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~\BSTRACT 

Arenechromiumtricarbonyl complexes h:1ve been knm.;n for many 

years and numerous studies of the chemistry r:>f these molecules have 

been reported. The presence of the chromiumtricarbonyl unit changes 

the reactivity of the complexed arena, in ~ost cases due to its 

strong inductive electron Hithdrawing effect. The resulting lm-rered 

electron density in the aromc.tic ring allows reactions to be carried 

out i..J'hich uoald other,.;ise be extremely dif::.""'icul t if not impossible, 

notal~ly nucleophilic substitution. \·lhen methoxide ion was reacted 

with optically pure metf:yl Q.-fluorobenzoatechromiumtricarconyl, 

racemization of approximately 50% was observed in the product. ~ 

brief study confirmed SN2 kinetics, but further investigation Has 

,tlarranted. Having eliminated the possibility of decomplexation

recornplexation, t·,.;o other mecha.nisms were postulated - a partial 

decomplexation allowing the arene to roll over, or attack by methoxide 

at another ring position. In an effort to dete~~ine which mechanism 

\oTas operating, the synthesis of a number of appropriately substituted 

halo-arenechromiumtricarbonyl complexes was attempted. The success

ful synthesis of methyl 2-chloro-5-methylbenzoatechromiu~tricarbonyl 

wns achieved, albeit with some difficulty :1.nd in low yield, 1-ut the 

corresponding 2-chloro-3-m·3thyl complex could not be IT'.ade. In the 

case of the corres_tJonding 2-fluoro cor.1pounds, the o.renes themselves 

could not be made by a var~.ety of syr: thetic routes, 80 synthesis of 

the complexes could nJt be attempted. The results of th;; reaction 
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of methoxide ion with methyl 2-chloro-5-methylhenzoatecb..romiumtri

carbonyl indicate that the reaction proceeds via the roll-over mech

anism, althoue;h a definite conclusion cannot be dra,~m at this time. 

A potentially useful s:,Tnthesis of bis-(chromiurrrbricurbonyl)-benzo

phenones has also been developede 
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CHAPTER ONE 

INTRODUCTION, HISTORICAL BACKGROUIID 

1.1 Introduction 

The chemistry of arenechromiumtricarbo~ls began in 1957 with 

the synthesis of the parent compound, benzenechromiumtricarbonyl, by 

E.O. Fischer (1). Soon afterwards, improved methods were reported and 

a number of other arenes were included (2). An early study of the 

chemistry of these new molecules revealed some interesting effects 

caused by the presence of the chromiumtricarbonyl unit - the complex 

of benzoic acid was more acidic than its uncomplexed analogue, and 

chlorobenzenechromiumtricarbonyl underwent relatively facile nucleo

philic substitution for chloride by methoxide (3)e 

These initial studies sparked a number of investigations 

into the chemistry of a wide variety of arenechromiumtricarbopyls. 

The effects of complexation can be attributed both to electron

donating and electron-withdrawing effects by the chromiumtricarbonyl 

moiety. The electron-donating effects are illustrated by the results 

of solvolysis studies of complexed benzyl (4a) and c1~yl {4b) chlorides 

(~-cationic intermediates) and of complexed 2-arylalkylmethanesul

phonates (5, ~-cationic intermediates)e In all cases, the rate of 

the solvolysis reaction was significantly increased as a result of 

complexation to chromium, indicating that the cationic intermediate 

had been stabilized as a result of complexation to the chromiumtri

1 
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carbonyl group. 

Most of the observed effects, however, can be attributed to 

the inductive electron-withdrawing nature of the chromium, and the 

ability of the chromiumtricarbonyl group as a whole to delocalize 

excess negative charge from the arene. This delocalizing ability 

is amply illustrated by a number of examples where anionic sites 

exist ot or ~ to the complexed arene ring. For instance, complexed 

benzoic acids and phenols are more acidic than their uncomplexed 

analogues (6), while complexed amines are less basic than the free 

ones (7 ). The rate of the elimination reaction in 2-phenylethyl

tosylates and brooides, involving a ~ -carbanionic intermediate, 

is significantly increased when the molecules are complexed to chro

miumtricarbonyl (8). In a related vein, a number of complexed aryl 

ketones, esters, and alkylbenzenes were reported to be cleanly 

alkylated by reagents such as methyl iodide under conditions where 

the uncomplexed analogues were inert or gave complicated product 

mi:ttures ( 9) • These results can all be attributed to stabilization 

of an anionic site adjacent to the aryl ring through inductive elec

tron-withdrawal by chromium. 

The electron-withdrawing effects on the aryl ring itself 

are illustrated in two complementary ways. The ability of the ring 

to undergo e1ectrophilic attack is severely reduced, as evidenced 

by the lower rates observed for Friedel-Crafts acetylation (10), 

partially attributable to a competing reaction between the aluminum 

trichloride and chromium (11), and the reduced ability of certain 
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complexed phenylpropanoic and phenylbutanoic acids to undergo intra

rr..olecular cyclodehydration (12), ~-Thich also involves electrophilic 

attack. These results are consistent ~ith reduced electron density 

in the ring due to electron ,..Iithdrawal by the chromiumtrica.rbonyl 

moiety. Conversely, it was observed initially by Nicholls and 

Whiting (J), and subsequently pursued further by Serrm1elhack and Jaouen 

(see later sections), that nucleophilic substitution (difficult for 

unactivated arenes) was relatively facile; thus, chlorobenzenechro

miumtric~rbonyl underwent substitution by methoxide to pro~uce the 

anisole analogue under conditions where chlorobenzene itself 1,1as 

in2rto This observ~tion led the way to the development of these 

reactions into useful synthetic tools, as 1..rill be seen in l:1ter 

sections (1.4 and 1.5). Before proceeding to this discussion, how

ever, it seems useful to investigate some of the synthetic routes 

to these nolecules. 

1 .. 2 S7nthesis f)f Arenechromiumtric3.rbonyls 

The first reported synthesis of benzenechromiumtricarbonyl 

involved the reaction of bisbenzenechrornium with chro~iumhexacar

bonyl in benzene as solvent at 220°C in a sealed system (1, eq. 1). 

Nicholls and 1.4hiting soon rer)orted a simpler method which involved 

heating chromiumhexG.carhonyl under reflux with an excess of arene 

(eqe 2), s·:)metimes :::;lso using a molar quantity of an inert solvent 

(2b, J). One of the mr.jor iZLprovements in this r:1ethod is that it 

allov!S the free release of carbon mon::>xide t.Jhich hel__Js to drive the 
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@ 
(1)Cr 	

I + Cr(COJ6
I 


@> 

Aren e + Cr(C0)
6 

_re_f__;;.!u...;;...;x_)~ Arene-Cr(CO) +3CO {2) 
. 3 

reaction to completion. The presence of the inert solvent {diglyme 

was preferred) was found to be essential for arenas which boil below 

The major inconvenience with these simple reflux methods 

is that chromiumhexacarbonyl which sublimes during the reaction 

period must be mechanically rett~ned to the reaction vessel. This 

problem can be all but eliminated if a small proportion of a lo,.rer 

boiling solvent is used; a suitable solvent system is one part tetra

hydrofuran to ten parts di-.c.-butyl ether (13), the rapidly refluxing 

tetrahydrofuran serving to wash the sublimed chromiumhexa.cn.rbonyl 

back into the reaction flask. Other solvent combinations, such as 

dibutyl ether/heptsne have also been used successfully {14). 

Ligand exchange reactions have also proven useful in the 
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synthesis of a.renechromiumtric8.rbonyls, particularly for those 

arenes inaccessible by the above methods because of the presence of 

electron~lithdrs.wing or heat-labile substituents., For example, tris

ammoniachromiumtric1rbonyl has been used successfully to synthesize 

a variety of arenechromiumtricarbonyls in high-boiling solvents 

such as dioxane (15) and low-boiling solvents such as diethyl ether 

(16,,: eq~ 3). Trisacetonitrilechromiumtrica.rbonyl has been used in 

a similar manner (17). 

Although not as commonly used, exchange of one arene ligand 

for another has also been reported_ (18)., In one reported case, 

the diethyl acet3l of benzaldehyde displaced toluene, producing, 

after hydrolysis, benzaldehydechromiumtricarbonyl (eq. 4). other 

workers have reported, hovever~ that exchange of one arene for 

another is not generally applicable as a synthetic technique (3). 

solvent;, +A rene + (N H ) Cr(C0)3 ref'Iux Arene-Cr(C0)3 3NH 3 (J)
3 3 24 Hrs. 

1 92 :-is--)~ 
0

©l + ©-:e-h:-~h-r~-~y-
6r(C0)3 
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With such a variety of'conditions and reagents availab~ 

it is not surprising that a large number of arenechromiumtricarbonyl 

complexes have been synthesized, some bearing rather labile functional 

groups. 

1.3 -Nucleophilic Substitution~ : Bagkgroynd and 1'4echanisms 

The fact that arenes tr-complexed to chromiumtricarbonyl 

could undergo facile nucleophilic substitution was first reported 

by Nicholls and Whiting in 1959 - chlorobenzenechrooiumtricarbonyl 

reacted with sodium methoxide at 65°C to produce the anisole analogue 

in good yield (3, eqe 5)~ The development of this property as a 

synthetic tool was slow in coming, in fact it has only been in the 

past few years that s~mmelhack (see section le4) and Jaouen (see 

section le5) have put it to extensive use. 

CH30Na ~ 
(5)@-cl @-ocH3CH30H 7 

65°CI 
Cr(C0)3 J.r(co)3 

Because of its potential as an organic synthetic tool, it 

is of interest to knou something about the mechanism of the nucleo

philic substitution reaction. Based on the conclusion that the 
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chromiumtricarbonyl group exerts an electron-withdrawing effect 

similar to that of a para-nitro group (3), Brown undertook theoret

ical (19) and kinetic (20) studies. For his theoretical calculations, 

Bro'\.rn assumed that the transition state was similar to the familiar 

Wheland structure known for SN2 reactions of uncomplexed arenes (21) 

,.,1 - that is, that one of the arene carbon atoms is effectively removed 

X = F, Cl 

Nu = nucleophile 

I
Cr(C0)3 

, 
t, L 

1,., 

from conjugation and from complexation to chromium. Using this 

model, his calculations showed that for nucleophilic substitution 

the activation energy for the chromiumtricnrbonyl complex was sig

nificantly lower than for the uncomplexed arene, while results for 

radical or electrophilic substitution indicated little or no change 

on complexation (19). 

Experimental support for these conclusions came from a sub

sequent kinetic study by Brown and Raju {20). The reactions of 

methoxide ion with fluoro- and cblorobenzenechromiumtricarbonyl, 

their uncomplexed analogues, and the uncomplexed para-nitro derivatives 

were studied. The results, presented in table 1, indicated th~the 

activation energies for the para-nitro and chromiumtricarbonyl der

ivatives were of similar magnitude and both substantially lower 

than that for the tu1complexed halobenzene. The existence of this 

similarity in activation energies and probability factors provided 

http:Bro'\.rn
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Compound 

1T-C 6H5C1Cr (CO)
3 

.I2...:.ClC6H
4

No2 

C6HSC1 

1T -C 6tt
5
FCr (CO) 3 

L2,-FC6H4No2 

c,6H F
5

E (kcal mole-1) 

25.2 

23.7 

39.9 

17.7 

19.3 

34.9 

log10 A 

12.1 

11.3 

11.1 

10.2 

10.4 

12.0 

Table 1 Activation Energies in Nucleophilic Substitution Reactions (20) 

confirming evidence to support the view that the chromiumtricarbonyl 

derivative reacted via a \-Iheland-type transition state; since-~the 

uncomplexed halobenzenes and particularly their ~-nitro derivatives 

were known to react via such a transition state, it was quite reason

abla·to conclude that the chromiumtricarbonyl complex did so too (20). 

A benzyne-type mechanism was ruled out as a possibility 

based on the results of the reaction of ~-fluorotoluenechro~iumtri

carbonyl with methoxide ion - only the ~-methylanisole complex was 

formed {eq. 6). If the complex had reacted via a benzyne, the major 

product observed would have been the ~-substituted compound (20). 

The more recent work by Semmelhack and co-workers gives 
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CH~ CH~CH3 (6) 

I I 
Cr(C0) Cr(C0) 33 

C N ;C(~CI-C19>
3 2 (7)@-c1 QcH J

I Is 
Cr(C0)3 Cr(C0)

3 

2 3,., ~ 

further supp9rt to an SN2 mechanism involving the \~heland-type 

transition state. A typical example is the reaction of ~-butyro

nitrile anion with chlorobenzenecl~0miumtricarbonyl (22). Although 

the overall reaction (eq. 7) can be postulated as attack by the 

carbanion to produce the 1r-cyclohexadienylchromiumtricarbonyl 

anion 2 followed by loss of chloride to give the phenyl-i§2-butyro
lfJ 

nitrile complex 3, quenching at low conversion and monitoring of 
,v 

the reaction by proton NMR. resulted in the more complicated proposal 

(23) illustrated in scheme I~ (24). When the reaction was alloved 

to proceed in the usual fashion, only product 8 derived from 7 
,.., fV 

was observed. However, when the reaction was rapidly quenched by 



@-c1 RG> 

I 
Cr(C0) 3 

Cl 

~ 

1 
Cr(C0) 3 
4 

~Jr 

Cl

®: 

t 
Cr(C0) 3 

5 
N 

7 
L. 

©<~I 

lr 
I~Cr(C0) ~ 3 

.L. 
7 c~ 

I 
Cr(C0) 3 
6 
/'\/ 

· Scheme I 

1-" 
0<yR 

Cr(C0)3 

~ 
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addition of iodine, the disu~stituted products resulting from loss 

of hydride and chromiumtrica.rbonyl from 4,5, and 6 were observed;,.. ,_. ,.., 
no products derived from 7 were observed if the quenching was rapid 

llttl 

enough (24). When a proton source was added rapidly, dihydro products 

derived from 4, 5, and 6 were observed, in addition to the disub-,... ~ 

stituted arenes and the expected product from Z (23). 

In the above examples, nucleophilic substitution for hydride 

was a side reaction, but its development into a synthetic tool in 

its own right leant further support to the Whela.nd-type intermediate 

as being involved in these reactions. Three possible intermediates 

can be proposed for the reaction or carbanions with benzenechromium

tricarbonyl;(25), resulting from attack at a carbonyl 9, at chromium,., 
10, or at a ring carbon 11. Proton ID4R spectroscopic studies of the 
~ ,...., 

intermediate indicated that the carbanion was attached to the arene 

ring, based both on absolute peak assignments by decoupling exper

iments and on comparisons to other known Tr-cyelohexadienyl systems. 

c) 	 H 

@ _j_ 

I I fe 
/c, R 

R
G>,..Cr(CO) 

3 
Cr(C0) 3c 1 c" 

0 	 c \9 

0 0 


9 10 	 11 
,..._..;tV 	 /V 

R = 	 car ban ion 
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Oxidation of the intermediate led to production of the arene derived 

from 11, resulting from formal substitution for hydride. Addition,.,._ 

of a proton source (5-fold ~cess of trifluoroacetic acid) led to 

dihydroarenes, again only derivable from 11. Use of a weaker acid 
"""' 

at -78°0 followed by addition of iodine and subsequent warming also 

gave the arene derived from 11; when the solution was warmed prior,.., 
to the addition of the proton source, the starting complex and the 

protonated carbanion were found. On the basis of these results, 

it was concluded that 11 was the important intermediate (25).,.., 
It is clear that the experimental evidence overwhelmingly 

supports an SN~ mechanism involving a Wheland-type intermediate, 

thus it seems reasonable to use this as a starting point in mechanistic 

investigations of specific reactions. 

1.4 Nucleophilic Substitution : Synthetic Utility 

Although direct attack by a nucleophile on an aromatic ring 

may be, in principle, the quickest route to a desired compound, it 

is not usually easily accomplished by classical organic synthetic 

methods. In order to achieve success, the ring must be activated 

by the introduction of strongly electron-withdrawing groups such as 

nitro; these activating groups must usually be removed after the 

desired transformation has been achieved. This adds extra steps 

to a synthesis (with the accompanying lowered overall yield) and 

may create a number of problems, particularly when other labile 

functional groups are present. The strongly electron-withdrawing 
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nature and the relative ease with which it can be introduced and re

moved makes the chromiumtricarbonyl group an excellent choice as an 

aromatic ring activator in synthetic work; it is somewhat surprising 

that the development of such techniques has been reported only in 

the past few years. 

It was in 1974 that Sewnelhack reported the reaction between 

carbon nucleophiles (carbanions) and chlorobenzenechromiumtricarbonyl 

(22, eq. 8). Table 2 indicates some of the more successful carbanions 

-;> 
(8) 

used. A typical reaction involved generating the carbanion at low 

temperature, adding the chlorobenzenechromiumtricarbonyl as a tetra

hydrofuran solution, leaving the mixture at 25°C for 15-20 hours, 

partitioning between water and ether, and finally treating the .ether 

phase with excess iodine to free the organic ligand which was then 

isolated and purified. (In contrast, uncomplexed chlorobenzene did 

not react under these conditions.) A number of other anions were 

also tried but did not give significant amounts of substitution 

product; these were usually primary or secondary carbanions for which 
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the expee'ted product would possess relatively acidic protons. It 

was thought that the presence of these acidic protons led to rapid 

protonation of the C9.rbanion, thus effectively quench:ttlg tbe reaction 

(22). 

