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The oxidative degradation of the contracted carbaporphyri-
noid 3,8,13,18-tetraphenyldithiaethyneporphyrin, which con-
tains an acetylene moiety embedded in the macrocyclic
framework, was investigated. The light-induced, regioselec-
tive cleavage of the macrocyclic ring was observed during
exposure to dioxygen affording four open-chain dia-
stereomers terminated by carbonyl groups. Studies on the re-
gioselectivity of the process showed that the thiophene was
cleft together with the 8-aryl substituent, which proved the
primary attack of dioxygen at the C8-C9 bond. Dia-
stereomers {4Z,10E}, {4Z,10Z}, {4E,10E}, and {4E,10Z} [the ar-
rangement with respect to C4-C5 and C10---C13 conjugated
bonds given] differ by the orientation of the terminal pyrro-

lone unit with respect to the 5-phenyl substituent and by the
geometry around the cumulene fragment. Thermal {4Z,10E}-
{4Z,10Z} and {4E,10E}-{4E,10Z} isomerization was detected
and was confirmed by exchange cross-peaks in the ROESY
map. The molecular structures of the {4Z,10E} and {4E,10E}
stereoisomers were established by X-ray analysis. Density
functional theory (DFT) was applied to model the molecular
and electronic structure of {4Z,10E}, {4Z,10Z}, {4E,10E}, and
{4E,10Z}. The very small energy difference observed be-
tween suitable diastereomers accounts for their coexistence
in solution (0.48 kcal/mol for {4Z,10E}, {4Z,10Z}; 0.63 kcal/
mol for {4E,10E}, {4E,10Z}).

Introduction

Ethyneporphyrins, representing a novel type of contrac-
ted porphyrinoid related to hypothetical [18]triphyrin(4.1.1)
where an acetylene unit is embedded in the macrocyclic
framework, have been synthesized recently.l'l Aromatic di-
thiaethyneporphyrin 1 introduces a unique, constitutional
pattern created by fusing the constructive motifs of 21,23-
dithiaporphyrin and acetylene, whereas weakly aromatic di-
thiaethyneazuliporphyrin 2, the first contracted carbapor-
phyrinoid,”) combines three different structural elements,
acetylene, azulene, and thiophene, in the porphyrin frames
(Scheme 1).M" Very recently it was demonstrated that dithia-
ethyneporphyrin 1 allows the formation of iron(II) double-
decker complex — an atypical coordination mode for con-
tracted porphyrinoids.’] This result shows a potential that
stays in the contracted macrocycles where donors set is ac-
companied by a proper core size.

Originally, the research focused on porphyrinoids was
simply reduced to regular, tetrapyrrolic macrocycles. Never-
theless, the group of contracted macrocycles (i.e., cor-
roles™), but especially in a triheterocyclic variant, has
gained much attention in the last few years. The rise in
interest was caused by reports on the synthesis of subpor-
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Scheme 1. Structure of dithiaethyneporphyrin 1 and dithiaethynea-
zuliporphyrin 2.

phyrins, the new, genuine contracted, aromatic 14m-electron
porphyrins,>% simply related to subphthalocyanines, the
macrocycles widely explored because of their specific op-
tical properties.[’]

The initial, synthetic reports on subporphyrins triggered
a variety of peripheral modifications of their skeleton dis-
playing a significant influence of meso- and B-substituents
on electrochemical and optical properties.!®! Interestingly,
the new types of contracted porphyrinoids, imprinted into
the N-fused porphyrin frame, have been obtained recently
by insertion of boron(III),! silicon(IV),l'” or phospho-
rus(V)[" into N-confused porphyrin or phosphorus(V) into
21-telluraporphyrin.[2!

The oxidative cleavage of porphyrinoids is an important
reaction in the context of natural processes such as heme
catabolism and chlorophyll degradation.!'3:'4 Chemical oxi-
dation involving a variety of reagents [e.g., H,O, in pyr-
idine,['3 cerium(IV) and thallium(III) salts!'®]] and a cou-
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pled oxidation of porphyrin complexes of redox active met-
als have been involved in the model investigations of heme
degradation.!'’! Porphyrin ring-opening reactions followed
by photooxidation afforded oligopyrrole linear com-
pounds.!'®! Formylbiliverdins (3) and biliverdins (formed by
extrusion of CO) are typically produced in degradation of
meso unsubstituted porphyrins.'] The photooxidation of
meso-tetraarylporphyrins complexes yielded aroyl-substi-
tuted bilinone (4; Scheme 2).12%

Ph R =H, Me, Et
3 4

Scheme 2. Structures of the ring-opening products of octaethylpor-
phyrin 3 and tetraphenylporphyrin 4.

