
Publisher’s version  /   Version de l'éditeur: 

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la 

première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez 
pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

Questions? Contact the NRC Publications Archive team at 

PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the 
first page of the publication for their contact information. 

https://publications-cnrc.canada.ca/fra/droits

L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site

LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Canadian Journal of Chemistry, 52, 17, pp. 3070-3076, 1974-09-01

READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

https://nrc-publications.canada.ca/eng/copyright

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=e60de23e-1f8b-4b1e-a45c-1b36effdf83a

https://publications-cnrc.canada.ca/fra/voir/objet/?id=e60de23e-1f8b-4b1e-a45c-1b36effdf83a

NRC Publications Archive
Archives des publications du CNRC

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. / 
La version de cette publication peut être l’une des suivantes : la version prépublication de l’auteur, la version 
acceptée du manuscrit ou la version de l’éditeur.

For the publisher’s version, please access the DOI link below./ Pour consulter la version de l’éditeur, utilisez le lien 
DOI ci-dessous.

https://doi.org/10.1139/v74-450

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at

Structure of a Phosphonomannan, as determined by the effect of 

lanthanide ions on its carbon-13 magnetic resonance spectrum
Gorin, Philip A. J.; Mazurek, Mytosk

https://doi.org/10.1139/v74-450
https://nrc-publications.canada.ca/eng/view/object/?id=e60de23e-1f8b-4b1e-a45c-1b36effdf83a
https://publications-cnrc.canada.ca/fra/voir/objet/?id=e60de23e-1f8b-4b1e-a45c-1b36effdf83a
https://nrc-publications.canada.ca/eng/copyright
https://publications-cnrc.canada.ca/fra/droits


Structure of a Phosphonomannan, as Determined by the Effect of 
Lanthanide Ions on Its Carbon-13 Magnetic Resonance Spectrum1 
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PHILIP A. J. G O R I \  and M y ~ o s e  MAZUREK. Can. J. Chem. 52, 3070 (1974). 
The carbon-13 magnetic resonance spectrum of phosphonomannan 2 in deuterium oxide 

expands on  addition of e ~ ~ r o p i u m  and praseodyrniurn chlorides. With the aid of a parallel study 
on  s t r~~ctura l ly  related a-D-mannose-I-phosphate and rx-~-mar1nose-6-phosphate the signal 
displacements were interpreted in terms of chernical structure. Both ions cause predominantly 
contact shifts, and in general addition of praseodymium ion produces a downfield shift of the 
I3C.m.r. signal of the esterified I3C nucleus, which is accompanied by a smaller downfield shift 
of that of the adjacent carbon. Europium ion produces smaller and approximately equal shifts of 
signals of the corresponding a-I3C and B-I3C nuclei, but in the opposite direction and with less 
broadening. Displacements produced by neodymium chloride were comparable in size and 
downfield. Other lanthanide chlorides, namely those of ytterbium, holmium, neodymium, and 
gadolinium, broadened the signal of the I3C nucleus attached to  the phosphodiester group with- 
ou t  displacement. Changes produced in proton nuclear magnetic resonance spectra of the 
phosphates and phosphodiester 2 are more difficult to  interpret in terms of structure. 

PHILIP A.  J .  GORI\  el M Y T O ~ K  M A Z I ~ R E K .  Can. J. Chem. 52, 3070 (1974) 
Le spectre de resonance magnetique du carbone 13 d u  phosphonomannane 2 en solution dans 

le D 2 0  est etale lorsqu'on y ajoute des chlorures d'europium et de praseodyniiuln. A l'aide 
d'une etude parallele sur 1.2-D-mannose phosphate-1 et l'a-D-niannose phosphate-6 qui lui sont 
relies au point de vue structure, 011 a pu interpreter les deplacements de signaux en terme de 
structure chimique. Les deux ions causent principalement des deplace~nents par contact et d'une 
fayon generale I'addition d'ions praseodymes produit un deplacemerlt vers les bas champs des 
signaux r .m.n.  du C I 3  du carbone esterifie qui est accompagne par un diplacement plus petit 
Fers les bas champs du carbone qui lui est adjacent. L'ion europium produit des deplacements 
plus petits et approximativement egaux de signaux correspondants des carbones a et !3 du 
noyau;  les deplacements sont toutefois dans des directions opposees et se font akec rnoins 
d'elargissement des bandes. Les deplacernents produits par le chlorure d c  neodynic etaient ous 
les bas champs et a pen pres de la mCme grandeur. D'autres c h l o r ~ ~ r e s  de lanthanide, a savoir 
ceux de l ' itterbii~m, de l'holrnium, de neodymium et de gadolinium, elargisscnt les signaux d u  
carbone 13 attache au groupe phosphodiester et ccci sans deplacement. Les changements 
produits dans le spectre de resona~ice magnetique nucleaire du proton des phosphates et ~ L I  

phosphodiester 2 sont plus difficiles a interpreter en termes de structure. 

