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ABSTRACT

Benzonitrile oxide and ethoxycarbonylformonitrile oxide cyclo-added to the title compound to
afford a mixture of 3-substituted (phenyl or ethoxycarbonyl) (SR)- (6) and (55)-5-(3-O-benzyl-1,2-O-
isopropylidene-a-D-ribo-tetrofuranos-4-yl)-2-isoxazoline (7). The n-facial selectivity of the reactions was
low (~1:1) compared with that (9:1) for the corresponding D-xylo isomer of the title compound, which
yielded the p-xy/o isomers (2 and 3, respectively) of 6 and 7. The structures of the 3-phenyl derivatives 2a and
6a were determined by X-ray crystallography.

INTRODUCTION

The cycloaddition of nitrile oxides to alkenes, to yield 2-isoxazolines (4,5-
dihydroisoxazoles), has long been a subject of interest'. More recently, the topic has
received renewed attention in view of the now widespread use” of nitrile oxide/isoxazo-
line chemistry for the synthesis of natural products and analogues.

Of particular significance for the application of this method in carbohydrate
syntheses is the control of n-facial selectivity for the reaction of nitrile oxides with
unsaturated sugars. The cyclo-addition™® of nitrile oxides to D-xylo-hex-5-
enofuranoses, e.g., 1a, is highly diastereoselective (73-93% d.¢.) in favour of adducts (2)
with erythro stereochemistry at C-4,5 over the threo isomers 3. Such erythro selectivity
for the cycloaddition to allyl ethers has been rationalised”® in terms of an ““inside alk oxy
effect” that involves the allylic oxygen (in this case, O-4 of 1a). De Amici et al.” have also
considered the possible role of the homoallylic oxygen (i.e., O-3). In order to test this
latter hypothesis, the D-ribo isomer (4) of 1a has been prepared, which has inverted
stereochemistry at C-3, and the selectivity of its reactions with benzonitrile oxide
(PhC=N"'-0 ) and ethoxycarbonylformonitrile oxide (EtO,CC =N*-0 ") have been
compared with those of 1a.

* Dedicated to Professor Grant Buchanan on the occasion of his 65th birthday.
' To whom correspondence should be addressed.
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RESULTS AND DISCUSSION

Benzonitrile oxide, generated in site by dehydrochlorination of the corresponding
hydroximoyl chloride 5a. was reacted with 3-0-benzyl-1.2-O-isopropylidene-x-b-riho-
hex-5-enofuranose (4). Chromatography of the mixture of products gave 3.4-
diphenylfurazan N-oxide. formed by dimerisation of the nitrile oxide™, and a mixture of
the diastereomeric isoxazolines 6a and 7a in a combined vield of 7074 after recrystallisa-
ton.
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The products were characterised by their analytical and spectroscopic properties.
Although the adducts were not separable by chromatography, they were readily dis-
tinguishable by their "H-n m.r. spectra (Table 1), which indicated the ratio 42:538 on the
basis of the integrated intensities of the signals for H-1 at 4 577 and 5.72. A small
quantity of the minor isomer. purified by repeated recrystalhisation from chloroform.
was shown by X-ray analysis to have the R configaration at (-5, corresponding to an
ervthro structure at C-4.5 (Fig. 1a).

The corresponding reaction of 4 with ethoxycarbonylformonitrile oxide, generat-
ed by dehydrochlorination of the hvdroximoyt chloride. afforded a mixture of the
isoxazolines 6b and 7h in the ratio $1:49. [t was not possibie to assign individual peaksin
the 'H-n.m.r. spectrum of the mixture from the integrated intensities. because of the
sumilar proportions of the isomers, However, analysis was achicved by homonuclear
Hartmann Hahn correlation spectroscopy (HOHAHAY in which sufficient relaved
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Fig. 1. Perspective drawings of (v isoxazoline 6a and (51 1soxazoline 2a

correlations were observed {Fig. 7} to ullow the connectivities for both components o
be established unambiguously. Comparison of the spectral parameters for the isoxuzo-
lines with those for the corresponding benzonitrile oxide adducts allowed the major
adduct (31%) to be wdentitied a5 6b with the R configuration wt €-5. Thus, the minor
isomer was 7h.

