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SUMMARY 

The tris (4-phenyl-n-butyl)- and tris (4-phenyl-set-butyl) chromium systems 
undergo stepwise fragmentation on warming. At low temperatures the products, in 
both cases, are the alkane and terminal olefm.At higher temperatures they are alkane, 
l- and 2-alkene, respectively, and a chromium based isomerization catalyst. Both 
(4-phenyl-n-butyl)- and (4-phenyl-set-butyl)chromium dichlorides undergo fragment- 
ation to alkane and terminal oletin. We conclude that the two fundamental processes 
of homolysis and j&metal hydride elimination are involved in the fragmentation of 
alkylchromium compounds. 

INTRODUCTION 

Sigma-bonded r-r-, set- and tert-alkyl-transition metal compounds are key 
intermediates in many catalytic processes. It is customary in discussing the mechanisms 
of these processes not only to assume the stability sequence n- > set- > tert- for the 
alkylmetal compound, but also to hypothesize that set-alkylmetal compounds 
undergo metal hydride elimination to give internal olefins2-‘. 

Thus in the metal hydride catalyzed isomerization of terminal olefms (and 
related reactions), the two initial steps are, the reversible formation of the n-alkyl- 
metal compound [eqn. (l)], and the formation of the set-alkylmetal compound 
Ceqn. (WI. 

RCH,CH=CH,-tHM e RCH2CH2CH,M (1) 

RCH,CH=CH,+HM A RCH,CHMCH, 5 RCH=CHCHx +HM (2) 

It is presumed ‘-‘, that though the latter process is reversible*, the preferred 
fragmentation of set-alkylmetal compounds is via metal hydride elimination to give 
the internal okfin [eqn. (ZB)]. There is however very little chemical evidence concern; 
ing the actual products of fragmentation of o-bonded alkylmetal compounds. Recent 
studies with specifically deuterated compounds’ indicated that the fragmentation of 

* For Part III see ret 1. 
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tri-n-alkylchromium compounds involved the three fimdamental processes of hqmo- 
iysis, p- and a-metal hydride elimination. It is therefore more realistic to consider the 
“stabilities” of alkylmetal compounds in terms of the factors influencing these 
processes. These fragmentation studies’ also indicated that there was scrambling of 
deuterium over C3, Cz and C1 in a I,l-dideuterio-I-alkene, this, without double bond 
migration. Such an observation is not nove1’. but it does imply that set-alkylmetal 
(chromium) compounds do undergo fragmentation to I-alkene. 

In order, therefore, to obtain definitive information concerning the actual 
products formed, the fragmentation of the (4-phenyl-set-butyl)chromium systems 
[(I), n=3 and 1 J were studied in detail. The corresponding (4-phenyl-n-butyljchromi- 
urn systems (II) and (III) were used as comparison standards*. 

PhCH2CH2CI-_I-J, CrC13 -II - (‘)-= (PhCH2CH2CH2CH,),Cr - (S), 

(1) 
PhCH,CH,CD2CHZCrClz - (S), 

(III) 

(II) 

RESULTS AND DISCUSSION 

Control experiments 
The purity of the starting alkylmagnesium bromides was established by 

hydrolyzing or deuterolyzing aliquots of the solutions used. Thus hydrolysis of the 
(4-phenylbutyl)- and (2,2-dideuterio-4-phenylbutyl)magnesium bromide gave re- 
spectiveIy 4-phenylbutane (97.4%) and 2,2-dideuterio-4-phenyibutane (99X5’%)_ 
Deuterolysis of the (4-phenyl-set-butyl)magnesium bromide, prepared according 
eqn. (3), gave Z-deuterio-4-phenylbutane (92_0°/0). 

CH3 CJ53 
1. CHsMgCi hlg/THF . 

PhCH,CH2CH0 w PhCH,CH2&HBr - PhCH,CH,&HMg& 
2. PBr3 

(3) 

Deuteroiysis of the derived tris(4-phenyl-n-butyl)- and tris(Cphenyl-sec- 
butyI)chromium systems, at zero time and after 20 h at 20” (see ExperimentaI) con- 
firmed that fragmentation is complete at this temperature. Whereas at zero time at 
+20° there are still some alkyl groups bonded to chromium, after standing at this 
temperature there are none (no deuteroalkane on deu;erolysis). 