The yeast Hansen~ila capsulata produces an 
exocellular phosphonomannan which was orig- 
inally assigned structure 1 (Fig. I). The position 
of the phosphodiester link was based on the 
production of formaldehyde on periodate oxida- 
tion of the mannobiose phosphate obtained by 
acidic cleavage of the C-6-orthophosphate link- 
age (1). On the other hand, carbon-13 magnetic 
resonance (13c.m.r.) studies on the mannobiose 
phosphate favored structure 2 (Fig. l), which has 
repeating units of 2-0-P-D-mannopyranosyl-a- 
D-mannopyranose joined by (1 +6)-linked phos- 
phodiester (2). The present study concerns the 
expansion of the 13c.m.r. spectrum of the poly- 
mer that is observed on addition of chlorides of 

'NRCC No. 14078. 

europium and praseodymium and the interpre- 
tation of the signal displacements that leads to a 
confirmation of structure 2. 

Recently, Birdsall et al. (3) observed that the 
13c.m.r. spectrum of aqueous a,P-D-ribose-5- 
phosphate contains signals that change their 
relative positions on addition of europium ion. 
Presumably this is due to two effects, one caused 
by complexing with the phosphate group and the 
other caused by complexing with OH-1, OH-2, 
and OH-3 of the sl-anomer. Phosphste-Eu3+ 
interactions have also been demonstrated by 
Barry et al. (4) since addition of europium ion to 
a solution of 9-P-D-ribofuranosyladenine-5'- 
phosphate in deuterium oxide resulted in a strong 
upfield shift of the H-5' signal in the proton 
spectrum. Strong interactions by lanthanide ions 
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GORIN AND MAZUREK: STRUCTURE OF A PHOSPHONOMANNAN 

1 I I 1 I I 
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8,-.,p.p.m. from T M S  

FIG. 1 .  Structure of phosphonomannan from Har~ser~ula cap.sulatn 2 and its 'k .m.r .  spectra, before and after addi- 
tion of lanthanide ion. Spectrum A:  2 (80 mg) in D,O (2 ml). Spectrum B: after addition of PrCI3,6H,O (7 mg). 
Spectrum C: after addition of EuCl3.6H,O (14 mg). 

and hydroxyl groups occur since improved and 
modified proton spectra have been obtained from 
methyl-P-D-hammamelopyranoside on addition 
of praseodymium chloride or europium nitrate 
(5). However, this type of complexing would not 
be expected to take place in the unesterified man- 
nopyranose series since the stereochemistry 
appears unsuitable. 

The exocellular phosphonomannan of H. cap- 
sulata forms a very viscous aqueous solution (6)  
and it was necessary to partially degrade it with 
hot aqueous 1% potassium hydroxide prior to 
spectral examination. Since the 13c.m.r. spec- 

trum of the derived free acid contained 11 signals 
(Fig. 1, Spectrum A) instead of the expected 12, 
tests were carried out on a number of lanthanide 
salts that might expand the spectrum. According 
to Barry et al. (4), Eu3+ and Nd3+ should cause 
signal displacement in proton spectra with little 
line broadening, whereas broadening should be 
greater with Ho3+,  and greatest with Gd3+.  A 
summary compiled by Mayo (7)  shows that 
broadening of proton signals relative to their 
displacement is smallest in shift reagents con- 
taining praseodymium and europium, and larger 
with those of samarium, holmium, and ytter- 
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3072 C A N .  J .  C H E M .  VOL.  5 2 .  1974 

TABLE 1. Chemical shifts and assignments of '3c.n~.r.  signals of mannose and related phosphates 

