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% -I ,bDimethylpyrcnc (V), 2,8dimcthylchryscne (IX) mrthylcoroncne (X) and ethylcoroncne 
have been synthesized. The NMR spectra of I-mcrhylphcnaothrene (III), 2-mcthylphcnanthrcne (II) 
and 9mcthylphenanthrcnc (I) are reported. Whilst the Megroup in the first two hydrocarbons 
prod- sharp singkts as usual in aromatin, 9-mefhylphcnanthrcnc gives rise to a Me-doublet as 
in methyl olefins, thus indicating the double bond character of the 9:lOqosition. An analogous 
observation can bc made in the pyrene scrics: 3-mcthylpyrcnc (VII), 1,2dimcthylpyrcnc (VIII) and 
4,9dimethylpyrcnc (VI) give hlc-single& whilst l-mcthylpyrcnc (IV) and lJi-dimethylpyrcnc (V) 
give Medoublets. 2.&Dimcthylchryscnc (IX) shows a Mc-singlet. because the inhcrcnt Sextets are 
not fixed as in phcnanthrcnc. Methylcoroncne (X) produces a Mcdoubkt. It must bc thcrcfore 
formulated with three sextets and three double bonds of the double bond type to be found in the 
middle ring of phcnanthrcne. 

THE NMR spectrum of phcnanthrene’ consists of a group of bands originating from 
the H atom in the positions 4- and 5-centered at T I.3 and a larger group around 
T 2.3 with a sharp singlet at T 2.28, the latter originating from the A, system in 9: 10 
position. 

The NMR spectrum of 9-mcthylphenanthrene (I) is shown in Fig. 1 the two regions 
of bands arc still here, but more complex in appearance. As expected the singlet at 
7 2.28 has disappeared. The H atoms of the .Me group are recorded at 7 7-45 as a 
doublet, (separation I-1 c/s). The latter is caused by coupling of the Me-group with 
the H atom in position IO. Doublets of this kind are regularly obse!rved in the NMR 
spectra of methyl olefins and sometimes in methyl derivatives of heterocyciic systems. 
The formulation of 9-methylphenanthrene (I) with the two sextets gives clearly double 
bond character to the 9: IO-positions. 

This is also shown by the NMR spectrum of 3-methylphcnanthrenc (II) in Fig. 2. 
Here the methyl group is attached to a sextet and therefore appears as a sharp singlet 
at T 7.53 as in methylbenzencs or methylnaphthalenes. The methyl group does not 
interfere with the sharp singlet at T 2-49 resulting from the & system in the positions 
9 and 10. 

The Me-group in I-methylphenanthrcne (III) being in peri-position to the H 
atom in IO-position causes the H atoms of the 9: IO-positions to give rise to a quartet 
distributed over the whole group of bands centered at T 2.5. (Fig. 3). The Me-group 
being attached to a sextet produces a singlet at T 7.34. 

l The mcthylcoronem we prepared by M. Zandcr in the Central Laboratory of Riitgcrswake 
und Tcervenvcrtung AG. in Castrop-Rauxcl. 

’ N. Jonathan. S. Gordon and B. P. Daiky. J. Ckm. Phys. 36.2443 (1962); R. H. Martin, N. Dcfay, 
F. Gccrts-Evrard and S. Dclavarennc. Tetruhe&on 20,1073 (1964) 
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FKL 1. NMR spearurn of 9-mcthylphenanthrene in CS, at 60 MC/S with 
expansion (Perkin-F.lmer RlO). 
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FIG. 2. NMR spectrum of 2-mcthylphenanthrene in CS, at 60 MC/S with 6 rima 
expansion (Perkin-Elmer RlO). 
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FIG. 3. NMR spectrum of I-mcthylphenamhrcnc in CS, at 60 MC/S with 6 timu 
expansion (Pcrkin-Elmer RlO). 
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).‘l(i. 4. NMK spectrum of I-mcthylpyrcnc in CDCI, at 60 MC/S with 6 times expansion 
(Pcrkin-Elmer RIO). 
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FIO. 5. NMR spuxrum of 1.6dimcthylpyrcnc in CS, at 60 Mcps with 6 times expansion 
(Pcrkin-Elmer RlO). 

