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1,3-Dipolar cycloaddition of chloronitrile oxide to N-allyltrichloroacetamides and
subsequent reductive cleavage of the 3-methoxy-substituted isoxazolines gives methyl
3-hydroxy-4-trichloroacetamido esters which by acidic hydrolysis give the corre-
sponding amino acids. The cycloaddition showed low stereospecificity; the diastereo-
meric ratio was 1.4-2.2:1. The threo-isomer was the major product when halonitrile
oxides were cycloadded to N-(5-methylhex-1-en-3-yl)trichloroacetamide, whereas
the erythro isomer became the major product when the N-(1-phenylprop-2-enyl)-
trichloroacetamide was used for the cycloaddition. The stereostructure of 4-amino-3-
hydroxy-4-phenylbutanoic acid was determined by X-ray diffraction. The reaction
has been applied to the syntheses of pL-statine and analogues.
erythro-3-Methoxy-5-(a-trichloroacetamido)benzyl-2-isoxazoline, C;;H;;Cl3N,O;:
monoclinic, space group P2,/c, with unit cell: a = 12.173(2), b = 6.018(1), c = 22.224(4) A,

B=77.29(1)°, Z=4, upmox, = 5.88 cm™', F(000) = 720.

Several syntheses of statine and other y-amino-B-hydroxy
acids have recently been published.! These compounds are
components of biologically active peptides. We have
devised a facile carboxy-hydroxylation of olefins leading to
B-hydroxy esters or acids,? Scheme 1, and this procedure
has been applied to the syntheses of some vy-lactones and
y-amino acids;* in the present work it was extended to the
preparation of pL-statine and DL-y-amino-f-hydroxy-y-
phenylbutanoic acid.

The 3-trichloroacetamido-1-alkenes 2 were prepared from
the allylic alcohols 1 by reaction with trichloroacetonitrile
and subsequent thermal rearrangement.® Phosgene oxime,
generated in situ by chlorination of glyoxylic acid oxime
with 2 mol N-chlorosuccinimide (NCS) or t-butyl hypo-

chlorite, underwent cycloaddition to 2a,b in the presence
of potassium hydrogencarbonate to give the 3-chloro-2-
isoxazolines 3a,b as a diastereomeric mixture. The dia-
stereomeric ratios were in the range 1.4-2.2:1. Compounds
3a,b were transformed into the 4-amino-3-hydroxy acids
6a,b in three steps as shown in Scheme 2. The catalytic
reduction step led not only to cleavage of the isoxazoline
ring but also to partial reduction of the CCl; group. Since
the amino acids 6 were our primary goal, deacylation was
carried out on the crude mixture of 5. Naturally occurring
38,45-statine* has the threo-form 6a and it turned out by
comparison of NMR spectra that our major product ac-
tually had this structure. The allylic amide 2a and allylic
ethers thus have opposing directing effects. Compound 2b
gave a diastereomeric ratio of 1.8:1 for the cycloaddition
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Scheme 1.
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products. Since the two isomers of 6b were unknown, it was
decided to carry out an X-ray investigation of 4b major,
which formed suitable crystals, to determine its relative
configuration. By analogy it was then expected that 4b or
6b (major) also should have the threo-configuration. How-
ever, the X-ray structure showed that in this case the major
product belonged to the erythro-series!

The trichloromethyl group did not influence the direc-
tion of the cycloaddition. The corresponding t-butoxycar-
bonyl (Boc) deriatives 7 were also prepared and the minor
isomer could be transformed into the minor isomer 3b by
hydrolysis and trichloroacetylation.

It is thus difficult to predict the diastereoselection of the
cycloaddition. It was previously found that allylic ethers
predominantly gave the erythro-form*® by adopting an ‘in-
side’ conformation® of the ether group in the transition
state. Allylic esters show low stereoselectivity and the alco-
hols and amides tend to favour the threo-form by forming
hydrogen bonds with the nitrile oxide oxygen in the transi-
tion state. Cycloaddition of nitrile oxides to rigid,
3-substituted cyclopentenes occurs preferentially on the
sterically less hindred face, but if hydrogen bonds can be
established in the transition state syn-addition is favoured,
which, in this case, gives a high threo/erythro ratio.” Our
results emphasize the need for caution, when extrapolating
conclusions based on stereoelectronic considerations.
Similar methodology has been used for the synthesis of
(35,45)-4-amino-3-hydroxy-5-phenylpentanoic acid.®

The phenyl substituted y-amino acids 6b (threolerythro)
have, surprisingly, not been previously synthesized. They
may show pharmacological effects.