Downfield difference of chemical shifts of signals from that external TMS, contained in 
Compound a coaxial capillary in p.p.m. (6,) 

a-D-Mannose (2) 94.5 (C-l), 72.9 (C-5), 71.2 (C-2), 70.8 (C-3), 67.5 (c-4), 61.6 (c-6) 
rj-D-Mannose (2) 94.1 (C-I), 76.7 (C-5), 73.6 (C-3), 71.8 (C-2), 67.1 (C-4), 61.6 (C-6) 
a-D-Mannose-6-phosphate 95.20 (C-I), 72.38; J 8 Hz (C-5), 71.75 (C-2), 71.19 (C-31, 67.50 (C-4), 65.71 ; J 5 Hz (C-6) 
rj-D-Mannose-6-phosphate 94.84 (C-1), 75.95; J 8 Hz (C-51, 73.97 (C-3), 72.22 (C-2), 67.26 (C-4), 65.71 ; J 5 Hz (C-6) 
a-D-Mannose-1-phosphate 97.10; J 5 Hz (C-l), 74.76 (C-5), 71.51 ; J 8 Hz (C-2), 70.99 (C-3), 67.58 (C-6) 
Phosphonomannan 99.72 (C-1'), 95.29 (C-1), 78.29 (C-2), 77.38 (C-5'1, 73.81 (C-5, C-3'), 71.83 (C-2'), 70.24 

(C-3), 67.86 (C-4), 67.26 (C-4'), 65.60 (C-6), 62.22 (C-6') 

bium. In the present study, considerable down- 
field shifts were produced on addition of praseo- 
dymium chloride (Fig. 1, Spectrum B) and smal- 
ler ones with neodymium chloride. Europium 
chloride, on the other hand, produced upfield 
shifts (Fig. 1, Spectrum C).2 Chlorides of hol- 
miurn, ytterbium, and gadolinium caused con- 
siderable broadening of signals of the two ester- 
ified 13C nuclei (for assignments see Fig. 1 and 
below), without displacement to higher or lower 
field. Samarium chloride did not displace or 
broaden signals when added in relatively large 
amounts. (In these studies the acid form of the 
phosphonomannan was used rather than the K 
salt, whose 13C spectrum was less susceptible to 
modification.) Using the preferred salts, the 
chlorides of praseodymium and europium, 4 
signals were affected and the direction of the 
displacement, which is opposite to that produced 
by a pseudocontact interaction, indicates a con- 
tact interaction (8).j These results suggest that 
both the signals of the esterified 13C nucleus and 
the adjacent I3C nucleus are displaced. To aid 
interpretation of the displacements, parallel re- 
sults from structurally related a-D-mannose-I- 
phosphate and P-D-mannose-6-phosphate were 
obtained. 

The signals of the 13c.m.r. spectra of the 1- and 
6-phosphate are assignable since most of them 
are close in shift to those of a,p-D-mannose (2). 
The only differences are that the 13C-0-31P 
signal is displaced downfield (3-4 p.p.m.) with 
coupling (5 Hz) and that the 13C-C-0-31P 
signal is coupled and without displacement (9, 

'Under similar conditions the 13c.m.r, signals of a,B-D- 
mannose, a - ~ - M a n p ' . 2 a - ~ - ~ a n ~ G ~ - ~ a n  and a poly- 
saccharide containing alternating (1 + 4)- and (1 + 3)- 
linked b-D-mannopyranose units were shifted less than 
0.04 p.p.m. 

3No diamagnetic effect, due to the charge of the cation, 
was observed since no shift was observed with lanthanum 
nitrate. 

10) (8 Hz; see Table 1). Addition of Pr3+ (17 mg) 
causes a downfield shift of the signals of the 
phosphorylated 13C nuclei and a smaller down- 
field shift of those of the adjacent nuclei (Tables 
I and 2). C-6 and C-5 signals of a-D-mannose-6- 
phosphate underwent shifts of + I .9 and +0.6 
p.p.m. respectively. The C-1 and C-2 shifts of 
a-D-mannose-1-phosphate were + 1.4 and + 0.6 
p.p.m., respectively, and were accompanied by 
a shift of -0.6 p.p.m. of the C-6 resonance. On 
addition of Eu3+ (19 mg) to the mannose phos- 
phates the shifts of the phosphorylated 13C 
nuclei were smaller and upfield (Table 2 ;  -0.6 
to -0.7 p.p.m.). Their magnitude was almost 
matched by the shifts of the adjacent nuclei 
(-0.5 to -0.6 p.p.m.). A downfield shift, +0.3 
p.p.m., of the C-6 signal of a-D-mannose-I- 
phosphate was also observed (Table 2). 

