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the central GC pairs owing to end-fraying of the duplex. On 
reaction with 1, the peak at 6 = 13 broadened. The complexity 
of the spectra can be attributed to binding of 1 to both thymine 
and guanine with similar affinities, and to binding on each of the 
two strands leading to a large number of possible products. 
Titration beyond 4 mol equiv of 1 led to precipitates which did 
not redissolve. 

The conclusion that complex 1 can bind to both thymine and 
guanine bases with similar affinities is supported by NMR spec- 
troscopic investigations of mixtures containing both 5'-dTMP 
and 5'-dGMP at pH* 7.19. At a Pt/5'-dTMP/S-dGMP mol 
ratio of 0.5: 1 : 1 (20mM), 35 % of the 5'-dGMP and 18 YO of the 
5'-dTMP were bound, and at a mol ratio of 1 : 1 : 1 50 % of each 
nucleotide was bound. 

There are few precedents for the rapid reaction of Pt complex- 
es with thymine bases. The strong trans effect of P in square- 
planar Pt" c ~ m p l e x e s ~ ' ~ ~  is probably important, and indeed 
Bandoli et al.[I6] have reported that the dinuclear complex 
[{(dppf)Pt(p-OH)),]2+ (dppf = 1,l'-bis(diphenylphosphin0)- 
ferrocene) forms an N3-bonded I-methylthymine (1-Me-T) 
complex in dimethylformamide (dmf) , dimethyl sulfoxide, or 
acetonitrile, and determined the X-ray crystal structure of 
[(dppf)Pt( 1 -Me-T-H I)(dmf)J +, but the reactions were slow 
(complete in about 14 h at ambient temperature). However, 
they also found["] that cis-[Pt(PMe,),12+ is unreactive towards 
1-Me-T in water unless 2 mol equiv of NaOH was added, em- 
phasizing the role of the base in facilitating the removal of the 
proton at N3. In the present case the dangling arm amino group 
may play a role in enhancing removal of this proton. Com- 
pounds of the type 1 provide significant scope for control of 
chelate ring-opening, gating of ligand exchange, and base- 
specificity of attack on DNA or RNA which are being further 
explored. 

Experimental Section 
5'WMP and 5'-dTMP were purchased from Sigma. Complex 1 was prepared and 
characterized as previously described in ref. [6]. The 8 mer oligonucleotide d(TTG- 
GCCAA) was purchased as an HPLC-purified sodium salt from OSWEL DNA 
Service (University of Southampton) 
Measurements of pH were made using a Corning 145 pH meter equipped with an 
Aldrich microcombination electrode calibrated with Aldrich buffer solutions of pH 
4.7 and 10. Values of pH* were adjusted with 1 M DNO, or NaOD as appropriate. 
NMR spectra were recorded on the following instruments: JEOL GSX270, Bruker 
AM400, Bruker DRX500 and Varian INOVA600 using 5 mm tubes. The chemical 
shift references were sodium trimethylsilylpropanoate (through internal dioxan at 
6 = 3.744; ' H NMR). and 85% H,PO, (external; 31P NMR). Typical acquisition 
conditions for 'H spectra were: 45-60' pulses, 2.5 s relaxation delay, 64-256 tran- 
sients, final digital resolution 0.2 Hz per point. When necessary the water resonance 
was suppressed by presaturation, or the WATERGATE pulsed field gradient se- 
quence [18]: for "P spectra- 50-90 pulses, 512-2048 transients, and a final digital 
resolution of 3--5 H r  per point 
For the experiments with d(TTGGCCAA), microliter aliquots of a 4 0 m ~  solution 
of complex 1 (in the same solvent as used for the oligonucleotide: H,O/D,O 9/1. 
4 m ~  phosphate, 0 1 M NaC10,. pH 7.0) were added in steps to give totals of 0.5, 1, 
2, and 4 moi equivalents. 
Titration curves were fitted to the Henderson-Hasselbalch equation with the pro- 
gram KaleidaGraph (Synergy Software, Reading, PA, USA) on a Macintosh com- 
puter. 
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Formation of Isobenzenes by 
Thermal Isomerization of 
1,3-hexadiened-yne Derivatives** 
Henning Hopf,* Harald Berger, Gerhard Zimmennann,* 
Uta Niichter, Peter G. Jones, and Ina Dix 

The cyclization of 1,3-hexadiene-5-yne (1)  to benzene (3) ,[I1 

first described in the late 1960s, has proven in recent years to be 
a useful reaction for preparing bowl-shaped, nonalternating 
polycyclic arenes (fullerene fragments) .f2a-c1 The activation 
parameters for the formation of 3 from 1 were determined, and 
the electrocyclic formation of 1,2,4-cyclohexatriene (2, isoben- 
zene) was suggested as the first step.r31 As this highly reactive 
benzene isomer has recently been prepared by treatment of the 
dibromocarbene adduct of 1,3-cyclopentadiene with methyl- 
lithium at - 30 "C by Christl et al.,I4I the question arises whether 
2 and its derivatives are also thermally accessible from 1 and 
related hydrocarbons. The experiments described here show 
that this is indeed the case. 

