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21,23-Dithia-3,13-diazaporphycenes — Novel Aromatic Porphycene Analogues
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The syntheses of the first examples of aromatic thiazole-con-
taining porphycene analogues 3 have been accomplished by
oxidation of the corresponding 3,20:10,13-diepithio-
6,9:16,19-diimino-1,11-diaza[20]annulenes 9 with DDQ.
Compounds 9a-c have been synthesized by McMurry coup-
ling reaction of the diformylated 2-(1H-pyrrol-2-yl)thiazoles

8a-c, readily available by a three-step reaction sequence us-
ing 2-pyrrolethiocarboxamide (4) as starting material. The
aromaticity of the 21,23-dithia-3,13-diazaporphycenes 3 is
clearly established by NMR and UV/Vis spectroscopy and
verified by X-ray crystal structure analysis of 3b.

Introduction

Structurally modified porphyrins, porphycenes, and re-
lated conjugated macrocycles are of particular interest due
to their potential use as photosensitizers for biomedical ap-
plications such as fluorescence detection, photodynamic
therapy (PDT) and viral inhibition.['! Photodynamic ther-
apy, a new technique for the treatment of diseased tissue, is
based on the ability of such macrocycles to accumulate in
malignant tissue;!'&!" when irradiated with laser light they
can generate singlet oxygen, which destroys the cancerous
cells.['e~ 101 The efficacy of this kind of therapy depends on
the ability of the laser light to penetrate efficiently through
human tissue, which increases strongly at wavelengths larger
then 630 nm.l'*"!'M In this context, many attempts have
been made to modify the porphyrin ring system to generate
more effective chromophores for PDT, absorbing between
630 and 800 nm. Expanded, reshuffled, inverted, con-
tracted, and otherwise modified porphyrin ring systems
have been synthesized.!”) Strong absorption at long wave-
lengths is desirable, and so in previous publications we re-
ported the syntheses of sulfur-containing porphycene ana-
logues, namely tetraepithio[20]lannulene and 21,23-dithia-
porphycene (2) (Scheme 1), and observed remarkable
changes in the structural and chemical properties of these
compounds.

Various groups have investigated the effects of replacing
carbon atoms at the peripheral positions of porphyrins and
porphyrin-like systems with nitrogen.[! Such derivatives
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Scheme 1

show bathochromic and hyperchromic shifts of the Q-band
absorption relative to the parent compounds and are prom-
ising photosensitizers for PDT. However, the effects of in-
troducing additional nitrogen atoms into porphycenes have
not been studied. Compared to porphycene, compound 2
exhibits a strong bathochromic shift of 87 nm in the UV/
Vis spectrum. Therefore, we became interested in the effect
of additional nitrogen atoms in the B-position of the thio-
phene rings of 2 and so aimed at the syntheses of thiazole-
containing®! porphycene analogues 3 in order to combine
the properties found in 2 and those found in nitrogen-con-
taining, porphyrin-like macrocycles.

Results and Discussion

The intermolecular reductive coupling of dicarbonyl
compounds with low-valent titanium under McMurryl®!
conditions has become established as the most efficient
method for the syntheses of porphycenes (1) and related
macrocycles.?*=2t7] Thus, the diformylated substituted 2-
(1H-pyrrol-2-yl)thiazoles 8a—c¢ should be suitable pre-
cursors in the preparation of 3a—c. Compounds 8a—c were
readily available by a three-step reaction sequence using 2-
pyrrolethiocarbamide (4)® as starting material. The key
step in the syntheses of 8a—c is the formation of the 1,3-
thiazoles 6a—c by cyclocondensation of 4 with correspond-
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ing a-halo ketones 5a—c¢ (R = H, /Bu, Ph).%1 Using this
method, it was easily possible to introduce different sub-
stituents in the 4-position of the 1,3-thiazole ring, giving
high yields of 6a—c (Scheme 2).
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Scheme 2. Reagents and conditions: a) Sa: R = H, X = Cl, toluene,

Ac,0, reflux, 60 min; 5b: R = 7Bu, X = Br, EtOH, reflux, 30 min;

5¢: R = Ph, X = Br, EtOH, reflux, 30 min; b) (i) 2 eq. nBuLi,

THEF, -78 °C, 60 min, (ii) N-FMP, —78 °C to -0 °C, 6 h, then H*/

H,0; ¢) POCI3/DMF, CH,Cl,, —10 °C to 20 °C, 3 h, tne NaOAc/
2

Because of the different reactivities of the 5-position of
the 1,3-thiazole and the 5'-position of the pyrrole in
6a—c,1% we decided to synthesize 8 by a stepwise formyl-
ation of the 1,3-thiazole!'"! and the pyrrole®! moieties
(Scheme 2).

Thus, after treatment of 6a—c with two equivalents of n-
butyllithium in dry THF at —78 °C and quenching of the
resulting 5-lithiated intermediates of 6 with N-formylmor-
pholine (N-FMP), the desired monoformylated products
7a—c could be obtained in good yields (Scheme 2). In the
case of the tert-butyl-substituted derivative 6b, the reaction
mixture had to be warmed up to —30 °C for 60 min after
addition of n-butyllithium to complete deprotonation. Re-
action of 7a—c with Vilsmeier reagent (POCl;/DMF) pre-
pared in situ in dichloromethane furnished the diformylated
2-(1 H-pyrrol-2-yl)thiazoles 8a—c¢ in satisfactory yields
(Scheme 2).

According to literature procedures,®”! the reductive
McMurry-type dimerisation of the diformylated subunit 8a
with low-valent titanium prepared by treatment of TiCly
with Zn/Cu couple in the presence of pyridine in THF gave,
after workup with ammonia, the desired 3,20:10,13-diepi-
thio-6,9:16,19-diimino-1,11-diaza[20]lannulene (9a) in poor
yields. The main product of the reaction was a yellow oil
containing a mixture of 4,5-di- and 4,5,14,15-tetrahydro-
genated derivatives of 9a, which could not be separated by
column chromatography.*PI3<l Qur experiments revealed
that the observed hydrogenation was caused by reduction
of the annulene with nascent hydrogen generated by the re-
action of excess Zn/Cu couple with ammonia during the
workup procedure. Therefore, removal of the reducing
agent from the reaction mixture by filtration before the
workup with ammonia yielded the desired 1,11-diaza[20]an-
nulene 9a together with considerable polymeric material.
After chromatographic purification, 9a was isolated as yel-
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low, air- and light-stable crystals in a yield of 7%, which
compares well with those of related conversions.*”1 How-
ever, no formation of the theoretically possible compound
10a (R = H) and of the trimer 11a (R = H) could be ob-
served (Scheme 3).
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Scheme 3. McMurry coupling of diformylated precursors 8a—c¢

This methodology was applied to dimerisation of the cor-
responding dicarbaldehydes 8b and 8c. In both cases, inter-
molecular McMurry coupling afforded after chromato-
graphic purification three fractions containing the corres-
ponding crude products 9, 10, and 11. The yellow crystal-
line 1,11-diaza[20]annulenes 9b and 9¢ were obtained as the
main products from the first fractions in 18 and 14% yield,
respectively. Additionally, the isomeric rert-butyl- and
phenyl-substituted 1,8-diaza[20]annulenes 10b and 10c were
isolated as by-products from the second fractions in yields
of 3 and 2%. The third products of the McMurry coupling
were the 1,8,21-triaza[30]annulenes 11b and 11e¢, obtained
as red microcrystalline powders of which only 11b could be
purified and characterised. Possible reasons for the higher
yields of 9b and ¢ and the formation of 10b and ¢ and 11b
and c are the better solubility of the dicarbaldehydes 8b and
8c and the preorientation of the formyl group induced by
the restriction on conformational freedom imposed by the
bulky B-substituent.[!?]

UV/Vis and NMR spectra of the obtained diaza[20]an-
nulenes 9 and 10 do not show the typical behaviour ex-
pected for a 4n-m-annulene of planar molecule structure.[!?]
The '"H-NMR spectrum of the parent compound 9a, for
example, shows an ABX system for the pyrrole protons at
6 = 8.81 (NH), 6.65 (8,18-H) and 6.19 (7,17-H), one singlet
for the thiazole protons at & = 7.50 (2,12-H), and one sing-
let for the olefinic protons at & = 6.48 (4,5,14,15-H);!'" in-
dicative of a symmetrical structure without an obvious ring
current.’®131 In the UV/Vis spectra of 9, which show no
absorption maximum over 400 nm, it can be seen that there
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is only modest conjugation between the heterocyclic units
as expected for a nonplanar conformation.®'® The spectro-
scopic properties of the 1,8-diaza[20]annulenes 10b,c are
very similar to those of 9a—c. The cyclophane-type struc-
ture implied by these spectroscopic studies for the annulene
skeleton of 9 and 10 is confirmed by the crystal structure
of 9a (Figure 1).