The same study also reported that the leaving-group reactivities 

were the same as observed in classical nucleophilic substitution 

reactions, that is F">Cl>>I. In fact, the iodo-complex shoved almost 

no reaction under conditions where the fluoro-complex had almost 

completely reacted (22). 

Amion Product %Yield 

GC (CH3)2Cl~ 

Gb (G HJ) 2c02Et 

G0(cR3)2co2 

GbH(C02Et) 2 

en 
I·

@-ce
I 
oyo~ 

CN 
I@-Q8
I
o,(o.._, 

PhC(CH
3

) 2CN 

PhC (CH3) 2co2Et 

PhC(CH3)2C02H 

PhCH(co2Et.) 2 

0 

H@-c-@ 

0 .0~ 

@-t-@-o 
~ - -

85-90 

71 

63 

51 

88 

90 

Table 2 Reactions of Chlorobenzenechromiumtricarbonyl with 
Carbanions (2'2) 
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As discussed in section 1.3, nucleophilic substitution for 

hydride.: was first observed as a side reaction of the chlorobenzene 

complex. Its development into an important reaction in its own right 

greatly enhanced the synthetic utility of nucleophilic substitution, 

since it was no longer necessary to have a specific leaving group 

at the position where substitution was desired. Benzenechromiumtri

carbonyl reacted with a number of carbanions, as shown in equation 9 

(26). The general procedure involved adding the benzenechromiumtri

carbonyl in tetrahydrofuran to the anion at -78°C, allowing the 

mixture to warm some~rhat to allow reaction, recooling followed by 

addition of excess iodine to free the organic ligand which was then 

isolated and purified. As was the case for the chloro-complex, some 

anions were much more efficient than others. Some of the better 

anions included reactive organo-lithiums and ester enolates in the 

presence of an aprotic polar solvent or with potassium as the cation. 

Organomagnesium halides, lithium or potassium enolates of ketones 

(even in aprotic polar solvents) and lithium enolates of esters were 

found to be very inefficient in these reactions. The first step 

t+R~ -HG 
{9)@) @-R2. 12 

I 
Cr(C0) 3 
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in these reactions, formation of the 't?-cyc1ohexadienyl anion inter

mediate, is thought to be reversible; hence the efficiency of the 

overall reaction is dependent upon the equilibrium constant of the 

reversible step, which in turn depends on the relative stabilities 

of the carbanion and the intermediate (26). Hence factors which 

affect the value of the equilibrium constant will also affect the 

efficiency of the overall reaction. 

Having shown that carbanionic attack on a complexed arene 

is a feasible synthetic procedure, how, then, has it been used in 

practice? It has already been shown (section 1.3) that the '1?
cyclohexadienyl intermediate can react in a number of ways; when an 

excess of strong acid is added followed by warming and removal of 

chromium, a mixture of 1,3-cyclohexadienes is produced - thus an 

are.ne can be reduced to a cyclohexadiene (eq. 10). 

OR 80 o/o 

e 
H + 

@) 1. 2HG):tFf?J?> 5 o/o2. 12 OR 
I .,_ (10)Cr(C0)3 

OR 5 o/o 
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Intramolecular carbanionic attack in compounds such as 12 
,.,..; 

has also beeh observed,(27)5. The product obtained depended on the 

value of n~ For n=l, unidentified high molecular weight products 

vera obtainedQ In the case of n=2, the [3~3] metacyclophane ~ was 

produced. When n=3, a fused-ring monomer 14a was founde The most ,..,_, 

interesting result was for n=4, where both the fused-ring (14b) and 
~ 

the spirocyclic (15) compounds were obtained. The proportion of 
~ 

15 increased with increasing reaction time and/or temperature, leading
-.1 

to the conclusion that 15 was the thermodynamic product, while l4b- ,...,_ 
was the kinetic product (27). 

d(CH2)n"-.. /H 

~ /C'-....CN
I H 
Cr(C0)3 

12,...., 

CN 

NC CN 
CNa. n=3 

b.n=4 

14 15 
/'J """" 
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For nucleophilic substitution to be synthetically useful, 

it is necessary to know how the presence of non-displaceable sub

stituents will effect the position of substitution. Studies of the 

reactions of complexed toluene, anisole, chlorobenzene, and N,N-di

methylaniline with a number of carbanions indicated strongly met~

directing effects for many of the anions (28, 29; eq. 11). other · 

R 

@-x + R-@-x 
major Ii ttl e 

(11)
or none 

anions and other substituents produced lass clear-cut results (see 

table 3), which are not readily explicable in terms of anion size or 

reactivity. Another fact which must be accounted for is the difference 

in behaviour between the grtho and ~ positions, usually considered 

equivalent in reactions of uncomplexed aromatic compounds. One ration

alization arises by considering the structure·s of the 'nJ-cyclohexa

dienyl intermediates 16. These intermediates can be thought of as 
rtJ 

being similar in character to a pentadienyl anion. Since the electron 

density is lowest at the 2-position, the favoured intermediate for 

electron-donating substituents will be !29, where the substituent 

is at the 2-position of the pentadienyl fragment (24b). 
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Substituent Car bani on 
! 

Product Ratio 
o: m: p 

Combined 
Yield% 

CH3 

cc~ 

LiCH2coil 

LiC~C02R 

28:72: 0 

4:96: 0 

89 

93 

Cl LiC~COzt 54:46: 1 98 

Cl LiCH(CHJ)COtt 53:46: 1 88 

Cl 

Cl 

Cl 

Cl 

LiC(CH3)co2R 

LiCH2COO(CH3)3 

LiC (CH3)2CN 

Li-(1,3-dithianyl) 

5:95: 1 

70:24: 0 

10:89: 1 

46:53: 1 

84 

87 

84 

56 

Si(CH3)3 
CF3 
N(CH3)2 

LiC (CH3)2CN 

LiC(CN) (OR)CH.3 

LiC (CH3)2CN 

o: 2:98 

0:30:70 

1:99: 0 

65 

33 

92 

C(CH3)3 LiC {CN) (OR)CH3 0:35:65 85 

C~CH.3 LiC(CN) (OR)CH3 0:94= 6 89 

Table 3 Reactions of Carbanions with Substituted Arenechromiumtri
carbonyls (29) 

H H 

X 

16a 16b 16c,__, ,..._, ~ 
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This rationalization does not, however, satisfac.tarily explain 

some of the other results, nor does it really explain·the different 

results observed for different anions on the same substrate. Semmel

hack et. al. have recently proposed another rationalization, involving 

use of the orbital coefficients at the arene atoms in the complex's 

LUMO (29). Since no data were available for the complexes, the values 

for the arena itself were used and were found to be generally useful 

(there were some exceptions) in correlating the position of anionic 

attack with the nature of the arene. 

A practical application of this high degree of regioselectivity 

is in natural products chemistry in the synthesis of olivetol (eq. 12). 

H3CO CN 1.15 min, 0°C 
2. 12+ f--- 3. HG) ~ 

H co ~ I . 
oyo1 4. OH9 

3 Cr{C 0)3 OCH3 
18 1917 .,...._,....., """-" 

(12)~H2ether 
cleavage 

HO 

olivetol 
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Reaction of 1~3-dimethoxybenzenechromiumtricarbonyl 17 with the anion,.,.., 
of the cyanohydrin acetal of valeraldehyde 18 gave, after suitable,.._ 


work-up, the ketone 19 having the olivetol skeleton. This compound

"-' 

could then be hydrogenated and subjected to methyl ether cleavage to 


produce olivetol (28). The synthetic utility arises from the r-eady 


availability of the starting materials and the relative ease with 


which the transformation can be achieved. 


A recent synthetic application is the metalation of arene

chromiumtricarbonyls {30). In this case the 1r -complex reacted with 

n-butyllithium to produce the lithia-derivative which could then react 

with a variety of electrophiles (eq. 13). One 'Of the uses· to wM.ch 

this reaction can be put is; in the synthesis of certain rr-complexes 

which are inaccessible by direct methods but which would prove useful 

in nucleophilic substitution. Another important result is the complete 

regiospecificity which can be obtained in this reaction and when it 

is used in conjunction with some of the previously discusl.sed reactions 

_with anions. Equations 14 and 15 illustrate how anisole can be con

verted into two much more complex molecules with com~lete regia

specifity (30), something rather difficult to attain by conventional 

organic synthetic procedUres. 

Y~ y y 

n-BuLi)@ @-u > @-E 
 (13) 

I J I
Cr(COh C r(C 0)3 C r(C 0)3 


Y =H, OCH3 , F, C I 




22 


OCH3 

;-;::::! 1. n-Buli ~ 
~ 2.C3r-t?C HO

I 3.Cri31 

Cr(C0)3 

With proper choice of reagents, reaction conditions, and 

sequence, it is easy to envisage a large number of organic molecules 

whose synthesis could be greatly simplified by use of an arenechro

miumtricarbonyl and the proper nucleophilic substitution reaction. 

1.5 Chiral Arenecbromiumtricarbonyls 

Besides the variety of effects which have already been dis

cussed, the chromiumtricarbonyl group can also introduce chirality 

into an arene. For instance, uncomplexed disubstituted benzenes 

are achiral, whereas the corresponding chromiumtricarbonyl derivatives 



23 


are chira1. The preparation and optical resolution or a number of 

ortho and meta disubstituted acids, esters and amines has been re

ported (31). The acids were resolved by formation of salts with 

active bases, their separation by fractional crystallization and sub

sequent regeneration of the active acids. The complexed esters were 

first hydrolysed to the corresponding acids, treated as just described, 

then the active acids were treated with diazomethane to ob~in the 

active esters. The amines were separated in a similar manner by use 

of active acids, although with some difficulty due to their low 

basicities. 

Having separated the enantiomers and determined their absolute 

configurations, it was desired to be able to ·inter-relate the configura

tions in the ortho and ~ series. A previously published scheme 

{32) was found to be inadequate and a chemical correlation was devel

oped (33). It was in this work that the ability of complexed arenes to 

undergo relatively facile nucleophilic substitution for halide was 

utilized. The fluoro-derivatives were found to be useful intermediates 

which could be subjected to substitution by various nucleophiles in 

order to obtain compounds whose absolute configuration was already 

known. One of the reactions used was that of methoxide ion with 

~-fluorobenzoic acid chromiumtricarbonyl (eq. 16). Although a number 

of such conversions were ca.rried out in the ~ series with no 

measurable racemization, the ortho series exhibited racemization of 

the order of 5o% when the nucleophile was methoxide; other nucleo

philes, such as (CH3)2NH and -SCH3, also. exhibited some racemization (14). 



(16) 

These results prompted a reinvestigation of the mechanism. A 

kinetic study (34) showed that it was indeed an SN2 process as had 

been reported by Brown (20), although it was apparent that it was not 

as straightforward as had been thought previously. Again the benzyne 

mechanism was disproved - no ~ or ~ substituted products were 

obtained when starting from an ortho substituted compound (14). 

Thus it is clear that further investigation into the mechanism 

of this reaction is necessary. Any proposed explanation should include 

a mechanism whereby partial racemization can occur, and it should 

also account for the fact that this racemization does not occur 

in the meta complexes. 



CHAPrER TWO 

ffiOPOSED NECHANISlo£, SYI'ITHES IS OF ARENES AND COl-1PLEXES, RESULTS 

2.1 Possible Mechanisms of Racemization 

There are several possible mechanisms which can be proposed to 

account for the partial racemization observed in the reactions of 

methyl ~-fluorobenzoatechromiumtricarbonyl with methoxide ion. One 

possibility which immediately comes to mind is ligand exchange - some 

time after the formation of the intermedi~te the arene becomes detached 

from the chromium and then randomly reattaches to the same or a differ

ent chromium, thus leading to partial racemization. This mechanism 

was easily disproved by Jaouen (34); a control experiment which in

volved refla""<ing the optically active complexed ester in methanol but 

without methoxide ion resulted in no rao.emization being observed. 

Similarly, when the optically active complexed ester was refluxed in 

methanol in the presence of some uncomplexed ester, no racemization 

was observed. If ligand exchange had been occurring, both of these 

experiments would have led to some degree of racemization in the 

product. 

Another possible mechansim is described by the French word 

"basculage" or intramolecular teeter-totter (34). This mechanism 

describes a situation whereby the arene becomes partially decomplexed 

(the normally tridentate ligand becomes bidentate and then monod~~tate), 

flips over while monodentate, and then renttaches to the metal in the 

normal tridentate fashion (eq. 17). It is also quite possible that 

25 
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(17) 

the ester carbonyl oxygen participates in some fashion, perhaps by 

temporarily occupying one of the co-ordination sites on the metal 

vacated by the arene. 

A third equally viable mechanism involves attack by the nucleo

phile at the "other" ortho position, followed by a 1,5-hydride shift 

and expulsion of fluoride (eq. 18). This mode of attack is presumably 

less favoured, which y.:,)uld account for the observation of only 50% 

racemization. The exact ·role of the metal in this mechanism is un

clear. It is possible that the metal merely stabilizes the Wheland 

intermediate so that is exists long enough for the required rearrange

ment to occur, or it may play a more active role in that the hydride 

shift occurs via some sort of bonding interaction with the chromium. 

Unfortunately, none of these proposed mechanisms clearly 

explains why race~ization is observed in the ortho series but not 



27 


1,5 shift> 

(lS) 

in the ~. One can rationalize this observation, however, by con

sidering the resonance stabilization available to the arene alone, 

regardless of whether the metal is present or not. A consideration 

or the possible resonance contributors, shown in Scheme II, leads 

one to the conclusion that the intermediate in the ortho series would 

probably be somewhat more stable, since the negative charge can be 

delocalized into the ester group as well as around the ring. This 

extra stabilization is not possible in the ~ series. Since it 

would be expected that the effects of the chromiumtricarbonyl group 

would be the same in both series, this extra stabilization available 

to the ortho series could be the deciding factor which determines 

whether or not the intermediate exists long enough for either the 

teeter-totter or the hydride shift mechanism to be operative. 



FOCH3 09 AOCH3 AOCH3 Gi FOCH3 

Oc; e (J-co2CH3 ~(rco2CH3 ~Oco2CH3 
OCH3 

l\) 
00. 

Fb-OCH3 . ' F.OOCH3 FO-OCH3 
. e ., . . ' 
\ 1 CO£H3 ~ ~· ... C02CH3 ~ e _ co2cH3 

Scheme II 
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2,2 Distinguishing Between Hechanisms 

Having already eliminated a ligand exchange mechanism from 

consideration, it is still necessary to devise a means of deciding 

bet,..reen the teeter-totter and hydride shift mechanisms. With only t'Wo 

substituents on the arene ring, it is not possible to distinguish 

one mechanism from the other. However, if a third, non-reactive, 

functional group were present on the ring, such a distinction should 

be possible. If a suitably placed methyl group were present, for 

example, attack by the nucleophile at the two positions ortho to the 

ester (positions 2 and 6 in 20) would produce two different com~s 
<tfi"'J 

20 


'nh!ieh could be identified by their spectral characteristics. If, 

however, the reaction proceeded via the teeter-totter mechanism, nucleo

philic attack would occur only at position 2 and only one product 

would be observed. 

The three possible positions for the methyl substituent are 

3, 4, and 5; of these 4 is unsuitable since the same product would 

result from attack at positions 2 or 6. Therefore, either the 3-methyl 

or the 5-methyl compound is suitable for the desired study. Ideally, 

parallel studies on each compound should be carried out, to allow 

for any steric effects which might be caused by the presence of the 
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methyl group. The reactions involved are summarized in equations 

19, 20 and 21 assuming the hydride shift mechanism and 50% racemi

zation. 

It should be noted that the products obtained in 19 and 20 

are the same after dedomplexation, but with the expected ratio. re,tersed. 

Thus, if it were possible to prepare and characterize spectrally one 

or both of the expected products, and then compare these with the 

spectra obtained from the actual reaction products, it should be 

possible to draw conclusions as to whether the observed racemization 

is due to nucleophilic attack at an alternate position {as was observed 

by Semmelhack in his synthetic work (26)} followed by a hydride shift 

or is due to the teeter-totter mechanism. 

II > 
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2.3 Atteroptea Synthesis of the Fluoro-esters 

2.3.1 2-Fluoro-5-methyl Series 

The required fluoro-containing compound was the methyl ester 

of 2-fluoro-5-methylbenzoic acid 21, for which a relatively straight,._ 

21 

. CH3 
forward one-step synthetic route appeared to be available. The 

proposed synthesis involved reaction of 3-bromo-4-fluorotoluene 22,._ 

with butyllithium followed by reaction of the lithia intermediate with 

methyl chloroformate to produce the desired ester 21 (eq. 22). Because ,...._., 

the starting compound ~ was relatively difficult to obtain, model 

synthetic experiments were carried out on the more readily available 

~-fluorobromobenzene 23 (eq. 23). Several attempts were made to,.._ 

Bu-Li ) 

FF 
B11-L1· ClC o?cH,> r6Jco2cH3cOJBr . > 

~/ (23)~ 
?t::23 4-~,._ ,....._ 
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osrryout this reaction sequence, none of which were successful. The 

initial failures could be attributed to the order of addition or the 

reagents - in the first instance the methyl chloroforinate was added 

to the lithia compound ~ which presumably resulted in the formation 

of some of the desired compound 25, but this would be susceptible to ,..., 

further attack by 24. Thus, none of the desired ester could be isolat
1'"'-/ 

ed. The experimental apparatus was then redesigned so that the anion 

24 could be added to the methyl chloroformate; in this war the concen
r-V 

tration of anion could be kept low relative to that of the methyl 

chloroformate, thus side reactions should be minimized. However, 

in all instances product mixtures were obtained. Attempts at isolating 

the desired compound by fractional distillation under reduced pressure 

were not entirely successful. Although spectral evidence (NMR) indica

ted that 25 was probHbly present, it co'lld not be isolated in a pure,.._ 

enough state to allow unambiguous identification; other unidentifiE'd 

compounds were also present. 

