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Abstract—3-Methyl-1-12-benzoperylene. 4-methyl-1:12-benzoperylene and 3.10-dimethyl-1:12-benzo-
perylene have been synthesized. The protons in the ABX systems of perylenc have different coupling
constants whilst in 1:12-benzoperyiene Jyy, Joa. Jp, and Jyx are equal. This 1s explained by the formu-
lation with aromatic sextets The NMR specira of the Me denivatives support this formulation. The
comparison of the NMR spectra of coronenc and | :2-benzocoronene with 1:12-benzoperylene and its
benzologues indicates a strong ring current in the coronene complex which can be related to “'super-
aromaticaity”™”.

THE NMR spectrum of perylene has been recorded at 60 mc/s,! Fig. 1 shows the
more refined spectrum at 100 mc/s. This consists of an ABXt system with Jxs = 70,
Jxa =12 Jap =84, Jox = 14, Jpx = 76 and Jg, = 87 c/s. From these figures
it can be concluded that the bond A-B has a higher degree of double bond character
than the bond B-X. Perylene is thus closely related to naphthalene as shown by the
sextet formula in Fig. 1.
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F1G. 1 NMR spectrum of perylene in CS; at 100 Mc/s. Protons centred at: A, 7569; B, 7349 ;
X. 8046 c/s ex TMS

Although 1:12-benzoperylene (I, R = R' = R” = H) has a lower degree of sym-
metry than perylene its NMR spectrum (Fig. 2) is considerably simpler than the
spectrum of perylene. There is just one coupling constant between the protons ABX.

® 3-. and 4-methyl-1:12-benzoperylene were synthesized by M. Zander in the Central Laboratory of
Ritgerswerke und Teerverwertung AG. in Castrop-Rauxel.
t The marking A B X 1n different hydrocarbons has been retained for better companson
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The double doublet A has J .4 = 7-Sand J,x = 1'4¢/s. The double doublet originating
from X has Jxy = 75 and Jx, = 14 ¢/s, and the triplet B has Jy, = Jgx = TS cfs.
The sextet in the position 1 and 12 prevents the other two sextets from migrating
between the two rings as in perylene. This produces a fixation of the double bonds in
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F1G. 2 NMR spectrum of 1:12-benzoperylene in S, at 100 Mcs Protons centred at: A, 8030:
B, 7880 X, 8816, H, ;. 960 H, ,,. 7950 . H, , 8190csex TMS

the positions 23 and 10,11, which can be demonstrated in 3,10-dimethyl-1:12-
benzoperylene {I, R = R’ = Me, R” = H). The Me¢ resonance at 286 c/s ex TMS
in Fig. 3 is split into a doublet with a separation of 10 c/s. The split band at 795-5 c/s
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FI6 3 NMR spectrum of 3.10-dimethyl-1:12-benzoperylene in CS; at 100 Mc;s. Protons centred
at: A 8167, B, W05, X 8853; H, ,,, 7806; H,. ;. 8087, Hy, 286 c/s ex TMS.
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ex TMS in the spectrum of 1:12-benzoperylene in Fig 2 which originates from the
protons in the positions 2, 3, 10, 11 disappears in dimethylbenzoperylene (Fig. 3)
and is replaced by a broad band at 7806 c/s. This obtains its shape from coupling
of the protons at the 2 and 11 positions with the protons of the methyl groups. The
other features of the spectrum remain essentially unaltered by comparison with the
spectrum of 1:12-benzoperylene (Fig 2), the coupling constants being: J,g = 75,
Jax = 1'3.Jxp = 7-5. Jxa = 1'1 and Jg, = Jgx = 7S ¢/s.

3-Methyl-1:12-benzoperylene (I, R” = Me, R = R” = H) shows also a Me doublet
at 280 c/s with a separation of 1'l c/s, as expected, the aromatic part of the spectrum
being. of course, more complicated than in Fig 3 (25 lines). If the Me group is attached
to the sextet in position 4 as in 4-methyl-1:12-benzoperylenc (L. R” = Me¢. R =
R’ = H) no splitting of the Me resonance at 274 ¢;s can be observed. The aromatic
part of the spectrum contains 14 lines. A comparison of the sharp singlets of 1:2-
benzopyrene (II),2 1:12-benzoperylene (III) and coronene (IV) shows that their
position cannot be related to Hiickels rule 4n + 2. Passing from benzopyrene (II)
C,0H,, to 1:12-benzoperylene (I1I) C,,H,, one cthylene bridge i1s added. This
produces small shifts of + 15 and + 38 c/s. respectively. whilst the second cthylene
bridge in going to coronene C,,H,, causes the big shifts of +76 and + 53 c:s res-
pectively. There cannot be any doubt that the scxtets in coronene (1V) can migrate
through the six external rings, thus producing a ring current which is due to the
“*superaromaticity’ of coronene.
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F1G 4 NMR spectrum of 1 :12-0-phenylene-perylene in CS, at 100 Mc.s Protons centred at .
A. 800-5; B. 780-0: X 8710; H, ,,. 8078; H,,,. 8822; H, ,. 898-8885; H, ,, 7835
7740 cis ex TMS.

