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distillation followed by ether extraction, drying, and evaporation 
operations furnished a residue, which w a ~  purified by preparative 
GC [Chromosorb PNAW 60,10% CW + 2% KOH (column length 
1.8 m, 150 "C)]: yield, 1.06 g (57.4%); IR (neat) v 2800 cm-' 
(N-CH,); 'H NMR (C&) 6 2.44 (t, 4 H, CHZ), 1.80-1.40 (m, 10 
H, CHZ), 0.97 (9, 9 H, CH3); 13C NMR (CeD,) 6 54.4 (s), 47.9 (t), 
30.2 (t), 28.5 (t), 26.8 (q), 26.4 (t); MS, m / e  169 (M'). 

Anal. Calcd for Cl1HZ3N: C, 78.03; H, 13.69; N, 8.27. Found: 
C, 78.43; H, 13.67; N, 7.90. 

Picrate (from ethanol): mp 159 "C. 
Anal. Calcd for C17Hd407:  C, 51.25; H, 6.58; N, 14.06. Found 

C, 51.22; H, 6.56; N, 13.99. 
X-ray Structure Analysis. Crystal Data: CllHzlNO; M 

= 183.29; triclinic; a = 5.966 (3) A, b = 7.737 (3) A, c = 12.492 
(5) A; a = 101.83 (3)", p = 93.34 (4)", y = 102.81 (4)"; V = 547.14 
(4) A3 (at -155 "C, by least-squares refinement on diffractometer 
angles for 25 automatically centered reflections with 21" 5 28 5 
25", X = 0.71069 A); space group PT (No. 2); 2 = 2; D, = 1.1129 
g ~ m - ~ ;  crystal dimensions; 0.28 X 0.18 X 0.15 mm; p(Mo Ka) = 
0.65 cm-'. 

Data Collection and Processing: Syntex R3 four-circle 
diffractometer, w scan mode, 28, = 70°, w scan speed 2.0-20.0" 
min-', graphite-monochromated Mo Ka radiation; T = -155 i 
0.5 "C; 6091 reflections measured, merging to 4833 independent 
reflections (Rmex = 0.024), giving 3910 unique observed reflections, 
F,, ?3.5u(F). 

Structure Analysis and Refinement. The coordinates of 
all non-hydrogen atoms were determined by direct methods and 
refined by using the SHELXTL program systemzs with the in- 

corporated scattering factors on a NOVA 3/12 (Data General) 
computer. The positions of the hydrogen atoms were calculated 
on ideal geometry and refined as rigid groups (C-H distance, 96 
pm; H-C-H angle, 109.5"). Their isotropic temperature factors 
were given the 1.2 fold of the Vu tensor of the corresponding C 
atom. The refinement of 145 parameters converged to R = 0.051, 
R, = 0.057, weighting scheme w-'= $(F) + (8.3 X 104)F: residual 
maximum electron density 0.403 e/A3 between C(2) and C(3), 
residual minimum electron density 0.24 e/A3. 
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The values of vicinal carbon-proton coupling constants for the conformationally rigid carbohydrate derivatives 
N-acetyl-3,4-di-O-acetyl-1,2-dideoxy-~-~-hexo(pento)p~anosyl[ 1,2-d]oxazolidin-2'-ones (1-4), 2,4-di-O-acetyl- 
l-acetamido-l-deoxy-l-~,3-0-carbonyl-a-~-arabinopyranose (5), and 2,3,4-tri-O-acetyl-1,6-anhydro-P-~-hexo- 
pyranoses (6-12) are reported. values were determined by the selective 2D heteronuclear J-resolved method 
proposed by Bax and Freeman. The values found were used as input parameters for simulating the coupled 
carbon spectra. From the final best values it may be concluded that both the number and relative orientation 
of substituents in a complex organic molecule may substantially modify the general shape of the existing Karplus-like 
relationship between 3 J ~ , ~  and the corresponding dihedral angle. The crystal structures of N-acetyl-3,4-di-O- 
acetyl-1,2-dideoxy-~-~-gluco- and -xylopyranosyl[ 1,2-d]oxazolidin-2'-ones (1 and 3) and compound 5 have also 
been studied in order to determine the geometry of these molecules in the solid state. 