The Grignard reaction was tried as a route to ~-fluorobenzoic 

acid, which could be esterified to give methyl s;t-fluorobenzoate ~ 

(eq. 24); this again was a model system for the desired 2-fluoro

5-methyl system. Again, ·a mixture of products was obtained, none 

of which could be positively identified as Q-fluoroben301c acid. 

F

cQJBr 1. 

2. 


23 -.,., 
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Since the above reaction sequences were unsuccessful on the 

model compound, 2-fluorobromobenzene 23, they were not attempted,..._.. 

on 3-bromo-4-fluorotoluene 22. 
r-.,.1 

When these one-pot reaction sequences proved unsuccessful, 

an alternate route to methyl 2-fluoro-5-roethylbenzoate 21 via 2-fluoro
~ 

5-methylbenzoic acid 26 was investigated. The starting material for 
~ 

this reaction is the commere'ially available amino-benzcii~c acid 27. 
r'-/ 

Schiemann reaction on the amino compound to obtain the fluoro compound, 

followed by esterification to give the desired ester 21. Howe~er,,......, 

the desired 2-fluoro-5-methylbenzoic acid 26 was not obtained; the 
,-...;' 

reasons for this failure are unclear. After the diazotization is 

complete and the sodium tetrafluoroborate has been added, the phenyl

diazoniumtetrafluoroborate salt should precipitate from solution (35). 

When it vas observed that this precipitation did not occur, a method 

was tried whereby a water soluble phenyldiazoniumtetrafluoroborate 

salt could be decomposed by the addition of cuprous chloride to the 

aqueous solution followed by warming (36). This led only to the 

chloro compound and in some instances to the hydroxy compound. A 

further modification in which no chloride ion from any source vas 

present (diazotization carried out in sulphuric instead of hydro
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chloric acid) led only to the hydroxy compound. Finally, attempts 

to salt out the phenyldiazoniumtetrafluoroborate in order to de

compose it thermally were also unsuccessful. 

No obvious explanation is avai1able to account for these 

results. It is clear that the diazotization stage proceeds success

fully, since the chloro and hydroxy by-products were isolated (see 

also section 2.4). Why the tetr~fluoroborate salt does not form, 

and the results discussed above would seem to indicate that this 

is the case, remains a mystery. Due to these synthetic difficUlties, 

and because of the fact that the corresponding chloro compounds were 

stutable alternatives and could be synthesized with relative ease, 

work on the synthesis of these fluoro compounds was abandoned. 

2,3.2 2-Fluoro-3-methyl Series 

The only readily available route to the required methyl 

2-fluor.o-J-methylbenzoate 28 was use of the Balz-Schiemann reaction.,...._, 

on the 2-amino-3-methylbenzoic acid~ to give the correspondi~g 

2-fluoro acid ~' followed by esterification in methanol. Since 

the Balz-Schiemann reaction proved unsuccessful in the 2,5-series, 

it was not attempted for the 2,3-series. Because there appeared to 

be no other readily obtainable precursors, the synthesis of this 

series of compounds was abandonede 

28 29,__., ,.,.._, 



35 

2.4 Synthesis and Characterization of the Chloro-Esters 

2.4 21 2-Chloro-5-methyl Series 

Although Ja.ouen et. al. based their 1vork on the complexes of 

the fluoro-esters (14, 31-34), use of the corresponding chloro com

pounds is a suitable alternative since the first observation of nucleo

philic substitution by methoxide ion in these systems was reported 

for chlorobenzenechromiumtricarbonyl (3). The required compounu is 

methyl 2-chloro-5-methylbenzoate 31, which was found to be readily made,......, 

£rom the commercially available ?-arrdno-5-methyl benzoic acid 27. 
~ 

Cl NH2 

~ ~~CH3 ?J ©YC~H 

CH3 /CH3 


The required reactions are a Sandmeyer to convert the amino 

group to a chloro and an esterification of the acid group. Experience 

showed, however, that the proper order of these reactions was crucial 

to the successful synthesis of 31. Initially, it was the esterification,....,. 
reaction which was attempted first (eq. 26) but neither refluxing in 

methanol saturated with anhydrous hydrogen chloride gas nor in methanol 

containing a catalytic amount of concentrated sulphuric acid produced 

the expected ester 32.,......,_, 

~JH2 NH2 
CHJOH/HCl 

)~co2H ) ~co2cH3or (26) 
cn3oHjH2so4 

~ 
~ 

CH3 27 CH3 37-.., ~--
~ 
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However, when the Sandmeyer reaction was carried out first, 

and then the esterification was attempted (eq. 27 and 28) the re

quired ester 31 could be obtained in good overall yield. The results,..._ 

seen in equation 27 are in marked contrast to what had been observed 

for the analogous Balz-Schiemann reaction vhich should have produced 

the corresponding fluoro compound (sec. 2.3.1). No explanation for 

this apparent anomaly is readily available. 

The acid 33 and the ester 31 are readily identified by their,......,_,., ,..,_, 

physical and spectral characteristics. 2-Chloro-5-methylbenzoic acid 

is an off-white crystalline solid, while its methyl ester is a color

less high boiling liquid. The spectral identification of these com

pounds is relatively straightforward. 

Considering initially acid 33 only, the mass~spectrum of this 

(27) 

CH30~I/HC~ (28) 
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compound (the product of the Sandmeyer reaction) has a parent ion 

peak at m/e=l70 accompanied by a peak of 1/3 the intensity a£ 172. 

This is characteristic of a compom1d containing chlorine; 170 corres

ponds to the molecular weilght expected for ~ Some of the major 

fragmentation pe:1ks are summarized in table 4; three fragmentation 

patterns are easily discernible as shown in the table, although struc

tures for the ion fragments have not been postulated. The obvious 

fragments lost are OH, CO, Gl, and C02H, as would be expected for a 

compound such as 33. 
r"\../ 

The presence of the chlorine in place of the amino group at 

position 2 of the ring has a marked effect on the 60 MHz proton NMR, 

spectrum of the compound. As seen in table 5, three distinct signals 

are observed for the three aromatic protons in 2-amino-5-methylbenzoic 

acid; proton exchange between the amino and carboxyl groups results 

in a broad single peak in the same region as the aromatic protons. 

Replacing the amino group with a chlorine leads, of course, to loss 

m/e 

170 
153 
125 
90 

125 
90 

135 
90 

Fragment lost 

170-17 
153-28 
125-35 

170-45 
125-35 

170-35 
135-45 

OH 
co 
Cl 

Table 4 Mass Spectral Data for 2-Chloro-5-methylbenzoic Acid 
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2-amino-5-methylbenzoic acid 

tS 
2.2 s 3H 

6.75 d lH J3 , 4=8.0 Hz 

6.95 broad 3H 

7.2 d of d lH J3,4=8.0 Hz, J 4, 6=2.0 Hz 

7.? -
d lH J4 ,6=2.0 Hz-

CH 
3 

H-3 

~~ C02H 

H-4 

H-6 

2-chloro-5-methylbenzoic acid 

d 
2.35 s JH 

7.45 2H 

7.75 lH 

11:..,2 broad lH 

CH.3 

H-3, H-4 

H-6 

C02H 

methyl 2-chloro-5-methylbenzo~te 

s 
2.25 s JH 

.3.85 s JH 

7.25 2H 

7.55 lH 

CHJ 

OCHJ 

H-.3, H-4 

H-6 

Table 5 6o MHz Proton NMR Data for the 2-Chloro-5-methyl Series 
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of the NH2 proton signal and the shift do~,rnfield of the carboxyl 

proton. The aromatic region is drastically changed, the signals be

coming much more compressed and appearing almost as two singlets with 

intensity of 1:2. The methyl group singlet is shifted only slightly 

downfield. (See Appendix 1, spectra # 1 and 2) 

The same compression of signals on s;lbsti!tution of Cl for 

NH2 is observed in the 13c NHR spectra of these compounds. From the 

tentative peak assignments given in table 6 (assignments are based on 

a comparison of the actual spectrum with one obtained by an empirical 

calculation) it can be seen that the amino group has a much greater 

effect on the carbon atoms near it than does chlorine. In the case 

of the amino-containing compound, the signals due to the ortho carbons 

are shifted substantially upfield relntive to benzene ( ~ 128e6) 

while the signal due to the amino-bearing carbon is considerably down

field from benzene. Replacing the amino group with chlorir:e results 

in all the signals appearing over a much narro\..rer range and shifted 

downfield only slightly relative to benzene. The signals due to the 

methyl group and the carboxyl carbon remain essentially unch3nged. 

(See Appendix <, spectra # 1 and 2) 

The IR spectra of these molecules were not used in the iden

tification of the reaction products but were recorded for the purpose 

of added confirmation for the identity of the various molecules which 

were synthesized in this work. The spectrl~ of 2-amino-5-mcthylben

zoic acid displays, bands characteristic of the presence of NH2 (.3445, 

3.340, 1305 cn-1), OH (broadened top of nujol band at ,_2900 cm-1), 
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X 


:~c~~~ 

d3

7 

C-1 C-2 C-3 C-4 C-5 C-6 C-7 C-8 C-9 

X=N~ 
R=H ~109.6 149.1 117-.1 136.4 125.7 131.5 20.2 173.5 

X=C1 
R=H 6128.2 131.7 131.3 1.34.4 136.9 133.0 20.7 171.2 

X=C1 
R=CH3 0129.4 130 .4a 130 .L~ 133.0 136.3 131.5 20.1 165.7 51.8 

a. Peak not seen, presumed to be buried under the peak for C-3. 

Table 6 13c }~ Data for the 2,5 Substituted Compounds 

m/e Fragment lost 

184 
169 184-15 
153 169-16 
125 153-28 

169 184-15 
153 184-31 
125 184-59 

Table 7 Mass Spectral Data for Nethyl 2-Chloro-5-methylbenzoic Acid 
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CO (1680 cm-1), C02H (1245 cm-1) and a variety of bands characteristic 

of the aromatic ring. Again, replacement of amino by chloro leads to 

some changes, notably loss of the bands attributable to NH2, a slight 

shift of the CO band to rvl700 cm-1, and the appearance of a band at 

1050 cm-1 characteristic of chlorine bonded to an aromatic ring. (See 

appendix 3, spectra # 1 and 2) 

The ester 31 is also re~dily identi£ied using these same 
~ 

spectral techniques. Its mass spectrum indicates a molecul~.r weight 

of 184, and contains fragmentation peaks characteristic of the loss of 

CH3, CO, CCH3, co2cH and 0 (see table 7). The proton NNR apectrum3 

of 31 differs from that of 33 in the expected manner, namely loss of 
~ 

the broad singlet at Sll.2 and the appearance of a singlet integrating 

for three protons at cS 3.85; the aromatic and methyl protons are shifted 

upfield only slightly (see table 5 and appendix 1, spectrum #3). SinL

ilarly, the l3c l&ffi spectrum is changed only slightly by the intro

duction of the rnethoxyl group. A new signal appears at o51.8 due to 

the presence of OCH3 and with the exception of the signals due to the 

ring carbon bearing the carbomethoxy group and the carbonyl carbon 

itself, the remaining signals are shifted upfield only slightly. The 

effect of esterificntion is most pronounced for the CRrbonyl signal, 

which is shifted downfield by 4.5 ppm, and less so on 0;..1 which appears 

1.2 ppm upfield. (See table 6 and appendix 2, spectrtm #3). The IR 

spectrum contains bands ex;ected for an aromatic ester (1500, 1215 

cm-1), the CO is shi£ted to 1745 cm-1, and again the bands character

istic of the aromatic ring are present. (See appendix 3, spectrum #3). 
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It is thus clear that the identity of the compounds~ and)J 

is firmly established; in this work proton ~ffi spectroscopy was used 

routinely as a characterization tool since the features of the spectra 

for the molecules produced are. quite distinct. 

2.4.2 	2-Chloro-3-methyl Series 

The synthesis of methyl 2-chloro-3-methyl benzoate 34 from 
~ 

2-amino-3-methylbenzoic acid 36 via 2-chloro-3-methylbenzoic acid 35
'ii""V 	 ,_ 

was achieved in precisely the same manner as described for the 2

chloro-5-rnethyl series, namely a Sandmeyer reaction to convert ~ 

into 35 followed by esterification to produce the ester 34. Having,..._, ~ 

used the 2,5 series as a model system, no problems were encountered 

in making the corresponding 2,3 substitute.d compounds., 

Not surprisingly, the physical characteristics of the 2,3 

series are very similar to those observed in the 2,5 series; the acid 

~ is a white crystallin~ solid while the ester ~ is a high-boiling, 

colourless liquid. As might have been expected, the mass spectra of 

2-chloro-3-methylbenzoic acid and its methyl ester are the same as 

those of the corresr:·onding 2-chloro-5-methyl coopounds, at least 

as regards the major fragmentation peaks. (See tables 4 and 7). 

34 	 35 

~ 
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Proton ~~m data for the starting amino-benzoic acid, the 

chlorobenzoic acid, and its methyl ester are summarized in table 8. 

The spectrum of 2-amino-3-methylbenzoic acid has some features in 

common with its 2,5 counterpart, such as the position of the signal 

due to the methyl protons and the fact that the amino and carboxylic 

proton signals overlap with those of the aromatic protonse As ex

.pected, the coupling pattern is different since the ring substitution 

pattern has changed. Substitution of Cl for NH2 again compresses the 

aromatic region, but the coupling pattern is still discernible even 

though two of the signals are partially overlappinge The position 

of the carboxylic proton is some\Jhat different from that for the 

2,5 compound ( &10.5 as compared to 11.2) but the reason for this 

difference is not apparent. Esterification of 35 to obtain 34 results 
~ """"" 

in the expected changes in the proton N~ffi spectrum - the signal at 

t 10.5 disappears, and a singlet at cf 3.9 integrating for three 

protons is observed instead. (See appendix 1, spectra # 4,5 and 6) 

Table 9 cont0ins the 13c ~ffi data for the amino and the two 

chloro compounds under discussion. As might have been expected, many 

of the features are similar to those already discussed with respect 

to the 2,5 isomers. The presence of the amino group results in the 

signals being widely spaced, only in this case it is the signals due 

to the m carbon and the ortho carbon bearing the carboxylic acid 

'group which are well upfield. The presence of the methyl group seems 

to counteract the effects of the arr.ino group to some ext-ent, since 

the other ortho carbon, which bears the methyl group, is not seen as 
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2-amino-3-methylbenzoic acid 

cr 
2.19 s 3H 

6.6 t lH J4,5=8eO Hz, Js,6=8.o Hz 

7.25 broad d 4H J not measurable 

7.85 d or d lH J 5,6=S.o Hz~ J4, 6=2.o Hz 

CH3 

H-5 

H-4, NH2, C~H 

H-6 

2-chloro-3-methylbenzoic acid 

6 
2.45 s JH 

7.35 t lH J4,5=J5,6=7•0 Hz 

7.50 d lH J4,6=2e0 Hz 

7e75 d of" d lH J5, 6=7.0 Hz, J4,6=2.0 Hz 

10.5 broad s lH 

CH3 

H-5 

H-4 

H-6 

co2H 

methyl 2-chloro-3-methylbenzoate 

~ 
2.35 s 3H 

3.,9 s 3H 

7.3 t lH J4, 5=J5,6=7 .0 Hz 

7.4 d lH J4,6=3.0 Hz 

7.55 d of d lH J5,6=7.0 Hz, J 4 ,6=3e0 Hz. 

CH3 

ccn3 

H-5 

H-4 

H-6 

Table 8 60 1'-lliz Proton ~ffi Data for the 2-Chloro-3-methyl Series 



45 


far upfield. (In the case of the 2, 5 isomer, it 1.ras the c~rbon para 

to the amino group which had the methyl s~bstituent; its signal, 

~ 125.7, is in a similar position to the methyl-bearing ortho carbon 

in the 2,3 isomer, 6 123.1). The introduction of the ~nethyl ester 

produces the same kind of changes as have alresdy been discussed 

for the 2,5 isomer. (See appendix 2, spectra# 4, 5, and 6)~ 

The interpretation of the IR spectra of these three compounds 

is also very straightforward. 2-Amino-3-methylbenzoic acid has charac

teristic bands (all in cm-1) at 3530 and 3390 (NH2), 1680 (CO), the 

top of the Nujol band at ,_2900 is very broad (OH), and the spectrum 

displays a nmnber of bands characteristic of the amino and carboxylic 

C-1 C-2 C-3 C-4 C-5 C-6 C-7 C-8 C-9 

X=NH2 
R=H dl09.2 149.8 123.1 135.8 115.9 130~2 17•.3 173.8 

X=Cl 
R=H 0129.8 134.1 1J8e5 1J4e9 126.2 129.8 ?.0 .. 2 17le9 

X=Cl 
R=CH3 01Jle5 lJJeC 1J7e9 133.6 126.2 128 .. 5 20.5 166 ..8 52.3 

Table 9 13c N~ffi Data for the 2,3 Substituted Compounds 
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functional groups as well as the 1,2,3 substitution pattern of the 

aromatic ring. Substitution of Cl for NH2 leads to the loss of the 

bands attributable to the amino functional group and the appearance 

of a band characteristic of an aromatic chloride (1055 cm-1); the CO 

stretch is shifted to 1695 cm-1, while the rest of the spectrum remains 

essentially unchanged. Introduction of the methyl ester function 

produces further changes - the CO stretch is shifted to 1740 cm-1 

and bands characteristic of the ester group are introduced. (See 

appendix 3, spectra #4, 5 and 6). 

