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can be considered to verify the predictions of the theory of 
K a ~ a b a t a , ~  and represents one of the few, direct experimental 
observations of quantum size effects (see ref 4 for an excellent 
up to date account of the field) in fine metallic particles, as first 
discussed some 43 years ago by Frohlich. 'o 

It is also worth noting that a plot of the measured g shift vs. 
line width yields a reasonably linear correlation (in agreement 
with the prediction of the theory9) which gives an extrapolated 
Agso = 0.026 f 0.006. This corresponds to the experimental 
value of the contribution of the spin-orbit coupling to the g shift 
of the bulk, which is reasonably close to the value Agso = 0.03 
calculated for bulk silverh by Elliot's theory' I (using Agbulk 

= Agso 
According to the theory of Kawabata," a C ESR line width 

of -25 G corresponds to a silver particle diameter of roughly 
I O  A (see Figure 2), a dimension close to that expected for a 
close-packed, 13-atom silver cluster. This estimate places the 
ESR da ta  i n  line with the conclusions drawn from the corre- 
sponding optical experiments, '  ~3 which used the appearance 
of the surface plasma absorption as a criterion for establishing 
the onset of the molecular silver cluster to bulk silver particle 
transformation. Although the details of these spectra have yet 
to be deciphered, it would appear that the quantum size effect 
is being detected in these ESR-optical matrix experiments, 
and can therefore provide crucial information on the transition 
metal cluster to bulk metal. 
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syn,endo-Tetracyclo[6.2.1, 13~6.02~7]dode~-2-ylium 
Cations. Kinetic and Chemical Consequences 
of Fusing Norbornyl Systems across Common 
C2,C3 Segments 

Sir: 
W e  wish to draw attention to some of the novel structural 

features of compound 1. a molecule constructed of two amal- 
gamated norbornyl frameworks having the tertiary substituent 
simultaneously oriented exo to both bicyclic units. The  sol- 
volysis of l b  proceeds a t  a rate in  excess of that  of 2-tert-  
but y 1 - 2 - ex  o - n o r bo r n y I p - n i t r o be n zoa t e, I qua I i fy i n g this sub- 
stance as the most highly reactive saturated tertiary derivative 
presently known. Further, 1 is seen to ionize 1.25 X I O 3  times 
faster than its benzologue 2 in 80% dioxane, this margin being 
substantially larger than any heretofore uncovered in nor- 
bornyl-benzonorbornenyl structural pairs. The  studies in- 
volving 1 and 2 supplement extensive previous work on nor- 
bornyl cations? and, in particular, permit assessment of several 
aspects of the chemistry of these species not possible before. 
For example, it is our belief that  c participation in 1 to form 
either or both of the nonclassical intermediates 4a and 4b 
cannot be important in this system. These canonical structures 
differ so greatly in energy from their classical counterpart 3 
that  resonance between them is not considered significant. 

3 4 b  .., 4" - 
Alcohols l a  and 2a were prepared from the corresponding 

olefins3 by sequential epoxidation and reduction. The  action 
of lithium in anhydrous ethylenediamine gave la, mp 100-101 
O C ,  in 94% yield, whereas lithium in liquid ammonia-tetra- 
hydrofuran at  -40 OC provided 2a, mp 95-96 0C.4.5 The esters 
were obtained by conventional reaction with the appropriate 
acid chloride in pyridine solution. p-Nitrobenzoate l b  was 
solvolyzed in 80% acetone and 80% dioxane. The  analogous 
derivative of 2 proved too unreactive under the same conditions. 
Consequently. recourse was made to the 3,5-dinitrobenzoate 
(2b), where solubility considerations dictated the use of 80% 
dioxane as solvent. The  kinetic determinations and thernio- 
dynamic parameters are  summarized in Table I . h  Product 
distribution and yield data for both solvolysis and methanolysis 
are  collected in Table 11. 

