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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(II) 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
24-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 f-amino

a-hydroxy acid derivatives are accessible.

In recent publications', we have reported the synthesis of
aziridine-2-carboxylic esters from the corresponding oxi-
rane-2-carboxylic esters (Scheme 1). 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 aicohols 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
B-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 B-amino x-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 affected*®. 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 (¢f., Ref. 1).

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-
trons®. 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 Cr"'Cl,, according
to Kaufmann and Thompson®, led to nitrogen evolution as
well as a color change from blue (Cr**) to green (Cr**),
but the desired amine could not be detected.

Good results were obtained when azido alcohols 2 were
treated with an excess of tin(Il) 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 x-hydroxy-f-amino esters 8 by reduction of 2.
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Entry 2 X R Method® 5 Yield (%) Hyd.rochlondeh
yield (%)
i 2a H Me A Sa 95
if 2b H Et B 5b 72 83
iii 2c 4'-Br Me B 5¢ 47 45
iv 2d 4'-F Me B 5d 64 66
v 2e 4'-Cl Me B Se 64 84
vi 2f 2'-Cl Me B 5f 77
vii 2g 3-Cl Me B 5g 71
viii 2h 4'-MeO Me B 5h 51
ix 2i 4'-NO, Me C Si 21

¢ Method A: H,/Pd(C), ethanol. Method B: SnCl, - 2H,0, ROH, reflux. Method C: SnCl, - 2H,O, ROH, room temperature.

by treatment of § with ethereal HCI.

collected in Table I. The yields are satisfactory to good for
the various substrates 2, except for 4-NO,-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(I) chloride dihydrate was attempted; however, no
reaction took place.
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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 S5a on catalytic hydrogenation (¢f.,
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 (¢f., Scheme 1). Accordingly, the con-
figuration of the products derived from the trans-substituted
epoxy esters must be anti (i.e., 2R*3R*).

For the synthesis of aliphatic f-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''"'* was considered as an attractive possibility,
because oxazolines are recognized as masked amino alco-
hols'*2", The reaction of epoxy esters with nitriles has
previously been studied by Zvonkova et al.'*.

The aliphatic oxirane-2-carboxylic esters 1j-1n, prepared as
reported earlier', were subjected to a ring enlargement
reaction with acetonitrile using various acid catalysts. Thus,
treatment of 1j with acetonitrile in the presence of per-
chloric acid, according to Zvonkova et al.'*, gave a mixture

® Prepared

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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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(IV) chloride,
epoxide opening to the hydroxy chloride was observed
instead of ring expansion. The same product was obtained
by treatment of 1j with 2N hydrochloric acid in ether.
The best results were obtained with boron triftuoride
etherate as catalyst. Treatment of 1j with acetonitrile in the
presence of 2 equivalents of boron trifluoride etherate at
room temperature produced oxazoline 7a in a yield of 71%,.
The results with the other aliphatically substituted
oxirane-2-carboxylic esters are collected in Table II. It is of
interest to note that the phenyl substituted oxirane 1a 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 (cf.,
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 249, 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 (*J, ), which amount to ca. 10 Hz, are
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Table II  Conversion of oxirane-2-carboxylic esters 1 into oxazolines 1.
Entry 1 R R’ Config. 7 R” Yield (%, )" Config.
i 1j CH,, Et rac 7a Me 71(93)
i 1j C.H,, Et rac 7b Et 71 (86)
iii 1j CH,, Et rac Te Ph 60
i 1k CH,. Me 2R,38 7d Et 40 4R5R
v 1 CH,, Me 2R3S Te Et 13° (100) 4R.5R
vi Im CH,, Me 2S8.3R 7" Et 56° (96) 4858
vii In iCsH, Et rac Tg Me 57(73)
viii 1a h Me rac 7h Me mixture!
4 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.

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 that reported by Wohl et al.'?
for non-functionalized epoxides.
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For the hydrolysis of oxazolines various conditions have
been reported, e.g., 3N aqueous sulfuric acid in tetrahydro-
furan (Zvonkova'*), water (air moisture, Lindsay Smith'?),
5-7°, H,SO, in ethanol (Mevers*'), 3-6N aqueous sulfuric
acid (Mevers®*), 3-6N aqueous hydrochloric acid
(Meyers™, Seebach'®), concentrated HC! in methanol
(Meyers**, Ito'®). In 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 III.
When oxazoline 7a was treated with concentrated hydro-
chloric acid in boiling ethanol for 24 h 549, of hydroxy
amide 8a was obtained as the principal product; no amino
alcohol could be isolated (Table III, entry /). Treatment of
7a with 709, perchloric acid in 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 HCl 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.
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4 A complex mixture of products was obtained.

