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The rates and products of elimination with sodium ethoxide in ethanol, 
and potassium t-butoxide in t-butanol, of chromium tricarbonyl-complexed. 
(2phenylethyl bromides), (2-phenylethyl tosylates), (1-phenyl-2propyl 
bromides), and (1-phenyl-2-propyl tosylates) were determined. Complexation 
increases the rate of elimimation, the size of the effect depending on leaving 
group, solvent/base system and, to a minor extent, structure. The Cr(CO)3 
group increases the olefin percentage when substitution competes with elimi- 
nation, whereas the relative proportions of the olefin isomers obtained from 
secondary substrates are practically unchanged whether the ring is complexed 
or not. Deuterium isotope effects have been measured for the elimination from 
uncomplexed, complexed and 2-( p-nitrophenyl)ethyl compounds. The magni- 
tude of the isotope.effect does not vary appreciably with substituents. 

Introduction 

Kinetic data are now available for a number of side-chain reactions of an 
arene ligand, kR, complexed with Cr(CO)a , showing that the effect of corn- 
plexation on reactivity differs and sometimes acts in opposite directions. This 
versatile behaviour is made clear if one considers different reactions; as fol- 
lows: 

(a). S,l reactions. Reactions’in which the u-carbon has a carbonium ion- 
like structure in the transition stalk are strongly accelerated by the presence : 
of the metal carbonyl group. Ionization reactions of benzyl derivatives, i.e.. 
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solvolysis of chlorides 123 or isomerization of thiocyanates to isothiocyanates 
131, are accelerated by a factor of IO4 -10’ _ This extraordinary electron- 
donating effect of the Cr(CO)3 group has been interpreted as a direct inter- 
.action of a filled d-orbital of the metal with the empty p-orbital of the 
carbon (back-bonding), or as a metal-carbon hyperconjugation (o:n delocali- 
zation) [2,4,5]. 

&I. S,2 reactions In S,2 displacement reactions at saturated c&bon in 
aprotic solvents the overall influence of the C!r(CO)3 group varies as one 
changes the site of nucleophihc @tack, i.e. from the 0: to /3 carbon atom. In the 
substitution of chloride by thiocyanate in 2-phenylethyl chlorides in acetone 
@ attack), the rate increases on complexation by a factor very cIose to that 
of ap-nitro group, (Jz~~~),/& .= 2.3; kp_NO,/kH = 2.7) Cl]. This agrees well 
with the observation of identical pK, values for comple&d phenylacetic acid 
and p-nitrophenylacetic acid [6], showing that the 7r-chromium tricarbonyl 
group withdraws electrons as strongly as ap-nitro group. However, when the 
same reaction is carried out at the o-carbon on benzyl chlorides under identical 
conditions, the rate decreases (k,,,,q,, /kH = 0.30) ]I]. Analogously, 
chromium tricarbonyl-benzoic acid IS appreciably weaker than the p-nitro 
acid [S] . In both cases decreased reactivity has been interpreted as being due 
to’steric effects of the bulky Cr(CO)3 which may hinder the solvation of the 
products or the approach of the attacking nucleophile. 

(c). E2 reactions. Base catalyzed 1,2 eliminations from 2-phenylethyl 
compounds to give styrene in alcohols are useful for the examination of the 

mechanism through which the electron-withdrawing power of the metal 
carbonyI group takes place. In the transition state of these reactions the 01- 
carbon has a carbanion-like character [7] and the excess negative charge can 
be delocalized by inductive and/or by resonance effects in the ring system. 
The resuhs of elimination from 2-pheuylethyl bromides and tosylates in etha- 
nol with sodium ethoxide [S J provided evidence of a substantial difference 
between the kinetic effects of a Cr(C0)3 and a p-nitro group when, as in this 
case, direct resonance between the reaction centre and the substituent is 
feasible. The data suggest that the nature of the electron-withdrawing effect 
is almost inductive and the capacity of the Cr(COJ3 to delocalize a negative 
charge by resonance very slight. This contrasts with the generally accepted 
idea that the metal group withdraws electron density by resonance and that its 
power is even greater than that of a p-nitro group [ 5,9] _ As a consequence, 
there should be very little change in the n-electron character in the arene upon 
complexation and changes in the ligand reactivities should be goverend by a 
varying +ramework charge [lo] . 

