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A Practical Synthesis of an HIV Protease Inhibitor 

Intermediate - Di aster eoselective Epoxide Formation 

from Chiral a-Aminoaldehydes 

John S Ng*, Claire A. Przybyla, Chin Liu, Joe C. Yen, Frank W. Mueliner and Cara L. Weyker 

Chemical Sciences Department, Research and Development, Searle, 

Skokie, Illinois 60077 

Abstract: A practical and efficient synthesis of an JIIV protcase inhibitor intermediate has been 

developed based on the diastereoselective epoxide formation from a chiral a-axninoaldehyde and an 

in situ generated halomethyllithium reagent. 

INTRODUCTION 

Human immunodeficiency virus type-I (HIV- 1), the etiologic agent of acquired immuno-

deficiency syndrome (AIDS), encodes for a specific aspartyl proteinase (HIV protease)l. 

Inhibition of this enzyme is regarded as a promising approach for the treatment of AIDS2. Com-

pounds incorporating hydroxyethylamine or hydroxyathylurea isosteres, as transition-state 

analogues, have been found to be highly potent inhibitors of HIV proteases.3 Due to the potential 

clinical importance of these compounds, many syntheses of intermediates leading to these types of 

compounds have been reported4; however, none of these methods would be readily amenable for 

the preparation of kilogram quantities of material. In this paper, we describe an efficient synthesis 

of a hydroxyethylurea intermediate used in the preparation of a HIV protease inhibitor, which is 

suitable for large scale production. 

RESULTS AND DISCUSSION 

The previously reported synthesis5a shown in Scheme I, was used to prepare initial 
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supplies of the hydroxyethylurea intermediate (6) required for the synthesis of a compound cited 

for development as a potential HIV protease inhibitor. The key protected epoxide (3) was prepared 

from a six-step synthesis starting from L-phenylalanine.5 The use of diazomethane, the low levels 

of diastereoselcctivlty in the sodium borohydride reduction (-50% d.c.) and low overall yield 

(-16%) made the scale up of this synthesis impractical. 
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In order to circumvent these problems, we developed an alternate synthesis of the 

hydroxyethylurea intermediate (6), which was based on a synthetic equivalent of epoxide (3), 

namely. chiral N, N. a-S-uis(phenylmcthyl)-2S-oxiranemethanamine (9a), shown in Scheme U. 

Scheme II 
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Starting from L-phenylalanine, the aldehyde (8) was synthesized in three steps by a modified Rectz 

procedure.6 First, N,N-bis(phenylmethyl)-L-phenylalanine, phenylmethyl ester was prepared 

from L-phenylalanine using benzyl bromide under aqueous conditions. The ester was then reduced 

with diisobutylaluminum hydride (DIBAL-1-l) in toluene. The substitution of DIBAL-H for lithium 
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aluminum hydride, as used by Reetz, provided a safer method for the reduction of the benzyl ester. 

The quench of the reaction mixture with aqueous acid gave a white solid from which the alcohol 

(7) was isolated after treatment with aqueous base and extraction with toluene, After one 

recrystallization, chemically (>99%) and optically pure (>99.5% ee) alcohol (7) was obtained in 

65% yield. Alternatively, alcohol (7) could be obtained in one step in 88% yield by the benzylation 

of 2-amino-3-phcnyl-1-propanol (L-phenylalaninol)l using benzylbromide under aqueous 

conditions. The oxidation of alcohol (7) to aldehyde (8) was also modified from the Reetz 

procedure to allow for safe operation during scaleup. Instead of the standard Swern procedures 

using oxalyl chloride and DMSO in methylene chloride at low temperatures (-78 °C), the sulfur 

trioxide-pyridinefDMSO modification 9, which could be conveniently performed at room 

temperature, was employed resulting in an excellent yield (100% crude product) of the desired 

analytically pure aldehyde (8). These modifications eliminated the need for kilogram scale 

chromatography and made the large scale operation much less hazardous to perform. 

