demonstrated by comparison of its electronic spectrum
(Figure 3) with that of BChl-~. Noteworthy simi-
larities are bleaching of the intense ir band, uv band(s)
shifting to higher energies, and appearance of an ab-
sorption with vibrational structure in the region 800-
1100 nm. Furthermore, both spectra agree well with
the general features of metallotetrahydroporphyrin
anion radical spectra calculated with w-electron closed-
shell?* or open-shell SCF theories.® For example,
open-shell computations give the following transition
energies (dipole oscillator strengths) to compare with
experimental findings: 1020 nm (0.17), 710 (0.09),
565 (0.002), 520 (0.15), 339 (0.85), 325 (0.87), 312
(2.09).

The hfs observed in the epr spectrum of ZnTPBC.—
and selectively deuterated compounds (Figure 2e) per-
mits the following assignments (see Figure 3 for num-
bering): four 8-pyrrole protons, az, = 1.80 G; eight
CH,; protons, ag, = 0.70 G; two nitrogen nuclei, ax =
2.88 G, and an additional splitting of ag ~ 0.1 G due
to phenyl protons. Hyperfine constants calculated
from SCF-MO spin densities and McConnell relation-
ships are au, = 1.62 G, an, = 0.62, ax,, = 2.72, and
ax, = 0.42. On this basis the experimental nitrogen
splitting is assigned to Na.

Although its identity remains uncertain, some prop-
erties presently attributed to the primary acceptor are
readily distinguished from those found for BChl.—.
Thus, the acceptor has an epr signal!®® at g = 2.005
with a line width of 7-8 G, and no hfs (vs. g = 2.0028,
10-G line width, and 12 resolved lines); a possible
optical absorption!®!4' at ca. 430-455 nm with no
significant absorption from 900 to 1100 nm (vs. no in-
crease in absorption at 450 nm but characteristic ir
absorption); and a midpoint potential324-26 of
—0.05 to —0.20 V (vs. E;;, = —0.84 V vs. SHE). In
contrast to the favorable comparison of properties of
oxidized Chl or BChl with photooxidized reaction
centers*®7 ¥ % which has led to the identification of
Chl-+ and BChl-+* in photosynthesis, one must con-
clude on the basis of properties presently assigned to the
primary acceptor that this species is not BChl.

However, the possibility of a reactive BChl:— serving
as a precursor to the observed electron acceptors is not
excluded. Our findings suggest that flash spectroscopy
with rapid time resolution could well include the 900-
1100-nm region where BChl-— has a characteristic ab-
sorption.
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Stereochemical Dependence of the Sign and
Magnitude of Coupling Constants on Geometry in
BN (E)- and (Z)-Aldimines

Sir:

A growing body of evidence! has indicated that both
the magnitude and the sign of nuclear spin coupling
constants are affected by the relative stereochemistry of
proximate lone pairs of electrons on atoms such as ni-
trogen and phosphorus. The particular spin system
of interest here is that between hydrogen and nitrogen-
15 across a carbon-nitrogen double bond (H—C=
15’N—). Thus, hydrazones,? imines,®* oximes,*® and
aza aromatic systems®-%7 show larger 2J(H—C=
15N—) couplings when the hydrogen is cis (~14 to 16
Hz) rather than trans (~2 to 5 Hz except for aza aro-
matic systems) to the nitrogen lone pair. Unfortu-
nately, in each of these investigations either the stereo-
chemistry of the molecule or the absolute sign of the
coupling constant was not known with certainty, or
only one of the two possible geometric isomers was ex-
amined. The most definitive study was that of Crepaux
and Lehn® on ! N-formaldoxime; in this case, the
signs of 2K g—c.ux) (K defined in ref 14) for the two non-
equivalent hydrogens attached to carbon were demon-
strated to be opposite. The absolute sign of the larger
2K (lone pair cis to hydrogen) was assumed positive
based on the sign determined for H—C=1N in 1N-
quinoline.?®® We now report the first unequivocal as-
signment of both the sign and magnitude of the 2/(H—
C=15N) coupling for an (E)- and (Z)-N-alkylaldimine.

N-Alkylaldimines were chosen for this study for
several reasons: (i) systems with a heteroatom bearing
a long pair (e.g., oximes) on the atom attached to nitro-
gen were avoided in view of possible complications due
to the additional lone pair, (ii) the Z isomers of N-
arylaldimines were known to have lifetimes so short?

(1) (a) T. Axenrod in “Nitrogen NMR,” G. Webb and M, Witanow-
ski, Ed., Plenum Press, New York, N. Y, in press; (b) S. Sorensen,
R. S. Hansen, and H. J. Jakobsen, J. Amer. Chem. Soc., 94, 5900 (1972);
(c) W. B. Jennings, D. R. Boyd, C. G. Watson, E. D. Becker, R. B.
Bradley, and D. M. Jerina, ibid., 94, 8501 (1972).

(2) R. L. Lichter and J, D. Roberts, J. Amer. Chem. Soc., 93, 5218
(1971).

