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Summary 

Only one isomer has been found for n-ally1 denvatwes of x-CsHg-x- 
C3 Hs M(C0) and n-C9 H7 -n-C3 H5 M(C0) (M = Fe, Ru) m punfied samples This 
isomer does not convert to the other on prolonged standing m solution and it 
has been assigned the cotiguratlon where the antz protons are away from the 
ring. 

Studies of ?r-cyclopenta&enyl-n-allylmolybdenum &carbonyl and its 
denvatives have shown the presence of conformational equilibria between two 
species differing prmcipally in the onentation of the ally1 moiety [l - 41. We 
have recently presented a reliable method for assigning grven configurations 
based upon the large magnetic amsotropies found to be associated with indenyl 
derrvatives [1,2]. An nwestlgation of some analogous iron and ruthenium com- 
plexes has been attempted to determme whether similar equilibria can exist for 
the monocarbonyl complexes n-&is -x-CaHsM(CO) (where M = Fe or Ru). 
Indenyl denvatives have also been synthesized in order to assign configurations 
on the has= of the magnetic anisotropies. 

The preparation of n-cyclopentadienyl-n-allyliron carbonyl was previously 
reported in 1963 153. Recently King has reported the synthesis of the ruthe- 
nium analog [63 and indicated that both Bomers (presumed to be sunllar to 
those observed in molybdenum and tungsten) were present. The two isomers 
differ in the orientation of the ally1 moiety, as seen in Fig. 1. 

We have synthesized both the cyclopenta&enyl and indenyl complexes of 
n-allyl-iron and -ruthemum and also the cyclopenta&enyl-n-methallyliron. The 
complexes are highly air-sensitwe and decompose rapidly in solution unless 
sealed under a vacuum or an inert atmosphere. The problems encountered in 
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the stabtity of these complexes appear more pronounced m the mdenyl deriva- 
tives; hence, extensive preparation of homologs WAS not pursued 

Contrary to the findings of Kmg and Ishaq 161, throughout this serms of 
compounds we have observed only one isomer to be present m the final pro- 
ducts. The carbonyl stretching eequencies contam only one band for each 
compound, all occurring around 1950 cm-’ This 1s m contrast to the molyb- 
denum and tungsten cases, where a mixture of isomers was evidenced by sepa- 
rate carbonyl bands for each, drffering by about 10 cm-’ Furthermore, the 
NMR spectra show only one pattern of proton resonances 

On the basis of the chemical shifts and couphng constants m the NMR 
spectra, ah of the complexes appear to have the configuration (B), m which the 
central carbon of the ally1 IS onented toward the aromatic ring In comparmg 
the cyclopentadienyl and mdenyl compounds, an upfield shift 1s expected for 
protons which ‘approach nearest the nng, i.e. the anfz protons of the ally1 m (A) 
and the central proton m (B) [1,2]. Both iron and ruthemum complexes show 
a much greater upfield shift for the central proton, identlfymg the isomers as 
(B). For ruthemum the upfield shift 1s +I 22 ppm, while for iron it is +0 94. 
The chemical slufts may be found m Table 1. The assignment of the complexes 
as isomer (B) can be inferred from the observed syn-ank couplmg of the allylic 
protons. In the complexes of molybdenum and tungsten, a couphng of =2 Hz 
was observed m Bomers where the ally1 was oriented as m (B) of Fig. 1 [l] 
For Eomer (A), the splitting was found to be <O 6 Hz. The observed sphttmgs 
must be mterpreted m terms of couphng constants with care because of the 
comphcations mtroduced by the AA’BB’X spm system Nevertheless, the Iarger 
splittings are readily observed m the rron and ruthenium allyls (see Table 2). 
Assummg the same trends as in the molybdenum complexes, these couphngs 
suggest that configuration (B) 1s present. It is particularly significant that the 

TABLE 1 

NMR AND INFRARED DATA FOR SOME n-ALLYL COMPLEXES 

M Ally1 Rmg centrala syna antP P(CO)b Nl3CO)b 

Fe n-Ally1 CsHs 4 35 2 71 049 1953 1932 
Fe Ir-Ally1 CvH7 3 41 2 26 0 10 1944 1924 
Ru YT-AUYI CC35 3 94 2 80 118 1955 1935 
Ru n-Any1 C9H7 2 72 2 37 0.95 1950 1931 
Fe t-Metballyl CsH5 (1 98)= 2 63 047 1947 1928 

* Chemwal sb1ft.s are gwen m ppm downfield from TMS at 100 MHz 1x1 CS2 at room temperature b Car- 
bony1 stretcbmg frequencies are gwen m cmsl as observed m cydohexane solutions c Methyl resonance 
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TABLE 2 

COUPLING CONSTANTS (Hz) 

M ARYl Rmg N” J&J&) JWcH,) 

Fe z-Ally1 QiHs 24 111 69 
Fe ?I-AllYl c9H-1 b 10 5 70 
RU Ir-Ally1 CsHs 24 10 5 68 
RU n-Ally1 CQH~ 20 10 5 71 
Fe 2-Methyallyl CSHS 24 

ON IS the observed sphttmg between the outer hnes of an AA’BB’ spectrum and corresponds to J<Hs,) + 
JUT,,‘) In an AA’BB’X spectrum add~tmnal sphttmgs are observed, so that N IS an approxnnate expres- 
slon Paramagnetic nnpunhes prevented the measurement of N 

methallyl derivative also appears to be (B), as substitution on the central ally1 
carbon of the methyl group provided enough mteractlon m the case of the 
molybdenum analogs to drastically favor the (A) configuration [l] . 

