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Abstract: Ab initio SCF-CI methods have been used to study the lower electronic states and the oscillator and optical rotatory
strengths of the lower electronic transitions of oxirane, 2-methyloxirane, aziridine, cis- and trans-2-methylaziridine, diaziridine,
1- and 3-methyldiaziridine, oxaziridine, 2-methyloxaziridine, and cis- and trans-3-methyloxazirdine. In all species, the lower
excited states have considerable diffuseness and are best described as mixed-valence Rydberg states. The first and second
electronic transitions of (S)-2-methyloxirane are calculated to have negative and positive Cotton effects, respectively, contrary
to recent experimental measurements. A rationale for the discrepancy is presented. The calculated and experimental results
agree that the first transition of (15,25)-2-methylaziridine has a positive rotational strength. The signs of the CD of all the
lower electronic transitions with the possible exception of the second are determined by the configuration at N. The first two
transitions of (R,R)-diaziridine, (R,R)-1-methyldiaziridine, and (R,R)-3-methyldiaziridine are both levorotatory. (R)-Oxaziridine
and (R)-2-methyl-(2R,3R)-3-methyl- and (25,3 R)-3-methyloxaziridine are calculated to have levorotatory first transitions.
The latter results suggest that the optical activity of oxaziridines may not be dominated by the configuration at N.

Introduction

As examples of molecules whose geometric parameters exhibit
gross deviations from optimal values, the three-membered ring
compounds have been the subjects of considerable interest from
experimentalists and theoreticians. Angular constriction and the
presence of adjacent heteroatoms greatly increase the magnitude
of inversion barriers at tricoordinated atoms.! As a consequence,
diaziridines and oxaziridines, where both effects are operative,
may be configurationally stable at room temperature and nu-
merous examples of resolved chiral diaziridines and oxaziridines
may be found in the chemical literature, although the parent
compounds have not been resolved. The other stable three-
membered ring compounds, oxiranes, aziridines, and cyclo-
propanes, may be rendered chiral by appropriate derivatization.
In fact, the information about the electronic structure and absolute
configurations inherent in the circular dichroism (CD) spectra
of chiral substances have not been significantly exploited in the
case of the three-membered ring compounds. The present theo-
retical study of the chiroptical properties of the simple three-ring
heterocycles is intended to lay a foundation for and to stimulate
further experimental and theoretical investigations of these sys-
tems.

Theory

A brief description of the theoretical method for the deter-
mination of oscillator and optical rotafory strengths is given below.
The theory has been presented in detail elsewhere.?

Partially correlated wave functions for the ground and excited
states of the molecular system are determined to be first order
by the Rayleigh-Schrodinger perturbation theory. Thus
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where # is the exact electronic Hamiltonian operator, ‘1>j° isa
singlet configuration constructed from one or more electron re-
placements in the Hartree—Fock determinant, &y, and ,0 is, in
general, a linear combination of quasi-degenerate quasi-degenerate
@ (I = j) obtained by diagonalizing a small block of the complete
Hamiltonian matrix over the allowed set of configurations. The
function ¢, is regarded as the “zero-order” part of the wave
function and the set 4>,-° as “first-order” corrections. Considerable
economy is realized by the assumption that doubly or more highly
excited configurations do not contribute to ¥,%. For the ground

(1) A. Rauk, L. C. Allen, and K. Mislow, Angew. Chem., Int. Ed. Engl.,
9, 400-14 (1970); Angew. Chem., 82, 453-68 (1970).
(2) A. Rauk and J. M. Barriel, Chem. Phys., 28, 409-24 (1977).

state (Yo° = Pyr), the first-order corrections are derived from the
space of all doubly excited configurations excluding excitations
from the core “1s” orbitals. As a result of these approximations,
there are no first-order contributions to the values of transition
moments (over one-electron operators) which arise from doubly
or more highly excited configurations in the excited-state de-
scription. Accordingly, only single excitation CI is performed to
obtain the excited-state description. Contributions of the doubly
excited configurations of the ground-state description, ¥, are
present in the moments to first order and these are included.

The electric dipole operator, i, the magnetic dipole operator,
m, and the gradient operator, A, in atomic units, are given by eq
2—-4, where the sums run over all the electrons.

B= ;F,- 2
i = —Zi(? x _a_) 3)
J j_ a?j
S=v9
V= ?af,. 4)

The energy of the excited state, AE,! relative to the Har-
tree—Fock energy, is calculated to second order in perturbation
theory within the space of all singly excited configurations. This
energy is taken as the calculated excitation energy for the tran-
sition. Excitation energies calculated in this way may be too high
by as much as 1-2 eV since a description of the reorganization
of the “unexcited” electrons which accompanies the excitation
process requires the inclusion of doubly and triply excited con-
figurations in the ground- and excited-state wave functions, re-
spectively.

Absence of such configurations leads to an error due to a
noncancellation of the neglected correlation energies of the two
states and orbital relaxation of the upper state. Fortunately in
the present case, where all of the lower excited states have much
Rydberg character, the magnitude of the relaxation and correlation
error may be estimated empirically if the ionization potential is
known. Because the “unexcited” part of the state resembles the
molecular positive ion, the Koopmans’ defect, the discrepancy
between the experimental ionization potential, IP;, of a particular
orbital, i, and the value estimated by Koopmans’ theorem, —¢;,
can serve as an estimate for this error. Thus a better estimate
for excitation to Rydberg states may be obtained by computing

AEn = AEnCI - (IPI + €,~) (5)

A vertical electronic transition between the ground state y and
an excited state ¥, is characterized by the oscillator strength, f;,,
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Figure 1. Geometries and absolute configurations of the oxiranes (1),
aziridines (2), diaziridines (3), and oxaziridines (4).

and optical rotatory strength, [R,,]", which (the latter in atomic
units) are given by eq 6 and 7. Instead of [R,,]", one may use

fon = Bl Vi) (Walilbo) (6)
[Ron]r = —f(%'m'//n) ('//n> (wn'ﬁl"//O} (7)

the origin-independent form? of the rotational strength, [R,,]V,
where

[Ronl” = —i(¥|V ) (Wulil) / (E, — Eo) (8)

Agreement between the two forms, (7) and (8), serves as a check
on the quality of the wave functions. Both forms are reported
in the tables.

