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Abstract: Newly-designed optically active (salen)manganese(lIl) complexes (5) catalyze highly
enantioselective Denzyllc nydroxylauon and modcrate icvel of cnantiomer- dlrtcrcnuatmg oxidation

enantiomeric excess of 3, 3 dlmelhylmdan 1-ol, the hydroxylation product of 1, dlmethylmda ing Sa
a catalyst in chlorobenzene, was 84% afier 10 min and 90% after 20 h.
© 1998 Elsevier Science Ltd. All rights reserved.

C-H oxidation takes part in a wide range of biological transformations and these biological C-H
oxidations proceed with high stereoselectivity with aid of oxidizing enzymes. A group of cytochrome P-450's
which are representative oxidizing enzymes and carry iron-porphyrin complex as the active site, catalyze highly
stereoselective oxidations such as C-H oxidation and epoxidation.! An attempt to reproduce this hemenzyme-
catalyzed C-H oxidation in flask has been carried out by Groves and Viski using an optically active iron-
porphyrin complex as the catalyst and moderate enantloselecuvny (up 1o 72% ee) has been achieved in benzylic
2 Ny tho ~thar han
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structure similar to metalloporphyrin complexes also catalyzed benzylic hydroxylation with moderate

n 1)
structure similar to metall oporp
cnantioselectivity (Scheme 1).345 In common with iron- porphyrin catalyzed benzylic hydroxylation,0 this

reaction has been proven to proceed stepwise via a radical intermediate. In the reaction using the iron-porphyrin
catalyst which has a chiral bridge structure, decay of the radical intermediate occurs diastereoselectively and
enhances the enantioselectivity achieved at the preceding hydrogen atom abstraction stcp.Z In contrast to this,
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radical aecay in the reaction USlﬂg (salen)manganeseuu) complex suchaslasa Lalal}/Sl was considered to be
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enantioselectivity of the reaction (Scheme 2). However, this undesired radical decay was expected to be
suppressed by carrying out the reaction in the solvent of high viscosity which constitutes a stout solvent cage.
Actually, the reaction in a solvent of higher viscosity showed better enantioselectivity, except that the reactions
in fluorobenzene and chlorobenzene showed equal level of enantioselectivity [viscosity coefficient (25 °C):
CH3CN, 0.341; ethyl acetate, (0.426; fluorobenzene, (0.598; chlorobenzene, 0.799] (Table 1, entries 1, 3, 5,
and 7). Besides, enantiomeric excess of 3,3-dimethylindan-1-o0l was found to increase as the reaction time was
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Table 1. Asymmetric hydroxylation of 1,1-dimethylindan using optically active (salen)mangancsc(III)

(‘nmnlgyn Sac mlvqta)

entry complex solvent time ee (%) yield (%) alcohol/ketone

1 1 CH;3;CN 5 min 31 7 26
2 " " 15h 39 18 4
3 " AcOEt 5 min 44 8 16
4 " " 1.5h 50 17 4
5 " CeHsF 5 min 54 3 11
6 " " 1.5h 60 10 3
7 " CgHsCl S min 53 2 11
8 " " 1.5h 61 7 3
9 2 CH3CN 5 min 5 4 18
10 " " 1.5h 3 5 4
11 " CsHsCl 5 min 10 1 23
12 " ! 1.5h 9 1 3

a) Enantiomeric excess of alcohol, yields of alcohol and ketone and their ratio were determined by capillary
GLC equipped with optically active column (SUPELCO B-DEXTM 120 fused silica capillary column, 30 m

x 0.25 mm ID, 0.25 um film), using p-dichlorobenzene as an internal standard.
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This suggested that oxidation of the produced alcohol to ketone occurred in an enantiomer-differentiating
manner. Thus, we explored the possibility of kinetic resolution of racemic 3,3-dimethylindan-1-ol using 1 as a
catalyst. As expected the (S) -isomer was oxidized faster than the (R)-isomer, though the values of relative rate

nnnnnn rxeer cavanl T ahla MY Thaa ;vavitaisiae o a2 (A s shoas hnm Ahlavcahameana wrag 1104

LUllbl‘ull \RbIKR) WClC Dllldll L1diie o), L1IC imaxiimuim Vd.luC <. L} wdS ODSCrI VCU WiEil Cnisir'doENnzZene was de
as solvent,

Oxidation of 1,1-dimethylindan was also examined with complex 2. Complex 2, however, showed poor
enantioselectivity and the yield of the alcohol was low (Table 1, entries 9 and 11).7 Kinetic resolution with
complex 2 was also less effective (Table 2, entries 2 and 6).