As was the case for the 2-chloro-5-methyl compounds, the 

identity of 2-chloro-3-methylbenzoic acid and its methyl ester have been 

firmly est~blished; proton N~ffi spectroscopy is the method of choice 

for routine identificatio~. 

2e5 Svnthesis and Characterization of the ChromiumtricarbQnyl Complexeq 

2,5,1 Methyl 2-Chloro-5-methylbenzoatechromiumtricarbonyl 

It has been reported.that a wide variety of arenechromiumtri

carbonyl complexes can be readily synthesized in good yield (?4b); the 

same cannot be said, however, of the complexes required for this work. 

A number of procedures had to be tried before a successful synthesis 

was achieved. The variables which were studied were solvent system, 

reaction temperatl~e, reaction time, and s~urce of the chromiumtri

carbonyl moiety. The routine method which has been in use in this 

laboratory (37) involved refluxin~ the arene with an excess of chro

miumhexacarbonyl in a solvent system of 1:3 tetrahydrofuran/n-butyl 
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(29) 


31 37 
~ .-.., 

ether for two days, followed by filtration and solvent removal. This 

method wa.s tried in order to achieve a successful synthesis of }] (eq. 

29); although the proton MvR spectrum of the product mixture indicated 

that a small amount of a conplex 1-ras present, it could not be isolated. 

The arene ~ is not volatile enough to be removed by routine vacuum 

pumping, and a suitable crystallization technique for the complex 37-
was not available at that time. 

Several variations on the trisammoniachromiumtricarbonyl 

method (15, 16) were also tried without success~, Initially, t'40 houns 

refluxing in dioxane was used, b~1t no complex uas isolated. Increasing 

the reaction time to twenty-four hours or changing the solvent to 

diethyl ether with reflux times from t1·JO to tlttenty-four hours also 

failed to oroduce the desired complex 37... ,....., 

Since it had been thought that the presence of tetrahydrofuran 

(THF) was favourable to the formation of .:-1renechromiumtricarbonyls via 

the intermediate tris~etrahydrofura~hromiumtricarbonyl in the THF/n

butyl ether solvent system, it was thought thnt perhaps refluxing 

THF alone might be a suitable reaction medium. Using a three mol~r 
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excess of chromiumhexacarbonyl, reaction periods from one ~o six days 

were tried, with three days found to produce the best results. The 

yield, however, was poor (less than 10 %' based on arene) even under 

optimum conditions and the procedure could not be scaled up to pro

duce workable quantities of material. Thus a series of reactions had 

to be completed in order to obtain enough of the compound for charact

erization. The product of these reactions was a yellow, sublimable 

solid, but doubts about its identity arose almost immediately. It 

was n~t consistent in colour - while some runs produced a distinctly 

yellow solid, others produced solids with varying degrees of nn orange 

tinge. At times, in fact, discrete bits of orange and yellow solid 

could be observed; the two seemed to crystallize out together, with the 

yellow always the most abundant. The 60 MHz proton NMR spectra were 

also variable - when the compound was distinctly yellow, the chrornium

complexed aromatic signal (centered around 65.8) integrated for four 

rather than the expected three protons and appeared as t1rro singlets 

of equal intensity. However, as the amount of orange colour increP-sed, 

one of the singlets increased in intensity relative to the other and 

the signals integrated for less than four protons bitt never as low as 

three. (For a typical spectrum, see appendix 1, spectrum #7). The 

mass sr:e ctrum presented something of a puzzle - although there was 

a small peak at m/e 320, corresponding to the molecular weight of ~~ 

a peak of much higher relative abundance was observed at m/e 286 

which could correspond to 320-34 or, more likely, 320-35+1, iee. loss 

of Cl and g~in of H. 
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It w~s the l3c l~1R spectrum which provided the final piece 

of evidence lea.ding to an explanation of these results. The spectrum 

showed very clearly thflt the compound contained four carbon atoms 

bearing hydrogen which were comple:::;;-ed to chromium and two bearing 

other substituents. (See appendix 2, spectrum #7). Thus it became 

clear that the arene had lost chlorine and it was the complex of methyl 

m-toluate 38 which had been formed. The structure of 38 is further,....., ,..._ 

supported by co~parisons.of melting point and proton m~ data with 

li;terature reports. The re~orted melting point of ~ is 98°C (41), 

while the melting point of the compound formed in this reaction was 

determined to be 98.5-99°C. The proton m~ spectrum of 38 reported,.._ 

in the literature (42) and that of the yello'..r compou..!d obtained from 

this reaction are the same - signals at i 6.12 and 5.80 due to the 

ring protons, as well·as singlets due to the methyl and methoxyl 

protons. Thus it seems quite clear th~t the compound formed is 

methyl m-toluatechromiumtricnrbonyl ~e The presence of the orange 

colour was due to small amounts of the chlorine-contair.dn5 co~plex 

37, which was later made and fully characterized• 

Although the mechanism of the chlorine abstrsction process 
...-v 

http:co~parisons.of


50 


was not investigated, it is postulated to occur because of the presence 

of trace amounts of water (lJ). Apparently the Cr(O) and the water 

react to produce a strong reducing medium ~rhich readily abstracts the 

chlorine~ 

Since the presence of water had been shown to be detrimental 

to the synthesis of complex 37, the THF was ca.refully dried and the,...._, 

reaction repeated. Reaction times from one to .four days were tried, 

with t,,,o days giYing the best results. Yields were very low ( "\,.. 3% 

based on arena) but small amounts of '1n orange solid could be isolated 

and purified by subl1.mation. The proton Nr.ffi spectrum of this compound 

was fairly straightfort·tard, as can be seen form nn examination of table 

10. The methyl and methoxyl proton signals are sharp singlets; the 

b·.ro singlets from the aromatic protons are somewhat broadened, but 

no coupling is measurable o~ the 60 ~IT1z spectrum. The signals due 

to the aromatic protons are shifted upfield relative to those for· the 

uncomplexed arene, reflecting the decreased 1/-electron density in 

the aromatic ring, which leads to the aromatic protons being less de

shielded due to a reduced ring currente (For a more detailed dis

cussion of these effects, see ref. 43) The l3c l~ffi spectr1~ (see 

table 10) is also as expe.dted. It is clear that there are three 

carbons which are complexed to chror.1ium that have hydrogen bonded to 

them
3 

and three complexed carbons having other substituentso Corr.plexa~ 

tion to chromium has shifted the carhon resonances upficld by 30

40 ppmSl ag9in reflecting the reduced 11-electron density in the aromatic 

ringe In contrast, the methyl and carbometho--:y carbon signals are 
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Hethyl 2-chloro-5-methylbenzoatechromituntricarbonyl 

Proton N}ffi (60 HHz) 

rf 

2.2 s JH CHJ 

4.0 s 3H OOH3 

5.55 s 2H H-3, H-4 

6.1 s lH H-6 

13c NMI\ 

19.9 

53.0 

91.9, 94.7, 95.0 aromatic ~-H, complexed 

103.3, 107.3, 111.4 arorr~tic ~-X, complexed 

165 ..1 

230.5 

Table 10 	Proton o.nd Carbon ~~ffi. Data for Hethyl 2-Chloro-5-methyl
benzoa techromiumt1Ticarbonyl. 

only one or t\..ro ppm. different from those found for the uncomplexed 

arene. (See appendix 1, spectrum #8 and appendix 2, spectrum #8.) 

The mass spectrum provides further evidence to suppo1.. t the 

identity of this orange solid. The parent ion peak appears at m/e 

320, which is the expected molecul~r weight of 37. Fragmentation,.._ 
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peaks characteristic of loss of successive CO, Cr, Cl, OCH3, etce are 

all present. A number of fragme~tation patterns are possible, as 

evidenced by the presence, also, of peaks which can be attributed to 

loss of Cr(CO), Cr(C0)2, Cr(Co)3, and loss of two or three CO's at 

one time. 

Although the IR spectrum '\-Tas not used in the actual iden

tification of the compound, its features are informative& B~nds due 

to the chromium-bonded carbonyl stretch are found at 1995 and 1905 

1cm- , ,.,rhile the ester carbonyl stretching ':Jand lS at 174.5 cm-1. Bands 

in the region 670-600 cm-1 are attributable to C-0 rr~odes (J8), while 

bands ch:·1racteristic of the substitution pattern of the free arena 

( 350-670 cm-1) are Y:o longer observed. In addi tio;1, the C:J.r1)on-carbon 

double bond stretching frequencies found. at 1610 and 1580 Cr.J.-1 in the 

uncomplexed arene are seen to be shifted by 115 and 45 cm-1 respect

ively. (See appendix J, spectru..-n ii-7) 

All of this spectral evidence combined leaves little doubt 

that the orange solid is, in fact, the desired complex 37. A final 
"V 

piece of confirming evidence is the elemental analysis: calculated 

1C '4 OJ '"H "-. 81 found %C 45.28, %H 2.95. An alternative synthetic;u "-!- • / ' /J;. " ' 

route can be used, but yields here are also lo~T (13). Carefully dried 

THF and dibutyl ether are used as 3ol,rent (heptane has also been used 

in place of TIIF) in a ro.tio of 1:10; ap~·,ro-JCimstely eq11imolar ar.-:ounts 

of arene nncl chromiumhexacarbonyl are adcied. .Altl:ough reaction tiTies 

of about tt-;enty-fo~lr l1:1urs have been used routir..ely, monitorir1g of tl:e 

reaction vli th n.rene ]1 by TLC inclico. ted an optimum reaction period 
~ 
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of eight ho'J!'s; longer reaction times led to e"'(tensi,e decomposition. 

Thio method, therefore, seems to have no advantage over the previously 

described reflu...;cing Till' method since yields rer;;ain low and product 

isolation is somelvh:1t more time-cons11ming due to the rresence of the 

higher-boiling solve~t. 

2. 7,? Hethyl 2-Chloro-3-~1ethylbenzoatechrom~ U.t'11tricar'bonyl 

As vras observed for the 2-chloro-5-methyl compound, synthesis 

of this co:nplex ,,..ras also extremely diffic'J.lt. Since the sequence ~ -7 

37 had been used as the Ul'Jdel system, not all of the rr.ethods tiied,....._. 


there ,,rere tried for 34~ 39 (eq. 30). The first method to be tried 
,....,_ ,......, 

involved :!:'eflu."'Cing the arene 1...ri th chror.li".lTTlhexacarbonyl in THF for 

three days. After suitable r.rork-up, a yellow solid i.vas obtained in 

low yield. The proton Nl·ffi spectr~.nn was the same as that obtained 

using the 2-chloro-5-methyl arene,- as was the r.1ass spectrum. The 

t1-ro compounds also had the same e1elting ~1oint; a mixture of the t"':,ro 

ohowed no melting point depression. Thus, it was concluded that the 

same product, methyl m-tohlatechromiumtricar'bonyl }..§ had been obtained.• 

(30)[cr(co)~ 

I 
Cr(C0)3 

34 39 
~ 

http:spectr~.nn
http:diffic'J.lt
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Once the procedure using dry THF had been est~blished as a 

S'litable route to 37, it was used in "ll nttem;:·t to obtain 39 • .Al,..., ""' 
though optimum conditions 1.orere 11sed, several attern~ts failed to pro

d1.1ce any solid at al1. It was concluded that the com~lex 39 could cot . r-

be made by this r)ute. 

2.~.3 Possible Explanation of Synthetic Difficulties 

At first gln.nce, the synthesis of the com::lexes 37 and 39 
~ r- r-.; 

would not ap~)ear to present any problems. The related disubstituted 

complexes 38, 40, and 41 are known (39), as are the fluoro-derivatives 
;-v rv "" 

of 40 (34) and 41 (37). Since, of these three, 40 would probably ,...., ~ """""' 

be the most difficult to obtain, one '\oTould not expect tte presence of 

a methyl group (an inductively electron donating group) to increase 

the difficulty of the synthesis. It_has already been shown, however, 

that the synthesis of the trisubstit'.1ted arene complexes }J. and ~ 

is, indeed, very difficult, so it would be inforwative to investigate 

possible rgasons for these difficulties. 

In a study of the hydroeenation of olefins using arene

chromiumtricarbonyls as cat.'llysts, it ~..Jus oboerved that ~Jyr~Jnetricnlly 

substituted arene complexes, such as 1,3,5-trimethoxybenzenechromium
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tric"~rbonyl, were poorer co.tnlysts than less syrnmetric~.l: y substituted 

ones, such as 1,2,3-trimeth~xybenzenechromiumtricarbonyl (L4). This 

cannot te mq::laincd in terms of electronic factors relating to the 

relative stabilities of the two complexes, since these effects are 

essentially the sar.1e in the tva complexes (this can be studied by 

looking at the frequencies of the carbonyl stretching bands in the IR 

s;~ectra, 45). A crystal structure oi' the 1 ,2,3-triri.ethoxy corr1plex 

revealed that the chromiurn-tricarbonyl moiety was not equidistant 

fron the six ring c~rr.ons but 1.vas, in fact, displaced slightly tm.rards 

the three unsubstituted carbons (13). Similar effects have been 

observed for certain ~one-substituted arene complexes, for which 

crystal struct11res h:3ve shJwn that the chromium is off-center, the 

d: l'ection of the shift depending on the no. ture of the S 1.1bstit'J.ent. 

These structures also revealed th~t the C:J.r"oon bearing the s·.J.bstituent 

was bent slighly out-of-plane, the direction again depending on the 

nature of the suhsti tuent, (4(;). 

With these results in mind, it is now necessary to look brief

ly at the h.lech.~nis;n of the C'1talytic hydrogenation reaction using 

arene-c.b..romiumtrica.rbonyl complexes (40). One of.the pronosed mechan

isms when the :::-e::action :.s· carried :;ut in tetrahydrofuran (THF) as 

solvent involves the intermediacy of (TH.F)...,Cr(CO)~, the forr:-:ation of 
,) ./ 

which results in the decornplex.'"!.tion of the arene. If one assumes tbnt 

the chromi,m is so:r.e·w-hat off-center, then cert0.in of the ring-chromium 

bonds are nlong" and thus l,veakened; it is eo.sy, then, to envisage a 

fncile attack by a THF molecule on one of these 11 lon;]; 11 bonds, leading 

http:cert0.in
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to the disruption of the nrene com9lexQ Using this h~j"Tothesis, it is 

a simple matter to ~rJpose an exrlanation ns to why 1,2,3-tri::ethoxy

benzenechromiumtrico.rbonyl is a better catalyst than the 1,3,5 der

ivative; the 1,2,3 complex contains 11 long11 chromium-ring bonds, thus 

facilitating attack by TI-iF. In the 1,3~5 complex, all of the chromium-

ring banns are the same, so att:Jck by TliF is sor,:1ewhat more difficult, 

rendering the cor1plex less effective as a cat2lyst"' 

Relating these observations to the di:ficulties in the synthe

sis of the complexes 37 and 39 should not be too difficult. In both 
/"ww ,.,_, 

cases the arenes are '.lns~·rrn;~etrical; in the case of 37 it might be 
~ 

proposed that the forces which lead to the off-center disl?lacement 

of the chromi:.un oppose each other in such a way that a stable equi

libritL'TI position of the chromium '..-.ri th respect to the ring carbons ::s 

difficult to attain. The fact t!i-::t the complex can be isolated (al 

though the yield is low) attests to the fact tht1t some sort ·:Jf ener

getically fc.vo1)rable arrangement ~)r atoms is possible,. In the case 

of comolex 39, a more direct nnalogy •Jith 1, 2,3-trimethox:yhenzenechro
• 1"\.J 

miumtricarbonyl is possible. The chrorniure a.tom 1.,rould be expected t~ 

be displaced in the opposite direction, however, due to the electron 

t.J'i thdravring chs.racteristics of chlorine and carbometh.oxy. (This 

latter fact might tend to dest'"lbliize both complexes, since complex 

formr1tion is fncili tated by increo.sed electron density in the aromatic 

The net result, ho-w•ever, is that some "long11 cl:ro;ai'.un-carbon 

bonds 1vould be eY:pected, leaving the complex susceptible to attack by 

THF or some other s :itable solvent molecule. The f'lct th[lt the complex 

http:chromi:.un
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ca1mot be made in the presence of TIW lends credibility to this con

elusion. 