The above experiments not only establish the purity of the starting materials 
but they also show that there is no H/D exchange at the hydrolysis (deuterolysis) and 
isolation steps. 

Fragmentation of tris(4-pl?eilyl-n-but~lf)cltrunzitcln system 
A suspension of the triorganochromium compound, in tetrahydrofuran was 

allowed to warm from -40’ to 19’.AIiquots were withdrawn periodicaIly, hydrolyzed, 

* Throughout the text (S) represents tetrahydrofuran of salvation. 
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and the products analyzed. The results are summarized graphically in Fig. 1 (p. 457); 
the upper curves represent the percentages of the various hydrocarbons present in the 
total mixture at given time, the lower one, the temperature profile. 

The steady concentrations of alkane and l-alkene at -40” reflect the stability 
of the organochromium compound at this temperature. 

The drop in total alkane content, paralleled by the rise in l-alkene concentra- 
tion, in the temperature range -40 to 0” proves that the fragmentation of the organo- 
chromium compound gives alkane and only 1-alkene [eqn. (4) R = PhCH2CH,-1. 

-40 to 0’ 

CRCJ+WHWr - CC -----+ RCH,CH3 +RCH=CH, (4) 

At higher temperatures, 0” to ZOO, the levelling off of the alkane concentration 
indicates that the fragmentation of the organochromium compound is complete 
[eqn. (5), R= PhCH.CH,-1. 

0 to 20” 

(RCJ%CH2)3Cr - 6% - RCH2CH,+RCH=CH2+“HCr” (5) 

The fall in 1-alkene concentration, and rise in the concentration of the internal 
olelins is due to the isomerization of the former by the hydridochromium species 
generated [eqn. (6), R = PhCH,CH,] . 

{ 

RCH,CH, Isom RCH,CH 3 

(RCH,CH,)$Jr - (S), - RCH=CH2 - Internal olelins (6) 
“HCr” “HCr” 

These results are in keeping with a mechanism of fragmentation involving 
homolysis of a C-Cr bond and concerted metal hydride elimination. They do not 
indicate, however, whether the processes are concurrent or if the fragmentation is 
indeed stepwise. 

Fragmentation of tris(4-p1zenyLset-bzctyl)chronzizmz system 
In an analogous experiment the fragmentation of the title compound was 

studied over the temperature range -40” to 20”. The results are summarized in Fig. 
3 (p- 458); the upper curve represents the relative percentage of hydrocarbons, cor- 
rected for Grignard content, the lower one, the temperature profile. 

In the temperature range -40 to O”, there is a steady build-up of I-alkene, 
indicating an hitiai fragmentation to terminal olefm [eqn. (7) R = PhCH2-]_ 

-40 to 00 

(RCH,yH-),Cr * (S), - 

CH3 

RCH,CH=CH,+RCH,CH,CH,+organochromium compound (7) 

From 0” to +20”, there is further fragmentation, this time to 2-alkene, [eqn. 
(S), R = PhCH2-] an d a chromium based catalyst which isomerizes the terminal and 
internal olefins to 3-alkenes [eqn. (9), R = PhCH,-] _ 

(RCH$HLCr - (S), -+ RCH&H,CH, +RCH=CHCH,+ “HCr” (8) 

CHX 
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RCH$XIZCH3 RCH,CH2CH3 
OQro t20” RCH2CH=CH2 

WH,yH-)&r(S), ---- 
Isom. RCH=CHCH, 

RCH=CHCH, f - 3-Alkene (9) 

(?H, “HCr” -_I “HCr” 

The presence of an isomerization catalyst in the reaction mixture makes it 
impossible to distinguish between fragmentation to 1-alkene and 2-alkene at tem- 
peratures above 0”. Furthermore there are certain inaccuracies inherent to sampling 
the reaction mixture at low temperatures. For these reasons, and becailse of the noveI- 
ty of fragmentation of a see-aIky1 compound to a terminal olefin, more detailed 
deuterolytic studies were undertaken. 