- | catalyst (2 mol%), PhlO (1 eq.)
NS 10°C,1h
OH

Table 2. Kinetic resolution of racemic 3,3-dimethylindan-1-o0l using (salen)manganese(IIT) complex as a

catalyst
-.‘ - PRpESNI, P arleoee ot 07 \ an FOF N 1-
cn y COIMPICX SUIVCHL LUI‘IVClbIUII \70) cc{7e) Krel
1 1 LI ON &4 1Q A
1 i \/115\,1.‘ U <20 ~.U
2 2 " 52 8 1.3
3 1 AcOFEt 43 28 2.9
4 " CsHsF 51 38 3.1
5 " CeHsCl 45 40 4.2
6 2 i 34 <2 1.0
The above experiments suggested that the choice of solvent was important for achieving higher
enantioselectivity. However, they also indicated that it was difficult to achieve sufficient level of

enantioselectivity only by choosing the solvent and that appropriate modification of the salen ligand structure
was necessary for the further improvement of enantioselectivity. At first, a bridged (salen)manganese(11I)
complex like 3 was considered to be a good candidate in order to prevent the undesired radical decay effectively
(Fig. 1). We recently, however, found that high asymmetry-inducing ability of (salen)manganese(III)
compiexes was strongly related to the flexibility of salen ligands® and it was apprehended that introduction of a

hridaoa ctrmicmira inta tha calan ligand wanld raduers thoe flavihility Af tha cala nd and Aatarinrata ite
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asymmetric induction. We considered that this dilemma would be solved by introduction of a new
(salen)manganese(III) complex of concave type. This type of complex 4 was expected to be flexible but to
suppress the undesired radical dissociation effectively. As this type of (salen)manganese(Ill) complex, we
synthesized complexes (Sa and 5b) in which the bulky silyl substituent hangs over the manganese ion (Fig.
2).
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5a: Ar= 4-[+Bu(CgHs)2SiCgHy4
R:: 3,5-(CH3)2CeH3

2ha. AL 3 D¥.ufs LY N 10 L)
5b: Ar= 4-[t-Bu(CeHs)SiCeH4
R,R= (CHa)4

Fig. 1
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Fig. 2.  The structure of 5a drawn on the basis of the X-ray structure of the
related Mn-salen complex | (see, reference 9). All the hydrogen atoms,

s A 4l
counter anion, and the left bottom pant of the ligand were omitted for

clarification. The conformation of t-butyldiphenylsilyl moiety was
optmzed by uslng TRIPOS SYBYL on an IRIS Indigo 2 The structure
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of the other pait of the complex was kept tixed during the calculation.

The synthesis of complexes (5a and 5b) started with gggnl;ngm of annard reagent 611 and triflate 712
and subsequent protection as MOM ether (Scheme 3). The resulting MOM ethcr 8 was converted into aldehyde
10 by the sequence: i) ortho-lithiation13 and subsequent formylation giving 9 and ii) deprotection. Aldehyde

10 was converted into (salen)manganese(III) complexes (Sa and Sb) in a conventional manner.
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1) ArMgBr (8), NiClx(dppe) [,Tﬁ 1) t-BuLi, TMEDA,
OH THF, reflux SN omom THF, -78 °C

OTf  2) MOMCI, NaH Ar 2) DMF, -78 °Cto rt.
THF, DMF

Ar= 4-TBDPS-CgH,4
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CHO CHO
Y Y Y 1) Mn(OAc)z, diamine
' EtOH, 50 °C, air
NN oMo TMSBLMS A N NFhop 6o and 55

Ar CHzclz, 0°C M/Al’ 2) NaPFg
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In order to compare the asymmetry-inducing ability of complexes (1, 5a, and 5b), we first examined the
hydroxylation of 1,1-dimethylindan with these complexes as catalysts under the identical conditions. To
estimate enantioselectivity in the hydroxyiation step correctiy, the reaction must be performed under the

J TN, JRUAS M | Thaio tha rannctina wur ]
alcohiol is buppxcoacu Thus the reaction was carried out at
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showed better enantioselectivity than that using 1 as a catalyst. When Sa was uscd as a catalyst, high
enantiosclectivity of 84% ee was observed (entry 2).

Aal o P

conditions that the further oxidation of the gencrate
1- As expected, the reaction using Sa or §b as a catalyst
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Table 3. Asymmetric benzylic hydroxylation of 1,1-dimethylindan using (salen)manganese(TiT) complexes

(1, 5a and 5b) as catalysts?

entry catalyst time % eeb) yield (%)) confign®
1 1 10 min 56 1.5 (0.1) R
2 5a 10 min 84 4.8 (trace®)) R
3 5b 10 min 70 4.0 (0.15) R
4 5a 20 h 90 24.5 (10.2) R
5 Sb 20h 81 16.6 (11.9) R
6 2 10 min 14 0.7 (0.2) R
a) Reaction was carried out in chlorobenzene at - 20 °C by using 2 mol% of catalyst and iodosylbenzene as a

terminal oxidant.
b) Determined by capillary GLC using optically active column (SUPELCO -DEXTM {20 fused silica

capillary column, 30 m x 0.25 mm ID, 0.25 pm film).

