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Study of Mechanism to Asymmetric Mannich Reaction of Diethyl Malonate
and Benzothiazol Imine Catalyzed by Applying Chiral Quinidine
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Abstract Benzothiazol-f-amino esters, acted as f-amino acids derivatives, perform excellent bioactivity in antibacterial and
antivirus. To gain highly and purely optical single enantioisomer of benzothiazol-f-amino esters with simple organocatalyst,
recently, the development for a classic Mannich reaction of diethyl malonate (Nu) with benzothiazol imine (EI) in the pres-
ence of cinchona alkaloid derivatives as organocatalyst has been made. The study for mechanism of applying unmodified
cinchona alkaloid-chiral quinidine as potent organocatalyst to asymmetric Mannich reaction of benzothiazol-f-amino esters
plays a vital role in asymmetric synthesis. In this work, the mechanism for Mannich reaction of benzothiazol-f-amino esters
catalyzed by simple chiral quinidine organocatalyst was investigated through a combination of experiment with theoretical
approaches (DFT). All geometry structures of reactants (Nu and EI), intermediates and product were optimized completely
with the moderate approach M06-2X/6-311G (d,p) basis set in the gas phase. Afterward, the effect of solvent for DCM was
took into consideration, and CPCM was used as polarization continuum model. Frequency calculations were performed at the
same level of 6-311G (d,p) basis set as the geometry optimizations to confirm stable transition state (TS), which was verified
further by means of IR vibrating frequency calculations (zero and only one imaginary frequency respectively). As comparison
of (R)TS pathway with (S)TS pathway in potential energy profile, it enables to elaborate that (S)TS pathway executes to af-
ford unique enatioisomer (S). The calculating results indicate that (1) Active sites of quinidine have been confirmed, that are
9-hydroxyl and tertiary amine; (2) The product exhibits S enantiomer as major configuration; (3) Moreover, the results of
DFT calculation indicated that the stereo selectivity of the reaction could be improved by lower reaction temperature. The
lower temperature is, the more distereoselectivity is upgraded. The calculation demonstrated that all of results are able to be
in agreement with experimental data that f-amino acid esters derivatives carrying S as major configuration could arrive to
range of 81%~95% ee.

Keywords chiral quinidine; benzothiazol-f#-amino esters; DFT; transition state; mechanism

1 5l5 PRIy TR ST i oK A BIERSE T
TR TR T, AR I N4 52 A Hg L
T R AT, H R B JICHS 2 T2, ARWDAA P %) RN 40 A2 1T ) 52 A4 2

* E-mail: yangsdqj@126.com, songbaoan22@yahoo.com, Tel: 0086-0851-3620521; Fax: 0086-0851-3622211
Received April 17, 2013; published May 24, 2013.
Project supported by the State Key Program for Basic Research of China (Grant No. 2010CB126105), the State Key Program of National Natural Science
Foundation of China (Grant No. 21132003), and the Cheung Kong Scholars Innovation Team Development Plan of Ministry of Education of China (Grant No.
[2011]20-IRT1057).
T H 52 18 5% i ZE R R TR H (No. 2010CB126105) [ 5% (4 SR 27k 6 H n T H (No. 21132003) R T H AT 27 5 61 7 141 BA A e -l
(No. [2011]20-IRT1057) %% ).

Acta Chim. Sinica 2013, 71, 1301—1306 © 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn 1301



W F F R

MR

FPEW. AEA T TAMEEASR . WNFHEA Y kit
ATAOIRR G s I 4 e O AR fhE A FRTEA T AN X B A A 55
TR RS T A SR, WA PN AT
ASKEFRAAE A A R N AF B 2 2l i 1R 7 V25 1 T
WAME 2 R B D4R, £F Sigman®) List®!, Ahrendt™,
Shi®, Yang 25 (G M TAEM A & K, UAT SR
A WL T AT LA BR B Bl s 43 31 T 30AR 11
R, 5IAb LR, AN TR ARXFR G )
SN BT R PR R NS L R R R AR
TRRCA . AR BB A LA R mT (RSO BR A S5
ML AR TSR A