Deuterolysis of the tris(4-phe~~yl-sec-b~~ty~cl~romilnn system 
In parallel experiments, suspensions or blue solutions of the organochromium 

compound were deuterolyzed, both immediately and after the system had stood for 
some time at -70, -40, --2O,O and f20” respectively. The hydrocarbons formed 
were analyzed and the isotopic composition of the alkane determined by mass-spectro- 
merry. The results, summarized in Table 1 indicate: 
1. 

3 __ 

3. 

4. 

In the temperature range - 70 to - 20”, and at zero time at 0” and + 20° fragment- 
ation occurs to give alkane and Palkene plus some 2-alkene. 
In the temperature rang -70 to -20°, and at zero time at 0” and +20” there are 
still alkyl-groups sigma-bonded to the chromium (deuteroalkane). 
At 0” and +20”, the l-alkene is isomerized, indicating the presence of an isomer- 
ization catalyst. 
In the temperature range -20” to +20”, there is concomitant fragmentation to 
2-alkene (and hydridochromium species). 

In the absence of isolable intermediates any mechanism must remain specula- 

TABLE 1 

EWDROLYSIS AND DEUTEROLYSIS PRODUCTS FROM SEC-ALKYL-CHROUIUM SYSTEM [(r). ?I=;] 

System 

(temp/!ime) 
Alkane I-Alkene 2-Alkene” 3AIkenes” 

Yield* Dd DIE D,= yield’ gieIdb yieldb 

Grignard( l)d 91.2 9.2 90.5 0.3 4.2 3.7 0.8 
Grignard (2)d 92.0 11.0 89.0 0.0 4.3 3.7 0.0 
Cr ( - 70/5 h) 89.1 22. t 77.9 0.0 7.0 3.8 0.0 
Cr (-40/O h) 90.3 c r e 6.9 2.8 0.0 
Cr (-4016 h) 86.7 24.9 73.1 0.0 7.6 5.7 0.0 
Cr f-20/0 h) 87.2 e l! p 6.2 6.6 0.0 
Cr (-20/S h) 87.3 29.5 70.5 0.0 5.2 7.4 0.0 
Cr (O/O h) 83.7 26.0 74.0 0.0 IO.1 6.2 0.0 
Cr (O/S h) 80.3 42.1 57.9 0.0 1.8 17.6 0.0 
cl- (ZO/O hy 84.7 59.7 40.0 0.3 9.2 5.9 0.0 
Cr @O/20 hy 60.8 98.8 0.6 0.6 1.5 29.4 7.8 

p Major product was the rruns-alkene. * Relative percentage in total hydrocarbon mixture. ’ Isotopic 
composition expressed in relative percentages, corrected for natural isotopic abundances. d Analysis of 
alkyl-Grignard, (1) at the start, (2) at the end of the series of experiments. e Not measured. ‘Gas evoIution. 
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tive. The above facts, however, are in keeping with the fragmentation mechanisms, 
previously established for n-alkylchromium compounds’, of homolysis and metal 
hydride elimination. Thus the initinIfmgmer~tatio?z involves homolysis of the metai- 
carbon bond, and the organic radical thus produced can abstract hydrogen, from a 
second alkyl group, or solvent to give alkane and l-alkene. This can take place either 
in monomeric species, via a five center transition state [eqn. (IO), R = PhCH,CH,-1, 

RCH==CH, 

RCH2CHJ 
110) 

R = PhCH#l_- , R’=z PhCHp- 

or in a dimeric species’ (leading in this case to a dialkyl Cr” species). It is therefore 
the relative ease of homoiysis of a set-C-Cr bond (as compared with an n-C-Cr one) 
which plays a determining role in this initial fragmentation, and not the relative C-H 
bond strengths (or polarity) in a -CHJ and -CM?- group. 

