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Summary: Aldol reaction of methyl a-lsocyanocarboxylates (CNCH(R)CCOMe: R = H, Me, Et, A-Pr, 
Ph) with paraformaldehyde in the presence of 1 mol% of a choral (amlnoalkyl)ferrocenylphos- 
phone-gold(I) complex gave optically active 4-alkyl-2-oxazoline-4-carboxylates (up to 83% ee) 
which were readily hydrolyzed to a-alkylserlnes. 

There has been intense interest recently in blologlcal activity of a-alkylserlnes' such 

as a-methylserlne and considerable efforts have been devoted to developing efficient methods 

for the synthesis of optically active a-alkylserlnes.2'3 They have been prepared by hydroxy- 

or benzyloxymethylatlon of llthlated bls(lactlm) ethers prepared from optically active amino 

acids, 2 or alkylatlon of a llthlated optically active oxazolldlne derived from serene. 3 

Previously we have reported that choral (amlnoalkyl)ferrocenylphosphlne-gold(I) complexes 

catalyze the asymmetric aldol reaction of an lsocyanoacetate with aldehydes to produce optl- 

tally active 5-alkyl-2-oxazollne-4-carboxylates with high enantlo- and dlastereoselectlvlty. 4 

Here we wish to describe the asymmetric synthesis of optically active a-alkylserlnes which can 

be achieved by the gold(I)-catalyzed asymmetric aldol reaction of a-lsocyanocarboxylates with 

formaldehyde. 

Methyl a-lsocyanocarboxylates la-e were prepared by dehydration of the corresponding I- 

formylamino acid methyl esters according to the reported procedure.5 We have examined several 

(amlnoalkyl)ferrocenylphosphlne llgands for the gold-catalyzed aldol reaction of the lsocyano- 

carboxylates with paraformaldehyde and found that those bearing dlmethylamlno (2a) or plperl- 

dlno group (2b) at the terminal posltlon of the ferrocene side chain 496 are more effective 

than others to give optically active methyl 4-alkyl-Z-oxazollne-4-csrboxylates (3a-e) with 

high enantloselectlvlty (Scheme 1). 
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A typical procedure 1s given for the reaction of methyl 2-lsocyano-3-methylbutyrate (Id). 

To a mixture of 25.1 mg (0.050 mmol) of bls(cyclohexy1 lsoryanlde)gold(I) tetrafluoroborate,7 

37.2 mg (0.051 mmol) of (R)-~-methyl-~-[2-(plperldlno)ethyl]-l-[(S)-l',2-bls(dlphenylphos- 

phmo)ferrorenyl]ethylamlne ((&)-(S)-Zb), 0.18 g (6.0 mmol) of paraformaldehyde in 5 ml of dry 

dlchloromethane was added 0.706 g (5.00 mmol) of Id, and the mixture was stirred under nltro- 

gen at 25 "C for 70 h. Evaporation of the solvent followed by bulb-to-bulb dlstlllatlon (ca. 

100 "C/O.5 mmHg) gave 0.826 g (97% yield) of 4-isopropyl-4-(methoxyrarbonyl)-2-oxazollne (3d) 

([a];' t100.4" (c 1.1, THF)), whose enantlomerlr purity was determined to be 81% by 'H NMR 

spectra using choral europlum shift reagent Eu(dcm)3. 

Reaction of other a-lsocyanorarboxylates also proceeded under similar condltlons to 

produce oxazollnes 38 in high yields. The results are summarized in Table 1. The enantlo- 

merlc purities of 57-70% ee were obtained In the reaction of la-c with the ferrocenylphosphlne 

2b. Comparable stereoselectlvlty was observed with the llgand 2a. The oxazollnes 3 were 

readily converted into methyl a-alkylserlnate hydrochlorldes (4) and a-alkylserlnes (5) 

(Scheme 2). Thus, the hydrolysis of 3a (44% ee), 3b (63% ee), 3c (66% ee), and 3d (81% ee) 

with 6 N hydrochloric acid at 80 "C for 6 h followed by treatment with ion exchange column 