To elucidate these controversial aspects we extended our studies on elimi- 
nation reactions_ In this paper we report rates, base-solvent, kinetic isotope and 
stnictural effects for some 2-phenylethyl- and 1-phenyl-2-propyl-tosylates and 
-bromides_ 
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Results and discussion 

(2-Phenylethyl p-toluenesulphonate)chromium tricarbonyl can be obtained 
either by direct reaction of the ester with chromium hexacarbonyl in n-butyl 
ether or by previous complexation of the 2-phenylethyl alcohol and subsequent 
reaction of the complexed alcohol with p-toluenesulphonyl chloride in pyridine_ 
The first method gave higher yields [S] _ We have prepared uncomplexed 
primary tosylates, both deuterated and undeuterated, by usual procedures. The 
complexation was then accomplished with Cr(CO), . 2-Phenylethyl bromides 
have been obtained from the tosylates by direct displacement with lithium 
bromide in acetone. 

When the same procedure was applied to secondary 1-phenyl-Zpropyl 
tosylate, the crude product of direct complexation was a mixture of complexed 
olefins with only small amounts of complexed tosylate. By chromatography on 
a silica gel column a yellow product was obtained, which IR, NMR and GLC 
analysis showed to be a mixture of 3-(phenylchromium tricarbonyl)-1-propene 
and cis- and trurzs-1-(phenylchromium tricarbonyl)-l-propene. The relative 
proportions estimated by GLC were: 3-phenyl-1-propene 18%, tians-l-phenyl- 
1-propene ‘76%, cis-l-phenyl-1-propene 6%. Nearly identical percentages (19, 
71,lO) have been obtained when the uncomplexed tosylate was reacted under 
the same conditions and for the same reaction time in the absence of Cr(CO)6. 
Thus the complexed olefins might be formed by previous elimination of un- 
complexed tosylate and subsequent reaction of Cr(CO& with the olefins or 
by previous complexation of the tosylate which subsequently eliminates to 
give the complexed olefins. In any case the method of direct complexation of 
secondary l-phenyl-2-propyl tosylate in n-butyl ether cannot be utilized to give 
the complexed tosylate which was prepared from the complexed secondary 
alcohol with ptoluenesulphonyl chloride. 

In Tables 1 and 2 the rates and olefin yields of elimination of 2-phenyl- 
ethyl tosylates and bromides and their deuterated analogs are reported for both 
ethoxide/etbanol and t-butoxide/t-butyl alcohol solution_ Table 3 reports the 
rates and the relative proportions of the three isomeric oIefins formed from 
1-phenyl-2-propyl tosylate and bromide in the same solvent/base systems. 

Effect of complexation 
(a). On rates. The effect of complexing the phenyl ring with Cr(CO), on 

the rate of elimination, as measured by kCr(cO), /kn , is reported in Table 4 
together with the ratios kD_No fin. 

It is clear that complex& tosy a 1 t es and bromides, both primary and 
secondary, eliminate with higher rate constants (11-495 fold) than the uncom- 
plexed analogs in all solvent/base systems. The size of the effect depends 
greatly on leaving group, solvent, and to a minor extent on structure. 

The strong electron-withdrawing effect of the Cr(CO)3 is responsible for 
the increase of rate by stabilizing the partial negative charge at the transition 
state. It is str&ing that tosylates are more sensitive than bromides to the pres- 
ence of the complexing group. As tosylates utilize transition state structures 
with more carbanion-like character than bromides [7], the greater the amount 
of negative charge at the orcarbon the greater will be the effect of complexation. 



H H 
13. E 

100’ 12.9 6.79 + 0.1s d 
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NQZ g.- J&’ IOU 282Z 7.922 OSB ,, 
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R H OTS 38 1.5. ri.ao 2 0.52 d 
El. _, OTS’ 9.7 
rrGrw333 , ii fJTs _. 97 297 5.50 r: 0.13 
tr-cr<cu)3 ‘I3 UTS 75 54. 
No2 H. OTs 100 7100. 5.90 rt- 0.14 
NO2 : a OTS mo 1204 

a Base: O,O&O,1 M: for the-pnitro compounds: 0.002-0.003 H. b ?&&I figure is tbe a-rage of two 
different determinations. Deviations were witbin the experimental emor 0%). c Mean vatues of two or three 
different runs. I)ev&&.ions ware within the expeximental error (3%). Some kolvalues of “the undeutemted 
compounds are s&htIy different from those previously retorted L81. Tbis might be due to the different 
technique used for evaluating the concentration and/or to the different operator. d Fxom ref. 25. The 
value of k,l for the mdeutezated compound has been cheeked to be the same of that reported in ref. 25. 

