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Abstract. 3-Aryl-3-azido-2-hydroxypropanoic esters, prepared from the corresponding 3-aryl- 
oxirane-2-carboxylic esters by ring opening with sodium azide, were reduced with tin( 11) chloride 
dihydrate in methanol to give 3-amino-3-aryl-2-hydroxypropanoic esters in good yields. Under these 
conditions, halogen substituents in the aromatic rings were not affected. The nitro group, however, 
was partially reduced to the amino group. Treatment of aliphatic oxirane-2-carboxylic esters with 
acetonitrile in the presence of boron trifluoride etherate led to regiospecific formation of 
2,4-dialkyl-2-oxazoline-5-carboxylic esters, resulting from reaction of the nitrile at C3. Acidic 
hydrolysis of these oxazoline-5-carboxylic esters gave the corresponding 3-(acylamino)-2-hydroxy 
carboxylic esters. With these two complementary methods, both aryl- and alkyl-substituted 0-amino 
r-hydroxy acid derivatives are accessible. 

I n  recent publications', we have reported the synthesis of 
aziridine-2-carboxylic esters from the corresponding oxi- 
rane-2-carboxylic esters (Scheme I ) .  The first step in this 
synthesis involves ring opening of the epoxide function in 
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substrate 1 with azide ion. The azido alcohols obtained in 
this manner are subsequently treated with triphenylphos- 
phine to accomplish ring closure to the aziridines 4. The 
regiochemistry of the ring-opening reaction is strongly 
dependent on the nature of the R substituent. For the 
synthesis of the aziridines 4, this does not cause a problem, 
because both regioisomers 2 and 3 are converted into the 
same product. These aziridine-2-carboxylic esters can be 
used as starting materials for the preparation of a variety of 
P-substituted a-amino acid derivatives*. 
In those cases where the azide reaction with epoxy esters 1 
proceeds regiospecifically, the azido alcohols can serve as 
potential starting materials for the corresponding amino 
alcohols. As demonstrated previously', aryl-substituted oxi- 
ranecarboxylic esters 1 exclusively yield azido hydroxy 
esters of type 2. It is, therefore, of interest to investigate the 

preparation of 0-amino 2-hydroxy carboxylic esters from 
azido alcohols 2 where R is an aromatic substituent'. 
For this purpose, a series of 3-aryl-3-azido-2-hydroxy- 
propanoic esters 2 was prepared from the corresponding 
oxiranecarboxylic esters 1 in the manner described earlier'. 
For the conversion of an azide function into an amino 
group, several methods have been reported', e.g., reduction 
with hydrides, with phosphines, with sulfur derivatives and 
with low-valence metal ions, as well as catalytic hydro- 
genolysis. Most of these methods have serious drawbacks in 
the present case of the reduction of 2 (R = Ar), because of 
the presence of the hydroxyl and ester functions. Lithium 
aluminum hydride' will reduce the ester function, whereas 
sodium borohydride'",' is too weak a reducting agent for an 
azide. When the latter reduction is carried out under condi- 
tions of phase-transfer catalysis, conversion to amine can 
be achieved; however, the methyl ester function will then 
also be affected4".'. The Staudinger reaction', involving 
treatment with triphenylphosphine, in the present case will 
lead to aziridine-2-carboxylates and is, therefore, of no 
value for the desired amine synthesis (cJ,  Ref. I ) .  
More success may be expected from reductions employing 
appropriate transition metal ions. In essence, the overall 
process involves the transfer of two protons and two elec- 
tronsX. Little is known about the details of the mechanism 
of azide reduction with metal ions. Attempted reduction of 
substrate 2d with an aqueous solution of CrI'CI,, according 
to Kaufmann and Thompson', led to nitrogen evolution as 
well as a color change from blue (Cr' + ) to green (Cr3 + ), 
but the desired amine could not be detected. 
Good results were obtained when azido alcohols 2 were 
treated with an excess of tin(I1) chloride dihydrate in 
boiling methanol or ethanol. This method is a modification 
of that recently reported by Maiti et al.'. The results are 
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Table I Preparation of 1-hydroxy-8-amino esters 5 by reduction of 2. 
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.' Method A: H2/Pd(C), ethanol. Method B: SnCI, .2H,O, ROH, reflux. Method C: SnCI, .2H,O, ROH, room temperature. 
by treatment of 5 with ethereal HCI. 

Prepared 

collected in Table I .  The yields are satisfactory to good for 
the various substrates 2, except for 4-N02-substituted 
compound 2i. In addition to reduction of the azide function, 
reduction of the nitro group also took place to give the 
corresponding 4-aminophenyl amino alcohol. In order to 
achieve better selectivity, reduction with 1.1 equivalents of 
tin( 11) chloride dihydrate was attempted; however, no 
reaction took place. 

I 2 5 

of oxazoline 7a and amide 8a, when the reaction was 
carried out at room temperature (Scheme 3) .  When this 
reaction was performed under reflux conditions, the main 
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It should be noted that substrate 2a, containing an unsub- 
stituted phenyl ring, can be converted into the correspond- 
ing amino alcohol 5a on catalytic hydrogenation (cf , 
ref. 10). This approach does not work for the halogen sub- 
stituted compounds 2c-i, because dehalogenation also took 
place. 
The amino hydroxy esters could readily be converted into 
the corresponding hydrochlorides on treatment with 
ethereal hydrogen chloride (see Table I ) .  The stereochemis- 
try of the amino hydroxy esters can be deduced from the 
steric course of the azide epoxide opening reaction. It has 
been demonstrated' that these reactions take place via an 
SN2-type reaction involving inversion of configuration at 
the site of attack (cJ, Scheme I). Accordingly, the con- 
figuration of the products derived from the trans-substituted 
epoxy esters must be anti (Le., 2R* ,3R*) .  
For the synthesis of aliphatic p-amino a-hydroxy carboxylic 
esters' 6, the pathway via azido alcohols, obtained by 
reaction of oxiranecarboxylic esters with azide ions, cannot 
be used because of the lack of regiospecificity of this 
epoxide opening'. In the search for alternative approaches, 
the conversion of oxiranecarboxylic esters into oxazoline-5- 
-carboxylic esters by a Ritter-type reaction with ace- 
tonitrile' ' - I 3  was considered as an attractive possibility, 
because oxazolines are recognized as masked amino alco- 