SN YNk S AT A ) B ) B AR IS 2 R R I
TnFl, 1A 1988 4 Jacobsen 5 sl Tk H ] AL I 1%
ANKFFERIRA LK, EATTHEAS R FR G b 52 21 T
KR Z AL, SR S T A G AT T
FEW, e AT DL A VR A 7R e A T 080 )5 A A A
7, AEEALIR Z EEA NN, AXTFR Mannich W,
S BOGHIGTE f-R AR S A T, B
VIR R AR =) ) B By s T2 1) A

WEME AL S AT ) i AR T, AN 1962 4F
Merck 7% 7] JF & WE B K (Triabendazole) A B 7 LK, H
AT ORI HLTT T 2 Tl s A A 2 it .

B 1 TG S A A2 0 DR LR 1) A B 1 N A ) 24
AR KR N 2 B T I I ORTE . T AR IR R
B, R A HA TR RS RO A&
WA Byt G MREE AT AE AR 2
AEBMA, O 2B R w9
PR BREAR HRER. TR K. Kb,
T RS WP KoE R BRRR L ERLR AR

AU VTP ARAL T o - Z IR BRAT E AR
FRE BT T KR TAE, G T — R a-2 3
BEIREERA AW, AT T U B L0 2 (TM V) 75 1
k. AR A Y A B P R
JABRE(TMV)IETED 1 I I R & o- B I IR TR 45
PR S A O B R d 2T AE p-E LRI AL
EWYIE T, 2011 4F Li 050 27 /Z45 e T bt
1, Wit a7 AR e T RURAEAL ), %
HEAL AL T 2RI BE M R A6 K Mannich WY, B
57 RAFBURCR 58%~88%, ee 82%~95%). 2011 4F
Bai 25" DA ZE R IRAT A AR, DR IFREmE,
W8 . LR (R A JEOREEAT = 45y — BB AN KRR
Mannich &N ARG T RAFIIRCRCE 63%~T73%, ee
81%~99%). X& Bt HARLAYIEAT T HrHEL L
F(TMV) R TAL 3 EE(CMV)IE PRI, IR 4h ik
HE P Pl B A R e 0 4o e

BT RTEARI S A B TAE, ASC BRI % iz R
HIS(DFT) M06-2X J5 kW5t 48 a4 Je T TP
A 2K I BE MR e 5 P 18— LIS A I e B

1302 http://sioc-journal.cn

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

FRME ) Mannich S MAILER, A HE— D IRZR AL 25 K Al
JERA) 2 R PRI AT ELATE R AR B i,

2 H#RE5ie
21 RBRRGHD

SN 53 55 AR R T R s A R R AT R 4%
PEMEAL I — AN ERHIE. RNV 75 A o
Ji, FLAS TRV e 52 20 BRI, 3L A DA AR ) AT S,
NI 73 B SEARE BV =)

W OBELE Df5 4 NMEIRT 0(3), 0(4),
0(8), 0(9), H AT, /i, HaefE
N2 AR

Ha

K1 Wom—4B
Figure 1 Diethyl malonate

AT HEMET (WL 2)F 4 AT RERE U EURE R R T
I3 HE S(7), N(9), N(10), F(19) 5 1. i1 F7F ] i 55 74
TR T LRSS SR CANER T, SHAHAR . BS
REAMIEAL ST SCEUBE 2 N(9), N(10)PHANJst 77, IX A
i ERAEIRT, WA D SR A

‘2dy.

B2 RIFmEm L

Figure 2 Benzothiazol imine

AL FZE B T AT BE T RSB IR e A AR A R T
PE C(9)_LFRFERN N(1), C(9)IFIFRIE n] 1 Sy Sk 145 44,
OSSR k2

MEL EA BT o] UG, 72 e T i —ANal
IEAR, — ANEEERAK, T N AR R SR AR, AN R
Ny FESER T 4, WA A RN PR
PRPLE IR, BRI NP5, TN R LBE s
Fr] DU o X A AR R S, R AR A

R, M RErR, R AR A i R S
it 3T AR S R A M i s Sk, A3 B AR 1 (int.1),
WEMI RS A, LA R AN P RE R T (& 3).