¢) Yicld was determined by GLC analysis using p-dichlorobenzene as an internal standard. The number in
parentheses is the yieid of ketone.

d) Determined bv modified Maochar'c mathnd: Ohtani T - ‘(llcnrpi T Kacg 14 Y . .\akigawa, H. “’_ Am.

ASCUCLALRLLIVG U Y RAAUMILIVAE AVAVUDAIWE O BAAURIIUM e A\JRILGEILE,y L.y IRUOLIELEL A., Aasinm u, .y

Chem. Soc. 1991, 113, 4092-4096 (see Experimental).
¢) GLC analysis indicated the formation of a trace amount of ketone.

Since it was expected that in situ kinetic resolution of the generated alcohol would also occur in the
rcaction using Sa or 5b, we continued the reaction for 20 h and found that the enantiomeric excesses of the
alcohols amounted to 90 (Sa) and 81 % cc (5b) (entries 4 and 5). Accordingly, we next examined the oxidation
of racemic 3,3- dxme[hyhnd.m 1-ol using 5a, 5b or 1 and estimated the values of relative rate constants (Kej, at
and 4.2£0.3 respectively. However, if oxidation of the generated 3,3-

1

+
=3
(9]

d with these relative rate constan
9% of ketone had occurred with these relative rate constants,

enantiomeric excesses of lhe remdmmg alcohol should have been much higher than 90 and 81%, respectively.
This indicated that a part of the ketone was supplied by the reaction other than the oxidation of the alcohol.
Although we did not examine about the mechanism of the formation of ketone in detail, we observed that the
formation of the ketone increased when the reaction was carried out in air, suggesting that molecular oxygen
reacted with radical intermediate to give ketone via hydroperoxide. However, even under the strictly deaerated
conditions, the amount of the ketone was found to cxoeed thc calculated one from the enanuomcnc cxcess of the

maimino alenhal ecnoascting tha nresence
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0
oxidation.14 Although the enantiomeric excess of th Xp ) be im . t
the reaction could proceed enough, the reaction topped at about 30 h probably due to the decomposition of the
catalyst, without further improvement of enantioselectivity.13

The chemical yield of hydroxylation product with § is insufficient but it is noteworthy that the initial
oxidation rates of 3,3-dimethylindan with 5a and 5b were ca. 2-3 times faster than that with 1 and ca. 6-7 times
faster than that with 2, for all that coordination spheres of 5a and Sb arc much more congested than those of 1
and 2 (entries 1, 2, 3, and 6). Since it is reasonable to consider that the mechanism of hydroxylation by these
catalysts should be the same, these results suggest that there is some favorable interaction between substrates
and the salen ligands in 5a and Sb, for hydroxylation.

In the case of other substrates such as ethylbenzene and p-methoxyethylbenzene, however, complex 5b
showed better asymmetric induction than Sa (Table 4, entries 2, 3, 5, and 6). The relative rates in kinetic
resolution of racemic phenethyl alcohol and p-methoxyphenethyl alcohol using 5b as a catalyst were 7.6 and

1.8, respectively.

« son A herniah o eadinnl Sotameanadiaea io ot:11
Although we already disclosed that the present reaction proceeds through a radical intermediate, it is still
questionable whether hydrogen atom is directly abstracted by oxo species (path a) or one electron transfer

whether by o
occurs first (path b) (Scheme 4). To answer this question, we compared the reaction rate of oxidation of
ethylbenzene and ethylbenzene-d; and found that ky/kp was 4.6x1, suggesting that hydrogen atom abstraction
is the rate determining step.16,17

In conclusion, we were able to demonstrate that the concave type of (salen)manganese(III) complexes
showed high asymmetric induction in benzylic oxidation.
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~NF
2 12 h 78 6.4 (3.3) R
3 5a " 12 h 64 2.0 (4.4) R
N
4 5b | 10 min 839 1.8 (trace®) RM 66
Meo/\/
5 " " 24 h 87 13.0 (10.5) R
6 Sa " 12 h 77 7.2 (11.1) R
i) 22.0 (6.2) R®) 72

7 5b PP 12h 7

a) Reaction was carried out in chlorobenzene at -30 °C by using 2 mol% of catalyst and iodosylbenzene as a

terminal oxidant unless otherwise noted.
b) Yield was dctcrmincd by GLC analysis using p-dichlorobenzene as an internal standard. The number in

nnmthacac to tha o 1A A€ Lrasman
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Reported value with optically active iron-porphyrin complex as catalyst (ref. 2).

Determined by HPLC analysis of 3,5-dinitrobenzoate derivative using optically active column (DAICEL
CHIRALPAK AD, hexane/2-propanol= 15/1, flow rate= 0.5 ml/min).