Carbon-proton coupling constants are not yet routinely 
used in the conformational analysis of organic molecules 
due to experimental  difficulties involved in  their mea- 
surement  by classical *H-coupled 13C NMR spectroscopy 
and t o  the scarcity of reliable published datal However, 
it has been shown tha t  vicinal 3Jc,H coupling constants are 
related to t h e  torsion angle C-X-Y-H by  a Karplus-like 
relationship2 and, therefore, could give interesting con- 

(1) Marshall, J. L. Carbon-Carbon and Carbon-Proton NMR Cou- 
plings. Methods in Stereochemical Analysis; Verlag Chemie: Weinheim, 
1983, Vol. 2. Hansen, P. E. Prog. Nucl. Magn. Reson. Spectrosc. 19811 
14, 175-295. 
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formational information in  solution on  molecules whose 
conformations cannot  be investigated by 'H NMR spec- 
troscopy, such as those containing five-membered rings, 
peptides, oligosaccharides (conformation of t h e  glycosidic 
bonds), etc. Theoretical studies have also demonstrated 
that there exists a general Karplus plot relating 3Jc,H with 
torsion angle for propane3 and  substi tuted propanes? al- 

(2) Aydin, R.; Loux, J. p.; Giinther, H. Angecu. Chem., Int. Ed. Engl. 
1982,21,449. Lemieux, R. U.; Nagabushan, T. L.; Paul, B. Can. J. Chem. 
1972,50,773-776. Delbaere, L. T. J.; James, M. N. G.; Lemieux, R. U. 
J. Am. Chem. SOC. 1973, 95, 7866-7875. Hamer, G. K.; Balza, F.; Cyr, 
N.; Perlin, A. S. Can. J. Chem. 1978,56, 3109-3115. 

0 1987 American Chemical Society 



3368 J. Org. Chem., Vol. 52, No. 15, 1987 Can0 et al. 

derivative. Also, with a pyranoid ring fixed in the 'C4 
conformation, the cyclic carbamate 5 has been examined. 
The model compounds possessing a pyranoid ring in a 
fixed ,C1 conformation have been the peracetylated py- 
ranosylamines (1,2-cyclic carbamates) 1-4. 

Table I. 'H NMR Spectral Parameters (6) and  J (Hertz)  of 
1-5 

compound 

parameter 1" 26 3 b  46 5 b  
H- 1 4.41 5.08 5.08 5.47 6.03 
H-2 3.54 4.41 4.01 4.06 5.17 
H-3 5.22 5.37 5.45 5.96 4.85 
H-4 5.48 5.57 5.12 5.12 5.25 
H-5*, 4.35 4.08 4.01 
H-5, 3.67 4.2 3.66 3.84 3.55 
H-6 4.30 4.2 
H-6' 4.13 4.2 
JL2 9.1 9.2 9.2 9.4 2.1 
J1,3 ... ... ... ... 2.1 
J2,3 11.0 11.3 11.0 2.0 5.0 
J3,4 8.7 3.6 8.1 3.1 2.5 
J4& 6.3 6.0 6.4 
J4,s,, 8.0 1.0 10.0 11.1 11.0 
J5,&* -12.0 -11.4 -11.9 
J5,6 4.4 ... 
J5,6' 2.2 ... 
J8,6 -12.8 ... 