However, from Table. 4 it appears &at the effe&iveness of the ek&on- 
a&tractig power of CIY(CO)~. is much lower than that of the p-n&m group, 
which is at ksst one order of magnitude more effective in both solvents for 
both ksming groups. The q&valence between the two groups has been shown 
in reactions wbere there i no direct resctnance b&men &he reaction centre and 
*he subst&uen~ by both kinetic ELI.1 rind, thermodynamic data 163. The nun- 
kinetic equivalence which occurs in E2 reactions of 2-pheny~e~y~ derivatives, 
where direct resonance kkes place, is interpreted by us as a consequence of the 

TABLE 2 

N02’ -: ,‘ti By: 100 98000 ‘8.85 + 0.40 
No2 

:’ 
.“H Er 100 ‘..‘xl.O-fO 

w . QTs 100 40.1 7.50 + 0.30 
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TABLE 3 

OLEFIN YIELDS AND RATE CONSTANTS (keI) FOR ELIMINATIONS FROM l-ARYt28ROPYL 
BROMIDES AND TOSYLATES. XCc.H4CH2CH<CHa)Y. IN THE REACTION WITH SODIUM ETHOXIDE 
IN ETHANOL AND POTASSIUM tert-BUTOXIDE IN text-BUTANOL AT 39.9O. 

Substrate = Solvent Olefm b keIX 104 c l-Aryl-1-propene 3-A&-1- 
yields (%po) (1.m” .s-1 ) propene 

X Y cis tmns 

H BI EtOH 100 4.8 2.8 96.5 0.7 
x-cr<CO)3 Br EtOH 100 221 2.7 95.4 1.9 
H Br t-BuOH 100 51 1.1 98.7 0.2 
Tr-ck(C0)3 Br t-BuOH 100 631 2.7 97.2 0.1 
H OTs EtOH 90.7 1.4 8.4 79.2 3.1 
xCr<CO)3 OTs EtOH 100 67.5 8.2 86.0 5.8 
H OTs t-BuOH 100 4.4 4.8 93.6 1.6 
YT-Cr<CO)g OTs t-BuOH 100 2170 2.3 97.3 0.4 

c Base: 0.05-0.06 M. b E&i& figure is the average of two different determinations. Deviations were within 
the experimental error (2%). c Mean values of two or three different runs. Deviations were within the ex- 
perimental error (3%). 

slight ability of the Cr(CO), group to delocalize the incipient negative charge 
by resonance whereasp-nitro affects the rate by both its inductive and reso- 
nance effects*. 

Steric instead of electronic factors could be invoked for the lower activ- 
ating power of chrommm tricarbonyl with respect to the p-nitro group. The 
presence of a bulky group such as Cr(CO)3 might decrease the rate by 
hindering the approach of the nucleophile, especially t-butoxide, or the solva- 
tion of the leaving group. Our data do not provide any evidence for the pre- 
dominance of such an effect. For bromides the decrease of kc,(cOj, /itH by 
changing from sodium ethoxide to potassium t-butoxide (Table 4) cannot be 
attributed to incursion of steric factors since an analogous decrease is observed 
for the kp_No2 /hH ratio for which no steric effect can be invoked. On the other 
hand, the effect of complexation, hCr(CO,s/hH, is greater in t-butanol than in 
ethanol for tosylates, a trend opposite to that one would expect for the inter- 
vention of steric factors. 

The change of the ratio kCr<CO) /kH with solvent can be rationazlied 
better on the basis of different &m&ion state geometry being used by bromi- 

TABLE 4 

RELATIVE RATES OF ELIMINATION AT 39.9O 

Substrate Y Solvent 

PhCHa CH2 Y 

CH3 

PhCH&HY 

Br EtOH 50 2180 
I3r t-BuOH 11 450 
OTs EtOH 198 a700 
OTs t-BuOH 276 2700 

Br EtOH 44 
Br t-BuOH 12 
OTs EtOH 49 
OTs t-BuOH 495 

* The equivalence between the inductive electron-attracting capacities of the two groups is more 
evident if one cekulates the values by use of the known Cl11 reaction constant p’s_ The mean 
value of u caRtdated for Cr(COI3. o&<COIa = + 0.80, is quite close to the drdInary Hammett o 
con&ant for the R-NOa. t0.778. 
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des and tosylates and, consequently, to the different sensitivity to substituents 
of the two substrates on passing from one medium to the other. It is striking 
in this respect that Hammett p’s which measure the amount of negative charge 
at the or-carbon at the transition state have 1ower.value.s in t-butanol than in 
ethanol for bromides; while the reverse is true for tosylates [xl]. 