The magnitude of the upfield shift for the (B) rsomer of the molybdenum 
ally1 1s much greater (6,,,, +3.46 ppm) than that of the iron (+0 94 ppm) or 
ruthenium (+1 22 ppm). Presumably these shifts can be attributed to the “ring 
current” of the six-membered nng of the mdenyl group. Using the model which 
proved successful for the molybdenum complexes [l] , calculation of the maxl- 
mum shift for the non or rutheruum systems 1s approximately 2 0 ppm as 
compared to 4.5 ppm for the molybdenum system. This difference arises from 
the adjustment of angle parameters to those appropnate for structures of the 
type r-C, H, M(CO)L (M = Fe or Ru). The loss of a preferred onentatron 1s 
characterized by a reduction m magnitude of the mdenyl-induced shifts and a 
sphttmg of the equivalency of the 4, 5, 6, and 7 mdenyl protons. For the 
molybdenum system the 4,7 and 5,6 protons were separated by nearly 
0.3 ppm A snnrlar sphttmg of these protons was found m both n-C,H,- 
X-C,H,Ru(CO) (0.18 ppm) and x-C, H, -n-C,H, Fe(C0) (0.16 ppm) TIE sug- 
gests that the geometric arrangement about Fe or Ru produces less stenc mter- 
action of the ally1 with the nng and electronic factors mfluencmg rmg onenta- 
tron are less pronounced than in the molybdenum and tungsten systems The 
upfleld shift of the central proton is significantly larger than that of either the 
syn or antz protons Furthermore, the antr protons resonate at rather high field, 
a characteristic noted for the (B) isomer with molybdenum Although the 
assignment of configuration m the non and ruthemum compounds 1s not as 
secure as in the case of the molybdenum analogs, all evidence indicates no 
slgmficant presence of any isomer other than the (B) isomer m carefully pun- 
fled samples, even on prolonged standing at room temperature 

The absence of a second zoomer (<0.5%) precludes the detection of the 
barrier to rotation of the aJly1, since no NMR lme broadenmg would be ob- 
served even if the rate were relatively rapid. Although we expect that the 
barrier t2, mterconversion of the (A) and (B) isomers would be rather high* our 
results do not allow us to demonstrate this posrtlon Our method of prepara- 
tron differs from that of Kmg and Ishaq [6] in that vacuum dlstfilatlon was 
used to purify the samples, consequently, it 1s probable that the (B) Isomer was 
separated from any (A) that may have been present. It is clear, however, that 

* A n-u-n rearrangement may well be the lowest energy path The spectra pronded for us by 
Professor Kmg show both comers and no emdence for rapld rearrangement 
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one somer is relatively stable and the other tends to decompose or intercon- 
vert. Therefore, It appears that the 4/l ratlo of isomers suggested by Kmg and 
Ishaq represents, at most, a hnet;lcally controlled ratlo and not the relatrve 
thermodynamic stabtitles This suggests that the (A) Isomer only exists as a 
transient mtermedrate m the Eon system These results, however, do not pre- 
clude the posslbllity of lsolatmg the pure (A) Isomer. With sufflclent stenc 
interactions in substltuents to stabtize the (A) form or trapping it by using low 
temperatures with ruthemum or osmmm complexes, it should be possible to 
isolate the pure (A) isomer. 

Experunental 

Preparations, reactions and punficatlons were carried out under nitrogen 
or on a vacuum hne. Chromatographlc separations utilized low actlvlty alumma 
(Fisher A-540). NMR spectra were obtamed usmg a Vanan HA-100 and IR 
spectra were obtamed from cyclohexane solutions usmg a Perkm-Elmer 421 
cahbrated w&h gaseous DCl, NMR samples were prepared via vacuum line 
techniques to avoid paramagnetlc broadenmg (typical hne widths eO.3 Hz) 

n-C5 H5 -7r-Cs H5 Fe(C0) 
Followmg the procedure of Green and Nagy 153, z-C~I-& Fe(GO)z dimer 