Experimental

General. 'H NMR spectra were obtained with a Varian
Gemini 200 spectrometer. Tetramethylsilane was used as
an internal standard. Chemical shifts are given in ppm.
IR spectra were recorded on a Nicolet MS-S apparatus.
Melting points were determined with a Electrothermal
melting-point apparatus and are uncorrected. Preparative
TLC was performed on silica gel 60 PF,,, 5, (Art.
No. 7748), layers (0.18x20x20 cm) on glass plates.
Column chromatography was performed on Kieselgel 60
(0.063-0.200 mm) from Merck. Microanalyses were carried
out by Lgvens Kemiske Fabrik, DK-2750 Ballerup (Micro-
analytisk laboratorium).

(E)-Methyl 5-methyl-2-hexenoate was prepared by ester-
ification of the acid with® methanol containing 5 % dry HCI
at 25°C for 24 h, 68 %, 65°C/11 mmHg. 'H NMR (200
MHz, CDCl,): § 0.87 (6 H, d, J 6.5 Hz), 1.70 (1 H, nonet,
J 6.5 Hz),2.03 (2H,t,J6.5Hz),3.67(3H,s),5.74 (1 H,
d, J 15.0 Hz), 6.89 (1 H, dt, J 15.0, 6.5 Hz).

5-Methyl-2-hexenol (1a) was obtained in a yield of ca. 80 %
by LiAlH, reduction, in diethyl ether, of the hexenoate
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above and by usual work-up, b.p. 88°C/15 mmHg (lit."
b.p. 86-87°C/26 mmHg). '"H NMR (200 MHz, CDCl,):
00.83 (6 H, d, J 6.5 Hz), 1.59 (1 H, nonet, J 6.5 Hz),
1.79-1.99 (3 H, m), 4.05 (2 H, d, J 5.0 Hz), 5.49-5.73
(2 H, m).

5-Methyl-3-trichloroacetamido-1-hexene (2a) was prepared
in a yield of 62 % from 5-methyl-2-hexenol according to
Overman’s method.’ White solid, m.p. 54-56 °C from light
petroleum. 'H NMR (200 MHz, CDCl;): § 0.92 (6 H, d, J
7.0 Hz), 1.40-1.77 (3 H, m), 4.46 (1 H, m), 5.14 (1 H, d, J
10.9 Hz), 5.21 (1 H, d, J 17.1 Hz), 5.77 (1 H, ddd, J 17.1,
10.9, 5.7 Hz), 6.52 (1 H, br d, NH).

1-Phenylprop-2-enylamine. The corresponding trichloro-
acetamide’ was hydrolysed according to the procedure
described in Ref. 3. The yield was 68 %, light yellow oil.
'H NMR (200 MHz, CDCl,): 8 1.98 (2 H, br s, NH,), 4.50
(1H,d,J6.3Hz),5.11 (1H,d,J10.1 Hz),523 (1H,d,J
17.0 Hz), 6.18 (1 H, ddd, J 17.0, 10.1 and 6.3 Hz),
7.17-7.40 (S H, m).

N-t-Butoxycarbonyl-1-phenylprop-2-enylamine was pre-
pared by adding an equimolar amount of di-t-butyl dicarbo-
nate (0.5 mmol, 0.11 g) to 1-phenylprop-2-enylamine (0.5
mmol, 0.07 g in 1 ml chloroform). The yield was 77 %, m.p.
61°C from light petroleum. Purification was also carried
out by preparative TLC or column chromatography
(methanol—chloroform 1:99). '"H NMR (200 MHz, CDCl,):
8 1.40 (9 H, s), 4.80 (1 H, br s), 5.13-5.29 (3 H, m), 5.97
(1 H, ddd, J 17.3, 9.6 and 5.3 Hz), 7.18-7.40 (5 H, m).