In COD,. In CDC1,. 

though the importance of nonbonded interactions in the 
value of 3J~,H has been emphasized as 

As a part of our studies on the conformation of some 
bicyclic carbohydrate derivatives: we are interested in the 
conformation of dioxolane-type acetals of carbohydrates, 
and we have determined carbon-proton coupling constants 
for a variety of these and related  compound^.^,^ We now 
report our results on a series of conformationally rigid 
bicyclic carbohydrate derivatives having five-membered 
rings in a relatively fixed conformation and pyranoid rings 
in both the ,C1 and 'C4 conformations. This study has 
been carried out in an attempt to obtain reliable values 
of 3JC,H in order to evaluate the extent that a Karplus-like 
relationship holds for these types of molecules. The values 
of 3Jc,H have been determined by using the selective 2D 
heteronuclear J-resolved experimental method developed 
by Bax and Freemang and, in some cases, by simulation 
of the coupled carbon spectra. This bidimemional method, 
which uses a selective proton a pulse and permits the 
observation of long-range couplings between the carbon 
atoms and the irradiated proton in the F1 dimension, 
greatly facilitates the measurements, although some ar- 
tifacts may appear in the spectra when the irradiated 
proton is strongly coupled or not sufficiently isolated. In 
these cases, the simulation of the coupled spectra, when 
possible, may give good results. We have found that, in 
our conformationally rigid molecules, the relative position 
of the substituents along the coupling path greatly influ- 
ences the 3Jc,H values, which results in important devia- 
tions from a Karplus-like dependence. 

As model compounds having a rigid dioxolane ring and 
a pyranoid ring with a rigid lC4 conformation, we have 
studied the whole series of tri-O-acetyl-l,6-anhydro-p-~- 
hexopyranoses 6-12 with the exception of the D-idose 

(3) Wasylishen, R.; Schaefer, T. Can. J. Chem. 1972,50, 2710-2712. 
(4) Wasylishen, R.; Schaefer, T. Can. J. Chem. 1973, 51, 961-973. 
(5) Barfield, M. J. Am. Chem. SOC. 1980, 102, 1-6. Barfield, M.; 

Marshall, J.  L.; Canada, E. D., Jr. J. Am. Chem. SOC. j980, 102, 7-12. 
(6) Foces-Foces, C.; Alemany, A.; BemaM, M.; Martin-Lomas, M. J. 

Org. Chem. 1980,45,3502-3506. Cano, F. H.; Foces-Foces, C.; Bemab6, 
M.; Jim6nez-Barbero, J.; Martin-Lomas, M.; Penadgs-Ullate, S. Tetra- 
hedron 1985,41,3875-3886. 

(7) Cano, F. H.; Foces-Foces, C.; Jim6nez-Barbero, J.; Bernabg, M.; 
Martin-Lomas, M. Carbohydr. Res. 1986, 155, 1-10. 
(8) Harangi, J.; Liptak, A.; Szurmai, Z.; Nanasi, P. Carbohydr. Res. 

(9) Bax, A.; Freeman, R. J. Am. Chen.  SOC. 1982, 104, 1099-1100. 
1985, 136, 241-248. 
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Reaction of @-D-XylOpyranOSyl azide and P-D-ribo- 
pyranosyl azide with carbon dioxide and triphenyl- 
phosphine in acetone and subsequent acetylation, as pre- 
viously reportedlo for the preparation of 1 and 2, gave the 
corresponding 1,2-cyclic carbamates 3 and 4, respectively. 
Similar treatment of a-L-arabinopyranosyl azide gave a 
product 5, whose 'H NMR spectrum (Table I) showed 
large long-range J1,3 (2.1 Hz), small Jl,z (2.1 Hz), and large 
J4,5, (11.0 Hz) coupling constants, indicative of a 'C, chair 
conformation of the pyranoid ring, rather unlike that for 
a 1,2-trans-fused cyclic carbamate structure. The X-ray 
crystallographic analysis of this substance indicated the 
structure to be that of a 1,3-cyclic carbamate 5. 

