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ISaW Point group 0 *, 9, x, at 52O.K 

(ulwlatmi) 

la ??h 2 l/2 0 75.251 
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Tetracy¢lic saturated hydrocargons 

a cis junction. Their structure may be formally derived 
from 3a, by inverting the configuration of the six asym- 
metric carbons one at a time. Eachisomer has three 
additional gauche interactions over 3a and their molar 
fraction at equilibrium should be substantially the same. 
Hence, on the mere basis of thermodynamic analysis, it 
is not possible to make a structural attribution for minor 
compounds present at equilibrium. 

2 Methyl and 5 - methylperhydm- 
benzo(d,e)anthracene. In the acid isomerization 
of perhydrotriphenylene a series of compounds with nde 
246 and containing a methyl group was observed by 
GC-MS. One of them was isolated by 
preparative GC and fractional crystallization. On the 
basis of possible isomerization processes its most prob- 
able structure might be that of the equatorial isomer of 
2-methyl or of 5-methylperhydrobenzo(d,e)anthracene 
(,In and 5a respectively). In order to discriminate be- 
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tween the two hypotheses an authentic sample of 4a was 
synthesized by a known route (Scheme 2). R differs from 
the previous compound, but it is also present in the 
isomerizatiou products of perhydrotriphenylene. 

Structures 4a and Sa were respectively attributed to 
the compounds obtained by synthesis and by isomeriza- 
tion on the basis of their '3C NMR spectra (Table 2). 

We notice that all resonance lines except two are 
common to the two compounds. However, the resonance 
line of atom 1 should be shifted from 37.7 ppm in 4a to 
29.7 in Sa (calculated values) and that of atom 6 from 

' 0  

+ C/~o¢-CSO 

o 1 

4e (+ isomer) 

Scheme 2. 
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35.2 in 4a to 43.3 in Sa. If, for the sake of clarity, we 
divide the spectrum into five sections (from 22 to 28 ppm, 
around 30, from 31 to 39, from 40 to 45, from 46 to 
53 ppm) the number of signals is distributed as follows: 
4, 1, 5, 5, 3 in ,In; 4, 2, 3, 6, 3 in Sa. Experimental spectra 
fully agree with expectation. 

4a and Sn exhibit very similar 'H NMR spectra. In 
particular both show a multiplet at 0.2-0.5 ppm (area 
1/30) analogous to that already observed in 2a and attri- 
butable to tertiary hydrogen lie. However 4a and Sa 
differ si~iflcantly in melting point and GC retention 
times (Table 1). 

Compound 4a was subjected to equilibration over 
Pd/C at 250 °. According to the conformatioual analysis 
the next isomer should have the same skeleton as 4a, but 
with the methyl group in an axial position 4b. The value 
of the equilibrium constant between 41) and ,In calculated 
at 520°K is = 1/7. Actually a mixture of stereoisomers is 
obtained from ,Is, one of which is present in the ratio of 
1/8 with respect to 4a. Such a compound may be thus 
identified as 41). 

C'ONCLU~ONS 
This work demonstrates how the combination of 

catalytic equilibration and of 13C NMR spectroscopy 
represents an effective method for the study of polycy- 
clic saturated hydrocarbons, which hardly undergo 
chemical transformations suitable for the determination 
of their structures. Of the two techniques, the former, 
i.e. couformational and thermodynamic analyses, was 
proposed for this purpose about fifteen years ago 19 and 
successfully adopted in a number of cases, among others 
by Schneider, Warren and Janoski, 9 Weitkampt° and by 
ourselves. 3 The latter, i.e. the calculation of "C NMR 
spectrum, was considered by Grant 's to be the simplest 
method for identifying compounds such as saturated 
hydrocarbons. The combined method proposed here is 
even more reliable and has already been used success- 
fully in the study of the hydrogenation products of 
triptycene. ~ The analysis is further facilitated when, as 
in the present case, all compounds are rigid and consist 
of a single conformer. 

In this type of investigation, molecular symmetry plays 
an essential role. A typical example is given by the two 
stereoisomers of perhydronaphthacene lb and 1¢. They 
both.have a c/s junction and the ~ome number of gauche 
interactions; hence they have approximately the same 
energy. However lb belongs to point group CI, whereas 
1¢ belongs to C2. The different entropic contribution due 
to the different symmetry (or equivalently, the different 
statistical weight w~) makes the two compounds sharply 
distinguishable from the thermodynamic standpoint. As 
already seen, the amount of lh present at equilibrium is 
twice that of le. 

For the same reasons, the ~C NMR spectrum should 
exhibit 18 lines in lb and 9 in le at most. Actually, due to 
accidental coincidences, 13 lines are observed in lb and 8 
in 1¢. 