The NMR spectrum of 1:12-[o-phenylene] perylene (V) (Fig 4) belongs to the same
type as the one of 1:12-benzoperylene (I, R = R’ = R” = H), except that there is
no singlet. The ABX system has the coupling constants: J,p = 76 Jx = 1'4, Jxg =
T1-7.Jxa = 1'4. Jgo = Jax = 77 c/s. The protons in the positions 2, 3. 10. 11, produce
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the quartet centred at 807-8 and 8822 ¢/s with coupling constant of 92 and 90 ¢/s,
respectively. The partly hidden systems of the protons in 1’ and 4’ at 888-5-898 ¢/s
and in 2’ and 3 at 774-783-5 c¢/s are marked in black.
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F1G. S NMR spectrum of |:2-benzocoronene 1in CS; at 100 Mcs. Protons centred at.
Hy o010 8710. Hy 4 876:S. H, ;. 8873 H, ,. 9587, H, .. 929'S 9395, H, ,. M55
8055 c.sex TMS

The NMR spectrum of 1:2-benzocoronene (VI)* Fig S shows a singlet at 8765
c/s and another singlet of double this intensity at 871 ¢/s which onginate from the
position 7.8 and 5.6,9,10, respectively. The protons in the positions 3,12 and 4.11
produce the quartet centred at 9587 and 8873 ¢/s with Jy,=J,,.,, =9 The
protons in 1" and 4’ cause the group of bands at 929-5-939-5 and the protons in 2’
and 3’ the group at 795-5-805-S ¢/s. A comparison of the singletsin 1:2-benzocoronene
(VI) with the marked protons in 1:12-o-phenylene-perylene (V), 1:124:5-dibenzo-
perylene (VII)® and 1:12,2:3-dibenzoperylence (VIII)® shows that the former in (VI)
arc at much lower field than the marked protons in the hydrocarbons V, VII and
VIII. The differences are about the same as in the series |:2-benzopyrene (11).
1:12-benzoperylene (111) and coronene (1V). In both cases coronene and the coronence
complex in 1:2-benzocoronene (VI) must have a high degree of *‘superaromaticity’”.
A comparison of the B-bands of the UV spectra demonstrates that the f-band of
coronene is about halfway between the f-bands of the hydrocarbons V, VIl and
VIIIL. This indicates that the annellation effect of benzocoronene results from the
combined effects of the annellation of the benzo ring to a sextet as in V and VII
and to a fixed double bond as in VIII.

This as well as the same result of the comparison in the senes of the naphtho-1:12-
benzoperylenes with naphthocoronene’ shows clearly that the coronene complex
constitutes a separate ‘‘superaromatic’” entity. 3-Methyl-1:12-benzoperylene (I,
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R = Me, R = R"” = H) was prepared from the known 3-methylperylene (IX)®
which was condensed with maleic anhydride and chloranil to form the anhydride X.
The decarboxylation with cupric acetate and copper powder in quinoline gave mainly
the desired 3-methyl-1:12-benzoperylene and only a smaller amount of 4-methyl-
1:12-benzoperylene. The condensation must have resulted in the formation of X as
main product.

A Rieche synthesis of 1:12-benzoperylene® with dichloromethyl-n-butyl ether and
titanium tetrachloride gave only the aldehyde XI, the reduction of which with
hydrazine hydrate and potassium hydroxide yielded 4-methyl-1:12-benzoperylene
(LR” = Me.R =R’ = H).

4.4'-Dimethyl-1:1-dinaphthyl (XII) was obtained from 4-methyl-1-naphthyl mag-
nesium bromide and cuprous chloride. The cyclization in a sodium chloride-
aluminium chloride melt gave 3,10-dimethylperylene (XI1I) which was identical with
a hydrocarbon obtained by two successive aldehyde synthesis both followed by
reduction to Me derivatives.® The 3,10-dimethylperylene (XIII) reacted with maleic
anhydride and chloranil with the formation of the anhydride X1V. Decarboxylation
with soda lime yielded 3.10-dimethyl-1:12-benzoperylene (L R = R' = Me, R” = H).

