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SR, X PSSR BEER TR I (5 Bk Bl N E AR, R EE R /E T BINOL (1 3,3 EXRIE AT SPINOL [£] 6,6'
PRI ] S i 1D 81 A R P A A5 A 1 8 et BT P T PR PR SRR B AR . D9 T R I T3 R 1) T 1 e P
A, BT —Fh L 9,9'-BE-10-FEEY(BIFOL) AE 2R/ 1,107 B A 1) I 4ef Ji8 F) 75 S AR 36 ) HOoA B3 T M IR R O
DUBEAN 515 (18] — IR NG R, 1 Ja& e (a4 8-1R-0-3E W), FiE it LI 4 B 1, 1R AR I BIFOL, 2R )5
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Synthesis of Biphenanthrol-Based Confined Chiral Phosphoric Acid

Cen, Shouyi Zhang, Zhipeng™
(School of Chemistry and Molecular Engineering, East China University of Science & Technology, Shanghai 200237)

Abstract Chiral phosphoric acids derived from 1,1'-binaphthyl-2,2'-diol (BINOL) and 1,1'-spirobiindane-7,7'-diol (SPINOL)
have been widely applied in asymmetric catalysis and displayed excellent enantioselectivities in hundreds of reactions.
However, in catalytic asymmetric reactions that involve less sterically hindered nonaromatic substrates, these Brensted acids
usually provide unsatisfactory enantioselectivities due to the relatively loose chiral environment around the catalytically active
site induced by the inherent orientational property of the 3,3'-substituents which extend outwardly. In order to develop chiral
phosphoric acids that are compatible with these substrates, 9,9'-biphenanthryl-10,10'-diol (BIFOL)-based confined phosphoric
acid was designed by introducing two aromatic substituents which extend inwardly onto the 1,1'-positions of BIFOL. By em-
ploying cheap and commercially available m-dibromobenzene as starting material, the key intermediate 8-bromophenanthren-
9-ol which undergoes oxidative coupling to afford 1,1'-dibromo-9,9'-biphenanthryl-10,10'-diol was first synthesized. After
introducing two aryl substituents through Suzuki-Miyaura coupling, the obtained aryl-substituted BIFOL was converted to the
targeted molecule by reacting with phosphoryl chloride and hydrolyzing. The structure of the obtained phosphoric acid was
confirmed by single crystal X-ray diffraction analysis.

Keywords chiral phosphoric acid; compact chiral environment; biphenanthrol; 9,9'-biphenanthryl-10,10'-diol; 8-bromo-
phenanthren-9-ol; organocatalyst; 9,9'-biphenanthryl-10,10'-diol (BIFOL)
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By (SPINOL)AT AW A X R A Rle). v 45 4578
T B TR e e R SEE B T A PR TR o DA B U BR T )
AR, E T — RS -2 F ik LA & p-TF-1t
it A=, RSO T —F 2,2',3,3-DUE- 1,118 =4
LA 45-9,9'- -y (SPHENOL ) Z& ) 1 AN K FR & i
TEBL L IR PR IE T - R AL 1 B
SR RIS IR REb [, KR T V2 & FEZEK
DA PG T SRR R S U ORI P R AN
SIRAEATIRE T ZNAKFR sp? BEAE BE1L N,
RAKIFR G AT I B AT AE e i 7 — Fh ok ms. %
Hiy S RN T PR IR 1 A 5 . FH 21— R BIAME ek &4
BN I1EHR o RN, 6 BT PR AN T S e P &5
HEFMAEWRA T H RN T AR HN
KT — F T 1H BT A 110 | P i 0 Mg Wi s A0 2
MZ 5K ARG BN, NFHERIME SR &
AR T Z Mk, MWFHEREIR & R A 1T 1 4 g
Ik, mEREIERAE 1,1-5:-2- 258 (BINOL ) & 22 71
SPINOL 1A= i FHEREER I 1), tE4MEA Hs-BINOL,
1,1-BeA-2,2"- - @y(BIPOL) A 2,2- - H%E-a,a,a",a"-JU 75
F-1,3- UK IR-4,5- — H BE(TADDOL Y B 2247 A 1t -1
WEERU4. Wulff F1 Antilla 5K RN 3,3'- 2K 3E-[2,2"-Hk
25]-1,1- By (VANOL) A 2,2'- — Z£3E-[3,3"- Bt FE]-4,4'-
My (VAPOL) B 2247 A B F- PR BERRUS), 7EVF 2 P A FR {6
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phosphoric acids