GI C analvucic indicated the formation of a trace amount of katane
i dilduy Shs HIGIH QWG Wit 1UMNHGUUA UL 4 Jalt QiliUuil Ut alwne.

Determined by comparing the retention times of the enantiomers of the product (DAICEL CHIRALCEL

OB-H, hexane/2-propanol= 9/1, flow rate= (.5 ml/min) with that of commercial (R)-1-phenylethanol

(Tokyo Chemical indusiry Co., Lid.).

g) Determined by HPLC analysis using optically active column (DAICEL CHIRALPAK OB-H, hexane/2-
propanol= 9/1, flow rate= (0.5 ml/min).

h) Determined by chiroptical comparison; Hayashi, T.; Matsumoto, Y.; Ito, Y. Tetrahedron: Asymmetry

ee

0,

1Nt s} LN1T £17
AL, £, OUL-012
i)  Reaction was carried out with 3 mol % of catalyst.
) Determined by HPLC analy is of 3,5-dinitrobenzoate derivative using optically active column (DAICEL
CHIRALPAK AD, hexane/2-propanol= 100/ 1, flow rate— 0. 5 ml/mm)
1\ TMiatasminad hey rhivantianl Anmanneiome akae L o Teansstn RAA o I ninnsnernse Q. FilCnee I ¥ N MNl.o.
y) UC\DIHIIHL«U U)’ DHHUPUMLLI CUILLL pr.lllBUll n.auutu, n. , uuum, lv.l .y I\ClllpllCl 1_4 [ LrlllCl, Ii. 4. U7 e
1978, 43, 2357-2361.
Experimental
IH NMR spectra ¢ recorded at 270 MHz on a JEOL EX-270 or at 400 MHz on a JEOL GX-400
instrument. All mgmls were cxpressed as ppm down field from tetramethylsilanc used as an intcrnal standard
K alita fer TV AY TD crvanten 11rara htntnad writh o TAQOMN TD "IN tiactmarmmant Lok wanaliatine mmnoos ananten
O~ VdIUC I LUJC 1Y), 1IN b[) Ud W ico ub nNoU Wi d JAODLU U LIV TUU HTDUULLICIEL, 111511 ICTOUIULLIUILL 11} > apcvua
wara rannrdad nn o TEOM IK/‘Q=QYIQY 1M A inctriimant FAR cho enarntra werae nhtainad hy NOING M
YWLLL EAAVULRULAL ULL d JASNSLY JIVEITHWIINWIIY LUl IHIOWU UILIVERL 1 27 1iadny OP\/ULI“ YWl vuvwaliivu u uonu&, L3

nitrobenzyl alcohol as a matrix. Optical rotation was mecasured with a JASCO DIP-360 automatic digital
polarimeter. Column chromatography was conducted on Slllr.,a Gel BW-820MH, 70-200 mesh ASTM,
available from FUJI SILYSIA CHEMICAL LTD. HPLC analysis of enantiomeric excess was carried out using
Hitachi L-4000 equipped with an appropriate optically active column, as described in the footnotes of Table 4.
GC analysis of enantiomeric excess was carried out using SHIMADZU GC-17A with SUPELCO B-DEX™
120 fused silica capillary column, as described in the footnote of each Table. The reaction temperature was

Y rey Y v—-nn 2N o

controiied with EYELA COOL ECS 50 . Solvents were dried and distilled shortly before use. Reactions were

cnrmad ant nndar an atmacnhara Af nitragan if nacaceary  Iadnculhanzana wae nnrchacad feam Tokua Chamical
Carrica out unalr an atmospneic Ot niwrogen u HECTSSAry. 10G05Y10CNZ8NE Was puitiiasCu 1ol 1 UKYU LiliiiiCai

Industry Co., Ltd. Manganese(Il) acetate tetrahydrate was purchased from Nacalai Tesque Inc. (715,25)-1,2-
Diaminocyclohexane and sodium hexafluorophosphatc were purchased from Aldrich Chemical Co., Inc.
Compound 7 was prepared according to the reported procedure. 12 1,1-Dimethylindan was prepared accordmg
to the literature procedures.!® Ethylbenzene and tetrahydronaphthalene were purchased from Nacalai Tesque
Inc. 4-Methoxyethylbenzene was purchased from Tokyo Chemical Industry Co., Ltd. All the substrates for
asymmetric oxidation were distilled prior to use.



