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T h e  configurations o f  the  a,a-disubstituted p-lactams 2, 3, and 4 were determined by X- ray  analysis, and the 
results are used t o  explain the stereochemistry o f  p-lactams derived f r o m  a-keto-y-lactams by oxidative r i n g  con- 
t ract ion w i t h  periodate. T h e  X- ray  data prov ide ind i rect  support for  the  proposed correlat ion o f  biological act ivi-  
ty with the pyramidal  nature o f  bonding t o  the  p-lactam nitrogen. T h e  behavior o f  the  esters 7 and 8 toward the  
lanthanide sh i f t  reagents Eu(dpm)s and Eu(fod)s in b o t h  cc14 and CDC13 was also examined. Di f ferent  results 
arose depending upon b o t h  l igand ( d p m  or fod) a n d  solvent, and the  differences are explained by invok ing for 
Eu(fod)s a 2:2 bridged complex in CC14 a n d  a mixture o f  br idged complex and 1:l chelated complex in CDC13. In 
addit ion, Eu(fod)3 was shown t o  be unstable t o  the  carboxylic acids 1-4, indicating a l im i ta t ion  o n  i t s  utility for  
the  characterization of carboxylic acids. Per turbat ion o f  conformational equi l ibr ia by coordination t o  sh i f t  re- 
agents is i l lustrated. 

The formation of 0-lactams from a-keto-y-lactams by 
oxidative ring contraction with periodate' can lead to two 
orientations for the new carboxyl group a t  the a carbon of 
the P-lactam. The mechanism of this rearrangement reac- 
tion has been investigated using l-methyl-2,3-piperi- 
dinedione as the prototype,2 and the proposed mechanism 
is illustrated in Scheme I for 0-substituted a-keto-y-lac- 
tams. It was anticipated that stereochemistry would be 
governed by the relative size of substituents in an orienta- 
tion-determining stage approximated by structures l l or 
12. Consistent with this view, only the trans isomer 1 was 
obtained when X = H.' When X = methyl, again only one 
isomer, 2, was produced; however both isomers, 3 and 4, oc- 
curred when X = bromine,' and this provided the possibili- 
ty of defining the requirements for generating the isomer 
with the carboxyl group oriented cis (0) to the fused ring. 
Accordingly, we undertook the determination of the stereo- 
chemistry of p-lactams 2,3, and 4 by X-ray crystallograph- 
ic analysis, and we now report the results of these studies 
along with their mechanistic implications. 

I t  was also anticipated that use of a lanthanide shift re- 
agent (LSR) could lead to definition of relative stereo- 
chemistry. The shift reagent Eu(dpm)B (dpm = dipivaloyl- 
methanato) differentiated between the bromo isomers, and 
the limitations on its use for determining stereochemistry 
are discussed. On the other hand, use of Eu(fod)B (fod = 
1,1,1,2,2,3,3-heptafluoro-7,7-dimethyl-4,6-octanedionato) 
led to essentially no differentiation. The results of the use 
of both reagents in CC14 and CDCl3 are discussed in terms 
of composition of LSR-substrate complexes. 

In addition, perturbation of conformational equilibria by 
coordination to shift reagents is illustrated, and limitations 
on the use of chelate shift reagents with carboxylic acids 
are discussed. 

Results and Discussion 
Previously the syntheses of compounds 9 (X = H) and 10 

(X = CH3 and Br) were described along with their reaction 
with periodate to form the 0-lactams 13.l For X = H and 
CH3 only one isomer was formed, but for X = Br both iso- 
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Figure 1. Stereoplot of 7a-carboxy-7~-methyl-8-oxo-6~~-l-azabicyclo[4.2.O.]octane (2). 

mers were produced in a ratio of 9:l. The configurations of 
the methyl (2, Figure 1) and bromo (3,4) compounds were 
determined by X-ray analysis 

2, 3) have the carboxyl on the less hindered face of t h t  P-  
iactam ring, consistent with the proposal that the size of 

Ro2c3b 0 

R = H  1 
R = CH,, 5 

R 0 2 C . b  

0 
R = H  3 
R = C H ,  7 

and are given ~ below, with 

H3C H 

the substituent X determines the stereochemistry in the 
P-lactams 13. Measurements which appear to reflect the ef- 
fective size of substituents suggest that bromo is somewhat 
larger than, or a t  least comparable to, the methyl group.3 
For this simple carbocyclic system, formation of the minor 
bromo isomer 4 then suggests that an effective size approx- 
imating bromo defines a lower limit for substituents which 
will force a change in stereochemical preference. 