The degradation of X-confused porphyrins has been lim-
itedly studied. Initially, Furuta et al. found that during cop-
per(IT) insertion to N-confused porphyrin in the presence
of air linear tripyrrole 5 was formed (Scheme 3).2'1 In this
case, dioxygen selectively reacted at the C,—C,,,.,, bond ad-
jacent to the N-confused pyrrole. A similar product was ob-
served by Pawlicki et al. in the course of oxygenolysis of
the copper(Il) complex of pyrrole-appended O-confused
tetraaryloxaporphyrin. This process was not selective and
resulted in the formation of two products caused by direct
attack of dioxygen on one of the two C,~C,,,.,, bonds, adja-
cent to the O-confused furan.??! Recently, N-confused bili-
verdin analogue 6 was obtained by Wojaczynski et al. in the
course of photooxidation of the N-confused tetraphen-
ylporphyrin dianion (Scheme 3).?¥! This is an unprece-
dented example of a linear tetrapyrrolic compound, which
can act as a binucleating ligand with two different coordina-
tion environments.

Scheme 3. Degradation products of N-confused tetraphenylpor-
phyrin.

To date, the oxidative degradation of contracted por-
phyrinoids has been investigated in limited quantity. Direct
pyrrole—pyrrole bond cleavage by molecular oxygen was ob-
served in the case of 10-phenyl-B-alkylcorroles.**! Lately,
the product of meso-triarylcorrole degradation has been
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identified as a byproduct during the formation of 6-aza-
hemiporphycene.*! In that case, the ring opening occurs
selectively at the 5-meso position.

In light of the above, a very sketchy overview, the explo-
ration of porphyrinoid applications raises the problem of
their reactivity toward dioxygen and such a question stays
in front of the current challenges. Here we report on the
photodegradation of dithiaecthyneporphyrin. We have found
that this contracted porphyrinoid undergoes regioselective
cleavage to form four, open-chain diastereomers that have
been originally identified through the use of NMR spectro-
scopic studies.

Results and Discussion

3,8,13,18-Tetraphenyldithiaethyneporphyrin 1 dissolved
in dichloromethane during exposure to light undergoes a
reaction with air over a period of 20-30 h leading to the
regioselective opening of the macrocyclic ring (Scheme 4).
The mechanism, including cleavage of the C,-C,,.,, bonds

Ph Ph

A\
o)
Ph Ph Ph Ph
PH SO PH NN o PRO PR
7B = g N
{42,102} {4E 102} o

Scheme 4. Photooxidation of dithiaecthyneporphyrin 1. Dia-
stereomers of 7 and 8 as observed by 'H NMR spectroscopy are
shown. E and Z denote the arrangements of the substituents
around the C4-C5 bond and the C10-C11-C12-C13 cumulene
fragment, respectively.
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adjacent to pyrrole by a molecule of dioxygen can be easily
applied in this case by analogy to the previously observed
reactivity of metal complexes of tetraphenylporphyrin./2°°]
Photooxidation introduces a benzoyl group at the a thio-
phene position and oxygen atom on the terminal a-pyrrolic
site to afford 7 and 8. The control experiment proved that
both light and dioxygen are necessary to observe the reac-
tivity. A color change from deep orange to pink ac-
companies the oxidation reaction. Two fractions were easily
separated by column chromatography on basic alumina in
70-80 and 10-20% yield, giving stereoisomers 7 and 8,
respectively.

The electronic spectrum of 7 presented in Figure 1 is
characterized by broad absorption bands with small extinc-
tion coefficients in comparison to parent macrocycle 1.[14]
For isomers 7A and 7B, similar spectra were calculated
(Supporting Information, Figure S3 and S4). The UV/Vis
spectrum of 7 is consistent with the loss of macrocyclic aro-
maticity due to ring opening.

e
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Figure 1. Absorption spectrum of 7 (dichloromethane, 298 K).

The presence of carbonyl groups in the structure of 7 was
confirmed by IR spectroscopy by the very intense absorp-
tion band at 1668 cm™!, attributed to the C=O stretching
oscillation. Additionally, the presence of two oxygen atoms
in molecules 7 and 8 was confirmed by high-resolution
mass spectrometry.

