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ABSTRACT

Synthesis and Reactions of Pentaphenylethyl Carbanion and Syntheses of rf- 
Chromiumtricarbonyl Pentaphenylethanes

by

Bijaya Misra

Advisor Herman E. Zieger

The synthesis of pentaphenylethyl carbanion by deprotonation of 

pentaphenylethane with KOBuVBuLi at -78°C has been achieved. Chemical Ionisation 

mass spectrometric analysis of the deuteriopentaphenylethane shows 80% of 
monodeuteration at the benzylic carbon and 10% of dideuteration at both benzylic and 

aromatic carbons. Reactions of the anion with electrophiles such as Mel, CO, TMCS 

and DMS are described. It appears that pentaphenylethyl carbanion undergoes a single 

electron oxidation to a pentaphenylethyl radical whose limited stability results in 

fragmented derivatives such as triphenylmethanol and benzophenones.
Two chromiumtricarbonyl coordinated pentaphenylethanes have been 

synthesised via coupling reactions. Furthermore a number o f Arene-Cr(CO)3

complexes have been prepared utilizing two different methods in good to excellent 

yields. Single crystal X-ray structure analyses of the PPE-CTC complexes have been 

completed; the ethane bond distance in C (l) and C(2) complexes were found to be
1.615 1 0.007 A° and 1.620 -  0.006 A°. The chromiumtricarbonyl unit was found in 

a staggered orientation with respect to the ring carbons in both complexes. A near 

staggered conformation of the phenyl rings around the ethane bond have been 

observed.

A carbon -13 NMR study of pentaphenylethyl carbanion shows no evidence 

for a thermal decomposition o f the anion to a trityllithium. The anions of 

pentaphenylethane-CTC complexes have been synthesised at room temperature from 

their hydrocarbon with KOBu* in DMSO. Carbon -13 NMR of the anion have shown



the carbonyl resonances near 241 ppm , a deshielding of 8.2 to 8.4 ppm with respect 
to that of the hydrocarbons.The Benzylic carbon resonance in PPE(C2)-CTC anion 

was observed at 105.8 ppm. For PPE(C1)-CTC anion a r^-chromiumtricarbonyl 

structure is proposed.
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Organic carbanions have enjoyed w idespread  u se  in synthetic organic 

chem istry for the  deprotonation of weakly acidic su b stra te s  a s  well a s  the 

form ation of carbon-carbon and carbon-heteroatom  b o n d s1. The study of 

ca rban ions in solution often is com plicated w henever the  carbanion of 

in te re s t is sufficiently b asic  to re a c t with th e  so lven t. P rev ious 

co-w orkers in our laboratory have stud ied  th e  coupling reactions of 

benzy lic  ca rb a n io n s 2  and the research  p resen ted  in this thesis describes 

th e  syn thesis  and  reactions of the novel, sterically  hindered benzylic 

system  found in the pentaphenylethyl carbanion. In addition it will describe 

th e  sy n th es is  and  the  physical p ro p ertie s  of tricarbonylchrom ium (O) 

com plexes of pentaphenylethane and their deprotonation to pentaphenylethyl 

carbanion  com plexes which are stabilized by the  appropriately positioned 

C r(C O ) 3  group. The introduction provides an overview of carbanion structure

a n d  reactivity in solution followed by a  review  on the  syn thesis  and 

reac tions of arene-chrom ium tricarbonyl com plexes.

I) T he S tru c tu re  o f C arb an lo n a  In S o lu tio n :

The influence of aggregation, com plexation and  solvation on the 

reactiv ity  of o rganom etailic  sp e c ie s  is of p a ram o u n t im portance to 

synthetic organic chem ists. A complete sum m ary of all the work in this area 

th a t will pertain  to d iscussions in this th e s is  is con tained  in se lec ted  

review  artic le s3,4,5,8,7.

The effect of ion pairing p h en o m en a  on th e  NMR sp ec tra  of 

carbanions are specially relevant and briefly p resen ted  below. The ion pair 

equilibria experienced by carbanions in solution a re  shown in Schem e 1. The 

concentration of free anions p resen t in m ost solutions of organic ions is



2

sm all and it is generally found that loose (solvent separated) ion pairs are 

favoured by small cations such as  Li*, strong coordinating solvents such a s  

DME, and resonance stabilization of the carbanion6’9’10' 11.

A<") ♦ M<*> t= ^  | | ;  A<’ > ,

Free Ions Solvent Separated  Contact Ion
Ion Pairs(SSIP) Ion Pairs(CIP)

(SC H E M E -1)

The energ y  required  to shift th e  equilibrium  tow ards so lven t 

s e p a ra te d  ions is a  balance betw een the  coulom bic energy  n eed ed  to 

s e p a ra te  the oppositely charged ions and  the energy gained from Ion dipole 

interaction betw een cation and  the solvent. Energy required to sep a ra te  the 

ions d ec re a se s  a s  the size of the n -sy s tem  of the carbanion increases. The 

energy  gained from the cation solvent interaction is larger for solvents of 

high coordinating ability and for small cations such a s  lithium. S ince cation 

solvation resu lts in a  large negative A S  term , lower tem p era tu res  also  

favour the solvent separa ted  ion pairs5,12' 13.

Conventional NMR studies on organolithium species, most notably using 

1 3 C and  7Li nuclei, have in recent years revealed m any details of ion pair 

interaction and the aggregate  and in teraggregate  exchange5'7' 10*14*26. The 

con tact ion pair (CIP)/solvent separa ted  ion pair (SSIP) equilibrium may be 

followed by observing the change in th e  a - c a r b o n  chem ical shift with 

te m p era tu re  in benzylic sy stem s7,10,15,16,16'20. The signal m oves down 

field a s  the equilibrium shift from CIP, w here m ost of the negative charge 

is localized on the  a -c a rb o n , to SSIP  in which th e  negative charge  is 

d isp e rsed  throughout the n - s y s te m . O 'B rien 1 0  observed  the formation of
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SSIP  with the lithium and sodium salts. However the potassium , cesium , and 

rubidium  sa lts  ap p ea r to be contact ion pairs for all com binations of 

solvent, tem perature and  cation. The tendency of alkyllithium com pounds to 

ex ist a s  dimer, tetram er and hexam ers2 7 , 2 8 , 2 8  in solution (Fig.1 ) has

R - n-Bu S -  THF M - U

Fig. 1. Alkyllithium A g gregates

stim ulated many NMR experim ents. The relationship betw een 13C relaxation 

tim es and  molecular motion m akes it possib le  to obtain estim ates of the 

overall s ize  of the ag g reg a te  from the  relaxation tim e ( t  ) d a ta30 ,31 . 

Lithium NMR w as first used  by T. L. Brown,3 2  and num erous authors have 

s in ce  correlated  ® U and 7  Li chem ical shift and  t  d a ta  with structural

effec ts  in such com pounds5,20,23. The coupling constan ts of 1 3 C -7 Li and

1 3 q . 6 Li have b een  u sed  to obtain  th e  inform ation regard ing  the

organolithium  ag g reg a te  s truc tu re21*25,34. The m agnitude of the coupling 

co n s tan t is an indication of the type of carbon-lithium bonding p resen t 

(pure ionic bonds should show no coupling23) while 13C peak  multiplicities 

may b e  used to determine the degree of aggregation.

S e e b a c h 2 5  o b s e rv e d  th a t p heny ilith ium , vinyllith ium  an d  

cyclopropyllithium derivatives a re  d im ers while n-BuLi ex ists  a s  both the 

dim ers and tetram ers in equilibrium with the latter being favoured at low 

te m p e ra tu re s .  M cG arrity2 6  using a  rapid injection NMR technique, also

t s

s
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observ ed  tha t n-butyllithium in THF co n sists  of a  te tram er in equilibrium 

with a  dimer. The reactions of n-butyllithium in various solvents have been 

in te rp re te d  in te rm s of an  initial rap id  d issocia tion  of a g g re g a te d  

butyllithium into m onom er which is considered  to be the  predom inantly 

reac tive sp e c ie s27. This interpretation is supported by the observed  change

in reaction order in n-BuLi from approximately 0.33 to 1 in its reaction with

the  so lven t THF a s  th e  concentration is lowered from 100 to 1.5 mM. 

However, McGarrity e t al. in their recen t NMR study did not observe any

evidence for a  monomeric n-butyllithium in THF26.

Ill S y n th e s is  of n - a r e n e  C hrom lum fO I C o m p le x e s :

S ince the discovery 3 7 *4 1  of a ren e  tricarbonylchromium(O) com plexes 

in the  late 1950's, m ethods of preparation for this c lass  of organom etallic 

com pounds have been extensively studied. The parent m em ber of this series, 

b en ze n e  chromiumtricarbonyl, w as first ob tained  by F ischer an d  O fele3 7  

from chromium hexacarbonyl and dibenzene chromium in benzene in a  sealed  

sy stem  a t 200°C. Later Natta and his group3 0  p repared  sev era l of th e se  

com plexes but utilized a  p ressu rized  system  with interm ittent re le a se  of 

carbon  monoxide and  high te m p era tu res . The m ost usefu l p repara tive  

m ethod, however, w as developed by Nichoits and Whiting3 8  which involves 

heating  Cr(CO)g under reflux in an  ex cess  of aromatic com pound or with a

m olar quantity in an inert solvent. In th e  above p rocedure th e  so lven ts 

em ployed are  high boiling in nature and  one encounters the following major 

difficulties: 1. Chromium hexacarbonyl p o s se s s e s  an extrem ely high vapour 

p re ssu re  and  sublim es out of boiling solvents. It solidifies readily in the 

co n d en ser clogging it. 2. The reaction is slow. 3. It is difficult to rem ove 

th e  e x c e ss  a rene  or so lvent and  trac e  impurities of Cr(CO)g from the 

product. With the adven t of a  sophisticated  apparatus by Strohm eier4
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(Fig. 2), the first problem w as solved which allows chromium hexacarbonyl 

to be  recycled. Alternatively Cr(CO)3 l. 3  (L -C H 3 CN, NH3 ) is reacted with the

a ren e  a t m oderate tem peratures, the former is prepared  from Cr(CO ) 0  and

ace to n itril4 3  or am m onia44.

The use of donor solvents4 5 *4 6  allows a  decrease  in the length of the 

reaction time via interm ediate C r(CO )g.n Dn ( n - t ,  2, 3). Alkyl pyridines have 

b een  recom m ended 4 6  but ethers are  still widely used . All the chromium(O)

K1 -  condenser #1 

K2 -  condenser #2 

K3 « condenser #3

S  -  S/T joint

R -  tube

U ■ U tube

O  -  chromium hexacarbonyl

B -  heating bath

Fig. 2 Strohm eier's Apparatus
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com plexes have relatively high tem pera tu res of formation and  narrow 

ra n g e s  of the rm al s tab ility  b e fo re  reac h in g  th e  te m p e ra tu re  of 

decom position. H ence the difficult part lies in the selection of a  suitable 

solvent or solvent mixture for a  particular arene. THF alone is an excellent 

so lvent which allows for clean reaction, but the reaction is too slow as  a 

resu lt of its low boiling point47. Diglyme is a  good donor solvent with a  high 

boiling point that often provides low yields due to decom position. Mahaffy4 8  

considered  a  solvent mixture like dibutyl ether and  THF. Top and  Jaouen 4 9  

claim ed good to excellent yields of n -arene com plexes in relatively short 

reaction time using dibutyl ether and THF. The addition of THF allows one to 

w ash  the condenser and recycle the sublimed Cr(CO)g. However, there is a

limitation to this method. The com plexes of condensed  polynuclear aromatic 

sy stem s like an thracene and naphthalene cannot be  prepared  in more than 

10% . It is known th a t naph thalene-C r(C O ) 3  d e c o m p le x e s 5 0  a t room

tem perature just by dissolving in THF due to the w eak arene-m etal bonds.

Substituent effects seem  to play a  significant role in the formation 

of the chromium(O) com plexes. Electron donating substituents such a s  OH, 

O C H 3  and NH2  favour the complex formation w hereas electron withdrawing

g ro u p s like Cl and  N 0 2  inhibit the com plexation. In m ono substitu ted

benzophenones, the chromiumtricarbonyl moiety s its  on the m ost electron 

rich ring.

Introduction of two -Cr(CO ) 3  moieties in a  molecule h as  never been

e a sy  until recently. Seyferth51  has developed a  new preparative approach to 

m ak e  th e  b is chrom ium (0 )tricarbonyl which involves th e  reaction  of 

C o 2 <CO)g on the known derivatives of biphenyl m ercury bis chromium(O)

tricarbonyl to yield b en zo p h en o n e  b is chrom ium (0 )tricarbonyl com plex 

(Schem e-2). However, Jao u en 's  method appeared  to be  more general and
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eas ie r to implement. It involves the reaction of an arene with a  two mole 

ex cess  of Cr(CO)g in dibutyl ether and THF49.

im  R e a c tio n s  o f A ren e -trlc a rb o n v lch ro m lu m (O ) C o m p le x e s :

It is generally accep ted  that metal-tigand bonding may be divided into 

two parts, i) the forward coordination in which the ligands donate electrons 

to the metal and ii) the  back donation whereby the filled metal d-orbitals

show n tha t an iline-C r(C O ) 3  is a  w eaker b a se  than aniline and benzoic 

ac id -C r(C O ) 3  and phenyl acetic acid*Cr(CO) 3  a re  both stronger acids than

the corresponding uncom plexed acids38. Dipole m om ent54, molecular orbital 

c a lc u la t io n 5 5 , 5 6 , 5 7  and  nuclear m agnetic re so n an ce  s p e c tra 5 8 , 5 9 , 6 0 , 6 1  

support a  powerful electron withdrawing effect by the Cr(CO ) 3  group much 

like the effect of a  nitro substituent in the o -fra m e w o rk . In genera l, the 

com plexation by the Cr(CO ) 3  moiety results in a  net d ecrease  in o -e le c tro n

density  while little perturbation of the n -  e lectron  d ensity  of the  ring 

o c c u rs62.

Five general changes in arene reactivity have been  observed when a

Cr(CO)

Cr(CO).

Cr(CO) 3

H g ( C o ( C O ) 4 ]

0
Co2 (CO)8

THF
♦

Cr(CO) 3 Cr(CO)3

(SCHEME 2)

interact with antibonding orbitals of the ligand53. P K m easu rem en ts  have



8

chromiumtricarbonyl moiety is coordinated to an arene system  (Fig.3) :

1. nucleophilic arom atic substitution and addition67' 69,

2. enhanced acidity of the arene ring hydrogens66,70,

3. steric effect of the coordinated metal unit62,71,72,

4. stabilization of side chain cation site51,73' 75,77' 79 and

5. stabilization of side chain anion site .80,81

Reduced e le c tro n  d e n s ity
Enhanced  
r o t *  o f 
s o lv o ly s ts

Enhanced a c id ity

Enhanced
a c id ityCO

CO

S te r ic  e f fe c t

Ftg. 3. E f fe c ts  on a ren e  re a c t iv i ty  o f trtc o rb o n y lc h ro m iu m  c o rd in a tio n

The p resen ce  of a  nitro group is known to reverse  the reactivity 

pattern  of the arom atic ring allowing the addition of a  nucleophile under 

m ild c o n d itio n s6 3 . However the lack of mild and  d irect m ethods for 

a ttaching and  removing the nitro group limits its application a s  an arene 

activating substituent. Now it appears  that the -Cr(CO ) 3  grouping with an 

eq u iv a len t e lectron ic  effect is the  reag e n t of ch o ice ; the e a s e  of
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com ptexation and d isp lacem en t of the chrom ium tricarbonyl unit m akes 

th e se  reactions potentially attractive in certain  synthetic pathways.

The net nucleophilic d isplacem ent of arom atic fluoride and chloride 

substituen ts  by nucleophiles like (*)OR, (*)SR has  received  considerable  

a tte n tio n 65; nucleophiles like butyllithium on the other hand m etalate at the 

position ortho to fluorine in fluorobenzene-Cr(CO)3 . Sem m elhack67 studied a 

wide range of carbon nucleophiles (PKa > 20) that add to the benzene nucleus 

of the benzene-C r(C O ) 3  to yield alkylated products under mild conditions.

T h ese  reac tions often show  a  regioselectiv ity  which usually is not 

observed  in the reaction of uncom plexed analogues. With strong resonance 

d o n o rs  such  a s  alkoxy an d  am ino, m e ta  su b stitu tio n  is a lw ays 

p re fe rre d 68,69. Proton abstraction is the primary reaction with strong b ases  

like MeLi and  n-BuLi; s-BuLi gives similar am ounts of m etalation and 

nucleophilic addition w h ereas  t-butyllithium u n d erg o es  only nucleophilic 

addition. n-BuLi is a lso  known to un d erg o 70 nucleophilic addition to 

b e n z e n e - C r ( C O ) 3  a t higher tem pera tu res (0°C and  up). Two different 

reaction pathways have been proposed as  shown in Schem e-3. In substituted 

b e n z e n e -C r(C O )3 , n-BuLi selectively m etala tes a t the position m eta to the 

substituents like methyl and ethyl 66>114.

The Cr(CO ) 3  group has been  found to exert a  large steric blocking

effect which has  begun to be exploited by Jao u en  e t al. in assym etric 

organic  syn thesis. P reparation  of products with high enantiom eric purity 

can  be  achieved  by assym etric  induction from a  chiral a ren e  metal 

co m p lex 62. When the functional group undergoing reaction is included in an 

acyclic ring fused ortho to com plexed a ren e  (i.e. indane), reaction occured 

exclusively from the side  exo to the chrom ium tricarbonyl71 . The steric 

h ind rance  by Cr(CO ) 3  is a lso  felt a t the benzylic hydrogens during
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m etalation of toluene-Cr(CO )3 70 and indane-Cr(CO)3 72 where only two anti 

hydrogens exchanged with deuterium in the latter.

< ^ > h - i -  < g x ; O xn

C r(C O )

Li

n -B u L i C r (C 0 ) j

n -B u L i

C r(C 0 '

C r ( C 0 \

L i
(♦)

B u -n  < -
S -  H

X = COOR. CN, SPh, 

e l ly l ,  C2CR e tc

I
Cr(CO.'

CD
C r (C O )

B u -n

(  SC H EM E 3 )

Kinetic stud ies of ionization reactions73*75 and P Ka m easurem ents of 

a r e n e - C r ( C O ) 3  deriva tives have show n g re a t stability  of alkylaryl

carbocations com plexed to Cr(CO)3 . Seyferth51,77 observed  an extensive
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delocatization of th e  positive charge to Cr(CO ) 3  unit during the study of

( n ,  n '-d ia ry lc a rb o n iu m  h e x a f lu o ro p h o sp h a te )b is -( tr ic a rb o n y lc h ro m iu m ) 

com plexes with nucleophiles like alcohols, am ines and  highly nucleophilic 

heterocyclic arom atic com pounds. Similar stud ies have also  been reported 

for 1 p-tolyl ethyl an d  di-p-tolyl methyl tricarbonylchrom ium  cations78,79.

The s tu d ie s  on chromiumtricarbonyl com plexed benzylic carbanions 

are  mainly due to Jao u en  et al80, 81. He dem onstrated via a  DNMR study that 

th e re  is a  su b s ta n tia l distribution of th e  n e g a tiv e  ch arg e  on the 

chrom ium tricarbonyl group. In contrast to stabilization of benzylic cation 

by Cr(CO ) 3  moiety- a  phenom enon51,79 that seem s to involve direct overlap

of a  filled 3-d orbital with the vacant 2-p orbital a t the a -c a rb o n  a s  in 

Fig.4- the stabilization of benzylic anion is ind irect104. Indeed such an 

overlap betw een a  chromium d orbital and the orbital of a -c a rb o n  would be 

destabilizing since  both orbitals are filled81.

Flfl.4. S tabilization of Carbocation by Chromiumtricarbonyl Group
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STATEMENT OF PROBLEM

P e n t a p h e n y l e t h a n e  (1 )  is a  s ta b le , e as ily  p re p a re d 144 

polyphenylethane of substan tia l in terest a s  a  starting  m aterial for the 

synthesis of hexaphenylethane (HPE). It p o sse sse s  a  benzylic hydrogen atom 

w hose rem oval with free radical ag en ts  is believed  to p roduce the 

pentaphenylethyl radical which fragm ents easily  to radical or carbenoid 

p roducts . T h e se  u nstab le  in term ed iates  em erg e  a s  triphenylm ethanol, 

triphenylmethyl peroxide, diphenyl ketones e tc147.

Rem oval of a  proton by powerful b a se s  to give pentaphenylethyl 

carbanion (2) does not appear to have been achieved previously. Despite the 

fact th a t this benzylic hydrogen atom  can  be expected  to be sterically 

h indered  by ad jacen t phenyl rings, it w as the  goal of this th e sis  to 

dep ro to n a te  p en tapheny le thane  in order to m ake the  pentaphenylethyl 

carbanion. Furthermore, it w as one of the goals of this thesis at the outset 

to study the reactions of 2 especially its coupling reactions with organic 

halides.

W hen difficulties w ere enountered in making new carbon to carbon 

bonds with 2 , a  chrom ium tricarbonyl group w as in troduced  into the 

arom atic ring with the goal of enhancing the kinetic acidity of the benzylic 

hydrogen and  stabilizing the carbanion by inductive withdrawal of the 

negative charge on to the chromium atom. Consequently, it becam e a  goal of 

this study to synthesize r)^-chromiumtricarbonyl pen tapheny le thanes and  to 

exam ine the effects of Cr(CO ) 3  moiety on the generation and stability of the

counterpart carban ions (3, 4) to 2. Carbon-13 NMR stud ies on 2 , 3 and 4 

w ere u n d ertak en  in o rder to co rre la te  the therm al stability  of the 

carbanions with their chem ical shifts.
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The central e thane bond length in hexaphenylethanes has  been  the 

su b jec t of m any theoretical calcu la tions and  one might im agine that 

P P E - C r ( C O ) 3  would be  a  good approxim ation to hexapheny le thane .