. The reaction of epoxy esters with nitriles has 
previously been studied by Zvonkova et aI.l4. 
The aliphatic oxirane-2-carboxylic esters lj-ln, prepared as 
reported earlier', were subjected to a ring enlargement 
reaction with acetonitrile using various acid catalysts. Thus, 
treatment of l j  with acetonitrile in the presence of per- 
chloric acid, according to Zvonkova et gave a mixture 

hols 14-20 

product was amide 8a, which is the result of hydrolysis of 
the initially formed oxazolinecarboxylate 7a. With sulfuric 
acid as catalyst (cf, ref. 14), a mixture of products was 
produced, among which were oxazoline 7a and amide 8a. 
The Lewis-acid catalysts zinc chloride and zinc bromide 
gave very slow reactions, while titanium( IV) isopropoxide 
did not cause any reaction. With titanium(1V) chloride, 
epoxide opening to the hydroxy chloride was observed 
instead of ring expansion. The same product was obtained 
by treatment of l j  with 2N hydrochloric acid in ether. 
The best results were obtained with boron trifluoride 
etherate as catalyst. Treatment of l j  with acetonitrile in the 
presence of 2 equivalents of boron trifluoride etherate at 
room temperature produced oxazoline 7a in a yield of 7 1 %. 
The results with the other aliphatically substituted 
oxirane-2-carboxylic esters are collected in Table 11. It is of 
interest to note that the phenyl substituted oxirane l a  leads 
only to a mixture of products in an attempted ring expan- 
sion reaction with acetonitrile in the presence of boron tri- 
fluoride etherate. 
Chromatographic purification on silica led to a substantial 
hydrolysis on the column to give hydroxy amide 8 (cJ, 
ref. 21). Especially 7e, which was left on a silica-gel column 
overnight, gave a considerable amount of hydroxy amide 8e 
on elution. Immediately after preparation, oxazoline 7f (the 
enantiomer of 7e) was chromatographed rapidly; however, 
in this case hydrolysis also took place, resulting in 24% of 
8f as a by-product. 
The structures of the oxazolines 7 were established on the 
basis of their 'H NMR spectra. The coupling constants of 
C4-H and C5-H (3J4,5), which amount to ca. 10 Hz, are 
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51 (73) 
mixtured 

Config. 

4R.5R 
4R,5R 
4S,5S 

Yields after purification. Numbers in parentheses refer to yields of crude product. " 58",, of hydroxy amide 8e was isolated. ' 24' 
of hydroxy amide 8f was isolated. '' A complex mixture of products was obtained. 

reliable evidence for the cis relationship of these protons". 
The spectra reveal that the nitrile has reacted regiospecifi- 
cally at C3 of the epoxide. The mechanistic pathway to the 
ring-expanded products can be deduced from these data. 
Initial opening of the epoxide by the nitrile at C3 in an S,2 
fashion, produces a nitrilium ion, which undergoes an intra- 
molecular ring closure reaction (Scheme 4). This mecha- 
nism of formation agrees with tha t  reported by Wohl et al." 
for non-functionalized epoxides. 

I E i - l  R" cis-7 

Scheme 4 

For the hydrolysis of oxazolines various conditions have 
been reported, e.g., 3N aqueous sulfuric acid in tetrahydro- 
furan (Zvonkovu"), water (air moisture, Lindsay Smith"), 
5-7",, H,SO, in ethanol (Meyers23), 3-6N aqueous sulfuric 
acid (Meyers"), 3-6N aqueous hydrochloric acid 
(Mejwx", Seehuch I('), concentrated HCI in methanol 
( M e j t d J ,  I t o " ) .  I n  most of these cases, formation of the 
corresponding hydroxy amines was reported; in some cases, 
however, the hydroxy amide was isolated. With oxazoline-5- 
-carboxylates 7a, 7b and 7g several hydrolytic conditions 
were investigated. The results are collected in Table 111. 
When oxazoline 7a was treated with concentrated hydro- 
chloric acid in boiling ethanol for 24 h 540, of hydroxy 
amide 8a was obtained as the principal product; no amino 
alcohol could be isolated (Table 111, entry i).Treatment of 
7a with 70"~; perchloric acid i n  dichloromethane (room tem- 
perature, 4 days) gave amide 8a in a lower yield (entry ii). 
Heating of a heterogeneous mixture of 7b, silica-gel-60H 
and concentrated sulfuric acid in ether, resulted in the for- 
mation of amido hydroxy ester 8b (entry iv). Similarly, 7g 
gave, using 2N HCI instead of sulfuric acid, product 8g in 
an acceptable yield (entry v ) .  In the hydrolysis experiments 
described above, formation of amino hydroxy esters 6 may 
have occurred to some extent. However, their isolation may 
be rather difficult because of their high solubility in water. 

Scheme 5 

The best results for oxazoline hydrolysis were obtained 
using oxalic acid in boiling ethanol, a method described by 
Meyers2'. This procedure is known to give hydroxy amides. 
Treatment of oxazoline 7a with oxalic acid in boiling 
ethanol gave 90% of amide 8a in a clean reaction (Table 111, 
entry iii). On the basis of this experiment, hydrolysis to 
amido hydroxy esters 8 using oxalic acid is recommended. 
In conclusion. the results described above demonstrate tha t  

Tuhle I I I  Hydrolysis qf o.uazolines 7. 

