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second option has its origins in the conformation-reactivity re
lationships of triplet olefins.19 

The preceding considerations assume, of course, that the re
action chronology bypasses the intervention of .ryn-sesquinor-
bornatrienes. This question remains under active investigation. 
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Over the last 10 years, there has been much interest in the 
chemistry of coordinatively unsaturated transition-metal com
plexes, particularly in the activation of alkyl C-H bonds by 
complexes of Ir,1 Rh,'b2 Re,3 and W.4 Some early fundamental 
work5a_c in the area of C-H bond activation involved Fe(DMPE)2 

(1) [DMPE = l,2-bis(dimethylphosphino)ethane], a reactive 
intermediate generated by reductive elimination of naphthalene 
from Cw-FeH(Np)(DMPE)2 [Np = 2-naphthyl]; however, this 
system was limited in that only substrates with a reactivity greater 
than (or comparable to) that of the naphthalene byproduct could 
be examined. In addition, this route to 1 necessarily required 
reaction temperatures close to room temperature, where any 
thermally labile products may not have been sufficiently stable 
to be observed or characterized. 

An alternative, more versatile route to 1 is by photolysis of the 
dihydride FeH2(DMPE)2

6 (2). We have examined the reactions 
of 1, generated photochemically at low temperature, with hy
drocarbons, and report here the formation of products arising from 
Fe insertion into sp2 C-H bonds of unactivated alkenes. 

Irradiation7 of a dilute solution of 2 in benzene at room tem
perature led to elimination of dihydrogen and formation of a 
mixture of Cw-FeH(C6H5)(DMPE)2 (3) and trans-FeH-
(C6H5)(DMPE)2 (4)8 (Scheme I). Irradiation of a solution of 
2 in toluene at -80 0C similarly led to elimination of dihydrogen 
and initially afforded a mixture of the m-tolyl hydrides 5a and 
5b.9 On warming to 0 0C, 5a and 5b isomerized to give an 
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(7) Samples were irradiated in Pyrex NMR tubes, positioned ca. 10 cm 
from a 125-W mercury vapor lamp. The tubes were supported within a quartz 
cylinder and cooled by a stream of nitrogen gas. 

(8) Attempts to isolate the complexes arising from direct C-H bond 
cleavage failed, apparently due to facile elimination of arene or alkene. 

(9) The initial formation of exclusively cis addition products is consistent 
with an oxidative addition which proceeds via a three-center transition state 
see ref 5b. 
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equilibrium mixture containing 5a and 5b as well as the trans 
isomers 6a and 6b. The complexes 3-6 have been reported pre
viously as products formed on elimination of naphthalene from 
FeH(Np)(DMPE)2 in benzene or toluene.50 It has been reported 
recently that photolysis of 2 in toluene at room temperature affords 
the DMPE-bridged dimer Fe2(DMPE)5.10 In our experience, 
this product is only obtained in the presence of excess DMPE. 

Photolysis of 2 in solutions containing alkenes led primarily to 
the formation of products arising from insertion of 1 into an sp2 

C-H bond. On irradiation of 2 at -80 0C in a solution of cy-
clopentene (5% in cyclopentane) a single cis product formed 
quantitatively. This compound was assigned the structure 7, and 
on warming to 0 °C it isomerized to give an equilibrium mixture 
of cis- and rran^-cyclopentenyl hydrides 7 and 8 in a 1:3 ratio. 
When the reaction mixture was quenched with 2 equiv of deu-
teriotrifluoroacetic acid in THF at -78 0C, cyclopentene was 
liberated with deuterium incorporated only at the vinylic positions. 

Photolysis of 2 in a solution of ethylene (4% in pentane or 
cyclopentane) at -80 °C afforded a 10:1 mixture of the c/j-vinyl 
hydride 9 and the known ir-complex 10.5a When warmed to room 
temperature, the C-H insertion product 9 isomerized to the ir-
complex. Similarly, photolysis of 2 in a solution of 1-pentene (5% 
in pentane) at -80 0C led to two major products in approximately 
equal amounts, and we assign these as the Z and E isomers 11a 
and l ib, which would arise by insertion of 1 into the terminal sp2 

bonds of 1-pentene." Small amounts of the 7r-complex 12 were 
always present (ca. 5-10%) in the reaction mixture, and when 
the sample was warmed to room temperature, both 11a and l ib 
isomerized to 12. This sequence is analogous to that reported12 

for the reaction of ethylene with the coordinatively unsaturated 
iridium species (r/5-Me5C5)Ir(PMe3), where the concurrent for
mation of a ir-complex and a C-H insertion product has been 
demonstrated. 

(10) Bergamini, P.; Sostero, S.; Traverso, O. J. Organomet. Chem. 1986, 
299, Cl 1-C14. 

