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Figure 1. The structure of 3,4,6-tri-0-acetyl-l-O-benzoyl-2-chloro-2-
deoxy-/3-D-glucopyranose showing the initial relaxation rates .Ri(NS) 
(in s - ') for the ring protons. 

sufficiently dilute solution in a magnetically inert solvent, 
only intramolecular dipole-dipole interactions are signifi­
cant. Then the fraction of the relaxation of A arising from 
the IDD mechanism is 

_ 2[Zg1A(NS)-Jg1A(A)] 
j ( } " ,R1A(A) (D 

Selective inversion of the nuclei, A and B, gives another 
value for the relaxation rate, .R1A(A7B), and now 

2[Jg1A(A1B)-Jg1A(A)] 
7 W Jg1A(A) 

(2) 

is the fractional contribution to the relaxation of A via dipo­
lar interaction with B. 

A practical demonstration both of the ease with which 
these experiments can be performed as well as of the high 
accuracy of the determination is afforded by the data for 
0.1 M 3,4,6-tri-0-acetyl-l-0-benzoyl-2-chloro-2-deoxy-/3-
D-glucopyranose in QD6. For H-I of this molecule, the de­
viation from exponential relaxation is sufficiently small that 
the initial rate could be accurately determined from mea­
surements taken within 2 s of the perturbation. The nonse­
lective R\ values (in s - 1 ) are summarized in Figure 1. Se­
lective inversion of H-I gjves a value for .R1

1O) of 0.427 
s - 1 . Thus the ratio R^{\)/Ri1 [NS) is 1.5, which shows 
that this proton receives 100% of its relaxation from the 
other protons in the same molecule. The estimated error in 
the relaxation rate measurements is ±0.005 s - 1 . 

The measured initial relaxation rates for the selective in­
version of pairs of protons are /? i ' ( l ,2) = 0.452, R\ 1( 1,3) = 
0.487, and .R1

10,5) = 0.552 s_ 1 . From eq 2 this gives the 
fractional contribution to the relaxation of H-I from H-2, 
H-3, and H-5 as 0.12 ± 0.05, 0.28 ± 0.05, and 0.59 ± 0.05, 
respectively. The ratio of the contributions from H-3 and 
H-5 are in excellent agreement with a similar determination 
from NOE measurements.14 Note that the relaxation mea­
surements give a direct indication of the contribution of 
H-2; this contribution was masked in the NOE experi­
ment14 by multiple spin effects. 

There are several important molecular and spectral pre­
requisites for the simple application of this type of mea­
surement. First, it must be possible to use the initial rate ap­
proximation." In this regard it should be appreciated that 
for complex spin systems the relaxation can never be truly 
exponential, but very frequently the observed relaxation be­
havior following single selective inversion is essentially ex­
ponential. This can happen when there are multiple relaxa­
tion pathways for all of the interacting nuclei, which is gen­
erally the case for complex organic molecules. Furthermore, 
essentially exponential relaxation will be observed following 

multiple-selective inversion if the several nuclei involved 
have approximately the same relaxation rates. We have 
studied other molecules in which the relaxation rates of the 
nuclei involved in the dipolar interaction are very different, 
and here the relaxation behavior is definitely nonexponen-
tial; however, numerical solution of the relaxation equations 
taking into account the different relaxation times allows the 
evaluation of the individual dipolar contributions. 

From a practical standpoint the spectrum itself should be 
sufficiently dispersed that the 180° perturbation can be ap­
plied selectively to the chosen resonances.10 

It is interesting to note that the conditions most favorable 
for these relaxation experiments include those for which the 
NOE experiment is, unfortunately, complicated by multiple 
spin effects;6 therefore, the measurement of selective relax­
ation rates provides a useful alternative approach for the 
quantitative evaluation of dipole-dipole interactions in 
complex organic molecules. 

In a rigid molecule, the ratio of the dipole-dipole interac­
tions between pairs of nuclei is related to the ratio of their 
separations by an inverse sixth power dependence. An inde­
pendent measurement of the molecular correlation times, 
for example, from a temperature-dependent study of the re­
laxation, would allow a determination of the internuclear 
distances themselves. 

Acknowledgment. One of us (L.D.H.) wishes to thank the 
National Research Council of Canada for a research grant 
(A 1905). 