The key step in the synthesis shown in Scheme II, involved the reaction of 

chloromeihylithium or bromomethylithium with the aldehyde (8) to form the required epoxide 

(9a). Previously, Rretz successfully prepared this epoxide from the reaction of the aldehyde with a 

sulfoniurn or sulfoxonium ylidelO, however, our attempts to use this procedure resulted in 

significant racemization (10-80%). Although the reaction of halomethyllithium reagents with 

aldehydes had been previously reported by Matteson 11, the addition of such species to chiral 

x-arnino aldehydes to form a-aminoepoxides had not been investigated.12 We found that the 

reaction of chloromethylithium or bromomethylithium with (8) did produce the eiythm epoxide 

(9a) with good diastereoselectivity, similar to the results reported by Recta which involved the 

addition of other nucleophiles to the same aldehyde.6 In this reaction, the halomethyllithium 

reagent was generated by the addition of n-butyllithium to a cold (-78 to -30 °C) THF solution of 

either chloroiodomethane, bromochloromethane or dibromoinethane in the presence of aldehyde 

(8). It is necessary to have the aldehyde present because of the instability of the halomethyllithium 

reagent. Also, several additions of the dihalomethane and n-butyllithium reagents are required to 

maximize the conversion of aldehyde to the epoxide. Chiorohydrin products could be isolated from 

the reaction of aldehyde (8) with chloromethyllit.hium if the reaction mixture was quenched at low 

temperatures.13 Epoxides (9a and 9b) were produced in an 85:15 ratio from the reaction of 

aldehyde (8) with chiommethyllithium alter warming to room temperature or from the reaction of 

the aldehyde with bromomethyllithium at colder temperatures. 14 The ciythro epoxide (9a) could 

be isloated by chromatography as an oil in a 65% yield, however, it was found the crude product 

could be used directly without purification.15 

The crude epoxide mixture was treated with isobutylamine in isopropanol at 80 °C for 1.5 
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hours to give the crude diastereomeric amine mixture (IOa+lOb) in a good yield (95% by 

quantitative }IPLC analysis). Reaction of the crude amine with t-butyl isocyanate in methylene 

� chloride, TRY or ethyl acetate at room temperature for 10-30 minutes provided a diastereomeric 

mixture of ureas in 94% yield by quantitative HPLC analysis. The desired diastereomer (11) was 

purified by one recrystallization of the crude product from ethyl acetate/heptane in an overall yield 

of 52% from (7). Hydogenation using Peariman’s catalyst (20010 palladium hydroxide on carbon) 

in methanol resulted in a quantitative yield of the amino hydroxyethylurea intermediate (6), which 

was shown by NMR and HPLC analyses to be identical to the compound previously prepared 

according to the mute depicted in Scheme I. This method was used to prepare intermediate (6) 

which was then used successfully to synthesize potent fly protease inhibitors containing the 

hydroxyethylurea moiety according to a recently published procedure.3 

In order to ensure that the HIV protease inhibitors prepared by this method were of high 

enantiomeric purity, we developed four HPLC methods to analyze for the enandomeric excess of 

various key intermediates. Enantiomers of intermediate (7) were resolved on a Astec Cyclobond I 

SP HPLC column and the enantiomers of intermediates (8) and (9) were separated on a Regis 

(S,S)-Whelk-O I HPLC column. Intermediate (ICa) was converted to the diaminoalcohol (12) by 

debenzyladon as shown in Scheme III and the product was analyzed using a Daicel Chiral Crown 

Pak CR(+) column. In all cases, the intermediates from the synthesis described were determined 

to be of high optical purity (>99.59o’  ee). 
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The synthesis described here was successfully scaled up to the multikilogram level. 

Several advantages of this route over other syntheses for the large scale preparation of compounds 
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containing the hydroxyethylaminc moiety eie as follows: (1) the elimination of the use of extremely 

hazardous reagents, such as diazomethane, (2) no purifications by chromatography are required 

(3) the use of inexpensive and readily available starting materials and (4) the route is short and 

efficient 

CONCLUSION 

Diastereoselective epoxide formation, from N1N-dibcrizyl protected chiral a-aminO-

aldehydes and in situ generated halomethyflithium reagents, has been demonstrated to be an 

effective method for the large scale production of a hydroxyethylurea intermediate used for the 

preparation HI’! protease inhibitors. 