(11) Analogous products are obtained on reaction of 1 with propylene, 
1-butene, and isobutylene. 
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4581-4582. 
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Treatment of a reaction mixture containing the vinyl hydride 
9 with CHCl3

13 afforded the thermally stable derivative trans-
ClFe(CH=CH2)(DMPE)2 (13), while treatment with CH2Br2 

afforded f/ww-BrFe(CH=CH2)(DMPE)2 (14). Similarly, 
treatment of a mixture of the cyclopentenyl iron hydrides 7 and 
8 with CH2Br2 afforded the corresponding bromide, trans-

BrFe(C=CHCH2CH2CH2)(DMPE)2 (15). We have evidence 
that the c/s-alkenyl iron hydrides react with CHCl3 or CH2Br2 

to form c/s-halo derivatives initially, and these isomerize to the 
trans complexes on warming. After they were quenched with the 
haloalkanes, the reaction mixtures always contained trans-
Br2Fe(DMPE)2 or ^aMs-Cl2Fe(DMPE)2

14 in varying amounts. 
The ir-complex 12 is fluxional on the NMR time scale at room 

temperature, but this is not unexpected as the analogous 7r-com-
plexes of ethylene, propylene, 1-butene, and styrene also exhibit 
dynamic behavior on the NMR time scale.53 12 is photochemically 
labile, and photolysis at -80 0C in the presence of excess 1-pentene 
leads to the reformation of a mixture which contains 11a and l ib 
as dominant products. In a sealed tube, the cycle 11a + l ib 
(warm) -* 12 {hv, -80 0C) -*• 11a + l ib was repeated 6 times 
with no significant degradation of the sample. 

Irradiation of either 12 or a mixture of 11a and l ib at -80 0C 
in the presence of toluene led to formation of the tolyl iron hydrides 
5a and 5b. This suggests that, under photolytic conditions, each 
of the complexes 11a, l ib, and 12 affords the coordinatively 
unsaturated intermediate 1 which reacts with the added arene. 
In Scheme II, at least two of the three pathways a, b, or c must 
operate under photochemical conditions. At present, we have no 
evidence to indicate whether 12 is an intermediate in the conversion 
of 11a and l ib to 1 or vice versa.15 
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(13) In a typical experiment, 2-4 equiv of a solution of CHCl3 or CH2Br2 
(0.2 M in pentane) was added to a sample of an alkenyl iron hydride in 
pentane at -78 0C. The sample was warmed to room temperature, stripped 
of solvent under vacuum, and extracted into deuteriobenzene. 
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Cyclization of nerol (la) and its derivatives is a well-known 
reaction in terpene chemistry. Zeitschel1 proved the cis config
uration for nerol by showing that it cyclizes to a-terpineol (4), 
9 times faster than geraniol (2) in dilute sulfuric acid. Several 
kinetic studies have shown that neryl derivatives solvolyze with 
7r-participation of the remote double bond.2"7 This participation 
imposes considerable restraints upon the transition state in terms 
of partial gauche butane-like interactions and a loss of rotational 
entropy estimated to be ca. 5.5 eu,6 leading to only modest rate 
enhancements relative to the geranyl isomers which react to give 
largely acyclic products. 

In the present study the ability of nerol and geraniol to form 
monolayers as a consequence of their amphipathic nature has been 
exploited to select conformers. In the monolayer the OH group 
is incorporated into the aqueous subphase and the hydrocarbon 
chain oriented away from it. When the monolayer is compressed 
to a high surface pressure, the hydrocarbon chains are forced out 
into a vertical position, while at low surface pressures the mon
olayer is in an expanded state, the hydrophobic chains are less 
oriented, and the molecules lie randomly on the surface. This 
difference has been used to select conformers of compressed and 
expanded films over dilute sulfuric acid, using a modified 
Langmuir trough consisting of a thermostated multicompartmental 
PTFE trough with a Wilhelmy plate balance.8 The subphases 
(in this case 5% H2SO4 and water) could be confined in different 
compartments and the monolayers transferred from one to the 
other with minimal mixing. In a typical experiment 100 fiL of 
a 0.1 M solution of the alcohol in hexane was spread on water, 
compressed to over 20 dyn cm'1 and transferred to 5% H2SO4 at 
25 0C. After 5 min the layer was transferred to water, the 
monolayer material extracted into hexane, and the products de
termined by GLC. For the expanded films the monolayer was 
spread directly over the acid and allowed to react for 5 min. Since 
the surface pressures were as low as 2 dyn cm"1, the films were 
compressed before transfer over water and extraction.10 

Compressed nerol films remain largely unreacted giving <5% 
a-terpineol. By contrast expanded films with the same exposure 
time gave >90% cyclization to a-terpineol and <10% nerol. 
Clearly in compressed films existence of conformers lb leading 
to Ic (Scheme I) is strongly disfavored and the monolayer may 
be considered to consist largely of extended conformers of the type 
la. With expanded films conformer lb is accessible, despite being 
at least 1.5 kcal higher in energy than the extended conformers,6 

and may be stabilized by hydrophilic interaction of the remote 
double bond with the aqueous subphase.9 Formation of transition 
state Ic is thereby strongly favored. Interestingly <2% linalol 
(3) is formed in either film, and this points to negligible "slipping" 
of extended conformers to the allylically delocalized cation in the 
compressed films. In expanded films the factors favoring reaction 
of conformer lb to cyclic products seem overwhelming, in contrast 
to the behavior of neryl cations in bulk-phase hydrolyses where 
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studies, overall yields could not be reliably assessed. However, reaction times 
were maintained strictly constant and our conclusions regarding relative re
activities of the conformers retain their validity. 
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