As stated above, 4 signals in Spectrum A of 
t h e  phosphonomannan are displaced on addition 
of Pr3+ or Eu3+ (compare with Spectra B and C, 
Fig. 1). Based on the nomenclature presented in 
Fig. 1 ,  three of the signals are respectively from 
C-2 (6, 78.69), C-5 (6, 73.81) which is superim- 
posed on the C-3' signal, and phosphorylated 
C-6 (6, 65.67). These assignments are made 
since the resonances are close respectively to 
those of the following: C-2 of 2-0-P-D-manno- 
pyranosyl-3-D-mannose (2; 6, 78.6), C-5 of a-D- 
mannose (2; 6, 72.9), and C-6 of a-D-mannose- 
6-phosphate (6, 65.7 1). The displacement of the 
C-5 signal is particularly significant since it sup- 
ports structure 2, rather than structure 1, which 
would require a displacement of a signal in the 
region of C-5 of p-D-mannose (2; 6,76.7), that is 
the one at  6,77.38. Displacement of the signal at 
6, 95.29 on addition of the salts indicates its 
13C nucleus is attached to a phosphate group and 
must be C-1. This signal, and the three others, 
do not show two- or three-bond coupling with 
31P (9) because they are too broad. 

Comparison of the 4 signal displacements ob- 
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3074 CAN.  J .  CHEM.  

served in the phosphonomannan spectra with 
those of u-D-mannose-l,6-diphosphate would be 
ideal, but unfortunately this compound was not 
readily available. Instead estimates of the dis- 
placements were made by addition of the values 
observed for given 13C nuclei in a-D-mannose-1- 
phosphate and cr-D-mannose-6-phosphate. The 
additive values (in p.p.m.) are as follows: Pr3+ : 
C-I, + 1.47; C-2, +0.62; C-5, +0.67; C-6, + 1.27 
and Eu3+ : C-1, -0.68; C-2, -0.56; C-5, -0.60; 
C-6, -0.39. It can be seen from comparison of 
these values to those in Table 2 that they are of 
the same direction as those of the phosphono- 
mannan and are of aid in assigning C-6 signals 
in the expanded spectra. This assignment was 
doubtful since the signal assigned to C-6 resolved 
into 2 signals on addition of salt. 

The other eight 13C nuclei can be assigned to 
signals in Spectrum A, since the signals in the 
phosphorylated mannose unit should have reso- 
nances similar to those of u-D-mannopyranose 
(2). Those of the other unit should correspond to 
P-D-mannopyranose (2) with the exception of the 
C-1' signal, which should be at  6, 99.72 by a 
process of elimination. On this basis the follow- 
ing assignments were made, values being in 
6,: 77.38 (C-5'), 73.81 (C-3' and C-5), 71.83 
(C-2'), 70.24 (C-3), 67.86 (C-4), 67.26 (C-4'), and 
62.22 (C-6'). 

Since the signals of a-13C and p-13C nuclei of 
the above phosphorylated compounds can be 
detected by addition of Pr3+ and Eu3+, it fol- 
lows that similar spectral studies can be extended 
to other phosphonomannans and phosphono- 
galactans (1 I). 

The proton nuclear magnetic resonance spec- 
trum of the potassium salt4 of the phosphono- 
mannan (Fig. 2, Spectrum D) was expanded 
downfield on addition of praseodymium chloride 
(Fig. 2, Spectrum E), but the changes are far 
more difficult to interpret in terms of chemical 
structure: europium chloride caused upfield 
shifts resulting in crowded spectra that cannot be 
interpreted. At lower concentrations of Pr3+, 
the coupled H-1 signal at  66.45 shifted downfield 
and as the concentration increased stepwise (see 
inserts a and b in Spectrum D, Fig. 2, and Table 
3) further shifts to 68.26 took place which were 
accompanied by broadening. In addition, two 

4When the acidic form of the polymer was used the 
ratio of signal broadening to signal displacement was very 
large. 

1 1 , I I I 

9 8 7 6 5 4 

8. ppm from T M S  

FIG. 2. Proton spectra of the potassium salt of the 
phosphonomannan (40 mg) in D,O (2 ml), before (D) 
and after addition of 9 mg of PrC13.6H,0 (E). Inserts a 
and b are the H-1 portions of spectra after addition of 
0.9 mg and 1.8 mg of salt, respectively. 

new broad single proton signals appeared at  
66.46 and 66.78 (Fig. 2, Spectrum E), which are 
attributable to the two nonequivalent H-6's. On 
reduction of the temperature to 27", a new signal 
appeared, which was formerly obscured by the 
DOH signal. 