The best results for oxazoline hydrolysis were obtained
using oxalic acid in boiling ethanol, a method described by
Meyers®. 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 that

Table I1I  Hydrolysis of oxazolines 7.

Entry 7 Method* Product Yield (°,)
{ Ta A 8a 54
i Ta B 8a 37
ifi Ta C 8a 90
v 7b D 8b 44
v Tg E 8g 74

* 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. H,SO,,
silicagel-60H, ether, reflux, 40 h. Method E: 2N HCI, silicagel-60H,
ether, reflux, 16 h.

B-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

General remarks

Mrs. H. 1. V. Amadtjais—Groenen (el. anal.), Mr. P. M. van Galen
(MS)and Mr. 4. 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."H 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.

GC was performed on a Hewlett-Packard 5710A instrument
equipped with a packed Chrompack SE 30 (10%, 6’ x 1/8") col-
umn, or on a Hewlett-Packard 5790A or 5890 instrument equipped
with a capillary HP cross-linked methyl silicone (25 mx0.31 mm)
column, connected to a HP 3390 or HP 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(II) chloride dihydrate p.a. was purchased
from Janssen Chimica.

Azido 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-Phenyl-3-amino-2-hydroxypropanoic esters 5

Methyvil (2R* 3R*)-3-phenyl-3-amino-2-hydroxypropanoate (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 (95%,)
of 5a as a yellowish oil which crystallized on cooling. IR (CHCl,):
v 3530 (OH), 3380/3320 (br, NH,), 3060, 2950, 1730 (C=0), 1600,
1585, 1490, 1435, 1270 (br), 1100, 1070, 985, 905 cm ~'. '"H NMR
(CDCl,): 6 2.8 (br s, 3H, NH,, OH), 3.6 (s, 3H, CO,CH,), 4.25 (d,
IH, J 4 Hz), 44 (d, 1H, J 4 Hz), 7.25 (m, 5H, C,H) ppm.

Ethvl (2R* 3R*)-3-phenyl-3-amino-2-hydroxypropanoate (5b)

General procedure using SnCl,-2H,0. Tin(Il) 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 11 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 (5x 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 (CDCl,):
& 1.15 (t, 3H, CH,), 2.65 (br s, 3H, NH,, OH), 4.05 (q, 2H,
OCH.CH,), 4.2 (d, 1H, J 4.5 Hz), 435 (d, 1H, J 4.5 Hz), 7.25 (s,
5H, CH;) ppm.

Ammonium chloride of Sb (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 (839%,) of the ammonium chloride as a white solid.
M.p. 85-87°C. IR (KBr): v 3370 (OH), 3700-2400 (br, NH,*),
1725 (C=0), 1595, 1495, 1465, 1380, 1325, 1295, 1240, 1230, 1210,
1150, 1085, 1005, 930, 915, 855, 790, 765, 705 (s), 635 cm™ .
'H NMR (DMSO-d,): 6 1.05 (t, 3H, CH,), 3.3 (br s, 1H, OH),
3.95(q, 2H, OCH,CH,), 4.53 (d, 1H,J 4 Hz),4.83 (d, 1H,J 4 Hz),
7.2 (s, SH, C,Hs)), 88 (br s, 3H, NH;*) ppm. 'HNMR
(DMSO-d, + D,0): 8 1.05 (t, 3H, CH,;), 3.95 (q, 2H, OCH,CH,),
4.60 (d, 1H,J 4 Hz), 475 (d, 1H, J 4 Hz), 7.2 (s, 5H, C H;) ppm.

