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I. 'INTRODUCTION .

Heterocyclic compounds are prevalent in all biological

systems and are essential to the maintenance of life. The

synthesis of natural products is continuously pursued to

~ make available large enough quantities to be used in medicinal

research. The functionalization of available starting mater-

ials provides an approach to a synthetic plan in which

methylheteroaromatics offer a simple keystone. At present

the use of sodium hydride_for the introduction of appropriate

building blocks onto a side-chain in heteroaromatics does

not appear to have been studied. In this connection the

acylation of a series of methylheteroaromatics was studied

using sodium hydride in dimethoxyethane (DME). The use of

multiple anions of methylheteroaromatics was also investigated

in several model systems. These methods offer a convenient

means of drug design in a variety of different heterocycles

of medicinal importance.
”



‘ ll;2_EISTORICAL ·

Heteroaromatics are cyclic compounds that contain a

substantial amount of electron delocalization and bear an

atom other than carbon in their periphery. Through the

_ · inductive and resonance effects, this heteroatom may create

perturbations in the ring current which in turn may cause a

deficiency of electron density at the u and X positions.

The importance of such effects often manifests itself in the S
reactivity of an alkyl side chain. Thus, ifja methyl group

V

is present at either the « or_¥ site it will show a marked

increase in acidity when compared to a methyl group on a

benzene ring. For this reason such a side chain is termed

"active". The activity of the side chain can be demonstrated

in two major ways. Exchange of a hydrogen atom for an iso-

tope —— isotopic exchange, and exchange of a hydrogen atom

for a metal atom ——·metalation. >

A. Isotopic Exchange Reactions

An active methyl group will exchange protons for

deuterium at a rate proportional to the acidity of its carbon-

hydrogen bonds. The relative rates of hydrogen-deuterium

exchange cf the isomeric picolines Q2), Q2), and (Q) have been

CHS(Tt 3
Ü Ü\N XNCHS.L

.2.
‘

.3
„ 2 S
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found to be l, 46, and l64, respectively.l The kinetic data

clearly demonstrate that methyl groups u or X to a ring nitro-

gen are acidic. The difference in acidity of 2-and 4—picoline ·

has been eiplainedg in terms of the ground state energies of

their conjugate bases. The anion of 2-picoline (4) is more
A

energetic and less stable than the anion of 4—picoline due to

a steric effect caused by the repulsion of electron pairs as

indicated by_Q. ·
( 4

-

‘N cs,
‘*—¥

if
V (

5-lt
is interesting to speculate whether this reactivity

of a methyl group is caused predominantly by the inductive

effect of the heteroatom or by the resonance delocalization

of the resulting formal negative charge on the carbanion. No

doubt the facility of ionization is not entirely attributable

to either effect. In a carbanion such as 4, the charge

should reside predominantly on the most electronegative atom,

which is nitrogen. This ion will be stabilized further by

how much its basicity can be reduced. This can be accomplished

to the extent that the charge can be delocalized onto other

heteroatoms or into other rings. Thus when discussing the

reactivity of a methyl group, it is necessary to consider
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both the number and kinds of heteroatoms present and the

relative charge capacity of any fused rings. The kinetic

acidity of benzazoles (Q) has been shown; on the basis of base—‘

catalyzed isotopic exchange to be dependent upon the number

and kinds of heteroatoms in the following manner: ‘ _ 9

Qgyc.,
9 .6;

-
9

gg —log k5Oo _
Se l.66

0 _ '2.lO

S „ _ 2.40

CH-'“'-ICH
·

4.27

N....CH5 In 9 5,gO

The relative rates of hydrogen—deuterium exchange at the

methyl group are decreased in the order of Se>O>S>CH==CH>N;—CH;.

In relation to the absence of a second heteroatom, Se, O, and
S have an aetivating effect while N>—CH5 has a deactivating

effect. Since each unit represents a power of ten, 2—methyl—

benzoxazole (6J X=O) is an acid stronger than quinaldine

(6, X=CH=CH) by„a factor of greater than one hundred. The

rate constant for exchange of the methyl hydrogen atoms of

quinaldine {Q, X=CH=CH) in O.l§ potassium ethoxide—ethanol~g_
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‘

at 120O and 0.02§ potassium perdeuterioamide in ammonia—d5

at -50Q is 10”4 sec_l per hydregen atom. This rate ef exchange

can be followed by proton magnetic resonance. The disappear—

_ ance in the intensity of the CH; peak may easily be monitored

with timeq. These results reflect what might have been

expected. Since amide is a much.stronger base than ethoxide

much less forcing conditions are required for it to achieve

an equivalent exchange rate. Quinaldine will also undergo

exchange in ethanol—d without a basic catalyst (other than

itself). At 1100 somewhat less than one hydrogen atom will

exchangeö over a period ef 106 hr.' The values fer the rate

·
of isotopic exchange of the CH; hydregen atoms of quinaldine

in ND5, deuteroethanel, and base catalysed (1§ CQHEOK)

deuteroethanel at 1200 are 8Xl0_8, 2X10_6, and 5Xl0”5 sec”l,

respectively. These results de not reflect what might have

been expected. ln hydrocarbon systems exchange rates are

normally forty to sixty times faster in liquid ammonia than

in ethanel because ammonia is a strenger base. However, in

.this case ethanol appears te cause an unusual increase in the

rate of exchange of the methyl hydrogens. To explain this

peculiar inverse ratio of rates for quinaldine in protic and

pretophilic solvents, we must recall that the rate ef exchange

will be significantly affected by parameters such as dielec—

tric censtant and polarity of the selvent, and changes upon

the substrate by the solvent. Some molecules are extremely

sensitive to moderate changes in selvent polarity and hydrogen
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bonding. For example, the fluorescence intensity of quino-

line in solvents such as benzene, ethanol, and water is

enhanced in the ratio of 1:50:1000, respectively6. Thus,

as the proton donor ability of the solvent increases so does

I the fluorescence intensity. This is presumably caused by.

the increased hydrogen bonding of solvent with the lone

electron pair on the nitrogen atom. This suggests that a
T

specific hydrogen bonded complex between the solute and sol-

vent is forming such as Z, This concept was used by Gragerov7

Tl
e

to explain the inverse relative rates of hydrogen-deuterium

exchange for quinaldine in ethanol and ammonia. lf ethanol

were to form an intermolecular hydrogen bond with quinaldine

and this bond created a decrease of electron density about

the nitrogen atom, this corresponding electron deficiency

should increase the acidity of the o<-methyl group. For
T

this reason exchange occurs faster in ethanol than in ammonia.
lt is well known that for similar heteroaromatic systems in

which the ring nitrogen is quaternized, an d or X methyl

group becomes much more acidic than otherwise. In a
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comparative study of two such systems, a quaternary ammonium

salt of quinaldine displayed considerably greater acidity

than quinaldine itself. While the rate constant for hydrogen-

deuterium exchange for quinaldine was small (kl5Oo = 5.6 X
l0”5

sec—l), the quaternary ammonium salt of quinaldine exchanged

80% of all of the hydrogens in the methyl group in 8 min at

180. The basic catalyst in both reactions was triethylamine7.

Thus, the activity of the methyl group is extremely sensitive

to the valence state of the ring nitrogen and therefore, is

not only dependent upon the ionizing base strength, the l

number and kinds of heteroatoms, rings, and substituents, but

also, and maybe most importantly, upon molecular complexes

and ion-pairs that can form during a reaction.

B. Metalation Reactions '

lt appears for the most part that a direct comparison

can be drawn between deuterium exchange and metalation in

alkylated heteroaromatics. It has been shown by partial rate

factors for ring positions in alkylbenzenes that the extent

of deuterium exchange is very similar to the extent of metal-

ationg. When metalation occurs to form carbanions in

conjugation to an aromatic ring, an intensely colored

solution is produced. Russian workersg have recorded the

visible absorption maxima for a number of these anions (Table

IL These spectra were recorded in liquid ammonia with

potassium amide as the metalating agent. The table reveals
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that an increase in the number of conjugated rings leads to V

a bathochromic shift in the absorption maximum of the anion.

V l. With Alkali Metal Amides
I

Alkalimetal amides are such strong bases that 0%; p-,

and X-methylheteroaromatics can all be metalated. For example,

even. p-pdcoline (Q) undergoes side-chain metalation with ·

potassium amide in liquid ammonia in reasonable yield.lO How-

ever, if alkyl side chains are present in both the @—and

X-positions, the latter site is metalated preferentially.ll

If more than one heteroatom is present, the reaction is

facilitated. 2,6-Dimethylpyrazine is readily metalated at
I

one site by sodamide-liquid ammonia in excellent yield.l2

If the valence state of a ring nitrogen is increased as with

the introduction of an N-oxide function, then the activity of

a methyl group is greatly enhanced. 5-Methylpyridazine-l-

oxide has been metalated with sodamide in liquid ammonia.l;

Hauserlq has shown that 4,6-dimethyl and 4,6-dimethyl-5-

phenylpyrimidine are metalated with one equivalent of potas-

sium amide selectively at one equivalent site. Analogues

with fused rings behave in a similar manner. Quinaldine has

been metalated with potassium amide in liquid ammonia.l5 ·

Bergstromlö has shown that not only mono side-chain

metalation can be accomplished, but that dimetalation is V

also possible at each of two alkyl side chains. 2,5-Di-

methylquinoxaline §_forms a dianion with two equivalents of
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‘

potassium amide in liquid ammonia.

