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2 L W™ X 4 _Development of catalytic enantloselectlve reactions using chiral

spiro compounds '
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Although, several kinds of chiral catalysts with a spiro ske_leton have so far been reported, no systematic study
on the utility of rigid spiro skeleton has been made in asymmetric catélysis. In our laboratory, asymmetric
catalysts bearing a rigid spiro skeleton, which serve symmetrical chiral environment, have been investigated.
To clear the feature of chiral spiro compounds in asymmetric catalysis, I have studied organocatalysts and ionic
liquids with a spiro skeleton. -

First, the introduction of various kinds of substituents onto the aromatic ring of 1,1’-spirobiindane-7,7’-diol
(SPINOL), as an optically pure spiro backbone, has been
performed. Among the SPINOL derivatives synthesized,

the mixed reagent, la (R1=OH, Rz=IR3=H) which can act R4 = OH, (OCH2CH3)50-

Rz H, Me, Pr, Bu, allyl

as chiral Brénsted acid, and PBus efficiently catalyzed = H, Br, p-NO2CgHy

asymmetric Morita-Baylis-Hillman reaction of

cyclohexanecarboxaldehyde with 2-cyclohexen-1-one to give

the adduct with up to 84% ee.

Secondly, spiro chiral crown ether 1b (R;=-(0CH2CH2)50-, R2==Rs=H) was found to work as a chiral phase
transfer catalyst in the presence of KOH to promote the asymmetric benzylation of tertbutyl
glycinate-benzophenone Schiff base to give the corresponding product with moderate enantioselectivity.

Finally, novel spiro bisimidazolium) salts 2 as

. e . R1 ax- R
chiral ionic liquids have been designed and N !

* N
synthesized. The spiro chiral imidazolium salt 2 M@
I‘\‘
was successfully obtained from the key intermediate R'1 = Me, Pr, iPr 2
3. The structure of spiro skeleton was R,=Me,Et, i-Pr

unequivocally determined by the X-ray X= Br BF4, CF3S03, N(CF3S02)2, N(CF3CF2CF2S02)
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R1 R2 crystallographic analysis of 2a (Ri=Ra=Me, X=
toluene ’

N N .
[ ) 4 ] N(CF3S02)2). After the exchange of counter
N N refiux, 36 h Q/ ».N\) ions, 2b (R1=Pr, Ro=#Pr, X=N(CF3S02)2) and
Br B . anions, 1=Pr, Re=rPr, X= 3502)2) an
3 2 X=Br 2¢ (R1=Rz2=7Pr, X=N(CF:CF2CF:S02)2) were

formed to be liquid at room temperature. Each enantiomer of 2d (R1=Rz=7Pr, X=DBr) was separable by chiral

stationary phase column (Sumichiral OA-4500). Optically pure 2¢ was obtained after the exchange of counter
anion of optically pure 2d. This is the first example of optically pure ionié liquid obtained from unnatural
products. As an application of 2, the asymmetric oxidation of thioanisole using iodoxybenzene as an oxidant
was examined. The combined use of (—)-dibenzoyl-L-tartaric acid and (+)-2d in water resulted in moderate

asymmetric induction (up to 61% ee).

LHFRE THMATLY . BIERA CaBHBIc k> TE USRS I NVEMICER LAERRIELZTo T3,

L LBb, AvalbePoxT Y7 4 —2F AT 2 AFMBOREITES Lk, REZOFREIIASE
ENTHRY, RFETIE, FTINVRACOBEREZFATS R ©aBgs TAER L O ©allf 4o ik o
RE{Tol, ERAERE~ERTHI LT, A {LAYPBETIX TV T —OAREEHLMNCTE L%
Beye Ui,

FHR S PR OREE E U T REZEMFIENESL S TORVIESEEML, 1 -spirobiindane-7,7/-diol (SPINOL) 1= 7
B L7z, SPINOL ~DOBEHILEA % B3t U 4%~ 72 SPINOL FH# ik 1 248 LTz, AL L7- SPINOL ¥k r %5/
72 Bronsted B8 & L THIF9 5. cyclohexanecarboxaladehyde
& 2-cyclohexen-1-one & ORF Morita-Baylis-Hillman s
IZBWT, la (Ri=0H, Re:=Rs=H) #HEHL=L %, KX
84% ee \ZTHEMERFT, £/, SPINOL FHE{ED 74HLIC
pentaethylene glycol HEFEA LA uRIXSLs Tz
—TFNVEER LR, AR L% 1b (Ri=(OCH2CH2)50-. Re=
Rs=H) & BEEOKER LD Y ¥ 205 RN CHES B2 7
# LT, benzyl bromide % A\ \ % tert-butyl glycinate-benzophenone Schiff base DARZF XL PAfbITERA L L 2
5, BK63% ee lCTERMEBT-,