!H NMR Spectroscopic Analysis of 7 and 8

The '"H NMR spectra of 7 and 8 are shown in Figure 2.
Site-specific deuteration and several 2D experiments
(COSY, NOESY, HMQC, HMBC) were used to establish
the structures of all four diastereomers in solution. The cru-
cial resonances were detected in the regions typical for con-
jugated, non-aromatic, acyclic systems. The 'H NMR spec-
tra reflect symmetry lowering in comparison to parent di-
thiaethyneporphyrin 1. Each of the chromatographically
separated benzoylbiliverdin-like species 7 and 8 give two
sets of resonances in their 'H NMR spectrum (Figure 2),
which indicates the existence of two stereoisomers in solu-
tion. The very small excess of one stereoisomer was de-
tected for each couple in equilibrium 7 and 8 (intensity ratio
1:1.15 and 1:1.05, respectively, at 298 K). The individual
sets of signals were not assigned to specific {4Z,10E} and
5690
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{47,107} of 7 and to {4E,10E} and {4E,10Z} of 8 because
of a lack of unique constraints allowing their unambiguous
spectroscopic distinction.
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Figure 2. 'TH NMR ([D,]dichloromethane, 298 K) spectra of sepa-
rable couples of diastereomers 7 (A) and 8 (B). Peak labels corre-
spond to systematic position numbering (Scheme 4) or denote pro-
ton groups: o-, m-, p- = ortho, meta, para positions of the meso-
phenyls.
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All four identified stereoisomers of the open-chain spe-
cies are presented in Scheme 4. Diastereomers 7 and 8 differ
by the fixed orientation of the terminal pyrrolone unit and
were separated chromatographically. The NH group in 7 is
oriented trans with respect to the S-phenyl substituent,
whereas the same fragment in 8 has a cis orientation. Ad-
ditionally, each of these species exists as an E and Z dia-
stereomer depending on the geometry around the flexible
cumulene fragment.

The separation of the {4Z,10E} and {4Z7,10Z} dia-
stereomers of 7 identified in the 'H NMR spectrum of the
mixture was unsuccessful with the application of column
chromatography on silica gel or basic alumina. Neverthe-
less, the use of HPLC (column with chiral bed; hexane/2-
propanol, 4:1) allowed two fractions to be separated, which
were immediately placed in a fridge icebox (-18 °C) to re-
strict the interconversion of diastereomers. Each of the two
fractions was again injected immediately on the column
without evaporation of the solvent. It was found that in
both cases, besides the main peak, a second fraction, ini-
tially of small intensity, was detected. When each of the two
fractions was injected on the column after storage for
30 min at room temperature, two peaks of about compar-
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able intensity were always observed. The HPLC experi-
ments clearly demonstrated that separation of the dia-
stereomers of 7 is possible, however, both fractions equili-
brate over 10 min at 298 K. The process is noticeably slower
in the —18 to +4 °C temperature range and requires up to 2 h.

Similarly to 7 or 8, in the case of cumulenes containing
two pairs of ferrocenyl/phenyl termini a 1:1 mixture of Z
and E diastereomers, inseparable by chromatographic meth-
ods, was also obtained.?® However, the Z and E isomers
of several fluorinated butatrienes were readily isolated by
chromatography.[*”] For a number of separated E and Z flu-
orinated butatrienes, thermal isomerization was examined
in triglyme solvent.’’”®! The thermodynamic equilibrium
was achieved after 6 h at 110 °C.

Unique dipolar couplings between the NH proton of the
pyrrolone unit and the H7 proton of the thiophene ring
observed in the NOESY map for both diasterecomers of 7
(Figure 3A) were essential to assign all resonances in the
'H NMR spectrum. The crucial role for the complete as-
signment of 8 (Figure 3B) was given to the dipolar coupling
observed for the NH proton and the 5-ortho-phenyl pro-
tons, as well as the one experienced between H3 and H7.
The contact between H15 and 13-0-Ph in all diastereomers
observed in solution confirms the conserved arrangement
of the benzoylthienyl substituent as presented in Scheme 4.
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Figure 3. Fragment of the NOESY map ([D-]dichloromethane,
298 K) for 7 (A) and 8 (B) with crucial NOE contacts.