1-+*-**9
@NÜ““3 QKNÜM

i
l

N, CH3 N, CH2

ii - T

H .

N -

N CH,(EKH
. 3.

There have been reports that dimethylquinoxaline (Q) exists

to some degree in a tautomerized form Q, ¢K—picoline exists

with such an exocyolic double bond in only one part in lOll.

Due to such possible conjugated exocyolic double bonds it was

thought that Diels-Alder products might be formed and this

·species could thus be trapped. The early literature reports

the isolation of such cycloaddition products.l8 Recently, how-

ever, these results have been taken under closer scrutinyl9’2O

and it is now believed that they are actually charge transfer

complexes. Taking advantage of the acidity of an cx-alkyl

group in methylheteroaromatics of structure lg, Bradshergl

was able to demonstrate that with two equivalents of sodamide
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M

in liquid ammonia such an oxime readily forms a dianion_ll

which can be alkylated and subsequently cyclized in acid to
M

form acridizinium salts (lg).
M ‘

· IÜIOH NO'-
‘CH CH

/
——————-> I\

IO _l I

MWV

+ CH/ N \6-——~—————— II \ I / \ /
R R

E
M

2. With Organometallic Reagents

Organometallic reagents containing alkali metal —

carbon bonds are extremely strong bases and have found exten-

sive utility in the metalation of methylheteroaromatics.22
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The action of phenyllithium on 2—methylpyridine (li) and

2-methylquinoline has recently been studied.25 Metalation

with such a reagent can lead to two possible courses of events.

Either lateral metalation of the side chain (lg) or nucleo—

philic addition across the azomethine linkage (li) can occur.

Ü Ü ·\
‘ ’ Li CGHB

E.
2

li lä
‘ In an effort to determine a quantitative estimate cf each

type of product formed, the methyl heterocycle was treated

with one equivalent of phenyllithium and the reaction mixture

hydrolyzed. The amount of benzene formed was a negative

index of the amount of azomethine addition product. The

reaction mixture was also hydrolyzed with tritiated water and

this procedure gave an estimate of the quantity of lateral

metalation. The results indicate that quinaldine and .

«x—pico1ine Qlä) afford side—chain metalation products lg in

greater than 90% yield. In other reportsga, however, the

N-lithio derivative of 1,2—dihydroquina1dine has been repcrted

to form when quinaldine is added to phenyllithium.

In an investigation of dimethylpyrazines and their

reactions with organolithium reagentsgß, it was demonstrated

that severe competition between ring alkylation (or arylation)
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and side-chain metalation is prevalent. The metalation of

2,5—dimethy1pyrazine with methyllithium gave trimethylpyra-

zine in 31% yield together with 4.5% of tetramethylpyrazine,

and 18% of recovered starting material. It is evident from

these results that when two heteroatoms are present even _

dialkylation of the ring is possible. ~Micetich26 has re-

ported the lithiation of a variety of methylsubstituted hetero-

aromatics. In an attempt to prepare semisynthetic penicillins

he has metalated substituted isoxazoles, isothiazoles, pyra-

zoles, oxadiazoles, and thiadiazoles using n-butyllithium.

Here again both lateral metalation and addition to the ring

I can occur, but in one instance ring cleavage was demonstrated-

3,5-Dimethylisoxazole {IQ) illustrates the great synthetic

utility of such a metalation reaction (Scheme I). 3,5-Di-

methylisothiazole {12) does not behave in a similar manner.

Rather than undergo lateral metalation it is cleaved to yield

2-n-butylthiopent-2-ene-4-one (18).

1-136 1-13 1136'(E61-13
„ L1- -8 o

IZ»

1136(§6113
O S-BU

·



14

U
O

Q;

;ü"
UN

0

U

’ I. V
.U

V

Q
U·;~\f/\°'

j
E

3:***
V

„

U
II

,..

U ;~ J
w@ “—‘?*

:r5”
U„
I/El

_

ÄNSN E~
Ü

U
J

I
.

A



1,5,5-Trimethylpyrazole (gg) surprisingly undergoes metalation

at the l—methyl group, gQ_. Upon treatment with carbon di-

oxide, this lithioderivative forms pyrazole-—l—-acetic acids

_ Qi;) ih high yieia. These 6

»136K $,6 143 1436K \)6143 1436(\6143
N B' N E N——NC|—l3 CHZLI CHZCOOH

I9 . · 20 3 ~ 2]

three reactions can be summarized by the general formula (gg):

s 4 6\H36m6H3 T
h 22

position of lithiation

0 - H1 C6 C 6
S ring cleavage

....gH l ..N 5 N1 CH;

If a direct analogy is drawn between the azole system (gg)

I and the previously discussed benzazole system (Q), it is

fair to assume that the bacidity of the azoles increases in
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the order O>>SI>N-—CH5. It is reasonable then, that the isoxa-
zoles are metalated at the C5—methyl group due to the influence

of the strong inductive effect of the oxygen heteroatom. In

the isothiazole ring system, the N-S bond is apparently so

susceptible to nucleophilic attack that this effectively pre-

cludes any lateral lithiation. A less nucleophilic reagent

might be successful in prodncing side-chain metalation. The

lithiation of the l-methyl group of l-methylpyrazoles is of

particular interest. It is impossible to draw canonical struc-

tures involving resonance delocalization of the formal negative

charge. Therefore the inductive effect is solely responsible

for the facility of this reaction. Such a phenomenon is not
I

without precedence27. l-Methylindazoles behave in a similar

manner, while 2-methylindazoles are metallated at the ring.28

When 1,2-dimethylimidazole (gg) is treated with phenyl sodium,

only ring metalation products are observed.;9

_ H g o Na
i

HK F1-CH; H@N—CH3___
CH3

” II
CH; q

23 ß/”‘HÜNCH;

L-JCH3

3 LQ

For example, reaction with benzophenone produces gg.



17

o(—Methylfuran {Q2) is metalated5O with ethyl sodium at the

free alpha position and not at the methyl group.

Hrw

rMeyersand co—workers have shownöl that 5,6—dihydro~

' 1,5-oxazines (Q2) can be metalated with ggbutyllithium and

that the resulting carbanion may undergo a number of diverse

alkylations and carbonyl addition reactions. The novelty in

this series of reactions is that the products (Q2) may subse—

quently be converted to aldehydes (2Q). I

CH3 CH3

HC ‘—‘"‘;"‘*> HCH3 N/ CH3 H3 N/CHZR
3 327 Qöl

7 CH3

RCHZCHO 6-----— HBCJZZÄCHZR
HSC H H

30 « C 29
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Corey and co—workers have had similar success with

dithianesäg and trithianesßö. The pyrrocoline ring system

Qäl) also undergoes side—chain metalation;4 with ngbutyl—

lithium and reacts with DMF to form a substituted aldehyde

@3)- a

/ „QÖCGH5 —"“‘> HG 5
l

M2

y Q émo
_ 32

Pyridinophanes55 have been prepared by dimerizing anions

formed from the lutidines. Wolfe and co—workers have been.

successful in producing multiple anions of several methyl—

heteroaromatic ring systems. It was shownöö that treatment

of,2—hydroxy—g—methylpyrimidines Qjä) with two equivalents of

butyl lithium produces an anion jg, which forms products of

type Qi upon addition of electrophiles.

CIH3
4 ‘ C|~l2_

CGH5fü ie
.3.3 * / 34.

CHZR
\
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They have also demonstrated37 that twofold metalation of

4—methylcarbostyryl (QQ) with butyl lithium produces dianion

Q2 which undergoes condensation reactions with electrophiles.

··—·—·—·———-—%OX.
H

36 37

Methyl groups in the 5—position of acridine, the 9-position

of phenanthridine, the 2—position of benzoühlquinoline and
‘ chromone, and the 9—position of xanthylium salts are active.58

Q. With Alkali Metal Hydrides _

A Very few articles have appeared pertaining to alkali—

metal hydride reactions with methylheteroarcmatics. Systems

as weakly acidic as 2-or #—picoline and quinaldine are

reported to give little or no noticeable evidence of salt

formation with sodium hydride in dimethylformamideög, tetra— -

hydrofuranqo, or hexamethylphosphoramide.41 2,Q—Dimethyl—

quinoxaline, however, reacts with sodium hydride at room

temperature to form a green—violet dianion.4l

C. Anion Reactions of Methylheteroaromatics

The existence of such carbanions derived from the

replacement of one or more hydrogen atoms in the methyl
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group of the heterocycle, suggests that several series of

reactions involving alpha functionalization of the side chain

should be possible. Since such a large variety of methyl—

I heteroaromatics are readily available, reactions in which a

functional group can be introduced into a side chain offer a

unique keystone to synthesize more complicated molecules.

One of the most useful reactions of this general type is

base catalyzed acylation, as well as alkylation and reactions

with other electrophilic reagents. Indeed, the reactions of

such components with o<¥picoline and quinaldine in the

presence of a basic catalyst have been reviewed.42 The

authors emphasize that the reaction is facilitated by the
‘

A
presence of a negative group on a carbonyl compound. Acyla—

tion reactions of such substrates have been known since the

early literature. Much of the original work with the

manufacture of quinoline dyes deals with the preparation of

quinoline-yellow. This substance has been synthesized by

various techniques, one of which, employs the use of quinal~

.dine and diethyl phthalate in the presence of sodium metal.45

While neither 2-nor 4-picoline is active enough to I
condense with ethyl oxalate in the presence of potassium

ethoxide, Adams has sh0wnq4 that the corresponding l—oxides

readily undergo such a bondensation. In this manner he was

able to prepare ethyl 4-pyridylpyruvate l—oXide (QQ) in 48%

yield. - .
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CH3 ° CHECOET
\ · _ \

I+/ -I— E'I'ÜCCÜET I +/'N 'N
0_ 0_

. 38

Levineuä has shown that 2—picoline l-oxide and 2,6-lutidine

l—oxide can be acylated in good yields with a series of

esters using sodamide in liquid ammonia as the condensing

agent. Recently a novel ring closure has been demonstratedqö.