R = PhCHZCH2-, R’= PhCW2- , 
I 

R’L PhCHZCH,CHCH, , n=o+lorz 

The second (or concomitant) fragmentation involves p-metal hydride elimina- 
tion via a four center transition state leading to truns- and cis-2-alkene, eqn. (i 1). In 
this instance differences in polarizability of the C-H bonds in the -CH2-- and -CH3 
groups will play an important role in determining the products formed*. 

Fragmerttatim of (2,2-dideuterio4phenpl-n-brrfyl)- and (4-pJtenyl-sec-buryJ)cJ~ro~?~j~~~)l 
dichlorides [(III) and (I), (n = l)] 

Compelling evidence for the homolytic fragmentation of alkylchromium com- 
pounds has resulted from a study of the title systems. Thus when these compounds are 
warmed, in tetrahydrofuran solution to +-30°, they undergo the homolytic process 

* The alternative theory that the I-alkene is formed by p-metal hydride elimination (towards the -CHJ 
group) is untenable, since the present results would imply that this is the preferred product of metal hydride 
elimination and therefore no isomerization would ever occur. 

J. Organometal. Chem., 16 (1969) 449-460 
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characteristic of monoorganochromium dihalides . lo In the case of the specifically 
deuterated compound (III) the final hydrolysis products are given in eqn. (12), (R= 
PhCH,CH,-). Mass- and ‘H NMR-spectroscopies indicate that all the deuterium 
lost in olefin formation is found as trideuteroalkane. 

100 RCD,CH,CrCl, . (S), A 

50.8 RCD2CH3 t22.5 RCD,CH2D t22.0 RCD=CH2 (12) 

(No non-condensable gases) 

This proves that in this homolytic process all of the alkene and part of the alkane are 
formed by the direct transfer of hydrogen. 

The final hydrolysis products from the fragmentation of (4-phenyl-sec-butyl)- 
chromium dichloride are given in eqn. (13) (R = PhCH,CH,-). 

RyHCrCl,(S), 5 

CH, 

RCH,CHj(62.6%)+RCH=CH,(27.1%)+Other alkenes (10.1%) (13) 

(No non-condensable gases) 

The predominant formation of 1-alkene in this instance proves that the homo- 
lytic fragmentation Of set-alkylchromium compounds does indeed lead to terminal 
olefin. 

All the foregoing resuIts show that the two processes of homoiysis and metal 
hydride elimination are intimately involved in the fragmentation both of n- and of 
set-alkylchromium (and other transition metal?) compounds. Therefore the mecha- 
nisms of catalytic processes (isomerization, oligomerization etc.) invoIving, in 
particular, the see-alkylmetal species should be reconsidered in terms of the factors 
influencing these two processes. 

EXPERIMENTAL (with Mrs. A_ Brink and Miss U. Feisst) 

The general techniques used in the preparation and handling oforganometallic 
compounds, and for product analysis have already been described”. 

I. 4-Phe?rrl-2-hJ,lltane; 4-phenyl-see-bnmnol 
Freshly distilled dihydrocinnamaldehyde (65 ml, 0.5 mole) was added dropwise 

to a cooled, stirred, solution of methylmagnesium chloride [from CH,CI (25 ml, 
0.5 mole) and magnesium (13.1 g, 0.54 mole)] in tetrahydrofuran (200 ml). When the 
addition was complete, the reaction mixture was allotved to warm to room tempera- 
ture, poured on to ice, and acidified with ice cold HCI (10%). The organic material, 
isolated with the aid of ether, was thoroughly washed with Na,CO, (5%), dried 
(MgS04) and distilled. in this way 4-phenyl-2-hydroxybutane (56.4 g), b-p. ?5”/0.3 
mm, &” 1.5178 was obtained. 6f,1, 7.06 (5 protons, CsHS-), 3.68 (sextet, J=6 cps, 
1 proton, -CH-), 3.58 (singlet, 1 proton, -OH), 2.63 (multiplet, 2 protons, PhCHp-), 
1.67 (muItipIet, 2.0 protons, -CH,-), 1.13 (doublet, J=6 cps, 3 protons, -CH& 

