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In order to study the orientation and distance dependence of 
TC-TI interactions between flavins in various redox states, two 
approaches to bis(isoal1oxazine) model compounds are  pre- 
sented: The [3.3]isoalloxazinophanes 2 and 4 and the rigid 
single-bridged 1,8-naphthalene- and l$-anthracene-linked 
bis(isoal1oxazine) systems 6, 8 and 26 were synthesized, cha- 
racterized, and studied by spectroscopic methods and  cyclic 

voltammetry. The experimental data  are  discussed in  compa- 
rison with "monomeric" isoalloxazines and  flexible single- 
chain trimethylene-linked bis(isoal1oxazine) reference com- 
pounds. X-Ray structure analyses are  reported for the 1,8- 
bis(isoalloxazinyl)-9,1O-dihydroanthracene 26 and for 22 as 
an example of 1,8-disubstituted naphthalenes with strongly 
polar substituents comparable to 6. 

One of the most important features in flavin chemistry is the 
ability of the isoalloxazine system to exist in three different stable 
redox states: the flavoquinone, the flavoseniiquinone radical and 
the flavohydroquinone. These redox states can be further modified 
by protonation or deprotonation, formation of hydrogen bonds or 
steric factors. For these reasons, the flavocoenzymes flavin mono- 
nucleotide (FMN) and flavin adenine dinucleotide (FAD) play an 
essential role in biological processes as mediators between nicotin- 
amide nucleotides as exclusive two-electron carriers and typical one- 
electron carriers such as ferredoxin iron sulfur clusters or metallo- 
porphyrins. It has also been postulated that in the active site of 
some enzymes (e. g. NADPH-cytochrome P4,,-reductase) two flav- 
ins act as a single redox-active unit[*]. 

The quinhydrone-like association of oxidized and reduced flavins 
was first discussed by Kuhn and Strobele[31. Although the spectro- 
scopic properties of semireduced flavin systems have been studied 
extensively since thenr41, the spatial arrangement favoring charge- 
transfer interactions and the exchange of redox equivalents by elec- 
tron transfer is still a matter of controversial discussionc51. In the 
past, there have been some attempts to inimic these interactions 
by open-chain trimethylene-linked bis(isoalloxazines)[61. As a major 
disadvantage of such models, however, it must be realized that their 
steric structure due to the flexibility of the linking chain is not well- 
defined. Suitable model systems for determining the orientation 
and distance dependence of flavin-flavin interactions require clearly 
defined rigid geometries with sandwich-like flavin-flavin orien- 
tation as well as a controlled variation of interplanar distances by 
the choice of different spacer groups. 

With the intention to contribute to the understanding of 
flavin coenzyme functions we tried to synthesize models 
meeting these requirements. Results referring to flavin-fla- 
vin interactions are described in this paper; in the following 
papers we report on an analogous approach in the attempt 
to synthesize models for flavin interactions with nicotin- 
amidec7I and quinones[*]. 

Based on earlier extensive experiences of our group in 
using the "cyclophane concept" for studying intramolecular 
charge-transfer excimer interactions[l0I and 
electron-transfer reactions["] with regard to their distance 
and orientation dependences, the requirements mentioned 
above should be satisfied by incorporating two isoalloxazine 
units into cyclophane systems. Thus, our first synthetic 
goals were the isoalloxazinophanes 1 and 3 as well as their 
respective chiral isomers 2 and 4 with different K".K  overlap 
as compared to 1 and 3, respectively. 

A complementary approach to well-defined flavin-flavin 
systems makes use of rigid arene spacers like naphthalene 
and anthracene to the 1- and 8-positions of which two isoal- 
loxazine units are linked through their 10-positions. In prin- 
ciple, there might exist again two isomers each with differ- 
ent mutual flavin-flavin orientations - the syn-anti pairs 51 
6 and 7/8, By comparing the corresponding 
compounds with naphthalene and anthracene spacers, we 
expected to derive evidence regarding the distance depen- 
dence of flavin-flavin interaction. 

The synthetic program thus consisted of attempts to syn- 
thesize the bis(isoal1oxazine) compounds 1 to 8. In ad- 
dition, as relevant reference compounds some simple isoal- 
loxazines and single-bridged trimethylene-linked bis(isoa1- 
loxazines) were to be synthesized (see below). 

Regarding the nomenclature it should be mentioned that 
the systematic name of isoalloxazine is "benzo[g]pteridine- 
2,4(1H,3H)-dione". Flavins in the strict sense are the corre- 
sponding 7,s-dimethyl derivatives. For the cyclophanes 1-4 
a modified "cyclophane nomenclat~re"['~I is used in which 
for reasons of comparability the normal atom numbering 
of isoalloxazines is retained. 
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[3.3]Isoalloxazinophanes: Syntheses, Structures and 
Properties 

[3.3](3,10)Isoalloxazinophanes (1 and/or 2): For the syn- 
thesis of 1 and/or 2, trimethylene-NJV"'bis(2-nitroaniline) 
(9), prepared with slight modifications according to ref. 
(see Experimental), was catalytically hydrogenated (Pd/ 
charcoal, acetic acid/boric acid, 70°C) to the corresponding 
diamino compound 10 which without isolation was treated 
with alloxan monohydrate (boric acid, acetic acid, 15 h at 
60- 65"C, under nitrogen) to yield trimethylenebis( 10-isoal- 
loxazine) (11)[6d]. By N-methylation (iodomethane, DMF, 
potassium carbonate, 36 h, 50"C, yield 70%) trimethylene- 
bis[l0-(3-methylisoalloxazine)] (12)[14] was obtained as an 
open-chain reference compound with the same substitution 
pattern as the [3.3](3,lO)isoalloxazinophanes (112). 

The cyclization of 11 to the isoalloxazinophane structure 
was achieved by successive addition of 1,3-dibromopropane 
in the presence of an excess of potassium carbonate in dry 
DMF (102h, 55-60°C). By chromatography (silica gel; tri- 
chloromethane/formic acid/methanol) and subsequent crys- 
tallization from formic acid/water the cyclization product 
was obtained (yield 12%; fine yellow needles, m.p. 
348-350"C, dec.). The [3.3](3,10)isoalloxazinophane struc- 
ture is confirmed by elemental analysis, mass spectra and 
the absorption spectra which are very similar to those of 12 
both of which showing the typical flavin bands with about 
doubled intensities. There was no evidence that in the cyc- 
lization reaction both isomers 1 and 2 were formed. All 
analytical and spectroscopic data including 'H-NMR data 
(assignment based on NOE; see Experimental) were not 
suficient to distinguish unambiguously between 1 and 2, 
although from a thorough analysis of chemical shifts and 
splittings indications in favor of 2 were obtained"]. The fi- 
nal assignment, however, was possible by 'H-NMR spec- 
trometry (360 MHz, CDC13/TFA, 1 : 1) in the presence of 
the chiral cosolvent (+)-2,2,2-trifluoro-l-(9'-anthryl)- 
ethanol (TFAE). With the chiral isomer 2, (+)-TFAE was 
expected to form two diastereomeric associates which might 
result in splitting of the 'H-NMR signals. In fact, in the 
presence of (+)-TFAE (ca. 790mmoV1) the signal of the 14- 
methylene protons is not only strongly highfield-shifted but 
also split into two multiplets of the same intensity and 
shape (A6 = 0.06, at 303 K); as to be expected this splitting 
increases with decreasing temperature (A6 = 0.083, at 
278 K). With racemic TFAE under otherwise analogous 
conditions only one single multiplet (6 = 1.98-2.08) is ob- 
served for the 14-methylene protons. Obviously, the interac- 
tion of 2 with TFAE occurs preferentially at the site of the 
carbonyl-containing heterocycle; thus, the 3-N...3'-N trime- 
thylene bridge is more exposed to TFAE than the 10- 
N.- 10'-N trimethylene bridge which within the central part 
of the molecule is more shielded and therefore its enanti- 
otopic protons are not split by complexation with (+)- 
TFAE. On the basis of these experiments the chiral struc- 
ture 2 for the cyclization product of 11 with 1,3-dibromo- 
propane is well established. 

In contrast to 1 for which an approximately ecliptic 
orientation of the two isoalloxazine units was to be ex- 

1 1 : R = H  

12 : R = Me 

9: X = NO1 

10: X = NH? 

QyH X 

pected, in isomer 2 the overlap between the 7c systems of 
the subunits should be considerably reduced. Although, due 
to the unavailability of 1, a comparison of overlap-depen- 
dent properties of the two isomers was not possible, some 
information with regard to this problem could be derived 
by comparing the spectroscopic properties of 2 with those 
of the open-chain analogue 12. The UV/Vis absorption 
spectra of 2 and 12 display the typical flavin bands which 
are very similar to those of "monomeric" isoalloxazines 
with the exception of the nearly doubled absorption inten- 
sities [2: Lmax (nm; in brackets lg E) = 269 (4.79), 341 (4.25), 
430 (4.26); 12: 265 (4.83), 338 (4.20), 434 (4.27), in ethylene 
glycol]. For studying the semireduced systems, solutions of 
2 and 12 (1.2 -1 0-4 M in ethylene glycol) were fully reduced 
by addition of aqueous sodium dithionite solution (0.475 
M, under argon) and then partially reoxidized by shaking 
the tube with admission of air in small doses until the new 
absorptions at longer wavelengths reached their maximum 
intensity (neither the fully oxidized nor the completely re- 
duced state of isoalloxazines show absorptions above 
530nm). For 12 in the semireduced state a strong and very 
broad absorption band is observed with h,,, = 770nm (lg 
E 2.8) extending into the near infrared beyond 1100nm. 
This absorption is assigned to a quinhydrone-like system in 
which the trimethylene chain is folded into an arrangement 
where the isoalloxazine units approach each other toward a 
parallel sandwich-like orientation. Surprisingly at first sight, 
the semireduced isoalloxazinophane 2, prepared in the same 
way, does not exhibit a typical charge-transfer absorption 
like 12. It is true that there appears a new absorption, too, 
but this is observed in the range from 530 to 630nm and 
does not extend beyound 670nm (most likely this absorp- 
tion is to be ascribed to the flavosemiquinone state of 2). 
The difference compared to 12 obviously is due to the only 
partial overlap of the two isoalloxazine units of 2 and their 
fixation in an orientation which does not allow an overlap 
between the respective donor and acceptor regions. On the 
other hand, the more flexible open-chain bis(isoa1loxazine) 
12 may reach a conformation with favorable 7 c " ~  overlap 
of donor and acceptor regions which for 2 is excluded by 
the rigid structure. 

In the emission spectra both of 2 and 12, in addition to 
the typical flavin phosphorescence, at very low temperature 
an unusually strong delayed fluorescence is observed which 
is attributed to an interaction of the two isoalloxazine units 
in their excited states (for experimental details and the dis- 
cussion of these results see ref.[l5I). 
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lo,IO'-Dimethyl[3.3](3,8) isoalloxazinophane (3 and/or 
4): The synthesis aimed at the isoalloxazinophanes 3 and 4 
started from 1,3-bis(3'-nitropheny1)-2-propen-l -one pre- 
pared by condensation of 3-nitrobenzaldehyde with 3-nitro- 
acetophenone[I61. Catalytic hydrogenation (Pdlcharcoal, 
methanol, presence of catalytic amount of 4-toluenesulfonic 
acid, 18h, 4 bar, room temp.) and subsequent reaction with 
acetic anhydride (methanol, 2 h at reflux) yielded 1,3-bis[3- 
(acetylaminopheny1)l-1-propanol. The hydrogenolytic re- 
duction of the benzylic hydroxyl group was achieved by a 
second hydrogenation (Pdlcharcoal, methanol, 4 bar, 24 h, 
presence of 4-toluenesulfonic acid) yielding trimethylene- 
bis(3-acetylaminobenzene) (13). With iodomethane in a 
phase-transfer system (dichloromethanel2~ aqueous so- 
dium hydroxide, tetra-n-butylammonium hydrogen sulfate, 
3 h reflux) the N-methylation product 14 was obtained, 
which was deacylated with potassium hydroxide in water/ 
methanol (4h at reflux) to 1,l '-trimethylene-N,N'-bis(3- 
methy1amino)benzene (15). 