(3) A.K.BoseandI.Kugajevsky, Terrahedron, 23, 1489 (1967).

(4) G. Binsch, J. B. Lambert, B. W, Roberts, and J. D. Roberts, J.
Amer., Chem. Soc., 86, 5564 (1964).

(5) (a) D. Crepaux and J. M. Lehn, Mol. Phys., 14, 547 (1968); (b)
D. Crepaux, J. M. Lehn, and R. R, Dean, ibid., 16, 225 (1969).

(6) J. P. Kintzinger and J. M. Lehn, Chem. Commun., 660 (1967).
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Table I. Photoisomerism of N-Alkylaldimines®
Rl\ / N Rl\ R:.
M /
C=N ~ C=N
R H
E(anti) Z(syn)
8(Z)-N-  8(E)-N-
Compound % Z isomer® alkyl alkyl)
1 R; = 9-anthryl <1, 70~80 0.98 1.54
R, = tert-butyl
2 R; = 9-anthryl 5, 7080 3.02 3.77
R; = methyl
3 R, = naphthyl <1, 50-60¢ 3.18 3.56
R, = methyl
4 R, = phenyl <1, 50-60¢ 3.43 3.45
R; = methyl

e Samples ( ~20 mg) were irradiated (solutions in 0.5 ml of tetra-
deuteriomethanol containing a trace of sodium methoxide) in
standard nmr tubes with a focused, medium pressure, 700-W mer-
cury lamp for 30-45 min at —77°. Chemical shifts (ppm) were
measured relative to internal TMS. * The first number designates
the & Z isomer at equilibrium (25°), while the second number indi-
cates 9 Z isomer present after irradiation at —77°. ¢ Benzo-
phenone (~10 mg) as photosensitizer was present in sample.

were established as the Z isomers by their nmr spectra?®
and by their spontaneous reversion to more stable £
isomers.

For spectral studies, compounds enriched 9897 in
1N were prepared as previously described.!! The
magnitude of 2J(H—C=1N) was ~10 Hz for Z iso-
mers and 3.4-3.8 Hz for the E isomers (Table II), values
consistent with those cited above for related molecules.
The proximity of the !3C satellites to other portions of
the spectrum required the preparation of 1 enriched!?
both in *N and *3C in order to determine absolute signs
of couplings. Additionally, hexadeuteriobenzene was
required as solvent to prevent coincidence of signals.
Both the photolysis and the recording of spectra for 1
were done at 10°. The absolute signs of the reduced
coupling constants (K) for the £ and Z isomers of 1
were deduced from {!*C}-H and {**N}-H spin tickling
experiments by the conventional method.'® The ters-
butyl group was concomitantly decoupled from N
during the course of these experiments in order that the
spectra remain interpretable. Absolute values of the

reduced coupling constants!* 'K(H-13C), 'K(13C=15N),

Tabvle II. Coupling Constants in N-Alkylaldiminese
Com- Y(H—C=1BN) 2K(H—C=1"N)* J(H—C=N—CH,) zJ(NCH;)
pound E V4 E zZ E V4 E
1 +3.8 —10.0 -3.1 +8.2 (2.0)c (2.2)°
2 +3.4 —9.8 -2.8 +8.1 1.6 2.2 0.8 0.6
3 +3.6 —10.4 -3.0 +8.5 1.6 2.3 0.7 0.6
4 +3.7 —10.0 -3.0 +8.2 1.7 2.2 0.8 0.7

@ Couplings were measured in tetradeuteriomethanol at —40°; for 1 couplings were measured in hexadeuteriobenzene at 10°.
signs were determined only for compound 1 while those for compounds 2-4 were assigned by analogy.
¢ These values are for 2J(1*NCCH3;) and are entered here for convenience.

102°cm™3, respectively.

that a sign determination would be precluded, and
(iii) the recent observation of the first (Z£)-N-alkyl-
aldimine (2), present at equilibrium? to the extent of
5-109 with its E isomer, indicated that both geometric
isomers could be examined in this system. Since solu-
tions of N-alkylaldimines generally do not contain
significant amounts of the thermodynamically less
stable Z isomer (Table I), a method was sought to en-
hance and maintain this isomer for sufficient time to
permit investigation by nmr. Photoinduced isomeri-
zation about the carbon-nitrogen double bond? proved
satisfactory. Direct irradiation of 1 and 2 in deuterio-
methanol at room temperature showed substantial
enhancement in the amounts of the Z isomers which
had half-lives of ~260 min at 29° and ~130 min at
33°, respectively.!® For compounds 3 and 4 with I-
naphthyl and phenyl substituents instead of 9-anthryl
(1 and 2}, the presence of a photosensitizer, benzo-
phenone, and reduced temperature (—77°) were re-
quired to obtain solutions enhanced in the Z isomer.
Equilibration of the E and Z isomers is remarkably
sensitive to acid catalysis. Thus, a trace of sodium
deuteriomethoxide was added to all solutions before
photolysis. The structures generated during photolysis

