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

Katsuhiko INnomAaTA* and Yutaka Ukajr*

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 VYieldof3/% ee/%
19 Ph H H a -12 36 54 79
2¥ 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 84 80

10  PhMe,Si H Me i 0 20 68 47
a) Dichloroethane was used as a solvent.
12 (28) BREBILFRAE



BRI BHFEMERSBONBE I ENHSMEN - 12
EDED, FYLTLI—-VETEBEROSDOL Y =E
O LDODHEN L KR CRIGHHEST L, BIRMASER
- 72 (Entries 3, 4), & L 7 1 v O8] EM:AICBE L
T, EROFEBZEL D &8RN L WVERSE SN
7z (Entries 4, 8), %7z, 2flicBHELETEZTYILT
V3 — )V DISAIT IR DK T 2818 X 1 72 (Entries
3, 10)52, 1535, ARG Z JETEEA BE M D &K
R U Blds 2 ois s n i ®,

PEo &Sz, BABI X FVEREEE LTHOW
T YT V3 = DR Simmons-Smith % EH
TEHEIENTEN, EHELOWME L ZINIT, 20BNV L
DHDOT Y IVT I —VDARK Simmons-Smith K5
BEHES WD, S S icBNRRIEH bHESh

#-23,242,2D)
- o

3. FF1,3-REFHAMRILRIE

AIBRIEEG 13— B I DA B DAL % 48
LB ORIRMLEMEARTE2EHBRIGTH 5, it
¥, [dz+27]BRINBRLRIE T % % Diels-Alder K
OWTREHSHE NSRS SN, 501804 2
BRANE Al L R ARG S E C ME S h T
58, chuiextl, B 4zt 2z BB btKIGTH %
A 13- BURFAMBMLE GBI L T, AFAIcE S
VHPEEZBA LA L7 4 v ~"D= oY DY T X5
VABRPKIG RS S TR, =4 v F 48R
Bl > fee TORKRDV &> & LT, Diels-
Alder RINICBW TSR E &1 5 Lz v 1 2RI,
MR 1, 3-BiRT & BV SRR TZRR 4 B fo i, 1,33k
FOHBEBELNPLTVWIEBEZSNTVS, &HD
3, VIZRBELT=r 2y alErHVacdick
D, =bINFFYIFBEP=torvETYLrTILa—
WED 1, 3-BRFAMBLRIEBE L V4, 9725 L
ABRWICHEITT B EERVWELTVEY,

Z T, Lo AR%E Simmons-Smith KIHT, v a—
FxsvofbDICE FoFvyESL VI 0 FEERS
FhE, zFvEMsIERE LTEHLT= Y vt +
YNBRNTHREL, 7T — RS E R BT
SRICHEEAL U 7e G ThREHA 4 SAERR L, 51 %$< 1,3-3HR
FAMBM LRI = F v F 4 BRI HET LT, 0%
H2-4 v AFH VY VENEBLNBEbDEEZ 12
2)o

9, EFVRIGELT, 2-7axyv-1- —n(1k,
RI=RP=H) RV V= Yt + v FR=CH;) & D
RIG&IT> 120 bbb, 1kicY z F UM 148,

5556 % 15 (1998)

O _OR
Et—2n
mj/\/ n 1) EtZn b
2) (R,R)-tartaric | 1 !
R? acidester ~ |R\_~_0—2Zn_ A=,
(0] o}
N b asases
3 + - Cl O OR
R*—C=N—0- Zn
3 _ \ N—Q
R*C(Cl)=NOH O . i on
-EtH R‘Y\/O—Zn R3 N ) @
/ R R
R
R? 4 /_ 5

AR ZFE1YE, S5V FUEHNE, 5
BNV e FofveEf VoY) FnY4EEMZ, 0
°C TRIGEIT> 12 (X 3)o ZDEER, Xfi5d 3 R AN
HTEME2-4 VA FH VY v Ba BELNB T Ehbh o

1) EtaZn (1.0 eq.) 3) Et,Zn (neq.) N—Q

OH /
AN 2RO,C, COR4) RC(CI)-= r;lOH Rs/\)\/o"' €)
(neq
Tk HO OH o o Sa-e
(1.0eq)

172(&2)o RV =) A F Y FORIGDEL, %Bbh
OMASYzFLHHEE FodrvESf LY FHS2
YR (M=2.0) D & X1 BRI E O LS T AR b
BoNd T EWbh o, KIBAEER o7 LRIk
#FED5 & (Entries 1-7), ez oosvair ol &
&, 95% ee LHRD THWVILFHE THBMEE S T &
BTE(Entry 1o AT X FVOEWVIT X BEF
HEANDOEBIZEAE L P o1, 41V 7oL
TRV E Z IR OIENB D - 12D T (Entry
9), LI 1,3- Wk T IBM LG DB I 3 AR & 4
v 7a ENVDIPT)ZARFRE LTHWAZ & & L,
Fao=1tYrtdy Ficxt L CRBERRIGETT - 72
L T A (Entries 11—14), %h 5MMZ 5% Y x F VIR &
EFedFyESf V70 FORBREII=M) Lt F
FORBIC k- TRBBEDbhotk, ThiE, =t
JovAF v FORBRICK 0 UBMESRI 5 12Hi, £h
> RLRIGE HIND 1, 3- 30 AR LG & @
BROFRNEVICELEbDEEDN S, FHEKO= Y
WEF Y FEPDTIEL, RO FED = by vt +
Y FORIGICBVWT SE T F v F A BRI RIS HSHEST
U, %55 98% ee & W 3 D TEWVILFEME HIRT 2
HHEEW,2- 4 VA +9 V) v ba-e BB ENTH
f:al)o