For each diastereomer of 7 and 8, the '"H NMR spectrum
displays three AB systems attributed to the B protons of
two thiophene units and one pyrrolone fragment (Figure 2).
The detected four-bond scalar couplings between NH and
the B-pyrrole protons H2 and H3 (*Jy 5 = 1.2-1.8 Hz) en-
able the pyrrolone resonances to be identified.

In the case of 7, the H2 and H3 B-pyrrolic peaks exist as
multiplets at 6 = 6.91 and 6.16 ppm (Figure 2A). In contrast
to 7, the B-pyrrolic protons for each stereoisomer of 8 give
nicely resolved AB systems (6 = 7.66, 6.28 ppm and 7.89,
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6.42 ppm; Figure 2B). The ortho-phenyl protons give well-
defined peaks, and their identification was possible by
analysis of the NOESY map, whereas the remaining meta-
and para-phenyl protons resonate in the strongly crowded
7-8 ppm region, which makes them difficult to assign.

The presence of two different carbonyl groups in each
stereoisomer was confirmed by '*C NMR spectroscopy. In
the spectrum of 7, signals at 0 = 187.6 and 187.7 ppm were
assigned to the benzoyl groups of both stereoisomers 7A
and 7B, and one resonance from the carbonyl group of the
pyrrole fragments was detected at 6 = 171.9 due to coinci-
dental overlapping. However, the 8A and 8B isomers give
four peaks at 6 = 187.5, 187.7ppm and 6 = 170.8,
171.0 ppm attributed to the benzoyl and pyrrolone units,
respectively.

The exchange cross-peaks detected in the ROESY map
link two resonances assigned to the equivalent hydrogen
atoms in {4Z,10E} and {4Z,10Z} of 7 or {4E,10E} and
{4E,10Z} of 8 (Figure 4A,B) at 350 K in [Dg]toluene. The
observed correlations can be attributed to thermal E-Z
isomerization reflecting a rotation around the cumulene
moiety.

r6.5

6.6

ppm 6.2 6.0 PpPm

Figure 4. Fragments of the ROESY ([Dg]toluene, 350 K) spectra of
7 (A) and 8 (B) showing exchange cross-peaks between two signals
of the same proton of different stereoisomers 7: {4Z,10E} and
{4Z,10Z}; 8: {4E,10E} and {4E,10Z}. The exchange cross-peaks
are positive with respect to the diagonal.

X-ray Analysis

The molecular structures of open-chain isomers
{4Z,10E} 7A and {4E,10E} 8A’ were determined by X-ray
diffraction studies, and graphic representations are shown
in Figure 5. The crystal structure is consistent with the
spectroscopic observations for diastereomer 7A. In con-
trast, two different rotamers 8A and 8A’ with respect to the
single C13-C14 and C5-C6 bonds were observed in solu-
tion and in the solid state, respectively (see also Figure 6).
The bond length patterns in the Cg,»—Cq,~Cy,—Cgpe (C10-
C11-C12-C13) unit of 7A and 8A’ reflect the cumulene
structure.?7-281

The structures of 7A and 8A’ differ essentially by the
geometry around double C4-C5 bond giving E and Z ar-
rangements, respectively. In structure 7A, the NH group is
oriented trans to the 5-aryl, whereas in isomer 8A’ the same
group displays a cis orientation. Additionally, the arrange-
ment of the pyrrolone residue and the phenyl group around
C5-C6 is different for each isomer. Otherwise, both struc-
5691
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Figure 5. Molecular structures of 7A (A) and 8A” (B). Top: front view; bottom: side view (H atoms are omitted for clarity). The vibrational
ellipsoids represent 50% probability. Selected bonds lengths: 1.37(1), 1.22(1), 1.33(1) A and 1.358(6), 1.252(6), 1.369(6) A in the C, b2
CypCypCyp2 (C10-C11-C12-C13) unit of 7A and 8A’, respectively. For 7A, the C1-O19 and C18-O18 bonds are 1.253(9) and 1. 204(9) A
respectively, and for 8A' they are 1.243(5) and 1.256(6) A, respectively.

tures vary by the conformation of the benzoylthienyl sub-
stituent around the C13-C14 bond. In 7A, the sulfur atom
and the carbonyl group of the benzoylthienyl moiety are
oriented in toward the molecule, whereas in isomer 8A’, the
opposite orientation was documented.