The reactions of the above nitrile oxides with 3-O-benzyl-1.2-O-sopropylidence-
7-D-vide-hex-S-enofuranose {Ta) were re-examined. The reported” preference for the
formation of the adducts 2. with erythro stereochemistry st C-4.5 way confirmed.
Cvcloaddition of benzonitrile uxide to Ta afforded a 90: 10 misture {Havmr data) of
the isoxazolines 2a and 3a 10 o combined vield of 93% . The somers were iselated by
chromatography and the structure of the major product (2at was determined by Xeras
crystallography (Fig. Thy, Traces of L S-diphenvi-1.2 doxadiazole and 3 4-diphenvifu-

razan N-oxide were solated as by-products” Likewise, ethoxyearbonviformonirile

oxtde reacted with Ta to give u 75% combined vield of the isoxazalines 2band 3bin the
rato 86: 14 (H-n.m.r. dats

- Facial selecrivin
The tow selectivities observed for the -rého-hex-3-cnofuranose

The ratios of products for the above cvcloadditions arg
compared i Table HL

derivative 4 1 im marked contrast 1o the substinual crvies preterence {or the vk
somer fa, The 3-deosy ardogue 3b also afforded muinby crirdrs products’, These
results demonstrate that the Tinstde alkoxy effect ™ exerted by O-2 by the sole Tactor
that governs selectivity, and that homosihlic groups may onher reinforce or counteradt

the effect of the allvhe grou

Struetures of the iscve Phe structures of the ercthro products 2a and 6a
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Fig. 2. (a) 'H-N.m.r. spectrum of the mixture of 6b and 7b; (b)) HOHAHA correlation spectrum of the same
mixture, using the MLEV 17 spin-locking sequence’ for 60 ms; spectral width, 2 kHz in each dimension: 256
increments; Gaussian weighting (LB = —1.5; GB = 0.1) in 2 and sine-bell squared shifted by 7/6 weighting
in fl, and zero filling in each dimension to a | K x 512 data-point matrix before transformation: repetition
time, 2 s. Correlations for the ring protons: 6b— - . 7b---m----- .
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TABLE 1]

m-Facial selectivity for the cvcloaddition of nitrile oxides to 1a and 4

Subsirare Nitrile ovide fvozazolines (94)
erythro threo

4 PhCNO 40 %

4 F1OCONG S 44

a PhONO i i
g f

ta E1O.CONG 86 14
R4’ 16

fa MesCONOY 74!

“2A0-Trimethylbenzonitrie oxide. " Refl 35

arc compared in Fig. 1. Selected torsion angles involving hydrogen atoms are given in
Table HH. and other crystullographic data in Tables IV IX.

In some respects, the structures of 2a and 6a are similar. The turanose ring in cach
compound adopts the £, envelope conformation with C-4 0 54 and 6.53 A_respectively.
below the plane C-1 -2 -V -4, For6a, theatoms C-f (-7 N-7-O-Sin
line ring are nearly coplanar ttorsion angle 0.3 ) with C-5 displaced by 030 A The

1 ISOXi/0

corresponding angle for 2a is 1.2 and the ring is more twisted. as evidenced by the
H-5 -C-3 C-6 H-6 torsion angles (Table 111 The torsion angles for N27 (-7 (-71

S72are 1763 and 1792 | respectively. indicating that the pheny! ring in cach
compound is almost coplanar with C-6..C-7 N-7 (-5