Obviously the symmetry factors involved in each of 
the two techniques are different. In entropy calculation 
they consist of chirality (in the case of racemic mixtures) 
and symmetry number (both external and internal2'), 
whereas in the determination of the number of non 
equivalent atoms, it is necessary to take into account, 
along with the order of the symmetry group of the 
molecule, the presence of atoms in special positions. 
Such a discussion has already been reported by us else- 
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where t" and may.be ~ by the formula (valid 
for rigid molecules): p = Z n,mJh, where p represents the 
number of non equiy, ak~nt atoms, ~ is the number of 
atoms having multiplicity k/m,, h is the order of sym- 
metry group of the molecule, m~ the number of symmetry 
operations (includine identity) that may be carried out on 
the molecule leavinll undmnlled the position of atom i. 

In spite of considerable differences in the molecular 
framework, the compounds discussed in this paper are 
connected by mechani~istic and thermodynamic rela- 
tionships. The order of stability, i s as follows: le < lb  < 
3 a < l a < 4 b < 4 a = S a < 7 , b < 2 a ,  as may be drawn from 
both conformational analysis and the increasin8 number 
of methyl groups. ~ With the only exception of lb, which 
precedes le, the same order has been found in the GC 
retention indices reported in Table 1, in asreement with 
the results reported by Weitkamp on substituted 
decalins, m 

Moreover these compounds are produced by a~id 
isomeri~ttion of perhydrotril~enylene in the order in- 
dicated, as the activity of the catalyst increases. Further 
details of this reaction and on the transformations 
undergone by these products in the presence of acid 
catalysts will be reported in another paper. 

Exiq~III~qTAL 
M.ps were determined by DTA (Merrier TA 2~0). IR 

were recordsd on Perkin-Elmer Mod. 457 and 125 spectropho- 
tometers (K Br pellets). IH NMR spectra were recorded on a 
Varian HA 100 spectrometer; t~C NMR spectra on a ~uker 
HFX/10 spectrometer. In both eases the solvent was deuterio- 
benzene or CIX~I~; TMS was used as an intenud s ~ .  GC 
analyses were carried out on Hewlett-Padmrd~Mod. 5700 or 5750 
instruments, using a stainless-steel column (I = 3.5 m, O.D. 
l/Sin.) packed with 2~ SE-52 on ~ W-AW-DMCS, 
80-100 mesh or a stmMess-steei column (1 =2m, O,D.= I/Sin.) 
packed with 109t DEGS on Chromosorb W-AW-DMCS, 80--100 
mesh. Retention indices were calculated from chromatosrams 
obtained on n stainless-steel ~pillary column (I--50m, I.D. --- 
0.01 in.) coated with OV-101 at '180, 190, 200*, or on a stainless 
capillary column (! = 50m, I.D. = 0.0Hn.) coated with Carbowax 
20 M at 160, 170, 180". C~.3M$ analyses were carried out on a 
staJaless.steei capillary colamn (1 = 50m, I.D. = 0.01 in.) coated 
with DEGS, at.120 °, connected with a Varian MAT CH 7 mass 
spectrometer. 

Materials. Compounds la, ~t and .Sa were obtained by acid 
isomerizatiou (AICI3) of i~-rhydmtriphenylene. The preparation 
of la and 2a has already beun deserihed.~7 Sa'was separated on a 
preparative scale on a F a n  d M Mnd. 700 gas chromatolwaph 
equipped with a stainkss-steei cotumn (! =2m, O,D. = 19ram) 
packed with 20~ Al~ema L on Chromosorb W-AW, 45.-60 mesh. 
The temp~ature in the c~enm oven was 230 ° and the carrier p s  
flow rate 350 cm~ rain -I. 

Stereoisomeric mixtures of constitution ! and 3 were obtained 
by catalytic hydrollenation (Pd/C, 60arm H~, 250 °, n-heptaae) of 
the quinouic precursor obtained from phthalk anhydride and 
tetralin according to Schroeter n (Scheme I). Separation between 
the linear and angular compounds was obtained by fractional 

c r y s t ~ ,  ~ wi~ick forms crystalline ndducts~with la 
and lb, was used~h ordsr to facahate the sopmation. 

C ~  4t was obtained by hydrojeuntiun of 2-methyl- 
b e n z l n ~  ~ Obtained accordin8 to Hey, Nichells and Prit- 
chert ~ (Scheme 2). 

Eqm#ibra6on o[ s a ~  kydaecadmms. A heptane solution 
of the satormd hydrunarbom was kept at 245-250" in the 
presence of Pd/C (30-100~ by weisht in respect to the substrate) 
under 60 atm H2. Small samples were drawn from time to time 
t l ~  a needle valve and examined by GE. The reaction was 
continued tmtilaconstant c o ~  was _r~._h_ed. After flltndiou 
from the catalyst, s i ~  s ~ r s  were isolatedby the above 
descra~ procedure. 

Table i reports the melting points and GC retention indices of 
the compounds descn'hed in this paper. 
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