1 Entry I 7 I Method" I Product I Yield (",,) 1 

Method A: concd. HCI, ethanol, reflux, 24 h. Method B: 70",, 
HCIO,, dichloromethane, room temperature, 4 days. Method C: 
oxalic acid, ethanol, reflux, 20 h. Method D: concd. H2S0,,  
silicagel-60H, ether, reflux, 40 h. Method E: 2N HCI, silicagel-60Hi, 
ether, reflux, 16 h. 

p-amino a-hydroxy acid derivatives can readily be obtained 
from oxiranecarboxylic esters, either by an initial regio- 
selective epoxide opening with azide ion for aromatically 
substituted substrates or by initial ring expansion to oxazo- 
lines for aliphatically substituted epoxy esters. 

Experimental 

Generul remarks 

Mrs. H .  I .  V.  Amadtjuis-Groenen (el. anal.), Mr. P. M .  van Galen 
(MS) and Mr. A .  E. M .  Swolfs (non-routine NMR) of our analytical 
department produced most of the analytical data under the super- 
vision of Mr. F. P. van der Meer. 
Elemental analyses were standard performed in triplicate.lH NMR 
spectra were recorded on a Varian EM 390 (90 MHz, CW), a 
Bruker WH 90 (90 MHz, FT) or a Bruker AM-400 (400 MHz, FT) 
spectrometer with TMS as internal standard. IR spectra were run 
on a Perkin-Elmer 298 spectrophotometer. For mass spectroscopy 
a double focussing VG 7070E was used. 
Melting points were determined on a Reichert Thermopan micro- 
scope and are uncorrected. 
G C  was performed on a Hewlett-Packard 5710A instrument 
equipped with a packed Chrompack SE 30 (IO"i , ,  6 '  x l/8") col- 
umn, or on a Hewlett-Packard 5790A or 5890 instrument equipped 
with a capillary H P  cross-linked methyl silicone (25 mx0.31 mm) 
column, connected to a H P  3390 or H P  5890 calculating integrator. 
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Optical rotations were measured on a Perkin-Elmer 241 polarime- 
ter. 
For preparative chromatography a slightly modified version of the 
"flash"/chromatography technique as described by Still et al.*' was 
used. The stationary phase was Silica gel 60H (Merck, art. 
No. 7736). A pressure of 1.5-2.0 bar was used to obtain the neces- 
sary flow rate. The column length was approximately 15 cm, col- 
umn diameters varied between 2 and 5 cm. 
Hexane was distilled from calcium hydride. Dichloromethane was 
distilled from phosphorus pentoxide. Diethyl ether was predried on 
calcium chloride, then distilled from calcium hydride and once 
more from sodium hydride. Acetonitrile was distilled from phos- 
phorus pentoxide. Tin(I1) chloride dihydrate p . a .  was purchased 
from Janssen Chimica. 

A-ido alcohols 2 
Azido alcohols 2a-i were prepared by treating oxiranecarboxylic 
esters 1 with sodium azide and ammonium chloride in ethanol (2b) 
or methanol (2a, 2c-i), as described earlier'.'.'. 

3-Pheti~~l-3-amino-2-hydro.ujpropanoic esters 5 

Methyl (2 R*.3 R*)-3-phenyl-3-amino-2-hydro.uypropanoate (5a). To a 
solution of 2a (0.46 g, 2.1 mmol) in absolute ethanol (25 ml) some 
Pd(C) was added. The mixture was shaken in a hydrogen atmos- 
phere for 1 h. The catalyst was then removed by filtration through 
a Celite pad. The filtrate was concentrated, yielding 0.39 g (9501,) 
of 5a as a yellowish oil which crystallized on cooling. IR (CHCI,): 
v 3530 (OH), 3380/3320 (br, NH,), 3060,2950, 1730 (C=O), 1600, 
1585, 1490, 1435, 1270 (br), 1100, 1070, 985, 905 cm- I .  'H NMR 
(CDCI,): 6 2.8 (br s, 3H, NH,, OH), 3.6 (s, 3H, CO,CH,), 4.25 (d, 
IH, J 4 Hz), 4.4 (d, IH, J 4 Hz), 7.25 (m, 5H, C&) ppm. 

Ethj.1 (2 R*.3 R*)-3-phenyl-3-amino-2-hydro.u)propanoate (5b) 

General procedure using SnCl, .2H,O. Tin(I1) chloride dihydrate 
(0.60 g, 2.7 mmol) was added to a solution of 2b (201 mg, 0.86 
mmol) in ethanol ( 5  ml). The reaction mixture was heated at reflux 
for 1; h and then cooled and concentrated. The residue was dis- 
solved in dichloromethane (20 ml) and water (20 ml). After adjust- 
ment of the pH to 8 with 4N sodium hydroxide solution, the layers 
were separated and the aqueous layer was extracted with dichloro- 
methane ( 5  x 10 ml). The combined organic layers were dried over 
MgSO, and concentrated. Yield 129 mg (72%) of 5b as a colorless 
oil which solidified on cooling. IR as for 5a. 'H  NMR (CDCI,): 
6 1.15 (t, 3H, CH,), 2.65 (br s, 3H, NH,, OH), 4.05 (q, 2H, 
OCH,CH,), 4.2 (d, I H , J  4.5 Hz), 4.35 (d, I H , J  4.5 Hz), 7.25 (s, 

Ammonium chloride of 5b (general procedure). Ethereal HCI solution 
( 1  ml) was added to a solution of 5b (41 mg, 0.20 mmol) in ether 
(10 ml). Immediately a white precipitate was formed. After concen- 
tration of the solution, the residue was dissolved in as little 
dichloromethane as possible. The ammonium chloride was then 
precipitated by addition of ether. The mother liquor was decanted. 
The precipitated salt was washed with ether and dried in vacuo. 
Yield 40 mg (83%) of the ammonium chloride as a white solid. 
M.p. 85-87°C. IR (KBr): v 3370 (OH), 3700-2400 (br, NH,'), 
I725 (C=O), 1595, 1495, 1465, 1380, 1325, 1295, 1240, 1230, 1210, 
1150, 1085, 1005, 930, 915, 855, 790, 765, 705 (s), 635 cm-I .  
'H NMR (DMSO-d,): 6 1.05 (t. 3H, CH,), 3.3 (br s, IH, OH), 
3.95 (q,2H,  OCH,CH,), 4.53 (d, I H , J 4  Hz), 4.83 (d, 1 H , J 4  Hz), 
7.2 (s, 5H, C&)), 8.8 (br s, 3H, NH,') ppm. 'H NMR 

4.60 (d, IH, J 4 Hz), 4.75 (d, lH ,  J 4 Hz), 7.2 (s, 5H, C&) ppm. 