EXPERIMENTAL SECTION 

Electron impact and chemical ionization mass spectra were obtained using a Finnigan-MAT 

8430 mass spectrometer, it Finnigan-MAT SS300 data system, and a desorption probe at a source 

temperature of 170 °C. Ammonia was used as the CI reagent gas The proton and carbon-13 

NMR spectra were recorded on a GE QE-300 or a Varian VXR400 spectrometer with Me4Si-d12 

as an internal standard. Infrared (IR) spectra were recorded using a Perkin Elmer Model 681 

spectrophotometer and CHCI3 solutions. Elemental analyses were determined with a Control 

Equipment Corporation 240XA analyzer. Differential scanning calorimetry (DSC) thermograms 

were obtained using a DuPont Model 9900 thermal analysis system. Solvents and reagents were 

obtained from commercial sources and were not further purified unless specified. Gas 

chromatography was performed on a Hewlett Packard 5890 gas chromatograph equipped with a 

methyl silicone column (lSm x 0,25 x 0.25 gm film thickness). Optical rotations were measured 

on a Perkin Elmer 241 polarimeter with a path length of 1 dm. Concentrations were given in 

gImL. Purchased raw materials were of reagent grade and used, without purification. 
Tetrahydrofuran was purified by distillation from sodium benzophenone ketyl. Merck Silica Gel 

60 was used in the chromatographic purification of all specified products. 

S-2- [Bis (phenylniethyl)amino] ben zeneprop anol (7) 

MFflIOD 1 

Step I; Benzylation of LPhenyla1anine 
A solution of L-phenylalanine (50.0 g, 0,302 mol), sodium hydroxide (24.2 g, 0.605 mol) and 

potassium carbonate (83.6 g, 0.605 mol) in water (500 mL) was heated to 97 °C. Benzyl bromide 
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(1083 mL, 0.605 mol) was then slowly added. The mixture was stirred at 97 °C for 30 minutes. 

The solution was cooled to room temperature and extracted with toluene (2 x 250 mL). The 

combined organic layers were washed with water and btine, dried over magnesium sulfate, filtered 

and concentrated to an oil. Analytical dc (10% ethyl acetate/hexane, silica gel) showed the major 

component (Rf=0.32) to be the desired tribcnzylated compound, N, N-bis(phenylmethyl)-L-

phenylalaninc, phenylmethyl ester. The product can be purified by column chromatography (silica 

gel, 15% ethyl acetate/hexanes), however, the crude product was usually used directly in the next 

step without further purification. 1H NMR spectrum was in agreement with published literature.6 

IN NMR (CDCI3) 8 3.00 and 3.14 (AX-system, 2H, J=14.1 Ha, J=7.3 Hz and JBX= 5.9 

Hz), 3.54 and 3,92 (AB -System , 4 H, JAB=13.9 Hz), 3.71 (t, IN, J=7.6 Hz), 5.11 and 5.23 

(AB-System, 211, 3=12.3 Hz), and 7.18 (m, 20 H); ElMS: rn/a 434 (M-I). 

Step 2: PS-2-Bis(phenylmethyl) amino] ben zenepropartol (7) from the diisobutylaluminium 

hydride (DIBAL-H) reduction of N, N-bis(phenylmethyl)-L-phenylalanine, phenylmethyl ester: 

N, N-bis(phenylmethyl)-L-phenylalanine, phenylmethyl ester (0.302 mol), from Step I was 

dissolved in toluene (750 mL) and cooled to -55 °C. A 1.5 M solution of DIBAL-}l in toluene 

(443.9 mL, 0.666 mol) was added at a rate to maintain the temperature between -55 to -50 °C. 