The most significant differences between the two siructures are in the region

linking the two five-membered rings. For the p-77bo compound 6a. the torsion angle
H-4 C-4 C-5 H-51s 706" whereas that for the xifo isomer 2a is 1795 . Thus. the
isoxazoline ring and its 3-phenyl substituent are rotated towards the BnO-2 of the
furanosc moiety in 6a. These differences are reflected in the 'T-nan oy spectra (Table 1)
For the erythro isomer 6a. the J, . value was 2.1 Hz, consisient with the 70.6 torsion
angle in the crystal, Thesmall /. value (2.3 Hz) for the major tireo isomer 7a indicated a
similar conformation in solution. In contrast, for the ervidre adduct 2a. derived {rom
la. the J,  value was 8.2 Hz and the torsion angle was 1792
Inother regards, the "Henumur. data tor the two series of isoxazolines were broadlhy

TABLE 1

Sclected torsion angles () (H-X -X C-Y H-Y) for 2a and 6a

Compourid Ay
1.2 24 74 43 Y A S Ah
2a 7.0 568 389 179.¢ 1244 1.5

6a 1.5 227 150.8 0.6 BRI 224
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TABLE IV

Bond lengths with standard deviations in parentheses for 2a

467

Bond Length, A Bond Length, 4
C-1-C-2 1.544(14) C-11-C-13 1.474(14)
C-1-0-4 1.408(12) C-11-0-2 1.439(12)
C-1-0-1 1.399(12) 0-3-C-30 1.444(11)
C-2-C-3 1.535(13) C-30-C-31 1.500(13)
C-2-0-2 1.416(11) C-5-C-6 1.513(14)
C-3-C4 1.549(14) C-5-0-5 1.489(13)
C-3-0-3 1.440(11) C-6-C-7 1. 475(15)

C-4 04 1.419(12) C-7-N-7 1.285(14)

C-4 C-5 1.523(15) C-7-C-71 1.502(14)

O-1 C-11 1.424(13) N-7-0-5 1.414(11)
C-11-C-12 1.514(14)

TABLE V

Bond angles with standard deviations in parentheses for 2a

Bond Angle () Bond Angle ()
C-2-C-1-0-4 107.4 (8) C-12-C-11-0-2 110.5 (8)
C-2-C-1..0-{ 106.1(8) C-13-C-11-0-2 1099 (8)
0-4-C-1-0O-1 110.6 (8) C-2-0-2 C-11 108.6 (7)
C-1-C-2 C-3 104.0 (8) C-3-0-3-C-30 113.1 (7)
C-1-C-2-0-2 103.1(D 0-3-C-30 C-31 1082 (7)
C-3-C-2-0-2 108.8 (7) C-30-C-31-C-32 [18.6 (8)
C-2-C-3-C-4 10L2(M C-30-C-31-C-36 1214 (8)
C-2-C-3-0-3 103.2(7) C-4-C-5-C-6 HLs 9
C-4 C-3-0-3 L2 C-4-C-5-0-5 1054 (8)
C-3-C-4-0-4 104.3 (8) C-6-C-5-0-5 105.6 (8)
C-3-C-4-C-5 116.6 (8) C-5-C-6-C-7 100.6 (8)
0-4-C-4-C-5 106.4 (8) C-6-C-7-N-7 116.4 (10)
C-1-0-4-C-4 108.9(7) C-6-C-7-C-71 123.4 (9
C-1-0-1-C-11 109.6 (7) N-7-C-7-C-71 120.2 (10}
O-1-C-11-C-12 109.0 (8} C-7-N-7-0-5 108.6 (8)
O-1-C-11-C-13 108.6 (8} C-5-0-5-N-7 108.2 (7)
O-1-C-11-0-2 104.4 (8) C-7-C-71.C-12 1204 (8)
C-12 .C-11-C-13 113.9(8) C-7-C-71-C-76 [19.6 (8)

similar. For each compound, the isoxazoline ring protons give rise to a characteristic
ABX system with the resonance of H-3, which is adjacent to the ring oxygen, having the
highest chemical shift. The >/ values of 10~12 Hz for the near-eclipsed protons H-5.6a,
the 7-9 Hz gauche coupling for H-5,6b, and the geminal coupling of 16-18 Hz for
H-6a,6b are typical of sugar isoxazolines®. In the furanose ring, the H-1 resonances for
each pair of diastereomers were well resolved, despite their remoteness from the centre
of asymmetry. For the adducts 6 and 7, derived from 4, the resonance for H-1 had a
higher chemical shift in the erythro product 6, whereas the order was reversed for the
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TABLE VI

