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1, INTRODUCTION
1f one considers bimolecular nucleophilic displacement
reactions in compounds of the general structure R-C(X)=Y
(e.g. acyl halides, esters and amides), it is generally
assumed that these reactions proceed through a tetrahedral

jntermediate(i.e. via an addition-elimination mechanism),

~
Y -

¥ fast X -
R=C=X 4 S > R-?-X = R=C=S5 4 X

| S

However, few examples are available in the literature which
provide evidence of such intermediates, The classic examples
are found in the specific acid- and base-catalyzed hydroly-
sis of esters and amides as studied by Bender and coworkers{
In these studies it was established that exchange reactions
occurred between H2018 and the ester or amide carbonyl oxy-
gen, No analogous work has been carried out for base=cata=
lyzed nucleophilic attaeck on an acylating agent(e,g. ¥Y=O,
X=halogen) to determine whether, in the case of a bimolecula:
reaction, the mechanistic pathway involves a tetrahedral in-
termediate or a synchronous displacement., This 18 not sur=-

prising since the formation of the intermediate

0 0"
" ]
R=C=Cl + OH T"_-72 R=(-Cl
OH
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should not be reversible because Cl~ is a much better leav=-
ing group than OH". Therefore, exchange between the carbonyl
oxygen and Hzo18 would not be expected.

The 2-naphthoxide ion is an ambident anion capable of

covalency formation at oxygen or at the l=carbon position

(Figure 1).

Figure 1

Previous to this report, the literature has reported only
the ester as the product when the salts of 2-naphthol are
acylated, The discovery that solvation i1s a factor in the
alkylation of ambident phenoxi.de2 and naphthoxide ion33
suggested that an analogous study on the acylation of such
ambident anions might allow one to choose between alterna-
tive mechanisms for the bimolecular acylation reaction. The

4
need for such a study has recently been pointed out .,
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2-Naphthoxide ion was chosen over phenoxide ion as the am-
bident anion since it is known that competition between
oxygen and carbon for an alkylating agent is more evenly
balanced in 2-naphthoxide 1on5. 1t is therefore not un=-
reasonable to assume that such conditions would also hold
for an acylating agent,

Acylation may take place either on the oxygen to give an

ester(Figure 2)

?
00 — ' 0 )
o
) -
RCX
——>

Figure 2

or on the l-carbon to give a keto-naphthol(Figure 3),
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Figure 3

By observing the change in 0/C acylation ratio as the re=~
action conditions are altered(i.,e. change in solvent, leav-
ing group, metal cation and the para-substituent of the acyl
halide), one may draw inferences as to the nature of the

transition state through which this base=catalyzed bimolec-

ular acylation is proceding.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



5w
11,.HISTORICAL BACKGROUND
Ambident Anions., The usefulness of ambident nucleophiles
for studying borderline mechanisms in substitution reactions
at saturated carbon has been demonstrated by many investi-

6,7,8,9,10,11

gators, Kornblum and coworkers first proposed

the use of the name "ambident" anion or nucleophile for an-
jons which can undergo covalence formation at either of two
avalilable positions.8 He employed the nitrite ion as an am-
bident anion in studying the mechanism of the reaction of
alkyl halides with silver and alkali metal nitrites in an=-
hydrous diethyl ether, Attention was directed particularly
toward the influence of electrical effects on the reaction
course., Alkylation may take place on the nitrogen to yield
the nitro compound or on the oxygen to yleld the nitrite
ester. The yield of nitro compound falls progressively as
silver nitrite is alkylated with primar:y,e’8 secondary and
tertiary halides7. This reaction of alkyl halides with sil-
ver nitrite is proposed to proceed via a transition state
which has both SNl and SNZ character in proportions which

vary with the structure of the halides(see Tables I 11, IlI,
1V and V),
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Table 1
Reaction of Straight Chain Halides with Silver Nitritee’a
Halide % Nitroparaffin % Nitrite Ester
n-Butyl bromide 73 13
n=Butyl iodide 74 12
n-Hexyl chloride 0 0
n-Hexyl bromide 76 10
n=Hexyl iodide 78 13
n=Heptyl bromide 79 11
n-Heptyl iodide 82 10
n=Octyl chloride 0 0
n-Octyl bromide 80 14
n=-Octyl 1odidé 83 11
Table 11

Reaction of Branched Chain Primary Halides with Silver NitribeG’a

Isobutyl bromide 17-18 12-16
1sobutyl iodide 55=63 17-22
1soamyl bromide 72 22
1soamyl iodide 78 16
Neopentyl iodide 0 0

o
a.Reactions were initiated at =10 to 0 1in diethyl ether and
completed at room temperature,
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Table 111
Reaction of Benzyl Bromides with Silver Nitrltea’a
Halide % _Nitroparaffin % Nitrite Ester
4-Nitrobenzyl 84 16
Benzyl 70 30
4-Methylbenzyl 52 48
4-Methoxybenzyl 39 61
Table 1V
Reaction of Secondary Halides with Silver Nitrite7’a
2=-Chloropropane 0 0
2-Bromopropane 19-26 24-34
2-1odopropane 15-23 2335
2-Chlorobutane 0 0
2-Bromobutane 19-24 27-37
2-lodobutane 10-15 30-35
4-Bromoheptane 7-15 22-29
4-Iodoheptaﬂe 9 27
2-Chlorooctane 0 0
2-Bromooctane 17-23 18-25
2-Iodooctane 15-20 17=-25
2-Methyl=-5-bromooctane 11 34
2=-Methyl=5=-iodooctane 14 30
l=-Phenyl=2=-bromopropane 18 33
l=-Phenyl~=2-~iodopropane 15-20 26

a.Reactions were initiated at =10 to 0o in diethyl ether and
completed at room temperature,
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Table V
Reaction of Tertiary Halides with Silver Nitrite 2
Halide %_Nitroparaffin % Nitrite Ester

t=Butyl chloride 4=6 63-64
t=-Butyl bromide 0 63-64
t=-Butyl iodide 0 0

t=Amyl chloride 5«6 57-58
t-Amyl bromide 0 50-60
2-Methyl=2=chlorooctane 0 49
2=Methyl=2-bromooctane 0 33

o
a,Reactions were initiated at =10 to 0 in diethyl ether and
completed at room temperature,
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The products of the reaction reflect this variation in
character: the greater the carbonium lon-character contribu-
tion to the transition state, the greater the yield of ni-
trite ester and the smaller the yleld of nitro compound, The
anion NOZ- shows a preference for covalency formation at the
atom of higher electronegativity(oxygen). Electrophilic
attack by silver on the halogen of the alkyl halide greatly
enhances the carbonium ion contribution to the transition
state and this results in a preference for covalency form-
ation to the most electronegative atom of the anion. This
prefernce is taken to mean that in a reaction having a rel-
atively large amount of SNl character, simple electrostatic
forces govern the course of the reaction, The following gen=-
eralization concerning the alkylation of anions capable of
covalency formation at two different atoms (ambident anions),
which is fully applicable even if the silver is absent, is
presented by Kornblum as an explanation for carbon vs, OXy=
gen alkylation, oxygen vs, nitrogen alkylation etc., in an-
ijons derived from acetoacetic ester, thioamides, phenols,
nitroparaffins, alpha-pyridone, acid amides etc.: "The great=-
er the SNI character of the transition state, the greater is
the preference for covalency formation with the atom of high~
er electronegativity and, conversely, the greater the SN2
contribution to the transition state, the greater the pref-
erence for bond formation to the atom of lower electronega-

ti.vi.ty."8

The silver ion polarizes the carbon-halogen bond of the
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alkyl halide thereby enhancing the development of carbonlium-
jon character of the transition state, Silver ions, while
very effectiﬁe for this purpose, are not unique, Changes in
the reaction medium and in the structure of the alkylating
agent are also able to pfofbundly effect the nature of the
transition state; when this occurs, the nature of the pro-
ducts is also changed,

In a later study of the alkylation of ambident phenoxide
ijons, it was discovered that a new factor, heterogeneity vs,
homogeneity was of paramount 1mportance.5 Phenoxide ions,
being ambident anions, are capable of undergoing alkylation

either on carbon or oxygen(see Figure 4).

e .
Q- U -
| s O

| R H H
and(or) éR and(or)

Figure 4

The experiments are summarlzed in Figure 5.
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Alkylations in diethyl ether(heterogeneous) were found to
give substantial yields of C-alkylation whereas the same
alkylations, conducted homogeneously in ethylene glycol
dimethyl ether, gave no C=-alkylation. Specific solvation
was ruled out as a possible cause of this difference by re-
acting the sodium salt of 2—(£-octyl)phenol with benzyl
bromide both in ether and ethylene glycol dimethyl ether
(both homogeneously). In either case, a 99% yield of the
O-alkylated product was obtalned. Similar results were ob=-
tained with allyl bromide., This rules out specific éolvation
as a cause of C-alkylation but does not assoclate C-alkyla=-
tion with heterogeneity and O-alkylation with homogeneity,
In order to associate C-alkylation with heterogeneity and
O-alkylation with homogeneity, a set of experiments was

5
carried out, the results of which are shown in Figure 6.
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Figure 6
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From the data presented in Figure 6 it is clear that the
p-t-octyl group is not responsible for the differences
noted,

Further support for the correlation between hetero-
geneity and C-alkylation(benzylation) was obtained by con=-
ducting the reaction in a single solvent, toluene., By vary-
ing the concentration of the potassium salt of p=t-octyl
phenol, the reaction can be converted from heterogeneous
(giving 13% C-benzylation) to homogneous(giving 0% C-
benzylation). On correcting the heterogeneous results for
homogeneity in the latter stages of the reaction, a 100%
yiedd of C-benzylation is obtained, Completely analogous
results were obtained on alkylating potassium p-t-octyl-
phenoxide, These results demonstrate that the truly hetero-
geneous reaction(i.e, the reaction which takes place at the
crystal surface) gives exclusively C-alkylation(solely at
the ortho position).

Heterogeneous Alkylations., Ether formation is proposed

to proceed through the following linear transition state:

Figure 7




In non-polar solvents, the departing halide is poorly sol=-
vated, Also, when the electron density is transferred from
the oxygen to the halide, electrostatic repulsion between
sodium ions occurs in the crystal lattice and the energy
of the system increases sharply. These two factors tend to
make such a transition state highly improbable,
C-alkylation pr;ceeds through the following transition

state:

Figure 8

This geometry confers two important advantages, One gets
gsolvation of the departing halide ion through ion-pair
formation(sodium ion and halide ion). Also, this lon-pair
formation prevents the build-up of coulombic repulsions be-

tween sodium ions, 1t is clear, then, why a phenoxide ion
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which is part of a crystal lattice manifests such a great
preference for go=-carbon alkylation over p-carbon alkylation
or ether formation.

Homogeneous Alkylations. Since the gsodium ions are now
free to move in the solvents, electrostatic repulsions are
not important in ether formation(in toluene)., This is in
accord with the idea that the solvation shell of a dissolved
ijon falls away as that ion loses its charge and forms a co~
valence,

Heterogeneity is not the only factor causing carbon
alkylation, A number of other factors may operate to produce
carbon alkylation even under homogeneous conditions:

(1)Variations in the Relative Nucleophilicity of Oxygen
and Carbone=--Since the alpha carbon of 2-naphthoxide ion has
greater nucleophilicity than any carbon of the phenoxide ion
(naphthalene undergoes electrophilic substitution in the al-
pha position more readily than benzene does and also 2-naph-
thol can couple with diazonium salts more readily than with
phenoxide iong) and since 2-naphthol is a stronger acid than
phenol,12’13’14 it is reasonable to conclude that the oxygen
atom in 2-naphthoxide ion has a lower electron density than
in the phenoxide 1on.

(2)Steric Hindrance-=---As the steric requirements of
2,6-dialkyl phenoxide ions are increased, ether formation
will become increasingly difficult. C-alkylation will also

be impeded but less so--=-especially when the steric require-~
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ments of the alkylating agent afe large. This steric effect,

coupled with the electrical effect of the o-alkyl groups (which

gserve to increase the electron density of the g-carbon) oper=

ates in favor of substitution at an g-carbon.10’11’15’16
Steric hindrance can be an overriding factor in deter-

mining the alternate reaction paths available to an ambi-

dent anion., The reaction of potassium 2 ,6=t-butylphenoxide

in t-butyl alcohol with methyl-, ethyl- and isopropyl 1odides

provides a particularly clear demonstration of the impor-

tance which steric effects may assume in the alkylation of

ambident anion8,17 The results of these reactions are shown

in Table VI,

Table VI
Reactions of Alkyl Todides with 2,6-Qz-t-butzlghenoxide17’a
Alkyl Iodide % _O=Alk, % _C=Alk,
Methyl 88 6
Ethyl 11 66
1sopropyl 0 100

o
a.All reactions were conducted in t-butano} at 25 .

Coffield and coworkersl8 allowed the sodium salt of
2 ,6=-diisopropyl phenol to react with benzoyl chloride in
dioxane at 60 to 800. The phenol ester, 2,6-diisopropyl-
phenyl benzoate was isolated in 65% yield, Similar treat-

ment of 2,6=-di-t-butyl phenol however, gave two products;
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ti=benzoyl=2,6-di=-t=-butyl phenol(1) in 24 % yield and the enol
benzoate(11). 1 and 11 were obtained in separate runs al-
though 1 is undoubtedly the precursor of 11, I1 was ob-
tained when the reaction mixture at 70° was added to cold
water and then worked up. 1 was obtained when the reaction
mixture was permitted to cool to 25° before adding it to

cold water., The probable path of the reaction is shown in

Figure 9.
” OH
i
Plal
—> >
WS 7=
# (T)24,
base
)Q[:ji:])( ¢cct < >
c_-o*a¢ 7o gee
&
(11'-)
Figure 9
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COhen19 prepared the methyl ethers of various 2,4,6-
trisubstituted phenols in 58«65% yield by treating the
gsodium salts with methyl iodide, When a bulky alkylating
agent is used to alkylate ambident anions, instead of ob=-
taining the expected C-alkylated product, several examples
of Nealkylation to give ketenimines have been reported20’21’
22

., Steric factors have also been found to operate in the

23
alkylation of salts of monoalkylated benzoylacetanilides
(Figure 10),

A E—cH-cONH® R = alkyl

Figure 10

When the entering group is methyl, C-alkylation is favored,
As the bulk of the entering group increases, O-alkylation
predominates,

(3)Atta€k by Carbonjium lons=«~=-When carbonium lons
are generated in solutions containing the phenoxide ion,
alkylation on carbon as on oxygen is observed, Paraalkyla-
tion is diagnostic of carbonium ion intermediacy. Since car-
bon alkylation of sodium phenoxide using allylic and ben=
zylic halides occurs only at the ortho position811’24’25 it

is likely that these reactions do not involve carbonium ions,
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(4)Variation in the Proportion of SNI and SNZ Char-
acter of the Transition State---~The greater the SN2 cone-
tribution to the transition state, the greater will be the
carbon alkylation and the greater the SNI contribution
to the transition state of such graded nucleophilic dis-
placements, the greater will be the proportion of O-alkyl-

8,26
ation ' .

The compounding of heterogeneity with these factors gives
rise to increased carbon alkylation., When the nucleophilic-
ity of carbon is sufficiently enhanced relative to that of
oxygen, carbon alkylation occurs even in solutions.

Another important factor in the alkylation of ambident
anions has been shown to be the role of the solvent. In 1940,
Hammett27 pointed out that salt-dissolving solvents have
a high dielectric constant and a considerable tendency to
solvate ions, Such solvation often depends upon the hydro-
gen bonding capacity of the solvent. In aprotic solvents,
the dielectric factor and the solvating ability of the sol=-
vent influence the course of the reaction, Aprotic solvents
possess significant capabilities for solvating cationsza’zg.
In protic solvents, both the hydrogen bonding factor and the
dielectric factor influence the course of the reaction.
These two factors, namely, the dielectric constant and the
hydrogen bonding capacity of the solvent were studied by
Kornblum2 in order to account for the ability of solvents

to control the course of homogeneous ambident phenoxide

anion alkylations, In this investigation, it was found that
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in certain solvents(water, phenol and fluorinated alcohols),
solutions of phenolic salts react to give much C-alkyla=-

tion(see Table VII1).