AE:E(LP[‘HJ% 1)_E(m WMeCE) T 1509073.061 —

(—1509112.298)=39.237 kJ/mol

Acta Chim. Sinica 2013, 71, 1301—1306



0
x" ﬁL;
@

Diethyl malonate E(M06-2X) = -1509112.298 kJ/mol
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(R)-Benzothiazol-3-amino esters
E(M06-2X) = -4622079.321 kJ/mol
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Figure 5 Alternative energy between (R) intermediate 2 and product
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in potential energy profile
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Figure 7 IR vibrating frequency of transition state (S or R)
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Table 1 IR vibrating data of transition state (S or R)

. .. Frequency/ IR intensity/ D/
Transition state Position o o %0 s
(kmemol ) (10 ™ esu’ecm’)
a 3099.50 2817.20 3625.95
b 3305.70 805.29 971.83
S)TS
c 1570.01 1200.30 3049.98
d 1718.02 772.35 1793.47
a 3287.94 2552.86 3097.5
b 3249.94 786.28 965.18
(R)TS
1586.93 1208.07 3036.96
d 1666.82 1132.30 2710.06

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

WEMEY I N(57) )51 IR AE IR B)); b AR IR A2 N 1R
LEEFREE O(79) LA HO0)FR M ZE 2 T AR T N(1)
P AE RS, PRI R, 75 LIRS B AL
BRI IRE), YA R N T A,
PRI, 252 T F C9) RIS T N(1) &
PEAAE FH R VA R

AL, ¢ AERER[F) I C(56)—N(58), C(56)—N(57)]
gidesl; d b 2 C(80y—O(79) 4k sh. 1E c,
d WAL AT AL S ARIE, o — kb uE ] 7
ZJeT CO) EMFIEABER 7 N2 M-S
PEAT .

I PEA[(R)TSHR BN B 53 BT 5 1 AR [(S) TS TAHEL.
233 TEESTEELHKBAENAERANE

HERS)TS HILESRTS EESHUWIE 8 Fis.

(0]
1082 EtO OEt
W \‘ o)so\ C>1\;4°F

1INy +90 a79 H91 s
1035 4 0/ Ngs 1486
. .

Transition state (S)

1.447

1.423 EtOl Q OEt

81
1837 80°C 1554 F,
W VaRY'4

-H
-“g90 79 Ho1
1N P

59"/
103  1.316 Nsg 0o
90—, b%~s

12 A ';5 A iNs7
0988 1 782
N HsC

Transition state (R)

K8 pvidiEds

Figure 8 Transition state (S or R)

Acta Chim. Sinica 2013, 71, 1301—1306



W F F R

B AT BUE Y, AR T A VS PR A, 7
TEFH a, b B4

X b P A [(S) TSI &

a2 e T3 BRI T NQ) SR 451
A R CERFR I ERIE H(90) B A B, N(1)—
O(79) B 2.792 A, B ZN(1)—H(90)—0(79) 4
133.0°, JERUM A S Tomal . P28 T3 L
BRI RIRE, ATE R N(1)—H(90)—O(79) & i
HHR) H(OO0) P 1) AU AR 1. I EBEIE G, S BN R
LTRSSy AR A R T AR — ).

b EZEJE T C9) LIRFREE 5 R T i 11
FUR T ESE, O(12)—NGT)IEEK N 2.688 A, £
Z0(12)—H(25)—N(57)4 172.2°, T B E T ama
B ARSI IE K, A4S 2R T BE MY 1 4 [ i A 2
Je T AR o —.

2R I IGE W T iz B TR R 2 T I e A e I S A
fEFIZE e T A NAT B S, W Z1R = 28R C(80)5
CRI)AUBER N 1.355 A i 2 1.467 A, J& C—C i
(PTG, [FI A 8 — 4WE B C81)HETUR I e m Iy,
Jie C(59)ITALATE petichic B, BEKh 1.540 A N(58) 5
C(59)IH BN 1.274 A K H] 1.486 A, UK il
ZUREE. C(81) L HODAET C(81)5 N(58)H [’ [ H,
76 C(81) 5 N(58)Z [l zh, C(81)—H(9 1) &5 4 1.430 A,
NG8)—HODEEE A 1316 A, B 2 C(81)—H(O91)—
N(58)24 112.0°.

