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Abstract: The new bidentate Ti catalyst, (anthraquinone-1,8-dioxy)bis(triisopropoxy
titanium) (1) can be successfully designed and utilized for imultaneous coordinatio

the s C n
to carbonyl substrates. The high double-activation ability of the bidentate Ti catalyst 1

toward carbonyls is emphasized using several synthetic examples in comparison with the

correspondmg monodentate Ti catalyst. The intermediary coordination complex

formation of bidentate 1 with DMF or epoxycyclohexane as a carbonyl or epoxy substrate

is characterized by 13C NMR Spectioscopy. © 1998 Eisevier Science Lid. Al rights reserved.

Addition of nucleophiles to carbonyl groups is undoubtedly one of the most fundamental yet important
transformations in organic synthesis, and this reaction is dramatically accelerated by complexation of Lewis
acids to the carbonyl oxygen.! The general modes of activation of carbonyls are the 6-complexation and 7-
complexation geometries, (A) and (B) with single-metal species.2 Simultaneous coordination of carbonyls with
bidentate Lewis acids possessing two sites of Lewis acidity, which forms the ¢,0-complexation geometry (C),
was recently found to enhance both the reactivity and selectivity for the carbonyl substrates compared to the
corresponding monodentate Lewis acids.3.4 Examples of these bridging types of double coordination are still

N

7 of titanium-based Lewis acids in selective organic synthesis including asymmetric synthesis,6 we set
out to design a new, bidentate bis-titanium catalyst of type 1 derived from a feeble Lewis acid, Ti(OPrf)4, and
we here elucidate the double coordination phenomena toward carbonyl substrates by several synthetic examples.
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The requisite bis-titanium catalyst 1 can be readily prepared by mixing commercially available 1,8-
dihydroxyanthraquinone with Ti(OPrf)4 (2 equiv) in CH»Clj at 25 °C.7 The simultaneous coordination of two
titanium atoms to one anthraquinone carbonyl is verified by 13C NMR analysis of the bis-titanium catalyst 1 [8

207.38 and 183.89 (activated and non-activated C=0 of 1): ¢f. § 184.03 and 182.60 (activated and non-
activated C=0 of 2); § 183.34 (C=0 of anthraquinone)].8:? Similarly, the corresponding mono-titanium
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catalyst 2 was obtained from I-hydroxyanthraquinone and Ti(OPri)4, though 2 equiv of I-

0040-4039/98/$19.00 © 1998 Elsevier Science Ltd. All rights reserved.
PII: S0040-4039(98)00571-1



W

hydroxyanthraquinone is replaced by isopropoxy ligands in this particular case.10-13 Complexation of 4-tert-
butylcyclohexanone with the in sifu generated bis-titanium catalyst 1 (10~20 mol%) in CH2Cl, and subsequent
treatment of BuzSnH (1.1 equiv) at -20 °C for 5 min and at 20 °C for 6 h afforded 4-tert-butylcyclohexanol in
74~99% yield. The i-PrOH-free catalyst 1, which was also prepared from 1,8-dihydroxyanthraquinone and
Ti(OPri)4 (2 equiv) in CH2Cl; by azeotropic removal of i-PrOH, gave similar results (97~99% with 20 mol%
catalyst) in the reduction of 4-tert-butylcyclohexanone with BuzSnH. In marked contrast, however, reduction

of 4-tert-butylcyclohexanone with mono-titanium catalyst 2 (10~20 mol%) under otherwise similar reduction
conditions gave 4-tert-butylcyclohexanol in only 2~3% yield. Further, use of Ti(OPrt)4 resulted in total
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enhances the reactivity of ketone carbonyl toward hydride transfer via the double electrophilic activation of
carbonyl moiety. It should be noted that attempted use of catalytic CITi(OPr)3 and ClyTi(OPr)z (10 mol%) for
this reduction afforded 4-tert-butylcyclohexanol (ax/eq = ~1:2) in low yields (10 and 16%, respectively, at 20 °C
for 6 h).