T. Hamada et al. / Tetrahedron 54 (1998) 10017-10028 10025

0
H H E,.v [ " 1 H OH
/‘ - /l . —_— /l
NP path a l§/ oH | X
0 r -1 (o] L ll"“,‘IV |
\_ MnV l H\)-' I MnV 7
N A
path b [P
L2
L~ j
H H D D
= = K
L ” L ” -k:- =46+1
- X 0
Scheme 4

hexaﬂuorophosphate (2)

To a suspension of (/5,25)-N,N-bis(3,5-di-t-butylsalicylidene)-1,2-cyclohexanediamine!? (65.0 mg,
119 pmol) in deaerated CH3CN (6.0 ml) was added Mn(OAc)2°4H20 (29.2 mg, 119 umol) in deaerated
CH30H (1.0 ml) under argon atmosphere and the mixture was stirred for 30 min at room temperature. The
mixture was warmed up to 50 °C, stirred {or 3 h at the temperature, and allowed to cool to room temperature.
To this mixture was added fericenium hexatluorophosphate (39.4 mg, 119 pmol) in deaerated CH3CN (2.0 ml)
and the whole mixture was stirred for another 3 h at room temperatme The mixture was concentrated in vacuo.

[o 2 TOVIRDILIE TP VSRR RUNp: RPN RONPRN.} 5 anl fhavoma ICHACla= 1/0 to 19/1) and rec A e
SUI \llCAdIlC]\_ [12\_,12 LU w 1771 ) alil TECTY y\muu&u ITOom

1 Uil d > SiicC
ive 2 (621 mg, 79%) as dark brown vactqlc M .p. ( {(de n) 235.237 °C. IR (I('Rr\ QAAQ
2955, 1612, 1537, 1433, 1340, 1312, 1271, 1252, 1177, 845, 577_ 559 C -1 Anal. Calcd f()r
C3gHs2FgMnN2O,P-2CH30H: C, 56.43; H, 7.48; N, 3.46%. Found: C, 56.58; H, 7.74; N, 3.31%. The

complex was moisture-sensitive and stored under argon atmosphere.

4-(¢t-Butyldiphenylsilyl)phenylmagnesium bromide (6)
To a solution of 1,4-dibromobenzene (5.00 g, 21.2 mmol) in Et70 (74 ml) was added a n-hexane solution
of n-butyllithium (1.60 M, 12.9 ml, 20.6 mmol) at -20 °C and the mixture was stirred for 30 min at the

At anaties T thic onls wag addad s hntulahlaeads vleilone (8 ) o1 AT o
temperature. 10 tnis solution was added i-uut_yluuuxuuxpuzuynualm (5.0 ml, 19.1 uuuu‘) ifi & zn (110 ml)

dropwise over a ppr-md of 50 min. Afler cnrrmo for 30 min at the same temperature, the cooling bath was

Uy [ e ] coolir o Ve Was

removed, and the mixture was stirred for 2.5 h at room temperature, and refluxed for another 1 h. The reaction
mixture was quenched with aqueous NH4Cl, extracted with ethyl acetate, washed with brine, dried over
MgS0Oy4, and concentrated in vacuo. The residue was diluted with pentanc (30 ml) and Et20 (15 ml) and the
insoluble 1,4-bis(z-butyldiphenylsilyl)benzene was removed by filtration. The f{iltrate was concentrated in
vacuo, and the resulting precipitate was collected by filtration and washed with MeOH to give 1-bromo-4-(z-
butyidiphenylsiiyl)benzene (3.78 g, 50 %) as colorless crystais. M.p. 110-111 °C. 'H NMR: § 7.56-7.32 (m,
14H), 1.17 (s, 9H). IR (KBr): 3044, 2966, 1568, 1479, 1427, 1107, 1009, 810, 741, 725, 700, 606, 530,
525 cm-1. Anal. Caled for Cy2Ho3BrSi: C, 66.83; H, 5.86%. Found: C, 66.95; H, 5.88%.

s Ak LxiaGs. oQava LA Ry VUL RFRERINE. Ny NINJ. Sy Ay

To a suspension of Mg ( 172 mg, 7.06 mmol) and 1.2-dibromoethane (cat. amount) in tetrahydrofuran
(THF) (2.1 ml) was added 1-bromo-4-(z-butyldiphenylsilyl)benzene (2.54 g, 6.42 mmol) in THF (19.3 ml)
dropwise over a period of 1 h. The mixture was refluxed for 2 h and allowed to cool to room temperature.
This THF solution of 4-(¢-butyldiphenylsilyl)phenylmagnesium bromide (6, ca 0.2 M) was used for the next
reaction.
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(aR)-2-Methoxymethoxy-2'-(4-t-butyldiphenylsilylphenyi)-1,1'-binaphthyi (8)

To a mixture of 7 (680 mg, 1.63 mmol) and NiCla(dppe) (42.9 mg, §1.3 umol) was slowly added 6 (ca