2,a
Table VII

Homogeneous Reaction of_ Sod enoxide with Alkyl Halildes
Solvent Salt Alkylating % O- % C-
I __Agent  Alk, Alk,
Water Sodium phenoxide Allyl Cl 49 41
Allyl Br 51 38

Benzyl Cl 65 24

Soedium p-cresoxide Allyl Cl 67 25

| Allyl Br 58 30

Phenolb Sodium phenoxide Allyl Cl 22 78
Allyl Br 23 77

Benzyl Cl 22 69
Potassium phenoxide Benzyl Cl 30 70

2,2,3,3=Tetra=

fluoropropan;

ol-1 Sodium phenoxide Allyl C1l 58 37
2,2,2-Tri=-

f luoro=-

ethanol Sodium phenoxide Allyl Br 37 42

Benzyl Cl 62 26

: o
a.Reactions were conducted at 27 except where noted; b,Con-
ducted at 43°,
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In solvents not capable of hydrogen bonding, only oxygen
alkylation was obtained, Neither carbon nor oxygen alkyla-
tion is a carbonium ion process, but rather, have been

shown to be second-order displacements, Only a change in
solvent produces a profound change in the reaction course,
1t was proposed that the transition states of reactions
conducted in water, phenol and fluorinated alcohols are
different from the transition states of reactions carried
out in the solvents which are not capable of hydrogen bond=-
ing. This is attributed to (1l)"Selective solvation" of
phenoxide anion and (2) enhanced solvation of the leaving
group of the alkylating agent. "Selective solvation" is
defined by Kornblum as "the intense solvation of an anion
by substances which are usually effectlve at forming hydro-
gen bonds so that the availability of the oxygen for nucleo=-
philic displacement is decreased and displacements can occur
at the ortho and para carbons,"

In a more recent paper, Kornblum and coworkers3 have
correlated the dielectric constant of an aprotic solvent
with its influence on the alkylation process, Sodium 2=
naphthoxide was employed as the ambident anion, The 2-naphe
thoxide ion is capable of covalency formation at oxygen‘or
at the alpha carbons. Sclutions of sodium 2-naphthoxide were
alkylated with benzyl bromide, methyl iodide and n=propyl
bromide in a variety of solvents(see Table VIII, IX and X).
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Table VIII

Reaction of Benzyl Bromide with Sodium Z-NaghthoxideB’a

Dielectric % O=Alkyl= % C=Alkyl-

Solvent Constant ation ation
DMFb 37 97 0
pMSO 45 95 0

Ethylene glycol

dimethyl ether 7 70 22
THF 7 60 36
Methanol 33 57 34
Ethanol 24 52 28
2,2,2=Trifluoro~

ethanol 27 7 85
Water 80 10 84
Benzene~water 7 83

a,All reactions were conducted at room temperature except
where noted; b,Conducted at 10-15",

Table IX

Reaction of Methyl lodide with Sodium 2- aghthoxidea’a
DMF® 91 3
DMSO" 90 4
Ethylene glycol dimethyl ether 86 10
THF 80 13
Ethanol 83 12
2,2,2-Trif luoroethanol 57 34
Water 66 30

a,All reactions were conducted,at room temperature except
where noted; b,Conducted at 30,
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Table X
3
Reaction of n-Propyl Bromide with Sodium 2-Naphthoxide )8

% O=Alkyla=- % C=Alkyla-

Solvent tion tion
DMFb 98 0
DMSO” 95 0
ﬁthylene glycol dimethyl ether 96 0

THF 96 0
Ethanol 95 Trace
2,2,2-Trifluoroethanol 81 10
Water 88 5

a.,All reactions were conducted,at room temperature except
where noted; b.Conducted at 35,

The fact that benzylation of sodium 2-naphthoxide
(Table VII1) in DMF and DMSO results in oxygen alkylation,
while in the excellent hydrogen bonding solvents trifluoro=-
ethanol and water, carbon alkylation preponderates derives
from the hydrogen bonding capacities of trif luoroethanol
and water”, Benzylation of sodium 2-naphthoxide reveals
differences within the aprotic solvent group(DMF, DMSO,
ethylene glycol dimethyl ether and THF) which are not found
in the benzylation of sodium phenoxide(vide supra). The
phenoxide ion is much more disposed toward oxygen alkyla-
tion than the 2-naphthoxide ion is, With sodium 2-naph-

thoxide, the reaction of benzyl bromide in THF or ethylene
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glycol dimethyl ether gives carbon alkylation to a sub-
stantial extent. The results in THF cannot be explained

by hydrogen bonding. They can be attributed to the ability
of the solvent to increase the importance of electrostatic
interactions as a result of its dielectric effect, a measure
of which is the dielectric constant of the solvent. In the
four aprotic solvents employed, O-alkylation is favored
with high dielectric constant solvents while solvents of

low dielectric constant bring about a shift toward C-al-
kylation., In a medium of low dielectric constant, sodium
2-naphthoxide exists as ion-pairs and higher aggregates, The

transition state for oxygen alkylation of an ion-pair is

as follows:

Figure 11
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Oxygen alkylation involves the transfer of charge from
oxygen to bromine and since the bromine is relatively
remote from the sodium, this must be accomplished against
the attractive force exerted by the sodium ion, In a
medium of low dielectric constant, the attractive force
exerted by the sodium ion on the departing bromide ion is
the greatest and this would tend to disfavor the oxygen
alkylation,

Carbon alkylation proceeds through a non-linear
arrangement in which the developing bromide ion is rela~

tively close to the sodium ion as follows:

Figure 12
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This transition state, because it involves relatively
little removal of charge from the vicinity of the sodium
jon, will be comparatively insensitive to the dielectric
constant of the medium, The overall result is that a sol-
vent of low dielectric constant favors carbon alkylation
by disfavoring oxygen alkylation,

In an aprotic solvent of high dielectric constant such
as DMF, the reacting specie may either be the ion-pair or
the free 2-naphthoxide ion if the solution is dilute enough,
In the case of the ion-pair, the transition state leading
to O-alkylation is of lower energy in THF than in a high
dielectric constant solvent like DMF since the DMF shields
the departing bromide ion from the attractive force exerted
by the sodium ion, Therefore, this coulombic factor loses
its importance when the reactlion is carried out in a medium
of high dielectric constant. In contrast, the transition
state leading to C-alkylation, as before, is insensitive
to the dielectric constant of the medium, The overall result
is that a high dielectric constant solvent favors O-alkyla=-
tion by minimizing a force which opposes O-alkylation,

In a high dielectric solvent such as DMF or DMSO, the
free 2-naphthoxide ion may take part in the reaction, It is
presumed that in DMF and DMSO, solvation of the anion is
minimal, With the sodium ion absent, a force which resists
the transfer of charge from oxygen to bromine in the O-alky-
lation process is removed and the 2-naphthoxide ion is able

to exercise its preference for nucleophilic displacements
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involving oxygen.

Another important solvent factor is the abllity of the
solvent to form hydrogen bonds, 1If the dielectric constants
are approximately equal, the solvent which can form hydrogen
bonds produces a shift in favor of carbon alkylation. The
greater the hydrogen bonding capacity, the greater is the
percentage of C-alkylated product(see Tables VIII, IX and
X).

In aprotic solvents having a low dielectric constant
such as THF and diethyl ether, the anion is likely to be part
of an ion aggregate when it reacts, With a small cation such
as lithium, the ion pairs will be relatively tight and the
electrostatic restraint to ether formation relatively large.
As we traverse the series L1+, Na+, K+, NR4+,.a progressive
decrease in the yield of C-alkylation is observeds.

In contrast, aprotic solvents having a high dielectric
constant(DMF and DMSO) are especially effective at sol-
vating the positive ion but relatively ineffective at sol-
vating the 2-naphthoxide anion, Therefore, in DMF and DMSO
we have a "free'" anion with a high degree of reactivity. Even
if the 2-naphthoxide ion reacts as an ion pair, in a medium
of high dielectric constant such as DMF or DMSO, the electro-
static constraint to O-alkylation is minimized so that the
influence of the cation on the course of the alkylation is

minimized, Since the degree of solvation will decrease in

+

the order Li+, Na+, K, NR4+, and since the charge is dise

persed through solvation, the electrostatic influence of the
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of the various cations on the 2-naphthoxide ion in an ion
pair will tend to even out(leveling effect).

In protic solvents(alcohols), the nature of the cation
will be relatively unimportant as a factor in c/0 alkyla-
tion due to the high dielectric constant, the "leveling
effect" and the most important "selective solvation". Se=-
lective solvation of the 2-naphthoxide ion will favor C-
alkylation and, in hydrogen-bonding media, it will min-
imize the role of the cation,

In general, the solvent dependence of cation effects is
as follows: alkylations conducted in methanol and ethanol
exhibit little variation in product ratio as the cation
is changed, In contrast, alkylations conducted in diethyl
ether, THF, benzene and toluene result in a decrease in the

proportion of C-alkylation as the catilon is changed from

Li* to Na* to k' to mr,Y 3

Certain solvents are especially effective at solvating
cations; these include the dimethyl ether of ethylene gly-
28,29,30,31

col, DMF and DMSO . When a cation is well solva-

ted, the charge dispersal will minimize the coulombic re-
straint to O=-alkylation. This factor is most significant in
aprotic solvents of low dielectric strength(THF and ethylene
glycol dimethyl ether) with THF being the poorer in solvating
power,

These data can be explained on the basis of an earlier

suggestion of C.K.Ingold32 that factors which increase dis~
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sociation of the phenolic salt favor ether formation and
factors which increase ilon aggregates favor dienone formation,
Kornblum and coworkers3 have refuted this proposition
that free ions favor O-alkylation while ion-pairs favor C=-
alkylation, They cite the O/C ratios obtained by Forsblad33
in the reaction of methyl iodide with the Li, Na, K and bis-
piperidinium salts of beta~hydroxycoumarilic acid, Forsblad
actually obtained more carbon alkylation with the dissociated
anion than with any of the ion pairs, The results can be ex-

plained on the basis of solvation. In methanol, the dissocia-

ted anion,
-
o
L g
Ne - co, CHs €« >c-'—"' co, Culls
Cf/ o

Figure 13
is selectively solvated2 at oxygen and this shielding oper-
ates in favor of carbon alkylation, In this instance, it
appears that hydrogen bonding is more effective in favoring
C-alkylation(by shielding the oxygen atom) than is ion-pair-
ing, which favors C-alkylation by providing a transition
state having minimal charge separation(vide supra). This
strongly hydrogen-bonded dissociated anion in methanol must
be very different from a dissociated anion in an aprotic sol=-
vent, In DMF, for example, the dissociated anion would be ex-

pected to give less C=alkylation than the lon-pairs, The in-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



«31=

fluence of solvents in the reaction of sodium 2-naphthoxide
with methyl iodide and n-propyl bromide is easily seen in
Tables IX and X,

The leaving group has also been shown to be a factor in

34,35

the alkylation of ambident anions . In this instance, the

ambident anlon,

-
] ke s ©
—-C—NO CHa—C =N
~ -
Figure 14

derived from an aliphatic nitro compound(the lithium salt of
2-nitropropane), was alkylated with p-NO,CcH,CHyX. It was
found that the uniqueness of the p-nitrobenzyl system depends
not only on the p=NOj group but also on the leaving group.
The results are summarized in Table XI.

Table X1
Reaction of the Lithium Salt of 2-Nitropropane with p=-NOjp-

o_ 34,35
CgHy CHoX in Dimethylformamide at =16 C.

X % C_ %O
NMe 93 0
Cl 95 1
OTos 40 32
Br 17 65
1 9 81
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Zagorevsky36 found that carbon substitution in metal
2-naphthoxides increased with increasing reactivity of the
halide and decreasing electrophilic character of the metal
used37. He also observed that use of the tetramethylammon=-
jum salt strongly favored alkylation at the oxygen atom,

Curtin11 has reported that in the reaction of alkali
metal salts of phenols, C-alkylation was increased at the
expense of O-alkylation by the use of the following: non-
polar solvents, salts of less acldic phenols, higher salt
concentration, salts of less electropositive alkali metals,

and more reactive halides(i.e, allylic rather than satura-

ted halides). This is supported by the data given in Table
X1I.
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Table XII

Reactions of Sodium 2,6~Dimethylphenoxide with Allyl and

Solvent

Anhyd, diethyl ether

Diethyl ether + HZO

Diethyl ether sat'd with
Bu4N+Br'

Dioxane

Toluene

Toluene + THF

Benzene

Diisopropyl ether

THF

THF + Nal

Ethanol

Ethanol sat'd with Nal

Benzyl Halides at 17-20°C.

Halide
Allyl bromide
Benzyl chloride
Benzyl bromide
Allyl bromide
Benzyl chloride

Benzyl bromide

Allyl bromide
Benzyl chloride
Benzyl chloride

Benzyl chloride

Allyl bromide
Benzyl chloride
Benzyl chloride
Benzyl iodide
Benzyl iodide
Allyl bromide
Benzyl iodide
Benzyl iodide
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c/o_

0.29, 0,31
0.36

0,36

0.51

1.0

0.57

0.12
0.03
4,2
3.0
12
1.8
0.01
0.0
0.0
0.16
0.09
0.18
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Acylation. The essential feature of the process of acylation
igs the attachment to a substrate of a group R*C=0 which is
derived from an acylating agent. The latter usually has the
form R°COX where X is a halogen, Structural features and
other circumstances which in any way enhances the electro-
philicity of the acylating agent will usually favor the re-
action, These general considerations when applied to partic-
ular cases, provide the basis of both substituent effects
and the roles played'by catalysts,

A reasonable generalization concerning acylation is
that the power of an acylating agent R.COX increases with
the strength of the acid HX. The origin of the parallelism
is clear: the separation of the anion X~ is involved in
both phenomena. In R*COX the carbonyl group is always po=-
larized, some net positive charge being located on the
carbon atom, Groups X which attract electrons and possess
some stability as X will enhance this positive charge, pro=
mote cleavage into R°cot and X", and thus aid reaction,
Groups which repel electrons and provide anions of little
stability will have the opposite effect38. The same gen=-
eralization applies for subtler variations in the leaving
group, achieved within a given type of reagent. Thus, acyl
bromides are more reactives than the corresponding chloridessg

The effects on reactivity of changes in R are not as
straightfoward as for changes in X, Substituents which, by
providing electrons, favor the departure of X~ and stabil-

ize the acylium ion have the effect of reducing the charge
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on the carbonyl carbon atom in both the acylium ion and
the polarized reagent. Electron=-withdrawing substituents
increase this charge but hinder ionization, The effect of
changes in R will depend, therefore, on whether the sub=~
strate reacts primarily with the ionized or with the un-
jonized acylating agent, and, moreover, on which par-
ticular phase of the overall process is rate determining,
Similar effects are involved in other nucleophilic sub-
stitutions. Steric effects of substituents may lead to
changes in mechanism,

As noted above, a substrate S may react with either
the ionized or the polarized acylating agent, On this basis,

mechanisms of acylation may be divided into two typesa,

(1) ReCOX =2=R*c0" + X"(or R+CO'X~) —§-> Products

(ii) R*COX + S —> Products

Bender is of the opinion that mechanism (11) occurs vis
addition of the substrate to the carbonyl group, rather

than via a direct synchronous displacement of X by Sl.
Satchell40 and Bunton41 however, consider that the formation
of carbonyl addition products as intermediates in bimo-
lecular acylation has been too uncritically accepted. In
fact, Satchell40 has proposed such a synchronous displace=
ment of X by S in the reaction of phenols with chloroacetyl
and 2-chloropropionyl chlorides in acetonitrile. The results

of his study are presented at the end of this section.
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Another opinion is offered on the mechanism of bimolecular
acylation by Hudson and Saville42 who feel that the tran-
sition state is probably best represented by an intermed=-

jate between (1) and (11),

0
slow '
R'COC1 + ROH b R'=C=Cl

Hg.k%
(1) Products
slow g+ O 8'_,///?1;;57

R'COCL 4+ ROH % RQe+{+eCl
H £

(11)

In water, ions are dissociated and step (i)(b) will
usually be fast so that hydrolysis either involves a slow
jonization (i)(a) or a rate-determining attack by the sub=-
strate oxygen atom (ii)., The ionization route is favored by
substituents R which either help to stabilize the acylium
ion(e.g. p-methoxyphenyl) or hinder route (ii) by blocking
access to the unionized carbon atom(e.g. 2,6-xy1y1)38’39.
Mechanism (ii) is usually favored by substituents which
withdraw electrons from the carbonyl carbon atom(vide supra).

Acylation of alcohols and phenols produces esters, The
considerations here as before are much the same as for water,
except that the reaction(alcoholysis) will be generally
less likely to exhibit mechanism (1)4. This is because the
lower dielectric constant of alcohols will inhibit ioniza-

tion., However, in the alcoholysis of substituted benzoyl
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chlorides, both extreme mechanisms appear to operate with-

in the same reaction ser19343’44’45. Specifically, all groups

except para-methyl, meta-methyl and para-methoxy increase

the rate of reaction with alcohols(see Table XIII),

Table XIII
Reaction of Substituted Benzoyl Chlorides with Ethanol
at 00¢, 34454 k_/min., ¢coCl = 0, 0044
Substituent(X) kXC6H4C001
kcghscoct

0-CHj 3.7
m=CHj 0.85
p-CHj | 0,78
0~0CHgq 29
‘m=OCH4 1.1
p=-OCHgq - 0,81
0-Cl 3.5
m=Cl o 5.6
p=-Cl 1.9
o=Br 3.4
m=Br 4.6
p=Br 2,1

o-1 2.9
m=1 4,1

p-1 1.9
0=NOy 2.2
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Table XIII(continued)

m=NO» - 20,5
p=-NOy 21,6
0=-Cylig 2,73
0-0CoH s 41.6
o=@Co too fast
m=-@CO , 4,35
p-$Co 4,31
m=-@CH, - 1.04
p-¢CHy~ 0,75
m=-CH,Cl 1.64
p-CH,C1 1.30
2,4-di CHj 6.75
2,6-di OCHq too fast
2,4-4di NOy 31.6
3,5-di NOy too fast
2,4-di Cl1 7.7
2,5-di Cl1 14,4
3,4=-di Cl1 7.22
2,4,6-tri CyHg too fast
2,4,6-tri N02a too slow to measure
2,4,6=-tri Br® 0,0008

a.Reacted with methanol at 25°C.
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As noted before, in the absence of strong nucleophiles
and in highly polar solvents, mechanism (i) tends to pre-
dominate, whereas in non-polar solvents and in the presence
of strong nucleophiles mechanism (ii) tends to predominate
46’47’48. Substituent effects on the nucleophilic reactions

of substituted benzoyl chlorides indicate that electron-
withdrawing groups facilitate the bimolecular reaction as

expected47’49’50.

1t further appears that the solvolysis of acyl chlorides
may undergo a change in mechanism as the polarity of the
solvent is changed, The relative rates of solvolysis of the
p-substituted benzoyl chlorides shown in Table XIV, for
example, suffer an almost complete reversal in order as the
reaction is transferred from 40/60 ethanol-ether(dielectric

constant 12.8) to 50/50 water-acetone(dielectric constant
51.5)%°,
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Table X1V
Effect of Solvent Change on Relative Solvolysis Rates of

49
__P-Substituted Benzoyl Chlorides(25°)

Relative Solvolysis Rates

Medium pd N0y Br Gl CHz CHyO

407 EtOH + 60% Et,0..12,8 32 2.5 2,1 0,47 0,25
EtOHuseseessssaeeeess25.7 21,6 2,1 1,9 0,70 0,81
5% Ho0 + 95% COMeg...22,2 35 3.2 === 0,55 0.60

50% HyO + 50% COMe,..51,5 11,5 0,92 0.85 2,9 ~30

a.,Dielectric constant,

Note that in the alcohol-ether mixture, the trend in reac-
tivities is much the same as that observed for the saponi-
fication of esters and the basic hydrolysis of amideSe~===-
typical bimolecular processes, That is, electron-attracting
groups tend to accelerate the reaction while electron-dona~
ting groups tend to decelerate the reaction46. When the re-
action is transferred to 100% ethanol or 5/95 water-acetone,
the p-methoxy compound moves into the borderline region,
since it now reacts more rapidly than the p-methyl compound,
In 50/50 water/acetone, the solvolysis of only the p-nitro
compound appears to have retained its bimolecular character,
The hydrolysis of the remaining acyl halides have become
distinctly "Syl-like", and are now subject to acceleration
by electron-~donating groups.