DFT Calculations

The theoretical approach to find relative energies was in-
volved. Initially, a simplified approach (PM3) allowed six
open-chain isomers related to the structures observed in
solution and in the solid state to be selected; these isomers
were eventually subjected to DFT optimization at the
B3LYP/6-31G** level of theory. The final geometries are
shown in Figure 6. In each case a genuine energy minimum
was obtained. The very small energy difference observed
between suitable diastereomers accounts for their coexist-
ence in solution (0.48 kcal/mol for 7A/7B, 0.63 kcal/mol for
8A/8B, and 1.24 kcal/mol for 8A'/8B’; Supporting Infor-
mation, Table S1).

The bond lengths are preserved in all isomers and are sim-
ilar to that observed in the corresponding crystal structures
(Supporting Information, Table S7). In fact they are altered
in accord with the valence bond structures shown in
Scheme 4. The C10-Cl11, C11-C12, and CI12-C13 bonds
orders of 7A, 7B, 8A, 8A’, 8B, and 8B’ were estimated
by using Wiberg bond indices (Supporting Information,
5692
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Table S2).12%-301 The appropriate values approach 1.5, 2.2, and
1.5, respectively, reflecting the noticeable cumulene character
of the C10-C11-C12-C13 fragment.

'H NMR chemical shifts calculated for 7A, 7B, 8A, and
8B by using the GIAO B3LYP/6-31G** method are given
in the Supporting Information (Tables S3 and S4). The elec-
tronic spectra were simulated by time-dependent DFT by
using the B3LYP functional and DFT-optimized geome-
tries. The appropriate diagrams are presented in the Sup-
porting Information (Figures S3-S6). The theoretical re-
sults qualitatively correlate with the experimental data for
both NMR and electronic spectroscopy. A more detailed
analysis is not reasonable, as the spectroscopic data reveal
a sum of spectroscopic response of two species remaining
in thermodynamic equilibrium.

Conclusions

The reported results present dithiaethyneporphyrin, an
aromatic contracted porphyrinoid, as a reactive compound
when exposed to oxygen in the presence of light. The pecu-
liar, regioselective photooxidation at the C,—C,,,.,, bond ad-
jacent to the pyrrole ring cleanly provides a novel open-
chain triheterocyclic derivative, for which four stereoiso-
mers were detected. Diastereomers {4Z,10E}, {4Z,10Z},
{4E,10E}, and {4FE,10Z} (the arrangement with respect to
the C4-C5 and C10---C13 conjugated bonds given) differ by
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{4E,10E}

{4E,10Z

Figure 6. Geometries of the diastereomers of 7 and 8 obtained by
DFT optimization at the level B3LYP/6-31G**.

the orientation of the terminal pyrrolone unit with respect
to the 5-phenyl substituent and by the geometry around the
cumulene fragment. Their thermal isomerization,
{4Z,10E}-{4Z,10Z} and {4E 10E}—{4E,10Z}, was ob-
served. In view of the reported findings it remains to be
explored if an emerging group of three-dentate por-
phyrinoids including subporphyrin, subpyriporphyrins, and
vacataporphyrin will undergo analogous photooxidation
cleavage.

Experimental Section

Solvents and Reagents: [D,]Dichloromethane and [Dg]toluene
(CIL) were used as received. [D]Chloroform (CIL) was passed
through basic Al,O5 before use. 3,8,13,18-Tetraphenyl-19,21-dithia-
ethyneporphyrin and its deuterated analogues were all obtained ac-
cording to a previously described procedure.!'#]
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Instrumentation: NMR spectra were recorded with high-field spec-
trometers (‘H: 500 MHz, 3C: 126 MHz and 'H: 600 MHz, '3C:
151 MHz) equipped with either a broadband inverse gradient
probehead or a direct broadband probehead. Proton data are refer-
enced to the residual solvent signals. Absorption spectra were re-
corded with a diode array spectrometer. High-resolution mass spec-
tra were recorded by using the electrospray ionization technique.
HPLC experiments were carried out with a Varian ProStar 210
equipped with a semipreparative Chiralpak AI 1.0 X 25.0 column.
Hexane/2-propanol (4:1) was used as the eluent with a flow rate of
3 mL/min and UV/Vis detection at 220 and 254 nm.