Pentaphenylethane in its solid sta te  exhibits an abnormal ethane bond length 

(1.606 A0) along with deformation of several bond angles. The ethane bond 

length for HPE is calculated to be 1.636-1.639 A0.131 With this in mind it 

becam e one of the objectives of this study to determ ine the e thane  bond 

length of chromiumtricarbonyl coordinated pen tap h en y le th an es  by single 

crystal X-ray analysis.
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RESULTS AND DISCUSSION

» Synthesis of Pentaphenvlethvt Carbanion:

The prim ary im p o rtan ce  of benzy lic  c a rb a n io n s  a s  o rgan ic  

interm ediates is dem onstra ted  by the developm ent of a  variety of methods 

for their sy n th es is  su ch  a s  halogen m etal e x c h a n g e 8 2 , reduction of 

a r y la lk a n e s 83, reductive cleavage of methyl e th e rs84, tran sm e ta la tio n 85 

and  deprotonation of w eak hydrocarbon acids ( i.e. the m etalation reaction). 

T he e a s e  of m etala ting  a  w eak  hydrocarbon acid  is limited by the 

requ irem ent of a  strongly  b asic  reagen t to effect pro ton  detachm ent. 

Som etim es solubility problem s and reaction of the b asic  reag en ts  with the 

solvent hinder the effectiveness of the metalation reaction.

N o n e th e le s s , w e d e c id e d  to a ttem p t th e  d e p ro to n a tio n  of 

p e n ta p h e n y le th a n e  ( / )  a s  a  way of genera ting  th e  pentaphenyle thyl 

carbanion. On the one hand the ethane hydrogen is doubly benzylic like the 

hydrogens of diphenylm ethane; on the other hand the p re sen ce  of the trityl 

group suggests that steric hindrance to nucleophilic a ttack  on hydrogen will 

b e  high. Unlike the carban ions from diphenyl* and  triphenylm ethane, the 

chem istry of the  pentaphenylethyl carbanion h as  rece ived  little attention 

and  remains largely unexplored.

A lk y llith iu m s8 8 , alkali m etal am ide87 and  alkali m etal hydride in 

crow n e th e r88 have b een  successfully  utilized for th e  depro tonation  of 

diphenylm ethane and  triphenylm ethane with P Ka values of 33.1 and  31.589 

respec tive ly . S tru c tu ra l sim iliarities of p e n ta p h e n y le th a n e  (P P E ) with 

diphenylmethane (DPM) led us to assum e that the P Ka of the former would be 

c lo se  to that of the la tter and  use  of conventional m etalating system s 

would enable us to deprotonate pentaphenylethane. Benzylic carbanion colors 

range  from yellow to dark  red which make them  visually d e tec tab le  in the 

reaction medium. For pentaphenylethyl carbanion, w e w ere  looking for an
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orange red to a  rust red color similar to that of diphenylmethyllithium.

Table 1 lists the results of the preliminary experim ents with various 

b a s e s ,  so lv en ts  and  tem p era tu res. In experim en ts  with n-butyllithium, 

te tram ethylethylene diam ine (TMEDA) in THF, t-butyllithium-TMEDA in THF 

and  potassium  hydride- 18-crown-6 in THF, the solution acquired light pink 

to light o range colors and when quenched  with deuterium  oxide, carbon 

dioxide, m ethyl iodide or trim ethylchlorosilane th e  color d isap p ea red  

immediately and  the product mixture after isolation w as found to be  mostly 

pentaphenyle thane. Lithium diisopropyl am ide (LDA) and  lithium tetramethyl 

piperidide (LTMP) also  w ere unable to m etala te  PPE in THF solution. It 

ap p ea rs  from the above study that PPE is a  considerably w eaker acid than 

DPM. O ne of the main reasons seem s to be  due to the steric hindrance of the 

benzylic hydrogen by the phenyl rings.

P o ta s s iu m  te r t ia ry  b u to x id e  a c t iv a te s  bu ty llith ium  in an 

unpreceden ted  m anner90. When treated  with this super b ase , hydrocarbons in 

th e  low acidity range of P K a 35-50 undergo  a  clean m etalation. Until 

recen tly , butyl p o tassium  w as be liev ed  to b e  th e  active  m etalating 

s p e c i e s 91’92 in the  above system . H ow ever, S ch lo sse r93 in a  recent 

com m unica tion  d e m o n stra te d  th a t butyl p o ta ss iu m  an d  butyllithium / 

po tassium  t-butoxide in THF are  two different deprotonating agen ts. The 

true  na tu re  of the  activating sp ec ie s  is no t c lear and  several structu res 

have been  proposed (2-5).

McGarrity recently observed by a  rapid injection NMR study that n- 

butyllithium in the p resen ce  of trace am ount of alcohol or oxygen in THF 

ex ists  in the  form of mixed alkyllithium-lithium alkoxide com plexes with 

up to th ree  alkoxide ligands. Increased  substitu tion of alkyl ligands in 

ag g reg a tes  inc reases  the reactivity of the  remaining alkyl group and th e  

ag g reg a te  Bu2 Li4 (O B u)2 has com parable reactivity to that of the
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Table 1. Metalation of Pentaphenylethane.

Base Solvent Temp.( °C) Color

n-BuLi Cyclopentane
Cyclopentane/
TMEDA

5-25
5-25

Ether
EthetfTMEDA
Ether/TMEDA

0-10
0-10
-70-0

THF
THF/TMEDA

0-5
-70-0

KH THF
THF/crown ether 
THF/crown ether

25
25
-70-0

t-BuLi Cyclopentane 25

THF -70-0

LDA THF -70-0

LTMP THF -70-0

yellow
yellow

light orange

light orange 
brown

light pink

light orange 
red
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butyllithium dimer.

Hg c 4 — u — o — c(ch 3 ) 3 

(2 )

✓ Ll
H9Cr K «

C(CH 3 ) 3

(5 )

In the beginning of this study w e were concerned about the stability 

of th e  pentaphenylethyl carbanion taking into account the very low stability 

of th e  corresponding radical95 . Hence all the reactions w ere carried out at 

low tem peratu res. In the  trial experim ents two m oles of th e  m etala ting  

solution were used  per mole of the substra te  a t -78°C in THF and for the 

first tim e a  dark red solution, the characteristic  benzylic carbanion  color, 

w as observed. When the carbanion w as quenched with deuterium  oxide, it 

g a v e  a  mixture of p en tap h en y le th an e  and  2 -d eu te rio p en tap h en y le th an e  

(PPE(D)) in the ratio 20:80. The PPE to PPE(D) ratio w as determ ined using a  

pro ton  integration m ethod, th e  benzylic hydrogen a t 5 .85  ppm  vs the 

arom atic protons near 7.3 ppm.

A carbon m agnetic reso n an ce  study confirmed the position of the 

deuterium  showing a  triplet cen tered  a t 58.98 ppm with 1J q . q  * 16.7 Hz. 

The rest of the 1^C  spectrum  w as sim ilar to that of p en tap h en y le th an e

r  • u -
M 9 4  '0 —  C (C H 3 ) 3

* ‘ • K • ‘ "

(4 )

h 9 c 4 - l i -

(3 )

C<CH3 >3

\
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(Table 2)96. An infrared spectrum  of the mixture show ed a  w eak broad band 

a t 2150 cm*1 due to the C-D strech.

Table 2. Carbon-13 Chemical Shifts(in 6 ) of PPE and PPE(D ).

Peak# PPE(613Q  PPE(D)(613Q  Assignments

1. 145.77 145.75 *1

2. 143.09 143.02 *2

3. 131.73 131.69 °1*

4 131.44 131.39 Oj*

5. 127.37 127.35 m2

6. 126.94 126.93 m l

7. 125.85 125.84 Pi ,2

8 62.76 62.67 C l

9. 59.47 58.98(triplet) c2

U Ipso, o- ortho, m- mota, p- para
* our assignmonte for 1 agraa with tha literature*6 axcapt tha ortho carbons of trttyl and 

benzhydryl banzana rings whara it was intsrchangsd basad on tha intensity of tha 13C signals

A series  of experim ents w as carried out to optim ise th e  reaction 

conditions with respec t to the  mole ratios of b a se  and the  sub stra te . The
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resu lts  are  p resen ted  in Table 3. Entry #2 In Table 3 show s that the 

m etalation in the p resen ce  of a  molar quantity of b ase  w as incomplete. The 

optimum results w ere ob ta ined  with a  40%  ex cess  of butyllithium and 

potassium  t-butoxide (Entry #4). Metalation w as found to b e  incomplete at

H KOBu* /BuU-n «> 0 ,0  *c D
P h ,C —  C P h , --------------------► P h 3 C— CPh3  ---------- *  P h 3 C— C P h,

3  2  THF. -78* C 3  2  « 0 0  5 2

2 h 87*

(•qn. I)

Table 3*. PPE : PPE(D) Ratio from Deuterolysis of the Pentaphenylethyl 

Carbanion.

Entry# Temp.(°C) Rxn.Time PPE:Base PPE:PPE(D)(%)

1. -95 to -100 5hrs 1 2 5 0 :5 0
2. -78 5hrs 1 1 5 0 :5 0
3. -78 Shrs 1 2 13 :87
4. -78 5hrs 1 1.4 15 :85
5. -78 2hrs 1 8 1 3 :8 7
6. -78 2hrs 1 1.4 1 4 :8 6
7. -78 l/2hrs 1 1.2 5 0 :5 0
8. -78 lh r  1 1.2 5 0 :5 0
9. -78 1l/2hrs 1 1.2 3 5 :6 5
10. -78 2hrs 1 1.2 3 5 :6 5
11. -78 21/2hrs 1 1.2 3 8 :6 2
12. -78 Shrs 1 1.2 3 6 :6 4

* the hydrocarbon solution in THF was approximately 0.11M
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low er te m p era tu re s  (Entry #1); variation of th e  quantity of po tassium  

tertiary butoxide ( Table 4) and order of mixing also  m ade no difference in 

th e  d ep ro tona tion  ratio. For a  qualita tive estim ation  of P K a of PPE. 

hydrogen-deuterium  exchange under p h a se  transfer catalysis conditions97 

(te trabu ty l am m onium  hydrogensulfate. 63%  NaOD/D2 0  in hexane) w as 

em ployed with no success.

Table 4*. P P E : PPE(D) Ratios from Deuterolysis o f the Pentaphenylethyl 

Carbanioa

Entry# Rxn.Time (PPE/n-BuLi): KOBu1 PPE:PPE(D)

1. l/2hr 1 2 34 :66

2. lh r 1 2 27:73

3. ll/2hrs 1 2 26 :74

4. 2hrs 1 2 26 :74

5. l/2hrs 1 4 25:75

6. lh r 1 4 28 :72

7. ll/2hrs 1 4 24 :76

8. 2hrs 1 4 22:78

* The hydrocarbon solution in THF was approximately 0.11M

A second  method for the generation of pentaphenyl ethyl carbanion by 

desily la tion  of pentaphenyle thyl trim ethyl s ila n e  (8 )  with a  tetra-alkyl 

am m onium  fluoride or cesium  fluoride 98,99 w as undertaken. The idea w as 

to secu re  the  carbanion in a  mildly b asic  m edium . Accordingly two different 

a p p ro a c h e s  w ere  tried for the sy n th es is  of pentaphenyle thy l trimethyl
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silane ( 8 ). These are  shown in equation 2 and 3.

P d j C  - i t ♦ P h 2C— SUCH 3)3 >  P h j C — C Ph2

Br SUCH 3 )  3

(7 ) (8)
(Eon 2 )

Pfc j C M g B r 4 P h 2 ^ — SUCH 3 ) 3  ----------------- >  P h j C — C Ph2

B r SUCH 3)3

(7 ) (6)
(Eqn. 3 )

In both ca se s  upon reaction with diphenyl a -b ro m o m e th y ltr im e th y l 

silane ( 7 ) 102, the color of the reaction mixture turned yellow and  on work 

up trityl peroxide (9)  w as the only isolable product ( S chem e 5). a -B ro m o  

m ethyltrim ethylsilane (7) w as synthesized a s  shown in S chem e 4 100*103. It 

a p p e a rs  from the above  resu lts  that the trityl anion or trityl G rignard 

undergoes single electron oxidation in p resence  of diphenyl a -b ro m o m e th y l 

trim ethylsilane and g ives the  more stab le  trityl radical which reac ts  with 

oxygen during work up to afford 9 (Scheme 5).

I )  BuL1-n/THF
Ph 2 CH2 ■> P h 2 C H — St(CH 3 ) 3

0*C . 2l»r»

2 ) THCS
(6)

B r 2 /C C I4  

2 5* C

Ph 2  c — SKCH 3 )

Br

(SCHEME 4 ) (7)
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P h 3 C~Li**r  PhjCMgBr  ♦ P h 2 C— S i n « 3

Br

Ph 3 C'

Oxygtn

Pli 3 C - 0 - 0 —CPh3 

(9)

(SCHEME 5 )

in Ma«« Spectral Analvale of PPE(D):

n-BuLi/K O Pe* w as shown to attack exclusively at the benzylic site  of 

th e  a lk y lb e n z e n e s133* and  a t the sam e time to m etalate b en ze n e (P Ka -  

4 3 133b) effectively. In the p resent system  it is reasonab le  to expect a  small 

am ount of ring m etalation with BuLi/KOBu* since  the latter is known to 

depro tonate  w eak hydrocarbon acids (PKa upto 50). The 13C and  1H NMR 

stud ies on the deuterolysis product (PPE(D)) of pentaphenylethyl carbanion 

dem onstrated  respectively the attachm ent of the  deuterium  at the benzylic 

carbon  in 85-90%  yield. In order to de term ine  the m ole p e rce n t of 

deuterium  in the ring, the m ass spectral analysis of PPE(D) w as carried out. 

Electron Impact ionization technique fragm ented the m olecular ion p eak  of 

PPE hence Chemical ionization m ass spectroscopy procedures using am m onia 

g a s  w ere em ployed.150 The m ass peaks of PPE( M. M+1, M-1) and PPE(D)( P, 

P+1, P-1) with their relative abundances a re  given in table 5.
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Tabla 5. Mass Paaks of PPE and PPE(D) wlthThalr Ralatlva Abundancas:

a) M -1 (X) M (X) M* 1 (X) M*2 (X) M*3(X)

PPE 

MW 410 NH3
427(13) 420(100) 429(35.9) 430(6 2) 431(0 2)

b) P -1(X) P(X) P*KX) P^2(X) P43(X)

PPE(D)

MW 411 NH3
428( 13.4) 429(100) 430(47.0) 431(11 .0) 432(1.6)

Preliminary exam ination of the peak  a t P+1 (430, 47%) reveals the 

p re s e n c e  of a  d id e u te r io p e n ta p h e n y le th a n e  (P P E -d 2 ) a s  one of the 

com ponents in PPE(D). Utilizing the ratios of (M+1)/M and (M-1)/M obtained 

from paren t hydrocarbon (Table 5a) the com positions of PPE, PPE -d1 and

P P E -d2 in PPE(D) w ere found to be 10.1, 79.7 and 10.1% respectively.
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It!) Reactions of Pentaphenylethyl Carbanion with Electrophllea:

Pentaphenylethyl carbanion on reaction  with trimethyl chlorosilane 

(TMCS) afforded an intractable polymeric mixture from which the following 

c o m p o u n d s  w ere  iso la te d  by colum n c h ro m a to g ra p h y  (eq n . 4). 

P entaphenylethyltrim ethylsilane (10, 5%), trimethylsilyl benzophenone (11, 

35.4% ), triphenylm ethanol (12, 12%) and unreacted  pentaphenyl e thane (1, 

13%).

&  -78-C /TH F
ph3c-cpi»2 ♦ n«3s< -c i ------------ »

o
P h - | [ - ^ — SI(CM 3 ) 3  ♦ Ph3 C -0 H  ♦ 1

(11) (12)

(•qp. 4)

The hydrocarbonsilane ( 10 ) w as identified from its infrared, proton 

nmr and 1^C  nmr spectra . Thin layer chrom atography of this com pound 

showed the p resence  of a  trace of impurity which could not be removed even 

after repea ted  separation  through column chrom atography and  preparative 

TLC m ethod. The strong evidence for this s tructu re com es from its 1 3 C 

spectrum , the signals at 68.3 and 65.8 ppm, the former being more intense 

than the latter, an  exact reverse pattern to that of pentaphenylethane. The 

peak  at 68.3 ppm w as assigned  due to the carbon bearing the trimethylsilyl 

group which w as deshietded due to p resence  of Si atom  function and the 

peak  a t 65.8 ppm w as due to C(1) also  desh ie lded  com pared to that of

I I 
P h -C — C -P h

I IPh sin«,

( 10)
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pentaphenylethane.

The silane d o es  not seem  to be stab le  tow ards acids or b ases . The 

p resen ce  of acids in deu tera ted  chloroform ap p ea rs  to cleave the ethane 

bond in a  few d a y s  a s  is evidenced by th e  d isa p p e a ra n c e  of the 

characteristic signals a t 68.3 and 65.8 ppm of the e th an e  system  in 1 3 C 

nmr. B ases  like alkoxide and am ides a re  known to reac t rapidly with 

benzylic silanes and  cleave the carbon-silicon bond105. The low yield of 10 

in this reaction is presum ably due to its subsquen t reaction with potassium  

tertiary butoxide and butyllithium which is p resen t a tleas t in 40% excess in 

the reaction medium.

C arbon  m onoxide h a s  b een  u sed  to co n v ert alkyllithium s to 

acy llith iu m s106. B ecause of its small size and  linearity, it w as hoped that 

CO would be  able to form a  new bond at the  sterically inacessible benzylic 

site. W hen carbon monoxide w as bubbled into the anion solution for a  period 

of 5 hrs no appreciable change in color w as observed. It w as subsequently 

re a c te d  with trim ethy lch lo rosilane and  th e  p ro d u c ts  iso la ted  w ere 

com parable to that of the trimethylchlorosilane quench reaction and  were as  

follows: silane  (10,  3 .5% ), trimethylsilyl b e n z o p h e n o n e  (11,  21.3% ), 

triphenylm ethanol (12, 10% ) and pentaphenylethane (1, 10%). It appears that 

ca rbon  m onoxide sh o w s little, if any, reac tion  with pentaphenylethyl 

carbanion.

T he  c a rb a n io n  co lor did not d is a p p e a r  on  reac tio n  with 

dim ethyldisulfide (DMS) a t -78°C and the tem peratu re w as raised  before 

hydrolysis. The reaction  mixture on column chrom atographic separation  

affo rd ed  th e  following com pounds (eq n  5): 1 ,1 ,1 ,2 -te trap h e n y l 2- 

thiom ethylphenylethane (13, 11%), thiomethyl benzophenone (14, 2.5%) and 

pen tapheny le thane  (1, 31%) along with an intractable mixture. Structure 13 

w as identified from its infrared, proton nm r and  1 3 C nmr sp ectra  and 

elem ental analysis. The 13C spectrum has two peaks a t 62.54 and 58.8 ppm
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C(1) and C(2 ) due to the two ethane carbons respectively. The formation of 

13 ind icates the  reaction of the electrophile a t the arom atic ring. The 

desired  product pentaphenylethyl methyl sulfide ( 15)  could not be isolated.

P h jC -C P h j ♦ C H 3 S-SC H 3  ----------- Ph 3 C— CPU ♦
e> -7 8 *  C. THF H

  “  “  - C f

( g J - S C H j  

(1 3 )

0
ph- E - @ _  SCH, ♦ I’3

P hjC -C P hj
f CM3 ( . 4 ,

(1 5 )

(•gn. 5 )

Methyl iodide decolorized the carbanion solution im m ediately but the 

crude reaction mixture did not show an 1 H NMR signal due to th e  methyl 

group and purification w as not pursued. Dimethyl sulfate on the other hand 

did not change the carbanion color and on hydrolysis pentaphenylethane w as 

recovered  quantitatively.

Bis trimethylsilyl ace tam id e  (BSA, T 6)107 h as  b een  u sed  a s  a 

silylating agen t for am ines and alcohols and an attem pt w as m ade to extend 

its u se  to carbanion silyiation. Pentaphenylethyl carbanion did not reac t 

with BSA and  pen tapheny le thane  (96%) w as ob ta ined  a fte r hydrolysis, 

how ever in a  blank experim ent, BSA silylated diphenylmethyllithium in 50% 

yield ( eqn. 6).

O S If lt .
_  _  I 5  o - C. THF

Ph jC H  LI ♦ C H 3 C = N - s i m3 » PH 2 CH— Sin*3 *  Ph 2 ch 2

I t
(m i . 6)
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Treatm ent of a  carbanion solution with (n -B uJgP .C u l/C H gl109 gave

triphenylm ethanol (12, 14%) and  a  1:1 mixture of benzophenone and methyl 

benzophenone (20%).

The isolation of triphenylm ethanol and  benzophenone derivatives in 

the  foregoing reactions su g g es ts  the limited stability of pentaphenylethyl 

carbanion during its reaction. Apparently Single Electron Oxidation (SET) of 

pentaphenylethyl carbanion occurs in p resen ce  of an electrophile to give 

p e n ta p h e n y le th y l rad ica l (17 ) which is known95 to be  an unstab le  

interm ediate and  cleaves the ethane bond to give trityl and diphenylmethyl 

fragm ents (eqn. 7).