Since there had been some uncertainty as to the actual 
configuration of the 1,2-cyclic carbamate derivatives'l and 
a very accurate knowledge of the geometry of these com- 
pounds, also in the solid state, was needed for our con- 
formational studies on bicyclic carbohydrate derivatives, 
the X-ray crystallographic analyses of compounds 1 and 
3 were also performed. Two unique molecules of 5 were 
present in the unit cell. It could be concluded from the 
crystallographic study that compound 5 shows the more 
even distribution of intracyclic bond angles and different 

(10) Kovacs, J.; Pinter, I.; Messmer, A,; Toth, G. Carbohydr. Res. 1985, 

(11) Steyermark, P.  R. J. Org. Chem. 1962, 27, 1058-1059. 
141, 57-65. 
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Table 11. Experimental Torsion Angles (Degrees) for the 
Six- and Five-Membered Rings in 1,3, and 5 

compound 
annles 1 3 5 5’ 

0-5-C-1-C-2-C-3 74.0 (3) 76.9 (3) -60.3 (4) -60.6 (4) 
C-1-C-2434-4 -61.4 (3) -62.0 (3) 58.8 (4) 58.5 (4) 
c-2-c-34-44-5 55.0 (4) 50.0 (4) -56.2 (4) -56.2 (4) 
c-3-c-44-5-0-5 -54.8 (4) -50.3 (4) 51.5 (4) 51.7 (4) 
C-4-C-5-0-54-1 59.0 (3) 57.7 (4) -54.4 (4) -54.5 (4) 
C-5-0-5-C-14-2 -69.7 (3) -70.1 (3) 60.5 (4) 61.0 (4) 
C-2-0-2-C-6/7-N-l -10.8 (4) -13.9 (4) 
0-2-C-6/7-N-l-C-I -12.3 (4) -12.2 (4) 
C-6/7-N-l-C-I-C-2 28.3 (3) 31.0 (3) 
N-1-C-14-2-0-2 -34.1 (3) -38.2 (3) 
C-I-C-2-0-2-C-6/7 28.7 (4) 33.3 (3) 
N-1-C-1-C-24-3 63.8 (3) 63.1 (4) 
c-1-c-2-c-3-0-3 -62.1 (3) -61.5 (4) 
C-2-C-3-0-34-6 32.3 (4) 32.3 (5) 

0-3-C-6-N-14-1 4.5 (4) 2.9 (5) 
C-3-0-3-C-6-N-1 -2.3 (5) -1.9 (5) 

C-6-N-14- 1 4 - 2  -36.1 (4) -34.6 (4) 

Table 111. Proton-Proton and Carbon-Proton Torsion 
Angles (Degrees) from X-ray Analyses of 1.3, and 5 

compound 
annles 1 3 5 5’ 

H- 1-C- 1-C-2-H-2 
H-2-C-2-C-3-H-3 
H-3-C-3-C-4-H-4 
H-4-C-4-C-5-H-5,, 
H-4-C-4-C-5-H-5,, 
C- 1-C-2-C-3-H-3 
C-1-0-5-C-5-H-5, 
C-1-0-5-C-5-H-5, 
C-2-C-3-C-4-H-4 
C- 3 4 -  2-C-1-H-1 
C-3-C-4-C-5-H-5,, 
C-3-C-4-C-5-H-5,, 
C-4-C-3-C-2-H-2 
C-5-0-54 1-H-1 
C-5-C-4-C-3-H-3 
C-6-C-5-C-4-H-4 

-168 (3) -165 (3) 61 (4) 63 (4) 
174 (3) 177 (3) -58 (5) -62 (4) 
173 (3) 162 (3) -63 (4) -55 (4) 

-176 (4) -163 (4) 170 (4) 164 (4) 
-42 (4) 46 (4) 49 (5) 

61 (2) 57 (3) -179 (3) -179 (3) 
-58 (3) -66 (3) 66 (4) 69 (3) 