Method

All Hartree—Fock SCF calculations were performed by using
the GAUSSIAN 70 system of programs.* The internal 6-31G basis
set® was augmented in the case of the N and O by the addition
of a single diffuse 2s and a set of diffuse 2p functions (exponent
0.028 for N and 0.036 for O).> This basis set is adequate to give
a good description of the molecular closed-shell ground state and
lower valence excited states and should also give a reasonable
description of the lowest *“3s” and *“3p” molecular Rydberg excited
states.

(3) A, Moscowitz in “Modern Quantum Chemistry”, Vol. 3, O. Sinanogiu,
Ed., Academic Press, New York, 1965, p 31.

(4) (a) The GAUSSIAN 70 series of programs (W. J. Hehre, W. A. Lathan,
R. Ditchfield, M. D. Newton, and J. A. Pople, Program No. 236, Quantum
Chemistry Program Exchange, University of Indiana, Bloomington, Ind.) was
modified for this study. (b) W. J. Hehre, R. Ditchfield, and J. A. Pople, J.
Chem. Phys., 56, 2257-61 (1972).

(5) The diffuse basis set, which had to be limited for practical reasons, is
centered on the heteratoms since ionization, or excitation to a Rydberg orbital,
of an electron from the nonbonded molecular orbitals leaves a positive hole
highly localized to the heteroatom. Orbital relaxation may delocalize or move
the hole but its description requires interaction of doubly and triply excited
(relative to $gcp) configurations which are not included in the present Cl
procedure. Experience with the calculation of ionization potentials has dem-
onstrated that the Koopmans’ defect is more important for localized holes.®

(6) (a) M. F. Guest and V. R. Saunders, Mol. Phys., 29, 873-84 (1975);
(b) L. S. Cederbaum, Chem. Phys. Lett., 25, 562-3 (1974); (c¢) L. S. Ced-
erbaum, G. Hohineicher, and W. von Niessen, ibid., 18, 503 (1973).
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Figure 2. The higher occupied molecular orbitals of the parent com-
pounds as linear combinations of hybridized atomic orbitals. The relative
sizes of the AO’s are approximately proportional to the magnitudes of
the coefficients.

The experimental geometries of oxirane, 1,” and aziridine, 2,”®
were used. The geometry of diaziridine, 3, was adapted from the
X-ray structure of (-)-(1R,2S)-1-[(S)-(1-phenylethyl)carbamo-
yl]-2-methyl-3,3-pentamethylenediaziridine.! For oxaziridine,
4, the geometry employed in a previous theoretical investigation
was used.” Geometries of methyl derivatives were generated in
each case by replacement of a hydrogen atom by a tetrahedral
methyl group (rcy = 1.095 A) situated at an appropriate distance
(rnme = 1.472 A, rop. = 1.513 A). The details of the geometries
and absolute configurations are shown in Figure 1.

Results and Discussion
General Remarks. Although the three-ring heterocycles have
been the subject of a number of theoretical investigations (1,10-18

(7) (a) C. Hirose, Bull. Chem. Soc. Jpn., 47, 1311-8 (1974); (b) T. E.
Turner, V. C. Fiora, and W. M. Kendrick, J. Chem. Phys., 23, 1966 (1955).

(8) O. A. Dyachencko, L. O. Otovimyan, S. M. Aldoshin, A. E. Polyakov,
and R. G. Kostyanovskii, J. Chem. Soc., Chem. Commun., 50 (1976).

(9) J. M. Lehn, B. Munsch, Ph. Millie, and A. Veillard, Theor. Chim.
Acta, 13, 313-39 (1969).

(10) E. F. Hayes, J. Chem. Phys., 51, 4787-90 (1969).

(11) P. Mezey, R. E. Kari, A. S. Denes, 1. G. Csizmadia, R. K. Gosavi,
and O. P. Strausz, Theor. Chim. Acta, 36, 329-38 (1975).

(12) E. J. McAlduff and K. N. Houk, Can. J. Chem., 55, 318-32 (1977).

(13) B. Bigot, A. Sevin, and A. Devaquet, J. Am. Chem. Soc., 101,
1095-100, 1101-6 (1979).
( (14) J. Jullien, F. Requin, and H. Stahl-Lariviére, Nowv. J. Chim., 3, 91-7

1979).

(15) D. T. Clark, Theor. Chim. Acta, 10, 111-8 (1968).

(16) N. Ohmichi, A. Tajiri, and T. Nakajima, Bull. Chem. Soc. Jpn., 45,
3026-30 (1972).

(17) J. Cataldn and M. Yafiez, J. Am. Chem. Soc., 100, 1398401 (1978).

(18) H. Basch, M. B. Robin, N. A. Kuebler, C. Baker, and D. W. Turner,
J. Chem. Phys., 51, 52-66 (1969).

(19) A. Veillard, J. M. Lehn, and B. Munsch, Theor. Chim. Acta, 9, 275-7
(1968).
( (20) B. Bigot, A. Devaquet, and A. Sevin, J. Org. Chem., 45, 97-105

1980).

(21) G. Gottarelli, B. Samori, G. L. Bendazzoli, P. Palmieri, and A. F.

Drake, Chem. Phys. Lett., 48, 318-21 (1977).
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Table 1. Results for Oxirane (1) and (S)-2-Methyloxirane ((S)-2-Me-1)
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1 exptl (5)-2-Me-1 exptl
Egcp hartree —152.785 55 -191.812 07
HOMO W, 63, 12,279 11.71% W, 16a.11.78 11.23%
MO energies, eV n, 2b, -12.37¢ 10.57 n, 15a -12.17 10.26
3b, —-14.80 13.7 14a -14.05 12.88
la, -15.00 14.2 13a -14.38 13.33
u, D 2.96 1.88¢ 2.96
- , eV 9.27 (7.47)¢ 7.24 9.40 (7.49)¢ 7.137
S0 5, ﬁf}e (7:47) -4.4 (-39 +)
f 0.0079 0.0113
description A, - B,,2b, = na;, n, > 3s;, 0¥ 72% (ny = 0*c» 38,)
S,— S, AE, eV 9.73 (9.17)¢ 9.67 (9.12)4
[R] 16.7 (16.9)
f 0.0475 0.0212
description A, —A,,6a —na,W,—>3s, 74% (W, — 3s,)
S, — S, AF, eV 9.85 (8.05) 7.8 9.82(9.27)
[R] -4.4 (-6.9)
f 0.0000 0.0417
description A, —A,,2b,-nb,n,->W, W, - 3p
S, =S, AE, eV 9.97 (9.41) 10.07 (9.52)
[R] --4.0 (-4.5)
f 0.0510 0.0360
description A, > A, 6a —na,W,—>3p, 72% (W, — 3p)
S,— S, AE, eV 10.02 (8.22) 7.89 10.10 (8.19)
[R] 13.3(6.3)
f 0.0381 0.0148
description A, - B,,2b, > na,,n, —> 3p 71% (n, = 3p)
S, > S, AE, eV 10.28 (9.72) 10.30 (8.39)
[R] -1.4(-0.00)
f 0.0652 0.0182
description A, - B,,6a, —>nb,,W,->3p n, - o*
S, =S, AF, eV 10.38 (8.58) 8.18 10.46 (9.91)
[R] 214 (17.4)
0.0234 0.0086
description A, —-A,,2b,—-nb,,n, - 3p W, = o*c_yg (methyl)