Thus, it appears that the difficulties associated with the 

synthesis of 37 and 39 are not as sur~rising as was originally thought. 
~ """"" 

2.6 	s-rnthesis of the i:~ethoxyl DeriYatives 

2e6.1 	 Reason for Synthesis 

In the reaction of sodium methoxide 1:ith the comr~lexes 37 ~nd 
J. ,._ 

39 9 the products, after decomplexrt tion, are the ~1ethyl esters of 

2-methoxy-5-methylbenzoate and 2-methoxy-3-methylbenzoate. Whether 

a mixture of the t•-ro is obtained or each complex yields only one 

product de_pends on the mech·-:nism of the reacti.on. In order to iden

tify the product(s) of the nucleophilic substitution reaction unam

big,.1ously, it is necessary to h-:V"e available authe!'ltic samples of the 

possible product arenes obt71ined 1:Jy an independent route., This being 

the case, physico.l and spectral characteristics of the authentic 

samples and the substituti:)n reaction prodr:.cts could be compared .1nd 

the identity of the products est:'lblishede It 1.ras for this reason tlnlt 

attem:1ts 1..rere made to synthesize methyl 2-methoxy-5-methylbenzoate 

(secc 2.6.2) and mett:yl 2-nethoxy-Jmethylbenzoate· (sec. 2.6oJ)c 

2 .. 6 .. 2 Synthesis of !·Tethvl '2-Hetb..ox~r-/.)-nethylbenzonte 

The proposed reaction sequence inv·:>lves synt:1esis of 2-hyd.roxy

5-methylbenzoic acid 42 ( eq. 31) foP... o1ved by methylation to ~-~roduce,_, 

methyl 2-rnathoxy-5-nethylbenzoate 43 (eq. 32).,.._ 

The synthesis of the 2-hydroxy-5-methyl1)enzoic acid j;2:, from 

http:reacti.on
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~·.JH? 

rQJC02H 


CH3 

(Jl) 

27 42,.._,~ 

OH OCH3ryrco2cH3 

CH3 
43..,..,._, 

the commercially &vailable 2-amino-5-methylJenzoic acid 27 was rela
""' 

tively straightforward., involving diazotization of the amine follO't:Jed 

by rea.ction with 1,m ter" Al tho:1gh the isolation and r:urific3tion of 

the product presented some difficulties (sec. 3.12) a fl~fy l.·Ihite 

solid W3.S eventually obtained which was readily characterized. 

The mass spectrum shcn.Jed a parent ion peak at m/e 152, as 

expected for 42. Fragmentation pe~.ks representing sequential loss of,_ 

H 0, CO and OH t.rere observed; the remaining fragmentation po.tt srn \"as 

sone\-Tha t complex and -vras n~t interpreted further. 

The 60 llHz pro ton Nlvffi data are summarized in 
~ 

table 11. The 

spectrum is v-ery similar to th~.t of the amino comro,md 27 (see ~able 
/V 

5 and appendix 1, sr;ectra ri;l & 9) but the aromatic region is much· more 

2
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2-hydroxy-5-methylbenzoic acid 

G 
2.3 s 3H 	 CH3 

6.85 d lH J3,4=8 Hz 	 H.;..J 

7.35 d or d lH J3,4=8 Hz, J4,6=2Hz 	 H-4 

7.7 	 d lH J4,6=2 Hz H-6 

C02H, OH11.5 s 2H 

methyl 2-hydroxy-5-methylbenzoate 

f 
2.22 s 3H 	 CH3 

3.9 s JH 	 OCHJ 

6.85 d lH J3,4=8 Hz 	 H-3 

7.3 d of d lH J3 1 =8 Hz, J4,6=2 Hz H-4 
,~ 

7.6 	 d lH J4,6=2 Hz H-6 

OH10.8 s lH 

Table 11 60 MHz Proton Nl~ Data for the 2-Hydroxy-.5-methyl Series 
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clearly defined, since the hydroxyl and carboxylic acid protons appear 

farther dovnfield th--:n do the exchanging amino and 3.Cidic protons. 

Similarly, the l3c Hl'iR spectra of the amino corn~"'ound 3J 3nd the hy

droxyl compound are very nuch alike (table 1< o.nd appendix 2, spectra 

#1 and 9). The resonance signal for the c~rhon be~ring the hydroxyl 

group is shifted even farther dmvnfield than is observed \.J'hen the 

amino group is present, but the signals for the other ring c~rbons 

change by only t"toro or three ppm. This is not surprising, since one 

would ex:Ject a hydroxyl and an amino grou!_J to behr;.ve in a somer.-1hat 

simil.:J.r fashion \-Jhen electronic effects are 1:'eing considered. 

X 


C-1 C-'2 C-3 C-4 C-5 C-6 C-7 C-8 C-9 

X=:OH 
R=H $ 110.9 160.J 117~7 138.1 128e9 130.6 20 • .3 175.1 

X=OH 
R=C:13 ~ 112.1 159.8 117.4 136.,7 123.3 129.8 20.3 170.7 52.1 

X ~1,.-T=1· .:.~2 
P-P Jl0'1 (....-..~.;.. "-' .... ) 149.1 117.1 136.4 125.7 131.5 20.2 173.5 

Table 1.2 l3c NHR. Data for Some 2,5 Subsititutrad CoT!1pound.s 

http:behr;.ve
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The m spectru~'71 of 42 contains bands C~1~racteristic of the ,......, 

functional groups present, namely OH (32L.O cm-1), COOH (1670, 1395, 

905 cm-1) and the substitution pattern of the arono.tic ring (1650

1490, 390-800 cm-1). Although ;.1a t nsed in the actuG.l identification 

of 42, its features provide f:~ther characterizing information. (See,....._, 

appendix 3, spectrum IN3). 

The second s-tep in the synthesis of methyl 2-methoxy-5-·methyl 

benzoate 43 ( eq. 32) tvas not quite as straightforward. Reaction of,_ 

dimethyl sulphate t-ri th the acid 42 under a variety of cond.i tions al ,....., 
ways led to product mixtures, thought to consist of the methyl esters 

of 2-hydroxy- and 2-methoxy-5-methylbenzoate. The similar natm'9e of 

these t1.-10 compounds IDQ.kes their s·eparation somewhat difficult, unless 

one resorts to the more elaborate techniques of column or pre?arative 

gas-liquid chromatogro.phy. In this case, ho't-rever, it is the spectral 

characteristics (more specifically the proton N£1R SfJectrum) rather 

than a 1Jure sample of 43 which are required, therefore use c:1n be made 
/'V 

of the tech.:·ique of sub,:traction NlviR. spectroscopy, whereby the spectrum 

of a pure sample of one of the components of the mixture is electron

ically subtracted from thnt of the mixture producing, in theory, the 

sr:ectrum of the other cori1ponent. 

To this end, it was necessary to prepare methyl 2-hydroxy

5-methylbenzoate 44, which 1.-ras obtnined by reacting the acid £\vith 
~ 

methanol contnining a catalytic !~mount of concentr~ ted sulrhuric ,cid 

(eq. 33) The ester /14 \v:J.s o ,.,_tained as a high-boil in; ye llo'\.r-lTO\-Tn,...._, 
liquid \-;hich wes not fu.l'ther pu:-ified, but was ch~1racterized ··,y its 
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OH OH 
AC02H ~co2cH3 
~ 

CH3 CH3 

42 44 

~ ~ 

proton and lJc NHR spectra. 

The 60 MHz proton Nl~·lli features of the ester 44 are Slliilr.larized,...,., 

in table 11. As might be expected, the spectrum is very similar to 

that of tho pr.:;cursor 42, Hith the exceptions that the doHnfield 
/"\./ 

resonance due to the acidic protons has sbiften upfield slightly in 

the ester and integrates for only one proton, and the si:gnal due to 

the metho~{yl protons is present. e lJr. 1'n, s~-::.ect.ru."il• 44. 1"))_,_.. ·JR- orTh ~ ~•1 "' (ta . ble 
- /V 

is also very simil3r to th3t o~ the acid ~; the positions of the car

bon resonances are shifted by o:c.ly one to t\.J"O ppm., while the car

boxylic c:1.rbon resonance h~s moYed u~:field by 4.4 ppm. A signal due 

to the methoxyl carbon is :•resent at 52 .. 1 ppn. 

The IR spectrum of the ester 44 Has also recorded., It con
~ . 

tains bo.nds characteristic of OH (3210 cm-1 ), the 1,2,4 ring sub

stitution pattern (30~0, 16'25-1445, 900, 820 cm-1) and the ester grou_:J 

(1680, 1295, 1090 cm-1) as well as bands due to the methyl groups in 

the molecule. 

In order to produce the ~roton NHR spectrum ~f the ester 43,
/V' 

the 80 1'-1 Hz proton r:r-m. s:::-e ctr.:1 of' the mixt,l!'e ( o bt'1ined in reaction 



63 


32) and of 44 were recoried sep:1r3.te}y, t~:en the latter "~.,~as subtracted 
rv 

t::-Lins one or t'.·ro o.nom.al~11.s pe~c.ks, the general f~9. t,..u.. es of thr~ spectrum 

are cl·::ar. As expected, it is ...rery sir::j_l~.r t.) those of the aci i }0 

and the ester !}4. :~n :1::1p~rrity a~~pe2rs to 1')e pres~3nt, since. there is 

"" 
an unexpected si6n.'J.l in the 3.romntic region ani more th.nn t::s expected 

tH·o si6n3.ls for mc;thoxyl ::rotons. (See appendix 1, S?ectr:.1 !/ 11, 12 ar.d 

13). It should be possible, houever, to .13e t~1is s;:Jectrmn (and those 

of 1._2 and 44) 3S a bo.s:is for iJentifyin.;; the ~Jroduct (or prod.ucts) of 
~ """ 

the n'J~leopbilic su~sti t•1tion r2action. 

The s;lnthesis of methyl 2-twtr~oxy-3-msthylbenzo[!te 1/':· "toras 

"""' 
some·,.,hat sir:1~1lified ':!O:P1.pared Hith the 5-mcthyl isomer, since the pre

cursor, 2-h;rd:::·)x~r-]-methJlbenzoic 'lcid 45, is a.Y:J.ilable commercially. 
~ . 

Before the ::'2~:.ct.ion of 45 ',·ri th -.limet~yl s~.1lnhate -vras carried O'J.t, 
/'J 

OH OCH3 
(HeO) -,SO?"- ._ (34)Hf@CO..,H >Hfzy02CH3J I L NaOH 

45 46..-- """

OH OH 
HeOHH3C'©rC02H 7Hf~C02CH3 (35) 

H2S04 

l'h 47~ .........._ 


http:si6n3.ls


( eq. 34) the s:::ectro 1 clY1racteristics of the ·; cid 45 and its methyl 
/'V 

ester !~7 (obtained by reA.cting 45 '1vi th metb.;~.nol containing a cnt.1.lytic 
r--' ~ 

amount of concentrated snl~;h1.1ric acid, eq. 35) ":·rere established. The 

60 M!1z pr::>ton ~;rr,ffi spectral characteristics of 45 and 47 are summarized ,.._ ,..._ 
in table 13. The signals due to the 2romatic :::;rotons in both compounds 

produce an easily recognizable ::'attern; pcg.k assignment is relatively 

stro.ightfor~.,o.rd, hased on cou9ling const3nts 'lnd ch.er.~ical intuition. 

'i.!he differences between the b.~o siJectra ~re t:-:e ex:.~ected ones arising 

from the c:Jnversion :)f 8.n acid to an ester, t~-!'lt is loss of the signal 

due to the c~rbozylic 3.cid !)rotan and tl.le :1p,_··e:3.rance of the signal due 

to the met~,oxyl prot'1ns. (3 ee ··;.ppendix 1, spectra // 14 and 15). 

( t. :..1 \ .J. • C 1"'1 r ( "'... -1 ' 

The IR. s::ectra of J8 and }:2 \lere also rec:Jrded. Cho.ro.cterir;tic 

bands for lj. 5 in::::!.uded OH .32.::0 em -,, ar-oma ~.~2c -•.1-J 1<?5 em -,, 
;"J 

C02H (163'), 1435, 1305, <)O'J cm-1 ), ::.nd the 1,2,] ring su:bsti tution 

pattern (l·S2C, 1190, 1005, 660-620, 540 cm-1). The spectrum o:' :Che 

ester 47 co~1tair1ed many of the S::J.me 2:J.nds, ~,.rith the e:.:ce;:/c.ion that 
,v 

those '!Jand.s characteristic of th6 carboxylic acid gr·:rup were absEnt, 

while htJ.n:ls ch:J.ractsris tic of the r1Gthyl cs ter gro:1p (1445, 1305 cm-1) 

t..rere present.. (See appendix 3, spectra # 10 and 11). 

The reaction af 2-hydroxy-J-methyll::er:~oic o.cid. 45 t..rith di
/V 

met=:yl S'Jlplw.te (cq .. 34) produced a mizture, te:ntativel~.- i~_entified 


from its 61 M:Iz proton NLfR spectruin as the; r'lethy·l esters o~ t~c 2-hy

dro:ry and 2-mcthoxy co:-np:J1_mds .. 


further cl"n.r.'.lcterizJ.tion of the mixt:u"E' .,,us carried ou.t .. 


http:S'Jlplw.te
http:stro.ightfor~.,o.rd
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the t110 iso~cr series h:-:.ve been I''?J.sona'bly t,.,rell established, so it 

should be possible to deter!,1ine ,,rhether one or both products are formed 

in the nacleophiJ.ic snbstitution reaction. 

2-hydroxy-3-methylbenzoic acid 

f"'T-:I2.2 s J] v:J 
r~ J -T -::26.85 t :i 4,5-<..' 5,6-(J Hz H-5 

TT
7.45 d of d lH J4,5=S Hz, J4,6=2 nz H-4 

7.8 d of d lH J5_,6=8 Hz, J,..... ,6=2 Hz H-6 

11.7 broad s 2H CO?H, OH 

methyl 2-hydroY~-3-mcthylbenzoate 

s 
2.1 s 33 CHJ 

l./,J.3 s JU OCHJ 

t lr.rl. H-56.65 J 4, 5=J5, 6=7 Hz 

-') Hz7.25 d of d lH J4,5=7 az, J4 6--- H-4 
' 

T -r"'tlT-T.. Hz, J, 1'=2 Hz H-67.60 d of d u5,6-r '-+J C' 

r-T_... OH11.2 s 

Ta1-:-·le 13 6~J Haz_ ?raton iJHR Data for the 2-Hydroxy-J-methyl Series 

http:nacleophiJ.ic
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2.7 Nucleochilic Substitution btr Hethoxide Ion 

2.7,1 Results 

Alth~ugh initially it was intended that the renction of me

thoxide ion with halo-arenecr..rorliumtricarbonyls 1.rould be studied 

using at least four such com~1lexes (methyl 2-chloro-5-methylbenzoate

chromiumtricnrbonyl 37, the 2-chloro-3-methyl analogue 39, and the 
r-J rv 

37 39 

corresponding 2-fluoro compounds), synthetic difficulties resulted in 

only the 2-chloro-5-methyl com?lex }:!, being available. The reaction 

of ~ with methoxide ion leading to the complex ~ as the expected 

major lJroduct ( eq. 36) W:?.S carried out according to routine ~ethods 

(13) - sodium was a4ded to dry methanol and once methoxide formation 

was complete the com~lex 37 was ad.ded. The mixture was stirred over
• ,-v 

night; after suitable 1..rork-up the org~.nic products were isolated, 

treated with diazomethane (this w~s done in order to regenerate ester 

which may have been hydrolysed by the rr.ethoxide), and the solvent 

removed. 

The 60 HHz proton l~NR s~:ectrum of the pro,-:uct mixture is 
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Q 
OCH3 7 C02CH3 

Hf I (J6)
Cr(C0)3 

37 40 ,......, 

somewhat complex. (See appendix 1, spectrum# 17). The complex mul

tiplet centered at cfl.28, the doublet at G4.45 and the aromatic sig

nal centered at ; 7.95 cnn be attributed tO. impurities introduced 

during the reaction with diazomethane; similar signals were observed 

in the spectrum obtained for the product of an unrelated reaction. 

Analysis of the remaining signals leads to the conclusion that three 

compounds are present, identified as the unreacted starting complex ;i.Z' 

methoxide-substituted product ~' and decomp1exed arene n; table 14 

summarizes the peak as~ignrnents. 
;"" 

The presence of 31 is not totally 

unexpected, since the reaction conditions re~uire that 37 be in solu
rv 

tion for ti.·renty-four hours and it is knm.rn thnt many arenechrominmtri

cnrbonyls a.re much less stable in solution than in the solid state. 

'fhe assignment of pe.'1ks as being due to the :··resence of un

reacted 37 is relatively straightforHar1, using rel3.tive pe.:1k area,...., 
)7.measurements and comparisons l .•Jith the soectru."n of 

' 
r:Jure 

~ 
Again, 

the presence of this com~oun1 is not sn:'"'prining; it has preYi011sl~r 
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methyl 2-chloro-5-methylbenzoatechromi~~tricartonyl 

s 
2.25 s JH en·lJ 

'l''.!+4.15 .,~I ..s OCHJ 

5.75 broad s 2H H-3, H-4 

6.25 bro:1d s lH II-6 

methyl 2-methoxy-5-methylbenzoatechroT!'liuntricarbonyl 

& 
i 

2.5 s 3H CHJ I 
I3.95 s JH OCIIJ ( ebher) 

4.1 s JH OCHJ (ester) 

5.3 d lH 1 =7Hz H-3J3 ,...,. 