R4 = OH, -(OCH2CH2)s0-
Rz = H, Me, Pr, Bu, allyl
Rz =H, Br, p-NO2CgH4 .

70, S TRIEL LTRIFCRARS . qu 2x- N,Rz
N N ~ # P < # Eo = /

A F R E~OBB LB CTELIHRRLAYEER @N '9‘\‘N@
SIEV VI RE2EFFAL L L. EOEREREL )

. . R4 = Me, Pr, i-Pr
o FMiBV O BYEFARHEREICHEESNS R = Me, Et iPr

LAY D, TAXAA XYY v sy X = Br BFy, CF380;, N(CF380s)2, N(CF3CF2CF2S0,),

FHCA R BOMELT ) FHEIC LY, A RAERERA XY Y v AE2 AR L, M. %@%ébi 2a (R

=Re=Me, X=N(CF:802)2) O X i iBEMITICL VR LIz, £y Bx DI T —T =F 2 OIMRE %

Ry Ro ", R, 70 b (Ri=Pr. ReiPr. X=N(CFsS09) 3
[@ f]_ toluene \E>/j/ L% 2¢ (Ri=Re=7Pr, X=N(CFsCFzCF2505)s)

N >< 5 refiux, 36 h A mmcsecETh BT L Lie. M. 2d

2 X=Br (R1=R2=I‘Pr\ X=Br) ZXFRMEELSEEL 7 A

(Sumlchlral OA-4500) THFERDEIT D LI LT, REBI YV E =T =F 0 2T 52 LT, 2 ~8EL

ZEBTE, MO THRBROBEROX T YT 4 —2FT HHFEEA AR E2EB5 2 LRI L,

2OREFRISE~DIHEHE E LT, iodoxybenzene IZ X % thioanisole ,@Mﬂz}i}ﬁ’&*ﬁ%} Lz, &,

(—)-dibenzoyl-L-tartaric acid & (+)-2d DAHAHER, RENMNEL A LS, BEARKFINE 61% ee TEALARY
RBHLBTEL, '
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KHTIE., FTINVAACOEERERAT 2 ERS FRIES L OA T U HREOBERICOVWTERLEZB D TH B,
ERUEFHRAEAC LA ERERIG~EATZ 2L T, ACa{LAYPIHEETIXT Y T+ —OFAKEERWE
LT3,

9. RS FMEORELE LT, REEHFEPEIL SR TWARWERZEEM 1,17 -spirobiindane-7,7" -diol
(SPINOL) \Z¥H L. #~ 72 SPINOL #H# A% 4K LT\ 5, &L SPINOL #Hi#{k% PBus #£HF T, «,B8"
REFIH VR = LS E T AT & K& DAHK Morita-Baylis-Hillman KISiZi#E A L. SPINOL FEAFICHVAER
BERDHBHZ LERVELTWS, 72, SPINOLBEAL LTXIARZ Ty rz—T VEAR L., MEBERRE
LLTCHIATE 3D EBHRLTNS,

SBI0. HHSTFABEL LTRTTIRRC . BEEEA A RE~DORB bIE CX B FMARA O AL 14
SV AEETFYA L L, vu VB AT AR E LTHERFECL VL RAE O ERAS IX Y ) U LEEE
LTS, BRLEACTERA IFY Y Y MEON T 5 —T =4 2B R L. A THRRWERD* 7
) F o — BT B WEEEA AR R B S Z LI LTS, AR LIZAERERA 35V ) 7 AEOTRHEH
BIEEIZ OV T, NMR ERZICBVTHERL TV 3, '

FEOBRBIX, FREACEEBOBEOXT Y T4 —EREAR~EATE LI LETTHOTHY . LoT,
AT, Bt (B OBMRMXE LTHAEESHZ LD LRBD 5,
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