When a 1 : l  mixture of cis- and trans-1 and styrene (4) is 
heated to 200 "C in an ampoule, 70 % of the dienyne and 30 YO 
of the trapping reagent are consumed after 90 min (GC analysis 
of the pyrolysate with fluorobenzene as internal standard). The 
products obtained are 3 (3%), addition products (homo- and 
codimers and trimers, 68 YO),  polymers (29 %), and cracking 
gases (traces; Scheme 1). The fraction with the addition prod- 
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Scheme 1 Thermal isomerization of 1 and trapping experiments with 4 

ucts consists of about 35 compounds, of which 22 are obtained 
in amounts of less than 1 YO. The main part of this fraction is 
made up of the two Diels-Alder regioisomers 5 and 6 (48 %, 1 : 1 
ratio) and also the products of the [2 + 21 cycloaddition of 2 and 
4, 7-phenylbicyclo[4.2.O]octa-1,4-diene (7) and 7-phenylbi- 
cyclo[4.2.0]octa-1,3-diene (8), which are present in a ratio of 
7:3 (6%). 

The structure of 7 was assigned by comparison with the au- 
thentic hydrocarbon, first synthesized by Christl et al.r41 In addi- 
tion to the 1 : 1 adducts 5-8, the main fraction contains C,,H,, 
hydrocarbons, which are formed from two molecules of 1 and 
one molecule of 4, and C,,H,, compounds, which require one 
molecule of 1 and two molecules of 4 for their formation (46 %) . 

14 

r 1 

The structures of these compounds have not yet been deter- 
mined. If 4 is not added to the reaction mixture, 7 and 8 cannot 
be detected in the pyrolysate. Christl et al. have shown[41 that 7 
and 8 are in thermal equilibrium at 130°C; regioisomers of 7 
and 8 are not obtained. At temperatures below 180- 190 "C and 
above 260-270 "C the cycloadducts 7 and 8 are not detectable. 
In the first case (T1190"C) the available thermal energy is 
apparently insufficient to overcome the activation barrier of 
30 kcal mol- ' 13] for the electrocyclization, and in the second 
(T 2 260 "C) the reaction of 2 to form 3 by a hydrogen shift and 
the cycloreversion reaction of 7 and 8 are probably so strongly 
favored that both codimers cannot be detected (by GC/MS 
analysis). Therefore, only a narrow temperature range remains 
in which isobenzene formation can be determined by trapping 
reactions. 

After the formation of 2 by thermal isomerization of 1 had 
been experimentally confirmed, several hydrocarbons contain- 
ing the hexadienyne -'] including dibenzofulvenes 
9a-d, were synthesized and thermally converted. When 9 a, 
either neat or dissolved in toluene, is heated to 250 "C, the 1,3- 
diphenylfluoroanthene 11 expected in analogy to the reaction of 
1 + 3 is formed, but only in trace amounts (2 % ; Scheme 2). The 
main product is the dimer 13a (87%), whose structure was 
established by spectroscopy (see Table 1) and an X-ray structure 
analysis of the 1,2-dichloroethane bis(so1vate) (Figure 1) .r61 The 
elongated C9-C9' bond (163.8(8) pm) in the cyclohexadiene 
ring is probably attributable to steric congestion at these carbon 
atoms. 

