proximate lone pair of electrons has now been estab-
lished for aldimines and oxaziridines.!* In all likeli-
hood, this is also the case for formaldoxime and is
probably a general phenomenon. We are presently
examining the barrier to interconversion in N-alkyl-
aldimines and will present these results, along with the
details of the tickling experiments, separately.
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Pseudocontact and Contact Shifts for
6-Aminobenzobicyclo[2.2.2]octene and
2-Aminotriptycene. The Sign of B!

Sir:
The conformational preferences of radicals may be

b
Ho 1

2

studied via their B-proton epr coupling constants.?
These constants are related to the average dihedral
angle (f) through eq 1 where p¢™ is the p orbital

as = pc™(By + Bx(cos? ) (1

spin density, and B, and B, are constants near 0 and
50 G, respectively.? For anion radicals with structural
constraints which require 8 to be 90°, a; is very small,
suggesting that |Bo/B,| is no more than 0.03.* Con-
sequently, the B, term is often neglected in the con-
formational analyses.? Recently, studies of az; have
been undertaken to assess rotational barriers and to
detect structural changes in substituted ethyl radicals,
e.g., 2-chloroethyl* or cyclopropylcarbinyl.s To illus-
trate, ag for cyclopropylcarbinyl radical is smaller than

(1) This research was supported by the National Science Foundation.

(2) The principles underlying the method are discussed by D. H.
Geske, Progr. Phys. Org, Chem., 4, 125 (1967).

(3) (a) L. M. Stock and J. Suzuki, J. Amer. Chem. Soc., 87, 3909
(1965); (b) D. Kosman and L. M. Stock, ibid., 91, 2011 (1969); (c)
G. A, Russell, G. Holland, and K. Y. Chang, ibid., 89, 6629 (1967);
(d) S. F. Nelsen and E. D. Seppanen, ibid., 89, 5740 (1967); (e) E. G.
Janzen and J. L. Gerlock, J. Org. Chem., 32, 820 (1967); (f) T. M. Mc-
Kinney, J. 4mer. Chem. Soc., 90, 3879 (1968); (g) R. D. Allendoerfer,
P. E. Gallagher, and P. T. Lansbury, ibid., 94, 7702 (1972).

(4) (a) A. J. Bowles, A. Hudson, and R. A. Jackson, Chem. Phys,
Lert., 5, 552 (1970); (b) T. Kawamura, D. J. Edge, and J. K. Kochi,
J. Amer, Chem. Soc., 94, 1752 (1972).

(3) (a) C. E. Hudson and N. L. Bauld, ibid., 94, 1158 (1972); (b)
f‘l.g.;.l)Krusic, P. Meakin, and J. P. Jesson, J. Phys. Chem., 75, 3438
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estimated by the usual B, constant. One interpretation
attributes the small a4 to a negative B, with By/B, about
—0.04.52  Another view adopts the positive By and B,
values suggested by the INDO model® and identifies
the decrease in ag with a structural change.®® Knowl-
edge of the sign and magnitude of B, is central to an
evaluation of these explanations and to a more secure
basis for the discussion of 8-proton constants. Theory
has provided divergent answers, the INDO model® sug-
gests that B, is positive with By/B, = 0.04 whereas
another analysis” infers that By is negative with By/B, =
—0.02. To resolve this problem, we have estimated
the sign and magnitude of B, by study of the contact
shifts resulting from the interaction of nickel acetyl-
acetonate with xylidine derivatives,® 1-4, including 2
and 3 in which 8is 90°.

For 2 the bridgehead proton resonances at 270
MHz appear as two broad singlets centered at § 2.803
and 2.835. For 3, these resonances are somewhat
narrower singlets centered at § 5.236 and 5.270. To
assign these resonances we measured the pseudocontact
shifts experienced by 1-3 in the presence of Pr(fod)s,?
Table 1.

Table I. Pseudocontact Chemical Shifts for
3,4-Xylidine Derivatives

Relative pseudocontact shifte

Amine H. H; Hg Hg
1 1.00 0.30 0.168 0.178
2 1.00 - 0.33 0.215b 0.232¢
3 1.00 0.38 0.161° 0.176¢

e The relative pseudocontact shifts, AH;/AH,. The pseudocon-
tact shift for the ortho proton is positive in each case. ¢ The up-
field signal of the methine hydrogen atoms at 270 MHz. ¢ The
downfield signal of the methine hydrogen atoms at 270 MHz.