X-Ray Analyses. The refined crystallographic struc- 
tures were stereographically plotted (e.g., Figure 1) using 
the ORTEP computer p r ~ g r a m . ~  An estimate of errors in 
positional parameters, bond lengths, and bond angles is 
summarized in Table I. Bond distances and angles are 
given in Table 11. The degree of planarity of the P-lactam 
ring is reflected in the measurements shown in Table IIIA, 

0 
Ro*C-b3 

?b 
2 
6 

0 
4 
8 

structure 3, the 7@-bromo compound, corresponding to the 
major bromo isomer. Two modes of reaction for an inter- 
mediate such as 11 have been proposed;2 since the minor 
mode is not available for @-substituted a-ketoacyl deriva- 
tives, only the major mode of reaction is illustrated in 
Scheme I. 

The 76-methyl group of 2 and the bromine of the major 
isomer 3 both have the same orientation as the 7 proton in 
1, i.e., cis to the fused ring. The P-lactams of this series (1, 

Scheme I 
Mechanism of Oxidative Ring Contraction of 

P-Substituted a-Keto-y-lactams 
X 

- 0  

HO 
11 

0 
9 1l-l I" 

lt 

and dihedral angles involving the ring fusion are given in 
Table IIIB. Atomic parameters and structure factor tables 
appear in Tables V, VI, and VIL5 

Among those fused ring P-lactams which have been stud- 
ied in detail by X-ray diffraction,6 the biologically active 
compounds (e.g., penicillin G,6a cephaloridine,6b and 
cephaloglycine6b) contain the P-lactam nitrogen a t  the apex 
of a pyramid with the nitrogen atom raised about 0.24 8, 
(cephalosporins) to 0.40 8, (penicillin G )  above the plane of 
the attached atoms. On the other hand, biologically inac- 
tive 7~-phenoxyacetamido-A2-deacetoxycephalosporanic 
acid6b and the fused @-lactam 146c contain the p-lactam ni- 
trogen raised only about 0.07 8, above the plane of the at-  
tached atoms. Based on the data from penicillin G and the 
.cephalosporins, it has been suggested that, as one among a 
number of factors, biological activity may be correlated 

0 0- 
12 

COLH 
16 
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Table I 

Compd 2 3 4 

A. Refinement Parameters 
R index 

Weighted R 

Final calculated shifts, 

Positional uncertainty, A 

(R  = I IF, I -IF, I I/c IF, 1 )  
(R' = w(F$ - F : ) ' / C W F ~ )  

fraction of standard deyiation 

C 
N 
0 
Br 

C-C 
C-N 
C-0 
C-Br 

Bond distance uncertainty, A 

Bond angle uncertainty, deg 

Formula 
Crystallization media 
Crystal habit 
Crystal size, mm ~ 

Cell dimensions, A 

B.  Crystal Parameters 

Space group 
Molecules/unit cell 
Density observed, g/cm3 
Density calculated, g/cm3 
Number of reflections 
Nonzero reflections 
Linear absorption coefficient 

p ,  cm-1 

0.079 

0.028 

0.00 

0.009 
0.007 
0.007 

0.016 
0.014 
0.012 

0.9 

C9H13N03 
Ac et one-hexane s 
Acicular 
0.10 x 0.10 x 0.15 
a = 8.164 (3) 
b = 10.825 (2) 
c = 15.356 (6) 
6 = 135.70 (2)" 

4 
1.29 
1.28 
973 
848 
8.1 

P2,lC 

0.055 

0.017 

0.25 

0.008 
0.007 
0.005 
0.0008 

0.010 
0.009 
0.009 
0.006 
0.7 

C,Hl0BrNO3~H,O 
Chloroform- hexanes 
Prismatic 
0.30 X 0.50 X 0.80 
u = 7.709 (1) 
b = 12.577 (2) 
c = 11.588 (2) 
/3 = 109.23 (1)" 

