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complexation,6'15 which could lead to a cancellation of effects. 
The structure of the iV-phenylporphyrin complex, Zn(Af-

PhTPP)Cl, shows that the phenyl ring is relatively unhindered 
and free to rotate as indicated from its NMR spectrum. The 
N-C(phenyl) bond distance of 1.491 A indicates a strong bond, 
consistent with the finding that iV-phenylporphyrins show an 
unusually high stability against removal of the N substituent.'2 

The structure of the coordination site and the porphyrin ring 
topology are closely related to those of the corresponding iV-methyl 
complex,60 suggesting that the metal-nitrogen bond lengths and 
the cant of the pyrrole rings may be determined principally by 
the metal ion rather than the nitrogen-bound substituent. The 
comparison of Zn(II) complexes, however, may be misleading since 
the Zn-NR bond distance is long.60 A comparison of structures 
involving metals that form a stronger M-NR bond (such as Fe-
(II)6d or Mn(II)66) would establish this point. The differences 
in spectral properties between iV-phenyl- and TV-alkylporphyrins 
and their complexes appear to be due to electronic rather than 
structural differences. 
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The formation of l,4-anhydro-6-azido-2,3-di-0-benzoyl-6-
deoxy-/3-D-galactopyranose (3a) from l-0-acetyl-2,3-di-0-
benzoyl-4,6-bis-0-(methylsulfonyl)-a-D-glucopyranose (lb) by 
treatment with sodium azide was suggested to proceed by way 
of a ring contraction process (Figure 1, pathway a).1 Subse
quently, an alternative mechanism was proposed, pathway b, for 
the formation of 3a and closely related 1,4-anhydro sugars.2 

According to pathway b, the reaction is initiated by attack at the 
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Figure 2. 17O NMR spectrum of l,4-anhydro-6-azido-2,3-di-0-
benzoyl-6-deoxy-0-D-galactopyranose-l,4-17O (3b) (about 10% enrich
ment), measured at 53.6 0C, at 48.8 MHz on a WH-360 Bruker spec
trometer on a 27-mg sample in 1.5 mL of CHCl3. The chemical shift 
of the labeled oxygen atom is 85.9 ppm relative to external 1,4-dioxane 
with an estimated error of ±0.5 ppm. The natural abundance 17O signals 
are not observed. Tacq = 2 ms, NS = 200 000, line width at half-height 
= 1700 Hz. Neither field frequency lock nor Guassian resolution en
hancement was used. 

acetyl carbonyl atom followed by anomerization of the derived 
C-I oxy anion 2, which then displaces the methylsulfonyl group 
from C-4 (Figure I).2 In the case of pathway b, C-4 becomes 
attached to the anomeric oxygen atom O-1 while the contraction 
procedure shown in pathway a requires C-4 to be bonded to the 
ring oxygen atom 0-5. In order to elucidate the mechanism of 
this reaction, Ferrier suggested the necessity for its reinvestigation.3 

With the help of oxygen-17 NMR spectroscopy4 and oxygen-
18-induced isotopic shifts in carbon-13 NMR,5 we present evidence 
here for the mechanism of the formation of the trisubstituted 
2,7-dioxanorbornane structure 3a according to pathway b. The 
techniques used appear to be the first structural applications to 
carbohydrate chemistry. 

Oxygen-17 NMR spectroscopy has found only very limited 
applications in organic chemistry as a result of the low natural 
abundance (0.037%) and sensitivity of this isotope (/ = Vz)-4 

Difficulties are also associated with an appreciable electric 
quadrupole moment of 17O (Q = - 2.6 X 10"26 cm2) and large 
field gradients, inducing broad lines in medium-sized organic 
molecules. In spite of these problems the 17O NMR chemical shifts 
of a number of monosaccharide derivatives were recently assigned 
from specifically labeled6 and even from natural abundance 
samples.7 The 0-5 ether oxygen NMR signal of the hexo-
pyranoses or hexopyranosides studied in the chair conformation 
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was found between 48 and 66 ppm relative to external 1,4-diox-
ane.6'7 In natural abundance studies the resonance of the ring 
oxygen appeared considerably broader than that of the other lines7 

as a result of the more restricted rotational freedom of 0-5. From 
another work the surprisingly low-field oxygen NMR signal at 
86.0 ppm of 7-oxanorbornane was also avaialble.8 

This prompted us to label the anomeric oxygen atom5b of la 
(H2

17O 10% enrichment, in boiling dry 1,4-dioxane) and after 
acetylation to treat Ic with sodium azide. The 48.8-MHz 17O 
NMR spectrum of the resulting purified 1,4-anhydro sugar 3b, 
shown in Figure 2, indicates a very broad signal at 85.9 ppm in 
perfect agreement with that reported for 7-oxanorbornane8 and 
strongly deshielded with respect to the ring oxygen atom of mo
nosaccharides.6'7 This result afforded evidence for pathway b in 
the formation of the 1,4-anhydro sugar 3b. 

However, neither the 17O chemical shift of the model 2-oxa-
norbornane nor the signal position of O-5 of monosaccharides in 
conformations other than chair was available to us. Thus, it 
appeared advisable to prove that the 17O NMR consistency of 3b 
with 7-oxanorbornane was not fortuitous. 

