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Electronic Spectrum of Cobalt-Free Corrins Calculated by TDDFT Method
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The electronic spectra of protonated and unprotonated metal-free corrins were calculated by the TDDFT
method in the B3LYP version. Two low energy forms were found from geometry optimization for the
protonated corrin, as well as for the unprotonated one. The calculated energies of electronic transitions are in
good agreement with the experimental spectrum of synthetic corrin. The largest difference is 0.45 eV and the
average difference 0.25 eV. The spectrum of the unprotonated corrin is similar to the spectrum of the protonated
corrin with more pronounced — s* transitions due to one more lone electron pair on nitrogen atoms.

1. Introduction SCHEME 1

The corrin ring is a macrocyclic ring coordinated to cobalt
in 12 -class compounds. In 1965 metal-free corrinoids were
isolated by Toohey from the photosynthetic bacteriGimro-
matiumD.! Similar to the vitamin B, compounds, metal-free
corrinoids occur as group of related products, not as single
individuals (Scheme 1). Metal-free corrinoids are orange-red-
colored compounds. Their absorption spectra have the typical
o, 3, and y pattern characteristic for the cobalt-containing
corrinoids?® Two relatively weak bands occur in the visible
region at 524 and 497 nm and an intense band is present in the
upper UV region at 329 nm. The former coincide with the
maxima of aquocobamidéshe latter is at lower wavelength
than in By, vitamins. The similarity of the spectra is considered
as an evidence that the main absorption bands in cobalt
corrinoids originate fromw-transitions in the corrin ring. The
bands in the spectra of synthetic corrins are shifted to lower
wavelengths (496, 470, and 314 nm for 1,2,2,7,7,12,12-
heptamethylcorrin (Scheme 2)Theoretical calculations of
spectral properties for model corrins and cobalamins were
performed by the use of semiempirical and SCF metfodd* 1"

The electronic spectrum of dicyanocobinamide and cyanoco-
balamin was calculated by the TDDFT methctihe results of

the latter calculations show that the model baseg-transitions

is not sufficient for describing the full electronic spectrum of
dicyanocobinamide and cyanocobalamin.

In this work we calculated electronic spectra of the protonated
and unprotonated corrin with the TDDFT meth§d?® The
TDDFT method has been lately widely used for computation
of electronic spectra and it was shown that it is reliable for

R'OC

1 Hydrogenobyrinic acid R

2 Hydrogenobyric acid
3 Hydrogenobinamide

4 Hydrogenobamide

organic and inorganic systerfs:32 SCHEME 2

2. Methods and Computational Details

Calculations were carried out with the use of the DFT and
the TDDFT methods with the BSLYP density functios&p*
Gaussian98 prograitwas used throughout the calculations. The
valence doublé-basis of Dunning and Huzinaga (D95¥yvas
employed for carbon, nitrogen, and hydrogen. Additional
polarizationd function on carbon with the exponent 0.8 and on

nitrogen with the exponent 0.75 were added. These basis sets

are of the form (10s5p1d)/[3s2p1d] for carbon and nitrogen and
(4s)/[2s] for hydrogen. Full optimization of the structures of
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cobalt-free corrins was done by the B3LYP method. The TDDFT level. The molecular structure and orbitals were
calculations of electronic spectrum were performed at the depicted by program MOLDERN
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Figure 1. The optimized structures of four forms of the protonated corrin.

TABLE 1: Calculated Values of the Geometrical Parameters for the Protonated Cobalt-Free Corring