erythro-, threo-3-Chloro-5-(1 - trichloroacetamido -3 - me-
thyl)butyl-2-isoxazoline, 3a, were prepared from 2a accord-
ing to procedure described for compound 3b. The crude
yield of the diastereomeric mixture (threo:erythro, 1.4:1)
was 64 %. Part of the threo-isomer was isolated by crystalli-
zation of the crude product from a small amount of diethyl
ether at —20°C overnight, m.p. 142-144°C (from diethyl
ether—ethyl acetate 9:1). The filtrate was evaporated and
the diastereomeric mixture was separated on a silica
column with dichloromethane as the eluent. The erythro-
isomer was recrystallized from methanol, m.p. 140-141°C.
'H NMR (200 MHz, CDCl): 3a, threo;  0.93 (3 H, d, J
6.0 Hz), 0.96 3 H, d, J 6.0 Hz), 1.30-1.85 (3 H, m), 2.97
(1 H,dd, J17.5,7.5 Hz), 3.29 (1 H, dd, J 17.5, 10.5 Hz),
4.20(1H,1td,J10.0,5.0Hz), 4.83 (1H, dd, J 10.5, 7.5 Hz),
6.54 (1 H, br d,J 10.0 Hz, NH). 3a, erythro: 0.90 3H, d, J
6.5 Hz), 0.96 (3 H, d, J 6.5 Hz), 1.30-1.80 (3 H, m), 2.98
(1 H, dd, J17.5,7.5 Hz), 3.28 (1 H, dd, J 17.5, 11.0 Hz),
4.09 (1H, m), 4.80 (1 H, ddd, J11.0, 7.5 and 5.0 Hz), 6.60
(1 H, br d, J 10.0 Hz, NH).

3-Chloro-5-(a-trichloroacetamido)benzyl-2-isoxazoline (3b).
Glyoxylic acid oxime'! (20 mmol, 1.78 g), was dichlorinated
with #-butyl hypochlorite (40 mmol, 4.32 g) in ethyl acetate
(5 ml).” 2b (10 mmol, 2.77 g), potassium hydrogencarbo-




nate (8 g) and 3 drops of water were added, and the
mixture was stirred for 12 h at 25°C. Filtration, evapora-
tion of the solvent in vacuo and purification by preparative
TLC (SiO,, chloroform) gave practically a quantitative
yield of 3b. We did not succeed in separating the dia-
stereomers by crystallization in this step. The diastereo-
meric ratio, erythro:threo, was 1.8:1, according to the
NMR spectrum. '"H NMR (200 MHz, CDCI,): 3b, erythro:
62.85(1H,dd,J17.4, 7.8 Hz), 3.26 (1 H, dd, J 17.4,
11.0 Hz), 4.99 (1 H, dd, J 9.0, 4.3 Hz), ca. 5.2 (1 H, m),
7.30-7.50 (5 H, m). 3b, threo: 3.08 (1 H, dd, J 17.8,
7.7 Hz), 3.40 (1 H, dd, J 17.8, 10.6 Hz), ca. 5.2 (1 H, m).

threo-, erythro-3-Methoxy-5-(1-trichloroacetamido-3-me-
thyl)butyl-2-isoxazoline (4a) were prepared from the corre-
sponding 3-chloro derivatives, 3a, by the method described
for compound 4b. The yields of the threo- and erythro-
isomers were 91 and 96 %, respectively, m.p. 110°C (from
cyclohexane), 111-112°C (from tetrachloromethane).
'H NMR (200 MHz, CDCL,): 4a, threo:  0.94 (6 H, d, J
6.5 Hz), 1.32-1.82 (3H, m), 2.75(1 H, dd, J 16.5, 7.5 Hz),
3.09 (1 H, dd, J 16.5,10.0 Hz), 3.80 (3H, s), 4.12 (1 H, m),
4.70 (1 H, ddd, J 10.0, 7.5 and 1.0 Hz), 6.68 (1 H, br d, J
10.0 Hz). 4a, erythro: 0.92 (3 H, d, J 6.0 Hz), 0.94 3 H, d,
J 6.0 Hz), 1.40-1.74 (3 H, m), 2.81 (1 H, dd, J 16.0,
6.5 Hz), 3.05 (1 H, dd, J 16.0, 10.0 Hz), 3.85 (3 H, 5), 4.08
(1 H, ddd, J 14.5, 10.0 and 5.0 Hz), 4.64 (1 H, ddd, J 10.0,
6.5 and 5.0 Hz), 6.60 (1 H, br d, J 10.0 Hz). 4a, threo:
Found: C 39.70, H 5.04, N 8.37. Calc. C 39.81, H 5.16,
N 8.44. 4a, erythro: Found: C 39.73, H 5.08, N 8.44. Calc.
as above.