Methyl (2 R* .3 R*)-3-(4-bromophenyl)-3-amino-2-hydrox,vpropanoate 
(5c). Employing the general procedure, 2c (0.66 g, 2.2 mmol) and 
tin(I1) chloride dihydrate (0.60 g, 2.7 mmol) in methanol (10 ml) 
gave amino alcohol 5c (0.28 g, 47"/,) as a colorless oil, which solidi- 
fied on cooling (reaction time 1 h). The product was recrystallized 
from ether/dichloromethane. M.p. 120-122°C. IR (CHCI,): v 3530 

1275, 1200 (br), 1095, 1070, 1010, 900 (br), 645 c m - ' .  IR (KBr): 
v 3600-2500 (br, NH,, OH), 3350, 3295, 2945, 2860, 2740, 1740 

980, 970, 960, 915, 910, 835, 735, 720 cm- I .  'H NMR (CDCI,): 
6 2.65 (br s, 3H, NH,, OH), 3.65 (s, 3H, CO,CH,), 4.2 (d, IH, J 
4.5 Hz), 4.4 (d, IH, J 4.5 Hz), 7.1-7.5 (m, 4H, C&) ppm. MS 

5H. C d 5 )  ppm. 

(DMSO-d, + D20) :  6 1.05 (t, 3H, CH,), 3.95 (q, 2H, OCHZCH,), 

(OH), 3375/3310 (NH), 3150,2940, 1725 (C=O), 1590,1435, 1375, 

(C=O),  1585,1485,1450,1310, 1215, 1195,1165,1095, 1070, 1010, 

(CI): m/e (%)  274/276 (72/71, M + 1 +), 197/199 (20/20), 184/186 
(100/98, BrC,H,CH+NH,), 169/171 (18/17). Calcd. for 
C,,,H ,,BrNO, (274.1 15): C 43.82, H 4.41, N 5.1 1 ; found: C 43.66, 
H 4.35, N 5.04%. 
Ammonium chloride. From 5c (102 mg, 0.37 mmol), 52 mg (45%) of 
the corresponding chloride was obtained. M.p. 108-1 10°C. IR 
(KBr): v3700-2400 (br, NH,', OH), 1735 (C=O), 1590, 1485, 
1435, 1415, 1380, 1250, 1235, 1140, 1070, 1010, 840, 725, 640 
cm- I. 'H NMR (DMSO-d,): 6 3.25 (br s, IH, OH), 3.5 (s, 3H, 
CO,CH,), 4.5 (d, IH), 4.8 (br s, IH), 7.2-7.6 (m, 4H, C,H,), 8.8 
(br s, 3H, NH, + ) ppm. ' H  NMR (DMSO-d, + D,O): 6 3.5 (s, 3H, 
CO,CFI,), 4.55 (d, IH, J 4.5 Hz), 4.7 (d, IH, J 4.5 Hz) 7.2-7.6 (m, 
4H, C,H,) ppm. Calcd. for C,,,H,,BrCINO, H,O (328.601): 
C 36.55, H 4.60, N 4.26; found: C 36.00, H 4.49, N 4.25%. 
0,N-Dibenzoate. M.p. 156-160°C (hexane/diethyl-ether). IR 
(KBr): v 3270 (br, NH), 1750. 1730, 1715, 1640 cm- I .  'H NMR 
(CDCI,): 6 3.67 (s, 3H, CO,CH,), 5.66 (d, IH, CH-=-CO,Me, 
J 5 Hz), 5.87 (dd, IH, NH-CH-CH), 7.3-8.1 (m, 15H, 2 Gas, 
C&, NH). Calcd. for C,,H,,,BrNO, (482.333): C 59.77, H 4.18, 
N 2.90; found: C 59.86, H 4.31, N 2.92%. 

Methyl (2 R*,3 R*)-3-(4-fluorophenyl)-3-amino-2-hydroxypropanoa1e 
(5d). Employing the general procedure, azide 2d (489 mg, 2.1 
mmol) and tin(I1) chloride dihydrate (0.70 g, 3.1 mmol) in metha- 
nol (7 ml) produced 5d (279 mg, 64%) as a colorless oil, which 
solidified upon cooling (reaction time I; h). M.p. 95-96°C (diethyl 
ether). IR (CHCI,): v 3520 (OH), 3375/3310 (NH,), 2950, 1725 
(C=O), 1600, 1495, 1435, 1415, 1225 (br), 1090, 835, 665 cm- ' .  
'H NMR (CDCI,): 62.8 (br s, 3H, NH,, OH), 3.65 (s,  3H, 
CO,CH,), 4.2 (d, IH, J 4.5 Hz), 4.4 (d, IH, J 4.5 Hz), 6.8-7.4 (m, 
4H, C&) ppm. Calcd. for C,,,H,,FNO, (213.210): C 56.23, 
H 5.67, N 6.57; found: C 56.15, H 5.84, N 6.43%. 
Ammonium chloride. From 5d (134 mg, 0.63 mmol) 103 mg (66%) of 
hydrochloride was obtained, which was recrystallized from di- 
chloromethane/MeOH/diethyl-ether. M.p. 155-157°C. IR (KBr): 
v 3480, 3280, 3230, 3600-2500 (br, NH,+ ,  OH), 1750 (C=O), 
1600, 1575, 1510, 1450, 1435, 1215 (br), 1165, 1140, 1065,985,850, 
845, 750, 730, 710 cm I .  'H NMR (DMSO-d,): 6 3.2 (br s, IH, 
OH), 3.55 (s, 3H, CO,CH,), 4.6 (d, IH), 4.85 (br s, lH),  7.0-7.7 
(m, 4H, C d , ) ,  8.7 (br s, 3H, NH, + ) ppm. 'H NMR (DMSO-d, + 
D,O): 6 3.55 (s,  3H, CO,CH,), 4.6 (d, IH), 4.7 (d, IH), 7.0-7.7 (m, 
4H, C&) ppm. Calcd. for C,,,H,,CIFNO, (249.671): C 47.78, 
H5.04,N5.58%;found: C48.11, H5.25,N5.61"/,. 
0,N-Dibenzoate. M.p. 145-146°C (hexaneidiethyl-ether). IR (KBr): 
v 3300 (br, NH), 1760 1730 1630 cm ~ I. 'H NMR (CDCI,): 3.67 (s, 
3H, O W , ) ,  5.66 (d, IH, CH-CH-CO,Me, J 5.1 Hz), 5.88 (dd, 
IH, NH-CH-CH), 6.9-7.60 (m, 1 IH, 2 C,&, NH), 7.8 (m. 2H), 
7.9 (m, 2H) ppm. Calcd. for C,,H,,,FNO, (421.428): C68.40, 
H 4.78, N 3.32%; found: C 68.32, H 4.93, N 3.34%. 