5-({5-|4-(5-benzoylthiophen-2-yl)-1,4-diphenylbuta-1,2,3-trienyl|thio-
phen-2-yl}(phenyl)methylene)-1 H-pyrrol-2(5H)-one (7 and 8): Expo-
sure of 1 (10 mg, 0.015 mmol) dissolved in CH,Cl, (250 mL) to
atmospheric oxygen over a period of 20-30 h resulted in the conver-
sion of orange 1 into a pink compound identified as a mixture of
7 and 8. The products were purified by chromatography on basic
alumina (grade III, CH,Cl,) and recrystallized from CH,Cl,/hex-
ane. Data for 7: Yield: 6.7-7.7 mg (70-80%). UV/Vis (CH,Cl,): 4
(loge) = 401 (4.5), 547 nm (4.6). 'H NMR (600 MHz, CD,Cl,,
298 K): & = 7.88 (d, 3Juu = 7.9 Hz, 2 H, 18-0-Ph); 7.85 (d, 3Ju n
=7.9 Hz, 2 H, 18-0-Ph); 7.84 (s, 1 H, NH); 7.77 (s, | H, NH); 7.74
(m, 4 H, 10,13-0-Ph); 7.68 (m, 4 H, 10,13-0-Ph); 7.65-7.36 (m, 28
H, m-,p-Ph, 5-0-Ph); 7.62, 7.38 (AB, 3Jyy = 4.1 Hz, 2 H, 15,16-
H); 7.59, 7.31 (AB, 3Jyu = 4.1 Hz, 2 H, 15,16-H); 7.35, 7.06 (AB,
3Jun = 4.1Hz, 2 H, 7,8-H); 7.27, 6.99 (AB, *Jyu = 4.1 Hz, 2 H,
7,8-H); 6.91 (m, 2 H, 2,3-H), 6.16 (m, 2 H, 2,3-H) ppm. '3*C NMR
(126 MHz, CDCl;, 298 K): ¢ = 187.7, 187.6, 171.9, 151.9, 146.8,
146.6, 146.3, 146.2, 145.0, 144.1, 143.9, 143.7, 143.6, 138.3, 138.1,
137.6, 137.5, 137.3, 137.2, 137.1, 137.0, 135.8, 135.6, 135.5, 131.5,
131.4, 131.2, 130.0, 129.3, 129.2, 129.1, 129.0, 128.9, 128.8, 128.6,
128.5, 128.4, 128.3, 128.2, 126.7, 123.8, 121.0, 118.2, 118.1, 116.5,
116.3 ppm. IR (KBr): ¥ = 1668.2 cm™! (C=0). HRMS (ESI): calcd.
for [C4,H,7NO,S, + H]* 642.1561; found 642.1560. Data for 8:
Yield: 1-2 mg (10-20%)."H NMR (600 MHz, CD,Cl,, 298 K): 6 =
7.89, 6.38 (AB, 3Jyu = 5.8 Hz, #Jyu = 1.8 Hz, 2 H, 2,3-H); 7.88
(d, 3Juu = 7.8 Hz, 2 H, 18-0-Ph); 7.85 (d, *Jy iy = 7.8 Hz, 2 H, 18-
0-Ph); 7.76 (d, 3Jyu = 7.9 Hz, 2 H, 10-0-Ph); 7.73 (m, 2 H, 13-0-
Ph); 7.70, 6.27 (AB, 3Jyi = 5.7 Hz, *Jyn = 1.2 Hz, 2 H, 2,3-H);
7.67 (m, 4 H, 10,13-0-Ph); 7.63 (t, 3Jyu = 7.6 Hz, 1 H, 18-p-Ph),
7.62 (t, 3Jun = 7.6 Hz, 1 H, 18-p-Ph); 7.59, 7.30 (AB, 3Jyn =
4.0 Hz, 2 H, 15,16-H); 7.56, 7.33 (AB, *Juu = 4.2 Hz, 2 H, 15,16-
H); 7.57-7.38 (m, 26 H, 5-Ph, 10,13-m,p-Ph, 18-m-Ph); 7.26, 6.89
(AB, 3Jyn = 4.0Hz, 2 H, 7.8-H); 7.23, 6.88 (AB, *Jyiy = 3.9 Hz,
2 H, 7,8-H); 7.07, 7.03 (2's, 2 H, NH) ppm. 3C NMR (151 MHz,
CDCl;, 298 K): 0 = 187.7, 187.5, 171.0, 170.8, 152.1, 151.9, 146.5,
146.3, 146.2, 144.8, 144.6, 144.2, 144.0, 143.7, 143.5, 138.3, 138.1,
137.9, 137.6, 137.5, 137.34, 137.27, 137.22, 137.0, 135.83, 135.79,
135.73, 135.5, 135.4, 132.3, 132.2, 131.7, 131.5, 131.2, 130.0,
129.99, 129.97, 129.29, 129.24, 129.18, 129.09, 129.06, 129.0, 128.9,
128.84, 128.76, 128.72, 128.68, 128.54, 128.5, 128.4, 128.3, 128.1,
128.0, 125.7, 125.2, 121.7, 121.5, 118.53, 118.48, 115.9, 115.7 ppm.
HRMS (ESI): calcd. for [C4H,7NO-S, + Na]* 664.1375; found
664.1337.

