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Abstract: Aldol reaction of methyl o-isocyanocarboxylates (CNCH(R)aXmc: R - H. Me, Et, 
i_Pr)th kntaldehyde or acetaldchyde in the presence of 0.5-1.0 molX of a chiral 
~aainoalkyl)ferrocenylphosphine-Sold(I) complex Rave optically active G-methoxycarbonyl- 
6,5-dialkyl-2-oxszolines with high ensntioaelcctivity in a quantitatlvc yield. The 
oxarolines were converted into optically active B-hydroxy-a-alkylamino acid methyl 
esters. 

In recent years we have been engaged in design and preparation of an efficient Catalyst for 

asymetric reactions catalyzed by chiral phoaphlne-tranaition metal complexes.’ and found that a 

gold(I) complex of chiral ferrocenylphosphine ligand bearinR a tertiary amino group at the end of 

ferrocene side chain, i.e., (~)-~-rthy1-~-[2-(dialkyl~no)ethy1]-l-[~~)-l’.2-bls(diphenylphoa- 

phino)ferrocenyl]ethylamine (NR2 in 1 - wrpholino (la), piperidino (lb), diethylamino (1~). or 

diwthylamino (Id)). is effective for aaym-etric aldol reaction of isocyanocarboxylates with 

aldehydes forming optically active 2-oxaroline-G-carboxylates. 2-5 Ye have previously reported 

asymstric synthesis of 8-hydroxyaaino acids (up to 96X ee)2D3 and o-alkylserines (up to 83% e~)~ 

via the catalytic asyletric aldol reaction (Scheme 1). Here we describe the reaction of rthyl 

a-isocyanocarboxylates (CNCH(R)COOne: R - H. He. Et, A-Pr) with bentaldehyde and acetaldehyde 

forming G-methoxycarbonyl-1,5-dialkyl-2-oxatollnes which can be converted into optically active 

a-alkyl-R-phenylserines and a-alkylthreoninea. 
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-1c Al&l Ractta. Methyl a-isocyanocarboxyletea 2& were allowd to react with 

benuldehyda (3) or acetaldehyde (4) in dichlorometbane at 25 OC in th preaence of 0.5-1.0 al% 

of gold catnlyot preparad in situ by mixing [Au(S-C6HllNC)2]BP4’ and a chiral ferrocenylphoaphine 

(I)-Q)-l’*S (Scheme 2). ‘Ihe ferrocenylphoaphine ligand containinR wrpholino or piperidino 
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group at the end of the side chain is knovn to be superior to others in terms of enantloselectlv- 

lty in the aldol reaction of methyl o-lsocyanoacetate (2a).3 Ihe aldol reaction of o-lsocyano- 

carboxylates 2bd that have alkgl substituents at o position was generally slover than that of 

unsubstltuted laocyanoacetate 2m. and it required a longer reaction time to complete the aldol 

reaction giving the expected L(methoxycarbonyl)4,5-dlalkyl-2-oxaxolines. The oxarollnes formed 

were isolated by distillation under reduced pressure, and trana and cis isomers were separated 

and purified by medlutpressure liquid chromatography (HPIL) or preparative GIL. The reaction 

conditions and results obtained are a-rlred in Table 1. which also contains data obtained in 

Scheme 2 

CNCHCOOMe 

k 7 

2a: R’ -H 
2b: R’=Me 
2c: R’=Et 
2d: R’ a i -Pr 

the reaction of 2a2*3 for caparison. 

Ba-d: R2-k 

The reaction of 2b (R’ - %e) with benxaldehyde proceeded a little more slowly than that of 

2a (Rl - R) to give d-(methoxycarbonyl)-4-methyl-5-phenyl-2-oxazoline (M), where the predominant 

lsoaer had trana geometry, in over WI% yield within three or four days (entries 4-7). Highest 

trans ee2ectivity (93/7) and highest enantioaelectlvity (96% ea) were obtained vlth llgand la 

(entry 4). The term “trana” used here refers to the relative configuration with respect to the 

alkyl group at 5 position and methoxycarbonyl group at 4 poaltion. The enantloselectivlty (94X 

e-e) for the trana lawer la ccaparable to that for trans-5a (entries 1 and 2). The configuration 

(Gs.SF$ of trans-Sb, which was determined by palladium-catalyzed hydrogenolysls into known (S)-o- 

methylphenylalanlne9 (vide infra), is the same as that of trana-Sa. The reaction of lsocyanocar- 

boxylate 2d (RI - I-Pr) uaa much more alowr than that of 2a and 2). a longer reaction period 

than 2oD h being required to complete the aldol reaction at rota temperature (entries &ll).’ and 

considerable amounta of cls isomer was fored. me transicls ratio varied between 62/38 and 

50150 depending on the chiral llgand and reaction temperature. Ihe trans lscmer of 56 was around 

90% l nantlomerically pure and its configuration was (bs,SE) again. The configuration of cls 

isomers cls-Sb and cls-5d is sensitive to the chlral ligand employed. The llgand la always 

produces (GS.55) isomer preferentially while lb generally produces (GR,SE) isomer preferentially. 

Reaction of 2b (R1 - Me) with acetaldehyde (4) Rave G-(methoxycarbonyl)-*.5-dimethyl-2- 

oxazollne (6b) as a mixture of trans and cis isomers (entries 16-16). The trana and cis geome- 

tries of oxarollnes 6 derived from b and 2bd were assigned by WE measurement between substitu- 

ents on b and 5 positions in 400 lOIt ‘II WR and confirmed by comparison of [aID values of cis-2- 

phenyloxazolines 13 derived from 6 (see Schemes S and 6) with those reported by Seebach.l’ The 

trana/cis ratio of 6b varied between %/bb for the reaction with llgand la and 38/62 for the 

reaction with ld. The ferrocenylphoaphine with morphollno group la turned out to be the moat 

selective llgand giving 86X ee for trans-6b and 56X ee for rls-6b. Other llgSndS, lb and Id. 

were much less stereoselective. the enantlaeric purities of trans4b being lower than 50%. 

