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Abstract: Novel C2-symmeu'ic chiral bisoxa~oline ligands with four asymmetric centers were 

readily synthesized from the two enantiomcrs of tartaric acid and several aminoacids v/a the 

corresponding bis(~-hydroxylamide)s and dimesylates as successive intermediates. With these 

novel chiral bisoxazoline ligands, rhodium(1)-catalyzcd hydrosilylation of accmphenonc was 

carried out and the effects of the combination of the four asymmetric cenmrs as well as the 

substituent on oxazoline ring of the ligands on the reaction were studied. 
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Chiral oxazolines derived from readily available aminoacids have found widespread use as chiral 

ligancis in asymmeu'ic catalytic reactions, s In this article, we report the preparation of a new kind of Cf 

symmetric chiral bisoxazoline ligands I and 2 from two chiral sources, tartaric acid and aminoacids, and their 

application to the enanfiosclective hydrosilylation of acctophenonc. 

'R R R R 

1 2 3 4 

Our design for this new kind of ligand is such that it is possible to let them possess a number of 

structural features which make them effective for the stereoconlrol in metal-catalyzed reactions. First, they 

possess four asymmelric centers, two from ~ . c  acid and two from an aminoacid (Figure I). By changing the 

combinations of the enantiomers of these starting materials, the su:reochemistry of the four asymrne~c cenmrs is 

adjustable. Secondly, the bulkiness of the subsfituent on oxazofine ring is also adjustable by changing the 

mninoackl. Therefore, by proper selection of the s~reochemistry of the four asymmetric centers and the 

bulkiness of the substituem on oxazoline ring, the best structure of this kind of ligand for the specific 

r~l~t of a particular mac'lion may be obtained. 

In addition, on coordination of the ligand to metal, the tetra-cyclic complexes 3 and 4 are formed. Since 
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Figure I 

these complex strdctures are very rigid, higher enantiomeric excess may be induced? .4 Furthermore, the seven- 

membered coo~inadon ring in complexes 3 and 4 makes the two substituents on the oxazoline rings closer to 

coordi~.LM and incoming subslrates than five- and six-membered coordination rings, suggesting a larger 

influenco on the c~lysis and to higher enantiomeric excess. All of these structural features may offer us an 

opportunity to develop novel effecdve ligands for asymmetric catalysis. 

There are several methods 5~ reported for the preparation of oxazollne compounds from carbonyl 

compounds and most of them are operated under acidic conditions. Intlze case of preparing 1 and 2, however, 
these methods can not be adopted because of the presence of acid-sensitive 1,3-dioxolane groups in the 

compounds. RccemIy, we !.~ and Denmark ~ independently reported an improved method for the preparation of 

oxazollne compounds via the corresponding mesylates. With this convenient and effective method, 1 and 2 
were readily synthesized in high yields from dimethy] esters 5 and 6 and enantiomerica]ly pure aminoalcohols 

under basic conditions (Scheme 1). Thus, 5 and 6 prepared from (L)-tartaric acid and (D)-tartaric acid' were 
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heated with 2.1 equivalents of aminoalcohol at 120 °C for 3 h to give almost quantitatively bis(F 

hydmxylamide)s 7 and 8, respectively. Compounds 7 and 8 were further converted to dimesylates 9 and 10 by 

tmalment with 2. 5 equivalents of methanesulfonyl chloride in dichloromethane in the presence of 6 equivalents 

of triethylamine for I h at 0 *(2 and then for 3 h at room temperature. Reaction of 9 and I 0 with 3 equivalents of 

pulvaized sodium hydroxide in tetrahydrofuran for 72 h at room temperature afforded 1 and 2 in maximum 

87% ovendl yield based on 5 and 6, respectively. 

In recent years, rhodium-catalyzed hydrosilylation of ketones, especially acetophenone, as an important 

asymnmlric catalytic reaction has been investigated by Brunner,' Nishiyama, z~ Helmchen," and Ucraura ~ using 

oxazolinc compounds as chiral ligands (Scheme 2). With the present new kind of bisoxazoline ligands in hand, 

we also investigated the rhodium-catalyzed hydrosilylation of acetophenone (Table 1 ). 

h .  Ph .~OSiPh 2 Ph .H Ph 
P%P----O H2SiPh2 \ C f  H ",,C #" \ H 

[Rh(COD)C~]2 
~ C ~  OS~Ph 2 / -  

Ligand, H3C./ ""H + ' /  ''~ H. 
+ 

HsC H3C OStPh2 H2C//" 

Ph .OH Ph\ jb.H P h \ =  O 
H3 O÷ ~ \ C  'P' + + 

HaC / "~'H H 3C/C""/OH H3C 
/ 

Scheme 2 

Table 1 Enantiosclecdve Rh(I)-Catalyzed Hydrosilyladon of  Acetophenone ' 