% The order of these orbitals is basis set dependent (see ref 12, 18). b Reference 12. ¢ Reference 28. 9 Values in parentheses are excita-
tion energies after use of eq 5. € Rotational strength given as [R]" ([R] V) in cgs X 107%°.

2515721 3 1822 49:22-26) relatively few studies have attempted to

assign the electronic spectra of these species!! 1516182126 and there
are only two reports of theoretical investigations into the optical
activity of the systems under consideration here.!42!

Before species 1-4 are discussed individually, some general
observations may help to reveal a pattern in the computed results.
The higher occupied orbitals of the parent compounds are shown
in Figure 2. The MO’s are sketched as linear combinations of
hybridized AO’s whose relative magnitudes are depicted as roughly
proportional to their computed coefficients. The orbitals are
identified with the Walsh orbitals of cyclopropane or with non-

& O )

=)
VN\p o/Np o/ \p
5 5 a 53

W, Wo LE)

bonded electron pairs of the heteroatoms (n in the case of 1 and
2; 7* and 7 in the case of 3and 4). Virtual orbitals are not shown
in Figure 2 since, because of configurational mixing, the terminal
orbitals of electronic excitations bear little resemblance to the
virtual orbitals produced by the SCF procedure. The lowest

(22) R. Bonaccorsi, E. Scrocco, and J. Tomasi, Theor. Chim. Acta, 21,
17-27 (1971).

(23) B. Levy, Ph. Millie, J. M. Lehn, and B. Munsch, Theor. Chim. Acta,
18, 143-55 (1970).

(24) J. Vinh, B. Levy, and Ph. Millie, Mol. Phys., 21, 345-8 (1971).

(25) B. Bigot, D. Roux, A. Sevin, and A. Devaquet, J. Am. Chem. Soc.,
101, 2560-6 (1979).

(26) E. Oliveros, M. Riviere, J. P. Mairieu, and Ch. Teichteil, J. 4m.
Chem. Soc., 101, 318-22 (1979).

excited states of all species arise from excitations from the highest
occupied molecular orbital (HOMO). The only exception is the
oxirane system 1 where np and W, (Figure 2) are calculated to
be nearly degenerate,!® a finding not at all in accord with ex-
perimental ionization potentials!>!® which show that ionization
from W, is 1.14 eV more difficult than from no. The second and
fourth singlet excitations of 1 and the second, third, and fourth
of 2-Me-1 are calculated to arise from W,. The Koopmans’
defect® is larger than in any of the other systems. The results
of correction by eq 5 in systems 1-3 are shown in Tables I-1V.

The upper orbital of all of the excited states of all of the
compounds in this investigation is quite diffuse. Whether the states
should be regarded as being a “Rydberg state” or as having
“mixed-valence Rydberg” character is a moot point. In the tables,
the states are described as much as possible in valence or Rydberg
terminology and the upper orbitals are described as “3s”, “3p”,
“W,”, or “o*” wherever such descriptions seem appropriate. Such
an analysis is possible by taking advantage of the following
property of determinantal wave functions

%Ck@(‘bi —= ¢) = P(d — zk:Ck‘bk) )

where ¢, is an SCF virtual orbital.

Oxiranes. 1 and (S)-2-Me-1. The results for 1 and (S)-2-Me-1
are shown in Table I. As pointed out above, the oxirane system
is anomalous computationally in that Koopmans’ theorem leads
to a very poor estimate of the ionization potentials from the
HOMO (W,) and highest subjacent MO (np).!® The discrepancy
persists in the methyl derivative as can be seen by comparing the
experimental ionization potentials.!? The Koopmans’ defects of
the two highest orbitals of 1 and 2-Me-1 give an indication that
the neglected more highly excited configurations will play a greater
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Table 1I. Results for Aziridine (2) and (15,25)- and (1R,2S5)-2-Methylaziridine
2 exptl (18,25)-2-Me-2 exptl (1R,25)-2-Me-2
EgcF, hartree —-132.96381 -171.988 56 —-171.986 81
HOMO ny 8a! -10.40 9.88¢ ny 16a —-10.27 ny 16a —10.16
MO energies, eV W, 4a'! —12.62 11.8 W, 15a -12.18 W, 15a -12.26
7a' —13.37 14a -12.75 14a —-12.90
3a!! —14.61 13a -13.97 13a —-14.08
wD 2.44 1.89% 2.34 2.50
S, — 8, AE, eV 7.12 (6.60)¢ 6.20 7.12 6.204 7.26
[R] 6.0 (6.5 (+)¢@ 4.7 (=118
f 0.0116 0.0080 0.0299
description A' - A', 8a' > nal, ny— 3s ny — 3s3p ny — 3s3p
So— S, AF, eV 8.17 (7.65) 8.11 7.99
[R] -7.6 (-7.8) -2.9(1.7)
f 0.0000 0.0445 0.0300
description Al — A'!, 8a' - na'!, n— 3p ny— 3p nN — 3p
S, =S, AF, eV 8.17 (7.65) 7.19¢ 8.25 8.17
[R] -3.9 (0.4 6.4 (2.4)
f 0.0770 0.086¢ 0.0483 0.0051
description Al > A', 8a! - na',n)y— 3p nN— 3p nN — 3p
S, -8, AF, eV 8.28 (7.76) 8.67 8.40
[R] 15.4 (9.9) -10.3(-11.4)
f 0.0184 0.0170 0.0187
description A' > Al 8a' - na!, ny— 3p ny — 3p nN—3p
S, = S; AF, eV 9.45 (8.60) 9.2 9.53
[R] 6.1 (6.7) -6.6 (—-3.3)
f 0.0004 0.0051 0.0131
description Al > A'! 4a'' > na', W, > 3s3p W, - 3s3p W, - 3s3p

@ Reference 18.  Reference 32, € Values in parentheses are excitation energies after use of eq 5. ¢ Reference 21, experimental value.

