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drying. This final solution was used for the gas 
chromatographic measurement (flame detector) and, 
as indicated above, accounted for at least 9 8 % of the 
basic products. The materials identified were: phen-
ylpyridines, 0.217 g., 0.0014 mole; benzene, 0.343 
g., 0.0044 mole; diphenylurea, 0.106 g., 0.0025 mole; 
and aniline, 0.093 g., 0.001 mole. These accounted 
for 0 7 % of the phenyl radicals. A residue, 0.266 g., 
was also formed which would account for the rest. 

The results show a definite enhancement of substi
tution in the 4-position of all the complexes but one, 
and in the 2-position in most cases. I t is not evident 
whether the amount of substitution at the 3-position is 
decreased or remains the same. The substituent 
effects can be explained by considering a back donation 
of electrons to the pyridine ring by the metal ion. This 
d-p 7r-electron conjugation would involve a filled dxz 

orbital of the metal and its interaction with the T-
electron system in the pyridine ring.6 The back dona
tion to the ligand would be especially effective toward 
the 2- and 4-positions and is similar to tha t shown to 
occur in other coordination compounds.7 
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Structure of the Dimer of Tetraphenylcyclobutadiene 

Sir: 

A three-dimensional X-ray diffraction study of Cs
Phs,1 '- where Ph is CeH3, has yielded the octaphenyl-
cyclooctatetraene structure. These results exclude the 
octaphenylcubane structure,3 as well as the tetrabi-
phenylcyclooctane formula4 which had been rendered 
improbable earlier on spectroscopic evidence.5 

We have confirmed the previously reported3 crystal 
symmetry of I4i a, the four molecules of CsPhs per unit 
cell, and the unit cell dimensions of a = 19.49 and c 
= 10.65 A. The compound (PhAlNPh)4 , in which the 
Al and N atoms are arranged at the corners of a cube,6 '7 

has the same space group and four molecules per unit 
cell; furthermore, its lattice dimensions of a = 20.0 
and c = 10.9 A. are increased over those for CsPh8 

by an amount which seemed consistent with an initial 
assumption of a slightly smaller cube for the Cs unit. 
Consequently, we chose as a trial molecular structure a 
cube of eight C atoms to each of which was attached a 
phenyl group having the C-Ph bond along a body 
diagonal of the cube, and having the C6H6 plane oriented 

(1) H. H. F r e e d m a n , / . Am Chem. Soc. 83 , 2195 (1961), 
(2) E. H Brave , W. Hiibel . and I. Capl ier , ibid., 8 3 , 4406 (1961). 
Ci) H. H. F r e e d m a n and I). R. Pe te rsen , ibid., 84, 2837 (1962), 
(4) R C. Cookson and D. W, Jones , Proc Chem. Soc, 115 (1963). 
(5) H. H F r e e d m a n and R. S Gohlke , Md., 249 (1963). 
!6) J I Jones and W. S. M c D o n a l d , ibid., 366 (1962). 
:7.) T R R, M c D o n a l d and W S Mc Donald , ibid.. 382 (1963). 

Fig. 1,—The structure and position in the unit cell of one 
molecule of octaphenylcyclooctatetraene. The origin is at the 
lower left corner, the 4 axis at the molecular center is at 0',VA, 
the 4j axis is at x — 1Z4, v = 0, and the centers of symmetry are 
shown as circles at 000, 1Z8

1A3Zs, and O1Ao. Bond distances are 
1-2 = 1.51, 1-2' = 1,35, 2-2 ' = 2.48, 1-1' = 2.46, 1-3 = 1.50, 
and 2-9 = 1.50 A. The twelve independent C-C distances in 
the benzene rings have an average distance of 1.39 ± 0.01 A. 

either in the 110 type of plane of the isolated cube or 
perpendicular to this type of plane. This model, 
when placed at the four equivalent sites of 4 symmetry 
in the crystal, has only the one degree of freedom con
sisting of arbitrary orientation about the 4 axis. 

A very good approximation to the molecular orienta
tion finally found was obtained by comparison of values 
of R = Z\\F0l — ,FJ1JZlF0. computed for various 
orientations from about 10% of the observed diffrac
tion maxima. The minimum value of R yielded a 
structure which later comparison showed was very 
similar to the (PhAlNPh) 4 structure, kindly communi
cated to us by W. S. McDonald. However, the C 
atoms of the previously assumed Cs cube moved con
siderably, during the course of least-squares refinement, 
to the final positions shown in Fig. 1. Clearly, 
this refinement has yielded the octaphenylcyclooctatet
raene structure. The present value of R is 0.12 for 
the 1627 observed reflections, 1.4 < Fhki < 336, and 
the thermal motion is highly anisotropic. Hence we 
considered the possibility tha t octaphenylcubane might 
be transformed within the single crystal to octaphenyl
cyclooctatetraene upon exposure to X-rays. There
fore, a sample previously unexposed to X-rays was 
examined first by infrared and then by Raman tech
niques, exposed to X-rays for a day, and then re-ex
amined by infrared and Raman methods. No evidence 
of transformation of the molecule by X-ray irradiation 
could be detected. Hence, we conclude that the origi
nal sample as prepared is indeed octaphenylcyclooc
tatetraene. The intermolecular contacts are, however, 
primarily determined by the phenyl groups, which are 
oriented within the molecule in such a way tha t an a-H 
atom of one phenyl group points toward the center of 
the closest neighboring benzene ring. This suggestion 
of a "dimple" toward the center of a benzene ring was 
first noted in the intermolecular packing of the biphen-
ylene crystal.8 

