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Abstract: A series of enanuomerlcally pure oxaznlmes tethered to aJcdwls have ken p~pwed. The use of Lhese 
oxazahnes has tea demonsuated m the catalyszd addition of diethylzmc IO aromatic aldehyden 10 afford the 
corresponding seandaly alcohols with modest levels of qmmetnc mduchon. 

We have recently reported the prepamtion of enantiomerically pure oxazolines tethered to phosphines and 
sulphldes.l.2 Thus, ligands of type 1 and 2 have been shown by this group and others3,4 to provide excellent 
asymmeeic induction for palladium catalysed allylic substitution. 

In a preliminary communication,5 we have outlined the preparation of owazohnes 3 - 5, and we now wish 
to detail the preparation of a range of oxazolines tethered to alcohols. Additionally, we report the use of these 
oxazolines as catalysts for the asymmetric addirion of diethylzinc to aromatic aldehydea. 

Initially, we prepared owazolines in which rhe alcohol was tethered to the 4-position of the oxazoline group, 
Treatment of (lS,2S)-(t)-2-amino-1 -phenyl-1,3-pmpanediol6 with the imidate ester hydrochlorides 7 and 8 in 
dichloromethane at 20 “C for 12 hours afforded the corresponding oxazolines 3 and 4,6 

Ph 

3 

In an alternative procedure, the reaction of (lS,2S)-(+)-2-amino-l-phenyl-l,3-propanediol 6 with 
thiophene 2-carhonihile 9 in refluxmg chlorobenzene in the presence of catalytic zinc chloride afforded the 
oxazoline 5.7 

Ph Ph 

217 
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Oxazolinc 10 was prcparcd according to the literature procedure of Meyers and co-workers.8 Treatment of 
oxazoline 10 with either phenylmagnesium bromide or methylmagnesium bromide afforded tbe corresponding 
alcohols 11 and 12. Compound 12 was prone to hydrolysis, and was gcncrally used shortly after preparation. 

The alcohol could alternatively be tethered to the 2-position of the oxazoline group. Based on the method of 
Pridgen and Miller? valinol l3 was treated with 2-hydroxyisobutyric acid 14 in refluxing xylem for 16 hours to 
afford the oxazoline 15. 

HO 
xylerles 

HO H2N aflur 

14 13 15 

Finally, (o-hydroxyphenyl)oxazohne 16, which has previously been reported by Balm and co-workers 
was prepared by the reaction of o-cyanophenol 17 with valinol 13 in refluxing chlorobenzene in the presence of 
catalytic zinc chloride.7 

cat. ZnCI, 
- 

CN 
C,H,Cl reflux 

HO 
17 13 16 3. 

1Pt 

Having prepared these oxazolines, we examined their ability to catalyse the addition of diethylzinc to 
aromatic aldehydes. In the last few years there have been a great number of reports describing the use of ammo 
alcohols as catalysts for the addition of diethylzinc to aldehydes, often with high levels of asymmetric 
induction.10 Herein we report that oxazolines tethered to alcohols arc also effective catalysts, but that only 
moderate levels of enantioselectivity have been obtained with these reagents. 

Treatment of aryl aldehydes I8 with diethylzinc in the presence of catalytic amounts the oxazolines 
afforded the corresponding alcohols 19. In a typical run, the aldehyde and catalyst were stirred in hexane for 30 
minutes, followed by the addition of two equivalents of diethylzinc (6 mol%). The reaction was stirred for the 
time indicated in the Table, followed by a conventional work-up. 