(" 1.378
C9 1.295 N11

Figure 1. Molecular structure of cyclophane 9a in top view; se-
lected bond lengths [A]

Compound 9a has a nonplanar C;-symmetrical con-
formation. It contains one pyrrole-thiazole subunit with
synclinal, and one with anticlinal arrangement of the hetero-
cycles. In both cases the pyrrole and thiazole rings are
twisted. The synclinal pyrrole-thiazole subunit is located
approximately perpendicular to the plane of the anticlinal
pyrrole-thiazole subunit (Figure 1).

The '"H-NMR spectrum of the triaza[30Jannulene 11b is
very similar to that of 9b, even though it is formally a
(4n + 2)-n system while 9b is a 4n-n system. This and the
absorption maxima in the UV/Vis spectrum of 11b indicate
that there is no obvious aromatic ring current in the molec-
ule besides that of the heterocycles themselves and it can be
assumed that the molecule is nonplanar.['®

The aromatization of the air-stable dihydroporphycenes
9a—c could be performed with several oxidation reagents,
such as iodine, bromine or 2,3-dichloro-5,6-dicyano-1,4-
benzoquinone (DDQ).[3% 151 Best results were obtained by
treatment of solutions of 9 in THF with DDQ at —20 °C,
which gave blue-green solutions, indicative of successful
conversion. In attempts to isolate 3 by flash chromatog-
raphy on silica or aluminium oxide, only decomposition of
the product could be observed. However, 3a—c could be
successfully isolated without column chromatography after
basic workup of the reaction mixture and recrystallisation
of the crude product as violet crystals with a metallic lustre
(Scheme 4). In the solid form, compounds 3a—c are stable
to air and light and could be stored for months under ambi-
ent conditions. However, solutions of 3a—c are sensitive to
acids.

The 'H-NMR spectra of 3a—e¢ show for all ring protons
a downfield shift induced by the diamagnetic ring current.
For example, in the '"H-NMR spectrum of 3a one singlet is
observed at & = 10.32 (2,12-H), corresponding to the thi-
azole protons, together with four AB systems correspond-
ing to the meso-protons [at & = 9.95 (10,20-H) and 9.28

Eur. J. Org. Chem. 2000, 2449—2457

3a R=H (17 %),
3b  {Bu (87 %),
3c Ph (84 %)

Scheme 4. Oxidation of 9a—¢ with 2,3-dichloro-5,6-dicyano-1,4-
benzoquinone (DDQ)

(9,19-H)] and the pyrrole protons [at & = 8.87 (6,16-H) and
8.39 (7,17-H)]. The electronic spectra of 3 also indicate the
aromatic character of these compounds. The UV/Vis spec-
tra display an intense band at 375—410 nm, and several less
intense absorptions at 680—780 nm (Figure 2). The first ab-
sorption (at 375—410 nm) is analogous to the typical Soret
band of porphyrins and porphycenes, while the absorptions
at longer wavelengths are similar to the Q-bands.[?I33] The
longest wavelength of the Q-band of 3a—c¢ shows a ba-
thochromic shift of 110—146 nm with respect to porphy-
cene and a shift of 23—59 nm in comparison with 2. This
confirms our prediction, and 3a—c could be interesting for
photodynamic tumour therapy (PDT).

300 35 400 450 500 S50 600 650 700 750 800
A [nm} —

Figure 2. Electronic absorption spectra of 21,23-dithia-3,13-diaza-
porphycenes 3a—c in THF (¢ = 2 X 107> mol/L)

In mass spectrometry, standard ionisation methods like
EI or FAB gave exclusively the [M* + 2] peak, as had al-
ready been observed for the related dithiaporphycene 2.3
The molecular ions of 3a—c¢ were only observed by FD
mass spectrometry. Finally, a single-crystal X-ray structure
analysis demonstrated the planar aromatic character of 3b
as deduced from its spectroscopic properties.!'’l Compound
3b is a centrosymmetric molecule and has a nearly planar
ring skeleton with a maximum deviation of *=0.07 A of the
carbon, nitrogen, and sulfur atoms from the least-square
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Figure 3. Molecular structure of 3b in top view (top) and in side
view (bottom); selected bond lengths and distances [A]

plane (Figure 3). Compared with the 1,11-diaza[20]annu-
lene 9a, the alternation of the bond lengths in the olefinic
bridges (C8—C9—C10—Cl11) practically disappears in 3b
and the normal bond-length relationship of C,—Cpg <
Cp—C;g for thiazole and pyrrole is reversed in 3b, as ob-
served in porphyrins and porphycenes. The planarity causes
a notable distortion of the C—C—C bonding angles of the
meso-carbon atoms in 3b of 133.2 and 132.1°. The distance
of 2.92 A between the nonbonded sulfur atoms (S21—-S23)
in 3b is much shorter than the sum of the van der Waals
radii for two sulfur atoms (3.70 A),['® but longer than that
of a typical S—S single bond (2.08 A).7! It has been shown
that the S—S interaction is very weak and does not play a
role in determining the delocalisation pathway within such
macrocycles.!'” Similar distances have been observed in 21°%
(2.90 A) and in the 21,23-dithiaporphyrin system**! (3.07
A).

In further studies, we were interested in the oxidation of
the 1,8-diaza[20]Jannulenes 10b and ¢, to generate the cor-
responding 21,24-dithia-3,16-diazaporphycenes. However,
several attempts to convert 10b or 10c into the desired
21,24-dithia-3,16-diazaporphycenes, by oxidation with dif-
ferent oxidation reagents, all failed. Only the fast decom-
position of 10b or 10c could be observed. One possible ex-
planation for this could be that the two sulfur atoms, be-
cause of their large size, cannot be accommodated within
the core of the macrocycle to create a stable, planar n-con-
jugation system.
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Conclusion

A series of thiazole-containing porphycenes 3 was pre-
pared by oxidation of the 1,11-diaza[20]annulenes 9 with
DDQ. The aromaticity of the compounds 3 was verified by
NMR and UV/Vis spectroscopy and finally by X-ray crystal
structure analysis of 3b. The precursors 9 were easily ob-
tained in modest yields by McMurry coupling of the dicar-
baldehydes 8; the formation of hydrogenated by-products
could be explained. A convenient synthesis has been de-
veloped for compounds 8, using 2-pyrrolethiocarboxamide
(4) as starting material. The absorption spectra of 3a—c
show the postulated bathochromic shift (740—776 nm) of
the long-wavelength absorption band and so they could be
interesting compounds for PDT.

Experimental Section

General Remarks: All reactions requiring anhydrous and anaerobic
conditions were carried out under argon in flame-dried glassware.
Solvents were purified and dried according to standard proced-
ures.?1 THF was distilled from potassium/benzophenone immedi-
ately prior to use. Silica gel (60—200 mesh) for column chromato-
graphy was obtained from Merck KGaA, Darmstadt. — Melting
points were determined with a Reichert hotstage and are uncorrec-
ted. — UV/Vis spectra were recorded with a Hewlett Packard HP
8452A Diode Array spectrophotometer. — Infrared spectra were
obtained as KBr pellets with a Perkin—Elmer PE 1600 FT-IR spec-
trophotometer. — 'H-NMR spectra were recorded at 250 MHz
with a Bruker WM-250 or at 360 MHz with a Bruker AM-360. 13C-
NMR spectra were measured at 62.9 MHz or at 90.6 MHz with the
Bruker spectrometers described above; é values are in ppm down-
field from internal TMS. The degree of carbon substitution was
determined by J-modulated spin-echo experiments. — Mass spectra
were obtained with a Varian MAT-311 A mass spectrometer or
JOEL JMS-700 sector field mass spectrometer. — Elemental ana-
lyses were performed with a Foss-Heraeus Vario EL.

X-ray Crystallographic Study: Crystals suitable for X-ray diffrac-
tion studies were obtained by slow recrystallization of 9a from ben-
zene and of 3b from chloroform. Measurements were performed at
room temperature with an Enraf—Nonius CAD4 four-circle dif-
fractometer equipped with a graphite monochromator using Mo-
K, radiation (A = 0.71073 A) and an ®/26 scan mode. The struc-
tures were solved by direct methods (SIR 98) and refined by full-
matrix least squares on F with all measured unique reflections. Hy-
drogen atoms were located and refined isotropically. Table 1 sum-
marizes details of the crystal data, the data collection, and the
structure refinement. Crystallographic data for the structures re-
ported in this paper have been deposited with the Cambridge Crys-
tallographic Data Centre as supplementary publications nos.
CCDC-136931 (9a) and -136932 (3b). Copies of the data can be
obtained free of charge on application to CCDC, 12 Union Road,
Cambridge CB2 1EZ, UK [Fax: (internat.) + 44-1223/336-033;
E-mail: deposit@ccdc.cam.ac.uk].