r[Al
bond Ip lp exptl bond angles Ip llp exptl torsion angles Ip lip exptl
C1-N21 1.46 1.46 1.49 G2C1-C19 93.4 116.0 113 CiN21-C4-C5 176.2 179.0 172
C4—N21 1.32 1.33 1.29 C1C19-C18 116.7 116.0 117 N21C4—C5-C6 —4.6 -2.9 —-25
C6—N22 1.37 1.36 1.38 C17C18-C19 102.9 104.9 105 CAC5—-C6—-N22 —1.0 —0.1 -3
C9-N22 1.34 1.35 1.32 C1C2-C3 104.8 104.9 102 C5C6—N22—-C9 179.3 —179.7 178
C11-N23 1.35 1.35 1.38 CiN21-C4 116.7 116.1 115 C6N22—-C9-C10 178.7 178.5 179
C14-N23 1.39 1.36 1.35 N21C4—-C5 123.0 122.7 125 N22C9-C10-C11 —-4.0 —4.6 —4
C16-N24 1.30 1.33 1.29 CAC5-C6 123.5 122.1 125 C9C10-C11-N23 -3.0 —-4.5 -3
C19-N24 1.47 1.46 1.47 C5C6—N22 1245 122.8 123 C10C11-N23—-C14 179.3 178.6 179
Cl-C2 1.55 1.55 1.57 C6N22—-C9 109.3 109.9 108 CHN23-C14-C15 179.2  —179.8 177
C2-C3 1.56 1.56 1.55 N22C9-C10 125.7 126.3 124 N23C14-C15-C16 0.1 -0.1 2
C3-C4 151 1.51 1.50 C9C10-C11 127.9 128.9 125 C14C15-C16-N24 0.3 2.7 -2
C4-C5 1.42 141 1.42 C16C11-N23 127.1 126.2 126 C15C16—-N24—C19 —177.6 179.1 177
C5-C6 1.39 1.40 1.35 CHIN23-C14 115.1 109.9 115 C16\N24-C19-C1 —141.3 —135.5 -120
C6—-C7 1.52 1.52 1.54 N23C14-C15 123.5 122.8 124 N24C19-C1-N21 -37.3 —40.9 —45
C7-C8 1.54 1.54 1.52 CHC15-C16 1235 122.1 124 C1C1-N21-C4 —134.8 —135.3 —94
C8-C9 1.52 1.52 1.49 C15C16—N24 122.2 122.7 121 ¢t C1-C2-C3-C4 —-21.2 —-20.7 26
C9-C10 1.41 1.40 1.40 C16N24—-C19 110.3 116.1 110 C2C3—-C4—N21 15.9 14.4 —13
C10-C11 1.39 1.40 1.34 N24C19-C1 108.3 109.6 108 A C3C4—-N21-C1 -3.9 -1.7 -7
Cl11-C12 1.52 1.52 1.53 CI9C1-N21 108.0 109.6 105 C4N21-C1-C2 —10.0 -11.7 23
C12-C13 1.55 1.54 1.54 ! N21-C1-C2-C3 18.9 195 —28
C13-C14 1.52 1.52 1.51 t C6—C7-C8-C9 —4.5 —-35 -8
C14-C15 1.36 1.40 1.35 C7C8-C9-N22 4.2 3.7 7
C15-C16 1.46 141 1.46 B C8C9—-N22-C6 -1.9 -2.2 -2
C16-C17 1.52 1.51 1.50 C9ON22—-C6—C7 —-1.4 -0.3 -3
C17-C18 1.55 1.55 1.54 ! N22—-C6—C7—-C8 3.9 2.6 7
C18-C19 1.55 1.55 1.54 t C11-C12-C13-C14 —4.5 —3.6 —18
C1-C19 1.55 1.55 1.55 C12C13-C14-N23 3.7 2.7 15
N21-H25 1.02 1.03 C C13C14-N23-C11 -1.4 -0.4 -5
N23—-H26 1.03 C14-N23—-C11-C12 -1.7 2.2 =7
N24—H26 1.03 ' N23-C11-C12-C13 3.9 3.7 16
t C16-C17-C18-C19 —20.9 —20.9 7
C17-C18-C19-N24 22.6 19.7 -8
D C18-C19-N24—-C16 —15.5 -11.9 6
C19-N24-C16-C17 1.2 -1.7 -2
t N24—-C16-C17-C18 134 14.4 -3

a2 The experimental values for 1,2,2,7,7,12,12-heptamethylcyanocorrin are shown (ref 38).
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Figure 2. The molecular orbitals active in the electronic transitions of the protonated corrin,lform

3. Results and Discussion are bound to the nitrogen atoms at rings A an# The structure
Ip in Figure 1 has the lowest energy, and it corresponds to the
crystallographic structure. The fortip is higher in energy only
of 1.3 kcal. In solution both forms may exist in equilibrium.
The energy of two other formdl{p andIVp) is considerably
higher than that ofp (11.7 and 16.2 kcal, respectively). The
The calculations were performed for the protonated and geometlry parameters fop andllp are gathered n Table 1.
unprotonated corrin ring. We used a model system without any 1N€ experimental geometry is shown for compari&on.
side chains at the corrin ring. The spin allowed, singlet ~ The calculated bond lengths are in good agreement with the
transitions were calculated. The spectra obtained from TDDFT experiment. The largest differences between the calculated and
method were compared with the experimental spectra of the experimental values occur for the GIM23, C5-C6, and
hydrogenobalamfand synthetic 1,2,2,7,7,12,12-heptamethyl- C10-C11 bonds (0.040.05 A). The largest difference in bond
corrin® angles amounts to 19.6or the angle C2C1—-C19. The most
3.1. Protonated Corrin. 3.1.1. Molecular GeometryThe pronounced differences between the optimized and the experi-
calculations were performed with the use of crystallographic mental structural parameters occur for torsional angles, where
data as a starting geometry. Structures with all possible N21-C4—C5—-C6, C16-N24—C19-C1, and C19-C1-N21—
distributions of two protons among four nitrogen atoms were C4 differ from the experiment of 20°4 21.3, and 40.8,
optimized. There are four such structurgs—=IVp), and they respectively. The optimized structurelpfis more planar then
are presented in Figure 1. In the crystal structure the two protonsthe crystallographic structure around A and D rings. The