€ Reference 27.

f Rotational strengths are given as [R]" ([R]¥) in cgs X 10-4°,

Table 111, Results for (R, R)-Diaziridine (R, R)-3) and (R, R)-3- and (R, R)-1-Methyldiaziridine

(R, R)-3 (R, R)-3-Me-3 (R, R)-1-Me-3
EgcF, hartree —148.903 98 -187.93154 —187.919 85
HOMO n*y Ta —10.43 (10.4)¢ a*N 162 —10.32 (9.90)® ¥y 16a —10.09 (9.20)°
MO energies, eV n*Nn Sb -11.84 n¥*y 152 —11.53 n¥*n 152 —11.43
W, 6a —14.40 14a -13.79 14a -13.37
W, 4b -14.81 13a - 13.89 13a —-14.22
")) 1.67 1.87 1.44
S, =S, AE, eV 7.03 7.10 (6.68)¢ 7.90 (6.20)¢
[R] —13.2 (-14.0)¢ -12.9 (-11.5)¢ —14.2 (-12.9)¢
f 0.0419 0.0375 0.0112
description A — B, Ta—nb, n*y = o*NN» 3P m*N = o*NN> 3P T*N~ 0*NN> 3P
S, =S, AE, eV 7.27 7.32 (6.90) 7.67 (6.78)
[R] —19.8 (-16.2) -14.5 (-10.9) —4.0 (-3.8)
f 0.0025 0.0119 0.0476
description A— A, Ta—na, ¥y~ 3s n*N— 3s m*Nn— 3p
S,— S, AE, eV 8.09 8.05 (7.63) 8.01 (7.12)
[R] 16.0 (24.3) 16.5 (22.5) 0.3 (3.8)
f 0.0768 0.0662 0.0107
description A - B, 7a—nb, n*y— 3p n*Nn— 3p m*n — 3p
S,—S, aE, eV 8.18 8.37 (7.95) 8.26 (7.37)
[R] -0.8 (-0.7) 0.4 (3.2) 35.8 (27.1)
f 0.0041 0.0117 0.0483
description A— A, Ta—na, n*y— 3p *Nn— 3p m*N— 3s
S, =S, AE, eV 8.73 8.65 8.53
[R] 0.9 (3.0) —9.4 (-7.4) ~10.4 (-6.9)
0.0002 0.0015 0.0035
description A— A, 5b—nb, 15\ g O*NN, 3p 83% (TIN - O*NN, 3p) 62% ("N — O*NN, 3s)

4 Estimated in ref 34. ? 1P of 3,3-dimethy}-3.34 ¢ IP of 1,3,3-trimethyl-3.34 ¢ Values in parentheses are excitation energies after use of
eq 5. € Rotational strengths are given as [R]"([R] A) in cgs X 1074°.

role in the description of electronic states originating via ng ex-
citations than those that arise via W, excitations. Application
of eq 5 to 1 and 2-Me-1 changes the order of some of the lower
excited states. In the case of 1, each of the singlet states can be
described as arising more than 95% via excitation from a single
orbital, ng or W,. This is not true in the case of 2-Me-1 where

there is a greater mixture of the two types of excitation in each
state as shown in Table I. In the latter case, eq 5 has been applied
for the major component to give a better indication of the proper
ordering of states. It is entirely possible that the extent of ad-
mixture of the different originating orbitals is exaggerated because
of the near degeneracy of ng and W, and the omission of more



Optical Activity of the Three- Membered Ring J. Am. Chem. Soc., Vol. 103, No. 5, 1981 1027
Table IV. Results for (R)-Oxaziridine ((R)>4)) and (2R,3R)-3-Methyl-, (25,3R)-3-Methy}k, and (R)-2-Methyloxaziridine
(R)-4 (2R,3R)-3-Me-4 (2S,3R)-3-Me-4 (R)-2-Me-4
EgcF, (hartree) —168.699 96 -207.73096 —207.729 24 —207.71427
HOMO ﬂ*NO 12a —11.58 "*NO 16a -11.36 "*NO 16a -11.25 "*NO 16a —11.13
MO energies, eV W, 11a -13.34 15a -12.73 15a —12.86 15a -12.77
aNo 10a —14.59 14a -13.95 14a -14.08 14a —13.90
W, 9a —16.46 13a —-14.84 13a -15.23 13a -15.35
# D 3.54 3.50 3.88 3.47
S,— S, AF, eV 7.74 7.73 7.80 8.03
[R] -11.1 (-13.4)¢ -6.3(-6.1) -2.6 (—4.7) -23.6 (-18.2)
f 0.0283 0.0219 0.0300 0.0250
description "*NO - O*No, 3SN "*NO - 3SN, O*No "*NO - O*No, 3SN "*NO - 3SN
S,— S, AE, eV 8.29 8.33 8.31 8.53
[R] -2.2(-5.5) -22(-3.8) 9.2 (8.2) —7.74 (-4.02)
f 0.0105 0.0061 0.0062 0.0030
description "*NO - O*No "*NO g W3 ﬂ*No g 3p ”*NO - W3
S, —> S, AE, eV 8.28 8.87 8.69 8.54
[R] 3.2 (13.0) -19.0 (-14.2) -1.1(-12.2) 4.7 (7.1)
f 0.0195 0.0468 0.0484 0.0033
description (m*No = W;), 8% (112> W,) m*No — 3p 91% (n*no — Ws) m*No — 3P
S, — S, AE, eV 9.08 9.03 8.94 8.88
[R] 4.4 (5.9 17.4 (19.2) 1.6 (2.1) 16.8 (17.7)
f 0.0069 0.0148 0.0094 0.0537
description m*No — 3p m*No — 3p m*Nno — 3p n*No — 3P
S, — S5 AE, eV 9.30 9.32 9.31 9.20
[R] -6.4 (-7.0) -9.2 (-4.6) —5.6 (-4.0) 7.7 (1.3)
f 0.0483 0.0180 0.0167 0.0165
description n*No = 3p m*No —~ 3D n*No — 3p N0 = 3P

@ Rotational strengths are given as [R]™ ([R]V) in cgs X 1074°.

highly excited configurations and that this fact will be reflected
in the calculated one-electron transition properties. The most
serious consequence occurs in the calculated rotational strengths
if the electric and magnetic dipole transition moments are nearly
perpendicular. In this case, small changes in the direction of the
moments may lead to a reversal of the sign of the [R]. Such
changes may be due to artifacts arising from computational de-
ficiencies, or they may be caused by external perturbations such
as solvation. With the above caveat in mind, the correspondence
between experimental observations and computed results is dis-
cussed below.