Methyl (2 R* .3 R*)-3-(4-chlorophenyl)-3-amino-2-h.vdroxypropanoate 
(5e). Employing the general procedure, azide 2e (578 mg, 2.3 
mmol) and tin(I1) chloride dihydrate (0.67 g, 3.0 mmol) in metha- 
nol (10ml)  gave 333mg (64%) of 5e as a colorless viscous oil 
(reaction time 1 h). IR (CHCI,): v 3525 (OH), 3385/3320 (NH,), 
3155,2955, 1735 (C=O),  1600, 1485, 1440, 1375, 1265, 1220, 1095, 
1015, 990, 905, 840, 650 cm- I. 'H MR (CDCI,): 6 2.85 (br s, 3H, 
NH,, OH), 3.6 (s,  3H, CO,CH,), 4.67 (d, 1 H , J  4.5 Hz), 4.85 (d, 
IH, J 4.5 Hz), 7.2 (s,  4H, C&) ppm. 
Ammonium chloride. From 5e (I25 mg, 0.55 mmol) 122 mg (84%) of 
the corresponding chloride was obtained. M.p. 115-1 17°C. IR 
(KBr): v 3650-2500 (NH,', OH), 1735 (C=O), 1590, 1490, 1435, 
1375, 1235, 1145, 1095, 1015, 840 cm ~ I .  'H NMR (DMSO-d,): 
6 3.4 (br s, IH, OH), 3.55 (s,  3H, CO,CH,), 4.60 (br s, IH), 4.85 
(d, lH,  J 4 Hz), 7.45 (s,  4H, C&), 8.7 (br s, 3H, NH,') ppm. 

IH, J 4 Hz), 4.75 (d, lH ,  J 4 Hz), 7.45 (m, 4H, C&) ppm. Calc. 
for C,,,H,,CI,NO,~ H,O: C 42.27, H 5.32, N 4.93; found: C 42.95, 
H 5.03, N 4.91 %. 
Methyl (2 R*,3 R*)-3-(2-chlorophenyl)-3-amino-2-hydroxypropanoa1e 
(5f). Employing the general procedure, azide 2f (481 mg, 1.9 mmol) 
and tin(I1) chloride dihydrate (0.65 g, 2.9 mmol) in methanol 
(10 ml) gave 333 mg (77%) of 5f as a colorless oil (reaction time 
1 h). IR (CHCI,): v 3520 (OH), 3380/3320 (NH,), 3030,2945, 1725 
(C=O), 1590, 1570, 1430, 1200 (br), 1080, 990, 955, 905, 850, 650 
cm ~ I. 'H NMR (CDCI,): 6 2.85 (br s, 3H, NH,, OH), 3.55 (s, 3H, 

'H NMR (DMSO-d, + D,O): 6 3.55 (s,  3H, COZCH,), 4.65 (d, 
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CO>CH,), 4.55 (d, IH, J 4.5 Hz), 4.75 (d, IH, J 4.5 Hz),  7.0-7.6 
(m, 4H,  C a d )  P P ~ .  
0,N-Dibenzoate. M.p. 175-1 77°C (hexane/diethyl-ether). IR 
(KBr) :  3400 (s, NH), 1760 1710, 1670 cm I .  'H NMR (CDCI,): 
63.64(s,3W,CO2CH,),5.65(d, IH,CH-CH-CO,Me,J5.8 Hz), 
6.23 (dd, IH, NH-CH-CH,J  5.8 Hz and J 7.7 Hz as appears by 
irradiation at 5.65 ppm), 7.2-7.6 (m, 1 IH, 2 C&, NH), 7.8-8.05 
(m, 4H,  o-Hs). Calcd. for C2,H,,,CIN0, (437.882): C 65.83, H 4.60, 
N 3.20; found: C 66.06, H 4.77, N 3.19"". 

Merhj.1 (2 R*,3 R*)-3-(3-chloro~pheti~~l)-J-utnitio-2-h~~dro.u~.proputioate 
(Sg). Employing the general procedure, azide 2g (710 mg, 2.8 
mmol) and tin(1I) chloride dihydrate (0.90 g, 4.0 mmol) in metha- 
nol (10 ml) gave 454 mg (71 "<,) of 5g as a colorless oil (reaction 
time 2 h). IR (CHCI,): v 3520 (OH), 338013320 (NH,), 2945, 1730 
(C=O), 1595, 1570, 1430, 1225 (br), 1080, 995, 880 cm I .  

' H  NMR (CDCI,): 62.70 (br s, 3H, NH,,  OH), 3.60 (s, 3H, 
CO,CH,), 4.2 (d, IH, J 4 Hz). 4.4 (d,  IH, J 4 Hz), 7.0-7.4 (m, 4H.  

