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downfield shift for the adenine Nl-thymine H3 H-bonding in
teraction. 

The results presented above demonstrate that the nitrogen 
chemical shift for the adenine Nl in an A-T Watson-Crick base 
pair is influenced by the hydrogen isotope present in the H-bond. 
This is unequivocal observation by NMR of a through-space 
interaction between an imino nitrogen and the hydrogen to which 
it is H-bonded. This solvent isotope effect should be generally 
useful in probing the origin of 15N chemical shifts observed in 
studying nucleic acid structure, particularly the structure of 
mismatched base pairs, as well as protein-nucleic acid and 
drug-nucleic acid interactions. 
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The selective functionalization of simple alkanes by transi
tion-metal complexes in homogeneous media remains a goal of 
considerable practical and fundamental importance.1 Substantial 
progress over the past decade has been made not only in the basic 
understanding of factors that influence the viability of the initial 
intra-2 or intermolecular1'3,4 addition of C-H bonds, but also in 
strategies for subsequent productive functionalization of unac-
tivated hydrocarbons. In particular, catalytic photochemically 
driven systems for carbonylation of saturated5 and unsaturated6 

hydrocarbons and dehydrogenation of cyclic7 and acyclic70,8 alkanes 
have recently been demonstrated. Although these results are 
encouraging, a serious problem generally associated with these 
reactive systems that still needs to be overcome is catalyst 
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deactivation via attack on ancillary ligand substituents.1,70,9 

We have recently begun to develop the (fluoroalkyl)phosphine 
chemistry of group VIII metals in an effort to design degrada
tion-resistant electron-poor analogues to well-known L4M(R)2 (M 
= Fe, Ru, Os; L = PR3, CO; R = H, alkyl) systems. C-H 
activation studies for this class of compounds to date have centered 
on electron-rich complexes such as (dmpe)2M(H)R (M = Fe, Ru; 
R = H, aryl)10 and (PMe3)40s(H)R," with very little presently 
known concerning the comparable chemistry of electron-poor 
group VIII analogues.12 Herein we report the synthesis of 
m-(dfepe)2RuH2 (dfepe = (C2Fs)2PCH2CH2P(C2F5);,)13 and 
some initial observations concerning ligand substitution reactions 
and the unusual direct thermal dehydrogenation of cyclic alkanes 
by this electrophilic complex to give well-characterized polyene 
complexes. 

c;>(dfepe)2RuH2 (1) is prepared in 41% yield as an air-stable 
sublimable white solid from the reaction of (JJ6-C8H|0)(?/4-
C8H12)Ru14 with 2 equiv of dfepe under 1 atm H2 in methanol.15 

The reaction chemistry of 1 is summarized in Scheme I.17 With 
the exception of H2/D2 exchange,18 a common feature in the 
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chemistry observed is the loss of H2 and one dfcpc ligand to give 
products formally derived from a 12-electron (dfepc)Ru fragment. 
Thus, the reaction of 1 with CO is complete after 72 h at 90 0C 
to give (dfepc)Ru(CO)3 (2) (.'c0 = 2068. 2019 (sh). and 1996 
cm"'), with no evidence under these conditions of partial sub
stitution products (dfcpc)2Ru(CO) or (dfepc)Ru(CO)2(H)2. or 
the expected product of complete substitution, Ru,(CO)|2. The 
reaction of I with neat benzene or toluene similarly occurs at more 
elevated temperatures to give not the anticipated C-H addition 
product, (dfcpe)2Ru(H)(Ar), but instead the arcnc complexes 
(n6-C(,H_5R)Ru(d'fcpc) (R = H. 3; R = Me. 4) as yellow sublim-
ablc solids in essentially quantitative yield." 

The thermal behavior of 1 in neat cycloalkane solvents is of 
special interest. While completely unrcactivc at temperatures up 
to 150 0C, warming 1 to 180 0C for 5 days in neat cyclohexanc 
yields the benzene complex 3 as the major (>90^) observed 
product.20 No product arcnc ring exchange with neat C6D6, 
production of free benzene, or deuterium incorporation into the 
arcnc C-H bonds of 3 by D2 is seen after prolonged heating at 
180 0C, indicating that the formation of 3 from 1 and cyclohexane 
is stoichiometric and irreversible. Monitoring this process by 19F 
and 31P NMR reveals that 3 and free dfepe are the sole products 
during the early stages of the reaction. After prolonged heating, 
several uncharactcrized minor side products begin to appear due 
to secondary reactions of 1 with released dfcpc. No difference 
in reaction rate was noted between samples heated in the presence 
and absence of light: the reaction rate was similarly unaffected 
by the addition of metallic mercury.21 