P h jC — CPI» 2  •  E ®  -------------------->  P h jC — ? P h 2  ♦ t *

(17)

P h j ®  ♦ P h 2 c:  

(•qn. 7)

A nalogous oxidation of 9-trityl fluorene carbanion (18 ) to its radical 

(19 ) is already known (eqn. 8)110.

C .)^cp fc5 

19

<«*■- s)
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B ecause of the instability of the pentaphenylethyl carbanion and  our 

inability to m ake derivatives with classical electrophiles it w as dec ided  to 

explore the effects on th e  p en tap h en y le th an e  system  of form ing its 

chromiumtricarbonyl com plex (C.T.C.). The chrom ium tricarbonyl m oiety by 

virtue of its powerful e lec tron  withdrawing effect shou ld  e n h a n c e  the 

acidity of a  benzylic hydrogen and  stabilize the carbanion through inductive 

delocalization of the electronic charge. In addition, it would be  interesting 

to study the influence of the m etal unit on the formation and reactions of a 

sterically hindered carbanion , not to mention on the syn th esis  of such  a 

chrom ium tricarbonyl c o o rd in a te d  com plex  of an  a lre a d y  crow ded  

pentaphenyle thane. The following sections describ e  the sy n th es is  of the 

hydrocarbons (PPE.C.T.C) and  their anions.
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1YJ Svnthaala of Pantanhanvlathane C hrom ium trica rbony l

C Q m jlf lM i;

a) PantaohanvlathanafC21-Chromlumtrlcarbonvl:

A very large num ber of chromiumtricarbonyl com plexes have been  

sy n th es ized  s in ce  their d iscovery  and  h av e  b e e n  utilized in organic  

sy n th esis . T h ese  com plexes a re  generally  p rep a red  from a  su b s tra te , 

chromiumhexacarbonyl, and a  suitable solvent a t reflux. The above procedure 

however w as not very promising for the synthesis of the ta rge t com pounds 

given the fact tha t it would yield a  mixture of isom eric com plexes. 

P e n ta p h e n y le th a n e  is know n to d e c o m p o se  to trityl rad ic a l an d  

diphenylm ethyl radical a t m oderately  e lev a te d  te m p e ra tu re s  su ch  a s  

l 1 0 * C 1 4 4 b . An alternative  approach  for th e  sy n th es is  of th e  titled 

com plexes via coupling reactions w as planned a s  shown in Schem e-6.

Ph c i
♦

Cr(CO) 3 Cr(CO) 3

Ph „c©n®
Cr(CO)Cr(CO)

(Sch«m« 6 )



30

The coupling of trityl Qrignard with benzhydryl chloride tricarbonyl 

chromium (2 1 ) w as carried out analogously to the synthesis of pentaphenyl 

e thane from trityl Qrignard and  benzhydryl bromide. From the above reaction 

th e  pentaphenylethane-C (2)-tricarbonylchrom ium  (22)  w as isolated in 88% 

yield which is com parable to that of pentaphenylethane synthesis (eqn. 9).

PhjCngBr ♦ Ph
<jl Ph

CrtCO) 3  M Cr(C0)

Zt «

(•*». 9)

Benzhydryl chloride tricarbonylchromium w as p repared  according to 

th e  lite ra tu re73 but with a  higher yield under a  different s e t of reaction 

conditions a s  show n in eqn . 10. The reaction of benzhydrol chromium 

tricarbonyl (23) with hydrogen chloride a t room tem peratu re resu lted  in 

decom position of the complex, however a t -20°C the  benzhydrylchloride 

chromium com plex w as isolated in 92% yield. In the above experim ent 

chasing of excess

oh ci
I H C I/E th tr I

P h - C - ^ Q )  ----------------------- > Ph- ? - \ 2 >
H T  -2 0 *C  H I

Cr(CO) 3  CrtCO) 3

21 *«
( h i .  to)

hydrogen chloride by nitrogen gas  before removal of the ether seem s to be 

very im portant, since extensive decom position of the tricarbonyl complex 

w as observed in one of the runs by straight removal of the solvent after the
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reaction. Benzhydrol chromiumtricarbonyl w as p rep a red  from benzhydrol 

(24) and chromiumhexacarbonyl by boiling in dioxane for 3 days in 60% yield 

(eqn. 11). Earlier w orkers synthesized  23 by reduction of benzophenone 

chrom ium tricarbonyl (25 ) with NaBH4 73 or by the reaction of benzhydrol

and  Cr(CO)g in dibutyl ether and THF4®. In both c a s e s  either the overall yield 

is low or requires a  cum bersom e procedure to isolate the complex.

H Dlexana
Ph2C -0 H  ♦ Cr(CO) 6 ------------- ►

72 h

24

A direct syn thesis of benzhydryl chloride tricarbonylchrom ium by the 

reaction of benzhydryl chloride (26 ) and chrom ium hexacarbonyl w as  not 

su c c e ss fu l; te tra p h e n y le th a n e  (27 ) was isolated  a s  the  only product. 

O imerization of benzhydryl sy stem s in o rganom etallic  reac tio n s  is well 

docum ented (eqn 12).

H
P h 2 C-C1 

26

n-O ctana H H
----------------- k P h — C— C— Ph

Cr(CO). I I
6  Ph Ph

27
<H» 12)

OH

Ph

- i - f
CrtCO) 3

23

(MB. I t )

The complex 22 w as identified through spectroscop ic data , elem ental 

analysis, and its decom plexation to pentaphenylethane by iodine in ether and 

eerie ammonium nitrate in acetonitrile (eqn. 13).

The infrared spectrum  of 22  shows two strong and  broad absorption 

bands due to the carbonyl stretching vibration. The res t of the spectrum  w as
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very similar to that of pentaphenylethane. The proton nmr exhibits a

multipiet at 7.2 ppm(20H) due to aromatic and a  multiplet at 5 ppm (6H) due 

to  protons in the  chromiumtricarbonyl com plexed arom atic ring and  the

com plexed benzene ring of diphenyim ethane chromiumtricarbonyl is a t 5.5 

p p m 49 . M oreover in d iphenylm ethane-C r(C O ) 3  the 1 3 C signals for the

coordinated ring are found153 at 112.9, 93.1, 94.3 and 91 ppm. The 13c  nmr 

spectrum  of 2 2  displays two characteristic signals a t 63.5 and  58.4 ppm due 

to the quaternary  carbon (C1) and benzylic carbon (C2) respectively. The 

Nuclear O verhauser Enhancem ent (NOE) of the carbon signal at 58.4 (C2) ppm 

by the benzylic hydrogen is clearly visible and w as confirmed by a  proton 

coupled 13c  INEPT111 (Insensitive Nuclei E nhancem en t by Polarization 

T ransfer) experim ent, in th e  INEPT experim en t th e  s ig n a ls  d u e  to 

q u a te rn a ry  carbon d isappear in the carbon spectrum  and the carbons with 

hydrogens show the usual splitting pattern. The two singlets at 6  59.29 and 

57.28 were due to the one bond coupling of the carbon with its hydrogen

Ph

CrXCQ) 3 • r  Ct IV

22
(M«. 15)

benzylic protons. By way of comparision the 1H nmr chemical shift for the

( ' J C.H -  127 Hz) (fig. 5).

H J C - H  " 127 Hz

Cr(CO) 3  \ j

J C — N = 170.3 HZ

176.5. 177.0 Hz

Fif.S .C-H  Ccvpliaf Cm s I m Is(2 2 )
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There are six signals in the 115*85 ppm range d ue  to six carbons of 

the complexed aromatic ring shielded by the Cr(CO ) 3  group (Table 6. pg. 37)

The two upfiekJ signals a t 87.6 and 86.6 ppm are due to two ortho carbons 

and  the three signals a t 100.6, 98.6 and 96.2 ppm are  due to two m eta and 

p ara  carbons. The two ortho carbons are  identified by their appearance as 

doublets with a  coupling constant 6.6 Hz due to 2J C.C.H in the INEPT coupled

spectrum . In c a se  of the m eta and p ara  carbons the p eak s  appeared  as 

m ultiplets and could not be distinguished one from th e  o ther from their 

multiplicities. However, from the m agnitude of the  C*H coupling constants 

(Fig. 5) it is reasonab le  to assign the  peak  a t 96.2 ppm due to the para 

carbon and  the peaks a t 100.6 and 98.6 ppm due to two m eta carbons. The 

signals at 112.9 and 232.5 ppm are due to the ipso and  the carbonyl carbon 

respectively and are  absen t in the INEPT experim ent ( Fig. 6).

The structure w as confirmed by single crystal X * ray structure 

determ ination which is p resen ted  in detail with the highlights in a  later 

sec tio n .

b ) P e n ta p h e n v le th a n e f C lf -C h ro m lu m tr lc a rb o n v l  (28)  :

Pentaphenylethane(C 1)*chrom ium tricarbonyl (28)  w as synthesized in 

65 .7%  yield via th e  coupling of tripheny lm ethane chrom ium tricarbonyl 

carbanion ( 2 9 ) with benzhydryl bromide ( 30 ) in THF (eqn 14). Triphenyi*

H

Cr(CO)

THF. 25* C Ph - c  c  Ph

Cr(CO)

2
*

2 9 3 0

<•«■. 14)



Figure 6:

Cr(CO) 3

1*1

’-r-f—r- T-T r J -1 I I » [ I » !-■»—J-T
n b  n  a i e*> m i ns n«

INEPT C ouplad
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m e t h a n e - C r ( C 0 ) 3  carban ion  w as se c u re d  in 80-85%  yield by the 

d e p ro to n a tio n 153 of triphenylm ethane-C r(C O ) 3  (31) with potassium  tertiary

bu tox ide in THF a t room  tem p era tu re  (eqn  15). T riphenylm ethane 

chromiumtricarbonyl w as prepared  by the reaction of triphenylm ethane (32)  

and  Cr(CO)g a t the boiling point of dioxane in 61%  yield (eqn. 16). In the

presen t reaction the good yield of coupling product (28)  seem s to be very 

s ig n i f i c a n t112 b e c a u se  benzhydryl brom ide d im erize s  notoriously in 

organolithium and Grignard coupling reactions.

THF/  r t

@ - Cr(C0)T KOH.-t ‘ ® “ '

SI

>Cr(C0)3

A
P h .  C— D

Cr(CO) ■

(m » i s )

p »*2 C -H  ptoxon,   ̂ P h 2 5 “ H

( Q )  C r(C 0)6 * ( g ) — Cr(CO>  3
3days w

32 51
(m*. is )

C om pound  28  w as identified from its infrared, nmr, elem ental 

analysis and by decomplexation to 1 (72%) (eqn. 17).

H
Ph 9 C— C Ph .  Carte O in atew Nitrate H

21  2  » P h 3 C— CPh2
C r(C O ). XaataaHrtla, 22*Ct# I

.7)
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The in frared  spectrum  show ed two stro n g  and  b ro ad  carbonyl 

absorption b an d s  n ea r 1960 and 1900 c m '1 . T he proton nmr spectrum  

showed a  multiplet a t 7.2 ppm, a  singlet a t 5.7 ppm and multiplet a t 5.5-4.5 

ppm du e  to the  uncom plexed aromatic, benzylic and  tricarbonylchromium 

coordinated ring pro tons respectively. The carbon  NMR spectrum  show ed 

signals a t 233 ppm due to the carbonyl and  122.1, 98.6, 95.9, 88.2 ppm due 

to com plexed ring carbons. The two signals a t 60.6 and  59.8 ppm w ere the 

quarte rnary (C I) an d  benzylic(C2) ca rbons respectively , the form er being 

more intense due to NOE by the presence of benzylic hydrogen.

A proton coupled 13C NMR INEPT experim ent provided the long range 

C-H coupling constan ts which are presented in Fig. 7

It is very interesting to note that 22  exhibits six carbon signals due 

to the coordinated aromatic ring whereas 28  show s only four signals. The

,J C _ H *  129.5 Hz
H 1 * 2  I I  J c « 175 .1H z ; Jc _ a  *  7.3 Hz

— C ------ C —  t  •  .  •  I

H JyS  Cr<C0>3 * 171.1Hz

H> *J C — H *  1 7 2  9  Hz

_  M 3  0.6 HZ

?<«■ 7 C-H Cavplfoy C M itM < i(2 t)

ipso carbon of the coordinated aromatic ring in 28 ap p ea rs  alm ost 1 0  ppm 

down field com pared  to its counterpart in 22 (table 6 ). It seem s that the 

ortho and the m eta carbons in 22  are magnetically nonequivalent. This may 

be  explained due to restricted rotation of the com plexed ring about
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Table 6.  ̂ Chemical Shifts for Complexes 22  and 2 8

PPE-n-C2-CTC(22) PPE-n-Cl-CTC(2&) Assignments

6  .ppm 6  .ppm

58.35 59.83 C(2)
63.48 60.63 C (l)
86.64 ^ortho'*-r

88.17 ^ortho*^r
87.59 ^ortho*^r
96.17 95.88 Cpara‘Cr
98.56 ^m eta‘^ r

98.62 ^m eta‘^ r
100.61 c meta*Cr
112.91 122.11 ^ ip so " ^
126.35 126.28 Cpara
127.16 126.93 Cpara
127.32 127.31 ®3^meta
128.10 127.83 ®2CHmeta
131.02 131.46 ® 2 ^ o rth o

(131.41)
131.57 132.06 ®3^ortho
140.06 142.59 ^  2 ^  ipso
144.92 143.07 ®3^ipso
232.48 233.08 carbonyl
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C(2)-C(27) (see Fig. 8 , page 42 ) by the p resence of Cr(CO ) 3  group. However,

the sam e argum ent is also applicable to the  isom er 28 w here the ortho and 

m eta carbons appear to be equivalent. The very next feature for the above 

difference recognized w as the p resence  of a  chiral cen ter a t C(2) in 22 

which w as absen t in 28 . Six signals for the complexed rings have also been 

o b serv ed  in the c a s e  of benzhydryl chloride and  benzhydrol chromium 

tricarbonyls (23, 24). Oiastereotopic nature of hydrogens and carbons due to 

p re sen ce  of a  chiral cen ter in chromiumtricarbonyl com plexes have been 

observed  by Trouflet e t a l113.



3 9

v ) _ S in g le . C r y i ta l - f r r iy  A n a ly lilt;

Strong interactions betw een phenyl rings are  expected  to occur in a 

crow ded molecule like pen taphenylethane chromiumtricarbonyl (22 or 28). It 

w as hoped that complexation of a  -Cr(CO ) 3  group to the benzene ring would

h av e  m ade the com plexed rings m ore like sp ^  hybridized carbons. In 

addition w e expected transm ission of the electron withdrawing character of 

the  Cr atom through the sigm a bonding framework to result in a  shortening 

of the  ethane bond in 22  and 28 relative to that of the parent hydrocarbon 

PPE . In order to evaluate the validity of our presum ptions, single crystal 

X-ray structure determ inations of 22  and 28  w ere carried out. The solid 

s ta te  confom ations, the orientation of chromiumtricarbonyl on the benzene 

plane, deformation of bond angles and bond lengths are presented  below

a) Pentaphenvlethane(C-21-Chromlum trlcarbonvl (22V.

X- ray quality crystals were grown from benzene and petroleum  ether 

(1:1, v/v) during three w eeks a t -17°C in an argon a tm osphere. Several 

a tte m p ts  to crystallize 22  from a  sing le  solvent like b en ze n e , carbon 

te trach lo ride  and  m ethylene dichloride a lone w ere without su c c e ss . The 

crystals were dried under vacuum and stored in a  vial under argon a t -17° C. 

Melting point determ ination of a  small crystal indicated th e  p re sen ce  of 

so lv en t in the crystal. During the th ree  m onths before th e  X-ray d a ta  

collection, a  thin film of Cr+ 3  w as deposited  on the surfaces of the crystals 

w hich w ere freshly cut before exposure to X-rays. All th e  diffractom eter 

d a ta  w ere collected a t room tem perature. The crystal d a ta  collection and 

refinem ent param eters a re  sum m arized in Table 7. Views of solid s ta te  

com form ations are  given in Fig. 8 , 9 an d  10. C oordinates, anisotropic 

tem perature factors, bond distances and bond angles are given in Appendix 1



Table 7. Single Crystal X- Ray Crystallographic Analysis(22)

A. Crystal Parameters 

formula

crystallization medium 

crystal size, mm 

cell dimensions

space group 

molecules/unit cell

density observed,g/cm3 

density calculated,g/cm3 

linear absorption coefficient, cm*1

B. Refinement Parmeters

number of reflections 

nonzero reflections (I> 3 .0o)

R- index = £  I IFo I - Fcl l/£ lF o  I 

GOF = [^T(Fo2-Fc2)2/(m -s)]*/2 

scale factor

secondary extinction coefficient

C35H2603CrZC6H6(624.72)

benzene/pet.ether(l:l) at -17°C

0.20 X 0.22 X 0.22

a = 13.525(3) A

b =  10.678(3) A

c = 22.448(8) A

a  « 90.0

p  -  92.77(3)

y -  90.0

V = 3238(2) A°3 
P2j/c

4

1.26

1.28

31.65

3335

2785

0.053

1.41

1.462(2) 

10(2) X10 **
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Table 8. Bond Distances and Bond Angles Involving the Ethane Atoms 
C (l) and C(2) in Pentaphenylethane(7 ), 22  and 2 8 )

Bond length in A°

Bond 22 28 P P E (/)115

C (l) - C(2) 1.620 .006 1.615 .007 1.606 .003

C (l) - C(9) 1.533 1.551 1.544

C (l) - C(3) 1.549 1.545 1.550

C (l) - C(15) 1.561 1.562 1.563

C(2) - C(21 1.535 1.531 1.537

C(2) - C(27) 1.527 1.528 1.531

Bond Angles (°)

C(2)-C(l)-C(3) 112.0 111.2 114.0

C(2)-C(l)-C(15) 106.7 108.4 107.6

C(2)-C(l)-C(9) 110.1 110.5 109.4

C(3)-C(l)-C(15) 102.9 111.0 102.2

C(3)-C(l)-C(9) 111.2 108.7 110.1

C(9)-C(l)-C(15) 113.8 107.0 113.6

C(l)-C(2)-C(27) 112.8 117.5 113.4

C(l)-C(2)-C(21) 117.4 117.9 118.6

C(21)-C(2)-C(27) 110.5 108.6 109.2
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The primary difference betw een pentaphenyle thane (1) and  complex 

2 2  is  th a t  th e  c e n tra l C (1)-C (2) bond  is s lig h tly  lo n g e r  in 

chrom ium tricarbonyl com plex a t 1.620 A°. This striking and  u nexpec ted  

difference is all the m ore rem arkable when one considers the n ear identity 

of the remaining bond d istances and angles of 22 shown in Fig. 8  and  those 

reported for 1 ( s e e  Table 8 ). The degree of deformation of the m olecule is 

well docum ented by the marked deviation of som e bond d is tan ces  and  bond 

angles from their standard  values. Of particular relevence a re  lengthening of 

C(1)-C(15), 1.561 A0; the  closure of C(3)-C(1)-C(15) angle. 102.9°; Expansion 

of C(1)-C(2)-C(21) angle. 117.4 A° and the deformation of the two rings at 

the cen ter of attachm ent to the ethane carbon atom a s  shown by the values 

C(1)-C(3)-C(4) and  C(2)-C(21)-C(26) angles. 125.8° and 125.2° respectively 

(see  Appendix 1. pg. 105 ). However the  ang le C(2)-C(27)-C(28) and  

C (2 )-C (2 7 )-C (3 2 ), 1 2 0 .2 °  and  122.6° respectively  for th e  chrom ium

tricarbonyl complexed aromatic ring seem s to be due to that of a  normal sp 2  

hybridized carbon.

The reduced  sym m etry of the com plexed ben zen e  ring is observed  

from the ring carbon-carbon distances; they range from 1.369 A° to 1.437 A° 

Fig. 11 ). Interestingly, the alternate C-C distances are  expanded but to

H
Ph e — c p k C ( 2 7 ) - C ( 2 0 )  -  I .4S7 ; C(30) -  C ( 3 I )  -  1 . 369

C(Z9) -  C(30)  - 1 . 4 1 3 ;  C{27) -  C(32)  -  1 .3*7 

C ( 3 I ) - C ( 3 2 )  -  1.401 ; C(2«) -  C(29)  -  1 .403

22
Fig. I I

differen t ex ten ts . Low te m p era tu re (a t 80K) X-ray s tu d y  of b e n z e n e  

chrom ium tricarbonyl a lso  re v e a ls 1 1 6  similar characteristics; the  cis bond
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(1 .423 A0) (that in tersect the projection of C r-C -0 bond on the  ben zen e  

plane) is found to be longer than the trans bond (1.406 A°) (the bond opposite 

to  the  cis bond). Unlike the  iron 1 1 8  and  m olybdenum 119tr ic a r b o n y l  

com plexes, the destruction of arom aticity in benzene chromiumtricarbonyl 

d u e  to -Cr(CO ) 3  ligand is only partial. The observed alternate stretching of

b on d s is explained due to th e  following118; the Kekule form with double 

bonds in trans positions is favoured for energetic reasons. This m ean s a  

lengthening of the cis bond and  shortening of the trans bond. Upon bond 

formation with chromium the trans bonds are lengthened a s  is the c a se  with 

o th e r olefinic bonds coord ina ted  to m eta l119. The resulting tran s  bond 

leng ths are  approximately equal to th o se  in benzene but still som ew hat 

sh o rte r than the cis bond length. The room tem perature X-ray diffraction 

study of benzene chromiumtricarbonyl by Bailey and Dahl, however, did not 

show  any evidence of distortion from Dgh symmetry for benzene ring120.

