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AU~stt-3-Methyl-l 12benzoperylenc Cmcthyl-I : 12bettxoperykne and 3.IOdimethyLI : 12-kttxo- 

perykne have been synthestxai The protons IO the ABX systems of perylene have different coupliog 

constants wbtlst tn I : 12-benxoperykne I xa. I-. J,, and J,, ate qual Thu rs cxpluoal by the formu- 

latton wtth arornat~c sextets The NMR spectra of the Me denvattva support tbts formularron. The 

compartsoo of the NMR spectra of coronene and I :2benxocoroncne wtth I :12-benxoperykne and its 

benxologuex indicates a strong ring currcot ut the coronene complex which can be t&ted IO “super- 

aromattnty” 

THE NMR spectrum of perylene has been recorded at 60 me/s,’ Fig. I shows the 
more refined spectrum at 100 me/s. This consists of an ABXt system with J- = 70. 
J XA= 1.2, J-= 8.4, Ju = 1.4. JBx = 7.6 and JB, = 8.7 c/s. From these figures 
it can be concluded that the bond A-B has a higha degree of double bond character 
than the bond BX. Perylene is thus closely related to naphthalcne as shown by the 
sextet formula in Fig. I. 
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Ru. I NMR spectrum of perykne to CS, at 100 MC/S. Protomcentred at: A. 7569; B. 7349; 

X. 80*6 c/s cx TMS 

Although I : 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 peryltnt. There is just one coupling constant between tk protons ABX. 

’ 3-. and Ctnetbyl-I : 12-benxopcrykrk were sytttbesixed by M. Zander in the Central Ldma~ory of 

Rutgerswerkc und Teerverwertuog AG. in CastropRauxcl. 
t The markmg A B X rn ddkcol hydrocarbons has been rctatned for betta comparison 
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The double doublet A has J,,, = 7.5 and J,,, = 1.4 c/s. The double doublet originating 
from X has Jxm = 7.5 and Jx, = I-4 c/s, and the triplet B has J, = Jlat = 7.5 c/s. 
The sextet in the position 1 and 12 prevents the other two sextets from migrating 
between the two rinl?;p as in perylene. This produm a fixation of the doubk bonds in 
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RG. 2 h;MR spectrum of I : I2-bcmpcrylenc m C’S, a1 IO0 Mc.s Protoru centfed at : A. 803 0: 
B.?XSO;X,881~6;H,,,~.7960;it, .,,, 795Q.H,~~.~l9Oc.scxTMS 

the positions 2.3 and 10.11, which can be demonstrated in 3,1Odimethyl-l:12- 
benzoperylene (I, R = R’ = Me, R” = Ii). 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 

UN.7 c/s 
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FIG 3 NMR rpaarum of 3.lO-dtmethyi-1 : l.?-bcn~opcrylm m cSI at 100 hic!s ProIons centred 
01: A. 8167; & 790 5; X. R853; HI,, ,, 7806; H,..,.. 808~7; H,, 286 cis 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 dimcthylbenzoperylen (Fig. 3) 
and is replaced by a broad band at 780.6 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: JU = 7.5. 
J AX = 1.3. J,, = 75. JXA = 1.1 and JgA = JBx = 7.5 c/s. 

3-Methyl-l: 12-benroperylene (I, R’ = Me. R = R” = H) shows also a Me doublet 
at 280 c/s with a separation of 1.1 c/s, as expected, the aromatic part of the spectrum 
being, ofcourse. more complicated than in Fig 3 (25 lines). If the Me group is attached 
to the sextet in position 4 as in 4-methyl-l : 12-benzoperylenc (1. R” = Me. R = 
R’ = H) no splitting of the Me resonance at 274 cjs can be observed. The aromatic 
part of the spectrum contains 14 lines. A comparison of the sharp singlets of 1 :2- 
benzopyrene (II).’ 1 : 12-benzoperylcne (III) and coronene (Iv) shows that their 
position cannot be related to Hiickels rule 4n + 2. Passing from benzopyrene (II) 
Cz,H,2 to 1 :12&enzoperylene (III) CIIHIz one ethylene bridge is added. This 
produces small shifts of + 15 and + 38 cis respectively. whilst the second ethylene 
bridge in going to coronene C2,H, 2 causes the big shifts of + 76 and + 53 cs rcs- 
pectively. There cannot be any doubt that the sextets in coronene (IV) can migrate 
through the six external rings, thus producing a ring current which is due to the 
“superaromaticity” of coronene. 