Therefore, labeling of the anomeric oxygen atom of la was also 
carried out with 50% enriched H2

18O. After acetylation and 
sodium azide treatment of Id, the resulting 1,4-anhydro sugar 3c 
was examined by 100.62-MHz 13C NMR spectroscopy. After 
Gaussian resolution enhancement,9 oxygen-18-induced upfield 
isotopic shifts5a'5b of 0.025 ppm were detected at the two directly 
attached carbon sites (99.1 and 81.9 ppm in CDCl3), assigned 
unambiguously by specific proton decoupling1 to C-I and to C-4, 
respectively. These resonances appeared as a pair of signals 
corresponding to the 13C-16O and 13C-18O species. This exper
iment confirmed the C-I oxy anion mechanism of pathway b in 
the formation of the 1,4-anhydro sugar 3c. 
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We wish to report the first examples of isolable' transition-metal 
complexes containing a coordinated dihydrogen molecule, char
acterized by a variety of spectroscopic and structural methods to 
possess ?;2-bonded H2. 

Toluene solutions of deep purple M(CO)3(PCy3)2 (M = Mo, 
W)2 react readily and cleanly with hydrogen (1 atm) precipitating 
yellow crystals of mer-?ra«j-M(CO)3(PCy3)2(H2) in 85-95% 
yields.2'3 The tungsten P-Z-Pr3 analogue is isolated in lower yields 
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Figure 1. Geometry of the W(CO)3(P-!-Pr3)2(jj
2-H2) molecule with 

hydrogen atoms of the P-I-Pr3 groups omitted for clarity. The positions 
of the two hydrogen atoms shown were derived from neutron data while 
heavy-atom positions are from -100(5) 0C X-ray data. 

from hexane, since it is very soluble in hydrocarbon solvents. 
Mo(CO)3(P-i'-Pr3)2(H2) could not be obtained as a solid although 
reversible color changes (purple ** yellow) in solution indicate 
H2 addition. In all complexes the H2 is extremely labile, and 
storage and handling under an H2-enriched atmosphere is nec
essary. Immediate discoloration occurs upon exposure of mi-
crocrystalline samples to vacuum or argon, but the original color 
is instantly restored upon contact with H2. Bulk loss of H2 from 
the solids is slow at 20 0 C (Pdissoc s 10 torr for W(CO)3(P-;-
Pr3J2(H2) and 1 torr for the PCy3 analogue), but the H2 can be 
rapidly quantitatively removed from toluene solutions to give 
M(CO)3(PR3J2 by flushing with argon or exposure to partial 
vacuum at 25-50 0C. 

Suitable single crystals of W(CO)3(P-I-Pr3)2(H2) have been 
subjected to X-ray and neutron diffraction analyses. Because 
neutron diffraction is the method of choice for locating hydrogen 
atoms bound to heavy metals,4 room-temperature neutron data 
were collected at the Los Alamos Pulsed Neutron Source utilizing 
the Laue time-of-flight method and were used to produce a dif
ference-Fourier map phased on the non-hydrogen atom coordi
nates from room temperature X-ray studies.5 This route clearly 
demonstrated the presence of both atoms of the H2 ligand. Lo
cation of some other hydrogen atoms in the molecule was ham
pered by disorder in the phosphine ligands. Attempts to obtain 
detailed molecular parameters by least-squares refinement were 
ultimately hindered by this inability to properly model the 
phosphine ligands. 

Subsequent low-temperature [-100 (5) 0C] X-ray diffraction 
analysis6 confirmed the location of the molecular hydrogen ligand.9 

Refinement in this case proved more tractable, since X-ray data 
are less sensitive to disorder involving phosphine hydrogen atoms. 
The resulting geometry about the tungsten atom (Figure 1) is that 
of a regular octahedron with "cis" interligand angles about 
tungsten ranging from 88.0 (4)° to 92.0 (6)°. The dihydrogen 
ligand is symmetrically coordinated in an rj2 mode with average 
tungsten-hydrogen distances of 1.95 (23) A (X-ray) and 1.75 A 
(neutron, AF). The H-H separation is 0.75 (16) A (X-ray) and 

(6) W(CO)3(P-i'-Pr3)2(H2) crystallizes in the centrosymmetric orthorhom-
bic space group Pcab (No. 61) with a = 15.749 (3) A, * = 24.219 (5) A, c 
= 13.333 (3) A, V= 5085.7 A3, and pcM = 1.54 g cnT3 for Z = 8 and M, 
= 589.8. Automated diffraction data were collected at -100 (5) "C; the 
residuals for 2118 absorption corrected data [20max = 45°; / > 2(er)/] are RF 
= 4.3% and R„F = 5.9%. All heavy atoms in the molecule were located and 
refined; hydrogen atoms of the P-I-Pr3 groups were included in fixed positions. 
Weights were derived from standard counting statistics modified by an 
"ignorance" factor of 0.015. Calculations were performed on a CDC 7600 
computer with use of local crystallographic programs developed by Dr. A. C. 
Larson.7 Neutral atom scattering factors, modified by anomalous dispersion 
(except hydrogen), were used.8 
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ceedings, 1977. 
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(9) Positional parameters were refined for both hydrogen atoms as well as 
an isotropic thermal parameter for H(2) for which B,m = 3 (4) A2. Refine
ment of an isotropic thermal parameter for H(I) resulted in Baa ~ -2(4) A2 

so that in the final cycles of refinement Bis0 for H(I) was fixed at 2.0 A2. 

0002-7863/84/1506-0451S01.50/0 © 1984 American Chemical Society 