0.2 M THF solution, 19.0 ml, 3.80 mmol) at room temperature and the mixture was refluxed for 2 h. After

1ad
ooled to room temperature, the mixture was quenched with aqueous NH4Cl and extracted with EtpO. The
Cct

was washed successively with agueous NaHCOQ3 and brine, dried over MgSQ4, and concentrated in

vacuo. The residue was submltted to column chromatography (Si0;, hexane/CH,Clp= 1/0 to 4/1 to 2/1) to give
the coupling product (820 mg) which was contaminated with a small amount of (aR)-2-hydroxy-1,1'-
binaphthyl, as colorless crystals. The crude product was used for the next reaction without further puriﬁcar_ion

To sodium hydride (OU% dlspersmn in mineral oil, 77.6 mg, 1.94 mmoi) was added a solution of the crude

mmiim i s o FOTE N "r'l"l e et d o Y 1 TSI i YO A v twrdrara rxran otisead
coupling product (815 mg) in THF/N,N-dimethylformamide (5.2 ml, 1/1) at 0 °C and the mixture was stirred
For A oot thio formmanatiien To tha maistien wae addad ablowo bl coosbol achos

for 2 h at ihe temperature. To the mixture was added chloromethyl methy! ether (147 l, 1.94 mm nid the

whole mixture was stirred for another 12 h at room temperature. The reaction mixture w
water, extracted with EtpQ, washed three times with water, dried over MgSQa, and concentrated in vacuo. The

tidviu v LLL/W75 Wwaolluld LIt Lalad i v alid CUllv tral _7

residue was purified by column chromatography (5103, hexane/(,HZCl;- 1/0 to 4/1) to give 8 (808 mg, 79%
for two steps) as colorless crystals. M.p. 88-89 °C. [a_fg +92.4° (¢ 0.26, CHCl3). !'H NMR: 8 8.03 (d, J=
8.6 Hz, 1H), 7.95 (d, J= 8.3 Hz, 1H), 7.82 (d, J= 9.2 Hz, 1H), 7.79 (d, J= 9.2 Hz, 1H), 7.72 (d, J= 8.3 Hz,
1H), 7.48-7.04 (m, 21H), 4.83 (ABq, J=7.6 Hz, 2H), 3.09 (s, 3H), 1.04 (s, 9H). IR (KBr): 3051, 2928,
2856, 1593, 1508, 1427, 1242, 1148, 1105, 1053, 1032, 814, 702, 509 cm-!. Anal. Calcd for C44H4007Si:
C, 84.03; H, 6.41%. Found: C, 83.76; H, 6.45%.

(aR)-3-Formyl-2-methoxymethoxy-2'-(4-t-butyldiphenylsilylphenyl)-1,1'-binaphthyl (9)

t-Butyllithium (1.7 M in pentane, 1.5 ml, 2.6 mmol) was added to a solution of 8 (803 mg, 1.28 mmol)

(sl § o)

and N,N- teuamemyletnyleneulamme (414 |,.ll 2.81 mm01) in THF (3 1 l'ﬂl) at -78 °C and the mixture was

stirred for 3 h at the temperature. After N,N-dimethyiformamide (495 pli, 6.39 mmol) was added, the mixture
was allowed to warm to room temperature and stirred for another 1 h. The reaction mixture was quenched with

aqucous NH4Cl, extracted with Et20, washed successively with aqueous NaHCOj3 and brine, dried over

MgSO0y4, and concentrated in vacuo. The residue was purified by column chromatography (Si0O»,
hexane/toluene= 1/0 to 1/1 to 0/1) to give 9 (773 mg, 92%) as colorless crystals. M.p. 90-91 °C. [afg -4.46°

(c 0.22, CHCI3). 'H NMR: & 10.33 (s, 1H), 8.43 (s, 1H), 8.07 (d, J= 8.3 Hz, 1H), 7.98 (d, J= 7.6 Hz,
2H), 7.73 (d, J= 8.3 Hz, 1H), 7.51-7.15 (m, 18H), 7.01 (d, J—-7QH7 2H), 4.51 (ABgq, J= 5.9 Hz, 2H),

2.84 (s, 3H), 1.03 (s, 9H). IR (KBr): 3449, 3069, 2961, 293(), 2856, 1692, 1618, 1587, 1427v 1157, 1105,
1034, 966, 816, 702, 509 cm-1. Anal. Calcd for C45H4003Si: C, 82.28; H, 6.14%. Found: C, 82.10; H,

6.18%.

