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ABSTRACT - Reductive cleavages of homochiral acetals using 
Le'wis acid-hydride systems and of alkynyl acetals using 
organoaluminum reagents are described. Stereochemical 
outcomes are found to be the opposite compared, with our pre- 
vious results on the aluminum hydride reduction of the acetal. 

We have recently described the diastereoselective cleavage of homochiral 

acetals derived from the condensation of unsymmetrical ketones and (-)- 

12&4R)-2,4_pentanediol to give, after removal of chiral auxiliary, optically 

active alcohols with high enantiopurities. The observed high 

diastereoselectivity was ascribed to a stereospecific coordination of the 

organoaluminum reagent to one of the acetal oxygen followed by the hydride 

attack syn to the cleaved carbon-oxygen bond (Scheme l).' 
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From the beginning of the studies of this workl we have been interested in 

the possibil$ty to achieve the inversion of the stareochemical outcome of 

hydride attack to the acetal group, which, if successful, would provide a 

method to give both enantiomers from a single chiral Starting acetal. Our 

approach to this enterprise was first focused on the Lewis acid catalyzed 

hydride ate&k anti to the departing oxygen atom. In fact, Johnson and his co- 

workers reported that the cleavage of the homochirai acetal with orqanosilicon 

reagents in the presence of Levis acids such as t.ttanfumlIY) chloride was 

taken place via antf attack of the reagent.' Thusz the combination of Lewis 

acid and hydride reagent should also result th_ desired anti selectivity, 

Another indirect approach to this problem came from the consideration that 

homochiral acetal 1 would exist as conformer 2 where R' is stericallly larger 

than R2 I whereas the employment of the sterically less hindered acetylenic 
group would resu1t.t~ occupy the axial position even Rt is methyl, 

FurthermorQ, since the optically pure propargylic alcohols have been 

recoqnized*as important synthetic intermediates for a variety of natural 

products, %t is synthetically important to provide aqeneral method for the 

preparation af this class of compouhds,3 Herein,’ we report the reductive <1. 
cleavages oi bomochiral acekds 'by the combined use uf Lewis acids and sil.yl 

hydride re&ents and we also $3e@cribe ,the selectfve~cleavaqe of acstals of 

alkynyf ketones, a,new method'for the synthesis of o&dtaU,y- pure proparqyffc 

alcohols aft* removal of chix!$ auxi:l.iary.4 

Reductive cleavage4 of ,haao'chiral acetar using tie+iie a.cid-hydride 

systems: In 1962 the reagent combination of triathyl&l~ne-F'inc chloride wae 

reported'& reduce noncyclic acetais and ketals to ethers-5 It was also 

repcrted that the reaction of the acetai with trimethylsilane in the presence 

of catalytic amount of trimethylsilyl trif3.uoromethanesulfonate gave a reduced 

ether by Noyori.'j These papers encouraged us to explorethe possibility on 

the selective cleavage cf the homochiral acetal ad.a'r4Lpentaned~02by using 

Lewis acid-bvdride system. 

some results of the reactions of the acotal derived frbm I-cyclohexyl- 

ethanone.and (-f-(2R,9R1-2,4-pentane.dial with various Le#is acids .add hydride 

reagents r&e shown in Tables i C§cheae 2). In hritmatic contrast to the 

Scheme 2 

previous resluts with dibromoalumfnum hydride reagent# the stereochemical 

outcome of the reaction was found to be the opposite: the reaction proceeds 

from the a-face of the carbonyl, The dfastereomertc ratio was determined by 

qc analysis of the cleaved ether which showed a clear base line separation of 

the two peaks. The minor peak was identical with the previously abtained fsf- 
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isomer from aluminum method. Among the various combination of Lewis acids and 

hydride reagents examin?d , the addition of triethylsilane to the mixture of 
the acetal and titanium (IV) chloride at low temperature found to be the most 

effective. The inverse addition (titanium (IV) chloride to the mixture of 

acetal and triethylsilane) also gives a similar diastereoselectivity, however, 

almost a 1:l diastereomerlc mixture was obtained from the reaction using the 

premixed reagent of trietylsilane and titanium (IV) chloride. Boron 

trifluoride etherate also showed the high diastereoselectivity with high 

chemical yield. The use of aluminum chloride or tin (IV) chloride as a Lewis 

acid gave the low selectivities. Interestingly, the reaction with t- 

butylmagnesium chloride in the presence of titanium (IV) chloride was also 

effective as a hydride source. I 

Table 1. Reductive cleavage of the acetal 1 

(R' = c-hex, R2 = Me) 