erythro-, threo-3-Methoxy-5-(a-trichloroacetamido)benzyl-
2-isoxazoline (4b). Compound 3b, diastereomeric mixture
(0.52 g, 1.5 mmol) and 0.8 g potassium carbonate in metha-
nol (6 ml) were heated under reflux for 2.5 h. After the
solution had been cooled to room temperature, the reac-
tion mixture was filtered, evaporated in vacuo and sus-
pended in chloroform. The chloroform suspension was
washed with water and dried with magnesium sulphate.
Removal of the solvent in vacuo and purification by
preparative TLC (SiO,, diethyl ether-light petroleum 2:1)
gave two fractions: 4b, threo: R;=0.5, 0.11 g, 0.31 mmol,
m.p. 120°C from tetrachloromethane-benzene 4:1. 4b,
erythro: R;=0.4, 0.17 g, 0.49 mmol, m.p. 148-150°C from
tetrachloromethane-benzene 4:1. Both compounds were
white crystals, and the combined yield was 53 %. '"H NMR
(200 MHz, CDCly): 4b, threo: 6 2.88 (1 H, dd, J 16.0,
6.5 Hz), 3.20 (1 H, dd, J 16.0, 10.0 Hz), 3.84 (3 H, s),
5.00-5.12 (2 H, m), 7.27-7.43 (6 H, m). 4b, erythro: 2.64
(1 H,dd,J16.0, 7.5 Hz), 3.03 (1 H, dd, J 16.0, 10.0 Hz),
3.65 (3 H,s), 4.90-5.13 (2 H, m), 7.30-7.43 (5 H, m), 7.50
(1 H, br d, J 7.5 Hz, NH). 4b, erythro: Found: C 44.49,
H 3.69, N 7.95. Calc. C 44.41, H 3.73, N 7.97. 4b, threo:
Found: C 44.34, H 3.66, N 7.79. Calc. as above.

erythro-, threo-Methyl 3-hydroxy-6-methyl-4-trichloro-

48*

SYNTHESIS OF STATINE

acetamidoheptanoate (5a) were prepared by catalytic
hydrogenation of 4a over Raney-Ni in methanol with boric
acid (1.5 equivs. relative to the substrate). The solution
was filtered through Celite and the solvent evaporated
in vacuo. The oily product was freed from water by being
suspended in chloroform, dried over Na,SO, and concen-
trated in vacuo. 5a, erythro, oil, crude yield ca. 73 %. 5a,
threo, oil, crude yield ca. 81 %. The crude product was
used directly for the hydrolysis to 6a. The trichloromethyl
group was partially reduced to give a mixture of methyl,
chloromethyl and dichloromethyl groups.

erythro-, threo-Methyl 3-hydroxy-4-phenyl-4-trichloro-
acetamido)butanoate (5b) were prepared by the procedure
as described for 5a. 5b, threo; crude yield ca. 69 %, semi-
solid. Sb, erythro; crude yield ca. 79 %, semisolid. The
trichloromethyl group underwent partial reduction to give
a mixture of dichloromethyl, chloromethyl and methyl
groups. The crude product was used directly for the hydro-
lysis.

