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3-Amino-2-hydroxy-4-phenylbutyric acid (AHPBA) and its derivatives' are useful 
starting materials for the preparation of HIV-1 protease inhibitors such as saquinavi? and ampre- 
n a ~ i r . ~  Various synthetic routes for the preparation of this type of compounds have been 
p~bl ished.~"~ We previously reported a novel and facile synthetic route to AHPBA and its deriva- 
tives (4S,5S)-4-benzyl-5-hydroxymethyl oxazolidin-2-one as part of our study of the synthesis of 
HIV- 1 protease inhibitors? In this paper, N-phthaloyl protected L-phenylalanine was treated with 
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thionyl chloride followed by hydrogenation of the acyl chloride on P&C, giving 2-phthalimido- 
3-phenylpropionaldehyde. The aldehyde reacted with Nagata's reagent to afford 3-phthalimido- 
2-hydroxy-4-phenylbutyronitrile as a diastereomeric mixture. After hydrolysis, the cyanohydrin 
was transformed into (2S,3S)-6. The overall yield of this route was 12% from phenylalanine. 

0 (Ph 0 (Ph 

(Ph - a H2Ni\/OH (Ph b_ "&OH c @NACHO / 
HzN-COOH 

1 2 0 0 
3 4 

n .Ph Dh 

5a,b 
I 

Reagents and conditions: a) N&H& THF, reflux, 20 h; b) phthalic anhydride, 14O-15O0C, lOmm Hg or 
reflux in toluene; c) py'SO3, DMSO, NEt3(cat), CH2C12; d) CH3N02 and NEt3 in THF at -40°C for 4 h 
then at r.t. overnight; e) HCI (concentrated), reflux, 24 h; then addition NaOH (40%) and ClC02Et 
dropwise alternately while the pH was kept at 7-8 

The present communication reports an improved and convenient method for preparation 
of the key intermediate 3-ethoxycarbonylamino-2-hydroxy-4-phenylbutyric acid. (R)-phenylala- 
nine 1 was reduced to (R)-phenylalaninol 2 with sodium borohydriddiodine reductive system in 
THF in 78% yield.* Protection the 2-amino alcohol 2 by heating with phthalic anhydride in 
toluene afforded (R)-Zphthaloyl amino-3-phenyl- 1 -propano1 3 in 82% yield. (R)-2-Phthalimido- 
3-phenylpropionaldehyde 4 was obtained in 65% by oxidation the phthaloyl protected 2-amino 
alcohol 3 with sulfur trioxide-pyridine complex (Py*S03).9Jo The crude product was used 
without further purification. Treatment of the aldehyde 4 with nitromethane in the presence of 
NEt, as catalyst (Henry reaction) at -40°C to r.t." gave (2RS,3R)-2-hydroxy-4-phenyl-3- 
phthaloylamino-1-nitrobutane 5a and 5b as a mixture in a ratio of 5.2: 1;12 the (2R,3R)-diastereo- 
meric isomer 5a was purified by recrystallization. Compound 5a was refluxed in conc. 
hydrochloric acid for 24 h; after filtration to remove insoluble material, the filtrate was alter- 
nately treated with NaOH (40%) and ethyl chloroformate dropwise while the pH was kept at 7-8 
to afford (2R,3R)-3-ethoxycarbonylamino-2-hydroxy-4-phenylbutyric acid 6. 

In summary, we have developed a convenient and effective synthetic method for prepa- 
ration of 3-ethoxycarbonylamino-2-hydroxy-4-phenylbutyric acid in 18% overall yield from 
phenylalanine. 

EXPERIMENTAL SECTION 

Melting points were measured on a Buchi 5 10 apparatus and were uncorrected. Elemental 
analyses were performed on a Elementar Vario EL instrument. Infrared spectra were obtained on 
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a Nicolet Magna 750 spectrometer. NMR spectra were measured on Bruker AMX-400 spectrom- 
eter with tetramethylsilane as internal standard. Specific rotations were measured on a Perkin- 
Elmer 241 MC. Mass spectra were determined on a Varian MAT-95 mass spectrometer. 