There is however a very small peak to the right of this singlet. Since it does not 
appear in 3-methylpyrene (VII) it is probably due to a very small amount of impurity. 
The double bond character of the 9: IO-position in phenanthrene is also shown by the 
smooth addition of bromine to form phenanthrene dibromide. 

I-Methylpyrenc (IV) is related to 9-methylphenanthrenc (I). The Me-group 
being attached to a formal double bond again produces a doublet at 7 7-l I, with a 
separation of l-3 c/s (Fig. 4). The AZ system in the position 6- and 7- is unaffected by 
the Me-group and appears as a sharp singlet at 7 l-88. 

The NMR spectrum of 1,6dimethylpyrene (V) is recorded Fig. 5. The two Me- 
groups on the double bonds produce a doublet at T 7.20 with a separation of l-2 c/s. 
The two H atoms in the positions 2 and 7 appear to give rise to a rather broad band 
at T 2.28. Coupling with the three H of the Me group ought to produce a quartet. 
As in similar cases this cannot be clearly seen. 
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FIG 6. NMR spectrum of 4,9-dimcthylpyrene in CDCI, at 60 Mcps with 6 times Cxpan- . . . 
sion (Perkin-Elmer RlO). 
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FIG. 7. NMR spectrum of 3-mcthylpyrcnc in CS, at 60 MC/S with 12 times expansion 
(Pcrkin-Elmer RIO). 

The Me-groups in 4,9-dimcthylpyrene (VI) are both attached to sextets. They 
therefore appear as a singlet at T 7.18 in the NMR spectrum in Fig. 6. This spectrum 
is remarkably simple, the four H atoms in the positions 1,2,3,5,6,7,8,10 producing a 
single sharp band at T 1.97. The Me-groups have only two adjacent H atoms. If in 
accordance with the VB theory the C.-C-bonds in between have each 50% double bond 
character as compared with 4/6 = 67% in 1,ddimethylpyrene (V), the Me-group in 
4,9dimethylpyrene ought to appear as a triplet. This cannot be clearly seen. Being 
of the utmost importance for establishment of the true nature of the aromatic sextet, 
this and similar cases will be intensively studied in the near future. 

The NMR spectrum of 3-methylpyrcne (VII; Fig. 7) shows the Me-group as a 
singlet at T 7.20, because it is attached to a sextet. It has a strong influence on the H 
atoms in the positions I and 2. These form a quartet difficult to establish with ccr- 
tainty, in the complex spectrum but the A, system in the position 6 and 7 is unaffected 
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by it, forming a singlet at T 2.23. This spectrum has been already reported* in the 
form of a simplified scheme. 

If two Me-groups are attached to one formal double bond as in 1,2dimethylpyrene 
(VIII) no coupling with the Me-groups can occur and a sharp singlet at 7 7.36 is 
observed (Fig. 8). The A, system in the positions 6 and 7 is undisturbed and forms a 
singlet at 7 2.24. The two H atoms in the positions 3 and 10 produce a quartet at 
7 1.97 with coupling constants J3,&, = 1.8 c/s and J,,, = 7.2 c/s and the H atoms in 

1 
JL li 

_I_-.-- c --_ @ 0 0 ! 
FIG. 8. NMR spectrum of 1,2dimcthylpyrcne in CS, at 100 MC/S with 10 times 

expansion (Varian HAlOO). 

position 5 and 8 form a quartet at 7 2.15 with coupling constants J,,, : 1 1.9 and 
H,,, = 7.6 c/s. The H atom in position 4 and 9 give rise to the bands at 7 2.22, 2.29 
and 2.36. 

The two inherent sextets in chrysene are not fixed as in phenanthrene. They can 
move between the rings as indicated by the arrows in 2,8dimethylchrysene (IX) and 
therefore the double bonds lose their character as fixed double bonds. As a result of 
this the two Me-groups in IX do not produce the doublet associated with a fixed 
double bond but a singlet in the NMR spectrum at 7 7.26 in Fig. 9. The other parts 
of the spectrum are easy to analyse. The first group of bands at7 1.44 originates from 
the two H atoms in positions 6 and 12, the singlet at 7 1.71 belongs to the two H 
atoms in positions 1 and 7. These obviously do not couple with the Me-groups. 
The group of bands at 7 2.1 can be related to the two H atoms in positions 3 and 9 
and the group at 7 2.55 to the four H atoms in positions 4.5,10,11. 