The generality of this transformation has been confirmed by 
the reactions of I with neat methylcyclohexane and cyclopentane 
at 180 0C to give (n6-C6H5Me)'Ru(dfcpc) (4) and (n5-C5H5)-
Ru(dfcpc)H (5). respectively, as the major {>W7>) products. 
Complex 5 may also be quantitatively prepared from the reaction 
of 1 with cyclopentene or cyclopentadiene at 130 0C. A qualitative 
comparison of arene substitution and dehydrogenation rates run 
to partial completion gives the reactivity ordering for this system 
of cyclopentene » arene > cyclopentane = C6H12.

22 The greater 
apparent reactivity of 1 toward arcncs versus cyclohexane is 
confirmed by the thermolysis of 1 with cyclohcxylbenzcne. which 
gives (i)6-C6H5Cy)Ru(dfcpc) (6) as the exclusive product at a rate 
comparable to that observed for the formation of 4. Some pre
liminary mechanistic information is provided by a comparison of 
the thermolysis reactions of 1 in the presence and absence of 
ambient H2 and D2. An approximately 2-fold inhibition in the 
thermolysis rate for I in both neat benzene and cyclopentane under 
500 Torr H2 is observed, consistent with a mechanism involving 
H2 loss and the generation of a reactive (dfepe)2Ru intermediate. 
In addition, no incorporation of deuterium into either the hydride 
or ring positions of 5 during the thermolysis of 1 in cyclopentane 
under 500 Torr D2 is detected, indicating that there is no reversible 
dissociation of hydrogen in the dehydrogenation steps subsequent 
to the initial addition of the hydrocarbon substrate. 

The thermal dehydrogenation reactions of I uniquely differ from 
most previously reported dehydrogenation systems7-23 in that no 
hydrogen acceptor (r<v7-butylethylene) or photochemical conditions 
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arc required to drive the process. This difference in reactivity 
is presumably due to unusually strong Ru-(arene) binding in the 
systems examined compared to Rh and Ir analogues."""-24 as well 
as the thermal accessibility and surprising stability of reactive, 
highly unsaturated monochelate intermediates under the harsh 
conditions employed. It is particularly significant that no P-C 
cleavage products such as C2F5H have been detected in our 
system.25 Furthermore, although activation of sp2 and sp3 C-H 
bonds by known thermal or photogcncrated 16-clcctron (PP)2M 
( P P = dmpc, dcpc, dppc; M = Fc, Ru) intermediates is com
plicated by the competitive formation of inter- or intramolecular 
orthomctalation products such as (dppe)Fc(C6H4PPh2)(H),26 

analogous "tuck-in" products derived from C-F bond addition from 
dfepe ligands have thus far not been identified in the reactions 
of 1. In light of these observations, we believe that (fluoro-
alkyl)phosphinc complexes offer considerable promise in the design 
of practical hydrocarbon activation systems. Currently our efforts 
arc directed toward detailed mechanistic studies of the above 
dehydrogenation reactions and the extension of this work to more 
labile, potentially catalytic group VIIl and IX systems. 
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Single-chained amphiphilcs (e.g., sodium dodecyl sulfate) form, 
in aqueous solution, spherical aggregates called micelles. Ionic 
head-groups of micelles lie near the water, whereas the hydro
carbon tails project inwardly.' Double-chained amphiphiles (e.g.. 
didodccyldimethylammonium bromide) form bilaycr sheets. These 
aggregates are also organized such that the ionic groups reside 
on the outside while the hydrocarbon tails extend into the bilayer 
away from the water.2 We have synthesized and studied a new 
type of amphiphilc. called gemini surfactants, which are intriguing 
because (unlike conventional surfactants) there is no way for them 
to aggregate without exposing hydrocarbon moieties to the water. 
The molecules possess, in sequence, a long hydrocarbon chain, 
an ionic group, a rigid spacer, a second ionic group, and another 
hydrocarbon tail. Initial concern that the compounds might not 

(1) Fcndlcr. J. H. Membrane Mimetic Chemistry: Wiley: New York, 
1982. Rosen, M. J. Surfactants and lmerfacial Phenomena: Wiley: New 
York. 1978. Mcngcr, F. M. Ace. Chem. Res. 1979. 12, 111. 

(2) Oslro. M. J. Liposomes: Marcel Dekker: New York. 1983. 

0002-7863/91/1513-145!$02.50/0 © 1991 American Chemical Society 