(R)-Phenylalaninol (2).- Sodium borohydride (6.6 g, 0.17 mol) was suspended in THF (100 
mL) and the mixture was cooled in an ice bath, then (R)-phenylalanine (12 g, 73 mmol) was 
added in one portion to the mixture on stirring. A solution of iodine (18.44 g, 73 mmol) in THF 
(100 mL) was added to this mixture dropwise under nitrogen atmosphere. After addition, the 
solution was refluxed overnight. After cooling to r.t., methanol was added to the mixture drop- 
wise until gas evolution ceased. The solvent was removed and the residue was stirred in 20% 
KOH (100 mL) for 4 h at r.t. The aqueous phase was extracted with dichloromethane (150 mL x 
3). The combined organic layers were washed with water and dried over anhydrous Nrt,SO,. 
After removal of the solvent, the crude material was recrystallized twice from toluene affording 2 
as a white solid (8.61 g, 78%), mp. 91-93"C, lit.* mp. 92-94°C. 'HNMR (CDCI,): 6 7.2-7.4 (m, 
5H),3.6(dd,J=3.9,6.6Hz, lH),3.4(dd,J=3.9,6.6Hz, lH),3.l(m, lH),2.8(dd,J=5.1,8.4 
H~,IH),2.5(dd,J=5.1,8.4,1H),1.7(~,3H). 
(R)-2-Phthaloylamino-3-phenyl-l-propanol (3).- (R)-Phenylalaninol (3.44 g, 22.8 mmol) and 
phthalic anhydride (3.71 g, 25 mmol) were placed into a flask (100 mL) and the mixture was 
heated to 140-150°C in vacuo (less than 10 mm Hg) with stirring for 6 h. After cooling to r.t., a 
white solid was obtained. The crude material was recrystallized from ethyl acetate/petroleum 
ether giving 3 as a white solid (5.25 g, 82%), mp. 102-104°C. 'HNMR (CDCI,): 6 7.6-7.8 (m, 
SH), 7.2 (m, 4H), 4.6 (m, lH), 4.1 (dd, J = 7.0,4.9 Hz, lH), 3.9 (dd, J = 3.4, 8.5 Hz, lH), 3.2 (d, 
J = 8.2 Hz, 2H), 2.2 (broad, 1H); EI-MS m/z(%): 281 (M+, 24), 263 (6), 250 (44), 232 (48), 190 
(loo), 172 (72), 91 (42), 77 (36); IR (KBr, cm-'): 3453.9, 1770.4, 1697.1, 1405.9, 1087.7, 873.6, 
719.3; 
Anal. Calcd for C,,H,,NO,: C, 72.59; H, 5.34; N, 4.98. Found: C,72.55; H, 5.27; N, 4.81 
(R)-2-Phthalimido-3-phenylpropionaldehyde (4).- (R)-2-Phthaloylamino-3-phenyl- 1 -propano1 
(1 g, 3.6 mmmol) and NEt, (6.6 mL) were dissolved in DMSO/CH,CI, (20 mL, V N  = 111) then 
cooled in an ice bath; a solution of Py*SO, (2.49 g, 15.7 mmmol) in DMSO/CH,Cl, (20 mL, 
V N  = 1/1) was added dropwise to the amino alcohol 3 solution. After the addition, the mixture 
was left to stand at r.t. for 1.5 h with stirring. Water (30 mL) was added, and the mixture was 
extracted with ether (100 mL x 3). The organic layers were washed with 5% citric acid (1 0 mL x 
2), brine (10 mL x 2), and water (10 mL x 2). The extracts were dried over anhydrous Na,SO, 
and concentrated in vacuo to afford the aldehyde 4 as a yellow oil, which solidified through the 
addition of petroleum ether to its dichloromethane solution. The crude solid was recrystallized 
from dichloromethane/ petroleum ether to give white solid (0.64 g, 65%), mp. 107-1 10°C, Zit.13 
mp. 110-113°C. 
'H NMR (CDCI,): 6 9.8 (s, lH), 7.10-7.20 (m, 5H), 7.70 (m, 2H), 7.80 (m, 2H), 5.0 (dd, J =  5.5, 

