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summary 

The dynamic stereochemistry of phenylchlorobls(benzoylacetonato)tm has 
been mvestlgated m solution with the ad of variable temperature ‘H NMR 
spectroscopy The results, analyzed m terms of permutational analysis and 
topoloacal representations, reveal that m this complex at least two different 
rearrangement modes are necessary m order to @ve exchange of all the isomers 
and dlastereotoplc signals The free energzes associated with each mode have 
been determined and have shown to be very slmllar to each other The residual 
lsomensm 1s dlscussed m the light of the results 

Introduction 

In a previous work on the static and dynamic stereochemistry of czs-octa- 
hedral bls-fl-dlketonato complexes [l] we investigated the dynamic aspects of 
the stereolsomenzatlons of these systems mth the aid of permutational analysis 
and topological representations The maJor conclusion m this work was that 
when only turlst mechamsms not mvolvmg bond rupture are considered, sx 
rearrangement modes suffice to describe all the permutational consequences of 
the stereolsomerlzatlon processes m such systems, these modes were termed 
M,,, Ml, Ma, MB, M, and Ms. Expernnental evidence have m&cated that among 
these modes only those which result m a net reversal of the hehclty of the 
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structure need to be consldered as feasible rearrangement pathways [l-3], 
and, withm them, the mode M4 was found to be the stereolsomerlzatlon path- 
way of lowest energy (threshold mechamsm) m all systems of this type so far 
examined [l-3] 

However, our analysis [l] Indicated that m more complex derlvatlves a com- 
bmatlon of different modes 1s necessary m order to mterconvert all the stereo- 
Isomers In particular, for systems of general structure I d the monodentate 
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hgands are equal (X = Y) and the two P-diketonate rings are different and both 
lack a local C2 axis comcident with the bond to the central metal atom, eight 
isomers (4 dl pairs) are possible The same situation arises m complexes m 
which the two monodentate hgands are different (X P Y) and the two P-dlketo- 
nato rings are equal (A = C, B = D) but still lack a local CZ axis In these cases, 
our analysis reveals that even when mterconverslons among these eight forms 
by mode M4 are rapid, two isomers (1 dl pair) still exist, and therefore such sys- 
tems are suitable for detecting ad&tlonal stereolsomerlzatlon pathways other 
than M, (vlde mfra)_ 

In this paper we report kmetic NMR data on the stereoisomerization pro- 
cesses m the phenylchlorobis(benzoylacetonato)tm (II), which represents the 
first example of a his-chelate system which needs at least two different stereo- 
xsomerlzatlon modes U-I order to permit coalescence of all its diastereotopic sig- 

nals 

Experimental 

For the preparation of compound II 0 72 g (31 mmol) of Na was dissolved m 
15 ml of methanol and 5 g (31 mmol) of benzoylacetone was added with 
stunng durmg 30 minutes, and the solvent was then removed under reduced 
pressure 4 33 g (26 mmol) of the salt obtamed were added to a solution of 
C6H&nC13 (3 g, 10 mmol) m 75 ml of dlchloroethane and the murture was 
refluxed for 4 h 

The unreacted salt was filtered off and the desired product, which remamed 
m solution, was then precipitated with petroleum ether 

Recrystalhzatron from benzene/petroleum ether gave white pure crystals, 
m p 155-157°C. Found C, 56 24, H, 4 23, Cl, 6 41, C2J!123C104Sn calcd C, 
56 46, H, 4 19, CI, 6 33% ‘H NMR spectra were recorded m a Perkm-Elmer 
R32 90 MHz spectrometer Temperatures are considered to be accurate to ?l”C 



Saturation of the NMR signals was avoided NMR samples wele ca 15% v/v 
solutions m CD& contammg tetramethylsllane as Internal reference 

Results and discussions 

As antrcipated m the Introduction part, compound II can exist as eight 
stereoisomers (4 dl pans), which are depicted m Fig 1 It can be easily seen 
that all four dlastereomers are asymmetnc, and therefore each methyl group 
withm each isomer is magnetically non equivalent It follows that, when the 
mterconverslon among these four dlastereomers 1s kmetically restricted, a mLy- 
ture of these isomers should show four sets of signals m the methyl regron of 
the NMR spectrum (in an achlral medium), each set conslstmg of two singlets 
of equal mtenslty, givmg a total of eight methyl signals 

The effect of the various rearrangement modes on the stereoisomers of II can 
be readrly envisaged through the topological analysts given m Fig 2 Since pre- 
vious results m these octahedral brs-chelate complexes [l-3] have indicated 
that the rearrangement processes are always accompanied by reversal of the 
hehclty of the structure, our analysis 1s restrrcted to those modes whrch grve 
rise to a hellcity mversion, 1 e modes M3, M4 and MS [l] 

Inspectron of Fig 2 reveals that mode M, IS able to mterconvert four dla- 
stereomers at a tune and even when all these interconversions are rapid on the -- 
trme scale of observation two enantlomers [A, B, C, D], and [A, B, C, D] are 
still present, and cannot be averaged w&h each other by this mode 