The fixed geometric relationship between the amino
group and the 8 protons of 2 and 3 allows the assign-
ment of the signal experiencing the larger pseudocon-
tact shift to Hg,, Table I. Tori and his associates sim-
ilarly assigned the upfield signal of the 8 protons of 4
to Hﬁl. 10

Contact shifts, AH,, measured in the usual way,3 1!
are presented relative to the shift, AH., for the ortho
proton, 1-4. The observations for all the aromatic
protons are in accord with previous work3-11.12 with
positive shifts for the ortho protons (negative «;) and
negative shifts for the meta protons (positive a;) in-
dicative of positive spin density at the 2 and 4 positions
and negative spin density at the 3 position. The upfield
shifts for Hg, (negative ag,) and the downfield shifts for
Hg, (positive agy) observed for 1 and 4 are also in ac-
cord with earlier studies and reflect the dominance of
the Bycos? 8) term when # < 90°. On the other
hand, in 2 and 3, where Hg, and Hg, are constrained to

(6) J. A. Pople and D. L. Beveridge, ‘‘Approximate Molecular
Orbital Theory,” McGraw-Hill, New York, N. Y., 1970.

(7) 1. P. Colpa and E. de Boer, Mol. Phys., 7,333 (1964).

(8) T. Yonezawa, I. Morishima, Y. Akana, and K. Fukuta, Bull,
Chem. Soc. Jap., 43,379 (1970).

(9) R. E. Rondeau and R, E. Sievers, J. 4mer. Chem. Soc., 93, 1522
(1971).

(10) K. Tori, Y. Yoshimura, and R. Muneyuki, ibid., 93, 6324 (1971).

(11) L. M. Stock and M. R, Wasielewski, ibid., 94, 8276 (1972).

(12) J. E. Wertz and J. R, Bolton “Electron Spin Resonance,” Mc-
Graw-Hill, New York, N. Y., 1972, Chapter 6.
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H,
Hzﬁ(cm—m,
H_'N CH_’_HM.'
1 2 3 410
Proton AH,/AH, Proton AH,;/AH, Proton AH;/AH, Proton AH;/AH, Proton AH;AH, Proton AH;/AH,
2 1.00 2 1.00 El —0.331 2 1.00 2 1.00 El —0.325
3 —0.49 3 —0.46 E2 0.080 3 —0.44 3 —0.40 E2 0.082
g1 —1.155 81 0.069 N1 0.029 81 0.055 81 —0.156 N1 0.015
832 0.391 82 —0.048 N2 —0.033 82 —0.033 B2 0.075 N2 0.0
S 0.013
A —0.096

the nodal plane, the nickel reagent shifts the resonance
of Hg upfield and that of Hg downfield. Thus, ag
is negative and ag, is positive. The contact shifts for
the endo and exo protons of 2 are similar to the results
for the heptane derivative, 4.1

Values of By/B. may be assessed for Hg, and Hg, in
both 2 and 3 using eq 2 (see Table II)

&) _ I[AHB-CHa/AHg _ 1]-1

2| AHgu/AH,
Table II. Values of Bo/B. Calculated from Equation 2

B2 @

By/B.
Amine Hm Hﬁz
2 —0.028 —0.055
3 —0.023 —0.039

where AHgcn,/AH, and AHgz-g/AH, are the contact
shifts for the 8 protons relative to the shifts for the
ortho protons. This analysis assumes that the dis-
tribution of spin density in the aromatic nuclei of 1-4 is
sensibly constant and that (6) is 90° for Hg and Hyg,
in the bicyclic molecules 2 and 3 and 45° for the freely
rotating methyl groups in the xylene.!?