Chrysene gives only substitution products with bromine in 2- and 8-positions, but 
no addition reaction is observed. This is in agreement with the above results. 

The NMR spectrum of coronene in CDCI, shows a sharp singlet at 7 1*07l and in 
CS, at 7 1.28. The latter does not give any indication of splitting even if 20 times 
expanded and measured on the Varian HA-100 spectrometer. If coronene is formu- 
lated with three inherent sextets and three rings of the type of the middle ring in 
phenanthrene (analogous to X) then obviously a delocalisation mechanism must 
exist which makes all the rings equal thus giving rise to a sharp singlet. However the 

’ R. H. Martin, R. Flammang and M. Arbaoui. Bu//. Sot. Chin. &Igrs 74,418 (1965). 
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FIO. 9. NMR spectrum of 2.8-dimethylchrysenc in CS, at 100 MC/S with 20 times 
expansion of CH, band (Varian HAIOO). 

FIO. 10. NMR spectrum of Methylcoronenc in CS, at 100 MC/S with 10 timu 
expansion of aromatic H’s and 20 times expansion of CH, band (Varian HAloO). 

same mechanism cannot operate in the case of methylcoronene (X). Its NMR spec- 
trum (Fig. 10) shows a doublet at 7 6.76 (separation O-9 c/s) for the Me-group. As 
shown above this is typical for a methyl group attached to a double bond like the one 
in the middle ring of phenanthrcne. 

The aromatic H atoms in methylcoronene (X) produce 9 distinct peaks. A tenta- 
tive assignment can be made if the results obtained in the phenanthrene and pyreae 
series arc taken into account: the H atoms in position 2 gives rise to the broadbandat 
T 154, the H atoms in positions 11 and 12 ought to produce a quartet, part of which 
is at 7 1.20 and l-22, the other bands being superimposed by the stronger bands. 
This leaves eight H atoms which cause the appearance of three doublets: two H 
atoms give bands at 1.28 and 1.32. four H atoms (probably due to the quasi equal H 
atoms in position 5, 6,9 and 10) give bands at 7 1.36 and 1.38, and two H atoms give 
bands at 7 1.40 and T 1.42. Since neither an A, system nor an AB system can produce 
a doublet, no conventional explanation can be offered. 

The NMR spectrum of ethylcoronene (Fig. 11) shows a similar splitting of the 
aromatic H atoms: one H (position 2) at T 1.56 and at T 1.18 part ofquartet (or double 
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Fro 11. NMR spectrum of ethykoroncne in CS, at 100 MC/S with 10 times expansion 
(Varian lIA100). 

quartet), two H at T 1.26 and 1.36, four H at 7 1.40 and 1.42, two H at 144 and 1.45 7. 
Owing to the low solubility the bands of the CH2 and Me group are too weak for an 
expansion. 

Summarizing it can be stated that there is no connection between the occurrence 
of the splitting of the Me-band the degree of separation of the doublet and the pre- 
centage of double bond character in the Me-C CH- system as calculated by the 
valence bond theory. The strict application of Robinson’s aromatic sextet shows that 
splitting is observed if the Me-group is connected with a double band which cannot 
participate in an inherent sextet. This does, of course, not exclude that the same 
ring contains other delocalised n-electrons as in an induced aromatic sextet3 of 
type as in the middle ring of phenanthrene. 

EXPERIMFNTAL. 

