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Summary 

Infrared spectra of matrices obtained by co-condensing sublimed (r16-C7Hg)- 
Mo(CO), (I) with matrix gas at 12 K reveal a novel species, produced by 
thermal rearrangement of I in the gas phase and proposed to be the metal 
hydride complex (TJ~-C~H~)MO(CO)~H (II). 

There are several reports [l-3] of thermal rearrangement reactions of 
organometallic compounds in which ring-to-metal hydrogen transfer and the re- 
verse process are thought to be involved. A metal-assisted pathway has been 
proposed for the specific migration of the equatorial 7-erzdo hydrogen in com- 
plexed cycloheptatrienes of the type exo-(~6-C,H,R)M(CO)3 e.g. (R = H, Me, 
Ph; M = Cr, MO) [4-71. Very recently this particular rearrangement has been 
confirmed to involve a l&hydride shift 17-J. Low temperature matrix isola- 
tion studies have shown that photoinduced hydrogen migration [S] from 
cyclopentadiene to rhenium occurs on irradiation of (~5-C5H5)(~2-C5H6)Re(CO), 
to give (~5-C,H,)(~‘-C=,H,)Re(CO),H [9]. In relation to these thermal and 
photochemical intramolecular hydrogen transfers we report here infrared 
spectroscopic evidence for a matrix-trapped species which is produced on 
subliming the known complex (v~-C,H~)MO(CO)~ (I). 

In&red spectra of frozen gas matrices of the parent I* in CH,, Ar, CO, N, 
and SF, at 12 K exhibited three carbonyl bands assigned to I [lo] together 
with other bands. For example, the spectrum of a CO matrix (Fig. l(a)) 
showed three parent bands at 1993.7 cm-’ (A’), 1924.1 cm-’ (A’) and 
1907.2 cm-’ (A”) (cf. solution spectrum (Fig. 2): IR bands at 1996.8, 

*Prepared by refluxing Mo<CO), with cycloheptatriene <ref. [lo)) in petroleum ether @.P. lOO-120°C) 
for 16 h under N,. 
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1932.5 and 1907.9 cm-‘) and two other bands at 2042-3 and 1956.8 cm-’ _ 
This matrix was obtained by depositing the sample I from a long spray head. 
Another matrix deposited using the same head but with a higher sample 
temperature* gave the spectrum shown in Fig. l(b). A subtraction of the 
former spectrum from the latter gave the full spectrum in the terminal car- 
bony1 region of the other species present in the matrices (Fig. l(c)), revealing 
a third band at 1909.2 cm-‘_ Comparisons of Fig. l(a) and Fig. l(b) with 
Fig. 2 show that this species is not some sample impurity and that its produc- 
tion increases with the sqple sublimation temperature. The relative amount 
of this compound was also found to increase significantly, for a given sample 
temperature and matrix gas flow rate, with the distance travelled** by the 
sample before deposition. Sublimation of I at 50°C from a long hot tube onto 
a cold l%ger at 77 K gave a light orange deposit. On warming from 77 K to 
25°C the colour of the deposit appeared to change (ca. 100 K) from light 
orange to red and a solution spectrum obtained subsequently indicated that 
only I was present on the finger after warming. These observations and the 
fact that three similar extra IR bands were seen regardless of matrix gas sug- 
gest that the other malxix-isolated species is produced by thermal rearrange- 
ment of I in the gas phase_ 

*The matrix gas deposition rate was increased to compensate for the drop in dilution. caused by the 
higher samPIe temperature. which would have favoured unwanted bimolecular reactions. 

**Varied between 12 and 45 cm. 
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Fig. 1. Infrared spectra in the 2100-1800 cm-' region (Nicolet 7199 FTIR spectrometer) showing 

<q6-C,H,)Mo(CO), (I) and another species (bands marked with an asterisk)ioIated in CO matrices 
(l/2000) at 12 K: (a) after co-condensing a -Pk of I, sublimed at 28OC in a 45 cm long spray-head. 
with CO for 55 min; (b) as in a but with the sample sublimed at 45OC; (c) difference spectrum. b - a. 

The most probable identity of the new species is the 18 valence electron metal 
hydride complex II frozen out of a gas phase reaction in which the ‘I-endo 
hydrogen in I migrates to the metai. The IR bands are at higher energy than those as- 
sociated with I and are at quite similar wavenumbers to those of the stable 
complex (sf-C,H,)Mo(CO),H (III) (v(C0) at 2030, 1945 and 1941 cm-’ in 
a CO matrix at 12 K). No IR band for a MO-H linkage was seen. Such a 
band, however, is expected to be weak; it was not possible to observe this 
band for III when it was isolated in gas matrices at 12 K. The well known thermal 
1,5-hydrogen shift for I has been proposed [6,7] to proceed through the same 
metal hydride II which could undergo an internat rearrangement so that the 
hydride can return to the ring with a net 1,5-shift. 

Experiments repeated with the complex (@-C,Hs)Cr(CO)s under the same 
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Fig.. 2. Infrared spectrum of similar sample of I in hexane at 2s°C (Nicolet 7199 FTIR sPectrometer)- 

conditions showed no evidence for a chromium analogue of the trappedMo 
species. The possibility of a high energy conformation* (IV) being trapped, 
rather than a metal hydride, seems therefore unlikely as such an isomer 
would also be expected to be frozen out in the matrices on subliming the 
chromium complex_ Further work with the isotopically labelled complexes 

(@-C,H, )Mo(‘2CO),(‘3CO)3_, and (q6-C7H7D)Mo(C0)3 should assist in iden- 
tifying the trapped species. Details of the matrix photochemistry of I will be 
presented elsewhere [ 12]_ 
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