The individual Cr-C (arom atic) d is tan ces  range from 2 .194  A° to 

2 .248  A°. Except Cr-C(27), 2 .248 A0, all other five Cr-C (phenyl) d is tances  

a re  very close to each  other. This m eans tha t the chromium atom  is 

d isp laced  slightly away from C(27) from lying directly above the centroid of 

the benzene ring . The m ean Cr-C d istance a t 2.203 A° is less than and at the 

low range for those in benzene-Cr(CO )3 , 2.229 A°. The correlated m ean Cr-C

(carbonyl) distance, 1.823 A°, is also  le ss  than that of benzene complex. The 

d is ta n ce  betw een C (35)-0(36), 1.153 A° is shorter than C (33)-0(34) and 

C (37)-0(38), 1.165 and  1.162 A° respectively. T hese  unequal chromium 

carbonyl bond d istances a re  apparently responsible for broad absorptions in 

the ir infrared spectrum .

A num ber of crystal s tru c tu re  determ inations e s tab lish ed  tha t the 

tricarbonylchromium derivatives of b e n z e n e 118>120. hexam ethyl b e n z e n e 120. 

P h e n a n th re n e  an d  d ih y d ro p h e n a n th re n e 1 2 1 , 1 2 2  ad o p t the  s ta g g e re d
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conform ation in solid s ta te  with resp ec t to the ring carbons. W hereas, 

- C r ( C O ) 3  co m p lex es  of tr in itro an iso le1 2 3 , o - to lu d in e 1 2 4 , m ethyl

b e n z o a te 1 2 5 , 1 2 8  , 1,2,3-trim ethoxy b en ze n e127, N.N-diethyl aniline1 2 7  and 

4- ch ro m an o n e 1 2 8  approxim ate closely to the eclipsed  conformation. The 

orientation of the Cr-CO vector is explained in te rm s of th e  electron 

withdrawing -Cr(CO ) 3  m oiety 1 3 0  a s  shown in Fig. 12 .

• A  A  A

•)  R ■ H, M* k) •  •  «1«ctr«n e ) R •
r t l tu ld f  vllM raw Inf

F i g .  1 2

The present ca se  is an example of a  m onosubstituted benzene and one 

would expect the orientation of Cr-C -0 vectors on the ben zen e  skeleton to 

b e  either a s  Fig. 12(b) or (c). But surprisingly, the chromiumtricarbonyl unit 

is nearly in s taggered  conformation with respect to ring carbons( Fig. 10) 

apparen tly  due to predom inant steric  interaction of phenyl and  trityl 

su b s t i tu te n ts .

b) P a n ta n h e n v le th a n e fC -1 1 -C h ro m lu m tr ic a rb o n y l f281:

Crystals for X- ray analysis w ere grown from a  mixture of petroleum 

ether and benzene (1 : 9, v/v) a t 0°C during six w eeks. The crystals were 

very sensitive and develop a  green  coating due to oxidation of -Cr(CO ) 3  on

exposure to air, light and tem perature. All the m anipulations w ere m ade in 

a  b lanket of argon . The diffractom eter d a ta  collection an d  refinem ent 

param eters a re  sum m arized in Table 9. Views of solid s ta te  conformations 

are given in Fig. 13 and 14.



Table 9. Single Crystal X- Ray Crystallographic Analysis(2S)

A. Crystal Parameters 

formula

crystallization medium 

crystal size, mm 

cell dimensions

space group 

molecules/unit cell

density calculated, g/cm3 

linear absorption coefficient, cm 'l

B. Refinement Parmeters

number of reflections 

N0, nonzero reflections (I>2.0o ) 

Nv, no. of variable parameters 

R- index = £  I IFo I - Fcl 1/^IFo I 

GOF = [ 2 w(Fo-Fc)2/(N0-Nv)] ]/2 

Rvy= [£w (Fo-Fc)2/2 > IF o l2] xr i

C35H2603Cr. 11/2C6H6(663.76) 

benzene/pet.ether(9:l) atO°C 

0 .20X 0.30X 0.50  

a = 35.177(5) A0 

b =  10.663(2) A° 

c = 18.880(4) A° 

a  -  90.0° 

p  -  103.71(2)°

Y -  90.0°

V -  6880(2) A°3 
C2/c

8

1.28

31.9

5122

2929

404

0.0578

1.154
0.0667
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Fig. 13. Stereoview of 2 0

C18



Fig.14. Stereoview  of 2 8
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It is significant to note that the C(1)-C(2) e thane  bond is 1.615 A° 

com pared to 1.606 A° for pentaphenylethane. A com parison of properties of 

28  with 1 show s very good correspondence for bond d istances and m odest 

ch an g es  for the bond ang les due primarily to the g reater steric congestion 

c a u s e d  by introducing the  Cr(CO >3  group into the trityl portion of the

pentaphenylethane ( s e e  Table 7 ).

Fig. 13 show s th a t th e  chom ium tricarbonyl grouping in 28  is in 

s taggered  conformation with respect to benzene carbons simitar to com plex 

22 ; expansion of C(9)*C(10), 1.423 A° and contraction of C(12)-C(13), 1.372 

A° relative to benzene C-C distance a t 1.400 A° clearly d em onstra te  th e  

reduction of benzene symmetry upon complexation(Fig. 15). From the 

Cr-C(ring) d istances, it is a lso  observed  that the Cr atom is slightly tilted 

aw ay from C(9).

C (S )  - C ( t O )  -  1 . 423  ; C ( 1 2 ) - C ( 1 3 )  -  1 . 372

C ( 1 I ) - C ( I 2 ) .  1.40S ; C (9 )  - C ( I 4 )  -  1 .3 9 4

C ( I 3 )  ■ C( 14) -  1 . 4 1 4 ;  C ( I O ) - C I I I )  -  1.397

Fig. 15

The conform ation of the m olecule about the e thane  bond m ay b e  

conveniently described by the angle of torsion about the ethane central bond, 

cpc and  by those  of rotation of the individual phenyl rings, cpr131. T h e ir  

values are presented  in Fig. 14 which show s that the molecule of 28 in this

crystal structure is nearly staggered; the | <pc I values being in the range 44-

78°. The stereoview of complex 28 along C(1 )-C(2 ) axis is shown in Fig. 14 . 

The cpc of 28 are com parable to that of pentaphenylethane except C(27)-C(2) 

-C(1)-C(3), -78° and C(28)-C(1)-C(2)-C(27). 43.9° where the deviation is 16
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to 18° from an ideal value 60° .

In the solid s ta te  both the benzylic hydrogen atom  and the chromium 

atom  are disposed syn to each  other in complex 28  . It would be interesting 

to  study the effect of a  rem ote Cr(CO ) 3  group on the  form ation and

stabilization of the corresponding benzylic carbanion. This a lso  provides an 

opportunity  to ex am in e  th e  nonbonded  in terac tion , if any , of the 

chromiumtricarbonyl moiety a t close proximity with the benzylic carbanion. 

The C-13 NMR stud ies of the carbanions are  described  in the following 

sec tio n .
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VI) 13C NMR Studies on Carbanlona:

a) Pentaohenvlethvl Carbanion:

It h a s  been  observed earlier that pentaphenylethyl carbanion is not 

stab le  in the presence of electrophiles with the exception of D2 0  or ROD .

Even a t -78°C reactions occur which produce triphenylm ethane- and 

diphenylm ethane derivatives. Such fragm entation products do not m easure 

th e  therm al stability of the carbanion. The corresponding radical on the 

o ther hand  is believed to be  a  therm ally unstab le  sp ec ie s  and  a t room 

tem pera tu re  provides trityl radical a s  one of the decom position products. 

T he  p re s e n t  s tudy  w as  u n d ertak en  in o rd e r to exam ine w h eth er 

pentaphenylethyl carbanion therm ally d eco m p o se s  to give triphenylmethyl 

carbanion at higher tem peratures (> -78°C) prior to a  proton capture from 

the  solvent.

B ecause an anion degradation pathw ay could rupture the carbanion 's 

e th an e  bond to give trityl anion and  diphenyl carbene , a  reference 1 3 C 

spectrum  for trityllithium w as recorded  a t room tem perature in THF-dg as

shown in Fig. 16b and the chemical shifts are  displayed in Table 10.

It m ay be seen  from the da ta  in table 10 that the chemical shifts of 

the  anion ag ree  well with those in the literature with the exception of the 

benzylic carbon. This discrepancy is probably due to the p resence of hexane 

in the THF-dg.

INEPT proton coupled  ex p erim en ts  w ere  carried  out on both 

tripheny lm ethane  and  its anion to verify th e  literature chem ical shift 

a s s ig n m e n ts  an d  to  p rov ide m odel s p e c tr a  for th e  a n a ly s is  of 

p en tap h en y le th y l carban ion . T he s p e c tr a  o b ta in ed  from th e  INEPT 

experim ents are shown in Fig.17.

In Fig.17a, the separation of triplets labelled 5 and 6  a re  due to one



FIGURE 1*
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Table 10. Chemical Shifts of Tiftylllthlum and Trl phenyl methane

A s s ig n m e n ts c a ortho meta para IpSO

A n io n ( T H F - d g  ♦ 

H e x a n e )
66.7 124.8 126.7 114.0 150.7

132
L i t e r a t u r e ( T H F ) 91.0 124.4 126.3 113 3 150.5

H y d r o c a r b o n
(COCIj) 56.6 128.3 129.4 126.2 143.9

132
L l t e r a t u r e ( T H F ) 582 1295 130.7 127 5 145.2

bond ( 1 Jcp-H p “  1 6 0  3  Hz ) and two bond ( 2 Jcp-C-H m  ■ 7 -5  Hz ) couplings 

of the para  carbon with para  hydrogen and  m eta hydrogen respectively. The 

two doublets 3 and 4 are similiarly due to one bond ( 1 Jco-H o “ 1 5 9 -8  Hz) and

two bond ( 2 Jco -C -H m  “ 7 1  Hz) couplings of the ortho carbons with ortho

hydrogen and m eta hydrogen respectively. The two multiplets 1 and  2 are 

due to m eta carbons which couple unequally to ortho and para hydrogens, and 

a g re e  well with the  literature a ss ig n m e n ts . H ow ever in Fig. 17b, the 

multiplets 1 & 2 and the doublets 3 & 4 w ere collapsed to clean doublets 

and  unresolved singlets respectively with the retention of the triplets 5 and 

6  for the para  carbon ( the coupling constan ts  are  given in table 11). This 

su g g es ts  that in the anion the ortho carbon d o es  not couple with the m eta 

hydrogen and m eta carbon does not couple with ortho hydrogen which is not 

readily conceivable at this stage.

Pentaphenylethyl carbanion w as p repared  in THF-dg solution for the

NMR study and  the spectrum  recorded a t room tem perature is shown in 

Fig.18b. The anion spectrum  looks very similar to that of the hydrocarbon



ANION

1 3 0 . 0 1 2 0 . 0 M S .  0 110 . 0
PPM

INEPT COUPLED

HYDROCARBON

1 2 2 . 01 3 2 . 0 1 2 6 . 01 3 0 . 0 1 2 0 . 0
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Table 11. Coupling Constants of Trltylllthtum and Trlphsnglmsthana

J C . - H .
2j

V h
2j

A n io n 1 5 3  3  H z - 1 5 0 .9  HZ 1 5 7  2  HZ 7 .3  HZ

H y d r o c a r b o n 1 5 9 .0  H z 7.1  HZ 1 6 2 .5  HZ 1 6 0 .3  Hz 7  5  HZ

( Fig. 18a) except the peak a t 125.5 ppm. Peaks a t 114 and 66.7 ppm could not 

be  observed  indicating the absence  of triphenylmethyl carbanion sp ec ie s  in 

the solution. W hen the dark red carbanion solution w as hydrolyzed with 

w ater, an  o range  solid w as isolated which on proton NMR show ed the  

p resence  of a t least 50% of PPE in the product mixture. The peak at 5.56 ppm 

w as not observed in the proton NMR due to a  triphenylmethane. The 1^C  NMR 

spectrum  w as  simitar to that of PPE with a  few additional low intensity 

signals in the  aromatic range due to decom postion of the anion. From this 

study it ap p e a rs  that the  pentaphenylethyl carbanion d o es  not therm ally 

decom pose to  trityl anion.

bl Penlaphanvlethvl(C21-Chromlumtrlcarbonvl Carbanion:

It is welt known tha t the  com plexation of an  arom atic  with a  

tricarbonylchrom ium  group en h an ces  the  kinetic acidity of the arom atic  

hydrogens a s  well a s  the benzylic hydrogen atom s. It is a lso  known tha t 

alkyllithiums can undergo a  nucleophilic addition or m etalation a t the  ring 

depending on the nature of the b ase  and  the reaction tem perature. In the 

p resen t system  to effect the metalation only at the benzylic carbon, it is
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FIGURE II

•)

(O ) H
® j r ± ®

(o](o)

H y d ro c a rb o n

1

A nion

1 0 012 014 0
PPM



59

very important to select the right b ase .

n-Butyllithium reac ted  with 22 a t -70°C with no ch an g e  in color 

how ever, when the tem peratu re w as gradually raised, an o range red color 

ap p ea red  a t -30°C which deepened  to a  dark red solution similar to that of 

a  trityllithium. When the  anion w as reac ted  with methyl iodide a t room 

tem peratu re  , 1,1,1-triphenyl e thane  (33) w as isolated in 40%  yield ( eqn. 

18)

K O B u f in a  mixture of THF and DMSO (7 : 3, v/v) a t -15 to -5°C 

m etalated  22 in 20-50% a s  shown in eqn. 19.

Potassium  tertiary butoxide on the other hand in DMSO alone a t room 

tem perature developed a  brown red color with formation of alm ost a  molar 

quantity of the anion (34) ( eqn. 20). B ases such a s  LDA at -70 to -50°C in 

THF and  UNH2  in liquid am m onia a t -30°C w ere not effective a s  the 

deprotonating agent.

Ph

*  Ph 3 C —  c h 3

Cr(co) 3 33

( iqn. 18)

Ph

-1 5  to - 5 #C 

2) EtOD. 3) CAN

D
*  P h 3 C— CPh2

Cr(CO) 3
2 0 -5 0 *

2 2

(eqn. 19)
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PhjC —
PI)
I

H Cr(CO) 3

KOBu .onso. Ph
-c- ^ >

22

Cr(CO) ,

(•qn. 20)

The anion solution w as prepared in DMSO-dg for the 13C NMR studies

and  the spectra  w as recorded a t room tem perature during 3-5 hours. The 

spectrum  is shown in Fig. 19 & 20 and the chemical shifts a re  p resen ted  in 

Table 12. The salient features of the anion spectrum are described below.

b )
Ph m

10

Cr(CO)
* -

a )

i   ....................     • .
1 0 0  80 60 

PPM

Fig. 20. a) Section of Penuphenyethane(C2)-Chromium tricarbonyl in CDCI3 
b) Section of PPE-Cr(CO>3 Anion(J4) in DMSO-dg at it.
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Table 12. Chemical Shifts for Pentaphenylethyl(C2)-Cr(CO)3 Carbanion

S.ppm Assignments

240.70 carbonyl

147.22 ^ ^ i p s o

144.82 ^c tc^^ ipso

133.87 C- -Cr '-ipso

131.40 ^ ^ o r th o

131.18 ^ctc^^-ortho

(128.22,127.33, 127.13) *

126.85 ^c tc^^m eta

126.41 ®3Cmeta

(125.76) *

124.94 ^ ^ p a r a

123.87 ^ctc^^-para

105.82 C(2) anion

98.04,97.22 ^m eta '^ r

72.66,71.77 ^ortho '^ 'r

69.20 ^para‘^ r

* probably due to the presence of unreacted PPEctc.
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The carbonyl resonance in the anion appears at 6  240.7, an 8  ppm 

dow n field shift with re sp ec t to the  hydrocarbon at 6  232 .5  indicating 

substantial transmittal of the negative charge into the Cr(CO>3  moiety. This

is further supported by the shielding1 0 *8 1 ' 131  (29 ppm) of the p ara  carbon 

(C30) at 6  69.2 ppm and shielding (15 ppm) of ortho carbons (C28, C32) a t 6  

72.7  and  71.8, and deshield ing  (21 ppm ) of the ipso carbon  (C27) at 

5 1 3 3 .9 .81 The two m eta resonances appear at 98.0 and 97.2 ppm. The signal 

due to the benzylic carbanion w as assigned  to the peak at 6 1 0 5 .8 .81 In the 

128-125 ppm range, a  few low intensity peaks w ere observed  which could 

not b e  assigned accurately. T hese 6  values com pare well to those  for the 

hydrocarbon and have expected  multiplicities in the coupled spectrum .

The anion upon hydrolysis afforded the hydrocarbon w hose 13C and 1H 

NMR sp ec tra  w ere identical with sp e c tra  for au then tic  pen tapheny l 

e t h a n e ( C - 2 ) - c h r o m i u m t r i c a r b o n y l  (22). Reaction of th e  anion with 

m e t h a n o l - d j  gave 2 -d eu te rio p en tap h en y le th an e  due to th e  oxidative

decom plexation of Cr(CO ) 3  group during the work up. Coupling reaction of

th e  anion with methyl iodide did not yield a  m ethylated derivative and 

trimethylchlorosilane decom plexed the anion even at -40°C. The anion (3 4 ) 

se e m s  to be a  thermally stable species a t room tem perature since no change 

in 13 C NMR spectrum w as observed even after 3 days.

c l PentaphenvlethvtfC ll-Trlcarbonvlchromlum Carbanion:

In pentaphenyethane(C1)-chrom ium tricarbonyl (28) the Cr(CO ) 3  group

is ligated remote to the  anionic site . Furtherm ore, in the  solid  s ta te  the 

benzylic hydrogen and  the chromium atom  are d isposed syn to each  other 

(Fig. 13). Thus the structural features of 28  provides a  unique opportunity to 

de te rm in e  the  nonbonded in teraction, if any, of the rem ote  chromium 

tricarbonyl group in the formation and stabilization of the carbanion.



s
FIGURE 21

'O B u *  —
✓

vMfeaRftite)
2 4 0 220 200 180 16 0

T.......   |............... .
1 4 0

PPM
120 100 8 0 60 40 20



65

R eaction of KOBu* in DMSO-d0  with 28 developed a  color similar to that of

the anion (34) during the first few m inutes which changed subsequently  to 

a  yellow color. The 13C NMR of this solution w as recorded during seven  to 

eight hours and the spectra are shown in Fig. 21 and 22 . The chemical shifts 

are  presented in Table 13.

The m ost striking featu re of the carbon spectrum  is the  carbonyl 

resonance at 241.4 ppm similar to that of its isomer 34 a t 240.7 ppm. This

FIGURE 22

' O B u 1
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Fig. 22 a) & b). Sections of NMR of 36 in DMSO-dg at i t
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Table 13. Chemical Shifts for Pentaphenylethyl(Cl)-Cr(CO)3 Carbanion

6.ppm Assignments

241.43 carbonyl

145.33,145.26,144,62 r -''ipso

132.40,131.17, 130.77 ^ortho

(128.18) **

127.89, 127.26,127.09 ^rneta

(127.66) *

126.23, 125.82, 125.19 rv-para

(126.60)
*

110.96 C(5)

96.50 C(4,6)

62.37 C(l)*

59.52 C(2)*

49.68,49.18 C(3,7)

30.18 C(8)

* assignments may be interchanged
* low intensity peak and could not be assigned with certainty 
** could be due to benzene in the crystal
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in d ica te s  th e  possib le  participation of th e  rem ote chrom ium tricarbonyl 

coordinated benzene ring in the delocalization of the carbanionic charge. The 

p resen ce  of five mole excess  of KOBu* in the solution and the low solubility 

of 28 in DMSO-dg prevented obtaining a  good signal to no ise1 spectrum .

The spectrum  presented  here is obtained by accumulation of 26,500 scans 

during 7/8 hours. The particular featu res of the spectrum  in support of a 

b ridged pentahapto-chrom ium tricarbonyl (36) is p resented  a s  follows.

The signals at 49.7 and 49.2 ppm are  due to C3 and C7 shielded (39 

ppm) with respec t to the hydrocarbon a t 6  8 8 . 2  due to the p resence of 

electronic charges. The C1 and C2 have their resonances a t 59.5 and 62.4 

ppm of equal intensity. The carbons (C4 and C6 ) have a  strong signal a t 96.5 

ppm a  shielding of only 2 ppm similar to pentaphenylethyl(C2)-chrom ium  

tricarbonyl carbaion (34). The para carbon (C5) of the com plexed ring at 

1 1 1 . 0  is deshielded  (16 ppm) in con trast to that of its isom er w here the 

p ara  carbon shielded by 29 ppm due to the residence of negative charge. The 

newly g en era ted  tetrahedral carbon ap p ea rs  a t 30.2 ppm. In the arom atic 

region (6 1 2 5  to 130), there  appeared  a  few low intensity peaks and  the

Cr(CO) Cr(CO)

Df1S0-d6

(28) (3 5 )

Cr(CO) Cr(CO)Cr(CO)

9

(3 6 )

( aqn.21)
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assignm en ts  could not be m ade with certainty. The chem ical shifts with 

their assignm ents are reported in Table 13.

An attem pt to isolate the hydrocarbon by hydrolysis of the anion 36 

w as not successfu l. From this prelim inary study it ap p e a rs  tha t the 

b en zy lic  carb an io n  in te ra c ts  with th e  rem o te  ch rom ium tricarbonyl 

c o m p ie x e d  b e n z e n e  ring with th e  fo rm ation  of a  p e n ta h a p to  

chrom ium tricarbonyl com plex.