Run Ligand Solvent Time Temp Yield, %b co, % c Abs 
h °C conflg d 

1 la PhCH 3 120 -30 8 n.d n.d 

2 la CCI4 72 -5 90 64 R 

3 la CCI4 48 rt 86 58 R 

4 2a CCI4 72 -5 72 49 R 

5 l b  CCI 4 72 -5 84 65 R 

6 2b CCI4 72 -5 86 49 R 

7 lc  CCI4 72 -5 81 44 R 

8 2¢ CCI4 72 -5 82 25 R 

9 ld  CCI4 120 -5 56 12 R 

a) Conditions: Ligand (0.08 mmol), [Rh(COD)CI]z (0.01 retool), PhCOMc (2 mmol), Ph~SiH2 (3.2 retool), 
PhCHs (0.5 ml) or CC4 (0.1 m]). Consumption of ac~ophcnone was checked by TLC examir, afion, b) The 
chemical yield was determined by ~H-NMR studies using 1,1.2,2-w,u'achloroethan¢ as internal standard, c)The 
exzandomedc excess (% ee) was dclcrminod by FIPLC analysis using a DAICEL CHIRALCEL OB column, d) 
The absolute conl'q~uradon was dctcrminod by optical rotation. 

With l a  as a ligand, we f'urst examined the effect of temperature on the ca~ytic reacdon (run 1-3). At 

-30 ~C, the reaction proceeded very slowly and only 8% phenethyl alcohol was obtained aftra" 120 h (run 1). As 

the temperazure was raised to -5 °C, acetophonone was completely consumed within 72 h and phenethyl alcohol 
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was obtained in 90% yield with 64% ee (run 2). When the temperature was raised to room temperature, the 

rea~km was ~ further but the ee was slightly down (run 3). Therefore, the ideal nutcfion tempera~-e 

was -5 oC and at this temperature the w.acfion with 1 b-d and 2a-c as ligands was carried out (run 4-9). From the 

experimental results, it was shown that l a - c  and 2a-c derived from two opposite enantlomers of tartaric acid 

gave the same chiml sense of enantiosclection. Therefore, the chiral sense of  enantioselection was determined 

only by the chirality of oxazoline ring derived from aminoacid. The cc with l a - e  was higher than that with the 

concspoading 2a.c,  showing that the chirality of the dioxolane backbone derived from taruu'ic acid affected the 

degree of enantiomeric excess of the product. From Figure 2, it was clear that the steric environments of the 
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Figure 2 

w.aciion site of ligands 1 and 2 were very different and the substituent on the oxazoline ring of ligand 1 was 

placed nem~ to the reaction center than that of 2, and therefore had a bigger effect on the enantioselectivity. It 

was also known from Table 1 that the bulkiness of the substituent on the oxazoline ring affected the 

enantioselectivity. Thus, the ten-butyl group gave the best ee while a phenyl group gave the worst ee. 

It was noted that ligand l d with no substituent on the oxazoline ring also gave enantiomeric 

discrimination, though the ee of the product was very low. In this case, the stereocontrol of the reaction was 

determined by the chirality of the dioxolane backbone of the ligand. 

In conclusion, we have developed new bisoxazolines with four asymmetric centers derived from two 

chiral som'ces, tartaric acid and aminoacids. With these compounds as chiral ligands, the rhodium-catalyzed 

asymmelric hydrosilylation of acetophenone was carried out. The effects of four asymmelric center's and the 

substituent on oxazoline ring of ligands on the reaction were studied and the best structure, 1 b, of this kind of 

ligand for the hydrosilylation of acetophenone was found. A study on the potential of this kind of ligand for 

other metal-catalyzed asymme~c reactions is now in progress. 

Exper imental  Section 

General  me thods :  Melting points were measured on a Yanagimoto Micromelting Point Apparatus 

and have not been corrected. Optical rotations were measured on a Digital Polarimeter JASCO DIP-181. tH- 
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NMR spectra were recorded on a Brukcr AM-600 (600 MI-Iz) Specu'omem" and the ~ shifts were 

refenmc~ to CHC~ (8 7.27) in CDCI~. IR spectra were obtained on a Perkin-Elmer 1600 Series FT-IR. The 

fast ~ bombmdment mass spectra (FAB-MASS) were obtained on a JF,(X, JMS-DX303HF Specmmmm'. 