2-(1' H-Pyrrol-2'-yl)thiazole (6a): Chloroacetaldehyde (5a) (50% in
water, 10 mL) was extracted with diethyl ether (12 mL), dried with
MgSO,, and filtered. This solution was added to a suspension of
2-pyrrolethiocarboxamide (4)1® (2.52 g, 20.0 mmol) and acetic an-
hydride (2.50 mL, 22.5 mmol) in toluene (10 mL). The mixture was
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Table 1. Crystallographic data, data collection, and refinement parameters
9a 3b
Empirical formula C18H12N482 C26H26N452
M, [g mol™!] 348.45 458.65

Colour, habit
Crystal size [mm)]

yellow prism
0.30 X 0.25 X 0.18

black prism
0.29 X 0.22 X 0.18

Crystal system orthorhombic monoclinic
Space group Pbca (# 61) P2,/a (# 14)
a[A] 6.736(2) 13.207(3)
b [A] 24.321(4) 6.337(2)

¢ [A] 18.784(3) 28.490(5)
a[’] 90 90

BI° 90 103.03
v[°] 90 90

V[A3] 3077(1) 2323(1)

zZ 8 4

Peated. [g cm 3] 1.504 1.311

p (Mo-K,) [mm™1] 0.352181 0.2510
F(000) . 1440 968
Independent rflns up to sin@/A = 0.62 A~! 3015 4755

Rflns observed [/ = 206(])] 2591 3302
Refinement method full-matrix least squares on F

Parameters refined 265 393

R 0.036 0.041

R, 0.039 0.051

[al Empirical absorption correction performed (refined from W-scan).

stirred under reflux for 30 min. After cooling to room temperature, 110.0 (CH), 108.9 (CH), 107.6 (CH), 34.7 (C(CHj);), 30.0

the black solution was diluted with chloroform (300 mL), neutral-
ized with saturated aqueous NaHCOs;, and washed with water (3
X 100 mL). The organic phase was dried with MgSQ,, filtered, and
concentrated under reduced pressure. The oily residue was chroma-
tographed on silica gel (n-hexane/ethyl acetate, 10:4) yielding 2.40 g
(80%) 6a as colourless solid; m.p. 75 °C (n-hexane). — IR (KBr):
Vv = 3179s, 3117s, 1573s, 1489s, 1460s, 1426s, 1383s, 1317m, 1286w,
1152w, 1135m, 1099s, 1058s, 1041m, 1018m, 907s, 865s, 735s, 723s.
— UV/Vis (CH,Cly): Aax (Ig €) = 230 nm (3.55), 316 (4.24). — 'H
NMR (CDCls, 250 MHz): § = 10.62 (br. s, 1 H, NH), 7.67 (d, °J =
3.3Hz, 1 H, 4-H), 7.13 (d, °J = 3.3 Hz, 1 H, 5-H), 6.89—6.86 (m,
1 H, pyrrole-H), 6.73—6.70 (m, 1 H, pyrrole-H), 6.28—6.24 (m, 1
H, pyrrole-H). — 3C NMR (CDCl;, 91 MHz): § = 161.4 (C-2),
142.1 (C-4), 126.5 (C-2"), 120.7 (CH), 116.2 (CH), 110.2 (CH),
110.1 (CH). — EI-MS (70 eV): m/z (%) = 150 (88) [M™*], 149 (2)
[M* — H], 92 (6), 58 (100) [C;H,S™]. — HR-MS (C;HgN,S): caled.
150.0252; found 150.0252. — C;HgN,S (150.2): caled. C 55.98, H
4.02, N 18.64, S 21.35; found C 56.08, H 4.06, N 18.39, S 21.65.

4-tert-Butyl-2-(1' H-pyrrol-2'-yl)thiazole (6b): To a suspension of 2-
pyrrolethiocarboxamide (4)!®1 (3.78 g, 30.0 mmol) in ethanol
(20 mL) was added tert-butyl bromomethyl ketone (5b) (4.00 mL,
30.0 mmol) in one portion. The reaction mixture immediately be-
came a clear yellow solution and was stirred under reflux for
30 min. During this time a colourless precipitate formed. After
cooling at 0 °C, the mixture was filtered and the precipitate was
dissolved in diethyl ether (300 mL). The organic layer was neutral-
ized with saturated aqueous NaHCO; (100 mL), washed with water
(2 X 50 mL), and dried with MgSO,. Removal of the solvent under
reduced pressure yielded 5.40 g (88%) pure 6b as colourless solid;
m.p. 43 °C (n-hexane). — IR (KBr): v = 3402w, 3188m, 3119m,
2961s, 2904m, 2865m, 1577m, 1506s, 1482s, 1469s, 1428m, 1389m,
1363m, 1234m, 1135w, 1097s, 1020s, 948m, 890s, 875m, 728s. — UV/
Vis (CH,Cly): Aoy (Ig €) = 230 nm (3.64), 316 (4.24). — 'H NMR
(CDCls, 250 MHz): 6 = 9.65 (br. s, 1 H, NH), 6.80—6.77 (m, 1
H, pyrrole-H), 6.68 (s, 1 H, 5-H), 6.62—6.60 (m, 1 H, pyrrole-H),
6.22—6.19 (m, 1 H, pyrrole-H), 1.32 (s, 9 H, C(CH3);). — *C NMR
(CDCls, 61 MHz): 8 = 166.4 (C), 159.7 (C), 127.1 (C), 119.8 (CH),

Eur. J. Org. Chem. 2000, 2449—2457

(C(CHs)3). — EI-MS (70 eV): mlz (%) = 206 (77) [M*], 191 (100)
[M* — CHs], 110 (5), 93 (10), 65 (10), 45 (10). — HR-MS
(C1iH14N5S): caled. 206.0878; found 206.0877. — C,H,N,S
(206.3): caled. C 64.04, H 6.84, N 13.57, S 15.54; found C 63.94,
H 6.76, N 13.47, S 15.66.

4-Phenyl-2-(1’ H-pyrrol-2'-yl)thiazole (6¢): To a suspension of 2-
pyrrolethiocarboxamide (4)®! (3.78 g, 30.0 mmol) in ethanol
(30 mL) was added bromomethyl phenyl ketone (5¢) (5.97 g,
30.0 mmol) in one portion. The colour of the solution changed
immediately from yellow to dark green. The reaction mixture was
stirred under reflux for 30 min. After cooling to room temperature,
the mixture was diluted with chloroform (300 mL), neutralized
with saturated aqueous NaHCO; (100 mL), and washed with water
(3 X 100 mL). The organic layer was dried with MgSQ,, filtered,
and the solvent was evaporated in vacuum. The residue was puri-
fied by column chromatography on silica gel (n-hexane/ethyl acet-
ate, 10:2). Recrystallization of the crude product from toluene
yielded 5.83 g (86%) 6¢ as colourless needles; m.p. §89—91 °C. — IR
(KBr): v = 3193m, 3106m, 3072w, 1570m, 1484m, 1323w, 1105m,
1071m, 1058m, 1014m, 877w, 726s, 695m, 676m. — UV/Vis
(CH,Cly): Apmax (Ig €) = 232 nm (4.09), 264 (4.25), 286 (4.06), 326
(4.17). — "TH NMR (CDCl;, 250 MHz): § = 9.54 (br. s, 1 H, NH),
7.90 (dt, 3J = 6.9 Hz, *J = 1.5 Hz, 2 H, phenyl-H), 7.44—7.30 (m,
3 H, phenyl-H), 7.26 (s, 1 H, 5-H), 6.85—6.82 (m, 1 H, pyrrole-H),
6.71—6.68 (m, 1 H, pyrrole-H), 6.27—6.23 (m, 1 H, pyrrole-H). —
13C NMR (CDCls, 91 MHz): § = 160.4 (C), 155.1 (C), 134.4 (C),
128.7 (CH), 128.1 (CH), 126.7 (C), 126.4 (CH), 120.3 (CH), 110.3
(CH), 110.2 (CH), 109.7 (CH). — EI-MS (70 eV): m/z (%) = 226
(100) [M*], 134 (74) [CgHS™], 90 (17) [134* — CS], 89 (14). — HR-
MS (C3H(N,S): caled. 226.0565; found 226.0564. — C3H;(N>S
(226.3): caled. C 69.00, H 4.45, N 12.37, S 14.17; found C 68.99,
H 4.54, N 12.21, S 14.39.