SPINOL-based
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(this work)
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Figure 1 BINOL- and SPINOL-based chiral phosphoric acids
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FRAEAS G BR AL AT L S T EORRED, B BRAR
INHASE TSR S 5 (AN FRAE A SR 4138 5
ML F=AELSANBHENFEFERD. XEEHRT
BINOL f1] 33" BUACHE AN SPINOL 1) 6,6'f7 BUACJE [ 4h
4™ Ji %) 5 5 AR e A 3 9 e o B U P 9 A
AT BEFS, T VANOL F1 VAPOL AE 2R T s Rt
M LA LIS A X R B2 T8, List FU8K
& T BAEHEF AT RGN Bronsted BRI
FE T REER A (IDP) A 22 25 XU 8 3V & BR G (IDPi), A7)
TEVE 2 AR SN o #E R AP I T 15 S AR, &
Fh— LA RN EA S MR S 510 )R R0, 57
XL TR R &, FATTLL BIFOL A48, 1F 1,1'605]
N T T A A e O R, WA R T — R AR
EFHAEMBERR, WIR R R —E A/ MM IR T
PEBERR AL 1).
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Scheme 1 Retrosynthetic analysis for a BIFOL-based confined
phosphoric acid
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JHIT Suzuki-Miyaura B NAE 1,102 5] N5 HEA5 3] 1,
SR G A A LR, 1 T-7E BIFOL 1 1,16 EL Bt
ATIRBEPEIRAHE LSEEL, FRATTE RIS A Bl 8-VR-9-3E /L 3,
T B AEIE R B B 1, 1A 3R AR ) BIFOL fi74E4Y)
2. HARERNZ, 8-1-9-FEMy 3 (& W7 i i AR A AH
FARIE. WH T E REFML Y 9-FE My = BRI FEMIFAE AL
J& BRI 7 6 s BRI 9-YR FE1E 5 kLR
il %24, SR I 28 2L 50 7 V2075 SE B L B A 9-FE )
18 S EFIAFTRMERAL N T EIX—E, K
AT P AR AL 52 17 4 Je8 A0 s 225,38 ek 9k e 11 S B8 5 )
RSZI S 3 BB K.

HRE DL () A B R 0T, 75 B A o s [l
8-1R-9-FEMH(3). W1 Scheme 2 Jfiw, 25— LLERN 215
(1 1,3-R2K(6) Ak afi R k), T8 R — 5 74 2 2 R4
(LDAYEH ™S NN-ZHEH B Z(DMF)E—78 Cx
N3 h, AT LLOS% I A 2% 1,3- A RS (7)120. 2 —

o H R R E AR, TAERVE RIET, B 1,3- R
R FREEAK 1,3- IR RR(8)T (L 72%). =2
LSRN AR 8 #4b o 1,3- IR HELS
9), JFEEBILAT N PN, 05, JEALA T
1,3- IRAHELE(9) 5 = LM AE DY ARG s v, LA
85% IS A ik B e G ek S8 BB H00, fh &
V)5 SARF RN 10 76D (= AR A Nt AT
Suzuki-Miyaura {55k 5 N.AS B4k 5977 42 80%). 26
N, RS R SRR, LAY 4 75 LDA IfEH
NG b AR AR 52 1 A SR Ak SR, b T 4k SR AR IR AL
FiRatk, LL 65% M FAG B SCa A 3. B, DA
SRP-AE Y 11 TR0 = SR,
¥ 8-UR-9-FEM 3 HEAT AAMRERTR R 1,1- -9,9"- BXFE-
10,10- -y 2)(IF 55%). RIIE KT 1,10 K
BIFOL AiT4:4 2 2 J5, #inl LUl Suzuki-Miyaura 55k
JRSELE YT T PRI 1) DB B 1,167 5 NS P AR 2.