Almost the - selectivity was observed in the reaction of lsocyanocarboxylate 2c (R1 - Et) in 

the presence of gold-10 catalyst, which Rave trana/cls ratio of 56/66 and 87% ee for trans-6c 

(entry 17). Rear.tlon of 2d (R1 - 1-Pr) proceeded alugRlshly to give cis oxazoline 66 predWi- 

nantly (entries 18 and 19). The configurations of 6Ld were always (42,5!) for trans isomers and 

(b~,Ss) for rls 1-rs. 

We have prevloualy proposed2-‘ the key lnterawdlate A for the gold-catal)ted asymetrlc 

aldol reaction of methyl a-laocyanoacetate (2s) with aldehydea forainR (4?.Sl)-5-alkyloxatollnes 
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Table 1. Aamric Aldol Reaction of Aldehydee 3 and 4 with Methyl Iaocyanocarboxylatea 2 

Catalyrad by Chiral Permcenylphoaphine (l)Gld Coq1exea.b 

lsocyano 1iRMd 1 reaction yiel&X) rati& of X O& (Colkfi& 

entry sldehyde carboxylate NR2 time (h) of 5 or 6 trana/cis tram cis 

If. PhCHO 

(3) 
2L 

6 

5 

sa 

7 

8 

9 

l& 

11 

121.1. kCH0 

(4) 

1s 

16 

lrl 

16 

17k 

18 

19 

R’ - H (2a) 

lb N 
3 

Id M2 

R1 - Me (2b) la NT 

lb N 
3 

lc NEt2 

Id NMe2 

R1 - ,&-Pr (26) la Nn 
w” 

lb N 
3 

lc NEt2 

ld NUe2 200 

R1 - H (2a) 

R1 - Ik (2b) 

R’ - 

R1 . 

lb 

lb 

ld 

Et (2c) la 

i-Pr (2d) la 

lb 

rn2 

NnO 

=7J 
N 
\ 

n 
3 

16 

16 

38 

67 

63 

96 

65 

330 

280 

100 

70 

16 

61 

65 

96 

62 

260 

290 

93 (W 

96 (50) 

91 (h) 

97 (Sb) 

92 (Sb) 

90 (5b) 

95 (5b) 

86 (5d) 

86 (Ml 

87 (54) 

95 (sd) 

99 (W 

100 (W 

86 (6b) 

96 (6b) 

100 (6b) 

92 (6c) 

1@l (ad) 

9515 

%/6 

90/10 

93/7 

88/12 

77/23 

82/18 

62/38 

%/6b 

52/68 

5O/50 

89/11 

85/15 

M/66 

66/56 

38162 

54/66 

26f 76 

100 (6d) 22/78 

95 (6&5iJ) 12 (b&52) 

95 (G&SE) 69 (61.51) 

91 (62.51) 6 (6&52) 

96 (62,5iJ) 53 (G&52) 

90 (6s.51) 5 (64.51) 

82 (G&51) 26 (6&52) 

92 (6&5iJ) 66 (G&52) 

88 (62.51) 17 (6S.53, 

92 (62.51) 28 (6!,5!) 

85 (6&5&) 62 (G&53) 

88 (6&5!) 68 (63.5s) 

89 (6S, 5RJ 10 (G&52) 

85 (6&5&J 56 (6&5R) 

86 (6s.51) 56 (62.5s) 

66 (6s.51) 6 (6&sS_) 

66 (6&58) 69 (62.5s) 

87 (63,5!) 66 (6s.Q) 

26 (6&S&) 51 (6&5s) 

35 (62.51) 23 (6&5s_) 

a The reaction was carried out In dlchlorcmethane at 25 ‘C. The gold catalyst (1 -1X unless 

otherwise noted) was prepared in situ frm [ru(~<6Hll~)2]~6 and (F+(S)-1. !! Isolated yield 

by distillation. c Determined by ‘Ii NM analysis. 4 Detarmined by ‘H mR spectra using chirsl 

shift reagent Eu(hfcj3 or Eu(dcm)3. 5 See text. 1. Reported previously in ref 2 and 3. fi Reac- 

tion with 0.6 molX of the catalyst at 60 T. !! Reaction with 0.8 molX of the catalyst at 60 Y. 

1. Reaction with 0.2 molf of the catalyst. 1 Catalyst - 0.5 alX. k Catalyst - 0.7 molX. 
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nad 8 for that of a-Nbatltuted o-lsocyumcarborylat~ with formldchyde forming (L~)-&elkylou- 

rollncs (see Schcr 1). It I rewonable that the trmr(~_,~~)-ouxollnos 5.6 md cla- 

(kS,52)-5,6 ln the present rldol reoctlon are formed via the lntcrudlatea C and D. In both C 

and D rttwk of the l nolote of loocym%arboxylate coordlnatmd to gold 01) l ldehydes takes place 

prefereotlally OQ the g fsce of the donor center of the enolote. sttack on the cu fwc of the 

enolate be108 adoprod in B. Hucleopblllc attack 00 fi face of sldehydea. rhlck 1s expected from 

A. rlll lead Co tr~nm-(LS,Sl()~x~xollnas. Scerlcrlly bulky subntituent 11’ such as tropropyl on 

lrocyanocarboxylrtes 1s likely to rke C unfavorable due to stertc interactions between R1 snd P2 

on the eldehydc. and then rldehgdes undergo nucleophllic l ttsck on s face. as shown in D. to 

produce cls-(LS,5sS)-oxoxollnes. 