X 13: X = NHAc 

14: X = NMeAc 

15: X = NHMe 

16 

17 

18: R = H 

19: U = Me 

20: R = H 

21: R = Me 

Starting from 15 the synthesis of the two flavin units 
made use of the nitrosative cyclization of 6-(N-alkylani- 
1ino)uracib introduced by F, Yoneda et al.[l71. For this pur- 
pose 15 and 6-chlorouracil were heated to 200°C, the reac- 
tion mixture was dissolved in ethanol, and the crude prod- 
uct purified by chromatography resulting in the isolation of 
16 (m.p. 258-260°C, yield 64%). The cyclization of 16 was 
achieved by treatment with sodium nitrite in acetic acid 
(4 h, room temp.) yielding the bis(isoal1oxazine 5-oxide) 17 
(m. p. 276°C; 48%). 17 was reduced by aqueous sodium di- 
thionite solution (6 h, room temp.) followed by reoxidation 

with hydrogen peroxide of the dihydroisoalloxazine units to 
trimethylenebis[S-( 1 0-methylisoalloxazine)] (18: yellow crys- 
tals, m. p. 328-330°C; yield 41%). 18 as the basic primary 
product for the intended synthesis of the isoalloxazino- 
phanes 314 and the corresponding open-chain system 19 
were characterized by elemental analysis, mass spectra and 
completely assigned 'H-NMR data (see Experimental). 

For the final cyclization to the [3.3](3,8)isoalloxazino- 
phane system, to a suspension of 18 and potassium carbon- 
ate in dry DMF at 55-60°C 12.5 equivalents of 1,3-diiodo- 
propane were added within 120h (for details see Exper- 
imental). Chromatography (silica gel, trichloromethane/ 
methanol, 9 : 1) yielded only one of the isoalloxazinophanles 
3 and 4 as orange microcrystals (m.p. 368-370°C, dec.; 
yield 1.8%). High-resolution mass spectra were in accord- 
ance with both possible isomers 3 and 4. The 'H-NMR 
spectrum was fully assigned by COSY and by comparison 
with the reference bis(isoal1oxazines) 19 and 20 (see Exper- 
imental). The 'H-NMR data did not allow us to distinguish 
between the isomeric structures 3 and 4. By addition of (+)- 
2,2,2-trifluoro-l-(9'-anthryl)ethanol as cosolvent, in C O ] ~ -  

trast to 2, no splitting of the 14,14'-H signal was observed 
as could be expected for the chiral isomer 4. This negative 
result, however, was not to be valued as conclusive evidence 
in favor of the achiral isomer 3. In fact, a one-dimensional 
rotating-frame Overhauser effect (ROE) spectrum showed a 
correlation with the signals of 9,9'-H (6 = 7.66) and 6,6'- 
H (6 = 8.30) on saturation of the 10,lO'-methyl signal (6 = 
4.48). This result indicates the presence of 4 since only in 
this chiral isomer the 10,lO'- and 6,6'-positions are close 
enough for this kind of polarization transfer. 

As reference systems, the open-chain bis(isoal1oxazines) 
19, 20 and 21 were prepared for comparison with 4; 19 was 
obtained by methylation of 18 with iodomethane (DMF, 
potassium carbonate, 50"C, 6 h; yield 24%, yellow needles 
of m. p. 324°C). 20 and 21 are open-chain systems with the 
trimethylene chain linking 3-N and 3'-N of the isoalloxa- 
zine units, thus formig complementary analogues of the 10- 
C...lO'-C-bridged isomers 18 and 19, respectively. 20 was 
obtained by reaction of 10-methylisoalloxazine[l 8l with 1.3- 
iodopropane in the presence of excess potassium carbonate, 
and in analogy to the synthesis of 20 the corresponding 
bis(8,lO-dimethylisoalloxazine) 21 was obtained from 8,lO- 
dimethylisoalloxazine[~7] (for details see Experimental). 

The UVlVis absorption spectra of the bis(isoalloxazines), 
measured for reasons of solubility in trifluoroacetic acid as 
mono-protonated species, show absorption wavelengths 
closely resembling the simple di- and trimethyl-substituted 
isoalloxazines with the corresponding alkyl-substitution 
pattern [3,8,10-trimethylisoalloxazine: A,,, (nm; in brackets 
lg E )  = 260 (4.52), 389 (4.42); 21: 260 (4.72), 390 (4.65); 119: 
263 (4.77), 395 (4.73); 20: 260 (4.82), 367 (4.55); 4: 258 
(4.60), 383 (4.40); in TFA]. The formally semireduced bis- 
(isoalloxazines), obtained by treatment of 19, 20 and 21 
with half an equivalent of stannous chloride, show in TFA 
two absorption bands around 350 nm (lg E ;= 4.25-4.35) 
and 470nm (lg E = 4.15-4.30) most likely to be assigned 
to the protonated flavosemiquinone radical cations. On i.he 
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other hand, for the semireduced isoalloxazinophane 4 un- 
der the same conditions besides the two major absorptions 
at 345nm (lg E = 4.34) and 495nm (lg E = 4.23) an ad- 
ditional long-wavelength absorption centered at ca. 860nm 
(lg E = 3.54) and extending beyond l000nm was observed. 
This absorption may be assigned to an intramolecular 
charge-transfer transition although it has to be noted that 
formally semireduced flavins in solution in general do not 
exist as single well-defined species but as a rather complex 
system of molecules in various redox states. 

Arene-Bridged Bis(isoal1oxazines): Syntheses and Properties 
With regard to flavin-flavin interactions the fixation of 

two isoalloxazine units in gradually varied distances was of 
special interest. The corresponding 1,s-disubstituted naph- 
thalenes, biphenylenes and anthracenes offer a series in 
which the intramolecular distances between the isoalloxa- 
zine planes are expected to vary from about 2.5-3.5 A in 
the naphthalene system to the order of 5 A in the anthra- 
cene analogues, thus representing a distance range within 
which n...n interactions should be expected to differ con- 
siderably. Whereas the synthesis of biphenylene-spacered 
bis(isoa1loxazines) has not yet been completed due to diffi- 
culties in building up the required 1,s-disubstituted biphen- 
ylene precursors["], the bis(isoal1oxazines) with naphtha- 
lene and anthracene spacers have been prepared and 
characterized. 

l,8-Bis(3'-methylisoalloxazin-10r-yl)naphthalene (5 and/ 
or 6): The synthesis started from 1,s-diaminonaphthalene 
which was treated with 2-fluoronitrobenzene (DMSO, po- 
tassium hydroxide, 4h, 50"C, under argon) to yield, 
1,8-bis(2'-nitrophenylamino)naphthalene (22). By catalytic 
hydrogenation of 22 (Pdlcharcoal, acetic acid) 1,8-bis(2'- 
aminopheny1amino)naphthalene (23) was obtained. Im- 
mediate reaction of 23 with alloxan hydrate (boric acid, 
acetic acid, 4 h, 20 "C, under argon) yielded the correspond- 
ing bis(isoalloxaziny1)naphthalene. Due to its poor solu- 
bility this product was not purified and characterized but 
directly methylated (iodomethane, DMF, potassium car- 
bonate, 20"C, 18 h) to 1,8-bis(3'-methylisoalloxazin-10r-yl)- 
naphthalene of which apparently only one of the two poss- 
ible isomers 5 and 6 was obtained. Elemental analysis and 
mass spectrum, of course, would be consistent with either 
of these isomers, and 'H-NMR analysis, too, does not allow 
a clear assignment to one of the two structures (for the re- 
spective data see Experimental). 

'H-NMR measurements in the presence of the chiral lan- 
thanoid shift reagent Eu(TFC)~[~O], however, provided evi- 
dence in favor of the chiral anti isomer 6; the addition of 
this shift reagent resulted in a splitting of the signal for the 
3'-methyl protons [6 = 3.17, A6 = 0.01; 500 MHz, 305 K, 
CDCl3, ca. 1 mg/ml Eu(TFC)~]. The observed splitting es- 
pecially of the 3'-methyl signal is in agreement with the ex- 
pected coordination of the shift reagent to the carbonyl 
groups of the isoalloxazine systems. The exclusive (or at 
least predominant) formation of the anti isomer appears to 
be understandable on the basis of the interaction between 
the two closely neighboring isoalloxazine units in the 1,s- 

positions of naphthalene: the syn isomer with the eclipsed 
orientation should be destabilized by repulsive dipole-di- 
pole interactions whereas in the anti isomer electron-donor 
and electron-acceptor regions are facing each other. The 
conclusiveness of this argumentation seemed limited at first 
sight by the X-ray structure analysis of 22 which proved for 
the crystalline state a syn structure with a nearly eclipsed 
arrangement of the polar substituents (see below). In solu- 
tion, however, both conformers exist in an equilibrium; they 
can be identified by low-temperature 'H-NMR which below 
215K shows two separated NH signals with 6 = 9.25 and 
9.93 of which the first one with the help of Eu(TFC), was 
clearly assigned to the chiral anti isomer. The coalescence 
of these signals occurs at 245K, resulting in a A P T ,  of 
46kJ . mol-' for the syn-anti isomerization. From the inten- 
sities of the signals of the two species it can be concluded 
that the anti conformer of 22 is energetically slightly pre- 
ferred (AG = 4005 . mol-', 215K). Of course, 22 as an 
equilibrating system of syn-anti isomers cannot strictly be 
compared with 6,  where due to the complete steric hin- 
drance of the isomerization the isomer ratio of the product 
depends on the reaction kinetics of its formation. 

