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Abstract: A directed ortho metaha’on-based route to 3- and 3,3’-substituted binaphthols 2a-c and 30-c. including 

chiral materials, is described. Using the Suzuki cross coupling process. dibromo system 3a CE 5 Br) has been 

nansformed into 3,3’-dti@ binaphtholx 5. 

The C2 symmetric1 2,2’-bis(diarylphosphino)-l,l’-binaphthyl (BINAPP and l,l’-bi-2-naphthol 

(BlNOL)t43-5 ligands have emerged as important chiraf auxiliaries and ligands for an increasing range of 

asymmetric organometallic transformations. Recently, chiral Lewis acid complexes of 3,3’-disubstituted l,l’- 

bi-Znaphthols (BINOLs) have shown highly promising catalytic activity for asymmetric induction in Diels- 

AlderP Cl&en rearrangement,7 and ene,8 among other3 reactions. In seminal host-guest complexation studies, 

Cram and coworkers prepared a series of symmetrical 3,3’-disubstituted BINOLs mainly via Mannich 

intermediates5b and, in two diary1 cases, by Grignard cross coupling of 3,3’-dibromo BINOL dimethyl ether 

obtained via bis ortbo metalation of racemic or cbiral BINOL dimethyl ether.5cv6a Symmetrical 3,3’-disilylated 

BINOLs are accessible5b*4b from the key 3,3’-dibromo-BINOL, most conveniently derived from 

enantiomerically pure BINOL,g*lo Thus flexible, efficient routes to diversely substituted and unsymmetrical 

3,3’-BINOLs and 3-BINOLs remain practically unexp1ored.l 1 In our continuing efforts to expand the scope 

and utility of the directed ortho metalation strategy for the regiospecific construction of polysubstituted 

aromatics,12 we now demonstrate a more direct and versatile method for 3- and 3,3’-functionalization of chiral 

and racemic substrates via 2,2’-oxygen-based directed metalation groups, 1 + 2 or 3 (Scheme l}. Products 

2a-c or 3a-c, showing complementary deprotection properties, may be converted to a variety of potentially 

valuable BLNOLs. Furthermore, we show that the Suzuki cross coupling reaction13 on 3,3’-dibromo system 3a 

(Scheme 2) provides an efficient, competitive5c route to new sterically encumbered 3,3’-diary1 BINOLs 5 

whose potential in asymmetric catalysis has already been partially rec~gnized.~ 

Scheme 1 
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a: DM: = OMOM; b: DMG = OSEM (2#-.0+,_mS ); c: DGG = OCONEt, 
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Table. Synthesis of 34ubstituted and 3,3’-Disubstituted Binaphthol Derivatives 

Entry Subsirate Condition@ E+ F’roduct(E) Yield (%)b m.p.( C”) 

1 la 

2 la 

3 la 

4 la 

5 lb 

6 lb 

I lb 

8 la 

9 s-(-) la 

10 la 

11 la 

12 la 

13 la 

14 s-(-) la 

15 la 

16 S-(-) lb 

17 lb 

18 lb 

19 lb 

20 lb 

21 lb 

22 lc 

23 lc 

24 lc 

25 lc 

26 ta (E=SPh) 

27 la (E=SPh) 

A 

A 

A 

A 

B 

B 

B 

C 

C 

C 

C 

C 

C 

C 

D 

D 

D 

D 

D 

D 

D 

E 

E 

E 

E 

F 

F 

Mel 

PhCHO 

PhSSPh 

BrF$XFzBr 

Me1 

c13ccc13 

BrF2CCF2Br 

D2=’ 