2—Nethoxy—E—methyl—5—nitropyridin@ (E2) was acylated with
‘

ethyl oxalate in the presence of potassium ethoxide and the

resulting product (EQ) was ring closed by a reductive cyclo-

dehydration technique.
”

99CH3 cszccom
-————————>

· N’ OCH3 N/ 0CH3

°2“®39
_ 40 YL- ,C02E‘i‘

\ \ ::CH20I \COE+ CH30I CH C\
2 0H

N / N N / NH2
H

Claisen condensations of methylpyrimidines are exemplified

by the formation of E-ethoxalylmethylpyrimidine with potassium

ethoxide. An extensive study of this reaction has been car-

ried out.47 Ethyl benzoate and phenyl acetate have been
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condensed with 2,4,6—trimethylpyrimidine-in the presence of

sodamide.q8 Acylation took place at only the 4—position.

An inorganic nitrite ester has been condensed with 4-methyl—

pyrimidine Qäl)49 in the presence of potassium t—butoxide to

give 80% of (g2).5O With sodamide or sodium hydride a lower

yield has been reported.5l l,5,6—Trimethyluracil undergoes

C H3 3 C HZN 0 C H=NOH

Ü ""”"‘t Ü <¤—°NN N

fil C 3 dä

a similar reaction with isoamyl nitrite in the presence of

potassium ethoxide.47 Bergstrom has shown that 2—alkylquino-

lines, benzoquinolines, and quinoxalines react with alkali

amides in liquid ammonia to form salts which can be alky-

lated52 and acylated.l5 Using the same procedure Hauserßö

extended the reaction to the acylation and carbethoxylation

of d—picoline, quinaldine, and lepidine. It is interesting

to note that the pyruvate ester formed from lepidine and

diethyl oxalate can be converted to an amino acid.5q A methyl

group in position one, but not in pcsition three is active

in isoquinoline. l—Ethoxalylmethylisoquinoline has been

formed in moderate yield with potassium ethoxide.55 2- 4

Ethoxalylmethylquinazoline is formed in a similar manner.56
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Levine and co-workers have studied the acylation of

methylheteroaromatics in detail.57”67’ 10 Alkali amides or

alkali salts of certain dialkylamines presently appear to be

the most satisfactory bases for effecting these condensaa

tions. Organolithium reagents have found some utility with

heterocycles, however, the overall efficiency of the process
l

A is impaired by side reactions. Aromatic nucleophilic sub-

stitution, further addition to the carbonyl group, and

reionization of the acidic product are typical examples. ·

Ring addition is especially prevalent when the alpha position

is unsubstituted. Consequently, lepidine (gi) is not ionized

with phenyllithium; instead, only ring substitution products
·

gg and.gQ result.59

CH3 y CH, ‘
‘\

_.

66.
CH,‘\

@§6Q5pg6 6

In an effort to prevent this difficulty, sterically hindered

bases such as sodium diis0propylamide65 have been employed.

By adding the metalated methylheteroaromatic to an excess of
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ester (inverse addition) the amount of addition to the car-

bonyl group of the product is diminished. However, even

with such refinements, these acylations suffer from an

inherent disadvantage. Scheme II represents the generally

accepted mechanism for a typical acylation such as quinaldine

fg, X = CH===CH) with methyl benzoate in the presence of

potassium amide.62
A

SCHEME II

-N/CH3 . A
N/ CH,(E5 (E5

ä,><=Cl—l=CH

l

48

i <··——-*6N
CHCOCGHS N/CHQCOCGH5

' —l— 48 {Q
_C; , ><=CH=CH

In such a reaction the yield is limited to 50% be-

cause carbanions such as gg_usually abstract a methylene

proton from intermediates of type gz, to form weakly basic

carbanions gg, more rapidly than they react with ester.

Thus, when a l:l:l molar ratio of heterocycle to base to

ester is employed, only one—half of the heteroaromatic and

ester are consumed. Attempts to circumvent this problem by
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by using an extra equivalent of hase have met with limited

success, owing to the tendency of many oommonly employed

bases to react with the acylating agent.68’ 69 Consequently,

these condensations are routinely carried out with a 2:2:l

molar ratio of heterocycle to base to ester. Although such

procedures increase the efficiency of ester consumption, a

molecular equivalent of starting heterocycle remains un-

changed, and must be removed from the desired product. More—

over, if the heterocyclic reactant is expensive or difficult

to obtain, the disadvantage of such a sequence is obvious.



‘
III. DISCUSSIQF OF RESULTS

A. Metalation and Acvlation of Methylheteroaromatics By
Means of Sodium Hydride

It was mentioned in the historical section that the
‘

presently accepted methods for the acylation of methylhetero-

aromatics suffer from inherent disadvantages and yields

normally can never exceed 50% based on the consumption of

heterocycle. It occurred to us that the key to overcoming

the unfavorable stoichiometry of these acylations, especially

those utilizing esters having no alpha hydrogens, might be

found in the use of sodium hydride as the condensing agent.

. This premise was based on the fact that although sodium

hydride is a strong base, it is weakly nucleophilic. It has

been shown to be inert toward aromatic esters7O and therefore

might be used in excess without attacking either the ester

carbonyl or the nucleus of the heterocyclic substrate. In

addition, this base has apparently not been used to effect

such acylations, except in one isolated instance with an

inorganic ester.5l The results of the present study have

shown that sodium hydride is a strong enough base and weak

enough nucleophile to be an ideal basic catalyst for the acyla-

tion of methylheteroaromatics. A representative series of

heterocyclic reactants and esters has shown that the method

is quite general.

. „ 26
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1. Sygthetic Applications

Since it has been reported that sodium hydride gener— ‘

ates little or no carbanionic species with the picclines and

quinaldine in dimethylformamide (DMF)59, tetrahydrofuran

(THF)4O, and hexamethylphosphoramide
(HMPA)4l, this prompted

us to investigate the use of l,2—dimethoxyethane (DME) as a

reaction medium. It is well known that solvent sometimes can

play an important role in the formation, stabilization, and

reactions of metalated species.7l’
72’ 75 Vln accerd with the

reported results for other solvents, we observed.in our initial

experiments with quinaldine, that very little hydrogen was

generated on treatment of this compound with five equivalents

of sodium hydride in refluxing DME over a period of 18 hr.

However, when methyl benzoate was added to the reaction mix-

ture, hydrogen was evolved at a much more rapid rate and the

desired product, 2—phenacy1quin0line (E9), was isolated in

N’ C HZC OCGH5©Ü
92 ( a

moderate yield. Alternatively, addition of a solution cf

quinaldine and methyl benzoate (1:1.2 molar ratio) to five

molecular equivalents of sodium hydride in refluxing DME

resulted in evolution of the theoretical amount of hydrogen

(two molecular equivalents) in 18 hr, and.Q9_was produced in

93% yield based on quinaldine. These results do not seem tc
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be consistent with the expected meohanism (e.g. gradual ioni-

zation of a proton by sodium hydride and resulting carhanionic

attack at the ester carbonyl). It would appear that the

presence of the ester has a profound effect upon the reaction.

ln view of these rather unusual results, we undertook a more
thorough study of the acylation of quinaldine and these results I
Aare diseussed in the separate section under mechanisticstudies. l —

The idea of monitoring anion formation with sodium .°

hydride by measuring the amount of evolved hydrogen gas is

relatively original. Kershaw and Uff74 have reported that the

production of intermediate Reissert carbanions QQQ) could

readily be followed by observation of hydrogen gas evolution,

however, they list no gas readings. It is oonceivable that

this technique was used only to decide if the reaction did

proceed or not rather than to what extent.

COPh———f—B
60% ““’ Hz

H CN Na CN

‘\ i ‘\ I

<———·—·——· CN
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Since the sodium hydride reaction worked so well with

quinaldine, we decided to experiment with several representa—

tive methylated heteroaromatics to define the generality of

this preparative procedure. Therefore, the acylation of a

series of methylheteroaromatics using benzoate or picolinate

esters was carried out.

@60 Et
—h I

2 -4lJe A
CH, Y

X’
C l~l2CO

Ül X, Y
51

The results of these experiments are listed in Table Il. For

the most part the yield of phenacyl products of type j1_was

very good. The reaction times seem to vary with the acidity

of the methylheteroaromatic and with the type of ester used.

For example, 2—phenacy1quinoxaline is formed completely in 2

hr as evidenced by hydrogen evolution, while 2-phenacylpyridine

is formed completely only after 48 hr. In a similar compari-

son, 2-p-chlorophenacylquinoline is formed completely in 8 hr

while 2-phenacylquinoline requires 18 hr for completion.