The internal angles of the tub-shaped cvclooctatet
raene (COT) ring are 120°, in agreement with pre-
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sumed sp2-hybridization within nearly planar ethylene-
like residues. The angle between the 7r-system about 
a tom Ci and its adjoining ring is 50.3°, and tha t be
tween C2 and its adjoining ring is 46.2°. These angles 
would permit some conjugation, but the double bond 
distance of 1.35 A. and the single bond distance of 
1.51 A. within the COT ring as well as the normal sp2 

to sp2 bond length of 1.50 A. for both CiC3 and C2Ca 

give no indication of abnormal bond shortenings. 
Indeed, the 1.334- and 1.462-A. distances of the elec
tron diffraction study9 and the 1.31- and 1.46-A. 
distances of the X-ray diffraction study10 of COT itself 
suggest tha t perhaps intramolecular strain is more 
important than conjugation in C8Phx. Certainly the 
ring has not assumed one of the highly distorted forms 
found" in the iron tricarbonyl complexes. 
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Reticuline as the Benzyltetrahydroisoquinoline 
Precursor of Thebaine in Biosynthesis with 

Carbon-14 Dioxide1 

Sir: 

Earlier work2 established the rapid de novo synthesis 
of thebaine (I) from 14CO2 and its primacy in the hy-
drophenanthrene alkaloid series. Recent evidence, 
based on feeding experiments, showed tha t reticuline 
(II) can serve as a precursor of thebaine.3 We now 
present evidence, derived from short exposures to 
14CO2 of both seedlings and budding plants of P. 
somniferum L., which confirms these findings and 
establishes beyond question the role of reticuline as the 
true biosynthetic benzyltetrahydroisoquinoline pre
cursor of the hydrophenanthrene alkaloids. 

If reticuline is a true precursor of thebaine, it should 
be present with specific activity equal to or greater 
than tha t of thebaine after short-term exposure of 
plants to 14CO2. The maximum ratio of the specific 
activities should exceed the inverse mole ratios of the 
two alkaloids in the plant, this difference becoming 
greater with shorter exposure times. To obtain such 
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data, we used gas-liquid chromatography combined 
with continuous combustion and flow counting,4 

carrying out multiple analysis on single mature plants 
or a few grams of seedlings. The column temperature 
was programmed from 1S0-2Q00, and the total effluent 
was passed through a triode-argon detector followed 
by combustion and counting with a flow-through pro
portional counter. A dual pen recorder simultaneously 
plotted the output of a counting ratemeter and the ion 
current from the triode-argon mass detector, giving 
mass and radioactivity in differential-type curves. 
The useful mass range was 0.1 to 20 Mg-, and activities 
of about 100 c.p.m. were detectable in any one peak. 

A mixture of codeine, thebaine, laudanosine, papa
verine, cryptopine, and narcotine was completely re
solved (3 I6 in. X 6 ft. column, nonpolar silicone gum 
on silanized Celite), as were the four phenolic alkaloids 
morphine, laudanosoline, reticuline,' and laudanine, 
as their trimethylsilyl ethers6 (cyano-silicone polymer 
as liquid phase). As confirmatory analytical adjuncts 
two-dimensional chromatography on alumina im
pregnated paper, paper chromatography using two 
different systems,7 and thin layer chromatography8 

were employed. 
After the natural occurrence of reticuline9 in very 

low concentrations in 120-day poppies and 5-day 
seedlings was shown by g.l.c. (Table I), several hundred 
5-day seedlings were exposed to 14CO2 for 2.5 hr., and 
the alkaloids were extracted immediately (after addi
tion of 1 mg. of reticuline carrier). Gas, paper, and 
thin layer chromatography showed reticuline to 
account for more than 8 0 % of the activity in the 
phenolic alkaloids, while thebaine accounted for more 
than 50% of the nonphenolic alkaloid activity. Similar 
results were obtained using a 120-day plant (1 day prior 
to blossom). Comparison of the specific activities of 
reticuline and thebaine shows reticuline to have a much 
higher specific activity than thebaine; the reticuline: 
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