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Figure 1. First-order decay plots of iminoxy radicals, log (in
tensity) vs. time: (a) diphenyliminoxy generated by chloranil in 
dichloromethane at -25, - 7 , and +10°; (b) 2,4,6-trimethyl-
phenyliminoxy in dichloromethane, generated by duroquinone (left) 
and chloranil (right). 

decay. Thus the lifetime of 2,4,6-trimethylphenyl-
iminoxy is only 0.86 msec when generated from the 
corresponding oxime with duroquinone, compared 
with 1.3 sec when generated with chloranil. This is 
consistent with the relatively high activation energy 
found for radical decay with chloranil, e.g., +4.6 
kcal/mol for diphenyliminoxy. 

Nitroxide formation during diphenyliminoxy decay 
is particularly informative, as a reversible equilibrium 
between iminoxy and nitroxide radicals is observed 

dark 
quinone + (C6Hs)2C=NO- <

 > nitroxide 
light 

With benzoquinone the nitroxide spectrum is complex 
(Figure 2), but can be assigned to splitting arising from 
three nonequivalent protons which presumably orig
inated with the quinone superimposed on the character
istic 14N triplet. This interpretation is supported by 
the observation of a simple sharp three line nitroxide 
spectrum when chloranil is substituted for benzo
quinone. 

Radical production from benzaldoximes is com
plicated by the facile abstraction of the aldehydic as 
well as the hydroxyl proton by photoexcited quinones. 
Thus a clean spectrum can be obtained from the 
sterically hindered 2,4,6-trimethylbenzaldoxime using 
benzoquinone but not from benzaldoxime unless 
sterically hindered quinones such as chloranil or duro
quinone are used. These steric effects also influence 
radical stability, as shown by the enhanced lifetimes, 
~1 .3 sec, of the hindered 2,4,6-trimethylphenyl- and 
2,6-dichlorophenyliminoxy radicals generated with 
chloranil compared with the 1.2 msec lifetime of the p-

Figure 2. (a) Epr spectrum of nitroxide resulting from decay of 
diphenyliminoxy with benzoquinone; (b) reconstructed spectrum 
using as = 9.70, OHI = 3.75, OH2 = 3.00, and OH1 = 0.95 G. 

nitrophenyliminoxy radical prepared under the same 
conditions. This lifetime enhancement implicates al
dehydic proton abstraction as an additional pathway 
for aldoxime iminoxy radical decay. 
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Interpretation of the Pseudocontact Model for 
Nuclear Magnetic Resonance Shift Reagents. V. 
Collinearity in the Structural Elucidation of Nitriles 

Sir: 

The transformation of Hinckley's1 widely applicable 
method of lanthanide-induced shifts (LIS) into an in
strument for making distinctions among structures with 
statistical criteria of reliability2'3 was recently applied 
to the structure assignment of the four diastereoisomeric 
nitriles 1-4, as reported by Doering and Birladeanu.4 

We report here an important and useful extension to 
the application of this method—the assumption of 
collinearity of lanthanide with the nitrile bond and the 
consequent improvements in confidence levels for 
structure assignment. 

Minimum values of i?2-3 were obtained for all 16 
binary combinations of the four structural possibilities 
with the four sets of experimental relative slopes (ob
tained by least-squares treatment of the Eu(fod)3 LIS 
data with six or more dopings), with the assumed N-Eu 
distance ranging from 2.0 to 3.5 A and the C-N-Eu 

(1) C. C. Hinckley,/. Amer. Chem. Soc, 91,5160(1969). 
(2) (a) M. R. Willcott III, R. E. Lenkinski, and R. E. Davis, J. Amer. 

Chem. Soc, 94, 1742 (1972). (b) A FORTRAN computer program for 
carrying out the calculations according to this method is now available 
from the authors (R. E. D.). 

(3) R. E. Davis and M. R. Willcott III, J. Amer. Chem. Soc, 94, 
1744(1972). 