Torsion angles with standard deviations in parentheses for 2a

ingle ¢ Angdle

O-4 C-1 -2 -3 —4.5t1) C-f O-1 C-11 42 945
O-4 C-1 C-2 02 109.0 (%) C-1 O-1 C-11 =13 [EYR RS
O-1 ¢-1 -2 C-2 1228 (%) C-LO-1 C-1E 022 RENIRESY!
O-1 C-1 C-2 02 9.2 () O-1 Coli O2 2 WO
C-2 -1 04 C-4 80T Co2 Ca1b O-2 2 <7 (h
O-1 C-1 04 -4 958 (4 C-{3 C-1 O C-2 PR (%
C-2C-1 0.1 CAt Y0010y C23 03 -2 230 L S
O-4 -1 O-1 C-11 - 1282 (8) -3 C-30 ¢ AT RAVRTRINY|
C-1 -2 C-2 (-4 2329 -3 (4] EARNEIT
C-7 C-2 -3 -3 AU [ 770 (N
O-2 (-2 C-5 ¢4 RN -3 LP0Y (R
0O-2 C-2 -3 O3 1596 17) -4 P2V R
CopC-2 02 ¢t 250 9 0-3 AL
C-2 -2 02 CHh i 133.0 (%) (-4 R
C2 20404 366195 -6 ERSTRITH
C-2C-3 -4 (-8 F53.6 (9 {-5 SR
O-3 -3 -4 O-4 TR -5 }
(-3 C-3 Ced -5 J4.5¢1 1) -0

C2 -3 O-3 (30 1470 (7 -7

C-4 -3 O-3 C-20 1052 (%) -0 L ag e
C3 O O-4 O 259 {9y -6 TEN
C-8 -4 0O-4 -t {59 (%3 NGT 7005 ¢ohy
C-3 C-4 C-5 C-6 TR (R N-T Lx4
C3 O C-5 (-8 =090 -7 BRI
O-4 C4 C-5 C-6 a1 .7 :

O-4 4 C-5 0-3 1798 (7) [ !

TABLE VIl

Bond lengths with standard deviations in parentheses for 6a

Bond Leagth, A Bond Length.
-1 2 P82 o110 C-13 1447000
C-i O-4 FARG (¥ CoHl 022 PANS (W
-1 O-} AR (&) 03 (-3 Pdid o
C-2 -3 1313 (9 -3 C-32 L4520
202 1390 (9 [QERLAN OR o PAGA
C-3 ¢4 bado (o C-32 W37 T 3ddiim
-3 03 FAOT 8) C-33 (C-34 PN
-4 0O-4 405 48 C-34 C-35 [T =
C-4 -3 BRI TI) =15 (-3¢0 P
-5 C-0 FAGTCHO 36 (C-37 [IRRNTE I
-5 O-3 FAZD () C-71 72 LA

-6 C-7 AR C-71 C-76 [

-7 N-7 PR ) C-72 C-73 i

-7 07 IR E IR [ S IR IR S
N-7 (-5 P03 (%) -7 O IR EE )
O-F C-11 f426 (s C-73 76 i 1
C-11 =12 IECATRRE
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TABLE VIII