References and Notes 

(1) C. W. M. Grant, Ph.D. Thesis, University of British Columbia, March 
1972; C. M. Preston and L. D. Hall, Chem. Commun., 1319 (1972); C. 
W. M. Grant, L. D. Hall, and C. M. Preston, J. Am. Chem. Soc, 95, 7742 
(1973); L. D. Hall and C. M. Preston, Carbohydr. Res., 37, 267 (1974). 

(2) R. Rowan, J. A. McCammon, and B. D. Sykes, J. Am. Chem. Soc, 96, 
4473 (1974); R. Rowan and B. D. Sykes, ibid., 97 1023 (1975). 

(3) K. Akasaka, S. Shibata, T. Imoto, and H. Hatano, J. Magn. Peson., 17, 
413 (1975), and references therein. 

(4) A. P. Zens, T. J. Williams, J. C. Wisowaty, R. R. Fisher, R. B. Dunlap, T. 
A. Bryson, and P. D. Ellis, J. Am. Chem. Soc, 97, 2850 (1975). 

(5) F. A. L. Anet and A. J. R. Bourn, J. Am. Chem. Soc, 97, 5350 (1965). 
(6) J. H. Noggle and R. E. Schirmer, "The Nuclear Overhauser Effect", Ac­

ademic Press, New York, N. Y., 1971. 
(7) Here the term coupled applies to the dipolar coupling between spins. If 

the spins are also coupled by isotropic spin-spin interactions, the sim­
ple description of the relaxation is valid only if the spin system may be 
regarded as first order. For second-order systems, the treatment here 
needs to be modified. 

(8) R. L. Void, J. S. Waugh, M. P. Klein, and D. E. Phelps, J. Chem. Phys., 
48, 3831 (1968). 

(9) R. Freeman and H. D. W. Hill, J. Chem. Phys., 54, 3367 (1971). 
(10) R. Freeman and S. Wlttekoek, J. Magn. Reson., 1, 238 (1969). 
(11) R. Freeman, S. Wittekoek, and R. R. Ernst, J. Chem. Phys., 52, 1529 

(1970). 
(12) B. L. Tomlinson and H. D. W. Hill, J. Chem. Phys., 59, 1775 (1973). 
(13) K. Bock, L. D. Hall, T. Marcus, and J. Sallos, to be submitted for publi­

cation. 
(14) R. Freeman, H. D. W. Hill, B. L. Tomlinson, and L. D. Hall, J. Chem. 

Phys., 61, 4466(1974). 

Laurance D. Hall 
Department of Chemistry, University of British Columbia 

Vancouver, V6T 1W5 British Columbia, Canada 

Howard D. W. Hill* 
Varian Associates, Palo Alto, California 94303 

Received October 24, 1975 

Chemical Shift Elements for the Aromatic Nitrogen from 
Nuclear Magnetic Resonance Measurements 
on Solutions 

Sir: 

Determination 
shielding tensor, <x 

of the components of the chemical 
and (T j _ , for a nucleus has been possible 
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in the past by obtaining the N M R spectrum of the com­
pound in which the free rotation of the molecule is restrict­
ed so that a particular orientation of the molecule with re­
spect to the external field is maintained during the time of 
the N M R measurements. These measurements on solids 
and nematic phases have yielded useful information; how­
ever, there are many instances where the values of a\\ and 
o± in a solution are desired. We have derived some equa­
tions which permit one to obtain a\\, cr±, and, additionally, 
the correlation time T from N M R measurements on solu­
tions. This communication will use these equations on 15N 
N M R data obtained on the molecule pyridine which has an 
aromatic nitrogen of the type found in porphyrin and relat­
ed compounds (hemes, chlorophyll, and vitamin B12) in 
order to obtain the molecular level information. 

The nuclei for which the derived equations are applicable 
are those nuclei whose observed spin-lattice relaxation 
time, T\0bs, has components from the chemical shift anisot-
ropy (csa) and spin-rotational (sr) modes of relaxation and 
therefore is a function of six parameters: <r\\ and <xx which 
are the j| and _L components of the chemical shift tensor, 
C11 and C x which are the || and JL components of the spin 
rotational tensor, and TC and TJ which are the rotational an­
gular position and velocity correlation times. Six constraints 
can be placed on the relations between the various parame­
ters so analytic expressions can be obtained for the various 
parameters. The six constraints are as follows: the defini­
tion of Ticsa-1, the definition of Ti51.-1, Hubbard's equation 
relating TC and Tj,1 Ramsey's relation between a\\ and C\\ 
and between a±_ and Cx, 2 and the definition of a, i.e., a = 
lko\\ + %ffx- When these expressions are combined, closed 
equations for all the parameters can be determined three of 
which are shown below. 