Lewis acid Hydride reagent Condition - 3 - 

(eguiv) (eguiv) OC , h Yield Ratio 

(9) 3a:3b 

TIC14 (1.2) Et3SiH (1.2) -70 , 0.5 85 98:2 

SnC14 (1.0) Et3SiH (1.0) -78 ) 0.5 93 65:35 

-20 , 2.0 

AK13 (1.2) Et3SiIi (1.2) -78 , 8.0 69 66:34 

BF30Et2 (1.0) Etjsiri (1.0) -78 , 5.0 93 93:7 

-20 , 15.0 

TiC14 (1.2) tBuMgC1(5.0)g -78 , 1.0 76 94:6 

= A 0.82 M ether solution titrated prior to use. 

The reactions of the acetals of other ketones are summbtited in Table 2. 

The selectivity was improved by lowering the reaction temperature. The 

reaction of aromatic acetal, howaver, afEorded a complex mixture. The 

moderate selectivities were realized by the use of tin (XV) chloride as a 

Lewis acid. It should be noted that the reaction is highly chemoselective.' 

Thus, the acetal of ethyl levulinate which has acetal and eater groups in the 

molecule, gave the corresponding ether in good yield with high khemo- and 

diastereoselectivities. 
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Table 2. Cleavage of various acetals with triethylsilane 

-l- Lewis acid Condition - 3 - 

R' R2 (equiv) OC , h Yield Ratio 

(e) 3a:3b 

Hex Me TiCl, (1.2) -78 , 1 .5 97 88:12 

TIC14 (1.2) -90 , 0.5 76 93:7 

Ph Me SnC14 (1.2) -78 , 0.5 24 81:19 

-40 , 1.5 

(CH212- Me Tic14 (1.2) -78 , 1.0 85 94:6 

CCOEt 

Reductive cleavage of a,&alkynyl acetal: The sequence of the reaction 

was summarized in Scheme 3. Reduction of 

Scheme 3 

‘,++ff 
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the acetal was carried out with 

H-Al: 

excess organoaluminum reagents such as diisobutylaluminum hydride (DIBAH) and 

dibromoaluminum hydride (Br2A1H). The diastereomeric ratio of the cleaved 

ether 5 was determined by gc analysis, which showed a baseline separation of 

two isomers. Especially noteworthy is the easy separation of isomers by 

simple column chromatography on silica gel. Thus, the optically pure 

propargylic alcohol was obtained after removal of chiral auxiliary by the 

previously reported manner (oxidation followed by the base treatment). The 

optical purity of the obtained propargylic alcohols was confirmed to be pure 

by the measurement of specific rotation and gc analysis of the corresponding 

(+I-MTPA esters.' 



Table 3 shows the results sf the cleavage of eollae alkynyl acetala. Roth 

DIBAR and Br2AlR were equally effeotive for the cleavage reaction. It should 

be noted that the carbinol 6a shows (Et-configuration. ThumI &erically less 

hindered alkynyl group 'should occupy the axial position in' the six-membsred 

transition state 7 as ahown below. Aa the eteric bulkiness of R2 group is 

getting larger, diastereoeelectivity of the cleavage reactian' was improved. 

R’ 

=p1-,I,- H 

&t- d’ R2 

0 
Me 

7 

The reaction 'of the acetal 4 with triethylsflane in the presence,of Lewis 

acid (TIC14 or SnCl4) could also inverse the streuieiectivity codpalied with 

the base using alwninulb hydrides to afford'the corresponding ether 5b with 

the ratio of‘96:4. 