C D 

Cuweraia of (buoliar Loco &la4 &lI Duivmtivms and lkterriutloa of the Chofi~8tloo. 

The oxaxollnes Sb sn6 Y. rhtch have phenyl group at 5 posltlon. were converted lnto lj-foroyl- 

amlno acid methyl estera 7 by psllsdlw-catalyze4 hydrogenolyals of benxyllc carbon-oxygen bond” 

(Scheme 3). Both trans-Sb (821 cc. obtained In entry 6 ln Table 1) and cis-lb (44X cc. entry 7) 

pve (*I-7b. ([o]gO *I&.3* and 41.2.. respectively. (chloroform)), lndtcattng that they have the 

sam conflguratlon at L poaltton. Acldlc methanolyale of (*)-zb gave known (s)-(+)-8.9 It 

follow that trms-Sb snd cl,-% used In the tranrformmtlons have sbrolute configurations. 

(CS.SE) an4 CUj,Ss). respectively. It was also dmnstrsted that trons-# snd cls-5d (entry 10) 

have the sme conft(uratlon at C posltlon by the hydro(enolysls lnto (*j-76. 

Schtr I 

Ph 
< *. 3’COOMB 

r-f 

0-N \ R’ Me 

rfmws.sa~- 5b.d - PhCHI 

NHCHO NH, 

(SW)- Tb,d (SI-(*I. 8 

usWZ.SS)~ Sb,d 
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The abaolute configuration of oxaroline cia-(-)-5d woe determined to be (b&s) by corpari- 

eon of optical rotatim valuae of methyl 2-amino-2-isopropyl-3-phenyl-3-benxoyloxypropiormte (10) 

derived from cia-Y ati the authentic aample propared via diaatereoaalectlr? rlkxlatifm reported 

by Aebi and Seebach” (Schaa 4). ‘Thus, sddlc hydrolysis of cia-Sd (@x ee, obtained in entry 

11) with CON IfCl in wthanol followed by ~benxoylaticm of the resulting aminoalcohol 9 gave 

(-)-IO. Treatment of (4~,Z&)4-(methoxycarbonyl)-5-phenyl-2-oxaxoline (So) (91% ee) with excess 

trioethyl orthobenroate in the presence of [Pd(kC!N)~](BF~)2 as catalyst in refluxlng methanol 

resulted in transimldation to produce (41,52)-2-phenyloxaxollne 11 in a good yield. Alkylation 

of (M,Ss)-11 according to the Seebach’s procedure 9ave G-isopropyloxazoline (12). though in lou 

yield, which should have (4s.52) configuration. ” ‘Hydrolysis of (bs,5s_)-12 gave benzoate (-)-lo 

whose configuration should be (2~,3~), indicating that cls-(-)-# hss (42.5s) configuration. 

Scheme 4 

OvN 
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Ph 
4 
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5 4P 
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9 (2SJSI-(-I- l’o 

I 

HCi I Id20 

dioxane 
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MeOH Y 
2) I-RI d i-c 

Y‘ 
Ph Ph 

11 12 

The oxatollnes, traaa-6 and cia-6. that have wthyl6roup at 5 position ware converted, by a 

sequence of reactions g, b. 5, d, and g shorn in Schemes 5 and 6. into cls-4-(carbomethoxy)-6- 

alkyl-S-methyl-2-phenyloxazolinas (14) whose absolute configuration has bean reported. Lo The key 

steps are b where reaction of aminoalcohols 13 with bentimidate affords 2-phenyloxatollnes 14 

with retention of configuration at both 2 and 3 poaik10na~~ and 9 where reaction of benroylamlno- 

alcohol 15 with thlonyl chlorida gives 14 with inversion of confl9uratia at 3 position. l5 The 

cia 2-phsnyloxarolines l&-d derived froa trana oxaxollnes 6&d with inveralon at 5 position 

(Scheme 5) and those derird fra cia oxatolinea 6b-4 with retention or with double inversion at 

5 position (Schew 6) tumad out to have all (bs,s) configuration. These results demonetratc 

that trana oxatolines 6bd are (42,5!) isarers and cla-&-d are (Gs,52) iaaers. bxlar rota- 

tion values of trans oxatollnea (&2,5&R)-14b and (bs,SE)-14~ am calculated to be +36-37. and 

-28’) respectively, from the data obtained in the present tranatormtlons. The reportedlO rota- 

tion values of cls oxatolines (4S,Sz)-l4b and (bYT,E)-14~. both of which are contaminated with 

trans (41,fis) isooers, may ba corrected to -7.5’ and -66’. respectively, by considering the 

rotation values of trana-14b and 14c. Further details are shown in Experlmntal section. 
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tmm+S,SR)- (Ib-d (2S.W 13 b-d 

Ph 

ds-(4S,5S)- 14 b-d 

HO NHCOPh 

(2S,3R)- 1 Sb-d 

a) amc WI I MeOH. b) PhC(tNH)OMe / MeOH. c) i. 61 HCI I H,O. ii. NaHCO, / H,O. 

d) PkCocl IE~N I CHCI,. e) SOCI, 

Scheme 6 

0-N 
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Ho- kH,.HCI 

f2S,3S)- 13b-d 

b) - 0 

d) 

Me \ 
-r &OMe 

C) 
‘. 

wans_(2S,3R)- 15 c r? e) *_~ c 

1 
e) 

O /N Y 
&-(4s,5s)- 14c Ph 

imns+S,5R)- 14b,c 

Ph 

cis-(4S,5S)-14b.d 

Me 
I 

?COOMe 

H 
HO NHCOPh 

(2S,39)- 1 Sb,c 

I ‘3 

caretal. Optical rotations were measured with a Perkin-Elmer Ul polarimater. ‘Ii IMi 

spectrs were meaourad with a JELL JNH-W-100 (100 M(r) or JELL JW-CX-400 (400 W) epectnwater. 