1) 1or 2{10-20 mol%) X
) CH,Cl, a eq=~18 o
Bu 0] OH (eq 1)
_\_): 2) BusSnH —\_/M
20°C,6h

74~99% with bis-Ti catalyst, 1
2~3% with mono-Ti catalyst, 2

A similar difference of reactivity between bis-titanium 1 and mono-titanium 2 is observed in the
allylation of aldehydes. Thus, reaction of benzaldehyde and tetraallyltin (1.1 equiv) with catalytic 1 (10 mol%)
proceeded smoothly to furnish the corresponding homoallylic alcohol 3 in 67% yield, though its monodentate
counterpart 2 yielded only 1% of the product under similar conditions.

for2
(10 mol%) H
PhCHO + (CHp=CHCH,),Sn — Ph—C-CH,CH=CH, (eq 2)
CHoClp !
OH 3
20°C,1h

’ 67% with bis-Ti catalyst, 1
1% with mono-Ti catalyst, 2

In addition to the double activation of carbonyl moiety, the synthetic application of bidentate Ti catalyst is
further illustrated by the regio- and stereoselective ring-opening of epoxides with amine bases. For example,
treatment of cyclohexadiene monoepoxide with dibenzylamine (1.1 equiv) in CH7Cly under the influence of
catalytic bis-titanium 1 (10 mol%) at 0 °C gave amino alcohol 4 (73% yield)!4 with rigorous regio- and

stereoselec t|v1tv while renln(‘ement of bis-titanium 1 hv mono-titanium 2 under the otherwise identical reaction

conditions afforded 4 in only 3% yield.

1or2
AN (10 mol%) A ~~NBn2
0 + BnyNH (eq 3)
P z CH.Cl, |\)\0H 4
0°C,9h

73% with bis-Ti catalyst, 1
3% with mono-Ti catalyst, 2

.NO[ﬂWOI'[Ily is the umque cnemosclccuvuy in the seleciive addition of a DUCICOPHIIC beiween a ketone
and its acetal with the bidentate 1, not observable in the ordinary Ti-catalyzed counterparts.



1) 1.0r 2(10 mol%) ax-/éq =17
2 \ OMe CH3Cly
'BU‘( >‘=0 + 'BU—( X —— 'Bu-{ >< + 'Bu—< >< (eq 4)
7/ /" "OoMe 2 ;32(; " “oMe

54% (100:0) with 1
~0 % with 2
89% (36:64) with TiCl,

Although double coordination behavior of the bidentate 1-carbonyl complex is consistent with the above

experimental findings, more direct and convincing evidence was obtained by 13C NMR spectroscopy using
DMF and epoxycyclohexane as a carbonyl and an epoxy substrate, respectively. Thus, the 75 MHz 13C NMR
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f i(OPr)4-DMF compiex and the 1:1 monodentate 2-DMF compiex (D) in CDCl3 at 20

measurement O
°C showed that the original signal of DMF carbonyl at 8§ 162.61 shifted slightly to 8 162.44 and 162.41,
respectively. These results imply the feeble Lewis acidity of Ti(OPrf)4 and 2. In contrast, 1:1 bidentate 1-DMF
chelation complex under similar conditions undergoes a downfield shift for the DMF carbonyl (8 165.43),
implying the strong electrophilic activation of the DMF carbonyl by intervention of the double coordination
complex (E).15 Here, both titaniums still coordinate to the anthraquinone carbonyl, the signal of which appears
at § 207.14 (cf. & 207.38 for the activated C=0 of 1). In a similar manner, the 13C NMR study of the 1:1
Ti(OPri)4-epoxycyclohexane complex and the 1:1 monodentate 2-epoxycyclohexane complex (F) in CDClz
confirmed that the original signal of epoxycyclohexane ¢t-carbons at § 52.04 shifted slightly to 8 51.91 and

