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The molecular geometry of 1,4dihydronaphthalenes has 
been the subject of several investigations employing NMR 
spectroscopy' and force-field  calculation^.^-^ In most 
studies based on the interpretation of NMR spectra some 
ambiguity remains due to the uncertainty of the correlation 
between the homoallylic coupling constants ('J1,4(ea) and 
5J1,4(cis) and the folding angle a as defined in formula A. 

A H 5 H H 1  - 

- 
H3 - HZ 

From force-field calculations it was concluded that 
1,4-dihydronaphthalene possesses a planar configuration, 
but the energy required for nonplanar distortion is small. 
Substitution at  C(1) results in optimum conformations that 
are not planar. The distortion increases with the steric 
bulk of the substituent (Table I). The conformation with 
the substituent in a pseudoaxial (pa) position is much more 
stable than that with a pseudoequatorial (pe) substituent. 
Very recently an X-ray analysis of 1,4-dihydronaphthoic 
acid (2) has been r e p ~ r t e d . ~  The cyclohexadiene part of 
this molecule was found to adopt a boat structure with the 
folding angle a = 169.2' and the carboxylic group occu- 
pying a pseudoaxial position. This structure corresponds 
to the "flattened boat" structure proposed by Marshall5 
and the "somewhat puckered but not truly boat-shaped" 
structure proposed by Rabidead for this compound. 

Previously, we observed' that the fraction of 1- 
phenyl-1,2-dihydronaphthalene having the phenyl group 
in the pa position is 0.44, in contrast to the marked 
preference of nonaromatic substituents at C( 1) for the pa 
positiom8 

The preference for the pe position of the phenyl group 
might be due to %-stacking of the phenyl group and the 
aromatic part of the dihydronaphthalene. When we iso- 
lated l-phenyl-1,4-dihydronaphthalene (1) as a photo- 
product from l-phenyl-benzobicyclo[3.1.0]hex-2-ene,9 it 
was of interest to investigate whether the conformation of 
this compound also deviates from that generally observed 
for l-alkyl-1,4-dihydronaphthalenes. 

The 500-MHz lH NMR spectrum of 1 was recorded in 
CDC13 solution resonances were assigned by selective 'H- 
decoupliig experiments. Coupliig constants and chemical 
shift values were obtained by means of computer simula- 
tions of the experimental spectrum. The chemical shifts 

Table I 

t Department of Organic Chemistry. * Department of Biophysical Chemistry. 

substituent calcd folding angle a, deg 
H 180' 
CH3 164" 
t-C,H, 149" 

" Reference 3. 

are given in formula B. The coupling constants are sum- 
marized in Table 11, together with corresponding J values 
for some closely related compounds. 

From the data in Table I1 the conformational resem- 
blance of 1 and 2 is evident. In comparison with 5Jci8 
(pa-pa) of 5 (8.5 Hz) and 5Jci, (pe-pe) of 4 (1.8 Hz), 5Jci8 
values of both 1 and 2 have an intermediate value. 

Valuable information can be derived from the allylic 
couplings 4J1,3, 4J2,4, and 4J2,5. The relative large values 
of J1,3 in 5 and J2,4 in 5 and 6 (ca. 3 Hz) show that in these 
rigid molecules the axially oriented C-H bonds at C(1) or 
C(4) are almost parallel with the ?r-orbitals of the olefinic 
bond;" concurrently the small values of J1,3 in 4 and 6 and 
of J2,5 in 4 (I1 Hz) point out that the pe protons of these 
compounds are nearly in the plane of the double bond. 

In 1 and 2 the allylic couplings have intermediate values; 
therefore, all protons at  C(1) and C(4) must have a gauche 
orientation relative to the %-orbitals of the C(2)-C(3) bond. 
The small difference between J2,4 and J2,5 of 1 demon- 
strates that the relative orientations of both C-H bonds 
at C(4) with respect to the %-orbitals of the C(2)-C(3) bond 
are very alike. This points to a rather planar conformation 
for the cyclohexadiene ring. The slightly smaller values 
of J1,3 and J2 ,5  relative to J2,4 indicate that H(1) and H(5) 
are pseudoequatorial protons. Consequently the phenyl 
substituent occupies a pa position. 

For a further study of the geometry of 1, the vicinal 
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Table 11. Coupling Constants of 1-Substituted l,4-Dihydronaphthalenesa 
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1.3 4.9 4.6 10.4 
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I 1  3.7 3.5 9.9 
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I 1  3.2 9.5 
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aThe signs of the coupling constants are not determined. bReference 5. cReference 10. 

Table 111. Torsion Angles of Compounds 1-6 
anele 1 2 3 4 5 6  

H1C1C2H2 54 49 54 46 69 47 
H3C3C4H4 60 64 67 68 71 73 
H3C3C4HS 56 51 57 49 

coupling constants Jl,z, J3,4, and J3,? were analyzed with 
use of a generalized Karplus equation.12 

The vicinal couplings of 3J3,5 and 3J3,4 (in 1-41, 3J1,2 (in 
1,3-5), 3J3,4 (in 5 and 6), and 3J1,2 (in 2) were plotted as 
a function of the H-H torsion angle. 

In Table 111 the torsion angles of the compounds 1-6 are 
given as estimated from these plots. Because in all com- 
pounds J2,3 has the normal value for a torsion-free ethy- 
lenic bond, the torsion angles of l suggest again a cyclo- 
hexadiene ring, which is even more flattened than in 2. 
The folding angle (Y must be larger than 170". In a planar 
molecule 1 with the angles H3C3C4H4 and H3C3C4H5 both 
60" the calculated coupling constants are J3,4 = 2.97 and 
J3,5 = 3.20. It is of interest to note that from the differ- 
ences between the homoallylic couplings of 2 and 3 it was 
concluded that 3 adapts a more puckered conformation 
than 2, whereas the present results point to quite the 
contrary. 

The 'H NMR spectrum of 1 appeared to be temperature 
independent over a temperature range of about 100 "C (50 
to -45 "C), so the inferred near planarity is most probably 
not the result of averaging of nonplanar conformers. 

The nearly planar geometry of 1 could certainly not be 
expected from the data given in Table I, and the result 
becomes the more unexpected, because l-tert-butyl-1,C 
dihydronaphthalene was more recently reported to have 
a twisted cyclohexadiene ring.13 Models show, however, 
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that in the conformation as derived from our study, the 
interactions between the ortho protons of the phenyl 
substituent, even a freely rotating one, and both the peri 
H and H(4) remain small. 

The present results are in line with the small space 
demanding properties of phenyl groups observed in several 
other cases.'J4-18 

Experimental Section 
l-Phenyl-l,4-dihydronaphthalene was obtained as a product 

from the irradiation of 1-phenylbenzobicyclo[3.1.0] he~-2-ene.~ 
The 500-MHz 'H NMR spectrum of 1 in CDC1, was recorded 

by using a Bruker WH-500 spectrometer interfaced to an As- 
pect-2000 computer. The vicinal couplings as a function of the 
torsion angles were computed by using the Pascal computer 
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