Elemental analyses were performed on a Yanagimoto CHN-Corder. HPLC analyses were performed with a 

HITACHI I,-6050 Pump, L-6250 Intelligent Pump, L-4200 UV-VIS Detec~r, D-2500 Chroma~o-Integrator, 

and a DAI¢'~- CHIRALCH, OB column. Merck Art 7734 silica gel was used for column chron~ography. 

Analytical "ILC was performed on Merck Art 5735 precoated silica gel plates (0.25 ram). 

(4R, 5R)-Bis(methoxycarbonyl)-2,2-dimethyl-l,3-dioxolane 5 was prepared from L-(+)-taru~ric acid 

dime~yl ester and 2,2-dimethoxypropanv, while (4S, 5S)-bis(metho×ycarbonyl)-2,2-dimethyl-l,3-dioxolane 6 

was prepared from D-(-)-tartaric acid, 2,2-dimethoxypropane and methanol with repor~I method. ~ 

Aminoalcohols were prepared by reduction of the conv.sponding commercially available aminoacids with lithium 

aluminium hydride as reducing agent in tewahydrofuran. All of the other chemicals used in synthetic procedures 

were of reagent grade. 

(4R, SR)-Bis[N-(I'S)- ( l ' - i sopropyl -2 ' -hydroxye thy l ) -amido] -2 ,2 -d imethy l - l ,3 -  

dioxolane 7a: (S)-Valinol (5.0 g, 48.5 retool) and dimethyl ester 5 (5.0 g, 22.9 retool) were heated at 120 °C 

for 3 h under argon, while generated methanol was removed through a distillation equipment. After removal of 

the u ~  martials in vacuo, product 7a was obtained as a white solid in 96% yield (7.9 g, 22.0 retool). 

IH-NMR (600 MHz, CDC13): 8 0.97 (d, 6H, `/6.9 Hz, CH3), 0.99 (d, 6H, J 6.8 Hz, CH3), 1.53 (s, 6H, 

O2CCH3), 1.70 (brs, 2H, OH), 1.94 (m, 2H, Me2CH), 3.66 (dd, 2H, J6.7, 11.2 Hz, OCH), 3.76 (dd, 2H, J 

3.5, l l .2Hz,  OCH), 3.80 (m, 2H, NCH), 4.60 (s, 2H, NOCCH),7.20 (d, 2H,`/8.3 Hz, NH). IR (KBr, 

crn'l): 1650 (C=O), 1537 (N-H). FAB-MS (m/z): 361. 

(4R,$R) .Bis[N-( l 'S) . ( l ' . ler t -buty l -2 ' -hydroxyethyl ) -amido]-2 ,2 .dlmethyl - l ,3 .  

dioxolane 7b: Following the same procedure as ~scribed above, 7b (8.5 g, 22.0 retool) was obtained as a 

white solid in 96% yield from (S)-tert-leucinol (6.3 g, 53.8 retool) and dimethyl ester $ (5.0 g, 22.9 retool). 

IH-NMR (600 MHz, CDC13): 8 0.99 (s, 18H, CH3), 1.55 (s, 6H, O2CCH3), 3.55 (q, 2H, J 8.6, 11.2 Hz, 

OCH), 3.87 (ddd, 2H, J 3.4, 7.8, 8.6 Hz~ NCH), 3.93 (dd, 2H, J 3.4, l l .2  Hz, OCH), 4.62 (s, 2H, 

NOCCH), 7.28 (d, 2H, J7.8 Hz, NH). IR (KBr, cm']): 1670(C=O), 1532 (N-H). FAB-MS (m/z): 389. 

(4R, 5R ). B is[N.( l ' S ) .(  l ' .phen yl. 2'.h y drox yelh yl ) .amido ].2,2.dimeth yl. l ,3 .  

dioxolane 7e: Following the same procedure as described above, 7c (9.0 g, 21.1 tool) was obtained as a 

white solid in 92% yield from (S)-phenylglycinol (6.5 g, 47.5 retool) and dimethyl ester $ (5.0 g, 22.9 mmol). 

IH-NMR (600 MHz, CDCI3): 8 1.54 (s, 6H, O2CCH3), 3.87 (dd, 2H, ./6.3, 11.4 Hz, OCH), 3.92 (dd, 2H, J 

4.1, 11.4 Hz, OCH), 4.69 (s, 2H, NOCCH), 5.16 (ddd, 2H, J4.1, 6.3, 7.9 Hz, NCH), 7.34 (m, 10H, Ph-H), 

7.69 (d, 2H, `/7.9 Hz, NH). IR (KBr, cm'~): 1668 (C=O), 1531 (N-H). FAB-MS (m/z): 429. 