erythro-, threo-4-Amino-3-hydroxy-6-methylheptanoic acid
(6a) were prepared by heating crude 5a, erythro and threo
respectively, under reflux in 4 M hydrochloric acid for ca.
1 h. Removal of the acid by evaporation in vacuo and
purification of the residue by ion-exchange chromato-
graphy (DOWEX 50W-H) gave 6a, erythro, m.p.
210-211°C in an overall yield of 84 % from 4a, erythro and
6a, threo, m.p. 209-212°C in an overall yield of 64 % from
4a, threo. The NMR spectra of 6a, erythro and threo agreed
with the data found in the literature.'? Qur major product
6a, threo, was identical with a commercial sample of
(3S,4S)-statine.®

erythro-, threo-4-Amino-3-hydroxy-4-phenylbutanoic acid
(6b) were prepared by hydrolysis of crude 5b as described
for 6a. 6b, threo, yield 61 %, white solid, m.p. 230-233°C.
6b, erythro, yield 54 %, white solid, m.p. 198-200°C.
'HNMR (200 MHz, D,0): 6b, erythro: & 2.10-2.20
(2 H, m), 4.304.45 (2 H, m), 7.30-7.45 (5 H, m).
6b, threo: 2.13 (1 H, dd, J 15.5, 7.0 Hz), 2.19 (1 H, dd, J
15.5,4.5Hz),4.13 (1 H, d,J 9.0 Hz), 4.26 (1 H, ddd, J 9.0,
7.0 and 4.5 Hz), 7.30-7.50 (5 H, m). IR (KBr): 6b, erythro:
1390 (s), 1550 (s), 2200-3500 (br) cm™'. 6b, threo: 1385 (s),
1540 (s), 1620 (m), 2150 (w), 2400-3200 (br), 3360 (m)

cm™L.

threo-, erythro-5-(o-t-butoxycarbonylamino)benzyl-3-chloro-
2-isoxazoline (7). Glyoxylic acid oxime'! (0.48 g, 5.4 mmol)
was dichlorinated® with r-butyl hypochlorite (1.17 g, 10.8
mmol) in ethyl acetate (2 ml), #-butoxycarbonyl-1-phenyl-
2-propenylamine (0.62 g, 2.7 mmol) in ethyl acetate (2 ml),
potassium hydrogen carbonate (2 g) and water (0.1 ml)
were added, and the mixture was stirred for 24 h. The
mixture was filtered, evaporated in vacuo and the residue
purified on a short silica column (chloroform—methanol,
99:1). 7 was obtained as a diastereomeric mixture
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(erythro:threo, 2.2:1, yield 64 %) which was separated by
fractional crystallization. The minor diastereomer, 7, threo,
crystallized pure from methanol at —20°C, m.p. 172-176°C
and the major diastereomer, 7, erythro, was obtained
practically pure as a semisolid product by evaporation of
the filtrate. 'H NMR (200 MHz, CDCl,): 7, erythro: § 1.38
(9 H,s), 2.92 (1 H, dd, J 17.5, 8.5 Hz), 3.15 (1 H, dd, J
17.5, 10.5 Hz), 4.72 (1 H, dd, J 8.5, 5.0 Hz), 5.09 (1 H,
ddd, J 10.5, 8.5 and 5.0 Hz), 5.39 (1 H, br d, NH), 7.30
(5 H, brs). 7, threo: 1.40 (9 H, s), 3.19 (1 H, dd, J 17.0,
9.5 Hz), 3.25(1 H, dd, J 17.0, 10.5 Hz), 4.86 (1 H, br d, J
10.0 Hz), 5.00-5.25 (3 H, m), 7.32 (S H, brs).

erythro-, threo-3-Methoxy-5-(a-t-butoxycarbonylamino)-
benzyl-2-isoxazoline (8) were prepared by heating the
corresponding 3-chloro derivatives 7, erythro and 7, threo
with an excess of solid potassium carbonate in methanol at
reflux for 3 h. Usual work-up® and purification by
preparative TLC (SiO,, ethyl acetate-light petroleum 2:3)
gave 8, erythro as white crystals, m.p. 138-141°C (from
methanol), 96 %, and 8, threo as white crystals, m.p. 105°C
(from cyclohexane-benzene 1:1), 91%. 'H NMR (200
MHz, CDCl,): 8, threo: 8 1.39 (9 H,s). 2.95 (1 H, dd. J
16.1. 8.9 Hz), 3.00 (1 H, dd. J 16.1, 9.5 Hz), 3.83 3 H. s),
4.78 (1 H, d, J 8.9 Hz), 4.89 (1 H, ddd, J 9.5, 8.9 and
2.9 Hz), 5.31 (1 H, d, J 8.8 Hz), 7.25-7.38 (5 H, m).
8, erythro: 1.37 (9 H,s),2.70 (1 H, dd, J 16.6, 7.9 Hz), 2.94
(1H,dd,J16.6,9.9 Hz),3.67 (3H,s),4.69(1 H, dd, 8.3,
5.0 Hz), 4.93 (1 H, ddd, J 9.9, 7.9 and 5.0 Hz), 5.31 (1 H,
d, J 8.3 Hz), 7.22-7.38 (5 H, m).