General Procedure for the Synthesis of Carbaldehydes 7a—c: To a
solution of the corresponding compound 6a—c (10.0 mmol) in dry
THF (150 mL) was added dropwise nBuLi (1.6 M solution in »n-
hexane, 13.80 mL, 22.0 mmol) over 15 min at —78 °C. After stirring
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for 60 min at —78 °C, a solution of N-formylmorpholine (1.95 g,
17.0 mmol) in dry THF (5 mL) was added. In the case of the tert-
butyl-substituted derivative 6b, the reaction mixture had to be
warmed up to —30 °C for 60 min after addition of nBuLi to com-
plete deprotonation. After stirring for an additional 2 h at —78 °C,
the mixture was allowed to warm up to room temperature over 6 h
and then added to a solution of 2 N HCI (100 mL) with ice cooling.
The aqueous phase was neutralized with solid NaHCO; and ex-
tracted with dichloromethane (3 X 100 mL). The combined organic
phases were washed with water (100 mL), dried with MgSOy,, fil-
tered, and the solvent was evaporated. The crude product was puri-
fied by recrystallization.

2-(1' H-Pyrrol-2'-yl)thiazole-5-carbaldehyde (7a): Reaction of 6a
(1.50 g, 10.0 mmol) and recrystallization of the crude product from
n-hexane/ethyl acetate (10:1) furnished 1.50 g (84%) 7a as yellow
flakes; m.p. 157 °C. — IR (KBr): ¥ = 3230m, 3133w, 3088w, 2805w,
1666s, 1565m, 1516m, 1460m, 1237m, 1168m, 1107m, 1022w, 906m,
726m, 667w. — UV/Vis (CH,CL): Ay (Ig €) = 240 nm (3.87), 272
(sh, 3.27), 374 (4.42). — '"H NMR (CDCls, 250 MHz): § = 9.97 (s,
1 H, 5-CHO), 9.81 (br. s, 1 H, NH), 8.24 (s, 1 H, 4-H), 7.02—6.99
(m, 1 H, pyrrole-H), 6.92—6.88 (m, 1 H, pyrrole-H), 6.36—6.32 (m,
1 H, pyrrole-H). — '3C NMR (CDCl;, 91 MHz): & = 181.7 (5-
CHO), 167.3 (C-2), 152.1 (C-4), 136.6 (C-5), 125.9 (C-2"), 123.2
(CH), 113.4 (CH), 111.6 (CH). — EI-MS (70 eV): m/z (%) = 178
(100) [M*], 177 (22) [M* — H], 149 (35) [M*" — CHO], 105 (14),
92 (51), 86 (10). — HR-MS (CgHgN,OS): caled. 178.0201; found
178.0201. — CgHgN,OS (178.2): caled. C 53.92, H 3.39, N 15.71,
S 17.99; found C 53.81, H 3.43, N 15.47, S 18.07.

4-tert-Butyl-2-(1' H-pyrrol-2'-yl)thiazole-5-carbaldehyde (7b): Reac-
tion of 6b (2.06 g, 10.0 mmol) and recrystallization of the crude
product from n-hexane furnished 2.10 g (88%) 7b as yellow needles;
m.p. 142 °C. — IR (KBr): v = 3294m, 2961w, 2927w, 2891w 1625s,
1566s, 1456s, 1431m, 1393m, 1310s, 1281m, 1223m, 1126m, 1107m,
1051w, 947m, 756m, 685w. — UV/Vis (CH,CL): An.x (Ig &) =
250 nm (sh, 3.99), 234 (3.66), 374 (4.38). — 'H NMR (CDCls,
250 MHz): & = 10.35 (s, 1 H, 5-CHO), 9.44 (br. s, 1 H, NH),
6.95—6.92 (m, 1 H, pyrrole-H), 6.82—6.78 (m, 1 H, pyrrole-H),
6.29—6.24 (m, 1 H, pyrrole-H), 1.53 [s, 9 H, 4-C(CH3)3]. — 3C
NMR (CDCls, 91 MHz): 6 = 183.1 (5-CHO), 172.7 (C), 163.5 (C),
131.7 (C), 126.4 (C), 122.4 (CH), 112.4 (CH), 111.4 (CH), 37.6
[C(CHj3)3], 31.9 [C(CH3)3]. — EI-MS (70 eV): m/z (%) = 234 (100)
[M*], 219 (34) [M* — CHj;], 205 (8) [M* — CHOJ, 164 (27), 110
(16), 99 (21), 93 (26), 83 (12), 59 (10), 45 (12). — HR-MS
(C1oH14N,OS): caled. 234.0827; found 234.0826. — C,H4N,0S
(234.3): caled. C 61.51, H 6.02, N 11.95, S 13.68; found C 61.61,
H 6.02, N 11.89, S 13.82.

4-Phenyl-2-(1' H-pyrrol-2'-yl)thiazole-5-carbaldehyde (7c): Reaction
of 6¢ (2.26 g, 10.0 mmol) and recrystallization of the crude product
from nitromethane furnished 2.20 g (87%) 7c¢ as yellow crystals;
m.p. 140—142 °C. — IR (KBr): v = 3201m, 3009w, 2845w, 1635s,
1570m, 1458s, 1425m, 1335s, 1276m, 1124s, 1104m, 1040m, 914m,
824w, 776m, 710m, 676w. — UV/Vis (CH,Cl,): Apax (12 €) = 230 nm
(3.88), 286 (4.23), 382 (4.35). — 'H NMR (CDCl;, 250 MHz): § =
9.93 (s, 1 H, 5-CHO), 9.61 (br. s, | H, NH), 7.74-7.70 (m, 2 H,
phenyl-H), 7.53—7.25 (m, 3 H, phenyl-H), 6.97—6.94 (m, 1 H, pyr-
role-H), 6.92—6.89 (m, 1 H, pyrrole-H), 6.34—6.30 (m, 1 H, pyr-
role-H). — 3C NMR (CDCls, 91 MHz): § = 183.8 (5-CHO), 165.2
(C), 163.7 (C), 133.1 (C), 131.2 (C), 130.1 (CH), 129.7 (CH), 128.9
(CH), 126.0 (C), 122.9 (CH), 113.3 (CH), 111.6 (CH). — EI-MS
(70 eV): m/z (%) = 254 (100) [M™*], 254 (60) [M* — H], 225 (3)
[M* — CHOJ, 134 (50) [CgHgS ], 90 (16) [134" — CS], 89 (34). —
HR-MS (C4H(N,OS): caled. 254.0514; found 254.0514. —
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C,4H,oN,OS (254.3): caled. C 66.12, H 3.96, N 11.01, S 12.61;
found C 66.25, H 4.08, N 11.06, S 12.93.

General Procedure for the Synthesis of Dicarbaldehydes 8a—c:
Freshly distilled phosphoryl chloride (2.30 g, 15.0 mmol) was ad-
ded dropwise to dry DMF (3 mL) at 0 °C. The mixture was stirred
for an additional 15 min at room temperature and then diluted with
dry dichloromethane (20 mL). To this suspension a solution of the
corresponding carbaldehyde 7a—c¢ (15.0 mmol) in dry dichloro-
methane (100—150 mL) was added carefully over 15 min, keeping
the temperature at 0 °C. The resulting mixture was stirred for 3 h
at room temperature and then added to a stirred solution of
NaOAc (20 g) in water (300 mL). After stirring for 30 min, the
aqueous phase was neutralized with solid NaHCO; and extracted
with ethyl acetate (6 X 80 mL). The combined organic phases were
washed with water (2 X 60 mL), dried with MgSQ,, filtered, and
the solvent was evaporated under reduced pressure. The crude vi-
olet product was purified by filtration through a short column
packed with silica gel (n-hexane/ethyl acetate, 10:4) and recrystal-
lization from nitromethane.