(9) D. R. Boyd, C. G. Watson, W. B, Jennings, and D. M. Jerina,
J. Chem. Soc., Chem. Commun., 183 (1972). The very short half-life
reported for (Z)-2 was the result of a trace amount of acid which cat-
alyzed the isomerization,

(10) The slower rate for the rerr<butyl isomer is in contrast to the
effects observed for bulky substituents in rélated systems. See, for

example, C., G. McCarty in “The Chemistry of the Carbon-Nitrogen
Double Bond,” S. Patai, Ed., Interscience, London, 1969, p 363.
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5 Absolute
The values of Jand K are in Hz and

and 2K(H—C==15N) are +53.3, +16.3, and ~3.1 for
the E isomer and +58.6, +16.3, and +8.2 for the Z
isomer, assuming !'K(H—13C) to be positive. Thus,
the cis geometry between hydrogen and the lone pair of
electrons on nitrogen (Z isomer) results in a large posi-
tive contribution to K| a result consistent with “through
space” coupling.!s As might be anticipated, the val-
ues of 'K(13C=="%N) are identical in sign (positive) and
magnitude for the two isomers. To date, the only neg-
ative 1K(!3C==1N) definitely established was in an
oxaziridine. '

Determination both of sign and magnitude of cou-
pling for this series of geometric isomers should permit
refined molecular orbital calculations!® for compounds
containing the H—C="!N spin system. In addition,
the consistency of the magnitude of 2J(H—C=N) for
the E and Z isomers provides a means of assigning rela-
tive stereochemistry in aldimines. The effect of a large
positive contribution to K when hydrogen is cis to a

(11) D. M. Jerina, D. R. Boyd, E. D. Becker, and L. Paolillo, Tetra-
hedron Lett., 1483 (1970).

(12) 13C-9-Anthraldehyde, enriched 88 % at formyl group, was ob-
tained from Isomet Corp.

(13) See, for example, R. Freeman and W. A. Anderson, J. Chem.
Phys., 37,2053 (1962). . ) .

(14) The relationship between J (in Hz) and K (in cm~9) is K(ij) =
(47 hyy)JG); thus, KEHUN) = —0.822 X 102 JHDN), K(HC1N)
= —3.268 X 102 J(C1N) and K(HSC) = +0.331 X 102 JEHC).
For convenience, the values of Xin the text have been divided })y 1020,

(15) For a general discussion of “through space” coupling, see M.
Barfield and M. Karplus, J. Amer. Chem. Soc., 91, 1 (1969).

(16) M. S. Gopinathan and P. T. Narasimhan, Mol. Phys., 22, 473
(1971); G. E. Maciel, I. W. Mclver, N. S. Ostlund, and I. A. Pople,
J. Amer. Chem. Soc., 92, 1, 11 (1970).



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

Ny

studied via their B-proton epr coupling constants,?
These constants are related to the average dihedral
angle (0) through eq 1 where pc™ is the p orbital

ag = pc™(Bo + By(cos? §)) 1)

spin density, and B, and B, are constants near 0 and
50 G, respectively.2 For anion radicals with structural
constraints which require 8 to be 90°, ag 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 a; 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. Amer. Chem. Soc., 90, 3879 (1968); (g) R. D. Allendoerfer,
P. E. Gallagher, and P. T. Lansbury, ibid., 94, 7702 (1972).

(4) (a) A. 1. Bowles, A. Hudson, and R. A. Jackson, Chem. Phys.
Lett,, 5, 552 (1970); (b) T. Kawamura, D. J. Edge, and J. K. Kochi,
J. Amer, Chem. Soc., 94, 1752 (1972).

(5) (a) C. E. Hudson and N, L. Bauld, ibid., 94, 1158 (1972); (b)
51.9;.1)Km5ic’ P. Meakin, and I. P. Jesson, J. Phys. Chem., 75, 3438
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estimated by the usual B, constant. One interpretation
attributes the small az to a negative B, with By/B, about
—0.04.5*  Another view adopts the positive B, and B,
values suggested by the INDO model® and identifies
the decrease in agg 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 B, 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 §is 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),,®
Table I.

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

Relative pseudocontact shifte

Amine H: H; Hﬂ] ng
1 1.00 0.30 0.168 0.178
2 1.00 -0.33 0.215 0.232¢
3 1.00 0.38 0.161° 0.176¢

The pseudocon-
> The up-
¢ The

@ The relative pseudocontact shifts, AH;/AH,.
tact shift for the ortho proton is positive in each case.
field signal of the methine hydrogen atoms at 270 MHz.
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 Hm. 10

Contact shifts, AH,, measured in the usual way,? !
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 work® %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 agy) and the downfield shifts for
Hg: (positive agr) observed for 1 and 4 are also in ac-
cord with earlier studies and reflect the dominance of
the Bi{cos? 6) 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) J. 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. Amer. Chem. Soc., 93, 1522
(1971).

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

(11) L. M. Stock and M. R, WasielewsKki, 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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