Table 3. Reduction of the alkynyl acetals 4 

4- 

: R2 

Reagent Conditions - 5 - 

Cequiv) OC , h yield' Ratio 

I%) Sa:Sb 

Bu He DfBAH (2) 0 , 6 68 85:15 

DIBAR (4) 0 I 1 80 93:? 

DIBAH (61 0,’ 99 96:4 

Br2AlH (2) -20 , 5 53 5o:so 

Rr2AlH (4) -20 , 3 99 68:32 

Br2AlH 16) -28 “ 3 100 93:7 t 

Bu Et DIBAH (4) 0 , 1 93 9713 

Rr2Al.H f6l -20 *..5 98 98:2 

Me iBu Br2AlH (6) -20 , 4 99 98:2 

Ph Me -DIBAH (6) 

Br2AlH (61 

Ph Et Br2AlH (6) -20 ) 2 99 

He %3x Br2AlH (6) 

0 ;2 86 

-20 ,'2 92 

-20 , 1 98 

98:10 

90:lO 

95:5 

99:l. 
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treated with potas:jium fluoridq (0.2 g) in 3 mL of methanol for 2 h to remove 

the oily1 group of the product, Thg resulting mixtur8 was poured into water 

and the prciduct WAS -tract&i with ether. The organic layers ware dried over 
anhydrous sodium ,sulfste., concentrated in vacua and purified by column -- 

chromatbgraphy on siLica gel (hexane-ether, 5:l) to give 3 in 85% yield as a 

colorlhss oL1. Gc analysis (13OOC) showed two peaks with the ratio of 98:2, 

and the minor peak was identical with previously obtained (S)-isomer: tR = 

15.0 (minor) and'15.8 (major) min. The reactions of the acetal 1 with other 

Lewis acids were carriea out in the similar manner described above. The 

results of gc analyses of acetals 3,were listed below: 3 (R' = n-hexyl, R2'= 

Me; 115OC); tR = 11.4 (minor) and '12.3 (major) min. 3 (R' = Ph, R2 = Me; 

15oOc); tR = 10.9 (minor) and 14.0 (major) min. The physical property and 

analytical data of 3 (R' = (CH2)2COOEt, R2 D Me) is as follows; Gc (18OOC) tR 

= 9.4 (minor) and 10.2 (major) lain; IR. (neat) 3760-3000 (br), 2960, 2920, 

1720, 1470, 975 cm-'; 'Ii NMR (CCl,).b 4.03 (q, J = 6.8 Hz, 2 H), !..20 (t, J = 

6.8 Hz, 3 H), 1.12 (d, J = 6.0 Hz; 3 H); Anal. Calcd for C,2H2404: C, 62.04; 

H, 10.04. Found: C, 62.26; H, 10.19. 

Preparation of a,&aibynyl acetal.4: Aceta.ls 4 were prepared from a,@- 

alkynyl ketones 3 and (-)-(2&4&);2,4_pentanediol in the presence of catalytic 

amount of pyridinium tosylate.' The physical properties and analytical data 

of tb acetal 4 were listed below. 

4 (R' = Me, R2 = II-Bu): 78% yield. ta125D +8.86O (c 1.10, CHC13) TLC, Rf l 

0.55 (hexane-EtOAc, 5:1); IR (neat) 2930, 2860, 2230, 1363 cm-'; 'H NNR 

(CC14)d 3.80-4.58 (-m, 2 Ii), 2.03-2.60 (m, 2 H), 1.43' (s, 3 H); Anal. Calcd for 

C,3H2202: C, 74.24; H, 10.54. Found: C, 74.00; H, 10.78. 

4 (R' = n-Bu, X2 = Et): 81% yield; [talks,, +lO.l" (c 1.01, CHC13); TLC, Rf = 

0.56 (hexane-EtOAc, 5:l) ; IR (neat) 2970, 2930, 2870, 2210 cm-'; 'H NMR 

(CC14)d3.73-4.57 (m, 2 H), 2.00-2.67 (m, 2 Ii); Anali Calcd fot CliH24O2: C, 

74.95;. H, 10.78. Found: C, 74.76; H, 10.97. 