Application of eq 5 yields the result that the ordering of excited
states of 1 is B, (7.41 eV) < A, (8.05eV) <B,(8.22eV) <A,
(8.58 eV) < A; (9.16 eV) < A; (9.40 V). Sharp features in the
experimental gas-phase spectrum of 1 have been assigned to
Rydberg transitions no — 3s (7.24 eV), no — 3 p (7.89 eV), np
— 4s (8.64 eV), and np — 3d (8.96 V). 1In a polycrystalline
film, the sharp features are replaced by a broad absorption with
maxima of 8.68 and 10.5 eV and a barely discernible shoulder
of 7.8 eV.” The first state is described in Table I as n —
(3s0,0¢c0*), indicating that while the principal component of the
terminal MO is an orbital mainly situated on oxygen and with
the nodal characteristics of an atomic *“3s” orbital, there is also
a substantial antibonding component from the s orbitals on the
C atoms. The second state of A, symmetry is assigned to the weak
shoulder at 7.8 eV in the polycrystalline film. The terminal orbital
of the transition resembles W; with an admixture of 3pg and,
though quite diffuse ({(r*) = 17.6 bohr?), is the most compact of
all of the upper orbitals of the present study. The third state is
satisfactorily described as ng — 3p Rydberg and is associated with
the sharp features at 7.89 ¢V in agreement with previous as-
signments. The calculations indicate the presence of a second ng
— 3p transition (Sq — S;, A — A, 2b, — nb,) separated from
the first by 0.36 eV and having oscillator strength f = 0.0234,
There is no band at the position predicted by the separation from
the 7.89-¢V band in the spectrum. It is possible that this transition

(27) M. B. Robin, “Higher Excited States of Polyatomic Molecules”, Vol.
1, Academic Press, New York, 1974: oxirane, pp 270-3; aziridine, pp 220-2.

(28) G. L. Cunningham, Jr., A. W. Boyd, R. J. Myers, W. D, Gwinn, and
W. 1. LeVan, J. Chem. Phys., 19, 676-85 (1951).

coincides with what has previously been assumed to be the third
vibrational component of the 7.89-eV band which occurs at 8.18
eV. In Table I, this association has been made. The only al-
ternative is the 8.64-eV band which has been identified with the
np — 4s transition and which is not describable with the present
basis set.

The three transitions from W,, namely, Sq — S,, S; — S4, and
Sy — S¢ in Table I, are calculated to have a combined oscillator
strength of 0.1637 and an average energy of 9.43 eV. These values
compare reasonably with the solid-state experimental values if
it is assumed that there are three transitions under the broad
absorption from 8 to0 9.5 eV with a maximum at 8.68 and a total
oscillator strength of about 0.15. Basch et al. have assigned this
band to a 6a; — o* (1A; — 'A,) valence transition.!® Although
the Sy — S, transition is 1A; — 'A, (6a; — na,) and the calculated
oscillator strength is the second largest of the low-lying transitions,
the terminal orbital is labeled as 3pg instead of o* on the basis
of its diffuseness ((r2) = 37.8 bohr?). The transition W, — 3p
(Sq — S¢) terminates in a 3p orbital perpendicular to the ring.

The most valence-like transition with a large oscillator strength
is calculated to be Sg — S;,, AE = 12.21 eV (10.41 ¢V by using
eq 5), £ = 0.3097. On the basis of the calculated intensity, this
transition must be responsible for the broad band peaking at 10.5
eV in the spectrum of condensed 1.

Pure (S)-2-Me-1 has [«]®p = -14.65 £ 0.05 (neat).?? Both
[a]p® and the ORD® spectrum are solvent dependent, the latter
changing sign at 4.1 eV for the neat sample as well as in chlo-
roform solution, but not in benzene. The first transition of
(5)-2-Me-1is calculated to be at 7.49 eV (by using eq 5) and to
have a small negative rotational strength. By analysis using eq
9 the composition of the excited state may be described as 72%
(1Sa — na, ng — 3s, 0*co), 27% (1ba — na, W, — 3pg). The
“3p” of the weaker component is perpendicular to the ring and
extensively delocalized over the entire molecule. The transition
has a strong magnetic dipole transition moment (0.54 au) ap-

(29) V. Schurig, B. Koppenhoefer, and W. Buerkle, Angew. Chem., 90,
993-5 (1978).

(30) (a) Y. Kumata, J. Furukawa, and T. Fueno, Bull. Chem. Soc. Jpn.,
43, 3920-1 (1970); (b) T. Tsunetsugu, J. Furukawa, and T. Fueno, J. Polym.
Sci., Polym. Chem. Ed., 9, 3529-40 (1971).
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proximately parallel to the C,C; bond and a weaker electric dipole
transition moment (0.22 au) in the plane of the bisector of the
ring, tilted from the plane of the ring on the methyl side by 29°.
The two moments are nearly perpendicular, thus accounting for
the weak rotatory strength. As pointed out above, under these
circumstances, the sign of the rotatory strength may be uncertain
computationally or it may be subject to change due to external
perturbations which may shift the directions of the transition
moments. Indeed, after the present calculations were completed,
we received a communication of the results of experimental CD
measurements on (S)-2-Me-1. Although the work is not complete,
it appears that the first transition of (5)-2-Me-1 has a very weak
CD as expected, but positive in sign, contrary to the results ob-
tained by the present method.?! Experimental CD measurements
of (-)-(S,5)-2,3-dimethyloxirane reveal a strong positive CD bond
for the ng — 3s transition.! The optical rotation of 2-Me-1 has
been studied theoretically by computation from single atom po-
larizabilities.!* Although variation of the magnitude as a function
of methyl rotation was found, no change of sign was predicted.
In any case, among the lower energy excited states which should
be reasonably well described within the limitations of the basis
set and CI formulation used in the present study, there is no
indication of a dominant levorotatory transition for the S epimer.
It is hoped that the results cited above and included in Table I
may encourage further theoretical investigation of this system.

