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Development of Novel Asymmetric Organocatalysts:
Design and Synthesis of Cyclic Chiral Borinic Acids

Makoto SAKO*

This project aimed to develop novel asymmetric organocatalysts based on chiral borinic acids. To
improve catalytic function, cyclic chiral borinic acids with a binaphthyl framework were designed to
enhance conformational control, and their synthesis is currently in progress. In addition, an enantioselective
Passerini-type multicomponent reaction was established using a chiral borinic acid catalyst. The reaction
of aldehydes, isocyanides, and water provided optically active o-hydroxyamides in high yields and good
enantioselectivities with broad substrate scope. Mechanistic studies suggested that the catalytically active
species mainly operates as a monomer. These results highlight the potential of chiral borinic acids in
asymmetric catalysis and provide a basis for further catalyst design and application in the synthesis of
valuable chiral molecules.

1. BIRE/ELEAM

FEAC A WNZESR S - B3R - TR 7 CHAAHS THEARIEL VRIS N TWS, ZRooftfaiks L
T, B Z VWS REGRIINES HFIETHY . DPEOX I AN S REOFEERARZ AR TE 5, £1-, K
DOERE (BiR. @E, BFRWREOMERE) 1T, BREICKT 2 28 Z 5/ RICH 2 D OIS A L T& | BRERE
IR E LW FBE R AR TFIE CTH 5, REBMR AT HEAMB CH 55 7 1727 I UV o Eefitil 2 iV 2 A5 fili
FOSDOBAERC, i b OfEEHERER ORI IR S C& e, Lo L, &< 8 LOARE AR O 7E x>
BENCH Y . RIS A X T 7R ) VMBI SOWTIRIE L A ERB R EFIRTH S,

RY ERIE, R REIFRTHED Lewis BEMEICINZ b F a3 o JEf 3k D Bronsted P42, F7-, BBEXLEZEEDO~
T 0 JFF 2B~ D5 FERHRAEN & < . BHEMEL L L CORMAMNEAICHIE S TWS, Lo L, filllt & LTI
BHBT H— T AP R LR EEORIBBEINTE Y, fhoR v HElE (RT 0R e VERS) LIk L THLAH
fIELZ B9 2 ZEBI 3RO T 720 20 19 R A BN E 2 . ABFIETIE, BIBRER Y VRO, BX
ORI 2 T2 bR R G U & 5 A R EE LG oA/ E HiE Lz,

2. BRESILARY) VBORELEER
INETIC, EF T FAEEEAT LRI ARY V1 %5 - Ak L. KRBEEZ A5 neso-1, -4 —/L D

FRHEIECITBN T, 1 DRAAEAMEE L U CBiET 2 2 L2 AL TS (R1) M, Uil

ND, FOZFUFABIRMETFRREICE EE-TEY, SLRAMESEOUENLETH - i'_D

7o Rl 1 OREEIZ OV TEE LR, A1 O F 7 FRE-FRTE (Co-B) FEA N HE HEES OMe
LCLEY &L bOLWDHEELZRY 952 N TE, TORIENKNE /D B2 LN, £ T, OO

1 ORFME L UCorkgem L& BIC, RERMEEL AT 2 2 235 L, 205 E MR LT 1
(®2),

/Ph
B-OH

1 R Y AR

202642 H26 H 21
SR A T —
PN TN A TE LT PR SEE LRl



POBAFARD TR ORIZE « BRF 7 VK VRO &k 131

Bpin 7E|T:ﬂ: ’\//}MI: OH
OH — OMe OH \:@
ref. 1a ﬂR)‘?’-)Mt

BINOL

2 BRF T VAR Y CEROG G

FF. HilR BINOL 7 5B O G RIE e, {baM 3 248 L=, &2, ©F a5 — AR U L (Bpin) HEx 7o
E (Br) ZBIZEHL, iV TA M EOATFNAVELZNIREST D LT ALEW A 2157, D%, bEWm4 DO DL
{BIZ X 0 BALRTBRA & 22 B AW b & U Lz, BIfE, Rtk OBRLEMEIOMRGT 2D T 5,