Although 2,5-dimethylquinoxaline has two possible

sites of acylation, the reactions can be favorably controlled

to give mono-or disubstituted products simply by adding one

or two equivalents of acylating reagent. Thus, by using 1.6

equiv. of methyl benzoate to 1 equiv. of 2,3—dimethylquinoxaline
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(Q), 52% of 2-methyl-5-phenacylquinoxaline (QQ) and 52% of

2,5-diphenacylquinoxaline (22) could be isolated. If 5.2

equiv. of methyl benzoate were used to l equiv. of Q, 62% of
V

2,5-diphenacylquinoxaline could be isolated.

/ Ä
CHZCOPH

N’ C\—l2COPh

52 53
\

Apparently, each methyl group is active enough to undergo

condensation. lt was of interest to determine if two ring

nitrogens were necessary for the activation of two methyl

groups or whether it was possible for two methyl groups to

undergo condensation in a molecule containing just one hetero-

atom. This latter concept was demonstrated when it was shown

that l equiv. of 2,6-lutidine (@2) condenses with 2.4 equiv.

of methyl benzoate to give not only,2-methyl-6-phenacylpyridine

(_64_), but also 2,6-diphenacylpyridine (@5).
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Ä

6 Hac N/ CH;
g

/

63

6-1,6; N/ cupcoeh p eacowzc N/ cazcoeh
64 _ @5 _

The presence of Qi indicuates that
Ua

dianionic species @.6.)

must have been present in the reaction mixture at some time.

Therefore, one heteroatom is capable of activating two methyl

groups toward condensation.

öacuoeh 5
66 ·

· Because phenacylheteroaromatics of type jl possess a

heteroatom and a ring in direct conjugation to the carbonyl

group, and due to the stabilization energy gained through the

formation of a hydrogen bond, one would predict such compounds

to display some enol character similar to Q2.
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· <!——————————
' N CH2COPh N IH

„ V „ Säz

lndeed, when Bergstroml5 first prepared 2—phenacylquinoline

from quinaldine he noted that the ketonic properties of the

carbonyl group were not pronounced since no oxime, phenyl—

hydrazone, or anil of definite characteristics could be formed

by the usual methods. Therefore, he could report no conclusive

evidence that the product he had obtained was not really of

structure QQ. On the basis of the pmr spectra taken in this

study, structure QQ can be ruled out.

N CH2
T COPh

”
68

A later report by Hauser55 claimed that the oximes of 2—phena—

cylpyridine and 2—phenacylquinoline could be prepared.

The use of modern spectroscopic measurements has made

possible facile techniques for determining the per cent A
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enolization of such compounds. One of the simplest methods

is through the use of pmr spectroscopy. By integrating the V
absorption of the methylene and methine protons it is possible

to make an estimate of the concentration of each tautomer.

This technique was used to derive the figures listed in Table

lll. The data show that if there is any enolization for 4-

phenacylheteroaromatics, it is below the limits of detection

by the nmr spectrometer. These results reflect what might

have been expected because the ketone in the four position ’

is inaocessible for hydrogen bonding to the ring nitrogen. ·

The alpha-substituted phenacylheteroaromatics appear to enolize

to a large extent especially if they contain condcnsed rings.

A report has recently been published on the structure of 2-

phenacylpyridines.76 The ferric chloride test can be used to

qualitatively predict the per cent of enol character in such

systems. It is likely that a coordination reaction takes

place on the hydroxyl portion of the molecule with subsequent

bonding at the ring nitrogen. Usually such complexes are

highly colored and thus give rise to a useful color test. As

expected, the 4-phenacylheteroaromatics contain no enol form

and produce a negative test. All of the other enolized com-

pounds give positive tests except the quinoxalines. The

negative tests in these instances are most certainly due to

the production of complexes that are less brightly colored

or require heat for their formation. .Since the majority of

these compounds produce a positive test, one might predict —
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that they also might display coordination behavior as a

chelating ligand.77 Preliminary experiments performed in

this laboratory reveal that such transition-metal compounds

can be prepared with copper, iron, nickel, and boron. For

example, triphenylboron and 2-phenaoylpyridine (22) form a

complex (Q2) in almost quantitative yield by simply refluxing

equimolar quantities of the reactants in DME for 2 hr.

I / i \ Ph
B<Ph) —·§- 55 ————-——————|>„ \

3 \V Ph Ph
69 ~

When diethyl oxalate was employed as the acylating

agent in the presence of exeess sodium hydride, ethyl hetero-

arylpyruvates (ZQ) were obtained in good yield and these

results are collated in Table IV. _

· Het .
CH,_,COCOOEt

r
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Even the severely hindered 2,5—diethoxalylmethylquinoxaline

(ZI) was prepared from 2,5—dimethylquinoxaline in 25% yield.

Nile mac oc oo Et
N/CH2C·OCOOEt‘

7l —_ E

This compound is stable and easily characterized. It's most

interesting property is its polished black color. The most

striking data in Table IV are the very short reaction times

required for evolution of the theoretical amount of hydrogen;

it appears that the oxalate esters are very reactive. In

these compounds there is a conceivable secondary reaction

that may take place. Once the ethoxalylmethyl moiety has

been added to the side chain, further ionization no doubt

is rapid to produce a weakly basic species Z2.

Ö;Il—l2COCOOE+————————> ÜHCOCOOET

/* · .\N —————---9 \N’

O 6 lg O
O

, \O

73 E 74 ·
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Conceivably a subsequent displacement could occur to produce

a l,2—cyclopropanedion€ (Zi) Which would surely enolize to

afford a cyclopropenone such as Z5. Although cyclopropenones

V are well known relatively stable compounds, none could be

isolated by the sodium hydride procedure. As in the case of

_the phenacylheteroaromatics, the heteroarylpyruvates display

prominent enolization. These results are presented in Table

V. All of the compounds show nearly complete enolization and

give positive ferric chloride tests.” In agreement with these

results ethyl 2-methyl-5—quinoxalylpyruvate (ZZ) has been

reportedlg to exist entirely in its enol form QQ.

\CH,

ICOOE+H\O

78
(

°
When diethyl phthalate was employed with heteroaromatics

in the sodium hydride procedure, a representative series of

· methylated 2—substituted—l,5—indandiones (Z2) was obtained

(Table VI).

•
-•0

O'
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While the heterowylpyruvatcs showed no tendency to undergo

a further cyolization to afford compounds • type Z2, the

products from phthalate acylation underwent rapid intramole-

cular cyclization. Scheme II delineates such a process

_ involving 2,2-dimethylquinoscaline (Q) and diethyl phthalate.

4
SCHEMIE II

!

COOET——-——-—l>
N/CH3 N/CH2CO©

§_ 2 89

/N! QNO
0

9I 90
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Apparently the reaction of QQ to form the resonance stabilized

anion 91, which upon protcnation affords indandione (SQ), is

so facile and selective that none cf the eight—membered ring

isomer (92) is formed.

I 0

(EK eN’
a

O

Indandiones of type 29 fall into the class of ccmpounds known

as 2~heteroaryl—1,5—indandi0nes. The earlier literaturegg

used the generic name, phthalones, to describe these compounds.

This was done primarily because the definite structure had not

been prcven. Since they possess intense colors they formerly

found some application as dyestuffs. In general they melt at

extremely high temperatures ccnsidering their low molecular

weights and are to a high degree insoluble in common organic

solvents. Just as the phenacylheteroaromatics display unusual

· ketonic properties so do the heteroarylindandiones. It has

been reportedgö that 4—pyrophtha1one (Q1} failed to form a

phenylhydrazone or oxime. Lombardinogl theorized that these

properties were characteristic of a highly pclar species.

He ccmpared the properties of 2—(5—pyridy1)—1,5—indandione

(95), which has an unusually high melting point of 5190 and
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a high pKa of 8.8, toV2#phenyl—l,5—indandione (gg) which has

a melting point of only 1510 and a pKa of 5.4. Furthermore,

a comparison of the pmr spectrum of gg with its sodium salt i

U6QÖ/Ö/Ö_Hg
O

.9.3.
i

.9ä.
pointed out that the chemical shifts of the aromatic protons

in the indane ring showed virtually no difference while the

2,6 protons on the pyridine ring did. This data confirms the

original premise that 2—(X-and F—heteroaryl)—l,5-indandiones

possess a zwitterionic internal salt—like structure such as

gg. Unlike the other two isomeric pyridylindandiones, 2—(2~

pyridyl)—l,5—indandione (gg) displays a preference for a

strongly intramolecularly hydrogen bonded structure.

The most common method87t88 for preparation of the

O

/ \ Ö
(

.95.



2—aryl—l,5-indandiones involves the condensation of aromatic

aldehydes with phthalides in the presence of sodium methoxide.

‘ Scheme III

O -
’ O

. -|— A FCHO Ä-4>
Q O „

CHAV

©j>«:,„
I

The major disadvantages of such a scheme lie in the
V

unavailability and instability of heterocyclic aldehydes. A

second preparative methodgg involves the condensation of

arylacetic acids with phthalic anhydrides followed by rear—

rangement in sodium methoxide solution. Yields using this

reaction sequence are often variable due to the more vigorous

conditions employed. While these and other proceduresgO’9l

are quite satisfactory for the carbocyclic indandiones, the

presently described sodium hydride method is far superior for

. synthetic utility both in availability of reagents and yields p

of products for the preparation of the heterocyclic indandiones.

Such products are useful for their antiinflammatory properties

and their ability to inhibit blood coagulation85’92.