. li-15.9 d J3 '=7Hz H-4•&.l- I 
6.4 broad s lH II-6 

\ 

methyl 2-chloro-5-nethylbenzoate 

$ 
2.15 s JH CHJ 


+4.15 JTT OCH
s l1 3 

7.6 broad s 2H H-3, H-4 

II7.75 lH H-6 

+peak not clearly resolved 

T!lble 14 60 HHz Proton NHR D3ta for Hcthoxide Ion 3.eaction Products 
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been reported that nucleophilic substitution by methoxide ion is much 

slower for chloroarene complexes than for the corresponding fluoroarene 

complexes (13, 20)e 

The remaining peaks in the spectrum are assigned to methyl 

2-methoxy-5-methylbenzoatechromiumtricarbo~l 40, based on a comparison 
I"V 

of this spectrum with that of pure methyl ?-hydroxy-5-methylbenzoate 44 
,-v 

and with the suh;traction··N!V1!1 spectrum·~ of methyl 2-methoxy-5

methylbenzoate 43. In both cases, certain features of the aromatic 
rv 

region are distinctive - a cleanly resolved doublet (~~8 Hz, resembles 

half of an AB quartet), a doublet of doublets (J ~ 8 Hz, 2 Hz), and a 

poorly resolved doublet (J~ 2 Hz). Taking into account the upfield 

shift which occurs on complexation to chro~ium, these peaks can be 

seen in the spectrum of the product mixture, although the resolution 

is poor. The larger coupling constant is ~7 Hz, while the smaller one 

cannot be measured. If the other isomer, methyl 2-methoxy-3-methyl

benz·oatechrorniumtricarbonyl, were pr~sent, the spectrum would have 

shown a triplet in place of the doublet at G5.3, as is seen in the 

spectrum of the uncomplexed arene. 

2.7.2 Conclusions 

The spectral evidenc-e would seem to indicate that only one 

product has been formed in the reaction of methoxide ion with methyl 

2-chloro-5-methylbenzoatechromiumtricarbonyl 37. It is useful to,..., 
recall the two mech~~nisms which are under consideration and would 

lead to the partial rac·emization observed by Jaouen in the res.ction 
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of methoxide ion ':lith optical1_y pure methyl .Q.-fluorobenzoatechror.J.iur.1

tricarbonyl (14). One possibility is tho.t after attack by r:1ethoxide 

ion at C-2, the arene becomes partially decomplexed, rolls over, re

attaches itself (intramolecular teeter-totter), then loses chloride. 

In the case of the disubstituted complex, the other enantiomer W0 1lld 

result; in the co.se of 37, only one product would be observed. The,...., 

other possibility is that the· methoxide ion may also attack at C-6, 

resulting in a 1, 5-hydride shift follo\-red by expulsion of chloride. 

Again, this leads to the other enantiomer in the case of the disubstitu

ted compoUJld, but results in the formation of t'lrTO different products, 

~ and~' in the c~se of )2• These have nifferent spectral character

istics, thus providing a relatively straightforward means of distinguish

ing bet1.reen the t\.ro possible mechanisms. 

Since it has been shovn that only one product appears to have 

been formed in the reaction of 37 with methoxide ion, it might be 
""' 

concluded that the reaction has proceeded ,ria the roll-mrer m€;c!1anisrn. 

~Iowever, it is not possible at this time to tot1.lly rule out attack 
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I 
Cr(C0)3 
41 

at C-6, since no information is available regardiP~ the steric effects 

of the methyl group ut C-5. It is not unreasonable to propose that 

the steric effects of the C-5 methyl g~oup and the C-1 carbomethoxy 

group combine to render attack by methoxide ion at C-6 highly unfav

ours.ble. This factor cannot be studied at present, hm..rever, due to 

the fact that 2t tempts to synthesize methyl 2-chloro-.3-met~·~ylbenzoate

chromiumtricarbonyl 39 hg_ve so far proven unsuccessful. In the case of 
"" 

39, C-6 is not excessively hindered; in fact it might be the preferred,..., 
position of attack since it is C-2 't>Ihich lies between the methyl and 

carbomethoxy gro 1Jps. 

Therefore, although present evidence tends to favour the roll 

over mechanism, no absolute conclusion can be drat.rn until such time 

as the steric effects of the C-5 methyl grou.p have been eval'-lated. 



72 


2,8 Renct:i'Jn nf n-Fl.1 1'1rotol'l8"'lGChrorrd.untrj_c·1T~JOr.v1 ~-·ith h:Jt·r1_1it!liu"!l 
and jfuthyl Ghlornfo~~~ts 

Semmelh~ck' s recent re~ort of the ort!'lo-lithiation of v:::-;rio1J.S '3ono

synthetic route to nethyl 2-fluoro-5-me:,hylbenzaatcchromi:.untricarbonyl 

.;·~ 
_,;;~45, since it has already ~een 3h01:111 that the synt!·1esis of the arene 

rv 
'"'\ ..,,

no sirr:plc matter (see section ~e;)). In ·this case, the rcc1 uired. start 

inJ "Tia t2riul is the lc10'I·m .:.-fl~.:..oroto1uenechromil:r.1tricarbor..yl ~' ~.rhich 

is readily obtained. 1-:y t.he r~?action of :,-fl·wrotol'J.c.ne ~with chro

;-nium hexacartanyl in refh.:.xing t2trahyd::."'ofur:::n/but~tl ether ( eq& 37). 

©
F 

Cr(C0)6 ) 

{J7)THF/n-Bu2o 

CH~ H3C.J 
Cr(C0)3 

4? 43_..,. 
~ 

44 
,-..._ 

(38) 

43 45
~ .,.....,__,. 

http:fl�wrotol'J.c.ne
http:n-Fl.11'1rotol'l8"'lGChrorrd.untrj_c�1T~JOr.v1
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Treat;nent of 43 with butyllithiun followed by addition of r.1ethyl chloro
;-v 

formate ( eq. 38) ~.ras expected to :::;ro::luce the desired cor.1plex 45. (This,....., 
procedure represents a slight modific3.tion of the method reported by 

Semmelhack, who treated the li thioarene cor.mlex 44 with C02 folloi..red 
.l. "" 

by diazomethane to obtain 45). Hm·rever, 1.rhen the product nix:ture was 

cb...romatographed, at least three air-stable products were isolated, none 

of tvhich \.Jas the e}:pected compound 45. The major product obtained was 
r"tJ 

a red cryst:;_lline solid, shm.rn by mass spectral analysis to have a 

molecular 1..reight of 518 e Its fragmentation pattern indicated the 

presence of two Il-fluorotolyl groups, t1·TO chromium atoms and seven CO 

units.. The proton rind fluorine-19 Nr'lR spectra of this soljd \vere 

relatively simple, indicating the presence of two equivalent tri

substituted arene rings, ,.rith the third substituent ortho to the 

fluorine (SO)e 

The available spectral evidence and chemical intuition lead 

to the proposal of t1..10 possible structures for this compound, a benzo

phenone and a carbonate est(~r, both of which result from the dimeri

zation of the lithioarene complex 44 prior to the addition of methyl 
I"V 

chloroformate (see eq. 39 and 40). In both cases, once the lithic

arene complex 41,. has formed, tvro molecules react to .r-roduce the dimer 
1'\J 

46.. Support for this comes from the an--;logous reaction of phenyl
"" 
J.ithiu.m with arenechromiumtricarbonyls to produce carbene complexes 

(47). ,_,The dimer 46 thnn has at least b·ro routes open to it - these 

shall be discussed separately. 

In one case (eq. 39), the dimer 46 reacts with the added methyl,.._ 



F Fo
<@Li :;, Li GlC0;2CH3 > ~l-ocH3 
~ ~ Cr(C0)3 H:lw Cr(C0)3 

H-.f br(C0)3 H:3CI F. ~~ F-1 


0 d""t~ CH3 0 cfL~ . CH
 
3
44 
..-.- ~ I ':J ~ 

if' (39)0 I
11 
c· C-OCH3Cr(C0)3 eacH 
~<'20 3
1-l-:,G\§Gf/',.\ . . . 

~ .\.U F ,.Ycr(C0)3- ~ ·~ I -;' 

I 
 l0}Cr(C0)3 CH3 
CH3 

49 48 

~ r-/ 



F F cfiLID
I I 0 
c c7 <~u Cr(C0)3 

HC I ,, 0H]C I cfu(J)~ ! 3 <fL ~· Cr/c 
/Cr:~ 1 h~~ ·oC/CCI r,d ~ C I ~C (I~

O c . ...)' 
0 . CH3 0 CH344 46...-- 50~ ClCO"CH3l ""'""- (~o) 

.....:I 

~ O~C-OCH':l Vl 

0 /J .J

F "/0 0 0 0a_c 1 c 
T C O/.- -OCHJ~~-c~~r/co 

® 

-c,,
Cr

/c 
' Q ~ 

H3CI 0 IL, HC 1 ·au ~~ 

c/Tr~ ~ 3.....-cr~, ~~··.)~······),oC I C '· -.., 
0 C CH3 8 . CH30 

52 51 
~ ~ 
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chloroformate to form the species 47. This then undergoes a rearrange

ment via a mechanism very simil1.r to th~.t observed for the 1.vell knm,rn 

benzilic acid rearran;;ement, to produce ft· A simple loss of methoxide 

leads to the benzophenone complex j2Q It might be argued that the 

1methyl chloroform.':l.te, ..Thich conttJins two reasonably good leaving groups~ 

could have reacted in rapid succession with two molecules of 44 to give,....., 

49, but this seems very 1Inlikely since the metr~yl chloroforng,te is ,.., 


present in lGrge excess and inverse addition produces the same result. 


vJhen acetyl chloride is substituted for methyl chloroform'lte 9 the 


tertiary alcohol 5.3 is formed., This result p3.rallels the :Jbservation ,.._ 

that the reaction of phenyllithiumchromiumtricarbonyl with acetyl-_ 

Li 0 

CHJCCl 
)@ 

n 

Cr(C0)3 

CH3 

54 55 

~ 

I 

http:chloroform.':l.te
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chloride (eq. 41) produces, as the major productp the alcohol 54 
1"\J 

rather than the expected ketone 55, despite the fact thQt the a~etyl 
'V 

choride is present in l'lrge excess (48) o The only ,1..ray to rationalize 

these seemingly o.nomalous results, both for methyl chloroformate and 

acetyl chloride, is in terms of a dimerization occuring before the 

addition of the electrophile, as proposed for the formation of 46 
/'\,; 

( eqe 39) e 

Another route a11aila.ble to 46 involves the formation of a,...., 

second carbene bridge (eqo 40), producing the double-bridged species 

50o This then reacts with methyl c~1loroformate in two steps giving,._ 

51 and ultimately the carbonate-bridged species 52.-
Since it Has difficult to distinguish between 49 and 5'2 on the

""' ,.._ 
basis of their spectral characteristics, an X-ray crystallographic 

study of the compound was carried out (49)~ The results of this 

study (figs 1) clearly show th3t ~he product analy~ed is the benzo

phenone complex 49. It should be noted, ho~ever, that the mass srectrun 
"""J 

of the rroduct obta i..ned in~-tinlly, although almost identical to pure 49,
;v 

s:1ows a peak at P-44, ind5_cating loss of co2• In addition, the lJc 

lTHR spectrum had peaks at tS 265 .. 5 and 16.3.9, assignable to the carbene 

and ester carbonate carbons, respectively. As the product was repeat~ 

edly recrystallized to obtain a sample suitB.ble for X-ray crystallog

raphy, spectral evidence for the car~onate structure 52 disappeared.
"-' 

This would seem to i~nply that hot!: products i#ere formsd initially, 

but t~1a t the carbonate \vas selectively eliminated during the furificn

tion steps. It is also possible that certain steps in the formation 
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of both products are equilibria - further investigations into the 

nature of this reaction are in progress. 

Some details of the structure are \.rorth noting. Although the 

aromntic rings are not coplanar, the chr;omiumtricarbonyl groups 

are seen to exist in an an11 configuration, as might be expected on 

steric grounds. It is also clear that the initial attack by butyl

lithium occurred at the position ortho to the fluorine, as evidenced 

by the position of the ketone brigge. 

It would seem that this reaction can provide a convenient and 

efficient rqute to bis-chromiumtricarbonyl complexes of benzophenones, 

and should prove useful in this regard. 



CHl\.PTER THREE 

EXPERIHENTAL 

3,1 Instruments and Chemicals 

Routine proton Nl·ffi. spectra were recorded on a Varian T60 60 HHz 

NNR Spectrometer. Carbon-13 miR spectra were recorded on a Bruker 

\alP 80 or l.JH90 NMR Spectrometere Some proton spectra (80 Mllz) were 

also recorded on the Bruker WP80. Infrared spectra were recorded as 

nujol mulls or neat liquid films between NaCl plates on a Perkin

Elmer Infrared Spectrophotometer, l1odel 283e Mass spectra were re

corded on a C.E.C. 21-110-B spectrometer operating at 70 eV. Helting 

points of solids were measured on a Thomas Hoover Capil1ary Helting 

Point Apparatus and are uncorrected. Boiling points of liquids were 

measured using standard micro-boiling point determination techniques 

and are uncorrected. 

With the exceptions of tetrahydrofuran and n-butyl ether, all 

chemicals were used as purchased. Commercially available tetrahydro

furan was dried in the ·following manner - after standing for one day 

over CaCl2 (l-tith occasional shaking), the THF vras refluxed over CaH2 

for about three hJurs and then distilled off. The distillate was then 

left standing over KOH pellets for two days, again with occasional 

shaking, after which it was again refluxed and distilled from CaH., • .... 

The dry solvent was stored in a stoppered flask over molecular sie,re. 

The n-butyl ether was dried by standing over KOH for two or three days 

followed by the addition af small chunks of sodiume The dry solvent 

so 
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was stored j_n a tightly capped bottle. 

3.. 2 Attempted Synthesis of Methyl or Ethvl 2-Fluorobenzoate 

(NOTE: In some preliminary work, ethyl chloroformate was used in place 

of methyl chloroformate; it is felt that the results are interchange

able) 

3.2 ..1 Method A 

2-Fluorobromobenzene (10.02 g, 57 mmoles) was dissolved in 

20 ml THF in a 100 m1 3-necked flask fitted with a magnetic stir bar, 

nitrogen inlet and outlet, and a serum cap. The flask and solution 

were flushed thoroughly with nitrogen, then the solution was cooled 

in a dry ice/acetone bath. t-Butyllithium in pentane (20 ml, 31 mmoles 

t-BuLi) was added slowly via syringe; this addition was accompanied by 

the formation of a 'l.rhite vapour in the flask and a change in colour of 

the solution from yellow to green. After stirring at low temperature 

for about fifteen minutes, ethyl chloroformate (6g, 55 mmoles) was 

added via syringe; the mixture was then allowed to warm slowly to room 

temperaturee A white solid was filtered off, leaving a yellot-1 liq11id 

filtrflte. Fluorine-19 I~ffi spectroscopy revealed that this liquid con

tained two major fluorine-containing components, fluorobenzene and 

an ortho-substituted fluorobenzene. Distillation, both at atmospheric 

and reduced presst~e, did not produce samples which could be identified 

or characterized. 

3.. 2.2 Hethod B 

A 100 ml 3-necked flask was fitted with a magnetic stir bar, 

nitrogen inlet and outlet, and a serum cap. Diethyl ether (50 ml) 
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was added and nitrogen was bubbled through it for fifteen minutes. 

2-Fluorobromobenzene (lg1 5.7 mmoles) was added and the solution was 

cooled in a dry ice/acetone bath. t-Butyllithium in pentane (10 ml, 

16 mmoles t-BuLi) was added slowly via syringe; the mixtur~ was kept 

cold and stirred for about twenty minutes. 

Meanwhile, a second 100 ml 3-necked flask was fitted with a 

magnetic stir bar, nitrogen inlet, condenser, and a serum cap; 30 ml 

diethyl ether was added and cooled in a dry ice/acetone bath. Ethyl 

chloroformate (7 ml, 9.7 g, 90 nnnoles) '"'as added and the mixture tvas 

kept cold. 

The contents of the first flask were added to the second flask 

slowly via syringe with constant stirringe The mixtt~e was stirred 

cold for about forty-five minutes, then allowed to warm slowly to room 

temperature. Filtration of the reaction mixture yielded a "rater

soluble t.rhite solid (LiCl.~) and a yellow filtrate. 

The proton NMR spectrum of the filtrate (after removal of the 

diethyl e~her) indicated that the product was a mixture. Distillation 

under reduced pressure produced a small degree of separation, but pure 

samples could not be obtained for absolute identificatione 

Hodified versions of this method l·Tere tried, such as using 

longer reaction times or varying the proportions of the reagents, 

but in no case could positive product identification be made. 

3,3 Attempted Svnthesis of 2-Fluorobenz:1ic Acid 

All glassware was cleaned and dried in an oven for at least 
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one hour prior to use. 

Magnesium turnings (0.50 g, 20 rmnoles) were placed in a dry 

50 ml 3-necked flask which was then heated with a bunsen flame for a 

few minutes to drive out any moisture. As s0on as the heating was 

stopped the flask -vras fitted vrith tt..ro glass stoppers and a calcium 

chloride drying tube. When cool, a magnetic stir bar was added and a 

condenser t.J'as inserted between the flask and the drying tube. 

2-Fluorobromobenzene (4.4g, 25 mmoles) was dissolved in 5 ml 

dry diethyl ether; the solution was poured into a dropping funnel 

which was then fitted to the flask in place of one of the stoppers. 

Approximately half of the solution was added to the flask with stirring; 

since the reaction did not start spontaneously, the flask was warmed 

with a he~ting mantle. The reaction still did not start and neither 

use of a glass rod to crush the magnesium nor additional warming 

started the reaction. Finally, the addition of a few crystals of solid 

iodine succeeded in getting the reaction started. The remaining solu4 

tion in the dropping funnel was added slowly, followed by about 5 ml 

of ether. The reaction was allowed to proceed on its own and was deemed 

complete when no more bubbles were observed in the solution. 