The mixture was stirred for 20 minutes and then quenched at -55 °C by the slow addition of 

methanol (37 mL). The cold solution was then poured into cold (5 °C) 1.5 N HCI solution 

(1.8 L). The precipitated solid was filtered off and washed with toluene. The solid was suspended 

in a mixture of toluene (400 mL) and water (100 mL), cooled to 5 °C and treated with 2.5 N 

NaOB (186 mL). The mixture was stirred at room temperature until the solid dissolved. The 

toluene layer was separated from the aqueous phase and washed with water and brine, dried over 

magnesium sulfate, filtered and concentrated to a volume of 75 mL (89 g). Ethyl acetate (2.5 mL) 

and hexane (75 mL) were added to the residue upon which the desired alcohol precipitated. The 

solid was filtered and washed with 50 mL hexane to give 34.9 g of product as the first crop. A 

second crop of product (5.6 g) was isolated by refiltering the mother liquor. Recrystallization of 

the two combined crops from ethyl acetate (20 mL) and hexane (30 mL) gave 40 g of 

S-2-[Bis(phenylrnethyl)amino]benzenepropanol (7), 40% yield from L-phenylalanine. An 

additional 7 g (79o) of product was obtained by recrystallyzation of the concentrated mother liquor. 

TLC (10% ethyl acetate/hexane, silica gel) : Rf = 0.23; mp 71,5-73.0 °C; IN NMR (CDCI3) 6 

2.44 (m, 1H,), 3.09 (in. 2H), 3.33 (m, iN), 3.48 and 3.92 (AB-System, 41-i, JAB= 13.3 Hz), 

3.52 (in, 1H) and 7.23 Zm, 15H); [cxj25 +42.4 (c 1.45, CH202); DSC 77.67°C; Anal. Caicd, 

for CHON: C, 83.34; H, 7.60; N, 4.23. Found: C, 83.43; H, 7.59; N, 4.22. HPLC analysis 

on chiral stationary phase, Astec Cyclobond I SP column (250 x 4,6 mm ID.), mobile phase: 

6403 
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methanol/ Iriethyl ammonium acetate buffer pH 4.2(58:42, v/v), flow-rate of 0.5 ml/mm, detection 

with UV detector at 230nm and a temperature of 0 C. Retention time of (7): 11.25 mm., 

retention time of enantiomer of (7): 12.5 mm. 

MD-2 
Preparation of S-24bis(pheny1methy1)amino)benzeneproparto1 (7) from the N, N-dibenzylation 

of 2-axriino-3-phenyl-1-propanol (L-phenylalariinol): L-Phenylalaninol (176.6 g, 1.168 mol) was 

added to a solution of potassium carbonate (484.6 g, 3.506 mol) in 710 mL of water. The mixture 

was heated to 65 °C. A solution of berizyl bromide (400 g, 2.339 mol) in ethanol (305 mL) was 

added at a rate that maintained the temperature between 60-68 °C. The biphasic solution was 

stirred at 65 °C for 55  min and then allowed to cool to 10 °C with vigorous stirring. The oily 

product solidified into small granules. The mixture was diluted with 2.0 L of tap water and stirred 

for 5 minutes to dissolve the inorganic salts. The product was isolated by filtration and washed 

with water until the pH was 7. The crude product was air-dried overnight to give a white solid 

(407 g) which was recrystallized from 1.1 L of ethyl acetate/heptane (1:10 by volume). The 

product was isolated by filtration (at -8 °C ), washed with 1.6 L of cold (-10 °C ) ethyl 

acetate/heptane (1:10 by volume) and air-dried to give 339 g (88% yield) of 

38-2-[Bis(phenylmethyl)aminoJ- ben zencpropanol (7), mp 71.5-73.0 T. This compound was 

identical to that prepared by method 1. 

ctS-[Bis(phcny1methyl)aminobenzenepropana1dehyde (8) 