Heating 13a to 350°C results in rearrangement to yield 11 
(80 YO), which is also obtained from 9 a under these drastic con- 
ditions (350 "C, 70%).r71 These isomerizations are best ex- 
plained by the existence of the isobenzene intermediate 10. After 
its formation by electrocyclization of 9, 10 can react in analogy 
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Scheme 2 .  Thermal isomerization of the condensed arenes 9a-d with 1.3-hexadiene-5-yne substructure. 
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Figure 1. Crystal structure of 13a (without solvent). Radii are arbitrary. Selected 
bond lengths [pm]. C9-C9 163.8(8), C9-C10 154.5(7), CIO-Cl1 133.3(8), 

C11-Cll' 149.2(9), C12-Cl2' 138.2(9). 
Cll-C12 148.7(8), C 9 - C l 0  154.3(7), C l 0 - C l l '  133.2(8), Cll'-C12'148.3(7), 

to the well-documented [2 + 21 cycloadditions of allenes to give 
12, which undergoes a stabilizing bond reorganization (cleavage 
of the weakest bonds in 12, marked with wavy lines, and C-C 
bonding at the five-membered ring of the fluorenyl unit) to yield 
13a. Alternatively, a hydrogen shift in 10, which is favored at 
higher temperatures, is possible, as was the case with the parent 
compound (see above). Presumably, the reaction of 13 a + 11 
also proceeds via 10. However, at these temperatures a decou- 
pling of the exocyclic double bond of the starting material is also 
feasible (thermal cis- trans isomerization of 9). The resonance- 
stabilized diradical 14 thus formed could dimerize to 15, which 
can react to 13 a by cyclization and conversion of the bis(al1ene) 
unit to a bis(methy1ene)cyclobutadiene group.['] Dimer forma- 
tion is not restricted to 9a ,  as is demonstrated by the isomeriza- 
tion-dimerization of 9b-d to 13b-d, whose structures were 
proven spectroscopically (Table 1) and by comparison with data 
obtained for 13a.  

These experiments show that isobenzenes are by no means 
exotic intermediates; they are in fact easily accessible by differ- 

Table I Spectroscopic data for 13a-d 
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13a: 'H NMR (400 MHz. CDCI,): 6 = 8.16 (m, 1 H), 7.47 (m, 1 H), 7.40 (m, 2H), 
7.16(m, 1 HI, 7 11 (d. 1 H). 7.04(m, 4H) ,  6.87(dt, 1 H), 6.77(m, 3H), 6.49(d,2H), 
6.29(t , lH).5.35(d,  IH): '3CNMR(100.1 MHz,CDCI,):6=151.7,147.9,145.0, 
142.0, 141.5, 139.2, 137.7. 132.9, 128.8, 128.6, 128.3, 128.0, 127.8, 127.0, 126.9, 
126.6.126.5. 126.4.126.1, 125.0.124.2, 119.5, 118.0,66.1;IR(KBr):G=3056(w), 
3029(w), 1443(m). 1026(w), 768(m),739(~),696cm-'(s). 
13b: 'HNMR(400 MHz,CDCI,):6 =7.85(m,2H),7.38(m,SH),7.16(br.s,3H), 
6 97 (br. s, 3H). 5.71 (9. 1 H); "C NMR (100.1 MHz, CDCI,): 6 =145.5, 141.2, 
140.9, 133.3, 129.1. 128.7. 127.7, 127.4, 126 1, 126.0, 118.9, 111.5, 61.3; IR (KBr): 
i. = 3060 (w). 3031 (w).  1443 (m), 759 (m). 734 (s), 698 cm-'  (m). 
13c: 'H NMR (400 MHz. CDCI,): 6 = 8 23 (dd, 2H),  7.94 (br. s, 1 H), 7.45 (m, 
4H). 7.34 (br. s, 3H). 7.08 (m, 4H).  6.68 (dd, 3H),  6.07 (br. s, 1 H); "C NMR 
(100.1 MHz, CDCI,): 6 =148 1, 1445, 141.7, 132.0, 130.9, 129.7, 129.1, 128.4, 
127.9, 127.8. 123.2. 106.7, 97.5, 87.6, 63.8: IR (KBr): i. = 3060(w), 3031 (w). 
3019 (w). 1595 (m).  1488 (s), 1474 (m), 1446 (s), 766 (s), 753 (s), 739 (s), 
688 cm- ' (s) 
13d: ' H  NMR (400 MHz, CDCI,): 6 = 8.18 (dd), 7.40 (m), 7.00 (br. m), 7.00-6.90 
(m), 6.38 (dd), 5 90 (br. m); I3C NMR (100.1 MHz, CDCI,): 6 =148.6, 144.9, 
137.8. 132 2, 130.8, 129.6, 129.1, 128.4. 128.2, 127.8, 127.7, 127.5, 126.9, 124.8, 
123.6. 123.2, 122.4. 106 6. 97.4, 87.9, 66.1 ; MS (70 eV): m/z  (%) = 804 (100) [M '1, 
727 (33) [ M  - C6H5]. 402 (20) [ M " ] ,  400 (20) [ ( M  - 2H)"'], 278 (25) [C22H,,], 
189 (62) [C,,H:]. 78 (95) [C,H,t] 