threo-Methyl 4-(t-butoxycarbonylamino)-3-hydroxy-4-phenyl-
butanoate (9). 8, threo (0.19 g, 0.6 mmol) was reduced over
Raney-Ni in methanol-dioxane (5:2, 7 ml) in the presence
of boric acid (40 mg) added. The solution was filtered
through a thin layer of Celite, evaporated in vacuo and the
residue purified by preparative TLC (SiO,, chloroform—
methanol 99:1). 9, threo was obtained in a yield of 47 %,
0.3 mmol, 90 mg, m.p. 96-98°C from cyclohexane—ethyl-
acetate 3:1. '"H NMR (200 MHz, CDCl,): 8 1.35 (9 H, s),
2.53 (1 H, dd, J 16.0, 4.5 Hz), 2.59 (1 H, dd, J 16.0,
9.0 Hz), 3.22 (1 H, br s), 3.67 (3 H, s), 4.27 (1 H, m), 4.61
(1 H, m), 5.50 (1 H, br d, J 7.5 Hz), 7.2-7.4 (5 H, m).

erythro- Methyl 4- (t- butoxycarbonylamino) - 3 - hydroxy-4-
phenylbutanoate (9) was prepared according to the same
procedure as the threo-derivative above. The yield of
purified product was 46 %, m.p. 97-99°C (from cyclo-
hexane—diethyl ether 3:1), colourless crystals. 'H NMR
(CDCL): 8 1.36 (9 H, s), 2.21 (1 H, dd, J 16.0, 10.0 Hz),
2.47 (1 H, dd, J 16.0, 3.5 Hz), 3.22 (1 H, OH), 3.60
(3H,s),432(1H, m),460(1H,brs),554 (1 H,brd,J
7.5 Hz), 7.1-7.4 (5§ H, m).

Transformation of 7, threo into 3b, threo. Compound 7,
threo was hydrolysed in 6 M HCI under reflux for 30 min.
The acid was evaporated in vacuo and the residue sus-
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pended in a mixture of water and chloroform. The pH of
the water phase was adjusted to ca. 8 with sodium hydro-
gencarbonate. The phases were separated and the chloro-
form phase was dried over Na,SO,, and triethylamine (1.3
equivs.) and trichloroacetyl chloride (2.3 equivs. relative to
7, threo) in chloroform were added. The 'H NMR spec-
trum of the trichloroacetamide formed was identical with
the NMR spectrum of 3b, threo.

Structure determination of 4b (major) by X-ray crystallo-
graphy. Crystals of 4b (major) C,;H,;Cl;N,O,, are mono-
clinic, space group P2/c, with unit cell: a=12.173(2),
b=16.018(1), ¢ =22.224(4), B =77.29(1)°, Z=4, wmoxy =
5.88 cm™', F(000) = 720.

A crystal of dimensions 0.3%0.2x0.4 mm?® was used for
data collection on a HUBER diffractometer, using Nb
filtered Mo radiation (A=0.71073 A); 2333 reflections
were measured in the w-26 scan mode, scan range in 6:
1.0 +0.346 tan 0, 50 steps, 1 s per step; 3 test reflections
measured every 100 reflections showed 25 % deterioration
during the data collection, which was corrected for together
with Lorenz, polarisation and absorption effects (transmis-
sions in the range 0.84-0.90). Reflections measured were
~13=h=14,0=<k=6, 0=<[=23, 26=<50°. The cell di-
mensions were determined from 25 reflections centered at
positive and negative 8 and at high and low ¥.