Bond angles with standard deviations in parentheses for 6a

Bond Angle (°) Bond Angle (%)
C-2-C-1-0-4 107.5 (6) O-1-C-11-C-13 110.8 (6)
C-2-C-1-0-1 104.8 (6) 0-1-C-11-0-2 103.6 (5)
0-4-C-1-0-1 109.9 (5) C-12-C-11-C-13 114.8 (6)
C-1-C-2-C-3 102.7 (6) C-12-C-11-0-2 109.5 (6)
C-1-C-2-0-2 105.5 (6) C-13-C-11-0-2 1117 (6)
C-3-C-2-0-2 110.6 (6) C-2-0-2-C-11 108.0 (5)
C-2-C-3-C-4 104.0 (5) C-3-0-3-C-31 1128 (5)
C-2-C-3-0-3 113.3 (5) 0-3-C-31-C-32 108.0 (6)
C-4-C-3-0-3 109.9 (5) C-31-C-32-C-33 120.1 (6)
C-3-C-4-04 103.7 (5) C-31-C-32-C-37 120.3 (6)
C-3-C-4-C-5 116.6 (6) C-33-C-32-C-37 119.6 (7)
0-4-C-4-C-5 108.3 (5) C-32-C-33-C-34 119.4 (7)
C-1-0-4-C-4 106.9 (5) C-33-C-34-C-35 1209 (9)
C-4-C-5-C-6 111.8 (6) C-34-C-35-C-36 119.8(10)
C-4-C-5-0-5 108.8 (6) C-35-C-36-C-37 121.2 (9)
C-6-C-5-0-5 104.5 (6) C-32-C-37-C-36 119.1 (8)
C-5-C-6-C-7 102.1 (6) C-7-C-71-C-72 116.5 (7)
C-6-C-7-N-7 114.0 (6) C-7-C-71-C-76 123.2 (6)
C-6-C-7-C-71 127.4 (6) C-72-C-71-C-76 120.4 (7)
N-7-C-7-C-71 118.7 (6) C-71-C-72-C-73 118.1 (8)
C-7-N-7-0-5 108.3 (6) C-72-C-73-C-74 120.5 (9)
C-5-0-5-N-7 107.1 (5) C-73-C-74-C-75 120.7(10)
C-1-0-1-C-11 107.2 (5) C-74-C-75-C-76 120.4 (9)
0O-1-C-11-C-12 105.7 (6) C-71-C-76-C-75 119.8 (7)

adducts 2 and 3. Other differences for the furanose protons, particularly the J, ;and J;,
values, can be attributed to the inversion of stereochemistry at C-3.

Thus, the cycloadditions of nitrile oxides to the a-D-ribo-hex-5-enofuranose
derivative 4 are much less selective than the corresponding reactions with xylo isomer
1a, an effect which emphasises the important role played by homoallylic as well as allylic
groups.

EXPERIMENTAL

General.— T.l.c. was carried out on Silica Gel F,,, (Merck) with detection by u.v.
absorbance. Silica Gel 60 (Merck) was used for flash-column chromatography. Optical
rotations were measured with a Perkin—Elmer 241 polarimeter. The 'H- and "C-n.m.r.
spectra were recorded with Bruker WP200 and WH360 spectrometers on solutions in
CDCI, (internal Me,Si). F.a.b.-mass spectra (glycerol matrix) were obtained with a
Kratos MSS0TC instrument. The by-products (3,5-diphenyl-1,2,4-oxadiazole, 3,4-
diphenylfurazan N-oxide, and 3,4-diethoxycarbonylfurazan N-oxide) were identified
by comparison (t.l.c., n.m.r.) with authentic samples®.

Cycloaddition of benzonitrile oxide and ethoxycarbonylformonitrile oxide to 3-O-
benzyl-5,6-dideoxy-1,2-O-isopropylidene-a-p-ribo- (4) and -D-xylo-hex-5-enofuranose
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TABLE IX