279 (M+, 8), 251 (loo), 232 (88), 91 (56). 
10.7 Hz, lH), 3.60 (dd,J= 5.5, 14.1 Hz, 2H), 3.30 (dd ,J=  10.7, 14.1 Hz, 2H); EI-MS m/z(%): 
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2-Hydroxy-4-phenyl-3-phthaloylamino-l-nitrobutane (5a/5b).- Aldehyde 4 (4 g, 14.3 mmol) 
was dissolved in THF (60 mL) and cooled to 40°C;  nitromethane (16 mL, 0.29 mmol) and NEt, 
(0.4 mL) were added and the mixture was kept at -40°C for 4 h then r.t. overnight. HCl (4 mL, 
V N  = 1/4) was added to stop the reaction which was then concentrated in vacuo. To the residue 
was added water (30 mL), and the mixture was extracted with CH,Cl, (50 mL x 3). The 
combined organic layers were washed with brine (1 0 mL x 3) and water (10 mL x 3), dried over 
anhydrous Na,SO,, and evaporated in vacuo to afford the crude product as a white solid, which 
was recrystallized from dichloromethand petroleum ether to afford (+)-(2R,3R)-2-hydroxy-4- 
phenyl-3-phthaloylamino-l-nitrobutane (5a) as the main product. White solid (2.46 g, 51 %); 

mp. 186-188°C. 
'H NMR (CDCI,): 6 7.6-7.8 (m, 4H), 7.2 (m, 5H), 4.9 (broad, lH), 4.6 (m, IH), 4.4 (m, 2H), 3.7 

(52), 91 (66), 77 (40); IR (KBr, cm-I): 3540.7, 1737.6, 1766.5, 1700.9, 1522.4, 1386.6, 1087.7, 
725.1,702.0,530.3. 
Anal. Calcd for C,,H,,N,O,: C, 63.53; H, 4.7 1 ; N, 8.24. Found: C, 63.54; H, 4.77; N, 7.96 
(~)-(2S,3R)-2-Hydroxyy-4-phenyl-3-phth~oylam~o-l-nitrobutane (5b) was obtained through 
the column chromatography (dichloromethand petroleum ether = 1/3) of the mother liquor of 5a 
as white solid (0.46 g, 10 %); mp. 140-141°C. 'H NMR (CDCI,): 6 7.7-7.8 (m, 4H), 7.2 (m, 
5H), 4.6 (m, 2H), 4.3 (m, 2H), 3.2 (d, J =  8.0 Hz, 2H), 1.5 (s, 1H); EI-MS m/z(%): 340 (M+), 310 
(4), 250 (loo), 232 (52), 160 (28), 91 (40), 77 (20); IR (KBr, cm-I): 3465.5, 1776.1, 1708.6, 
1548.6, 1388.5, 1091.5,721.3,530.3. 
Anal. Calcd for C,,H,,N,O,: C, 63.53; H, 4.71; N, 8.24. Found: C, 63.37; H, 4.91; N, 8.06 
(*)-(2R,3R)- 3-Ethoxycarbonylamino-2-hydroxy-4-phenylbutyric acid (6).- Nitroaldol adduct 
5a (0.3 g, 0.88 mmol) was suspended in 25% HCl (30 mL) and refluxed for 24 h. The reaction 
mixture was then cooled to 0°C and stirred for 2 h. After filtration, the filtrate was adjusted to pH 
7-8 with 40% aqueous solution of NaOH. To the solution was added ethyl chloroformate (0.2 
mL, 2.17 mmol) and 40% aqueous solution of NaOH alternately to maintain the pH value of the 
reaction mixture at 7-8. The mixture was stirred at r.t. for an additional 2 h, then adjusted to pH 1 
with concentrated hydrochloric acid. The mixture was extracted with ethyl acetate (20 mL x 3). 
The organic layer was washed with water and dried over anhydrous MgSO,. Removal of the 
solvent gave a yellow oil which was crystallized from toluene to afford 6 (0.20 g, 85%) as a 
white crystal. mp. 138-139"C, lit.'4 mp. 138-140°C. 'H NMR (DMSO-d,): 6 7.0-7.3 (m, 5H), 
3.6-4.0 (m, 4H), 2.65 (d, J =  6.9 Hz, 2H), 1.0 (t, J =  7.2 Hz, 3H). 

(s, lH), 3.3 (dd, J = 8.0 Hz, 2H); EI-MS m/~(%): 340 (M+), 310 (8), 250 (loo), 232 (a), 160 
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