0 

A 

EI*zn 
* 

At H catalytic owmlinc ::“x”: 
18 19 

The enantiomeric excess obtained under a variety of conditions is summarised in the Table. The 

enantiomeric excess of the product was determined either by choral hplc or chiral gc, and the absolute 
configuration determined by comparison with reported optical rotation data. 11 

With the exception of the oxazolines 11 and 12 (which are derived from serine), all of the oxazoline 
catalysts provide. the same sense of asymmetric induction in the product. The oxazolines all possess the same 
relative configuration as each other, except for oxazolines 11 and 12. 
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The oxazolines 3,4, and 5 derived from (lS,ZS)-(+)-2-amino-l-phenyl-l&propanedio! proved to be 
better catalysts than the other oxazolines examined in terms of stability, and the yield and enantioselectivity 
provided in the etbylation of myI aldehydes. Initially, we had anticipated that by replacing the hydroxymethyl 
substituent with a bulkier tether (as for oxazolines 11 and 12) that superior enantioselectivities could be 
obtained. However, from the results indicated, it seems that this is not the case. It is possible that in rhe rcaedon 
of oxazoline 10 with the Grignard reagents that some racemisation may occur prior to alkylation, which would 
afford a catalyst which was not enantiomerically pure. However, due to the hydrolytic susceptibility of these 
ligands, we did not explore this possibility any further. 

Previously, the use of the hthwm salt of ammo alcohols has been reported to enhance the enantioselectivity 
of the catalysed reaction for some systems. However, treatment of oxazoltne 3 with one equivalent of 
butyllithium afforded a catalyst which provided identical levels of enantioselecrivity, although the yield of product 
was seen to increase slightly. 

Table: Reaction of arylaldchydes with diethylzinc in the presence of catalysrs 

Catalyst 

3 

3 

3 
3* 

4 
4e 

4 
4 

5 
5 

11 
11 

12 

12 

15 
16 

16 

Substrate: Ar 

C6H3- 

2-MqH,- 

CMeOGHd- 

4-MeOC,H,- 

C6H5- 

Cf,Hg- 

2-MeOC&H4- 

4-M-H,- 

‘?,- 
4-MqH,- 

W5- 
4-MeOCZH,- 

C& 
4-MeOGH4- 

4.MeOC+,H,- 
4.CIC6H,- 

C6k 

Yield (%) 

60 

86 

75 

87 

65 

48 

78 

X6 

93 

71 

27 

35 

46 

61 

37 

92 

8 

et? 

50 (sy 
67 (S)b 

58 (S)b 

58 (S)b 

57 (Sy 

47 (S)’ 

59 (S)b 

25 (Sib 

57 (S)” 

49 (S)b 

30 (R)C 

23 (RT 

7 (RY 

14 (R)’ 

25 (S)’ 

23 (S)” 

14 (S)b 

The following transition state is consistent with the observed sense of asymmetric induction, and also with 
previously proposed models.tl In the absence of crystallographic data, these models are purely speculation, but 
are nevertheless consistent with rhe observed eqwimenral outcome in terms of the sense of asymmetric induction 
obtained. 

Favoured Disfavourcd 
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In summary, we have investigated the we of enantiomerically pure oxaeolines tethered to alcohols as 
catalysts for the asymmetric addition of diethylzinc to aromatic aldebydes. Good catalytic activity was observed, 
but only modest levels of asymmeaic induction have been achieved. 

We are currently investigating applications of these ligands in other processes. 

EXPERIMENTAL 
Reactions with diethylzinc were performed in a dry nitrogen atnxxphere. Commercially available solvents and 
reagents were purified by standard methods. For column chromatography, Merck Kieselgel6OH was used. 
1H and 13C NMR spectra were recorded using Bruker AC-250 and WH-400 (SERC NMR Spectroscopy Centre, 
Warwick) instruments. High and low resolution mass spectra were recorded on a Kratos MS80 instrument oron 
a VG Analytical ZAB-E insaument (SERC mass spectroscopy service, Swansea). Infra-red spectra were 
recorded in the range 4OCO-600 cm-1 usmg a Nicolet m-205 spectrometer, with internal calibration. Spectra 
were recorded as solutions in chloroform or as thin films. Optical rotations were carried out on an Optical 
Activity AA 100 polarimetcr. HPLC analyses were carried out on a Waters liquid chromatograph, using a Diacel 
Chiralcel OB column; solvent, IO-25% isopropanol : hexane; flow rate, 0.5 ml. min-‘; 254 nm detection. GC 
analysts wcrc carried out on a l’yc Unicam Scrics 2.04 Chromatograph, using an SGE Cydcx-B 0.25 chiral 
capillary column; injector temperature, 200°C; detector temperature, ZSO’C; oven tcmpcrature, 12OOC; helium 
carrier gas (10 lb / inl); detector, F.I.D. In each case, the (R)-enantiomer is detected first. 