MeI 

TMSCI 

PhgSiCl 

PhSSPh 

c13ccc13 

BrF$XFZBr 

I2 

Iv&I 

TMSCI 

PhSSPh 

c13ccc13 

BrF2CCFzBr 

I2 

MeI 

TMSCl 

PhSSPh 

c13ccc13 

c13ccc13 

BrF$XJFZBr 

Za(Me) 71 87-89 

2.a ( CH(OH)Ph ) 58 146 148/oilC 

2a(SPh) 68 74-76 

2a(Br) 72 91-92 

2b(Me) 63 oil 

2b (Cl) 71 72.5-74.5 

2b(Br) 61 62-64 

3-9(D) 93d 89-91 

S-(+) 3a ( Me ) 82 90.5-91.5 

3a (TMS) 79 78-81 

3a (SiPbg) 518 264-266.5 

3a(SPh) 89 90-92 

3a (Cl) 86 105-107.5 

S-(-) 3a ( Br ) 84 122123 

3a(I) 71 127-128 

S-(+) 3b ( Me ) 88 oil 

3b(m) 90 93-96 

3b (SPh) 77 oil 

3b (Cl) 95 74-75 

Jb(Br) 83 62-64 

3b(I) 51 75-78 

3c(Me) 60 114-115 

3c(TMS) 66 128-130 

3c(SPh) 88 139-141 

3c ( Cl ) 96 123-124 

3a(SPh,Cl) 84 115-116 

3a ( SPh, Br ) 72 139-140 

= A: 2.2 equiv t-BuLifrHF/-78°C; B: 2.7 txpiv t-BuLi/THF/-7PC; C; 3 equiv n-BuLi&OfRT/Sh; D: 2.5 equiv n- 

BuLi&O/RT/3h: E: 2.5 equiv t-BuLifWED&VHF/-78”C/lh; F: 2 equiv n-BuLi/EtzO/RTnh. b Yield of chromatographcd and 

recrystallized material. c Diastereomeric mixture (1.7 : 1). d > 95% d2 content by MS. e Polar co-solvent HMPA was used. 

References and Footnotes 
1. For an enlightening discussion with an extensive graphical display of C2 molecules, see Whitesell, J.K. 

Chem. Rev. 1989,89, 1581. 
2. Noyori, R.; Takaya, H. Act. Chem. Res. 1990,23,345 and refs cited therein. Noyori, R. Chem. 

Sot. Rev. 1989,18, 187. For recent work on asymmetic hydrogenation, see Mashima, K.; 
Matsumura, Y.-i.; Kusano, K.-h.; J. Chem. Sot. Chem. Commun, 1991, 609; Takaya, H.; Fukuda, 



2256 

5. 

6. 

7. 

;: 

10. 

::. 
13: 

14. 

15. 

16. 

17. 

18. 
19. 

20. 

21. 

22. 