Torsion angles with standard deviations in parentheses for 6a

Angle (7] Angle
0-4-C-1-C-2-C-3 b C-6 C-7-N-7-0-5 0.3 (8)
0-4 C-1-C-2-0-2 119.0 (6) C-71 C-7-N-7 0-5 178.6 (&)
O-1.C-1 C-2-C-3 ~113.8 {6) C-6 C-7-C-71-C-72 20000
0-1-C-1-C-2-0-2 2147 C-6-C-7 C-71 C-76 1789 (7
C-2.C-1-0-4-C-4 =203 (T) N-7 .C.7 71 €72 JIO2 (T
O-1- C-1-0-4-C-4 87.3 (6} N-7C-7 C-THC70 D
C-2-C-1-O-1-C-11 212 (7 C-7 N-7-0-5-(-5 130N
0-4.C-1.0-1-C-11 - 136.5 (5) C-1O-L C-ii- G2 1479 (o)
C-1-C-2-C-3-C-4 2001 (T C-1-0-1 C-11 G132 8727
C-1-C-2-C-3-0-3 139.4 (5) C-1-0-1-C-11-0-2 2T i)
0-2.C-2-C-3-C-4 ~92.1 (6} O-1-C-11-0-2-C-2 33 (7)
0-2-C-2-C-3-0-3 272N C-12-C-11-0-2-C-2 1437 (6)
C-1 C-2-0-2C- 1 (7) C-13C-18-0-2-C-2 AL
C-3-C-2 02 C-1 (6) C-3 0-3 C-31 C-32 —~ 1693 {5)
C-2-C-3-C-4-0-4 (6) 0-3-C-31 ( 32-C-33 619 ()
C-2-C-3-C-4-C-5 (6) O-3-C-31 C-32- -3 -7 (7
0-3 C-3-C4-0-4 C-31-C-32-C-33 C-34 1779 (7
0-3-C-3-C-4-C-5 C-37-C-32-C-33-C-34 il
C-2 C-3 0-3-C-31 77.3 C-31 €-32 C-37 C-30 (]
C-4-C-3-0-3-C-31 - 166.9 (3) C-33-C-32-C-37 -C-36 EORD]
C-3-C-4-0-4-C-1 39.5 (6) C-32-C-33-C-34 .C-35 AR
C-5 C-40-4-C-} 163.9 (5) C-33-C-34-C-35 C-36 s
C-3-C-3-C-5-C-6 - 67.9 (8) C-34-C-35 C-3p (37 - 0416)
C-3-C-4-C-5-0-5 47.0 (8) C-35-C-36-C-37-(-32 801
0-4-C-4-C-5-C-6 175.7 (6) C-7-C-T1-C-72 C-73 787 (%)
0-4-C-4-C-5-0-5 —69.4 (7) C-76-C-71-C-72 ( - 05012
C-4-C-5-C-6-C-7 98.9 (7) C-7-C-70-C- 76O [79.6 (7)
O-5 C-5-C6-C-7 - 18.6 C72-CT1-C-Th (»/h MDD
C-4-C-5-0-5-N-7 -99.8 (6) C-71-C72-C-T3-C-74 L
C-6-C-5-0-5 N-7 .7 (N C-72-C-73.C-74.C-75 016
C-5-C-6-C-7-N-7 119 (%) C-73-C-74.C75 70 1815
C-5-C-6-C-7-C-71 —169.3 (7) C-74-C-75-C-76-C-71 240

(1a). — (@) A solution of triethylamine (325 mg, 3.2 mmol) in 1.2-dichloroethane (13
mL) was added over 36 h with a syringe to 4 solution of 4 (538 mg. 1.95 mmol) and
benzohydroximoyl chloride' (455 mg. 2.9 mmol) in 1.2-dichloroethane (7 mL), and the
mixture was stirred for a further 6 h. The precipitated triethylamine hvdrochloride was
removed, the filtrate was washed with water (25 mL). diluted with chloroform, and dried
{MgS0O,), and the solvent was evaporated in vacuo to afford a yellow syrup. Dry
flash-column chromatography (20-80% Et,O in cyclohexane, gradient elution) yielded.
first. 3.4-diphenylfurazan N-oxide and then a mixture (541 mg, 70%) of (3R)- (6a) and
(55)-5-(3-0O-benzyl-1,2-0O-1s0propylidene-2-D-ribo-tetrofuranos-4- «]) -phenyl-2-1s0-
xazoline (7a). m.p. 85-86" (from cvclohexane), Mass spectrum: m,z 386 (M' + 1)
(Found: C, 69.5; H, 6.2: N. 3.6. C;;H,\NO, cale.: C,69.9: H. 6.3; N. 3.5%). For the 'H-
n.m.r. data, see Table I. The ratio 6a:7a was determined as 42:58 from the integrated
intensities of the signals for H-1 and H-5. Crystals suitable for X-ray analvsis were
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obtained by repeated recrystallisation from chloroform. The 'H-n.m.r. spectrum of this
sample showed it to be 6a.