The proposed downfield shifts of the H-1 sig- 
nals occurred in the proton nuclear magnetic 
resonance spectrum of the disodium salts of 
u-D-mannose-1 -phosphate. The investigation was 
hindered somewhat since a precipitate frequently 
formed on addition of Pr3' and the spectra were 
poorly resolved (improved resolution occurred 
on going to the free acidic forms). Similar experi- 
ments carried out with the 6-phosphate could 
not be interpreted properly because the H-6 sig- 
nal could not be assigned. 

The p.m.r. shifts observed on addition of lan- 
thanide ion to solutions of the mannose phos- 
phates are due almost entirely to the presence of 
the phosphate group. When a,p-D-mannose, 
a - ~ - M a n ~ s a - ~ - M a n p G ~ - M a n ,  and a polysac- 
charide containing alternate (1-3)- and (1+4)- 
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GORIN AND MAZUREK: STRUCTURE OF A PHOSPHONOMANNAN 3075 

TABLE 3. Signal displacements observed in proton spectra on addition of lanthanide ion to solutions of 
mannose phosphates and phosphonomannan in the salt and acid forms (27" and 70") 

Temperature Observed Shift of signal 
Shift reagent PC) signal* (p.p.m.1 

Disodium salt of 
a-D-mannose-1- - 70 H-1 (6 5.90) + 0 
phosphate (20 mg) in PrCI3.6H2O (1.8 mg) 70 H-1 f 0 . 3 3  
D,O (2 ml) PrCI3.6H2O (3.6 mg) 70 H- 1 $0.56 

EuCI3.6H2O (1.8 mg) 70 H-1 -0.15 
EuCI3.6H2O (3.6 mg) 70 H-1 -0.31 

Disodium salt of 
a$-D-mannose-6- - 70 H-6 (6-4.56) 0 
phosphate (20 mg) In PrC13.6H20 (0.9 mg) 70 H-6 - + 0.2 
D,O (2 ml) PrC13.6H20 (1.8 mg) 70 H-6 -+0 .4  

Potassium salt of 
phosphonomannan (40 - 70 H-1 (6 6.44) 0 
mg) in D 2 0  (2 ml) PrCl3.6H2O (0.9 mg) 70 H- 1 f 0 . 1 8  

PrCI3.6H2O (1 . 8  mg) 70 H- 1 f 0 . 3 8  
PrC13.6H20 (9 mg) 70 H- 1 +1.82 
PrCI3.6H2O (9 mg) 70 H-6's + 1 . 5  to 1 . 8  

Acid form of 
a-D-mannose-1- - 27 H-1 (6 5.57),s 0 
phosphate (17 mg) in PrC13.6H20 (0.9 mg) 27 H-1, b f O .  14 
D 2 0  (2 ml) EuCI3,6H2O (1 .8  mg) 27 H-1, b -0.09 

- 70 H-1 (6 5 .99,s  0 
PrCI3.6H2O (0.9 mg) 70 H-1, b +0.25 
EuC13.6H20 (1 . 8  mg) 70 H-1, s -0.11 

Acid form of 
a,P-D-mannose-6- - 27 H-6 (6 4.26), s 0 
phosphate (17 mg) in PrCI3.6H2O (0.9 mg) 27 H-6, b f 0 . 2 0  
D,O (2 ml) EuCI3,6H2O (1 .8  mg) 27 H-6, b -0.17 

- 70 H-6 (6 4.62), b +0.36 
PrCI3.6H2O (0.9 mg) 70 H-6, s +0.36 
EuCI3.6H,O (1.8 mg) 70 H-6, s -0.24 

*s = sharp with a half-he~ght llne uldth of  1 Hz, h = relatively broad with a half-helght llne uldth of 2-3 Hz. 

linked P-~-mannopyranOSe units (12) were sub- on a filter, washed with ethanol, and dried. The acid form 

jetted to the same conditions only very small was prepared by the same method as used above for the 

spectral shifts were induced. mannose phosphates. 