Metal-free natural and synthetic corrins occur in the proto-
nated form in the solid state and in the acidic solution. After
neutralization with alkali at first the unprotonated form is
obtained, next the conjugatedtbonded system of the corrin
ring is interrupted and a lactam product is fornfed.
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Figure 3. The molecular orbitals active in the electronic transitions of the protonated corrin,lfprm

calculated conformation of A and D rings is not so strongly 2. The experimental wavelengths for hydrogenobalamin and

folded as the experimental one. 1,2,2,7,7,12,12-heptamethylcorrin are shown also in Table 2.
The geometry parametersigp are close to that dp, except For comparison the experimental wavelengths were recalculated

for the angle C2C1-C19 which forllp is closer to experi- to excitation energies in eV. In what follows, we compare the

mental value than that fdp (Table 1). calculated transition energies to the experimental ones of

3.1.2. Electronic Spectrunthere are 13 carbon atoms with  1,2,2,7,7,12,12-heptamethylcorrin. The comparison to a synthetic
14 electrons in the conjugated-electron system of corrin.  corrin is more appropriate since the side chains in natural corrins
According to the theoretical interpretation based on PPP may influence the spectrum to larger extend than methyl groups.
calculationsi»12 bands in the visible and near UV part of the The calculated spectrum is presented also in Figure 4. The
spectra of corrinoids result from excitations between the two transitions of both form$ andllp were placed on the plot of
highest occupiedr orbitals (r¢ and 77) and the two lowest  the calculated spectrum, where the heights of the bars denoting
unoccupied onest; andxy). We calculated the spin allowed, transitions are proportional to oscillator strengths. Additionally
singlet transitions folp andllp . Sincelp andllp are close in each transition was approximated by a Gauss curve with the
energy, the both forms should contribute to the electronic height equal to oscillator strength and some arbitrary width equal
spectrum. The energies bfp andIVp are much higher (11.7  to 0.06.
and 16.2 kcal, Figure 1), and we assumed that their contribution  Usually, the dicyanocobinamide spectrum is used as reference
to the electronic spectrum is negligible. The molecular orbitals standard for corrinoid compoundthe most intense bands in
active in electronic transitions are presented in Figures 2 and 3the natural and synthetic corrins are shifted toward higher
for the formslp andllp, respectively. The calculated singlet energies comparing to it. In the experimental spectrum two
transition energies (and the respective wavelengths) togetherbands are present at 495 and 472 nm for 1,2,2,7,7,12,12-
with the oscillator strengths fdp andllp are gathered in Table  heptamethylcorrin. They coincide with tles band of dicy-
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TABLE 2: Calculated Wavelengths, Excitation Energies, and Oscillator Strengths for the Protonated Cobalt-Free Corrin

(Numbers 74-82 Denote HOMO Orbitals, 83-85 Denote LUMO Orbitals)

exptlA [nm] (AE [eV])