2-(5'-Formyl-1' H-pyrrol-2'-yl)thiazole-5-carbaldehyde (8a): Reac-
tion of 7a (1.78 g, 10.0 mmol) furnished 1.21 g (59%) 8a as yellow
needles; m.p. 188 °C. — IR (KBr): ¥ = 3109w, 3055w, 2986w, 2850w,
2815w, 1664s, 1638s, 15655, 1511m, 1495w, 1358s, 1225s, 1152,
1054m, 902m, 821w, 750m, 667m. — UV/Vis (CH,CL,): Apa. (g
€) = 234 nm (3.87), 258 (3.69), 348 (sh, 4.37), 364 (4.52), 380 (4.46).
— 'H NMR ([D¢]DMSO, 250 MHz): § = 13.23 (br. s, 1 H, NH),
10.06 (s, 1 H, 5-CHO), 9.69 (s, 1 H, 5'-CHO), 8.73 (s, | H, 4-H),
7.10—7.08 (m, 2 H, pyrrole-H). — '3C NMR ([D4]DMSO,
91 MHz): 6 = 183.8 (CHO), 180.7 (CHO), 164.5 (C-2), 153.3 (C-
4), 138.3 (C), 135.7 (C), 131.5 (C), 119.2 (CH), 113.8 (CH). — EI-
MS (70 eV): m/z (%) = 206 (100) [M*], 205 (40) [M* — H], 177
(20) [M* — CHO], 150 (10), 119 (25), 105 (10). — HR-MS
(CyHgN,0,8): caled. 206.0150; found 206.0150. — CoH¢N,0,S
(206.2): caled. C 52.42, H 2.93, N 13.58, S 15.55; found C 52.36,
H 2.93, N 13.65, S 15.71.

4-tert-Butyl-2-(5'-formyl-1’ H-pyrrol-2’-yl)thiazole-5-carbaldehyde
(8b): Reaction of 7b (2.34 g, 10.0 mmol) furnished 1.70 g (65%) 8b
as yellow needles; m.p. 161 °C. — IR (KBr): Vv = 3284m, 3222m,
3113m, 2959w, 2819w, 1659s, 1645s, 1559w, 1400m, 1300m, 1206m,
1057w, 951w, 797m, 729w, 683m. — UV/Vis (CH,Cl,): Apay (Ig €) =
238 nm (3.82), 266 (3.53), 368 (4.33), 380 (sh, 4.28). — 'H NMR
(CDCls, 360 MHz): 6 = 1041 (s, 1 H, 5-CHO), 10.12 (br. s, 1 H,
NH), 9.65 (s, 1 H, 5'-CHO), 7.01 (dd, *J = 1.5Hz, 3J = 2.5Hz, 1
H, pyrrole-H), 6.85 (dd, *J = 2.4 Hz, 3J = 2.5Hz, 1 H, pyrrole-
H), 1.56 [s, 9 H, 4-C(CH3);]. — '*C NMR (CDCl;, 91 MHz): § =
183.2 (CHO), 179.8 (CHO), 172.7 (C), 161.3 (C), 134.3 (C), 134.0
(), 1319 (C), 121.4 (CH), 112.8 (CH), 37.8 [C(CH3)s], 31.9
[C(CH3)5]. — EI-MS (70 eV); m/z (%) = 262 (100) [M*], 247 (39)
[M* — CHg], 233 (10) [M* — CHO], 192 (33), 121 (12), 99 (23).
— HR-MS (C;3H4N>0O,S): caled. 262.0776; found 262.0777. —
C3H4N,O,S (262.3): caled. C 59.52, H 5.38, N 10.67, S 12.22;
found C 59.51, H 5.26, N 10.71, S 12.25.

4-Phenyl-2-(5-formyl-1' H-pyrrol-2'-yl)thiazole-5-carbaldehyde (8c):
Reaction of 7¢ (2.54 g, 10.0 mmol) furnished 1.27 g (45%) 8¢ as
yellow needles; m.p. 211 °C. — IR (KBr): v = 3268w, 3142w, 3051w,
2830w, 1670s, 1635s, 1564m, 1512w, 1478m, 1395m, 1273m, 1216m,
1145w, 917m, 765m, 691m. — UV/Vis (CH,CL): Ay. (Ig &) =
248 nm (4.28), 302 (4.13), 373 (4.46), 388 (4.42). — 'H NMR
(CDCls, 250 MHz): 8 = 13.21 (br. s, | H, NH), 9.97 (s, 1 H, 5-
CHO), 9.71 (s, 1 H, 5'-CHO), 7.95—-7.92 (m, 2 H, phenyl-H),
7.60—7.57 (m, 3 H, phenyl-H), 6.14—6.10 (m, 2 H, pyrrole-H). —
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13C NMR (CDCLs, 91 MHz): § = 184.0 (CHO), 180.7 (CHO),
162.8 (C), 162.0 (C), 135.8 (C), 132.9 (C), 132.5 (C), 131.4 (C),
130.2 (CH), 129.9 (CH), 128.8 (CH), 119.3 (CH), 113.9 (CH). —
EL-MS (70 eV): mlz (%) = 282 (100) [M*], 281 (52) [M* — H], 253
(11) [M* — CHO]J, 134 (81) [CsHeS™], 90 (37) [134*+ — CS], 89
(64). — HR-MS (C,5H,oN-0,S): calcd. 282.0463; found 282.0463.
— Cy5H,oN,O5S (282.3): caled. C 63.82, H 3.57, N 9.92, S 11.36;
found C 63.95, H 3.71, N 9.93, S 11.66.

General Procedure for the McMurry Cyclisation of Dialdehydes
8a—c: To a suspension of Zn/Cu couple (4.00 g, 60.0 mmol) in dry
THF (200 mL) was added TiCl, (3.30 mL, 30.0 mmol) by syringe
at 0 °C over 15 min. Dry pyridine (1.5 mL) was added and the
suspension was refluxed for 2 h. To this freshly prepared and gently
refluxing McMurry suspension was added dropwise a solution of
the corresponding dicarbaldehyde 8a—c¢ (3.0 mmol) in dry THF
(500 mL) over a period of 60 h. After stirring an additional 5 h at
reflux, the dark violet reaction mixture was allowed to cool to room
temperature and filtered through Celite. The filtrate was hydrolyzed
with 13% ammonia (400 mL) and extracted with dichloromethane
(600 mL). The red organic layer was separated, washed with water
(2 X 200 mL), dried with MgSQ,, filtered, and the solvent evapo-
rated under reduced pressure. To remove the polymeric by-products
the residue was filtered through a short column packed with silica
gel (n-hexane/ethyl acetate, 10:4) and the remaining product was
purified by column chromatography on silica gel.

3,20:10,13-Diepithio-6,9:16,19-diimino-1,11-diaza|20]annulene (9a):
Reaction of 8a (0.62 g, 3.0 mmol), column chromatography of the
residue (n-hexane/ethyl acetate, 10:6) and recrystallisation of crude
product from toluene yielded 35 mg (7%) 9a as yellow prisms; m.p.
250—251 °C. — IR (KBr): ¥V = 33995, 3195m, 3090m, 3014w,
1602m, 1520m, 1421m, 1353m, 1281m, 1201m, 1146m, 1121m,
1040m, 1027m, 903w, 7765, 648m. —UV/Vis (CH,CL): Ly (Ig €) =
240 nm (sh, 4.09), 268 (4.32), 338 (4.45), 400 (3.62). — 'H NMR
(CDCls, 360 MHz): 6 = 8.41 (br. s, 2 H, NH), 7.50 (s, 2 H, 2,12-
H), 6.65 (dd, 3J = 3.7 Hz, *J = 2.7 Hz, 2 H, 8,18-H), 6.48 (s, 4 H,
4,5,14,15-H), 6.19 (dd, 3J = 3.7 Hz, *J = 2.7 Hz, 2 H, 7,17-H); 'H
NMR (CgDg, 360 MHz): 6= 8.33 (br. s, 2 H, NH), 7.22 (d, *J =
1.0 Hz, 2 H, 2,12-H), 6.63 (dd, 3J = 3.8 Hz, *J = 3.6 Hz, 2 H,
pyrrole-H), 5.95 (d, 3J = 11.1 Hz, 2 H, 5,15-H), 5.93 (dd, 3J =
3.8 Hz, *J = 3.0 Hz, 2 H, pyrrole-H), 5.84 (dd, 3J = 11.1 Hz, 4J =
1.0 Hz, 2 H, 4,14-H). — 3C NMR (CDCls, 91 MHz): § = 162.6
(C), 142.9 (CH), 135.0 (C), 131.1 (C), 129.4 (C), 124.3 (CH), 118.3
(CH), 113.7 (CH), 110.6 (CH). — EI-MS (70 eV): m/z (%) = 348
(100) [M™], 192 (16), 174 (23) [M?*], 142 (13), 129 (11). — HR-
MS (C1gH5N,S,): caled. 348.0503; found 348.0503. — C1gH,N,S,
(348.4): caled. C 62.05, H 3.47, N 16.07, S 18.41; found C 62.35,
H 3.62, N 15.77, S 18.54.