(b) Reaction of ethyl chloro-oximinoacetate' and 4 (1.0:1.4), following the
procedure in (a), gave a 51:49 mixture of (5R)- (6b) and (55)-5-(3-O-benzyl}-1,2-0-
isopropylidene-a-D-ribo-tetrofuranos-4-yl)-3-ethoxycarbonyl-2-isoxazoline (7b) isolat-
ed as an oil. Mass spectrum: m/z 392.17088 (M* + 1) (Calc. for C,)H,,NO,: m/z
392.17091). The assignment of the "H-n.m.r. data was made from the TOCSY spectrum.

(¢) Reaction of benzohydroximoyl chloride'® and 1a’ (1.0:1.5) as in (a), with dry
flash-column chromatography of the product, afforded in sequence 3,5-diphenyl-1,2,4-
oxadiazole (2%), 3,4-diphenylfurazan-N-oxide (2%), 1a, and then (5R)-5-(3-O-benzyl-
1,2-O-isopropylidene-a-D-xylo-tetrofuranos-4-yl)-3-phenyl-2-isoxazoline (2a, 89%), as
needles, m.p. 121-124° (from Et,O/hexane, 1:1), [x]5 — 128° (¢ 2, chloroform); lit.* m.p.
125-127°. "C-N.m.r. data (50 MHz): § 156.8 (C-7), 137.3, 129.3 (PhC), 130.0, 127.9,
127.8,127.7 (10 PhCH), 111.8 (CMe,), 105.1 (C-1), 82.8, 81.4, 80.5(C-2,3,4), 77.1 (C-5),
72.6 (CH,Ph), 31.3 (C-6), 26.7 and 26.1 (CH,). Mass spectrum; m/z 396 (M* + 1). The
final fraction contained (55)-5-(3-0-benzyl-1,2-0-isopropylidene-a-D-xy/o-
tetrofuranos-4-yl)-3-phenyl-2-isoxazoline (3a, 6%). "C-N.m.r. data (50 MHz): J 156.1
(C-7), 136.7, 129.2 (PhCH), 129.9, 128.5, 128.1, 127.9, 126.5 (10 PhCH), 112.0 (CMe,),
105.6 (C-1),81.9,81.8,81.6(C-2,3,4),79.6 (C-5), 71.6 (CH,Ph), 37.0(C-6), 26.8 and 26.3
(CH,). Mass spectrum: m/z 396.18107 (M* + 1) (Calc. for C,;H,,NO,: m/z 396.18108).
The 'H-n.m.r. data for 2a and 3a are listed in Table I. The ratio 2a:3a was 90:10 (‘H-
n.m.r. data).