(4S,SS)-2.methyl-4-hydroxymethyl.5.phenyl-1 ,J-oxazoline 3 
(lS, ZS)-(+)-2.Amino- I-phenyl-I ,?-pmpanediol 6 (9.03 g, 54 mmol) wab added in one portion to a solution of 
imino ether hydmchlonde 7 (54 mmol) m dry dxhloromethane (30ml) at 0°C. The mixture was warmed to room 
temperature and stirred for 12 h. The white turbid mixture was poured into ice water (SOg). The 
dichloromethane layer was separated and the aqueous layer extracted with dichloromethane (2 x 20 ml). The 
combirxxl urganic layers wnc dried (MgS04) rhw corucnu-d~eil in wcw 10 give a coluu~lers oil which sulidiriied 
on standing. Crysrallisation from ether by cooling to -78°C gave crystalline 3 (8.25g,SO%). 

M.p. 62-63OC (lit.12 (64-65’C). vrnax / cm-’ 1670(C=N). 6~1 (400 MHz, CDCI3) 2.08(3H, s, CH$ 3.63 (IH, 
dd, J=4.0, 11.9 Hz, CHHOH), 3.92 (IH, dd, J=3,4, 11.9 Hz, CHHOH), 3.99-4.03 (lH, m, CHN), 5.33 
(lH, d, J=7.8 Hz, CHPh), 7.25-7.39 (5H, m, ArH). 8~ (100 MHz, CDC13) 13.8 (CH3), 62.9 (CHzOH), 76.1 
(CHN), 82.8 (ArCH), 125.6 (ArCH) 125.7 (ArCH), 127.5 (ArCH), 128.2 (ArCH), 128.7 (ArCH), 
140.1(Ar0 166.1(C=Ni. m/z (FAB) 192 (MH+. 100%). 162 (10). 85 (9). 68 (6). Icr10*~ -174.6 (c=10.5. 
CIICl3). 

(4S,5S~-2-phenyI-4-hydroxymethy(-S-phenyl-1,3-uxaroline 4 

Using an identical procedure, we prepared 4.(10.7g, 78%). Mp 127.129°C. (Found : C, 76.06; H, 5.71; N, 

5.98. C16H15NG2 requires C, 75.66; H, 5.97; N, 5 53%). u max / cm-’ 1670(C=N). 6H (400 MHz, CDC13) 
3.77 (lH, dd, J=3.7, 12.0 Hz, CHHOH), 4.11 (lH, dd, J=3.4, 11.9 Hz, CHHOH), 4.22 (lH, dt, J=3.5 Hz, 

CHN), 5.56 (IH, d, J=8.0 Hz, CHO), 7.32-7.89(10H, m, ArCH). SC (100 MHz, CDCl3) 63.2 (CH2OH), 
77.2 [CHN), 82.6 (CHO), 125.7 (ArCH), 128.2 (ArCH), 128.3 (ArCH), 128.5 (ArCH), 128.7 (ArCH), 128.8 
(ArCH), 131.5 (Arc), 140.3 (Arc), 164.7 (C=N) m/z (FAB) 254 (MH +, loO%), 224 (16), 147 (6), 121 (9), 

105 (I I). [IX]D~~ -44.6 (c=.5.4, CHCl3). 

(4S, 5S)-4-hydroxymethyl-5-phenyl-2-12-rhiophl)-~ ,3-oxazoline 5 
In a 5Oml Schlenk flask, zinc chloride (68mg, 0.5 mmol) was melted under high vacuum and cooled under 
nitrogen. After cooling to room temperature, chlorohenzene (30 ml) was added followed by 2-thiophene 
carbonmile 9 (10 mmol) and (lS,2S)-(+)-l-phenyl-2-amino-l,3-propanediol6 (13 mmol). The mixture. was 
heated under reflux for24 hours. The solvent was removed under reduced pressure to give an oily residue, 
which was dissolved in dichloromethane (30 ml). The solution was extracted three times with water (20 ml) and 
the aqueous phase with dichloromethane (30 ml). The combined organic phases were dried (NazS04), and the 
solvent removed in wcuo. The residue was purified by flash chromatography (light petroleum/ether 3:l) to afford 
the 5 (I .O g, 38 W) as an off-white crystalline solid. 