J_ Organometal. Chem. 16 (1969) 449460 
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2. 4-Plzenyl-2-brombtctane; 4-phenyl-see-butylbroznide 
Phosphorous tribromide (15 ml, 0.16 mole) was added dropwise to the stirred 

and cooled (- 5O) alcohol prepared above (56.4 g). When the addition was complete 
the whole was allowed to warm to room temperature and the homogeneous reaction 
mixture warmed gently in the hot-water-bath until two separate layers were formed. 
The cooled mixture was poured on to ice and the organic halide isolated with aid of 
hexane. The hexane extract was washed thoroughly with NaOH (5x), water and 
dried (MgS04) and subsequently distilled. In this way 4-phenyl-2-bromobutane (71.1 
g), b.p. 6@~Yi5~/0.2 mm, 11~ 2o 1 5340 _ was obtained. (Found: C, 56.4; H, 6.2; Br, 37.4. 
CloHIJBr calcd.: C, 56.4; H, 6.1; Br, 37.5%.) aThlS 7.09 (5 protons, CsH5-), 3.92 
(sextet, J=6 cps, 0.9 protons, -CHBr), 2.73 (multiplet, 2.00 protons, PhCH,-), 1.97 
(multiplet, 1.99 protons, -CH,-), 1.63 (doublet, J=6 cps, 2.97 protons, -CH,). 

3. Control experiments 
(a). Hydrolysis of (4-phezzyl-n-brctyl)- azzd (2,2-dideuterio-4-pIrezzylbutyl)zzzognesi- 

wzz bromides. Aliquots (5 ml) of the solutions of the non-deuterated (A) and specifically 
deuterated (B) alkyl-Grignards used in the subsequent experiments were hydrolyzed 
at 0”. The hydrocarbons, isolated with the aid of ether, were shown by gas-chrom- 
atographic mass-* and ‘H NMR-spectroscopic analyses to consist of: (A) : 4-phenyi- 
butane (97.4%) and 4-phenyl-1-butene (2.5%); (B): 2,2-dideuterio-4-phenylbutane 
(99.6%); Do 0.0, D, 3.5, Dz 96.3, D3 0.2%; vmax 2112, 2174, 2220 cm- * ; C& 7.08 
(5 protons, C6H5-), 2.53 (2 protons, PhCH,-), 1.54 (2 protons. -CH,CD,-), 0.89 (3 
protons, -CH& and a deuterio-4-phenyl-1-butene (0.38%). 

(b). Deuterolysis of (4-phenyl-set-butyl)znagnesimz bromide. Two aliquots of 

TABLE 2 

*H NMR AND IR SPECTRA OF DEUTERIO-~PHENYLBUTANLS FROhl THE (PhCH,CH2CH)lCr.(S), SYSTEbl 
&H, 

- 
System Number of protons per average molecule” \;hu 

(temp/time) Ar C, C3 and Cr Ct (2L20-2140 cm- ‘) 

Reference 5.00 2.00 ?.OO 3.00 No adsorbtion 
Grignard (1) 3.00 1.97 3.01 2.91 2151,2141.2174 (sh) 
Grignard (2) 5.00 2.09 3.1 3.1 X51,2141,2174 (sh) 
Cr ( -700/5 h) 5.00 1.98 3.21 2.95 2151,2141,2174 (sh) 
Cr ( -400/6 h) 5.00 1.99 3.2 1 2.98 2150.2140.2172 (sh) 
Cr ( - 200/6 h) 5.00 1.97 3.31 3.09 2149,2139,2171 (sh) 
Cr (O”/O h) 5.00 1.99 3.33 2.92 2150,2140, ‘171 (sh) 
Cr (0”/5 h) 5.00 2.00 3.47 2.97 2148,2138,2170 (sh) 

n The relevant 6,,, values ior the respective protons are 7.06 (C,Hs =Ar), 2.52 (PhCH, =C,). 1.49 [CH,- 
CH(g) =CL) and C,]. 0.89 (CH3 =C,). 