This is another manifestation of residual isomerism, a phenomenon already 
encountered mth poly-aryl derivatives [4,5] In order to mterconvert these 
residual enantiomers a pathway other than mode M, must be traversed this 
could be either mode,Ms or mode M3, as can be easily inferred from Fig 2 
Note that mode MS alone enantlomenzes B and B, as well C and C, but dla- 
steromenzes A and D (as well A and D), leaving two residual achlral isomers 
(BB and Cc) and one dl pan (AD and KD) A similar situation occurs wrth 
mode M3 which give rise to two structures (AA and Db) plus one dl pan (Bc 
and EC) A combmation of modes M3 and MS will yield two achiral drastereo- -- 
mers, 1 e. [A, D, A, D] and [B, C, B, C] Table 1 hsts the environments of the 
methyl groups of the four dlastereomers of II, which are exchanged by each of 
these modes Stereoisomenzatlons by mode M, will cause a coalescence of the 
erght methyl signals to two smglets of equal mtensrty, whereas either mode M, 
or Ms will result m panwise coalescence of the eight signals, giving rise to four 
singlets whose mtensity is governed by the relative population of the resultmg 
drastereomers A combination of modes M3 plus MS will collapse the eight sig- 
nals to two smglets of different mtensrty provided there is a difference m popu- 
lation of the two resulting dlastereomers 

Stereolsomenzatlons by mode Mq followed by M5 or by MJ, will coalesce all 
the methyl srgnals to a smgle peak Following this analysis, we can now discuss 
the experimental variable temperature ‘H NMR spectra of II When a CDC13 
solution of II IS cooled, at least six signals are present m the methyl region of 
the spectrum at -25°C (Fig 3) Further coolmg of the solution does not reveal 
additional signals Thus at this temperature the interconversion among the van- 
ous possible stereoisomers is kmetlcally restncted on the NMR time scale 
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Fig 1. The e&t stereolsomers of II Capital letters mdxate dlastereomers, whrle lower case letters desig 
nate dwXereotoplc methyl signals Barred letters denote enantlomenc relatlonsh1Ps 
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Fig 2 Topological representation of the effect of the various rearrangement modes m the eight stereolso- 
mers of II See Fig 1 for ldentlhcatlon of isomers 

Unfortunately because of accidental lsochromsm It was not possible to ob- 
serve all the eight expected methyl signals, but the results clearly indicate that 
more than one stereoisomer contributes to the NMR spectrum at tbs tempera- 
ture. On mcreasmg the sample temperature, the SEC signals coalesce gradually 

TABLE 1 

EFFECT OF STEREOISOMERIZATION PROCESSES ON THE ENVIRONMENTS OF THE METHYL 
GROUPS IN II = 

Mode Resultmg =omenzatlons b Resultmg exchanges b 

M3 

-- 
M4 CA. B C. El 

CA B, C Dl 

MS IA, 51 
CR B1 
cc. Cl 
ED. xl 

-- 
MS +Ms CA _D. A. Dl 

[B B. C 31 
-- 

h14+M3 [A B C D a B. C 51 
-- 

W+% [A B. C. D. A. B C. 51 

- 
(aa) (bceh) ---- 
<adf& (bceh) 

(a% (6) 
(c& <da 
Cef., cfij 
(6 (ha) 

(abgh) <abgh) -- -- 
(cdef) (cdef) 

---- ---- 
(abcdefgh) <abcdefgh) 

---- _-_- 
(abcdefgh) (abcdefgh) 

o See Fig 1 for Identification of l~omers and methyl environments b Capital letters m brackets represent 
Isomers whch are mterconverted by the mode WI question. lower case letters m parentheses deslgnate 
m_ethyl groups whose enwonments are averaged by the mode lndlcated 



402 

+18 

+4 

-26 
t26 

FIN 3 Temperature-dependent 90 MHz 1 H NMR spectra (methyl region) of II m CDC13 solution and 

tetramethylsllane as Internal reference 

mto two singlets of equal mtensrty, which m turn coalesce to a smgle peak at 
44” c 

We come now to the energetlcs of the process and to the rdentifrcatron of 
the associated modes responsible for the coalescence behavlour Unfortunately, 
complete line-shape analysis of the variable temperature spectra was precluded 
because all the expected srgnals are not observed and because of the dlffrcultres m 
constructing the eschange matrix for use m the Saunders [6] multi-exchange 
computer program For appropnate use of this matrrx rt IS necessary to know 
the exact population ratlo of the four diastereomers and the ratlo of the rates 
of the eight dlastereoisomenzatlon processes (1 e , A + i?, B + D, C + A, D + c, 
p1~1.s the reverse processes), which have to be vaned as necessary m order to ob- 
tam a reasonable fit to the expenmental spectra. In spite of these drffrcultres a 
semi-quantitative approach of the problem 1s still of slgmfrcance for our pur- 
poses 
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First of all, the SLX methyl signals are seen to coalesce mto two singlets of 
equal intensity and this rules out all but mode M, (see Table 1) Therefore once 
agam mode M4 1s found to be the threshold rearrangement pathway m these 
bls-chelate complexes {l-3] 

