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toluene for 26 h under D2 (1.5 atm), followed by the 
workup described above, led to 8 in 80% yield. Complex 
8 was demonstrated to be 83% deuterated by lH NMR 
integration of the hydride resonance against the C5(CHJ5 
resonance; lack of deuteration on the ring was confirmed 
by 2H NMR and IR.14 Data for 8: 2H NMR (C6H6) 6 
-15.34 (9); IR (KBr) 1555 (s), 1545 cm-' (shoulder); uH/uD 
= 1.38. Interestingly, however, no reaction occurs between 
2 and the normally powerful dative ligand P(CH& under 
these conditions; only upon elevation of the temperature 
to 110 "C and heating for 44 h is conversion of tetrahydride 
2 to 6 observed. This indicates that the thermal hydrogen 
exchange reaction must take place by some mechanism 
(e.g., partial detachment of the Cp ligand; loss of hydrogen 
atoms in a radical chain process) other than simple re- 
ductive elimination of H2 followed by oxidative addition 

Both the chemistry and structure of tetrahydride 2 are 
under further study. It is our hope that the method uti- 
lized in the synthesis of 2 will be applicable to other 
transition-metal systems and that 2 might also be em- 
ployed as a precursor to additional iridium(V) complexes. 
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(14) More recent experiments suggest that  deuterium may be incor- 
porated into the C6(CH& ring when higher pressures or longer reaction 
times are employed. This result will be considered more fully in future 
descriptions of this work. 
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Summary: Tricyclo[3.2.1 .O2,']ocf-3-ene has been shown 
to form via a carbocyclic rearrangement from the cata- 
lytic reaction of (Ph,P),IrCICO with endo -tricycle- 
[3.2.1 .02**]oct-6-ene. 

0276-7333/83/2302-1460$01.50/0 0 

Volger' reported in 1969 that exo-tricycl0[3.2.1.0~~~]- 
oct-gene reacted with (Ph,P)21rC1C0 to convert the exo- 
cyclopropane moiety to exocyclic methylene, compound 
2. He also reported that the analogous compounds with 
an endo-cyclopropane moiety, 1, did not react with Ir(1) 
to give organic products. 

Recently? we found that by changing the reaction sol- 
vent from benzene to chloroform that the ring-expanded 
product 3 was formed in nearly equal quantities with 2. 
However, more significantly, under the new reaction con- 
ditions, the endo-cyclopropane compound was quite re- 
active and formed products 2 and 3 in 83% yield (eq 1). 

I 2 (72%) 3 (28%) 

In order to provide more details with regard to the 
mechanism of this reaction, we synthesized two derivatives 
of 1: one with a deuterium label a t  the cyclopropane ring 
juncture and the other with a methyl a t  the bridgehead. 
The results were quite surprising in that they support a 
carbocyclic rearrangement in the formation of 3. 

Deuterium Results. Compound 1-d was prepared by 
reacting cyclopentadiene with cyclopropene that had one 
deuterium atom on the olefinic ~ a r b o n . ~  Compound 1-d 
was shown to contain 47% deuterium at  the ring juncture 
positions. However, since there is only one deuterium 
atom/molecule of 1-d, this means that there is 94% deu- 
terium at  one of the ring juncture protons in each mole- 
~ u l e . ~  On reaction with the Ir(1) complex, the reaction 
proceeded as noted with the nondeuterated substrate to 
provide an 82% yield of exocyclic methylene and ring- 
expanded products. 

Careful analysis by NMR spectroscopy revealed that 
three products were obtained as shown in eq 2. The 

I - d  4 (24%) 5 (29%) 3-d (44%) 

numbers in parentheses represent the amounts of deu- 
terium at  each position while the percent yield for each 
compound is presented below the structure. As can be seen 
in eq 2, all of the deuterium of 1-d, which proceeds to the 
ring-expanded products, is accounted for in compounds 
4 and 5. 

The deuterium distribution in 4 and 5 cannot be ac- 
commodated in a mechanism such as proposed by Katz4 
for the analogous exo-cyclopropane compound. Instead, 
it appears that either the deuterium atom has migrated 
or that each side of the bridge carbon undergoes a 1,2 shift 
to the respective cyclopropyl ring juncture carbons as in- 
dicated in eq 2. The difference in deuterium concentra- 
tions in 4 and 5 is significant and probably reflects an 
isotope effect in the product-determining step. 