(4) W. von E. Doering and L. Birladeanu, Tetrahedron, 29,499 (1973). 
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angle ranging from 0 to 90°. These minimum R values 
are shown in Table I, together with .R-factor ratios for 

Table I. Minimum R Values (%) for Binary Combinations of 
Models 1-4 with Sets of Relative Slopes; No Restraint of 
Lanthanide Position 

LIS data set 
1 2 3 4 

Model (Z)-trans 4 .2 22.0 12.6 31.0 
Model (Z) -m 15.0 6.2 20.1 10.1 
Model (E)-trans 13.2 25.7 4.7 20.1 
Model (E)-cis 21.0 12.2 14.8 4.7 
Second best/best 3.14 1.96 2.68 2.14 
Confidence level (%) 20 34 24 31 

for rejection of 
second best model 

the (second best)/best models and confidence levels at 
which each second best model may be rejected. The 
confidence levels are obtained by routine application 
of the tables for significance of the i?-factor ratios for 
one degree of freedom (five experimental observations 
minus the four parameters x, y, z, and scale).3,5 It may 
be recalled that rejection of a hypothesis at a given 
confidence level a % means that we risk rejecting a true 
hypothesis a% of the time. Table II presents chemical 

Table II. Chemical Shifts and Observed and Calculated Relative 
Slopes for Compounds 1-4 with Eu(fod)3 

Type of Chem 
hydro- shift 

gen (S) 
—ReI slopes 
Obsd Calcd 

Chem 
shift 
(5) 

—ReI slopes—-
Obsd Calcd 

1, (Z)-trans" 2, (Z)-cisb 

H i 
H2 

(CHa)2 

H0 

(CH3)o 

H, 
H2 

(CH3)2 

H0 
(CH3)O 

"R = 

1.47 
1.99 
1.22 
5.95 
1.90 

1.48 
1.96 
1.24 
6.00 
1.84 

4.2%. » 

10.00 
6.19 
3.23 
2.50 
2.69 

3, (E)-trans' 
10.00 

6.21 
2.66 
3.53 
1.47 

R = 6.2%. 

9.93 
6.13 
3.17 
2.68 
3.01 

9.83 
6.09 
3.17 
3.70 
1.56 

CR = 

1.97 
2.02 
1.33 
5.93 
1.89 

1.96 
1.90 
1.37 
6.06 
1.84 

4.7%. <* 

10.00 
4.06 
5.39 
3.03 
3.00 

4, [E)-CiS* 
10.00 
4.31 
5.31 
3.51 
1.59 

R = 4.7%. 

9.67 
4.78 
5.30 
3.08 
3.02 

9.88 
4.83 
5.04 
3.51 
1.59 

shifts and observed and calculated relative slopes for 
these isomers. Examination of the C-N-Eu angles at 

(5) W. C. Hamilton, Acta Crystallogr., 18,502 (1965). 

minimum R consistently reveals angles less than 10° 
for each best model, and larger angles (>30°) and gen
erally erratic Eu positions at the 12 larger values of R. 
This observation has led us to propose and explore the 
hypothesis of collinearity of the lanthanide and cyano 
group.6 

Minimum R values obtained by imposition of this 
restraint are given in Table III. The ratios between 

Table III. Minimum R Values (%) for Binary Combinations as 
in Table I, with Collinearity Restraint 

. LIS data set . 
1 2 3 4 

Model (Z)-trans 8.3 27.0 13.4 26.9 
Model (Z)-cis 22.3 6.5 26.0 12.0 
Model (E)-trans 14.1 28.7 8.4 25.2 
Model (E)-cis 25.8 12.6 22.7 6.7 

Second best/best 1.70 1.94 1.59 1.79 
Confidence level (%) 10 7 11 8 

for rejection of 
second best model 

second best and best have suffered a slight deteriora
tion, but now all correspond to confidence levels at 
least as good as 11 %, thanks to the increase in the num
ber of degrees of freedom from one to three (five ob
servations minus the two parameters, distance and 
scale). 