ent routes. It is conceivable that such benzene isomers are also 
intermediates in the formation of condensed arenes by high- 
temperature pyrolysis of alkynes. This is particularly likely 
when ring-closing reactions of 1,3-hexadiene-S-ynes by 1,6-C,H 
insertion of alkenylidenecarbene intermediates, which dominate 
at temDeratures above 800 "C. are disfavored because of confor- 
mational constraints, and it is also probable for the carbene 
obtained from 9 a  by a 1,2-phenyl shift.["] In the future, dimers 
of type 13 should systematically be sought when pyrolyzing 
aromatic hydrocarbons with 1,3-hexadiene-S-yne substruc- 
ture.[l41 

Experimental Section 
9a-d: Compounds 9 a  and 9 c  were prepared by reaction of 9-trimethylsilylfluorene- 
9-yllithium with 1,3-diphenylpropynone and 1,5-diphenyl-I,4-pentadiyne-3- 
one [lo], respectively, in Et,O at -40°C (69% and 57%). Derivative 9 b  was ob- 
tained from fluorene-9-ylidene triphenylphosphane and 3-phenylpropynal in 
CHCI, (70%), and 9 d  from cyclopenta[def]phenanthrenyllithium and 1.5- 
diphenyl-l,4-pentadiyne-3-one [lo] in T H F  (75%). 
9 a :  m-p. 118 "C (116°C) [13]; ' H N M R  (400 MHz, CDCI,): 6 = 8.87 (m, 1 H),  7.63 
(m,lH),7.55(m,4H),7.49(m,3H),7.36(m,6H),7.22(m,1H),6.86(dt,lH), 
6.46(d,lH);"CNMR(100.1 MHz,CDCI,):6=140.7,140.4,140.1,138.2,1375, 
131.7, 129.0, 128.9, 128.8, 128.5, 128.4, 127.4, 126.6, 125.5, 124 9, 122 5. 122.2, 
119.4,102.4,92.2; IR (KBr): G = 3056 (w), 3030 (w), 2180 (w), 1567 (w), 1488 (w), 
1442 (s), 782 (s), 757 (s), 728 (s), 694 (s), 687 cm-'  (s). 
9b: m.p. 91 -92'C; 'H NMR (400 MHz, CDCI,): 6 = 8.58 (d. 1 H), 7.65 (m, 3H),  
7.59(m,2H),7.37(m,6H),7.25(dt,  lH),6.76(s,lH);i3CNMR(100.1MHz, 
CDCI,): d ~ 1 4 4 . 2 ,  140.7, 139.4, 138.2, 136.9, 131.6. 129.3, 129 1, 128.8, 128.6, 
127.4, 127.2, 124.9, 123.3, 120.3, 119.8, 119.7, 103 7, 100.9, 88.7, IR (KBr): 
V = 3049 (w). 2923 (w), 2183 (w), 1619 (w). 1440 (m), 840 (s), 728 (s), 
688 cm-'  (s). 

9c:m.p. 137'C; 'HNMR(400 MHz,CDCI,):S = 8.70(d,2H). 7.65(m,6H), 7.41 

140.3, 137.5: 131.8, 129.5, 129.1, 128.6, 127.5, 125.5, 122.9. 119.6. 101.3,97.9,88.9; 
1R (KBr): j = 3052 (w), 3029 (w), 2186 (w), 1448 (m), 1442 (s). 779 (w). 752 (s). 
720 (s), 683 cm-'  (s). 
9d:  m.p. 210 "C; 'H NMR (400 MHz, CDCI,): 6 = 8.52 (d. 2 H ) ,  7.X2 (d, 2H). 7.81 
(~,2H),7.73(m,4H),7.64(t,2H),7.45(m,8H);'~CNMR(lOO.t MHz,CDCI,): 
6 =146.7, 136.4, 135.8, 131.9, 129.6, 128.6, 128.0, 127.4, 125.8. 125.1. 123.2, 122.8, 
103.9, 97.3, 88.4; IR (KBr): i = 3036 (w), 2186(w), 1489 (s). 1441 (s). 822 (s), 
755(s), 689cm-' (s). 
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(dd, 6H),  7.36 (dt, 2H),  7.30 (dt, 2H); I3C NMR (100.1 MHz, CDCI,): 6 ~ 1 4 5 . 2 ,  

Keywords: arenes * cycloadditions - isomerizations 
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Such a situation occurs in, for example, the case of 7,10-diethynylfluoro- 
anthene, which rearranges to form corannulene under the conditions of flash 
vacuum pyrolysis [2a]. 