S-2-fBis(phenyimethy1) amino] benzenepropanol (7) (200 g, 0.604 mol) was dissolved in tn-

ethylan-dnc (300 mL, 2.15 mol). The mixture was cooled to 12 °C and a solution of sulfur tri

oxide/pyridine complex (380 g, 2.39 mol) in DMSO (1.6 L) was added at a rate to maintain the 

temperature between 8-17 °C  (addition time - 1.0 h). The solution was stirred at ambient 

temperature for 1.5 h at which time the reaction was complete by TLC analysis (33% ethyl 

acetate/hexane, silica gel). The reaction mixture was cooled in an ice/water bath and quenched by 

the addition of 1.6 L of cold water (10-15 °C) over 45 minutes, The dimethyl sulfide by-product 

was removed by sparging the quenched reaction mixture with nitrogen and scrubbing the off gas 

with 5% bleach solution. The product solution was extracted with ethyl acetate (2.0 L), washed 

with 517o citric acid (2.0 L), brine (2.2 L), dried over MgSO4 (280 g) and filtered. The solvent was 

removed on a rotary evaporator at 3540 °C and then dried under vacuum to give 198.8 g of aS-

[Bis-(phenylmethyl)aminoj-bcnzcnepropanaldehyde (8) as a pale yellow oil (99.9%). The crude 

product was used directly in the next step without purification. The analytical data of the 

compound were consistent with the published literature6, tczD25 = -92.9 0
 (c 1.87, cH2Cl2); tH 
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NMR (100 MHz, CDCI3) 8 2.94 and 3.15 (AM-System, 2H, JAB = 13.9 Hz, Joc = 7.3 Hz 

and Jx = 6.2 Hz), 3.56 (t, 1H, 7.1 Hz), 3.69 and. 3.82 (AB-System, 4H, JAB = 13.7 Hz), 7.25 

(m, 15 H) and 9.72 (s, IH); FIRMS calcd for (M+l) C2311NO 330.450, found: 330.1836. 

Anal. Calcd. for C23H230N: C, 83.86; H, 7.04; N, 4.25. Found: C, 83.64; H. 7.42; N, 4.19. 

HPLC on chiral stationary phase: Regis (S,S)-Whelk-O I column (250 x 4.6 mm LP.), mobile 

phase: hexane/isopropanol (99.5:0,5, v/v), flow-rate: 1,5 nil/min, detection with UV detector at 

210nm. Retention time of (8): 8.75 min., retention time of enantiomer of (8): 10.62 mitt. 

N,N,S-’rrls(pheny1methy1)-2S -oxiranemethanamine (9a) and 

N,N,aS-Tris (phenylmethyl)-2R-oxiranemethanamine (9b) 

A solution of S-(Bis-(phenylmethyl)amino)benzenepmpanaldehyde (8) (191.7 g, 0.58 mol) and 

chloroiodomethane (56.4 roL, 0.77 mol) in tetrahydrofuran (1.8 L) was cooled to -30 to -35 °C 

in a stainless steel reactor. A solution of n-butyllithium in hexane (1.6 M, 365 ML, 0.58 mol) 

was then added at a rate that maintained the temperature below -25 °C. After the addition, the 

mixture was stirred at -30 to -35 °C for 10 minutes. Additional chloroiodomethane and n-

butyllithium were added many times in small portions in the same manner to maximize the 

conversion of the aldehyde to the epoxide. The specific additions were as follows: 2 additions of 

17 ml (0.22 mol) of chiorolodomethane and 1.10 ml (0.18 mol) of n-butyllithium; 6 additions of 

8.5 ml (0.1 imol) of chloroiodomethane and 55m1 (009 mol) n-butyllithium; and one addition of 

8.5 ml (0.11 mol) of chloroiodomethane and 37 ml (0,06 mol) of n-butyllithium. After the final 

addition of the reagents, the mixture was stirred at -30 to -35 °C for 10 minutes and then the 

external cooling was stopped. The mixture warmed to ambient temperature over 4 hours. TLC 

analysis of the reaction mixture (silica gel, 209’o ethyl acetate/hexane) indicated that the reaction was 

complete. The reaction mixture was cooled to 10°C and quenched by the addition of 1.4 L of 16% 

ammonium chloride solution (prepared by dissolving 232 g of ammonium chloride in 1.2 L of 

water), at a rate which kept the temperature below 23 °C. After the addition was complete, the 