O,N-Diheti,-oute. M.p. 149-15 1 " C  (hexaneldiethyl-ether). IR 
(CCI,): v3380 (s,  NH). 3370-3300 (br, NH), 1740 1705 1665 
cm I .  ' H  NMR (CDCI,): 6 3.70 (s,  3H, CO,CH,), 5.65 (d. IH. 
CH-CH-CO,Me,J 5.0 Hz).  5.88 (dd, IH, NH-CH-CH), 7.26- 
7.6 (m, I IH ,  2 C&, NH), 7.8 (m. 2H), 7.9 (m, 2H). Calcd. 
for C,,H,,,CINO, (437.882): C 65.83, H 4.60, N 3.20",,; found: 
C 65.90, H 4.78, N 3.17"". 

Melhj.1 (2 R*.3 R*)-3-(4-nie/ho.u~phetij~l)-3-aniitio-2-hj~dro.u~.pr~~pcrti~ia/e 
(Sh). Employing the general procedure. azide 2h (211 mg, 0.84 
mmol) and tin(I1) chloride dihydrate (0.28 g. 1.24 mmol) in metha- 
nol (10 ml) produced 97 mg (51 "<,) of 5h as a yellowish oil (reaction 
time I i h ) .  IR (CHCI,): v3520 (OH) ,  3380,3315 (NH,). 2940, 
2835, 1730 (C=O),  1605. 1580, 1495, 1435. 1300-1175 (br), 1095, 
1025, 830 cm I .  ' H  NMR (CDCI,): 6 2.45 (br s, 3H, NH,, OH), 
3.60 (s,  3H, CO,CH,), 3.75 (s,  3H. OCH,). 4.2 (d,  1 H . J  4.5 Hz), 
4.4 (d, IH, J 4.5 Hz),  6.7-7.3 (m. 4 H ,  C,&) ppm. 

MethjY (2 R*.3 R * ) - 3 - ( 4 - t i ~ / r ~ i p h e t i j ~ l ) - ~ ~ - r r t i i i t 1 0 - 2 - h j ~ d r ~ ~ . u j ~ ~ r o p ~ i t i ~ i r i t e  
(5i). 
A solution of azide 2i (262 mg. 1.0 mmol) and tin(l1) chloride 
dihydrate (0.55 g, 2.4 niniol) in methanol (5 n i l )  was stirred at room 
temperature for 18 h. After work-up as described in the general 
procedure. 49 mg (21 "<,) of Si were obtained as a yellowish brown 
oil. which partly solidified. IR (CHCI,): v 3670, 3580, 2980. 1730 
(C=O) ,  1600. 1505. 1345, 1190 (br). 1085. 905. 850 cm I .  

'H NMR (CDCI,): 62.5 (br s .  3H, N H , ,  OH). 3.65 (s ,  3H. 

(m, 4H.  C,&) ppni. 

C,&) PPm. 

CO,CH,). 3.85 (d,  l H . J  4.5 Hz).  4.45 (d. 1 H . J  4.5 Hz),  7.35-8.3 

0 ~ri~olitie-S-cirrho.uj~/ic. c.wr.y 7 

Erhj.1 (4 R*.S R*~-4-he.uj~I-2-tiierhj~l-2-o.uci~olitir-5-c~rirho.uj~lrrtr (7a). Bo- 
ron trifluoride etherate (1.47 g, 10.3 mniol) was added to a stirred 
solution of oxirane Ij  (1.03 g. 5.2 mmol) in acetonitrile (10 ml). The 
reaction mixture was stirred at room temperature for 4 h. Excess 
acetonitrile was evaporated. The residue was taken up in ether 
(50 ml) and washed with satd. sodium bicarbonate solution and 
water. The combined washings were reextracted with ether 
(25 ml). The combined organic layers were dried on MgSO, and 
concentrated. affording 1.16 g (93",,) of crude oxazoline. After 
flash chromatography (hexane:ethyl acetate 1 : I ) ,  0.89 g (71",,) of 
pure 7a was obtained as a colorless oil. I R  (CCI,): v 2955, 2925. 

1190, 1060, 1035, 915 cm I. ' H  NMR (CCI,): 60.9 [t. 3H,  
CH,(CH,),], 1.1-1.6 [m. 13H, CH,(CH,),, OCH,CH,], 1.95 (s ,  
3H, CH,C=N), 4.15 (m. 3H, CHCHCO,Et, OCH,CH,), 4.75 (d,  
IH, CHCHCO,Et,J 10 Hz) ppm. On storage in the refrigerator for 
several months the compound had hydrolyzed to the acetylamino 
alcohol 8a, M.p. 69-70'C (hexane/diethyl ether). 

Erhyl (4R*,5R*)-4-he.~~I-2-e/h~l-2-0.uazoline-S-carbo.~~/a/e (7b). A 
solution of lj (2.00 g, 10.0 mmol), propionitrile (1.7 g, 30 mmol) 
and boron trifluoride etherate (2.6 g, 19 mmol) in dichloromethane 
(100 ml) was stirred at room temperature for 18 h. After work-up, 
as described for the preparation of 7a, 2.19 g ( 8 6 0 ~ )  of crude 
oxazoline was obtained, which after flash chromatography gave 
1.82 g (71 2) of pure 7b as a yellowish oil. IR (CCI,): v 2980,2950, 
2925, 2860, 1755, 1735 (C=O),  1680 (C=N).  1495, 1465, 1380, 