FIG 4 NMR spectrum of I : 12uphenylene-pcrylenc In CS, at 100 Mc.s Protons ucntrcd at 

A ROOS; R 7800; X 871G; H,,,, 807.8; HI ,,,. 8822; H, . . . 898-888.5; H, ,,.. 783.5. 

7740 c,s cx 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 (1. R = R’ = R” = H), except that there is 
no singlet. The ABX system has the coupling constants: JAB = 7.6 JAx = 1.4. JXB = 
7.7. JXA = 1.4. JB, = JBx = 7.7 c/s. The protons in the positions 2 3. 10. 11. produce 
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the quartet centred at 807.8 and 882.2 c/s with coupling constant of 9.2 and 9G c/s, 
respectively. The partly hidden systems of the protons in 1’ and 4’ at 888.5898 c/s 
and in 2’ and 3’ at 774-783.5 c/s are marked in black. 

RG 5 NMR S~CCI~UIII of I :2-~CIU~CO~OIKIX in CS, a~ IO0 Mc;r. Protons ccnrraj at 
H ,.~.Q.,o. 8710: H,,.. 876-S; H .,,I. 887 3; H, ,I. 958.7; H, ,... 929.5 939.5; H, ,,. 795.5 

8055~ scxTMS 

The NMR spectrum of 1:2benzocoroncne (VI? Fig 5 shows a singlet at 876.5 
c/s and another singlet of double this intensity at 871 cjs which originate 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 958.7 and 887.3 c/s with I,. = J, ,.,l = 9. The 
protons in I’ and 4’ cause the group of bands at 929.5939.5 and the protons in 2’ 
and 3’ the group at 795.5-805.5 c/s. A comparison of the singlets in I : 2-benzocoronene 
(VI) with the marked protons in 1: l2-o-phenylene-perylcne (V). 1: 12,4:5dibenzo- 
perylene (VII)’ and 1: 122: fdibenzoperylene (VIW6 shows that the former in (VI) 
are at much lower held than the marked protons in the hydrocarbons V, VII and 
VIII. The differences are about the same as in the series I:2benzopyrene (II), 
1: 12-benzoperylene (III) and coronene (IV). In both cases coronene and the coronenc 
complex in 1: 2bcnzocoronene (VI) must have a high degree of “superaromaticity”. 
A comparison of the ISbands of the UV spectra demonstrates that the bband of 
coronene is about halfway between the lWands of the hydrocarbons V, VII and 
VIII. 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 series of the naphtho- I : l2- 
benzoperylenes with naphthocoronenc’ shows clearly that the coronene complex 
constitutes a separate “superaromatic” entity. 3-Methyl-l : 12benzoperylene (1, 



NMR studies of pwylcne and coromoc dmvrtwe 2821 

R” R’ 1 II III IV 

ROlOrls mukcd . 781 - + 15 796 - + lb 872 c/sex TMS 
Prorons muka! 0 + 38 819 + 53 III cs, 

V 

Pro~onr marked l 

uv B = 3105 

IX X YI 

\ 

/ 

8 

\ 

/ 

file 

\ 

/ 

-8 

\ 

/ 

MC 

l:R-R’- 
R” - H 

MC 

XII XIII XIV 



2822 E. CI.AR.~.SASIG~U sad M.ZA~-IXR 

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-l: 12benzoperylene and only a smaller amount of Cmethyl- 
I : 12benzoperylene. The condensation must have resulted in the formation of X as 
main product 

A Rieche synthesis of I : 12-benzoperylene’ with dichloromethyl-n-butyl ether and 
titanium tetrachloride gave only the aldehyde XL the reduction of which with 
hydrazine hydrate and potassium hydroxide yielded clmethyl- 1: l2-benxoperylene 
(I, R” = Me, R = R’ = H). 

4A’-Dimethyl- I : I -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 (XIII) which was identical with 
a hydrocarbon obtained by two successive aldehyde synthesis both followed by 
reduction to Me derivatives9 The 3.1Odimethylperylene (XIII) reacted with ma& 
anhydride and chloranil with the formation of the anhydride XIV. Decarboxylation 
with soda lime yielded 3.lGdimethyl-I : 124xnzoperylene (L R = R’ = ke. R” = H). 