4 (R' * Ph, R2 = Me): 91% yibld; [a]24D +10.3O (c 1.14, CHC13); TLC, Rf - 

0.53 (hexane-EtOAc, 5.~1) IR (neat) 2980, 2940, 2230, 1140 em-‘; ‘H NNR (CC14) 

b 7.07-7.64 (m, 5 H, ArH), 3.87-4.67 (m, 2 H), 1.57 (s, 3 H); Anal. Calcd for 

C15Hq8O2: C!, 78.23; A, 7.88. Found: C, 78.19; H,.7.92. " 

4 (R' = Ph, R2 = Et): 92%,yield; (a125D +9.41° (c 1.06, CHC13); TLC, Rf = 

0.65 (hexane-EtOAc, 5:l); IR (neat) 2980, 2930, 2880, 2230 cm-': 'H NMR (CC14) 

6 7407-7.57 (m, 5 H, ArH), 3.87-4.64 (m, 2 H,); Anal. Calcd for C16HiO02: C, 

78.65; H, 8.25. Found: C, 78.57; H, 8.33. 

4 (R' - Me, R2 = i-Bu): 38% yield; [a125D +2.:41° (c 1.02, CHC13); TLC, Rf = 

0.63 (hexane-EtOAc, 5:l); IR (neat), 2950, 2890, 2270, 1380 cm-'; 'H NMR (CC14) 

d 3.70-4.54 (m, 2 H), 1.84 (s, 3 H); Anal. Calcd for Cl3H22O2: C, 74.24; H, 

10.54. Found: C, 74.04; H, 10.74. 

4 (R' = *a, R2 = cyclohexyl): 63% yield; [a]25D +7.07O (c 1.03, CHC13); TLC, 

Rf = 0.57 (hexane-EtOAc, 5:l); TR (neat) 2930, 2860, 2250, 1140 cm”; ‘I+ NMR 

(CC14) b 3.67-4.57 (m, 2 S), 1.83 (8, .3’H); Anal. Calcd for C15H24O2: C, 

76.23: H, 10.23. Found: C, 76.15; H, 10.31. 

General procedure for the reduction of ahfral acetal 4 (II' -n-B& R 2 = 

IIe) using DIBAB. To a solution of the acetal 4 (105.2 mg, 0.5 mmol; R' = n- 

Bu, R2 = Me) in dry dich.loromethane (3 mL) was added diisobutylaluminium 
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hydride (DZBAH~ 3 mL of an 1 Bh‘exane solution) at 0%. After being stirred 

for1 h, the mixture was poured intoltcecolddflute hydrochloricacid and the 

product was extracted with ether. Remavaf of the dried solvent left a crude 

oil which was purified by column chromatography on sflica gel (haxane-EtOAc, 

f:l) to afford the alcohol. 5 (RI = n-Bu, R2 = Me) as an oil (yield 90%). The 

diastereomeric ratio wa# determined by Gc (Saf5b * $614); tR = 9,4 (5b), 13.7 

(5a) min (15,OoC); TLC, Rf(5b) - 0.22, Rf(5a) = 0.30 (hexane-EtOAc, 5:l); IR 

(neat) 3410 (brf, 2960, 2940, 2870, 2250, 1450, 1370, 1330, lob0 cm-'; 'H NHR 

fCCl4td 3.60-4.43 fm, 3 RI, 1.9-7-2.63 #m, 3 Hi; kn~l* Calcd for Ct3X2402: C, 

73.54; HI 11.39. Found: cj 73.59; H, 11,34; 