M.p. 160-162’C. (Found : C, 65.00; H, 5.01; N, 5.39. C14H13NOzS requires C, 64.85; I-I, 5.06; N, 5.41%). 

umax / CIX~ 1670(C=N). SH (400 MHZ, CDCl3) 3.76 (IH, dd, Jz1.2, I I .9 H7, CHHOH), 4.02 (lH, br s, 
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OH), 4.11 (IH, dd. 3=3.2, 12.0 Hz. CHHOH), 4.21 (lH,dt, J=3.2 Hz, CHN), 5.60 (IH, d, J=S.l Hz, 
CHO), 7.0 (lH, ap t, J = 4.2, 4.6 Hz, thiophene CH), 7.31-7.40 (5H, m, ArCH), 7.42 (lH, d. J = 5.0, 

thiophene CH), 7.57 (lH, d, J = 3.7, thiophene CH). 6C (100 MHz, CDC13) 62.9 (CH2OH), 76.7 (CHN), 

83.O(CHO), 125.8 (ArCH), 127.5 (ArCH), 128.3 (ArCH), 128.7 (ArCH), 129.4 (ArCH), 130.3 (ArCH). 

1309 (ArCH), 140.0 (AL!), 160.4(C=N). m/r (Cl) 260 (MH+, lOO%), 230 (27), I I1 (9). [a]D25 +50.0 
(c= 1.02, CHC13). 

General procedure for the addttion of diethylrinc to aromatic aldehydes wng catalysts 3,4, and 5. 
(S)-j-J-I-Phenylproanol : 
Benzaldehyde (106 mg, 1.0 mmol) and catalyst 3 (11.4 mg, 0.06 mmol) as a solution in hexane (5 ml) were 
placed in a flame dried flask which had been purged with nitrogen. After srining at room temperature for 0.5 h. 
diethylzinc (2 ml, 2.0 mmol) was added. After the indicated time, the reacnon was quenched with hydrochloric: 
acid (1 M, 2 ml) and me mixture was e.xuac~c~I into dichloromethme (3 x 20 ml). The dichluromethane extract 
was dried (MgSO4) and concentrated in vacua and the residue was purified by column chromatography (silica : 
dichloromethane) to give the corresponding alcohol as a pale yellow oil. 

lPtterlylpropanol 

?I,-, (250 MHz; CDCl3) 0.82 (3 H, t, J = 7.4, CH3), 1.56.1.82 (2 H, m, CHz), 2.09 (1 H, br s, OH), 4.48 

(lH, t, J = 6.6, CH), 7.24 (5H, s, ArCH). 6c (62.9 MHz; CDClx), 10.10 (CH3), 31.76 (CHZ), 75.83 (CH), 

125.99 (CH), 127.31 (CH), 128.26 (CH). 

2-Methoxyphenylpropanol 

6~ (250 MHz; CDC13), 0.96 (3H, t, J = 7.4, CH3), 1.76-1.88 (2H, m, CHa), 2.62 (IH, br s, OH), 3.85 (3H, 

s, OCHj), 4.79 (LH, t, J = 6.6, CH), 6.87-7.00 (2H, m, ArCH), 7.22-7.33 (2H. m, ArCH). 6c (62.9 MHz. 

CDC13),10.42 (CH3), 30.10 (CHz), 55.17 (OCH3). 72.25 (CHOH), 1 IO.42 (CH), 120.61 (CH), 126.99 (CH), 
126.11 (CH), 132.33 (CH). 