excited
state A [nm] (AE [eV]) f synthetic corrid hydrogenobalamih
1 Iip 0.6482(t7) — 83(7}) 452.9 (2.74) 0.2398 495(2.51) 524(2.37) o,
2 Ip 0.6482(7;) — 83(7}) 428.3 (2.89) 0.1992 472(2.63) 497(2.49)
3 Ip 0.6281(7e) — 83(7%) +0.2982(17) — 84(1%) 362.6 (3.42) 0.0914 384(3.23), 415(2.99), D,E,y
360(3.45), 392(3.16),
4 IIp 0.5881 (1) — 83(1) —0.3982(7) — 84(r%) 362.5(3.42) 0.0397 346(3.59) 377(3.29)
5 llp 0.6980(n) — 83(7}) 340.8 (3.64) 0.0000
6 Ip 0.6380(n) — 83(;) —0.2178(n) — 83(7}) 307.7 (4.03) 0.0014
7 Ilp 0.5282(17) — 84(t%) +0.2981(7e) — 83(712) 298.7 (4.15) 0.6822 311(3.99) 329(3.77) o)
8 Ip 0.6678(n) — 83(}) +0.2380(n) — 83(7}) 297.5 (4.17) 0.0012
9 P 0.5281 () — 84(z}) +0.467%s) — 83(73) 294.3 (4.21) 0.0009
10 Ip 0.4882(7;) — 84(7}) +0.2581(1s) — 84(15) 291.2 (4.26) 0.2434 300(4.14) 318(3.90)
—0.3679(s) — 83(13)
1 P 0.6478(n) — 83(x) +0.2680(n) — 84(z%) 289.5 (4.28) 0.0319
12 Ip 0.4481(7e) — 84(7}) —0.3382(17) — 84(15) 283.3 (4.38) 0.3002
—0.3079(ts) — 83(7g)
13 lip 0.4379(s) — 83() +0.3782(7r7) — 85’y 275.7 (4.50) 0.1240
—0.3881(7t6) — 84(73)
14 Ip 0.4282(;) — 85(;) —0.3881(c) — 84(rs) 269.6 (4.60) 0.1731 286(4.34) 290(4.28)
—0.367H7rs) — 83(7p)
15 P 0.6480(n) — 84(z}) —0.2678(n) — 83(r%) 256.1(4.84) 0.0006
16 Ip 0.6480(n) — 84(y) 249.4 (4.97) 0.0016
17 Ip 0.6277(r4) — 83(}) +0.2282(7r7) — 85(7}o) 243.3 (5.09) 0.0908
18 Ip 0.4582(7;) — 85(7%c) +0.2179s) — 83(7}) 236.7 (5.24) 0.4025 259(4.79) 272(4.56)
+0.2081(7t6) — 84(73)
-0.2877(1s) — 83(1})
19 P 0.5682(17) — 85(7}) 236.6 (5.24) 0.4161
20 lip 0.5979(7s) — 84(s) —0.3577(7r4) — 83(5) 233.7(5.31) 0.1179
21 Ip 0.6181(7e) — 85(7;0) +0.2579(ws) — 84(r) 228.8 (5.42) 0.0624 240(5.17)
22 lip 0.6578(n) — 84(73) +0.2180(n) — 85() 227.8 (5.44) 0.0080
23 lp 0.5277(s) — 83(7}) +0.3681(6) — 85(7}) 226.9 (5.46) 0.0363
+0.297Y7ws) — 84(7g)
24 Ip 0.6578(n) — 84(7%) 224.9 (5.51) 0.0045
25 Ip 0.4579(s) — 84(%) +0.4076(5) — 83(13) 220.4 (5.63) 0.0914
26 lip 0.5681(76) — 85(7}) —0.2877(7rs) — 83(y) 217.9 (5.69) 0.0047
27 Ip 0.5576(7s) — 83(75) —0.3379(71s) — 84(15) 216.4(5.73) 0.0082
28 P 0.6976(1s) — 83(7}) 209.3 (5.92) 0.0052
29 Ip 0.6480(n) — 85(1%) 205.0 (6.05) 0.0016
30 P 0.6280(n) — 85(7%;) —0.2378(n) — 84(1%) 204.7 (6.06) 0.0032
31 Ip 0.6775(0) — 83(1%) 204.0 (6.08) 0.0001
32 lp 0.6774(s) — 83(7}) 200.9 (6.17) 0.0032

a1,2,2,7,7,12,12-Heptamethylcorrin from ref’8-ydrogenobalamin from ref 2.

L0t

[ R

210

200.00 250.00 300.00 350.00 400.00 450.00

Figure 4. The calculated electronic spectrumlpfandlip . (a) The

experimental spectrum from ref 6.

llp) and 428.3 nm (fornip). Both transitions come from the

500.00 nm

lu
AE= 1.5 keal/mol

Figure 5. Optimized structures of two forms of the unprotonated corrin.