Aziridines. 2, (15,25)-2-Me-2, and (1R,2S5)-2-Me-2. The
results for 2, (15,25)-2-Me-2, and (1R,2S)-2-Me-2 are shown
in Table II. The higher occupied MO’s of 2 are shown in Figure
2. The HOMO, which is highly localized to N and corresponds
to the N lone pair, ny, is energetically well separated from the
next highest occupied MO, W,. In this system, as in 3 and 4,
there should be none of the computational difficulties experienced
with 1. Assignments of the aziridine spectrum have been discussed
at length by Robin.”” The calculated results are in complete accord
with the earlier assignments. All of the lower states are calculated
to be Rydberg-like ({#?) in the range 30-50 bohr?). The most
intense transition Sy — S, is polarized parallel to the mirror plane
and tilted out of the plane of the ring toward the lone pair by 22°,

(25)-2-Methylaziridine exists as an equilibrium mixture of the
15,25 and 1R,2S diasteriomeric forms in 4:1 ratio at room tem-
perature®® and is levorotatory. The isomeric species have been
investigated experimentally and theoretically by Gottarelli et al.2!
The experimental UV spectrum of (25)-2-Me-2 reveals only a
shoulder at about 6.20 eV in solution, but, in the gas-phase
spectrum, several sharp transitions which are components of a
Rydberg transition beginning at 6.33 eV are observed.?! The first
band has a positive circular dichroism, the negative sign of optical
rotation at the sodium D lines evidently being due to transitions
in the inaccessible part of the UV,

The present results are qualitatively similar to those of Got-
tarelli and co-workers, who employed a somewhat more limited
basis set and a different CI procedure.?! Both studies concur that
the first transition is a Rydberg transition with a positive rotational
strength, in agreement with experiment. Our results differ in that
the calculated rotatory strength of the second transition of
(185,25)-2-Me-2 has a larger negative value than theirs. However,
the sign of the second transition of the cis isomer is indeterminate,
the computed value of [R]" disagreeing in sign with that of [R]".
With the possible exception of the second transition, the rotational
strengths of all of the lower transitions change sign with inversion
of configuration at N.

Diaziridines. (R,R)-3, (R,R)-3Me-3, and (R,R)-1-Me-3. The
computed results for the diaziridines are shown in Table III, and
the orbitals of 3 are portrayed in Figure 2. The two highest
occupied MO’s are the 7 and =* combinations of the nonbonded
electrons of N, labeled wy and n*y, respectively. The four lowest

(31) A. Gedanken, personal communication.

(32) R. D. Johnson, R. J. Myers, and W. D. Gwinn, J. Chem. Phys., 21,
1425 (1953).

(33) D. Hayes and E. L. Beeson, Jr., J. Chem. Phys., 47, 3717-9 (1967).

(34) E. Haselback, A. Mannschreck, and W. Seitz, Helv. Chim. Acta, 56,
1614-20 (1973).

Rauk

excitations of 3 as well as of the methyl derivatives originate from
7%y and terminate in Rydberg orbitals ({72} is in the range 30-50
bohr?). The first transition in each case terminates in an orbital
identified as 3p, directed along the N-N bond and having sub-
stantial antibonding contributions from the s orbitals of N.
Substitution of a methyl on the C atom has little effect on the
computed properties, [R] or f, of the transitions originating from
m*N but leads to an increased rotatory strength for the transition
originating from my. Methyl substitution at N has a more pro-
found effect as might be expected from the resulting reduction
of the local symmetry. However, the description and rotatory
strength of the first transition are similar to those of the other
two diaziridines, the oscillator strength having been reduced by
a factor of 3. The next three transitions have undergone con-
siderable shuffling as a result of N-methylation, and the de-
scriptions of the diffuse terminal orbitals as “3s” and “3p” must
not be taken literally. The fourth transition has the largest rotatory
strength calculated for the present series.

A number of optically active substituted diaziridines have been
prepared and characterized, mainly by Kostyanovskii and co-
workers®*>® and by Mannschreck and co-workers.? Diaziridines
Sa—c, in which the only source of chirality is due to N, are le-

cHa b
3
\\/l\
N
R

N
\
!

5a, R = CO,Me
5b, R, R = -CH, (CH,),CH, -
Sc, R =CH,

vorotatory with the absolute configurations (15,25) shown %363
Kostyanovskii has shown that racemization proceeds by inversion
at the nitrogen atoms rather than by an exchange of groups.’> The
analogous compound in the present study is (R,R)-1-Me-3 for
which the first transition (at 6.2 eV) has a substantial negative
rotatory strength. This result is in excellent agreement with
experimental results since both Sb and Sc with the (S.S) absolute
configuration have positive Aey,, for the lowest energy transition
(at 6.29 eV for 5b and 6.11 eV for 5¢). The observed sign of
optical rotation at the sodium D lines of the 1-methyl derivatives
opposite to that of the lowest energy transition may be attributed
to the fourth transition estimated to occur at 7.37 ¢V (168 nm).

It is of interest that the levorotatory form of the symmetrically
substituted diaziridine 6 ([a]?%36 = —141° (CCl,)) has a region

CeHsCH, Hy
N | N
CHy CMa

6

of weak negative CD in the region of the aromatic ring absorptions
(Ae (268) = —0.12, Ae (262) = —0.12, Ae (256) = —0.08) followed
by two maxima with stronger positive CD (Ae (219 nm, 5.66 eV)
o +1.6, Ae (214 nm, 5.79 eV) =~ +1.7) in the region of the
diaziridine ring absorptions.’® One can approximate the effect
of methyl substitution of each N on the excitation energies by
noting that the ionization potential of 1,2,3,3-tetramethyl-

(35) G. V. Shustov, O. A. Dyachenko, S. M. Aldoshin, A. B. Zolotoi, M.
D. Isobaev, 1. 1. Chervin, L. O. Atovmyan, and R. G. Kostyanovskii, Dokl.
Akad. Nauk SSSR, 231, 1174-7 (1976).

(36) R. G. Kostyanovskii, A. E. Polyakov, and G. V. Shustov, Tetrahedron
Lett., 2059-60 (1976).

(37) R. G. Kostyanovskii, G. V. Shustov, A. 1. Mishchenko, and V. 1.
Markov, Izv. Akad. Nauk SSSR, Ser. Khim., 9, 2026-32 (1976).

(38) R. G. Kostyanovskii, G. V. Shustov, A. 1. Mischenko, and V. 1.
Markov, Dokl. Akad. Nauk SSSR, 232, 1081 (1977).