The solvolysis of aromatic acid chlorides has been found

to be accelerated by the addition of base(see Table XV).
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Table XV
51,52,53
Effect of Alkali on the Solvolysis of Acid Chlorides

1)80% alcoholic acetone at 10,75°

Benzoyl p-Nitrobenzoyl
Chloride Chloride
10%, (sec™?) 4.97 212
kza(M'lsec'l) >3 >3

a.0,02M OEt"

2)25% aqueous acetone at 0.2°

p-Nitrobenzoyl p-Anisoyl

Chloride Chloride
6
10k, (sec™}) 20,32 2,82
1,2 (M tsec™)) 6.82 0.405

a,0,003M OH

A possible mechanism for such a base=-catalyzed solvolysis

has been suggested by Minato53 and involves the following:

slow . ' fast -
R-S-CI + OH «-=--——- R-C-Cl EE—— R=-C~OH + Cl
o) O (0]

In aqueous solution, the reaction of acetyl chloride is
not acid catalyzed and predominantly of type (i1) mechanism
54. Satchell and Briody40 have provided kinetic data for the
reactions of acetyl, propionyl, butyryl, 2-chloropropionyl
and chloroacetyl chloride with phenols in acetonitrile, The

effects of added salts(i.,e., tetramethylammonium chloride
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and bromide) have been studied. The behavior of the acetyl,
propionyl and butyryl compounds fits reasonably into the

pattern established for acetyl chloride in nitromethane55
and acetyl bromide in acetonitr11e56. The mechanism of acyl-
ation is presumably similar in all these systems, acylium

ion routes predominating, In the presence of added salt, the
reaction rate is reduced, eventually becoming constant. This

effect is shown in Table XVI for the reaction of acetyl

chloride with 2-naphthol in acetonitrile.
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Table XVI

40
Acylation by Acetyl Chloride at 25,100

2 -

Initial conc, 2-naphthol = 10 Mj k, ;o in min 1
(a)Order in acetyl chloride in absence of salt

Conc, Ac01.0000000000042 0056 0070 0-98 1012

3
10 kobsocnooooo.oooolosg 2008 2070 3045 3089

(b)Effect of added Et4N01(conc. AcCl = 0,70)

10(Et,NC1)eievees., 0,0 0,114 0,238 0,495 0,830 1.10
3

10 K, gesereaeennses2, 70 1,47 1,21 0.55 0,35 0,35

(c)Order of aéetyl chloride in presence of 0,13M Et,NCl
Conc. ACCloooo-oocooooaz 0.56 0.70 0.84

3
10 kobs........oo...0.19 0.27 0.35 0.44

The mechanism proposed to explain this behavior is as

follows55’56:
K1 + -
HCl & (H )solv 4+ Cl1 (1)fast
HCl + C1 32 HC1, (2)fast

RCOC1 + HCl % RCO+C1- + HCl % RCO+ + HClZ- (3)fast
ArOH | (4) ArOH | (41) ArOH | (5)
slow slow slow

Ester 4+ HC1l Ester + HCl Ester + HCl

The hydrogen chloride is presumed to arise during the early
stages of the reaction, or before reaction begins from the

acylation of traces of water, Step (5) is removed as Et4NCl
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is added. |

For the reaction of chloroacetyl chloride with p-
methoxyphenol, the mechanism is proposed to involve a syn-
chronous displacement of covalently bound chlorine by the
phenol. This process is powerfully catalyzed by added salt
as shown by the data in Table XVII.

Table XVII1

Acylation of p=Methoxyphenol by Chloroacetyl Chlorideao
(Temp,= 70,2°C)

(a)Effect of added Et,NCl; C1CH,COCl conc, = 0,70M
102 [EEANCI] e unernnennnannsa0.0 0,64 1,27 1.36 2.5

2
10 kobsoooooooo.oo.oooooooooaoz 1.01 2.15 2.56 4.24

(b)Order in Acyl Halide in presence of chloride salt
10 [Et,Ncl) = 2,54
01CH2C0010090000.000000000000395 0053 0.70 0087

2
10 kobsoooooooo-aoooo-o....2.18 3.22 4.24 5.06

(c)Effect of added bromide salt(conc. C1CH,COCL = 0,70M)
2

102[Et4NBr].....'.0........0.0 0.21 0.50 0.92

10 kobs.....“......Q......0.02 0.32 0.93 2.13

Chloroacetyl chloride, in the absence of added salt, is
found to be ca, 8000 fold slower than acetyl chloride in
its reaction with p-methoxyphenol. Since propionyl and n=-
butyryl chlorides react at rates similar to that exhibited

by acetyl chloride, steric effects are ruled out, The salt
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is believed to accelerate this synchronous displacement

process in the following manner:

RCOCL Ester
+ . - ar st R8s L L + .-
+ M'Cl”T —> D e-efe-mCl--M'CL' —> + M Cl
" o (or MY)
ArOH HC1
Toso

Satchell and Briody40 conclude that, in acetonitrile,
chloroacetyl chloride always reacts via the unionized acyl
halide molecule and that this unexpectedly slow process is
greatly facilitated by the presence of a suitable acceptor
for the leaving group., In acetonitrile, and presumably in
solvents of lower polarity, this departure clearly dominates
the kinetics and accounts for the slowness of the reaction
of chloroacetyl compared with acetyl chloride, Another re-
sult which argues strongly against any lonization route
for chloroacetyl chloride is that added tetraethylammonium
bromide has about the same effect on the rate as has the
chloride. This effect is shown in Table XVII, If ionizatilon
equilibria were involved, chloroacetyl bromide would form
rapldly and give considerably faster rates, The behavior
of 2-chloropropionyl chloride falls satisfactorily between
that of the acetyl and chloroacetyl derivatives,

The dominance of bond-breaking(at moderate salt concen=-
trations) for the reactions of chloroacetyl and 2-chloro-

acetyl chlorides means that these processes must be syn=-
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chronous, rather than modifications of the carbonyl addi-
53
tion mechanismGe.g. (1) ].

A 9H Mtc1”
(1) ArOH + RCOClL & R=C=Cl —> RCOOAr + HC1l
B 6Ar C

This follows because, if step C is slow, B must surely be
57
slow also” , and the addition intermediate would accumulate

and no kinetic or spectrophotometric evidence for this was

foundao.

Recently, Ferris and coworkers56 have reported a study
of the steric factors which direct the point of attack in
the acylation of cyclic beta-keto ester anlons, They studied
the reaction of ethylchloroformate with various cyclic beta-
keto esters whose ring size ranged from five tb seven care

bon atoms. The reaction scheme is shown below:

CH=R CH=R CH=R

i
(cHy), ~¢s0 —> (CHy) ~ C=0 + (CH,y), C-09COEt

\\\\~1§$002Et \\\‘--é(cozat)2 \\\“~2-002Et

nR nR n R
1 % H 11 % H 111 2 H
1V ~CH,CH,COoEt V -CH,CH,CO-Et VI 2 =CH,CH,CO,Et
Vit 3m 2 272 yr13m 2 2% 1x 3y 27272
X 4 H XI &4 H X1l &4 H
Figure 15
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In each instance, the sodium salt of the cyclic beta-keto
ester was used and the reaction was carried out in benzene,
The anions of the cyclic compounds would be expected to be
planar about the carbon atoms joined to the ester and car-
.bonyl groups, This requires an axial attack on the ethyl
chloroformate by the anion of the keto ester, By system=-
atically changing the ring size of the beta-keto ester, the
geometry of the transition state should be affected so as to
tilt the balance in favor of eilther carbon- or oxygen-acyl=-
ation., The results of their study, summarized in Table XVIII,
show that the proportion of carbon-acylation decreases as

the ring size changes from C; to Cg to C6’

Table XVIII
Products of the Reaction of Ethyl Chloroformate with Cyclic

Beta-Keto Esters58

Temp., % C- and O-acylation

Keto Ester (OC c:0
I R.T, 17:83
1 80 23:77
1V 80 10:90
Vil 110 1:99
Vi1 R.T. 1:99
X 80 50:50
X R.T. 50:50
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This reaction is an irreversible process since a nonpolar
solvent was used and no rearrangement occurred, The hetero-
geneous reaction where the sodium salt was insoluble in ben-
zene was found not to be different from the homogeneous re-
action with the system studied by Kornblum and Luries. The
other factors which have been found to affect the course of
the reaction of the ambident anion(e.g. solvent and the metal
jon used) were held constant so that only the steric require-
ment of the anions being acylated was held to be responsible

for changes in the C/O acylation ratio. The transition state

for the carbon-acylation reaction is best represented by

Figure 1659.

Figure 16
The attack of the acylating agent is facilitated by polar=-
ization of the carbon-halogen bond by the metal of the
chelate ring. The oxygen-acylation reaction involves a four=-

60
centered transition state as shown by Figure 17 ,

Figure 17
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Therefore, one would expect that only a small change in

the steric requirements of the anion being acylated would
change the nature of the transition state, The greatest hin-
drance is found in the axial attack on the 2=-carbethoxy-
cyclohexanone chelate, somewhat less in the cyclopentanone
chelate and least in the cycloheptanone ring as is evi-

denced by the following structural models,

CoEt

Figure 18
As the hindrance in the vicinity of the carbon atom in-

creases, the acylation takes place on the more accessible

oxygen atom,
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111.RESULTS AND DISCUSSION
When the alkali salts of 2-naphthol are treated with

an acyl halide, the following reactions may take place:

o
-&Ar
T
om’
+ Ay COX
Ar
\ é-"-'O
OH

Ir

An ester(1) and/or a keto-naphthol(Il) may be obtained.
The keto-naphthol(or rather its metal salt) may further
react with ArCOX to give the keto=ester(111). The reaction
of the ester (1) with the acylating agent ArCOX to give
rise to the keto-ester(IIl1) is excluded on the basis of ex-

perimental evidence(see experiment 65).
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Effect of Solvent Change, The results of conducting the
reaction of sodium 2-naphthoxide with benzoyl chloride in

a variety of solvents are recorded in Table XIX,
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Table X1X

Reactions of Para-substituted Benzoyl Halides(grY-C6H400X)

with 2-Naphthoxide Salts(M'CygH;07)®

Exp, Y _ X_M' Solvent D Filatet 4 o8 g 8 0/c

58 4§ Cl Na Benzene 2.27 Het, 88,3 0,86 103
82.6 0.75 110

2g H Cl Na Hexane 1.9 Het. 83.8 0,62 135

3 H  ClNacCl, 2,26 Het. 78,00.47 166

1® H ClNaTFEC 27  Hom. 18,1 0,05 362

48 H  Cl Na 1-4-1" 7 Hom. 60,4 -=-=  >10,000"

65 H ClL Na THFS 7 Hom. 68.5 -—-=  10,000"

7 H Br Na Hexane 1.9 Het. 73.8 2,38 31.0
76.2 2.61 29,2

8 H Br Na Benzene 2,27 Het, 85.0 2,09 40,7

10 H  Br Na TFE 27 Hom. 36,0 0,14 257

9 H  Br Na le4-1 7 Hom. 68.9 ---=  510,000%

12 H Cl Li Hexane 1,9 Het, 82.4 4,00 20,6

11 H Cl Li Benzene 2,27 Het, 83,6 2,32 36,0
86.3 2,53 34,1

20 H Cl Li Water 80 Hom, 51.7 0,13 398

13 H CLLLTHF 7 Hom, 86.7 ====  10,000"

15 H Br Li Hexane 1.9 Het, 84,1 5.12 16.4

14 H Br Li Benzene 2,27 Het, 84,0 4,64 18,1
87.7 4.50 19,5

21 H Br Li Water 80 Hom, 46,4 0,17 273

16 H Br Li THF _ 7 Hom. 86,7 ==-- 510,000
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17
18
19

29
30k
28

25
26
27
23
24

35

34
36

41
40
42

38
37

39
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NO9
N02
N02

OCHq

OCHj
OCHg

OCHj
OCHg
OCHg

0CH3
OCH3

OCHg

Cl
Cl
Cl
Cl
Cl

Cl

Cl
Cl

Br
Br

Br

Cl

Cl

Cl

Na
Na

Na

Li
Li
Li
Li
Li

Na

Na

Na

Na
Na

Na

Li

Li

Li

53

Table XIX(continued)

Solvent

Hexane
Benzene

THF

Hexane
Benzene

THF

Hexane
Benzene
Benzene
THF

THF

Benzene

Hexane

THF

Benzene
Hexane

THF

Benzene

Hexane

THF

b Physical

p° state® % 0% % c® __o/c
1.9  Het. 67.515.1 4.5
2.27 Het. 77.8 13,0 6.0
7 Hom, 91.3 ===  >10,000"
1.9  Het. 89.02,53 35,1
2.27 Het. 91.02,12 42,9
7 Hom., 100 =--- 510,000
1.9  Het. 70,0 11,7 6.0
2.27 Het. 73.010.5 7.0
2.27 Het. 72.6 9,73 7.5
7 Hom. 100 0.64 156
7 Hom, 100 ---= 10,000
2.27 Het. 86,2 1.39 62
86.2 1.43 60
1.9  Het. 8.1 0.46 182
7 Hom. 100 =ee= 10,000
2.27 Het. 80.6 2,23 36
1.9  Het., 81.7 1,97 41
7 Hom. 100 ===  >10,000"
2,27 Het. 84.17.33 11
89,7 9.31 10
1.9  Het. 89.1 3.34 28
91.2 3.44 27
7 Hom. 98.7 ===  10,000"




Table XIX(continued)

+ Physical d e
Exp, Y X M_ Solvent D State€ % O %_C o/c

43 OCHq Br Li Hexane 1,9 Het, 80,6 3.61 22

44 OCHq Br Li Benzene 2,27 Het, 81.8 2,99 27
75.4 2.71 28

45 OCH3 Br Li THF 7 Hom, 97.7 ==== 710,000

a.All reactions were conducted at room temperature and at a
concentration of 0,61M except where noted; b,Dielectric con-
stant 1; c.Het, (heterogeneous) means that a solid phase was
visible before the addition of the acyl halide; Hom, (homo=-
geneous) means that no solid phase was visible before the
addition of the acyl halide; d.Percent yleld of ester; e,
Total gercent yield of both keto-naphthol and keto-ester;
f,2,2,2-Trif luoroethanol; g.Concentration = 0,55M; h.Ethyl-
ene glycol dimethyl ether; i.Maximum limits of detection;
j.Tetrahydrofuran; k.Inverse addition(i.e, addition of the
naphthoxide to a solution of the acid chloride).
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1t is clear that the course which the reaction takes depends
on the solvent employed. For example, reactions of benzoyl
chloride with sodium 2-naphthoxide conducted in ethylene
glycol dimethyl ether(Exp. 4) and tetrahydrofuran(Exp. 6)
solution stand at one extreme: both solvents yielded only
the ester thereby resulting in an 0/C acylation ratio of
greater than 10,000(i.e. in these solvents carbon acylation
occurs to the extent of less than 0,01%). In contrast, the
reactions of benzoyl chloride with sodium 2-naphthoxide in
benzene(Exp. 5), hexane(Exp., 2) or carbon tetrachloride
(Exp. 3) result, in addition to the ester product, in the
formation of small amounts of C-acylated products(0,86, 0,62
and 0,42%, respectively), The 0/C acylation ratios for these
latter reactions are found to be 107, 135 and 166 respect=
ively., Thus a simple change in the solvent produces a change
in the course of reaction of the ambident anion,

Two likely mechanisms may be considered for a bimolec=~
ular acylation reaction: A concerted mechanism involving a

direct displacement by the nucleophile on the carbonyl car-
bon("SNZ-like")

+ - +, -
M CyoHsO + AXCOX —> Arco(C, gH40) + M'X
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and an addition-elimination mechanism,
"

S
o" .
- 1
MY Cy gH70™ + Arcox 5 Ar=C-X M
1047 i
(Cy0t70)
. -

the usual mechanism by which carbonyl compounds undergo
substitution reactions,

In a medium of low dielectric constant(e,g. hexane,
benzene etc.el), the reaction is found to be heterogeneous
(see definition in Table XIX footnotes), Proof that the re-
action takes place on the crystal surface is presented in
a later part of the Discussion Section, Consider now the
oxygen acylation transition state(Figure 19) for the con-

certed mechanism,

Figure 19

Ester formation by a naphthoxide ion which is part of a cry-

stal lattice would proceed through a linear transition state
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the negative charge originally resident on oxygen pro=-
gressively being transferred to halogen, In}the non-polar
solvents, e.g. hexane, benzene and carbon tetrachloride,

the departing halide ion would be poorly solvated, The loss
of this charge on oxygen will cause strong electrostatic re-
pulsions between the sodium ions. Since the sodium ions' in
the crystal lattice cannot move away from one another, the
energy of the system must increase sharply.

In contrast to ester formation, C-acylation which occurs
via a concerted mechanism does not proceed through a transi-
tion state having the linear oxygen-carbon-halogen disposi-
tion of Figure 19, The transition state for attack at the
l=carbon has a non-linear arrangement in which the sodium

jon lies between the oxygen and halogen atomsZ(Figure 20),

Figure 20
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The halide ion which is leaving is solvated by ion-pair
formation with a sodium ion(as contrasted with the poor
solvation furnished by the non-polar solvent in the ester
formation). Also, the removal of positive charge from the
group of positive sodium ions surrounding the oxygen, even
as the oxygen is losing its negative charge, prevents the
build=-up of coulombic repulsions between sodium ions which
is an energy-raising factor in ester formation(Figure 19),
i1t is clear then, why a naphthoxide ion which is part of a
crystal lattice yields carbon acylated product in spite of
its intrinsic tendency to react at oxygen(vide supra),

In contrast to the transition states for oxygen and
carbon acylation for the heterogeneous reactlon proceding
via a concerted mechanism, the O- and C-acylation transi-
tion states for the addition-elimination mechanism(Figures

21 and 22) differ very little in their geometry in regard

to the factors discussed above for a process proceding through

an "SNZ-like" pathway,

Figure 21
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Figure 22

Ester formation by a naphthoxide ion in solution pre-
sents none of the problems such as the ones discussed above
for the heterogeneous reaction. The reacting species may
be the ion-pair, or, if the solution is dilute enough, it
may be the free 2-naphthoxide ion62. The reaction, if it
proceeds via the concerted mechanism and if it involves the
ion-pair, will react via the transition state shown in Fige

ure 23(0=-acylation) and Figure 24(C-acylétion).