It has been shown by Beringergö in his studies with

divalent iodine that 1,5-—indandiones may be phenylated with
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iodonium salts. In a representative reaction with heteroaryl-

indandiones the phenylation of 2-(2—quinolyl)-l,5-indandione

- (gg) was attempted. A solution of the sodium salt of gg was

h generated in refluxing glyme with sodium hydride and an equi-

valent of diphenyliodonium chloride was added to the slurry to

give 2-phenyl-2-(2-quinolyl)-l,5-indandione (Q2) in 45% yield.

Scheme IV

OvI

H ~ O

82
. p/96

O
O

.

97Thereaction product was easily identified by the two promi-

nent carhonyl bands in its infrared spectrum, indicative of

the non-enolized cyclic-P-diketone‘structure.9q’95’96
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2-Heteroarylindandiones have also been alkylated,97 chlorin-

ated,98 and nitratedgg at the 2-position. Upon hydrolysis,

the nitro derivatives provide cx-nitremethylheterocycles.

. Recently, however, a superior method for this preparation

has been reported.99 2-Acyl-l,5-indandioneslOO have enjoyed

recent interest in the preparation of a collection of hetero-

cyclic compounds.lOl’lO2’lO5 Systems similar to the indan-

dione heterocycles have also been prepared using naphthaliclOM

and dipheniclog anhydrides to give six and seven membered ring

analogs.
u- S

2-Acetonylquinoline (28) is knownlO6 to form only a

monoanion with sodium hydride in refluxing glyme, but acyla—

tion occurs at the terminal carbon to give products of

structure lQQ. In this study diethyl phthalate was used as

the acylating agent with 28 and a product was obtained whose

structure is no doubt one of the many possible tautomeric

forms of which lgl is an example. The compound was obtained

in 84% yield and displays physical constants similar to the

·other heteroarylindandiones. In particular its infrared

spectrum shows a single carbonyl band at 5.97/4 and only

aromatic protons appear in its pmr spectrum.

_ \\
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In general the use of aliphatic esters as acylating

agents with sodium hydride has been precluded both by their

tendency for alpha ionization and self-condensation. It

.would seem feasible, however, that aliphatie esters contain-

ing no alpha hydrogens and high carbonyl reactivity might

condense successfully. An example of such an ester is ethyl
I

trifluoroacetate. When this reagent was condensed with 2-

methylquinoxaline using the standard sodium hydride procedure,

the expected product lO2 was isolated in 79% yield. From

its pmr spectrum it appears that the eompound is totally
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enolized. Similar!pyridineperfluoroalkylketones have been

prepared by Levine.67 l
I

Since aromatic and aliphatic esters appear to be use-

ful condensing agents under the conditions of the sodium

hydride procedure, it was of interest to investigate such a

reaction with an inorganic ester. From the observations of

the previously mentioned reactions, it had been noticed that

not only the mobility of the hydrogen atoms of the carbon side

chain affect the results of the reaction, but also the polar-

ity of the carbonyl group in the organic ester. Since an

·inorganic ester such as g-propyl nitrate does not contain a

carbonyl group, it became questionable whether it would react .

at all with a relatively unactive methylheterocycle such as
i

¤—{ucoline. Therefore, Q-propyl nitrate and d-qucoline

were refluxed in a sodium hydride slurry of DMB for 70 hr.

Subsequent work-up of the reaction mixture provided none of

the expected 2-nitromethylpyridine. The only isolatable

material was identified as recovered. d—picoline by infrared

Sp€CÜI‘OSCOpy•

q
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In an effort to prepare isoelectronic analogs of cyclo-

octatetraene for arometicity studies, Paudler has prepared a

dibenzdiazocine (105) in the following manner (Scheme V).lO7’lO8

Scheme V

NH2 _{_ COOE+
NH2 COOE+

H O

0C)I04 _ l03

Apparently the formation of phthalimide 104 is not

favored or if it is, it rapidly rearranges to the diazocine

10Q under these reaction conditions._·It was felt that an

extension of such a reaction might possibly be found in the

use of an active methyl site and an amino group for diacy1a—

tion to give an azocine. 2-Amino-5-methylquinoxaline (102)

should be a good model system for such an experiment. Synthe-

sis of 102 was accomplished by the method of wolfeög in the

following manner:
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2 3—|— C}—ICOCOOE+ ————-—-——&>
2 . N

105
L

- <&.„.„„.„...„„„...
/ /

N NH, N ClQKNÜT
I07 f !06

The yields in each reaction step are high; however, the over- 2

all process is long and the last step requires vigorous

conditions. In an effort to facilitate the procedure it was

thought that the product (102) might be formed in a single

step by the reaction of 105 and pyruvonitrile (108). lt is

well kncwnlO9 that such heterocyclic ring systems can he

- I05 —|— CH3C0CNA ———————l> 107

|08 ~· «

formed by the addition and issmerizatias of an amine and a

nitrile. The reaction product proved to be a mixture of

‘
components that were not easily separated. After five con-

secutive recrystallizations from benzene a solid with a
0

constant broad melting point range was obtained. lr and pmr

analysis of the product indicated that ring closure was



incomplete. In an attempt to complete this process the material

was refluxed in absolute ethanol for 20 hr. When the solvent

was removed the same material was regenerated. A thin layer
‘

chromagram was taken in ethyl acetate and it revealed that the

A material consisted of two components. Therefore a solution of

this mixture in chloroform was column chromatographed over I

fluorosil. ANo separation occurred by this process. It was

then concluded from these data that such a reaction does not

lead to the desire amine lQ7, but gives instead an unidentified

mixture of components that are not easily separated or ring

closed.
”

A solution of 2-amino-5-methylquinoxaline (IQ7) and

diethyl phthalate was added to a refluxing slurry of five

equivalents of sodium hydride in DME and reflux was continued

for 4 hr or until hydrogen evolution was complete. Upon work-

up,an orange solid was isolated that was column chromatographed

over silica gel in chloroform to yield 24% of an orange solid.

Becrystallization from DMF gave long needles that melted at

272-2750, showed a parent ion at m/e 289, and analyzed for

Cl7HllN5O2. Three possible structural assignments emerge

from the analysis of these data,_lQ9, IIQ, and lll:

A p
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Structure lQQ is eliminated since the ir Spectrum (Kßr) does

not show two N——H Stretches indicative of a primary amine and

that the pmr Spectrum in trifluoroacetic acid does not dis-

play a broad NH5+ signal whereas the starting amine lQZ shows

both of these properties. Structure llg is ruled out since

Sno Strong carbonyl doublet is revealed in the ir Spectrum, nor

is there any aliphatic absorption in the pmr Spectrum. Further—

more, llQ was independently Synthesized as will be discussed,

° and it does display these properties. All of the data do

seem to fit structure lll except no aliphatic signal appears

in the pmr Spectrum. Since poor Solubility dictated that the

Spectrum be taken in trifluoroacetic acid, it was conceivable

that acid catalyzed dehydration or tautomerization were
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occurring. After the spectrum was taken the contents of the

tube were poured into water, washed, and recrystallized once.

The material was shown to be identical to the original sample
I

by mixed melting point.and infrared spectroscopy. Since the

_ insolubility of lll in aprotic solvents precluded its complete

characterization by pmr spectroscopy, it was then postulated

that known chemical reactions might be performed to aid in

its structural elucidation. It is well known that the replace-

ment of an amide hydrogen by an alkyl group has a tendency to

lower the mp and increase solubility in most common organic

solvents; this is probably due to the tendency to reduce

hydrogen bonding interactions. Consequently, compound_lll

was stirred in 20% sodium hydroxide solution and alkylated

with dimethyl sulfate in an effort to obtain the N-methyl

derivative llg.

„ 0

*
H3C0

Mi

The crude product was purified by recrystallization from DMF -

to give yellow needles that melted at 209—2l0O. The solubility

of this derivative was greatly increased in common aprotic
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organic solvents and a pmr spectrum was obtained in deuterio-

chloroform. Just as anticipated the methyl signal appeared

as a sharp singlet. The microanalytical results, however,

‘ were suitable for a compound, Cl7HllN5O2 and for a molecular

ion of 289. lt was evident from these results that rather

than methylating the nitrogen, the compound had simply been

isomerized. An ir spectrum revealed a doublet carbonyl ab-

sorption, a feature which was absent from the starting compound

lll, but which is a well knewm feature of cyclic ß·-diketones.

lt appeared from these results that this material might very

well be phthalimide llg. This phthalimide was then independ-

ently synthesized by the condensation of starting amine lQ2

a and phthalic anhydride (lgjj in refluxing nitrobenzene.

z~1’
O

O
lQl lä LQ

A
The crude product was obtained in 64% yield and purified by

recrystallization with DMF. An alternate route to obtain

llQ which involved a displacement reaction on 2-chloro-5-

methylquinoxaline (lQ6) by potassium phthalimide was found

to be unsatisfactory. The product obtained from the phthalic
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anhydride condensation was found to be identical with the

material obtained in the attempted methylation reaction.