V II) Suggested Extensions fo r the Svntheala of Chromium

trlcarbonvl Coordinated Ethanes:

Arnett and his group 1 3 4  recently dem onstrated  tha t the reso n an ce  

stabilized carbocations and carbanions undergo direct reaction to produce 

covalent products by coordination. The reaction of trityl carbanion (37) and 

trityi carbocation (38) is probably an  unfavourable p ro cess  for such  an 

interaction. Therm odynam ic stability of trityl radical (39) over trityl cation 

and  trityl anion is 13.15 and 27.67 K cal/m ole1 3 5  respectively and  probably 

is th e  reason  that trityl anion u n dergoes SET to a  trityl radical which 

s u b se q u e n tly  d im erize  to a  h e x a d ie n e  d im er. C hrom ium tricarbonyl 

com plexation of 37 and 38  may increase  the therm odynam ic stability of 

b o th  carb an io n  an d  ca rb o ca tio n . H ow ever, th e  ex ten t of rela tive 

stabilization of 37  and 38 with respect to the corresponding radical (39) is 

not known. Because of increased thermodynamic stability one hopes that 37 

and 38 would be stable in p resence of each  other for a  coordination process 

and  would lead to a  covalent bond formation a s  shown in Schem e 7 .

T he p resen ce  of chrom ium tricarbonyl group in trityl radical (39) 

destroys the aromaticity of the ring to som e extent and consequently would 

hinder the electron delocalization into the para  position. The above effect is 

hoped to work in favour of a  a , a  coupling similar to that of tris(3,5-di- 

tertiarybutyl phenyl)m ethyl1 3 6  to yield chromiumtricarbonyl
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I Cr(CO) 3 J^Ph 3 C ©

MPFft

♦ 1 C r(C 0)3 l j iPh 3 C ©

(1 7 )

KOB«'/THF

I Cr(CO)j lj^Ph 3 C -0 H  I Cr(CO )j J^PH jC H

VC1 2 I C r(C 0)3 l^Ph 3 C —  CPh3 l C r f C O ) ^

D tm «rfze t1on
(40)

21 Cr(CO)3 I^ P h  3 C ©  

0 9 ) * ■ 1 . 2

(Sch«m«7)

coordinated hexaaryl e th an es  over q , p dimer. In these reactions one of the 

main problem s one expects to encounter is the solubility of the  chromium 

com plexes s ince  the solubility dram atically  d e c re a s e s  with increasing  

number of Cr(C0 ) 3  groups.

Unlike pentaphenylethyl carbanions, it w as hoped tha t pentaphenyl 

ethyl carbocation would b e  m ore stab le  tow ards a  chem ical reaction. 

Syn thesis of pentaphenylethanol (4 7). the precursor to the cation (42), has 

not b een  achieved. An attem pt w as m ade to synthesize chromiumtricarbonyl 

co o rd in a ted  p en tap h en y le th an o l (43) by the reaction of benzophenone 

chromiumtricarbonyl and trityl Grignard (Schem e 8 ). The infrared of 43 

show s the p resen ce  of a  tertiary -OH group and  the  exp ec ted  carbonyl 

absorptions. A good NMR spectrum  could not be  obtained b eca u se  of its 

insolubility in com mon organ ic  so lven ts. R eaction of 43  with HPFg in

propionic anhydride w as carried  out a t room tem p era tu re  followed by 

treatm ent with absolute ethanol when trityl ethyl ether w as isolated  in 18%
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yield. Apparently pentaphenylethyl carbocation-Cr(CO ) 3  (45) decom posed  at

room tem perature to a  trityl cation which reacted  with ethanol to yield 4 4 . 

It might be possible to synthesize 45 a t low tem perature and  its reaction 

w ith p h en y l Q rig n a rd  is  likely  to  y ie ld  h e x a p h e n y le th a n e  

chromiumtricarbonyl (45) (Schem e-8 ).

Ph

Cr(CO)

H

Cr(CO)

h p f6

Propionic Anhydrldo

Ph

Cr(CO)

Ph

<■
PhMgBr

Cr(CO) 3

(45)

El

(Schomo 8 ) Ph jC - O E t

(44)
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SUMMARY ANP CONCLUSION

The syn thesis of pentaphenylethyl carbanion has  been  achieved by 

deprotonation of pentaphenyethane with n-BuLi/KOBu* in THF at -78°C. NMR 

studies of the product obtained after deuterolysis of the anion revealed that 

the mixture had at least 87% of deuterium  at the benzylic carbon. However 

the Chem ical Ionization m ass  spectra l analysis show ed the p re sen ce  of 

dideuteriopentaphenylethane (1 0 %) a s  one of the com ponents in the sam e 

m ixture.

R eactions of pentaphenyle thyl carbanion  with Mel, CO, te trak is 

tri-n-butylphosphine.Cul/M el did not yield a  coupling product. Trimethyl 

chlorosilane afforded a  very small am ount of pentaphenylethyltrim ethyl 

silane (5%); dimethyldisulfide on the other hand thiom ethylated in the ring. 

In the above reactions, triphenylm ethanol and  benzophenone derivatives 

w ere  co n sis ten tly  iso la ted  a s  th e  frag m en ted  p ro d u c ts . A pparently  

pentaphenylethyl carbanion undergoes a  SET in p resence  of an  electrophile 

to a  pentaphenylethyl radical which is known to be an  unstable species and 

c leaves the e thane  bond to provide trityl and diphenylm ethyls and th ese  

fragm ents subsequen tly  ap p ea r a s  triphenylm ethanol and  benzophenone 

d e riv a tiv es.

To en h an ce  the kinetic acidity of the benzylic hydrogen and  to 

s tab ilize  the  carbanion  form ed by its rem oval, pen tapheny le thane(C 2) 

-chrom ium tricarbonyl (1 ) w as synthesized in 8 8 % yield by a  novel coupling 

reaction of trityl Grignard and  benzhydryl chloride tricarbonylchrom ium . 

Subsequently, in order to determine the effect of rem ote -Cr(CO ) 3  moiety on

th e  form ation and  stab ilization  of th e  carb an io n , th e  isom er of 1 

p en tap h en y le th an e(C 1 )-ch ro m iu m trica rb o n y l (2) w as synthesized  in 65% 

yield by the reaction of triphenylmethyl-Cr(CO ) 3  carbanion with benzhydryl
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brom ide.

C hrom ium tricarbonyl coo rd in a ted  triphenym ethyl ca rb an io n  w as 

p repared  in 80-85%  yield a t room tem perature in THF and KOBu*. The 

com plex 1 in its 1 3 C NMR exhibited six carbon s ignals  for com plexed 

benzene ring due to magnetically nonequivalent ortho and  m eta carbons by 

the p resence of a  chiral carbon a t C2. The chemical shift assignm ents were 

m ade by their coupling constants and  multiplicities with the aid of an INEPT 

proton coupled 13C experiment.

Single crystal X-ray structure analysis for both 1 and 2 w ere carried 

out and  the  particular fea tu res of in terest a re  a s  follows. The central

e th an e  bond lengths are 1.620 A° and 1.615 A° respectively for 1 and 2

which are  considerably longer than a  normal ethane bond (1.53A°). Upon 

chrom ium tricarbonyl com plexation the sym m etry of th e  b e n z e n e  ring 

reduced to som e extent as  evidenced by the alternate long and short bonds. 

In the  solid  s ta te  the chrom ium tricarbonyl group is in a  s tag g e re d  

conform ation to the b enzene  carbon skeleton (i.e the  projections of the 

carbonyl bonds on to the complexed ring intersect the alternate C-C bonds). 

The e th an e  conform ation a s  a  whole is nearly s tag g ered  with som e

deform ations in bond ang les  and  quite sim ilar to tha t of the  paren t

hydrocarbon, pentaphenylethane. In 2 the chromium atom and the benzylic 

hydrogen are disposed syn to each other.

P en tapheny lethy l(C 2 )-Cr(CO ) 3  carbanion (3) w as synthesized a t room

tem perature in KOBu* and DMSO and seem s to be thermally stable since no 

change in its carbon spectrum w as observed even after 3 days. The 13C NMR 

spectrum  of the anion exhibited extensive delocalization of the electronic 

charge on to the -Cr(CO ) 3  group evidenced by 8  ppm deshielding of the CO

reso n an ce  with respect to the hydrocarbon. It also displays the expected 

shielding of ortho and para  carbons and deshielding of ipso carbon. The
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benzylic carbon appeared  at 105 ppm. When 1 w as reacted with BuLi in THF 

a t room tem perature a  dark red solution due to trityl anion w as observed 

which upon reaction with methyl iodide afforded 1 , 1 ,1 -triphenyl e th an e . 

P e n ta p h e n y le th y l(C 1 )-C r(C O ) 3  carbanion (4) w as similarly synthesized  at

room tem perature with KOBu* in DMSO-dg but the striking observation w as 

the carbonyl resonance at 241 ppm comparable to its isomer 3 a t 240.7 ppm. 

This dem onstra tes the direct involvment of the rem ote Cr(CO>3 moiety in

the stabilization of the anion. A n 5 -bridged structure is p roposed  for the 

anion 4 . C arbon  sp ec tru m  of p en tapheny le thy l ca rb an io n  a t room 

tem perature did not show the p resence  of a  trityl carbanion spec ies , the 

an tic ip a ted  therm al decom position  p roduct. In a  b lank experim en t 

trityllithium w as syn thesized  and all the chem ical shift assignm ents  w ere 

verified by INEPT proton coupled experiments.
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EXPERIMENTAL

Materials and Methods:

The following reagen ts  w ere obtained from the so u rces indicated 

an d  u se d  w ithout add itional pu rification .1 ,1 0 -P h en an th ro lin e , n-butyl 

lithium , m ethyllithium , lithium d iisopropy lam ide, lithium te tram eth y l 

piperidine, potassium  hydride, calcium hydride, lithium aluminium hydride, 

tr ip h e n y lm e th a n o l, h e x a flu o ro p h o sp h o ric  ac id , sod ium  th io su lfa te , 

phosphorous pentoxide, eerie ammonium nitrate (CAN), thionyl brom ide 

(Aldrich). Deuterium oxide, e thano l-d j, anhydrous m agnesium  sulfate, iodine

(J.T.Baker). Technical grade hydrogen chloride gas  (Matheson). Benzophenone, 

am m onium  chloride, carbon  te trach lo ride , sodium  chloride (F ischer). 

C h io r o f o r m - d i  con ta in ing  1 % v/v te tram e th y ls ilan e  (N orell Inc.).

A cetone-dg , dimethylsufoxide-dg (Thompson Packard). Benzhydrol, triphenyl

m e th an e  (M atheson , C olem an & Hall). C hrom ium hexacarbonyl (S trem  

Chem icals or Alfa Inorganics ). Ammonia g as  (M atheson). Silicagel (230-400 

m esh) for flash chrom atography w as obtained from Merck and  used  a s  

rece ived . Alumina 80-200 m esh  (F ischer) w as activated  a t 150°C for 

a tlea 8 t 24 hrs before use. Silicagel with UV indicator coated  plastic p lates 

(Schleicher & Schull, F1500/LS254) were used  for routine TLC check.

T he normality of n-butyllithium solution w as determ ind by two 

in d e p e n d e n t  m e th o d s 1 3 7 ,138 : 1. Titration with sec .-b u tan o l using 

1,10-phenanthroline as  indicator a s  described by W atson and E astham . 1 3 7  

2. Integration of the a -m e th y le n e  group of n-butyllithium at -0.88 ppm 

with tha t of the internal s tandard  ben zen e  a t 7.28 ppm a s  reported  by 

Silveira e t a l . 1 3 8

T he techn ica l g ra d e  so lv en ts  (m ethy lene ch lo ride, a c e to n e , 

petroleum  ether) w ere redistilled prior to use . For the  chrom atographic
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sep ara tio n  and  recrystallization of arene-tricarbonylchrom ium s su ch  a s  

benzhydro l, tripheny lm ethano l, triph en y lm eth an e , b e n z o p h e n o n e  and  

pentaphenylethane com plexes, the dry solvents were deg assed  using at least 

five freeze, pump and thaw cycles. Diethyl ether for extraction w as obtained 

by distilling the technical grade material from aqueous sodium hydroxide to 

rem o v e  p e ro x id e s . A nhydrous d ie thy l e th e r  (M allinckrodt) an d  

tetrahydrofuran (M C&B) w ere prepared by distilling the technical grade 

material from a  solution of sodium metal and benzophenone under dry argon. 

B enzene (Fischer) w as shaken  with concentrated sulfuric acid and  distilled 

from calcium hydride. To m ake oxygen free benzene, the dry benzene w as 

distilled from sodium and benzophenone under dry argon. Acetonitrile w as 

distilled from phosphorous pentoxide before use . D ioxane (Fischer) w as 

p re trea ted  with lithium aluminium hydride overnight, distilled before its 

second  distillation from sodium  metal and  benzophenone ketyl. Diglyme 

(Aldrich) and dibutyl e th er (Eastm an) w ere p a sse d  through an alum ina 

column to rem ove the peroxide and then distilled from lithium aluminium 

hydride. H eptane w as stirred over conc. sulfuric acid prior to distillation 

from calcium hydride.

Potassium  tertiary butoxide (Aldrich) w as sublim ed prior to its use. 

Methyl iodide (Aldrich), dimethyl disulphide (Eastm an) w ere distilled under 

n itrogen  and  kept over m olecular s ieve  (3 A°, D avison). Trim ethyl 

chlorosilane (Aldrich) w as distilled under nitrogen before u se . Dimethyl 

sulphate (Eastm an) w as vacuum distilled (b.p. 52.5°C/6mm) and kept under 

nitrogen. Tri n-butyl phosph ine (Aldrich) w as distilled under nitrogen. 

18-Crown-6 (Aldrich) w as vacuum  dried in p re sen ce  of ^ 2 ^ 5 *  Acetyl 

bromide (Aldrich) w as distilled under nitrogen prior to its use.

D eutera ted  so lven ts (CDCI3 , DMSO-dg, ace tone-dg ) and carbon 

tetrachloride w ere d e g a sse d  by freeze pum p and thaw cycles for NMR
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analysis of the hapto com plexes. Absolute ethanol U .S.P w as distilled and 

d e g a s s e d  before u se . C uprous iodide w as purified by trea tm en t with

decolorizing carbon and  precipitating from sa tu ra ted  solution of aqueous 

potassium  iodide, followed by drying in vacuo over conc. H2 S O 4  a s  described

by Kaufmann and  T eter139. M agnesium turnings w ere obtained from triplly 

sublimed magnesium and were used in Qrignard syntheses.

Argon (Ar) and nitrogen g as  were obtained from Union Carbide Linde 

Division. Argon w as purified by p assag e  through BTS ( BASF, R3-11) and 

P 2 O 5  drying tow ers in a  Normag g as  purification appara tus (Fig. 23)140.

Nitrogen gas  w as dried over a  series  of towers with sodium hydroxide, self 

indicating silicagel and  drierite  in tha t order. The purified g a s  w as

introduced to the desired  flask by an all g lass  manifold. Low tem perature 

experim ents (at -78°C) were performed in dry ice and 2-propanol mixtures, 

lower than -78°C w ere obtained by heptane and liquid nitrogen mixture.

The term dry and  in vacuo  refer to trea tm en t with anhydrous 

m agnesium  su lphate and removal of the solvent on a  Buchler Instrum ents 

ro tary  ev ap o ra to r a t w ater a sp ira to r p re s su re  u n le ss  an  a lternative  

technique is specified. Anhydrous reaction conditions w ere carried out using 

oven (150°C , overnight) dried or vacuum  flam e dried g la ssw are  under 

positive p re ssu re  of dry nitrogen or argon. F lash C hrom atography w as 

perform ed a s  described by Still. 141

Benzhydryl chloride w as prepared by the reaction of benzhydrol and 

th io n y lc h lo r id e 1 4 2  a t reflux in 91% yield, b .p ., 107-110°C at 3 mm.

Benzhydryl bromide w as prepared  either by the reaction of benzhydrol with

thionyl bromide (82% yield, m.p., 32-35°C) or by the bromination of diphenyl 

m e th an e  using N -brom o su cc in im id e 1 4 3  (96%  yield, m .p., 35-36°C ). 

Triphenylm ethylbrom ide w as sy n th e s iz e d 1 4 4  from triphenylm ethanol and 

acetyl brom ide in 70% yield, m .p., 152-154°C. P e n ta p h en y le th an e  w as
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p r e p a r e d 1 4 4  by the reaction of trityl m agnesium  bromide with benzhydryl 

bromide in benzene ether mixture in 80% yield with respect to tritylbromide 

and  in 90% yield with respect to benzhydryl bromide, m .p., 169-71 °C ( in 

argon filled sealed  capillary tubes)

In stru m en ts ;
Single Crystal X-Rav Analysis (22 and 28):

A rep re sen ta tiv e  crystal w as su rveyed  and  a  1-A° d a ta  se t 

(maximum s in e  « 0.5) w as collected on a  Nicolet R3m/m diffractom eter145. 

The diffractometer w as equipped with a  graphite m onochrom ator and  copper 

K a  radiation ( X ■ 1.54178A ) w as em ployed. Atomic scattering  factors 

w ere taken from the International T ables for X -Crystallography146. All the 

crystallographic calculations w ere facilitated by the SHELXTL system . All 

diffractom eter d a ta  w ere collected a t room tem perature. Pertinent crystal, 

d a ta  collection and refinement param eters are sum m arized in Table 7.

A trial structu re  w as determ ined  by direct m ethods. This trial 

structu re  refined routinely. Hydrogen positions w ere calcu la ted  w herever 

possib le . The hydrogen param eters  w ere added  to the structu re  factor 

calculations but w ere not refined. The shifts calculated in the final cycle of 

least sq u ares  refinement w ere less than 0 . 1  of their corresponding standard  

deviations. The final R-index w as 0.053. A final difference Fourier revealed 

no missing or misplaced electron density.

The refined structu re  w as p lotted  using th e  SHELXTL plotting 

package ( Fig. 8 , 9 and 10 ). C oordinates, anisotropic tem perature factor, 

d istances and angles are given in the Appendix 1 ( Table S1-S5).

For com pound 28  the da ta  se t w as collected ( Sin 6 / X  -  0.544, 

2 @max m114°) on the above model diffractometer1 4 8  equipped with graphite 

m o n o c h ro m a to r an d  c o p p e r  ra d ia tio n  with a  s c a n  s p e e d  of
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3.91-29 .3°/m inu te . Crystal, d a ta  collection and  refinem ent param eters  are 

given in table 9. The largest shift calculated in the final cycle of least 

sq u a re  of refinem ent w as 0.5. The final R-index w as  0 .0578 with a  

goodness-of-fit (GOF) indicator of 1.154.

The refined structure w as plotted using the above softw are package 

(Fig. 13 and 14). Coordinates, anisotropic tem perature factor, d istances and 

angles are given in the Appendix 1 (Table S6-S11).

The NMR spectra  w ere obtained on G eneral Electric, QE • 300 MHz

and Brucker 250 MHz FT NMR spectrom eters. Chemical shifts are reported in

6  units, parts per million down field from internal tetram ethyl silane for 

proton spectra. For the 13C spectra  the middle peaks of the multiplet due to 

the deu terated  solvents were the references ( CDCI3  a t 77.0, acetone-dg at

29.8, OMSO-dg at 39.5 and THF-dg at 68.4 ppm ).

G as  chrom atographic analysis  w ere perform ed using a  Hewlett 

Packard model 5880 instrum ent equipped with a  hydrogen flame ionization 

detector. Column diam eters were 1/8 " and the lengths were 6  10% SE - 30

on Chromosorb W or OV 101 w as used for the packing.

Infrared sp e c tra  w ere taken using a  Perkin-Elm er m odel 1320

spectrophotom eter. The infrared spectra  of the liquids w ere obtained from 

the  n e a t liquid betw een  sodium  chloride p la te s . Solid sam p les  w ere

pulverized with KBr using Wig-L-Bug am agalm ater and p ressed  in to discs.

Elemental analysis w ere done by Schwarzkopf Laboratory, W oodside, 

NY and Galbraith Laboratory, Nashville. TN.

All the melting points w ere obtained using a  Mel-Temp melting 

point apparatus and are uncorrected. The melting points of hapto com plexes 

w ere obtained in argon filled sealed  capillary tubes.



79

A

A s  A b sorp tion  o f m ercury  
vapours over  su lfu r

B s  M ercury colum n e x c e s t  
p r e ssu r e  r e le if  va lve

C s Bubble cou n ter

D s A b sorp tion  tube w ith  
BTS c a t a ly s t (1 3 0 0 g )

E s KOH p a l le t s (9 0 0 g )

E‘ s S i1 ic a g e l(4 0 0 g )  w ith  
m o is tu r e  in d ica to r  

F= P 2 0  s '3 5 0 g )

F s MgCIO . ( 4 0 0 g )

n g .  2 3 . Normag Gas P u r if ic a t io n  Apparatus
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Preparation of PentaphenvlBthvI Carbanion:

To a  solution of potassium  tertiary butoxide (2.0g, 20 m mot) and 

pentaphenylethane (2.05g, 5 m mol ) in THF (75 mL), n-butyllithium (4 mL, 7 

m mol) w as added  dropwise maintaining the reaction tem perature a t -78°C 

with a  dry ice/2-propanol mixture. The first drop of BuLi developed  an 

o ran g e  red color which d isap p ea red  im m ediately, the color how ever 

pers is ted  after few drops of BuLi resulting in a  dark  red solution. The 

contents w ere stirred at the sam e tem perature a t least for a  period 2 h and 

w as then reacted with deuterium oxide or deuterated ethanol. In case  of D20  

it took alm ost 2 0  m inutes for the carbanion color to d isap p ea r due to 

freezing of D2 0 .  The reaction mixture w as extracted into ether, dried and

solvent removed under reduced pressure to yield the product (>95%).