Support for the collinearity hypothesis has been ob
tained from examination of the isomeric set of methyl-
acrylonitriles 5-7, each member of which provides a 

N1 

CH3 H 

5 

H CH3 

6 

CH3 

X 
H H 

7 

unique set of three relative slopes. Analysis by the 
original procedure,2,3 which would have been statis
tically meaningless, minus one degree of freedom (three 
observations minus four parameters), gives inconsistent 
results, as shown in Table IV. The assumed N-Yb 

Table IV. Minimum R Values (%) for Binary Combinations of 
Methylacrylonitrile Models 5-7 with Sets of Relative Slopes; No 
Restraint of Lanthanide Position 

LIS data set . 
5 6 7 

Model 1-CH3 

Model cw-2-CHs 
Model trans-2-CH3 

2.8 
6.0 

29.2 

14.4 
22.6 

0.7 

0.3 
2.5 

23.9 

d i s t a n c e r a n g e s f r o m 2.0 t o 3.5 A a n d the C - N - Y b 
ang le r a n g e s f r o m 0 t o 9 0 ° . A n o b v i o u s d i s c r e p a n c y 
is t h a t t h e 1 -methy lacry lon i t r i l e m o d e l is t he one w h i c h 
gives t h e bes t fit w i t h L I S d a t a b o t h for 5 a n d for 7 . 
A g a i n , m a n y of t h e i n c o r r e c t m o d e l - d a t a p a i r s exh ib i t 
C - N - Y b ang les d e v i a t i n g m o r e t h a n 2 5 ° f r o m co l -

(6) This hypothesis has recently been applied to four pairs of (£)-
and (Z)-cinnamonitriles by R. Seux, G. Morel, and A. Foucaud, 
Tetrahedron Lett., 1003 (1972). 
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linearity. Analysis under the restraint of collinearity, 
however, can be fruitful—one degree of freedom (three 
observations minus two parameters)—as is seen in 
Table V. In this event, minimum R values are clearly 

Table V. Minimum R Values (%) for Binary Combinations of 
Methylacrylonitrile Models 5-7 with Sets of Relative Slopes, with 
Collinearity Restraint 

Model 1-CH3 

Model CH-2-CHB 
Model trans-2-CHs 
Second best/best 
Confidence level (%) 

for rejection of 
second best model 

5 

2.9 
6.0 

29.3 
2.06 

27 

6 

31.7 
26.6 

1.5 
17.7 
4 

7 

9.7 
2.8 

27.1 
3.46 

19 

Synthesis of a-Methylene-7-butyrolactones by 
Rearrangements of Functionally 
Substituted Cyclopropanes 

Sir: 

The wide variety1 and biological activity2 of natural 
products, particularly sesquiterpenes, containing the 
a-methylene-7-butyrolactone ring have been of much 
interest recently. Although this ring system has been 
the objective of synthetic projects in a number of 
laboratories,3 the number of basically different ap
proaches is not large. In many syntheses, 3b'c'f'h'i'm_q 

the methylene group is constructed on a preformed lac
tone ring. We now report a new synthesis of a-methy-
lene-7-butyrolactones, utilizing a novel acid or metal-ion 
promoted cyclopropane rearrangement. 

The rationale for our synthetic approach is the fact 
that the desired lactone ring (A) can be considered as a 

associated with the correct structures and higher R 
values with mismatched structures. Chemical shifts 
and observed and calculated relative slopes, assuming 
collinearity, appear in Table VI. 

Table VI. Chemical Shifts and Observed and Calculated Relative 
Slopes, Methylacrylonitrile: Yb(dpm)3, with Collinearity Restraint 

Type of hydrog 

CH3 

Hi cis 
Hi trans 

CH3 

H1 

H2 

CH3 

Hi 
H2 

sn (5) Obsd 

1-Methylacrylomtrile" 
1.96 8.17 
5.74 10.00 
5.60 6.94 

c/5-2-Methylacrylonitrile'' 
2.04 6.59 
5.26 10.00 
6.46 5.83 

?ra«.s-2-Methylacrylonitrile<: 

1.96 4.02 
5.32 10.00 
6.62 8.20 

Calcd 

8.34 
10.10 
6.56 

6.74 
10.08 
5.49 

3.86 
9.96 
8.32 

R = 2.9%. 6
 JR = 2.8° « = 1.5%. 

We are encouraged to believe that the collinearity 
hypothesis will receive support from additional studies 
now underway, and that the potentially exciting op
portunities in structure determination offered by the 
nitrile group may be realized. 
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derivative of a homoallylic alcohol (B), which should be 
derivable from a suitable cyclopropylcarbinyl derivative 
(C).4 

For an initial test of this hypothesis, the synthesis of 
the unsubstituted a-methylene-7-butyrolactone (4), a 
natural product isolated from tulips,6 was attempted. 
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