Methyl (2R* 3R*)-3-(4-bromophenyl)-3-amino-2-hydroxypropanoate

(5¢). Employing the general procedure, 2¢ (0.66 g, 2.2 mmol) and
tin(I1) chloride dihydrate (0.60 g, 2.7 mmol) in methanol (10 ml)
gave amino alcohol 5S¢ (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 (CHCl,): v 3530
(OH), 3375/3310 (NH), 3150, 2940, 1725 (C=0), 1590, 1435, 1375,
1275, 1200 (br), 1095, 1070, 1010, 900 (br), 645 cm~'. IR (KBr):
v 3600-2500 (br, NH,, OH), 3350, 3295, 2945, 2860, 2740, 1740
(C=0), 1585, 1485, 1450, 1310, 1215, 1195, 1165, 1095, 1070, 1010,
980, 970, 960, 915, 910, 835, 735, 720 cm ~'. '"H NMR (CDCl,):
§2.65 (br s, 3H, NH,, OH), 3.65 (s, 3H, CO,CH,), 42 (d, IH, J
45Hz), 44 (d, 1H, J 45 Hz), 7.1-7.5 (m, 4H, CH,) ppm. MS

(CL): mje (%) 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, (274.115): C 43.82, H 4.41, N 5.11; found: C 43.66,
H 4.35, N 5.04¢%;,.

Ammonium chloride. From Sc (102 mg, 0.37 mmol), 52 mg (45%,) of
the corresponding chloride was obtained. M.p. 108-110°C. IR
(KBr): v3700-2400 (br, NH,*, OH), 1735 (C=0), 1590, 1485,
1435, 1415, 1380, 1250, 1235, 1140, 1070, 1010, 840, 725, 640
cm~'. 'HNMR (DMSO-d,): §3.25 (br s, 1H, OH), 3.5 (s, 3H,
CO,CH,), 4.5 (d, 1H), 4.8 (br s, IH), 7.2-7.6 (m, 4H, C,H,), 8.8
(brs,3H,NH,"* ) ppm. 'H NMR (DMSO-d, + D,0): 5 3.5(s, 3H,
CO,CH,), 4.55(d, 1H,J 45 Hz),4.7 (d, IH, J 4.5 Hz) 7.2-7.6 (m,
4H, C,H,) ppm. Caled. 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 4.259%,.
O,N-Dibenzoate. M.p. 156-160°C (hexane/diethyl-ether). IR
(KBr): v 3270 (br, NH), 1750. 1730, 1715, 1640 cm~'. '"H NMR
(CDCl,): 8 3.67 (s, 3H, CO,CH,), 5.66 (d, 1H, CH-CH - CO,Me,
J 5 Hz), 5.87 (dd, 1H, NH-CH-CH), 7.3-8.1 (m, 15H, 2 C,H,,
C,H,, NH). Calcd. for C,,H,,BrNO; (482.333): C 59.77, H4.18,
N 2.90; found: C 59.86, H 4.31, N 2.929%.

Methyl (2R*,3R*)-3-(4-fluorophenyl)-3-amino-2-hydroxypropanoate
(5d). Employing the general procedure, azide 2d (489 mg, 2.1
mmol) and tin(II) 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 13 h). M.p. 95-96°C (diethyl
ether). IR (CHCI;): v 3520 (OH), 3375/3310 (NH,), 2950, 1725
(C=0), 1600, 1495, 1435, 1415, 1225 (br), 1090, 835, 665 cm ™ ".
'H NMR (CDCl,): 2.8 (br s, 3H, NH,, OH), 3.65 (s, 3H,
CO,CH,), 4.2 (d, IH, J 4.5 Hz), 4.4 (d, 1H, J 4.5 Hz), 6.8-7.4 (m,
4H, C,H,) ppm. Caled. 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=0),
1600, 1575, 1510, 1450, 1435, 1215 (br), 1163, 1140, 1065, 985, 850,
845, 750, 730, 710 cm ', 'H NMR (DMSO-d,): §3.2 (br s, 1H,
OH), 3.55 (s, 3H, CO,CH,), 4.6 (d, 1H), 4.85 (br s, 1H), 7.0-7.7
(m,4H, C(H,), 8.7 (br s, 3H, NH, * ) ppm. '"H NMR (DMSO-d, +
D,0): 6 3.55 (s, 3H, CO,CH,), 4.6 (d, 1H), 4.7 (d, IH), 7.0-7.7 (m,
4H, C,H,) ppm. Calcd. for C,,H,;CIFNO, (249.671): C47.78,
H 5.04, N 5.589%,; found: C48.11, H 5.25, N 5.61Y,.
O,N-Dibenzoate. M.p. 145-146° C (hexane/diethyl-ether). IR (KBr):
v 3300 (br, NH), 1760 1730 1630 cm - '. "H NMR (CDCl,): 3.67 (s,
3H, OCH,), 5.66 (d, I1H, CH-CH-CO,Me, J 5.1 Hz), 5.88 (dd,
1H, NH-CH-CH), 6.9-7.60 (m, 11H, 2 C;H;, NH), 7.8 (m, 2H),
7.9 (m, 2H) ppm. Caled. for C,,H,,FNO; (421.428): C 68.40,
H 4.78, N 3.32%,; found: C 68.32, H 4.93, N 3.349,.