HEELT 2-7Fv-1-2 =11, mAEHVBKIED
o712 R, 20R, EXOT V-1 OEAR
INRICHEDS S 2 DD, LWTFNDEBE & IKERNIC

(29) 13



Table 2 The asymmetric 1,3-dipolar cycloaddtion reaction

of nitrile oxides to 1k.

oL - (Fb), BEHEENT
LT, TRFVOLDYIC, BLE

TIFTEHOIEAICOIREAL

Entr R R® Solvent Time/h 5 VYield/% ee/% . .
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Table 3 The asymmetric 1,3-dipolar cycloaddition of nitrile oxides
to 2-buten-1-ols 11, m.
Enry R R 1 R® Time/h  T/°C 5 Yield/% ee/%

1 CH, H | p-CH,OC.H, 23 0 f 35 89

2 H CH, m CeHs 25 25 g 51 98

3 H CH, m p-CH,OCH, 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/%
HO< «Me
1 68 12
HOlMe
HO. ..«@
2 'WJW:) 48 49
- OMe
HO 6
3 o 50 1
HO™ ™
OMe
(o]
HO oPr!
4 HO -..,IrOPr' 83 98
(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 o n Tic 10 oisomer
Yied/%  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
""""""" 4 CcoOBu CH, b” 20 5  e0 8 9
5 20 40 68 87 2
6 20 60 68 92 -

a) Only Z-form. b) £/Z =3.4/1(in CDCl,).
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Table 6 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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¢ _ +Rzn (020-023eq) (10)
R' z N\Q R' No OH
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!'=R?=

Entry RO R* Yield of 14a/% ee /%
1 CHyO Et 9% 3
2 CHiCH-0 Et % 40
3 >0 m 90 65
4 >0 = 88 56
5 O—O Et % 74

6 ” Me 89 82

7 O—O Et 89 71
8 O—o Et 9 71

9 9—0 Et 72 34

(33) 17



RIS BWT, REOEW * 7 viighk(R'=Me) %
i LTHWAZ itk Tva sy FRIA SR
RIBZMEIL, = v F 4 #EREEZR Es¥ 5 EHBT
%7:(X7, Entry 6), fIOREAMBIGITI VT HHF
MERERM14 %285 E BT/ (K8, Method
Ao

LowksE» 5, BEO YT VFVIERBRAICEET

5T % 72 (Entry 5)*,

CORIGIC BT B AEREOREB I > W TDHMR %
BaDIAFEREO _MZF s vihflililkE =t YD
RIS BWT Y = F VIO MR (n) ELFHE & OB
BEHANECAGRILD, n=0 DB RIE n>1.56T
i, Fic S KoL EmsELh(®3), LHl, T

Pro,C,  LOPr LEENFMESEETAEDS(EI), HEOYT
Y~ , ’ ’
(EJzn0  OmgBr %]ze;) WENVESAFLET, =bovEMATAIETS, &5
GQ% (1.0 q) Nogy (1) CERMEDSE L LT, COBE, Hig LoEHER ©
12a 14a MBI hot, = o vEWYW-L DN B E—EER
b g B 2 EMBBHL M EE - 2 (K 12),
) 60
40f o " s Etzn @q’: -
%ee 20 o "“\COZFi (28¢eq.) 12a © N 12
0 BIMgc(>()-2 eqc?)znn " CHz%z o 14a Et o
25°
” 2 4 6 8 10 12 14 n (R°=cyclopenty)
0 R*= Et T=0h 91%yield 83% ee
A g ° R*= Me T=0h 83%yield  83%ee
0 R%- Et T-15h 88%yield  90% ee
Fig.3 The relationship between the molar amounts
of Et,Zn and the optical yields. Method B ,
. R%0,CL  COR® o 2en 12 R 4
2 L0,
R R2 @\Zn_‘.o OR? ~ (3.0eq) (1.0eq) (13)
\ \ BMgO  OH  in cH,Cl, [Siow charge| t(h) R’ N‘OH
.er, O ,[02eq) 25°C T (h) R
R 2N 6‘.‘Mg\ o” "-oR? (R°=cyclopentyl)
15
Et,Zn MeO. Zn MeO.
N, s
MERTESAT VT F ¥ FOT VFVERSMMT 2 &0 5 MeO OH  aq.HClreflux  meo NHo 09
14d

FRO b & TRIERTT - 18, EBEOMIERIE T 1350
SMA Yz F VIS siHPORBELTEY, 2%
thRfA 16 OHEgs Eo 7 v+ VIR, LU A re 23
RN RS 2 RE 2RI LTOBREVWI FH LG -
REESHOMER 5, YT FIVEMRICK BT F VL

Salsolidine

22T, =t vEYWSLK DMABEMET, SEOT
NEMERIEZE T T ABIETAH, WTNDFAIC H#E
RHELEEL, BV F v F @R CERY 14 218

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

Entry Nitrones R,Zn 14 Mathod A" Msthod B°
1/h  Yield/% ee/% | T/h t/h Yield/ % ee/%
1 [::E:?* Etzn a | 18 89 82 | 15 22 88 90
2 1z/aN~°_ Mezn b | 19 84 63 | 55 10 93 82
3 M°°:[::I::j+ Et,Zn ¢ 19 20 83 3 3 99 92
4 Mo STNNG ez a | 19 90 64 | 14 6 90 86
5 Mw@ . Eun e 19 93 94 2 4 97 93
6 MM NUC ez ¢ |19 o5 85 | 6 3 85 95
a) R*=Me in Method A; R* = Rin Method B.
18 (34) BREBILF IR
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