Enantiowrlc puriclaa by ‘II )9(R analysis ware deterlined by using a chiral shift reagent crie- 

(~.&d~cnmpholylmthanato)europi~(III) [Eu(dcm)3]16*17 or tria[3-(haptafluoropropylhydroxymath- 

ylene)~~horato]europicu(III) [E~(hfc)3]~’ and mesouring peak ueaa by cutting and WiphiOfJ. 

A Varlao Aerograph Model 920, equipped b4t.h a 2Gft column packed with SIllcone M: 550 (m on 

Celite) was used for isolation and purification of the products. Preparative medlrcprcaoure 

liquid chroratopraphy (MU) waa done on a silica gel 60 propacked Lobs (hrck) cohm. 

lhteriala. Methyl iaocyanocarboxylatea &2d were prepared accordln8 to the literature 

procedure.6 Qliral (aminoalkyl)farrocenylphoaphinea 1m-c ware prepared by treatment of @)-I- 

I(S)-1’,2-bia(diphenylphosphino)ferrocenyl]ethyl acetate’ with 5-15 equiv of corresponding 2- 

(dialkylamino)ethyl-i-wthylaminea in refluxing methanol in a similar mnner to the procedure 

reported for the preparation of ld.* 

Aamruic AXdo Rmctiom of ImayaKn=x boxyXmtAm 2 with My&m Gtrlyxad by a&ml 

Parroceaylpld(1) caplmxem. -ml Praedmre. All the reactions were carried out 

under a dry nitrogen atmosphere. To a mixture of the c&ionic gold complex blo(cyclohexy1 iso- 

cyanlde)gold(I) tetrafluoroborate’ (27.5 q, 0.055 -1). 0.056 -1 of a ferrocenylphosphine 1. 



Asymmctnc synthrair of fl-hydroxy-s-alkylunino l & 5259 

and 5.~ -1 of an iaocyaaocarboxylata 2 in dry dichloromethana (5.5 rL) uas addad benxaldehyde 

3 (6.05 -1) or acataldahyda 4 (11.0 rol), and the aixture uas stirred at 25 l C until the 

reaction was capleted. The completion uas checkad by infrared spectra of the reaction mixture 

and/or silica gel TIL (haxane/ethyl acetste - 2/l). Evaporation of tha solvent follovad by bulb- 

to-bulb distillation under raducad presaura 9ave a tradCi0 mixture Of OXaaOlinOs. 'RIO 

trans/cis ratio uas dotermined by lif MI studies maauriog the peak araaa of ocllj singlets, a 

chiral ahift reagent being usad to obtain high resolution for the penkm of 6. The stereoi-rs 

of oxarolines 5 and 6 uare separated by HPK on silica gel (haxane/athyl acetate - l/2) and 

preparative GIL, reapectivsly. The reaction conditicma and rssalta are suarlral in Table 1. 

The enantiowric purities of the oxatolines were determined by ‘II NNR l tudies in the presence of 

chiral shift reagents, &r(hfc)3 for Sb,d and Eu(du)3 for 6b.c.d. The OCH3 singlets of (41,52)- 

5b. (b&5tj)-Sb. (S&SFI)-54 (6&5+5d, (4&5~l()db, (4&5s)-ar, (‘&5&)4c, (4&s)*, (4&52)- 

6d, and (4!,51)-6d appeared at a higher field than those of their enantiomera. The ‘H h!tp 

spectra and optical rotation data are shorn below. 

C(~ycu~yl)~Lhyl-~~Fl-2- Um (5h). (69_,5&)-Sb (92X ae): (s];’ 484.5’ 

(c 1.9, THF). 1H h?U( (CDC13) 6 0.99 (a, 3H), 3.81 (0. 3H). 5.81 (a, lH), 6.97 (a, lH), 7.23 (a. 

5H). (G&53)-% ‘H NNR (CDC13) 6 1.71 (a, 3H), 3.11 (s, 3H), 4.16 (a, lH), 7.08 (a, lH), 7.23 

(8, 5H). Anal. Calcd for C12H1303N: C, 65.76: H. 5.98; N, 6.39. Found: C, 65.67: H, 6.01; N, 

6.52. 

C(~yurboyl)-Cl~yl-~-pbaoFl-2~ llm (5d). (G&5@-# (85% ae): [al;0 +2.0* 

(2 1.7, lw). ‘H NHR (CDC13) 6 0.62, 0.73 (s pair of d, J - 7 Hz, 6H), 1.99 (sept, lH), 3.89 (s. 