LXPERIYIiSTAL* 

3-Mcrhyl- I I?-btnropcrylcnc- I ‘.2’-dicarhoxyltc onhydri& (XL Compound IX’ (I I gk maler anhydride 

I I10 g) and chloraml (22 g) were refluxai for 5 mtn. Xylcnc (660 ml) was addal IO the ho1 mlxiurc and 

~hc pp~ (I 3.5 @ fil~eral oil al 70- Subl1ma1lon al 330 0001 mm gave 2 65 g of an anhydndc mixture which 

cons~srcd malnl) of ~hc Isomer X (Found: C. R3 2. II. 3.4 C,,H,IO, requlrcs: C. 83 3. Ii. 34”,.) 

3-.%ftrhyl-I : I?-bcnzopcrylcnc (I. R = Me. R’ - R” - 11) The above anhydndc (2 65 gk Cu powder 

(09 gl cupnc IICCI~IC (09 g). ALOH (5O”,. 045 8) and qumohnc (105 ml) were rcfluxed under N, for 46 hr 

‘The mixlure was lil~crcd and rhe hhrr~c bolled wlrh dll IICI The pp~ (24 8) was fihcrcd ofl. dluolvcd in 

hor xylcnc and chromatographcd on alumina The first fracrlons (1 I gl formed a mlxturc of IWO hydro- 

carbons The molhcr liquors ga\c a further portlon (0 I6 g) conlammg the ~-MC dcnva1lvc m p. I47 149 

The first fractton (I I 8) uas dlssolvcd In tylcnc (65 ml) and plcnc actd (39 g) added The crys1alllzcd 

pcratc (I 5 gl was rccrysralh;ud from xylcnc under addition of plcnc aad. Dccomposlllon of the picra1c 

with dtlurc ammonia and rccrystalhra1lon from xylcnc )~cldcd ~hc ~-MC dcrivatlvc (0 39 g) m p. I8blRX’ 

The moihcr hquon of rhc pcrarc gave another @ I7 g of 3-W dcnvarlvc. Thwc por1lons were united and 

rccrystallwcd four rimes from benzene Pure 3-mcthyl- I Il-bcrvopcrylcnc (0 23 gl formal yellow needles. 

m p 20@5 202 which dwolvcd m cone Il:SO, wlrh a green colour (Found C. 950. H. 5.1. CIJH,. 

rqulrcs: C.95.1, Ii. 49”, I 
I 12-Bm:oprrylpnr40ldr~yd~ (XI) Dlchloromcrhyl-n-hulyl ctha (IO @ and tltamum rcrrachlondc 

(I50 ml) were added IO a soln of I : 12.bcnzopcrylcnc (4 gl In CSz (600 ml) at room lcmp The mIxlure 

was stirred for 20 hr and then decomposed with ICC and dll HC1. The crude aldchydc (I 7 8, was liltcrcd 

oil and washed wlrh &I HCI. water and ammoma. Conccnlrarlon of the mother liquors ylcldai another 

porrlon of the aldchydc (2 3 gk Rcpcarcd rccrystallvallon from xylcnc gave yellow needles. m p 204 206 

which dlssolvcd m cone H,SO. IO give a VI~ICI soln (Found : C. 90 7; H. 4 2 C,,H, &I requires: C. W8 : 
H. 4 O”.. I 

4-.bftrh)l-I : I?-hmzopcr+~ (I. R” - MC. R 7 R’ - H) Bcncopcrylcnc-aldchydc (2.8 g) was dluolvcd 

m pyndmc (43 ml), hydrrvmc hydrate (W“,,. 7 ml) and waler (7 ml) added. The mIxlure was bo~lcd. lilrcrcd 

hot and rhc liltrate dllutcd wl1h waler (43 ml) .Thc prcclpltatcd hydracon (2 6 g). dlc1hylcnc glycol(68 ml). 

KOII (9 g) and hydrartnc hydrate (W”, 6 ml) wcrc healed under S, at 23&240 for 3 hr The waler 

which was formed during the rcactlon was dls1lllcd off After coohng IO 120’ rhc mixture was dllurcd 

with water and rhc hydrocarbon I? 2 g) filrcra! off Suhllma1lon ai 220 WOI mm followed by mrystalh- 

utlon from benzene and forma1lon of rhc plcra1c (I9 81 with plcnc acid 15 g) m xylcnc (R3 ml) and 

’ M ps arc uncorrected and were 1akcn n-t cvacualcd caplllancs 
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recrys~alhu~~on from xylcne gave a punlial p~cra~c (I 5 g) Thus was decomposed with dilute ammoma 

and rccrystallurd from xyleoe. The hydrocarbon formal yellow ncalks. m p I52 153’. which dluolvcd 

in cont. H,SO, IO (yve an ohvc green soln Furtha punficarton by chromatography did not Increase 

the m.p (Found: C. 949; H. 50 C1,H,, requlra: C. 95 I ; Il. 4,9’/.) Plcraic: brown needles. m.p 