Br O Br O
Br: Br LDA DMF KMnO4 SOCl, Eto,NH
OH —— cl ———— >
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95% 79% Br Br 85% over 2 steps
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o sl Do
) LNJ 10 Br I\NJ “\OH
r Pd(PPhg)s, Na;CO3 o LDA B (10 mol%)
@o dioxane/H,0, 85 °C, 12 h O THF, -50 °C, 5 h O‘ CH,Cly, 25 °C, 24 h
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Scheme 2  Synthetic route for chiral phosphoric acid PA1
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55 )\D, N Tk Gy e R S A IR R U, K
H L HEAT AR B 2 R AR 12 (K 96%). 5125, LA
X BB ZRE NG, FRATEAL Y 12 50 B 2R L0 R
(13)i# it Suzuki-Miyaura B N H & AEY) 14. B+
., A 14 75 =BT AR R LR HF 3L DL 88%1)
AR 1,16 B A R BIFOL AT44)
15. fJath &y 15 TEBPESME 5 = S5 R N A A%
BIFOL ‘B L BE S 16 AL KAELL 60% MU A3 H]
H 5= FPEBER PA1 (Scheme 2).

fE13 3] 7 LL BIFOL A 420 H ks o 1 F M R
PAL J&, AT T B R REE  feils. BEE A s
YR B S RAE AL, BRI E] T PA1 5L (CCDC
2156060), Ffilid B gl X FEATH itk — PR E T H
ZER(E 2). MR T LLE H, FPERERE PAL R A
— AWML ERY B 4R 45 0, PN SERR AL T 20T A0 BT
HIOALE, BER 5 PA I EEE R T DU w5 T
R T — AN L eI g R, P SRR
1,107 AT P 145 £ 52 1m) o 0ok e, 7 B IR 445 4 )&
TER T —MEEE B F SR,

B 2 FHEBIER PAL HISAEME GUHERRE 30%ME

KF)
Figure 2 Crystal structure of chiral phosphoric acid PA1 (ther-
mal ellipsoids at 30% probability)
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B TFEBERR PAL. LLERIN 50151 [R) RN IR 5
K, gt KR 8-1R-9-FEMY(3) A K 45 S AL 1R Ik
SR, PLEIE OB 7% RIER SR T BiR T
IAMNE BEA, FEXF XA B F R 7 7k AT 7 4T
MIZRAE, 5 d X RATH e 7 HE M. kg
P4 7R BIFOL ‘B 42 F 1,1 55 S B 3E LA A A R i
WA Jig, TE SRR 45 1 JH T B T — AN B % 1 F A 5%
TIX — 2 B2 FH IS BIFOL B 4216 T
R, TEARTFRAEAL S N AW A IR I IR AT 5, R —20
BATH ) T 3RA5 1% — T PE R R 11 51— 50 il S5 g
FEH N FH BT FR AL v .

3 S
31 MBS

Wi SR 5 E Bruker AVANCE 111 400 MHz i
A EPE, BLCDCls B DMSO-ds ATARIAT; 58 X 4
AT BEAE Bruker D8 Venture T RAE: =07
Jfi K] Agilent Technologies 7250 GCQTOF (EI)#l
JEOC AccuTOF™ LC-plus 4G (ESDI & ; 5 Al i
INESA SGW X-4 B 7 A0 sl e A IR TR
LA IE)5E.

ASLIGHE R SR R 2 L PR 2R 300~400 H
RERSHY, 2N SGF254 TRRERHR. 13 HL%
FUFIA BCAME A 7R BT 75 RARHA I R IW H - Adamas, B
R, HAFEEERFI AT, YL THF A 2R
SR T R, ERURE R L 2K D R 7 28 S
81 ; CHClo F CaH, T =1 S5 A8 ;S8 AR S ek
TE R E YR bR UE Schlenk B AR, &Y S, 7, 85
2 SCHR[26~ 28 4RIE I T A K.