4 
1.62 
1.67 
1093 
1061 
57.8 

p 2  ,/c 

0.045 

0.009 

0.00 

0.007 
0,006 
0.006 
0.0007 

0,010 
0.009 
0.009 
0.007 
0.6 

C ,H,,BrNO, 
Chloroform- hexanes 
Acicular 
0.05 X 0.15 X 0.25 
a = 8.049 (3) 
b = 10.306 (6) 
c = 12.524 (6) 
/3 = 113.55 (3)" 

4 
1.69 
1.73 
970 
898 
63.1 

p 2  1/ c 

with the degree of nonplanarity of the @-lactam nitrogen 
atom.6b 

The pyramidal character of the @-lactam nitrogen of 
compounds 2-4 is reflected in the measurements given in 
Table IIIC. Not surprisingly, the deviations for all three @- 
lactams lie we11 below the range observed for active com- 
pounds. If the variation among the three @-lactams can be 
taken as a rough indication of the magnitude of the effect 

of peripheral groups on skeletal structure, then the devia- 
tion from planarity for the cephalosporin analog 157 would 
be expected to lie approximately in the range found for 6- 
lactams 2-4, that is, below the range apparently required 
for activity. The observed inactivity of 15 accordingly can 
be viewed as consistent with the proposed correlation of bi- 
ological activity with the pyramidal character of the @-lac- 
tam nitrogen. 
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Table I11 
Compd 2 3 4 

A. Planarity of 
P-Lactam Ringa 

0 

Atom, deviation, A 
NO) 
C (6) 
c (7)  
C (8) 
o ( 9 )  
c(11)  

B. Dihedral Angles Involving 
the Ring Fusion 

Dihedral angle, deg 
7-8-1-2 
7-6-1-2 
8-1-6-5 
8-7-65 

C. Pyramidal Nature of N(1Ib 

-0,009 
0.008 

-0.007 
0,009 
0.071 

-1.317 

163.7 
166.2 
121.3 
111.6 

-0.04 5 
0.038 

-0.037 
0.044 
0.151 

-1.311 

166.1 
169.0 
115.3 
104.0 

0.000 
0.000 
0.000 
0.000 
0.002 
1.224 

166.7 
169.0 
121.7 
110.1 

Derivation, A 
N(1) -0.121 -0.143 0.089 
c(11)  -1.103 -1.231 1.411 

* Atoms 1, 6 , 7 ,  and 8 were used to define the least-squares plane. 
Atoms 9 and 11 were given zero weight. Atom 11 serves to define 
the positive and negative directions. Atoms 2, 6, and 8 were used 
to define the plane. Atoms 1 and 11 were given zero weight. Atom 11 
serves to define the positive and negative directions. 

The recently synthesized cephalosporin analog 16 has 
been shown to have antimicrobial activity comparable with 
the activity of cephalothin.8 From the above point of view, 
a deviation from planarity about the P-lactam nitrogen of 
0.24-0.40 8, probably close to 0.30 A, would be predicted. 
This increased nonplanarity undoubtedly would result 
from introduction of the C(2)-C(3) double bond into the 
six-membered ring. 

Shift Reagent Analyses. The @-lactam esters 7 and 8 
contain two functional groups which might coordinate with 
a shift reagent: the lactam and ester carbonyls. If there is 
any preference for coordination at  the ester carbonyl, then 
the distance from the lanthanide atom to the bridgehead 
proton would be greater in 7@-methoxycarbonyl isomer 8 
than in 7a-methoxycarbonyl isomer 7. If the angle depen- 
dence of the lanthanide induced shifts (LIS) is negligible, 
then the simplified McConnell-Robertson relationship 
suggests that the difference in distance will be reflected lin- 
early in a difference in the induced shift for the bridgehead 
p r ~ t o n . ~ - l l  Accordingly, we examined the behavior of 
Eu(dpm)s and Eu(fod)3 in order to ascertain their utility in 
stereochemical studies of a,a-disubstituted P-lactams. 

Initial studies with Eu(fod)3 indicated that this reagent 
differentiates only insignificantly between the isomers 7 
and 8; however, use of Eu(dpm)3 led to significant differ- 
ences in the induced shift for the bridgehead proton which 
will be considered later. Our interpretation of the behavior 
of the @-lactams 7 and 8 in the presence of shift reagents 
rests on a suggestion of apparent changes in preferred coor- 
dination site depending upon both shift reagent and sol- 
vent. A position of preferred coordination is in turn in- 
ferred from relative induced shifts for various substrate 
protons. The actual coordination site is of no concern, since 
we are interested only in changes in apparent coordination 
site relative to other potential sites. 