� mixture was stirred for 10 minutes and the layers were separated. The aqueous phase was 

extracted with ethyl acetate (2 x 500 niL). The ethyl acetate layer was combined with the 

tetrahydrofuran layer. The combined solution was dried over magnesium sulfate (220 g), filtered 

and concentrated on a rotary evaporator at 65 °C. The oily residue was dried at 70 °C in vacuo 

(0.8 bar) for I h to give 222.8 g (>100% yield) of crude product. Quantitative HPLC analysis of 

the crude product indicated 
- 85 % yield of the mixture of the two epoxide diastereomers (9a) and 

(9b). Due to the relative instability of the product on silica gel, the crude product was used directly 

in the next step without purification. The diastereomeric ratio of the crude mixture was determined 
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by proton NMR to be: (9a)I(9b): 86:14, The minor and major epoxide diastereomers were also 

characterized in this mixture by tic analysis (silica gel, 10% ethyl acetate/hexane), P-f = 0.29 & 

0.32, respectively. An analytical sample of each of the diastereomers was obtained by purification 

on silica-gel chromatography (3% ethyl acetate/hexane) and characterized as follows: 

N,N,czS-Tris (phony lmethyl)-2S-oxiranemeth anaminc (9a) 

’H NMR (400 MHz, CDCI3) 6 2.49 and 2.51 (AB-System, IH, JAB = 2.82), 2.76 and 2.77 

(AB-System, IH, JAB = 4.03), 2.83 (m, 214), 2.99 & 3.03 (AB-System, IH, 1A1) = 10.1 Hz), 

3.15 (m, IH), 3,73 & 3.84 (AB-System, 4H, JAB 14.00), 7.21 (in, 15H; 13C NMR (100 

MHz,CDC13) 6 139.6, 129,5, 128.4, 128.1, 128.1, 126,8, 126.0, 60.3, 54.2 52.1, 46.0, 33.8; 

HRMS calcd for CH26NO (M+1) 344.477, found 344.2003. 

N, N,aS-Tris(phenylmethyl)-2R-oxiranemethanamine (9b) 

IN NMR (300 MHz, CDCI3) 6 2.20 (in, IH), 2.59 (in, IN), 2.75 (m, 2H), 2.97 (ra, lii), 3.14 

(in, 1H), 3.85 (AB-System, 4H), 7,25 (m, 15H). HPLC analysis on chiral stationary phase: 

Regis (S,S)-Whelk-O 1 column (250 x 4.6 mm I.D.), mobile phase: hexane/isopropanol 

(99.5:0.5, v/v), flow-rate: 1.5 ml/mm, detection with UV detector at 210 fin. Retention time of 

(9a): 9.38 mm., retention time of enantiomer (9b): 13.75 mm. 

S -[Els (ph enylmeth yl) amino) -R-[[ (2-methyipropyl) amino) methyl)-

beozenepropanol (iOn) 

To a solution of the crude epoxides 9a and 9b (388.5 g, 1.13mol) in isopropanol (2.7 L) was 

added isobutylamine (1.7 kgm, 23.1 mol). The temperature increased from 25°C to 30°C during 

the addition, The solution was heated to 82°C and stirred at this temperature for 1.5 h. The warm 

solution was concentrated under reduced pressure at 65 °C. The concentrate was transferred to a 

3-L flask and dried in vacuo (0.8 mm Hg) for 16 h to give 450 g of a mixture of the desired 

J3s4Bis(henylmethy1)amino]-ctR.f[(2-methylpropyI)amino)methyl)-benzenepropano1 (10a) and 

undesired SS diastereomer lOb as a crude oil. The crude product was used directly in the next 

step without purification. An analytical sample of the desired major diastereomeric product was 

obtained by purifying a small sample of crude product by silica gel chromatography (40% ethyl 

acetate/hexane). TLC analysis (silica gel, 40% ethyl acetate/hexane) P-f = 0.28, HPLC analysis: 