(39) H. Haekli and A. Mannschreck, Angew. Chem., 89, 419 (1977).
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diaziridine is lower by 0.96 eV than that of 3,3-dimethyl-
diaziridine.? By subtracting this amount from the estimated
excitation energies for (R,R)-3-Me-3 (Table I), we can obtain
approximate excitation energies for the first two (Rydberg)
transitions of the tetraalkyldiaziridine, 5.72 and 5.94 eV, in good
agreement with the experimental results for 6.3 The calculated
negative signs for these two transitions of the (R,R) compounds,
(R,R)-3 and (R,R)-3-Me-3, suggests that the absolute configu-
ration of (+)-6 is also (R,R).

Oxaziridines. (R)-4, (2R,3R)-3-Me-4, (25,3R)-3-Me-4, and
(R)-2-Me-4. The results for the oxaziridines (4) are presented
in Table IV and the MO’s of 4 are shown in Figure 2. The
HOMO of 4 is derived from the #* combination of the nonbonded
electrons of N and O and is labeled n*yo It is well separated
from the highest subjacent MO’s, a W -like orbital and one
composed principally of the = combination of the N and O lone
pairs. All of the lowest transitions of all of the oxaziridines
investigated originate from the HOMO, n*yo. The terminal
orbitals vary in diffuseness. In the case of S — S,, Sg— S,, and
So—S;, (r?) is 27.7, 23.0, and 22.2 bohr?, respectively, indicating
some valence character for the orbital, whereas for the transitions
Sg — S, and Sq — S, (r?) is 49.0 and 44.9 bohr?, more char-
acteristic of Rydberg transitions.

Optically active oxaziridines have been synthesized for over a
decade®®*7 since the first reported synthesis by Montanari and
co-workers in 1968.41 The absolute configuration at chiral N was
first established by Bucciarelli et al.* in 1976 by X-ray analysis
of (-)-(25)-2-[(R)-1-phenylethyl]-3,3-diphenyloxaziridine (7a).

CeHs

CeHs R

7a, R = (R)-1-phenylethyl
7b, R = (S)-1-phenylethyl
7¢, R = isopropy!
7d, R = tert-butyl

This report was followed closely by another*® establishing the
absolute configuration of (+)-(2R,3R)-2-[(S)-1-phenylethyl]-
3-(p-bromophenyl)oxaziridine (8a). The absolute configurations
Ry
Rs

O——N

R2

8a, R, =H, R, = p-bromophenyl, R,
8b, R, = p-bromophenyl, R, =H, R,

S)-1-phenylethyl

=(
= (S)-1-phenylethyl

(40) (a) D. R. Boyd and R. Graham, J. Chem. Soc. C, 2648-50 (1969);
(b) D. R. Boyd, R. Spratt, and D. M. Jerina, ibid., 2650-4 (1969); (c) F.
Montanari, 1. Moretti, and G. Torre, J. Chem. Soc. D, 1086-7 (1969); (d)
F. Montanari, 1. Moretti, and G. Torre, Gazz. Chim. Ital., 103, 681-90
(1973); (e) C. BeJzecki and D. Mostowicz, J. Org. Chem., 40, 3878-80
(1975); (f) M. Bucciarelli, A. Forni, 1. Moretti, and G. Torre, J. Chem. Soc.,
Perkin. Trans. 2 1339-46 (1977).

(41) F. Montanari, 1. Moretti, and G. Torre, J. Chem. Soc., Chem. Com-
mun., 1694-5 (1968).

(42) D. R. Boyd, Tetrahedron Lett., 4561-4 (1968).

(19(‘;153)) C. BeYzecki and D. Mostowicz, J. Chem. Soc., Chem. Commun., 244,
(44) M. Bucciarelli, 1. Moretti, G. Torre, G. D. Andreetti, G. Bocelli, and

P. Sgarabotto, J. Chem. Soc., Chem. Commun., 60-1 (1976).

(45) J. Bjoergo, D. R. Boyd, D. C. Neill, and W. G. Jennings, J. Chem.
Soc., Perkin Trans. 1, 254-9 (1977).

(19(‘;176)) D. R. Boyd and D C. Neill, J. Chem. Soc., Chem. Commun., 51-2
(47) W. H. Pirkle and P. L. Rinaldi, J. Org. Chem., 43, 4475-80 (1978).
(48) M. Bogucka-Leddchowska, A. Konitz, A. Hempel, Z. Dauter, E.

Borowski, C. Be} zecki, and D. Mostowicz, Tetrahedron Lett., 1025-8 (1976).
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of the remaining diasterecisomers of 8a, namely, 8b, 9a and 9b,
have been established,* the cis isomers by the isomerization

Ry

o.—

Rz Rs3
9a, R, = H, R, = p-bromophenyl, R, = (S)-l-phenylethyl
9b, R, = p-bromophenyl, R, = H, R, = (§)-1-phenylethyl

conversions 9a — 8a and 8b — 9b, which were shown to proceed
by inversion at N.® The absolute configurations of two other
oxaziridines have been established by X-ray diffraction, namely,
that of 7b*! and its epimer.®? The absolute configurations of
numerous other oxaziridines have been related to the above by
comparison of ORD and CD data®!"? and by NMR techniques.**
The levorotatory form is associated with the (S) absolute con-
figuration at N independent of the presence of other chiral centers
or chromophoric groups in the molecule. The single exception
to this “rule of thumb” is 8b which has the R absolute configu-
ration at N but is levorotatory.*

The results of our calculations suggest that, as in the case of
aziridines 2 and diaziridines 3, the observed sign of optical rotation
at long wavelengths is opposite to the sign of the Cotton effect
of the lowest energy transition of the three-membered ring. The
parent compound 4 with the R absolute configuration at N has
a negative CD for its first transition (Ae (caled) = 7.74 eV, f =
0.0283) which is best described as a mixed-valence Rydberg m*yo
— (o*no» 3sn) transition. The assessment of the nature of the
state is in accord with more rigorous CI calculations on the same
system. The negative rotatory strength of the S, — S, transition
is enhanced by N-alkylation (Table IV). Thus (R)-2-Me-4 has
[Rss,]” = -23.6 X 107 cgs compared to 4 with [Rg5 ] = -11.1
X 107 cgs. The second and third transitions of 4 are quasi-
degenerate with weak oppositely signed CD. The near degeneracy
is not lifted by N-alkylation.

