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

Katsuhiko INomMATA* and Yutaka Uxajr*

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: Tartaric acid ester, Two metal centers, Asymmetric, Simmons-Smith reaction, 1,3~

Dipolar cycloaddition reaction, Nucleophilic addition reaction
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Table1 The asymmetric Simmons-Smith reaction of allylic alcohols 1.
Entry R R? R’ 1 Temp/°C Time/h Yieldoi3/% ee/%
12 Ph H H a -12 36 54 79
29 H Ph H b -12 43 60 70
3 PhMe,Si H H [ -22 6 42 77
4 PhMe, Si Me H d -30 5 88 g2
5 Me,Si Me H e -30 7 53 87
6 Ph,Si Me H 1 0 10 82 g0
7 PhMe,Si “Bu H ] -30 5 84 87
8 Me PhMe,Si H h -30 9 72 48
9 Ph Me,Si H i 0 20 84 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.

BohER-72(FL, BHREWT
L2, TAFNOhbYic, BLE

‘Solvent

TIFTZAVEEBAKbEEAL

? ' i Yield/% ee/% .
v ROR Time/h 8 Ye 2 .
1 Et CH, 20 EO 20 a 55 58 oo TOTEPS, TAFVEEER
2 Et CeHs 20 THF 24 a 35 51 R v FABRYRBRCE - T
3 Et CeHs 20 toluene 12 a 60 77 BDTEETHIIEMPELDEN -

4 Et CHs 20 CHC, 19 a 63 89 .
DDod o RTER L LY R msecs memen
G J 4 - a .
7 Et CH, 20 CHC, 1 a 69 95 B HEENQ um 611:{0«\ 7‘4 Vs, Ll
8 Me CeHs 20  CHCI, 11 a 69 92 TOEIBEFNVEEZITVE, T
3 Pr CH, 20 CHCl 12 a 78 96 bbb, BABRIXFVD 2208
10 "Bu CeHs 2.0 CHCI, 11 a 58 94 BT IXYFIED 200D 5 B
) 11 Pr pCHOGCH, 11  CHCI 16 b 83 o8 BREG LR AER L, o2

e ° CTFUNTAT—
12 Pr pCCH, 11 CHCL 16 ¢ 74 93 P OEHMT Y T o AL
13 Pr (CH)C 15  CHCl 17 d 92 96 =hUAEEYFBEABL UEE
14 'Pr CH4{CH,)CH, 1.5  CHCI, 20 e 64 95 L BBIRE 8 2R TRIEHET
L, REDERYIBEOh-dDE
EZ T3, 1,4-U % +FFv-2,3-
VELZR  3Eyzn N—O 7y vIE—n(E), BRUERRT I FTIZ2AVLBS
Moo R f R o K8 x5 T A BRI ORBHEIS Wik 72T &
2 2) (RA)-DIPT4) R’C(C))=NOH R® @) N ~ N
R (10eq)  (1.56q) AW Do, TRFLDHAE = VEEDOESR~ORLYT 3%
thm T °CinCHCl; Sth SHTORIBIEL & S EBLTVELDLELZ NS,

B ESEE TGS 5 4-Bif-2-1 VA %5 ) ¥ 5f-

h %85 &M TE(EI)D,
AEFEELTHVWAERR L X 7 VOB LTS )
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BULRIGHEITS 3 EMHELDEL - 12 (K6)D, ¢
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NTR, BEAETF Y FARIREOSRE LSV C &8 d 7—’, = RZ
1k — /\/O //—~
"I/ pr
1)EWZn 3 EtZn Nei o e M
OH (1.0eq.) (1.1 eq.) U OH _
g 2) Dol 4)AnC(CI-NOH A ) I N
1® (1.0eq) {1.1eq) b — OH  + cis-isomer (6)
0°C in CHCly {An = pCHzOCeHy) 0
Table3 The asymmetric 1,3-dipolar cycloaddition of nitrile oxides
to 2-buten-1-ols 11, m.
Enty R R 1 R Time/h  T/°C 5 Yield/% ee/%
1 CH, H I pCHOCH, 23 0 f 35 89
2 H CH, m CeHs 25 25 g 51 98
83 H CH, m pCHOCH, 27 25 h 63 96
14 (30 ) BREB LFE AL



Table4 Asymmetric 1,3 - dipolar cycloaddition

- with chiral 1,2-diols.

Entry Diol” Yield of 5b/% ee/%
H «Me
1 68 12
HO" “Me
HO ....O
2 HO]© 48 4%
OMe
HO _
3 poow ° 50 1
|
OMe
Ho]io,,g
4 4o .,‘rom‘ 83 a8
o}
0
HO])~D
5 Ko TD 7 26 3
o}

a) The opposite enantiomer was obtained.
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H Wie o\
A o H /\—.c‘ o
R =C Ho V%
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Table5 The asymmetric 1,3-dipolar cycloaddition reaction of nitrones 9.