Methyl (2R* 3R*)-3-(4-chlorophenyl)-3-amino-2-hydroxypropanoate
(Se). Employing the general procedure, azide 2e (578 mg, 2.3
mmol) and tin(II) chloride dihydrate (0.67 g, 3.0 mmol) in metha-
nol (10 ml) gave 333 mg (64°%,) of Se as a colorless viscous oil
(reaction time 1 h). IR (CHCl,): v 3525 (OH), 3385/3320 (NH,),
3155, 2955, 1735 (C=0), 1600, 1485, 1440, 1375, 1265, 1220, 1095,
1015, 990, 905, 840, 650 cm ~'. '"H MR (CDCl,): § 2.85 (br s, 3H,
NH,, OH), 3.6 (s, 3H, CO,CH,), 4.67 (d, 1H, J 4.5 Hz), 4.85 (d,
1H, J 4.5 Hz), 7.2 (s, 4H, C,H,) ppm.

Ammonium chloride. From Se (125 mg, 0.55 mmol) 122 mg (84%,) of
the corresponding chloride was obtained. M.p. 115-117°C. IR
(KBr): v 3650-2500 (NH, ", OH), 1735 (C=0), 1590, 1490, 1435,
1375, 1235, 1145, 1095, 1015, 840 cm ™ '. 'H NMR (DMSO-4,):
53.4 (br s, IH, OH), 3.55 (s, 3H, CO,CH,), 4.60 (br s, 1H), 4.85
(d, 1H, J 4 Hz), 745 (s, 4H, C,H,), 8.7 (br s, 3H, NH,*) ppm.
'H NMR (DMSO-d, + D,0): 83.55 (s, 3H, CO,CH,), 4.65 (d,
1H,J 4 Hz), 475 (d, 1H, J 4 Hz), 7.45 (m, 4H, C,H,) ppm. Calc.
for C,,H,;CI,NO,-H,0: C42.27, H 5.32, N 4.93; found: C 42.95,
H 5.03, N 4919%.

Methyl (2R*,3R*)-3-(2-chlorophenyl)-3-amino-2-hydroxypropanoate

(5f). Employing the general procedure, azide 2f (481 mg, 1.9 mmol)
and tin(II) chloride dihydrate (0.65g, 2.9 mmol) in methanol
(10 ml) gave 333 mg (77%,) of Sf as a colorless oil (reaction time
1 h). IR (CHCl,): v 3520 (OH), 3380/3320 (NH,), 3030, 2945, 1725
(C=0), 1590, 1570, 1430, 1200 (br), 1080, 990, 955, 905, 850, 650
cm ~ . 'H NMR (CDCl,): 8 2.85 (br s, 3H, NH,, OH), 3.55 (s, 3H,
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CO,CH,), 4.55 (d, 1H, J 4.5 Hz), 4.75 (d, 1H, J 4.5 Hz), 7.0-7.6
(mv 4Hs Ch,ﬂhi) ppm.

O ,N-Dibenzoate. M.p. 175-177°C (hexane/diethyl-ether). IR
(KBr): 3400 (s, NH), 1760 1710, 1670 cm ' 'H NMR (CDCl,):
5 3.64 (s, 3H, CO,CH,;), 5.65 (d, IH, CH-CH-CO,Me, J 5.8 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, 11H, 2 C,H., NH), 7.8-8.05
(m, 4H, o-H’s). Calcd. for C,,H,,CINO, (437.882): C 65.83, H 4.60,
N 3.20; found: C 66.06, H4.77, N 3.19°,.