I ,dl~ic~ono-3.4.~,8.9,1O-hex~~y~ropyreru. This uas prepared by a modified vmion of 
Vollmann’s method :’ l,Gdibromo-3,4.5,8,9.10-hcxahydropyrcne (40 g) and CuCN (25 g) were 
ground together, suspcndcd in quinolinc (500 ml) and rcfluxcd for 3t hr. The cooled mixture \sas 
f3ltcrcd and the ppt washed with EtOH. T’hc brown ppt was cx~radcd with boiling nitrobcnzcnc, 
the Cu salts IiltcreJ off and the soln concentrated. The yellow ppt was rccrystallizcd from nitrobcnzcne 
and gave colourless nccdlcs. m.p. 303’, (lit.’ m.p., 303’). II sublimed at 24&250”/0+025 mm and 
dissolved in cone H,SO, with a yellow green colour. (Found: N, 1@88. C,,H,,N, rquircs: 
N, l@SS%.) 

Pyrene-1.6dinirrilc. 1.6-Dkyano-3.4,5.X,9,1&hcxahydropyrenc (20 g), Se (20 g) and dibcnzofuran 
(60 g) were rdluxcd for 20 hr. The excess Se forming a lump was rcmovcd and the solo allowed to 
solidify. The separation of dibenzofuran and pyrencdinitrik was achieved by vacuum sublimation. 
The pyrcnc-1.bdinitrik yicldcd yellow nccdla (m.p.. 401, lit.* 406”) from trichlorobcnzcnc and 
did not dissolve in cold cont. ll,SO,. (Found: N, 11.20. C,,H,N, requires: N. ll*ll%.) 

l.CDimerhylpyrene (V). The above nitrik (0.1 g) hydraline hydrate (80%. 2.5 ml) and xylenc 
(5 ml) were hcatcd in a scaled tube at 200” for 30 hr. The solid was fihercd from the xylcne -hydrarine 
mixture, which was then diluted with water. the xykne separated and combined with 1hc xykne 
soln of the solid r&due. The conccntratul, dried soln was chromarographcd on grade I alumina. 
Elution with bcnzcnc and conccnrration yielded colourlus crystals (from 4 rubcs % mg hydrocarbon) 
which aftcr recrystallization from bcnxcne formed colourlcss plates. m.p.. 195”. These dissolved in 

l Mps are uncorrcctcd and wcrc taken in evacuated capillaria. 

s E. Clar, Term&e&on, 9, 206 (1960); 18, 1471 (1962). 
* H. Vollmann. H. Becker. M. Corell nnd H. Strccck. Lie6igs Ann. 531, 145 (1937). 
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cont. H$O, with a ydlowish green &our. (Found: C, 93.7; H, 6.03. CIIHII roquircs: C, 9348; 
H, 6.12x.) 

2,8-Dimcrhyfchrysenc (IX). Chrysene-2,BdinitrW (100 mg), hydrazinc hydrate (2.5 ml) and 
xylene (1 ml) were heated in a scaled tube at 200” for 30 hr. The crystals were filtered from the liquids, 
the xylu~ layer scparaled and combined with a xykne soln of the crystals. This soln was dried and 
chromatographcd on grade I alumina. Elution with benzene and concentration yielded colourlcss 

’ K. Funkc. E. Mllller, L. Vadasz, J. p&r. Chcm. (N.F.) 144, 26s (1936). 



Double bond character in methyl derivatives of phcnaothrcnc, pyrcne and coroncne by NMR 993 

ncedks (100 mg from 4 tubes). which after muystahiratioo from benrcne had m.p. 236237”. This 
hydrocarbon was identical with the 2.8-dimcthylchryxnc prepared by a ditTcrcnt symhcsis.@ 

Coroneru-u&f&y&. This compound was prepared by the method of Rcimlinger cr 01.’ although 
far more drastic conditions had to be applied. Dichloromethyl-n-butylcthcr (25 g) and titanium 
tetrachloride (150 ml) wcrc added to a soln of coronene (5 g) in CS, (2500 ml) at room temp. The 
blue mixture was stirred for SO hr then decomposed with ice and dil HClaq. The crude aldehydc (3 g) 
was filtered off washed with dil HClaq. water and then ammonia. The CSI soln, after conantration 
and adding ether, gave a further portion of aldehyde (2.2 g>. Repeated crystallization from xylcne 
yielded yellow needles. m.p.. -342” (lit. r i360”) which gave a red violet soln with cone. H&O,. 
(Found: C. 91.5; H. 3.75. C,,H,,O requires: C, 9144; H, 368x.) 

ffydmzonc. Coroncne aldchydc (3 g) was dissolved in boiling pyridine (125 ml) and hydrazinc 
hydrate (500,;. 13 ml) and then water (30 ml) were added. The hot solo was filtered from a small 
amount of insoluble matcrial and the hydrazone precipitated from the solution with water (150 ml). 
Yield 2.6 g. The hydrazone had m.p.. 360”. dcc. (Found: N. 7.9. C,,H,,N, requires: N, 8*2%.) 