(aR)-3-Formyl-2-hydroxy-2'-(4-t-butyldiphenylsilylphenyl)-1,1'-binaphthyl (10)
Bromotrimethylsilane (916 pl, 6.94 mmol) was added to a mixture of 9 (760 mg, 1.16 mmol) and MS 4A

(46 mg) in CH,Cly (4.6 ml) at 0 °C and stirred for 3 h at the temperature. The mixture was quenched with

aqueous NH4Cl, extracted with CHaClp, dried over MgSOy4, and concentrated in vacuo. The residue was

P T ] Al AN O

crystallized from ligroin to give 10 (577 mg, 81%) as yeliow crystais. M.p. 208-209 °C. [OLJD -85.4° (c 0.8,

CHCI3). 'H NMR: 8 10.40 (s, 1H), 10.09 (s, 1H), 8.16 (s, 1H), 8.07 (d, /= 8.6 Hz, 1H), 7.98 (d, J= 8.2
Hz, 1H), 7.87-7.83 (m, 1H), 7.72 (d, J= 8.6 Hz, 1H), 7.52-7.45 (m, 1H), 7.36-7.08 (m, 19H), 1.01 (s,
9H). IR (KBr) 3449, 3179, 3045, 2849, 1655, 1632, 1506, 1427, 1182, 1105, 937, 822, 758, 729, 700,

N0 -l ALY oA N7. LI &£ QA0 QA VL. LI £ 00
509 cm. Anal. Caled for \,43[‘13(,\1201 \., o%.4/, 11, J. 92%. Found: \.,, 04.2J, 11, J.7370,

Typical procedure for preparing (salen)manganese(Ill) complex

Preparation of complex §b: To a solution of (/5,25)-1,2-diaminocyclohexane (11.5 mg, 101 pmol) in
EtOH (10.0 ml) was added Mn{OAc)724H;0 (24.7 mg, 101 pmol) and the mixture was stirred for 1 h at room
temperature. To this solution was added 10 (124 mg, 202 pumol), and the whole mixture was stirred for 6 h at
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50 °C in air. To the solution was added NaPFg (170 mg, 1.01 mmol), and the mixture was further stirred for
another 20 h at the same temperature, then allowed to cool to room temperature, and concentrated to dryness.

The residue was recrystallized from CHCly-hexane. The combined first and second crops of 5b weighed 123

g (o1 70). RZALIR UJIUWIL J StdiS. IVi. <P \u\/\., et TN s e JEANERAN MUy AUV Sy 2 ST0,

1327, 1290, 1105, 847, 816, 748, 700, 557, 511 cm-1. Anal. Calcd for CopHggFMnNoO2PSip*2C,HsOH:

C, 72.34; H, 5.82; N, 1.76%. Found: C, 72.13; H, 5.68; N, 1.85%. HRFABMS m/z. Calcd. for
Co2HgoMnN2028i7 (-FgP): 1355.5139. Found: 1355.5134.

(Salen)manganese(III) complex (5a)

Dark brown crystals. (The crude complex was recrystallized from CH»Cl-hexane.) M.p. (dec) 213-215
°C. IR (KBr) 3449, 3049, 2928, 2856, 1597, 1427, 1331, 1294, 1105, 847, 737, 702, 557, 5i1 cm-l. Anal
Calcd for Cigg4HggFeMnNoO2PSi1227/2H,0: C, 72.67; H, 5.69; N, 1.63%. Found: C 72.72; H, 5.72; N,
1.59%. HRFABRMS m/z. Calcd. for Cy104aHgoMnN2028Sis (-FgP): 1509.5921. Found: 1509.5928.

oxidation

Typlcal procedure was exemphf ied with the oxidation of 1,1-dimethylindan using complex 5a as a catalyst:
In a 5 ml round-bottom flask were placed 1,1-dimethylindan (16.2 ul, 0.1 mmol), (salen)manganese(III)

complex (5a, 3.3 mg, 2.0 umol), and chlorohenzene (1.0 ml) under an argon atmosphere. The mixture was
cooled in a liquid nitrogen bath, degassed three times, and allowed to warm to -20 °C. This solution was
transferred by using a canula under an argon atmosphere, to another flask containing iodosylbenzene (22.0 mg,
0.1 mmol) and stirred for 20 h at the same temperature. The reaction mixture was quenched by adding several
drops of dimethylsulfide and directly chromdtobrdphc,d on short silica gel column ('nexane/'el'nyi acetate= 1/1).
The yield of 3,3-dimethylindan-1-ol (25 %) and 3,3-dimethylindan-1-one (10 %) were determine d by GLC
(optically active column: SUPELCO B-DEXTM 120 fused silica capillary column) analysis using p-
dichlorobenzene as an internal standard. The optical purity of the alcohol was determined to be 90% ee by GLC
analysis.

Isolation of the products was carried out as follows. The reaction mixture was quenched by adding several
drops of dimethylsulfide and concentrated in vacuo. The residue was chromatographed on silica gel
(hexanc/cthyl acetate= 1/0 to 9/1 to 8/2) to give 3,3-dimethylindan-1-o0l (3.3 mg, 20 %) and 3,3-dimethylindan-
1-one (1.4 mg, 9 %).
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7.33-7.18 (m 3H), 5.30-5.24 (m, 1H), 2.39 (dd, J= 129 and ()9 Hz, lH) (dd, J=12.9 and 5.9 Hz,
1T\ s Ia B4 "R 1TTN 1 AN s DT TY 1 AM 7 YTV
iH), 1.72 {(br s, 1), 1.40 (s, 3H), 1.22 {8, 30).