*®)
Attractive
© force
o
\
Ar

Figure 23
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e ,® w Attractive

force

Figure 24

As the charge of oxygen is lost in the course of displac~
ing the halide ion from the acylating agent(Figure 23), the
metal cations are not constrained to remain as they were

in the crystal lattice; instead, they are free to move so
that electrostatic repulsions do not become importants.
Further, solvents such as THF and ethylene glycol dimethyl
ether, which are relatively more polar than hexane, benzene
and carbon tetrachloride61, will better shield the depart-
ing halide ion from the attractive force exerted by the
sodium ion. Consequently, this latter force, which in a
relatively low dielectric solvent operates as a deterent to
oxygen acylation, loses its importance, Therefore, the fac-
tors which disfavor the O-acylation transition state in the
heterogeneous reaction and in the homogeneous reaction(con-
ducted in a solvent of relatively low dielectric constant)

are no longer important and the naphthoxide ion is again
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free to exercise its intrinsic preference for nucleophilic

3
attack by oxygen .

1f the reaction in solution proceeds via an addition=-

elimination mechanism, the O- and C=acylation transition

states may be pictured as follows in Figures 25 and 26:

O

X Ae

Figure 25

Figure 26
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There are no obvious advantages to be seen for the C-
acylation transition state as compared with the O-acyla=-
tion transition state, Therefore, it is expected that
attack by the more nucleophilic oxygen will predominate,

1t is also conceivable that acylation involves the free
2-naphthoxide ion in aprotic solvents of high dielectric
constant., With the metal ion absent, a force which resists
the transfer of charge from oxygen to halogen in the oxy-
gen acylation process(Figure 23) is removed and once again
there are no restrictions against naphthoxide's intrinsic
preference for nucleophilic displacement involving oxygen.
The latter conclusion will also apply for an addition=-
elimination process since the free ion should not react
any differently than the ion-pair,

In 2,2,2-trif luoroethanol(Exp.1), in spite of its high
dielectric constant(i.,e, D = 2761), an 0/C acylation ratio
of 362 is obtained for the homogeneous reaction of benzoyl
chloride with sodium 2-naphthoxide. The fact that benzoyla-
tion of sodium 2-naphthoxide in ethylene glycol dimethyl
ether and THF results only in oxygen acylation, while in the
excellent hydrogen-bonding solvents 2,2,2-trif luoroethanol
and water, a small amount of Ceproduct is obtained, is fully
consonant with previous experience involving the alkylation
of sodium phenoxide and sodium 2-naphthuiﬂoz’3: i,e, the
transition states of the reaction of benzoyl halide with
naphthoxide conducted in 2,2,2-trifluoroethanol(or water)

are significantly different from those of homogeneous reace
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tions carried out in l-4-1 and THF because of "selective
solvation" of the naphthoxide anionz(see Historical Section).
The similarity of effects between this acylation reaction
and Sy2 reactions is striking,

Note must be taken at this point of the low yields ob-
tained for the acylation reactions conducted in TFE and
water(i,e. experiments 1, 10, 20 and 21), It is clear that
the low yields of acylated naphthalene compounds are due
to the reaction of the solvent with the acyl halide. This
would result in the formation of 2,2,2-trifluoroethyl ben-
zoate and benzoic acid for the reactions conducted in TFE
and water, respectively,

The solvent effects discussed above for the homogeneous
and heterogeneous reaction have also been observed for the
reaction of both sodium and lithium 2-naphthoxide with a

- variety of p=substituted benzoyl halides(Table XIX). In

each case, the same pattern of results was obtained,
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Effect of ILeaving Group Change. When the acylating agent

was changed from benzoyl chloride to benzoyl bromide, it was
expected that an increase in the 0/C acylation ratio should
result since there would be less electrostatic constraint
for removal of the larger, more diffusely charged bromide
jon than for the chloride ion(as regards oxygen acylation
transition states---see Figures 19,21,23 and 25), However a
smaller O/C acylation ratio(and a larger amount of C=acyla-
ted product) was obtained for the reactions of benzoyl brome
jde with sodium 2-naphthoxide than for the corresponding
benzoyl chloride reactions(see Table XX).

For the reactions of lithium 2-naphthoxide with benzoyl
halides, this "leaving group effect" is again cbserved and
even extended to include the reaction of benzoyl iodide with
1ithium 2-naphthoxide(Table XX). The results observed fit in
nicely with the trend previously observed for the reactions
of sodium 2«naphthoxide with acyl halides; i.e. an increase
in the leaving group facility will be accoﬁpanied by an in-
crease in the percent of Ceacylated product formed, A total
yield for C-product of 15.1% and an O/C ratio of 4,5 was ob-
tained for the reaction conducted in hexane(Exp, 17). In ben-
zene(Exp. 18), a somewhat lower yield of total C-product was
obtained: 13.0% and an O0/C ratio of 6,0, Conversely, if the
ease of leaving group facility is decreased relative to the
chloride ion, as in the reaction of phenyl benzoate with
lithium 2~-naphthoxide in ref luxing benzene(Exp. 64), only

ester(i.e. 2-naphthyl benzoate) is obtained.
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This increase in C=product which accompanies a change
in the leaving group from chloride to bromide to iodide was
also observed(but not explained) by le Noble and Puerta63
for the alkylation of ethyl acetoacetate anion in dimethyl
sulfoxide, a reaction which clearly proceeds via a concerted
displacement mechanism, The amount of C-alkylation increased
as the halide was varied from chloride to bromide to iodide,
This trend is covered by an "SNZ-rule" which states that
"increased SN2 reactivity is correlated with a decreased
0/C product ratio,"

Table XX presents a comparison of the effect of a leav-
ing group change for the reactions of 2-naphthoxides(both
sodium and lithium) with benzoyl and anisoyl halides, With
the benzoyl system, for both the reactions of sodium and
lithium salts, an increase in the facility of the leaving
group leads to a decrease in the 0/C product ratio, However,
as the "Syl-character" of the reaction is increased by
changing the p-substituent of the acyl halide from «H to
-OCHj3, this leaving group effect is diminished and finally
for the reaction of anisoyl halide with lithium 2-naphthox-
jde in benzene, this effect is reversed, chloride giving a
smaller O/C product ratio than bromide. These results are in
good agreement with le Noble's "SNZ-rule" discusséd above
and is further evidence that bimolecular acylation may occur

via a concerted displacement mechanism,
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Table XX

Change of Leaving Groupa

0/C Acylation Ratio
b

Experiment Reaction OPh Cl Br 1
Hexane:
- 4 e - f
2,7 C10H70 Na + BzX 135 30.1
-+
12,15,17 C10H7° Li + BzX 20,6 16,4 4,5
-+ d
34,40 C10H70 Na + AnsX 18§ 41
-t
Benzene:
-+ f
5,8 C10H70 Na + BzX 107 40,7

11,14,18,64 CyoH;0"LL" + BzX  »1800° 35t 18.8% 6.0

35,41 CyoHsO Na® + AneX 61° 36

38,44 CyHy0 LL" + AnsX £ f

+

11 28

||

2,2,2-Trif luoroethanol:

1,10 CyoHs0 Na® + BzX 362 257
Water:
20,21 CyoH,0 LL" + BzX 398 273

a,All reactions were conducted at room temperature except
where noted; b,Conducted in refluxing benzene; c,Maximum
limits of detection; d,Anisoyl = Ans; e,Bz = benzoyl; f,
Average value of duplicate determinations,
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Effect of Metal Cation Change. Consider again the transition
state for the heterogeneous reaction(Figures 19,20,21 and 22),
When the counter-ion is changed from sodium to lithium, the
bond strength of the bond between the metal cation and the
oxygen of the naphthoxide 1is expected to increase, No data
is available in the literature for a comparison of the Na-0O
vs the Li-O bond strength, However, it is reasonable to
assume that the difference between the Na=-Cl and Li-Cl bond
strengths(for which literature data is available) is a good
measure of this difference, The Li-Cl bond is 14,4 kcal/mole
) stronger than the Na-Cl bond64. The Li-0 bond should be
stronger than the Na=O bond by at least this amount, For the
concerted mechanism transition states(Figures 19 and 20),
decrease in the 0/C ratio is expected when the metal cation
is changed from sodium to lithium, This is because the in=-
ternal solvation furnished by the proximate halide ion in
the C~-acylation transition state(Figure 20) becomes more
important as the strength of the metal-oxygen bond is in-
creased, This will lower the energy of the C=acylation tran-
sition state relative to that of the O-acylation transition
state and bring about the anticipated decrease in the o/c
ratio when the metal cation is changed from sodium to lithium,
No such change in the energy differences between the O=-
and C-acylation transition states is evident from an exam=-
jnation of the transition states for an acylation reaction

which proceeds via an addition=-elimination pathway(see Fig-
ures 21 and 22),
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With the preceding arguments in mind, a number of ben-
zoylations using both sodium and lithium salts of 2-
naphthoxide were carried out, A comparison of the results
obtained in presented in Table XXI. In every case, the
lithium salt of 2-naphthoxide yielded a smaller O/C product

ratio than did the sodium salt,
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Table XXI

Change of Metal Cation

OZC Acylation Ratio

Experiment Reaction Li.+ Na+
Hexane:

37,34 AnsCl 282 182

43,40 AnsBr 22 41

12,2 BzCl 20, 6 135

15,7 BzBr 16.4 30,12
Benzene:

38,35 AnsCl 112 61°

44,41 AnsBr 282 36

11,5 BzCl 35° 107°

14,8 . BzBr 18,8" 40,7

a
26,27,30 p-NOoBzCl 7.3 42,9

a,Average value of duplicate determinations,
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Exclusion of Acylium Ion Contribution., In order to ex-

clude the possibility that the anisoyl acylium ion partici-
pates in the reaction of anisoyl halides with naphthoxide
ion, both anisoyl chloride and anisoyl bromlde were treated
with a solution of 2-naphthol in benzene in the presence of
calcium carbonate to supress any acid-catalyzed process., The
weaker nucleophile, 2-naphthol, would certainly be expected
to enhance any acylium ion reaction relative to the displace-
ment reaction by naphthoxide ion, No C- or O-acylated pro-
duct was obtained and therefore it is reasonable to assume
that there is no acylium ion reaction of any consequences

competing with the bimolecular acylation process.
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Effect of the Para-substituent Change in the Acyl Halide,
For a reaction which proceeds via a concerted displacement,
when the para-substituent is changed from methoxy to hydro-
gen to nitro, all other conditions being the same(i.e, same
leaving group, metal cation and solvent), the "SNZ-character"
of the reaction should increase and, in accord with le Noble's
"Sy2-rule" cited previously, the 0/C product ratio will de-
crease, A comparison of the results obtained when the para~
substituent of the acyl halide is changed from methoxy to
hydrogen to nitro(Table XXII) lends some support to this pre-
diction. For example, the reactions of p-substituted benzoyl
chlorides with both sodium and lithium 2-naphthoxides in hex-
ane exhibit a decrease in the O/C product ratio as the para-
substituent is changed from p=OCHg to p-H to p=-NOj. Likewise,
a decrease in 0/C product ratio is obtaine& for the reaction
of p-substituted benzoyl bromides with both lithium and sod-
jum 2-naphthoxide in hexane, However, when the solvent is
changed to benzene, the 0/C product ratio is found to in-
crease as the p-substituent is changed from p-OCHg to p-H.
A further change of the para-substituent to p-NOy(in the re~
action of para-substituted benzoyl chlorides with sodium and
lithium 2-naphthoxide) again decreases the O/C product ratio,
Consider again the transition states for the concerted
displacement pathway(Figures 19,20,23 and 24), Two opposing
factors may affect the nature of these transition states;

(1)a change in carbonyl carbon-halogen bond length(bond-
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Table XX11
Change of Para=-substituent in the_ Acyl Halide

0/C Acylation Ratio

-OCH -H p-NO
Experiment Reaction p-OCHy P 212
Hexane:
34,2,29 p-X-CgH,COCL + CygH;0 Na® 182 135  35.1
37,12,25 p-X-CgH,COCL + Gy gHyO LiY 28% 20,6 6,0
-+
40,7 p-X-CgH,COBr + CyoHzO Na 41 30,1
-+
43,15 p-X=CgH, COBr + C;4H,0 L1 22 16.4
Benzene:
- a a
35,5,30 p-X-CgH,COCL + CjgHs0Na" 617 107" 42,9
- a
38,11,26,27 p-X-CgH,COCL + CygH707LL" 1% 35% 7,32
41,8 P-X~CgH, COBr + CyoH,0™Na'© 36 40,7
44,14 p-X-CgH,COBr + CyoH;0 L1  18,8% 28°

a.Average value of duplicate determinations,
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length factor) and (2) a change in the electrophilicity of
the carbonyl carbon(electrophilicity factor)., For those re~
actions which are conducted in hexane, when the para=sube
stituent is a methoxy group, an increase in the C=X bond
length is expected on the basis of Swain's rule 5. As the
electron-donating ability od the para-substituent is de-

creased(i.e. change in the p=-substituent from methoxy to hy-

drogen), the bond length should also decrease, As the bond

66

length increases, the energy of the bond decreases , In

the C-transition states(Figures 20 and 24), the decrease in
the C=X bond energy is expected to strengthen the bond be=
tween the halogen and the metal cation. For the O=transi-
tion state, the metal cation is far enough removed from the
halide ion so that an increase in the C=X bond length will
have a smaller effect on the metal halide attraction energy.
The overall effect for a change from a p-H to a p-OCH,; group
should be a lowering of the energy of the transition state
for carbon acylation relative to the O-transition state and
a decrease in the 0/C product ratio,

Consider now the effect of the electrophilicity factor,
The B'OCHg group will decrease the electrophilicity of the
carbonyl carbon(i.e, relative to that of the p-H) thereby
making it a less reactive electrophile relative to an un-
substituted benzoyl halide. A less reactive electrophile

is more selective and attack(or attack by) the more nucleo=
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‘philic oxygen is expected, The result should be that for a
p-OCHgy group, the 0/C product ratio should increase relative
to that obtained for the reaction of the unsubstituted ben-
zoyl halide. The assumption is now made that the second fac=-
tor, electrophilicity, be accorded a greater weight than the
bond-length factor in the consideration of the influence of
the p-OCHy group. This assumption is supported by the rela-
tive rate data(Table XXI111), the significance of which is
discussed in a later section, The change from a p-H to a p-
OCHj benzoyl halide causes a decrease in the rate of reac-
tion with naphthoxide ion relative to the unsubstituted ben=-
zoyl halide, For example, the relative rate of reaction of
sodium 2-naphthoxide with anisoyl chloride in hexane is 0,78
while the relative rate of benzoyl chloride for the same re-
action is 1,00, The electrophilicity factor must be more im-
portant than the bond-length factor for a change in the para-
sunbtituent from p-H to p-OCHy or anisoyl chloride would be
more reactive than benzoyl chloride. The net effect of these
two opposing factors should result in an increase in the o/cC
ratio relative to that obtained for the unsubstituted halide,
When the para-substituent is changed from p-H to p-NO,,
these two factors again exert their influence in opposite
directions. The p-NO, group should shorten the C-X bond
length according to Swain's ru1e65. Using the same argument

presented above, this shortening of the C=-X bond should raise
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the energy of the C-transition state relative to the C=
acylation transition state of the unsubstituted benzoyl
halide. The energy of the O=transition state(relative to
the unsubstituted benzoyl halide O-transition state) is
increased, but to a lesser extent, Opposing this factor

is the more important electrophilicity factor., The presence
of the p-NO, group should enhance greatly the electrophil-
icity of the carbonyl group, raising its energy and making
it a more reactive and less selective electrophile, The net
effect of these two opposing factors should be a decrease
in the O/C product ratio relative to that obtained for the
unsubstituted acyl halide,

Consider now these same two factors when the solvent is
changed from hexane to benzene, The p-OCHgq benzoyl halide
should be a less electrophilic species in the more polar ben-
zene61. This will lessen the effect of factor (2), perhaps
to the extent wherein factor(l) will assume major importance,
If this happens, the net result will be a decrease in the
0/C acylation ratio relative to the unsubstituted benzoyl
halide. Benzene will also decrease the electrophilicity of
the carbonyl carbon of a p=NO,y benzoyl halide relative to
the reaction of this same acyl halide. in hexane, Although
this should cause a slight decrease in the O/C product ratio
(relative to the 0O/C ratio obtained for the reaction in hex=
ane), the very large electron-withdrawing effect of the p=-NO,

group(as compared to the magnitude of the E-OCH3 group's
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electeza;on-donating ability; i,.e, GP_-OCH;" -0,27, GE_Noza-.-
0,78 ) should still bring about a large decrease in the

0/C product ratio relative to the unsubstituted benzoyl
halide,

The above considerations and the conclusions resulting
thereto concerning the effect of a change in the para-sub-
stituent in the acyl halide for a reaction which proceeds
via a concerted-displacement mechanism are in excellent
agreement with the actual results obtained(see Table XXII).

Alternatively, for a reaction which proceeds through an
addition-elimination pathway, only factor (2), the electro-

hilicity factor, is expected to be of any importance in de-
termining the 0/C product ratio since the breaking of the
C-X bond does not take part in the rate~determining step.