Merhylcoroncnc (X). The above hydrazone (2 g), dicthylcnc glycol(30 ml) and KOH (6 g) were 
hcatcd under N, at 23(X240”. The water formed was distilkd off. After heating for 6i hr. the mixture 
was diluted with water and the hydrocarbon filtered otT(l.9 g). Sublimation at ux)“/lO-’ mm yielded 
pale yellow nccdks, which were dissolved in xylem and chromatographcd on alumina grade I. 
The dimerent fractions from the eluate showed hardly any ditTerencc in mp.. and UV spectrum. 
yield 1.3 g. The middle fractions were transformed into the picratc with picric acid in xylene soln. 
The picratc was recrystallized from xylcnc containing picric acid. The dark red ncedlcs had m.p., 
258-260’. dcc. (Found: N. 7.8. C,,H,,N,O, requires: N. 7.7%) 

The picrate was decomposed with NH,OH and the hydrocarbon recrystallized from xylene. 
Methylcoroncnc forms pale yellow needles, m.p., 317.5-318” which do not dissolve in cold cont. 
H,SO,. (Found: C. 95.3; H, 4.65. C,,H,, requires: C. 95.5; H, 45x.) UV spectrum in bcrurnc: 
(wavelength in A with log E in parenthesis) z: 4310 (2.48). 4220 (2.08). 4120 (260). 4060 (2.58), 
3910 (2.36). 2860 (2.34), 3800 (2.30). 3700 (2.18); p: 3440 (4.72). 3280 (4.36). 8: 3080 (5.34). 
2950 (4.88). 

Accrylcorotunc. To a tidy ground mixture of coronenc (1 g) and AICI, (4 g) in nitrobenrme 
(SO ml) was added acetyl chloride (1 ml) in nitrobcnlme (10 ml). The soln which changed from yellow 
to reddish-brown was shaken for 10 hr with glass beads and then decomposed with dil HClaq. The 
nitrobcnzcnc was removed by steam distillation, and the residue repeatedly recrystallized from xylene. 
Aatylcoroncne (@95 g) formed yellow needles. m.p.. 207~208”. (lit.’ 206207”). (Found: C. 91.0; 
H. 4.38. C&I,,0 rcquircs: C. 91.24; H. 466%.) Aatykoroncne in pyridine formed readily a 
hydrazone with hydrazinc hydrate and pipcridinc. If water was added this hydrolysed gradually 
back IO acetylcoroncnc. In this way any trace of coronene could bc ranovcd in the first stage of the 
dilution. 

fCrh_‘rhylcoronene. Aatylcoronene (0.S g), NaOH (0.18 g), hydrazinc hydrate (80%. 0.3 ml) in 
dicthylcnc glycol (IO ml) were rdluxcd for I hr. Water and excess hydrarine were then distilled ofT 
until the tcmp rose to 200”. The mixture was then refluxcd for a further 3 hr. water added and the 
hydrocarbon filtered otT and washed. It was chromatographcd in xylcnc soln on alumina grade I. 
Concentration of the soln gave yellow needles which were purified through the picrate. Dccomposi- 
tion with ammonia and repeated crystalli~tion from xylene gave long pale yellow nccdlcs (O-3 k, of 
cthylcoronenc. m.p., 203-204”. which did not dissolve in cox H$O,. (Found: C, 94.9; H. 4.70. 
C,,H,, rcquirrz: C, 9509; JI. 4.91x.) 
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@ H. J. Lewis, G. R. Ramagc and R. RobinsonI. Chtm. Sot. 1414 (193s). 
’ H. Rcimlingcr. J. P. Golstein, J. Jadot and P. Jung, C/rem. &r. 97, 349 (1964). 