32 ZWHE
321 3-B-NN-ZTHK-2-F A 1,18 K]-2-F Bt Iz (4)
EORENEY

ER/SSE R 100 mL Schlenk 8 F 4 kN ALK
G5 (3.0 g, 8.96 mmol). Al HRHIER 10 (1.21 g, 8.96
mmol). PU(=ZEFEMR)H0.52 g, 0.45 mmol). TC/KBRER
#4(4.7 g, 44.7 mmol). dioxane (10 mL)#! H,O (1.0 mL),
WRMNIREWET 85 CHIERMB LR 12 h,
2 (RS (TLO) Ml e N ERE, f7 Rkl 52 b s, hE
FE IR, DRI R AR B 2R, RE &UR b AR
(10 mLX3), &IFANUAH, A B SRS
Wk, HHICKRBR TR, SIEERE IR 2 H
BUE T, P PdE AL BT [(VCA ) © V(LR 1R
=15 1|4i{bJ55 5] 2.48 g W AHIR=Y 4, =K
80%. '"H NMR (400 MHz, CDCls, L@l g 1 @ 1 ffigks
FIRIREYD) 0: 7.61~7.52 (m, 2H), 7.45 (d, J=6.4 Hz,
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1H), 7.26~7.08 (m, 10H), 7.05~6.96 (m, 1H), 3.70~
3.50 (m, 2H), 3.33~3.21 (m, 1H), 3.18~2.92 (m, 4H),
2.79~2.73 (m, 1H), 2.20 (s, 3H), 2.17 (s, 3H), 1.12 (t, J=
6.0 Hz, 3H), 0.91 (t, J=6.4 Hz, 3H), 0.71 (t, J=6.4 Hz,
3H), 0.63 (t, J=6.4 Hz, 3H); 3C NMR (101 MHz, CDCl5)
9: 167.21, 167.16, 141.24, 139.66, 138.98, 138.96, 138.48,
138.14, 137.78, 137.65, 134.83, 131.71, 131.09, 130.12,
129.78, 129.45, 128.79, 128.12, 125.66, 124.57, 120.34,
119.55, 42.62, 42.19, 37.66, 37.40, 20.47, 20.25, 13.61,
13.57, 11.66, 11.43; HRMS (ESI-TOF) calcd for CigHy-
NOBr [M+H]" 346.0801, found 346.0804.
322 8-ik-9-FEEr(3)4Y &k

ERAFE TN, FRECH 44 4 (324 mg, 0.94 mmol)
BT 50 mL )81 Schlenk &+, F 10 mL Jo/K THF #%
PR E T —50 CREEM S+, % LDA (2.0
mol/L F) VY RIR/ 1E Pt/ 25 1.2 mL (2.5 equiv.)
BN B Z R NAR R RN TE e S, fE—50 CRIRM
TP R ARSEBEPE 3 h, TLC Wil s siidb e, #5 ikl se 4%
thJa, TERNARZR TN 2 mol/L IR EZ (1 ~2 mL)
VER N, 85 258525 THE, BEBFH & 2EEL(10
mL X 3), &IEAEN, A HHRARAEAT %, 5
To/KBR BN TV, I8 S5 8 IR 46 ok 2 A WLV 77, kL™
YA E (VO ) ¢ (LR B8 =10 : 1144k
JEA33] 166 mg iR B (A A=) 3, 77 % 65%. m.p. 109~
110 ‘C; 'H NMR (400 MHz, CDCl;) d: 8.72 (d, J=8.0
Hz, 1H), 8.50 (d, J=8.0 Hz, 1H), 7.87 (s, 1H), 7.80 (dd,
J=17.6, 0.8 Hz, 1H), 7.71 (dd, J=8.0, 0.8 Hz, 1H), 7.55
(ddd, J=8.0, 7.2, 1.2 Hz, 1H), 7.48 (ddd, J=8.4, 7.2, 1.6
Hz, 1H), 7.42 (t, J=8.0 Hz, 1H), 7.29 (s, 1H); '3C NMR
(101 MHz, CDCly) 6: 149.74, 134.64, 133.23, 133.07,
127.92, 127.01, 126.90, 126.21, 124.78, 123.84, 123.08,
122.42, 116.07, 111.00; HRMS (EI-TOF) calcd for
CisHoBrO [M]" 271.9831, found 271.9839.
323 1,1'-=i£-9,9-F3E-10,10"- =B (2) 89 & A