Experimentally, 2,3,3-trialkyloxaziridines exhibit weak ab-
sorption maxima at about 205 nm: 10, ¢,,, = 112.8 at 207 nm
(5.99 eV); 11, ¢, = 172 at 200 nm (6.20 eV).5> Similarly

! I
N-CH ©<
©< 3 N-CHy N\\\“R

10 11 S
12

optically active N-alklyl- and NV-benzyloxaziridines of the type
12 derived by oxidation of (-)-camphorimines have weak inflection
points at about 210 nm (5.90 €V) in their absorption spectra.*?
The levorotatory oxaziridines 12 (R = Me, Et, i-Pr, t-Bu,
-CH,C¢H;) have been argued to have the S,S configurations at
the asymmetric carbon and nitrogen atoms on the basis of NMR
spectroscopy, space-filling molecular models, and the analogy to
the stereochemical course observed for other reactions of the
bicyclic ring system. The CD of all compounds (-)-12 (R = Me,
Et, i-Pr, t-Bu, -CH,C¢H;) show a positive Cotton effect in the
210-nm region.>> Thus the present results support the S assign-
ment for the configuration at N and the 210-nm transition cor-

(49) D. Mostowicz and C. Beyzecki, J. Org. Chem., 42, 3917-21 (1977).

(50) J. Bjoergo, D. R. Boyd, R. M. Campbell, N. J. Thompson, and W.
B. Jennings, J. Chem. Soc., Perkin Trans. 2, 606-9 (1976).

(51) W. H. Pirkle and P. L. Rinaldi, J. Org. Chem., 42, 3217-9 (1977).

(52) A. Forni, G. Garuti, 1. Moretti, G. Torre, G. D. Andreetti, G. Bocelli,
and P. Sgarabotto, J. Chem. Soc., Perkin Trans. 2, 401-5 (1978).
( (573)) A. Forni, 1. Moretti, and G. Torre, Chim. Ind. (Milan), 59, 724

1977).

(54) A. Forni, 1. Moretti, G. Torre, and E. Vignudelli, Tetrahedron Lett.,
907-10 (1979).

(55) Y. Kobayashi, Bull. Chem. Soc. Jpn., 46, 3467-70 (1973).
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responds to Sg — S, (7*no —* (*no» 3sn)) of Table IV,

The 3-alkyl derivatives of 4 differ from the parent 4 and its
N-alkyl derivative 2-Me-4 in that the quasi-degeneracy of the S,
— S, and S, — S; transitions is lifted. The first three transitions
of (2R,3R)-3-Me-4 are all calculated to have negative rotatory
strengths, the third transition, m*yo — 3p, displaying appreciable
intensity. The cis isomer (2S,3R)-3-Me-4 is the only oxaziridine
investigated which has the S absolute configuration at N and
whose first transition has a negative CD. The intensity is weak,
however. The CD of the second transition is positive and is of
greater magnitude. In none of the species with the R configuration
at N is there a transition calculated to occur below 10 eV which
appears to have a strong enough positive rotatory strength to
outweigh the negative CD of the lower transitions.

Conclusions

The lower transitions of all of the oxiranes, aziridines, dia-
ziridines, and oxaziridines of this study originate from nonbonded
electron pairs and terminate in diffuse orbitals which have ap-
preciable mixed-valence Rydberg character. A disagreement exists
between the calculated and measured sign of the CD of the first
transition of (-)-(S)-2-Me-1. The discrepancy is probably due
to the level of CI used in this study which is not able to describe
substantial reorganization of the “unexcited” electrons. In the
oxirane system, the only one of the present systems where such
reorganization is important as suggested by the magnitude of the
Koopmans’ defect, the consequent inadequate description of the
lower excited states apparently results in the wrong computed sign

of the CD of the first (and possibly other) transitions.

The first transition of (-)-(1S,25)-2-methylaziridine has a
positive rotational strength. The signs of the CD of all of the lower
electronic transitions of this compound with the possible exception
of the second are determined by the configuration at N rather
than at C.

The first two transitions of (R,R)-diaziridine and (R,R)-1-
methyl- and (R,R)-3-methyldiaziridine both have negative CD.
In the chiral diaziridines where the absolute configuration at the
N atoms has been experimentally determined, compounds with
the (R,R) configurations at the N atoms are, without exception,
dextrorotatory at longer wavelengths. At least in the case of the
mono-N-alkyldiaziridines, the observed sign of rotation at longer
wavelengths may be due to the Cotton effect of the fourth tran-
sition, identified as m*y — 3s.

The first two transitions of (R)-oxaziridine and (R)-N-
methyloxaziridine have negative Cotton effects, as does the
(2R,3R)-3-methyloxaziridine. The first transition of (2S,2R)-
3-methyloxaziridine also has a negative CD, indicating that optical
activity of oxaziridines is not dominated by the configuration at
N.
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Abstract: We have shown that both the native C-phycocyanin and its corresponding free biline chromophore undergo reversible,
low-temperature photochemistry. We attribute this photochemistry to reversible proton-transfer processes and utilize the observed
photoreaction for photochemical hole burning (PHB). Using narrow-band PHB experiments, we have been able to perform
high-resolution optical studies and show that the protein—chromophore assembly forms a very rigid structure. The results
lead to the conclusion that the light-induced proton transfer occurs most probably in the triplet state.

Introduction

C-Phycocyanins (C-PC) are known to be the light-harvesting
pigments of blue green and red algae.!™® The molecules contain
the bile pigment chromophores, i.¢., absorbers with high oscillator
strength, which are covalently bound to large proteins. C-PC is
composed of two protein subunits with molecular weights in the
range of 2 X 10% It contains three chromophores, one in the a
and two in the 8 subunit.

Conformational studies on C-phycocyanin have been performed
with optical absorption spectroscopy.’ These studies can be
summarized as follows:

(a) The protein environment stabilizes certain chromophore
configurations and thus reduces the optical line width of the bile
pigment chromophores, which can (in their unstabilized forms)
attain various configurations varying from cyclic porphyrin-type

*1BM Postdoctoral Fellow. Permanent address: Institut fuer Physikalische
und Theoretische Chemie, TU Muenchen, West Germany.

3 Institut fuer Botanik, Universitaet Muenchen, West Germany.

$Institut fuer Physikalische und Theoretische Chemie, TU Muenchen,
West Germany.

structures to elongated polyene-type structures. The coexistence
of these configurations leads to a relatively large inhomogeneous
bandwidth of the optical spectra of free bile pigments in the solid
state or in liquid solution.>

(b) The most likely chromophore structure of native C-PC is
an elongated polyene-type conformation which is characterized
by a very strong optical absorption in the low-energy band (6000
ﬁ:) 5a7m91 by a weaker absorption in the near-UV region (3500

).
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