2,12-Di-tert-butyl-3,20:10,13-diepithio-6,9:16,19-diimino-1,11-
diaza[20]annulene (9b), 2,7-Di-tert-butyl-3,20:6,9-diepithio-
10,13:16,19-diimino-1,8-diaza|20]annulene (10b), and 2,7,22-Tri-
tert-butyl-6,9:3,30:20,23-triepithio-10,13:16,19:26,29-triimino-
1,8,21-triaza[30]annulene (11b): Reaction of 8b (0.79 g, 3.0 mmol)
and column chromatography of the residue (n-hexane/ethyl acetate,
10:1) eluted three fractions containing the crude products 9b, 10b
and 11b.

Compound 9b: Chromatography of crude product 9b (n-hexane/
ethyl acetate, 10:1) and recrystallisation from n-hexane yielded
124 mg (18%) 9b as yellow prisms; m.p. 136—138 °C. — IR (KBr):
V = 3433s, 3236m, 2950s, 2925m, 2898m, 1602w, 1484s, 1456m,
1363m, 1289m, 1201m, 1173m, 1045s, 1034s, 938w, 802s, 78ls,
705m, 669m. — UV/Vis (CH,CL): Apa (Ig €) = 232 nm (4.22), 276
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(4.29), 332 (4.37), 408 (3.48). — '"H NMR (CDCls, 360 MHz): § =
7.89 (br. s, 2 H, NH), 6.60 (d, 3/ = 11.2Hz, 2 H, 4,14-H),
6.47—6.45 (m, 2 H, 8,18-H), 6.45 (d, 3/ = 11.2 Hz, 2 H, 5,15-H),
6.15 (t, J = 3.1 Hz, 2 H, 7,17-H), 1.37 [s, 18 H, C(CH)5]. — 3C
NMR (CDCls, 91 MHz): § = 162.5 (C), 158.6 (C), 130.6 (C), 128.6
(C), 124.1 (CH), 118.5 (CH), 113.2 (CH), 109.2 (CH), 36.3
[C(CHs)s], 30.7 [C(CHs)s]. — EI-MS (70 eV): mlz (%) = 460 (53)
[M*], 403 (100) [M* — C(CHs)s], 57 (12) [C(CH3);*]. — HR-MS
(CagHasNLS,): caled. 460.1755; found 460.1753. — CagHogN,S,
(460.6): caled. C 67.79, H 6.13, N 12.16, S 13.92; found C 67.80,
H 6.06, N 12.15, S 13.95.

Compound 10b: Chromatography of crude product 10b (n-hexane/
ethyl acetate, 10:1) and recrystallisation from n-hexane yielded
20 mg (3%) 10b as yellow crystals; m.p. 131—134 °C — IR (KBr):
Vv = 3415s, 29625, 2927m, 2900m, 2865m, 1617w, 1482s, 1457m,
1390m, 1362m, 1292w, 1180m, 1159m, 1035s, 950m, 820w, 779s,
668m. — UV/Vis (CH,CL): Ayay (Ig €) = 230 (4.19), 262 (4.27),
322 (4.38), 400 (sh, 3.64). — 'H NMR (CDCl;, 360 MHz): § =
9.05 (br. s, 2 H, NH), 6.83 (s, 2 H, 4,5-H), 6.48 (dd, 3J = 3.5 Hz,
4J = 2.4 Hz, 2 H, pyrrole-H), 6.21 (s, 2 H, 14,15-H), 6.18 (dd, 3J =
3.5Hz, *J = 2.6 Hz, 2 H, pyrrole-H), 1.39 [s, 18 H, C(CH3)3]. —
13C NMR (CDCl;, 91 MHz): § = 164.3 (C), 160.5 (C), 131.6 (C),
128.6 (C), 128.5 (C), 123.5 (CH), 117.9 (CH), 113.9 (CH), 109.6
(CH), 36.4 [C(CH3)3], 30.8 [C(CH3)3]. — EI-MS (70 eV): milz (%) =
460 (100) [M™*], 445 (3) [M* — CHs), 230 (6) [M?*], 57 (12)
[C(CH3)3"]. — HR-MS (CyH»gN4S,): caled. 460.1755; found
460.1753 — Cy6H5sN4S, (460.6): caled. C 67.79, H 6.13, N 12.16,
S 13.92; found C 67.41, H 6.29, N 11.86, S 13.48.

Compound 11b: Chromatography of crude product 11b (n-hexane/
ethyl acetate, 10:3) and recrystallisation from n-hexane/toluene
(1:1) yielded 36 mg (5%) 11b as orange crystals; m.p. 209—-211 °C.
— IR (KBr): v = 3431m, 3188w, 3010w, 2955s, 2895m, 1576m,
1559w, 1512m, 1484s, 1458m, 1391m, 1364m, 1210m, 1180s, 1038m,
948m, 884m, 779s, 668m. — UV/Vis (CH,Cly): Apax (1g €) = 230 nm
(4.36), 250 (4.28), 358 (4.66), 470 (sh, 3.83). — 'H NMR (CDCl;,
360 MHz): 6 = 8.80 (br. s, 1 H, NH), 8.72 (br. s, 1 H, NH), 8.66
(br. s, 1 H, NH), 7.16 (d, 3J = 11.3 Hz, 1 H, olefin-H), 6.84 (d,
3J = 11.3 Hz, 1 H, olefin-H), 6.70 (dd, 3J = 2.7 Hz, *J = 2.4 Hz,
1 H, pyrrole-H), 6.65 (dd, 3J = 2.5 Hz, 4J = 2.4 Hz, 1 H, pyrrole-
H), 6.51 (d, 3 = 11.3 Hz, 1 H, olefin-H), 6.47 (dd, 3J = 2.5 Hz,
4J = 2.4 Hz, 1 H, pyrrole-H), 6.41 (d, 3*J = 11.3 Hz, 1 H, olefin-
H), 6.29—-6.24 (m, 4 H), 6.13 (t, J = 3.4 Hz, 1 H, pyrrole-H), 1.45
[s, 9 H, C(CH;);], 1.43 [s, 9 H, C(CH;);], 1.42 [s, 9 H, C(CHs);].
— 13C NMR (CDCls, 91 MHz): & = 162.8 (C), 162.4 (C), 162.3
(C), 156.7 (©), 156.4 (C), 155.9 (C), 131.2 (C), 131.0 (C), 130.2 (C),
128.6 (C), 128.0 (C), 127.9 (C), 124.2 (CH), 123.4 (CH), 123.1
(CH), 122.1 (CH), 118.7 (CH), 117.7 (CH), 117.2 (CH), 113.9
(CH), 112.9 (CH), 111.6 (CH), 110.4 (CH), 110.1 (CH), 36.3
[C(CH3)3], 36.2 [C(CH3)5], 36.1 [C(CHj3)3], 30.8 (CH3), 30.6 (CHj).
— EI-MS (70 eV): m/z (%) = 690 (100) [M*], 633 (9) [M* —
C(CHs)s], 345 (24) [M?*]), 57 (12) [C(CH3);*]. — HR-MS
(C39H45NgS3): caled. 690.2633; found 690.2631.

2,12-Diphenyl-3,20:10,13-diepithio-6,9:16,19-diimino-1,11-diaza-
[20]annulene (9¢) and 2,7-Diphenyl-3,20:6,9-diepithio-10,13:16,19-di-
imino-1,8-diaza[20]annulene (10c): Reaction of 8¢ (0.79 g,
3.0 mmol) and column chromatography of the residue (n-hexane/
ethyl acetate, 10:2) eluted two fractions containing the crude prod-
ucts 9c and 10c.