22: X = NO2 

23: X NH2 

24: X = NO2 

25: X = NH2 

1,8-Bis(3'-methylisoalloxazin-lO'-yl)anthracene (7 andlor 
8) and 1,8- Bis(3'-methylisoalloxazin-lO'-yl) -9,l O-dihydro- 
anthracene (26): In analogy to the corresponding naphtha- 
lene-spacered compound, for the synthesis of the anthra- 
cene-spacered bis(3'-methylisoalloxazine) system 718 1 &di- 
aminoanthracene[211 was the key starting component which 
was prepared by reduction of 1 ,8-diaminoanthraquinone[221 
to 1 ,S-diamino-9-anthrone (zinc, 25% aqueous ammonia, 2- 
propanol, 2h, 90-120"C, under argon; yield 74%) and 
further reduction by sodium borohydride (1,4-dioxane, 18 h, 
140"C, under argon; yield 92%). 1,s-Diaminoanthracene 
forms air-sensitive, bright yellow needles of m. p. 
149-151°C [from petroleum ether (b. p. 40"C)/ethyl acet- 
ate]. Reaction of this diamino compound with 2-fluoro- 
nitrobenzene (DMSO, potassium hydroxide, 150min, 20°C, 
under argon) yielded 1 ,S-bis(2'-nitrophenylamino)anthra- 
cene (24, red platelets, m. p. 290°C, dec.; yield 2.7%) which 
was catalytically hydrogenated (palladiudcharcoal, DMF) 
to 25 which due to its high air-sensitivity was not isolated 
but directly treated with alloxan hydrate (boric acid, acetic 
acid, 4h, 20°C) and N-methylated with iodomethane 
(DMF, potassium carbonate, 18 h, 20°C). Filtration of the 
crude product mixture from trichloromethane/methanol 
(10: 1) on silica gel and subsequent MPLC (silica gel; tri- 
chloromethane/methanol, 40 : 1) resulted in the isolation of 
three isoalloxazine-containing compounds A, B, and C. 
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A (orange platelets crystallized from acetonitrile, m. p. 
3 15"C, dec.; yield 8.6%) was identified by high-resolution 
FAB-mass determination and by its fully assigned 'H-NMR 
spectrum as 1,8-bis(3'-methylisoalloxazin- 10'-y1)anthra- 
cene. Of the two isomers 7 (syn) and 8 (anti) obviously only 
one compound was obtained as was the case for the naph- 
thalene analogue (see above). Again the discrimination of 
the syn-anti isomers was possible by 'H-NMR spectrometry 
in the presence of the chiral shift reagent Eu(TFC)~[~']. In 
the 'H-NMR spectrum [500 MHz, 305K, CD2CI2, ca. 1 
mg/ml Eu(TFQ]  the splitting of the 3'-methyl signal 
(A6 = 0.02) clearly indicates the presence of the chiral anti 
isomer 8. A further interesting feature of the 'H-NMR 
spectrum of 8 is the difference of 2.53 ppm between the 9- 
and 10-protons, which is due to the strong upfield shift of 
the 9-H signal to 6 = 6.65; this shift must be attributed 
to an anisotropic shielding effect of the two neighboring 
isoalloxazine systems. 

Based on the analytical data (see Experimental) com- 
pound B was identified as the 1,8-bis(3'-methylisoalloxazin- 
10'-yl)-substituted 9,lO-dihydroanthracene 26. Obviously, 
the catalytic hydrogenation of 24 leads to partial hydrogen- 
ation in the sensitive 9,lO-positions of the anthracene unit. 
In this case, too, the application of the chiral shift reagent 
proved the presence of the chiral anti arrangement of the 
isoalloxazine systems. For 26 this structure was confirmed 
by an X-ray structure analysis the details of which are re- 
ported below. 

6 v 7  

26 

Compound C, the second by-product of the synthesis of 
8, was identified on the basis of its analytical and spectro- 
scopic data (see Experimental) as 10-(5',6',7',8'-tetrahydro- 
1 '-anthryl)-3-methylisoalloxazine (27). The formation of 27, 
in which one of the two lateral six-membered rings of the 
anthracene spacer is tetrahydrogenated, is not yet clear. 

Further 1 O-Aryl-3-methylisoalloxazines: 27 can be con- 
sidered as a mono(isoal1oxazin- l0-y1)arene. In connection 
with the problem of interactions between the two isoallox- 
azine units in 6, 8 and 26, further mono(isoalloxaziny1)-sub- 
stituted naphthalenes and anthracenes were of interest as 

reference compounds without such interactions of the 
flavin-flavin type. 

,. 0 

d @  \ /  

27 28 

29 

l0-Phenyl-3-methylisoalloxazine had previously been 
synthesized[23]. For 10-( 1 '-naphthyl)isoaIloxa~ine~~~1 and its 
3-methyl derivative 28[251 improved syntheses and complete 
spectroscopic data are reported in this paper. The corre- 
sponding 10-( 1 '-anthryl)-3-methylisoalloxazine (29) was 
prepared by starting from 1 -aminoanthracene which was 
treated with 2-fluoronitrobenzene to yield 1-(2'-nitrophe- 
ny1amino)anthracene. Reduction to 1 -(2'-aminophenylami- 
no)anthracene and condensation with alloxan hydratelboric 
acid yielded 10-( 1 '-anthry1)isoalloxazine which was metliyl- 
ated to 29 (for synthetic and spectroscopic data see Exper- 
imental). 

UVI Vis Spectra of Arene-Spacered Bis(isoal1oxazines): 
The absorption spectra of the arene-bridged bis(isoal1oxa- 
zines) 6, 8 and 26 in their fully oxidized state are very simi- 
lar to those of the reference compounds 28 and 29 [6: 264 
(4.23), 348 (3.79, 460 (3.54); 8: 259 (4.99, 345 (4.17), 438 
(4.10); 26: 264 (4.83), 340 (4.17), 442 (4.21); h,,,(nm), Ig E 

(in parentheses); 1 0 - 5 ~  solutions in ethylene glycol]. Only 
the naphthalene-spacered 6 with the shortest distance be- 
tween the isoalloxazine units shows a bathochromic shift of 
24nm for the first absorption maximum as compared to 28 
[Amax = 436 (4.02)]. This shift is most likely due to imtra- 
molecular TC".TC interactions between the two isoalloxazine 
units although an effect of a distortion of the isoalloxazine 
chromophores by the sterical crowding of the neighboring 
1,s-substituents cannot be excluded. 

The formally semireduced state of these bis(isoal1oxa- 
zines) was generated as described for 2 (see above). Whereas 
for 8 and 26 no additional long-wavelength absorptioris are 
observed, again the naphthalene-spacered system 6 behaves 
differently: the semireduced 6 shows a new absorption band 
(extending from ca. 600 to 1200 nm with a strong maximum 
at 840 nm (Ig E = 2.9; in ethylene glycol). This absorption 
is most likely to be assigned to an intramolecular charge- 
transfer interaction between the dihydroisoalloxazine unit 
as electron donor and the isoalloxazine system as electron 
acceptor. The distance dependence of the charge-transfer 
absorption as derived from the comparison of 6 with 8 and 
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26 is well in agreement with our earlier results on [n.n]para- 
cyclophane quinhydrones showing that beyond a donor-ac- 
ceptor distance of about 400 pm significant charge-transfer 
absorptions are no longer 

Electrochemical Studies of Arene-Spacered Bis(is0alto.x- 
azines) by Cyclic Voltammetry: With regard to intramolecu- 
lar redox reactions between isoalloxazines the influence of 
structure and distance on redox potentials was of interest. 
Redox potentials were measured in acetonitrile (“glassy car- 
bon electrode” vs. Ag/AgCl; details see Experimental), and 
they are cited with reference to ferrocene. 

For flavins, the reductive scan generally shows two one- 
electron reductions: the first reduction step (FL/FL‘-) is 
reversible, the second (FL‘-/FL2-) is irreversible due to the 
protonation of the strongly basic dihydroflavin dianion by 
traces of water in the solvent. Since for the second reduction 
step only the cathodic peak potential is observed, the given 
values do not correspond to the thermodynamic redox po- 
tential. Therefore, the discussion is focused on the reversible 
first reduction step. 

The reference compound 10-phenyl-3-methylisoalloxa- 
zine shows a reversible reduction at -1.13 V and the ca- 
thodic peak potential of the second step at -2.00 V. The 
naphthyl- and tetrahydroanthryl-substituted isoalloxazines 
28 and 27 display a similar behavior (first reduction poten- 
tials at - 1.13 V, cathodic peak for second reduction step at 
-2.09 V and -2.10 V, resp.). The cyclovoltammogram of 
the anthryl-substituted 29 shows, in addition to the two 
isoalloxazine reduction steps (-1.12 and -2.09 V), the re- 
versible one-electron reduction of the anthracene subunit at 

For the naphthalene-spacered bis(isoal1oxazine) 6 one re- 
versible one-electron reduction at - 1 .OO v, two unresolved 
one-electron reductions at - 1.30 V, and the cathodic peak 
potential of the one-electron step at -2.45 V corresponding 
to the normal second flavin reduction step were observed. 
In the potential area of the first flavin reduction (FL/FL’-) 
altogether three electrons are transferred to two isoalloxa- 
zine subunits. It is remarkable that the redox potential of 
the first reduction is shifted anodically by 0.30 V compared 
to the following reduction steps and by 0.13 V with refer- 
ence to the corresponding potential of 28. The fourth elec- 
tron is transferred at the potential of the second flavin re- 
duction (FL‘-/FL2-). 

The anthracene- and dihydroanthracene-spacered sys- 
tems 8 and 26 show three unresolved reversible one-electron 
reductions at - 1.15 and - 1. I8 V, respectively. The fourth 
reduction step occurs at -2.24 and -2.29 V (irrev.). In the 
case of 8 at -2.41 V the reversible one-electron reduction 
of the anthracene spacer is observed. The peak current of 
this transition was used as an internal standard for the de- 
termination of the number of electrons transferred in the 
other transitions. In all bis(isoal1oxazines) a change in the 
voltage increase rate did not significantly affect the electro- 
chemical characteristics. 

Thus, the transfer of three electrons at the potential range 
of the first flavin reduction occurs in all three bis(isoal1ox- 
azines) 6, 8 and 26. In the case of 6, however, the first elec- 

-2.36 V. 

tron is accepted more easily than the following ones. A rea- 
son for the specific behavior of 6 could be the extreme steric 
repulsion between the isoalloxazine subunits in the naphta- 
lene-spacered system. While flavoquinones are rigidly 
planar, the flavosemiquinone radical anion might be more 
easily bent along the N(5)...N( 10) axis. Accordingly, the 
transfer of the first electron to 6 reduces the steric strain in 
the resulting flavoquinone-flavosemiquinone radical anion 
system by increasing its conformational flexibility and this 
loss of steric energy would shift the first reduction potential 
to a more positive value. Analogous effects have been dis- 
cussed to explain the wide range of flavin redox potentials 
at the active site of flavoen~ymes[*~]. In the sterically less 
crowded bis(isoal1oxazines) 8 and 26 no such effect is ob- 
served. 

For the bis(isoal1oxazines) the transfer of three electrons 
at potentials in the range of the regular first flavin reduction 
potentials is not yet fully understood. It seems likely that 
an intramolecular electron transfer in the semireduced re- 
dox state is involved. After the transfer of one electron each 
to the two isoalloxazine subunits at about the (FL/FL’-) 
potential an electron transfer would lead to a quinhydrone- 
like flavin-flavohydroquinone dianion system. A third elec- 
tron then must be assumed to be transferred to the regener- 
ated isoalloxazine subunit at about the same potential. 

X-Ray Structure Analyses of Compounds Relevant to 
Arene-Spacered Bis(isoal1oxazine) Systems 

Unfortunately, neither the [3.3]isoalloxazinophanes 2 and 
4 nor the naphthalene- and anthracene-spacered bis(isoa1- 
loxazines) 6 and 8 yielded crystals suitable for X-ray struc- 
ture analyses. A structure analysis was achieved, however, 
for the third compound in the series of arene-spacered bis- 
(isoalloxazines), the 9,lO-dihydroanthracene analogue 26 
(for crystallographic data see Experimental). In addition, 
the structure of 1,8-bis(2’-nitrophenylamino)naphthalene 
(22) has been solved; as was discussed above, 22 is a key 
precursor for the synthesis of 6, and its structure was of 
interest with regard to the interaction of large substituents 
with highly polar groups in the two 1,8-positions of naph- 
thalene. 

anthracene (26): In contrast to the expectations for the mol- 
ecular structures of 6 and 8, the isoalloxazine units in 26 
are not oriented in a parallel arrangement to each other. 
The 9,lO-dihydroanthracene spacer including the lateral 
aromatic rings is bent along the C(9)..C(10) axis by 34.4”. 
With regard to these lateral rings, on the other hand, the 
perfectly planar isoalloxazine units are nearly orthogonal 
leading to an interplanar angle between the two isoalloxa- 
zine units of 35.5”. The center-to-center distance between 
the isoalloxazines amounts to 540pm, and there is a great 
difference between the shortest distance [C(S’)..C(f’’): 
336pml and the longest distance [N(3’)..C(7”): 747pml (see 
Figure 1). The isoalloxazine units are arranged to each 
other in an anti orientation. With the exception of the feasi- 
bility of slight rotational motions around the C( l)-N(lO’) 
and C(8)-N(10t’) bonds the molecule of 26 has a rather 

an ti-1 ,X-Bis (3’ -methylisoalloxazin-lO’-yl) -9,l O-dihydro- 
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Figure 1. Molecular structure of 26 in a side-view (for a better representation of the structure the molecule is with its C(9)C(10) axis slightly 
turned out of the perpendicular orientation to the drawing plane) 

rigid, bulky structure which explains the easy accommo- 
dation of the solvent molecules in the crystal. 