(b). 0~ reaction products. As shown in Table i, complexed deuterated 
and undeuterated primary tosylates give higher yields of styrene than the un- 
complexed analogue, especially in ethanol. Elimination is clearly favoured with 
respect to substitution by the presence of the strongly electron-withdrawing 
GT(CO)~ _ However, the occurrence of a definite amount of substitution for 
complexed compounds (i.e. 25% for deuterated Zphenylethyl tosylate in etha- 
nol) makes these substrates different from the p-nitro substituted ones, for 
which the yield of styrene is always 100%. Thus, ap-nitro group has a higher 
capacity to promote the elimination than Cr(CO), . 

For secondary derivatives (Table 2), 1-aryl-l-propene and 3-aryl-l-propene 
are the only products with but one exception (10% of ether is present for 
R--O% in ethanol). 1-Aryl-l-propene fcis and tins) is largely predominant 
(98-99%) and the relative proportions of the isomers do not change appre- 
ciably with leaving group, solvent and, importantly, whether the phenyl ring 
is complexed or not. If steric factors were important in determining the product 
distribution [ 13 J , the increase in the bulkiness of the base (from ethoxide to 
t-butoxide), of the &substituent (from phenyl to phenyichromium tricarbonyl) 
and finally of the leaving group (from bromide to tosyIate) shouId favour a lesser 
predominance of Saytzeff orientation. On the contrary, uncomplexed bromide 
in ethanol and complexed tosylate in t-butanol gave a very similar product 
distribution. On the evidence at hand, it seems that sterie factors do not govern 
the product distribution at all. 

Alternatively, on the assumption that the Hoffmann/Saytzeff ratio is 
governed by electronic factors, it has been suggested [14] that an increase in 
the ratio is indicative of an increase in the ratio of C-H to C-X stretching. Our 
data on the constancy of the olefin proportions indicate that either the C-H/ 
C-X ratio (i.e. the transitidn state geometry) is not changing on complexation 
or that possibfe changes are not being reflected in the value of the Hoffmann/ 
Saytzeff ratio. 

(cl. Hydrogen-deuterium isotope effect. In the continuous spectrum 
ranging from carbanion-like (Elcb-like) to carbonium-like @‘I-like) extremes 
used in bimolecular eliminations [7],2-phenylethyl compounds utilize tmnsi- 
tion state structures having some carbanion character (from central to Elcb- 
like). The structure is shifted towards one or other side of the spectrum by 
changing, (a) the leaving group, (b) the strength of the base, (e) the acidity of 
the a-hydrogens [15]_ According to theoretical arguments based on the three- 
centre model, the magnitude of the deuterium isotope effect in proto% transfer 
reactions should be a maximum when the structure of the transition state is 
symmetrical (proton equally transferred between the carbon and the base) 
whereas lower values should correspond to asymmetrical transition states (car- 
bonium ion-like and carbanion-like structures) [16]. For eliminations there is 
evidence-that a chknge’in the leaving group basicity is accompked by a change 
of the value of k, /k, f the ratio dec reasing in the order Br > OTs >-+ S(CH3 I2 
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> + N(CHB j3 1’71. This corresponds to a shift of the transition state from the 
central structure (bromides) to a more carbanion-like one (ammonium salts). 
Less definite is the interpretation of the data when the basicity is changed. 
Cockerill found [l?] that, for Z-phenylethyl dimethylsulphon~um bromides, 
& /k, increased to a maximum and then decreased again when the basicity, 
and hence the rate, was greatly enhanced. His conclusions are that the transi- 
tion state structure changes to a more reactant-like transition state by a gradual 
reduction in the extent of proton transfer. Finally, there were no data available 
until very recently* concerning the variation of k, /k, with the acidity of the 
cr-hydrogens. In a recent review Fry [18] has suggested that deuterium isotope 
effect should decrease regularly, or perhaps increase to a maximum and then 
decrease, by changing the substituent in the phenyl ring from p-OCJS to 
p-NO2 . We have measured the kinetic isotope effect for both bromides and 
tosylates in ethanol and in t-butanol and the values are reported in Tables 1 
and 2. The free, the complexed and the p-nitro substituted arene were chosen 
in the expectation that k, /k, would change because of the probable variation 
of transition state geometry. No correction has been applied for a secondary iso- 
tope effect due to the presence of the second deuterium atom which, however, 
should be very small, and of a quantum mechanical tunnelling effect which 
should account for some values higher than those calculated 1161. The presence 
of a proton tunnelling effect cannot be completely excluded even though Black- 
well’s recent results on elimination of 2-phenylethyl bromides 1191 have shown 
that tunnelling is an important factor in the elimination of 2-phenylethyl brom- 
ides when electron-releasing substituents are present @-OCHJ ), but it is of 
minor importance when electron withdrawing groups @-NO* ) are in the ring. 