Methyl (2R*,3R*)-3-(3-chlorophenyl)-3-amino-2-hydroxypropanoate
(5g). Employing the general procedure, azide 2g (710 mg, 2.8
mmol) and tin(Il) 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 (CHCl,): v 3520 (OH), 3380/3320 (NH,), 2945, 1730
(C=0), 1595, 1570, 1430, 1225 (br), 1080, 995, 880 cm
'"HNMR (CDCl,): §2.70 (br s, 3H, NH,, OH), 3.60 (s, 3H,
CO,CH,),4.2(d, 1H,J 4 Hz),4.4 (d, IH,J 4 Hz), 7.0-7.4 (m, 4H,
C,H,) ppm.

ON-Dibenzoate. M.p. 149-151°C (hexane/diethyl-ether). IR
(CCl,): v 3380 (s, NH), 3370-3300 (br, NH), 1740 1705 1665
cm . "H NMR (CDCl,): 83.70 (s, 3H, CO,CH,), 5.65 (d. 1H,
CH-CH-CO,Me, J 5.0 Hz), 5.88 (dd, |H, NH-CH-CH), 7.26-
7.6 (m, 11H, 2CH., NH), 7.8 (m, 2H), 7.9 (m, 2H). Calcd.
for C,,H,,CINO, (437.882): C65.83, H4.60, N 3.20°,; found:
C65.90, H4.78, N 3.17°,.

Methy! (2R* 3R*)-3-(4-methoxyphenyl)-3-amino-2-hydroxypropanoate
(5h). Employing the general procedure, azide 2h (211 mg, 0.84
mmol) and tin(Il) 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 11h). IR (CHCl,): v 3520 (OH), 3380/3315 (NH,), 2940,
2835, 1730 (C=0), 1605, 1580, 1495, 1435, 1300-1175 (br), 1095,
1025, 830 cm '. '"H NMR (CDCl,): 8 245 (br s, 3H, NH,, OH),
3.60 (s, 3H, CO,CH,), 3.75 (s, 3H, OCH,;), 4.2 (d, 1H, J 4.5 Hz),
44 (d, 1H, J 4.5 Hz), 6.7-7.3 (m, 4H, C,H,) ppm.

Methvi 2R* 3R*)-3-(4-nitrophenyl)-3-amino-2-hyvdroxypropanoate
(5i).

A solution of azide 2i (262 mg, 1.0 mmol) and tin(Il) chloride
dihydrate (0.55 g, 2.4 mmol) in methanol (5 ml) was stirred at room
temperature for 18 h. After work-up as described in the general
procedure, 49 mg (21°,) of 5i were obtained as a yellowish brown
oil, which partly solidified. IR (CHCl,): v 3670, 3580, 2980, 1730
(C=0), 1600, 1505, 1345, 1190 (br), 1085, 905, 850 cm .
'HNMR (CDCl,): 62.5 (br s, 3H, NH,, OH). 3.65 (s, 3H,
CO,CH,), 3.85(d, IH.J 4.5 Hz), 445 (d. IH.J 4.5 Hz), 7.35-83
(m, 4H, C,H,) ppm.

Oxacoline-5-carboxylic esters 7

Ethyl (4R* 5R*)-4-hexvi-2-methvi-2-oxazoline-5-carboxyiate (7a). Bo-
ron trifluoride etherate (1.47 g, 10.3 mmol) was added to a stirred
solution of oxirane 1j (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 cther
(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 1:1), 0.89 g (71°,) of
pure 7a was obtained as a colorless oil. IR (CCl,): v 2955, 2925,
2855, 1755/1735 (C=0), 1685 (C=N), 1465, 1385, 1265, 1225,
1190, 1060, 1035, 915 ¢cm '. 'H NMR (CCl,): 8§09 [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,
1H, 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).

Ethyl (4R* 5R*)-4-hexyl-2-ethyl-2-oxazoline-5-carboxylate (7b). A
solution of 1j (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, 2.19g (86%,) of crude
oxazoline was obtained, which after flash chromatography gave
1.82 g (719%) of pure 7b as a yellowish oil. IR (CCl,): v 2980, 2950,
2925, 2860, 1755, 1735 (C=0), 1680 (C=N), 1495, 1465, 1380,

73

1270, 1190, 1125, 1060, 915 cm '. "H NMR (CCl,): 5 0.9 [t, 3H.
CH,(CH,),], 1.05-1.6 [m. 16H, CH(CH,),, OCH,CH,.
CH,CH,C=N], 2.25 (q. 2H, CH,CH,C=N), 4.0-4.3 (m, 3H.
CHCHCO,Et, 0,CH,CH,), 4.7 (d, IH, CHCHCO,Et, J 10 Hz)
ppm.