EXPERIMENTAL®

3-Methyl-1-12-benzoperylene-1'2 -dicarboxylic anhydride (X). Compound IX® (11 gL malex anhydnde
(110 g) and chloraml (22 g) were refluxed for S min. Xylene (660 ml) was added to the hot mixture and
the ppt (13:5 g) filtered off at 70° Sublimation at 3300001 mm gave 2 65 g of an anhydnde mixture which
consisted mainly of the 1somer X. (Found: C. 832; H, 34 C,,H,,0, requires: C. 833, H, 34° )

3-Methyl-1:12-benzoperylene (I. R = Me. R" = R = H) The above anhydnde (2:65 gL Cu powder
(09 g). cupric acetate (09 g). AcOH (50°,, 045 g) and quinoline (105 ml) were refluxed undes N, for 46 hr
The mixture was filtered and the filtrate boiled with dil HC! The ppt {24 g) was filiered off. dissolved i1n
hot xylene and chromatographed on alumina The first fractions (1 1 g) formed a mixture of two hydro-
carbons The mother iquors gave a further portion (0 16 g) containing the 4-Me derivative m p. 147 149
The first (raction (1'1 g) was dissolved in xylene (65 ml) and picric acid (39 g) added The crystallized
picrate (1'S g) was recrystallized from xylene under addition of picric acid. Decomposion of the picrate
with dilute ammonia and recrystalhization from xylene yiclded the 3-Me derivative (039 g) m.p. [86-188".
The mother liquors of the picrate gave another 017 g of 3-Me derivative. These portions were united and
recrystallized four times from benzene Pure 3-methyl-1:12-benzoperylene (023 g) formed yellow needles.
mp. 2005 202 . which dissolved 1n conc. H,SO, with a green colour (Found €. 950; H. 51. C3,H,,
requires: C.95'1, H, 49" )

1 :12-Benzoperylene4-aldehyde (X1) Dichloromethyl-n-butyl ether (10 g) and titanium tetrachlonde
{150 ml) were added to a soln of 1:12-benzoperylene (4 g) in CS; (600 ml) at room temp. The mixture
was stirred for 20 hr and then decomposed with 1ce and dil HCl. The crude aldehyde (1 7 g) was filtered
off and washed with dil HCl. water and ammonia. Concentration of the mother liquors yielded another
portion of the aldehyde (2-3 g). Repeated recrystallization from sylence gave yellow needles, m.p. 204 206 .
which dissolved in conc H,SO, to give a violet soln {Found: C.907; H. 42 C,;,H,,;0 requires: C, 908 ;
H.40°)

4-Methyl-1:12-benzoperylene (1. R = Me. R = R* = H) Benzoperylenc-aldehyde (28 g) was dissolved
in pyndine (43 ml). hydrazine hydrate (80°,,, 7 ml) and water (7 ml) added. The mixture was boiled. filtered
hot and the filtrate diluted with water (43 ml) The precipitated hydrazone (2 6 g). dicthylene glycot (68 mi).
KOH (9 g) and hydrazine hydrate (80°, 6 ml) were heated under N, at 230-240 for 3 hr The water
which was formed during the reaction was distilled off. After coohing to 120" the mixture was diluted
with water and the hydrocarbon (2 2 g) filtered off. Sublimation at 220 0001 mm followed by recrystalli-
zation from benzene and formation of the picrate (19 g) with picric acid (5 g) 1n xylene (83 ml) and

® M ps are uncorrected and were taken in cvacuated capillanes
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recrystallization from xylene gave a purified picrate (1 S g). This was decomposed with dilute ammonia
and recrystallized from xylene. The hydrocarbon formed yellow needles, m p. 152 153", which dissolved
in conc. H,SO, to give an olive green soln. Further punfication by chromatography did not increase
the mp (Found: C, 949; H, 50 C,,H,, requires: C. 951; H. 49°,) Picrate: brown needles. m.p.
225 228" dec. (Found: N, 8 3. C;0H,,0, requires: N, 8:1°_)