In the general structure 17 the protons of particular in- 
terest are those attached to C-2 (H-2a and H-2P) and to 
the bridgehead carbon (H-6). Signals for all three protons 
have been assigned' on the basis of line shape, the aniso- 
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Figure 4. Lanthanide induced chemical shifts for H-6 and H-2P of 
7 in CDCls and CCll as a function of increasing Eu(dmp)s concen- 
tration: [ ~ ] C D C I ~  = 0.30 M ,  [ ~ ] c c J ,  = 0.16 M. 

tropic effect of the lactam carbonyl on the chemical shifts 
for the C-2 protons, and comparison with spectra of similar 
corn pound^.^^ In addition, we have confirmed the H-6 as- 
signment by spin decoupling experiments with ester 5 in 
the presence of Eu(fod)3.5 

17 

In Figures 2 and 4, the induced shift for H-6 is much 
greater than the roughly comparable shifts seen for H-2a 
and H-2P, suggesting that with Eu(dpm)a a site of signifi- 
cant coordination is the ester carbonyl. As expected for eu- 
ropium coordination at  the ester, the induced shift for H-6 
was found to be greater for 7a-methoxycarbonyl isomer 7 
than for 7P-methoxycarbonyl isomer 8.5 However, the mag- 
nitude of this difference was not large and was found to be 
comparable to the variance in the ratio of H-2PIH-6 shifts 
seen for 5 and 7 with Eu(fod)s, indicating significant sensi- 
tivity to the size of the substituent, X. The method thus 
appears to be useful only when both isomers are available 
for comparison and when the substituent, X, can be ex- 
pected not to coordinate with the shift reagent. 

Since the completion of these investigations, Eu(fod)3 
has been reported to be stable to carboxylic acids.14 It  was 
conceivable that use of the acids 3 and 4 with Eu(fod)s 
could at  least attenuate the severe limitations on use of the 
ester, but it was found that Eu(fod)3 was unstable to all of 
the acids 1-4.5 

Perturbation of the conformation of the fused six-mem- 
bered ring of esters 5,7, and 8 was detected in the presence 
of both Eu(fod)a and Eu(dpm)3 by monitoring the line 
shape for H-6.5 The example represented by these fused bi- 
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cyclic molecules is somewhat unique in that the conforma- 
tionally mobile portion, the six-membered ring, is fused to 
an immobile portion, the four-membered lactam, with the 
shift reagent binding to the immobile portion and the 
bridgehead proton (H-6) available as monitor. 

Although our intent was to determine the utility of shift 
reagents for defining the stereochemistry of a,a-disubsti- 
tuted 0-lactams, other features of the behavior of these 
fused ring @-lactams with shift reagents were evident. 
These features are the subject of the following comments. 

Factors Affecting Complex Composition. In Figures 
35 and 5 (for CC14), the induced shift for H-20 is seen to be 
greater than the comparable shifts seen for H-6 and H-Za, 
suggesting that with Eu(fod)3 in CC14 the site of preferred 
coordination is the (5’-lactam carbonyl. In contrast, we 
found that with Eu(dpm)3 in cc14 coordination at  the ester 
carbonyl is significant. As illustrated in Figures 4 and 5 ,  re- 

0 0.5 
LSR/S 

Figure 5 .  Lanthanide induced chemical shifts for H-6 and H-2P of 
7 in CDC13 and CCld as a function of increasing Eu(fod)a concen- 
tration: [7]cncls = 0.38 M ,  [7]cci4 = 0.30 M .  

sults in CDCl3 are qualitatively unchanged with Eu(dpm)3 
but significantly different with Eu(fod)3. For Eu(dpm)s the 
reduction in the absolute value of induced chemical shifts 
on change of solvent from CC14 to CDCl3 can be attributed 
to greater solvent association with the shift reagent in 
CDC13,9 but it is evident from comparison of relative slopes 
that a change in solvent has not affected significantly the 
site of preferred coordination. On the other hand, a similar 
comparison of relative slopes in Figure 5 indicates that for 
Eu(fod)a a change in solvent from CC14 to CDCl3 has al- 
tered significantly the apparent average position of the eu- 
ropium atqm. This new position can be viewed as an aver- 
age between the two previously inferred positions. 