(4R,$R)-Bis[N.(2 ' .hydroxyethyl) .amido].2,2.dimethyl- l ,3 .dioxolane 7d: Following 

the same procedure as described above, 7d (5.6 g, 20.3 retool) was obtained as a white solid in 89% yield from 

2-aminoethanol (3.0 g, 49. l mmol) and dimethyl ester $ (5.0 g, 22.9 retool). IH-NMR (600 MI-Iz, CI~13): 8 

1.49 (s, 6H, O2CCH3), 3.42 (m, 2H, NCH), 3.48 (m, 2H, NCH), 3.71 (m, 4H, OCH), 4.57 (s, 2H, 

N ~ ) ,  7.40 (t, 2H, ,/5.6 Hz, NH). IR (KBr, cm'~): 1650 (C=O), 1537 (N-H). FAB-MS (m/z): 277. 
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(4S, .~)-B laIN- ( I'S)- (l'-isopropyl-2'- hyd roxyethyl)-amJ do].2,2-dlmethyl. 1,3- 
dioxolane 8a: Following the same procedure as described above, 8a (8.1 g, 22.6 mmol) was obtained as a 

white mild in 98% yield from ($)-valinol (5.0 g, 48.5 mmol) and 6 (5.0 g, 22.9 retool). IH-NMR (600 MHz, 

CIX~):8 0.95 (d, 6H, J 6.9 Hz, CH3), 0.98 (d, 6I-I, J6.8 Hz, CH3), 1.53 (s, 6H, O2CCH3) , 1.92 (m, 2H, 

M~CH), 3,65 (dd, 2H, J6 .5 ,  11.5 Hz, OCH), 3.74 (dd, 2H, J 3.6, 11.5 Hz, OCH), 3.80 (m, 2H, NCH), 

4.57 (s, 2H, NOCCH), 7.03 (d, 2H, J 8.8 Hz, NH). IR (KBr, cm't): 1662 (C=O), 1558 (N-H). FAB-MS 

(m/z): 361. 

(45, $$)-Bis[N- ( r s ) .  ( l ' - t e r t .bu ty l -2 ' -hydroxye thy l ) -amido] -2 ,2 -d imethy l . l ,3 .  

dloxolane 8b: Following the same procedure as described above, 8b (8.7 g, 22.5 mmol) was obtained as a 

white solid in 98% yield from (S).ten-leucinol (6.4 g, 54.4 retool) and dimethyl ester 6 (5.0 g, 22.9 mmol). 

IH-NMR (600 MHz, CDCI3): 8 0.97 (s, 18H, CH~), 1.54 (s, 6H, OzCCH~), 3.57 (m, 2H, NCH), 3.86 (m, 

4H, OCH), 4.59 (s, 2H, NOCCH), 7.04 (d, 2H, J9.1 Hz, NH). IR (KBr, cm'l): 1661((2--O), 1558 (N-H). 

FAB-MS (m/z): 389. 

(4S, 5S)-Bis[N- ( I ' S ) -  ( l ' -phenyl -2 ' -hydroxye thy l ) -amido] -2 ,2 -d imethy l - l ,3 -  

dioxolane 8e: Following the same procedure as described above, 8c (9.7 g, 22.7 mmol) was obtained as a 

white solid in 99% yield from (S)-phenylglycinol (6.6 g, 48.2 retool) and dimethyl ester 6 (5.0 g, 22.9 mmol). 

IH-NMR (600 MHz, CDCI3): 8 1.47 (s, 6H, O2CCH~), 2.34 (brs, 2H, OH), 3.85 (dd, 2H, J6.7,  11.5 Hz, 

OCH), 3.91 (dd, 2H, J 4.1, 11.5 Hz, OCH), 4.66 (s, 2H, NOCCH), 5.16 (ddd, 2H, J4.1,  6.7, 8.1 Hz, 

NCH), 7.34 (m, 10H, Ph-H), 7.56 (d, 2H, JS. 1 Hz, NH). IR (KBr, cm'~): 1674 (C--O), 1530 (N-H). FAB- 

MS (m/z): 429. 

(4R, 5R).Bis[N.( r s ) . (  l ' . isopropyl.2'.mesyloxyethyl).amido]-2,2.dimethyl.l,3. 
dioxolane 9a: A solution of methanesulfonyl chloride (6. 5 g, 56.7 mmol) in dry dichloromethane (30 ml) was 

~d_,~d dropwise over 1 h to a solution of 7a (7.9 g, 22.0 retool) and u'iethylamine (20.0 ml, 143.5 retool) in dry 

d i c h l ~  (120 ml) with stirring at -5 q:2. After stirred for 3 h at room temperature, cold water was added 

to the reaction solution. The organic layer was separated and washed with brine, dried over magnesium sulfate, 

and then concentrated in vacuo to give the crude product 9a (11.6 g) as a light yellow solid. This material was 

directly used in the next reaction without further purification. ~H-NMR (600 MI-Iz, CDCI3): 8 1.(30 (d, 6H, J 6.8 