A consideration of the electrophilicity factor leads one to

conclude that the 0/C acylation ratio should be in the order

p-OCH; p-H p=NOj. This does not agree with the results shown
in Table XXII.
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Heterogeneity. The questions presents itself whether the
reaction of naphthoxide with acyl halides in hexane and ben=-
zene takes place on the crystal surface or in solution, Visu-
ally, the reaction appears to be heterogeneous(i.e., a solid
phase is visible before the acyl halide is added), However,
a small amount of salt could be dissolved and react at a
faster rate than the undissolved salt. An experiment was
carried out to determine if any 2-naphthoxide salt could be
dissolved in pentane(pentane was used in place of hexane to
facilitate the experimental procedure, the dielectric con=-
stant of pentane being identical with that of hexane61).
This dissolved salt could then be reacted with an acyl hal-
jde to determine the O/C acylation ratio for the homogene=
ous reaction(i.e. that reaction in which no solid phase is
visible before the addition of the acyl halide), In the ex-
periment carried out(Exp, 48), pentane was transported by
means of distillation into a Sohxlet cup which contained
lithium 2-naphthoxide(the lithium salt was found to be the
more soluble of the two salts--=-for example in the prep-
aration of the lithium salt, diethyl ether, the solvent used
to precipitate the sodium salt from a THF solution, could
not be used because it was found to partially solubilize the
lithium salt). This pentane extract was then returned to the
distillation reservoir pot which also contained an acyl
halide, This experiment was run for a period of 138.,5 hours,

At the end of this time, analysis of the reservoir pot
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showed that no naphthoxide salt had dissolved in the reflux-
ing pentane, A similar experiment with benzene (Exp., 49) gave
like results, These experiments suggest that under the usu-
al reaction conditions, no homogeneous reaction of any con-
sequences could be taking place, This means then that the
reaction in benzene and hexane must be taking place on the
crystal surface, It is possible however, that under the
conditions of the acylation reaction, the presence of dis=-
solved acyl halide increases the dielectric constant of the
medium sufficiently to cause the solution of some of the
naphthoxide salt thereby resulting in a homogeneous reaction
component, To exclude this possibility, a sample of lithium
2-naphthoxide in benzene was stirred with an equivalent of
nitrobenzene(whose dielectric constant is 36, approximately
twice that of benzoyl chloride61) to determine if any of

the salt would dissolve in the nitrobenzene-benzene mixture,
No salt was found to dissolve after 2 hours stirring, There-
fore, one may reasonably presume that the reaction of naph-
thoxide ion in hexane and benzene is a reaction between solid

naphthoxide and the dissolved acyl halide.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



«79=

Trans-esterification Controls, The possibility that C-
acylation can take place via attack of the ambident naphe
thoxide ion or by the ambident keto-naphthoxide ion on the

ester product cannot be overlooked., This reaction may be

pictured as follows:

— -

| = °‘

1

=]

o'c'm
Nocxivem

Figure 27
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To exclude the above reaction from consideration, con-
trol experiments were carried out for every reaction in
which any C-acylated product(either keto-naphthol or keto=-
ester) was obtained. The control experiments were set up
so as to maximize trans-esterification conditions. One
eqivalent of naphthoxide salt was allowed to react with
ten equivalents of ester for ca, 20 hours using the same
conditions under which the acylation experiment is carried
out except that the contact time for these controls was -
increased some 40 fold,

For the benzoyl system(i.e., the series of reactions
utilizing a benzoyl halide as en acylating agent), no C=-
acylated product was obtained and the starting ester was
recovered essentially quantitatively.

Therefore one may conclude that the C-acylated product
has arisen via another pathway; namely, reaction of the
naphthoxide with the acyl halide,

For the reaction of pe-nitrobenzoyl chloride with the
lithium salt of 2-naphthol, the normal addition procedure
(i.e. adding the acid halide to a 10% excess of salt solu=-
tion or suspension) gave somewhat unexpected results(see
Table XIX). In benzene(Exp. 27), an O/C acylation ratio of
7.5 was found, However, in tetrahydrofuran(Exp. 23), 0.64%
of C-acylated product(keto-naphthol) was obtained which
resulted in an 0/C acylation ratio of 156,

In order to explain the anomalous THF results, an ex=-

change reaction may be invoked(vide supra). That this path-
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way may actually be responsible for the anomaly observed

is born out by the results obtained from the reaction of
lithium 2-naphthoxide with a ten=fold excess of 4-nitro-
naphthyl benzoate in hexane, benzene and THF (Exp.31,32 and
33, respectively). Trans-esterification leading to C-acyla-
ted product was found to occur in all three solvents,

To minimize the formation of C-product via this path-
way, it was thought that if the ester product could be
formed in the presence of an excess of p-nitrobenzoyl
chloride rather than in an excess of naphthoxide anion,
then there would be no excess base to catalyze the trans=-
esterification reaction, To accomplish this, an inverse
addition of lithium 2-naphthoxide to an excess of p-nitro=-
benzoyl chloride was carried out in benzene(Exp,26) ,hexane
(Exp. 25) and THF(Exp. 24), The results of these experi-
ments are recorded in Table XIX., For the reactions which
were conducted in benzene and hexane, an 0/C acylation ratio
was obtained which was very close to that obtained using
regular addition, However, this inverse addition method com-
pletely eliminated the C-product for the THF reaction and
a quantitative yield of ester was obtained. Therefore, it
would appear from these results that C-product formed in
the benzene(and undoubtedly in the hexane reaction) arises
not via a base-catalyzed trans=-esterification pathway but
rather from the reaction of p=nitrobenzoyl chloride with
the naphthoxide ion, However, the base=-catalyzed trans=

esterification pathway does appear to be responsible for
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the unexpected 0,64% yield of C=product in the THF reac-
tion which can be eliminated(to give a meaningful O/C
acylation ratio) by the use of inverse addition,

For the anisoyl system(i.e, the series of reactions
utilizing an anisoyl halide as an acylating agent), no C-
acylated product was obtained and the starting ester was

recovered essentially quantitatively.
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Relative Rates. By means of competitive reactions in the
presence of acetophenone and benzophenone, Entemann and
Johnson68 have determined that the order of reactivity to-
ward phenyl magnesium bromide of the benzoyl halides is the

reverse of that encountered in hydrolytic69’70

71,72

, alcohol~-
74

ytic ’ phenolytic73 and Friedel-Crafts reactions
That is, the fluoride is more reactive than the chloride
which is, in turn, more reactive than the bromide. They
state "since the acid fluoride is actually found to be the
most reactive, it is obvious that the reaction occurs
through addition to the carbonyl group,......". Therefore,
it was of interest to us to determine the relative rates
of reaction of the acyl halides with naphthoxide ion in
order that we might acquire additional information whecih
would aid us in distinguishing between the alternative
pathways available for base-catalyzed acylation,

To determine the relative rates of reaction, a com-
petition method was employed, For the competition reaction,
pairs of acyl halides(whose para-substituents were differ=-
ent) were permitted to compete for a naphthoxide substrate
in hexane, Relative rates were then calculated from the

. amount of ester obtained from each acyl halide after a cor-
rection had been made for the amount of C=product formed,
As a check on the method, relative rate values for benzoyl
bromide were determined by two different competition exper-

jments., The deviation from the average relative rate value

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-84-

was less than 5%. The relative rates of reaction of acyl
halides with sodium 2-naphthoxide and lithium 2-naphthox=-

jde in hexane are as follows:

Table XXIII
Relative Rates of Reaction of Acyl Halides with M+010H70'
NatC, oH,0" Li¥C, oH,0"
p=Substituted Acyl Halide Cl Br Cl Br
p-0OCHq 0,78 0,95 0.62 1.13
p=-H 1,00 1.32 1.00 2,27
p=NOg 8,03 48,7

The wider range of values obtained for the relative
rate of the lithium salt vs, the sodium salt is intellil-
gible on the basis that lithium 2-naphthoxide should be a
weaker nucleophile than sodium 2-naphthoxlide and hence more
discriminating between pairs of acyl halides., The sodium
2-naphthoxide, being the stronger nucleophile, will exhibit
a kind of leveling effect and will tend to be less discrim=-
inating between pairs of acyl halides, For the sodium salt
then, a smaller range of relative rate values is expected,

Two important trends are noted from the relative rate
data.

(1)When the leaving group is changed from chloride to
bromide, the rate of reaction is increased, For the re-
action of benzoyl halide with sodium 2-naphthoxide, the

chloride to bromide change is accompanied by a 32% increase
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in rate while the same change in leaving group for the re=-
action with lithium is attended by a 127% rate increase,
Similar effects are obtained from the reaction of sodium
and lithium 2-naphthoxides with anisoyl halides. This rate
enhancement when the leaving group facility is increased
jndicates that the transition state for the reaction in-
volves a great deal of bond-breaking, This latter indica-
tion is not unexpected if the acylation reaction is pro=-
ceding by a concerted displacement mechanism, However, an
addition-elimjination mechanism would probably require that
a change in leaving group from chloride to bromide decrease
the rate of reaction(as the reaction of phenyl magnesium
bromide has showne-=---vide supra) since the decrease in
electronegativity of the halide should cause a concomitant
decrease in the electrophilicity of the carbonyl carbon, If
we now consider the substitution reactions of aromatic hal-
ides which are activated by electron-withdrawing groups(a
model system which is known to proceed through an addition-
elimination mechanism75), the expected rate decrease as the
leaving group is changed from chloro to bromo is observed

(see Table XXIV),.
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Table XXIV

Relative Rates for Leaving Groups in an

Addition-Elimination Reaction

Reaction - Temp, (°C) ke1/Kpy Ref,
Sadium methoxide® with:
l-Halo=2,4=dinitro-
benzenesS.sesesssesscscsssescsseslld 1.38 76
25 1,52 77
35 1,56 77 .
50 1,61 78
2-Cyano-l-halo=4=nitro-
benZenesB.ceeecssesscssscsscsscessld 1.27 79
4«Cyano-l=halo=2-nitro-
benzenes.ssseecssssscaccsosssssell 1.39 80
2-Halo-1,6,8=trinitro-
naphthalenes.eeeessvesassssscses 0 1.8 81
15 2,7 81
25 3.7 81
1-Halo=2=nitrobenzenes.ceeeseees 0 2,46 82
50 1,43 82
l-Halo=4=-nitrobenzenes.ceeeesees 0 ‘ 1.63 78
50 1.34 78
Sodium ethoxideb with:
1=Halo=2,4~dinitrobenzene,.ceesesld 1,60 77
25 1,73 77
4-Halonitrobenzenes,.eeeeccesess90.8 1.15 83
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Table XXIV(continued)
Ammonia in methanol with: '

l=-Halo=2 ,4=dinitro-

benzene....‘.....‘..0.0.0.......25 1.08 84

l-Halo=2,4=dinitro=-

naphthalenesﬂ...O.....‘........OZS 1.36 85
45 1,57 85

b
Methylamine with:
l=-Halo=2 ,4=dinitro-
benzenesooooooooooooooocooooooo.zs 1.24 77

a.Methanol; b,Ethanol,

Alternatively, the order of leaving in a typical SN2
reaction is known to be Br greater than Cl, Examples of
such an order are listed in Table XXV,

Table XXV
Relative Displacement Rates for Leaving Groups in SNZ Rxs,

1(°c) Reagent_ kpp/koy Reference
20 @CHy X + MeO™ in MeOH 41,0 86
25 $CH X + NHy in abs, EtOH 51.6 87
30,5 @CHpX + pyridine in 90%
aqueous EtOH 50 88
30 CaHX + OEt™ in EtOH 63 89
24 AllylX + OEt in EtOH 52 89
40 EtX + OEt in EtOH 42 90
20 CH3X + S505  in water 4t 88
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(2)When the para-substituent is changed from methoxy
to hydrogen to nitro, the relative rate of reaction with
naphthoxide ion is increased(see Table XX111)., The reaction
of sodium 2-naphthoxide with acyl chlorides yields the order
0,78:1,00:8,03 for p-OCHy, p-H and p-NO)p, respectively,

The reaction of lithium 2-naphthoxide gives the same order
for the corresponding reactions with the sodium salt(i.e.
0,.62:1,00:48,7)., For the competition of anisoyl bromide

and benzoyl bromide for naphthoxide ion(both sodium and
lithium), the presence of a P-0CHq4 substituent is found

to lower the relative rate of reaction. These relative rate
data can easily be accomodated by an addition=elimination
mechanism wherein an electron-withdrawing group in the para-
position would be expected to facllitate attack by a nucleo-
phile and an electron-donating group in this position

should hinder attack by a nucleophilegl. However, there

are SN2 reactions in the literature which are also facili=-
tated by the presence of a p-nitro group. Examples of this

effect in reactions of benzyl chlorides are given in Table
XXV1,
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Table XXVI
Relative Displacement Rates for Para-substituents in SN2

Reactions of ¢CH201

z(°c) Reagents RE'NOZ/kB'H References
0.1 K1 in acetone 6,82 92
20 | K1 in acetone 6.20 92
30 NagS,03 in 60%
aqueous acetone 2,55 93

This effect of electron-withdrawing substituents in the
para=position in the SNZ reactions of benzyl compounds has
been considered by Swai.ng4 in terms of "loose" and "tight"
transition states. Electron=-withdrawing substituents place
a fractional positive charge 6n the benzylic carbon atom
of the initial state and stabilize the somewhat more neg-
ative charge in the "tight" transition state,
| Alternatively, the introduction of a nitro group into
the para-position of a system which is known to undergo
reaction with a nucleophile via an addition-el ation
mechanism also results in an increased rate., However, this
jncrease in rate is much greater than that obtained for a
typical SNZ reaction(vide supra). For example, in the sap-
onification of substituted ethyl benzoates at 300, the
gE?Noz/KEPH is found to be 10495.

For an addjitjion-el tion pathway, the presence of a
p-methoxy group substantially decreases the rate of sap-

onification of substituted ethyl benzoates(i.e. FQ_OCHSI
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kBPHg 0.22)95. For a reaction which proceeds via an SN2
mechanism, the influence of an electron-donating p-methoxy
group is not clear, Gould has stated that ".....we cannot
compare the quantity of electron density that has been
supplied with that which has been removed at the instant
the system passes through the transition state. We there=-
fore cannot say whether the carboﬁ at the reaction site is
more positive or more negative in the activated complex
than in the reaction; consequently, an SNZ reaction might
be accelerated or retarded by electron-rich substituents

96 97

on the substrate', Bunton concurs with this latter

gstatement,

Finally it was of interest to calculate the partial
relative rates for the reaction of 2-naphthoxides with
acyl halides in hexane in order that a further insight
into the effect of a change in leaving group and of a
change in para-substituent(of the acyl halide) on the nature
of the C= and O-acylation transition states might be gained.

The partial relative rates are shown in Table XXVII,
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Table XXVII

Partial Relative Rates for the Reaction of Naphthoxides

Metal Cation

Li
Li
Li

Li
Li

Na
Na
Na

Na
Na

with Acyl Halides Jn Hexane
Acyl Halide C-Acylation

AnsCl 0.487
BzCl 1.00
p-NOoBzCl 156

AnsBr 1,05

BzBr 2.78
AnsCl 0.575
BzCl 1.00
p-NOyBzC1 30.4
AnsgBr 3.02
BzBr 5,63

O=Acylation

13,0
20.6
934

23,3
45,7

105
135
1083

126
175

Two of the factors discussed before, Effect of a Change

in_Leaving Group and of a Change in the Para-gsubstituent in

the Acyl Halide, may now be considered in terms of their in-

fluence on the partial relative rates of the C- and O-acyla-

tion processes, The data in Table XXVII shows a larger in-

crease in relative rate for the C-acylation process than

for the O=-acylation process as the leaving group on the acyl

halide is changed from Cl to Br, This is an indlcation that

there is more bond=breaking in the C~acylation transition
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gtate than in the O-acylation transition state, This leav=~
ing group effect is again in accord with what one might
predict, a priori, for a reaction which proceeds via a
concerted displacement mechanism; 1i.e, since a displace-
ment involves the breaking of the C-X bond in the rate-de=-
termining step, we would expect to see a rate increase for
both the C=- and O-acylation processes as the leaving group
is changed from Cl to Br, The rate enhancement however,
gshould be greater for the C=process than for the O-process
since a consideration of the transition states for the two
processes(vide supra) indicates that there is more bond-
breaking in the C-acylation transition state due to the
proximate metal cation which helps the halide lon to leave,
These relative rate differences are not predicted for a

reaction which proceeds through an addition=-elimination

pathway since the breaking of the C-X bond is not rate-

determining75.

The data is Table XXVII also shows that for a change
in para-substituent from p-OCH, to p-H to p-NO2, there is
an overall rate enhancement(both O- and C=) but the C=-
acylation process exhibits a larger increase in rate than
does the C=process, This is e&idence which supports a con-
certed displacement mechanism as arguments previously(vide

supra), in terms of the two factors glectrophilicity and

bond=length, have shown,
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Structure Proof. The synthesis of l=benzoyl=2-naphthol
(11, Figure 28) was carried out via a Fries rearrangement
of 2-naphthyl benzoate., The position of the keto group

in compound(11) was established using the synthetic scheme
outlined in Figure 28,

Since the other keto-naphthols used in this study Ci.e.
1=(4'=nitrobenzoyl)=-2-naphthol and 1-an130y1-2-naphthoi]
were also synthesized via a Fries rearrangement of the re-
spective 2-naphthyl esters, it is presumed that the position

of the keto group in these compounds is also established,
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1V,.EXPERIMENTAL

Analyses were by Schwarzkpf Microanalytical Laboratory,
Queens New York, The infrared absorption spectra were de=-
termined on a Perkin-Elmer Model 237 spectrophotometer,

Eastman Kodak Co., white label 2-naphthol(m.p. 121-1220)
and 2-naphthyl benzoate(m.p. 108°) were used without further
recrystallization, Tetrahydrofuran(Matheson) was refluxed
over potassium hydroxide for 24 hours and then distilled
from lithium aluminum hydride. Benzene(Baker, reagent) was
distilled from sodium wire, 2,2;2-Trifluoroethanol(Pennsalt)
was allowed to stand over sodium carbonate, then over anhy-
drous magnesium sulfate and, finally, distilledz. The carbon
tetrachloride used was Fisher anhydrous grade., Hexane(Eastman,
purified) was distilled from sodium wire, Ethylene glycol
dimethyl ether(Eastman) was distilled from sodium, All acyl
halides(commercial samples) were used directly provided the
physical constants agreed with the literature values, If not,
they were either sublimed(in the case of p-nitrobenzoyl
chloride) or distilled(in the case of the other halides)

until the correct melting point or refractive index was

realized,
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Vapor Phase Chromatography. Analyses of the benzoylated
products were carried out on a Wilkens Aerograph VPC(Model
600-D, Flame lonization Detector) using a 4.5 ft.(1/8»
copper)silicone rubber(5% SE=30) column on Chromosorb G
(70/80 mesh, AW=-DMCS). VPC analyses were conducted at a
flow rate of 25 ml,/min, and at a column temperature of
220°, For the analyses of the products obtained from the
reaction of benzoyl chloride and bromide with the salts of
2-naphthol, a procedure was devised whereby 0,01% of 1-
benzoyl=2=-naphthol could be detected in the acidic(base=~
gsoluble) fraction, An aliquot from a standard containing
0.990g.(99%) of 2-naphthol and 0,010g,(1%) of l=benzoyl-2-
naphthol dissolved in 10 ml, of ethanol was analyzed by VPC.
l-Benzoyl=2=naphthol could readily be detected to the extent
of 0,01%., Under these conditions, 2-naphthol and l-benzoyl=
2-naphthol have retention times of 0.3 and 2,0 minutes, re=-
spectively, In analyzing unknowns, the acidic fraction was
made up to the same concentration(by weight) as the stan-
dard and a 1 microliter aliquot was analyzed; absence of
l=benzoyl=-2-naphthol meant that less than 0.01% was present
in the acidic fraction. An analogous procedure was devised
whereby 0,01% of l-benzoyl-2-naphthyl benzoate could be de=
tected in the neutral(base=insoluble) fraction, A standard
of 0,990g,(99%) of 2=-naphthyl benzoate and 0,010g.(1%) of
l=benzoyl=2-naphthyl benzoate was made up to a volume of