51.76, respectively. In contrast, 1:1 bidentate 1-epoxycyclohexane chelation complex under similar conditions
undergoes a downfield shift for the epoxycyclohexane a-carbons (8 53.14), suggesting the electrophilic
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NMR analysis also indicated the higher Lewis acidity of the bis-titanium catalyst 1. The three peaks for
aromatic protons of 1 (3 7.86, 7.41, 7.10) were shifted to the higher magnetic filed (& 7.77, 7.36, 7.02) by
addition of DMF. On the other hand, the signals of aromatic protons of 2 did not show any significant change
and only one peak slightly shifted from & 8.10 to 8.06. These results implied that DMF was tightly coordinated
to the bis-titanium catalyst 1 compared to 2.
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In conclusion, we successfully demonstrated that the feeble Lewis acidity of Ti(OPri)4 can be

dramatically enhanced by forming bidentate Ti reagent 1 with two Ti centers in an appropriate position using

l.

of

=

chiral ligands, and hence this study implies the vast potential on the synthetic utili identate Lewis acids in

g

promising Ti chemistry.



(98]
-3
(98]
N

Acknowiedgement. This work was partiaily supported by the Asahi Glass Foundation, the Akiyama

Foundation, the Suhara Memorial Foundation, and a Grant-in-Aid for Scientific Research from the Ministry of
Education, Science, Sports and Culture, Japan.

References and Notes

1.

p\

10.

11.

12.

Reviews: a) Shambayati, S.; Schreiber, S. L. In "Comprehensive Orgam’c Synthesis"™, Trost, B. M.; Fleming, L; Paqucltc. L.
A. Eds,; Pergamﬁn Press: Ncw’ York, 1991; Vol. 1, Chapter 1.10, p. 283; b) Sanielli, M.; Pons, J.-M. "Lewis Acids and

Selectivity in Organic Synthesis"; CRC Press: Boca Raton, 1995,
a) Harman, W. D.; Fairlie, D. P.; Taube, H. J. Am. Chem. Soc., 1986, 108, 8223; b) Huang, Y.-H; G]adysz A

Chem. Educ., 1988, 65, 298; c) Klein, D. P.; Dalton, D. M.; Mendez, N. Q.; Arif, A. M.; Gladysz, J. J. Organomet.

Chem., 1991,412, CT7.

Recent bidentate B and Al complexes a) Reilly. M.; Oh, T. Tetrahedron Lett. 1994, 35, 7209; b) Reilly, M.; Oh, T. ibid.
1995, 36, 217; c) Reilly, M.; Oh, T. ibid. 1995, 36, 221; d) Ooi, T.; Takahashi, M.; Maruoka, K. /. Am. Chem. Soc.
1996, 118, 11307; e) Ooi, T.; Tayama, E.; Takahashi, M.; Maruoka, K. Tetrahedron Lett., 1997, 38, 7403. For the
intramolecular version of a bidentate aluminum Lewis acid: Sharma, V.; Simard, M.; Wuest, J. D. J. Am. Chem. Soc. 1992,
114,7931. See aiso: Gaieifl, B.; Simard, M.; Wuest, I. D. inarg. Chem., 1990, 29, 955.

Theoretical study of formaldehydelborane (1: 2) complex: Lepage, T. I.; Wiberg, K. B. J. Am. Chem. Soc. 1988, 110, 6642.
Bidentate transition-metal/carbonyl complexes: a) Adams, H.; Bailey, N. A.; Gauntlett, J. T.; Winter, M. J. J. Chem. Soc.,
Chem. Commun. 1984, 1360; b) BBeauchamp, A. L.; Olivier, M. J.; Wuest, J. D.; Zacharie, B. J. Am. Chem. Soc.
1986, 108, 73; c) Erker, G; Dorf, U.; Czisch, P; Petersen J. L. Organometallics 1986 5, 668; d) Waymouth, R. W_;
Potter, K. S.; Schaefer, W. P.; Grubbs, R. H. ibid. 1990 9, 2843; e) Adams, R. D.; Chen, G.; Chen, L.; Wu, W.; Yin, J
J. Am. Chem. Soc. 1991, 113, 9406; f) Viet, M. T. P.; Shrama, V.; Wuest, J. D. Inorg. Chem. 1991, 30, 3026; g)
Bachand, B.; Wuest, J. D. Organometallics 1991, 10 2015 h) Slmard M.; Vaugeois, J.; Wuest, J. D. J. Am. Chem. Soc.
1993, 115, 370.