Synthesis of 3,9,15,19,21,23-Hexaazakekulene 
Arnaud Tatibouet, Richard Hancock, 
Martine Demeunynck,* and Jean Lhomme 

Kekulene (1) was synthesized by Diederich and Staab in 
1978['] as the first member of a series of compounds designated 
as cycloarenes or coronaphenes. The electronic structure (annu- 
lenoid or benzenoid) of l is intriguing.''"] 'H NMR results[2b1 
and a very recent theoretical study""] indicate the benzenoid 
structure. Synthesis of cycloarenes is a challenging problem, and 
only very few molecules have been described. Dodecahydro- 
18,2l-dio~oniakekulene~~~ (2) and dodecahydrohexaazakeku- 
lenesr4] 3 are the only heteroaromatic analogues of kekulene 
prepared so far. 

In the course of investigating the synthesis of heterocyclic 
Troger's bases,15] we studied the reactivity of 3-aminoacridine 
with formaldehyde and observed the formation of a new, fully 
unsaturated heptacycle, acridino[3,4-~]benzo[b]-l,7-phenan- 
throline.[61 On the basis of this result, we designed a strategy for 
preparing 3,9,15,19,21,23-hexaazakekulene (4), in which the 
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nitrogen atoms are located alternatively at the inner and outer 
perimeters of the cycloarene. 

Compound 4 could be constructed by condensation of three 
molecules of proflavine (3,6-diaminoacridine) with three mole- 
cules of formaldehyde. Proflavine has to first be monoprotected 
to avoid polymerization. We used the ethoxycarbonyl protect- 
ing group, since it is stable in the strongly acidic condi- 
tions required for the condensation reaction. Monoprotected 
proflavine (6-amino-3-(ethoxycarbonylamino)acridine, 5)['] 
slowly reacted with paraformaldehyde in 1 2 ~  HCI to give 2,14- 
di (ethoxycarbonylamino) acridino [3,4-j] benzo [b] - 1,7 - phenan- 
throline (6)  in 84% yield after 3 weeks (Scheme 1). The stoi- 

HCHO (0.5 equiv.) 

! + HCHO (2 equiv.) 

4 

Scheme 1. Synthesis of hexaazakekulene 4. 

chiometry of the reaction was crucial, as formation of 6 required 
only one equivalent of formaldehyde for two proflavine mole- 
cules. An excess of formaldehyde would lead to different com- 
pounds (analogues of Troger's base, tetrahydroquinazoline, or 
dihydrooxazine derivatives) .r51 The 'H NMR spectrum of 6 is 
characterized by the strong deshielding of the internal H-I 7 
proton, which appears at 6 = 11.3. 

Removal of the ethoxycarbonyl groups was achieved under 
basic conditions (EtOH, NaOH) to give 2,14-diaminoacridi- 
no[3,4-j~benzo[b]-l,7-phenanthroline (7) in 68 % yield. This po- 
lar compound was analyzed by 'H NMR spectroscopy in deu- 
teriated trifluoroacetic acid ([DITFA); the H-17 proton appears 
as a singlet at 6 = 12.24. 

To obtain the hexaazakekulene 4, stoichiometric amounts of 
7 and proflavine were allowed to react with two equivalents of 
paraformaldehyde in 12N HCl. After the mixture was stirred at 
SO "C for one week, there was total disappearance of 7 (HPLC) . 
The mixture was basified, and a dark brown residue, which was 
analyzed by 'H NMR spectroscopy and mass spectrometry, was 
obtained. The 'H NMR spectrum ([DITFA) indicated the pres- 
ence of one major product, later identified as the desired hexa- 
azakekulene 4, and several by-products. The mass spectrum 
confirmed the formation of 4 (m/z = 606 [M+J) along with two 
compounds of higher mass (m/z = 815 and 829).[81 Since 4 is 
insoluble in most organic solvents, pure product can be ob- 
tained by extensive washings of the solid reaction mixture with 
CH,Cl,, MeOH, and DMF. Elemental analysis was performed 
three times, and the data are in agreement with structure 
4.10H20 (C,2Hl,N,~10H,0); the water molecules could not 
be removed by extensive drying in vacuo. High-resolution mass 
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