Reductkon of chirall ecetal 4 (Rl = n-I&. R2 L Be) using Br2L1B: Lithium 

alumfnium hydride (29 mg, 0.75 mmol) was added to a solution of aluminium 

bromide (0.60 g, 2-25 mmorl i.n dry ether (3 mLf at OoC. After stirring the 

resulting suspension for 10 min, was added dropwise at -20°C the &c&al 4 .(0.5 

mmoll in dry ether (3 mt). After being stirred for 3 h, the mixture ~8s 

poured into ice cold dilute hydrochloric acid and the product was extracted 

with ether. Removal of tha dried solvent left a crude oil which was purified 

by'cofumn chromatography on silica gel.(hexane-EtOAc, 8:11 to afford the 

alcohol 5 (RI = n-BU, R2 * Mel ae afi ail lyfeld >99%$. The diastereomertc 

ratio of the product was determined by Gc (93:fk, Reductive ckavayes of 

other acetals were carried out in the similar~manner, The phys%cal properties 
and analytical data of the alcohols thus obtained axe listed below. 

5 (R' = n-Bu. R2 = Et)% Gc (lsooc) tR 1. 12.1 (5b), 16.4 (Sa) min; TLC, 

Rf(5b) = 0.27, Rf(5a$ = 0.22 (hexane-EtOAc, 5~11; XR (neat1 3450 (br), 2970, 

2940, 2250, 1460t 1380* 13301 1130 cm-l; 1E NER (CCl($&3.64-4:30 fms 3 ?I), 

2.30-2.40 (m, 3 Ii); Anal. Calcd for C14H26Q2: C, 74.2%; H, 11.58, Found: C, 

?4;02; HI 11*85+ 

5 (R' = Ph, R2 = He): Go (2OO*C) tR r 11.8 (Sb), 15.7 (5a) min; TLC, Rf (Sb) 

= 0.27, Rf(5a) Q 0.19 (hexane-EtOAc, 5:l); IR fneat) 3430 tbr), 2980, 2940r 

1610, 1100, 760 cm-l; 1 H EBR (CC14fS7.03-7.53 (m, 5 E, ArHIr 3.73-4.67 t&,.3 

x1, 2.97 ts, 1 H, OHS; Anal. Calsd for CtSH2002: C, 77.55; H, 3.68, Found: C, 

77.56; .B, 8,67. 

5 (R' = Ph, R 2 = Et): EC (2OOOC) tR * 15-3 (Sb), 20.7 (5ai min.: TLC, Rf(Sbf * 

0.19, Rf(5a) I 0.11 (hexane-EtOAc, 5tl); IR (neat) 3450 (br), 2980, 2950, 

16101 1100, 10?O1 760 cm-l; 1 B NWR (CCI4i &T.O0-7.57 (m, 5 E, ArE), 3.67-4.43 

(m, 3 HI, 2,37 Is, 1 H+ OWi; Anal. Calcd for C16E2202: C, 78.00; Ht 9-00. 

Found: C, 78.00; Ii, 9.00, 

5 (RI = We, R2 = i-Bu):Gc (150°Cf tR = 7.1 (Sbl, 9.4 (5af mfn; TtC, RffSb) - 

0.36, R 
f 
(Sa) = 0.22 (hexane-EtOAc, 5:l); IR (neat) 3400 (br), 2950, 2100, 1640 

cm -1; H NMR (Ccl,tb 3.50-4.40 (m, 3 E), 2.60 (s, 1 E, OH), 1.80 (6, 3~1.9 

Hz, 3 Hi; Anal, Calcd for Cl3H24O2; C, 73.54: E, 11.39. Found: C, 73*49; RI 

11.44. 

5 (a' = i&e, R2 = cyclohetyl): Gc (180'C) tR - 7,1 (Sb), 9.0 (!%a) min; TLC, 

Rf(Sbf = 0.26, Rf(5a) = 0,21 (hexane-EtOAc , 5:l); IR (neat) 3430 (brl, 2930, 

2860, 1450, 1380, 1330, 1060 cm-l; ‘H NMR (Ccl41 & 3.60-4.30 (m, 3 H), 2.60 

(s, 1 R, OBjl l-83 (d, 512.0 Hz, 3 H!; Anal. Cafcd for C15H2602: C* 75.58; Er 

10‘99, Found: C, f5.53: Et ll.04. 
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ReduCtiVe cleavage of the acetal 4 with Bt3SiH in the presence of TiCl4: 

To a solution of the acetal 4 (0.105 g, 0.5 mmol) and triethylsilane (0.080 

mL, 0.5 mmol) in 3 mL of dichloromethane wau added TIC14 (0.5 mL of f M 

dichloromethane solution, 0.5 mmol) at -78OC. The mixture uas stirred there 

for 2 h. 0.5 mlof methanol was added andtheresulting mixture was r-aisedto 

room temperature and the product was poured into 2 N hyarochlarfc acid. 