10 ml, with chloroform and a 1 microliter aliquot was anal=-

yzed, l-Benzoyl-2=-naphthyl benzoate could readil& be de-
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tected to the extent of 0,01%, Under these conditions, 2=
naphthyl benzoate and l1-benzoyl-2-naphthyl benzoate have
retention times of 2.2 and 15,6 minutes, respectively. In
analyzing unknowns, the neutral fraction was made up to the
same concentration(by weight) as the standard and a 1 micro-
liter aliquot was analyzed; absence of l=benzoyl=2=-naphthyl
benzoate meant that less than 0,01% of C-acylate was pre=-
sent in the neutral fraction. In all quantitative analyses,
retention times and relative respaxes to the flame ioniza-
tion detector were determined using an authentic sample of
each component, A sample calculation of the data found in
Table XIX may be shown as follows for the reaction of ben-
zoyl chloride with sodium 2-naphthoxide in the dimethyl
ether of ethylene glycol(l-4«1):

Area of chromatogram peak for unknown 2-naphthyl benzoate

= 325 units
Conversion factor obtained from standard solution of 2=
naphthyl benzoate = 0,000234 mg,/unit
325 units x 0.000234 mg,/unit = 0,0728mg. ester per 0.100mg.

of sample injected(l microliter of a 10% solution)
% ester in sample = 72,8

Actual yield of neutral fraction = 7,2113g,
Recalculated yield of neutral fraction = 0,728 x 7.2113

= 5,250g,
- Moles of ester = 0,0217(68,9%)
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For the analysis of the products obtained from the re-
action of benzoyl iodide with lithium 2-naphthoxide an in-
ternal standard, 2-naphthyl 4-nitrobenzoate, was used to
measure the amount of products formed, For the analysis of
the base=soluble product, a synthetic mixture of the authen=-
tic keto-naphthol and the internal standard were dissolved
in tetrahydrofuran and a sample analyzed by VPC. Under the
above-stated conditions, the keto-naphthol and the internal
standard exhibited retention times of 2,0 and 7,2 minutes,
respectively, To analyze the experimentally obtained base-
soluble product, a known weight of internal standard was
added to it and the entire mixture was completely dissolved
in tetrahydrofuran, A sample of this solution was then
chromatographed and from the ratio of the areas of the peaks
obtained for the synthetic mixture to that obtained for the
experimental mixture, the yield of keto-naphthol can be
calculated via a simple proportion, In this manner, 0,01%
of keto-naphthol can easily be detected., In an identical
manner, the yields of ester and keto-ester can also be de=-
termined, The keto-ester can easily be detected to the ex-
tent of 0,01%, Under these conditions, the ester and keto=-
ester have retention times of 2,2 and 15,6 minutes, respec-
‘tively,

Analyses of the p=-nitrobenzoylated products were carried
out on a Wilkens Aerograph(vide supra) at a flow rate of

38 ml./min, and a column temperature of 274°, An internal
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standard, 2-naphthyl 4-nitrobenzoate, was used to quantie
tatively measure the amount of products formed, Under the
above-stated conditions, the ester, keto-naphthol, internal
standard and keto-ester exhibited retention times of 1.8,
1.8, 6.6 and 16,5 minutes, respectively,

For the analysis of the products obtained from the reac-
tion of p-methoxybenzoyl chloride and bromide with the metal
salts of 2e-naphthol an internal standard method was utilized,
The analysis of the keto~-naphthol was carried out at 228°
and at a flow rate of 25 ml,/min, using 2-naphthyl 3,4,5-
trimethoxybenzoate as the internal standard, The keto~naph=
thol and internal standard exhibited retention times of 4.1
and 11,6 minutes, respectively, The analysis of the ester
and ketoe-ester was conducted at a column temperature of 268°
and at a flow rate of 25 ml,/min, using l=(4'=nitrobenzoyl)-
2-naphthyl benzoate as the internal standard, The ester, in-
ternal standard and keto-ester exhibited retention times of
1.4, 6.5 and 11,8 minutes, respectively,

In each set of reactions(i.e, benzoyl, anisoyl and 4=
nitrobenzoyl systems), trapping experiments were carried
out to confirm the identity of the chromatogram peaks. In
all cases, the infrared spectrum of the trapped compound
was identical with that exhibited by an authentic sample,

All vapor phase chromatographlc analyses were conducted
in triplicate, The peak areas were determined by planimetry
and an average peak area was calculated., The deviation from

this average peak area was found to be on the order of 2%,
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As a check on the analytical method, weighed amounts
of authentic samples of each of the products expected in -
each series of reactions were mixed together and then sep-
arated by the method presented in experiments 1, 23 and 34,
VPC analysis of the separated materials accounted for more
than 99% of the material taken,

Selected duplicate experiments were also conducted as a
check on the analytical method, The O/C acylation ratios

of these duplicate experiments were found to agree to within
10%.
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Sodium 2-§aghthoxide.3 To 75.0 g.(0,521 mole) of 2«naphthol
dissolved in 260 ml, of methanol was added 20,0 g.(0,500
mole) of Baker analyzed reagent quality sodium hydroxide
dissolved in 40 ml, of water. The methanol and water were
removed under reduced pressure at 600. The crude salt was
dissolved in 120 ml, of tetrahydrofuran and the solution
was filtered, The filtrate was treated with 300 ml, of ben-
zene and the precipitated sodium 2-naphthoxide was isolated
by filtration, washed thoroughly with ethyl ether and dried
at 100°(1 mm.) for 24 hours; yleld, 40-50g,(48-60%).

.Anal,.Calcd. for C;pHyONa: neut, equiv,, 166, Found:
neut, equiv,, 166-169,

Lithium 2-Naphthoxide. To 37.5 g.(0.26 mole) of 2-naphthol
dissolved in 130 ml. of methanol was added 6.0 g.(0,25 mole)
of anhydrous lithium hydroxide(Baker analyzed reagent) in
100 ml, of water., The solvent was removed under reduced pres-
sure at 60°. The crude salt was dissolved in 80 ml, of THF
and the solution>was filtered, The filtrate was treated with
200 ml, of benzene and the precipitated lithium 2~naphthoxide
was collected by filtration, washed with pentane and dried

at 100o and 1 mm, pressure for 24 hours, The reprecipitatian
of the crude salt was carried out in a dry=box under a nitro=-
gen atmosphere, Yield, 20.4 g.(54%).

Anal.Calcd, for CygH,OLi: neut. equiv., 150, Found: neut,
equiv,, 148-150,
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l-Benzoyl=2-pnaphthol. An intimate mixture of 41 g. of alum-
inum chloride and 30 g, of 2=-naphthyl benzoate was heated in
an oil bath at 120° for 2 hours, The reaction mixture was
then permitted to cool to room temperature and a solution
containing 70 ml, of concentrated hydrochloric acid and 400
g. of ice was added to it, The resulting precipitate was
collected by suction filtration, washed with water, then
with 5% sodium bicarbonate solution and finally with water
again, This material was recrystallized from aqueous ethanol

to give 13,54 g.(45%) of product., M.p. 1400; 11t.98, 140°,

l-Bepzovl=2=-naphthyl Benzoate. l-Benzoyl=2-naphthol, 7.44 g.,
was dissolved in 24 ml, of 5% sodium hydroxide solution and
cooled to 0°, Benzoyl chloride, 4.22 g.,, was added dropwise
to this solution. The flask was stoppered after addition was
completed and shaken vigorously for 10 minutes, The pre-
cipitate formed was collected by suction filtration and re-
crystallized three times from aqueous ethanol to give 1,64
g.(16%) of product, M.p.,95.5-96.5, The product exhibited
no O=H bands in its infrared absorptlon spectrum,

Anal,Calcd, for Cy,H,03: C, 81.81; H, 4,55, Found: C,
81,57; H, 4,58,
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1,Reaction of Benzoyl Chloride with Sodium 2-Naphthoxide in

2,2,2-Trif luoroethanol:

To a solution of 6.850g.(0.0413 mole) of sodium 2-naph-
thoxide in 75 ml. of 2,2,2-trifluoroethanol was added 5,27
g.(0,0315 mole) of benzoyl chloride dissolved in 7 ml. of
tetrahydrofuran, The reaction mixture was permitted to stir
for 30 minutes after the addition of the benzoyl chloride
was completed, The solvent was removed under reduced pressure
and the residue suspended in 150 ml, of benzene, This sus-
pension was extracted with three 50 ml, portions of ice-
cold 10% potassium hydroxide solution., The benzene extract
was then washed with water until neutral and dried over
anhydrous magnesium sulfate. The drying agent was removed
by filtration and the filtrate evaporated to give the base=
insoluble(neutral) fraction which weighed 6,174g.

The base-extract was acidified with ice-cold 6N hydro-
chloric acid and extracted with three 50 ml, portions of
benzene. The combined benzene extracts were washed with
water until neutral and dried over anhydrous magnesium
sulfate, The drying agent was removed by filtration and the
filtrate evaporated to dryness to give the base-soluble
(acidic) fraction which weighed 4.428g. The VPC analyses
of these fractions gave the following results:

Ester, 18,1% Keto-naphthol, 0,052% Keto-ester, 0,000%
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2,Reaction of Benzoyl Chloride with Sodium 2-Naphthoxide
in Hexane:

A duplicate of experiment 1 was carried out in hexane,

The VPC analyses of the products obtained are given as fol-

lows:
Ester, 83.8% Keto-naphthol, 0,624% Keto-ester, 0,000%
3,Reaction of Benzoyl Chloride with Sodium 2=-Naphthoxide

ip Carbon Tetrachloride:
A duplicate of experiment 1 was carried out using carbon
tetrachloride as the solvent., The VPC analyses of the pro-

ducts obtained are as follows:

Ester, 78,0% Keto-naphthol, 0,468% Keto-ester, 0,000%
4,Reaction of Benzoyl Chloride with Sodium 2-Naphthoxide

in Ethvlene Glycol Dimethyl Ether(l-f«1):

A duplicate of experiment 1 was carried out in l=-4-1,

VPC analyses of the products obtained are as follows:

Ester, 60,4% Keto-naphthol, 0,000%  Keto-ester, 0,000%
5.Reac of Be 1 loride with Sodium 2-Naphthoxide
in Bengzene:

A duplicate of experiment 1 was carried out using ben-

zene as the solvent, VPC analyses of the products obtained

are as follows:

Ester, 88,3% Keto=naphthol, 0,641% Keto-ester, 0,223%
" 82.5% " 0,638% " 0,113%
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6,Regction of Benzoyl Chloride with Sodium 2-Naphthoxide

in Te hydrofur HF ):

A duplicate of experiment 1 was ecarried out in THF., VPC
analysis of the products obtained is as follows:

Eater, 68.5% Keto-naphthol, 0,000% Keto-ester, 0,000%

7,Reaction of Benzoyl Bromide with Sodium 2-Naphthoxide

in Hexane:
A duplicate of experiment 2 was carried out except that
benzoyl bromide was used in place of benzoyl chloride, VPC

analysis of the products obtained is as follows:

Ester, 73.8% Keto=-naphthol, 2,23% Keto-ester, 0,085%
" 76,2% " 2,48% " 0.13%
8,R on of Benzoyl Bromide with Sodium 2-Naphthoxide

in Benzene:
A duplicate of experiment 5 was carried out using benzoyl

bromide as the acylating agent. VPC analyses of the products

obtained are as follows:

Ester, 85.0% Keto=-naphthol, 2,09% Keto-ester, 0,000%
9,Reaction of Benzoyl Bromide with Sodium 2=-Naphthoxide
in l-4-1:

A duplicate of experiment 4 was carried out using benzoyl
bromide as the acylating agent., VPC analyses of the products

obtained are as follows:

Ester, 68,9% Keto=-naphthol, 0,000% Keto~ester, 0,000%
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10,Reaction of Benzoyl Bromide with Sodium 2-Naphthoxide
in 2,2,2-Trifluoroethanol(TFE):

A duplicate of experiment 1 was carried out using ben=-
zoyl bromide as the acylating agent, VPC results are as fol=

lows:

Ester, 36,0% - Keto-naphthol, 0,036% Keto-ester, 0,101%

11,Reaction of Benzoyl Chloride with Lithium 2-Naphthoxide
in Bepzene:

The same procedure as had been employed for experiment 5
was utilized except that the lithium salt of 2-naphthol was
used in place of sodium 2-naphthoxide. VPC analyses of the
products obtained are as follows:

Ester, 83,6% Keto=-naphthol, 0,874% Keto=-ester, 1.45%
" 86,3% " 1.20% " 1.33%

12,Reaction of Benzoyl Chloride with Lichium 2-Naphthoxide
in Hexane:

A duplicate of experiment 11 was carried out except that
hexane was used as the solvent, VPC analyses of the products

obtained are as follows:

Ester, 82.4% Keto-naphthol, 0,482% Keto-ester, 3,52%

13,Reaction of Benzoyl Chloride with Lithium 2-Naphthoxide
in Tetrahydrofuran:
A duplicate of experiment 11 was carried out except that

tetrahydrofuran was used in place benzene. VPC analyses of
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the products obtained are as follows:

Ester, 86.7% Keto-naphthol, 0,000% Keto-ester, 0,000%

14,Reaction of Benzoyl Bromide with Lithium 2-Naphthoxide
in Benzene:

A duplicate of experiment 11 was carried out except that
benzoyl bromide was used as the acylating agent in place of
benzoyl chloride, VPC analyses of the products obtained are
as follows:

Ester, 84,0% Keto=naphthol, 1.23% Keto-ester, 3.41%
" 87.7% " 1.72% " 2,78%

15,Reaction of Benzoyl Bromide with Ljithium 2=Naphthoxide
in Hexane:
A duplicate of experiment 14 was carried out in hexane,

VPC analyses of the products obtained are as follows:

Ester, 84,1% Keto-naphthol, 0,166% Keto-ester, 4,95%
16,Reaction of Benzoyl Bromide with Lithium 2=Naphthoxide
in Tetrahydrofuran:

A duplicate of experiment 14 was carried out in tetra=-

hydrofuran., VPC analyses of the products obtained are as

follows:

Ester, 86,7% Keto-naphthol, 0,000% Keto-ester, 0,000%

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



«108~

Benzoyl Iodi.de.99 Dry, powdered sodium iodide, 30 g,, was
mixed with 30 g, of benzoyl chloride under anhydrous con=
ditions. The mixture was gradually warmed to 50° with occa=-
sional shaking. The temperature of the reaction mixture was
then raised to 70° for 3.5 hours, The red-brown liquid was
decanted off and distilled at 12 mm, and 110°, Yield, 14.4
ge (29%).

17,Reaction of Bengzovl lodide with Lithium 2-Naphthoxide
in Hexane:

A duplicate of experiment 15 was carried out except that
benzoyl iodide was used in place of benzoyl bromide. VPC
analyses of the products obtained are as follows:

Ester, 67.5% Keto-naphthol, 0,225% Keto-ester, 14,9%

18,Reaction of Benzoyl lodide with Lithium 2-Naphthoxide
in Benzene:

A duplicate of experiment 17 was carried out using ben-
zene as the solvent., VPC analyses of the products obtained

are as follows:

Ester, 77.8% Keto-naphthol, 0,216% Keto-ester, 12,8%

19, R of Benzo dide with Lithium 2-Naphthoxide
in_ Tetrahydrofuran:
A duplicate of experiment 17 was carried out using tetra-

hydrofuran as the solvent, VPC analyses of the products ob-
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tained are as follows:

Ester, 91,3% Keto=-naphthol, 0,000% Keto-ester,FO.OOO%

20,Reaction of Benzoyl Chloride with Lithium 2-Naphthoxide
in Water:

A duplicate of experiment 11 was carried out using water
as the solvent, VPC analyses of the products obtained are as

follows:

Ester, 51.7% Keto=naphthol, 0,127% Keto-ester, 0,000%

21,Reaction of Bengoyl Bromide with Lithium 2-Naphthoxide
in Water:
A duplicate of experiment 14 was carried out using water

as the solvent, VPC analyses of the products obtained are as

follows:

Ester, 46,4% Keto=-naphthol, 0,099% Keto-ester, 0,171%

22, Trans-esterification Control Experiment for the Reaction

of Sodjum 2-Naphthoxide with 2-Naphthyl Benzoate in Hexane:
Sodium 2-naphthoxide, 0,1918 g,(0,00115 mole), and 2,85
g.(0,0115 mole) of 2-naphthyl benzoate were suspended in 21
ml, of hexane(conc.=0,55M in ester). This suspension was
stirred under nitrogen at 25° for 20 hours, The solvent was
removed under reduced pressure and the residue was worked
up in the manner previously described in experiment 1, No

keto-naphthol or keto-ester(i,e, less than 0,01%) could be
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detected,

Control experiments were carried out for each naphthox-
jde salt(sodium and lithium) and every solvent wherein C-
acylation was obtained, In all instances, no trans-esteri-
fication(leading to C-acylation) occurred and the starting

ester was recovered essentially quantitatively,

2-Naphthyl 3.4,5-Trimethoxybenzoate. 3,4,5-Trimethoxyben-
zoyl chloride, 11.5 g.(0,05 mole), was dissolved in 100 ml,
of pyridine and the solution brought to reflux, To this was
added a solution of 10 g,(0,069 mole) of 2-naphthol in 25 ml.
of pyridine, The solution was refluxed for 1 hour and then
permitted to cool to room temperature, The reaction mixture
was then added to an ice-cold solution containing 100 ml,

of 5% sulfuric acid and 500 ml, of water, A white precipi-
tate was collected, washed well with water, leached with 25
ml, of ice=cold 2% sodium hydroxide solution and air drled.