The ratio of pentaphenylethane to deuterio pentaphenyle thane in 

the  product mixture w as determ ined a s  follows. The crude product w as 

crystallized from b en zen e  and  abso lu te  ethanol to obtain a  co lo rless 

crystalline solid, melting point range 169-172°C (sea led  capillary under 

argon). 100mg of the mixture w as taken in 0.5 mL carbontetrachloride and 

the product composition w as determ ined using proton integration method 

(the integration of benzylic proton singlet a t 5.85 ppm vs the arom atic 

multiplet near 7.3 ppm).

Reaction of Pentaohenvlethvl Carbanion with Trimethvlchlorosilane:

The carbanion w as prepared from 6.83g (16.7 mm) of pentaphenyl 

ethane, 2.85g (25 m mol) of KOBut and 12.5 mL of BuLi (25 m mol) in THF 

(150 mL) at -78°C. After 2h, trim ethylchlorosilane (15 mL) w as added  

during ten  m inu tes a t the  sam e  tem p era tu re . The carban ion  color 

d isappeared  immediately with appearance of a  light yellow-green color. The 

reaction mixture w as worked up a s  before by extracting into a  organic
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solvent (ether) and  removing the solvent In vacu o . The crude reaction 

mixture (6.52g) w as separated  by a  silicagel column chrom atography and the 

following com pounds w ere isolated in the order of elution: 

petrol:benzene (4:1); recovered pentaphenylethane ( 1, 0.9g, 13%); 

petro l:benzene (1:1); triphenylmethanol (12, 0.52g, 12%), identified by mixed 

melting point determ ination and superim posable infrared and nmr sp ec tra  

with that of an authentic sam ple;

petrol:benzene (1:4); trimethylsilyl benzophenone (11, 1.5g 35.4%);

Ir (neat). 2860,1275, 835 cm ' 1 ( SiMe3 ), 1665 cm *1 (>CO); 1H nmr (CDCI3 ),

6  7.9-7.3(m, aromatic, 9H), 0.25(8, SiMe3 . 9H); 13C nmr (CDCI3 ), 6  196.4

(CO). 146, 137.6, 137.5, 133, 132.2, 129.8, 128.8, 15.9 (SiMe3 );

b e n z e n e ; 1 ,1 ,1 -tripheny l-2 ,2 -d ipheny l-2 -trim ethy lsily l e th a n e ( /0 ,  0.4g, 

5%). m .p., 225-27°C (benz./hexane); ir(KBr), 2860, 1260, 1250, 855, 835 

c m '1 (S iM e3 ); 1H nmr(CDCI3 ), 7.4-5.7 (m, aromatic, 25H), 0.25 (s, SiMe3 ,

9H); 13C nmr(CDCI3 ), 186.8, 165.5, 145.7,141.2, 141.0, 139.7, 138.4, 133.2,

131.96, 128.4, 127.6, 127.4, 126.9,126.6, 68.3, 65.8, -1.2 (SiMe3 );

the ether washing of the column gave 3.3g of an intractable solid which w as 

left unidentified.

Reaction of Pentaphenylethane Carbanion with Carbon monoxide/TMCS:

Carbon monoxide w as bubbled into a  0 .11M carbanion solution 

(obtained from PPE (7.32g), KOBu1 (4.0g) and BuLi (14.3 mL) in THF (150 

mL)) for a  period of 5h with no apparent change in carbanion color. It w as 

then reacted  with trimethylchlorosilane (10 mL) and worked up a s  before. 

T he p ro d u c ts  iso la te d  w ere : p e n ta p h e n y le th a n e  ( / ,  0 .75g , 10%), 

trimethylsilyl benzophenone  (7 7,0.9g, 21% ), triphenylm ethanol (12, 0.5g, 

10%), pentaphenylethyltrim ethylsilane (10, 0.3g, 3.7%) and  an intractable



82

mixture 4.3g.

Reaction of Pentaphenvlethvl Carbanion with Dimethvldisulfide:

Pentaphenyethyl carbanion w as p repared  in THF (250 mL) from 

pen taphenyle thane (7.32g, 17.8 mm), KOBu1 (4.0g,35.7m mol) and BuLi (18 

mL) a t -78°C during 2h. It w as quenched with dimethyldisulfide (10 mL), 

the carbanion color did not change even after 2 h a t the sam e tem perature 

hence w as raised  to -20°C and then hydrolyzed with 5% hydrochloric acid 

(200 mL) and extracted  into ether (2 X 100 mL). The organic layer w as 

sep ara ted , w ashed  with NaHCOg solution (100 mL, 5%) and w ater (100 mL)

successively and dried. Ether w as removed under vacuum  to give the crude 

m ixture (6 .87g) which w as se p a ra te d  by flash  chrom atography. The 

following com pounds w ere isolated in the order of elution (petrolibenz (4:1), 

petrohbenz (1:1), petrohbenz (1:3) and ether) respectively.

Recovered pentaphenylethane ( 1, 2.3g, 31%);

1 ,1 ,1-triphenyl-2-phenyl-2-th iom ethylphenyl e th a n e  (13, 0.9g,11% ), m.p., 

139-42°C  (benz/hexane);

Analysis, calculated for C3 3 H2 8 S,

c a lcu la ted  found

C -  86.84% C -  86.72%

H -  6.14% H -  6.52%

S -  7.02% S -  4.58%

Ir (KBr), 2820 c m '1 ; 1 H nmr (C D C ^J.S  7.5-6 . 8  (m, arom atics, 24H), 5.8 (s,

benzylic, 1H), 2.3 (s. SCH3 , 2.8H); 13C nmr(CDCI3 ), 6145.6 , 142.9. 139.7,

135.6, 131.9, 131.6, 131.3, 131.2, 127.4, 126.9, 125.9, 62.54, 58.8, 15.4; 

thiom ethyl b en zophenone (14, 0.1g, 2.5%), m.p. 60-62° C; ir (KBr), 2820, 

1645 c m '1 ; 1H nmr (COCI3 ), 7.8-7.3 (m, aromatics, 9H), 2.5 (s, SCH3 , 2.8H);
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1 3  nmr (CDCIg), 195.5, 147.2, 145.2, 137.6, 133.4, 131.9, 130.5, 129.6, 

128.0, 127.8, 127.7, 126.9, 124.6, 14.6;

the e ther w ashings gave an intractable mixture which w as left unidentified.

R eaction of Pentaphenvlethvl Carbanion with Tetrakis lodoftri-n-butvloos 
ph lne lcopperih :

To a  solution of tetrakis(tri n-butylposphine) cupper iodide solution 

(31 .85g) in THF (200 mL) a t -70°C , th e  carban ion  solution of 

pentaphenylethane(obtained from 22g, 54 mmol hydrocarbon, 9.1g, 81 m mol 

KOBu*. 81 m mol n-butyllithium in THF (300 mL)) at -70°C w as added  via a  

cannulla and argon p ressu re  during 0.5h. To the  resulting mixture cold 

methyl iodide w as added  during 0.3h, the color changed from red-orange to 

yellow and  after 2h It w as hydrolyzed with 5N HCI (100 mL) and  w as 

extracted  into ether (2 X 100 mL). The organic ph ase  w as separa ted  dried 

and  the  solvent w as rem oved in vacuo. The residue w as sep a ra ted  on a  

silicagel column and  the following com pounds w ere iso la ted . Triphenyl 

m ethano l (2 .3g ,14% ) , a  1:1 (by g a s  ch rom atography) m ixture of 

benzophenone and  methyl benzophenone (4.5g, 20%) and  an intractable 

mixture which could not be purified.

S ynthesis of Pentaohenvlethane(C-21 tricarbonvlchromium 122):

A solution of trityl m agnesium  brom ide w as p repared  from trityl 

bromide and magnesium in ether and benzene mixture a s  follows: A solution 

of trityl bromide (10.03g, 0.031 mol) in ben zen e  (40 mL) w as added  to 

m agnesium  (0 .91g, 0.031 g atom) in ether (20 mL) during 10 minutes. The 

reaction occured immediately upon warming with app ea ran ce  of a  brown 

color. The reaction w as continued on a  steam  bath for a  period of 2 h during 

which m ost of the m agnesium  dissolved. It w as cooled to room tem perature 

and  filtered through a  coarse frit to remove the unreacted m agnesium . The
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trityl Qrignard w as then cooled to 10°C to which benzhydryl chloride 

tricarbonylchromium (9.3g, 0.027 mol) in benzene (30 mL) w as added  during 

5 m inutes. The reaction tem perature rose  to 15°C and the con ten ts w ere 

stirred  a t room tem perature overnight while protecting from light. It w as 

hydrolyzed with sa tu ra ted  ammonium chloride solution (200 mL) and  w as 

extracted into ether (2 X 100 mL). The organic layer w as separa ted , dried 

and filtered to remove the desicant. The solvent w as rem oved in vacuo and 

the residue w as crystallized from benzene and cyclopentane (1:9) to give the 

titled compound (13.0g) in 8 8 % yield based  on benzhydryl chloride chromium 

tricarbonyl, m .p .,178-178.5°C dec.

Elemental Analysis, calculated for C ggH ^gC rC ^,

ca lcu la ted  found

C -  76.92% C -  76.34%

C -  76.21%

H - 4.762% H -5 .1 1 %

H -  4.97%

Ir(KBr), 1970-1955 and 1905-1860 cm ' 1 (broad. >CO); 1H nmr (COCI3 ). 5 7 .2  

(m ,aromatic, 20H), 5.0 (m, com plexed arom atics and the benzylic, 6 H); 

13C nmr (CDCI3 ), 5  232.5 (CO), 144.9, 140.1, 131.6, 131.4, 131.0, 128.1,

127.3, 127.2. 126.3, 112.9, 100.6, 98.6, 96.2, 87.6, 8 6 .6 , 63.5, 58.4.

S ynthesis of PentaphenvlethanefC IH ricarbonvlchrom ium  128):

A solution of triphenylm ethane tricarbonylchromium carbanion in 

THF (20 mL) w as p repared  from triphenylm ethane tricarbonylchrom ium  

(2.05g, 5 mmol) and potassium  tertiary butoxide (1.7g, 16 m mol) during 

0.3h a t room tem perature. The orange red carbanion solution w as cooled to 

0°C  to which a  solution of benzhydryl bromide (2.6g,16 mmol) in THF (10 

mL) w as added during 10 minutes when the color changed to cherry red. The
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contents w ere stirred overnight a t room tem perature and  then hydrolyzed 

with sa tu ra ted  sodium chloride solution (200 mL). The organic ph ase  w as 

ex tracted  into e ther ( 2 X 100 mL), dried, filtered and  the  ether w as 

rem oved under reduced p ressu re . The dark oil residue on trituration with 

petroleum ether (3 X 100 mL) afforded an orange red solid (1.9g, 65.7%) 

w h ic h  o n  r e c r y s ta l l i z a t i o n  g a v e  a  y e llo w  s o l id  a s  

p en tap h en y le th an eC (1 )-tr ic a rb o n y lc h ro m iu m , m .p .,1 8 2 -3 °C  (benz:petrol 

(1 :1)).

Elemental Analysis, calculated for CggH ggCrO g,

ca lcu la ted  found

C -  76.92% C -  76.78%

C -  76.58%

H -  4.76% H -  4.76%

H -  4.98%

Ir(KBr), 1970-1955, 1965-1860 (b road , CO) cm *1 ; 1 H nm r (CDCIg),

67.6-7.0(m , arom atic, 20H), 5.7 (s, benzylic, 1H), 5.5-4.5 (m, com plexed

arom atics, 5H); 13C nmr (CDCIg), 6 2 3 3  ( CO), 143.1, 42.6, 132.1, 131.5, 

127.9, 126.9, 126.3, 122.1, 98.6, 95.9, 88.2, 60.6, 59.8.

Decomplexation of Pentaphenylethane tricarbonylchromium (22\:

a ) lodlne m ethod : To a  stirred  solution of pen tapheny le thane  

chromiumtricarbonyl (0.25g, 0.45 m mol) in ether (30 mL) at 0°C, 

iodine(0 .185g,0 .68 m mol) w as ad d ed  and  the con ten ts  w ere

stirred for 3h a t the room tem perature. The resulting dark solution 

w as w ashed  with 10% sodium  thiosulfate solution (2 X 25 mL) 

followed by w ater (2 X 50 mL). The c lear organic layer w as 

separated  and dried over m agnesium  sulfate, filtered and  the ether
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w ere rem oved under reduced p ressu re  to yield a  colorless solid 

iden tified  a s  p e n ta p h e n y le th a n e  (0 .1 0 5 g , 56 .9% ) by its 

superim posable ir nmr with that of an authentic sam ple and mixed 

melting point determ ination.

b) Cerlc Ammonium Nitrate fCANl method: 0.5m mol of pentaphenyl 

ethane chromium complex w as dissolved in mixture of ether (5 mL) 

acetonitrile (5 mL) and to the resulting yellow solution, a  0.2N 

cericammonium nitrate solution (10g of CAN in 20 mL of water and 

80 mL acetonitrile) w as added  dropwise until the solution becam e 

nearly  co lo rless  and  then  slightly yellow. The solution w as 

allowed to stand for .5h and then 100 mL of w ater w as added. The 

organic portion w as ex tracted  into e th er (2 X 25 mL) dried, 

filtered and the ether w as rem oved in vacuo to give pentaphenyl 

e thane (0.16g. 78%) identified a s  above.

Decomolexation of 28 bv CAN solution:

O ne mmol (0.546 mg) of pentaphenyle thane(C -1)-chrom ium  

tricarbonyl w as decom plexed by eerie ammonium nitrate solution exactly as  

described  above and the paren t hydrocarbon (PPE) w as isolated in 72% 

(0.495g) yield.

Synthesis of Benzhvdrvl chloride tricarbonylchromium 121):

To a  solution of benzhydrol tricarbonylchromium (10.0g, 31 mm) 

in anhydrous ether (250 mL) at -20°C, hydrogen chloride w as bubbled for a  

period of 0.75h during which the yellow solution changed its color to a  light 

coffee red. Nitrogen gas  w as bubbled into the solution to ch ase  the excess 

HCI a t the sam e tem perature for 1h when the solution acquired a  deep  

yellow color. The e th er w as rem oved in vacuo  and the residue w as
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crystallized from benzene and petroleum  ether (1:9 v/v) to give the titled 

com pound (9.7g, 92% ), m .p., 76-77°C  dec., lit. 7 3  76 .5 -77 .5°C; ir(KBr), 

1980-1945 ,1910-1840  (broad , CO) c m '1 ; 1 H nmr (CDCI3 ), 6  7.35 (m,

aromatic, 5H), 5.28 (m, 6 H); 13C nmr (CDCIg), 5  232, 138, 129, 128.8, 127.6, 

110.4, 93.4, 92.7, 92.6, 90.8, 90.4, 62.6.

Metalatlon Studies on Triphenylmethane tricarbonvchromlum:

D epro tonation  of trip h en y lm eth an e-C r(C O ) 3  a t the benzylic

carbon w as secu red  in 80-85 % using 3-5 m oles of po tassium  tertiary 

butoxide in THF at room tem perature. The percent formation of the anion 

w as determ ined  by proton nmr integration of the  decom plexed product 

mixture ( the arom atic multiplet a t 7.5 ppm vs the benzylic singlet a t 5.56 

ppm) after deuterium  oxide quench of the carbanion. 1 3 C nmr spectrum  

show ed a  triplet a t 56.7 ppm indicating the p resence  of a  deuterium  a t the 

ben zy lic  c a rb o n . S a lt free  m ethyllith ium  a lso  d e p ro to n a te s  th e  

triphenylm ethane-C r(C O ) 3  complex a t room tem perature in THF up to 60%. A

typical run is described a s  below:

The reaction w as carried out under argon atm osphere a t room 

te m p e ra tu re  with tripheny lm ethane-C r(C O )g  (1 m mol) and  potassium

tertiary butoxide (5 m mol) in THF (10 mL). An immediate intense orange red 

color en su ed  and  the mixture w as stirred for 0.3h a t room tem perature 

followed by D2 0  quench. The conten ts w ere hydrolyzed by pouring onto

w ater-ether (100 mL each) mixture. The organic layer w as separa ted , dried 

and concentrated (5 mL) under reduced pressure. The residue w as taken in 5 

mL acetonitrile and a  0.2N eerie ammonium nitrate solution w as added  

dropw ise until the solution b ecam e nearly co lo rless and  then slightly 

yellow. The solution w as allowed to stand  for 0.5h and then 100 mL of water
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w as added. The organic portion w as extracted into 2 X 50 mL ether, dried, 

filtered and the solvent removed in vacuo. The residue w as dissolved in 1 mL 

CDCI3  and analyzed by proton nmr.

Reaction of TriDhenvlmethane-chromlumtricarbonvl C arbanion  with
Benzhydryl chloride:

T riphenylm ethane tricarbonylchrom ium  carbanion  w as p repared  

from triphenylm ethane chromium complex ( 0.95g, 2 .4  mmol) and  KOBu* 

(0.7g, 6.25 mmol) in THF (20 mL) a t room tem perature. To the orange red 

carbanion solution, benzhydryl chloride (1.1g, 5.4 mmol) in THF (5 mL) w as 

added  and the reaction w as allowed to run overnight. It w as hydrolyzed with 

sa tu ra ted  sodium chloride solution and w as extracted into ether. The ether 

layer w as dried, filtered and the solvent w as rem oved in vacuo to yield a 

residue (1.1g). The residue w as triturated with petroleum ether (2 X 25 mL) 

w h ich  a f fo rd e d  0 .8 g  (8 5 % ) of u n re a c te d  tr ip h e n y lm e th a n e

tricarbonylchrom ium  identified by mixed melting point determ ination  and 

superim posable ir and nmr spectra.

Reaction of Trltyllithlum with Benzhydryl chlorlde-tricarbonylchromium:

Trityl carbanion  w as p rep a red  from 6 . 8  m mol of triphenyl 

m ethane (1.56g) and 3.2 mL of butyllithium in THF (20 mL) a t 0-2°C during 

1h. To the red carbanion solution benzhydryl chloride tricarbonylchromium 

(2.3g) w as added in THF (5 mL) during 5 minutes. The color changed to orange 

red  and  the  con ten ts  w ere stirred  overnight. The reaction  mixture w as 

hydrolyzed and extracted into ether. The ether w as completely rem oved and 

the residue w as taken in cyclopentane (25 mL) and kept a t -17°C. A solid 

w as filtered after 2h a s  triphenylm ethane (0.3g, 20%). T.I.c. of the filtrate 

show ed  a  com plex mixture an d  the  identification of th e  sp o t d ue  to 

pen tapheny le thane chromium complex w as not conclusive. The filtrate on
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standing a t the sam e tem perature did not provide the  pentaphenyle thane 

chrom ium  com plex (22) even after 5 m onths and  the solution gradually 

turned green.

Formation of Pi fbis-trlcarbonylchromium benzhvdryhether:

Benzhydrol bis chromium complex(0.912, 2 m mol) w as dissolved 

in propionic anhydride (5 mL) at room tem perature to which 65% hexafluoro 

phosphoric acid (0.54 mL, 2.2 m mol) in propionic anhydride (3 mL) w as 

added  during 5 m inutes. The first drop gave a  brilliant blue precipitate. The 

contents w ere allowed to stir for 0.5h during which the blue color vanished 

and the solution acquired a  green-yellow color. The mixture w as poured into 

ice-water, extracted into ether (2 X 100 mL). A solid insoluble in ether w as 

filtered (0.27g) a s  the titled ether complex in 29% yield, m.p., 236-8°C dec., 

lit.51, 200°C dec. The ether layer upon concentration gave a  second crop of 

0.33g (36.5%); ir(KBr), 1158 cm*1(C-0-C); 1H nmr(Acetone-d6 ), 67 .8-6 .9  (m,

4H), 6.2 (m, 7H), 5.7 (m,10H), 4.2 (m, 1H); 1 3 C nmr (A cetone-d6 ), 6  234,

115.3, 99.5, 98.1, 97.6, 90.7, 55.07.

Preparation of Arene-chromiumtrlcarbonvl complexes:

Two p ro ced u res  w ere followed for the  sy n th es is  of chromium 

tricarbonyl com plexes of the following com pounds: benzhydrol, triphenyl 

m ethane, triphenylm ethanol, benzophenone, b rom obenzene and  benzene . 

Reaction conditions and the results w ere given in Table 14 and 15.

M ethod A utilized an  a p p a ra tu s  in the  early  litera tu re  by 

Strohm eier. Method B used  wide m outhed flasks fitted with wide bore 

condensers. The solvents chosen and the isolation procedures followed have 

the ad v an tag e  of permitting the isolation of crude tricarbonyl com plexes 

directly from the reaction mixture without requiring the separation  through
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s ilic ag e l co lu m n 4 9 . All a ttem p ts to utilize the  so lven ts  and  reaction 

conditions described by Top and Jaouen  could not duplicate the yields they 

reported .

Procedure A:

Into an argon filled Strohmeier's apparatus (see Fig. 2 , page 5) w ere  

introduced 0.02 to 0.05 moles of the substrate and chromium hexacarbonyl 

(0.02 to 0.06 moles) ( s e e  table 14) togather with 150 mL of dioxane. The 

contents w ere refluxed for the period of time indicated in table 15. In all

case s , except for benzophenone a  yellow color developed during first 5 to

10 m inutes a s  the Cr(CO)g dissolved in the solution; benzophenone showed

an intense orange red color.