(d) Reaction of ethyl chloro-oximinoacetate'' and 1a (1.0:1.5) by the procedure in
(a) gave 3,4-diethoxycarbonylfurazan N-oxide (14%), then (5R)-5-(3-O-benzyl-1,2-0O-
isopropylidene-a-D-xylo-tetrofuranos-4-yl)-3-ethoxycarbonyl-2-isoxazoline (2b, 63%)
as needles, m.p. 63-65°, [« —111° (¢ 1.5, chloroform); lit.” oil (Found: C, 61.3; H, 6.7;
N, 3.5. C,,H,;NO, calc.: C, 61.4; H, 6.4; N, 3.6%). "C-N.m.r. data (50 MHz): 6 160.2
(CO,EY), 151.8 (C-7), 136.9 (Ph(), 128.2, 127.7, 127.4 (§ PhCH), 111.7 (CMe,), 104.9
(C-1), 82.1, 81.2, 79.9 (C-2,3,4), 79.8 (C-5), 72.0 (CH,Ph), 61.6 (CH,CH.), 36.0 (C-6),
26.5,25.9 (CH,), and 13.7 (CH,CH,). Mass spectrum: m/z 392 (M* + 1).

Eluted last was (55)-5-(3-0-benzyl-1,2-O-isopropylidene-a-D-xylo-tetrofuranos-
4-y1)-3-ethoxycarbonyl-2-isoxazoline (3b, 12%), isolated as an oil, [¢]5 +13° (¢ 2.5,
chloroform) (Found: C, 61.6; H, 6.6; N, 3.5%). *C-N.m.r. data (50 MHz): 6 160.3
(CO,Et), 151.3 (C-7), 136.9 (Ph(), 128.4, 128.1, 127.9, 127.7 (5 PhCH), 112.1 (CMe,),
105.6 (C-1),82.1,81.9,81.7 (C-2,3,4), 81.2 (C-5), 71.7 (CH,Ph), 61.8 (CH,CH,), 35.7 (C-
6), 26.8, 26.3 (CH,), and 13.9 (CH,CH,). Mass spectrum: m/z 392 (M* + 1). The 'H-
n.m.r. data for 2b and 3b are listed in Table IX. The ratio 2b:3b was 86:14 (‘"H-n.m.r.
data).

Crystal structures of 2a and 6a. — Data for 2a, where different from that for 6a,
are given in square brackets. Tables of bond lengths, angles, and torsion angles are
shown in Tables IV-1X.

(@) Crystal data. C,,H,,NO(, M = 395.4, orthorhombic, space group P2,2,2;;a =
19.264(7)[10.295(4)], b = 11.505(4) [38.649(15)], c = 8.922(8) [5.2994)] A; ¥ = 1977.4
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[2108] A’ [from setting angles for 16 hko and 4 001 data. 20 = 12-18 i = 0.71073 :‘i}‘ Z
=4,D_,. = 1.328[1.246]g.cm *. T = 22" colourless needle [lath]. 0.3 x 0.8 x 1.0{0.06
x 0.12 x 0.5 mm; ¢ = 0.087 mm . F(000) = 840.

{h) Datu collection and processing. STADI-2, two-circle diffractometer, graphite-
monochromated Mo-K|, radiation, 7" = 22", cs-scans with eu-range (1.0 -+ 0.5sin g/tan
) 1603 [3626] unique reflections (20 » 507 A 0221 12212 A1 0= 13 [0 45]. /:
0-10 [0—6]), giving 1381 [1240] with £ = 4o (F) for use in all caleulations. No
significant crystal decay or movement was apparent®.

(¢} Structure solution and refinement. Automatic direct methods' located all non-
hydrogen atoms which were then refined anisotropically; hydrogen atoms were fixed in
calculated positions with fixed temperature factors of U = 0.07 A° At the final
convergence, Rand R, were 0.070 and 0.079 [0.084. 0.024]. respectively. § = | 20{1.04]
for 263 refined parameters. and the finat difference synthesis showed no peak or trough
outside +0.25[0.39]¢A . No absorption corrections were mude. An empirical exting-
tion parameter refining to 9.4(15) x 10 *wasapplied to 2a only. The weighting scheme
w = g (F) + 0.00082[0.0] 1F] gave satisfactory agreement analvses. and in the final
cycle, the maximum shift over error was 0.09 [0.07]. Inlaid™ atomic scattering factors
were used. molecular geometry calculations utilised CALCY. and the Figures were
produced by PLUTO".
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