Hz, CH3) , 1.02 (d, 6H, J6.7 Hz, CH3), 1.53 (s, 6H, O2CCH3), 1.96 (m, 2H, Me2CH), 3.04 (s, 6H, SCH~), 

4.01 (m, 2H, NCH), 4.28 (dd, 2H, J 3.7, 10.6 Hz, OCH), 4.35 (dd, 2H, J5.2, 10.6 Hz, OCH), 4.56 (s, 2H, 

NOCCH), 7.11 (d, 2H, J8.9 Hz, NH). IR (KBr, cm'S): 1674 (C---O), 1529 (N-H). FAB-MS (m/z): 517. 

(4R, SR).Bis[N.( r s ) . (  l'.tert, butyl.2'.mesyloxyethyl).amido]-2,2.dimethyi.l,3. 
dioxolane 9b: Following the same procedure as described above, 9b (11.7 g) was obtained from 7b (8.5 g, 

22.0 mmol) and melhanesulfonyl chloride (6.3 g, 55.0 retool) as a light yellow solid. This material was directly 

used in the next reaction without further purification. IH-NMR (600 MHz, CDC13): 8 1.00 (s, 18H, CH3), 1.53 

(s, 6H, O2CCH3), 3.02 (s, 6H, SCH3), 4.11 (m, 2H, NCH), 4.20 (q, 2H, J7.6, 10.7 Hz, OCH), 4.42 (dd, 

2H, J3.6, 10.7 Hz, OCH), 4.55 (s, 2H, NOCCH), 7.18 (d, 2H, J9.8 Hz, NH). IR (neat, cm't): 1678 (C=O), 

1526 (N-H). FAB-MS (m/z): 545. 

(4R, SR)- Bis[N- ( I ' S ) -  ( 1'- phenyl .2 ' -mesyloxyet  hyl)-amido]-2,2-dimethyi-  1,3. 

dioxolane 9c: Following the same procedure as described above, 9c (11.1 g) was obtained from 7c (9.0 g, 
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21. I retool) and melhanesulfonyl chloride (6.0 g, 52.4 retool) as a light yellow solid. This material was directly 

used in the next reaction without further purif~ation. 'H-NMR (600 MHz, CDCI3): 8 1.56 (s, 6H, O2CCH3), 

2.95 (s, 61-1, SCI-I~), 4.44 (dd, 21-I, J 6.4, I0. 8 Hz, OCH), 4.55(dd, 2H, J 4.4, 10.8 Hz, OCH), 4.63 (s, 2H, 

NOCCH), 5.41 (m, 2H, NCH), 7.36 (m, 10H, Ph-H), 7.70 (d, 2H, J 8.4 Hz, NH). IR (neat, cm't): 1672 

(C=O), 1528 (N-H). FAB-MS (m/z): 585. 

( 4 R , S R ) . B i s [ N . ( 2 ' . m e s y l o x y e t h y l ) . a m i d o ] - 2 , 2 . d i m e t h y l . l , 3 . d i o x o l a n e  9¢!: Following 

the same procedure as described above, 9d (8.7 g) was obtained from 7d (5.6 g, 20.3 mmol) and 

methanesulfonyl chloride (6.0 g, 52.4 retool) as a light yellow solid. This material was directly used in the next 

re.a:tion without further purifr.ation. :H-NMR (600 MHz, CDCI~): 8 1.51 (s, 6H, O2CCHs), 2.79 (s, 6H, 

SCH~), 3.66 (m, 4H, NCH), 4.35 (m, 4H, OCH), 4.59 (s, 2H, NOCCH), 7.37 (t, 2H, J 5.8 Hz, NH). IR 
(neat, an':): 1670 (C=O), 1534 (N-H). FAB-MS (m/z): 433. 

(4S, $$)-Bis[N. (1 'S)- ( l ' - i sopropyl-2 ' -mesyioxyethyl)-amido]-2,2-dimethyl- l ,3 .  

dioxolane 10a: Following the same procedure as described above, 10a (11.5 g) was obtained from 8a (8.1 g, 

22.6 retool)and methanesulfonyl chloride (6.5 g, 56.7 mmol) as a light yellow solid. This material was directly 

usedin the next reaction without further purification. ~H-NMR (600 MHz, CDCIs): 8 0.99 (d, 6H, J6.55 Hz, 

CI-Is), 1.02 (d, 6H, J 6.45 Hz, CH3), 1.52 (s, 6H, O2CCHa), 1.52 (s, 6H, SCH3), 1.97 (m, 2H, Me.zCH), 
4.00 (m, 2H, NCH), 4.29 (dd, 2H, J5.27, 10.35 Hz, OCH), 4.32 (dd, 2H, J4.06, 10.57 Hz, OCH), 4.59 (s, 

2H, NOCCH), 7.17 (d, 2H, J9.00 Hz, NH). IR (KBr, cm~): 1678 (C=O), 1530 (N-H). FAB-MS (m/z): 517. 