Reviews on the synthetic utiiity of Ti reagents: a) Seebach, D.; Weidmann, B.; Widier, L. In “Modern Synthetic Methods",
Scheffold, R. Ed.; Salle: Frankfurt, 1983; Vol. 3, p. 217; b) Reetz, M. T. "Organotitanium Reagents in Organic Synthesis";
Springer Verlag: Berlin, 1986; c) Narasaka, K. Synthesis 1991, 1; d) Mikami, K.; Shimizu, M. Chem. Rev. 1992, 92,
1021; e) Hoveyda, A. H.; Morken, J. P. Angew. Chem. Int. Ed. Engl. 1996, 35, 1263.

In the early stage of this study, 2,7-dimethyl-1,8-biphenylenediol was utilized as a spacer for a new bis-titanium r reagent based
on our previous observatmn on a bldentate alummum reagent (see ref 3d). However the resulting (2,7- dlmethyl 1,8-
biphenylenedioxy)bis(triisopropoxytitanium) gave only disappointing results in the ketone reduction and allylation of
aldehydes.

A similar tendency in chemical shifts by 13C NMR was also observed in the parent 1,8-dihydroxy- and 1-
hydroxyanthraquinone: 8 193.19 and 181.74 (activated and non-activated C=0 of 1 8-dihydroxyanthraquinone) 5 188.84 and

182.57 Inr-hvnharlnnd HQﬂ'"""““"‘" (‘-—(\ of 1*!"1‘]”"""]’&“{:“.1'3;1\1}“035} \.-uulym \-d w au{lhu a\iulnuuw \Au bUllry'l \5 183. 34)

The 1H NMR measurement of the mixture of 1,8- dihydroxyanthraquinone (1 equiv) and T1(OP1")4 (2 equiv) in CDCI3 at room
temperature showed the only signal ascribed to isopropoxy methyne at 8 4.51. Furthermore, only three signals were detected
in the aromatic range (8 7.86, 7.41, and 7.10). These results indicate that the 1,8-dihydroxyanthraquinone/T: i(OPrf)4
complex has a symmetric structure like 1

In the synthesis of mono-titanium reagents, 2 equiv of 1-hydroxyanthraquinone is incorporated, whether 0.5 or 1 equiv of
T1(OPr’)4 is present, to furnish fully-coordinated 2 as a sole product, which still has a coordination ability toward carbonyl
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and epoxy subsiraies by ligand exchange as ascertained by *°C NMR analysis (see text).

In order to form the monodenate Ti catalyst composed of Ti(OPri)4 and the ligand in 1:1 ratio, we prepared 5 with a bulky
substituent at the 2-position for preventing the formation of 1:2 complex. However, the resulting complex also consisted of
Tl(OPr')4 and the ligand 5 in 1:2 ratio like complex 2.
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We also prepared mono-substituted Ti reagent 6 from Ti(OPr')4 and 2-hydroxyanthraquinone in case hexa-coordinated 2 might
have the low reactivity toward carbonyl substrates. The tetracoordinate 6 showed similar low reactivity {~6%) o 2 in the
reduction of 4-tert-butylcyclohexanone with BuzSnH. Moreover, the known penta-coordinated Ti complex 7 also exhibited the
low reactivity (<1%) in the same reaction (Scc ref 13)

For the penta-coordinated Ti compiex formation from Ti{OR)4 with acetyiacetone or ethyi acetoacetate, see: Yamamoio, A.;
Kambara, S. J. Am. Chem. Sac. 1957, 79, 4344.

Lai, Y.-S.; Stamper, M. Bioorg. Med. Chem. Lert. 1995, 5, 2147.

The simuitaneous coordination of 1 toward DMF was also confirmed by the following two NMR experiments; The 13C NMR
measurement of 1-DMF complex showed six signals ascribed to aromatic ring (8 162.84, 131.46, 130.82, 128.32, 121.10,
117.32), and the 49Ti NMR measurement using TiCly as an external standard gave only one signal (8 -848.64). These results

suggest that the 1-DMF complex has a structure like E.