lated transitions and 1,2,2,7,7,12,12-heptamethylcorrin bands is

0.23 and 0.26 eV.
The next bands in the experimental spectrum are at 384, 360,
and 346 nm for 1,2,2,7,7,12,12-heptamethylcorrin. These bands

have small intensity and are in the same range as D, Eyand
bands in dicyanocobinamide. In the calculated spectrum the
anocobinamide, and are of medium intensity. These two bandstransitions at 362.6 nm with the oscillator strength 0.09p4 (
can be compared to the calculated transitions at 452.9 nm (formand 362.5 nm with the oscillator strength 0.039p { may be

ascribed to these bands. They are symmetric and antisymmetric

77 — Ty excitation. The energy difference between the calcu- combinations of thets — ny and 77 — 7 transitions forlp
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TABLE 3: Calculated Values of the Geometrical Parameters for the Unprotonated Cobalt-Free Corrins

r{A]
bond lu Ilu bond angles lu llu torsion angles lu llu

C1-N21 1.46 1.46 C2C1-C19 116.6 90.8 CiN21-C4-C5 —174.6 —179.4
C4—N21 1.33 1.29 C:C19-C18 1134 112.8 N21C4—C5-C6 4.7 0.6
C6—N22 1.33 1.38 C17C18-C19 103.2 102.7 CAC5-C6—N22 -0.7 0.6
C9—N22 1.36 1.37 C+C2-C3 104.1 103.8 C5C6—N22—-C9 177.5 175.3
C11-N23 1.32 1.31 CEN21-C4 115.0 111.0 C6N22—-C9-C10 —176.6 179.2
C14-N23 1.38 1.39 N21+C4-C5 125.7 121.6 N22C9-C10-C11 0.1 0.6
C16-N24 1.29 1.29 C4C5-C6 122.0 123.1 C9C10-C11-N23 -1.6 -0.2
C19-N24 1.46 1.46 C5C6—N22 122.1 125.4 C16C11-N23—-C14 178.6 178.5
Cl-C2 1.55 1.56 C6N22—-C9 110.5 114.4 CLiN23-C14-C15 176.6 176.6
C2-C3 1.55 1.55 N22C9-C10 124.7 126.6 N23C14-C15-C16 -3.7 -3.3
C3-C4 1.52 1.52 C9C10-C11 126.6 125.1 CI4C15-C16-N24 —28.0 -31.8
C4—C5 1.40 1.46 C16C11-N23 125.6 123.6 C15C16-N24—C19 171.5 172.2
C5-C6 141 1.36 C1EN23-C14 109.7 109.7 C16N24-C19-C1 —106.7 —103.0
C6—C7 1.53 1.52 N23C14-C15 124.4 125.1 N24C19-C1-N21 —36.8 —-334
C7-C8 1.55 1.55 C14C15-C16 124.4 125.2 CI9C1-N21-C4 —143.5 —135.6
C8-C9 1.53 1.52 C15C16-N24 123.4 123.4 t Cl-C2-C3-C4 —23.2 -15.2
C9-C10 1.38 1.37 C16N24—C19 110.3 109.7 C2C3-C4-N21 42.1 10.7
C10-C11 1.44 1.44 N24C19-C1 107.6 109.2 A C3C4-N21-C1 3.4 —0.6
Cl1l1-C12 1.53 1.53 C19C1-N21 111.6 111.3 C4N21-C1-C2 —18.3 -9.9
C12-C13 1.54 1.54 ! N21-C1-C2-C3 24.6 15.7
C13-C14 1.53 1.53 1 C6—-C7-C8-C9 2.3 -13.2
C14-C15 1.37 1.36 C7C8-C9-N22 -3.2 10.3
C15-C16 1.46 1.46 B C8C9—N22-C6 2.7 —-2.9
C16-C17 1.53 1.53 C9N22-C6-C7 -1.1 —6.1
C17-C18 1.55 1.55 | N22—-C6—-C7—-C8 -1.0 12.1
C18-C19 1.56 1.56 t C11-C12-C13-C14 —10.2 -10.3
C1-C19 1.55 1.56 C12C13-C14-N23 10.3 10.4
N21-H25 1.03 C C13-C14-N23-C11 -5.5 —5.6
N22—-H25 1.03 C14N23—-C11-C12 -2.0 -2.0
! N23-C11-C12-C13 8.3 8.3