These data suggest the importance of a fundamental dif- 
ference between the two shift reagents, and we propose 
that the apparent change in coordination site can be attrib- 
uted primarily to a difference in type of shift reagent-sub- 
strate c0mplex.1~ The results with Eu(dpm)a are readily ac- 
commodated by the 1:l monomeric complex usually pro- 

posed for this reagent. The lactam carbonyl would be ex- 
pected to be more basic than the ester carbonyl, and the 
available data indeed suggest that amides are stronger do- 
nors than  ester^.^ Preferred coordination at  the lactam is 
thus expected and chelation with the ester carbonyl would 
introduce the observed differentiation between i~0mers . l~  
However, it is evident in comparison that coordination at  
the ester is negligible with Eu(fod)3. To account for this re- 
sult and for the difference in solvent effects, we suggest 
that Eu(fod)s in ccl4 forms with these fused ring P-lactams 
a 2:2 bridged complex in which each substrate molecule 
functions as a bridging ligand between the two europium 
atoms.18 In such a bridged, eight-coordinate complex, che- 
lation by substrate is not possible, and a preference for 
coordination at  the more basic lactam carbonyl is viewed as 
the dominant force.lg 

Support for the proposal of this rather exclusive differ- 
ence in complex structure can be drawn from a number of 
considerations.20 The preponderance of evidence suggests 
that Eu(dpm)s is monomeric in solution, regardless of sol- 
vent and concentration. On the other hand, Eu(fod)3 forms 
aggregates whose concentrations increase in the order chlo- 
roform, carbon tetrachloride, n-hexane, self-association 
being negligible in CHC13 but quite significant in CC14.21 It 
also appears, as previously mentioned, that for Eu(dpm)a 
the principal complex formed between reagent and sub- 
strate is a monomeric 1:l adduct; but for the fod reagents, a 
variety of complexes has been suggested, including the 
bridged complex proposed 

One property in particular appears to provide a unifying 
explanation. That is the varying tendency of europium to 
undergo coordinative expansion depending upon its acidic 
character. The basics of the argument have been present- 
edZ0 with the implication that the dominating difference 
between Eu(fod)s and Eu(dpm)B with regard to self-associ- 
ation is the increase in the tendency of the europium atom 
toward coordinative expansion caused by a change in li- 
gand from dpm to the much more electron-withdrawing 
fod. A preference toward eight-coordination instead of 
seven-coordination has also been noted.20 In this context 
Eu(dpm)s, with its reduced tendency toward coordinative 
expansion and its large effective size, is viewed as having an 
aversion toward oligomer formation and a preference for 
only 1:1 substrate adducts; whereas Eu(fod)a, with its in- 
creased tendency toward coordinative expansion and its re- 
duced effective size, prefers oligomer formation and other 
than monomeric 1:l substrate adducts, all of these latter 
complexes being eight-coordinate if possible. It is then rea- 
sonable to propose that Eu(fod)s-nonpolar substrate ad- 
ducts of apparent 1:l composition in CC14 are best repre- 
sented by an eight-coordinate 2:2 bridged complex.22 

The solvent effect on Eu(fod)s behavior can be explained 
using the same argument. The change in medium polarity 
on going from CC14 to CDCl3 can stabilize the polarity in- 
troduced by the fod ligands, in this way reducing the ten- 
dency toward coordinative expansion. The result is reduced 
self-associationZ1 and a proposed increase in the presence 
of monomeric 1:l substrate adducts as chelates. The data 
for 7 and Eu(fod)3 in CDCl3 can accordingly be viewed as 
reflecting an equilibrium between a bridged complex and a 
monomeric 1:l chelated complex. 

No change in LIS was seen with n-hexanoic acid and 
Eu(fod)3 on change of solvent from cc14 to CDCh5 This 
result is expected if n-hexanoic acid is considered to pro- 
vide polarity sufficient for eradication of the tendency of 
Eu(fod)a toward self-association, thus allowing the acid to 
form with Eu(fod)s a monomeric complex in either solvent. 
Consequently, even in CCl4, it appears likely that for 
Eu(fod)s there is an undefined range with regard to sub- 
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strate polarity within which there will exist both a bridged 
and a monomeric complex. To extract quantitative infor- 
mation about substrate structure by use of the McConnell- 
Robertson relationship i t  is necessary that there be only 
one complex in  solution. It therefore appears that the utili- 
t y  of Eu(fod)s for structural studies of this  type is qui te  
limited. 