4 8-12-9-FEM 3 (217 mg, 0.8 mmol) E T 100 mL
JRBEEH, AN & (20 mL), =il N IS
11 (29 mg, 0.08 mmol), H{IIHEFE 24 h, TLC WM s vk
T, FrlE R e A G, R 2R ), Mk
BAEEMT(VCH ) @ MR OB =15 114itb)5 15
F| 120 mg R OE AW 2, F7% 55%. m.p. 288~
289 ‘C; 'H NMR (400 MHz, CDCl;) J: 8.84 (d, J=8.4
Hz, 2H), 8.67 (d, J=8.4 Hz, 2H), 7.93 (d, J=8.0 Hz, 2H),
7.54~7.49 (m, 4H), 7.34 (t, J=8.0 Hz, 2H), 7.22 (d, J=
8.0 Hz, 2H), 6.98 (s, 2H); '*C NMR (101 MHz, CDCl) 6:
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148.22, 135.01, 134.36, 132.12, 128.43, 127.78, 126.69,
125.25, 125.20, 123.43, 123.37, 122.85, 117.55, 112.86;
HRMS (ESI-TOF) caled for Cy3His0,NaBr; [M—i—Na]+
564.9409, found 564.9425.

324 1,1'-=i-10,10'-="F & #-9,9'-FIE (12) 89 & A&

A T4 50 mL BB KO 1,1-R-[9,9'- Bk
4E1-10,10- (2, 195 mg, 0.36 mmol). JTo/KELFREN(248
mg, 1.8 mmol), K[ NARREHEI=IK)E, HIERE
BN 10 mL IR, 0 R IR EE(153 mg, 1.08
mmol). ¥ MNAKRET 80 CHIERMBEFHEE 12
h. TLC W R N HERR, F5 ke A0 g, 180s 28180
WA, MR B (VA D MR S
fi5)=20 : 11415155 197 mg AGFEAK Y 12, 2%
96%. m.p. 215~216 ‘C; '"H NMR (400 MHz, CDCls) ¢:
8.83 (d, J=8.4 Hz, 2H), 8.70 (d, J=8.4 Hz, 2H), 8.00 (d,
J=17.6 Hz, 2H), 7.58~7.53 (m, 2H), 7.51 (t, J=8.0 Hz,
2H), 7.35~7.31 (m, 2H), 7.27~7.24 (m, 2H), 3.47 (s,
6H); 3C NMR (101 MHz, CDCl;) d: 151.89, 134.95,
134.85, 132.93, 128.17, 127.71, 127.34, 126.84, 126.45,
126.23, 125.67, 123.26, 122.94, 117.78, 61.84; HRMS
(ESI-TOF) calcd for C30H200,NaBr; [M+Na]" 592.9722,
found 592.9722.

325 L1I-=@4-F A XRHK)-10,10-=F £ HK-9,9- 3
(14)89 & m%,

FERE AU T, KRR 100 mL Schlenk S M
I 12 (211 mg, 0.37 mmol). X FFEEZERIRE 13 (201
mg, 1.48 mmol). JC/KFEEREN(157 mg, 1.48 mmol). PU(=
FREE A (43 mg, 0.037 mmol). % /NFA(2.0 mL)Fl H,0
(0.5 mL), K RPIEAYET 100 Crimis e s
12 h, TLC il R R ERE, ekl e it )m, rEietad
U, BREH A& HEAEEL(10 mLX3), &HEAHH, H
PR B A SAGAAGE G, JFH KB IN T8, 1 uEfs
3 VR 4 o 258 WL R, R = 4 DR A 2 AT (VA
fif) : (LR 4.158)=20 : 11264t )5 132 191 mg (Al {4
) 14, PRER 87%. mp. 275~276 C; 'H NMR (400
MHz, CDCL3) 6: 8.82 (d, J=8.0 Hz, 2H), 8.75 (d, J=8.4
Hz, 2H), 7.69 (t, J=7.6 Hz, 2H), 7.54~7.49 (m, 4H),
7.37~7.25 (m, 8H), 7.07 (d, J=7.6 Hz, 4H), 2.78 (d, J=
1.2 Hz, 6H), 2.30 (s, 6H); *C NMR (101 MHz, CDCl;) §:
153.02, 141.38, 139.52, 135.78, 133.56, 133.07, 131.21,
129.36, 128.61, 127.62, 126.99, 126.73, 126.20, 125.75,
125.67, 124.72, 123.14, 122.50, 60.32, 21.27; HRMS
(ESI-TOF) caled for CyH340,Na [M+Na]' 617.2451,
found 617.2457.
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32,6 1,1-=(4-F AR H)-(9,9-%3F)-10,10'- = E (15)
EORESO