1 C16-C17-C18-C19 13.8 19.1

C17-C18-C19-N24 -17.8 —23.4

D C18-C19-N24-C16 15.4 18.8

C19-N24-C16-C17 —6.1 -5.9

i N24-C16-C17-C18 —5.7 —-9.4

andllp , respectively. The calculated transition energy compares There are severah — x* transitions in the calculated
well with the central band of thB, E, andy bands (the energy  spectrum of the protonated corrin. The lowest energy one occurs
difference relative to 1,2,2,7,7,12,12-heptamethylcorrinis 0.04 at 340.8 nm (in formiip ). All these transition have very small
ev). or zero oscillator strengths. The— x* transition with the
The band with the highest intensity in corrins occurs at 311 largest oscillator strength (0.0319) occurs at 289.5 nm (form
nmin 1,2,2,7,7,12,12-heptamethylcorrin. It coincides with the lIp).
0 band of dicyanocobinamide. In the calculated spectrum the  The calculated spectrum of protonated corrin (fdpmand
transition at 298.7 nm oflp may be ascribed to this band. It 5} s in good agreement with the experimental one. The bands
has the oscillator strengtr; equal to 0'9822'_ It is & symmetric \,, ¢4 the band are described by excitations among four orbitals
Icomblnatui_n of tt_he7r7 ?tryfg ?Pdt’fe — :z_?_hexmtanons, d‘{\ﬁth & 7 a7, 75 andal . This is in accord with the interpretation of
arger participation of the mrst one. 1he energy ditierence .. spectra of corrinoids based on semiempirical calculations.
between the calculated transition and the transition of 1,2,2,7,7,- , . "
S The bands at lower wavelengths are mainly higher> &

12,12-heptamethylcorrin is 0.16 eV. o o .

excitationsn — z* excitations occur in the calculated spectrum

0 ; :3e 4C&|Clé|a2tg(; téansm(ms at 29II1t2 nmt (the t(;]scglgé%rzsrrength of protonated corrin with small oscillator strengths. The position
: ) an -3 nm (the oscillator streng : )\ior of calculated transitions agree well with the experimental data

may be compared to the band at 300 nm for 1’2’2'7’7’12’12'f0r the synthetic corrin, 1,2,2,7,7,12,12-heptamethylcorrin, the

h methylcorrin. Th r mmetri n ntisymmetri y . . -
cgrp’:t?in:ttio)r/\goof ther. iyﬂf aen dS;Z/ —.Zt* (t:ra?\s?tioist S?/us aﬁt ¢ largest difference being 0.45 eV for the highest energy transition
6 [ P and the average difference about 0.25 eV.

admixture of thesws — sz transition. The energy difference ) )
between the experimental transition and the calculated one is 3.2. Neutral Corrin. 3.2.1. GeqmetryTherg are two p053|p!e
0.24 eV. forms of the unprotonated corrin which differ in the position
of the proton attached to a nitrogen atom. They are shown in
Figure 5. The full optimization of both structures was performed.

The optimized geometry parameters are shown in Table 3. There

The transition at 269.6 nm in the calculated spectrum (form
Ip) may be related to the experimental band at 286 nm in
1,2,2,7,7,12,12-heptamethylcorrin. The calculated transitions is . ) )
a mixture of therr; — %, 716 — 77, ands — 7z excitations. is no experimental structural data for unprotonated corrins, as

The energy difference between the calculated and experimentaf@’ @ we know. The comparison of optimized geometry
transitions is 0.26 eV. parameters ofu andllu with those forlp andllp (Table 1)

The calculations show a transition far at 236.7 nm with shows tha_t th_e cpnformation of the corrin _ring_ in the unproto-
the oscillator strength 0.4025 and fip at 236.6 with the nate_d corrins is @ﬁere_nt from the conformatlon in tht_a proto_nated
oscillator strength 0.4161. This transitions can be compared to €01"ns, which is indicated by large differences in torsional
the experimental band with the high intensity band at 259 nm angles.
in 1,2,2,7,7,12,12-heptamethylcorrin. The energy difference be- 3.2.2. Electronic SpectrunAfter adding alkali to the solution
tween the calculated and the experimental transition is 0.45 eV. of corrins, changes in the electronic spectrum occur depending
This transition results mainly from the; — 77, excitation in on pH of the solutior?. They are related to deprotonation of the
the both forms plus some other high— s* excitations forlp. corrin ring, and conversion to the a lactam product.
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76 HOMO -6 T, 77 HOMO -5 n 78 HOMO 4 g
E=-7.34eV E=-7.01eV E=-6.65eV

79 HOMO -3 n 80 HOMO -2 n 81 HOMO -1 Tig
E=-6.47 eV E=-5.77 eV E=-5.50 eV

82 HOMO Tty 83 LUMO Tg 84 LUMO +1 Ty
E=-4.68 eV E=-1.48eV E=-0.36 eV

85 LUMO +2 Tlig 86 LUMO +3 Tj,
E=0.74 eV E=208eV

Figure 6. The molecular orbitals active in the electronic transitions of the unprotonated corrinJdorm