Altex ultrasphere ODS column, 25% vieihylamine-/phosphate buffer pH 3/acetonitrile, flow rate 1 

mJ_,finin, UV detector; retention time 7.49 mm. ’H NMR (400 MHz, CDCI3) 8 0.88 (d, 6H, J = 

6.64), 1.68 (m, lI-I), 2.33 (dd, IN, J = 11.6, 6.76), 2.41 (dd, 111, J = 11,6, 6.96), 2.47 (dd, 

IH, 3 12.0, 9.26), 2.77 (dd, III, 3 = 120, 3.32), 2.86 (in, IN), 2.98 (dd, IFI, I = 14.2, 
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5.04), 3.05 (dd, 111, J = 14.2, 7.95), 3.62 (d, 2H, J = 13.8), 3.69 (d, 2H, J = 13.8), 3.92 (in, 

11-1), 7.09-7.34 (complex, 15H); 13C NMR (100 MHz, CDCI3) 5141.5, 139.9, 1296, 128.8, 

128.8, 128,2, 128.1, 128.0, 128.1, 126.8, 125.7, 68,7, 62.3 57.3, 54.6, 53.1, 32.6, 28.2, 

20.5, 20.5; FIRMS calcd for C23H37N20 (M + 1) 417.616, found 417.2887. 

N- [3S-Bis(phcny1methy1)amino)-2R-hy droxy-4- phcoylbutyl]- N’- (1, 1-dimetbyl-

ethyl)-N-(2-methylpropyl)nrea (11) 

A solution of the crude amines lOa and lOb (446.0 g, 1.1 ma!) in tetrahydrofuran (6 L)16 was 

cooled to8 °C. Tert-butyl isocyanate (109.5 g, 1.1 mol) was then added to the solution of the 

amine from an addition funnel at a rate which maintained the temperature between 10-12 °C. After 

the addition was complete, the external cooling was stopped and the reaction warmed to 18 °C over 

30 mm. The solution was concentrated under vacuum at 50 °C. The residue was dissolved in 

ethyl acetate (3 L), washed with 5% aq citric acid solution (1 x 1.2 L), water (2 x 500 mL), brine 

(1 x 400 mL), dried over magnesium sulfate ( 200 g) and filtered. The volume of solution was 

reduced to 671 mL over 2 Ii on a rotary evaporator at 50 °C. The concentrate was diluted with 

1,6 L of hexane and cooled to 12 °C to crystallize out the desired urea diastereomer. The product 

was isolated by filtration, washed with 10% ethyl acetate/hexane (1 x 500 mL), hexane (1 x 200 

mL) and then dried in vacua (2 mm) at 50 °C for 1 hour to give 248 g of N-[3S-[Bis 

(phenylmethyl)amino]-2R-hydroxy-4-phenyl butyll-N ’-(1,1 -dimethylethyl) -N-(2-nmethylpropyl)-

urea (11) as an off white solid. The mother liquor and washes were combined and concentrated 

on a rotary evaporator to give 270 g of a brown oil. This material was dissolved in ethyl acetate 

(140 mL) at 50 °C and diluted with hexane (2 80 mL) and seeded with crystals of the first crop 

product (20 mg). The mixture was cooled in an ice bath and stirred for I It. The solid was isolated 

by filtration, washed with 10% ethyl acetatelhexane.(1 x 200 mL) and dried in vacuo (2 mm) at 

50 °C for 1 h to give 55.7 g of 11 as the second crop (overall yield of 11 from 7: 49%). 

