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(Department of Chemistry, Stanford University, Stanford , California 94305) 

Szmz~nnvy In  confirmation of the original findings of van 
Tamelen and Burkoth, and in confutation of the later 
report of Masamune and Seidner, trans-9, LO-dihydro- 
naphthalene is converted on U.V. irradiation at - 190" into 
[ 1 0 J annulene. 

IK 1967, van Tarnelen and Burlcoth' described the first 
synthesis and characterization of a key member in the 
I CHJI, series, tmm-9,lO-dihydronaphthalene (1). U.V. 
photolysis of (I) carried out under carefully controlled 
conditions at  - 190°, gave rise to cyclodeca-1,3,5,7,9- 
ycntaene ( [lOIannulene), the first nionocyclic member in 
the [ l01annulene series.2 Generated and behaving accord- 
ing to the Woodward-Hofbann rules,3 the unstable (2) 
was converted thermally into cis-9,l O-dihydronaphthalene 
(3).4 In further confirmation of structure (2), hydrogena- 
tion afforded cyclodecane5 in good yield. 

Two years later, 1Masainune and Seidner6 reported that 
( 1) was completely recovered after irradiation at  - 190" ; 
lvhile at  distinctly higher temperatures, 1-20,; of (2) is 
qcnerated, together with (3) and isomers derived thergfrom. 7 
I'hese authors did not point out that the amounts of (3) and 

I 3)-derived hydrocarbons, observed as products in their own 
c>\rpcrinients, reflect (vide .sq!wa) initial quantitative con- 
version of (1) into (2), in indirect but strong support of our 
original findings. 

In re-examining the van Tamelen and Burkoth system, 
l i e  have confirmed, despite many variables and the in- 
accessability of some of the original equipment, the photo- 
chemical transformation a t  - 190" of (1) to [lolannulene. 
I n  our experiments, the product (2) was converted by 
(11-imide-catalytic reduction into cyclodecane (identified 
by g.1.c. and n.m.r.), and concurrently, by thermal re- 
( rganization into (3) followed by hydrogenation, into cis- 

decalin (4). Furthermore, we have uncovered a major 
reason for the photolysis discrepancies: at -190°, the 
consumption of (1) is inversely related to its concentration. 
For example, at ca. 2.5 x 1 0 - 2 ~ ,  less than 3% of starting 
material was consumed, while at ca. 6 x lO-*34 22% 
underwent reaction in an equivalent irradiation time of 
5 min. The van Tamelen and Burkoth runs appear to 
have involved lower starting concentrations than these 
while 0.35-0-45 M concentrations of (1) were used in the 
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Masarnune and Seidner attempts. Thus, in addition to 
known differences in irradiation and possible U.V. 

lamp variations, a poor quantum yield of reaction (1) --+ (2) 
would account for the disparity in results : at  extremely low 
concentrations, a reasonable conversion is possible ; while 

t G.l.c., n.m.r., and U.V. comparison showed that (1) prepared by the original routel was identical in all respects with corresponding 
material obtained by the methods of Masamune and Seidner* and M. Jones, jun., and L. T. Scott, J .  Amer. Chem. SOC., 1967, 89, 150. 
The U.V. maxima observed for samples obtained by the three methods were in agreement with the values reported by Masamune et uZ.7 

(A,,, 276 nm), and in conflict with the value (Amax 231 nm) reported earlier by van Tamelen and Burkoth.' 
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at  much higher molaxity levels, only a trace of starting 
material would be consumed. A t  appropriately low con- 
centrations, change of (1) to (2) can be accomplished at a 
sufficiently low temperature to permit preservation of (2) 
and its controlled reduction to cyclodecane ; while a t  the 
higher concentrations used by Masamune and Seidner, 
photochemical conversion of (1) into (2) can only be 
accomplished at  temperatures so high that (2) cannot be 
retained, but is transformed in  situ to (3) and (3)-derived 
isomers, observed as products in their experiments. In 
these laboratories yields (based on starting material con- 
sumed) of cyclodecane, produced as described, ranged from 
12-40%. Therefore, the original work of van Tamelen 
and Rurkoth, as confirmed here, constitutes the first 
detection and proof of structure of the parent [lOJannulene 
(2), shown by its chemical properties not to possess the 
aromatic stabilization that might have been expected on 
purely electronic grounds. 

Jones, Reduction of (1) has given a variety of results,& 

Reich, and Scott reported* that hydrogenation in methanol 
with PtO, gave cis-decalin (4) and trans-decalin (5) in a 
15: 85 ratio; Burkoth and van Tamelen claimed exclusive 
formation of (4) over Pt;5 and Masamune et aZ.,' using 
N2H,/H2, Pd-C, found only (5 )  as product. We found that 
PtO, promoted hydrogenation gave (4) and (5)  in a 6;94 
ratio. The generation of (4) : (5 )  mixtures can be explained 
by assuming varying degrees of Pt-promoted isomerization 
to Al(9) intermediates (6) ,  followed by hydrogenation. Di- 
imide (generated from azodicarboxylate) reduction of (1) 
furnished in good yield a product which had g.1.c. behaviour 
characteristic of (4) and which was not further affected by 
di-imide. At first thought to be (4), the di-imide reduction 
product was identified as trans-Al(Q-octalin (7), by (i) Pd-C 
catalysed hydrogenation to (4), (ii) its n.m.r. spectrum : 
T 1-0-2*2 (14 CH/CH,), 5.2-5.6 (2C=CK), and (iii) com- 
parison with an authentic sample. $ 
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$ Base-induced decomposition of l-decalone toluene-p-sulphonylhydrazone generated a mixture of A1(%) - and A1fe)-octalins, froin 
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