= „ - 1 <j± = 0 '/3Ao- and o-j; = a + %Ao- where 

(Aa)2 = - - ((Tsr)2 X 

fl ±\/l+20(^-YTurlT[™ 
V KhH0/ (yasr)4 

l = 3 ( 7 H 0 ^ ) 2 

10 Ticsa"-' 

J 1 ± Vl+20 ( - M 2 I l ^ V KhH0/ (7<r 
lcsa 

sn 4 (7o") 
The experimental measurements which are required for 

these expressions are as follows: TiQbSd(HA) the observed 
T] at one field strength, TiobsdtHs) the observed T\ at a 
second field strength, and a, the chemical shift on the abso­
lute chemical shift scale. The first two measurements are 
used to separate the csa component of the observed T\. If 
only csa and sr modes are present, then T\sr is obtained by 
difference. If dipolar relaxation is present as well, then ad­
ditional experimental data are required to resolve T\ST~l 

and Ticsa-1. The 15N chemical shift scale has been ref­
erenced by molecular beam measurements on l5N2 so the 
value of a- can be determined by difference from the 
<r(l5N2) which is —101 ppm.3 

Experimental measurements of the pyridine 15N T\ 
values at two different field strengths have been made4 and 
at - 4 1 0 C a Ticsa-1 of 1.3 X 1O-2 s_ 1 is calculated. In this 
molecule both dipolar (inter- and intramolecular) and sr 
modes of relaxation are present. At —41 °C a minimum in 
the observed T\ exists and the customary procedure of as­
suming Tisr = 7"icsa at the minimum gives a Ti 8 n

- 1 of 4.4 X 
1 0 - 3 s_ 1 . For liquid pyridine <r is found to be —93 ppm of 
which +324 ppm is the free atom part of the diamagnetic 
contribution and —417 ppm is the spin-rotational part of 
the paramagnetic contribution. When these values are used 

in the previously given equations, one obtains a a\\ of 565 
ppm, a Cx of —422 ppm, and a TC of 2.8 ps. This A<r value is 
987 ppm which is larger than that observed in the solid 
state. It is possible that the ring currents from the immobil­
ized solid may contribute more to the chemical shift of one 
element of the tensor than to the other producing a smaller 
Acr in the solid than in the rotationally averaged solution 
molecules. However, the difference between the solid and 
solution values may have its origin in the fact that the 
method for determining the relative amounts of T\ dd and 
T\ST was not the Overhauser enhancement approach but in­
stead the minimum in the temperature dependence of T\ 
method. This method is valid only if the activation energies 
for both the dipolar and sr processes are the same which is 
not generally the case. When T\iT~x is taken to be 2.0 X 
10~3 s_ 1 , then Au becomes 758 ppm, and rc is 4.8 ps. 

This communication demonstrates the fact that for aro­
matic nitrogens it is possible to obtain a measure of the 
chemical shielding of the nitrogen atom along different axes 
of the molecule and of the mobility of the molecule in solu­
tion from NMR data. Thus, the means are now available to 
treat problems such as the dimerization of chlorophyll a 
which may involve changes in the directional shielding of 
the aromatic nitrogen of the porphyrin. More details on the 
derivation of the equations will appear elsewhere.5 
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Relative and Absolute Rate Constants for 
Photochemical 1,2-Migration of Hydrogen, Methyl, and 
Phenyl in frans-|8-Substituted-Styrenes 

Sir: 

Appropriately substituted styrenes or diphenylethylenes 
undergo photochemical 1,2-shifts of 7-hydrogen, methyl, 
and phenyl groups to form arylcyclopropanes (eq I).1 

(Ph)H 

Ph 

X (Ph)H, 

\ R 

H R-H, CH3, Ph (D 

The rates of these migrations are markedly and similarly 
affected by para substitution in the styrene or diphenyleth-
ylene chromophores.2 Until now no direct comparison of the 
migratory aptitudes of the three groups—methyl, phenyl, 
and hydrogen—in the processes shown in eq 1 has been 
made, nor to our knowledge has a quantitative measure of 
the photochemical migratory abilities of these three funda­
mentally different moieties been carried out in any system.3 

In this communication we present a study of the relative 
and absolute rates of photochemical 1,2-migration of the 
three groups in /3-substituted styrenes. Importantly, we 
make use of compounds which are identical but for the mi­
grating species. We also show how substitution at the mi­
gration origin can markedly affect the migration process. 
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