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Development of the Asymmetric Cycloaddition Reactions and Asymmetric Nucle-
ophilic Addition Reaction Utilizing Tartaric Acid Esters

Katsuhiko InomaTa® and Yutaka Ukan®

In order to develop a practical method for the construction of chiral molecules, we have designed a
novel chiral system possessing two metal centers utilizing tartaric acid esters: that is, if two reactants
are bound to the two metal centers of a dialkoxide derived from tartaric acid ester, they might be ideally
oriented and/or activated by the metals and the subsequent reaction can proceed in an enantioselective
manner to afford the corresponding optically active products. According to this working hypothesis,
we could develop an asymmetric Simmons-Smith reaction, asymmetric 1,3-dipolar cycloaddition
reactions of nitrile oxides and nitrones, and an asymmetric nucleophilic addition reaction of dialkyl-

zincs to nitrones.

Key words: Tarlaric acid ester, Two metal cenlers, Asymmetric, Simmons-Smith reaction, 1,3-
Dipolar cycloaddition reaction, Nucleophilic addition reaction
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Table 1 The asymmetric Simmons-Smith reaction of allylic alcohols 1.
Entry R' R* R’ 1 Temp/°C Time/h Yieldot3/% ee/%
19 Ph H H a -12 36 54 79
24 H Ph H b -12 43 60 70
3 PhMe,Si H H c -22 6 42 77
4 PhMe,Si Me H d -30 5 88 92
5 Me,Si Me H e -30 7 53 87
6 Ph.Si Me H f 0 10 82 90

7 PhMe,Si "Bu H g -30 5 84 87
8 Me PhMe,Si H h -30 9 72 48
9 Ph Me,Si H i 0 20 B4 80
10 PhMe,Si H Me ] 0 20 68 47

a) Dichloroethane was used as a solvent.
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Table2 The asymmetric 1,3-dipolar cycloaddtion reaction

of nitrile oxides to 1k.

Mo &l o7 (FRA), BUKENT
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Ent R R’ Solvent Time/h 5 Yield/% ee/% . .
! k ' = F v F A RPN S -
1 B CH 20 EO 20 a 55 58 Ko TOTEMB, AT VAR
2 Et CH: 20 THF 24 a 35 51 Bz v FARPWERBIC & - T
3 E CH, 20 toluene 12 a 60 77 BDCEETHZ CENHOMEN -
4 E CH. 20 CHClL 19 a 63 89 -
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N v lu
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Table3 The asymmetric 1,3-dipolar cycloaddition of nitrile oxides
to 2-buten-1-ols 11, m.
Entry R' R 1 R’ Time/h  T/°C 5 Yield/% ee/%
1 CH, H | pCHOCH, =23 0 f 35 89
2 H CH, m CeHe 25 25 g 51 98
3 H CH, m pCHOCH 27 25 h 63 96
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Table 4 Asymmetric 1,3 - dipolar cycloaddition
with chiral 1,2-diols.

Entry Diol* Yield of 5b/% ee/%

aMe
1 68 b
HO™ “Me

OMe
HO
3 6 50 1
HO™ ™
OMe
HO—~"~op/'
o
o]

a) The opposite enantiomer was obtained.
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Table5 The asymmetric 1,3-dipolar cycloaddition reaction of nitrones 9.

Entry R' R’ 9 n T/°C 18 a5 i
Yield / % ee/% Yield / %
1 CN CH, a” 10 0 9 93 5
2 1.0 25 18 95 6
3 3.0 45 42 94 trace
TR e
5 2.0 40 68 87 2
6 2.0 60 68 92

a) Only Z-form. b) E/.Z =3.4/1(in CDCl,).
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Table6 The catalytic asymmetric 1,3-dipolar cycloaddi-

tion reaction of nitrile oxides.
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Fig.2 Nonlinear effect concerning with the reac-
tion of entry 2 in Table 6.
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Table 7 The effect of esters of tartaric acid derived
from various alcohols in the addition reac-
tion of Et;Zn to the nitrone 12a (R'=R*=

H).