The tem perature in the upper and lower condenser of the S tro h m e ie r 's  

ap p a ra tu s  w ere m ain tained  a t 80°C and 70°C in order to facilitate the 

recycling of un reac ted  Cr(CO ) 3  into the reaction flask through the return 

siphon.

After reaction appear to be completed, the reaction solution w as 

cooled to 10°C, filtered to rem ove unreac ted  Cr(CO)g and distilled l a

v a c u o  to remove all of the solvent. The residue w as crystallized from the

appropria te  solvent(s) to afford crude sam ples of com plex which w ere 

fu rther purified from so lven t m ixtures to p roduce sp ec tra l quality 

sam ples.

Procedure B:

In a  250/500 mL wide mouth flask fitted with a  wide bore condenser 

w as placed diglyme and THF (3:1 v/v) under nitrogen. The so lven t mixture 

w as d e g a sse d  using at least five freeze, pump and thaw cycles and then 

a ren e  and  Cr(CO)g were introduced. The duration of the  reaction period 

depends on the substrate as  shown in the Table 15. After the reaction the
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solvents were removed under reduced p ressu re  (5*10 mm) and the residue 

w as crystallized  a s  in the above procedure. In som e c a s e s , partial

decom position of the hapto com plexes occured indicated by a  grey green 

suspension in the reaction solution. In such cases , after the removal of the 

so lven ts, the residue w as dissolved in benzene( 20 mL) and  filtered

through celite in an  a tm osphere  of nitrogen. Extensive decom position

resulted when heating the reaction w as continued for more than two days.

The benzene w as removed in vacuo and the residue w as treated  with an 

appropriate solvent(s) for crystallization (Table 14). In m ost of the ca se s  

the crystallization took more than two days a t -17°C.

The moles of the substrate , the chromiumhexacarbonyl, the solvent, 

the recovery of the unreacted  Cr(CO)3 , yields and the melting points are

presented  in Table 14 and 15. The infrared, proton and carbon NMR data  are 

displayed in Table 16.
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Table 14. A List of Prepared Arene-Cr(CO) 3  Complexes

Substrate 
g( mmol)

C;(CO)a, 
g( mmol)

Recovered
$ p (C 0 )3 l" M

Lit.,m.p.(°C)

PhCHOHPh
9.2(50)

11.0(50) 1.6(14.5)
& V 59)

98-99
(eth./pet.)

99.5-100.573
10549

PhCHOHPh
5.4(30)

13.2(60) -

^6(% .3)
148-9
(eth./ace.)

16049
148-951

Ph-iCH
9.76(40)

13.2(60) 5.3(40)
f e ( V l)

153-4
(ben./cyp.)

16749

Ph3COH
10.4(40)

8.8(40) 4.0(45.5)
fe (3 5 .4 )

139-40
(ben./pet.)

14749
139.5-140.5

PhCOPh
3.6(20)

13.2(60) 5.2(39.5)

i n4 (V9 .6)

164-5
(eth./pet.)

87-88
(eth./pet.)

16849164-6551

89™
88-S949

PhBr 
120 mL

8.8(40) - 3.7(30) 109-110
(pet.)

PhH 
10 mL

11.0(50) 6.0(54) 3.3(31) 158-9
(cyp.)

160-1*
161-37?

# separated through an alumina column( 2nd fraction, ben ./pet,l:l v/v)

* isolated by successive crystalization of the crude product from ether/petroleum 
ether and benzene/petroleum ether respectively
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Table 15 . A List of Prepared Arene-Cr(CO> 3  Complexes

Substrate Arene-Cr(CO)3 Method Solvent(s)(mL) Rxn. Period %  Yield

PhCHOHPh ArCr(CO)3 A 

Ar[Cr(CO)3]2 B

Dioxane(150) 3 days

Diglyme+THF 30 hrs

(180) (60)

59

48

Ph3CH ArCr(CO)3 A Dioxane(150) 3 days 61

Ph3CHOH ArCr(CO)3 A Dioxane(150) 3 days 35

PhCOPh ArCr(CO)3 A Dioxane(150) 84 hrs 

Ar[Cr(CO)3]2

70

4

PhBr ArCr(CO)3 A THF(20) 45 hrs

(120 mL)

PhH ArCr(CO)3 A Glyme+Diglyme 64hrs

(25) (125)

30

31
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Table 16. Infrared, Proton and NMR Data for Arene-Cr(CO) 3  Complexes

Substrate Arene-[Cr(CO)3]n Ir(KBr)
cm' 1

! h NMR 13CNM R
(CDCI3), ppm (CDCI3), ppm

PhCHOHPh n=l 3570(s, OH) 
1980-1950 & 
1910-1850(CO)

7.4(s,5H, Ar) 
5.2tm.6H,Ar-Cr) 
2.5(d,iH, OH)

232.8,141.9 
128.7,128.4
126.4.115.2
92.4.92.3.92.2
91.8,90.3,66.8

PhCHOHPh n=2 3590,3570 
3530(s, OH)

5.61(d,2H,Ar-Cr)
5.4(m,lH,Ar-Cr)
5.1(d,lH,Ar-Cr)
2.58(d,lH,CH)
1.58(s,lH,OH)

232.2.111.8 
93.4,92.1,91.1
91.3,91.0,90.9 
72.3

Ph3CH n=l 1890-1950 
1910-1850 
(br, CO)

7.5-7. l(m.lOH)
5.5-4.9(m, 6H)

233.0,141.3, 
128.5,127.0 
114.7.95.4, 
94.4,90.1,54.6

Ph3COH n=l 3570(s,OH) 7.2(s,10H)
5.5(m,lH) 
5.4(d, 2H) 
5.3(m,2H) 
3.1(s,lH, OH)

232.9.144.8 
128.0, 127.9 
127.6. 118.4 
95.8,95.2,88.5
79.8

PhCOPh n=2 1648(ArCOAr) 6.5(m, 4H)# 
6.2(m, 2H) 
5.8(m, 4H)

232.5. 206.3* 
97.2,97.0,91.6

PhCOPh n=l 1651 (CO) 7.8(d, 2H)
7.6(d,lH)
7.56(d,2H)
6.0(d!2H)
5.62(m.lH)
5.3(m, ^H)

229.9.192.9
135.8.131.7
127.9.127.8
96.2.95.7.94.9 
94.7,89.6,89.2

PhBr 5.6-4.9(m) 231.0,98.0,
93.8,93.1,^8.5

* deuterated acetone was the solvent
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Reaction of Tritvl Grionard with B enzophenone chromiumtricarbonvl:

A solution of trityl m agnesium  bromide w as prepared in benzene (20 

mL) and ether (10 mL) from 0.48g (0.02 mol) of Mg and l.75g  (0.005 mol) of 

trityl bromide. The excess  m agnesium  w as removed by filtration through a  

c o a rse  frit and  the G rignard w as ad d ed  dropw ise to a  solution of 

benzophenone chromiumtricarbonyl (1.1g, 0.003 mol) in b en zen e  (10 mL) 

during 10 minutes. The reaction tem perature shot up to 32°C with a  change 

in color from orange-red to coffee-red. The contents w ere stirred a t room 

tem perature for 1 h followed by hydrolysis with sa tu ra ted  NH4 CI (1 0 0 mL)

solution when a  yellow solid separated  (1.15g, m.p., 192°C partially melted 

a t 184-186°C) a s  pen tapheny le thano l tricarbonylchrom ium (40); Ir (KBr), 

3540 (sharp, OH), 1965, 1875 (broad, CO), 1150 cm*1.

A good NMR spectrum  could not be obtained b eca u se  of its poor 

solubility in common organic solvents. It d issolved in basic  so lvents like 

DMF and DMSO with a  change in color to orange red, the characteristic color 

of a  benzophenone chromiumtricarbonyl, apparently due to decom position 40. 

1 3C NMR of 40 in DMSO-dg at room tem perature shows signals at 6  234.25,

232.18 ,193.38 , 144.53, 136.34, 132.82, 129.79, 128.91, 128.80, 128.73, 

128.52. 127.84, 126.61,118.74, 98.19, 97.87, 97.63, 94.51, 94.37, 94.24, 

93.69, 92.68, 92.29, 72.55, 55.45.

Decomplexation of 40 bv Ceric ammonium nitrate :

400 mg of alcohol (40) w as taken in a  mixture of acetone (10 mL )and 

acetonitrile (5mL) a t room tem perature to which CAN solution w as added  

until the solution becam e colorless and then to a  light yellow. On standing 

a t room tem perature a  colorless solid separa ted  a s  trityl peroxide (41, 110 

mg, 59.4 %), m.p.,178-179°C. The filtrate upon dilution with water( 100 mL) 

a  second portion of the solid separated  a s  benzopinacol (42, 75mg, 57.7%),
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m .p., 176-78°C . Both 41 and 42  w ere identified by mixed melting point 

determ inations and superim posable ir with that of the authentic sam ples.

Reaction of 40 with Haxafluorophosohoric acid :

To th e  su sp e n s io n  of p en tap h en y le th an o l chrom ium tricarbonyl 

(1.124g, .002 mol) in propionic anhydride (5 mL) a t room tem peratu re 

hexafluorophosphoric acid (0.54 mL, 10% excess) w as added  via a  plastic 

syringe. The con ten ts w ere stirred a t room tem peratu re for 18h during 

which the solution acquired a  brown-yellow color. All the starting material 

did not dissolve and an attem pt to filter the solids through a  fine frit w as

not su ccessfu l. H ence, the reaction mixture w as trea ted  with abso lu te

ethanol (20 mL) at the sam e tem perature followed by hydrolysis with w ater 

(200 mL). The yellow solid separated  during hydrolysis w as filtered a s  the 

starting su b stan ce  (440 mg, 33%). The organic ph ase  w as ex tracted  into 

e th er and  e ther rem oved after drying over m agnesium  sulfate to yield a  

residue (0.300 mg) which w as subsequently  purified through a  silicagel 

column. Fraction #3 (hexane) afforded triphenylethyl ether (59 mg, 18%) and 

w as identified by an independant synthesis (1.9 g, 90%), m .p., 78-80°C, 

Lit.151, 82.5-83.5°C , from triphenylmethanol (2.0g). conc. sulfuric acid (10 

mL) and absolute ethanol (20 mL).

P reparation  of Bis-ftrimethvlsilvlmethvll m ercurv:

Trimethylsilylmethyl chloride (25.0g, 0.21 mol) in THF (150 mL) w as

reac ted  with m agnesium  5.54g (10% excess) at room tem perature for 2h

during which m ost of the m agnesium  dissolved. The Grignard solution w as 

filtered to remove the unreacted m agnesium  and to the filtrate the mercuric 

chloride (25.75g, .095 mol) in THF (50 mL) w as added during 10 minutes. The 

con ten ts w ere stirred for 2 h and w as hydrolyzed with satu rated  ammonium 

chloride solution (500 mL). The organic phase  w as extracted into ether and
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ether w as rem oved in vacuo. The residue w as vacuum  distilled to give bis 

( tr im e th y ls ily lm e th y l)m e rc u ry (2 9 .1 g , 7 7 .8 % ), L it.1 5 2 , 48.5% , b .p .,

63 .5 -6 4 .5 °C  at 0.65 mm, Lit. 1 5 2  49-50°C at 0.35 mm. Ir (Neat). 2950. 2880, 

1285, 960, 945, 820, 760 cm*1; 1H NMR (C6 D6 ). 0.24 (s, 9H, Si(CH3 )3 ), 0.13

(S, 2H, CH2); 13C NMR ( C6 D6), 28.05 (CH2), 2.83 (Si( CH3)3).

Reaction of Tritvl Grionard with g -B rom odiD henv lm ethv ltrlm ethv lsllane:

A 0. 58 M trityl Grignard w as prepared in benz/ether (300/100 mL) 

from trityl bromide (75g, 0.23 mol) and m agnesium  (6.13g, .255 gatom) for 

the synthesis of pentaphenylethane. A portion of the above solution (50 mL) 

w as reacted  with 10.8g, 0.35 mol) of bromosilane a t room tem perature when 

a  light yellow color developed during the addition of the Grignard solution. 

The con ten ts  w ere stirred  at room tem peratu re  overnight followed by 

hydrolysis with w ater. A solid sep a ra ted  during hydrolysis w as filtered 

(3.5g, 40.7%) a s  trityl peroxide, m.p., 171-172°C, Lit.14fl185-186°C .

Reaction of Tritvllithium with g -B ro m o d iD h en v lm eth v ltrim e th v ls ilan e :

To a  so lu tio n  of trity llith ium  so lu tio n  p r e p a re d  from  

triphenylm ethane (2.44g, 0.01 mol) and BuLi (0.5 ml, 0.011 mol) in THF ( 30 

mL) at 0°C, bromo silane (2.9g, 9.2 mmol) in THF (10 mL) w as added during 

10 m inutes. The red carbanion color d isappeared  during the addition with 

formation of a  yellow color. The contents w ere hydrolyzed with w ater when 

trityl peroxide w as separated  a s  insoluble solid (1.0g, 41%) in both p h ases  

an d  w as filtered. The com pound w as identfied by mixed melting point 

determ ination  with tha t of an au thentic  sam ple p rep ared  independantly  

following lite ra tu re . 1 4 9
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Preparation of Carbanion Solution for 13C NMR Studies:

i) Triphenylm ethyllithium : In a  flame dried, argon filled, septum  

covered NMR tube (5mm), triphenylmethane (75 mg, 0.33 mmol) w as taken in 

a  b lanket of argon to which te trahydrofurane-dg (5 mL) from a  freshly 

opened am pule w as introduced into the NMR tube via g a s  tight syringe at 

room tem peratu re . The triphenylm ethane w as d isso lved  in THF-dg by

shaking the tube several times and n-BuLi (0.3 mL) w as added into the clear 

solution by a  syringe. An immediate red color developed a t the interface 

with separation of a  precipitate. The supernatan t red solution w as syringed 

out to a  second NMR tube and proton decoupled and coupled INEPT spectra 

were recorded at room temperature a s  shown in Fig. 16 and 17. 

in Pentaphenvethvllithium  at room tem perature:

In a  25 mL dry three necked flask, pentaphenylethane (110mg, 0.25 

mmol) and potassium  tertiary butoxide (45 mg, 0.4 mmol) w ere placed under 

argon to which 2 mL of THF-dg w as added via a  syringe. The contents were

stirred for several minutes at room tem perature to dissolve the solids. The 

tem perature of the reaction mixture w as cooled down to -78°C followed by 

addition of BuLi (0.2 mL, 0.4 mmol) when an immediate red color appeared. 

The mixture w as stirred for 2h while bringing the reaction tem perature to 

20°C . The above solution (0.5 mL) w as placed in a  dry NMR tube and the 

sp e c tra  w as recorded  a t room tem pera tu re . The typical acquisition 

p a ra m e te rs  for the  trityllithium and  pentaphenylethyllith ium  w ere a s  

follows; carbon NMR studies w ere carried out using IBM/Brucker 250 FT 

NMR with a  13C resonance frequency of 62.9 MHz at the field strength. Data 

w ere acquired using 16K real data  points for a  digital resolution of 0.95Hz. 

A total of 4000-8000 pulses were averaged to produce the spectra  shown in 

Fig. 18. Artificial enhancem ent of the anion resonances w as induced by rapid 

pulsing with short or no delay times. The pulse repetition w as thus limited



99

essentially  by acquisition time (0.5 sec ., 32K, 15625 Hz spectrum ). The 

sp ectra  w ere obtained with sim ultaneously broadband proton decoupling at 

am bient tem peratures. The FIDs w ere multiplied by a  exponential weighting 

function ( e ' ( i*1#LB/2*®w , LB- 0.5Hz) for an im provem ent of S/N. INEPT 

experim ents w ere carried out utilizing the  softw are supplied  by Brucker 

with the instrum ent.

til) Potassium  salt of pentaDhenvlethvK C-21-CrfCQ ^:

To d eg assed  DMSO-d6  (3 mL), pentaphenylethyl-Cr(CO ) 3  ( 200 mg, 0.

365 m mol) and  KOBut (120 mg, 1.1 m mol) w ere added  in an argon 

atm osphere a t room tem perature. A brick red color developed during first 

ten m inutes and the reaction mixture w as stirred a t the sam e tem perature 

for an additional period of 2h. An aliquot (0.5 mL) of the above solution w as 

syringed out to a  dry NMR tube and the spectrum w as recorded during 5h. No 

change  in reso n an ce  frequencies w as noticed when the  spectrum  w as 

recorded  again after three days. The anion solution w as hydrolyzed with 

w ater extracted  into ether and  e ther rem oved to yield a  yellow residue 

(130 mg), m.p., 165-172°C which on 13C NMR show s the signals at 6  58.3, 

63.4, 8 6 .6 , 87.6, 96.2 98.6, 100.6, 112.9, 125.8, 126, 127.3, 128.0, 128.1,

128.3, 131.0,131.4, 131.5, 140.1, 144.9, 232.3 due to that of a  pentaphenyl 

e thane(C 2)-chrom ium tricarbonyl (22). The additional low intensity signals 

in the 135-125 ppm range are probably due to p resence of pentaphenylethane 

,the decom plexed hydrocarbon.

In a  subsequent run ( 22 (205 mg), KOBu* (134 mg) in DMSO-dg (3 mL)) 

13C spectrum  of the anion showed no change in resonance frequencies even 

after 7 days and the anion w as hydrolyzed with CH3 OD. On usual hydrolytic 

work up, 2 -d eu te rio p en tap h en y le th an e  (85 mg, m .p ., 130-145°C ) w as 

obtained due to oxidative decomplexation of Cr(CO ) 3  during work up.
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Potassium  Salt of PentaDhenvlethanafCll-CrfCOIg:

P P E (C 1 )-C r(C O ) 3  (115 mg, 0.27 mmol) w as dissolved in d eg assed  

O M SO -d0 ( 3  mL) at room tem perature to which KOBu*(110 mg) w as added

with stirring. During first few m inutes a  brick red color ap p ea red  which 

subsequently  changed  to light yellow. A aliquot of the above solution w as

transfered  by a  g a s  tight syringe into a  NMR tube and the spectrum  w as

recorded during 7-8h and shown in Fig. 21 and 22. The anion w as hydrolyzed 

after 48h and worked up a s  usual to yield a  colorless sem isolid (42 mg) 

w hose carbon spectrum  has signals a t 6  132.4, 132.3, 131.8, 131.4, 130.0,

129.5, 129.2, 129.1, 129.0, 128.9, 128.5, 128.3, 128.0, 127.8. 127.6, 127.5,

127.4, 127.3, 127.2, 127.0, 126.5, 126.4, 126.2, 126.1, 125.9, 125.6, 64.0,

59.0, 30.0, 1.0 probably due to a  complex mixture.

The spec ia l acquisition p aram ete rs  for obtaining the carbanion 

sp ec tra  include short pulse ang les (25-30°) and no pulse delay to achieve 

the selective saturation of solvent resonances. The low concentration of the 

carbanion in the solution required an increase in num ber of scan s  needed for 

obtaining a  reasonably  good S/N spectrum . The FIDs acquired used  32K 

com puter memory corresponding to 16K real d a ta  points in the spectrum  

after carrying out the Fourier Transform.
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Table SI. Atomic cordinates (X 10*) and isotropic thermal parameters ( A° X 10^)
for 22

X Y Z U

C r(l) 3284(1) 11920(1) 1779(1) 47(1)*
C (l) 2497(3) 9411(4) 1036(2) 36(1)*
C(2) 2924(3) 9621(3) 1715(2) 36(1)*
C(3) 2896(3) 8191(4) 762(2) 40(1)*
C(4) 3516(3) 7329(4) 1054(2) 47(2)*
C(5) 3869(3) 6306(4) 753(2) 58(2)*
C(6) 3624(3) 6099(4) 162(2) 61(2)*
C(7) 3014(3) 6950(4) -136(2) 61(20*
C(8) 2665(3) 7972(4) 155(2) 52(2)*
C(9) 1362(3) 9423(4) 1012(2) 40(1)*
C(10) 821(3) 8333(4) 905(2) 47(2)*
C (ll) -199(3) 8312(4) 920(2) 59(2)*
C(12) -718(3) 9389(5) 1039(2) 64(2)*
C(13) -201(3) 10474(4) 1132(2) 58(2)*
C(14) 821(3) 10500(4) 1124(2) 44(1)*
C(15) 2960(3) 10455(4) 651(2) 39(1)*
C(16) 2403(3) 11259(4) 281(2) 50(2)*
C(17) 2852(4) 12146(4) -67(2) 67(2)*
C(18) 3856(4) 12237(4) -59(2) 64(2)*
C(19) 4434(3) 11409(4) 283(2) 56(2)*
C(20) 3984(3) 10518(4) 630(2) 47(1)*
C(21) 2699(3) 8607(4) 2174(2) 40(1)*
C(22) 3483(3) 8204(4) 2550(2) 50(2)*
C(23) 3336(4) 7341(4) 3000(2) 66(2)*
C(24) 2415(4) 6865(4) 3078(2) 70(2)*
C(25) 1627(4) 7258(5) 2719(2) 69(2)*
C(26) 1770(3) 8123(4) 2268(2) 55(2)*
C(27) 2688(3) 10920(4) 1956(2) 42(1)*
C(28) 3276(4) 11982(4) 1801(2) 56(2)*
C(29) 3038(4) 13176(4) 2012(2) 67(2)*
C(30) 2251(4) 13332(4) 2397(2) 78(2)*
C(31) 1708(4) 12319(4) 2563(2) 66(2)*
C(32) 1933(3) 11127(4) 2348(2) 51(2)*
C(33) 4474(4) 11129(4) 2787(2) 59(2)*
0(34) 5226(3) 10596(4) 2805(2) 87(2)*
C(35) 3851(4) 13188(5) 3230(2) 62(2)*
0(36) 4200(3) 14013(3) 3496(2) 95(2)*
C(37) 3056(4) 11059(4) 3455(2) 61(2)*
0(38) 2727(3) 10477(4) 3882(2) 99(2)*
C(50) 1129(6) 15095(5) 1342(3) 95(3)*



C(51) 249(7) 15012(7) 1549(3) 116(4)*
C(52) -488(5) 14433(7) 1259(4) 119(3)*
C(53) -329(5) 13870(6) 738(3) 119(3)*
C(54) 586(5) 13938(7) 515(3) 125(3)*
C(55) 1331(4) 14558(6) 821(3) 101(3)*

* Equivalent isotropic U defined as one third of the trace of the orthogonalised U 
tensor
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Table 
S3. 