178 (3) -175 (4) -176 (3) 
-66 (3) -78 (2) 63 (3) 69 (3) 
-53 (3) -44 (2) -177 (3) -178 (3) 
65 (3) 72 (2) -68 (3) -72 (3) 

-167 (3) 168 (4) 174 (3) 
52 (2) 58 (2) -180 (3) 175 (3) 
56 (3) 51 (3) -178 (4) -179 (3) 

-66 (2) -69 (3) 179 (3) 180 (3) 
-57 (3) 

Table IV. Proton Torsion Angles (Degrees) for 1-5 from 
NMR Data 

compound 
angle 1 2 3 4 5  

H-1-C-1-C-2-H-2 180 180 180 180 68 
H-2-C-2-C-3-H-3 180 180 180 63 -54 
H-3-C-3-C-4-H-4 168 49 164 53 -58 
H-4-C-4-C-5-H-5, -155 -55 -164 180 180 
H-4-C-4-C-5-H-5,, -53 -54 51 

geometry around N-1, which is almost planar in this com- 
pound with angles adding around 360.0 (2)O and 359.8 (2 )O ,  

while the s u m  is 352.3 (3)O for 1 and 348.3 (3)O for 3. The 
pyranoid rings present 4C1 conformation for 1 and 3 and 
IC4 conformation for 5; the six-membered cyclic carbamate 
ring of 5 shows an E2 conformation; and the five-membered 
rings of 1 and 3 have ITz conformations. Tables I1 and 111 
show some torsion angles for these compounds, following 
the numbering scheme indicated in Figures 1-3. 

The conformation in solution of the pyranoid ring of the 
cyclic carbamates 1-5 has been determined by ‘H NMR 
spectroscopy. Table IV shows the proton-proton torsion 
angles calculated from the 3 J ~ , ~  values (Table I) by using 
the equation proposed by Altona.12 Comparison of Tables 
111 and IV indicates a similar conformation of the pyranoid 
ring in the solid state and in solution. Therefore, these 

(12) Haasnoot, C. A. G.; de Leevw, F. A. A. M.; Altona, C. Tetrahedron 
1980,36, 2783-2792. 
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Figure 1. ORTEP view of the molecular structure of 1, showing 
the atomic numbering. 

O S  
Figure 2. ORTEP view of the molecular structure of 3, showing 
the atomic numbering. 

0 22- u 

Figure 3. ORTEP view of the molecular structure of 5, showing 
the atomic numbering and the two independent molecules in the 
cell unit. 

compounds, as with the derivatives of 1,6-anhydr&@-~- 
hexopyran~ses,’~ could be good models to study the de- 
pendence of the heteronuclear coupling constants on the 
torsion angles and the orientation of substituents. 

The 3Jcp values for compounds 1-5 and 6-12 are shown 
in Tables V and VI, respectively. Some small discrepancies 
(<&lo%) among the coupling constants determined by the 
method of Bax and Freeman and those by spectral simu- 
lation are evident. We estimate an error of f0.15 Hz in 

(13) Cemy, M.; Stanek, J., Jr. Adv. Carbohydr. Chem. Biochem. 1977, 
34,23-117. 
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Table V. sJc,H Values" (Hertz) for Solutions of 1-5 
compound 

I* 2' 3 c  4 c  5' 
3Jc H a b a b a b a b a b 

2.1 2.2 2.6 2.7 
2.2 2.2 3.0 2.7 

1.1 1.0 6.1 6.4 
3.2 4.1 
0.8 0 0 

1.2 0 
2.1 2.0 
1.9 0 
4.1 3.0 0 0 

1.9 
3.0 3.0 

12.2 12.1 
1.3 1.3 

4.0 
1.3 0.8 
8.2 8.1 
1.9 1.9 
1.8 1.9 
0.8 0.1 

5.7 
2.9 

11.2 
0 
2.5 
1.4 
6.9 
1.0 
1.9 
4.7 

5.7 4.5 
2.7 1.8 

11.2 7.9 
0 
3.0 4.3 
1.3 2.2 
5.6 3.8 

4.8 
1.2 7.0 
4.3 4.2 

'(a) Obtained by the Bax and Freeman m e t h ~ d . ~  (b) Best values from simulated spectra. *In C6D6. 'In CDC13. 