2855. 175511735 (C=O) ,  1685 (C=N) ,  1465, 1385, 1265, 1225, 

1270. 1190, 1125, 1060, 915 cm I. ' H  NMR (CCI,): 6 0.9 [t .  3H.  
CH,(CH1),], 1.05-1.6 [m. 16H, CH,(CH-J5, OCH,CH,. 
CH,CH,C=N], 2.25 (9,  2H, CH,CH,C=N), 4.0-4.3 (m. 3H. 
CHCHCO,Et, O,CH,CH,), 4.7 (d,  IH. CHCHC02Et.  J 10 H z )  
PPm. 
ErhjY (4 R * S  R*)-4-he.u~~1-2-~~hrtij~I-2-o.urr-olitie-5-c.~irho.u~~lrire (7c. Bo- 
ro i l  trifluoride etherate (0.80 g. 5.6 mmol) was added to a solution 
of l j  (0.6Og. 3.0 mmol) and benzonitrile (I .IOg, 10.6 mmol) i n  
dichloromethane (30 ml). The reaction mixture was stirred at r o o m  
temperature for 17 h. After addition of satd. sodium bicarbonate 
solution the layers were separated. The aqueous layer was 
extracted with dichloromethane twice. The combined organic lay- 
ers were dried on MgSO, and concentrated. The crude product 
was purified by chromatography (hexane/ethyl-acetate 15 : 1 ), 
which gave 0.55 g (60",,) of pure 7c as a colorless oil. IR (film): 
v 3080. 1740 ( C = O ) ,  1655 ( C = N )  cm I .  ' H  NMR (CCI,): 6 0.9 [t .  
3H, CH,(CH,)5], 1.1-1.9 [m. 13H, CH,(CH,),. OCH,CH,],  
4.0-4.6 (q + ni, 3H. CHCHCO,CH,CH,), 5.0 (d. IH. 
CHCHCO,Et, J 10.5 Hz). 7.4 [m,  3H, C&(tii,p)]. 8.0 [m. 2 H .  

Me/hy/ (4  R.5 R)-2 -ethy/-4 -he.uy/-2 -ouuzoline-5 -carbo.uy/u/e (7d). Fol- 
lowing the procedure described for 7a, oxirane (2R,3S)-( + )-lk 
(1.30 g, 7.0 mmol) gave 0.66 g (40",,) of 7d after chromatography. 
[r]f: +44.4" (c 1.0, EtOH). IR (film): v 1760/1740 (C=O).  1675 
( C = N )  cm I. ' H  NMR (CDCI,): 60.85 [t, 3H, CH,(CH,),]. 
1.0-1.7 [m, 13H, CH,(CH,),, N=C-CH,CH,], 2.26 (q,  2H. 
CH,CH,C=N), 3.7 (s.  3H. CO,CH,), 4.0-4.4 (m, IH, 
CHCHCO,Me), 4.85 (d,  IH, CHCHCO,Me, J 10.5 Hz) ppm. MS 
(CI): ni/e 242 (M + 1 + ). 

Methvl (4  R.S R)-2-e/h~~l-4-peti/~~l-2-o.ua~olitie-5 -c~orho.u~,liire (7e). 
From cpoxide (2R,3S)-( + )-11 (2.60 g. 15.1 mmol) 3.93 g (IOO",,) of 
crude product was obtained, using the procedure described for the 
synthesis of 7a. I t  was chromatographed with petroleum ether 
(60-80)/ethyl acetate (starting with 2 : 1 and gradually increasing 
the polarity), after being kept on the column overnight. Yield 0.45 g 
(13"") of 7e. After prolonged elution, 2.16g ( 5 8 " , , )  of hydroxy 
amide 8e were obtained as a white solid. 7e: IR (film): v 1760,'I 740 
(C=O).  1675 ( C = N )  cm I. ' H N M R  (CDCI,): 60.85 [t, 3H, 
CH,(CH,),], 1.0-1.7 [m. I IH, CH,(CH,),, N=C-CH,CH,].  
2.24 (q, 2H, CH,CH,C=N), 3.7 (s. 3H, OCH,),  4.0-4.43 (m, IH. 
CHCHCO,Me), 4.85 (d. IH, CHCHCO,Me, J 10.5 Hz) ppm. 8e: 
M.p. 82'C (ether). [XI:: -5.37" ( c  1.0, CHCI,). I R  (KBr) :  

1545 cm I .  'H NMR (CDCI,): 6 0.85 [t, 3H, CH,(CH,,), 1.0-1.6 
[m. I IH,  CH,CH,),], NHCOCH,CH,], 2.25 (4 ,  2H. 
NHCOCH,CH,), 3.5 (d, IH, OH, J 6 Hz), 3.8 (s, 3H. CO,CH,). 
4.3 [m. 2H. CH(NH)-CH(OH)],  5.7 (br d, IH. NH, J 9 Hz)  ppm. 
M S  (CI): m/e 246 (M + 1 + ). Calcd. for C,,H,,NO,: C 58.75. 
H 9.45, N 5.71; found: C 58.69, H 9.65, N 5.68",,.  

C,H,((~)l  PP"1. 

~3400-3200 (OH), 3280 (NH), 1740 (OC=O). I645 (NC=O).  

Merlid (4 S.5 S ~ - 2 - e t h j ~ l - 4 - p e t i t j ~ l - 2 - ~ i . ~ - r r ~ ~ i l i t i ~ ~ - ~ - ~ ~ ~ ~ r h ~ i . u j ~ l r i t ~ ~  (7f). From 
oxirane (2S.3R)-( - ) - lm (2.60 g, 15.1 mmol) 3.30 g (Yh",,)  of crude 
product was obtained, which was purified by chromatography 
immediately. Yield 1.92 g (56",,) of 7f; after continued elution, 
0.89 g (24",,) of 8f were obtained as a white solid. 71: I R  and 
' H  NMR as for 7e. 8f: M.p. 82-83'C (ether). [?If:) + 5.31: (c 1.0. 
CHCI,). IR, ' H  NMR and MS as for 8e. Calcd. for C,,H,,NO,: 
C 58.75. H 9.45. N 5.71; found: C 58.33, H 9.44, N 5 .55" , , .  