The values of By/B, range from —0.023 to —0.055,
with |B/Bs| somewhat smaller for the triptycene 3.14
With B, about 50 G, these observations indicate that
B, is about —1.5 G for protons constrained to the nodal
plane. This finding conflicts with the predictions of the
INDO model, but agrees with the analysis presented by
Colpa and de Boer.” They propose than spin delocaliza-
tion occurs most effectively via valence bond structure
IA with a lesser role for IB. The importance of IA

(}z@ @c%

agy ~ +0.50 G
1A IB

may be enhanced by electronegative substituents with
a decrease in 4,4, for example in a 2-haloethyl radical. !®
In summary, we find B, is small, negative, probably

(13) Several approaches can be used to estimate Bo/Ba.
however, yield similar results.

(1.4) The change may reflect the change in hybridization of the exo-
cyclic carbon bonding orbital from 25 s character in 2 to 28 % s char-
acter in 3.

(15) L, Radom, W, J. Hehre, and J. A. Pople, J. Amer. Chem. Soc.,
94, 2371 (1972).

All analyses,

only modestly influenced by hybridization changes, and
presumably dependent on the dihedral angle. 5=

(16) Fannie and John Hertz Foundation Fellow at the University of
Chicago.
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Cyclobutadiene. II. On the Geometry of the
Matrix-Isolated Species

Sir:

Lin and Krantz! recently provided the first physical
evidence for the structure of cyclobutadiene (1a) (the

X

X
0 ._..’“O—> E{ + CO,
8-20°K
0 Ar, N, Xe 1
2
a, X=H
b,X=D

object of an intensive search since Kekulé’s abortive
attempt 100 years ago)2—*! generated as a primary prod-

(1) C. Y. Lin and A, Krantz, J, Chem. Soc., Chem. Commun., 1111
(1972).

(2) A. Kekulé, Justus Liebigs Ann. Chem., 162, 77 (1872).

(3) G. D. Burt and R. Pettit, Chem. Commun., 517 (1965); L. Watts,
1. D. Fitzpatrick, and R. Pettit, J. Amer. Chem. Soc., 87, 3253 (1965);
88, 623, 624 (1966); P. Reeves, J. Henery, and R. Pettit, ibid., 91, 5888
(1969).

(4) Apropros to our studies: E. Hedaya, R. D. Miller, D. W. Mc-
Neil, P. F. D’Angelo, and P. Schissel, ibid., 91, 1875 (1969).

(5) W. J. R. Tyerman, M. Kato, P. Kebarle, S. Masamune, O. P.
Strausz, and H. E. Gunning, Chem. Commun., 497 (1967); J. Font,
S. C. Barton, and O. P. Strausz, ibid., 499 (1970).

(6) G. Maier and M. Schneider, Angew. Chem., Int, Ed. Engl,, 10,
809 (1971); G. Maier, G. Fritschi, and B. Hoppe, ibid., 9, 529 (1970);
G. Maier and U, Mende, ibid., 8, 537, 539 (1968).

(7) For discussions of cyclobutadiene as an antiaromatic prototype,
see R, Breslow, Sci. Amer., 227, 32 (1972); Pure Appl. Chem., 28, 111
(1971), and references therein.

(8) For stable cyclobutadienes see R. Gompper and G. Seybold,
Angew. Chem., 80, 804 (1968); H. Kimling and A. Krebs, Angew. Chem.,
84, 952 (1972).

(9) Professor O. L. Chapman has recently obtained similar results
from the irradiation of a-pyrone confirming the previously published
report of Lin and Krantz.!

(10) For reviews of cyclobutadiene, see (a) W. Baker and J. F. W.
McOmie in *“Non-Benzoid Aromatic Compounds,” D. Ginsburg, Ed.,
Interscience, New York, N. Y., ChapterII, 1959; (b) R. Criegee, Angew.
Chem., Int. Ed. Engl., 1, 519 (1962); (c) G. Subrahonanyam, J. Sci.
Ind, Res., 26, 158 (1967); (d) M. P. Cava and M. ]. Mitchell, “Cyclo-
butadiene and Related Compounds,” Academic Press, New York,
N.Y., 1967.

(11) See also, M. Avram, I. G. Dinulescu, E. Marcia, G. Mateescu,
E. Sliam, and C. D. Nenitzescu, Chem. Ber., 97, 382 (1964).
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