Table VI. Vicinal sJpa (Hertz) for 6-12 in CDXOCD," 

4.1 
1.3 
8.2 

4.7 
2.2 
4.5 
4.3 
7.0 
3.6 

compound 
6 7 8 9 10 11 12 

3Jc H a b a b a b a b a b a b a b 

JC-1,H-3 
JC-1,H-5 
JC-I,H-6e,0 
JC-1,H-6e,d, 
JC-2.H-4 
JC-3,H-I 
JC-3,H-5 
JC-4,H-2 

JC-4,H-6,., 
JC-4,H-6,nd, 
JC-6.H-I 
JC.5,H-3 
JC-6,H-1 
JC-6,H-4 

2.8 2.6 3.7 3.6 0 0 1.4 0 5.2 5.3 0.8 0 5.8 
6.2 6.2 6.2 6.2 6.8 6.7 7.1 6.9 5.8 5.3 7.0 7.0 6.5 5.8 

1.1 0 1.4 0 0 0.9 0.8 0.8 0.8 0 0.8 0 1.2 0 
3.9 3.6 3.6 3.7 3.6 3.9 3.7 3.7 3.6 4.0 3.8 3.8 3.6 
2.5 2.5 0 4.9 0 0 4.7 4.2 5.3 0 0 
3.7 3.8 4.6 4.8 5.5 4.7 5.6 6.3 4.1 5.0 4.8 4.8 
4.0 3.8 5.5 4.9 6.8 6.9 6.7 6.3 5.2 7.8 7.2 6.5 
2.7 4.6 5.3 5.8 6.0 1.3 6.8 0 0 
9.3 6.0 9.3 6.2 6.0 10.1 10.1 9.5 6.5 
4.6 2.7 4.0 3.0 3.0 4.3 4.8 4.6 2.4 
5.3 5.4 5.3 5.8 5.8 5.8 5.9 5.3 5.1 5.9 5.9 5.2 5.0 

0 0 5.6 5.0 3.0 2.8 1.1 0 0 0 0 4.2 4.3 
5.3 5.2 5.3 5.4 5.3 5.4 5.2 5.0 5.8 5.7 5.8 5.8 5.9 5.8 
1.4 1.3 5.6 5.4 0 5.0 5.0 0.8 0 0 0 5.9 5.8 

' (a) Obtained by the Bax and Freeman m e t h ~ d . ~  (b) Best values from simulated spectra. 

the values of the couplings. Figure 4 shows an example 
of comparison of partial experimental and simulated 13C 
NMR spectra. For trans-type torsion angles, 3JC,H takes 
values between 3.8 and 12.2 Hz for the cyclic carbamate 
compounds 1-5 and between 2.5 and 10 Hz for the 1,6- 
anhydro-P-D-hexopyranose derivatives 6-12. For gauche- 
type torsion angles, 3 J ~ , ~  is always smaller than 4.6 Hz. 
Thus, the 3JC,H values appear rather scattered, and other 
factors besides the value of the torsion angles must strongly 
influence the coupling constant. The largest values are 
observed for JC-1,H-5, in compounds 3 and 4 (>11 Hz), and 
these values are more than 3 Hz larger than that for com- 
pound 5, which, according to molecular models, has a 
similar torsion angle C-1-0-5-C-5-H-5,,. The N-acetyl 
groups are trans-oriented with respect to C-5 in compounds 
3 and 4 and gauche-oriented in compound 5. A similar 
effect is observed for the value J C + , J . - ~ , ~ ,  for compounds 
6,8, 10, 11 in which the acetoxy group at C-4 is trans-or- 
iented with respect to C-6, in comparison with compounds 
7, 9, and 12 in which the acetoxy group at C-4 is gauche- 
oriented with respect to (2-6. Similarly, the value of 
JC-3,H-5,, is larger for compound 3, in which the acetoxy 
group at C-3 is trans to C-5, than for compound 4, in which 
the acetoxy group at  C-3 is gauche to C-5; the values of 
JC-3,H-5 in the 1,6-anhydro-@-~-hexopyranose derivatives 
6-12 are always larger for those compounds with an 
equatorially oriented acetoxy group at  C-3 trans to C-5. 
However, in these latter cases, the couplings are smaller 
than in the previous ones (JC-1,H-5, and Jc-4-s,,,). These 
results are in accord with previous molecular orbital cal- 
cu la t ion~~ on l-fluoropropane, which predicted coupling 
constants 3 and 0.2 Hz larger than those for the unsub- 
stituted molecule when the fluorine atom was trans- or 