N.; Mashima, K.; Matsumura, Y.-i.; Ten-&?&on Left. 1990,31, 7185. 
Review: Narasaka, K. Synthesis, 1991, 1. 
For recent reports (BINOL derivative, reaction or application), see Tomioka, K.; Shindo, M.; Koga, K. 
J. Am. Chem. Sot. 1989,111, 8266 (dimethyl ether, conjugate addition); Mattay, J.; Vondenhof, M. 
Tetrahedron L.etr. 1990,31,985 (disulfonatc ester, photochemical sensitizer for chiral discrimination); 
Wang, J.-T.; Fan, X.; Feng, X.; Qian, Y.-M. Synthesis, 1989, 291 (BINOL titanate, RCHO addition); 
Mikami, K.; Terada M.; Nakai, T. J. Am. Chem. Sot. 1990,112,3949 (BINOL titanate ene); 
Miyano, S.; Tamai, Y.; Koike, S.; Ogura, A. J. Chem. Sot. Chem. Commun. 1991,799 (BINOL g- 
keto ester reduction); Fuji, K,; Node, M.; Tanaka, F. Tetrahedron L&t. 1990,31,6553 (ester, enolate 
alkylation). For an extensive citation of older work, see Smrcina, M.; Lorenc, M.; Hanus, V.; 
Kocovsky, P. Synlett 1991, 231. 
For chiral host-guest chemistry, see, inter alia, a) Castro, P.P.; Georgia&, T.M.; Die&rich, F. J. Org. 
Chem. 1989,54, 5835; b) Cram, D. J.; Helgeson, R. C,; Peacock, S. C.; Kaplan, L. J.; Domeier, L. 
H.; Moreau, P.; Koga, K.; Mayer, J. M.; Chao, Y.; Siegel, M. G.; Hoffman D. H.; Sogah, G. D. Y. J. 
Org. Chem. 1978,43, 1930; c) Lingenfelter, D.S.; Helgeson, R.C.; Cram, D.J. ibid. 1981,46, 393 
and references cited therein. 
a) Kelly, T.R.; Whiting A.; Chandrakumar, N.S. J. Am. Chem. Sot. 1986,108, 3510. b) Maruoka, 
K.; Itoh, T.; Shirasaka, T.; Yamamoto, H. ibid. 1988,110, 310. c) Maruoka, K.; Yamarnoto, H. ibid. 
1989, III, 789. 
Maruoka, K.; Banno, H.; Yamamoto, H. J. Am. Chem. Sot. 1990,112, 7791. 
Maruoka, K.; Hoshino, Y.; Shirasaka, T.; Yamarnoto, H. Tetrahedron Letf. 1988,29, 3967. 
Kazlauskas, R.J. J. Am. Chem. Sot. 1989,111,4953. See also Hashimoto, H. In “Chemical 
Resources. New Developments in Organic Chemistry,” Kobayashi, M., Ed. Scientific Publ. Div. MYU 
K.K., Tokyo, Japan, 1988, p 135 and Hu, B.-f.; Gong B.-j.; Chen, W.-y. J. Org. Chem. X991,56, 
423. 
For recent syntheses of racemic BINOL, see Miyano, S.; Tamai, Y.; Heung-Cho, P.; Iizuka, K.; 
Okamura, A. Synthesis 1990, 222 and Toda, F.; Tanaka, K.; Iwata, S. J. Org. Chem. 1989,54, 
3007. 
Hovorka, M.; Gunterova, J.; Zavada, J. Tetrahedron Lea. 1990,31,413. 
Snieckus! V. Chem. Rev. 1990,90, 879. 
a) Suzukr, A. Pure Appl. Chem. 1991,63,419; b) Alo, B. I.; Kandil, A.; Patil, P. A.; Sharp, M. J.; 
Siddiqui, M. A.; Snieckus, V. J. Org. Chem. 1991,56, 3763 and references cited therein. 
Under these conditions, quenching with MeOD gave a mixture of mono and di-deuterated products 
(68% dl, 27% Q by MS). 
The use of a similar substrate:base stoichiomen-y for mono- and di-anion generation of la may be due to 
the di-OMOM functions playing the role of “internal solvent” to complex 1 equiv of RLi in its less 
aggregated state in THF solution (see ref 12). 
(S)-(-)-3,3’-dimethyl-l,l’-bi-2-naphthol: from entry 9: [a]2554e = -42.9’ (c 1.0, CHC13); from entry 16: 

bl25546 = -43.5’ (c 1.0, CHC13); lit5b[cc]25,e = -45.1” (c 1.0, CHC13). 
Determination of enantiomeric purity by chiral HPLC of this and a series of new BINOL chiml 
auxiliaries is in progress 
Sengupta, S.; Snieckus, V. Tetrahedron Lett. 1990,31,4267. 
(5’)-(-)-3,3’-diphenyl-l,l’-bi-Znaphthol: [c~]*~54e = -139.1e(c 1.0, THF), litSC (R)-(+)-isomer 

[&& = +132.4’ (c 1.0, THF). 
Representative procedure: To a solution of la (1 mmol) in anhydrous Et20 (17 mL) was added n-BuLi 
(3 mmol, 2 mL of 1.5 M solution) at room temperature under nitrogen and the reaction mixture was 
stirred for 3 h. The mixture was cooled to 0°C and sequentially treated with THF (10 mL) and 
electrophile (3.5 mmol). The reaction mixture was allowed to warm to room temperature over 4 h and 
quenched with saturated aqueous NH&l solution. The THF was removed in vacua and the aqueous 
solution was extracted with CH9Zl2. The organic extract was dried (Na#O4) and evaporated to dryness 
to give product 3a which was purified by flash chromatography. 
All new compounds show spectroscopic (*H and 13C NMR, HRMS) and analytical properties in concert 
with the assigned structures. 
We are grateful to Professor S. Collins for a sample of (R)-(+)-BINOL and to Professor R. Kazlauskas 
for a sample of (S)-(-)-BINOL and a detailed procedure for its resolution. We acknowledge with 
gratitude NSERC Canada for financial support. 

(Received in USA 24 December 1991) 