Entry RO R' Yieldof 14a/% ee /%
1 CH-0 Et 96 3
2 CHiCH-0 Et 20 40
3 "0 "R % 65
4 >0 & 88 56
5 O‘O Et 94 74
6 “ Me 89 82
7 (:}0 Et 89 71
8 O—o El 94 71

s >0 ® 72 34
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M T X/ (Entry 5)*,

CORIGIE B A ERIMEoRE oW TOHRAE
Bafhic{bpiteito —#+ s vkl =t o v oD
BIC B 0T Y = F VR O Y1t (n) & BRI & oY
Fa~tzEcAE1D, n=0DFEREK n>1.57T
(&, W S RoEnE s (B3). 48, 7+

'PrO,C,  CO,Pr
' 20
@ZnO‘ OMgBr @9‘” O
/N‘:‘ﬁ (t0eq) _N‘OH (11)
12a 14a E

% ee

2 4 6 8 10 12 14
n

Fig.3 The relationship between the molar amounts
of Et;Zn and the optical yields.

R? p? @m“'o O’
R z;
4+ B, .-‘0

R' ZNsg0” y-oR?
0
Et,zn 19

MBI T v+ FOTAFVELSENT 5 &0
FHiD b & TRIGETT - 7275, EBBOMER IS T4
SMAf-YzF VMM siTmhoRELTED,
ifli& 15 O Lo 7 v VR, © LA re A
RN RS 2 EMAER L TWA L WS TP LGk -
FHEMHELhEL s, Y F NViC X B F b

BUGIEBWT, BUSHEOEY 4 7 L iE§HA (R =Me) %
it & LTHWA T Lok b 7ad v Fllh S oiHm
BORZEIEIL, o+ v F A8 REER L5 &0T
&1(X7, Entry 6), fhoskiEfHnBGic 80T bt
PR Rk 14 2185 C LM T X/ (K8, Method
Ade

Lo, s, BEO YT L F VT HRNICTET
R ENFEAN LT B ENSL(ESD), #@EOYT
WEVIRIFHET, =P vEMATALETS, &5
(EPEA R L L, O, g Lo R o
WA ot = burEW-L{ DINA B &—FER
b b4 B T EMIPA L L - 265 12),

raee

RO, CO:R?

o
(2.8eq.) 12a N (12)
e 0Z0R* incue, T “OH
(02eq) 25°C 14a Et
(R*=cyclopentyl)
R'= Et T=0h 91%yield  83% ee
R'= Me T=0h 83%yield  83% ee
Ri= Et T=15h 88%yield  90% ee
Method B .
s RaZn 12 ; R{_R?
R0, CO:R (30eq) (1.0eq) Rm -
BrMgO  OH i N,
(02 6a) in {32:3:.:;; Sloqwr ({.‘:}BI’QBI tth) R' OH
{R*=cyclopentyl) | 4R

Mi
kg Zn
MeO N‘OH ag. HCI, reflux

14d

MeO
w@? %

Salsclidine

FLT =boviw-<{ OMAA%MTF, &Mo7
NWHEIALREIGEC A&/ ET A, LDThOHSIC bR
REdm B L, Svwx v F 4 RN TR 14 215

Table8 The asymmelric addition reaction of dialkylzincs to nitrones 12.

Method A" Method B”
Entry Nitrones R.Zn 14
t/h Yield/% eefe | T/h t/h Yield/ % eel/%
1 EtZn & 18 89 82 | 15 =22 88 90
Q.
2 o5 MeZn b 19 84 63 | 55 10 93 82
3 M&m* Et.Zn c 19 90 83 3 3 99 92
=N, -
4 MO e O Mezn d 19 90 64 [ 14 8 90 86
5 Mm:@ ELZn e 19 03 94 2 4 97 93
+
N
6 MO .. ° MeZn t 19 95 85 6 3 8 95
a) R'=Me in Method A; R*=Rin Method B.
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