The mixture was added slowly with stirring to 13 g crushed 

dry ice and stirred :Jntil thick and sticky. A mixture of 15g ice, 

15 ml water and ~.5 ml cone. HCl was added slowly with stirring and 

the resulting mixture was filtered. The filtrate was transferred to 

a separatory funnel and extracted with ether (3x20 ml). The combined 

ether extracts were extracted with approximately 1M sodium hydroxide 
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solution (Jxl5 rru). The combined basic extracts were acidified using 

concentrated hydrochloric acid. A small amount of a sticky brown 

solid was filtered off. Dissolving of this solid in ether followed by 

solvent removal (rotovap) and vacuum pumping produced a biege-coloured 

foamy material. Although it was clear that the material \oTas not 2

fluorobenzoic acid, a positive identification could not be made. 

3,4 Attempted S'rnthesis of 2-Fluoro-5-methylbnnzoic Acid 

3~4.1 Hethod A 

2-Amino-5-methylbsnzoic acid (7.6 g, 50 mmoles) was added to 

25 Inl of 1:1 concentrated hydrochloric acid in wate~; the mixture was 

cooled, with stirring, to 0°C in an ice/salt bath. A solution of J.6g 

sodium nitrite in 7 .. 5 ml water was added via a dropper, with constant 

stirring, at a rate such that the temperature did not rise above 5°C., 

Small chunks of crushed ice were added as needed to keep the temper

ature dolln. When all of the sodi'.un nitrite sol"'.ltion had been added, 

a test for excess nitrous acid was done using potassium iodide - starch 

test paper - a positive result,, immedi1.te blue colouration of the 

paper, was obtainede 

A cooled solution of 7.6g sodium tetrafluoroborate in 20 ml 

of water was added slowly with vigourous stirring, again maintaining 

the temper3ture below 5°C, The mixture was left to stand for about 

ten minutes with frequent stirring-and then was filtered to give a 

small amount of a brm.rn solid ,:~.nd a bro"Tn-coloured. filtrate. 

To this brm-Tn filtrate was added 2.5g cuprous chloride; the 

http:sodi'.un
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resulting mixtt~e was warmed to 80°0 on a hot water bath and maintained 

there for about two hours. The solid precipitate was filtered off, 

dried, and recrystallized from carbon tetrachloride (decolorizing 

charcoal was used) giving a yellowish solid, mePs 145-146°C. The mass 

spectrum indicated that the molecular wei6ht of the compound was 170 

(expected for Cgii7Fo2 is 154; expected for c8H70102 is 170). The 

proton ~ffi spectrum was the same as that obtained for 2-chloro-5

methylbenzoic acid; a mixed melting point determination with the chloro 

compound produced no depression. It was concluded., therefore, thn.t 

the compound made was 2-chloro-5-methylbenzoic acid, and not the 

desired 2-fluoro compound. 

3,4.2 Hethod B 

Method .A was repeated as far as the completion of the addition 

of the sodi~ tetrafluoroborate solution. In this case, solid sodium 

nitrate was then added in an attempt to salt out the phenyldiazonium 

tetrafluoroborate salt. Although the solution changed colour from 

reddish to pale orange, no precipitate was formed and the method 

was abandoned. 

3,4,2 Hethod C 

Concentrated sulphuric acid, 2.7 rnl, was added slo\tly with 

stirring to 20 ml water in a 100 ml round-bottomed flask, 2-.Amino

5-methylbenzoic acid (3.6g, 23.8 ~aoles) was added to the hot solution. 

After warming the mixture in a hot w,ter b~.th for approximately half 

an hour, 20 ml of water were added and the mixture wns cooled in ice 

with vigourous stirring. A cooled solution of 1.3g sodium nitrite in 



S6 


5 ml w~.ter was added slo,..rly with constant stirring at a rate such 

that the temperature did not rise above 5°C. After the addition was 

complete the mixture was removed fnom the ice bath and stirred for 

twenty minutes. The mixture was then returned to the ice bath and a 

cooled solution of 3.85g sodium tetrafluoroborate in 15 ml water was 

added, again maintaining the temperature below 5°C. Once this addition 

was completed, the mixture was allo\-red to warm slowly to room temp

erature, then it was heated slowly almost to boiling in a hot water 

bath; it was then stirred for about twelve hours (overnight) without 

heating. The brown solid which was isolated was identified as the 

2-hydroxy derivative, based on a comparison of its proton NMR spectrum 

with that of an authentic sample {see section 3.12). 

3e5 Attempted Synthesis of Ethyl 2-Amino-s~methylbenzoat~ 

Absolute ethanol (80 ml) was saturated with anhydrous hydrogen 

chloride gas by means of bubbling the gas through until the weight 

of the ethanol had increased by about 20 g. The ethanol was transferred 

to a 250 ml round-bottomed flask and 2-amino-5-methylbenoio acid 

(1J.2g, 87 mmoles) was added. The resulting thick suspension was 

refluxed with stirring for two hours, during which time the suspension 

became somewhat thinnere After the reflux period was completed, the 

hot mixture was poured into 150 ml water, producing a brown solution. 

Solid sodium carbonate was added until the mixture was neutral (pH 

paper). A biege-brown preci;::litate was filtered of'f, dried, and re

crystallized from chloroform to give 2.95g of an off-white solid, 
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m.p. 166.5-168.5°C (dec). Comparison of its proton m~m spectrum in 

acetone solution with that of authentic 2-amino-5-methylbenzoic acid 

(m.p. 174-177°0 (dec)) indicated that the starting material had been 

reco"',rered unchanged. 

3.6 Synthesis of 2-Chloro-2-~ethv!benzoic Acig 

3.6 .. 1 Prenaration of Cuorous Chloride 

A solution of 30.9g cupric sulphate and 8g sodil~ chloride in 

100 ml water was made, with heating necessary for complete dissoluti~n. 

A solution of 6.5g sodium bisulphite and 4.3g sodi·~ hydroxide in 50 ml 

water vas made and added slowly with stirring to the hot cupric sul

phate/sodium chloride solution. The resultL~g suspension was cooled 

in.ice, then the white solid precipitate W3S filtered rapidly and 

washed twice with water (as little air as possible was sucked through 

the solid). The moist solid was dissolved in 50 ml concentrated 

hydrochloric acid; the solution t.ras kept in an ice bath until needed. 

3~6,2 Diazotization and San~~eyer Reaction 

2-Amino-5-methylbenzoic acid (15g 1 99 mmoles) was added to 

30 m1 concentrated hydrochloric acid in 30 ml water with vigourous 

stirring. The resulting ·suspension was cooled to below 5°C in an 

ice/salt bath. A solution of 7g sodi1xm nitrite in 15 ml water was 

added slowly fron a separatory fw1nel whose stem was below the liquid 

surface; the rate of addition was such that the temperat\lre remained 

below 10°G, usually around 5°C. Small chunks of crushed ice were added 

as necessary to keep the temaera ture do1-rn. When all of the sodium 
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nitrite solution had been added, the solution was tested for excess 

nitrous acid using potassium iodide-starch test paper - a positive 

result wss obtainede This mixture was then added slowly with stirring 

to the cold cuprous chloride solution; the resnlting mixture was 

allowed to come to room temperature with0ut external heating but with 

occasional Stlirling. Once it had reached room temperature, the mixture 

was warmed to about 60°C in a water bath; during this period frequent 

swirling l-ras necessary to collaps·e· the foamy purple precipitate which 

formed as the nitrogen was being given off~ When no more nitrogen was 

seen to be given off, and the precipitate was grey in colour, the 

mixture was filter~d and the grey solid was dried and recrystallized 

from carbon tetrachloride (decolorizing charcoal was used) to give 

15.3g of a whitish solid (91% yield)e Repeated recrystallizations 

finally pro1uced an almost white solid, m.pe 147-147.50 
C. The solid 

was identified as 2-~hloro-5~methylbenzoic acid from its mass spectrum 

and proton ~.ffi spectrum (appendix 1, spectrum #2). A later 13c NMR 

spectrum (appendix 2, spectrum #2) and an IR spectrum (appendix J, 

spectrum #2) confirmed its identity. 

3,7 Svnthesis of Methyl 2~Chloro-5-methylbenzoate 

Anhydrous methanol (30 ml) was snt1..1Tated with dry hy,:irogen 

chloride gas by bubbling the gas through until the \.reight of the 

methanol had increased by about 25g. The 2-chloro-5-racthylbenzoic acid 

{15 g, 88 mmoles) was added to the methanol giving a yellow solution 

which was refluxed for t'>~o hours. The hot reaction .nixture wns poured 
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into 150 ml Hater; solid sodium carbongte T..·laS added until the mixt.1.1re 

was neutral (pH paper)~ A ye1low-brovrn liquid had separated ~·Thich 

was isolated by extraction with ether (3xl00 ml). The combined ether 

fractions were dried (a~~ydrous magnesium sulphate), filtered, and the 

solvent was removed on the rotovap followed by vacuum pumping to give 

a yellow-brown oily liquid (14.5g, 89.5% yield). Distillation under 

reduced pressure produced an almost colourless liquid, b.p. 258

2590Cc The liquid was identified by its mass spectrum (parent ion 

peak at m/e 184 vrhich is the expected molecular weight), and 60 lvfHz 

13Nl,ffi. spectrum (appendix 1, spectrum #3). A C NMR spec~rum (appendix 

2, spectrum #3) and an IR spectrum (appendix 3, spectrum #3) confirmed 

the identity of the compoand as methyl 2-chloro-5-methylbenzaic acid. 

The ethyl ester was also rrn de using the same procedure, but 

substituting ethanol for methanol. The yellow-brown liquid ~as not 

further purified; its mass spectrum had the parent ion peak at m/e 

198, as expected. The 60 MHz proton l~ spectrum differed from that of 

the methyl ester by the presence of a quartet (<5' 4.40 ,. 2H) and a triplet 

(6 1.4 , 3H) characteristic of the ethyl group in pl.-::.ce of the methyl 

group singlet ( 6 3.85, 3H). 

3.8 	Svnthesis of 2-Chlorg-3-methylbenzoic Acid 

The procedure used was the same as the one w!·. ich has already 

been described for 2-chloro-5-methylbenzoic acid (section 3.6) but 

substituting 2-amino-3-methylbenzoic ncid for ~-amino-5-r1ethylbenzoic 

acid. 	 In this case the precipitate w."ls an off-t.Jhi te solid which was 

http:pl.-::.ce
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recryata.llized t11ice from carbon tetrachloride (decolorizing em rcoal) 

to give a wLite cryst9.lline solid, m~:p. l40e5-141°C. The identity 

of this compound was determined from its mass spectrum ( parent ion 

peak at m/e 170) and its 6o MHz proton NNR s_~ectru,'11 (appendix 1, spec

13trum #5). A c M1R spectrum (appendix 2, spectrum #5) and an IR 

spectrum (appendix: 3, spectrum 115) provided further confirmation. 

3.9 Synthesis of Methyl 2-Chloro-3-methtrlbenzoate 

The procedure used was the same as the one which has already 

been described for methyl 2-chloro-5-metnylbenzoate (section 3.7) but 

substituting 2-chloro-3-methylbenzoic acid for 2-chloro-5-methylbenzoic 

acid. The yellow liquid product was vacuum distilled to give a colour

less liquid, b.p. 257.5-?.58.5°C. The compound was identified by its 

mass spectrum (parent ion peak at m/e 184) and its 60 HHz proton NHR 

spectrum (appendix 1, spectrum #6). A 
13c Nl~ spectrTh'11 (appendix: 2, 

spectrum #6) and an m spectrum (appendix 31 spec.trum 116) provided 

further confirmationc 

3cl0 Synthesis of Methvl (or Ethyl) 2-Chloro-5-methylbenzoatechro
miumtricarbonyl 

(vihether the methyl or ethyl ester was used, it is believed that the 

results are interchangeable) 

3,10,1 Method A 

Ethyl 2-chloro-5-methylbenzoate (7g, 35 mmoles), chromium 

hexacarbonyl (lOg, 42 mmoles), n-butyl ether (30 ml) and tetrahydro

furan (10 ml) ,..rere put in 2 250 ml round-bottomed flask '.J"hich was 
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flushed out with nitrogen for about five minutes. The mixture was 

refluxed for two days in an oil bath at 120°Ce After cooling, the 

solvents were removed on a high vacu'Ui"!l line, leaving a bro\·In gummy 

material. Diethyl ether was added and the mixture was filtered under 

nitrogen presstiTe to remove unreacted chro~iumhexacarbonyl and other 

by-products. The orange filtrate was fUt on the rotovap to renove 

the solvent, producing a solid. A_little more ether was added and the 

filtration was repeated. A proton NNR spectrum of the orange oily 

residue indicated that a small amount of' the desired complex \.fas 

present, however attempts to crystallize the complex using pentane 

were unsuccessful. 

3,10.2 Hetl:od B 

3.10.2.1 Preparation of Trismmnoniachromiumtricarbonyl 

Ethanol (95%, 120 ml), potassium hydroxide (7.75g, 

138 mmoles), and chromium."lexncarbonyl (4. 5g, 20 mmoles) were plu.ced in 

a 500 ml.J-necked flask which was fitted with a condenser, a nitrogen 

inlet and a magnetic stir bar. After flushing vdth nitrogen for about 

ten minutes, the mixture was refltL"'Ced overnight (approximately eighteen 

hours). The result:ing oranc;e solution 't·Tas cooled in ice, then 150 m1 

concentrated ammoniun hydroxide vras added; the mixture was stirred for 

two hours at room temperature Q~der a gentle flow of nitrogene The 

yellow solid which formed t-las filtered off under nitrogen pressure then 

ptunped dry 11nder ~1acuum. The 3. 9g of trisammonio.chromiumtricarbonyl 

\-Tere plo.ced in a sealed vial under nitrogen and stored in the r·erriger

ator. If not used \.Jithin ten to fourteen days the material was discard
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ed and a 	fresh lot prepared. 

3.10.2.2 	Reaction of Trisammoniachromi~tric~rbonyl with 
·Hethyl or Ethyl 2-Chloro-5-methylbenzoate 

The ester (-0.5g, 2.5 m.moles) 1,r-::s dissolved in 

30 ml dioxane; the flask cor~taining the solution vT3.S flushed with 

nitrogen. Trisaw~oniachromiumtricarbonyl (l.Olg, 5mmoles) was added 

and the mixture \.:as reflu:z:ed for t1-ro and one half hours. The solvent 

was removed from the dirty orange filtrate leaving a sticky dark 

green residue. The addition of ether followed by filtration and solvent 

removal produced an orange liquid which had a proton Nl~:!fi spectrum 

identical with that of the starting ester. 

Hodified versions of this reaction were also tried, 

such as increasing the reaction time to as long as twenty-four hours 

and changing the solvent to diethyl.ether, but the same results were 

obtained, namely th2t the starting arene was recovered unchanged. 

3.10"3 Hethod C 

A 100 ml 3-necked flask fitted with ~ magnetic stir bar and 

a condenser was flushed out with nitrogen, then charged 1dith 50 ml 

tetrahydrofuran (used directly as purchased) and methyl 2-chloro

5-methylbenzoate (lg, 5 mrnoles). 1'\.fter bubbling nitrogen through 

the solution for ab:)ut five minutes, chromiu.-nhexacarbonyl (.3 .6g, 

17 mnoles) '"as added and the mixttlre '!..Jas heated to reflux '"ith stir 

ring; a gentle flow of nitrogen was maintained across the top of the 

condenser. React:llons were done using r·eflux times from one to six 

days long; three days w~s found to give the best yield. At the end 

of the reflux period, the mixture was cooled, filtered and the sol
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vents were removed on the rotovap. A s~all amount of ether was added 

and the filtration and solvent removal steps were repeated. After 

about three n.ore repetitions of the ether addition steps, pentane was 

added and the solution was placed in the freezer for at least several 

hours. Approxirr~tely 150 mg of a yellow solid was obtained, m.p. 98.5

99oc. Although it was first thought that this compound was methyl 

2-chloro-5-methylbenzoatechromiumtricarbonyl, the spectral evidence, 

as discussed in section 2.5.1, did not support this conclusion. Rather, 

the evidence pointed to a loss of chlorine and the resulting production 

of' methyl m.-toluatechromiumtricr,:)rbonyl. 

3210,4 Hethod D 

The procedure was essentially the same as method C, with the 

exceptions that the tetrahydrofuran was dried as described in section 

3.1 and the optimum reflux period was determined to be two days. In 

this case, 50 mg (2.9% yield) of an orange solid, m.pe 92-93.5°C was 

obtained and purified by sublimation. The compound w:1.s identjfied 

from its mass spectrum (parent ion peak at rn/e 320), its 60 l{Hz proton 

l\ll•lR spectrum (appendix 1, spectrum #8) and its 13c NNR spectrum (ap

pendix 2, spectrum #8). An IR spectrum was also recorded (appendix 

3, spectrum #7). 

3.10 .. 5 Hethod E 

This method w2s very similar to method A. In this case, the 

solvents were dried prior to use and the ratio of n-h·.1tyl ether to 

tetrahydrof1~an was ten to one (total solvent volume was 110 ml). 

Hethyl 2-chloro-5-methylbenzoate (6g, 32mmoles) and chror:dumhexa
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carbonyl (7g, 32 m.'1loles) were added and the l!lixture was refluxed for 

twenty-four hours. After being cooled, the mixture was filtered; then 

the solvents were removed under reduced pressure. Dichloromethane W!3S 

added and the mixture W?S filtered to remove the unre~cted chromiurn

hexacarbonyl. High boiling petroleum ether we.s added in an attempt 

to crystallize the product, but no solid w~s obtained. The solvents 

were removed and the proton NMR. spectrum of the residue was recorded; 

the spectrum indicated the presence of the starting arene only with 

no peaks observed wbich are c!:"!.aracteristic of the complex. 