* The isotopic compositions. corrected for natural isotopic abundances were determined mass-spectro- 
metrically by Dr. W. E. Koemer and his associates, Research Center, Monsanto Company, St. Louis, USA. 
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the alkyl-Grignard reagent used in the deuterolytic studies below, the one taken at 
the start ofthe experiments (1) the other at the end (2), were deuterolyzed. The hydro- 
carbons isolated with the aid of ether are listed in Table 1. The alkanes, isolated by 
preparative scale gas chromatography were shown, by mass-spectrometry (Table l), 
‘H NMR and IR spectroscopy (Table 2) to consist, in both cases, of 2-deuterio-4- 
phenylbutane, together with small quantities of undeuterated species. 

(c)_ Deuterolysis of tris(4-phenyl-n-butyl)clzromium systenz at 20° (0 azzd 20 II). 
In two parallel experiments a suspension of tris(4-phenylbutyl)chromium [from the 
alkyl-Grignard (30 ml, 23.4 mmoles) and CrCI, - (THF)3 (2.92 g, 7.8 mmoles) in tetra- 
hydrofuran (100 ml) at - 70” to -4O”] was allowed to warm from -40” to 20”. 
In one case the resulting dark solution was deuterolyzed after one hour at 20°, in the 
other after 20 h. In both cases the hydrocarbons thus formed were isolated with the 
aid of ether and analyzed by GLC. 

Exp. 1 (1 h) : alkane (69.1 ‘A), 1-alkene (1.6%), trans-2-alkene (23.1%)) c&2- 
alkene (4.3%), trans- and cis-3-alkene (1.9%). 

Exp. 2 (20 h): alkane (66.7x), 1alkene (O-6%), trans-2-alkene (14.0x), cis-2- 
alkene (3.1x), trans- and cis-3-alkene (15.6”/,). 

The alkane from Exp. 1 had 6Tn,s 7.08 (5 protons, C6HS-), 2.53 (2.04 protons, 
PhCH2-), 1.54 (3.94 protons, CH,CH,-), 0.89 (2.52 protons, CH,(g)); vmax 2178 cm- ’ 
(alkyl C-D), mass-spectrum* (Do 65.6%, D1 33.9, D2 0.3, DS 0.2”/0) indicating that 
it was a mixture of 4-phenylbutane and l-deuterio-4-phenylbutane. 

The trans- and cis-Zalkenes and trans-3-alkene from experiment 1 were 
shown, from their ‘H NMR and IR spectra to contain no extra deuterium. 

The alkane from experiment 2 was shown from its mass-spectrum* (D, 99.6, 
D1 0.3, D, 0.1%) and its ‘H NMR and lR spectra to consist entirely of rl-phenyl- 
butane. 

Similarly the ‘H NMR and IR spectra of the trans-2-alkene and trans- and 
cis-3-alkenes indicated that these compounds were not enriched in deuterium. 

(d). Deuterolysis of tris(4-phenyl-set-butyl)chromium system at 20’ (0 arzd 20 II). 

In an analogous experiment the clear purple solution of the title compound [from 
alkyl-Grignard (50 ml, 16 mmole) and CrCl, - (THF), (1.98 g, 5.3 mmole) in THF (50 
ml) at -7O”] was allowed to warm from -40° to +20°. In one case the resulting 
black solution was deuterolyzed upon reaching 20” in the other after 20 h at 20”. 
The hydrocarbons, isolated with the aid of ether, are listed in Table 1. 

The alkane from the experiment 0 h at 20° had the isotopic composition given 
in Table 1 and had v,,,,, 2178 (alkyl C-D) and 6 Ths 7.08 (5 protons, C6HS-), 2.53 (1.96 
protons, PhCH2-), 1.54 (3.66 protons, -CH,CH(E)-), 0.92 (3.00 protons, -CH,), 
indicating that it was a mixture of 4-phenylbutane and 2-deuterio+phenylbutane. 

The alkane from the experiment 20 h at 20” was shown from its mass-spectrum* 
(Table 1) and its IR and ‘H NMR spectra to consist entirely of 4-phenylbutane. 