- 3 -  
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B 

Figure 2. Molecular structure of 22 in a view perpendicular to the 
naphthalene plane (A) and in a side view along the longer naphthalene 

axis (B) 

I ,  8-Bis(2’ -nitrophenylamino) naphtalene (22): Unexpec- 
tedly, the two 1,8-substituents of the naphthalene 22 in the 
crystalline state are oriented to each other in the syn confor- 
mation which for reasons of steric and polar interactions 
was considered to be less favored than the anti confor- 
mation. Figure 2 (A) represents the molecular structure in 
a view perpendicular to the naphthalene plane; in this fig- 
ure some intramolecular distances between corresponding 
atoms of the 1,8-substituents are given. Figure 2 (B) shows 
22 in a side-view along the longer axis of the naphthalene 
unit which demonstrates the nearly ecliptic position of the 
phenylamino rings and, even more surprising, of the two 
nitro groups, too. This conformation is obviously the result 
of an especially favorable crystal packing which is shown in 
Figure 3. In fact, for solutions of 22 evidence was obtained 
from ’H-NMR spectra for an equilibrium between the :iyn 
and anti conformations (see above). In contrast to the ar- 
ene-spacered bis(isoalloxazines), for 22 a rather low barrier 
for the rotation around the peri-bonds C(1)-N and 
C(8)-N was observed allowing a fast syn-unti equilibration. 

Experimental 
UVNis: Cary 2300 (Varian). - IR: Beckmann IR-4240 (KBr), Perlkin- 

Elmer FT-IR 1760 (KBr). - MS: DuPont CEC 21-492; Finnigan MAT 212 
(ionization potential 70 eV; only the most prominent peaks are listed, usually 
with I,,, > 10%); FAB spectra (LSI-MS: Liquid Secondary Ion MS, positive; 
3-nitrobenzyl alcohol/l% TFA): VG Analytical ZAB 2E/70SE. - ‘H NMR: 
Hitachi Perkin-Elmer R 248; Bruker Physik HX-360, AM 500 (internal ref- 
erence tetramethylsilane). - Cyclic voltammetry: Potentiostat PAR 362 
(EG & G Princeton Applied Research); “glassy carbon electrode”, reference 
electrode AglAgCl (3.5 M KCllwater); 0.1 M tetra-n-butylammonium per- 
chlorate (puriss., Fluka) in acetonitrile (purification by azeotropic rectifi- 
cation after addition of 10% v/v methanol, heating with sodium hydride and 
subsequent distillation, filtration over alumina, rectification over calcium1 hy- 
dride under argon[29]); concentration of measured compounds 10C3 - -I 0-4 
M; voltage increase rate 500 mV . SC’; all measurements performed at 20°C; 
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Figure 3. Crystal packing of 22 (shown in a projection along the a-axis) 

reference ferrocene [Eox (Fc/Fc+) = +0.44 5 0.01 V]. - Microanalysis: El- 
emental Analyzer 1106 Carlo Erba. - Analytical TLC: DC Micro Cards 
Polygram SIL G/UV254, Macherey-Nagel. - CC: Silica gel SiliTech 63-200 
pm, ICN Biomedicals. - MPLC: Gilson d = 2.8 cm, 11 = 38 cm; flow rate 
30 ml . min-’; detection at h = 254 nm); silica gel 60, 20-45 pm. 

NN-Trimethylenebis(2-nitroaniline) (9): In a modified version of a re- 
ported preparation@’ 16.55 g (105 mmol) of 2-chloronitrobenzene and 3.4 g 
(50 mmol) of 1,3-diaminopropane in 50 ml of 3-methyl-1-butanol were 
heated with 7.3 g (52.5 mmol) of potassium carbonate for 24 h at reflux. 
After cooling, the insoluble product was sucked off, washed with hot pet- 
roleum ether (b. p. 40-60°C) and dissolved in hot trichloromethane. After 
filtration and addition of the double volume of methanol to the solution 
the product crystallized as yellow needles: 8.22 g (52%, 39%), m. p. 
145- 147°C 148-149°C). 
10,10’-Trimethylenebi.~r(IO-i.soalZoxazine) (1 1): In analogy to ref.I61, a solu- 

tion of 6.00 g (19.0 mmol) of trimethylene-N,N’-bis(2-nitroaniline) and 4.7 g 
(75.8 mmol) of boric acid in 220 ml of acetic acid was hydrogenated in the 
presence of 0.70 g of palladium catalyst (10% on charcoal) at 1 bar and 70°C 
until the end of hydrogen absorption (6 equiv.). The solution was then fil- 
trated under nitrogen from the catalyst into a freshly prepared solution of 
7.70 g (48.0 mmol) of alloxan hydrate and 11.9 g (192 mmol) of boric acid 
in 200 ml of acetic acid. After stirring for 15 h under nitrogen at 60-65°C 
the precipitated crude product was sucked off and washed subsequently with 
acetic acid, hot water and ethanol. The precipitate was dissolved in 300 ml 
of formic acid with addition of 5-  10 ml of concd. hydrochloric acid. The 
dark yellow solution was filtrated, and ca. 300 ml of water was added to the 
filtrate for the precipitation of the product. After keeping at 2°C for 15 h 
the product was sucked off and washed with water, methanol and diethyl 
ether: 3.80 g (43%) of I 1  as a yellow crystalline powder, m. p. 280-284°C 
(dec.); without further purification this product was used for the preparation 
of 12 and 2. 

10,10’ - Trimethylenrbis (3-metliylisoalZoxaine) (1 2): A suspension of 468 
nig (1.00 mmol) of 11 in 50 ml of dry DMF was stirred with 5.60 g (40.5 
mmol) of pulverized potassium carbonate and 5.68 g (40.0 mmol) of iodo- 
methane for 36 h in the dark at 50°C under nitrogen. The crude product was 
sucked off, dissolved in 10 ml of formic acidtrichloromethane (9:l), ad- 
sorbed on 1 g of Florisil and chromatographed on silica gel (h = 10 cm, d = 
5 cm) with trichloromethane/formic acid (4: 1) .  From the bright yellow eluate 
( R ,  = 0.26; silica gel, trichloromethane/methanol/formic acid, 18: 1 :0.5) the 
solvents were distilled off in vacuo, and the product was crystallized from 4 
ml of hot formic acid by addition of a small amount of water: 350 mg (70%) 
of 12 as fine yellow needles, m. p. 289-294°C (dec., m. p. 296°C). - 
MS: m/z (?A) = 496 (50, M+), 382 (23), 270 (48), 268 (85), 253 (21), 242 (22), 
228 (U), 183 (29), 182 (28), 171 (32), 170 (16), 143 (loo), 130 (25), 129 (25), 
116 (18), 102 (19). - ‘H NMR (360 MHz, [DITFA, 303 Kj: 6 = 2.87-3.01 
(m, 2H, -CH2CH2CH2-), 3.76 (s, 6H, 3,3’-CH,), 5.52 (“t“, / =  7 Hz,4H, 

-CH2CH2CH2-), 8.14-8.18 (m, 2H, 7,7‘-H), 8.41 ( “ d ,  i = 8.9 Hz, 2H, 
9.9’-H), 8.44-8.49 (m, 2H,  8,8’-H), 8.55 (“d”, J =  8.3 Hz, 2H,  6.6’-H). For 
elemental analysis 12 was dried for 20 h at 175”C/6 . 10-6 Torr. - 
CZsHzoN804 (496.49): Calcd. C 60.48, H 4.06, N 22.57; found C 60.48, H 
3.72, N 22.39. 

[3.3J(3,lO)Isoalloxuainopkane (2): To a suspension of 1.16 g (2.48 mmol) 
of 11 and 1.37 g (9.93 mmol) of pulverized potassium carbonate in 90 ml of 
dry DMF at 5 5 6 0 ° C  under nitrogen 751 mg (3.72 mmol) of 1,3-dibromo- 
propane was added. Then further 1.512 g (760 pl, 7.49 mmol) of 1,3-di- 
bromopropane was added with stirring within 100 h in 2 0 4  portions. Sub- 
sequently, again 3.98 g (2.00 ml, 19.7 mmol) of 1,3-dibromopropane was 
added, and the reaction mixture was stirred for additional 2 h. The solvent 
was distilled off in a rotary evaporator leaving a solid product which was 
washed with 50 ml each of dichloromethane and trichloromethane. The resi- 
due was dissolved in 30 ml of formic acid, filtered, and the filtrate was 
concentrated in vacuo to half the original volume. To the hot solution water 
was added until beginning turbidity. On cooling for 12 h to 2°C the precipi- 
tate formed was sucked off and washed with water, methanol, dichloro- 
methane, and diethyl ether to afford 31 5 mg (yield 25”/0) of crude 2 as green- 
ish-yellow crystal powder: 528 mg of this product 2 (combined from two 
reactions) was dissolved in 4 ml of hot formic acid and purified by CC ( h  = 
20, d = 5 cm; silica gel; trichloromethane/formic acidlmethanol from 9: I : 1 
to 8:2:0.5). The product fractions were combined according to TLC (Rc = 
0.23; silica gel; trichloromethane/formic acidlmethanol, 18: 1 :2) from which 
no indication for the presence of the second isomer was obtained. Crystalliz- 
ation from formic acid by addition of water furnished 246 mg (yield 47%, 
related to the product before chromatographic purification) of fine yellow 
needles, m. p. 348-350°C (dec., under argon). - MS: m/z (“AI) = 508 (28, 
M+), 256 (28), 255 (54), 254 (IOO), 215 (30), 211 (22), 171 (42), 170 (66). - 
‘H NMR (360 MHz, [DITFA, assignment by NOE and comparison with 
referencecompounds): 6 = 2.67-2.80 (m, 2H, 14,14‘-H), 3.37-3.50 (m, 2H, 
12,12‘-H), 4.37-4.41 (m, 2H, 13,13‘-H), 4.68-4.72 (m, 2H, 11,ll‘-H), 
4.85-4.89 (m, 2H,  13,13‘-H), 5.33-5.40 (m, 2H, Il,II’-H), 8.12-8.16 (m, 
2H, 7,7’-H), 8.21 (“d”, i = 8.6 Hz, 2H, 9,9‘-H), 8.37-8.41 (m, 2H, 8,8‘- 
H), 8.59 (“d”, J = 7.6 Hz, 2H, 6,6‘-H). The ‘H-NMR data indicated that 
of the two possible reaction products only the chiral isomer 2 was obtained 
the presence of which was confirmed by ’H NMR with a chiral cosolvent 
(see above). For elemental analysis 2 was dried at 120”C/10-’ Torr; neverthe- 
less, the analysis indicated the presence of a monohydrate of 2. - 
C&&804. H 2 0  (526.50): Calcd. C 59.31, H 4.21, N 21.28; found C 59.34, 
H 4.51, N 21.51. - C26H20NR04: Calcd. 508.1607, found 508.1604 
(MS:M+). 

