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Enantioselective funcrionalization of olefins constitutes among the most exciting challenges in modem 

synthetic chemistry.t We have previously repotted that this process is realized bx cat$ytic asymmetric 

hydrosilylation of I-alkenesz and bicyclic olefins3 using palladiuq catalyst coot&at&i @h a novel optically 

active monophosphine ligand, 2-methoxy-2’-diphenylphosphino-l,l’-binaphthyl (MOP).4 As a part of our 

efforts to develop the wi& utility of this catalysis, hekrocyclic olefins were examined as the substrates. We 

describe herein the asymmetric hydrosilylation of dihydrofuran derivatives which is catalyzed by 0.1 mol % of 

the ~~~-MOP catalyst to give optically active ~~~ ~~~ of up to 95% ct. 

Tnzatment of 25dihydmfuran 1 with 1.2 equiv of aichlorosilane in the p”sence of lPk!l(x-C!3H5)]2 (0. I 

mol 96 of Pd) and @)-MOP (2 equiv to Pd) _wit&t solvent at 40 ‘C for 24 h gaie ~(~hl~~yl)~~~ 

furan (2) which was isolated by bulb-to-bulb distillation in 65% yield. Oxidative cleavage of the resulting 
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carbon-sillcon bond by modified Tan&s method3~5 (KF, KHCO3,30% Hzq2, THF-MeOH, rt, 16 h) gave 

alcohol 3 in 8496 yield which turned out to be an S isomer by measurement of the optical rotation ([a]aD +15.0 

(c 0.8, methanol). lit.6 for (S)-3 of 51% cc: [a]ggD +8.92 (c 2.4, methanol)). The enantlomeric excess was 

determined to be%% edby HFWanalysis of 3,~-dlnkml?himyl~carbamatc~tu’ 4, Which was prepared by 

tmatment of 3 with 3,Sdinl~opltqnyl isocyan3fc,.us+tg a chit& stationary phase column (S~ich~ OA-4000, 

n-hexan&lichlorocthane&hanol = 50/15/l) (Scheme 1). Reaction of 2,3-dihydrofuran 5 gave 2-silyltetmhydro- 

furan 6 in 86% yield under the similar reaction conditions and the enantiomeric excess was determined to be 

82% ec by NMR experiment of methylatui compmmd 7 (fQ1’u~ +lOS (c 4.20, chl~f~)) in the presence of 

Mhfc)3. 
~~~~tio~~on of the mcso bicyclic olefins which contain the 2,5dlhydtofuran skeleton by the 

asymmetric hy~ylad~ brought about shnultaneous generation of multiple chiral carbon centers (!Jchcmc 2). 

Thus, the asymmetric hydrosilylation of 7-oxabicyclo[2.2.1 Jhcptenes 8 and 9 with trlchkxosllanc took place in 

the pmscnce of Pd-(R)+KE’ catalyst ti similar conditions to give 2-~lyl-7-o~b~ycl~~2.l]hiqitancs 10 

and ll,.nspeCtiy~y, in hi yields~ YQe.ex(;-@+iyity g tlw hy~~y~ was very high, no endo-adducts 

being detected. The 1H I&R an~ HPLC analyscs~of the alcohols and tbehesters obtalttcd by the oxidation of 

trichlorosilane 10 and 11 revealed that alcohols 12a and 13a arc (lR,2&4R,JS,6R) isomer of 95% cc and 

(lR;ZS&5R,6S) of 90% cc rcspcctively.7 The absolute conflguratlon of 13 was &termincd by NMR studies 

on the h&PA ester 136.819’ The’dmi1s of the hydrosilylation nactlons arc summarixed ln Table I. It is 

remarkable that 3-phenoxy-l-p@& underwent the hydride m&r&on of allylic carbon-oxygen bond forming 

propene and phenoxysllane onder tbe hydrosilyladon conditions 10 while the reductive cleavage of carbon- 

oxygen bond was not observed with 2,5-~hy~~ (1) or its derivatives (8 and 9). 
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eeterification 
12~: Z - CCCCHa, X = OCONHPh 
13b: Z = CH&CH3, X = OCONHAr 

0 13c: Z = CH20CH3, X = 0COCH3 

Z 
z 13d: Z = CH20CH3. X = OCO-(S)-C(C?CH,)(CF~)Ph 

(Ar = 3,8dinitrophenyl) 

The synthetic utllltyof the optically active 7-oxabicyclo(2.2.l]heptanes is dcmonstratndby mglosclcctlve 

ring o+ing of the mtm&irofuran fanning ~ghly’~nction~~ cyclohexancs in optically active forms1 t A 

prelimin& qrsult is shown in Scheme 3. T&an&t of trlmethylsilane ‘14 ((lRJS,4R,SR,6S)-14: [a125D 

+7.43 (c ‘1.75, chloroform)), which was obtalnal quaintitativcly by methylation of 11 with methylmagnesium 
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TabIe I. Asymmetric Hydrosilylatitm Catalyzed by Palladium-MOPI 

cillryol& conditions product’ yitldb% yick+% %cc hOlUte 

(V, %ityy ofalcohol cotlflgumlion 

-. 

1 1 40°C, 24h 2 65 (-1 83 (3) 99 (3W 

’ 2 5 25T, 12h 6. 86 (-) - 82f --d 

3 8 2O”C, 24h ‘i0 91 (1oo:O) 87 (12a) 99 (lR,2&4R,5S,6R)h 

4 9 -20°C, 24h 11 86 (1oo:O) 93 (13a) 90” (lR,2S,4RX6S)i 

a All reactions were run without solvent in the presence of palladium catalyst prepared in situ by mixing 
[PdCl(x+HS)]2 (0.1 mol % Pd) and (R)-MOP (i equiv to Pd), The ratio of olcfin/HSiC1~.is l/1.20- 
1.25. 6 Isolated yield C The ratio of exe : endo of silyl group. Determined by GLC and ‘H NbIR 
analysis. d Determined by IIPLC analysis of (3,5-dinitrophenyl)carbamate ester (4 (entry l), 12b (entry 
3), l3b (entry ,4)) with Smnichiral OA-4000 (q-hexane/dichloroethane&hanol = 50/10/l). e See text. f 
Determined by 1H NMR analysis of trimethylsilyl derivative 7 using Eu(hfc)3. 8 Not determined. h 
Assigned by similarity of 12b to 13b in the order of elution in the HPLC analysis. i Determined by 1H 
NMRofMTPAesterI3d(mfgand9). 

bromide, with 3 equiv of acetyl bromide in benzene at 40 ‘C for 24 h gave 81% yield of penta-substituted 

cyclohexane 1513 along wim 9% yield of cyclohexene f6. The ring opening of the &.rahydrofuran pr&eeds 

through the activation of carbon-oxygen bond ,by coordination of acetyl cation on the oxygen.“2 The high 

selectivity forming lgis accounted for by mgioselective nucleophilic attack of bromide on one F the bridge- 

head carbon with inversion of con@uration from smrically less hindered site. The minor product 16 may result 

from the attack of bromide on the tat&ally more hindered site followed by Peterson-like elimination of the 

msulting fGromosilane.14 

Scheme 3 

CH&OBr 

il:X=CI 15 -1 6 
14: X = CH3 61% 9% 

(R = CH20CH3) 
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