4. Fragmentation of the tris(4-phenyl-n-butyl)clzronziztm, - 70” to + 20” with dodecane 
as internal standard 

A solution of (4-phenylbutyl)magnesium bromide (50 ml, 35 mmoles) contain- 

* See footnote page 455. 

J. Organomeral. Chem., 16 (1969) 449-460 
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ing dodecane was added slowly* (1 h) to a briskly stirred suspension of CrCl, - (THF), 
(4.34 g, 11.6 mmoles) in tetrahydrotiran at -7OO. The rection mixture was allowed 
to warm to -40” (1 h) the starting point of the reaction. The reaction mixture was 
kept at -40” for f hour, and then allowed to warm gradually (1.5 h) to 0” (ice water 
bath) and finally to 20” (7.75 h). Throughout this period aliquots (2 ml) were with- 
drawn periodically; the samples were hydrolyzed and the hydrocarbons (isolated with 
the aid of ether) identified and estimated by GLC -Hr. The results obtained concerning 
the appearance of the respective hydrocarbons are given in Fig. 1. 

100 

Time in hours 
Fig. 1. Fragmentation of (PhCH2CH2CH2CH2)&r.(f~~), in THF. Dodecane as internal smndard. 
0, 4-phenylbutane; +, 4-phenyl-l-butene; A, trans-1-phenyl-2-butene; S. cis-1-phenyl-2-butene; 
0. trans-l-phenyl-1-butene (“3-alkene”). 

The reaction mixture was allowed to stand overnight and then hydrolyzed. 
The hydrocarbons thus formed (Fig. 1,22 h) were isolated by preparative scale gas 
chromatography and identified as 4-phenylbutane, 4-phenyl-l-butene, tmns- and 
cis-1-phenyl-2-butene and trans-1-phenyl-1-butene by ‘H NMR and IR spectro- 
scopies. 

* It has been observed that despite intensive external cooling (COJAcetone slurry) a too rapid addition 
of alkyl-Gri_enard causes a marked increase (-70” to --50°) in the temperature of the contents within 
the flask. 

* The procedure adopted for the estimation of the hydrocarbons present was to normalize all the relevant 
peak areas on dodecane= 1000 in order to check the material balance. The relative percentages of phenyl- 
butane and -butenes were subsequently calculated from these values. 

J. Orgonometal. Chem., 16 (1969) 449-460 
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5. Fragmentation of the tris(4-phenyl-set-butyl)chromium system 
In an analogous experiment a suspension of the title compound [from alkyl- 

Grignard (50 ml, 20.5 mmole containing dodecane) and CrCl, - (THF)3 (2.56 g, 6.83 
mmole)] in tetrahydrofuran (50 ml) was allowed to warm from -70° to -40” (1 h). 
The resulting clear blue solution was warmed slowly (3.5 h) to +20” and kept at this 
temperature for (3 h). Throughout this time aliquots (2 ml) were withdrawn, hydro- 
lyzed, and the hydrocarbons present identified and estimated by GLCf. The results 
obtained are given in Fig. 2. 

The fmal black reaction mixture was allowed to stand overnight and then 
hydrolyzed_ The hydrocarbons thus formed (Fig. 2,22 h) were isolated by preparative 
scale gas chromatography and identified (by ‘H NMR and IR spectroscopies) as 
4-phenylbutane, frans- and cis-l-phenyi-Z-butenes and trans-l-phenyl-l-butene. 