This was shown by mixed melting point, ir and pmr spectroscopy

„ and microanalytical data.‘ This result seems to indicate that

when the anion 114 of compound 11; forms, rather than methyla—

tion oceurring, an intramolecular carbonyl displacement occurs

to provide anion 115 which is then quenched in the work—up.

n ii .. 1, @0
—·~ J, /„ Nne. JVO

N ..
XCH——··@N

N
‘

· 0
H5

~ Since lll was prepared in only 24% yield when the

reaction was run under the conditions of DMB reflux, it was

thought that perhaps less vigorous conditions would lead to
l

fewer side reactions or a higher yield. When starting amine

102 was acylated with diethyl phthalate in a DMB slurry of

sodium hydride at room temperature, not only was derivative

lll obtained in 19% yield, but also the phthalimido compound

110 was found to be present in 22% yield. These experiments
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reveal that at room temperature a mixture—of both lll and

phthalimide llQ are formed and that lll rearranges to give I

llQ in 20% sodium hydroxide. What remains to be accomplished

to truly evince the structure of lll, is to derivatize this

material in such a way that the methylene protons can be

identified in the pmr spectrum. lt is quite possible that

the reasons they do not appear in the trifluoroacetic acid

spectrum is that enolizaticn may be occurring by acid cata-

lyzation to yield a compcund such as represented by structure ·

llg. This conformation would be further stabilized by the —

formation of a transannular hydrogen bond. Similar azocine

N\ N \0@„J;Ä©-*9 (Ilf-
0 7 a

‘ M. ' llä
derivatives do not show such a tendency in aprotic solvents.llO’lll

Even though a firm basis for the structural assignment of

this product, lll, has not been established, the results of
”

its reactions seen most easily explained on the basis of this

assumption.
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it has been emphasized that not only the acidity of the methyl-
1

heterocycle, but also the reactivity of the acylating agent

seems to profoundly affect the reaction rate; lndeed, it was

shown that the quinaldine anion forms only to a small extent

in 18 hr while in the presence of 1.8 equivalents of methyl
O

benzoate, 2-phenacylquinoline is isolated in 95% yield in 18

hr. This unusual result obviously bears significance to the

efficiency of the overall process and it appeared that an

understanding of the mechanism might be found by studying the

effects of the alkoxide produced and the relative importance

of the polarity of the ester carbonyl. *It has been shown for

certain active hydrogen condensations employing sodium hydride,

that the reaction proceeds best when a catalytic amount of

alcohol is added to the reaction mixture. ln these cases,

alkoxide is probably the ionizing base, and the hydride serves

only to force the reaction to completion.ll2’ll5’llq Origin-

·ally, we attributed the unexpected results of the quinaldine

benzoylation to the presence of methoxide ion, which could

_ have been generated either by the reaction of methyl benzoate

with a small amount of quinaldine carbanion, or by the reac-

tion of sodium hydride with traces of methanol present in the

ester. We hoped to test this hypothesis by carrying out

separate experiments using methyl benzoate and phenyl benzoate,
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respectively, and measuring the rate of hydrogen evolution.

Thus, if alkoxide were indeed accelerating the acylation by

effecting ionization of a methyl hydrogen of quinaldine, it

_ seemed that the methyl benzoate reaction should proceed

faster than that using phenyl benzoate, because methoxide is

a stronger base than phenoxide. _When these reactions were

performed, we noticed a prominent difference in the rate of

hydrogen evolution (Table VII) and the consistencies of the

reaction mixturos. While the methyl benzoate mixture remained

a mobile slurry throughout the reaction period, the phenyl

benzoate mixture became a pasty mass after less than one hour.

As the formation of this paste became so severe that stirring

was interrupted, the evolution of hydrogen rapidly decreased.

ldentical results with phenyl benzoate were obtained when

the reaction was performed with 2- or 4—picoline. It appears

that the generality of ths inhibition is a characteristic of

the use of phenyl benzoate as the ester. In an attempt to

prevent this clogging ofithe phenyl benzoate system, the

_experiments were again performed at one—half of the previous

concentrations of quinaldhég in hopes that more of

the reaction components would dissolve. At this concentration

‘ the problem was not as severe and the rate of hydrogen evolu-

tion could be monitored as shown in Table VII. Although the

rate of hydrogen evolution of quinaldine with phenyl benzoate

was much slower than with methyl benzoate, because of the

gross differenees in homogeneities of the two dispersions,
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TABLE Vll

Hydrogen Evolution Accompanying the Reactions 3
of Quinaldine with Methyl and Phenyl Benzoates

Time(hr) Hydrogen Evo1ved(m1)
_ phenyl benzoateb methyl benzoated

1 140
I

100
2 160 170
5 175 240
4 185 520
5 205 400 -
6 ~ 210 _ 460
7 240 550
8 260 600
9 280 660

10 290 720
25 800 · 1285
26 815 1500
27 850 1515
28

V‘,850
1525

55 85% -~ 155% _
57

850’
1550’

3Reactions were carried out with 0.025 mol of quinaldine,
0.050 mol of ester, and 0.125 mol of sodium hydride in 550 mlDMB.

”
O bThe temperature of the meter varied between 21.8 and

22.8 C and the atmospheric pressure varied between 709.6 and
711.5 mm. The theoretical amount of hydrogen (two mol equiva—
lents) under these conditions is between 1528 and 1559 ml.

CThis value represents 62% of the theoretical amount
of hydrogen. 18% of 57 could be isolated.

O dThe temperature of the meter varied between 20.1 and
24.0 C and the atmospheric pressure varied between 704.5 and
706.4 mm. The theoretical amount of hydrogen (two mol equiva—
lents) under these conditions is between 1528 and 1558 ml.

GThis value represents 99% of the theoretical amount
of hydrogen. 95% of 57 could be isolated.
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· TABLE VIII

, Hydrogen Evolution Accompanying the Reactions
of Quinaldine with Hethyl Benzoate and With
Varying Concentrations of Sodium Methoxide g

_

Timethr) Hydrogen Evolvcdtml) „

methyl benzoatea methoxide(%)b

. _
‘

- * 100°
10"’ og

”
1 100 40 25 50
9 170* ,55 ~ 45 . 50
5

' 240 75 60 60 ·
4 520 80 80 * 70
5 400 95 95 85

' 6
‘

460 110 110 95
7 550 120 - 120 110 .
8 _ 600 150 150 125
9 660 140 145 140 '

10 ' · 720 155 160 150
. 25 1285 260, 555 °500

26 1500 275
‘

560 ° 510
97 1515 280 _ 570 515

; 28
‘» 1525_ _ . 290 « 580 520

55 1550 525 410 520
_ 57 1550 540 455 345

47 _ 570 485 550
48 575(1 490, ‘ 555e
77 470 570* 445‘

8The reaction conditions for this experiment are given
in Table VII.

bReactions were carried out with 0.025 mc] of quinaldine,
the indicated mol per cent ef methanol, and sodium hydride in
a calculatod excess of 0.125 mol to completely convert the”
methanol to methoxide in 550 ml of HTE. .

CThe temperature of the meter varied between 22.1 and
27.200 and the atmospneric pressure varied between 705.7 ard
708.1 mm. The thooretical amount of hydrogen tone mol equiva—
lent) under these conditions is between 668 and 692 ml.

- dThis value ropresents 76% of the theoretioal amount of
hydrogen. Querching the reaction mixture with deuterioacetie
acid in deutcrium oxide gave a 50% deuterium up—takc of one

‘ ‘

hydrogen at the methyl group.

' 2The temperature of the meter varied between 26.6 and _

27.500 and the atmospheric.pressurc varied between 710.5 and
719.5 mm. The thecretical amount of hydrogen tone moi equiva—

. lent) under these conditions is between 675 and 685 ml.

fTnis value represents 84% of the theoretical amount of ·
hydrogen. Quenching the reaction mixture with deuterieazeeic
acid in deuteriun oxide gave a 45% deuterium up—take of one
hydrogen at the methyl group. · _

O‘
O 6The temperature of the meter varied between 21.5 and ·

25.0 0 and the atmospheric pressure varied between 705.6 and
712.0 mm. The theoretical amount of hydrogen (one mol equiva—
lent) under these conditions is between 662 and 682 ml.

‘

hThis value represents 66% of the theoretical amount of
hydrogen. Quenching the reaetion mixture with deuterioacetic
acid in deutcrium oxide gave a 26% deuterium up-take of one
hydrogen at the methyl group.
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it was felt that this was not definitive proof of methoxide

ion participation. This difference in rate could easily have

resulted from a physical rather than a chemical process.
‘

It therefore appeared from the results with phenyl »

benzoate that an alternative method was needed to demonstrate

whether alkoxide was or was not behaving as the actual ioniz-

ing base. This was shown not to be the case by measuring the

rate of hydrogen evolution upon treatment of quinaldine with

five mol equivalents of sodium hydride in the absence of added -

alkoxide, in the presence of lO mol per cent methoxide, and

in the presence of lOO mol per cent methoxide, respectively

(Table VIII). It appears from these results that after the

first lO hr the rate of hydrogen evolution is essentially the

same whether lOO or O mol per cent methoxide is present. It

is also evident from the data that the rate of hydrogen evolu-

tion even with alkoxide present is never equal to one-half of

the rate of hydrogen evolution from the methyl benzoate reac-

tion. Therefore, the increased hydrogen evolution produced

when ester is added to-a solution of a weakly active methyl—

heteroaromatic in a sodium hydride slurry of DME is not caused

by a more rapid ionization of the heterocycle by alkoxide than

by sodium hydride.

Other sodium hydride acylations have been shown to

proceed by a mechanism other than the gradual ionization of

a proton. In an attempt to explain why only one equivalent

of hydrogen was evolved when. ß—diketone (llß) was treated
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with sodium hydride (Scheme VI), while two additional

Scheme

VIF?COCH2COCH3——————-—————1> RCOÜHCOCH3 + H2

· H7 . _
l

. LL§_

A
RCOÜHCÖÜHCOAV + 2H2

H9
equivalents were produced when ester was added, Hauser et.

al.ll5 postulated a cyclic mechanism as shown in Scheme VII.