We calculated electronic transitions for both unprotonated and antisymmetric combinations of thg — 7§ andz; — 7§
formslu andllu (Figure 5) The energy difference between respectively, with a substantial admixture of & * excitation.
andllu is small (1.5 kcal), and we assumed, similarly as in the The transitions at 272.2 nniu() and 260.5 nmI{u) originate
case of the protonated corrin, that the spectrum can come fromfrom n — x* excitation and higherz — z* excitations,
transitions occurring in both of them. The molecular orbitals respectively. The transitions at 238.5 nm (the oscillator strength
active in electronic transitions are shown in Figures 6 and 7 for 0.3093) and 234.8 nm (the oscillator strength 0.1939)Idor
lu andllu, respectively. The calculated electronic transitions come from higherr — 7* excitations. The transitions at 237.9
are collected in Table 4. The calculated electronic spectrum is nm (oscillator strength 0.1036) and 233.4 nm (oscillator strength
presented in Figure 8. The calculated spectrum for the neutral0.2913) forllu come from higherr — z* excitations plus an
forms of corrin is very similar to that for the protonated forms, n— z* excitation. The transitions at 213.8 niu( f = 0.0886)
the main differences are related with shifting the transitions and 208.6 nmI{u, f = 0.1098) are hight — z* excita-
toward slightly shorter wavelengths and somewhat smaller tions.
oscillator strengths. The transitions at 446.5 ru) @nd 410.2 Generally the calculated spectrum for the unprotonated corrin
nm (lu) are thewr; — m transitions. They have medium s very similar to that of the protonated corrin. There is larger
oscillator strengths of 0.1894 and 0.1525, respectively. The participation ofn — * excitations in the electronic transitions
transitions at 373.5 nmy) and 345.6 nml{u) are mainlyn with respectively larger oscillator strengths. This can be
— gr* transitions. The transitions at 357.1 niu) and 339.9 understood, as in the protonated corrin two lone pairs of the
nm (llu) are antisymmetric and symmetric combinatiornmf four nitrogen atoms are engaged in bonding with hydrogen
— 7y andsrg — g excitations. All these transitions have rather atoms, while in the unprotonated corrin only one. There are
small oscillator strengths. The transitions with high oscillator threen orbitals among the HOMO orbitals ¢fi andllu and
strengths at 293.5 nmu) and 286.9 nml{(u ) are symmetric only two forIp andlip .
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75 HOMO -7 T4
E=-7.96eV

78 HOMO 4 Tig
E=-6.76eV

76 HOMO -6 T, T7THOMO -5 n
=-7.18eV E=-6.88 eV

79 HOMO -3 n 80 HOMO -2 n
E=-6.56 eV E=-5.81eV

81 HOMO -1 Tg
E=-5.54 eV

84 LUMO +1 Tt
=-0.31eV

82 HOMO T, 83 LUMO g
E=-4.89eV E=-1.39 eV

85 LUMO +2 T3
E=0.57 eV

Figure 7. The molecular orbitals active in electronic the transitions of the unprotonated corrin]iform

1.00 —
f

0.80 —

B

0.60 —

0.00

200.00 250.00 300.00 350.00 400.00 450.00

Figure 8. The calculated electronic spectrumlafandllu .

4. Conclusions

For both protonated and unprotonated corrins there are two
forms close in energyAE = 1.3 for the former one and 1.5
kcal for the latter). The low energy forms may exist in
equilibrium in solution and contribute to the electronic spectrum.
In addition, at neutral pH equilibrium may exist between the
protonated and unprotonated forms. The spectra of the proto-
nated and unprotonated forms are similar to each other. The
main calculated transitions between 450 and 290 nm originate
from the excitations betweems, 77 and x5, 75 orbitals,
although other electronic transitions are also involved. Thus the
low energy part of electronic spectrum obtained from TDDFT
calculations for the metal-free corrins generally agrees with four-
orbital model emerging from semiempirical calculations for
corrinoid compound&!-12The transitions at higher energies are
mainly higherz — z* excitations. In the unprotonated corrin
then— a* transitions play significant role, due to the presence
of one more nitrogen lone electron pair in this system.
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TABLE 4: Calculated Wavelengths, Excitation Energies,
and Oscillator Strengths for the Unprotonated Cobalt-free
Corrin (Numbers 75—82 Denote HOMO Orbitals, 83-86
Denote LUMO Orbitals)