gauche-oriented, respectively, with respect to the carbon 
bearing the coupled proton and also predicted a decrease 
of the value of the coupling constant when the number of 
the electronegative substituents was increased at the y- 
carbon a t ~ m . ~ , ~  

A characteristic feature of the spectra of the 1,6- 
anhydro-/3-D-hexopyranose derivatives 6-12 is that the 
couplings across oxygen atoms, JC-1,H-5,, JC-l,H-B nd:, 

JC-~,H+~,, Jc-~,H-~, and Jc++1, are fairly constant, and this 
seems to indicate that when the coupling path remains the 
same, the value of 3Jc,H does not vary if the torsion angle 
does not change. However, the values for J C - 1 , H - 5  are al- 
most l Hz larger than those for Jc-~,H-~ and JC$,H-1 in 
compounds 6-12 in spite of the torsion angles being very 
similar. This result could be accounted for as above by 
considering that C-1 bears two strongly electronegative 
substituents while C-5 supports only one, but it could also 
be explained by the fact that, according to cal~ulations,4~~ 
the more electronegative the coupled carbon the larger the 
value of the coupling constant. 

The data of Tables V and VI also seem to reflect an 
important influence of the orientation of the @ substituent 
on the values of 3Jc,H in spite of the fact that molecular 
orbital calculations predicted strong contributions only for 
those 0 substituents trans-oriented to the coupled proton. 
This contribution and that of the 6 substituent should also 
be con~idered .~ ,~  

It could be concluded from these results that the relative 
orientation of substituents in a complex organic molecule 
does substantidy modify the general shape of the existing 
Karplus-like relationship between the values of 3 J ~ , ~  and 
the torsion angles and that, at the present moment, it is 
not possible to obtain a satisfactory simple trigonometric 
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Figure 4. Experimental (a), resolution enhanced (b), and sim- 
ulated (c) 13C NMR spectra of C-1 of compound 7. Only a branch 
is shown for simplicity. 

relationship similar to that found for vicinal proton-proton 
couplings.12 An important number of reliable 3Jc,H values 
in a variety of conformationally rigid structures should be 
determined before these coupling constants can be safely 
used in conformational analysis.14 Therefore, much care 
should be taken when determining angles from 3JC,H values 
using some of the published equations or plots, because 

(14) Gidley, M. J.; Bociek, S. M. J. Chem. SOC., Chem. Commun. 1983, 
220-222. ~~. _ _ ~  

(15) Johnson, C. K. ORTEP, Report ORNL-3794; Oak Ridge National 
Laboratory: Oak Ridge, TN, 1965. 

(16) Main, P.; Fiske, S. J.; Hull, S. E.; Lessinger, L.; German, G.; 
Declercq, J. P.; Woolfson, M. M. Multan-80 System; University of York: 
York, Gieat Britain, 1980. 

(17) Stewart, 3. M.; Machin, P. A.; Dickinson, C. W.; Ammon, H. L.; 
Heck, H.; Flack, H. The X-Ray 76 System, Technical Report TR-446; 
University of Maryland: College Park, 1976. 