Scheme VII
I A1; /013+

.. ./Csq
116 ——————————————1> RCOCHCOC”1·12 I

RCOÖ_HCOCH2CO/-\I^ 6*** RCO-€HCOCH2QÄOE‘l” ‘l* H2‘
I?

· ONA I
RCOÖHCOÖ—HCOA1"+ H2 ·
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If this mechanism were operable in the cases for methyl—

heteroaromatics then the rate should be dependent upon the

concentration of ester. To demonstrate that this was indeed °

the case a comparative rate study was performed using l.2 and

2.4 equivalents of methyl benzoate and in each case one equiva—

lent of quinaldine. The rates of.hydrogen evolution (Table IX)

illustrate that the reaction rate is dependent on the concen—

tration of ester and also illustrate the large differences in

the rate of hydrogen evolution dependent upon the concentration

of added ester.
I

Figure I graphically illustrates the large differences

in the rate of hydrogen evolution dependent upon the concen~

tration of added ester. The values for the rate of hydrogen

evolution in the absence of added ester were multiplied by

two because only one mol equivalent of hydrogen is evolved.

Therefore, the transition state of the slow step should involve

some combination of heterocycle, ester, and base, and would

presumably resemble IQQ for quinaldine.

N’
Isfo

_ ' , I

”
· .

Invoking for the slow step a conformation involving the ring

nitrogen in a cyclic transition state seems unrealistic due
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TABLE IX
‘

Hydrogen Evolution Accompanying the Reactions
of Quinaldine With Varying Concentrations of

Methyl Benzoatea

Time (hr) ° Hydrogen Evolved (ml)

1.2 equivalentsb 2.4 equivalentsc

1 100 150 —
2 170 _ _ 255
5 ° 240 ' 590
4 520 510
5 400 650
6 460 750
7 550 870
8 600 970
9 660 1070

10 720 1155d
21 1210 1400

8The reactions were carried out with 0.025 mol of
quinaldine, 0.05 mol (1.2 equiv) or 0.06 mol (2.4 equiv)
of methyl benzoate, and 0.125 mol of sodium hydride in 550
ml of DME.

‘
bThe reaction conditions for this experiment are given

in Table VII.

O CThe temperature of the meter varied between 22.2 and
24.8 0 and the atmospheric pressure varied between 707.1 and
709.2 mm. The theoretical amount of hydrogen (two mol equiva—
lents) under these conditions is between 1556 and 1558 ml.

dThis value represents 105% of the theoretical amount
of hydrogen. 81% of 57 could be isolated.
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to the comparable results obtained with the 4—methy1hetero—

aromatics. Since a transition state such as 120 involves

the formation of a coordination site on the sodium atom by
X

the ester carbonyl, it was thought that perhaps the role of

E the sodium metal ion as a mechanistic component might be .

investigated by repeating the same experiment using lithium _

hydride as the base. lf complexation of the metal ion were

taking place, this should seriously affect the reactivity of

lithium hydride and hence the overall reaction rate. Even · '

though lithium hydride is a much weaker base than sodium

hydride the greater tendency for coordinationllö expected of

the lithium atom might compensate for the differences in

reactivity and therefore a comparable reaction rate for these °

two bases would be strong evidence for the existence of this

proposed mechanism. A comparison of the results of this ex-

periment with those of sodium hydride (Table X), however, does

not seem explicable on this basis. It is apparent that the

lithium hydride reaction is not nearly as rapid as the sodium

hydride experiment. The lithium hydride reaction was so

sluggish that after 50 hr it was discontinued with only 24%

of the theoretical amount of hydrogen evolved. When the

reaction mixture was processed with acetic acid and water, '

the theoretical amount of (0.125 equiv.) of hydrogen was evolved

indicating that the lithium hydride was active. It seems

reasonable then that these results might suggest that the

mechanism involving transition state 120 is not operable for
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TABLE X ·

' Hydrogen Evolution Accompanying the
Reactions of Quinaldine and Methyl
Benzoate With Lithium and Sodium

Hydridesa

Time (hr) Hydrogen Evolved (ml)

Lithium Hydrideb Sodium Hydrided

1 20 . 100
2 40 170
5 — 60 240
4 75 B20
5 90 400
6 100 460
7

‘
105 . 550

8 110 600
9 120 660

10 150 720
21 180C « 1210
50 270 —

l
8The reactions were carried out with 0.025 mol of

quinaldine, 0.05 mol of methyl benzoate, and 0.125 mol
of lithium or sodium hydride in 550 ml of DME.

~ 2The temperature of the meter varied between 24.5
and 25.5 C and the atmospheric pressure varied between
711.0 and 716.9 mm. The theoretical amount of hydrogen
(two mol equivalents) under_these conditions is between
1556 and 1554 ml.

CThis value represents 24% of the theoretical amount
of hydrogen. 0% of 52 could be isolated.

dThe reaction conditions for this experiment are
given in Table Vll.
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the sodium hydride acylation of methylheteroaromatics. For

quinaldine it appears from the results of Tables VII through

X that the hydrogen evolution data is most easily explained
I

if one suggests some sort of interaction between ester and

W substrate in a ppeienizgtiqn event., It is suggested then,.

that a complex involving ester and heterocycle such as lgl is

formed and that intermolecular transmission of electrical

charge creates a deficiency of electron density at the ring

Arcocas
. _„ . ___

O-.nitrogenthereby facilitating ionization of a methyl hydrcgen.

As explained in the historical section, it is well dccumented

that any change in the valence state of the ring nitrogen has

a profound effect on the acidity of an pg-methyl group. In

corroboration of the suggestion that lgl is a possible inter-

mediate in such acylations, it has been reportedll7 that pyridine

and N-cyclohexyl-N-methylacetamide form a complex of definite
I

structure (lgg) by electrostatic attraction between the amide

carbonyl and the lone pair on the ring nitrogen of pyridine.

‘\E3' asc, V?'+ I
/N-%—Cl—I3

H„C6 O __ LZ;
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Complex ggg was observed by following the pmr line shifts

that occurred when pyridine was added to a dilute solution

of the amide in carbon tetrachloride. It has also been

_ postulatedllß that ß—ketoalcohols can form complexes such

as ggg with 2—haloheteroaromatics. The 2—position may be

activated by a similar type electrostatic attraction between

the carbonyl group and the ring nitrogen. lt has also been

H3C—ä

lE..€l.
shownllg that the addition of benzophenone to a carbon tetra—

chloride solution of pyridazine causes a "blue—shift" phenomenon

to the n-%* electronic bands. The magnitude of this "blue~

shift" appears to be proportional to the energy gained in

_thc formation of a nitrogen—carbonyl associati0n—complex. lt

was explained that even if a true complex between pyridazine p

and benzophenone were not forming, it is probable that the

· benzephenone molecules preferentially orient themselves

around the pyridazine molecules, and thus have a higher con-

centration than average in the neighborhood of the solute

molecules. V
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If such a mechanism could have an affect on the activ-

ity of the methyl group in heteroaromatics, it seemed that the

lower steric requirements and more polar carbonyl group of

benzaldehyde should increase this affect. Therefore, a com-

parative study was performed measuring the rates of hydrogen

evolution when quinaldine was treated with sodium hydride

alone and when a mixture of quinaldine and l.2 equivalents of

benzaldehyde was allowedéto react with excess sodium hydride.

If a complex such as ggg or ggg were to form, it seemed that

the rate of hydrogen evolution should be substantially in-

creased through an accretive inductive effect involving the

ring nitrogen in ggg or through both an inductive effect and

(E5 QÜ
. Ä V; H A

Y_>C\()»_’H
O

Ei
1

125.
a weakening of the carbon—hydrogen bonds as a consequence of

‘ electron withdrawal by the electronegative oxygen atom as in

complex_ggg. Benzaldehyde should differ from esters not only

in the rate and the amount of hydrogen evolution, but also in

the type of product formed. In this case an alcohol (ggg)

should be formed and rapidly dehydrate to form 2-styrylquino—

line .
·
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· _ N’C}—I2Cl—IAr‘ —¥—————————e _, N’CH:CHAr
Qt

ITheresults of this experiment are collated in Table XI and

reveal that with benzaldehyde by the end of 50 min, 450 ml

of hydrogen (65 mol per cent based on the amount of quinaldine

present) were evolved while after 50 min with sodium hydride

alone only 50 ml of hydrogen (4 mol per cent) were evolved.

lndeed, the increase in the rate is even greater than that for

methyl benzoate. To make a direct comparison of these data

with those of methyl benzoate, the results for the latter re—

agent must be halved since two mol equivalents of hydrogen are

evolved where only one is expected with benzaldehyde. lt is

·evident that benzaldehyde shows a greater inclination for

complex formation, the process that leads to increased hydrogen

evolution.
I

When the benzaldehyde reaction mixture was processed

in the usual manner, a red non—viscous oil was obtained that

would not crystallize. Because a mixture of carbinol (lgg)

and 2—styrylquinoline (lgz) might have been present, it was

felt that this could possibly have prevented crystallization.
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TABLE X1 ° .

‘Hydrogen Evolution Aecompanying the Reactions
of Quinaldine With Benzaldehyde and Methyl

Benzoate 2

Time (hr)
”

Hydrogen Evolved (ml)

methyl benzoate (X 1/2)a
Benza1dehydeb’C

0.5 50
‘ 9

450
1.0 50 450
1..5 · 2 70 2 465
2.0 85 485
2.5 105 505
5.0 _· 120 515
5.5 . ; 140 525
4.0 160 540d

20.0 h . 595 650

8The reaction conditions for this experiment are given
in Table Vll.

w
bThis reaction was carried out with 0.025 mol of

quinaldine, 0.05 mol of benzaldehyde, and 0.125 mol of sodium
hydride in 550 ml of DME.