Compound 9¢: Chromatography of crude product 9¢ (n-hexane/
ethyl acetate, 10:3) and recrystallisation from n-hexane/benzene
(1:1) yielded 109 mg (14%) 9c as yellow crystals; m.p. 109—111 °C.
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— IR (KBr): v = 3426s, 3056w, 3021w, 1601w, 1494m, 1477m,
1457m, 1442m, 1395w, 1323w, 1290w, 1188m, 1033m, 921w, 785s,
770s, 693s. — UV/Vis (CH>Cly): Aoy (Ig €) = 234 nm (4.43), 246
(sh, 4.41), 290 (4.45), 344 (4.44), 406 (3.62). — 'H NMR (CDCl;,
360 MHz): 6 = 8.52 (br. s, 2 H, NH), 7.72—7.70 (m, 4 H, phenyl-
H), 7.43—7.34 (m, 6 H, phenyl-H), 6.71-6.69 (m, 2 H, 8,18-H),
6.62 (d, 3J = 11.2Hz, 2 H, 4,14-H), 5.52 (d, 3J = 11.2 Hz, 2 H,
5,15-H), 6.22 (t, 3J = 3.1 Hz, 2 H, 7,17-H). — '3C NMR (CDCl;,
91 MHz): 6 = 162.6 (C), 153.7 (C), 134.2 (C), 131.2 (C), 129.4 (C),
129.1 (C), 128.8 (CH), 128.5 (CH), 128.4 (CH), 124.0 (CH), 119.2
(CH), 113.8 (CH), 110.7 (CH). — EI-MS (70 eV): m/z (%) = 500
(100) [M™], 467 (12), 423 (8) [M™ — CgHs], 250 (13) [M>*], 121
(50). — HR-MS (C30H»oN,S,): caled. 500.1129; found 500.1128. —
C30H»0N4S5 (500.6): caled. C 71.97, H 4.03, N 11.18, S 12.81; found
C 7191, H 4.15, N 11.02, S 12.99.

Compound 10c: Chromatography of crude product 10c (n-hexane/
ethyl acetate, 10:3) and recrystallisation from nr-hexane/benzene
(1:1) yielded 14 mg (2%) 10c as yellow crystals; m.p. 106—108 °C.
— IR (KBr): v = 3409s, 3054w, 3019w, 1596w, 1486m, 1455m,
1446m, 1438m, 1385w, 1296w, 1168m, 1023m, 919w, 780s, 767s,
684s. — UV/Vis (CH,Cly): Apax (Ig €) = 230 nm (4.41), 240 (sh,
4.39), 280 (4.43), 334 (4.43), 400 (3.65). — 'H NMR (CDCl;,
360 MHz): § = 9.43 (br. s, 2 H, NH), 7.63 (dd, 3J = 6.8 Hz, 4J =
1.7 Hz, 4 H, phenyl-H), 7.39—7.25 (m, 6 H, phenyl-H), 6.79 (s, 2
H, 4,5-H), 6.60 (dd, 3J = 3.3 Hz, 4J = 2.4 Hz, 2 H, pyrrole-H),
6.24 (s, 2 H, 14,15-H), 6.23—6.21 (m, 2 H, pyrrole-H). — 3C NMR
(CDCl3, 91 MHz): 6 = 157.3 (C), 153.6 (C), 134.2 (C), 130.9 (C),
128.4 (CH), 128.2 (CH), 128.1 (CH), 128.0 (C), 126.9 (C), 122.1
(CH), 116.8 (CH), 114.9 (CH), 111.4 (CH). — EI-MS (70 eV): m/z
(%) = 500 (100) [M*], 467 (2), 423 (1) [M*" — Cg¢Hs], 250 (10)
[M2*], 121 (10). — HR-MS (C30H2N4S,): caled. 500.1129; found
500.1128. — C;30H»0N4S, (500.6): caled. C 71.97, H 4.03, N 11.18,
S 12.81; found C 71.71, H 4.09, N 11.35, S 12.51.

General Procedure for the Synthesis of 21,23-Dithia-3,13-diazapor-
phycenes 3a—c: To a solution of the corresponding dihydroporphy-
cene 9a—c (0.20 mmol) in THF (50 mL) was added in one portion
at —20 °C a solution of DDQ (55 mg, 0.25 mmol) in THF (5§ mL).
The cooling bath was removed and the mixture stirred for 30 min
at room temperature. The blue-green solution was diluted with
dichloromethane (200 mL), washed with aqueous NaHCOj3 (10%,
3 X 50 mL) and with water (3 X 50 mL). The organic layer was
separated, dried with MgSQOy, filtered, and the solvent was evapo-
rated at 20 °C under reduced pressure. The black-violet residue was
extracted several times with cold n-hexane and the resulting violet
precipitate was collected by filtration.

21,23-Dithia-3,13-diazaporphycene (3a): Reaction of 9a (72 mg,
0.20 mmol) and recrystallisation from n-hexane/dichloromethane
(2:1) yielded 11 mg (17%) 3a as violet needles; m.p. 186—190 °C
(dec.). — UV/Vis (THF): Ap.x (Ig €) = 388 nm (4.67), 588 (4.32),
684 (3.68), 740 (3.75). — 'H NMR (CDCl;, 360 MHz): § = 10.41
(s, 2 H, 2,12-H), 10.05 (d, 3J = 10.8 Hz, 2 H, 10,20-H), 9.37 (d,
3] = 10.8 Hz, 2 H, 9,19-H), 8.94 (d, 3J = 4.3 Hz, 2 H, 6,16-H),
8.45(d,3J = 4.3 Hz, 2 H, 7,17-H). — '3C NMR (CDCls, 91 MHz):
8 = 159.9 (C), 159.4 (C), 158.7 (C-2,12), 154.9 (C), 141.0 (C-1,11),
134.5 (C-7,17), 127.3 (C-6,16), 124.7 (C-10,20), 122.1 (C-9,19). —
FD-MS: m/z (%) = 346.0 [M™"].

2,12-Di-tert-butyl-21,23-dithia-3,13-diazaporphycene (3b): Reaction
of 9b (92 mg, 0.20 mmol) and recrystallisation from benzene
yielded 80 mg (87%) 3b as violet needles; m.p. 223—226 °C (dec.).
— IR (KBr): v = 3095w, 3089w, 2965m, 2923m, 2900w, 1540w,
1475m, 1457m, 14355, 1400w, 1364m, 1187w, 1015s, 1012m, 1001m,
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958s, 9355, 928s, 862s, 814s, 768s. — UV/Vis (THE): Ay (Ig €) =
398 nm (4.81), 594 (4.41), 698 (3.92), 758 (4.22). — 'H NMR
(CDCls, 360 MHz): & = 10.44 (d, 3/ = 11.2 Hz, 2 H, 10,20-H),
9.29 (d, 3J = 11.2Hz, 2 H, 9,19-H), 8.95 (d, 3/ = 43 Hz, 2 H,
6,16-H), 8.45 (d, 3J = 4.3 Hz, 2 H, 7,17-H), 2.22 [s, 8 H, C(CH,)s].
— 13C NMR (CDCL,, 63 MHz): § = 180.3 (C-2,12), 157.7 (C),
156.7 (C), 155.2 (C), 137.9 (C-1,11), 134.2 (C-7,17), 126.9 (C-6,16),
123.6 (C-10,20), 120.6 (C-9,19), 39.5 [C(CHs)s], 33.2 [C(CHS)s]. —
FD-MS: m/z (%) = 458.2 [M*]. — CagHasN,S, (458.6): caled. C
68.09, H 5.71, N 12.21, S 13.98; found C 68.06, H 5.76, N 12.01,
S 14.15.

2,12-Diphenyl-21,23-dithia-3,13-diazaporphycene (3c): Reaction of
9¢ (100 mg, 0.20 mmol) and recrystallisation from dichloromethane
yielded 84 mg (84%) 3¢ as violet needles; m.p. 240—243 °C (dec.).
— IR (KBr): v = 3103w, 3081w, 3044w, 1489m, 1448m, 1434s,
1398m, 1339m, 1178w, 1154m, 1125w, 1056s, 1029s, 998w, 952s,
908m, 785w, 757m, 718w, 667m. — UV/Vis (THF): A, (Ig €) =
262 nm (4.35), 410 (4.75), 604 (4.35), 712 (3.96), 776 (4.20). — 'H
NMR (CDCl;, 360 MHz): § = 10.10 (d, 3J = 11.0 Hz, 2 H, 10,20-
H), 9.35(d, 3J = 11.0 Hz, 2 H, 9,19-H), 9.03 (d, *J = 4.3 Hz, 2 H,
6,16-H), 8.49 (d, 3J = 43 Hz, 2 H, 7,17-H), 8.34—8.36 (m, 4 H,
phenyl-H), 7.85—7.73 (m, 6 H, phenyl-H). — '3C NMR (CDCl;,
91 MHz): 6 = 170.3 (C-2,12), 158.5 (C), 158.1 (C), 155.5 (C), 138.2
(C-1,11), 135.8 (C), 134.7 (C-7,17), 132.2 (CH), 129.9 (CH), 129.2
(CH), 127.4 (C-6,16), 125.4 (C-10,20), 122.4 (C-9,19). — FD-MS:
miz (Yo) = 498.1 [M*]. — C3oH sN,S, (498.6): caled. C 72.26, H
3.64, N 11.24, S 12.86; found C 72.00, H 3.77, N 11.27, S 12.66.

