k 4 1k
A REREH T S M AT, sl
SV A Al REE G B R AT T B S o P i 2
AR e 1Y 2 AT M A S i



212 Vi T T U

26 %

FRATE Setl ML MGE 1 T7 15 B T TR 22 B
Ry —&mEnE ()7, /5, 2% DDQ/TBN/O, fi
PSR B 2 19 SR 26 1 O T S A 55 A A 1)
G ARG A T, X AR R
I B S LV RN S 2R AT T AL, LK 22 B
AR e (1) o 80t e A A IV 1) 22 BBUA g e
(I).

1 LIEERSY

L1 {5 5%

X R R | S T Tk & 1R WY g AR S- Yk S
TR ER I E A Y Dol i, SR Hp B A i 0] S
BB Dy b el B AR D . BUCHT BS540 &
BAY, Agilent 6890N S AH 414 (GC) , Bruker DRX
500 #ZrEIEYRAIY, Agilent 6890-5973 GC/MS &, Jifi Bt
FHAX.

1.2 SUFHLR BB SIGEE

m 25 mL A FHIIA 322 mg (1 mmol) £ZHX
A mERE(L) , 11 mg (0.05 mmol) DDQ, 2 mL H
4, 15 pL (0.1 mmol) MEAEERALT FE(TBN) . #4&
W A E ST, 85 CHlnia A, w4
FE. 24 h RSOV, B/ R SOW RO 2D R R
2:DDQ J5, HI GC 43 Hrill A5 S5 ny (% AL 32 A= Wy i)
PRSI R 100% F197.0% . GC A i £ -
DB-5 f4j%#: (30 m x 0.25 mm x 0.25 pm) ; FE
i EIGTRE N 100 °C, {£4F 5 min, LL 10 °C/min
R THIRE 250 °C, fRFF 10 ming 2SO N,, JiE
1.4 mL/min, 5335 [ 30 15 #EAF RS 250 C,
FID ¥ &%, 16N 250 C.

1.3 MASRIRRIET R

7] 250 mL f & B4 RN A S FERE T, 16. 1 ¢
(50 mmol ) ZEUL A MEBE(T), 0.227 g (1 mmol)
DDQ, 50 mL B ZEFI1650 wL (5 mmol) TBN. #4ff
IV =5 A S SO IA - R R i LR CE S SN i PUR DDA
W 5 A U 3 0.2 MPa, R I ) 22 21 #ss
E 75 CHYME (NS EE R 60 °C) . i
24 h JEtE IR RO, BRSSO ) 2 AR
SRSy, Tra e b8 RO R T RECRR 2 DDQ J5,
R GC 3. S A4l 2R 7 SOy i) Ak 2 7
PIBEFEPE ST 3 100% F198. 7% . SR J& 1] S5 1y
AL g [& 14 NaHSO; , i 10 min JSHILA 3 ¢ %
PEB, DRSEREFE 10 min 538, A7 [Clw =k Hom 10 g
FEBE B, UEVEA 100 mL ORI PR BEY. &

FEIE I UE W I W 4 5 A5 3 15. 84 ¢ HAR™ 4 1T
(98.8 % ). syttt ahid it ik A 2 A o B alifk, 77
Yy4EtgiE L H NMR ,”C NMR K MS EE#IA.

2- g L4 - (4- 5 OR Jk ) -6- 57 TN k15 g -5- R 1R
A fE (II, methyl 4-(4-fluorophenyl )- 6-isopropyl-2-
( methylthio ) pyrimidine-5-carboxylate )