Bond 
angles ( 

° 
) 

for 22



C r(l) - C(30) - C(29) 
C(29) - C(30) - C(31) 
C r(l) - C(31) - C(32) 
C r(l) - C(32) - C(27) 
C(27) - C(32) - C(31) 
C (l)  - C(35) - C(36) 
C(51) - C(50) - C(55) 
C(51) - C(52) - C(53) 
C(53) - C(54) - C(55)
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71.0(3) C r( l) -C (3 0 )-C (3 1 ) 72.0(3)
120.3(4) C r(l) - C(31) - C(30) 71.8(3)
71.1(3) Cr(30) - C(31) - C(32) 119.7(4)
73.8(2) C r(l) - C(32) - C(31) 71.8(3)

122.6(4) C r(l) - C(33) - 0 (34) 177.9(4)
177.5(4) C r(l) - C(37) - 0 (38 ) 177.9(4)
120.6(7) C(50) - C(51) - C(52) 122.6(7)
119.4(7) C(52) - C(53) - C(54) 119.1(6)
1 2 0 .2 (6 ) C(50) - C(55) - C(54) 118.1(6)



Table S4. Anisotropic thermal parameters ( A0 x 1 (P ) for 22

U n u 22 U33 u 23 U 13 U 12

Cr(l) 68(1) 42(1) 30(1) -4(1) -15(1) -4(1)
C (l) 43 (2) 43(2) 20(2) -1 (2) -8(2) -5 (2)
C(2) 40(2) 44(2) 23 (2) -3 (2) -6(2) -4(2)
C(3) 42(2) 49(3) 28 (2) -7(2) -1 (2) -0(2)
C(4) 50(3) 53 (3) 39 (2) -10(2) -3 (2) 1(2)
C(5) 67(3) 53 (3) 54(3) -7(2) -1 (2) 7(2)
C(6) 63(3) 60(3) 59(3) -23 (2) 4 (2 ) -7(2)
C(7) 66(3) 78(3) 37 (3) -26(2) -2(2) -8(3)
C(8) 62(3) 60(3) 33 (2) -10(2) -5 (2) 4(2)
C(9) 46(3) 53 (3) 19(2) -1 (2) -8 (2) -2(2)
C(10) 40(3) 58(3) 40(2) -3 (2) -9(2) -3 (2)
C (ll) 59(3) 68 (3) 49(3) -9(2) -11(2) -16(2)
C(12) 40(3) 91 (3) 61 (3) -14(3) -6(2) -5 (3)
C(13) 54(3) 80(3) 40(3) -10(2) -7 (2) 17(3)
C(14) 48(3) 53(3) 30(2) -2(2) -10(2) 3(2)
C(15) 46(3) 51(3) 20(2) -7(2) -4(2) 1(2)
C(16) 47(3) 67(3) 37(2) 10(2) -4(2) 5(2)
C(17) 67(3) 80(4) 54(3) 34 (2) -1 (2) 9(3)
C(18) 81(4) 61(3) 50(3) 15(2) 7(2 ) -1(3)
C(19) 49(3) 68(3) 50(3) -4(2) 7(2) -6(2)
C(20) 50(3) 58(3) 32(2) 5(2) -0(2) 2(2)
C(21) 50(3) 38(2) 30(2) -9(2) -4(2) -2(2)
C(22) 55 (3) 57(3) 39(2) 8(2) -2(2) 3(2)
C(23) 83(4) 69(3) 47(3) 18(3) -2(3) 13(3)
C(24) 108 (4) 60(3) 42(3) 12(2) 13(3) -8(3)
C(25) 86(4) 83(4) 37 (3) 7(3) 2(2) -31 (3)
C(26) 64(3) 69(3) 30(2) -1 (2) -6(2) -13(3)
C(27) 51 (3) 49(3) 25(2) -2(2) -11(2) 1(2)
C(28) 90(3) 47(3) 28(2) 0(2) -13(2) -13(3)
C(29) 112(4) 44(3) 44(3) 5(2) -25(3) -14(3)
C(30) 128(5) 54 (3) 50(3) -10(2) -29 (3) 30(3)
C(31) 73 (3) 66(3) 58 (3) -15 (3) -13(2) 12(3)
C(32) 60(3) 54(3) 38(2) -13(2) -13(2) 5(2)
C(33) 72(4) 58(3) 45(3) -6(2) -20(3) -10(3)
0(34) 72(2) 83 (3) 104(3) -8(2) -17(2) 5(2)
C(35) 80(3) 61 (3) 42(3) -6(3) -20 (2) -10(3)
0(36) 133 (3) 72(2) 77(3) -23 (2) -36(2) -24(2)
C(37) 86(4) 62(3) 32(3) -6(3) -10(2) -17(3)
0(38) 156 (4) 91(3) 50(2) 12(2) -4(2) -29 (3)



C(50) 108 (6) 71(4) 101 (5) 6(4) -31 (4)
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3(4)
C(51) 118(6) 136(7) 95(5) -15(5) 14(5) 36(6)
C(52) 72(4) 138 (6) 147(7) 40(5) 12(4) 8(5)
C(53) 104(5) 92(4) 156 (6) 2(4) -58(4) -22(4)
C(54) 146 (6) 139(6) 90(5) -34(4) -8(4) 22(5)
C(55) 75(4) 116(5) 110(5) 38(5) 9(4) 10(4)

The anisotropic temperature factor exponent takes the form: 

-2 n 2 (h2a*2U n  +...+ 2hka*b*U1 2 )
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Table SS. H - Atom cordinates ( x 10*) and isotropic thermal parameters
( A x l O 3 ) for22

X Y Z U

H(2) 3624 9541 1669 43
H(4) 3695 7461 1468 58
H(5) 4301 5725 963 70
H(6) 3877 5386 -42 74
H(7) 2835 6818 -550 71
H(8) 2233 8553 -56 60
H(10) 1176 7578 824 51
H (ll) -553 7544 846 67
H(12) -1427 9375 1045 78
H(13) -556 11229 1212 65
H(14) 1175 11268 1198 49
H(16) 1649 11213 280 60
H(17) 2455 12707 -312 82
H(18) 4168 12845 -303 71
H(19) 5143 11455 284 65
H(20) 4381 9957 874 52
H(22) 4135 8529 2496 57
H(23) 3883 7067 3256 76
H(24) 2310 6267 3388 84
H(25) 975 6933 2773 77
H(26) 1223 8396 2011 67
H(28) 3808 11872 1539 71
H(29) 3421 13885 1897 79
H(30) 2102 14151 1544 82
H(31) 1175 12430 2826 75
H(32) 1550 10418 2463 59
H(50) 1652 15534 1559 113
H(51) 125 15402 1924 143
H(52) -1134 14384 1417 131
H(53) -851 13431 522 127
H(54) 710 13548 140 139
H(55) 1977 14607 663 115



Table S6. Atom Coordinates ( X10*) and Temperature factors ( A° X 10) for 28
atom X y z eq
C r(l) 980(1) 4390(1) 2003(1) 46(1)*
C (l) 1598(1) 6136(4) 3433(3) 40(2)*
C(2) 1441(1) 5420(4) 4063(2) 42(2) *
C(3) 1660(1) 7548(4) 3606(3) 42(2) *
C(4) 1939(1) 7940(5) 4220(3) 53(2)*
C(5) 1983(2) 9193(5) 4415(3) 69(2)*
C(6) 1754(2) 10076 3185(3) 81(2) *
C(7) 1486(2) 9724(5) 3370(4) 83(2) *
C(8) 1439(2) 8463(5) 3174 (3) 61(2) *
C(9) 1302(1) 5990(4) 2685(3) 41(2) *
C(10) 891(1) 6113(4) 2599(3) 47(2) *
C (ll) 634(2) 6131(5) 1910(3) 56(2)*
C(12) 779 (2) 6026(5) 1279(3) 55(2)*
C(13) 1174(2) 5884(4) 1346(3) 51(2)*
C(14) 1432(1) 5871(4) 2046(3) 43(2)*
C(15) 1987(1) 5499(4) 3364(3) 42(2) *
C(16) 1994(1) 4222(4) 3237(3) 46(2)*
C(17) 2322(2) 3650(5) 3105(3) 62(2) *
C(18) 2653(2) 4330(6) 3104(3) 73(3) *
C(19) 2653(2) 5587(6) 3232(3) 70(2)*
C(20) 2320(1) 6185(5) 3351(3) 56(2)*
C(21) 1071(1) 5923(4) 4258(2) 41(2)*
C(22) 1017(1) 7131(5) 4476(3) 50(2)*
C(23) 674 (2) 7485(6) 4666(3) 40(2)*
C(24) 378(2) 6613(7) 4632(3) 69(3)*
C(25) 427(2) 5420(6) 4431(3) 65 (2 )*
C(26) 773(1) 5061(5) 4253(3) 54(2)*
C(27) 1741(1) 5099(5) 4768(3) 42(2) *
C(28) 1901(2) 3903(5) 4870(3) 60(2)*
C(29) 2150(2) 3541(5) 5518(3) 72(3) *
C(30) 2243(2) 4360(5) 6089(3) 64(2)*
C(31) 2085(1) 5541(5) 6009(3) 56(2)*
C(32) 1830(1) 5906(5) 5360(3) 47(2)*
C(33) 545(2) 3513(6) 1544(3) 64(2)*
C(34) 265(1) 2957(5) 1276(2) 102(2) *
C(35) 993(2) 3323(5) 2756(3) 52(2) *
C(36) 1008(1) 2588(4) 3211(2) 75(2)*
C(37) 1278(2) 3208(5) 1690(3) 57(2)*
C(38) 1471(1) 2432(4) 1528(3) 91(2)*

* Equivalent isotropic U defined as one third of the trace of the orthogonalised U 
tensor



Ta
bl

e 
S7

. 
Bo

nd
 

len
gt

hs
 

(A
°) 

for
 2

8
y—\

^  A  ^  ^  ^  ^  ^  ^  ^  ^  ^  O  ^  ^  / ^m m m « ! ' » ' 0 ^ « h » ! ^ « M >» o o o » r ' o o ^  f~ oo r* ooV  W W W W W W W W W ̂ —' W W W W w  w  w  w  w  w  ^' S o o v ' « j - « r ) ^ -  —  • » f « n » n m r ~ < N ' < r r '  —  o q  —  o o o  —  o o r -  ^ N N r - r - i o t < i a o o ' C N o r ' M r " O o o a v i n o v M r ' i n i r i
•  • • • • • • • • • • • • • • • • • • • • • a *(N  n  c s  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^

/«s ^  ^  /—V r>s^ fONOr*a<Nfn»nooON^^oo, f̂ ^ ^ ^ ^ Cvjr 4<sc4<Nfnpr<">O <M Tf ^  -_-
^  ^  ( f j  / * \  ^  y—\  ^  O
s ^  O  3  w  N  N  ^  ^  w  w  w  w  s—' s-y w  w  \«/ w  w  y  y
o u G o y g g g g g ^ o o u o o u o o o o o o

I I t • • • I /—\  y—S /"-N /-N y—\  /-N y-S / - s  y—\  y—\  / -S
^ 4  ^  /—S y—\  y—S / - \  y—S y—S O N ^ V O O O ^ N ^ f | ,,,,* O O O f f i r ,,,‘
w w w w r - i i —i < N f 0 ^ v O a N * - i ^ ^ « — »—i f M ( S < M f v | < S m m mU U U h W S / W ^ W W W W W W W W W W W W W W W Wu u u u u u u u u u u u u u u u u u u u u u u u

^  y—S ^  y—S /* ^  ^  y—\  (^ v  y—S /■ >  ^  /< >  ^Tf tn»n ' 0 ' O v o ^ y o h « » t ^ o o ' 0 ^ o o o ^ O M ) o ^ o o ' 0 ^
W  >■„✓ S ^  W  Sa"' ^  W  W  W  W  S . /  >^y W  NmK' V  >■✓ S ai' W  S /  W  'w ' W  W  S a"

( S N ( S

y—S <y^s ^ s_  r~ /-v ̂  /~vC'i ' t o o o o ' O ^ ' C N O N ' C
w w w W ^ r r v  h  N  OO QO r i  w  w  s ^  v-/ s /  s /  w  w  w  w  s ^  w
U U U U U ^ S S ^ U U U U U U U U U U U O

i | | $ , w  W  W  W  w  w  w  i i i i i i i • i i i i
^ S /S /S /S /S  I I I I I I I

^  ^  fM y—s r s  y—s  /» s  y -s  y—s  ^  • T ) h ^ » N W ^ ( s ^ ^ l O
w w w w w v nfc U & U L w s y w w s y w s y w w s y w w w w N w / s y s y w s y 'O u o o o u u u t j u u u u u u u u u u u u u u u



Q o o o o o o o o n o o o o n o o n o o o o o n o o o o o o o n o n o n n o o o n n o n o o
^  /■> S /—S *1 *1 / - s  »1 *1 y—S *1 N  y—s /—s y—S y—\  y—S /—S y—S S y—S y—s y—S /—S y ^  y—S y—S y—S y—S y—S y—S y—S y—S y ^  y—S y—S y—S y—S y—S

v A . N vM W » » » w w N w 5  0 S 5  0 S w w w s / W M V V V W W W - w ', kN 0 A M 0 U M W M ^ 0 0 wI I W W  V  I I ^ W V W W W W W W  I I I I W I I I !  W>>/W I W W W W W W W W  I V«/ | I
n ■ •
§ £ £
i w  w  s^ | w  v  s-y- | | ^  >y >•/ ^  ^  , i < ys ys /s  ^s • ys ys ys ys w  • 'w' w  ^  '«*' 'w' i ^  i w  w  i— i • i a  i i i —s —s i * i • • i *  A y s n n n n A n n n n  • • • ^  • » • • t » « > ^  i ^  ■ i ^

S n n n g n n n > < > < n n n n n n S Q Q 3 3 3 » 8 w 2 g 5 n n n S n n n n n n n n 2 n 2 n n cM  / - v  y-N / - s  N )  X  X  X  •—* >—» X  ^  X  ^  ^  ----------------------- K )  M  U l  —' ----------y -s  y-s  y—s W y - .  y -s  y -s y -s  y -s  y—s y -s  y-s  —  y-s  —  y—s y -s  —*00K) K>K) Nt JMk) O\ U>- >M M  — sj  sy sy UIUIWs ] U U I U I W W U ) m m ' ^  — U> — —• O
' ^ O ' a S ^ ' o o o o ^ ^ a  w w k > o « ^ w w  s i s i s i ^ m m u i u w u ) ^ ^ ^S y S y s y y- y s. y Ŝ y * - s _y S y > . S y S y s y v y V y s y s _y S y S y S y S y S y s y s_ y s y s y
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Table 
S8. 

Bond 
angles 

(0) 
for 28



C(28) - C(27) - C(32) 116.7
C(28) - C(29) - C(30) 120.2
C (30)-C (31)-C (32) 120.9
C r(l) - C(33) - 0(34) 177.6
C r(l) - C(37) - 0(38) 176.4

113

C(27) - C(28) - C(29) 122.2
C(29) - C(30) - C(31) 119.1
C(27) - C(31) - C(32) 120.8
Cr(l) - C(35) - 0(36) 175.8
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Table S9. Anisotropic temperature factors (AXIO^) for 28
atom U n u 22 U33 U 1 2 U l3 u 23

C r(l) 51 (1) 46 ( 1 ) 40 (1 ) 2 ( 1 ) 6 ( 1 ) 3 (1 )
C (l) 46 (3 ) 40 (3) 34(3 ) - 1  (2 ) 9 (2 ) 2 (2 )
C(2) 47 (3 ) 40 (3) 37 (3) - 1  (2 ) 6 (2 ) -3 (2 )
C(3) 44 (3 ) 41 (3) 45 (3) 3 (3 ) 16(2) -0 (2 )
C(4) 58 (3) 48 (3) 58(4) -2 (3 ) 25 (3) -10(3 )
C(5) 79 (4 ) 60 (4) 69(4 ) -16 (3) 23(3 ) -16(3 )
C(6 ) 105 (5) 45 (3) 104(5) -23 (2) 43 (4 ) -9 (3 )
C(7) 97 (5 ) 47 (4) 103 (5) 3 (3 ) 22(4) 11(3)
C(8 ) 6 2 (4 ) 49 (3) 69(4 ) -1 (3 ) 8 (3 ) 7 (3 )
C(9) 4 7 (3 ) 33 (3) 41 (3 ) 4 (2 ) 8 (2 ) 6 (2 )
C(10) 51 (3 ) 51 (3) 40 (3 ) 2 (3 ) 11(3) 1 0 (2 )
C ( l l ) 5 1 (3 ) 6 8 (4) 45 (3) -0 (3 ) 5 (3 ) 10(3)
C(12) 61 (3 ) 54 (3) 4 2 (3 ) 5 (3 ) -3 (3) 12(3)
C(13) 7 4 (4 ) 45 (3) 36 (3) 6 (3 ) 15(3) 4 (3 )
C(14) 51(3 ) 35 (3) 45 (3) 4(2) 17(2) 4(2 )
C(15) 45 (3 ) 44 (3) 36 (3) 4 (3 ) 8 (2 ) 4 (2 )
C(16) 50(3 ) 45 (3) 43 (3) 8(3) 8 (2 ) 1 1 (2 )
C(17) 71 (4 ) 65 (4) 48 (4 ) 4 (3 ) 12(3) 29(3 )
C(18) 57(4 ) 96 (4) 69(4 ) 8 (4 ) 22 (3) 30 (2)
C(19) 53 (3) 8 6 (4) 74(4 ) 17(4) 20(3) 2 (3 )
C(20) 54(3 ) 59 (3) 59(4 ) 3 ( 3 ) 20(3) 3 (3 )
C(21) 41 (3 ) 50 (3) 32 (3) - 1  (2 ) 8 (2 ) - 1  (2 )
C(22) 4 9 (3 ) 57 (3) 45 (3) -1 (3) 13(2) -2 (3 )
C(23) 60 (3) 71 (4) 50 (4 ) 1(3) 16(3) 16(3)
C(24) 47 (3) 103 (5) 59(4 ) 11(4) 18(3) 1 0 (2 )
C(25) 52(3 ) 8 6 (5) 58(4 ) 3 (4 ) 12(3) -12(3 )
C(26) 59(3 ) 57 (3) 46 (3 ) 4 (3 ) 12(3) -7 (3 )
C(27) 46 (3 ) 45 (3) 39 (3 ) 2 (3 ) 15(2) 2 (2 )
C(28) 81(4) 51 (3) 50(4) 1(3) 16(3) 13(3)
C(29) 93 (5) 60 (4) 61 (4 ) 21 (3) 16(4) 28 (3)
C(30) 69 (3 ) 69 (4) 51 (3) 17(3) 5 (3 ) 5 (3 )
C(31) 52(3) 67 (4) 46 (3) 2 (3 ) 5 (2 ) -6 (3 )
C(32) 47 (3 ) 49 (3) 43 (3) 5 (3 ) 7(2) -0 (2 )
C(33) 64(4) 71 (4) 50(4) 13(3) 2 (3 ) -1 (3 )
0 (34) 83 (3) 119(4) 85 (3) 17(3) -18 (3) -40(3 )
C(35) 64(4) 48 (4) 42 (3 ) -3 (3) 7 (3 ) -5 (3)
0 (36) 109(3) 52 (2 ) 58 (3) 11(3) 1 0 (2 ) -7 (2 )
C(37) 73 (4 ) 44 (3) 61(4) 2 (2 ) 27 (3) -0 (3 )
0 (38) 107 (4) 54 (3) 124(4) -5 (3) 55 (3) 8 (2 )

The anisotropic temperature factor exponent takes the form: 
- 2 n 2 (h2 a* 2  U j j 2  + k2 b* 2  U 2 2  +.... +2hka*b*U12)
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Table S10. Hydrogen coordinates (X 10^) and temperature factors (A°X1(P) for 28

atom X y z U

H(2) 1373 4655 3794 50
H(4) 2105 7328 4514 64
H(5) 2172 9442 4847 83
H(6) 1782 10946 4119 98
H(7) 1330 10348 3068 102
H(8) 1252 8227 2737 74
H(10) 787 6187 3024 58
H(11) 358 6217 1867 69
H(12) 603 6051 805 66
H(13) 1275 5793 920 62
H(14) 1707 5778 2081 50
H(16) 1767 3726 3240 55
H(17) 2317 2764 3011 74
H(18) 2882 3923 3018 89
H(19) 2884 6070 3237 85
H(20) 2220 7076 3425 68
H(22) 1221 7739 4498 60
H(23) 643 8329 4819 72
H(24) 137 6858 4751 83
H(25) 222 4815 4412 79
H(26) 807 4204 4126 66
H(28) 1837 3311 4477 73
H(29) 2258 2709 5567 85
H(30) 2418 4114 6539 77
H(31) 2150 6123 6408 67
H(32) 1714 6726 5321 56
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