For 2-phenylethyl bromides, it appears that there is a common trend of 
k, jk, both in ethanol and in t-butanol, i.e. k, /kD increases with the electron 
withdrawing power of the substituent, although the extent of the effect is so 
small that in some cases it is within the limits of experimental error. Thus, there 
is no evidence for the existence of a maximum by changing the acidity of the 
cr-hydrogens, at least with bromide as leaving group. The data obtained by 
Blackwell at 30” on the series of substituted 2-phenylethyl bromides in the 
same solvent/base system (kH /k, = 8.12 for the parent compound, 9.14 for 
the p-nitro) confirm that the isotope effect increases very smoothly with the 
electron withdrawing effect of substituent. In the hypothesis that the small in- 
crease observed is real, this would indicate that the transition state geometry 
is shifted towards a more carbanion-like_character. However, the proton should 
be less than half transferred to the base at the transition state (rising arm of the 
curve k, /k, vs. C-H stretching). 

The data for tosylates are slightly different. While in ethanol there is a 
small increase, k, /kD shows a maximum corresponding to the chromium tri- 
carbonyl substrate in tert-butanol (Table 2). -4s tosylates utilize transition state 
structures more carbanion-like than bromides especially in t-butanol, by in- 
creasing the acidifying character of the substituent one shifts the geometry of 

* While this manuscript was in progress, a Paper appeared by F-L. Blackwell et al. Cl91 who mea- 
sured kH/kD for a sexies of substituted ohenylethyl bromides in t-butyl alcohol with potassium 
t-butoxide. His data and conclusicms =R ven similar to ours and will be referred to in the course 
of the discussion. 
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the lmmsition st+te towards structures where the proton is half or more than 
half transfer&d to the base ‘@nitro sbduld be on the descending arm of the 
c-e)_. --. 1 

: Whether the trend observed Ad the maximum appear real or not, it seems 
clear that the shape of the curve is-rather flat and k, /k, is a very ‘“poor” probe 
in order to investigate the detailed geometry of the transition state: alternative- 
ly it may be that the symmetry of the transitioa state does not changeover 
the range of substituents examined. 

In conclusion, the isotope effectdata, together with the nature and pro- 
portions of the products-and the solvent/base effect, indicate that chromium 
tricarbonyl substrates react in elimination reactions through a transition state 
structure which fits very well into the spectrum proposed for the uncomplexed 
substrates. The unique effect of the metal group is to increase appreciably the 
yield of olefin and the rate of elimination. 

Experimental 

Melting points are uncorrected. The microanalyses were by Dr. E. Celon, 
Istituto di Chimica Organica, Padova (Italy). 

f2-Phenylethanol)chromium tricarbonyl, (Z-phenylethylp-toluenesulfo- 
nate)chromium tricarbonyl and (2-phenyfethyl bromide) chromium tricarbonyl 
have been described previously [ES]_ 

2-Ph&yt-2,2-d2 -ethunol 
The a&oh01 was obtained by reduction of 2phenyl-2,2-r& -acetic acid with 

LiAl& in ether. The deuterated acid was obtained by refluxing a solution of 
the sodium salt in basic deuterium oxide, following the method described by 
J-G, ,Atkinson [2U]. The extent of deuteration determined by NMR was > 99 
atom ‘% D. The deuterated 2-phenylethyl tosyfate and bromide (parent, com- 
plexed and p-nitro substituted) have been obtained from the alcohol by usual 
procedures. Physical properties and spectroscopic characteristics were in agree- 
ment with their structure. 