This material was then recrystallized from ethanol., Yield,
6.3 g.(43%); m.p. 124-125°,

2-Naphthyl 4-Nitrobenzoate. To 20 g. of 4-nitrobenzoyl chlor-
ide dissolved in 200 ml, of pyridine was added, in a portion=-
wise manner, a solution of 20 g, of 2=-naphthol disébived in
50 ml, of pyridine. The solution was heated at reflux for 1
hour and then poured into a solution containing 150 ml, of

5% sulfuric acid and 1 liter of water, The preclpitate was
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collected, leached with 50 ml, of ice-cold 2% sodium hydrox-
ixde solution, washed well with water and recrystallized from

hexane:benzene to yield 14 g,(32%) of product which melted
100
at 168-169°; 1it.  , m.p. 169°,

1-(4'-N1trobeﬁggxl)-Z-naghtho . An intimate mixture of 39,8
g. of 2=naphthyl 4-nitrobenzoate and 23,66 g. of aluminum
chloride was heated in an oil bath at 120° for 2 hours, The
reaction mixture was permitted to cool to room temperature
and a solution containing 50 ml, of 6N hydrochloric acid
and 200 g. of ice was added to it, A bright yellow solid
was collected by suction filtration, triturated with water,
then with 5% sodium bicarbonate solution and finally with
water again., The solid was suspended in 400 ml, of acetone
and filtered to remove a small amount of insoluble material,
Hexane was added to the filtrate until it became turbid, It
was then permitted to cool in the refrigerator overnight,
This crude product was collected'by suction filtration and
recrystallized from acetone:hexane to give 4,03 g.(9%) of
product which melted at 187-1880; 11t.101, m, P. 186°,

Anal, Calcd. for CyyH,,NO4: C, 69,66; H, 3.76; N, 4,78,
Found: C, 69,723 H, 3.85; N, 4,56,

l=(4'=Nitrobenzoyl)=2=-naphthyl 4=-Nitrobenzoate. l=(4'«Nitro=-
benzoyl)=2-naphthol, 1,4 g,, was dissolved in 10 ml, of
pyridine, To this solution was added 0,8 g. of 4=-nitroben~

zoyl chloride and the mixture was heated at reflux for 1
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hour, After cooling, the solution was poured into 50 ml,
of ice-cold water, The precipitate was collected by suc-
tion filtration, triturated with 5% sodium bicarbonate sol- -
ution, washed with water and recrystallized from benzene to
give 1.2 g,(59%) of a material which melted at 218-2190.
This material exhibited no O-H bands in its infrared ab-

sorption spectrum,

Anal, Calcd., for Cy,H,,N,07: C, 65.16; H, 3,173 N, 6,34,
Found: C, 65.43; H, 3,373 N, 6,41,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



«113=-

23,Reaction of 4=Nitrobenzoyl Chloride with Lithium 2.
Naphthoxjde etrahydrofuran:

A duplicate of the experimental procedure employed in ex-
periment 1 was carried out in tetrahydrofuran except that 4=
nitrobenzoyl chloride was used as the acylating agent, After
the addition of the acid chloride was completed, the solution
was permitted to stir for 1/2 hour, The solvent was then
removed under reduced pressure and the residue suspended in
150 ml, of benzene, The benzene solution was extracted with
three 10 ml, portions of ice-cold 5% potassium hydroxide, The
benzene layer was washed with water until neutral and then
evaporated to dryness to yleld the neutral fraction,

The base extract was separated from the benzene layer and
neutralized with 6N hydrochloric acid, This mixture was then
extracted with five 10 ml, portions of chloroform, The chloro=-
form extract was washed successively with three 25 ml, por=-
tions of 5% sodium bicarbonate and then with water until neu-
tral, The chloroform was removed under reduced pressure to
glve the acidic product, Both the acidic and neutral fractions
were analyzed by VPC(vide supra) to give the following results:

Ester, 100% Keto=naphthol 0,64% Keto-ester, 0,00%

24 ,Reaction of 4-Nitrobenzoyl Chloride with Lithium 2=
Naphthoxid t drofur Us nverse Addition:
To 1,09 g,(0,00588 mole) of 4-nitrobenzoyl chloride dis-

solved in 9,63 ml, of tetrahydrofuran was slowly added a

Reproduced with permission of the copyright owner. Further reproduction prohibited without perm}é;sibn.



«114=-

solution of 0,8397 g.(0,00560 mole) of lithium 2-naphthox-
jde in 7.0 ml, of tetrahydrofuran, The reaction was per-
mitted to stir for 1/2 hour, See experiment 23 for work-up
procedure, VPC analyses of the products obtained gave the

following results:

Ester, 100% Keto-naphthol, 0,00% Keto-ester, 0,00%

25,Reaction of 4=-Nitrobenzoyl Chloride with Lithium 2-
Naphthoxide in Hexane Using Inverse Addition:

Aduplicate of experiment 24 was carried out in hexane
except that the lithium 2-naphthoxide was added as a solid
in a portionwise fashion to a suspension of the 4-nitro-
benzoyl chloride in hexane, VPC analyses of the products
obtained gave the following results:

Ester, 70,0% Keto=-naphthol, 0,00% Keto-ester, 11,7%

26,Reaction of 4-Nitrobenzoyl Chloride with Lithium 2-
Naphthoxide in Benzene Using Inverse Addition:
A duplicate of experiment 25 was carried out in benzene,

The VPC results are as follows:

Ester, 73,0% Keto-naphthol, 0,00% Keto-ester, 10,5%

27,Reaction of 4=-Nitrobenzoyl Chloride with Lithium 2«
N. de Benzene:

A duplicate of experiment 23 was carried out in benzene,
The VPC analyses of the products obtained are as follows:

Ester, 72,6% Ketoe-naphthol, 0.35% Keto-ester, 9,38%
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28,Reaction of 4-Nitrobenzoyl Chloride with Sodium 2=
Naph de etrahydrofuran Using Inverse Addition:

A duplicate of experiment 24 was carried out except that
sodium 2-naphthoxide was used in place of lithium 2-naphthox-
ide. The VPC analyses of the products obtained are as follows:

Ester, 100% Keto-naphthol, 0,00% Keto~-ester, 0,00%

29,Reaction of 4=Nitrobenzoyl Chloride with Sodium 2-Naph-
thoxide in Hexane Using Inverse Addition:

| A duplicate of experiment 25 was carried out except that
sodium 2-naphthoxide was used in place of lithium 2-naphthox=-
ide. The VPC analyses of the products obtained are as follows:

Ester, 89,0% Keto-naphthol, 0,00% Keto-ester, 2,53%

30,Reaction of 4=Nitrobenzoyl Chloride with Sodium 2-Naphthex-

ide_in Benzene Using Inverse Addition:
. A duplicate of experiment 28 was carried out in benzene,

The VPC analyses of the products obtained are as follows:

Ester, 91,.0% Keto=-naphthol, 0,00% Keto-ester, 2,12%
31,Regction of Lithium 2-Naphthoxide with 2=-Naphthyl 4=-Nitro=-

benzoate in Hexane:

Lithium 2-naphthoxide, 0,1315 g.(0,000877 mole), and 2,57
g.(0,00877 mole) of 2=naphthyl 4=nitrobenzoate were suspended
in 14.4 ml, of hexane and permitted to stir for 21,5 hours at
25°. The reaction was worked up in the usual manner, An ex-

change reaction was found to occur(as evidenced by the form-
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ation of keto-naphthol to the extent of 10,1%,

32,Reaction of Lithium 2-Naphthoxide with 2-Naphthyl 4-Nitro-
benzoate in Benzene:

Lithium 2-naphthoxide, 0.0915 g.(0,00061 mole), and 1.79
g.(0,0061 mole) ofv2-naphthy1 4enitrobenzoate were suspended
in 10 ml, of benzene and permitted to stir for 21,5 hours at
250. The reaction was worked up in the usual manner., An ex=-
change reaction was found to occur(as evidenced by the form=-

ation of keto-naphthol) to the extent of 25,2%,

33 .Reaction of Lithium 2-Naphthoxide with 2-Naphthyl 4-Nitro-
bengoate in Tetrahydrofuran:

Lithium 2-naphthoxide, 0,1248 g.(0,000832 mole), and 2,44
g.(0,00832 mole) of 2-naphthyl 4=-nitrobenzoate were suspended
in 8.82 ml, of tetrahydrofuran and permitted to stir for 22
hours at 250. The reaction was worked up in the usual manner,
An exchange reaction was found to occur(as evidenced by the

formation of keto=naphthol) to the extent of 28,8%.
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2-Naphthyl Anisate. To 12,46 2.(0.0730 mole) of anisoyl
chloride dissolved in 10 ml., of pyridine was added 9.8 g.
(0,068 mole) of 2-naphthol, The solution was heated on a
steam~bath for 10 minutes and then poured into an ice=-cold
solution containing 30 ml, of 5% sulfuric acid and 200 ml,
of water. A white precipitate was collected by suction fil-
tration, washed thoroughly with water, then with 5% sodium
bicarbonate solution and finally with water again, The pro-
duct was recrystallized from absolute ethanol, Yield: 18 g.

102
(95%). M.p. 114-114.5°; lit,  m.p. 113-114°,

l=Anisoyl=2-naphthol. An intimate mixture of 10 g. of 2-
naphthyl anisate and 10 g, of aluminum chloride was heated
in an oil bath at 180° for 2 hours. The reaction mixture
was permitted to cool to room temperature and a solution
containing 35 ml., of 6N hydrochloric acid and 100 g. of ice
was added to it. The resulting precipitate was collected
by suction filtration, leached with water, 5% sodium bi-
carbonate solution and finally with water again, This pre=-
cipitate was dissolved in 100 ml, of 5% sodium hydroxide
solution and a small amount of insoluble material was re=-
moved by filtration, The filtrate was neutralized with 6N
hydrochloric acid and the resulting preclpitate was ex-
tracted into 100 ml, of chloroform. The chloroform extract
was washed successively with three 10 ml, portions of 5%

sodium bicarbonate solution, then washed with water until
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neutral, The chloroform layer was dried over magnesium sul-
fate, The drying agent was removed by filtration and the fil=-
trate evaporated to dryness, The residue was recrystallized
three times from aqueous ethanol to give 1,52 g,(15%) of

pale yellow needles which melted at 1150; 11t.103 M, Pe
115-116°.

Anal, Calcd. for CygH,,03: C, 77.69; H, 5,03, Found: C,
77.39; H, 5.090

1-(4 'Methoxybenzoyl)=2-naphthyl 4-Methoxybenzoate. To 1 ml,
(0.0073 mole) of anisoyl chloride dissolved in 3 ml, of pyr-
idine was added 1 g,(0,0036 mole) of l-anisoyl-2-naphthol,
The solution was heated at reflux for 1 hour, cooled and
added to a solution containing 3 ml., of 5% sulfuric acid
and 20 ml, of an ice-water mixture, The resulting oil was
separated and dissolved in 150 ml, of benzene, The benzene
solution was washed with three 10 ml, portions of ice-cold
2% sodium hydroxide solution, then with water until neutral,
The benzene was removed under reduced pressure and the resi-
due recrystallized twice from benzene:ethanol to give 0.655
g. (44%) of a product which melted at 150.5-151.50. This ma-
terial exhibited no O=H bands in its infrared absorption

spectrum,

Anal, Calcd, for CygHooO5: C, 75.683 H, 4,86, Found: C,
75.633 H, 4,90,
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Anisoyl Bromi.de.9 Oxalyl bromide(Aldrich), 25 g,(0,116
mole), was dissolved in 50 ml, of benzene, To this was added
13,5 g.(0,077 mole) of sodium anisate in small portions, The
reaction mixture was then heated at reflux while stirring
for 24 hours. The resulting sodium bromide was removed by
filtration, The benzene was removed under reduced pressure
and the remaining liquid was distilled at 135°(10 mm.) to

give 13,83 g.(83%) of a colorless liquid, Lit.w4 183-186
(27 mm, )o

34,Re on of soyl Chloride with Sodium 2-Naphthoxide
in Hexane:

To a stirred suspension of 0,6224 g,(0,00371 mole) of
sodium 2-naphthoxide in 6,1 ml, of hexane was added, in a
dropwise fashion, 0.577 g.(0.00338 mole) of anisoyl chloride
dissolved in 7.0 ml, of hexane, The reaction was permitted
to stir for 1/2 hour at room temperature after the addition
of the acid chloride was completed, The solvent was removed
under reduced pressure and the residue suspended in 150 ml,
of benzene. This suspension was extracted successively with
three 10 ml, portions of ice-cold 5% sodium hydroxide solu-
tion, The benzene layer was then washed with water until neu-
tral and evaporated to dryness to give the neutral fraction,
The base-extract was neutralized with 6N hydrochloric acid
and successively extracted with five 10 ml, portions of

‘chloroform., The chloroform extract was washed with three
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25 ml portions of 5% sodium bicarbonate solution and then
with water until neutral, The chloroform was removed under
reduced pressure to give the acidic fraction, VPC analyses
of the acidic and neutral fractions were carried out accord-
ing to the procedure previously described(cf. VPC Analyses).

The following results were obtained:

Ester, 84,1% Keto-naphthol, 0,331% Keto=ester, 0,131%
35,Reaction of Anisoyl Chloride with Sodium 2=-Naphthoxide

in Benzene:
The same procedure as had been employed for experiment
34 wasvutilized except that benzene was used as the solvent
in place of hexane, The VPC analyses of the products ob-
tained are as follows:
Ester, 86.2% Keto=-naphthol, 0,874% Keto-ester, 0,513%
" 86.2% " 1.27% " 0,160%

36,Reaction of Anisoyl Chloride with Sodium 2-Naphthoxide

in Tetrahydrofuran:
A duplicate of experiment 34 was carried out using
tetrahydrofuran as the solvent. VPC analyses of the products

obtained are as follws:

Ester, 100% Keto-naphthol, 0,000% Keto-ester, 0,000%
37.Re on of sovl Chloride with Lithium 2-Naphthoxide

in Hexane:

A duplicate of experiment 34 was carried out except
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that lithium 2-naphthoxide was used in place of sodium 2-

naphthoxide, VPC analyses of the products obtained are as

follows:
Ester, 89,1% Keto=-naphthol, 0,127% Keto-ester, 3,21%
" 91.2% " 0.110% " 3.33%

38,Reaction of Anisoyl Chloride with Lithium_ 2=Naphthoxide

in Benzene:
A duplicate of experiment 35 was carried out except
that lithium 2-naphthoxide was used in place of sodium 2~

naphthoxide, VPC analyses of the products obtained are as

follows:
Ester, 84,1% Keto=-naphthol, 0,978% Keto-ester, 6,35%
" 89.7% " 1.23% " 8,08%

39,Reaction of Anisoyl Chloride with Lithium 2-Naphthoxide
in Tetrahydrofuran:

A duplicate of experiment 36 was carried out except
that lithium 2-naphthoxide was used in place of sodium 2-

naphthoxide. VPC analyses of the products obtained are as

follows:
Ester, 98,7% Keto~-naphthol, 0,00% Keto-ester, 0,00%
40,Reaction of Anisoyl Bromide with Sodium 2-Naphthoxide

in Hexane:
A duplicate of experiment 34 was carried out except
that anisoyl bromide was used as the acylating agent in

place of anisoyl chloride, VPC analyses of the products
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obtained are as follows:

Ester, 81.7% Keto~naphthol, 1,48% Keto-ester, 0,492%
41,Reaction of Anisoyl Bromide with Sodium_ 2-Naphthoxide

in Benzene:
A duplicate of experiment 40 was carried out in benzene,
VPC analyses of the products obtained are as follows:

Ester, 80,6% Keto=-naphthol, 1,07% Keto-ester, 1,16%

42,Reaction of Anisoyl Bromide with Sodium 2-Naphthoxide

in Tetxrahydrofuran:
A duplicate of experiment 40 was carried out in tetra-
hydrofuran. VPC analyses of the products are as follows:

Ester, 100% Keto-naphthol, 0,000% Keto-ester, 0,00%

43,Reaction of Anisoyl Bromide with Lithium 2=-Naphthoxide

in Hexane:

A duplicate of experiment 40 was carried out except
that lithium 2-naphthoxide was used in place of sodium 2-
naphthoxide, VPC analyses of the products are as follows:
Ester, 80,6% Keto=-naphthol, 0,041% Keto=ester, 3,61%
44 ,Reaction of soyl Bromide with Lithium 2-Naphthoxide
in Benzene:

A duplicate of experiment 43 was carried out in benzene,

VPC analyses of the products are as follows:
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Ester, 81.8% Keto-naphthol, 0,087% Keto-ester, 2,90%
" 75.4% " 0.058% " 2,65%

45,Reaction of Anisoyl Bromide with Lithium 2-Naphthoxide
in Tetrahydrofuran:

A duplicate of experiment 43 was carried out in tetra=-
hydrofuran. VPC analyses of the products obtained are as

follows:

Ester, 97.7% Keto=naphthol, 0,00% Keto~ester, 0,00%

46,Reaction of Anisoyl Bromide with 2-Naphthol in Benzene:
To a solution of 0.699 g,(0,00479 mole) of 2-naphthcli
dissolved in 7.8 ml, of benzene was added 0,218 g,(0,00218
mole) of calcium carbonate, To this stirred mixture was
added 0,9375 g,(0,00436 mole) of anisoyl bromide. The re-
action was permitted to stir for 1 hour, The calcium car=-
bonate was then removed by filtration and the filtrate was
worked up in the manner previously described in experiment

34, Only 2-naphthol was recovered, No ester, keto-naphthol

or keto-ester was found,

47,Trans-esterification Control Experiment for the Reaction
of Sodium and Lithium 2-Naphthoxide with 2-Nsphthyl Anisate:

A duplicate of experiment 22 using 2e-naphthyl anisate
in place of 2-naphthyl benzoate was carried out for each

naphthoxide salt(sodium and lithium) and every solvent where-
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in C-acylation was obtained, In all instances, no trans-
esterification(leading to C-acylation) occurred and the

starting ester was recovered essentially quantitatively,

48, ,Heterogeneity Experiment in Pentane:

A 500 ml, round-bottom flask was equipped with a 1 ft,
Vigreux column on top of which was mounted a Sohxlet ex-
tractor, In the cup of the extractor was placed 2,068l g.
(0,0138 mole) of lithium 2-naphthoxide. In the flask was
placed 2,69 g.(0,0145 mole) of benzoyl bromide dissolved
in 250 ml, of pentane, The flask was heated at reflux for
138.5 hours, In this manner, only lithium 2-naphthoxide
‘which dissolved in the pentane(i.e. homogeneous reaction)
would be available to react with the benzoyl bromide in
thé flask, The amount of naphthoxide in the Sohxlet cup
did not appear to diminish during the reflux period. At
the end of the reflux period, the pentane solution was
worked up in the manner described in experiment 1, The
lithium 2-naphthoxide remaining in the Sohxlet cup was sub-
jected to a gravimetric bromide determinationlos(i.e. AgNO3)
to determine the amount of benzoyl bromide which was carried
up past the fractionating column to the Sohxlet cup. Yield
of AgBr, 6,6%. VPC analyses of the products obtained from
the work-up of the pentane solution are as follows:

Ester, 6.62% Keto-naphthol, 0,00% Keto-ester, 0,102%
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49,Heterogeneity Experiment in Benzene:

A duplicate of experiment 48 was carried out in ben-
zene, In place of the Vigreux column, a vacuum-jacketed
packed column(glass helices, 1/8" 1.D,) was used. Total
reflux time was 232 hours, A quantitative gravimetric bromide
determinationlo5 on the naphthoxide remaining in the Sohxlet
cup yielded 15.7% AgBr. VPC analyses of the products obtained
from the work-up of the benzene solution are as follows:

Ester, 29.2% Keto=-naphthol, 0,00% Keto-ester, 0,203%

50,Solubility of Sodium 2-Naphthoxide in Nitrobenzene:Hexane
Solution:

To 0,9161 g.(0,00552 mole) of sodium 2-naphthoxide sus-
pended in 9,0 ml, of hexane was added 0,616 g,(0,00502 mole)
of nitrobenzene dissolved in 7,0 ml, of hexane, The mixture
was stirred at room temperature for 2 hours, then filtered
and the filtrate evaporated to dryness under reduced pres=-
sure, No sodium 2-naphthoxide was found in this filtrate as

evidenced by the zero titer obtained from a titration with
0.1N hydrochloric acid,

51,S0lubility of Lithium 2-Naphthoxide in Nitrobenzene:
Hexane Solution:

A duplicate of experiment 50 was carried out using
l1ithium 2-naphthoxide in place of sodium 2-naphthoxide, The
salt did not dissolve in the nitrobenzene:hexane solution as
evidehced by the zero titer obtained from a titration of

the filtered solution with 0,1N hydrochloric acid,
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52,Competition of Anisoyl Bromide and Benzoyl Bromide for
Lithium 2-Naphthoxide in Hexane:

To a stirred suspension of 0,869 g.(0,00579 mole) of
lithium 2-naphthoxide in 9.5 ml, of hexane was added, at
one time, a solution of 1,2439 g,(0,00579 mole) of anisoyl
bromide and 1,072 g.(0,00579 mole) of benzoyl bromide in
10 ml, of hexane., The reaction was permitted to stir for
1/2 hour at room temperature, The reaction mixture was work=
ed up in the manner previously described in experiment 1,
Only the neutral fraction was analyzed for 2-naphthyl ben=-
zoate and 2-napthyl anisate, VPC analysis was conducted
at a temperature of 235o and at a flow rate of 30 ml,/min,
A known mixture of 2-naphthyl anisate and 2-naphthyl ben=
zoate was chromatographed and the ratio of the areas of the
peaks for the two esters determined. From the ratio of the
of the area of the peaks for the esters obtained from the
experiment, it is possible to determine the relative amounts
of anisate and benzoate ester present, A sample calculation

is presented as follows:

Exp. Mole Ratio = (Known Mole Ratio) (Fxp, Area Ratio)
Known Area Ratilo

(The Ratlo is always taken as benzoate/anisate)

Exp, Mole Ratio = 50,772;§1,852 = 2,00
2-Naphthyl Benzoate = 2,00
-Naphthyl Anisate
This Mole Ratio was then corrected for the percentage of

carbon acylation which contributes to the rate of reaction,
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Corrected Relative Rate = Benzoate + % C=~acylation
Anisate + % C~acylation

= 2,00 + 0,12 = 2,02
1. + 0, 1.00
These results are tabulated at the end of this series

of competition reactions,

53,Competition of Anisoyl Chloride and Benzovl Bromide for
Lithium 2-Naphthoxide_ in Hexane:

A duplicate of experiment 52 was carried out for the com-
petition reaction of 1 equiv, of anisoyl chloride with 3
equiv, of benzoyl bromide for 1 equiv, of lithium 2~-naph-
thoxide, VPC analysis of the esters obtained is as follows:

Relative Molar Ratio:

2-Naphthvl Benzoate = 3,84
2-Naphthyl Anisate

54,Competition of Anisoyl Chloride and Benzoyl Bromide for
Lithium 2-Naphthoxide in Hexane:

A duplicate of experiment 52 was carried out for the
competition reaction of anisoyl chloride(3equiv.) with ben-
.zoyl bromide(l equiv,) for 1 equiv, of lithium 2-naphthoxide,

VPC analysis of the esters obtained is as follows:

Relative Molar Ratio:

2-Naphthyvl Benzoate = 4,14
2-Naphthyl Anisate

55 ition of Aniso loxride d Benzoyl Bromide for
Lithjum 2-Naphthoxide in Hexane:
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A duplicate of experiment 52 was carried out for the
competition reaction of anisoyl chloride(l equiv.) with
benzoyl bromide(l equiv,) for lithium 2-naphthoxide(l equiv.).
VPC analysis of the esters obtained is as follows:

Relative Molar Ratio:

2-Naphthyl Benzoate = 3,64
2-Naphthyl Anisate

56,Competition of Anisoyl Bromide and Benzoyl Chloride for
Lithium 2-Naphthoxide in Hexane:

A duplicate of experiment 52 was carried out for the
competition reaction of anisoyl bromide(1l equiv,) with benzoyl
chloride(l equiv,) for lithium 2-naphthoxide(l equiv,). VPC
analysis of the esters obtained is as follws:

Relative Molar Ratio:

2=-Naphthyl Benzoate = 0,95
-Naphthyl Anisate

57,Competition of Anisoyl Chloride and Benzoyl Chloride for
Lithium 2-Naphthoxide in Hexane:

A duplicate of experiment 52 was carried out for the
competition reaction of anisoyl chloride(l equiv.) with ben-
zoyl chloride(l equiv,) for lithium 2-naphthoxide(l equiv,).
VPC analysis c¢f the esters obtained is as follows:

Relative Molar Ratio:

2-Naphthyl Benzoate = 1,59
-Naphthyl Anlsate
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58,Competition of Benzoyl Chloride with 4=Nitrobenzoyl
Chloride for Lithium 2-Naphthoxide in Hexane:

A duplicate of experiment 52 was carried out for the
competition reaction of benzoyl chloride(50 equiv,) with
4-nitrobenzoyl chloride(5 equiv,) for lithium 2-naphthoxide

(1 equiv,).VPC analysis of the esters obtained is as follows:

Relative Molar Ratio:

2=Naphthyl Benzoate = 0,023
=Naphthyl &4=Nitrobenzoate

59,Competition of Benzoyl Bromide with Anisoyl Bromide for

Sodium 2=Naphthoxide in Hexane:
A duplicate of experiment 52 was carried out using sod-

jum 2-naphthoxide in place of lithium 2-naphthoxide, VPC
analysis of the esters obtained is as follows:

Relative Molar Ratio:

2«Naphthyl Benzoate = 1,34
Z-Naphthyl Anisate

60,Competition of Benzoyl Bromjde with Anisoyl Chloride for
Sodium 2-Naphthoxide in Hexane:

A duplicate of experiment 55 was carried out except
that sodium 2-naphthoxide was used in place of lithium 2-

naphthoxide, VPC analysis of the esters obtained is as

follows:

Relative Molar Ratio:

2-Naphthyl Benzoate = 1,63
-Naphthyl Anisate
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61,Competition of Benzoyl Chloride with Anisoyl Chloride
for Sodium 2-Naphthoxide in Hexane:

A duplicate of experiment 57 was carried out except that
sodium 2-naphthoxide was used in place of lithium 2-naph-

thoxide, VPC analysis of the esters obtained is as follows:

Relative Molar Ratio:

2-Naphthyvl Benzoate = 1,24
2-Naphthyl Anisate

62, Competition of Benzoyl Chloride with Anisoyl Bromide

for Sodium_ 2-Naphthoxide in Hexane:

A duplicate of experiment 56 was carried out except that
sodium 2-naphthoxide was used in place of lithium 2-naphthox-
ide, VPC analysis of the esters obtained 1is as follows:

Relative Molar Ratio:

2-Naphthyl Benzoate = 1,04
Z-Naphthyl Anisate

63,Competition of Benzoyl Chloride with 4-Nitrobenzoyl

Chloride for Sodium 2-Naphthoxide in Hexane:

A duplicate of experiment 58 was carried out for the
competition reaction of benzoyl chloride(20 equiv,) with
4-nitrobenzoyl chloride(2 equiv.) for sodium 2-naphthoxide

(1 equiv,). VPC analysis of the esters obtained is as fol-

lows:

Relative Molar Ratio:

2-Naphthyl Benzoate = 0,127
-Naphthyl 4=-Nitrobenzoate
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Calculation of the Relative Rates of Reaction of Acyl
Halides with Lithium 2-Naphthoxide in Hexane:

Relative Molar Ratios

Experimentally Determined Corrected®
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Relative Rates
BzCl = 1,00

b Lof
BzBr = 2,30 , 2,24
AnsCl = 0,62

b c
AnsBr = 1,14 , 1,11

p-NO,BzCl = 48,7

a,Corrected for the percentage of C-acylate formed; b.Cal-
culated from BzBr/AnsCl divided by BzCl/AnsCl; c,Calculated
from BzBr/AnsBr divided by BzCl/AnsBr,
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Calculation of the Relative Rates of Reactions of Acyl

Halides with Sodium 2-Naphthoxide in Hexane:

Relative Molar Ratios

Experimentally Determined Correcteda
BzBr 1,37 1,38
AnsBr I.UG 1.“6
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Relative Rates

BzClL = 1,00

b c
BzBr = 1,33 , 1,30
AnsCl = 0,78

b c
AnsBr = 0,96 , 0,9
R-NOZBZC]. = 8. 03

a.Corrected for the percentage of C-acylate formed; b,Cal-
culated from BzBr/AnsCl divided by BzCl/AnsCl; c,Calculated
from BzBr/AnsBr divided by BzCl/AnsBr,
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Calculation of Partial Relative Rates of C= & O=Acylation:
Definitions:

C = partial relative rate of keto-naphthol and keto-ester

formation,
O = partial relative rate of ester formation.

OC = partial relative rate of keto-ester formation,

Processes contributing to the rate of BzCl reaction may be
written as follows:
BzCl = Cy + 07 + 0Cy
Likewise, for BzBr:
BzBr = Cy + 09 + 0Cy
Let 01/01= Al, C1/OC1= Bl and set Cy = 1,00
Let Cy/05= Ay, Cy/OCy= By

Substituting and solving for Cy we get

Once Cp is known, O, and OCy may also be calculated, In this
manner, the partial relative rates for the reaction of sod-
jum and lithium 2-naphthoxides with acyl halides may be

calculated, The results of these calculations are shown in

Table XXV1I.
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64,Reaction of Lithium 2-Naphthoxide with Phenyl Benzoate
in Refluxing Benzene:

Lithium 2-naphthoxide, 0,6043 g,(0,00403 mole), and
0.797 g.(0.00403 mole) of phenyl benzoate in 7.32 ml, of
benzene was refluxed, while stirring, for 43 hours, The
solvent was removed and the residue worked up in the manner
described in experiment 1, Analysis of the products ob-
tained gave the following results:

2-naphthyl benzoate, 17.2%
A duplicate of the above experiment was run for 71 hours,

The yield of 2-naphthyl benzoate was 18,5%.

65,Reaction of 2-Naphthyl 4-Nitrobenzoate with 4-Nitroben=-

zoyl Chloride in Hexane:

To 1,000 g,(0,00341 mole) of 2-naphthyl 4-nitrobenzoate
dissolved in 5.6 ml, of hexane was added 0,633 g,(0,00341
mole) of 4-nitrobenzoyl chloride, The reaction mixture was
stirred at room temperature for 1/2 hour, See experiment
23 for worke-up procedure, The starting ester was quanti-

tatively recovered, No C-acylated product(keto~ester) was

found,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



«135«

1-Bromo=-2-methoxynaphthalene. (a)To a stirred solution of
30 g.(0.19 mole) of 2-naphthylmethyl ether(Eastman) in 125
ml, of glacial acetic acid was added, in a dropwlse fashion,
30.3 £.(0.19 mole) of bromine., Addition took 30 minutes,
The solution was then poured into 300 ml, of an ice-water
mixture, A white precipitate was collected by suction fil-
tration and then fractionally distilled at 122-1240(0.24
mm,). Yield, 22 g.(49%). M.p. 84.50; lit.106 m.p. 85°.
(b)To a solution of 0,669 g,(0,003 mole) of l-bromo=-
2-naphthol(M,C & B) in 4 ml, of 5% sodium hydroxide solu-
tion was added 0,378 g.(0.003 mole) of dimethyl sulfate,
The solution was heated in an oil bath at 100O for 1 hour,
then cooled in an ice=bath and the resulting crystals were
collected by suction filtration., The product was success-
ively washed with two 10 ml, portions of 5% sodium hydrox-
ide, then washed thoroughy with water and dried on the fil-

ter. This material was recrystallized from absolute ethanol

to give 0,459 g,(63%). M.p. 85°; lit.106 m.p. 85°. A mixed

m.p. with the product of reaction (a) was undepressed,

l1-Cyano-2-methoxynaphthalene, An intimate mixture of 10 g.
(0.0422 mole) of l=bromo-2-methoxynaphthalene and 6.6 g, of
cuprous cyanide was heated for 1 hour in an oil bath at 2400.
The hot dark brown melt was then poured into a mortar and
permitted to cool, The solidified product was then pulver=-
ized and the resulting brown powder was leached with a warm

solution containing 30 ml. of concentrated ammonia in 100 ml,
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of water. The insoluble material remaining was dissolved

in 50 ml, of ethyl acetate, filtered and the filtrate evap=-
orated to dryness, The residue was sublimed at 1450(0.3 mm., ).
Yield, 3,08 g.(40%). M.p. 93.5-94.50; li.t.107 m,P. 940.

1 -Benzoyl=2-methoxynaphthalene, A solution of 1.8 g,(0,0105
mole) of l=-cyano-2-methoxynaphthalene in 8 ml, of benzene
was slowly added to a gently refluxing ethereal solution

(8 ml,) of phenyl magnesium bromide prepared from 1.56 ml.
(0.0148 mole) of bromobenzene and 0,36 g,(0,0148 mole) of
magnesium, The mixture was refluxed for 1 hour after the
addition was completed, cooled and poured into a stirred
mixture of ice and 50 ml., of 10 % sulfuric acid, The ben=-
zene and ether were removed by distillation and the aqueous
solution was heated at reflux for 3 hours, The cooled solu-
tion was extracted with three 25 ml, portions of ethyl ether,
The ether extract was evaporated to dryness on the steam~

bath and the residue twice recyrstallized from ligroin,
Yield, 0.80 g.(29%). M.p. 125°; 111:.108 m. pP. 1250.
l-Bengoyl-2-methoxynaphthalene. To a solution of 0.744 g.
(0.003 mole) of l-benzoyl-2-naphthol(synthesized via a Fries
rearrangement; vide supra) in 4 ml, of 5% sodium hydroxide
was added 0,378 g,.(0,003 mole) of dimethyl sulfate, The solu-
tion was heated in an oil bath at 95° for 1 hour, then cooled

in an ice-bath and the resulting crystals were collected by
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suction filtration. The product was washed successively with
two 10 ml, portions of 5% sodium hydroxide, then thoroughly
washed with water and dried, This material was recrystallized
from ligroin to give 0,399 g.(51%). M.p. 124-50. A mixed
melting point with the l-benzoyl-2-methoxynaphthalene pre-
pared by the reaction of phenyl magnesium bromide on 1-
cyano=-2=-methoxynaphthalene(vide supra) was undepressed, The

infrared spectra of the two materials were also identical.

Benzoxazole Ether of 1-Bromo-Z-hxdroxxgaphthalene}09 1=-Bromo-
2-hydroxynaphthalene, 10 g.(0,0448 mole), 6.87 g. (0,0448
mole) of 2=-chlorobenzoxazole(Eastman) and 11,85 g, (0,0856
mole) of potassium carbonate were suspended in 100 ml, of
acetone and heated at reflux, while stirring, for 24 hours,
The reaction mixture was permitted to cool to room tempera-
ture, filtered and the filtrate was chilled in an ice=-bath,
The white crystalline material which formed was collected

by suction filtration. Yield, 12 g.(79%). M.p. 142-143°,

Hydrogenation of the Benzoxazole Ether of 1-Bromo-2-hydroxy-

naphthglene,{og The ether, 5 g,(0,0147 mole), was dissolved
in 50 ml, of THF and hydrogenated(Pd/C, 10%) in a Parr hy-
drogenator for 48 hours, The catalyst was filtered off and
the filtrate was evaporated to dryness, The olly residue

was dissolved in 25 ml, of benzene, The benzene solution was
washed successively with three 10 ml, portions of 5% sodium

hydroxide, then with water until neutral and finally dried
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over magnesium sulfate, The benzene was removed by dis-
tillation and the remaining oily residue was fractionally
distilled at 148°(20 mm.). Yield, 0,50 g.(16%). The infrared

spectrum of the product was identical with that of an authen-~

tic sample of l-bromonaphthalene,
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SUMMARY

Sodium and lithium 2-naphthoxide have been acylated
in a varlety of solvents with benzoyl chloride, benzoyl
bromide, benzoyl iodide, p-nitrobenzoyl chloride, anisoyl
chloride and anisoyl bromide. Acylation occurs at both
carbon and oxygen, This is the first report of attack at
carbon by a base-catalyzed acylation reaction on 2-naph-
thoxide anion. In hexane and benzene, the reaction has
been shown to take place on the crystal surface,

Two likely mechanisms for this bimolecular acylation
reaction have been considered: A concerted displacement
and an addition-elimination mechanism, Analysis of solvent
effects, leaving group effects, metal cation effects, para=-
substituent effects, relative rates of reaction and partial

relative rates of reaction of the acyl halide 1is offered

in support of the concerted displacement mechanism,
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