Theory and previous experience with solvent polarity effects 
lead one to expect a slight rate enhancement for l b  in 80% 
acetone ( Y  = -0.673) relative to 80% dioxane ( Y  = -0.833).: 
As is clear from Table 11, both l b  and 2b ionize without skeletal 
isomerization to return unrearranged alcohol or methyl ether, 
a s  well as substantial levels of the internal olefins from which 
they were originally derived. The factor of 1250 by which the 
fused benzene ring in 2b decelerates ionization of the tertiary 
exo leaving group (at  25OC)  is much larger in  magnitude than 
values obtained for either the secondary pair 5/ti8 or the series 
of tertiary p-nitrobenzoates 7/8.9 This phenomenon should 
not be viewed as  the result of decreased levels of anchimeric 
assistance in 2 relative to the model systems, where it is already 
recognized to be a t  a IOU level or nonexistent.9-" Rather,  
rnolecular models of 1 dramaticall) reflect the fact that ground 
statcs of .~j,n,rndo-tetracqclo[6.2.1.1 3.h.02.7]dodecanes (e.g., 
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Table 1. Rate Constants and Activation Parameters Obtained for l b  and 2b 

temp, 105k, AH*, As*, 
kcal/ mol eu k d 2 5  O C )  compd solvent OC s-I  a 

l b  80% acetone 60.0 22.3 
50.0 6.67 24.4 -2.3 
40.0 2.00 
25.0b 0.260 2 

60.0 8.60 
50.0 3.33 23.9 -5.5 
25.0b 0.127 1 

80% dioxane 70.0 30.9 

2b 80% dioxane 110.0 13.8 
100.0 4.69 
90.0 1.87 25.7 -9.8 

8 X 25.0h 6.22 x 10-4 

The values represented constitute averages from two independent runs; the activation parameters were calculated with use of all individual 
Extrapolated values calculated on the basis of the activation parameters. Calculated on the assumption that 3,5-dinitrobenzoates rate constants. 

solvolyze six times more rapidly than p-nitrobenzoates. 

Table 11. Summary of Solvolysis and Methanolysis Products and Yieldsa 

reaction conditions % % % 
compd (temp, OC; time, h) alcohol olefin methyl ether other 

l b  80% acetone, 2,6-lutidine (60: 20 h) 21 53 

2b 80% dioxane, 2,6-lutidine (100; 40 h) 1 1  59 

80% dioxane, 2,6-lutidine (60; 48 h) 32 68 
methanol, 2,G-lutidine (65; 32 h) 7 45 21 CH3OPNB (trace) 

methanol, 2,6-lutidine (90; 100 h) 20 53 

a Products were isolated in excellent yields by direct preparative thin layer chromatography of the reaction mixtures (after solvent evaporation) 
Alcohols l a  and 2a were independently shown not to undergo dehydration under on basic alumina (elution with 4: 1 petroleum ether-ether). 

these reaction conditions. 

&j&OBS 6 *py+yB 7 x  8 X  

5 

k2,/k6125DC,HOAc)=~7 o,X=_p-OCH, k_ - ,/k_s1250C,80%ocelonel= IO 

L,X = H  

c , x - p - C F ~  

kL/ kB [ 2 5 " ~ , 8 0 ~ ~ a c e t o n e ) =  27 

h7/ k g  I 25'c ,EO 010 acetone)  = 91 - -  - -  
1) a re  highly congested on the molecular interior (endo sur- 
face), principally as the result of severe nonbonded interactions 
between the inner protons of the two ethano bridges.'* Sub-  
stitution by benzo a t  one of these sites significantly decreases 
this steric crowding and consequently reduces the ground state 
energy of 2 relative to 1, with the usual kinetic consequences. 
The implication is that 2 ionizes by an unassisted ( k , )  pathway 
without benefit of ka contributions. 

Epimeric 2,3-dimethyl-2-norbornyl cations have been di- 
rectly observed by OlahI3 and  SorensenI4 under superacid 
conditions and serve as useful model systems to compare with 
3. Addition of either alcohol l a  or its internal olefin precursor 
to S 0 2 C I F - F S 0 3 H  (3 : l )  in CD2C12 solution a t  - 1  10 "C re- 
sulted in conversion into the single stable carbocation 3. 
Quenching of the solutions by pouring into cold (-78 "C) 
methanol containing anhydrous potassium carbonate gave IC 
accompanied by lesser amounts of the olefin. T h e  'H NMR 
spectrum of ion 3 (see Figure 1) was observed to be essentially 
unchanged over the temperature range -90 to 0 "C, except for 
some line broadening a t  the extreme low end. Selected exper- 
imental I3C spectra of 3 taken over a comparable AT a re  
shown in Figure 2. These da ta  convincingly show that  3 ex- 
periences rapid 3,2-hydride shift. T h e  C2-C3 carbons which 
appear as a single sharp  peak (201.91 ppm) a t  - 15 "C show 
obvious broadening a t  -30 "C and a re  totally time-averaged 
a t  -60 "C. Rough estimates place the actual ra te  of 3,2-exo- 
hydride shift in 3 a t  a level slightly faster than  those in poly- 