(Amberllte IR-120B, Ht form) gave (s)-serene (5a) ([a]$' -2.0“ (c 5.5, H,O)),' (S)-a-methyl- 

serene (5b) ([a]D 2o +3.3" (c 1.0, H20)),lo (S)-a-ethylserlne (5~) ([a]:' -3.3' (c 1.0, 5 N 

HCl)),ll and (S)-a-lsopropylserlne (5d) ([a];' t7.8“ (2 1.0, H20)), respectively, in a quantl- 

tatlve yield. The oxazollne 3d (81% ee) was converted into ti,G-dlbenzoyl-a-lsopropylserine 

methyl ester (6) ([a];' t2.9" (c 0.9, chloroform)) via 4d ([a];' t2.2" (c 0.4, methanol)) 

by arldlc hydrolysis in methanol (cont. HCl, MeOH, 50 "C, 3 h) followed by dlbenzoylatlon 

(PhCOCl, Et3N, DMAP, THF reflux), and the conflguratlon of (t)-3d was determlned to be (2) 

by comparison of the optical rotation with that of authentic sample prepared by Seebach's 

method.3s12 
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In our previous studles4 on the asymmetric aldol reaction of methyl lsoryanoaretate with 

aldehydes, we have proposed that the terminal amino group on the side chain of ferrorenylphos- 

phone llgands abstracts one of the active hydrogens of lsoryanoacetate coordinated with gold 

to form ammonium enolate and the formatlon of the ion pair 1s responsible for the high stereo- 

selertivlty. The present asymmetrlr aldol reartlon with formaldehyde where the stereoselertl- 

vlty 1s concerned only with the enantloface dlfferentlatlon of the enolate of a-lsocyanorar- 

boxylates, 1s considered to proceed via the lntermedlate A or B. The absolute configuration 

(S) of the products (3a-d) lndlcates that the hydroxymethylatlon occurred preferentially from 
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Table 1. Asymmetrlr Aldol Reactlon of Methyl a-Isocyanocarboxylates (1) with 

Paraformaldehyde Catalyzed by Choral Ferrocenylphosphlne-Gold(I) Complexes.2 

R in NR2 In reaction yleldh(%) % e& 20 [aID 
entry CNCH(R)CCOMe (1) llgand 2 time (h) of 3 (conflgn)d (c In THF) 

H (la) 

H (la> 

Me (lb) 

Me (lb) 

Et (lc) 

Et (lc) 

l-Pr (Id) 

L-Pr (Id) 

Ph (le) 

NMe2 (2a) 

N 
3 

(2b) 

NMe2 (2a) 

N 
3 

(2b) 

NMe2 (2a) 

N 
3 

(2b) 

NMe2 (2a) 

N 3 (2b) 

NMe2 (2a) 

20 

20 

40 

40 

50 

50 

70 

70 

90 

99 

89 

100 

95 

89 

89 

99 

96 

75 

52 (s) 

44 (S) +134.4" (1.2) 

64 (2) 

63 (S) +96.7' (1.4) 

70 (S) 

66 (S) +81.9" (1.3) 

71 (2) 

81 (S) t100.4O (1.1) 

67c t160.1" (1.3) 

a The reaction was carried out in dlchloromethane at 25 “C. The gold catalyst (1 mol%) 

was prepared In situ from [Au(c-C6H11NC)2]BF4 and (&)-(S)-2. 1 Isolated yield by 

dlstlllatlon. c Determlned by 'H NMR spectra using choral shift reagent Eu(dcm)3 or 

Eu(hfc)3. fi Determlned by converting oxazollnes 3 into known a-alkylserlnes (see 

text). c The ronflguratlon has not been determined. Acldlr hydrolysis of 3e in metha- 

nol gave methyl a-phenylserlnate hydrochloride (4e) of [a]$' -24.9' (c 1.2, methanol). 

the s1 face of the donor renter of the enolate of lsocyanorarboxylate in A. - It 1s interesting 

that the enolates of all the lsoryanorarboxylates (la-d) rearted on the s1 fare lrrespertive - 

of the sterlc bulkiness of the substltuent R on 1. It may be concluded that the reartlon face 

of the enantlotoplr enolate 1s determined mainly by the attractive lnterartlon forming ammo- 

nium enolate rather than by sterlr repulsions between the substltuents on the enolate and the 

rhlral llgand. 
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