Acknowledgments

We thank the BASF AG, the Bayer AG, the Hoechst AG (AV-
ENTIS AG), the Fonds der Chemischen Industrie, and the Deut-
sche Forschungsgemeinschaft for support of this work. We are in-
debted to Dr. W. Kramer and Ms. U. Hertle for NMR spectra, to
Mr. H. Rudy for MS spectra and for Mr. P. Weyrich for elemental
analyses. Special thanks to our laboratory assistant Mr. G. Barkow-
sky for carrying out some reactions, Dr. Th. Lindel for many help-
ful discussions, and Dr. M. Winter for help with the manuscript.

(11 4D, Kessel, J. Dougherty (Eds.), Porphyrin Photosensitization,
Plenum Press, New York 1983. — UPIC. J. Gomer, Photody-

namic Therapy, Pergamon Press, Oxford, 1987. — [T, ],
Dougherty, Pharm. News 1994, 1, 15—21. — U'YID, Dolphin,
Can. J. Chem. 1994, 72, 10005—10013. — ['sJR. Bonnett, Chem.
Soc. Rev. 1995, 19—33. — [MIE, D. Sternberger, D. Dolphin, C.
Briickner, Tetrahedron 1998, 54, 4151—4202. — U'sID, Wohrle,
A. Hirth, T. Bogdahn-Rai, G. Schnurpfeil, M. Shopova, Russ.
Chem. Bull. 1998, 47, 807—816. — ['MA . Hirth, U. Michelsen,
D. Wohrle, Chem. Unserer Zeit 1999, 33, 84—94.
[2al] K. Sessler, A. K. Burell, Top. Curr. Chem. 1991, 161,
177—273. — I2°IB. Franck, A. Nonn, Angew. Chem. 1995, 107,
1941—1957; Angew. Chem. Int. Ed. Engl. 1995, 34, 1795—1811.
— PCE. Vogel, J Heterocycl. Chem. 1996, 33, 1461—1487. —
[2dlJ, K. Sessler, S. J. Weghorn, Expanded, Contracted and Iso-
meric Porphyrins, Pergamon Press, Oxford, 1997. — P¢IA. Jasat,
D. Dolphin, Chem. Rev. 1997, 97, 2267—2340. — PIE.-P.
Montforts, M. Glasenapp-Breiling, D. Kusch, Methods Org.
Chem. (Houben-Weyl) 4th ed. 1998, vol. IV/IE 9, p. 577. —
[221A. N. Kozyrev, J. L. Alderfer, T. J. Dougherty, R. K. Pandey,
Angew. Chem. 1999, 111, 169—171; Angew. Chem. Int. Ed.
1999, 38, 126—128.
BalG. DeMunno, F. Lucchesini, R. Neidlein, Tetrahedron 1993,
49, 6863—6872. — BYIF, Ellinger, A. Gieren, T. Hiibner, J. Lex,
F. Lucchesini, A. Merz, R. Neidlein, J. Salbeck, Monatsh.
Chem. 1993, 124, 931—943. — B¢IU. Dahlmann, C. Krieger, R.
Neidlein, Eur. J. Org. Chem. 1998, 525—529.
MaH, Fischer, W. Friedrich, Justus Liebigs Ann. Chem. 1936,
523, 154. — BB, Gerlach, F.-P. Monforts, Tetrahedron Lett.

2

B3

[4

Eur. J. Org. Chem. 2000, 2449—2457



Novel Aromatic Porphycene Analogues

FULL PAPER

1992, 33, 1985—1988. — [P Singh, L.Y. Xie, D. Dolphin,

Tetrahedron Lett. 1995, 36, 1567—1570. — [*41B. Gerlach, F.-P.

Monforts, Liebigs Ann. 1995, 1509—1514. — L. Y. Xie, R.

W. Boyle, D. Dolphin, J Am. Chem. Soc. 1996, 118,

4853—4859. — 1S, Kai, M. Suzuki, Y. Masaki, Tetrahedron

Lett. 1998, 39, 4063 —4066.

T. NuBbaumer, R. Neidlein, Heterocycles 2000, 52, 349—364.

©aly E. McMurry, Chem. Rev. 1989, 89, 1513—1524. — [©PID,

Lenoir, Synthesis 1989, 883—897. — [%IA_ Fiirstner, B. Bog-

danovic, Angew. Chem. 1996, 108, 2582—2609; Angew. Chem.

Int. Ed. Engl 1996, 35, 2442—2469.

E. Vogel, M. Kocher, H. Schmickler, J. Lex, Angew. Chem.

1986, 98, 262—264; Angew. Chem. Int. Ed. Engl. 1986, 25,

257-259.

8] 8N, Seko, K. Yoshino, K.Yokota, G. Tsukamoto, Chem.
Pharm. Bull. 1991, 39, 651—657. — Y], Streith, C. Fizet, H.
Fritz, Helv. Chim. Acta 1976, 59, 2786—2792. — 8<IR. M. Sil-
verstein, E. E. Ryskiewicz, C. Willard, Org. Synth. 1956, 36,
74-76.

1 Pal] V. Metzger, Comprehensive Heterocyclic Chemistry, Perga-
mon Press, Oxford, 1984, vol. 6, p. 235. — PPIM. Begtrup, L.
Bo L. Hansen, Acta Chem. Scand. 1992, 46, 372—383.

01T, Hasan, E. R. Marinelli, L.-C. Chang, F. W. Fowler, A. B.
Levy, J Org. Chem. 1981, 46, 157—164.

1A, Dondoni, G. Fantin, M. Fogagnolo, A. Medici, P. Pedrini,
Synthesis 1987, 998 —1001.

1211231 B Vogel, M. Balci, K. Pramod, P. Koch, J. Lex, O. Ermer,
Angew. Chem. 1987, 99, 909—912; Angew. Chem. Int. Ed. Engl.
1987, 26, 928—931. — [12bl R Guilard, M. A. Aukauloo, C.
Tardieux, E. Vogel, Synthesis 1995, 1480—1482. — [12<1 S, No-
nell, N. Bou, J. I. Borrell, J. Teixido, A. Villanueva, A. Juar-
ranz, M. Canete, Tetrahedron Lett. 1995, 36, 3405—3408.

[5
[6

[7

Eur. J. Org. Chem. 2000, 2449—2457

3113l B Vogel, M. Sicken, P. Rohrig, H. Schmickler, J. Lex, O.
Ermer, Angew. Chem. 1988, 100, 450—453; Angew. Chem. Int.
Ed. Engl 1988, 27, 411—414.- 138 P, J. Garratt, Aromaticity,
Wiley, New York, 1986.

[141 The signals of the olefinic protons of 9a accidentally appear
at identical chemical shifts in CDCl;, but show the expected
separated doublets in C¢Ds.

51 E. Vogel, I. Grigat, M. Kécher, J. Lex, Angew. Chem. 1989, 101,
1687—1689; Angew. Chem. Int. Ed. Engl. 1989, 28, 1655—1557.

16l [16al A Strand, B. Thulin, O. Wennerstrdm, Acta Chem. Scand.
B 1977, 32, 521—523. — 1681 K. Ankner, B. Lamm, B. Thulin,
O. Wennerstrom, J Chem. Soc., Perkin Trans. 2 1980,
1301—1305. — 116 7 Hu, J. L. Atwood, M. P. Cava, J. Org
Chem. 1994, 59, 8071—8075.

171 A single crystal X-ray structural analysis of 3¢ was performed
in co-operation with J. Lex and J.-M. Neudorfel, Department
of Organic Chemistry at the University of Cologne.

81 A, F. Holleman, E. Wiberg, Lehrbuch der Anorganischen
Chemie, 91—100th ed., Walter deGruyter, Berlin, 1985, p. 101,
p. 474.

1911191 A Ulman, J. Manassen, F. Frolow, D. Rabinovich, J Am.
Chem. Soc. 1979, 101, 7055—7059. — U%1 A  Ulman, J.
Manassen, F. Frolow, D. Rabinovich, Inorg. Chem. 1981, 20,
1987—1990. "% R. L. Hill, M. Gouterman, A. Ulman, Inorg
Chem. 1982, 21, 1450—1455.

201 L. Latos-Grazynski, J. Lisowski, L. Szterenberg, M. M.
Olmstead, A. L. Balch, J Org. Chem. 1991, 56, 4043 —4045.
21 D. D. Perrin, W. L. F. Armarego, Purification of Laboratory

Chemicals, 3rd ed., Pergamon Press, Oxford, 1988.
Received November 29, 1999
[099655]

2457