The structure was solved by means of MULTAN® and
refined by the full-matrix least-squares method." Hydro-
gen atoms were found in a difference Fourier map close to
calculated positions and included in refinements with iso-
tropic temperature factors; heavier atoms were refined
with anisotropic thermal parameters. The weighting scheme

Table 1. Fractional coordinates (x 10*) and equivalent isotropic
thermal parameters, U,,, in A2 x 102 for 4b (major).

X y z Uqq
01 3933(3) 1382(7) 2240(2) 62(3)
N2 3897(4) 2094(8) 1633(2) 52(3)
c3 4240(4) 472(10)  1269(3) 50(4)
c4 4570(7)  —1577(13)  1554(3) 64(5)
cs5 4118(6)  —1013(12)  2234(3) 63(5)
C6 3011(5) —2181(11) 2528(3) 54(4)
c7 2085(5)  —1920(10)  2186(3) 47(4)
c8 1422(5) —12(12)  2228(3) 55(5)
co 603(6) 201(13) 1896(4) 69(5)
C10 426(6)  —1489(16)  1516(4) 77(6)
C11 1063(7)  —3353(16)  1463(4) 77(6)
ci2 1879(6)  -3579(13)  1798(3) 64(5)
N1 2677(5)  —-1429(12)  3165(2) 65(4)
ci3 2465(5)  —2805(12)  3633(3) 59(4)
013 2568(5)  —4790(8) 3589(2) 117(4)
C14 2088(5) —-1791(9) 4292(3) 60(4)
cH 2003(1) 1139(3) 4300(1) 79(1)
ci2 2062(2)  —2780(3) 4749(1) 108(2)
CI3 704(1) —2702(3) 4583(1) 98(1)
03 4294(3) 530(7) 668(2) 69(3)
c15 3921(10)  2566(17) 438(4) 94(8)




Table 2. Interatomic distances (A) and angles (degrees) for 4b
(major).

Bond Angle

N2-O1 1.427(6) N2-01-C5 108.9(5)
C3-N2 1.277(7) O1-N2-C3 107.2(5)
C4-C3 1.481(9) N2-C3-C4 116.6(6)
C5-0O1 1.458(8) N2-C3-03 123.7(6)
C5-C4 1.527(9) C3-03-C15 115.6(6)
C6-C5 1.533(8) C4-C3-03 119.7(6)
C7-Cé 1.501(8) C3-C4-C5 99.5(6)
C8-C7 1.394(8) C4-C5-01 104.5(5)
C9-C8 1.371(9) 01-C5-C6 109.3(6)
C10-C9 1.368(10) C4-C5-C6 114.3(6)
C11-C10 1.354(11) C6-C7-C8 122.7(7)
Cc12-C7 1.378(9) C6-C7-C12 120.1(7)
C12-C11 1.373(11) C7-C8-C9 121.2(7)
N1-C6 1.457(8) C8-C9-C10 119.6(8)
C13—-N1 1.308(8) C9-C10-C11 120.3(8)
013-C13 1.203(7) C10-C11-C12 120.2(10)
C14-C13 1.560(8) C11-C12-C7 121.3(8)
Ch-C14 1.763(6) C5-C6-N1 107.7(6)
Cl2-C14 1.729(6) C7-C6-N1 112.3(6)
Ci3-C14 1.755(6) C6-N1-C13 122.7(7)
03-C3 1.323(7) N1-C13-013 124.4(7)
C15-03 1.439(9) N1-C13-C14 117.7(7)

C13-C14-Cl1  113.6(5)
C13-C14-Cl2  109.0(4)
C13-C14-CI3  106.5(4)

used was w = 1/6(F)2, o(F) = [6(F?) + 1.02 F?]"2— |F|. The
final agreement factors were R=0.046, R,=0.048, S=1.87
for 242 parameters and 1173 reflections with 7> 30(I).
Final coordinates and equivalent isotropic thermal
parameters for the non-hydrogen atoms are given in
Table 1. The structure is shown in Fig. 1, bond lengths and
angles are given in Table 2.

Fig. 1. Structure of erythro-3-methoxy-5-(a-trichloroacetamido)-
benzyl-2-isoxazoline (4b, erythro).

SYNTHESIS OF STATINE

Lists of observed and calculated structure factors and of

anisotropic thermal parameters can be obtained from one
of the authors (R.G.H.) on request.
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