225 228. dcc (Found: N. X 3. Cr.+H,.O, rcqulrcs N. 8,l”,) 

4.4’-Dinurh~l-I.I’di~phthyl (XII) CMcthyl-I-naphihyl magncslum bromide was prcparal In rhc usual 

manner from I-mcihyl4bromonaphihalenc”’ (200 g) and Mg (22 g) m dry ether (600 ml) and dry bcrvrne 

(600 ml) The Gngnard rcnpnr was coolal and anhydrous CuCl, (280 g) (prepared from CuCl,. 2H,O 

and SOCI,) was added slowly In one portion ” After stIrrIng and rcfluxmg for 3 hr. ~bc reactIon mIxlure 

was decomposed with ICC and HCI. ~bc orgamc layer was washed with waler and dncd over CaCI,; rhc 

benzene and erhcr were removal and ihe product fractionally dIshlIed at 2X2 288’ IsI6 mm Crude 

4.4’dimcthyLl.l’dmaphthyl was oblamai (42 g) and crystalhzal from aCetone as colourless rod* m p 

1461465 (Found: C. 93.88; H. 6-22 C,,H,, requires C 93.58; H. 64?“, I 
3.10-D~merhylp+uryfcr (XIII) 4.4’-L)lmcrhyl-l.I’-dmaphrhyl (30 g) was hearal with AICl, (300 g) and 

NaCl WI gb at 140’ for 30 mm After dccomposlilon with ILL and HCl. the yellow-brown pp was filtered 

oil and washed wlrh dll HCI. aqueous ammoma and ihen wcth water. dlssolvcd In hcnrrnc and chroma- 

tographed on alumma FlulIon ylcldai I20 g) of a mixture of startmg marcnal and dlmerhylperylcnc 

which was used dlrcctly in the next stage smcz xpararlon proved IO be very wasteful 

A portion of crude produd (3 g) was rc-chromaiographai on alumma rhe eluare obiamcd was con- 

ccnrrarcd and treated with excess plcnc acid IO form the picrate which rccrysralhrrd from bcn7rnc 3 ilmcs 

as brown plates (07 gL m p. 208 210 (Found N. 8 29. Cz,H,,O,N, rqulrer. N. 8 25”,) Alla dccom- 

posmon of ~hc pIcrate. the hydrocarbon was rccrysialhLeJ from xylcnc as yellow plarelcrs (46 mg). m p 

I98 I99 (III 202 ‘). (Found C. 94 36; H. 5 49. CllH ,, rqulra C. 9425; H. 5 75 nD ) 
3. IO-Dmsrrhgl- I I ?-hmzoprryfcnc- I ‘.2’-dlcorbox vltc cnhydrtdr t XIV, The above crude hydrocarbon 

mlxlure (I4 gl maletc anhydrtdc f.w 8) and chloraml (5 g) were bolled for I ? mm AcOH was added 

and rhc dark red brown ppl was fillered oil and washed wlrh A&H. bcnLcnc and ether 01eld 8 8 g) The 

rzudc product (08 g) was IWKX suhhmal ar 3m.06 mm yleldmg bnghr red crystals of rhc anhydndc 

XIV (70 mg). (Found C. 83.3Y; H. 406 Ca,H,,O, rcqulrcs: C. 83.41; H. 3 79”,) 

3,I@Dmurhyl-I ‘12~bcnzop~ryltnc (I. R = R’ r Me. R” = H). The anhydnde (6 a) and soda-lime (20 g) 

were ground together and healed IO 330 under N, for 45 mm. then subhmcd ai 380’ V6 mm; the subltmaic 

was rccrysralhrai from xylenc and mubhmai at 210’ 06 mm yleldmg pale yellow nccdla 180 mg) 

m.p. IY8 I99 (Found: C. 9448; H. 5.50 C,,H,, requlrcs: C 94 70. H. 5 30°, ) 
In another Improved expcnmcni 3.1sdImethyl-I :l2-benz.opcrylenc (50 mg) was converted Inlo the 

pIcrate (30 mg) which formed rcddlsh.brown rectangular pIarm m p. 223 225 (Found N. 789 

C,,,H,,O.N, rqulrcs N. 7 88”, ) After decomposltlon of the pcraw. ~hc resulting hydrocarbon was 

recrystallitcd from xylenc (5 mg) and had m p 219-220 
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