Yellow solid, m. p. 86.3 ~86.7 °C; 'H NMR
(500 MHz, CDCl,) 81.32 (d, J = 6.8 Hz, 6H),
2.63 (s, 3H), 3.123.17 (m, 1H), 3.71 (s,
3H), 7.14 (t, J = 8.6 Hz, 2H), 7.66 (q, J =
5.4 Hz, 2H); "C NMR (125 MHz, CDCl,) § 14.2,
21.7,33.4,52.6, 115.7 (d, J = 21.5 Hz),
119.9,130.3 (d, J = 9.0 Hz), 133.9 (d, J =
3.2 Hz), 162. 3, 164. 0 (d, J = 249.2 Hz),
168.8, 172.8, 173.2; GC-MS (EI): m/z (relative
intensity) 320 (M*, 100), 305 (58).
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2.1 REGEE MR T RAELT AERNMAL KRS

PLZ IR —ms e (1) J Jset, U U,
DDQ S TBN Jg AL, %8 1 B ifi BE ¥ ) e A
AR RS SO ) s, LB R A AR 1. Fefi T
VIR LI 26 F 5 2 SR AR I 3 10 R 25 1, 1A
5% 1) DDQ Jz 10% 1) TBN AE AL 7E 85 “C i
AR 24 he SEEGERERM, Ak D7 18 AR B RE
AN HEA T, T HAERE L R IA 97 % (entry 1), XA
SERGHIAAIESE T RATR AR, ot HESh 1 AT
— AN 25 A B 4. X BRI N IR, &
AL 60 C I S W REARAT 4 FO 5 2R (entry 4). 24
SN BE AR S 50 °C i, JRA SN I % Ak R i AR
M, AR FEE B R (entry 6) . K,
FATIEFETE 60 C T 5 E21 50 X SN Y 5% 1 (entries
7-14). GPREW], fEry RS, HAR
ARE S ARAT FN P R AN Y Y45 R (entry 10 vs entry
4) . T AR VA R TE i 25 Tl 4 I 32 B0 A 1
R, P, R RIS T8 S 5.

T ERTZR R TINE, AT — 22K
ALK A A0 700 ] B 0 A S I 2 3. 25 SRR W, Y
DDQ FHE[&%S] 3% (entry 15 vs entry 4) B{ TBN
B /0 3] 5% (entry 16 vs entry 4) , ZEL A 5%
WE (1) #RRERS SE B S8 e Al , I IRFFIF 10 7 W) e 4%
Pk iR REAR DDQ Al TBN 4 i, F by 54k
RZ P TR EL WG YRR L T R
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Table 1 Reaction condition screening of DDQ/TBN-catalyzed aerobic oxidative aromatization of multisubstituted dihydropyrimidine ()

F F
S g S N
- \f | DDQ/TBNIO, S \ﬁ Q
N N F
COOMe COOMe
1 I
Entry DDQ (% ) TBN (% ) Solvent T (C) Conv. (% ) Select. (% )
1 5 10 toluene 85 100 97.0
2 5 10 toluene 75 100 97.6
3 5 10 toluene 70 100 98.3
4 5 10 toluene 60 100 98.6
5 5 10 toluene 55 99.8 97.2
6 5 10 toluene 50 96.2 73.8
7 5 10 t-BuOH 60 50.3 82.1
8 5 10 CICH,CH,Cl 60 80.6 97.4
9 5 10 cyclohexane 60 57.0 93.0
10 5 10 chlorobenzene 60 99.5 98.2
11 5 10 MeCN 60 39.9 84.3
12 5 10 EtOCH, CH, OH 60 72.5 39.6
13 5 10 EtOCH, CH, OEt 60 68.5 75.1
14 5 10 CH,(Cl, 60 25.1 71.0
15 3 10 toluene 60 100 98.7
16 5 5 toluene 60 100 98.9
17 3 5 toluene 60 65.1 98.1
18 2 10 toluene 60 100 98.5
19 1 10 toluene 60 100 98.3
20 0.5 10 toluene 60 92.9 98.2

[a] Reaction conditions; The aerobic oxidative aromatizations were carried out in Young% tube with substrate (1) (1 mmol),

DDQ (5 mol% ), TBN (10 mol% ), solvent (2 mL) , balloon of oxygen in oil bath for 24 h. Conversions and selectivities were

determined by gas chromatography ( GC) with area normalization.