3. IFUFA:EiRM Passerini MRGEORFBLAEFEE FOX L7 S FOERY

RYVEENA YT =K, TATE R, KO Passerini RIS EMEET 2 HHIP 22512 LT, Al 1 & A 72 fldrr
O U F A IR 7R Passerini M2 st Ui, tert=A 27 FNA VT =K, 3T z=L7uaXr—1L BIOY
KEROTRISEKMEOME 2% Lz, it 1 (10 mol%) OFET. iz, —25CTRISZEm L& 25, H
O a—t REF 7 I R 86UILHE, 76%D=F v F AR (ce) THLNZ (K1, entry 1), LXDOT LT E B

KOS Vo7 = REHWT, RGO RS A Z2 R 72, F1 T F AR Passerini I .
x%»% ARFVE TREREAT L3 T =T 0N — (R)-1 oH
WK, 72 =ATE R TATE FEEE, ROy 7B NC j\ + hyo Omol%) WWWLR

FUATATE RIE DTS BEFRIERS LU= F @R HOR AL o

PRI LR E G 27 (entries 2-5), —Ji, H&EHRT LT E oo S0k s
RERWESEASIZ, =7 o FBRENFREEICE Y F 5 7= selected examaples up to 82% ees
(entries 6*8)O Fo, AV UT = FOBEEFICHL RS AEEC  enty R R' result

B MDA YT = RIZEBWTCH IS ETTT 5 2 L3R S tert-octyl ~ PhCH,CH, 86%, 76% ee

tert-octyl 4-MeCgH4CH,CH,  99%, 76% ee
tert-octyl 4-MeOCgH4CH, 91%, 79% ee

7= (entries 9-10), A EFT 30 fEIELL FOFEREZERK L., 18
JRNEEITEA AR FIETH D 2 E R FERE LT, ol AW tert-octyl  3-BrCgH,CH, 75%, 82% ee
DOHERIBLE L, SEFIGIER > 7 m~F D LFEEK (entry 5) % tert-octyl  cyclohexyl 80%, 73% ee
FRREABIC £ o TIEREI L, 35107 BAS AR S LT X G i (99% ee) ®

a » WON -

e g . - N R . . 6 tert-octyl Ph 27%, 35% ee
TERNT 24T S 7245 R. SIKTH D ZENPEL N EIeoTz, Fi-, ; tortoctyl  4-CFoCeHs 60%. 49% c6
}i}‘_ﬁ“’f%*% Z Fﬁlgﬁ_é 'l\jﬁzi&%ﬁ%é f: &) ﬁiﬁ%@ ee & éiﬁk‘%@ ee @*B 8 ten-octyl 2-furyl 38%, 38% ee
A~ L A, RGREMRBERIE LN, ZOMRIT. A 9 cyclohexyl  PhCH,CH, 71%, 71% ee
ORI B T BEIG AR A 2 BBk & L TR LCunp o & 10 forrbul  PRORACH, 57%, 73% ee
- DGRV after single recrystallization.

4. FLO

AL T, PR F AL S U CBRIRS Z VR Y VORGSR a7V, T OMBEREOm L2 B L7, ©F
TFVEREE AL U BEE R 2720 R BREE A EA LT 2 OGRAED TWD, F7o, MBI L%
FTIVIR Y R 1 & N e o F AR Passerind MBS Z B L, KEREA E T2 0 KZ LY a- R
X7 I REEDEEP DRI o FABPPECAT 2 Z LT LT,

REFERENCES

1) (a) M. Sako, et al., J. Org. Chem., 88 (2023) 14178; (b) W.-H. Zheng, et al., J. Am. Chem. Soc., 145 (2023) 8338; (c¢) Y.-G. Zhou,
et al., Org. Lett., 25 (2023) 7540.

2) M. Sako, et al., J. Org. Chem., 2026, in press. DOI: 10.1021/acs.joc.5c03042.

3) T. Soeta, K. Inomata, et al., Tetrahedron Lett., 52 (2011) 2557.