3ti), 4.75 (s. lH), 7.17 (a, lH), 7.3-7.7 (m. 5H). (Os,S~)-# (42% ae): [u];’ -35.6’ (g 1.2, 

M). ‘H NMR (CDC13) 6 0.97, 1.05 (a pair of d, J - 7 Hz, 6H), 2.40 (aept, lH), 3.14 (s, 3H), 

4.29 (s, lH), 7.1-7.6 (m, 6H). 

d<)(stbowbow2 ) _yl-s-mathyl-2- lima (6b). (4s,5~)-6b (86% se): ial~” l 136.2” 

(c 0.8, THF). ‘H N?S (CDC13) 6 1.378 (a, 3H), 1.382 (d, J - 6.6 Hz, 3H), 3.786 (s, 3H), 4.839 

(q, J - 6.6 Hz, lH), 6.848 (9, 1H). (G&sS_)-6b (54% ee): [u];’ +ll.l’ (+ 1.1, m). ‘H m 

(CDC13) 6 1.271 (d, J - 6.5 Hz,3H), 1.535 (a, 3H), 3.761 (a, 3H), 4.362 (q, J - 6.5 Hr, lH), 

6.902 (s, 1H). Anal. Calcd for C7H1103N: C, 53.49; H, 7.05: N, 8.91. Found: C, 53.68: H, 7.24: 

N, 8.67. 

&(nsthoxycubomy1)4.thy1-5-mathy1-2+x8ao lim (6c). (G,5f$-& (87X ae): [a];’ +55.3” (c 

0.7, THF). ‘H NMf (CDC13) 6 0.983 (t, J - 7.6 Hz, W), 1.405 (d. J - 6.7 Hz, 3H), 1.639 (dq, J - 

14.8 and 7.4 Hz, 1H). 1.876 (dq, J - 11.8 and 7.4 Hz, lH), 3.785 (s, 3H). 6.705 (q, J - 6.7 HZ, 

lH), 6.884 (8, 1H). (b&5~)-6c (662 ee): [a];’ -29.3” (c 0.5, lW). ‘H MR (CDC13) 6 0.958 (t, 

J - 7.6 Hz, 3H), 1.255 (d, J l 6.6 Hz, 3H). 1.689 (dq, J - 16.8 and 7.4 Hz, lH), 2.061 (dq. J - 

14.8 and 7.4, lH), 3.767 (s, 3H), 6.395 (q, J - 6.6 HZ, lH), 6.910 (s, 1H). Anal. Calcd for 

C8H1303N: C, 56.13; H. 7.62: N, 8.18. Found: C, 55.84; H, 7.92; N. 7.89. 

C(~xycu~yl)~~oOyl-~yl-2~ lima (6d). (4&51)-&I (26X ae): [al;’ -6.5” 

(& 1.0, THF). 1H h?R (CDC13) 6 0.938 (d, J - 6.5 Hz. W), 0.962 (d, J - 6.8 Hx, 3H), 1.536 (d. J 

- 6.8 Hz, 3H), 2.191 (sept, 1H). 3.777 (s, 3H), 6.593 (q, J - 6.8 Hz, lH), 6.965 (s, 1H). 

(43,5s)-6d (51% ee): [a]$’ -65.5” (c 0.9, THF). ‘H NM (CDC13) 6 0.858 (d, J - 6.8 Hz, 3H), 

0.987 (d, J - 6.7 Hz, 3H), 1.239 (d, J - 6.5 Hz, 3H), 2.198 (sept, lH), 3.770 (s, 3H), 4.516 (q, 

JS-;.5HHz; ;;LN6.;l;l(s. 1H). Anal. Calcd for C9H1503N: C, 58.36; H, 8.16: N, 7.56. Found: C, 

. : , . ; , . . 
~qpd~01~ of Oxaaolima 5b.d to lJ-Forr)lufoo Acid Methyl Estara 7h.d. The procedure 

reportedll by Schtlllkopf was slightly modlfiad ss follows. A mixture of 0.34 9 (1.38 Dal) of 

(G&5!)-5d (85X w) and GO a9 of 10X PI-C in 3.6 d of methanol was placed in a stainless micro 

autoclave and magnetically stirred at 80 “C with hydrogen at 150 atm for 22 h. Evaporation of 

the solvent followed by preparative TIC on silica gel (haxane/ethyl acetate - 2/l) gave 0.30 8 

(86X) of (R)athyl 2-formylamino-2-isopropyl-3-phenylpropionate (76): [algo +79.0- & 1.5, 

chloroform). lH l@lR (cDc13) 6 0.93, 1.12 (a pair of d, J - 7 Ht. 640. 2.81 (sapt, lH), 3.25 (d, 
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J - 14 8x, lH), 3.73 (a, 3H), 3.77 (d, J - 14 Hz, lH), 6.26 (broad a, 18). 6.82-7.32 (m, 5H), 

7.94 (d, J - 2 I&, 1H). Similsrly, hydrogenolysir of (Gs,52)-Sd (42X ee) gave (R)-7d ([o@ 

t36.2’ (S 0.9, chloroform)). 

Tree-at of (4S,5&)-lb (82X ee) with 150 atm of hydrogen in the presence of 10X PI-C at 

80 ‘C in a l imilsr mnner to thet of 5d gave 54X yield of @)-7b with the optical rotation of 

[a];’ t74.3O (S 1.0, chloroform). lIi KfUf (cDc13) 6 1.70 (a, 3H). 3.19 (d, J - 13 Hz, 1H). 3.53 

(d, J - 13 Hx. lH), 3.76 (a. 3H), 6.68 (broad l . lH), 6.92-7.46 (m. 5H). 8.05 (d. J - 2 Hr. 1H). 

Slmllarly, hydroganolysia of (4&!&)-M (44X ee) gave (s)-7b ([a];’ 4441.2O (5 1.2, chloroform)). 