2.04 

8 3.94 

Figure 1. ' H  N M R  spectrum (90 M H z )  of 3 in FSO~H-SOZCIF-CD~CIZ 
solution at -60 O C .  

methyl substituted norbornyl ~ y s t e m s . ' ~ - ' ~  This phenomenon 
may find its origin in the greater conformational rigidity of 3 
which more effectively orients the empty p-like orbital into the 
ideal 0" dihedral angle relationship with the  adjoining C-H 
bond.I6 

The  exceptionally fast solvolysis ra te  of IC is revealed by 
direct comparison with 9 and IO.' I t  is particularly instructive 
to consider that  IC is 3 500 000 times more reactive than  
tert-butyl p-nitrobenzoate. These results conform to  the high 
ground-state energy of IC. 
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Figure 2. Selected I3C N M R  spectra (22.6 MHz) of 3 in FS03H- 
SOlCIF-CD2C12 solution recorded at the various indicated tempera- 
tures. 

Lc 9 n, 
Lrei ( 2  5'C) 26,000 21,000 I 

A major thrust of norbornyl cation research has involved 
examination of exo:endo rate  ratios. In the present instance, 
such considerations lose their significance because of the major 
steric alterations which would accompany the changeover to 
endo stereochemistry. In this connection, it would seem ap- 
propriate to call attention to the fact that  the double bond in 
11 is preferentially attacked from the exo direction. However, 

placement of an exo substituent a t  C l  necessitates that  the 
same stereochemistry be adopted a t  C3 because of strain. The  
bromination of 11 to produce cis dibromide l 2 I 7  exclusively 
without skeletal rearrangement exemplifies this rationale.'* 
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Book Reviews 
Radicals. By D. C. NONHEBEL (University of Strathclyde), J. M. 
TEDDER (University of St. Andrews), and J. C. WALTON (University 
of St. Andrews). Cambridge University Press, Cambridge, England. 
1979. xvi + 200 pp. $32.50 hardcover; $1 1.95 paperback. 

This book is intended primarily for undergraduate and beginning 
graduate students. It provides an extensive introduction into the study 
of free-radical chemistry and detection, but is aimed at  a level such 
that it can be easily read after an introductory course in organic 
chemistry. It accomplishes these goals admirably, and provides a 
useful reference survey for the researcher as well. The subject of 
radical chemistry plays an ubiquitous role in industrial and polymer 
chemistry, synthesis, and even biochemical processes. The present text 
provides a valuable introduction to the awareness of free-radical 
chemistry and the importance of free radicals in these fields. The 
treatment is mainly oriented toward examples in organic synthesis, 
although there are numerous sections on the physical detection of 
radicals, inorganic metal complex radical species, and radical reactions 
in biochemistry. The text is well written, extensively documented, and 

clearly outlined with well-chosen subheadings. Extensive tables catch 
the immediate attention of the reader, providing intriguing compar- 
isons, such as the relative selectivities of radical reactions at various 
sites on substituted hydrocarbons. The text thoroughly covers tradi- 
tional subjects such as chain initiation, propagation and termination, 
and explosive reactions, in terms of the chemistry. It is not a text for 
detailed kinetic treatment of these phenomena. This book gives an 
excellent appreciation for the overwhelming importance of radicals 
in chemical synthesis and industrial processes. 

Stephen R. Leone, Joint Institute for Laboratory Astrophysics 

Physical Organic Chemistry through Solved Problems. By JOSEPH 
B. LAMBERT (Northwestern University). Holden-Day, Inc., San 
Francisco. 1978. xii + 265 pp. $1 1.95. 

Joseph Lambert has given us a remarkably useful collection of 
representative, challenging, and instructive problems which have been 
gleaned from the current literature and several physical organic 
chemistry texts. Most noteworthy are his clearly thought-out, well- 