(18) International Tables for X-ray Crystallography; Kynoch: Bir- 
mingham, England, 1974; Vol. IV. 

a configurational change of any of the atoms involved in 
the coupling path can drastically influence the value of the 
coupling constant. 

Experimental Section 
General Methods. Melting points were determined in capillary 

tubes and are uncorrected. TLC was performed on silica gel 
GF254 (Merck) with detection by charring with sulfuric acid. 
Flash column chromatography was performed on Macherey Nogel 
(230-400-mesh) silica gel. Optical rotations were determined with 
a Perkin-Elmer polarimeter. 

Materials. Compounds 1, 2,'O and 6-1213 were prepared as 
reported previously. 

N-Acetyl-3,4-di-O -acetyl-l,2-dideoxy-@-~-xylopyranosyl- 
[ 1,2-d]oxazolidin-2'-one (3). 3 was prepared from 1-deoxy-@ 
D-XylOpy"Sy1 1-azide as described for 1 and 2.1° Recrystalli- 
zation from ethanol gave 3 (68%): mp 190-192 "C; [a],, -25' (c  
1, chloroform). Anal. Calcd for ClzHl,N08: C, 47.87; H, 5.02; 
N, 4.65. Found: C, 48.07; H, 5.24; N, 4.56. 

N-Acetyl-3,4-di-O -acetyl-1,2-dideoxy-@-~-ribopyranosyl- 
1-deoxy[ l,l-d]oxazolidin-2'-one (4). 4 was prepared from 1- 
deoxy-P-D-ribopyranosyl 1-azide as described for 1 and 2.'O Re- 
crystallization from ethanol gave 4 (57%): mp 185-186 "C; [a]D 
+27" (c 1, chloroform). Anal. Calcd for ClzHl,NO,: C, 47.87; 
H 5.02; N, 4.65. Found: C, 47.59; H, 5.15; N, 4.78. 

2,4-Di- 0 -acetyl- 1-acetamido- 1-deoxy- 1-N,3-0 -carbonyl- 
a-L-arabinopyranose (5). Attempted preparation of the cor- 
responding 1,2-dideoxy-a-~-arabinopyranosyl derivative as above, 
from 1-deoxy-a-L-arabinopyranosyl azide, failed. Instead, re- 
crystallization of the resulting product from ethanol gave 5 (39%): 
mp 133-135 'c; [a]D -13' (c  ( $ 5 ,  chloroform). Anal. Calcd for 
Cl2H1,NO8: C, 47.87; H, 5.02; N, 4.65. Found: C, 48.07; H, 5.24; 
N, 4.56. 
NMR Data. The 'H NMR spectra (CDC1, or CsD,, internal 

Me,Si) were recorded on a Varian XL-300 spectrometer. 
The 13C NMR spectra (75 MHz) were recorded on the same 

spectrometer. Long-range carbon-proton coupling constants were 
measured according to Bax and Freeman.g The pulse sequence 
contained a preparation period for establishment of NOE (5 s) 
followed by a variable evolution period incremented in 32 steps, 
giving a spectral width in the F1 dimension of f7 .5  Hz. The 
proton-flip technique was used with decoupler pulse intensity 
yBZ/2* = 25 Hz and .rr pulse of 20 ms. The measured geminal 
and vicinal coupling constants were used as input for simulating 
the coupled carbon spectra. The experimental and calculated 
spectra matched satisfactorily. Some discrepancies were found 
between observed and calculated couplings, particularly in those 
cases in which the irradiated proton was not far enough from its 
neighbors or was strongly coupled to others. Artifacts a t  F1 = 
0 also appeared in some cases, probably due to pulse imperfec- 
t i o n ~ . ~  

X-ray Data. Crystal and experimental data and refinement 
parameters are given in Table VII. 
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