EihI.1 (4 R*.5 R*)-4-i.~opropl~I-2-r??e/h~~l-2-o.urr~olitie-5-ccrrho.~j~lir/~ (7g). 
Employing the procedure described for 7a, oxirane In  (2.00 g. 12.7 
mmol) gave 1.85 g (73",,) of crude 7g. Flash chromatography 
(hexanekthyl acetate 2 : 1 )gave 1.44 g (57",,) of pure 7g as a color- 
less oil. IR (CCI,): ~ 2 9 8 0 .  2955. 2930, 2870. 1750i1730 (C=O).  
1680 (C=N).  1465, 1445, 1435. 1385, 1340. 1310, 1280. 1260. 1225. 
1190. 1040, 920. 905 cm I. ' H  NMR (CCI,): 60.93 [d,  6H. 
(CH,),CH]. 1.33 (t, 3H, OCH,CH,). 1.7 [m. IH, (CH,),CH]. 1.95 
(s, 3H, CH,C=N), 3.7-4.0 (m, IH, CHCHCO,Et), 4.15 (4. 2H,  
CO,CH,CH,). 4.75 (d,  IH, CHCHCO,Et, J 10 Hz)  ppm. 

2-f~~~~~r~i.u~~-~~-(rrc.~~l~it~iitio)crl~utioic esters 8 

Eihyl (2 R*.3 R*)-2-hj~dro.u~~-3-(rr~e/j~lcrt~iititi~t1ot1u~1~icrre (8a). Merhod A 
(hvdrochloric ucid/erhanol). Concentrated hydrochloric acid (37",, , 
0.22 ml, 2.7 mmol) was added to a stirred solution of 7a (0.60 g, 2.5 
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mmol) in ethanol (50 ml). The reaction mixture was then heated at  
reflux for 24 h. After cooling triethylamine (0.9 ml, 9 mmol) was 
added. The mixture was concentrated. The residue was dissolved 
in water and extracted with ether three times. The combined 
organic layers were dried over MgSO, and concentrated, giving 
0.35 g (54"") of amide 8a as a colorless oil. 
Method B (perchloric acididichloromethane). Perchloric acid (700/, , 
0. I5 ml) was added to a stirred solution of 7a (0.10 g, 0.4 mmol) in 
dichloromethane (25 ml). The reaction mixture was stirred at  room 
temperature for 4 days. The dichloromethane solution was washed 
with satd. sodium bicarbonate solution and water, dried over 
MgSO, and concentrated. Yield 40 mg (37"i,) of 8a as a colorless 
oil. 
Method C (o-yalic acidiethanol). A solution of 7a (0.48 g, 2.0 mmol) 
and oxalic acid (1.0 g, 11 mmol) in ethanol (40 ml) was heated at 
reflux for 20 h. The solvent was evaporated. The residue was dis- 
solved in ether (25 ml), washed with satd. sodium bicarbonate solu- 
tion and water, dried on MgSO, and concentrated. Yield 0.46 g 
(YO",,) of 8a as a colorless oil. 
IR (CCI,): v 3510 (OH), 3430 (NH), 3320 (br, OH), 2950, 2920, 
2850. 1720 (OC=O),  1655 (NC=O),  1495, 1445, 1365, 1245 (br), 
1120. 1090. 1020, 860, 710 cm ~ I .  ' H  NMR (CCI,): 60.9 [t, 3H, 
CH,(CH,),], 1.1-1.6 [m, 13H, OCH,CH,, CH,(CH,),], 1.95 (s, 
3H,  COCH,), 4.0-4.4 (m, 5H, OH, CHCHCO,CH,CH,), 6.95 (d, 
IH. NH, J 9 Hz) ppm. 

Ethyl (2 R*.3 R*)-2-hydroxy-3-(propionylamino)nonanoate (8b). 
Method D (silicagel-60H/H2 SO,/ether). Silicagel-60H (2 g )  and 
concentrated sulfuric acid (2 ml) were added to a solution of 7b 
(0.30 g, 1.17 mmol) in ether (100 ml). The heterogeneous mixture 
was heated at  reflux for 40 h. Silica gel was filtered off and washed 
with ethyl acetate twice. The filtrate was washed with satd. sodium 
bicarbonate solution, dried over MgSO, and concentrated. Resi- 
due 0.14 g (44",,) of 8b as a yellow oil. IR (CCI,): v 3530 (OH), 
3435 (NH),  3350 (br, OH), 2950, 2920, 2850, 1725 (OC=O), 1680 
(NC=O).  1495, 1460, 1365, 1260, 1215 (br), 1125, 1090, 1025, 865 
cm I. ' H  NMR (CCI,): 60.85 [t, 3H, CH,(CH,)J, 1.1-1.6 [m, 
16H. NHCOCH,CH,, OCH,CH,, CH,(CH,),], 2.15 (m, 2H, 
COCH,CH,), 4.0-4.4 (m, 5H, OH, CHCHCO,Et, OCH,CH,), 
5.75 (d,  IH,  NH, J 9 Hz)  ppm. 

Eth.vl (2 R*.3 R*)-4-t?reth~~l-3-(uce~~~lu~iin~~)-2-hydro.~ypentanoate (8g). 
Method E (ZN HClisilicagel-60Hlether). Silicagel-60H (2.17 g) and 
2N HCI (0.2 ml) were added to a solution of 7g (106 mg, 0.53 
mmol) in ether ( I5  ml). The heterogeneous mixture was heated at 
reflux for 16 h. Silica gel was then filtered off and washed with 
ethyl acetate twice. The filtrate was washed with satd. sodium 
bicarbonate solution, dried over MgSO, and concentrated, afford- 
ing 85 mg (74"") of amide 8g as a colorless oil, which slowly solidi- 
fied. M.p. 76-78°C (ether). IR (CCI,): v 3520 (OH), 3440 (NH), 
3600-3100 (br), 2965, 2930, 2875, 1725 (OC=O), 1685 (NC=O), 
1495. 1390, 1370, 1265 (br), 1195, 1135, 1105, 1025 c m - ' .  
' H  NMR (CDCI,): 60.9 [d, 6H, (CH,),CH], 1.3 (t, 3H, 
OCHZCH2, J = 7.5 Hz), 1.7-2.1 [rn + s, 4H, (CH,),CH, COCH,], 
3.95-4.4 (m, 5H, OH, CHCHC02CH,CH,), 6.5 (d, IH,  NH, J 
9 H z )  ppm. 
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