Ethvl (4 R* 5R*)-4-hexyl-2-phenyi-2-oxazoline-5-carboxyiate (Tc. Bo-
ron trifluoride etherate (0.80 g, 5.6 mmol) was added to a solution
of 1j (0.60 g, 3.0 mmol) and benzonitrile (1.10 g, 10.6 mmol) in
dichloromethane (30 ml). The reaction mixture was stirred at room
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/cthyl-acetate 15:1),
which gave 0.55g (60°,) of pure 7c¢ as a colorless oil. IR (film):
v 3080, 1740 (C=0), 1655 (C=N)cm '.'HNMR (CCl,): 509 [t,
3H, CH.(CH,)5], 1.1-1.9 [m, 13H, CH,(CH,),. OCH,CH,],
40-46 (qg+m, 3H, CHCHCO.CH.CH,), 50 (d. IH.
CHCHCO,Et, J 10.5 Hz), 74 [m, 3H, C,H,(mp)]. 8.0 [m. 2H,
C.H.(0)] ppm.

Methyl (4R 5R)-2-ethyi-4-hexvi-2-oxazoline-5-carboxylate (7d). Fol-
lowing the procedure described for 7a, oxirane (2R,35)-(+)-1k
(1.30 g, 7.0 mmol) gave 0.66 g (40°,) of 7d after chromatography.
(2] +44.4° (¢ 1.0, EtOH). IR (film): v 1760/1740 (C=0), 1675
(C=N) em '. '"HNMR (CDCl,): §0.85 [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,), 4.0-44 (m, IH,
CHCHCO-Me), 4.85 (d, IH, CHCHCO,Me, J 10.5 Hz) ppm. MS
(Cl): mje 242 (M +1°).

Methvl (4R, 5R)-2-ethvi-4-pentvi-2-oxazoline-5-carboxylate  (7e).
From epoxide (2R,3S)-( + )-11(2.60 g, 15.1 mmol) 3.93 g (100°,) of
crude product was obtained, using the procedure described for the
synthesis of 7a. It 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 Te. After prolonged elution, 2.16 g (58°,) of hydroxy
amide 8e were obtained as a white solid. 7e: IR (film): v 1760/1740
(C=0), 1675 (C=N) cm ' 'HNMR (CDCl,): 50.85 [t, 3H,
CH.(CH,),], 1.0-1.7 [m, 11H, CH,(CH,),, N=C-CH,CH,].
2.24 (q, 2H, CH,CH,C=N), 3.7 (s, 3H, OCH,), 4.0-4.43 (m, 1H,
CHCHCO,Me), 4.85 (d, IH, CHCHCO,Me, J 10.5 Hz) ppm. 8e:
M.p. 82°C (ether). [«]fy -5.37° (c 1.0, CHCl,). IR (KBr):
v 3400-3200 (OH), 3280 (NH), 1740 (OC=0), 1645 (NC=0),
1545cm ' 'H NMR (CDCl;): 6 0.85 ft, 3H, CH,(CH. ), 1.0-1.6
[m, 11H, CH.CH,),], NHCOCH.CH;], 225 (q. 2H,
NHCOCH,CH.), 3.5 (d, 1H, OH, J 6 Hz), 3.8 (s, 3H, CO,CH,),
4.3 [m, 2H, CH(NH)-CH(OH)], 5.7 (br d, 1H, NH, J 9 Hz) ppm.
MS (CI): mje 246 (M + 1"). Caled. for C,,H,,NO,: C58.75,
H 9.45, N 5.71; found: C 58.69, H 9.65, N 5.68°,,.

Methvl (4S,5S)-2-ethvi-4-penivl-2-oxaczoline-5-carboxviate (7f). From
oxirane (25.3R)-( - )-1m (2.60 g, 15.1 mmol) 3.30 g (96°,) of crude
product was obtained, which was purified by chromatography
immediately. Yield 1.92g (56°,) of 7f; after continued clution,
0.89 g (24°,) of 8f were obtained as a white solid. 7f: IR and
'"H NMR as for 7e. 8f: M.p. 82-83°C (ether). [x]{y +5.31° (¢ 1.0,
CHCL,). IR, '"H NMR and MS as for 8e. Caled. for C,.H,,NO,:
C 58.75. H9.45, N 5.71; found: C 58.33, H 9.44, N 5.55°,.