(4S, SS)-Bis[N. ( r s ) .  ( l ' . t e r t -butyl -2 ' .mesyloxyethyl ) .amido] .2 ,2 .d imethyl . l ,3 .  

dioxolane 10b: Following the same procedure as described above, 10b (11.8 g) was obtained from 8b (8.7 g, 

22.5 retool) and methanesulfonyl chloride (6.5 g, 56.7 retool) as a light yellow solid. This martial was directly 

used in the heart reaction wilhout further purification. :H-NMR (600 MHz, CDCI3): 8 0.99 (s, 18H, CI-Io), 1.50 

(s, 6H, OzCCH3) , 3.02 (s, 6H, SCH3), 4.10 (m, 2H, NCH), 4.21 (dd, 2H, J 7.4, 10.6 Hz, OCH), 4.30 (dd, 

2H, J3.5, 10.6Hz, CL-"H), 4.59 (s, 2H, NOCCH), 7.28 (d, 2H, J 8.5 Hz, NH). IR (neat, crn'~): 1677 (C=O), 

1529 (N-H). FAB-MS (m/z): 545. 

( 4 S , $ S ) - B i s [ N - ( l ' S ) . ( l ' . p h e n y l . 2 ' . m e s y i o x y e t h y l ) . a m i d o l . 2 , 2 . d i m e t h y l . l , 3 .  

dioxolane 10c: Following the same procedure as described above, 10c (12.9 g) was obtained from 8e (9.7 g, 

22.7 mmol) and methanesulfonyl chloride (6.5 g, 56.7 retool) as a light yellow solid. This material was directly 

used in the next reaction without further purification. :H-NMR (600 MHz, CDCla): 8 1.49 (s, 6H, O2CCH3), 

2.95 (s, 6H, SCH3) , 4.46 (m, 2H, OCH), 4.53(m, 2H, OCH), 4.66 (s, 2H, NOCCH), 5.40 (m, 2H, NCH), 

7.35 (m, 10H, Ph-H), 7.69 (d, 2H, J 8.4 Hz, NH). FAB-MS (m/z): 585. IR (neat, cm'~): 1673 (C-O), 1530 
(N-H). FAB-MS (m/z): 585. 

( 4 R , $ R ) . B i s [ ( 4 ' S ) . i s o p r o p y l o x a z o l i n . 2 ' . y l ] . 2 , 2 . d i m e t h y i . l , 3 . d J o x o l a n e  la:  The 

mixture of crude compound 9a (11.6 g) and pulverized sodium hydroxide (3.0 g, 72.0 mmol) in 

te~ahydrofuran (150 ml) was stirred for 72 h at room temperature. After rernoval of solid material by filtration 
and solvent by evaporation, the remaining oily material was dissolved in dichloron~-thane. The solution was 

washed with watex and brine, dried over magnesium sulfate and then the solvent was evaporated. The residue 

was distilled under reduced pressure to give I a (6.0 g, 18.6 mmol) as a colorless viscous liquid (155 eC / 0.08 

mmHg). Overall yield from 7a was 85%. [a]v ~7 = -143.0 (c 1.0, CH2CI2). ~H-NMR (600 MHz, CDCIs): 8 
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0.88 (d, 6~-I, J6.7 Hz, CH3), 0.96 (d, 6H, ./6.9 Hz, CH3), 1.52 (s, 6H, O2CCH3), 1.78 (m, 2H, Me2CH), 
3.97 (m, 2H, NCH), 4.06 (dd, 2H, ./8.7, 9.6 Hz, OCH), 4.33 (dd, 2H, J7.7, 8.7 Hz, OCH), 4.95 (s, 2H, 

NOCCH). IR (neat, an':): 1675 (C=N). FAB-MS (m/z): 325. Anal. Calcd. for CI~HuN204: C, 62.94; H, 8.70; 

N, 8.64. Found: C, 62.86; H, 8.84; N, 8.77. 