Extraction of the Product with ether twice followed by the removal of dried 

solvent to give a crude oil which was treated with KF-UeOH in a similar manner 

as carried out in the reduction of the acetal 1 to give a 63.2 mg of 5b (58%). 

Gc analysis showed the ratio of 94:6; tR = 9.4 (major) and 13.7 (minor) min 

(150°C) which was identical with those of the product of afuminum hydride 

reduction. The reaction of 4 with SnC14 was also carried out similarly to 

afford 5b in 67% yield with the ratio of 95:5. 

Remeva of chfral mxiliary. Rrepratiou of 3-ootyn-2-01 (R' * rG%u, R2 

= We). Oxidation of 5a (R' = n-Bu, R2 P Me), was carried out with pyridinium 

chlorochromate (215.6 mg, 1.0 mmol) in dichloromethane (3 mL) at room 

temperature for 14 h. A Saturated aqueous sodium bisulfite (16 mL) was poured 

into the resulting Suspension and the Separated organic layers were 

concentrated in vacua to give the crude oil which was subseguently treated -- 
with potassium carbonate (0.7 g) in methanol (5 mL) at room temperature for 2 

h: The mixture was diluted with water and the product was extracted with 

hexane twice, concentration in vacua and chromatography on silica gel (hexane- -- 
ether, 10 : 1) furnished the optically pure (R)-3-octyn-2-01 (6a, R' 2: Bu, R2 

= Me) in 71 % yield from 5a as a colorless liquid. TLC, Rf = 0.22 (hexane- 

EtOAc, 5:l); IR (neat) 3350 (brl, 2950, 2930, 2860, 2250, 1150, 1080 cm-'; 'H 

NMR (CCl4) 64.37 (4, J = 7.0 Hz, 1 a), 2.63 (s, l H, OH), l-93-2.50 (m, 2 H); 

1.33 (d, J = 7.0 Hz, 3 H); taJz4R +39.11° (c 1.63, ether); lit. [al23D +33.0 

(c 1.62, ether).3a 

I-Nonyn-3-01 (6a, R' = n-But R2 - Et)r TLC, Rf I 0.41 (hexane-EtOAc, 5:l); IR 

(neat) 3350 (br), 2970, 2950, 2890, 2270, 1460 cm"; 'H NHR (CCl4)&4.00-4.44 

(m, 1 H), 1.90-2.47 (m, 3 II); IPj26, +21.60° (c 1.03, ether). 

I-Phenyl-3-butyn-Z-01 (6a, R1 = Ph. P2 I Me): TLC, Rf = 0.10 (hexane- EtOAc, 

5:l); SR (neat) 3330 (br), 2990, 2250, 1610, 1100, 750 cm-'; 'Ii NMR (Ccl,) 6 

6.93-7.87 (m, 5 H, ArH), 4.67 (q, J = 6.0 Hz, 1 H), 3.23 (8, 1 H, OH), 1.50 

(d, J = 6.0 NS, 3 H); Io12'B i36.68O (c 0.81, CHC13); lit. [oj25 

(neat).3e 
B +51.8O 

I-Phenyl-1 -pentyn-3-01 (6a, R1 - Ph, R2 = Et): TLC, Rf = 0.16 (hexane-EtOAc, 

5:l); IR (neat) 3330 (br), 2970, 2940, 2880, 2240, 1660, 1490, 1440, 760, 690 

cm -1; 'H NMR (CCl4)6 6.97-7.50 (m, 5 H, ArH), 4.43 (t, J = 6.0 HZ, 1 H), 2.67 

(s, 1 H, OH), 1.50-2.10 (m, 2 H), 1.03 (t, J = 6.0 Hz, 3 H); la12'R +21.97O (c 

1.27, ether). 