Entry R - 9 n 1% 10 cis-isomer
Yeld/%  ee/% Yield /%
1 CN CH, a° 10 ) 9 93 5
2 1.0 25 18 95 6
3 3.0 45 42 94 trace
4 CoOBu CH, b» 20 25 60 82 s
5 20 40 68 87 2
6 20 60 68 92 -
a) Only Z-form. b) £/Z =3.4/1(in CDCIy).
#5655 18 (1998) (31) 15
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Table 6 The catalytic asymmetric 1,3-dipolar cycloaddi-

tion reaction of nitrile oxides.

FE FANOERSBRROMEN AR
ARG BEE L BEShTVS

oL, WIET34 3 YERIEGHER

Entry R 5 Yield/% ee/%
Z LK<, BEMARE R RIS OB
; pcfjsg;H : g; gg FIRESHhTVED, EELHR, =to
3 p-C?Csl':: ) c 91 90 vH4 I VEOPTHORIBHIREA, b
4 (CHy).C d o1 93 o=t v Y ORRFEFHSBICEL L P
5 CH,{CH,);CH, e 62 92 TV EKREFBL, ZOREREMAMK

| T W TRETL T 8 7840,

100 G, HEBIZAFVCX B H+
WRIBE COREMNMRIG 284, MEBOBELRR L X
2 75. 7 PR U RALSIRE LTHRE < 7% ¥ 9 AR
§ KBA AVE/ )V VERERETS =0 Y 120
£ 50 o 7 L VRO RERGA MRS R F ¥ F 4 BN
b L K#FTE B T E ARV LR 10, Method A), T0
8 25+ RIGTRVAELARL X F VOBEBEKSL T vF2
A BIRMIC S 2B HICHANEBRED, =27
0 T T rELTR, 2&TAVaI—N, ThIBROTVI—-L

0 25 50 75 100
ee of (RA)-DIPT /%

Fig.2 Nonlinear effect concerning with the reac-
tion of entry 2 in Table 6.

OZ¥F 5 VvhR R "B E& D 2 Wiz T h Pl Lo&sEk
EOFEREIZED, 1,4-V2FHvDES5B~F
HORMITL b, fdEE L TREELSSESER]L T
EHSAERENER L, CoX 5 VBRI TRIBE
FTLTWAbDEBEDE T AELTVBYY,
ZBEO=t o9 itk 3RE 1,-NBTHMBILR
EOfEbIc DWW T RS, TOBE, TIvIFY
FARMRE L TRIGRIEBEMT 3 2 ik, s

HROz X FVERVIEE, RIREMRL (Entries 5,
7.8), BAMY v/ oRvFLEAVEE G HBRE
JERYMTHIAEEFOoF LTIV 4a BB L

Method A R0,C, #cozna
RZ R? 3 . R? -
BrMgO OznR® R!

R'j:jé E——

0.20 - 0.23 eq.)
¢ +Ruzn (10)
R /Nso + RoZn Rm\o}_‘

12 14 R

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!'=R2%=

H.
BLlAVAFH VYT 10bABEC EHTERLER
940, ) Enty RO R* Yieldof 14a/% ee /%
1) Etp2n (1.2 6q)) 'B“OZC\‘ : 1 CHy-0 E 9% 3
2)(RA-DIPT(02eq) 5 H t?l/ (20 6q) 2 CHOH-0 Et % ©
on 3) ZnCh {0.5eq) b Me
- 4 M0 25°Ci 3 >0 & 20 65
+ in CHCly, 49 h
1k o\_/n( (1.0eq)
o s >0 =m 88 56
.B&c/i\)\/O" +cisisomer () 5 O‘O Et 94 74
10b <2% »
s 0% 00 6 Me 89 82
7 O—O Et 89 71
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Fig.3 The relationship between the molar amounts
of Et;Zn and the optical yields.
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BRSNS E L, CoBA, ESNLOBRER'O
EEEkhol, =D Y2W-L VMRS E—BER
HhELET s EHNESMER G 12),
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R%°0,C COZR:’

(28eq) 12a 0 N {12y
e 2en 02"“ inCHCl, T . “OH
(02 25C 14 Bt .
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R%- Et T=0h 91%yield  83%ee
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R Et T=15h 88%yield  90%ee
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o . 13
BngCL . OH i cH,Cl, 1y R NeoH
(0.2¢eq.) 25°C T “ R
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MeO zn
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14d

MeO.
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RERAEL, BV v 5 HBRETERY 14 28

Table 8 The asymmetric addition reaction of dialkylzincs to nitrones 12.

Method A” Method B*
Entry Nitrones R.Zn 14
t/h  Yield/% ee/% | T/h t/h Yield/ % ee/%
1 ©:> . EtZn a 18 89 82 | 15 22 88 90
N, -

2 12a ° MeZn b 19 84 63 | 55 10 93 82
3 Mwm+ ELZn ¢ 19 30 83 3 3 99 92

& N- S
4 MO MezZn d 19 80 64 14 6 90 86
5 Meojijé ELZn e 19 93 94 2 4 97 93

+

/N~ Sl
6 MO e ° Mezn f 19 9% 85 6 3 8 95
a) R*=Me in Method A; R*=Rin Method B.
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