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The destabilizing effect of the a-trifluoromethyl substituent 
on the formation of carbocations relative to hydrogen typically 
leads to rate decelerations k(H)/k(CF,) of up to lo6, although 
these can be decreased in the presence of strong donor groupsa2 
The 2-adamantyl system has been proposed to be a structure in 
which nucleophilic solvent stabilization of developing positive 
charge is minimized and carbocation character is maximized in 
~olvolysis,~ and therefore, this appeared to be a good place to seek 
a maximal k(H)/k(CF,) rate ratio. On the contrary, this system 
gives the smallest such ratio known to us. 
2-(Trifluoromethyl)-2-adamantyl tosylate ( 1)4 was obtained 

by treatment of the corresponding alcohol5 with KH followed by 
TsCl. Solvolytic rate constants in four solvents (Table I) are well 
correlated by YoTsid" values at 25 OC by the relation log k = 0.940 
(f0.069)YoTJ - 7.70 (f0.24), r = 0.995. 

The major products (>90%) from the solvolysis of 1 in CF3- 
C 0 2 H  and CF3CD20D were the corresponding 3-(trifluoro- 
methyl)-4-exo-protoadamantyl derivatives 3a, together with 2% 
of unrearranged la .  Interruption of the solvolysis of 1 in CF3C- 
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OzH showed that rearrangement to the isomeric 3-(trifluoro- 
methyl)-4-exo-protoadamantyl tosylate 3 occurs, and this reacts 
further to give the same product mixture of la and 3a (eq 1). 
Solvolytic rate constants measured beginning with pure 3 were 
the same as those observed for 1, and 'H N M R  observation of 
the course of the reaction revealed that 1 converts to 3 at  a rate 
3 times more rapid than the rate of formation of 3a from 3. The 
results are interpreted in terms of the mechanism of eq 1 involving 
the ion pair 2. The existence of equilibrating structures corre- 
sponding to the  delocalized ion 2 is not excluded. 

OTs 

1 2 3 
os 

The reactivity of 1 in the four solvents averages a factor of 2.0 
less than that of 2-adamantyl tosylate (4), and the rate of 1 
calculated for 100% TFE is 700 times greater than that6b of 
2-cyano-2-adamantyl tosylate (5)! Both the small size of the 
k(H)/k(CF3) rate ratio [k(4)/k(l)] and the k(CF,)/k(CN) ratio 
greater than unity are unprecedented; the smallest previous ex- 
ample of the former was 40,2c in the presence of the strongly 
donating pyrrolyl group, and the largest example of the latter was 
0.02, in the doubly destabilized system ArCR(OTs)CF3.2a 

4 5 

6 7 

Solvolysis of 4 in AcOHW" and 5 in TFE6b give predominantly 
unrearranged products, with 0.4% and 9%, respectively, of the 
rearranged products corresponding to 3. Reaction of 6 in several 
solvents also gave predominantly unrearranged products together 
with small amounts of the 1,3-elimination product 7.6c9d 
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Table 1. Solvolytic Rate Constants for 
2-(Trifluoromethvll-2-adamantvl Tosvlate (1) a t  25 O C  

krd- 
solvent' Yon k0M3* s-' (2-AdOTsll)" 

CF,CO,H 4.57 4.97 x 10-4 1.81 
97% (CF,),CHOH 3.61 3.43 x 10-5 2.84 
HCOZH 3.04 1.39 X 1.91 
97% CF,CH20H 1.83 1.20 X lodc 1.37 

"TFA, HFIP, and T F E  are CF3C02H,  (CF,),CHOH, and CFJ- 
HIOH, respectively. Measured by UV spectroscopy; at least two de- 
terminations of each rate constant. Extrapolated from the following: 
2.71 X IO4 s-' (73.4 "C), 2.83 X 
(45.3 "C) ;  AH* = 22.5 kcal/mol, AS* = -10.2 eu. d2-AdOTs values 
from ref 6a. 