Methyl 2a 2~thyl-3-p&mylpropio~te (8). A eolution of 58 Q (26 rol) of formamide 

7b (Iol$ t74.3” & 1.0. chloroform)) and 0.2 mL of cont. Kl in 2 mL of rchanol vex hented at 

%I “C for 2 h. ‘Ibe mixture uaa stripped of solvent, made alkaline with aqueous sodium bicnrbon- 

ate, and extracted with ether. Evaporation of the eolrent followed by preparative TIC on silica 

gel (hexane/ethyl acetate - 1/l) gave 32 mft (63X) of (S)-8 ([a]$’ t3.5’ (5 1.0. ethanol)). 

(lit.9 [o];O -2.8” & 1.0, ethanol) for (R)-8). 

lW.hyl 2-Lioo-2-~pr~yl-9~yl-~~yl~y~i~~ (10). 8) Convsreion of oxntoline 

54 A solution of 130 0 (0.52 mol) of the oxstollne (4s,52)-5d (48X ee) and 3 mL of cone HCl 

in 15 ml. of methanol ww heated at 50 ‘C for 3 h. Removal of the solvent under a reduced 

pressure gave 100X yield of the methyl ester hydrochloride 9: ‘H NM (CD3OB) 6 1.13, 1.19 (a pair 

of d, J- 7 HZ, 6H). 2.38 (aept, lH), 3.71 (8. 3H), 5.27 (a, lH), 7.40 (a, 5H). The hydrochlo- 

ride 9 obtained above vary treated with 0.06 mL. (0.52 ~1) of bentoyl chloride. and 0.22 d. (1.6 

-1) of trlethylamine in 2 mL of chloroform at 50 Y for 2.5 h. Aqueous vork-up followed by 

preparative TIC on silica gel (hexana/ethyl acetate - l/l) gave 18 q (10X) of (2s,3s_)-(-)-lo 

([a$0 -33O & 0.0, TBF): ‘H hMR (CIU,) 6 1.05, 1.08 (a pair of d. 1 - 7 Hz, 6H), 2.00 (a, ZH), 

2.26 (sept, lH), 3.69 (a, 3H), 6.50 (s. lH), 7.2-7.8, 8.1-8.4 (a, 10H). 

b) Alkylation of L-(wthoxycarbonyl)-2,5-dipheayl-2-oxaxoline (11). A mixture of 1.09 8 

(5.30 -1) of (4!,5s)-50 (91X ee), 123 q (0.28 rol) of [Pd(14eCN)61(BF4)2, and 7.2 rL (Lo ml) 

of trimethyl orthobentoate in 10 mL of wthanol uas refluxed for 13 h. Ether ~a8 added and the 

mixture vas washed tvice vith saturated sodium bicarbonate solution and stripped of solvent snd 

lov boiling ccwpounds including trlmethyl orthobenxoste. The residue vns chromatogrephed on 

silica gel (HPIL) to give 926 l g (62X) of (4~,5~)-4-(wthoxycarbonyl)-2,5-dlphenyl-2-oxatoline 

(10): ‘H N!lR (CDc13) 6 3.83 (8, 3H). 6.78 (d, J - 7 Hz, lH), 5.85 (d. J - 7 Hz, 18). 7.36 (~9 

5H), 7.0-7.6. 1.8-8.2 (m. 5H). 

The 2-phenyloxaroline (b&5s)-11 was subjected to the mymetric slkylation reported by 

Seebach. To the lithium enolste of (b&g)-11 (91X l 924 m, ml) generated treat- 

ment 3.U -1 of lithim diiuopropylamide in 6 mL of IMPA and 20 mL of MF, uas added at 

-62 “C 0.82 mL (8.2 rol) of ioopropyl iodide. The mixture wad kept etirred at -62 OC for 8 h 

and at 2 ‘C for 14 h, and hydrolyzed vith 50 d of s(rt wnium chloride solution. Pentane 

extracts from the reaction mixture was vast4 with unter, dried over anhydrow msgaceiw sulfate, 

and stripped of solvent. Repeated (three times) preparative TLC on silica gel (hexane/ethyl 

acetate - 3/l) of the reaidw gave 16 mu (1.5X) of (G~.5~)4-(methoxycarbonyl)-4-isopropyl-2,5- 

diphenyl-2-oxstoline (12): ‘H NHR (cDc13) 6 0.99, 1.10 (a pair of d, J - 7 Hz, 6H), 2.49 (-pt. 

IH). 3.13 (a. 3H). 5.58 (8, IH). 7.30 (a. 5H), 7.0-7.8, 8.0-8.4 (e. 58). Oxaxoline (b&52)-22 

(16 q, 0.050 ~1) was treated ulth 0.034 mL of 1.67 N BC1 (O.OY) ml) in 1 mL of dioxane at 

room temperature for 18 h. The mixture was made alkaline with anturated aqueoue sodium bicarbon- 

ate and extracted with ether. Evaporation of the solvent folloved by preparative TLC on silica 

gel (hexane/ethyl acetate - l/l) gave 12 .8 (71X) of (2&32)-10: [al;’ -56” (c 0.6. mF). 

Cao+ermi.om of Cha8olinea (bS.SR)- md (bS.SSSW ioto 2-pbanyl oxaxolinem (4&Y> and 

(4s,S~-NW. Typical Procedurea for a) acid hydrolysis of oxaxolines 6 into amino ester hydra- 

chlorides 13, b) preparation of 2-phenyloxuolines 14 by the reaction of 13 with benxiaidste, C) 

acid hydrolysis of 2-phenyloxsxolines 14 into benxamino eaters 15. d) I+scylstion of 13 into 

bentamino eaters 15, and l ) preparation of 2-phenyloxnrolines 14 by the reaction of 15 with 
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thionyl chloride, are shown below. 