Bridgehead Methyl Label Results. To determine 
whether the reaction involved a carbocyclic or deuterium 
rearrangement as suggested by the deuterium results, we 
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The asterisk means, when D is present, R = H, and the 
double asterisk means when R = CH,, D = H. 

prepared compound 1 with a methyl group substituted at  
the bridgehead position, 1-Me.6 On reaction with Ir(1) 
under the same conditions as used in the above reactions, 
a 90% yield of 5-Me was obtained (eq 3). Methyl ana- 

&-& Me (3 )  

I -Me  5-Me (90%) 

logues of 3 and 4 are conspicuously absent which will be 
addressed below. This result was quite surprising but 
when put together with the earlier results provides evi- 
dence for the postulated scheme that is shown in Scheme 
I. In this scheme using 1-Me, there are two intermediates 
labeled as 1B and 1B' that would be differentiated by the 
presence of the methyl group. I t  is reasonable to suggest 
that the methyl group would provide added stability to 1B' 
and would therefore favor path b. The methyl group also 
provides additional evidence for the idea that the bridge 
carbon is migrating. 

The role of iridium has not been firmly established in 
that none of the intermediates shown in the scheme have 
been isolated. However, compound 1 is unreactive to the 
reaction conditions without Ir(1) present. It is postulated 
to form the iridacyclobutane complex from circumstantial 
evidence. First of all, these results are different from 
reaction of (Ph,P),IrClCO with the exo analogue of 1. In 
the exo system that has been labeled with deuterium, the 
reaction path follows a scheme that has been previously 
elaborated by  kat^.^ In his postulate, Katz suggests that 
the metal (Rh) forms an intermediate complex in which 
the metal is in an endo position. Presumably, if the irid- 
ium in the system reported herein went by the same in- 
termediate, the same result on labeling would be apparent. 
I t  is not. 

Further, we feel that the iridium is an iradacycle rather 
than a a-allyl complex as a result of the deuterium dis- 
tribution. When the iridacycle cleaves to the cationic 
intermediate 1A and 1A' an a deuterium isotope effect 

(6) Compound 1-Me was prepared from the reaction of methyl cyclo- 
pentadiene (Aldrich) and cyclopropene.7 Along with the 1-methyl- 
endo-tricyclo[3.2.1.@*']oct-6-ene, we obtained the &methyl analogue. The 
overall yield was 10% with the ratio of products being 4.6, respectively. 
The sample was separated and collected by preparative GC-20% SE30 
in Chromosorb W. 

(7) Closs, G. L.; Krantz, K. D. J. Org. Chem. 1966, 31, 638. 
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would favor the cleavage to form 1A' which gives the 
distribution observed. The isotope effect would have a 
magnitude of 1.20 which is consistant with a sp3 - sp2 
transformation.* An alternative iridium complex would 
be a (a-allyl) metal hydride. Subsequent bridge migration 
would produce 4 and 5, but the ratio of products would 
not be consistant with the isotopic distribution observed. 
This transformation sp2 - sp3 would favor the formation 
of 1A over lA', which is the opposite of what is observed. 

Conclusion. The Ir(1)-catalyzed reaction of enclo-tri- 
cycl0[3.2.l.O~~~]oct-6-ene to form tricycl0[3.2.1.02~~]oct-3-ene 
has been shown to proceed via a carbocyclic rearrange- 
ment. This conclusion is based on the evidence garnered 
from both deuterium- and methyl-labeled substrates. 

Registry No. 1-d, 86766-39-4; 1-Me, 86766-40-7; 3-d, 86766- 
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(Ph3P),IrC1C0, 14871-41-1. 
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Summary: The hydroxymethyl complexes (v5-C5H5)M- 
(CO),(CH,OH) (M = Ru, Fe) were isolated from the re- 
duction of the tricarbonyl cations (v5-C5H5)M(CO),+ with 
4 equiv of NaBH,CN. They decompose catalytically to 
(v5-C,H,)Ru(CO),H or [(v5-C5H5)Fe(CO),] and form- 
aldehyde when treated with phosphorus ligands. They 
react with CH,OH, CH,C(O)CI/C,H,N, and (CH,),SiCI/ 
C,H,N to form methoxymethyl, (acyloxy)methyl, and (tri- 
methylsi1oxy)methyl complexes. Only the (trimethylsil- 
oxy)methyl complexes can be hydrolyzed to regenerate 
the hydroxymethyl precursors. No CO insertion reactions 
were observed for any of these products at pressures up 
to 4000 psi at 80 OC. 

We have prepared the hydroxymethyl compounds 
CpM(C0)2CH20H (M = Ru ( l ) ,  Fe (2); Cp = t5-C5H5) by 
reducing CpM(CO),+ with NaBH,CN in MeOH. Although 
few hydroxymethyl compounds have been isolated and 
little is known about their chemistry, they are proposed 
intermediates in the direct conversion of syn gas to 
ethylene glycol' and the hydroformylation of formaldehyde 
to glycolaldehyde,2 an ethylene glycol precursor. 

Unsubstituted hydroxymethyl complexes have been 
isolated from the reactions of hydride donors with 
CpRe(NO)(C0)2+3 and ( ~ ~ - C ~ M e ~ ) 0 s ( C 0 ) ~ + , 4  acidolysis of 
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