4.4"-Dimethyl-1.1'-dinaphthyl (X11) 4-Methyl-1-naphthyl magnesium bromide was prepared in the usual
manner from |-methyl-4-bromonaphthalene’® (200 g) and Mg (22 g} in dry ether (600 ml) and dry benzene
{600 ml) The Grignard reagent was cooled and anhydrous CuCl, (280 g) (prepared from CuCl,. 2H,0
and SOCI,) was added slowly in one portion.'' After sirring and refluxing for 3 hr, the reaction mixture
was decomposed with ice and HCI. the organic layer was washed with water and dned over CaCl,; the
benzene and ether were removed and the product fractionally distilled at 282 288'-15-16 mm Crude
4.4'-dimcthyl-1.1'-dinaphthyl was obtained (42 g) and crystallized from acetone as colourless rods, m p
146-146'5" (Found: C.9388; H, 622 C,;,H,, requires - C. 93:58; H, 642° )

3.10-Dimethylperylene (XI11) 4.4'-Dimethyl-1.1"-dinaphthyl (30 g) was heated with AICl, (300 g) and
NaCl (60 g) at 140" for 30 min After decomposition with 1ce and HCl. the yellow-brown ppt was filtered
off and washed with dil HCI. aqueous ammonia and then with water, dissolved 1n benzene and chroma-
tographed on alumina Elution yiclded (20 g) of a mixture of starting matenal and dimethylperylene
which was used directly in the next stage since separation proved 1o be very wasteful

A portion of crude product (3 g) was re-chromatographed on alumina, the cluate obtained was con-
centrated and treated with excess picric acid to form the picrate which recrystallized from benzene 3 times
as brown plates (07 g), mp. 208 210 (Found: N. 829. C,,H,,0,N, requires. N, 8 25°_) After decom-
posiion of the picrate, the hydrocarbon was recrystallized from xylene as yellow platelets (46 mg). m p
198 199 (ht 202°). (Found  C, 94 36; H. 549. C,,H,, requires: C, 94.25: H. 575°,)

3.10-Dimethyl-1-12-benzoperylene-1".2"-dicarbox ylic anhydride (XIV) The above crude hydrocarbon
mixture (14 gl maleic anhydnide (30 g) and chloramil (5 g) were boiled for 1 2 min AcOH was added
and the dark red brown ppt was filtered off and washed with AcOH, benzenc and cther (yiekd 88 g) The
crude product (08 g) was twice subhimed at 350°.06 mm. yiclding bnght red crystals of the anhydride
X1V (70 mg). (Found" C.83-39; H, 406 C,,H,,0, rcquires: C, 8341; H. 379°,)

3.10-Dimethyl-1-12-benzoperylene (1. R = R* = Me. R” = H). The anhydnde (6 g) and soda-lime (20 g)
were ground together and heated to 330° under N, for 45 min. then sublimed at 380° 06 mm ; the sublimate
was recrystalhzed from xylene and resublimed at 21006 mm. yielding pale yellow necdles (80 mg)
m.p. 198 199" (Found: C, 9448 H, 550. C,,H,, requires: C. 9470, H, 530°,)

In another improved experiment 3.10-dimethyl-1:12-benzoperylenc (50 mg) was converted into the
picrate (30 mg) which formed reddish-brown rectangular plates mp. 223 225 (Found. N. 789
CyoH0O-N, requires: N. 7.88° ) After decomposition of the picrate. the resulting hydrocarbon was
recrystallized from xylene (5 mg) and had m p 219-220"

REFERENCES
' N Jonathan. S. Gordon and B. P. Dailcy. J Chem. Phys 36 2443 (1962)
Future communication and R. H. Marun. N Defay, F. Geerts-Evrard and S. Delavarenne, Tetrahedron
20, 1073 (1964).
3 E.Clar.C T. lronside and M Zander. Tetrahedron 6, 358 (1959)
¢ E Clar and M Zander. J. Chem Soc. 1577 (1958); E Clar. C. T Ironside and M. Zander. Tetrahedron
6. 358 (1959)
% H. Zander and W. H Franke, Chem Ber 99, 1275 (1966).
® E Clar, Chem Ber 81, 520 (1948).
" E Clar. C. T lronside and M. Zander. Tetrahedron 22, 3527 (1966).
* N.P.Buu-Hoiand C. T. Long. Rec Trav. Chum 7. 1221 (1956).
® E. Clar, Chem Ber 68,846 (1932); E Clar and M. Zander, J. Chem. Soc. 4616 (1957).
°® Fruz Mayer and Adolf Sieghtz, Chem. Ber 55, 1839 (1922)
' Eukhd Sakellarios and Th. Kyrimus, [bid. $7. 322- 326 (1924).