Roudure a. G~~mfaa of (&&SXXdb f~to (2SSjp_)-13b. A mixture of 

(bS,Sg)db (86X ee) and 1.5 mL of cone HCl In 15 mL of wthanol was stirred 
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104 18 (0.66 Dal) of 

et 50 ‘C for 5 h. 

Resovnl of the solvent under reduced pressure gave 112 e (92%) of (2&3l)-aetbtl 3-Wrov-2- 

methyl-2-asinobutanoate hydrochloride (1%): [a]:’ -7.5’ (5 0.3, rthanol). 'A M@f (a3m) 6 

1.30 (d, L - 7 Mt. 3H), 1.54 (9, 3H), 3.90 (0. 3H). 4.19 (q, J - 7 Hz, 1H). In a similar manner, 

(4S,55)-6c (87X ee), (4&5!)-6d (26X ee), (4$.5~)-6b (WI eel. (4&%)-6c (66X ee). and (4&53)- 

66 (51X ee). uere converted into the corresponding e&no ester hydrochloridea 13. (22,31)-13~ 

(100x yield): ‘H WR (CD30D) 5 0.96 (t, J - 7 lit, 3H). 1.26 (d, J - 6 Hx. 3H), 2.03 (q, J - 7 

HZ, W), 3.95 (9, 3H), 4.07 (q, J - 6 Hz, 1H). (22,3!)-13d (95X yield): [a]:’ -5.4” (5 1.0. 

methanol). ‘H W (CD30D) 6 1.02. 1.12 (a pair of d, J - 7 Hz, 6H), 1.27 (d, J - 7 Hz, 3H), 2.10 

(m, lH), 3.90 (a, 3H). 4.48 (q. J - 7 Hr. 1H). (2~,3s)-13b (93X yield): [a]$’ t7.1’ (2 0.3, 

methanol). ‘H IRUf (CD3CD) 6 1.30 (d, J - 6 Hx. 3H), 1.65 (8, 3H), 3.92 (a. 3H), 4.11 (q, J - 6 

Hz, 1H). (2&3s_)-13c (100X yield): ‘H N?iR (CD30D) 4 0.97 (t. J - 7 Hz, 3H). 1.27 (d, J - 6 Hs. 

3R). 1.90 (q, J - 7 HZ. 2H). 3.96 (a, 3H), 4.22 (q, J - 6 Hz, 1H). (22,32)-13d (97x yield): 

I alp t1.3’ (c 1.0. methanol). ‘H mR (CD30D) 6 1.03, 1.05 (a pair of d. J - 7 Hr. 6H). 1.29 (d, 

J- 7 Hz. 3H), 2.35 (m, lH), 3.85 (s, 3H). 4.18 (q, 2 - 7 Hz, 1H). 

Razedare b. Coorermicm of (2S,3+13b into (4S.=J-14b. The procedure reported by Moss14 

was modified as follow. A mixture of 516 mu (2.80 nnol) of the hydrochloride (22,3FJ)-13b 

prepared from (42,5!)-6b of 73X ee, 0.45 rL (3.3 -1) of methyl bentimidate in 8 mL of methanol 

was heated to reflux for 14 h. Solvent was evaporated, saturated sodium bicarbonate solution uas 

added to the residue, and the mixture was extracted with ether. lhe ether extracts were washed 

with brine, dried over anhydrous magnesium sulfate, and stripped of solvent. Preparative TIC on 

silica gel (hexane/ethyl acetate - l/2) gave 76 sg (12X) of (LS,51)-14b and 39 “8 (6X) of benr- 

amide (22,3!)-15b. (&,5!)-14b: [a];’ t26.9’ (2 1.1, chloroform). ‘H MR (CDC13) 5 1.47 (8. 

3H), 1.48 (d, J - 6 Hz, 3H), 3.80 (s, 3H), 5.05 (q, 2. 6 Hz, lH), 7.3-7.6, 7.9-8.1 (m, 5H). 

Similarly, (2&3S)-1M (45X ee) and (Z&E)-13d (51X ee) were converted into the corresponding 2- 

phenyloxatolines. (42,5S)-14b (12X yield): [a]%’ -1.3’ (5 1.9, chloroform). ‘H IWR (CDC13) 4 

1.36 (d. 2 - 7 Hz, 3H). 1.63 (9. 3H), 3.76 (s. 3H). 4.57 (q, 2 - 7 Hz. lH), 7.37.7. 7.9-6.2 (m, 

5H). (43,53)-14d (16X yield): [a];’ -45.8’ (2 0.2, chloroform). ‘H NtUf (CDC13) 6 0.91. 1.07 (8 

pair of d, J - 7 Hz, 6H). 1.33 (d. 2 - 7 Hz, 3H), 2.1-2.6 (a, 1H). 3.31 (9, 3H), 4.47 (q, J - 7 

Hr. lH), 7.1-7.8, 7.9-8.3 (m. 5H). 