Experimental Section 
X-Ray Analysis of 2-4. The crystal structures of compounds 

2-4 were concluded in a routine manner. Since all three analyses 
were similar, they will be reported together. Suitable crystals were 
grown from appropriate solvents (see Table VII) by the slow evap- 
oration technique. The crystals were surveyed and 1 A intensity 
data sets (maximum sin 6 /k  = 0.5) were obtained on a Syntex P1 
diffractometer using copper radiation (A = 1.5418 A) a t  22OC. 
Crystal density was measured by the flotation technique in aque- 
ous zinc chloride. Final unit cell dimensions were obtained using a 
least-squares fit of ten high angle reflections (26 > 40O). The dif- 
fractometer was equipped with a graphite incident beam mono- 
chromator mounted in the perpendicular mode. During data col- 
lection a 8-26 scan technique was employed, the scan rate was 2’1 
min in 28, the scan range was 1.0’ above Kolz and l.Oo below Kal,  
and the background was counted for half the scan time on each 
side of the peak. A single check reflection was monitored every 30 
reflections and indicated no crystal damage since it was reproduc- 
ible within counting statistics. 

The diffractometer output was processed using subprograms of 
the CRYM crystallographic computer system.23 The processing in- 
cluded corrections for background and for Lorentz and polariza- 
tion effects. The polarization effect due to the graphite monochro- 
mator was included in these c0rrections.2~ No corrections were 
made for absorption. The data processing also included calculation 
of the F2 value and its standard deviation for each reflection. The 
standard deviations were assigned on the basis of the equation 

$ ( I )  S + a2(B1 + Bz) + (dS)2 

where S is the scan count, B1 and Bz are the background counts, d 
is an empirical constant equal to 0.02, and a is the scan time to 
total background time ratio. All intensities with a value less than 
two times the standard deviation were set equal to zero with zero 
weight. Finally, the data sets were placed on an approximately ab- 
solute scale by means of Wilson statistics. 

Determination of Structure and Refinement. Trial struc- 
tures for compounds 3 and 4 were obtained by conventional Pat- 
terson and Fourier techniques. In both cases the first electron den- 
sity map revealed every nonhydrogen atom. A trial set of phases 
for compound 2 was obtained through the reiterative application 
of Sayre’s e q u a t i ~ n . ~ ~ . ~ ~  A trial structure was obtained with the 
first E map. The trial structure for compounds 2 and 4 refined rou- 
tinely to an acceptable R index. A difference Fourier was required 
in compound 3 to locate a water of crystallization. Upon the inclu- 
sion of the water molecule, refinement proceeded smoothly to an 
acceptable R index (see Table I). The latter stages of the refine- 
ment procedure included a full matrix least-squares treatment of 
coordinates, anisotropic temperature factors, and scale factor in 
one matrix. Methylene and methine hydrogen positions were cal- 
culated; all other hydrogen positions were located by difference 
Fourier techniques. While hydrogen positions were added to the 
structure factor calculations in the latter stage of refinement, their 
positions were not refined. The quantity minimized by the least- 
squares procedure was 2w(F$ - Fc2)2, where w = 1/u2(F&. Pa- 
rameters pertinent to the refinement procedure are summarized in 
Table I. In each case a final difference Fourier revealed no missing 
or misplaced atoms. 

Shift Reagent Studies. Materials. The acids 1-4 and the es- 
ters 6,7, and 8 were prepared as described previously.’ Eu(dpm)s, 
obtained from Bio-Rad Laboratories, and Eu(fod)a, obtained from 
Norell Chemical Co., were stored over CaC12 prior to use. Reagent 
grade CC4 (Mallinckrodt) and economy grade CDC13 (Bio-Rad) 
were used as solvents with MedSi as internal reference. 

Sample Preparation. The substrates were dissolved in appro- 
priate solvents, and weighed amounts of shift reagent were added 
in increments directly to the NMR tube. 

NMR Measurements. Spectra were recorded on a Varian T-60 
spectrometer and all shifts are given in hertz relative to MeASi. De- 
coupling experiments were carried out on a Varian HA-100 spec- 
trometer, employing the frequency sweep mode. 
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