1,3-Bis(3’-nitrophenyl)-Z-propen-I-one: Preparation according to ref.[’6] 
from 15.1 g (0.10 mol) of 3-nitrobenzaldehyde and 16.5 g (0.10 mol) of 3- 
nitroacetophenone yielded 12.0 g of the corresponding chalcone (41%; m. p. 
206°C. from acetic acid). - MS: m/z (%) = 298 (80, Mf) ,  297 (40), 281 
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(loo), 253 (25), 252 (40), 176 (85) ,  164 (50). - 'H  NMR (360 MHz, 

(d, J =  15.5 Hz, IH,  -CH=CH-CO-), 8.22 (d, J =  15.5 Hz, IH,  
[D,]DMSO): F = 7.75-7.77 (m, 1 H, 5'-H), 7.88-7.90 (m, 1 H, 5-H), 7.93 

-CH=CH-CO-), 8.27-8.30 (m, l H ,  6'-H), 8.36-8.39 (m, l H ,  6-H), 
8.50-8.53 (m, IH,  4'-H), 8.63-8.66 (m, l H ,  4-H), 8.79-8.81 (m, 1 H, 2'- 
H), 8.85-8.87 (m, l H ,  2-H). - C15HION205 (298.25): Calcd. C 60.41, H 
3.38, N 9.39; found C 60.50, H 3.48, N 9.22. 

1,3-Bis(3-acetylaminoplzenyl~-I-~ropanol: 10.3 g (34 mmol) of the afore- 
mentioned dinitrochalcone in 200 ml of methanol in the presence of 1.2 g of 
palladium catalyst (10% on charcoal) and of 100 mg of 4-toluenesulfonic 
acid was hydrogenated at 20°C for 18 h at 4 bar. The filtered solution after 
addition of 20.0 ml of acetic anhydride was refluxed for 2 h. After cooling 
the solution was poured into 700 ml of ice water, and after 1 h the crystalline 
precipitate was filtered off: 10.6 g (yield 97%), m. p. 152-153°C (from tolu- 
ene). - MS: m/z (Yo) = 326 (9, Mf), 178 (30), 164 (20), 163 (40), 162 (17), 
149 (100). - 'H NMR (360 MHz, [D,]DMSO): 6 = 1.82-1.99 (m, 2H, 
-CH2CH2CH(OH)-), 2.02 (s, 6H, COCH,), 2.54-2.56 [m, 2H, -CHZ- 
CH2-CH(OH)-1, 4.47-4.52 (m, 1 H, -CH(OH)-), 5.08 (d, J = 4.4 Hz, 1 H, 
OH), 6.84 (d, J =  7.6 Hz, l H ,  4'-H), 6.99 (d, J =  7.6 Hz, I H ,  4-H), 7.15 
("t", J = 7.6 Hz, 1 H, 5'-H), 7.21 ("t", J = 7.8 Hz, I H, 5-H), 7.37 (d, J = 
7.6 Hz, 1 H, 6'-H), 7.38 (s, 1 H, ar-2'-H), 7.47 (d, J = 8.0 Hz, 1 H, 6-H), 7.51 

Calcd. C 69.92, H 6.79, N 8.58; found C 69.96, H 6.86, N 8.69. 

I ,  I '-Trimethylenebis(3-acetylaminohen;ene) (13): Of the product obtained 
in the preceding reaction 10.0 g (31 mmol) in 250 ml of methanol in the 
presence of 1.5 g of palladium catalyst (10% on charcoal) and of 120 mg of 
4-toluenesulfonic acid was hydrogenated at 4 bar (20°C, 24 h). After fil- 
tration of the catalyst, the solution was concentrated to about 125 ml by 
evaporation of the solvent. 13 crystallized as colorless rhombs: 9.0 (yield 
95%), m. p. 150-153°C. - MS: mlz (%) = 310 (40, M+), 162 (46), 149 (58), 

(quint, J = 7.6 Hz, 2H, -CH2-CH2-CH2-), 2.02 (s, 6H, CO-CH,), 2.58 (t, 

(s, 1 H, 2-H), 9.66 (s, 1 H, NH), 9.72 (s, 1 H, NH). - C I ~ H ~ ~ N Z O ~  (326.38): 

120 (12), 107 (100). - 'H  NMR (360 MHz, [DGIDMSO): 6 = 1.81-1.85 

J =  7.6 Hz, 4H, -CHZ-CH~-CH~-), 6.87 (d, J =  7.6 Hz, 2H, 4,4'-H), 7.18 
("t",JI7.7H~,2H,5,5'-H),7.39(d,J=7.7H~,2H,6,6'-H),7.41(~,2H, 
2,2'-H), 9.81 (br. s, 2H, NH). - C19H22N102 (310.38): Calcd. C 73.52, H 
7.14, N 9.03; found C 73.48, H 7.38, N 8.92. 

I ,  I '-Trimet~z~~lenehis~3-(acetylmeth~lnmino) benzene] (14): A mixture of 
31.0 g (0.1 mol) of 13 and of 22.0 ml (0.35 mol) of iodomethane in 200 ml of 
dichloromethane together with 68.0 g (0.2 mol) of tetra-n-butylammonium 
hydrogen sulfate in 200 ml of a 2 N aqueous solution of sodium hydroxide 
were heated to boiling for 3 h. After cooling the dichloromethane phase was 
separated, concentrated in vacuo and the residue was diluted with 200 ml of 
diethyl ether. The precipitate formed was sucked OK and washed with diethyl 
ether; a second fraction of the product was obtained by evaporating the 
solvent from the filtrate and letting the resulting yellow oil crystallize. Thus, 
30.0 g (yield 89%) of 14 as small colorless needles, m. p. 71-73°C (from 
ethyl acetateipetroleum ether, b. p. 60°C) were obtained. - MS: mk ("h) = 

'H NMR (360 MHz, CDCI,): F = 1.87 (s, 6H, CH3CO), 1.96 ("quint", J = 
338 (75, M+), 296 (53), 295 (35), 253 (16), 176 (35), 163 (25), 121 (100). - 

7.7 Hz, 2H, -CH~-CHZ-CH~-), 2.69 (t, J =  7.7 Hz, 4H,  -CH,-CH2- 
CH2-), 3.26 (s, 6H, N-CH,), 7.01 (s, 2H, 2,2'-H), 7.02 ("d", J 7.7 Hz, 
2H, 6.6'-H), 7.15 (d, J = 7.6 Hz, 2H, 4,4'-H), 7.33 ("t", J = 7.7 Hz, 2H, 
5,5'-H). - CZIHz6N2O2 (338.45): Calcd. C 74.53, H 7.74, N 8.28; found C 
74.44, H 7.57, N 8.07. 

l,I'-Trim~thylenehi.s[3-jmethylainino)henzene] (15): 33.8 g (0.1 mol) of 
14, 700 ml o f  ethanol and a solution of 507.0 g (9.0 mol) of potassium 
hydroxide in 350 ml of water were heated under reflux for 4 h. After cooling 
the reaction mixture was decanted from potassium hydroxide and neutralized 
with ice cooling with ca. 200 ml of concd. hydrochloric acid. The precipitate 
formed was sucked off and washed with dichlormethane: the filtrate was 
extracted with dichloromethane. The combined dichloromethane solutions 
were washed with water and a saturated sodium chloride solution, then dried 
with anhydrous magnesium sulfate. The solvent was distilled off, and the oily 
residue purified by CC on silica gel with dichloromethane to afford 23.6 g 
of 15 (yield 93%), Rf 53 (silica gel, dichloromethane/acetone, 1 : 1). - MS: 
mlz (%) = 254 (62, M'), 240 ( l l ) ,  134 (16), 121 (100). - 'H NMR (360 
MHz, [D,]DMSO): 6 = 1.81 (quint, J = 7.6, 2H, -CH2-CH2-CH2-), 2.47 

5.42 (br. s, 2H, NH), 6.33-6.38 (m, 6H, 2,2', 4,4', 6,6'-H), 6.97 ("t", J = 
7.6 Hz, 2H, 55-H) .  - C17HzzN2 (254.37): Calcd. C 80.27, H 8.72, N 11.01; 
found C 80.13, H 8.78, N 11.11. 

I ,  l'-TrhethyIenebis ~3-(metli.v~~6-urncilyl)~ino]benzene~ (16): 500 mg (2 
mmol) of 15 and 500 mg (3.4 mmol) of 6-chlorouracil were heated to 200°C 
until an orange-yellow foam had formed (ca. 15 min). After cooling the 
crude product was dissolved in 20 ml of hot ethanol and chromatographed 
on silica gel (trichloromethaiie/methanol, 9: 1, Rr = 0.28, blue fluorescence): 
597 mg (yield 64%) of 16, m. p. 258-260°C (from ethanol). - MS: mlz 

(t. J =  7.6 Hz, 4H, -CH,-CHz-CH2-), 2.64 (d, J =  3.4 Hz, 6H, N-CH,), 

P/o)  = 474 (45, Mf), 431 (19, 365 (15), 364 (60), 320 (38), 244 (63, 231 (34.), 
121 (loo), 120 (29). - 'H NMR (360 MHz, [D,]DMSO): F = 1.91 (quint, 
J = 7.5 Hz, 2H, -CH2-CH2-CHZ-), 2.63 (1, J = 7.5 Hz, 4H, -CH*-CH*- 
CH2-), 3.23 (s, 6H, N-CH,). 4.26 (s, 2H, urac-5-H), 7.07 (d, J =  7.1 Hz, 
2H, 6,6'-H), 7.11 ($ 2H, 2,2'-H), 7.16 (d, J =  7.7 Hz, 2H, 4,4'-H), 7.35 
("t", J 7.7 Hz, 2H, 55-H) ,  10.14 (s, 2H, NH), 10.35 (s,  2H, NH). - 
C25H26N004 (474.51): Calcd. C 63.28, H 5.52, N 17.71; found C 63.21, H 
5.58, N 17.48. 

I , I  '-Trimethylenehi.s[8-jl~~-methyl~.soalloxuzinc 5-oxide)] (17): To a solu- 
tion of 6.0 g (12.6 mmol) of 16 in 50 ml of glacial acetic acid 9.1 g (130 
mmol) of sodium nitrite was added. The mixture was stirred for 4 h at room 
temp.; then 500 ml of water was added. After another 12 h the orange p're- 
cipitate was sucked off, washed with water, methanol and diethyl ether. By 
recrystallization from formic acid 17 (3.2 g; yield 48%) was obtained as or- 
ange needles, dec. > 276°C; Rf = 0.13 (silica gel; trichloromethanelmeth- 
anol, 9:l). - C2,H2,N8O, (528.48): Calcd. C 56.82, H 3.81, N 21.20; found 
C 56.88, H 3.71, N 20.91. 

1, I '-Trimethylenehis[8-jl0-methyl~.soulloxuzine)] (18): To 3.2 g (6.1 mmol) 
of 17 a solution of 6.3 g (40 mmol) of sodium dithionite in 65 ml of water 
was added, and the reaction mixture was stirred at room temp. for 6 h; then 
1.2 ml of a 30% aqueous solution of hydrogen peroxide was added. After 
standing for 12 h precipitate was sucked off, washed with water and acetone, 
and recrystallized from 100 ml of formic acid by addition of a small amount 
of water: 1.24 g (yield 41%) of 18, yellow crystal powder, m. p. 328-330°C. 
- MS: mlz ('X) = 496 (18, Mf), 482 (25), 256 (28), 254 (30), 242 (loo), 228 
(28), 213 (14), 211 (15), 199 (30), 184 (13), 171 (19), 170 (18), 169 (14), 157 
(27), 156 (17) 144 (13). - 'H NMR (500 MHz, [DITFA): 6 = 2.37 (qumt, 

CH2-), 4.68 (s, 6H, N-CH,), 8.20 (dd, J =  8.7 and 1.2 Hz, 2H, 7.7'-H), 

(496.47): Calcd. C 60.48, H 4.06, N 22.57; found C 60.27, H 3.98, N 22.860. 