Procedure c. Coorermloa of (4S,Y_)-14b into (2&3l+lSb. A solution of 70 mR (0.30 -1) 

of (4S,51)-14b and 0.18 mL (0.30 mmol) of 1.7 N HCl in 1.2 mL of dioxam was stirred at roa 

temperature for 7 h. Sodium bicarbonate (30 mg) solution uaa added and the mixture was stirred 

overnight. Water was added and ether extracts frm the aqueous layer were dried over anhydrous 

ragnssium sulfate and stripped of solvent. Preparative TLC on silica gel (hexane/ethyl acetate - 

l/l) Rave 60 mR (80X yield) of (23,3!)-15b: ‘H WR (CDc13) 6 1.22 (d, J - 6 Hz, 3H), 1.59 (9, 

3H), 3.78 (9, 3H), 3.5 (broad s, lH), 4.19 (q. J - 6 Hz. lH), 7.13 (broad s, lH), 7.2-7.6, 7.7- 

8.0 (a, 5H). Similarly, (43,53)-14b and (42,5!)-14~ vere converted into benramides (23,%)-15b 

and (23,3!)-15~ in 92X and 52X yield, respectively. (2&3+15b: ‘H NtlR (CDC13) 5 1.14 (d, J - 

6 Hz, 3H). 1.75 (s. 3H), 3.87 (9, 3H), 4.26 (q, ,! - 6 Hz, lH), 4.9 (broad s, lH), 7.3-7.7. 7.8 

8.0 (m, 5H). (z&3!)-lk: ‘H NkfR (CDc13) 6 0.88 (t, 2 - 7 Hz, 3H), 1.19 (d, I - 7 Hz, 3H), 1.8- 

2.6 (m, ZH), 3.76 (s, 3H). 4.29 (q. 2 - 7 Ht. lH), 4.53 (broad s. lH), 7.21 (s, lH), 7.2-7.6, 

7.7-8.1 (m, 5H). 

Rocadure d. Coorardoa of (2S,3RJ-13~ into (2S,mJ-lk. To a solution of 579 mg (2.85 

-1) of (2S,3&)-13~ artd 401 w (2.85 mol) of benxoyl chloride in 5 mL of chloroform was added 

at 0 OC 1.2 mL of triethylamine. The mixture was stirred overnight at rocm taperature. Removal 

of the solvent followed by preparative TLC oa silica gel (hexaae/ethyl acetste - l/l) gave 568 mp 

(66X) of the bentaride (2S,3!)-15~. Similarly, N-benxoylation of (22,3S)-lk and (22,31)-13d 

gave (22,32)-15~ (53X) and (25,3&)-15d (26X). (2S,3S)-lk: ‘H IM (CDc13) 6 0.64 (t, 2 - 7 Hx, 
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3H), 1.14 (d. J - 6 Hz, 3H), 2.02 (dq, J - 14, 7 Hz, 1H). 2.69 (dq. J - 14. 7 Ht. IH). 3.85 (a. 

3H), 4.28 (q, J - 6 Rx, lH), 5.6 (broad a, 1H). 7.3-7.6, 7.7-8.0 (a, 5H), 7.68 (s, 1H). (2S,3!)- 

15d (261): ‘iI Ml (Cncl,) 6 1.08 (d, J - 7 Hz. 6H), 1.26 (d, J - 7 Hz, 3H). 1.26 (a, 1H). 2.69 

(ecpt, J - 7 Hz, lH), 3.82 (8, 3H), 4.64 (q, J - 7 Hz, lH), 6.54 (broad a, lH), 7.0-8.1 (a. 5H). 

Rocdare a. Caoruoioo of (2S,3RRlSb into (4SS.S>14b. According to the procedure 

reported by Elliott, I5 0.5 rL of thionyl chloride use added nt -78 ‘C to 60 08 (0.26 wl) of 

(2&3iJ)-15b prepared starting with (A~,Sl+4b of 73Z ee vie (&,5&14b. The mixture uaa stirred 

at 0 ‘C for 13 h, and exccea of thlonyl chloride was removed under reduced pressure. Sodium 

carbonate powder and chloroform wad added, and the mixture was washed with sodium carbonate 

solution. The chloroform aolutlon uaa dried over anhydrous magnesium aulfate. Removal of sol- 

vent followed by preparative TLC on silica gel (hexane/athyl acetate - l/2) gave 50 ag (81Z) of 

(As, 53)-14b: [ CI];’ -3.0’ & 0.5. chlorofom). In a siailar ranner, ban-ides (22,3S)-1M 

(prepared fra (42,5S)-6b of 45&e), (2S,3B)-lk (proparad fra (A&5!)-& of 87Z ee), (2&3s)- 

1Sc (prepared from (As,5s)-6c of 66Z ea), (23,31)-15c (prepared fra (42,5s)-6c of 66X ~1, and 

(22,31)-l# (prepared fra (Gs,5B)-6d of 26X ee) were converted into 2-phenyloxarollnea (G,5&)- 

14b (73X yield, [algo +16.2” (c 0.7, chlorofom)), (b&g)-14~ (64Z yield, [ala0 -53.1” (4 1.1. 

chlorofom)), (G,54)-14c (85X yield, [a];’ -18.2’ (2 1.1, chloroform)), (Gs,5s_)-14c (85Z yield. 

[a]$0 -38.2O & 1.0, chlorofom)), and (4$,52)-14d (76X yield, (a];’ -28.3O (5 0.3, chloroform)), 

respectively. (4&5g-l4c: ‘H M!R (CDC13) 6 1.00 (t,d - 7 Hz, 3H), 1.33 (d, J - 7 Hz, 3H), 2.0 

(m, 2H), 3.73 (s, 3H). A.56 (q, 2 - 7 Hz. lH), 7.1-7.5. 7.8-8.1 (a, 5H). (b&5i+l4c: ‘H MfR 

(CDC13) 6 1.02 (t, J - 7 Hz, 3H), 1.48 (d, J - 7 Hz, W). 1.6-2.1 (a, 2H), 3.76 (s, 3H), A.87 (qr 

J - 7 Ht. lH), 7.1-7.5, 7.8-8.1 (m. 5H). 
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