Xk AR [(R)TSTH 23 By [F) ik P A [(S) TSI, H
P A AU N(D)—O(79)f Kk 2.743 A, 44
ZN(1)—H(90)—0(79) 4 143.8%; S O(12)—N(57)%
K oh2.744 A, #£H 20(12)—H(25)—N(57) 4 163.9°,
(1) B 24 DAy i e

3 4

(1) ZJe TR 4 DNFHE CHiE 728 T AW
REAT IR A ARG 2R, 0 A =40 ) ) TR ke s kA .

(2) HEAFIZEJE T A IE YA R 9 A7 C R EE
7 1AL

(3) XS ZE e T A/ERIVLEE: RN+ N
TR SRS AT N S e A A e, A —
AR, FHHMAT 1 A7 iR T A,
[ AR 9 £ C B2 HE 5 I — AN R N 3 R FF g e
WA B RO AR, NS R, AN
P . R R A W e T Y2 A AFLRE 7] 5 1 e £ 770 74 188 00,
N8 = 408 A 1 C I S RE R 2 IR 7 i 1 R
IFBEM i 1) C it 15BN B =),

(4) BT EPERES)TS BEELR)TS 1%, KA =#) LA
MY ARV SEE

(5) Al s AR 2R D P55 A i vy ST AR TR B 11 DG
K2 —. FERIE s NV BE R EE T, RN AR

Acta Chim. Sinica 2013, 71, 1301—1306

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

G BE N HEAT, DASR i SN R SLARIEFEPE.

(6) TEZE)e T EALH 9 A7 C B I NF & LA dn
ALK, B IE EREALAL 5, Rt 2D i S MR ST A4
EFEE

4 SLIGERSY
41 RNEM

%= Je T (Quinidine) (R R M1l 9 Fis, Mo 4 A
TR IR FRIELT R C3(R), C4(S), C8(R), CI(S).

B9 Zjg 4
Figure 9 Quinidine structure

e T TIAEL A ORI BEMR -2 LR IS e B
A Scheme 1.

R1
N COOCH
RZE::[ijN*E T vowd
Z g N\ / 2
COOC,Hs
R1
Quinidine (10 mol%) gz N 1y 7|7
= )*N*C N\ //
CHQC|2 S j\
C2Hs00C” >COOCHs

Scheme 1

WFSE I HAK S Bl , R'=p-F, R*=4-CH;

SN A A BRI - BE M (1.0 mmol) F1F
PEMEALFIZEJE T(10 mol%) T 25 mL (¥ R,
2.0~3.0 mL M =S HGe g, =i MRS 5 min
S5, FFRECAON IR EE(1.2 mmol)/H] 1.0 mL A & Hik:
AR G A N IR AR R b, HAE Sl N R E ik, [
INFF TLC BRI [ N, 72~96 h i, 151k s, i
ERT ISR TLC BORMT &, BIFFIGECK © &
B BE=5 1 1, VIV), 19 B9, 1 86%.

JURMEUARIELEA [RIRLE s R e ee I L3 2.
42 HE#HZE

JT % 32 PR (DFT) ) M06-2X  J7 31202, 75
6-311G (d,p) LA b, 235 SO a2k
YIRS BT 4 A EERAL. SRIGAEAR TR 4L T, %5
KM CPCM #, W70 5 ke, M TS MJriET4k
RV, HtE AR R, T R %
B IE. THEAE ) Gaussian 09 R0, Frfg it T
VEAE SN R ZE T & B 5E k.

http://sioc-journal.cn 1305



W F F R

MR

£ 2 NN Mannich SR 520
Table 2 The influence of reacting temperature on Mannich reaction

Entry R R? Temp/C  Yield/% eel/%
1 H 4-CH, 50 80 52
2 p-Cl 4-CH, 25 76 82
3 0-Cl 4-CH, 10 79 80
4 p-F 4-CH, 25 86 81
5 p-F 4-CH, 0 81 89
6 o-F 6-OCH; 0 80 95
7 0-OCH; 6-OCH; 0 84 86
8 p-CH;  6-OCH; 0 80 81

Bt

AHIEGE TAR A 2 520 A e VE RETF 5L 7 T R S
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