1. I'-Trimetliylenebis[8-~3,lO-dim~thyliso~llo.~u:ine~] (19): 496 mg ( 1 .0 
mmol) of 18 in 50 ml of dried DMF was stirred for 6 h under argon at 50°C 
with 5.6 g (40 mniol) of pulverized potassium carbonate and 5.7 g (40 mmol) 
of iodomethane. After addition o f  50 ml of water the reaction mixture 'was 
stirred for further 18 h at room temp. The yellow precipitate was sucked OK, 
washed with water and acetone, and crystallized from glacial acetic acid: 123 
mg (yield 24%) of 19 as fine yellow needles, m. p. 324°C. - MS: m/: (%) = 
524 (8, M ' ~ ) ,  810 (24), 496 (22), 270 (30), 256 (80), 242 (loo), 213 (30), 199 

6 = 2.41 (quint, J = 8.0 Hz, 2H, -CH2-CH2-CH2-), 3.37 (t. J = 8.0 Hz, 

8 .19(dd,J= 8.7and 1.2Hz,2H,7,7'-H),8.32(~,2H,9,9'-H),8.57(d,J= 
8.7 Hz, 2H, 6,6'-H). - C17HZ4N804 (524.52): Calcd. C 61.83, H 4.61, N 
21.36; found C 61.97, H 4.90, N 21.30. 

IO.lO'-Dimethyl[3.3](3,8) isoalloxazinophane (4): To a stirred suspension 
of 744 mg (1.5 mmol) of 18 and 830 mg (6.0 mmol) of pulverized potassium 
carbonate in 75 ml of dried DMF was added at 55-60°C under argon 172 
~l (1.5 mmol) of 1,3-diiodopropane, within additional 96 h 0.6 ml (5.25 
mmol) of 1,3-diiodopropane in four portions and towards the end of the 
reaction time further 1.4 ml (12 mmol) of 1,3-diiodopropane were added. 
After stirring of the reaction mixture (24 h, room temp.) the solvent was 
removed in vacuo, and the dark green residue was washed twice with 10D ml 
each of trichloromethane and acetone. The crude product obtained from two 
such reactions with 8 ml of formic acid was subjected to CC ( h  = 20 cm, 
d = 5 cm; silica gel; trichloromethane/methanol, 9:l); the product which 
remained undissolved in the starting zone was extracted with formic acid 
and chromatographed again. The product fractions (TLC: silica gel. tri- 
chloromethanelmethanol, 9: 1; Rf = 0.16, orange fluorescence) were com- 
bined, and by concentration in vacuo 30 mg (yield 3.7%) of 4 precipitated 
as orange microcrystals, m. p. 368-370°C (dec.). - MS: mlz ("A,) = 536 1:100, 
M i  ), 522 (95), 508 (55), 364 (25), 328 (30), 282 (49,  268, (40), 256 (30), 243 
(38), 242 (30), 228 (55), 212 (30), 211 (25), 199 (30), 198 (35), 196 (32), 185 
(45), 184 (43), 171 (39,  170 (35), 157 (40), 156 (57), 151 (25), 144 (28) ,  143 
(45), 131 (25), 117 (25), 104 (25), 56 (90). - 'H NMR (500 MHz, [D]TFA; 
assignment by COSY and ROE, see above): F = 2.68-2.75 (m, 2H, 1;!,12'- 
H), 2.81 -2.88 (m. 2H, 14,14'-H), 3.29-3.41 (m, 4H, 1 1,11'-H), 4.48 (s. 6H, 
10,IO'-CH,), 4.50-4.56 (m, 2H,  13,13'-H), 4.65-4.71 (m, 2H,  13,13'-H), 
7.66 (s, 2H, 9,9'-H), 8.22 (d, J =  8.6 Hz, 2H, 7,7'-H), 8.30 (d, J =  8.6 Hz, 
2H, 6,6'-H). - In the conventional elemental analyses the data obtained 
were not correct within the normal limits (inclusion of solvent?): high-reso- 
lution MS, however, confirmed the formation of 4. - CzxH24Nx04 (536.55): 
Calcd. C 62.68, H 4.51, N 20.88; found C 61.15, H 4.24, N 20.53; calcd. 
536.1920 (M+), found 536.1936 (MS). 

1, I '-Trimethylenebis[3- (lO-methylisoallox.azine)] (20): A suspension of 
456 mg (2.0 mmol) of 1O-methylisoalloxazine~'*1 and 1.1 g (8.0 mmsd) of 
pulverized potassium carbonate in 70 ml of dry DMF was stirred for 3 h at 

J =  8.1 Hz, 2H, -CHZ-CH?-CH,-), 3.37 (t, J =  8.1, 4H,  -CH2-CIIz- 

8.33 (s, 2H, 9,9'-H), 8.58 (d, J =  8.7 Hz, 2H, 6,6'-H). - C25H2ON:IOI 

(33), 185 (30), 171 (25), 170 (25), 156 (30). - 'H  NMR (500 MHz, [DITFA): 

4H,  -CHz-CHl-CH,-), 3.77 (s ,  6H, 3.3'-CH3), 4.67 (s, 6H, 10,10'-CIH3), 
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55-60°C under argon after addition of 114 p1 (1.0 mmol) of 1,3-diiodopro- 
pane. Then further 228 pl (2.0 mmol) of 1,3-diiodopropane was added and 
the reaction mixture was stirred again at 55-60°C for two more days. After 
filtration and evaporation of the solvent from the filtrate, to the residue 100 
ml each of trichloromethane and water were added. The aqueous phase was 
extracted twice with 50 ml of trichloromethane each, and the combined or- 
ganic phases were washed with a 0.1 M of sodium hydroxide solution, 0.1 M 
of hydrochloric acid and water. After drying with anhydrous magnesium 
sulfate the solvent was distilled off in vacuo, and the raw product, adsorbed 
on Florisil from formic acid, was chromatographed on silica gel with tri- 
chloromethanetmethanol (9:l) as the eluent. The eluate (Rf = 0.38) crys- 
tallized from formic acid by addition of a small amount of water to furnish 
orange crystals, m. p. 304°C; 120 mg (yield 24%). - MS: mlz (“h) = 496 (10, 
M’), 482 ( I Q ,  268 (98), 254 (loo), 242 (20), 241 (30), 229 (40), 214 (40), 185 
(49, 180 (49, 170 (62), 143 (72), 135 (72). - ‘H NMR (500 MHz, [DITFA): 
6 = 2.53 (quint, J = 7.0 Hz, 2H, -CH2-CH2-CH2-), 4.52 (t, J =  7.0 Hz, 
4H, -CH2-CHZ-CH2-), 4.68 (s, 6H, 10,10’-CH3), 8.28 (“t”, J a 7.7 Hz, 
2H, 7,7‘-H), 8.42 (“d” ,J=  8.8 Hz, 2H, 9,9’-H), 8.53 (“dt”, J =  7.4 and 1.3 
Hz, 2H, 83‘-H), 8.63 (“dd”, J = 8.4 and 1.0 Hz, 2H, 6,6’-H). - 
C25H20N804 (496.48): Calcd. C 60.48, H 4.06, N 22.57; found C 60.53, H 
4.25, N 22.36. 

1,1’-Trimethylenebis[3-(8,I0-dimethylisoallo~uzine)] (21): In analogy to 
the preparation of 20, 242 mg (1.0 mmol) of 8,10-dimethylisoalloxa~ine[*~~ 
was treated with I,3-diiodopropane in DMF in the presence of potassium 
carbonate. The product obtained by working up the reaction mixture as for 
20 was chromatographed on silica gel with trichloromethanelmethanol(9: 1) 
as the eluent, Rf =j 0.61; 9.0 mg (yield 3.4%) of orange crystals, m. p. 300°C 
(dec.). - MS: mlz (“h) = 524 (5, M’). 510 (ll),  282 (22) 269 (19), 268 (loo), 
243 (13), 242 ( I I ) ,  229 (18), 185 (17), 184 (24). - ‘H NMR (500 MHz, 
CDCI?): 6 = 2.23 (quint, J = 6.9 Hz, 2H, -CH2-CH2-CH2-), 2.66 (s, 6H, 
8,8’-CH3), 4.11 (s, 6H, 10,10‘-CH3), 4.27 ( t ,  J =  6.9 Hz, 4H, -CHZ-CHZ- 
CHZ-), 7.42 (s, 2H, 9,9’-H), 7.43 (d, J =  8.3 Hz, 2H, 7,7’-H), 8.16 (d, J =  
8.3 Hz, 2H, 6,6‘-H). - CZ7H24N804: Calcd. 524.1920 (M’), found 
524.1903 (MS). 

1.8-Bis(2’-nitrophenyluminojnuphthalene (22): To a vigorously stirred solu- 
tion of 10.0 g (63.2 mmol) of l&diaminonaphthalene in 150 ml of dry 
DMSO was added under argon 41.6 g (632 mmol) of  potassium hydroxide 
(85% KOH). Then, with ice cooling, 33.4 ml(316 mmol) of 2-fluoronitroben- 
zene was added dropwise at temperatures between 15 and 20°C. After 20 
min the temperature was raised to 45-50°C for 4 h. The reaction mixture 
was poured on 700 g of crushed ice, acidified with 70 ml of concd. hydro- 
chloric acid, and extracted six times with 100 ml each of dichloromethane. 
The combined organic phases were dried with anhydrous magnesium sulfate, 
then the solvent was evaporated in vacuo. CC (h = 22 cm, d = 10 cm; silica 
gel, toluene; Rf = 0.35) and subsequent crystallization from toluene yielded 
1.34 g (yield 5.3%) of 22, ruby needles, m.p. 207-209°C. - MS: mlz (“/n) = 
400 (100, M+), 320 (14), 319 (13), 308 (16). - ‘H NMR (500 MHz, CDZCIZ, 
COSY assignment): 6 = 6.59-6.61 (m, 2H, 4’-H), 6.66 (d, J = 8.1 Hz, 2H, 
6’-H),7.11-7.13(in,2H,S’-H),7.45(d,J=7.6Hz,2H,2,7-H),7.53-7.56 
(m, 2H, 3,6-H), 7.92 (d, J = 8.4 Hz, 2H, 4,5-H), 7.95 (dd, J = 8.5 and 1.5 
Hz, 2H, 3‘-H), 9.62 (br. s, 2H,  NH). - X-Ray structure analysis of 22 see 
above. - C2ZH16N404 (400.38): Calcd. C 65.99, H 4.03, N 13.99; found C 
65.81, H 4.02, N 13.87. 