4.Metho*yphenylpropanoI 

8H (250 MHz; CDC13). 0.89 (3H, t, J = 7.4, CH3), 1.17-1.28 (lH, m, CH2), 2.31 (lH, br s, OH), 3.75 (3H, 

s, OCH3), 4.53 (IH, t, J = 6.6, CH), 6.84-6.91 (2H, m, ArCH), 7.23-7.30 (2H, m, ArCH). ?ic (62.9 MHz; 

CDCJ$ 10.15 (CHs), 31.69 (CH2), 55.16 (OCH?), 75.47 (CH), 113.63 (ArCH), 127.15 (ArCH). 

I-CNorophenylpropanoI 

8~ (250 MHz, CDCW, 0.86 (3H, t, J = 7.4, CH3). 1.61-1.81 (2H, m, CH2), 2.66 (IH, br s, OH), 4.51 (lH, 

t, I = 6.6, CH), 7.20-7.32 (4H, m, ArCH). &c (62.9 MHz, CDCly), 9.91 (CH3), 31.82 (CT+), 75.15 

(CHOH), 127.31 (CH), 128.19 (CH), 128.40 (CH), 128.53 (Arc), 128.85 (ArC). 

f4SJ-4-hydroxydiphenyl-2-methyl-~J-oxaroline 11 
To phenylmagnesium bromide (2.0 ml, 3M in diethyl ether) at -78 “C , a solution of 10s (250 mg, 1.75 mmol) 

in THF (4 ml) was added dropwise. The reaction was maintained at -78 “C for 2 h then allowed to warm to room 
temperature overnight (16 h). The reaction mixture was poured onto ammonium chloride (sat. soln., 15 ml) and 
extructcd with diethyl ether (3 x 10 ml). The combined organic extracts were dried (K2CO3), filtered and 

concentrated to a yellow oil (810 mg). Purification by column chromatogrnphy (petroleum ether - pcnolcum 
ether : diethyl ether (3 :l)) yielded 11 as a colourless oil (270 mg, 1 .Ol mmol, 58 W). 

umax/cml; 8~ (25Oh’lHz, CDC13) 1.97 - 1.98 (3H, s. CH3), 4.03 - 4.15 (2H, m, CH7.0). 5.31 (lH, ap t, I = 

8.7, 10.0 Hz, CHN), 7.17 - 7.61 (ArCH). 8~ (62.9MHz, CDC13) 14.01 (CH3), 69.09 (CH20), 72.50 

(CHN), 125.47 (AtCH), 126.47 (ArCH), 127.05 (ArCH), 127.93 (Arc), 128.27 ArC). Susceptabiliy to 
hydrolysis prevented further characterisation 

(4s)~.hydro~dimethyl-Z-methyl-I ,3-oxarofine 12 
To methylmagnesium iodide (3.5 m1,.3M in diethyl ether) at -78 “C, a solution of 10 (500 ma, 3.5 mmol) in 
THF (Sml) was added dropwise. The reaction was maintained at this temperature for a further hour before 
allowing to warm to R.T. overnight (-16 h.). The reaction mixture was poured onto ammonium chloride (sat 
min., 15 ml) and extracted with diethyl ether (10 ml). The organic layer was dried (K2CO3). filtered and 

concentra.ted to yield crude 52 as an orange/brown oil (60 mg, 0.42 mmol, 17 %). cmax /cm-t 1673. 6~ 
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(25OM& CDCl3). 1.14 (3H. s, CH3). 1.28 ( 3H. s, CH3), 2.00 (3H, s, CH3), 3.97 (111, I, J = 10.0 Hz, 
CHN), 4.12-4.26 (ZH, m, C&O). 6~ (~~MHL, CDCl3), 13.76 (CH3), 25.01 (CH3). 26.67 (CHy), 68.65 
(CH20). 75.24 (CHN). Susceptabiliy to hydrolysis prevented funhercharacterisation 