The absolute configuration of 3,3-dimethylindan-1-ol was determined after it was converted to the
corresponding (R)- and (S)-a-methoxy-a-(triflucromethyl)phenylacetic acid esters (MTPA esters) by its

e
reatment with (R)- or (§)-o-methoxy-a-(trifluoromethyl)phenylacetyl chloride and triethylamine. According to
the Kusumi's procedure,20 the relevant IH-NMR (600 MHz) spectroscopic data of MTPA esters were collected
as described in Table 4. All the signals were reasonably assigned by analyzing the 1H-1H COSY spectra.
Considering the sign of Ad values, the absolute configuration of Cl-carbon in the major enantiomer was

determined to be R.

(R)-1-Phenyl-1-ethanol (78% ee); [a]y +37.0° (¢ 0.06, CHyClp). [Lit:21(96.2% ee) [, +48.6° (c
1.0, CH2Clp)] 'H NMR: & 7.47-7.27 (m, SH), 4.91 (q, J= 6.6 Hz, 1H), 1.65 (br s, 1H), 1.50 (d, J= 6.6 Hz,
3H).

(R)-1-(4-Methoxyphenyl)-1-ethanol (87% ee); [()L]25 +44.7° (¢ 0.13, CHCl3). [Lit.21(88.5% ee)
[gf§+47;z° - 1,0, CHCly)] 'H NMR: & 7.31 (d, J= 8.8 Hz, 2H), 6.89 (d, J= 8.8 Hz, 2H), 4.87 (dq, J= 8.3
and 3.3 Hz, 1H), 3.81 (s, 3H), 1.70 (d, J= 3.3 Hz, 1H), 1.49 (d, J= 6.3 Hz, 3H).

3y JIR)5 a11).
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Table 4. 'H NMR data (chemical shifts and A8 values) of (R)- and
(85)-MTPA esters of 3,3-dimethy hndan 1-01®
R (ppm) 85 (ppm) AS (8K -85)
a 641 6.41 -0.00
d \¢ b 200 2.08 -0.08
- e 2.37 2.45 -0.08
e Y\, ¢ 130 131 -0.01
¢ J 0 1.21 1.29 -0.08
a d 721 7.19 +0.02
g OMTPA ¢ -9 7.33 +9
f 724 7.20 +0.04
g 740 7.30 +0.10

a) Data were obtained in CDClI; by using 600 MHz NMR.
b) Exact chemical shift could not be determined.
c) The sign of Ad was positive but its exact value was not determined.
(R)-1,2,3,4-Tetrahydro-i-naphthol (77% ee); [(‘z]z; -20.3° (¢ 0.08, CHCI3). [Lit.22 (>99.9% ee)
[(x]zé +26.8° (¢ 2.3, CHCl3) reported for the (S)-enantiomer] 'H NMR: § 7.45-7.41 (m, 1H), 7.26-7.17 (m,
2H), 7.13-7.08 (m, 1H), 4.80 (br s, 1H), 2.87-2.69 (m, 2H), 2.04-1.68 (m, 5H).

General procedure for kinetic resolution of racemic benzylic alcohols
Gcncral proccdure was exempliﬁed with oxidation of (+) henethyl alcohol using complex Sb as a catalyst:

P 5 DI Il PRS- POy | R o 1.\ Py PR iy i DU L T T T PPN U D |
cnioropenzence Soiution (I U Hii) OI p ﬁHClﬂyl dlL( nol dna p-aicnorooenzenc as an miernai sidnaara
(concentration of each substrate was 0 ! M and 0.05 M, respectively) under an argon atmosphere. The mixture

was cooled in a liquid nitrogen bath, degassed three times, and allowed to warm to room temperature. The 1
% of this solution was taken out of the flask as a zero point, directly chromatographed on a short silica gel
(hexane/ethyl acetate= 1/1) and submitted to GLC analysis using optically active column (SUPELCO B-DEX™
120 fused silica capillary column). The resultant solution was cooled to -30 °C and transferred by using a
canula under an argon atmosphere to the pre-cooled (-30 °C) flask containing iodosylbenzene (19.8 mg, 0.09
mmol) and stirred for 12 h at -30 °C. The reaction mixture was quenched by adding several drops of

dimethylsulfide and directly chromatographed on a short silica gel column (hexane/ethyl acetate= 1/1) to remove
the catalyst. The eluate was submitted to GLC analysis to determine the amounts of resulting alcoho! and
ketone.

The optical purity of the unreacted alcohol was determined by HPLC analysis of 3,5-dinitrobenzoate
derivative using optically active column (DAICEL CHIRALPAK AD, hexane/2-propanol= 15/1, flow rate= 0.5
ml/min).
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