(I-Phenyl-~~propy 2 p-toluenesu2phonate)chromium iricarbony2 
The complex was made from the complexed I-phenyl-Zpropanol and 

p-toluenesutphonyl chloride in pyridine at -10” _ The complexed alcohol was 
obtained by heating hexacarbonylchromium with the alcohol following the 
usual procedure. Crystallization from benzene/light petroleum gave a yellow 
product, m-p. 131”. (Found: C, 53.51; H, 4.31; S, 7.28. C,,H,, CrO, S calcd.: 
C, 53-51; H, 425; S, 7.51%) 

IR and KMR analyses. were consistent with the structure. 

(1 -Phenyl-2-propyl bromide)chroinium tricarbonyl 
~~-~he~y~-2-pro~yl-OTs~c~orni~ tricarbonyf (iW2 moles) and 4 X 10q2 

m&es of &i&were dissolved in acetone previously deaerated with N2 _ The 

solution wti kept-in the dark for 24 h. Recrystallization from ether/light 
pet&l&i& &we the.product. Yield 8075, m:p. SO-81”. (Found: C, 43.02; ET, 
3.30;. c;, 3x11 Brcro, cafcd.: C,.43.00; H, 3.31%) 
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Kinetic-measurement 
Anhydrous ethanol was prepared by the method of Lund [Zl] and t-butyl 

alcohol was purified as described by Cock&U 1221. Standard solutions of 
&oxide were obtained by dissolving the clean metal in the alcohol and standard- 
ization was performed just before. use using 0.1 M hydrochloric acid and 
phenolphthalein indicator. Fresh base solutions were prepared at least every 
four days. 

Two cuvettes were filled with the alkoxide solutions (2.5 cm3 ) and placed 
in the thermostatted cell compartment of ‘a Uni&m SP 800 or of a Gary model 
14 spectrophotometer. After thermal equilibrium has been achieved, 250 X 
of the substrate solution was introduced from a microsyringe into one of the 
cuvettes. The cell was rapidly shaken and the percentage t;ransmission moni- 
tored as a function of time. The base was in large excess so that pseudo-first- 
order kinetics were observed. The appearance of styrenes was foilowed at 
260 nm for the parent, at 302 nm for the p-nitro and at 413 nm for the com- 
plexed substrates. The infinity transmission was read after 8-10 half-lives of 
the reaction. Styrenechromium tricarbonyl was prepared by the method of 
Rausch 1231 and the mixture of (I-phenyl-l-propene and 3-phenyl-I-propene)- 
chromium tricarbonyl by reaction of I-phenyl-Z-propyl tosylate with Cr(CO)6 
in n-butyl ether (see below). The infinity UV spectra of reaction solutions were 
identical to the spectra of solutions prepared from authentic samples. 

Product analysis 
TlJxe products and their percentages were determined by GLC analysis and 

comparison with authentic samples. Samples of the olefins were obtained by 
dissolving the substrates (0.5 g) in alcohol with the appropriate base and allow- 
ing reaction to proceed for 10 and 20 half-lives. After normal work-up the 
olefins were isolated. With complexed substrates the yellow extract (pentane) 
was treated with 10 ml of freshly prepared ceric ammonium nitrate -hi ace- 
tone 151. After 10 min of stirring, the solution was washed with portions of 
cold water, dried over MgSO, , reduced to a small volume and then analyzed for 
olefins. 

Reaction bettueen I-phenyl-2-propyl tosylate and Cr(CO)6 
To 60 ml of n-butyl ether freshly distilled from sodium and 10 ml of hep- 

tane was added 0.020 mol of the tosylate and 0.023 mol of chromium hexa- 
carbonyl. The mixture was heated in the dark in the apparatus described by 
Strohmeier 1241 until no more hexacarbonyl sublimed. After cooling, the 
solvent was distilled off under reduced pressure, the residue diluted with ether 
and filtered through deactivated alumina. After removal of the solvent the 
residue was analyzed. Thin layer chromatography showed the presence of at 
least three products which were separated by column chromatography (silica 
gel, eluent benzene/light petroleum l/2 v/v): uncomplexed and complexed 
tosylates (very small amounts) and a yellow oil which analysis by NMR, IR and 
UV showed to be a mixture of (I-phenyl-I-propene)chromium triczubonyl and 
(3-phenyl-I-propene)chromium tricsbonyl. The mixture was subjected to oxi- 
dative decomplexation by ceric ammonium nitrate and analyzed by GLC on 
the 7’ SE 30 column. Of the three peaks, whose relative retention times and 
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areas werei4.4,6.i, 8.1;6%,18%,76%j respectively,the &stGeakhz&are- 
t&nticn time. under th& &me c6nditionk identical -with that of a&hentic I 
3-phenyl4-propen&; the second peak with that of czk-1-phenyl-1-prqpene and 
the third~p+~With that of tram-l-phenyl-1-propene. 