(4S)-2-hydro~dintethyl~--isopropyl-l,3-oxazoIine IS 
To a solution of 2-hydroxyisobutyric acid 14 (415mg, 3.YYmmol) in xylene (12ml) was added (S)-(+)-2-amino. 
3-methyl-I-butanol (valinol) 13 (415mg, 4.02mmol) and the reaction was brought to reflux in a Dean-Stark trap. 
After 30 h, no more water was produced. The solvent was removed by evaporation to yield 15 as a colourless 
oil (625mg, 3.65mmo1, 92%) (found M+, 171.1168, CgHt,N@ requires M+, 171.1259) II,,,/ cm-t 3391 

(OH), 1661 (C=N). &i (400 MHz, CDC13) 0.95 (6H, dd, J = 6.8, 12.2 Hz, 2 x CH3), 1.46 (6H, d, J = 7.6 

Hz, 2 x CH3), 1.87-1.95 (IH, m, CH), 4.03-4.10 (IH, ap.t, J = 8.2, 9.3 Hz, CHN), 4.20-4.27 (2H, d, J = 

5.5 Hz, C&O) .& (100 MHz, CDCI,) 18.29 (CH3), 19.28 (CH3), 27.22 (CH3), 27.64 (CH3), 32.24 (CH), 

65.61 (CHzO), 71.18 (CHN). m/z (EL) 171 (M+, 4%). 128 (41), 98 (100). [a]$ -102.3 (c=O.42, CHC13). 

(4S)-2-(Hydro~ph~nyl)-4.isapropy(_2 -oxazoline 16 

To 2-amino-3-methyl-l-butanol (valinol) 13 (453 mg, 4.40 mmol) in chlorobenzcnc (10 ml) was ddcd 2- 
cyanophenol 17 (520 mg. 4.37 mmol) and a catalytic amount of zinc chloride (11 mg, 0.08 -1). The reactIon 
was brought to reflux for 18h. The chlorobenzene was removed by evaporation to yield B brown oil. The residue 
was chromatographed on a silica gel column with dichloromethane as eluent to yield 16 as a colourless oil (483 

mg, 2.36 mmol, 54%). (found M+, 205.1105, C9H17N02 requires M+, 205.1103) u,,,/cm-1 1644 and 756. 

SH (250 MHz, CDC13) 0.92 (3H, d, 6.7 Hz. CH3), 0.995 (3H. d, 6.7 Hz, CH3), 1.80 (IH, m, isopropyl 
CH), 4.06 - 4.16 (2H, m, CH20). 4.35 - 4.49 (lH, m, CHN), 6.81 (lH, t, _I = 7.65 Hz, ArCH), 6.98 (lH, d, 

8.2 Hz, ArCH), 7.31 - 7.36 (IH, m, ArCH), 7.61 (IH, dd, 1.7, 7.9, Hz, ArCH). 6C (62.9 MHz, 
CDC13).18.57 (CH3), 18.67 (CH3), 33.01 (CH. isopropyl), 69.84 (CH2). 71.51 (CHN), 110.70 (A&), 
116.67 (CH), 118 52 (CH), 127 97 (CH), 133.23 (CH), 159.98 (C=N), 165 06 (Arc). m/z (El) 205 (M+, 

57%), 162 (loo), 134 (34), 107 (28). [a]~*5 -35.4 (c&07, CHCl3) 

Procedure using lithium suit qf trims-(4S, 5.S)-2-m~thyl-4-hydroxymethyl-5-phnyl-l,3-o*iuoline 3 

Reaction of n-butyllithium (200~1,O 32mmol) with oxazoline 3 (61mg. 0.32mtnol) in hexane / toluene (l:l, 
4ml) at 0 “C yielded the lithium salt of 3 in situ. At this temperature 4methoxybenzaldehyde (68Omg, S.Ommol) 
was added and the reaction flask then allowed to warm to mom temperature before the addition of diethylzinc 
(1M soln. in hcndncs, lOm1, 10mmol). The pale yellow reaction mixture \nas stirred for a further 36 h at mom 
tcmpcraturc. The reation was quenched with hydrochloric acid (lM, 2ml) and the mixture extracted into 
dichloromethane (3 x 2Oml). The combined dichloromethane extracts were dried (MgS04) and conccntratcd in 

wcw to @ve the corresponding alcohol as a pale yellow oil (88%) 
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