H—T 45/ 50 mL Schlenk M, IMAJEY) 14
(287 mg, 0.48 mmol), H [ itk R EHE 3K, FESH
AN 10 mL JoK Z5U e, HRMNERRET 0 CTHK
$£ 10 min J5, &% 0 BBr; (17% in CH,Cly, 1.44 ml,
1.44 mmol), Z8Z:LRFF 0 CFHiHE 3 h. TLC Mol s B ik
T2, FRIERLE G, VKOKEERKIRR, RN &
FGEZEEL(10 mL X 3), &IEANAHE, A MR
NSRRI TCKBRER AN T8, U5 R R A PR 5 A
BLEE T, =Y P A E T (VR ) - (R &
figy=15 : 1144k J515 5] 239 mg A G EA=9) 15, 2R
88%. m.p. 293~294 ‘C; 'H NMR (400 MHz, CDCl) o:
8.81 (d, J=8.4 Hz, 2H), 8.70 (d, J=7.6 Hz, 2H), 7.66 (t,
J=6.6 Hz, 2H), 7.50~7.10 (m, 16H), 5.65~5.56 (m, 2H),
2.31 (s, 6H); 3C NMR (101 MHz, CDCls) J: 149.46,
140.27, 138.75, 137.16, 133.01, 132.40, 130.81, 129.42,
129.22, 129.03, 128.73, 127.64, 126.97, 126.42, 125.19,
124.52, 123.31, 122.82, 122.68, 111.76, 21.29; HRMS
(ESI-TOF) caled for C4H300,Na [M+Na]® 589.2138,
found 589.2143.

327 2-%#-419- = (4-F A K K 3£)-[9,10-d:9',10'-
f][1,3,2] = & Z2 i 2- A LA (PAL) A A A%,

A FH 0 25 mL RNE S IMALEY 15 (50 mg,
0.088 mmol). MLEE(1.0 mL). =5 &34 mg, 0.22
mmol), MNAKFRLE 125 C R 36 h &, AEHIZE =G,
TN K (1.0 mL) A1 #: B2 (6 mol/L, 3.0 mL) )5 4k 8: 7
100 ‘CFM 12 h. RMNTERJE, iy, —&H
FEREH(10 mL X 3), AH-ANAE, A Y-S
TSRS, 2 mol/L BhERVEV:, o FJL/K iR en T/,
ok Rk e R A B B A ALV A, R PR PR A 2 A
(AW © V(FEE)=20 : 1172485 33 mg HA
BRF=H) PAL, WK 60%. PAT B Sl =0 R s
VR @ V(& W) @ VRS kD) ~1 ¢ 11 12184
RiEHAR. mp.>300 ‘C; 'H NMR (400 MHz, DMSO-
de) 0: 8.93 (d, J=8.4 Hz, 4H), 7.69 (t, J=7.8 Hz, 2H),
7.59~7.54 (m, 2H), 7.41~7.38 (m, 3H), 7.34~7.29 (m,
5H), 7.15~6.65 (m, 6H), 2.23 (s, 6H); 3C NMR (101
MHz, DMSO-ds) O: 147.64, 147.54, 141.59, 140.07,
133.76, 132.00, 131.70, 130.77, 128.83, 127.32, 127.15,
126.73, 126.56, 125.93, 125.00, 123.57, 121.98, 121.16,
121.14, 20.85; 3P NMR (162 MHz, DMSO-d¢) 6: —1.98
(s); HRMS (ESI-TOF) calcd for C4Hy004PNa [M+Na]"
651.1701, found 651.1697.
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HHBh# KL (Supporting Information) Hirfb 54 PAl,
R AL W 2~4, 12, 14, 15 A% RE AR 008 AR &
PLEAEY) PA1 IR S5 F 3 (CCDC 2156060). 1%
LG RL AT LA B 2 AR T 199 328 (http://sioc-journal.cn/) | R
#.
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