(4R,SR).Bis[(4'S).tert.butyloxazolin.2'.yl].2,2-dimethyl-l,3-dioxolane lb :  The 

mixture of crude compound 9b (11.7 g) and pulverized sodium hydroxide (3.0 g, 72.0 retool) in 

telrahydrofuran (150 ml) was stirred for 72 h at room temperature. After removal of solid material by fdlrafion 

and solvent by evaporation, lb  (6.1 g, 17.4 mmol) was obtained by recrystallization from ether as white 

needles. Overall yield from 7b was 79%. rap: 86-88 ~C. [a]D 1~ = -151.0 (c 0.5, CH2C12). tH-NMR (600 MHz, 

CDC13): 80.90 (s, 18H, CHs), 1.52 (s, 6H, O~CCH3), 3.91 (q, 2H, J8.2, 10.0 Hz, OCH), 4.16 (q, 2H, /8 .2 ,  

8.6 Hz, OCH), 4.27 (q, 2H, J 8.6, 10.0 Hz, NCH), 4.98 (s, 2H, NOCCH). IR (KBr, cm':): 1679 (C--N). 

FAB-MS (m/z): 353. Anal. Calcd. for ClgH32N204: C, 64.75; H, 9.15; N, 7.95. Found: C, 64.70; H, 9.18; N, 

7.92. 

(4R,SR).Bis[(4'S).phenyloxazolin.2'.yl].2,2.dimethyl.l,3.dioxolane lc:  The mixture 

of crude compound 9c (11.1 g) and pulverized sodium hydroxide (3.0 g, 72.0 retool) in tetrahydrofuran (150 

ml) was stirred for 72 h at room temperature. After removal of solid material by filtration and solvent by 

evaporation, lc  (6.9 g, 17.6 mmol) was obtained by recrystallization from ether as white needles. Overall yield 

from 7© was 84%. rap: 90-92 cC. [a]~ 1~ = -126.3 (c 0.5, CH2CIz). ~H-NMR (600 MHz, CDC13): 81.59 (s, 6H, 

OzCCH3), 4.23 (t, 2H, J8.5 Hz, OCH), 4.76 (q, 2H, J8.5, 9.4 Hz, OCH), 5.19 (s, 2H, NOCCH), 5.29 (q, 

2H, J 8.5, 9.4 Hz, NCH), 7.30 (m, 10H, Ph-H). IR (KBr, cm':): 1071 (C--N). FAB-MS (m/z): 393. Anal. 

Calcd. for C23H24N204: C, 70.39; H, 6.16; N, 7.14. Found: C, 70.33; H, 6.14; N, 7.15. 

(4R,SR).Bis(oxazolin-2 ' .yl)-2,2-dimethyl- l ,3-dioxolane ld:  The mixture of crude 

compound 9d (8.7 g) and pulverized sodium hydroxide (2.5 g, 60.0 retool) in tetrahydrofuran (150 ml) was 

stirred for 72 h at room temperature. After removal of solid material by filtration and solvent by evaporation, the 

remaining oily material was dissolved in dichloromethane. The solution was washed with water and brine~ dried 

over magnesium sulfate and then the solvent was evaporated. The residue was distilled under reduced pressure 

to give ld  (4.8 g, 19.9 retool) as a colorless viscous liquid (120 °C / 1.00 mmHg). Overall yield from 7d was 

98%. [air :~ = -51.6 (c 1.0, CH2C12). :H-NMR (600 MHz, CDCI3): 8 1.50 (s, 6H, O2CCH3), 3.91 (t, 4H, J 
9.6Hz, OCH), 4.35 (t, 4H, J9.6 Hz, NCH), 4.96 (s, 2H, NOCCH). IR (neat, cm'~): 1668 (C=N). FAB-MS 

(m/z): 241. Anal Calcd. for C:tH:sN204: C, 54.99; H, 6.71; N, 11.66. Found: C, 54.81;H, 6.85; N, 11.48. 

(4S,$S).Bis[(4'S).isopropyloxazolin-2'-yl]-2,2.dimethyl-l,3-dioxolane 2a: The 

mixtu~ of crude compound 10a (11.5 g) and pulverized sodium hydroxide (3.0 g, 72.0 retool) in 

temthydrofuran (150 ml) was stirred for 72 h at room temperature. After removal of solid martial by f'dtration 
and solvent by evaporation, 2a (5.9 g, 18.1 retool) was obtained by recrystallization from ether as white needles. 
Overall yield from 8a was 80%. rap: 65-66 qc. [a]~ 1~ ffi -41.4 (c 0.5, CH2CI2). :H-NMR (600 MHz, CDCIs): B 

0.88 (d, 6H, J 6.6 Hz, CH3), 0.96 (d, 6H, J6.9 Hz, CH3), 3.04 (s, 6H, O2CCH3), 1.79 (m, 2H, Me2CH), 

4.00 (m, 2H, NCH), 4.08 (t, 2H, J 8.2 Hz, OCH), 4.34 (t, 2H, J 9.1 Hz, OCH), 4.97 (s, 2H, NOCCH). IR 

(KBr, cm'~): 1675 (C=N). FAB-MS (m/z): 325. Anal. Calcd. for CITH2tN204: C, 62.94; H, 8.70; N, 8.64. 