_.. . __ .~ 
Acknowledgement 

This work was supported in part by the National Research Council of 
Italy; through its “Centro Studi sugk Stati Molecolari Radicalici ed E&it&i”. 

References 

1 A. Ceccon am3 S. Scartori, J. O~DIKWII~~~L Chem.. 50 (1973) 161. 
2 J-D. Holmes. D.A.K. Jones and R. Pettit. J. OrganometaL Chem.. 4 (1965) 324. 
3 A. Ceccon, J. Organometal. Chem.. 29 (1971) C19. 
4 R.E. Davis. H.D. Simpson. N. Gdce and R. Pettit. J. Amer. Chem. Sot.. 93 (1971) 6688. 
5 R.S. Sly, R.L. Veaaey, J. Amer. Chem_ Sot.. 91 <1969).4221: R.S. Bly. R.C. Strickland. R.T. Swin- 

den and R.L. Veaaey. J. Amer. C-hem. Sot_. 92 (1970) 3722. 
6 B. Nicholis and MC. Whiting, J. Chem. Sot.. (1959) 551. 
7 J.F. Buxmett. Angela. Chem.. Int: Ed. En&. l(1962) 225: A.F. Cockeri& Elimination Reactions, in 

C.H. Bamford and C.H.F. Tipper (Eds.), Comprehensive Chemical Kinetics. Elsetier. Amsterdam. 
8 A. Ceccon and G.S. Bisemi. J. Organome+.al. Chem., 39 (1972) 313. 

-9 G. Klopmanand K, No& Inorg. Chem.. 7 (1968) 579: D.A. Brown, J. Chem. Sot.. (1963) 4389. 
10 S.P. Gubin and VS. Kbaudkarova. J. Orgauometal. Chem.. 22 (1970) 449: S-P. Gubin and B.A. 

Rmsov. J. Organometal. Chem., 23 <1970) 509. 
11 See Table 4 of ref. 12. 
12 C.H. De Puy. D.L. Storm. J.T. Frey and C.G. Naylor. J. Org. Chem.. 35 (1970) 2746. 
13 HZ.. Brown in “The Transition State”. Sp. Publ. No. 16. The Chemical Society. London, p. 143; 

D.V. Banthorpe. “Ehmiuation Reactions”. Ehevier. London. 1963. p. 55. 
14 D.H. Froemsdorf and M-E. McCain. J. Amer. Chem. Sot.. 87 (1965) 3983.3984. 
15 J.F. Bunnett. Surveys Progr_ Chem.. 5 (1969) 53. 
16. F.H. Westheimer. Chem. Rev.. 61 (1961) 265; R-A. More O’Ferrall and J. Kouba. J. Chem. Sot. B. 

(1967) 985: R-A. More 0’Ferral.l. J. Chem. Sot. B. (1970) 785; A.M. Katz and W.H. Saunders. Jr.. 
J. Amer. Chem. Sot., 91 (1969) 4467. 

17 A.F. Cockerill. J. Chem. Sot. B. (1967) 964. 
18 A. Fry, Chem. Sot. Rev., ll(l972) 163. 
19 F.L. Blackwell, P.D. Buckley. K-W_ Jogey and A.K.H. MacGibbon. J. Chem. Sot.. Perkiu Trans. Ii. 

(1973) 169. 
50 J.G. Atkinson, J.J. C&wary, G.T. Herbert and R.S. Stuart, J. Amer. Chem. Sot., 90 (1968) 498. 
21 H.-Lund. J. Amer. Chem. Sot.. 74 (1952) 3188. 
22 -4-F. Cockerill. S. Rottschaefer and W.H. Saunders. Jr., J. Amer. Chem. Sot., 89 (1967) 901. 
23 M.D. Rausch. G.A. Moser. E.J. Zaiko and A.L. Lipman. J. Organometal. Chem., 23 (1970) 185. 
24 W. Strohmeier. Chem. Ber.. 94 (1961) 2490. 
25 W.H. Saunders. Jr_ and D.H. Edison, J. Amer. Chem. Sac.. 82 (1960) 138. 