was reduced with sodium amalgam. Ally1 chloride was then treated with the 
sodium salt to yield the c-complex, which was converted to the desired rr-com- 
piex by ultramolet rrradlatron. A typical reaction involved stirrmg 10 g of duner 
m tetrahydrofuran with a 1% amalgam (3 g Na) for three hours, durrng which 
the color of the solution changed from deep red to amber. The solution of the 
sodium salt was added dropwlse to an excess of ally1 chloride (20 ml) m THF, 
stured at -78” for one-half hour and then allowed to warm to room tempera- 
ture The excess ally1 chloride and THF were removed m vacua and the residue, 
predominantly Z-C, 3X5 -o-C3 HS Fe(CO& (v(C0) 2010,1957 cm- ’ ) and sodium 
chloride, was extracted with cyclohexane (200 ml), fAtered and placed m a 
1000 ml Pyrex flask. The deep orange solutlon was cooled to -78”, the fIask 
evacuated, and the solution Irradiated mth a sun lamp for about SIX hours at 
room temperature. At th= point IR mdlcated a predommance of the n-ally1 
complex and a lesser amount (-10%) of the starting duner. The solvent was 
evaporated and the residue chromatographed on a 10 m. alumina column. A 
broad yellow band contaming the desired compound was eluted with petro- 
leum ether. The solvent was evaporated and the an- sensrtlve brown residue was 
transferred to a vacuum line. The yellow-orange compound was sublimed di- 
rectly mto an NMR tube attached to a U-tube and maintamed at 0” Carbon 
AsulfIde and TMS (5%) were d&tied mto the tube, which was sealed and 
stored at 0” The compound decomposed at 65” and showed one carbonyl 
stretchrng frequency at 1953 cm-’ (ht. 151, dec 65”, 1950 cm-‘) 

The procedure was the same as that for the unsubstltuted ally1 except that 
the ultraviolet uTadiatron tune was about ten tunes longer (55 hours). The 
o-complex showed IR absorptions at 2006 and 1952 cm-’ - 



?T-CgN,-7r-C3H5Fe(CO) 
The procedure for the o-ally1 denvatwe followed that of the cyclopen- 

tadlenyl analog, wtih the exception that smaller quantities (~3 g) of the X-m- 
deny1 dlmer [7,8] were used. After addition of the amon to the ally1 chloride, 
the mixture was stirred until it warmed to 0”. The solvent was removed mam- 
tammg the 0” temperature. The a-ally1 complex (@CO) 2005,195l cm-’ ) was 
extracted with 350 ml of cyclohexane and the solution placed m a jacketed 
tube, which was evacuated and mamtamed between 5 and 10” by crrculatmg 
water through the outer jacket. The tube was unadlated wrtin a 200 W mcan- 
descent hght bulb and the solution agitated with a magnetic stu-rer. Carbon 
monoxrde was penodically removed under vacuum and after ten hours, IR 
spectroscopy showed signlflcant (ca. 60%) conversion to the 7r-complex The 
cyclohexane was evaporated and the residue chromatographed on alumma The 
n-complex eluted slowly w&h petroleum ether as an orange band Solvent was 
removed and the complex crystalhzed as red-orange needles from pentane m 
Dry Ice The complex was extremely air-sensitive and decomposed rapidly m 
csz . 

n-C&is -TT-C~ H, RUG 
The procedure used was sunllar to that for the xon complex The ruthe- 

mum dnner [S] was reduced and added to ally1 chlorrde to gwe the o-cornplexJ 
which showed carbonyl bands at 2020 and 1961 cm-’ (ht. 161, 2015, 
1970 cm-l ) The o-complex was punfred by vacuum &stGatzon into a 0” trap 
(this required approximately ten hours) A cyclohexane solution of the yellow 
orl was vradlated with a sun lamp filtered by glass to reduce the ultraviolet 
radlatlon. After eight hours, the IR of the reactIon mixture rndrcated -40% 
conversion to the n-complex and 30% conversion to other carbonyl-contammg 
species (approxnnately fifteen other CO bands). Chromatography on alumina 
with petroleum ether gave a yellow band which mdlcated a 4/3 ratro of n-com- 
plex to o-complex and contained approxunateiy 5% of an unidentified product 
havmg three carbonyl bands (2006,X965, and 1943 cm-l). Vacuum dM,llla- 
tlon mto a 0” trap gave a m&ure of a yellow or1 and wlute crystals, for which 
the IR spectrum indicated less than 1% of any species other than the D- and 
n-complexes (2020, 1961, 1955, 13C0, 2005, 1935 cm-‘) Crystalhzatron 
from pentane effected separation of the two complexes. Recrystallization from 
pentane gave white crystals melting at 45O (ht. 161 44-45”) This complex 
appeared to be considerably more stable than any of the iron complexes 

The dnner [7,81, IC, H7 Ru(CO)z 12, was treated with sodmm amalgam m 
THF and the sodium salt subsequently was added to an excess of aUyl chloride. 
The solvent was evaporated and the residue chromatographed on alumma 
where 25/75 petroleum ether/benzene eluted the ncomplex m low yield as an 
m-sensitive pale yellow ofi Irradlatlon was not necessary as the n-complex 
apparently formed readily from the u-complex under the condltlons employed 
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