s-I (52.1 "C), and 1.42 X 

We attribute the remarkably high reactivity of 1 to a combi- 
nation of relief of ground-state and electron donation 
from the C3-C4 bond. Even though CF3 is often thought of as 
a small group, it is significantly larger than CH3 by a variety of 
measures,s and steric effects of substituents are proposed3c to be 
enhanced in rigid adamantyl as opposed to more flexible systems. 
Calculations using the program Macromodel 2 indicate a 4.0 
kcal/mol greater energy for the CF, in 1 compared to the axial 
CF3 in trans-Ctert-butyl- 1 -(trifluoromethyl)cyclohexyl tosylate, 
so the A value of 2.5 kcal/mol for CF38a leads to a crude estimate 
of 6.5 kcal/mol for the total strain due to CF, in 1. Solvolysis 
transition states resemble fully formed carbocations,g8 so essentially 
all this strain can be lost in the transition state, causing an ac- 
celeration in the rate of 1. 

There is strong recent evidence for electron donation from the 
C3-C4 bond in adamantyl cations,9bf and such participation in 
1 leads to the cation 2, which forms the protoadamantyl ring 
system 3 (eq 1 ) .  The protoadamantyl system is estimated to be 
1 1  kcal/mol more strained than the parent adamantyl system,3d 
but substituents at the 3-position in protoadamantane as in 3 are 
not crowded.3d Thus formation of the transition state leading to 
2 results in a decrease in the CF3 nonbonding interaction of 1 but 
an increase in ring strain characteristic of 3. A strong electronic 
driving force for formation of an ion which diminishes positive 
charge buildup adjacent to CF, is expected.I0 RearrangementlIa 
without appreciable kinetic accelerationllb*c occurs in related 
acyclic systems. 

2-Benzoyl-2-adamantyl mesylate (6)  is more reactive than 
2-adamantyl mesylate by factors ranging from 164 to 356,&vd and 
while steric effects were considered to account for this high re- 
activity, conjugative effects were favored. Similarly 2-(tri- 
methylsilyl)-2-adamantyl p-nitrobenzoate was proposed to 
"solvolyse without significant steric acceleration".12 This may 
be true, but our results suggest that steric effects in formation 
of 2-adamantyl carbocations should not be underestimated. 

The molecular structure of 1 determined by X-ray by Dr. 
Jeffery Sawyer requires further refinement but shows geometrical 
distortions due to strain, including bending of the CF3 group away 
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from the adjacent axial hydrogens which still have close contacts 
(2.27 and 2.36 A) with one of the fluorines. Our own studies of 
the correlation of chemical reactivity with X-ray s t r u ~ t u r e ' ~ ~ ~ ~  
make us more cautious than others13c in cause and effect inter- 
pretations of such results, but the structural distortions are at least 
consistent with major steric interactions, as also seen in 2-cu- 
myl-2-adamantan01.I~~ 

In summary, the destabilizing effect of the CF, group in the 
solvolysis of 1 is drastically attenuated, a result attributed to relief 
of ground-state strain and electron donation from the C3-C4 bond. 
This result has implications for the consideration of the size of 
fluorinated groups and for possible effects of steric strain in other 
adamantyl systems, such as 2-benz0yl -~~,~  and 2-(trimethyl- 
sily1)adamantyl sulfonates,'2 in which possible steric effects were 
discounted. 
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Linear dimerization of butadiene 2C4H6 - 1,3,6-octatrienes 
has been shown to occur readily a t  room temperature on nickel 
catalysts  modified by aminophosphinite ligands 
Ph2POCHR'CHR2NHR3 (AMP).I With such complexes, ob- 
tained by interaction between Ni(COD)2 and these AMP ligands, 
the reaction rate is ca. 1-2 orders of magnitude higher than 
observed in other systems using either morpholine,2 ethanol,, or 
P-methylo~aphospholidines~ as modifiers. The higher reactivity 
of these new Ni-AMP systems prompted us to study the mech- 
anism of the reaction upon using labeled reagents and the extension 
of this catalysis to other substituted and functionalized 1,3-dienes. 

In order to prove the contribution of the pendant N H  moiety 
in the reaction pathway, we have first conducted the reaction with 
perdeuterated butadiene C4D6 to obtain almost pure deuterated 
1,3,6-0ctatrienes.~ A second experiment involved the use of a 
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