excited A [nm]
state (AE [eV]) f
1 lu 0.6382(7) — 83(rY) 446.5 (2.78) 0.1894
2 llu 0.6482(;) — 83(7%) 410.2 (3.02) 0.1525
3 lu 0.6780(n) — 83(7) 373.5(3.32)  0.0131
4 lu 0.5581(¢) — 83(7}) 357.1(3.47) 0.0192
—0.4382(7t7) — 84(7g)
5 Ilu 0.6480(n) — 83(x%) 345.6 (3.59) 0.0414
~0.2181() — 83(%)
6 U 0.5581(rs) — 83(r) 339.9(3.65)  0.0368
+0.3782(7r7) — 84(7r5)
7 lu 0.6479n) — 83(7) 306.4 (4.05)  0.0070
8 Ilu 0.6179(n) — 83(x}) 298.4 (4.15) 0.0266
9 U 0.438201;) — 84(x) 2035 (4.22)  0.5014
+0.3080(n) — 84(775)
+ 0.3081(ts) — 83(7y)
10 U 0.488201;) — 84(x2) 286.9 (4.32)  0.3566
~0.2581(7) — 83(Y)
~0.2379(n) — 83(%)
11 lu 0.4977(n) — 83() 281.6 (4.40) 0.1717
~0.2880(n) — 84()
12 Ilu 0.5277(n) — 83(x}) 278.1 (4.46) 0.0086
—0.3780(n) — 84(x5)
13 lu 0.5381(715) — 84(713) 275.2 (4.50) 0.0049
+0.4178(;s) — 83(7ty)
14 U 0.5080(n) — 84(rY) 272.2 (4.55)  0.1098
~0.3477(n) — 83()
15 Ilu 0.4781(¢) — 84(rrY) 268.9 (4.61) 0.0448
—0.4678(7ts) — 83(7g)
16 lu 0.4982(77;) — 85(ly) 267.3 (4.64) 0.0177
+0.3978(s) — 83(r7y)
—0.2381(7tg) — 84(g)
17 llu 0.3980(n) — 84(7%) 265.2 (4.67)  0.0048
+0.2977(n) — 83(%)
—0.3582(7t7) — 85(7t}p)
18 Ilu 0.3982(717) — 85(r%y) 260.5 (4.76) 0.2114
+0.3380(n) — 84(7ry)
—0.2981(7t6) — 84(7r5)
19 lu -0.6179(n) — 84(7%) 242.0 (5.12) 0.0215
20 U 0.4479(n) — 84(Y) 240.6 (5.15)  0.0743
+0.2376(74) — 83(113)
~0.3280(n) — 85(y)
—0.2178(7ts) — 83(7g)
21 lu 0.3776(75) — 83(775) 238.5(5.20) 0.3093
+0.3182(77) — 85(t;p)
—0.2878(7ts) — 83(7r3)
22 llu 0.6176(75) — 83(773) 237.9(5.21) 0.1036
23 lu 0.5576(r5) — 83(715) 234.8(5.28)  0.1939
—0.2782(77) — 85(717p)
24 llu 0.417(n) — 84(x3) 233.4(5.31) 0.2913
+0.3078(s) — 83(7ty)
+0.2982(77) — 85(7t7)
25 Ilu 0.4681(75) — 85(Ty) 226.6 (5.47) 0.0389
—0.3580(n) — 85(7t}y)
—0.2279(n) — 84(7r5)
26 Ilu 0.4681(75) — 85(y) 224.9 (5.51) 0.0823
+0.3480(n) — 85(1t7o)
27 lu 0.5280(n) — 85(xr%) 223.4 (5.55) 0.0312
~0.3477(n) — 84(})
28 lu 0.5581(6) — 85(7%) 221.7 (5.59) 0.0085
+0.3978(7s5) — 84(7r5)
29 lu 0.5477(n) — 84(7%) 218.4 (5.68) 0.0082
+0.3680(n) — 85(x7;)
30 U 0.6077(n) — 84(tY) 217.5(5.70)  0.0177
~0.2580(n) — 85(r%y)
31 lu 0.5178(xs) — 84(73) 213.8(5.80)  0.0886
+0.2382(7r7) — 86(71;,)
—0.2981(7t6) — 85(7t}g)
32 U 0.51780) — 84(x) 208.6 (5.94)  0.1098

+0.3975(75) — 83(5)
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