A modified version of t~?.is pro!cedure was also tried. In this 

case the ratio of butyl ether to tetr~hydrofuran wes twelve to one, and 

almost equimolar proportions of chromiumhexacarbonyl (6.6g, 30 mmoles) 

and methyl 2-,chloro-5-methylbenzoate were used. By removing samples 

every half hour and analyzing them by TLC it was determined that the 

optimum reflu."< ti.me was seven to eight hours. At the end of the re

flux period, nitrogen was bubbled through, then the flask was stoppered 

and left in the refrigerator overnight to allow precipitation of un

reacted chromiumhexacarbonyl. The mixture w~s poured onto the top of 

a chromatography column packed with alumina with hexane as solvent. 

Elution with hexane removed the solvents (n-butyl ether and tetrahydro

furan) and unreacted arene, leaving o.n orange material near the top 

of the column. Use of a mixed solvent system (1:1 hexane/diethyl 

ether) allowed elution of the orange material, identified as methyl 

2-chloro-5.:.rnethylbenzoatechromiumtricarh:myl. 
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3"11 	s~rnthesis of Nethvl 2-Chlo-ro-3-methylbenzoatechro:::ri.umtricarbonvl 

,1, 11.1 Hethod A 

This \•JTtS the s1.me procedure o.s method C already desertbed 

for methyl 2-chloro-5-methylbenzo~techroni~~tricarbonyl (sec. JelO.J) 

but substituting the 2-chloro-3-methyl arene for the 2-chloro-5-methyl 

arene. Again, low yields af a yellm...r solid were obtained. The 60 HHz 

proton l~1R spectrum was the same as that obtained for the other isomer. 

It \v'3.S concluded that the same product had been formed, namely methyl 

m-toluatechromilli~tricarbonyl. 

3.11 2 2 Nethod B 

This was the same procedure as method D already described, 

section 3.10.4, but s11bs:tituting the 2-chloro-.3-methyl arene for the 

2-chloro-5-methyl arene. In this case, ho1.rev\~r, no solid "ras isolated, 

leading to the conclusion that the synthesis had been 1.msuccessful.. 

,1.12 Synthesis of 2-Hy-d.!'oxy-t:;-methyl benzoic .dcid 

Concentrated sulphuric acid (27 ml) was added cautiously to 

water (200 ml) in. a one-liter ro1.::.nd-bottomed flask. 2-Amino-5-methyl

benzoic acid (J6.24g, 21.10 mmoles) was added to the resulting hot solu

tion and the mixture was vrarmed gently on a ~~ater bath. Un.ter (200 ml) 

\-ras added to the amine suspension; the mixture was stirred vigourously 

,.,rhile being cooled to 5°C in an j ce b~th. A cold sol~1tion of 18g 

sodium nitrite in 35 ml \-rater was added slm..rly by pipette, ta.king care 

th'lt the temperature t-Tas maintained at 5°C. Hhen the sodiwr. nit.ri te 

addition was completed, the rrC.xture \.rn.s stirred in ice for about one 

hour; it \·ras then w.·1.rmed to 50°C and kept at that temperature for one 
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hour. After coolin5 in ice for about one h~lf hour, the mixture t-ras 

filtered, giving a S1"Jall ar1ount of a black solid ann a red-coloured 

filtrate.. A make-shift continuous extractor 't.Jas set up consisting 

of a tvro-liter r~und-bottomed flask and a condenser. The aqueous 

filtrate \-Ta.s poured into the flask, along "t.rith 200-300 ml of chloro

form. The mixture -v;as w·1rmed in a water bath until the c!J.loroform 

began to reflux. After refluxing for about sixteen hours (overnight) 

the two phases ".-rere separated. The chloroform phase ~-ras dried (anhy

drous magnesiu.T. sulphate), filtered, and the solvent l.ras removed on 

the roto,lap, leaving a brown-orange solid. Repeated recrystallization 

from carbon tetrachloride (decolorizing charcoal) produced a white 

solid, m.pe 15G.5-151.5°C. The chloroform extraction process was 

repeated until the aqueous phase ·Has alrJost colourless A tott3.l ofe 

15g (41% yield) of solid was obtained. The compound 't·las ch~racterized 

by its 60 HHz. pro.ton rJHR S;'ectrlii'11 (appen~_ix 1, spectr1.L1t /19) and its 

13mass spectru"'TI (pn.rent ion peak at m/e 152). c N1..ffi (appendix 2, 

spectrum 1/9) and IR (appendix 3, s:•ectrum 71'8) s~ectra \?ere also re

corded. 

3"13 Svnthesis of Hethyl 2-Eydrox~r-5-meth,rlb8nzoate 

2-Ilydroxy-5-methylbenzoic acid (Jg, 20 mmoles) ~...ras dis;;;ol,red 

in 9 ml anhydrous methanol. Co::1centrated sulphuric acid (0.9 ml) was 

added dro:~vise \lith stirrinc;. The m:i.xt,U'e v:ts re!"lu_:-~ed for six ho,.trs, 

then the excess methanol ~.t.'J.S clis tilled o£"f ~1nd the mixture ~·lO.E cooled. 

After po;:~ring the x!ixb.l!'c into a separatory funnel contnining some 
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uatcr, diethyl ether ·,.r3.S added, the fur..nel Has sh.:~ken, the laJrers 1.-rere 

alloirJed to separate and the aqueous ~hase 1..tas drnj_ned off* The ether 

pnase \.ras shaken se"~rernl times with saturated sodium bicarbonate solu

tion, then twice with 1.-Jater$ The ether phase "t•TaS dried (anhydrous 

magnesium sulphate), filtered s.nd the solvent was re-:noYcd. on the roto

vap to giye a yellOll liquid, b.p .. 243-2.45°C (74 o57~ yield) e This COM

pound was identified from its 60 NHz proton NHR srectru!'TI (apperrlix 1, 

spectrum /,:10) as r.Jethyl 2-hydroxy-5-mcthylbenzoate., 13c Nlm (appendix 

2, spectrun iilO) _.a::.1d IR (appendix 3, spectrum 1/'9) spectra were also 

recordedo 

3o14 S7nthesis of' Heth~rl 2-l\fethoxy-5-rnethyl benzoate 

Sodiurr: hydroxide (1.7g) Has dissolved in v.rater (16 ;nl) in a 

50 ml 3-necked flask fitted r~Tith a magnetic stir bar, a condenser, and 

an addition funnel. 2-Hydro:xy-5-methyl't1enzoic. acid (Jg, 20 Tih"lloles) Has 

added and the resulting yellot.,r solution ~.ras cooled in ice.. Dimethyl 

sulphate (7 .5 ml, lO.Og, 79 mmoles) "t.ras added dropi.Jise from t~1:e addi~··: 

tion funnel ,.,ith constant stirri::g" T~e mixt1.1re t!las refltt:ced for four 

hours and then coolede ~\.fter adding some l,.iater, the ;nixture vl:J.S trar~s

fered to a separatory funne:l containing some ether and shaken. The 

layers were allo'!:.Jed to separate and the aq_ueo:.lS L:yer 't..ras drained off., 

The ethel" lnyer uaa 1.-rar:hed t;.:ice \"i tl'l t~:>. ter c'Jntctining sodi1Jl..1 ehloride ~ 

twice v.rith dilute S'J.lphuric acidj t~1en 1rrith tte salt wo.t0r :.lntil the 

Hashir:gs were ne'Jtral (p:-1 paper). The ether phase 14:1S dried (anh~rdro'J.S 

magnesium sulphate), filtered, and the ~.olYent l.-TC.S re:·no,red on the roto

http:aq_ueo:.lS
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vap to give a yellm,.;ish liquid, idendified fror.l its 60 HI1z proton l\1vffi. 

spectrum (appendix 1, spectru"':l 1.;11) as being a mixture of :ncthyl 2

metl:ox:y-5-methylhenzoa.te and methyl 2-hydroxy-5-methylbenzoate. 

3~15 Synthesis of I·,tettyl 2-H,rdro;cr-3-methyl'l:Jenzoate 

The procedure used 'Has the same as that described in section 

3.13, but substit'-lting 2-hydroxy-J-methylbenzoic acid for 2-hydroxy

5-methylbenzoic acid. and scaling it up by a factor of five. A yellow 

oil, b.p. 246-248°C 1rras obtained in 52.2% yield. !t was identified 

from its 60 HHz proton :NNR. spectrun (appendix 1, spectrum ri'l5) as 

methyl 2-hydroxy-3-methylbenzoate. 

3.16 Svnthesis of Hethyl 2-:·,1ethoxy-3-m€thylbenzoate 

This procedure was the same as th::tt des.cribed in :3ection .3.14, 

but substit'Jting 2-hydroxy-3-methylbenz~Jic acid for 2-hydroxy-5-rnethyl

benzoic acid. A yello'I,.Tish oily· liquid r,ms obtained Hhich was thought 

to be a r..:_xture of methyl 2-methoxy-3-methylbenzoate and methyl 2

hydroxy-J-methylbenzoate, based on its 60 HHz proton NHR spectrum 

(appendix 1, spectrum h16). i·!o further characterization of this mix

ture was carried out. 

3.17 Re.'J.ction of >lethyJ ?-Chloro-5-methylhenzoatechrorni u..'1ltri.carhon~rl 
\vi th Hethox:ide Ion 

Anhydrous methanol, (40 ml) W:J.S placed in an :>ven-dried lCO ~1 

3-necked flask fit ted with a n·.at:;netic stirring bar, a nitrogen inlet, 

and a condenser. IJitrogen w~s bubhled ttrough for a fe\.J 11inutes, then 

http:metl:ox:y-5-methylhenzoa.te
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sodium (200 mg, 9 ~uoles) was add8d. After the sodium had dissolved, 

nethyl 2-chloro-5-rnethylbenzoatechromiumtric.arbonyl (175mg, Oc-5 :rmnoles) 

\.Jas added. The mixture t.ras stirred for about twenty-four hours at r()om 

temperature 't-rith nitrogen bubbling gently through the solution. After 

the addition of 100 ml water, the :Jixture was acidified using 10% 

hydrochloric acid. The aqueous .?hase was extracted with ether (3x75 ml); 

the c~mbined ether phases were dried (anhydrous magnesium sulphate) 

and filtered. The ether solution \·:as cooled in ice, and treated \•Tith 

diazomethane (see 3.18). After solvent r.smoval, a 60 HHz proton Ni~:R. 

spectrUJ11 sho\.red the product to be ~ mixt1>1re of at least three compounds, 

tentatively identified as methyl 2-chloro-5-methylbenzoatechromiumtri

carbonyl, methyl 2-mettoxy-5-methylbenzoatechromiumtricarbonyl, and 

methyl '2-chloro-5-methylbenzoate (appendix 1, spectrum //17). No 

further cho.racterization of the mixture was attenpted. 

3.18 Pregara tion of Diazomethone Precursor and Generation of Di~azo
methaw~ 

3£18.1 Preparation of p-Tolylsnlfonylmethylnitrosamide 

A 50:~ solution of sodium hydroxide in t..rater '.ras made and 

cooled to room tempera~ure; meanHhile .12-toluenesu.lfonylchloride (32g) 

was divided into portions of 19, 9 and 4 g. HethylaEine (17.4 ml of 

407o aqueous solution) \.Jas put in a 100 ml round bottom flnsk and the 

19g portion of Q-tolw:~nesulfonylchloride ~dd,ed 2.n portions Hi th S't.rirl 

ing over ten r.linutes; the terr.9er1.ture rose slovrly and was maintained at 

80-90°C ,.,ith the aid of ice and hot 1.rater b~ths. After about five 

minutes the mixture had r.ecomc acidic; 5 ml of the sodiur:1 hydr~xide 
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solution wn.s added t,ri th vigorous stirring, follo"t.Jed i;,;-~:edintely by the 

9g portion of .D.-toluenesulfonylehloride in rortions t·Yith St.rirling" 

~~hen the mixture had again beco!ne acic~ic, 2. 5 ml of sodium hydroxide 

solution ,,ras added, follm·!Cd by the 4g portion of .n,-toluenesulfonyl

chloride 1-rith swirling. Once the mixture had become n.cidic, sodium 

hydroxide solution was added until the mixture was alkaline. After 

rinsing tht? W'1.lls of the flask Hith some w::1ter, the mixture was heated 

in a boiling water b3.th for fifteen m:..nutes. ·rhe hot mixture was 

then poured into 150 ml of glacial acetic acid in a 500 ml round

bottomed flask; the reaction flask was rinsed Hith a further 25 ml 

acetic acid. After cooling in ice to 5°C, sodium nitrite solution 

(12.5g in 25 ml t\l'ater) was added from an addition funnel 1.1hose tip 

was beloi..r the surface of the liquid; the rate of addition vl<J.s such 

that the temper::~.ture of the miY.:ture r.emained below 10°C., Once the 

addition ,r~as cor.1plete, the mixture ,,ras stirred for fifteen minutes; 

,!l-tolylsulfonylmethylnitrosamide separated as a yellmr crystalline 

solid. ~vater (lOG ml) w:1s added and the precipitate collected by 

filtration. The solid ~.ras vrashed vTi th 50 ml water and sueked dry. 

The solid 1-ras tr~1nsferred. to a beHker, stirred well with 40 ml \.rater, 

filtered, and \-I::. shed with vra ter u:.:til no acetic acid odour remained. 

The solid \.ras dried to constant 1..Teight in rl vacuum dessicator over 

sulfuric acid. 

3.18,? Generatio~ of Di3zomethane 

The gener3.tion Jf '.iia!:;omethane t-.ras ~lC·~~omplished using the 
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-thermometer 

Erlenmeyers 
containing ether to 

collect diazomethane 

apparatus illustrated. ~Tolylsulfonylmethylnitrosamide (1.07g) was 

dissolved in ether (15 ml) in the round-bottomed flask and cooled in 

ice. A solution of potassium hydroxide (0.2g) in ethanol (5 ml) was 

added. After five minutes the ethereal diazomethane was disti]led off 

on a hot water bath and collected as shown in the diagram. The two 

ether portions were combined, cooled, and added dropwise to the cooled 

ether solution from 3.17 until excess diazomethane was present. (Excess 

diazomethane was detected by dipping a glass stirring rod into the 

mixture and them immediately into a test tube containing acetic acid. 

Immediate vigourous bubbling indicated the presence of excess diazo

methane). The solvent was removed and the product analyzed by suitable 

means. 
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3 .. 19 Pret):JT-: tion of n-Fl1.u:n--otoluenechro:n:t1.lmtri C:"'r1,or;y-l 

,!2-Fluorotoluene (3g, 27 mmoles), chromiur:t hexacarbonyl (6g, 

27 r.'.mole·s), n-butyl ether (100 I:ll) a!ld tetrahydrQfuran (10 ml) were 

put in a 250 r.1l round-bottomed flask 1.~rh ich 't·Tas flushed out 1iith nitro

gen for about five minutes. The mixture t-1as reflu.xed for t'I1To days in 

an oil b~th at 120°C. After cooling, the solvents ~ere removed on a 

b.igh vacuum line, ether was added, the mixture t•Tas filtered to remove 

unreacted chromium hexacarbonyl, and the: ether l·Tas pumped off, to 

give a yel.lo\-T solid. The Q-fl1Jorotoluenechromiumtricarbonyl was 

purified by sublimation to give l.02g (lS~~ yield), m.p. 59-60°C. 

1,?0 Re~~tiqp qf n-FlliQ'•'"'QtQl1Jer.c;chrqminmt-rjcqrbop-:r] uitl1 Bnt.~rlljth.;,,!'IJ 

and. l·,.fet!:lyl Cl-iloroforr.1ate 

n-Fluorotoluenechrom5:umtricarbonyl (1. 5g) ~..ra.s reacted i·.ri th 

n-butyllithiuJn (3-fold. e:{cess) in ether at -78°C 11nder nitrogen to 

give 3.n orange-red 3:>lution ~vhich ro.piJly "G~rrned deep red on addition 

of excess TJeth~rl chloroform:1te at -78°C. The oolvent ,.;as :-emoved and 

the crude r2o.ction. pro::iuct c1issolved in benzene; clJ.romat.')grs.phy on 

a short oiliea gel column to remove rolar imp·.1ri ties follo'.·!ed by a 

Herck Si.lic3. Gel 60 pre:0a~1ced column 11it~1 elutio:.-1 by 10~~ -2ttyl acetate 

. ' ... h ") ,..,1 th 1 acetate in hexane gave at l2ast three airln .:-1exane, ,;. en -J,.:~ e y 

stable pr·Jduets (none •..ras the desired methyl 2-fl'J_oro-5-methylbenzoate

1" 1l'PQ-mJ_"'1ffi-'-rJ.."C"-'h('ln-rl \ 
,;L ·--l l, •W..l•.•.J..j-/e nl1 _h? ffiaJ'r"'.,..,- ...· ., •'-<..> -...:~:S <J. rej cryst~_)_l_'i_nt;Jl-~ pr0r111~t'~- (\,0-C)S::_~'I• 

It 1..J.3.S identifis:l a;J 

fl"..loro-5 ,5 1-methyll-;enz~;_:henone-~-::1 s- ( cl:romiumtric~r'~onyl) • ref. 50 
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S2ectrum #lJ Hethyl 2-Methoxy-5-methylbenzoate (80 MIIz 11 difference spectrum) 
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