Structure of I,X-Bis(2’-nitrophenylumino)nuphthalene (22): 22 crystallized 
from toluene as ruby needles (0.25 X 0.10 X 0.1 mm); C2ZH16N404; molecu- 
lar mass: 400.4; triclinic space group P1 (No. 2, Intern. Tables); cell param- 
eters: a = 822.5(1), b = 1134.1(2), c = 1153.1(2) pm; a = 109.94(2)”, p = 
106.44(2)”, y = 102.47(2)”; Z = 2, D, = 1.462 g ~ m - ~ ;  measurements (de- 
tails see above) resulted in 3550 symmetry-independent reflections of which 
2665 with Z 2 3.0 o ( I )  were classified as observed. The structure was solved 
by direct method (SIR); the refinement including all non-hydrogen atoms 
with anisotropic and the hydrogen atoms with isotropic temperature factors 
resulted in R = 0.034. For atomic coordinates and equivalent isotropic ther- 
mal parameters for the non-hydrogen atoms see ref.[28]. 

anti-1,8-Bis(3’-methylisoulloxazin-I0~-yl)nuphthulene (6): 400 mg (1.0 
nnnol) of 22 in 60 ml acetic acid was hydrogenated (100 mg of palladium 
catalyst, 5% on charcoal; room temp.). The resulting solution of the diamine 
23 was filtered under argon into a stirred suspension of 640 mg (4.0 mmol) 
of alloxan hydrate and 2.0 g (32.4 mmol) of boric acid in 60 ml of acetic 
acid. After 4 h at room temp. the solvent was evaporated in vacuo, and boric 
acid was removed by fivefold distillation with 100 ml each of methanollacetic 
acid (1O:l). To the dispersion of the solid residue in 150 ml of dry DMF 
2.76 g (20.0 mmol) of potassium carbonate and 1.25 ml (20.0 mmol) of 
iodomethane were added, and the mixture was stirred at 20°C for 18 h. After 
evaporation of the solvent the crude product was dissolved in trichlorometh- 
anelmethanol (10:l) and the solution was filtrated through a 5-cm layer of 
silica gel and purified by CC (h = 20 cm, d = 5 cm; silica gel, trichlorometh- 
anetmethanol, 10: 1; Rf = 0.41): 40.6 mg of 6 (yield 7% related to 22), orange 

crystal powder, m. p. > 400°C (dec.). - MS (LSI-MS): tn/z = 583, 582, 581 
(MH+), 580 (M’). - ‘H NMR (500 MHz, [D,]DMSO; assignment by 

(m. 2H, 7’-H), 7.54-7.56 (m, 2H, 8’-H), 7.66 (d, J =  7.1 Hz, 2H. 2,7-H), 
7.95 (dd, J = 7.9 and 1.5 Hz, 2H,  6’-H), 7.97-7.99 (m, 2H, 3.6-H), 8.59 (d, 
J = 8.2 Hz, 2H, 4,5-H). - C32H20N804 (580.54): Calcd. C 66.20, H 3.47, N 
19.30; found C 66.22, H 3.42, N 19.08. 
I,8-Diarnino-9-unthrone: To a vigorously stirred suspension of 21.4 g (90 

mmol) of diaminoanthraquinone[221 in a mixture of 1 1 of aqueous ammonia 
(25%) and 100 ml of isopropyl alcohol at 90°C under argon 80.0 g (1.22 
mol) of zinc dust was added in small portions during 1 h. Then the tempera- 
ture was raised to 120°C for another 1 h. After cooling, the reaction mixture 
was extracted six times with 100 ml each of diethyl ether. The combined 
ethereal extracts were dried with anhydrous magnesium sulfate, the solvent 
was evaporated, and the residue was crystallized from toluene: 15.0 g (74%) 
of 1,8-diamino-9-anthrone as orange crystals, m. p. 129-130°C. - MS: mtz 
(%I) = 224 (100, M‘), 223 (16). - ‘H NMR (500 MHz, [D,]DMSO; assign- 
ment by NOE 10-CH2/4,5-H): S = 4.15 (s, 2H, 10-CH2), 6.48 (d, J = 7.2 
Hz,2H,4,5-H),6.61 ( d , J =  8.3Hz,2H,2,7-H),7.15-7.18(m,2H,3,S-H), 
7.38-7.42 (br. m, 4H, NHZ). - Cl4HI2N2O (224.25): Calcd. C 74.99, H 
5.38. N 12.49: found C 74.88. H 5.33. N 12.35. 

COSY): 6 = 2.95 (S, 6H, 3’-CH3), 6.81 (d, J =  8.2 Hz, 2H, 9’-H), 7.50-7.52 

1.8-Diuminoanthracene: A mixture of 10.0 g (44.6 mmol) of 1,8-diarnino- 
9-anthrone, 6.78 (178 mmol) of sodium borohydride and 10 ml of dry 1,4- 
dioxane was heated under argon to 140°C for 18 h. After cooling the brown 
solid was dissolved in 100 ml of methanol, the solution was poured in 500 
ml of water and extracted four times with 50 ml each of ethyl acetate. The 
combined extracts were washed with water, filtered over alumina (3-cm 
layer), and the solvent was evaporated to afford 8.6 g (92%) of crude 1,8- 
diaminoanthracene sufficiently pure for the following reaction. For charac- 
terization the product was purified by sublimation (140”ClI Torr) or by re- 
precipitation from ethyl acetatelpetroleum ether (b. p. 40°C). Crystallization 
from ethyl acetatetpetroleum ether (p. p. 40°C) furnished air-sensitive, bright 
yellow needles, m. p. 149-151°C (reE[21] 154-156°C). - MS: m/z  (“h) = 208 
(100, M+), 180 (30), 104 (14). - ‘H NMR (500 MHz, [DJDMSO, assign- 
ment by NOE): 6 = 5.83 (br. s, 4H, NH2), 6.53-6.56 (m, 2H, 3,6-H), 
7.16-7.20 (m, 4H, 2,4,5,7-H), 8.16 (S. I H ,  10-H), 8.79 (s, IH,  9-H). - 
CI4Hl2N2 (208.25): Calcd. C 80.74, H 5.81, N 13.45; found C 80.65, H 5.99, 
N 13.31. 

I,8-Bir~2’-nitrophenylamino~unfhrucene (24): To a mixture of 9.61 g (46.1 
mmol) of 1,s-diaminoanthracene and 30.0 g (535 mmol) of potassium hy- 
droxide powder (85% KOH) in 200 ml of dry DMSO 14.6 ml (138 mmol) 
of 2-fluoronitrobenzene was added dropwise under argon with cooling and 
vigorous stirring so that the reaction temperature did not exceed 30°C. After 
2.5 h at 20°C the reaction mixture was poured on 400 g of crushed ice and 
acidified by addition of 50 ml of concd. hydrochloric acid. The precipitate 
formed was sucked off after 1 h and washed with water, ethanol, and diethyl 
ether. The brown solid was then extracted with 300 ml of toluene for 3 h in 
a Soxhlet extractor. The hot extract was decanted onto a silica gel CC (h = 

16 cm, d = 8 cm) and chromatographed with toluene. The residue from the 
decantation was three times treated with hot toluene, decanted onto a col- 
umn and chromatographed as described. The fractions of R,. = 0.25 yielded 
565 mg (2.7%) of 24 as bright red platelets, m. p. 290°C (dec., from toluene). 
- MS: mlz (“h) = 450 (100, M+), 370 (13), 369 (11). - ‘H NMR (500 MHz, 
[D,]DMSO; assignment by COSY and NOE): 6 = 6.46 (d, J = 8.2 Hz, 2H, 
6‘-H), 6.68-6.70 (m. 2H, 4’-H), 7.14-7.16 (m, 2H, 5’-H), 7.54 (d, J =  7.1 
Hz, 2H, 2,7-H), 7.61-7.64 (m, 2H,  3,6-H), 8.03 (d, J =  8.7 Hz, 2H, 3’-H), 

(br. s, 2H, NH). - C26H18N404 (450.43): Calcd. C 69.32, H 4.03, N 12.44; 
found C 69.38, H 4.00, N 12.21. 

unt i-lJ-Bis (3’-methylisoulloxazin-10’ -yl) anrhrucene (8) and an t i-I .8- 
Bis(3’-methylisoallox.azin-I~‘-ylj-9,IO-dihydrounthracene (26): A suspension 
of 200 mg (0.44 mmol) of 24 in 70 ml of DMF was hydrogenated in the 
presence of 1.1 g of palladium catalyst (5% on charcoal) until the starting 
material had completely dissolved and the color of the solution had changed 
from orange to greenish-yellow (3 h, room temp.). Under argon the solution 
was filtered into 300 ml of degassed water, and the aqueous phase was ex- 
tracted three times with 30 ml each of diethyl ether. From the combined 
extracts the solvent was evaporated and the residue was dissolved in 50 ml 
of acetic acid. The resulting solution of 25 was added under argon to a 
suspension of 21 1 mg (1.32 mmol) of alloxan hydrate and 2.0 g (32.4 mmol) 
of boric acid in 50 ml of acetic acid. After stirring for 4 h (room temp., 
under argon) the solvent was evaporated under reduced pressure. The boric 
acid was removed by fivefold distillation with 100 in1 each of methanollacetic 
acid (1O:l) from the residue which was dried in vacuo. The resulting brown 
solid and 1.21 g (8.8 mmol) of potassium carbonate were dispersed in a 
mixture of 100 ml of dry DMF and 0.55 ml(8.8 mmol) of iodomethane and 
the mixture was stirred for 18 h at room temp. under argon. The solvent was 
removed at reduced pressure, the residue was dissolved in trichloromethanel 

8.13(d,J= 8.4Hz, 2H.4,5-H), 8.41 (s, IH,9-H), 8 .82(~ ,  l H ,  10-H), 9.56 
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methanol (10:l) and the solution filtered through silica gel (9-cm layer). By 
subsequent MPLC separation (silica gel, trichloromethane/methanol, 40: 1, 
other parameters see above) three isoalloxazine-containing fractions (8: Rf = 
0.12; 2 6  R, = 0.17; 27: Rf  = 0.42) were obtained. 

8: 23.8 mg (8.6%), orange platelets of m. p. 315°C (dec., from acetonitrile). 
- MS (LSI-MS): m/z = 633, 632, 631 (MH+), 630 (M+). - ‘H NMR (500 
MHz, [D6]DMSO; assignment by COSY): F = 3.16 (s, 6H, 3‘-CH3), 6.58 (d, 
J = 9.1 Hz, 2H, 9‘-H), 6.65 (s, IH, 9-H), 7.47-7.49 (m, 2H, 7‘-H), 
7.51-7.53 (mc, 2H, 8‘-H), 7.71 (d, J =  7.1 Hz, 2H, 2,7-H), 7.84-7.86 (mc, 

H), 9.18 (s, IH,  10-H); for ‘H-NMR analysis in the presence of the chiral 
shift reagent E u ( T F C ) ~ [ ~ ~ ]  see above. - C3,HZ2N804: Calcd. 630.1764 (M+), 
found 630.1794 (MS); Calcd. 631.1842 (MH+), found 631.1854 (MS). 

26: 13.4 mg (4.8‘!’0), orange microcrystals of m. p. 310°C (dec., from 
dichloromethane). - MS (LSI-MS): m/z = 636, 635, 634, 633 (MH+), 632 
(M’). - ‘H NMR (500 MHz, CD2CI2; assignment by COSY): F = 3.02 (s, 

and 1.0 Hz, 2H, 9’-H), 6.97 (d, J =  8.1 Hz, 2H, 2,7-H), 7.47-7.49 (m, 2H, 
7‘-H), 7.52-7.54 (m, 2H, 3,6-H), 7.56-7.59 (m, 2H, 8’-H), 7.67 (d, J = 7.8 
Hz, 2H, 4,5-H), 8.12 (dd, J =  8.1 and 1.4 Hz, 2H, 6’-H); for ‘H-NMR 
analysis in the presence of the chiral shift reagent Eu(TFC),[*Ol see above. - 
C36H24N804: Calcd. 632.1921 (M+), found 632.1960 (MS); Calcd. 633.1999 
(MH+), found 633.1953 (MS). 