Analytical data for the first crop of 11: Mp 126 °C; (a)25 = -59.0 ° (c = 1.0, CH202), TLC 

(silica gel, 259a’  ethyl acetate/hexane) Rf=0,31, 1H NMR (400 MHz, C1DCI3) 8 0.89 (d, 311, J 

6.60), 0.92 (ci, 311, .1 = 6.59), 1.31 (s, 911), 1.83 (in, Ili), 2.78-2.90 (complex, 311), 3.00-3.06 

(complex, 311), 348 (dd, 1H, J 14.8, 9.89), 3.65 (d, 21-I, J = 14.1), 3.70 (ci, 211, J = 14.1), 

3.97 (in, IH), 4.48 (s, lii), 4.75 (d, IH, J = 3.34), 7.10-7.30 (complex, 1511); 13C NMR (100 

MHz, CDC13) 8 159.7, 141.5, 139.9, 129.7, 128.7, 128.2, 126,9, 125.7, 71.6, 62.5, 56.6, 

54.7, 53.9, 50.9, 32.1, 29.5, 28.1, 20.5, 20.3. 

An analytical sample of the undesired minor diastereomer, N-[3S_[bis(phenylrnethyl)-

amino)-2S-hydroxy-4-phenylbutyl]-N’-(l , l -di methyl ethyl ethyl) -N-(2- methyl propyl)urea 
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was isolated by silica-gel chromatography (10-15% ethyl acetate/hexane) in an earlier experiment 

and characterized. I   NMR (400 MHz, CDCI3) 3 0.77 (d, 61-1, 3 = 6.59), 1.26 (s, 911), 1.69 

(m, 1H), 2.68-2,79 (complex, 31-1), 2.82-2.91 (complex, 211), 3,15 (dd, 111, J 13.7, 5.57), 

3.32 (dd, 111, 3 = 15.3, 8.34), 3.41 (d, 211, 3 13.2), 3.64 (m, 111), 3.99 (d, 211, 3 = 13.2), 

5.10 (br s, 114), 5.26 (br s, IH), 7.20-7.35 (complex, 15H); 13C NMR (100 MHz, CDCI3) 3 

159.1, 139.9, 138.9, 129.2, 129.1, 128.7, 128.6, 128.4, 127.2, 126.3, 71,7, 61.7, 55.8, 54.2, 

53.8, 50.2, 32.1, 29.4, 27.6, 20.2, 20.0; HRMS calcd for C331446N302 (M+1) 516.749, found 

516.3591. 

N- (3S-ATnino)-2R-hydroxy-4-phenylbuty11 -N-(l, 1 -dim ethylethyl)-N-(2-methyl-

propyl)urea (6) 

N-(3S -[Bis(phenylmethy1)amino]-21-hydroxy-4-phenylbutyl)- N’- (1, 1-dimethylethyl)-N-(2-

methylpropyl)urea 11(125.77 g, 0.244 mol) was dissolved in ethanol (1.5 L) and 20% palladium 

hydroxide on carbon (18.87 g) was added to the solution under nitrogen. The mixture was stirred 

at ambient temp under a hydrogen atmosphere at 60 psi for 8 h. The catayist was removed by 

filtration and the filtrate was concentrated to give 85 g of N-(3S-Amino)-2R-hydroxy-

4-phenylbutyl]-N’-(1, 1-dimethylethyl)-N-(2-methyl-propyl)urea (6) as a colorless oil. The proton 

and carbon NMR spectra of this material were in agreement with the spectra of a reference standard 

prepared from the chioromethylketone in Scheme 1. 114 NMR (400 MHz, CD30D) 3 0.87 (d, 

31-1, 3 = 6.61), 0.88 (d,3H, 3 = 6.61), 1.31 (s, 91-1), 1.93 (m, 1H), 2.59 (dd, 111, .1 = 13.6, 

8.79), 2.95-3.06 (complex, 311), 3,15 (dd, 111, 3 = 14.3, 7.99), 3.30-3.42 (complex, 214), 3.67 

(m, 111), 7.20-7.33 (complex, 5H); 13C NMR (100 MHz, CDOD) 3 161.0, 139.0, 130.3, 

129.6, 127.5, 74.8, 57.2, 56.2, 52.1, 39.2, 29,7, 28.5, 20.5, 20.3. 
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