6-Methyl-2-heptyn-l-01 (6a, R' = We, R2 = i-Bu): TLC, Rf I 0.25, (hexane- 

EtOAc, 5:l); IR (neat) 3350 (brl, 2960, 2940, 2880, 2250, 1460, 1030 cm-'; 'H 

NMR (CC14) 8 4.00-4.44 (m, 1 H), 2.27 (s, 1 H, OH), 1.80 (d, J - 1.8 Hz, 3 H), 

O-90 (d, J = 6.0 Hz, 6 H); [a124D il5.10' (c 2.47, CHC13); lit. (a125B +13.48O 

(C 4.9, CHC13).3d 



764 A. Mo~l et &. 

Referewe 

1. Mori, A,; Fujiwara, J.; Maruoka, X.; Yamamoto, H., Tetrahedron L6tt.t 

1983, 2& 4581; Idem, & Oroanometal. Chem., 1985, 285, 83. 

2. Bartlett, P. A.; Johnson, W. S.; Elliott, J. D., J. Am. Chem. &&, 1993, --- 
u, 2088.. 

3. (a) Noyori, 8,; Tumino, I.; Yamada, M,; Niehizawa, M., J. Am. Chem. s0c.1 

1984, mt 6717. (b) Johnson, W. $3.; Brinkmeyer, R. 9,; KaRpOr, V. Me; 

Yarnell, T. M., J- Am. Chem. &g., _L_-- 1977, 99, 8341,. (cl Cohen, N.; 

Lopresti, R. S.; Newkomr C.; Saucy, G., J. Org. Chem., 1966, $5, 582, fdl 

Brinkmeyer, R, S-i Xappor, V. M., J. Am. Chem. SOC., 0977, 2, 8339. ---- <e) 

Midland, M. M.; McDowell, D. C.; Hatch, R. L.; Tfamontano, Act & dar, 

Chem. m, 1980, w, 867; Midland, M. M.; Tramontano, A.; Kazubski. A.; 

Graham. R. S., Tetrahedron, 1984, 4J 1371. (X) Reviews: Morrison* J. 

D.; Masher, H. S. '"Asymmetric Organic Reactforks", Prentic%-H&11: Rnglewood 

Cliffs, N. J., 1971; pp 1,6Q-218; Valentine, D.; Scott, J. W.,.Svnthesis, 

1978, 329,; Kagan, H.; Fiand, J. C. TOp. Stereochem., 1978i j& $75; 

ApSimon, Y. W.; Seguin,.R+ P. Tetrahedron, t979,* a, 2797; Noyori,.R- Pure 

& AmI. Chem,, 1981, !& 2315; Haubenstock, II., TQP. SteteOUheKI., 1983, 

J4, 231. 

4. Preliminary communication: Ishihara, K.; Mori, .A.; Alai, I.; Yamamoto HII 

Tetrahedron Let+ 1986, ;3t, 983; Mori, 'A.; Ishihara, K-7 Yamamoto, H., 

Ibid., 1986, 27, 987. 

5. Frainnet, E.; Hsclamadon, C", Comvt, Rend., 1962, 254, 1814. 

6, Tsunoda, T.; Suzuki, M.; Noyori, R., Tetrahedron.Lett., 3979, 4679. 

7. Naruoka, K,; Sakurai, M,; Yamamoto, He, Tefrahedxo& Lett., 1985, 38 3853. 

8. Reetz, M. T.; Westermann, 3.1 Steinbach, R.# Anoew. Chem,, In& .Hd. Eng1.e 

1980, l!& 900; MoriV A.; Maruoka, X.; Yamamoto H., Tetrahedron Lett., 

1984, 2& 4421. 

9. Dale, J. A,;__ Dull, D. L,; Masher, ii. S., Ja a Chent,, 196?9, 3& 2543, 

10. Ito, K.; Harada, T.; Tai, A., Bull., Ch%m. Soo- rfPnc, 1,980, & 33670 -- 