A semlquantltatwe estimate of the energetlcs associated with the coalescence 
processes occurrmg through mode IM, calculated by means of the Gutowsky- 
Helm approxlmatlon [ 7 3 m conJunctlon with the Eyrmg equation, reveals that 
the actlvatlon ener@es of such dlastereolsomerlzatlon processes are m the range 
of 15.6-16-6 kcal/mol. (It should be noted that stnctly speakmg the Gutow- 
sky-Holm approxunatlon [ 71 1s not apphcable to such coalescence phenom- 
ena_ However, it IS well recognrzed that the energetics associated with any 
coalescence process depend prlmanly upon the coalescence temperature and 
are very httle affected by the rate constants derived for the process m question, 
as can easily be verified by simple calculations ) 

This value 1s very close to that found for the racemlzatlon process of phenyl- 
chlorobls(2,4-pemtanedlonato)tm (AGZSi 16 6 kcal/mol) [ 81, mdlcatmg, as 
found previously [ 11, that the nature of the @diketone does not greatly affect 
the energy bamer for the relevant stereolsomenzatlon m these his-chelate com- 
plexes and that our computational procedure gnres slgmflcant results 

The ‘H N&JR spectrum of II at 34” C (Fig 3) clearly shows that the methyl 
groups still residue m a dlastereotoplc enwonments, even though dlastereolso- 
menzatlon processes at that temperature are fast on the NMR time scale This 
1s the first evidence m such complexes, of the mamfestatron of residual dlaste- 
reotoplsm of the nuclei of the ring, a phenomenon widely encountered m poly- 
ary’ derlvatlves [ 4,5] 

As mentioned before, m order to exchange the &es of the residually dlaste- 
reotoplc P-dlketonato methyl groups, a pathway different from mode Mq IS 
necessary and our analysis has shown that it could be either mode M5 or M, 
(see Table 1) As shown In Fig 3 further mcreasmg of the sample temperature 
causes the two methyl singlets to coalesce to a smgle peak at 44°C with an asso- 
elated energy [7] of AG$, 16 7 kcal/mol, and so the energetlcs associated w&h 
the different rearrangement modes (1 e mode Mq and MS or M3) m such bls- 
chelate complexes are very slmllar 

This fmdmg, which is greatly different from what was found with dl- and 
poly-aryl derlvatlves, where the difference in energy between different rear- 
rangement modes 1s considerable and permits the lsolatlon of residual isomers 
[ 4,5], seems not to be uncommon m chelate complexes where the mterconver- 
slons among the various stereolsomers occur through twist mechz,nrsm 
vnthout bond rupture In fact, m tns(cl-lsopropenyl- and cY-lsopropyl-tropolo- 
nato)-alummum, -cobalt and -galhum the free energes of actlvatlons associated 
w-&h the threshold mechanism (1 e , the trlgonal txvlst) and the other pathways 
capable of mterconvertmg the residual Isomers or residual dlastereotoplc signals 
are all very close to each other m value [ 9,101, showmg the differences m this 
respect between these systems and the stereochemlcally conespondent [ll] tn- 
arylboranes It follows that even though bls-chelates and diary1 denvatlves, as 
well as tns-chelate and trlaryl boranes, are stereochemlcally correspondent 
[ 1,111 there IS httle possrblllty of lsolatmg or observmg residual isomers m 
these complexes, which 1s m contrast to the situation found with polyaryl 
derlvatlves [ 4]_ 



404 

References 

1 P Fmocchlaro V. Llbrando P. _Maravlgna and A Recta, J Organometal Chem 125 (1977) 185 
2 P Fmocchuuo, J Amer Chem Sot. 95 (1973) 2105 
3 D G Buckley and N Serpone. Inorg_ Chrn Acta 28 (1978) 169 and ref. therem 
4 P Fmocchlaro, D Gust and K Mlslow. J Amer Chem Sot 96 (1974) 3198 IhId 96 (1974) 3205 
5 P Fmocchlaro W D Hounshell and K Mslow, J Amer Chem Sot 98 (1976) 4952. 
6 M Saunders m A Ehrenberg B C Malmstrom and T VXnng%d (Eds ). Magnetic Resonance m Blo- 

logwal Systems. Pergamon Press. New York. 1967 p 85 
7 I-i S Gutowsky and C H Helm J Chem Phys 25 (1956) 1228 
8 N Serpone and K A Her& Inorg Chem .13 (1974) 2901 
9 S S Eaton J R Hutchlson, R H Holm and E L Muetterties J Amer Chem. Sot 94 (197216411 

10 S S Eaton, G R Eaton. R H Helm and E L Muettertles, J Amer Chem Sot , 95 (1973) 1116 
11 K MISIOW, D Gust, P Fmocchmro and R J Boettcher. Fortsch Chem Forsch 47 (1974) l_ 