Structure Analysis: X-ray crystal structure data for 7A (100 K) was
obtained from crystals prepared by slow diffusion of hexane into a
solution of 7 in CH,Cl,. Dark purple crystals, C4,H,7NO,S,, size
0.12X0.08 X 0.03 mm?, triclinic, space group P1, a = 8.745(2) A, b
= 13.073(2) A, ¢ = 15.305(4) A, a = 65.05(2)°, f = 79.00(2)°, y =
79.05(2)°, V = 1545.5(6) A3, . = 0.71073 A, peaiea. = 1.379 gem 3,
Z = 2. Total number of reflection collected: 13493, number of inde-
pendent reflections: 6093, of which 6093 were included in the re-
finement of 428 parameters, x = 0.213 mm'. Structure was solved
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by using direct methods with SHELXS-97 and refined against |F]?
using SHELXL-97 (G. M. Sheldrick, University of Gottingen, Ger-
many, 1997), final R1/wR2 indices [for I>2c(/)]: 0.0863/0.1190;
max/min residual electron density: +0.304/-0.287 e A=. H atoms
were fixed in idealized positions by using the riding model con-
straints. X-ray crystal structure data for 8A’ (293 K) was obtained
from crystals prepared by slow diffusion of heptane into a solution
of 8 in CH,Cl,. Dark purple crystals, C4,H,;NO,S,-CH,Cl,, size
0.1 X0.08 X 0.04 mm?, triclinic, space group PI, a = 9.889(1) A, b
=10.522(1) A, ¢ = 17.617(2) A, a = 85.04(1)°, p = 78.31(1)°, y =
76.48(1)°, V = 1744.1(3) A3, 1 = 0.71073 A, peaiea. = 1.384 gem™3,
Z = 2. Total number of reflection collected: 19465, number of inde-
pendent reflections: 9903, of which 9903 were included in the re-
finement of 454 parameters, 1 = 0.346 mm~'. Structure was solved
by using direct methods with SHELXS-97 and refined against |F]?
by using SHELXL-97 (G. M. Sheldrick, University of Gottingen,
Germany, 1997), final R1/wR2 indices [for /> 2c(/)]: 0.0787/0.1812;
max/min residual electron density: +0.600/-0.501 e A=, The disor-
dered molecule of dichloromethane is present. H atoms were fixed
in idealized positions by using the riding model constraints.

CCDC-779017 (for 7A) and -779018 (for 8A") contain the supple-
mentary crystallographic data for this paper. These data can be
obtained free of charge from The Cambridge Crystallographic
Data Centre via www.ccde.cam.ac.uk/data_request/cif.

Computational Chemistry: DFT calculations were performed by
using Gaussian 031 Geometry optimizations were carried out
within unconstrained C; symmetry, with starting coordinates pre-
optimized using semiempirical methods. Becke’s three parameter
exchange functionall®? with the gradient-corrected correlation for-
mula of Lee, Yang, and Parr (B3LYP)!*3] was used with the
6-31G** basis set. The structures were found to have converged to
a minimum on the potential energy surface; the resulting zero-point
vibrational energies were included in the calculation of relative en-
ergies. The Wiberg®! bond indicates were obtained from NBOPE
calculation. Absolute 'H shielding values were calculated at the
GIAO-B3LYP/6-31G** level of theory by using B3LYP/6-31G**
geometries. The chemical shift values were subsequently calculated
relative to tetramethylsilane (TMS, absolute shielding: 31.75 ppm).
The electronic spectra were simulated by time-dependent DFT by
using the B3LYP functional and B3LYP geometries.

Supporting Information (see footnote on the first page of this arti-
cle): Relative energies for all stereoisomers, calculated electronic
spectra and 'H NMR shifts, calculated and measured (X-ray)
bonds for 7A and 8A’, calculated Cartesian coordinates.
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