(entry 17). i TREK DDQ By RERR T Ak 7 A
ZHh, XY A B R K TE Z A, i TBN X
ML A, X 7= 9 0 43 15 W] DL 22 g AN T
P, FRATHEARE TBN H &N 10% H R 00 F if—
P DDQ (1] i (entries 18-20) , 41 [l 1% 1Y
DDQ B}, SOWAERAS T g, midk—2 A%
DDQ W&, RIAEARZ S| . RS
ZiREEH], LU 1% 1) DDQ H1 10% 1) TBN 14 K )i
ML, 7560 C IR 2 24 h, AL I5H 1L
RESRAT e fHE 1 52 L A Al 38R0 7 ) i 5
2.2 HKELE

TEPLACAR AR L, FRATRESS 228 O A

P SN R SE e L. 2% J& B S R, SO A
g SOSIRN  SEREEAN L RASE IO, PR, AT
VEPRAE T ) 38 WP AT HOR SE 3. S5 2R A 3R 2.
10 mmol IR IR L 3 % W], ] 1% 1) DDQ 1
0.2 MPag" U ABESE I Z BUR A e (1) 1Y 4R
WIFFIAE S (entry 1). Kt DDQ 1 F RN 2] 2%
i, S RERS A SE R (entry 2) . FE[RIRERYZRIE T,
SRR E 50 mmol I, L HEFEA5 Fi (1445
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AATTE.
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Table 2 Aerobic oxidative aromatization of multisubstituted dihydropyrimidine (1)

F F
H
S N S N
-~ DDQ/TBN/O, 7 AN
A .Y
. N A
N COOMe Toluene, 60 °C COOMe
1 11
Entry I( mmol) Conv. (%) Select. (% ) Yield (%)
1041 10 79.1 95.9 -
2l 10 100 98.1 94.7
3t 50 100 98.7 98.8

[ a] Reaction conditions: The aerobic oxidative aromatizations were carried out in a 250 mL Teflon-lined autoclave with 0.2 MPa

of oxygen at 60 °C for 24 h. Conversions and selectivities were determined by GC area normalization.
[b] 10 mmol of substrate I, 20 mL of toluene, DDQ (1% ), TBN (10% ).
[ c¢] 10 mmol of substrate I, 20 mL of toluene, DDQ (2% ), TBN (10% ) , isolated yield was obtained after purification by col-

umn chromatography.

[ d] 50 mmol of substrate I, toluene (50 mL), DDQ (2% ), TBN (10% ), 0.2 MPa of oxygen (autoclave directly connected to

oxygen cylinder) .
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The Study on the Synthesis of Rosuvastatin Intermediate via
DDQ/TBN Catalyzed Aerobic Oxidative Aromatization

TANG Zhen-quan, MO Wei-min, SHEN Zhen-lu, SUN Nan, HU Bao-xiang, HU Xin-quan"’
(College of Chemical Engineering and Materials Science, Zhejiang University of Technology, Hangzhou 310014, China)

Abstract: A new catalytic system composed with DDQ/TBN for conversion of multi-substituted dihydro-pyrimidine
(I) to Rosuvastatin pyrimidine intermediate via aerobic aromatization has been developed. The effects of reaction
temperature , solvent and catalyst loading have been fully investigated on the aerobic oxidative aromatization. The
optimal aerobic oxidation conditions for the quantitative conversion of multi-substituted dihydro-pyrimidine (1), to-
gether with high selectivity of desired pyrimidine (II), was obtained with 2% of DDQ, 10% of TBN in toluene un-
der 60 °C for 24 h. Up to 98.8% of isolated yield of the desired product was achieved in a 50 mmol scale through
very simple work-up procedure.

Key words: rosuvastatin intermediate; oxidative aromatization; dihydro-pyrimidine; pyrimidine; DDQ; molecular

oxygen