X-Ray Analysis of anti-I,8-Bis(3’-methylisoalloxuzin-lO~-yl)-9,1O-dihy- 
clroanthrucene (26): 26 crystallized from dichloromethane with inclusion of 
dichloromethane in a 1:2 ratio: orange rhombs (0.3 X 0.2 X 0.1 mm); 
C3,HZ4N8O4 . 2 CH_zCIz; molecular mass 632.6 (+169.9 for 2 CHzC1,); tri- 
clinic space group PI (No. 2, Intern. Tables); cell parameters: a = 1038.3(1), 
h = 1134.9(3), c = 1672.8(5) pm; a = 81.17(3)”, p = 76.26(2)”, y = 
71.71(2)”; Z = 2, D, = 1.471 g . ~ m - ~ ;  Enraf-Nonius CAD4 (MO-KO radi- 
ation, graphite monochromator, 2 @/@-scan technique); max. sin O h  = 6.0 
nm-I; 6352 symmetry-independent reflections out of which 4284 with I 2  
3.0 cs (I) were classified as observed. The structure was solved by direct 
method (SlR); the refinement including all non-hydrogen atoms with aniso- 
tropic and the hydrogen atoms with isotropic temperature factors resulted in 
R = 0.061. For atomic coordinates and equivalent isotropic thermal param- 
eters for the non-hydrogen atoms see The structure of 26 is dis- 
cussed above. 

10-(5’,6‘, 7’,8‘-Tetrahydro-I’-anthryl)-3-methylisoulloxuzine (27): 12.6 mg 
(6.9%), orange needles of m. p. 295°C (dec. above 240°C). - MS: mli (%) = 
408 (100, M’), 407 (54), 323 (20), 322 (25), 229 (IS), 165 (15). - ‘H NMR 
(500 MHz, CD2C12; assignment by COSY): 6 = 1.72-1.83 (m, 4H, 6‘,7’- 
CH,), 2.64-2.78 (m, 2H, 8’-CHZ). 2.95-2.99 (m, 2H, 5’-CH,), 3.38 (s, 3H, 
3-CH3), 6.74-6.76 (m> IH, 9-H), 6.81 (s, IH, 9‘-H), 7.33 (d, J =  7.3 Hz, 
IH, 2’-H), 7.55-7.58 (m, 2H, 7,8-H), 7.60-7.62 (m, IH, 3‘-H), 7.76 (s, 
IH, 10’-H), 8.03 (d, J = 8.4 Hz, IH, 4‘-H), 8.31-8.33 (m, IH, 6-H). - 
CZ5HZON4O2: Calcd. 408.1586 (M+), found 408.1651 (MS). 

lO-(l’-Naphthyl)isoc~lloxuzine: 500 mg (2.13 nimol) of 1-(2’-aniinophenyl- 
amin~)naphthalene[~~] was treated with 759 mg (4.68 mmol) of alloxan hy- 
drate and 1.25 g (20.23 mmol) of boric acid in 75 ml of acetic acid (2 h, 
room temp., under argon). Then the reaction mixture was poured into 300 
ml of water and extracted five times with 70 ml of trichloromethane. The 
combined extracts were dried with anhydrous magnesium sulfate, and the 
solvent was evaporated. The residue was crystallized from methanol to afford 
650 mg (yield 90%) of an orange powder, dec. > 300°C; R,. = 0.36 (silica 
gel; trichloromethane/methanol, 10:l). - MS: mlz (“h) = 340 (100, M+), 339 
(64), 269 (93), 268 (73), 135 (16), 127 (23). - ’H NMR (500 MHz, 
[D6]DMSO): 6 = 6.51 (dd, I =  8.3 and 2.0 Hz, IH, 9-H), 7.47-7.49 (m, 
lH,3‘-H),7.58-7.79(m,5H,7,8,2‘,7‘,8‘-H),7.80-7.82(m, IH,6’-H), 8.17 
(d, J =  8.3 Hz, IH, 6-H), 8.23-8.27 (m, 2H, 4’,5’-H), 11.40 (br. s, IH, 
NH). - CZOHI2N4O2 (340.33): Calcd. C 70.58, H 3.55, N 16.46; found C 
70.39, H 3.46, N 16.20. 

3-Methyl-lO-(I’-nuphthyl)isoalloxuzine (28): A suspension of 390 mg (1.15 
mmol) of 10-(1‘-naphthyl)isoalloxazine, 1.58 g (1 1.5 mmol) of potassium 
carbonate and 0.71 ml (11.5 mmol) of iodomethane in 50 ml of dry DMF 
was stirred at room temp. for 20 h under argon. After addition of 400 ml of 
water the mixture was extracted four times with 70 ml each of dichloro- 
methane, and the combined extracts were dried with anhydrous magnesium 
sulfate. Evaporation of the solvent and crystallization of the residue from 
acetonitrile afforded 310 mg (yield 76%) of yellow needles, dec. > 300°C. 28 
had been prepared by a different method (ni. p. 300-304”C, no further 
characteristic data were reported)[2i]. - MS: m/z (%) = 354 (100, M+), 353 
(44), 269 (57), 268 (24), 127 (23). - ‘H NMR (500 MHz, [D,]DMSO; assign- 
ment by COSY): 6 = 3.26 (s, 3H, 3-CH3), 6.36 (d, J =  8.8 Hz, IH, 9-H), 
7.46-7.48 (m, IH,  3’-H), 7.55 (d, J =  8.4 Hz, IH, 2‘-H), 7.61-7.66 (m, 
4H, 7,8,7‘,8‘-H), 7.80-7.82 (m, lH,  6’-H), 8.18 (d, J =  8.3 Hz, IH, 6-H), 

2H, 3,6-H), 8.08 (d, J =  7.7 Hz, 2H, 6’-H), 8.53 (d, J =  8.6 Hz, 2H, 4,5- 

2H, %CHz), 3.29 (s, 6H, 3’-CH3), 4.39 (s, 2H, 10-CHZ), 6.73 (dd, J =  8.6 

8.26-8.29 (m. 2H, 4’,5’-H). - C21H,4N402 (354.35): Calcd. C 71.18, H 
3.98, N 15.81; found C 71.41, H 4.04, N 15.87. 

I-(2’-NitrophenyIumino)unthrucene: To a suspension of 8.5 g (129 mmol) 
of potassium hydroxide (85% KOH) in a solution of 5.0 g (25.9 mmol) of 1- 
aminoanthracene in 100 ml of dry DMSO 3.42 ml (32.3 mmol) of 2-fluoro- 
nitrobenzene was added dropwise under argon with cooling and vig0rou.s 
stirring at 20-25°C. After 4 h at room temp. the reaction mixture was 
poured in 500 ml of water and acidified with 2 N hydrochloric acid. Fivefold 
extraction with 100 ml of dichloromethane, drying of the combined extracrs 
with anhydrous magnesium sulfate and evaporation of the solvent yielded a 
residue which was dissolved in toluene; the solution was filtered through 
silica gel (2-cm layer). The product obtained was crystallized from toluene 
to yield 4.24 g (52%) of I-(2’-nitrophenylamino)anthracene as purple 
needles, m. p. 214-215°C. - MS: m/z (“A) = 314 (100, M+), 280 (37), 269 
(32), 268 (88), 267 (71), 266 (31). - ‘H NMR (500 MHz, [D,]DMSO; assign- 
ment by COSY and NOE): F = 6.70 (d, J = 8.6 Hz, 1 H, 6’-H), 6.83-6.115 
(m, IH,  4‘-H), 7.36-7.39 (m, IH, 5’-H), 7.49-7.61 (m, 4H, 2,3,7,8-H), 
8.08-8.13 (m, 3H, 4,6,9-H), 8.21 (dd, J =  8.6 and 1.2 Hz, IH, 3’-H), 8.61 
(s, IH, 9-H), 8.71 (s, 1 H, 10-H), 9.82 (br. s, I H, NH). - CZOH,4N,02 
(314.33): Calcd. C 76.42, H 4.49, N 8.91; found C 76.70, H 4.49, N 8.85. 

IO-(l’-Anthryl)d.~oal~oxuz&e: To a solution of SO0 mg (1.59 mmol) of 1- 
(2‘-nitropheny1amino)anthracene in 70 ml of acetic acid 2.50 g (38.2 mmol) 
of zinc dust was added at 60-70°C with vigorous stirring in small portions 
under argon. After 20 min the solution was filtered into a suspension of 400 
mg (2.5 mmol) of alloxan hydrate and 1 .5 g (24.3 mmol) of boric acid in 20 
ml of acetic acid. After stirring for 2 h at room temp. and the addition of 
500 ml of water, the solution was extracted five times with 70 ml each of 
dichloromethane. The combined extracts were dried with anhydrous malg- 
nesium sulfate, the solvent was evaporated, and the product was treated with 
50 ml of boiling methanol to afford 233 mg (38%) of a brick-red crystalline 
powder, m. p. 245°C (dec.). - MS: m/z (“5) = 390 (100, M+), 389 (12), 
320 (16), 319 (61), 318 (37), 160 (15). - ‘H NMR (500 MHz, [D,]DMSO; 
assignment by COSY and NOE): 6 = 6.60-6.62 (m, 1 H, 9-H), 7.47-7.50 
(m, IH, 7’-H), 7.55-7.57 (m, 1H, 6’-H), 7.60-7.62 (m, 2H, 7,S-H), 7.66 
(d, J =  6.9 Hz, IH,  2‘-H), 7.77-7.79 (m, 1 H, 3’-H), 7.86 (d, J =  8.5 Hz, 
IH, 8‘-H), 8.17 (d, J =  8.5 Hz, IH, 5’-H), 8.27-8.29 (m, 2H, 6,9’-H), 8.42 
(d, J =  8.6, IH,  4-H), 8.85 (s, IH, 10’-H), 11.45 (br. s, IH, NH). - 
C24H14N402 (390.38): Calcd. C 73.84, H 3.61, N 14.35; found C 73.66, H 
3.86, N 14.28. 

IO-(l’-Anthry/~-3-methy/i~ou/loxazine (29): A suspension of 170 mg (0.44 
mmol) of 10-(1’-anthryl)isoalloxazine, 1.20 g (8.71 mmol) of potassium car- 
bonate and 0.54 ml (8.71 mmol) of iodomethane in 70 ml of dry acetone 
was stirred for 18 h at room temp. under argon. After evaporation of the 
solvent the residue was dissolved in dichloromethane and the solution fil- 
tered through Celite. Evaporation of the solvent from the filtrate and crys- 
tallization of the residue from acetic acid yielded 120 mg (68%) of 29 as  a 
brick-red crystalline powder, m. p. 250°C (dec.). - MS: mli (%) = 404 (100, 
M’), 403 (32), 320 (22), 319 (88), 318 (58). ‘H NMR (500 MHz, 
[D,]DMSO; assignment by COSY): 6 = 3.27 (s, 3H, 3-CH3), 6.64-6.66 (m, 
IH, 9-H), 7.48-7.51 (m, IH, 7’-H), 7.55-7.57 (m, IH, 6’-H), 7.61-7.64 
(m, 2H, 7,8-H), 7.66 (d, J =  7.0 Hz, IH, 2’-H), 7.78-7.80(m, IH, 3‘-H), 

9‘-H), 8.32-8.34 (m, 1 H, 6-H), 8.43 (d, J = 8.6 Hz, 1 H, 4’-H), 8.86 (s, I H, 
10’-H). - C25H16N402 (404.43): Calcd. C 74.24, H 3.99, N 13.86; found C 
73.98, H 3.81, N 13.82. 

- 

7.84 (d, J = 8.5 Hz, 1 H, 8’-H), 8.17 (d, J = 8.5 Hz, 1 H, 5’-H), 8.25 (s, 11 H, 
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