6. Deuterolysis of tris(4-phenyl-xc-butyl)chromium system ar various temperatures 
In a series of parallel experiments, suspensions and solutions of the title com- 

pound [from alkyl-Grignard (50 ml, 16 mmole) and CrC& - (THF), (1.98 g, 5.3 mmoIc) 
in THF (50 ml) prepared at - 70”] were deuterolyzed after various times at different 
temperatures. Thus : 

After 5 h at -7O”, MeOD (5 ml) was added ; at zero time at -4W and after 
6 h at -4O”, at zero tinxe at -20° and after 6 h at -20° MeOD (5 ml) was added in 

------I 

0 1 2 3 4 5 6 22 
Ttme in hours 

Fig. 2. Fragmentation of [PhCH,CH,CH(CH,)],Cr*(THFA in THF. Do&cane as internal stanliar& 
0, 4-phenylbutane; t, Cphenyl-l-butene; A, truns-I-phenyl-Z-butene; I, cis-I-phenyl-2-hutcne; 
e,, tram-1-phenyl-I-butene (“3-alkene”). 

l See footnote page 457. 
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each case; at zero time at 0” and after 5 h at O0 DzO (5 ml) was added. In each case 
the resulting solutions were allowed to stand overnight at the respective temperatures 
in order to ensure complete deuterolysis. The individual reaction mixtures were then 
allowed to warm to +20”, poured into water and the organic material isolated with 
the aid of ether. The individual hydrocarbons thus isolated together with the isotopic 
compositions of those alkanes isolated by preparative scale GLC, are given in Table 1. 
This data together with the ‘H NMR spectra and IR spectra (Table 2) indicated that 
the alkane in all the experiments consisted of mixtures 4-phenylbutane and 2_deuterio- 
4-phenylbutane. The l-alkene and trans-Z-alkene from the experiments at O’, 0 h and 
5 h respectively were shown by ‘H NMR and IR spectroscopies to contain no addi- 
tional deuterium. 

7. Fragmentation of (2,2-dideuterio~phenyIbutyl)chromium dichloride 
A clear green solution of the title compound [from the specifically deuterated 

alkyl-Grignard* (50 ml, 18 mmole) and CrCl, - (THF), (6.72 g, 18 mmole) in tetra- 
hydrofuran at -70°] was allowed to warm to 20” then heated to 30’. During this 
time a copious off-white precipitate was formed and the coIour of the soIution gradu- 
ally faded. The total mixture was finally hydroiyzed and the hydrocarbons isolated 
with theaid ofetherconsisted ofdeuterio4phenylbutane(75P/),deuterio-4-phenyl-l- 
butene (22.5%), deuteriotetralin (2.3%). 

The alkane: mass-spectrum* Do 0.0, D 1 2.3, D2 67.7, D3 30.0; a,, 7.08 (5 
protons, C,H,-), 2.53 (2.01 protons, PhCH2-). 1.54 (2.01 protons, -CH,CD,-) 0.89 
(2.63 protons, -CH,(g)); v,, 2105,2123 (sh), 2174,2198 (sh) cm-‘, consisted of 2,2- 
dideuterio- and 1,2,2-trideuterio-4-phenylbutane. 

The alkene : mass spectrum* D, 1.5. D, 98.0. D, 0.5, D3 0.0 ; aTMS 7.09 (5 
protons,&&-).4-93 (1.99 protons,=CH& 5.8 (O.Oproto~s,-CD=)2.55 (3.96 protons, 
allylic and benzylic CH,); v 3777 m- 1 max --- _ consisted of Z-deuterio-4-phenyl-1-butene. 

8. Fragmentation of (Pphe,tyl-sec-bzrt~~~)cltroi?2ila)~ dichloride 
In an analogous experiment with the clear green solution of the.title compound 

[from alkyl-Grignard (50 mI. I5 mmoles) rind CrC13 - (THF), (5.62 e. 15 mmoles) in 
tetrahydrohran (100 ml) at - 70’3 from - 70 to + 30°, the finat hydrocarbons after 
hydrolysis consisted of 4-phenylbutane (62.6>;). 4-phenyl-1-butene (27.1%). trans-l- 
phenyl-2-butene (6.2%), cis-l-phenyl-2-butene (3.59;). l-phenyl-l-butene (0.5%). 
The alkane, 1-alkene and tmns-2-aikene were isolated by preparative scale gas 
chromatography and identified by a direct comparison of their ‘H NMR and IR 
spectra with those of authentic specimens. 
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* For the preparation of the specifically deurerated alkyl-Grignard see reference 12. 

* See footnote page 455. 
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