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Studies of reaction mechanisms often need to rule out alternative Chart 1. Some Common Radical TraIOS

pathways. A usual test of participation of radical mechanisms is O:N

the addition of radical traps, in the assumption that they will slow ?HSH CH3

or stop radical reactioris? The stable radicals galvinoxyl, TEMPO, <H3C C—C— C

and DPPH (Chart 1) are among the most frequently used. The CHs CHs

reliability of other reagents such astet-butyl phenol (TBP) and

other phenols, which can also react with radical species, has been t-Bu Galvinoxyl t-Bu

guestioned.The mechanistic value of positive tests with a radical

trap is based on the hypothesis that it reacts only with radical species H C CH
in the medium and does not interfere in any other process. If this 4 |. CH, °

were not the case, the positive result of the test can be misleading.
Palladium(ll) hydrides are involved in many reactions that follow
an insertion mechanism of unsaturated substrates into théiPd
bond, such as Pd-migration (chain walking), alkene isomerization,

Scheme 1. Decomposition of Complex 1

and alkene hydrogenation, hydrosilylation, hydroboration? ¥t CH.Pf AN O
show here that radical traps can react with some palladium hydrides /|\ 2 Pld H Pt
and interfere in processes where they are involved. pg 1 " “Br no —
The addition of galvinoxyl to [PdHCI(PR]* (in CDCl, Pd: B /* Br\Pd/ SR e,
galvinoxyl = 1:1) produces 50% decomposition after 20 min at "2 PhHC\/ N +HBr+Pd+1/2 1
room temperature (complete decomposition after 50 min), whereas 1 CHPf
it is stable under the same conditions in the absence of the radical / A
trap. [PAHCI(PP¥),] decomposes faster in the presence of DPPH
(75% decomposition after 20 min) or TEMPO (complete decom- A CHePT
position after 10 min). In contrast, the cationic complex [PdH{BEt | H
2! 5 solcions remain unchanged for at Ieast 40 min at 100 o, w cmes S,
ged for at least 40 min at room N transfer
temperature, whether in the absence or presence of the radic& traps.  pnuc /Pd\ o
The previous hydrides contain two or three phosphines. To check %Cpr r
+ PdBr; + Pd
the reactivity of hydrides on less protected palladium centers (as B

they may be formed in the course of catalytic processes), we have
also studied the effect of radical traps on the intramolecular hydride
transfer in a dimer generated fyH elimination from a palladium
benzylic derivative (Scheme 1).

The H-transfer and subsequent reductive elimination produces 1 none 0.74
none, in aif 0.76

Table 1. Decomposition of Complex 1 in the Presence of
Radical Traps?

entry additive® 312

- i 2
the alkane3, and the efficiency of the transfer is measured by the 3 TBP 0.73
ratio 3/2. This ratio should be 1 if all of the PeH formed (the 4 galvinoxyl 0.33
5 DPPH 0.18

6

same molar amount & leads to3, and should drop to O if, on TEMPO 011
the contrary, all of the hydride formed was trapped by the radical = Samples ollin CDCly In a N atmosphere were left to decompose for
trap. The results obtained in the presence of different radical traps 1o gaysb Molar ratio Loadditive = 1.2. cOxygen can affect radical
are collected in Table 1. reactions.

In the absence of additives, the efficiency of the transfer is 0.74
(entry 1, Table 1), and it is not affected by the presence of air (en-  Alkene isomerization is a common process catalyzed by metal
try 2, Table 1). TBP also has no effect on the process. However, hydrides. The accepted mechanism involves, for each 1,2-shift,
the addition of galvinoxyl, DPPH, or TEMPO do decrease the am- insertion of the double bond into the-MH bond and subsequent
ount of3 formed very noticeably, each with different effectiveness. [-H elimination. [PAHCI(PP4),] and [PdH(PEf)s](BPhs) were not
good catalysts for alkene isomerization, probably because the
*To whom correspondence should be addressed. Fax: 34 983 423013. Tel: coordination of the olefin to palladium was difficult. Compléx

34 983 423231. E-mail: espinet@gi.uva.es. ; i i i ]
TUniversidad de Valladolid. with a more electrophllu_: and gccessm_le_ palladium center (the olefin
*The Pennsylvania State University. E-mail: asen@psu.edu. can coordinate producing bridge splitting), turns out to be a very
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1 00! T T T T T T T Scheme 2
E oL L,PdR ~=— L,Pd* + °R
O o g R =H, alkyl T
80 R Dooaoagq - T= radica?ltrap l
° R—T
A
® L4 A no additive . . . i
g6or A o o gPIP_H o galvinoxyl (Table 1, and reactions with [PAHCI(RJE. This order
2 ° S Cevmony is clearly unrelated to the strength of the Fi bond that is formed?
= 20l o ] but consistent with a kinetic control associated mainly with the
A ° different steric protection of these radical traps. (2) The reaction
A ° rate increases with the electron density on the metal ((PdHCYRPh
20 A L o - > [PdH(PE$)3] ™). (3) Alkyl and aryl complexes are unaffected. If
A the reaction with hydrides was associated withidging formed
. . . . . . . by reversible bond homolysis (Scheme 2), the radical traps should
0 react as well with the methyl or phenyl derivatives. Because this is
0O 10 20 30 40 50 60 70 80 . . . .
time (min) not the case, it seems unlikely that radicals are formed in these

Figure 1. Disappearance of 1-hexene (to give a mixture of 2- and complexes, either for the Me, for the Ph, or for the hydrido

3-hexene), catalyzed H; in the absence and presence of radical traps.  complexes.
A mechanism that can explain the observations is the direct attack

efficient catalyst for olefin isomerization. The transformations of the radical on the coordinated H, leading to polarization of the

collected in egs +3 were studied. electron density and eventual homolysis of the-Pcbond (eq 4),
as proposed for H-abstraction in organic systéhasnd for H
Meozc/\/\/COZ“"e_l, Meozc/\/\/cone ) transfer from metal hydrides to the substituted trityl radigal (
4 5 tButCsH,)sC-.12 The success of this interaction depends on sufficient
1 orbital overlap and PeH bond polarization. The more polarizable
N VS S )

and diffuse hydride orbitals of neutral complexes should interact
better than the more compact and less polarizable orbitals of a

1 S L . .
=z 1. 3) cationic complex. For the same reason, a less hindered hydride and
a less sterically protected radical trap should react faster. Finally,
the reaction with more hindered alkyls and aryls, needing orbital

The isomerization of the internal olefifito the conjugated alkene ~ '€organization, should be disfavored.
5 in CDCl; proceeds with 61% conversion afté h at room

temperature in the presence of 0.1 mol % of cataly®q 1). This [L,Pd- -H--T] ¥

is close to completion, because the equilibrium mixture was found L,Pd—H + T ——— L Pd* + H—T “

to be4:5 = 33:67. The presence of galvinoxyl in a similar reaction

mixture (Pd:galvinoxyk= 1:1) slowed the isomerization down, and In summary, classical transition metal hydride catalyzed reactions

only 34% conversion t® was observed after 1 h. When DPPH  can be perturbed and arrested by radical traps, and positive test
was used as additive (Pd:DPPH1:1), only 2% conversion was  results can be misleading.
observed after 1 h, and no further isomerization occurred in 5 h.
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reaction rate seems to decrease in the order TEMPDPPH > JA0271126
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