Experimental 
The disodium salt of D-mannose-6-phosphate and di- 

sodium salt of cc-D-mannose-1-phosphate were obtained 
from thc Sigma Chemical Co., St. Louis, Missouri, and 
were converted to their free acidic forms by shaking in 
water with Amberlite IR120 (H+ form) and lyophilizing. 
Hexahydrates of holmium chloride, ytterbium chloride, 
samarlum chloride, praseodymium chloride, neodymium 
chloride, and europium chloride were supplied by Alfa 
Inorganics, Beverley, Mass. Hydrated gadolinium chlor- 
ide was from Apache Chemicals, Rockford, Ill. The phos- 
phonomannan from Hansenula cap~ulata NRRL Y-1842 
was kindly supplied by Dr. M. E. Slodki of the Northern 
Utilization Research and Development Division, U.S. 
Dept. of Agriculture, Peoria, 111. A portion (1 g) was de- 
graded with 1% aqueous potassium hydroxide (200 ml) at 
100" for 30 min. The solution was neutralized (AcOH), 
evaporated to 25 ml, and excess ethanol added. The pre- 
cipitate of the potassium salt which formed was collected 

Carbon-13 Magnetic Resonance Spectroscopy 
Carbon-13 magnetic resonance spectra were obtained 

using a Varian XL-100-15 spectrometer with Fourier 
transform. The phosphonomannan (as its acidic form and 
potassium salt; 80 mg) was dissolved in D 2 0  (2 ml) and 
examined at 33" in a 12 mm diameter x 8 in. n.m.r. tube 
fitted with a Teflon vortex-plug. The spectral width used 
was 5000 Hz, the acquisition time 0.4 s, the pulse width 
50 ps which represents a 43" pulse width, and the num- 
ber of transients 100 000. Chemical shifts are expressed 
as 6, in p.p.m., based on the downfield difference of the 
signal resonance and that of external TMS. Six runs were 
carried out, one addition of neodymium chloride (14 mg), 
two successive additions of praseodymium (3.5 mg each) 
and europium chloride hexahydrates (7 mg each), each 
being added to the acid form of the phosphonomannan. 
(Likewise, similar additions were made to a solution of the 
K salt.) Additions of ytterbium chloride or holmium 
chloride (3 mg amounts) or gadolinium chloride (1 mg) 
resulted in broaden~ng of the C-l and C-6 signals. Com- 
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paratively, high levels of samarium chloride (28 mg) and 
lanthanum nitrate (14 mg) did not affect the spectrum. 

The 13c.m.r. spectra of r*,B-D-mannose-6-phosphate and 
r*-D-mannose-I-phosphate were obtained from samples 
(65 mg) in D 2 0  (0.8 ml) contained in a coaxial cylinder 
within a 12 mm diameter x 8 in. tube containing D,O 
(4 ml). The temperature used was 33", the spectral width 
2500 Hz, the acquisition time 0.8 s, the pulse width 65 
ps, representing a 55' pulse, and the number of transients 
was 4000. Two runs were carried out with each phos- 
phate, two successive additions of praseodymium chloride 
(8.5 mg each) and europium chloride (9 rng each) being 
made. 

Prototz Nuclear 1Wagnetic Resonalzce Spectroscopy 
Proton spectra were obtained using the spectrometer 

described above. The acidic form and the potassium salt 
of the phosphonomannan (40 mg) were each dissolved in 
99.7z D,O, which was evaporated and the process re- 
peated. Finally, the polymer was examined in 99.977, 
D,O (2 ml) at  70' or 27' in a 12 mm diameter x 8 in. 
n.m.r. tube containing a Teflon vortex-plug. The spectral 
width was 1000 Hz, the acquisition time 2.0 s, the pulse 
width 65 ps, and the number of transients 200. The 
chemical shifts are based on the downfield difference of 
the signals' resonance and that of external TMS in a 
coaxial capillary and are expressed as 6 in p.p.m. The 
downfield difference of the resonance of dioxan and ex- 
ternalTMSis4.18p.p .m.  at  27'and4.29p.p.m. at  70'. 
In the determination of spectral shifts, on addition of lan- 
thanide ion, dioxan was used as an internal refer- 
ence. Two successive additions of praseodymium chloride 
(0.9 mg each, that had previously been equilibrated with 
D 2 0 )  were made followed by a larger one (7.2 mg). 

Similar additions of europium chloride were made follow- 
ing replacement of the water of crystallization with D,O. 
When a quantitative estimation of proton size was needed 
a continuous wave mode was used. 

The conditions used for proton studies on a-o-man- 
nose-1-phosphate and a$-D-mannose-6-phosphate are 
summarized in Table 3. 

The authors wish to thank Mr. R. J. Magus for tech- 
nical assistance. 
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