Found: C, 62.90; H, 8.75; N, 8.65. 
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(4$,$$).Bi$[(4'S) . tert .butyloxazolin-2' .yl]-2,2.dimethyl . l ,3 ,dioxolane 2b: The 

mixture of crude compound 10b (11.8 g) and pulverized sodium hydroxide (3.0 g, 72.0 ramol) in 

~rahydmfuran (150 ml) was stirred for 72 h at room tunperature. After removal of solid material by fillrafion 

and solvent by evaporation, 2b (6.3 g, 18.0 retool) was obtained by r~Tstalilzation from ether as white 

needles. Ovenfll yield from 8b was 80%. rap: 103-105 ~C. [cl]v 1~ = -44.6 (c 0.5, CI-L~CI2). IH-NMR (600 MHz, 

CDO~): 80.90 (s, lgH, CH~), 1,52 (s, 6H, O2CCH3), 3.93 (q, 2H, J8.3,  10.0 Hz, OCH), 4.16 (q, 2H, J8 .3 ,  

8.7 Hr., OCH), 4.29 (q, 2H, J 8.7, 10.0 Hz, NCH), 4.98 (s, 2H, NOCCH). IR (KBr, ern'~): 1674 (CffiN). 

FAB-MS (m/z): 353. Anal. Calcd. for C19H32N204: C, 64.75; H, 9.15; N, 7.95. Found: C, 64.69; H, 9.15; N, 

7.95. 

(4S, $$ ) -B i s [ (4 'S ) -pheny loxazo l in .2 ' -y l l -2 ,2 -d ime thy l - l , 3 -d ioxo lane  2c: The mixtta~ of 

crude ct~npound 10c (12.9 g) and pulverized sodium hydroxide (3.0 g, 72.0 retool) in Ir.trahydmfman (150 

ml) was stirred for 72 h at room temperature. After removal of solid material by filtration and solvent by 

evaporation, the residue was purified by silica gel column chromatography with ethylacetate-benzene- 

ttiethylamine (70 : 30 : 1) as eluent to give 2c (7.0 g, 16.4 retool) as a colorless viscous liquid. Overall yield 

from 8c was 73%. Rf = 0.5 (ethylacetate-ben~ne-tdethylamine, 70 : 30 : 1). IH-NMR (600 Ml-Iz, CDO~): 8 

1.54 (s, 6I-I, O2CCH3) , 4.23 (t, 2H, J 8.3 Hz, OCH), 4.76 (dd, 2H, J 8.3, 10.4 Hz, OCH), 5.19 (s, 2H, 

NOCCH), 5.29 (dd, 7.H, J 8.3, 10.4 Hz, NCH), 7.30 (m, 10H, Ph-H). IR (neat, cm'l): 1666 (C=N). FAB- 

MS (m/z): 393. [ct]D 1~ = +5.1 (c 1.5, CH2C]2). Anal. CalM. for C23H24N204: C, 70.39; H, 6.16; N, 7.14. 
Found: C, 70.27; H, 6.15; N, 7.14. 

Typical procedure for the rhodium-catalyzed hydrosi lylat ion of acetophenone: Asolution 

of l a  (26 rag, 0.08 retool), [Rh(COD)C1] 2 (5 rag, 0.01 retool), and aeetophenone (240 rag, 2 retool) in 

tetrachloromethane (0.1 ml) was stirred for 1 h at room temperature under argon atmosphere. Afl~ 

diphenylsilane (590 rag, 3.2 retool) was added to the solution at -5 °C, the reaction mixture was stirred at the 

temperature until acetophenone disappeared by TLC analysis (Rf = 0.2, hexane-ether, 5 : 1). The reaction 

solution was quenched with methanol (0.4 ml), and then 1 N hydrochloric acid (2.0 ml) at 0 qC to give a mixture 

of phenethyl alcohol and a small amount of acetophenone. Chemical yield was determined by ~H-NMR spectra 

of the reaction mixture with 1,1,2,2,-tetrachloroethane as an internal standard. After purification by column 

chromatography on silica gel with he×ane-isopropanol (9 : 1), the configuration of the product was detexmined 

by optical rotation and enantiomeric excess was determined by HPLC analysis using a DAICEL CHIRALCEL 

OB column (eluent, hexane-isopropanol (9 : 1); flow rate, 0.5 ml/rain). 13 
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