Ethvl (4R* 3R* )-4-isopropyi-2-methvi-2-oxazoline-5-carboxyviate (7g).
Employing the procedure described for 7a, oxirane 1n (2.00 g, 12.7
mmol) gave 1.85g (73°,) of crude 7g. Flash chromatography
(hexane/cthyl acetate 2 : 1) gave 1.44 g (57°,) of pure 7g as a color-
less oil. IR (CCl,): v 2980, 2955, 2930, 2870, 1750/1730 (C=0),
1680 (C=N), 1465, 1445, 1435, 1385, 1340, 1310, 1280, 1260, 1225,
1190, 1040, 920, 905 c¢cm '. 'HNMR (CCl,): §093 [d, 6H,
(CH.),CH], 1.33 (t, 3H, OCH.CH,)., 1.7 [m, 1H, (CH,),CH], 1.95
(s, 3H, CH,C=N), 3.7-4.0 (m, IH, CHCHCO,Et), 4.15 (q, 2H,
CO.CH,CH,), 4.75 (d, 1H, CHCHCO,Et, J 10 Hz) ppm.

2-Hyvdroxy-3-(acviamino)alkanoic esters 8

Ethyvl (2R* 3R*)-2-hydroxy-3-(acetylaminomonanoate (8a). Method A
(hvdrochloric acidlethanol). 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 acid/dichloromethane). Perchloric acid (70%,,
0.15 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%,) of 8a as a colorless
oil.

Method C (oxalic acidlethanol). 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 MgSQO, and concentrated. Yield 0.46 g
(90°,) of 8a as a colorless oil.

IR (CCl,): v 3510 (OH), 3430 (NH), 3320 (br, OH), 2950, 2920,
2850, 1720 (OC=0), 1655 (NC=0), 1495, 1445, 1365, 1245 (br),
1120, 1090, 1020, 860, 710 cm ~'. '"H NMR (CCl,): $0.9 [t, 3H,
CH.(CH,)s], L.1-1.6 [m, 13H, OCH,CH,, CH,(CH,)], 1.95 (s,
3H, COCH,), 4.0-4.4 (m, 5SH, OH, CHCHCO,CH,CH,), 6.95 (d,
IH. NH, J 9 Hz) ppm.

Ethyl (2R* 3R*)-2-hydroxy-3-(propionylamino)nonanoate (8b).
Method D (silicagel-60H/H, SO, /ether). Silicagel-60H (2g) 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 (CCl,): v 3530 (OH),
3435 (NH), 3350 (br, OH), 2950, 2920, 2850, 1725 (OC=0), 1680
(NC=0), 1495, 1460, 1365, 1260, 1215 (br), 1125, 1090, 1025, 865
cm '. '"HNMR (CCly): 60.85 [t, 3H, CH,(CH,);], 1.1-1.6 [m,
16H, NHCOCH,CH,, OCH,CH,, CH,(CH,)s], 2.15 (m, 2H,
COCH.CH,), 4.0-44 (m, 5H, OH, CHCHCO,Et, OCH,CH,),
5.75 (d, 1H, NH, J 9 Hz) ppm.

Ethid (2R* 3R*)-4-methyl-3-(acetviamine)-2-hydroxypentanoate (8g).
Method E (2N HCl/silicagel-60H Jether). Silicagel-60H (2.17 g) and
2N HCl (0.2 ml) were added to a solution of 7g (106 mg, 0.53
mmol) in ether (15 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 MgSQO, 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 (CCl,): v 3520 (OH), 3440 (NH),
3600-3100 (br), 2965, 2930, 2875, 1725 (OC=0), 1685 (NC=0),
1495, 1390, 1370, 1265 (br), 1195, 1135, 1105, 1025 cm .
'HNMR (CDCly): 6§09 [d, 6H, (CH;),CH], 13 (t, 3H,
OCH.CH,.J = 7.5 Hz), 1.7-2.1 [m +5, 4H, (CH,),CH, COCH,],
395-44 (m, SH, OH, CHCHCO,CH,CH,), 6.5 (d, 1H, NH, J
9 Hz) ppm.
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