. O CThe temperature of the meter varied between 25.00 and
27.0 C and the atmospherie pressure varied between 709.6 and
711.5 mm. The theoretical amount of hydrogen (one mol equiva—
lent) under these conditions is between 675 and 681 ml.

. dThis value represents 93% Of the theoretical amount
of hydrogen. No oondensation product could be isolated.
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Therefore, a benzene solution of this oil was refluxed for two

hr with a few crystals of p-toluenesulfonic acid monohydrate

in an effort to complete the dehydration to lgz. Unexpected1y,‘

no crystalline product could be isolated. The liquid could

not be separated into its components by column or Vapor phase

chromatography. A pmr spectrum revealed Very intense methyl, I

methylene, and aromatic absorptions in the regions expected

for quinaldine and benzyl alcohol, but no peaks corresponding

to lgg or lgß were observed. It is possible that the benza1—

dehyde was reduced by sodium hydride to benzyl alcohol. The

salient feature of this experiment is that quinaldine anion

formation is greatly catalyzed without reacting with benzal-

dehyde. Examples of reVersible addition by carbanions to

carbonyl compounds are known. Hauserlgq has shown that the

carbanion derived from acetonitrile, lgé, shows a temperature

dependent propensity for addition to benzophenone.

EHCN + /-\rCOAV“ ··JilI——> Ar-El)—CHCN2 6-————
I 2

6
läd läd 4

At -800, lgg is formed in.89% yield, while as the temperature p

is raised to 250 only 70% is formed. At 640 the yield is

lowered to 16%. lt seems reasonable to propose on the basis
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of these data that benzaldehyde may facilitate the formation

of the quinaldine carbanion and at reflux temperature show

no tendency for carbonyl addition. Therefore, the reaction

was repeated and when approximately 80% of the anion had been

formed (hydrogen evolution), the reaction mixture was cooled

with an ice—bath, sparged with dry nitrogen, and finally

cooled with a Dry lce—acetone bath to -500. The mixture was
‘

stirred at this temperature for two hours and then processed

in the usual manner. Here again a red non—viscous oil was ·
”

found, which also showed no tendency towards crystallization,

and no single pure product could be isolated. In an effort

to account for the unreacted benzaldehyde, phenylhydrazine,

along with a few drops of acetic acid, were added to an

ethanol solution of this oil. The solution was refluxed for

a few minutes; however, no hydrazone could be isolated. The

absence of hydrazone indicates that the reaction may have

proceeded and that the benzaldehyde was reduced to benzyl

alcohol. lf this were the case, it seemed possible that the

quinaldine anion could be generated in the presence of benzal—

dehyde and subsequently be trapped with methyl benzoate.

Therefcre, generation of quinaldine anion was catalyzed with

benzaldehyde and when approximately 80% had been formed,

methyl benzoate was added and the reaction continued until

hydrogen evolution was complete. The reaction mixture was

shown to contain 60% of 2—phenacylquinoline (22% was isolated

as the hydrazone). The results of these experiments indicate
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that benzaldehyde does dramatieally increase the rate of

carbanion formation compared with quinaldine and sodium hyd-

ride alone and that the reaction is synthetically useful.

Because the rate of acylation of methylheteroaromatics

is dependent upon the kind and concentration of ester present,

it seemed interesting to investigate the sensitivity of the

reaction to the polarity of the carbonyl group. In this

respect, the rate of hydrogen evolution was compared when

quinaldine was treated with methyl p-chlorobenzoate and ethyl

trifluoreacetate in a sodium hydride slurry of DMB. These

results are collated in Table XII. It is apparent that the

ethyl trifluoroacetate reaction is very fast compared to

methyl benzoate. This result is quite consistent in regards

to the proposed mechanism in which the ring nitrogen is asso-

ciated with the carbonyl group of ester. The very strong

inductive effect of the trifluoromethyl group enhances the

positive character of the carbonyl group when compared with

the effect of a phenyl group in methyl benzoate. A comparison

of methyl p-chlorobenzoate and methyl benzoate reveals that

the substituent effect of the chlorine atom also affects the

rate of hydrogen evolution. It appears that the progress of

the reaction is influenced by the type of ester present in

respect to the polarity of the carbonyl group.

The mechanistic course of the sodium hydride acylation

of methylheteroaromatics that is presented here, explains the

results found in this study. It is important to stress,
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‘
TABLE X11

‘

Hydrogen Evolution Accempanying the Reactions
of Quinaldine With Ethyl Trifluoroacetate,3

Methyl p;0hlorobenzoate, and Methyl Benzoatc

Time (hr) Hydrogen Evolved (ml)
Ethyl b Methyl d Methyl fTrifluoroaeetate p;0h1orobenzoate Benzoate

1 855
‘ 150 100

2 900 270 170
5 945 580 240
4 970 490 520
5 1000 590 400
6 1010 690 460
7 1020 770 550
8 1025 850 600
9 1055 — 920 660

10 1040C ‘ 9806 720
25 1080 1550 1285
57 — ' — 1550

8The reactions were carried out with 0.025 mol of quinaldine,
0.050 mol of appropriate ester, and 0.125 mol of sodium _
hydride in 550 ml of DME. 8 ._.

bThe temperature ef the meter varied between 25.5 and 27.800
and the atmospheric pressure varied between 707.7 and 712.0
mm. The theoretical amount of hydrogen under these conditions
is between 1557 and 1571 ml.

CThis value represents 80% of the theoretical amount of
hydrogen. 17% of 155 could be isolated.

dThe temperature of the meter varied between 24.1 and 27.200
and the atmospherie pressure varied between 715.2 and 716.8
mm. The theoretical amount of hydrogen under these conditions
is between 1555 and 1561 ml.

€This value represents 99% of the theoretical amount of
hydrogen. 72% of 58 could be isolated.

fThe reaction conditions for this experiment are given in
Table V.
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however, that because of the structural‘diversity of the sub-

strates, it is doubtful that the same mechanism need apply to

all cases.
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B. Twofold Metalation of;Mgthylheteroaromatics
By Means of_Butvll;jhium

A I
l. 2-Methylbenzimidazole

A

‘
4 Due to the limited understanding of the correlations

between molecular structure and physiological activity, the

best approach to drug design still requires a logical sequence

of molecular modifications of known active prototypes. Tt is

therefore desirable to start with a simple model compound

containing active structural features and then vary the

skeleton or substituents being careful to note the changes

in physiological activity with each structural alteration.

, The sodium hydride procedure described in this dissertation

provides a simple means of adding a diverse number of acyl

groups to many different heterocycles of medicinal importance.

Many different pharmacologically interesting hetero-

cyclic ring systems contain sites more acidic than the methyl

group. Such an example is 2-methylbenzimidazole (lQQ). Be-

cause the amine hydrogen is more acidic than the methyl

'hydrogens, sodium hydride would preferentially form an anion

—————-—————;!> H3

l.Zä.Q r l§.L
at nitrogen as in ljl. lt appeared then that in order to
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prepare, gig an initial metalation reaction, new compounds of

structure 152, which are known to possess a wide variety of

biological properties, it would be necessary to protect the

QQNCHZR
(

H

I32

amine hydrogen from ionization. Dihydropyran (155) has been

shownlgl to be an effective reagent for the protection of

NH,l22 0Hl2l, 125, and SHl24 groups against bases. For example,

6—substituted-9-(tetrahydro—2~pyrany1)-purines (155) have been

prepared and the parent heterocycle can easily be regenerated

by hydrolysis. Although a number of different 6-substituted

purines (15M) were shown to readily undergo this process, it

R R
N/ N/
g I + I —————> lä I N

N N om N“ ( (Z?
@1. $5 $.5

was found in this study that 2—methylbenzimidazole (150)

showed no such tendency. A solution of 150, excess 155, and

a catalytic amount of pgtoluenesculfonic acid monohydrate in

ethyl acetate was refluxed for 17 hr. After this time the
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crystals that slowly formed from the cooled solution were

shown to be recovered 15Q in 85% yield. _

In an endeavor to circumvent the use of such blocking

agents, an attempt was made to prepare a dianion of 2—methyl—

benzimidazole (150). It was suhsequently demonstrated that

156 could be prepared in THE at OO, under nitrogen, using

two equivalents of butyllithium. Evidence for the formation

of dianion 156 was ohtained by trapping with henzyl chloride

and 2—phenethylbenzimidazole (152) could be isolated in 4@%

yield. The observed melting point of 152 agreed with the

j_3_Q_ —-—————-————> CH2”

im il?
1 · CHZCHZAV

H

literature55 value and the ir and pmr spectra correlated with

such a structure. The ir spectrum showed NH absorption at

2.9 H and the pmr spectrum showed a singlet at 5.16 ppm that

integrated for four methylene protons. Dianion 156 was also

trapped with benzophenone to afford carbinol 158 in 20% yield.

The ir spectrum showed a broad band at 5.1-5.2 p for NH and OH
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absorption. The pmr Spectrum Showed a Singlet at 5.85 ppm

that integrated for two methylene protons. Compound 158

could be recrystallized from ethanol to yield Shiny white

.
1

Hy- ·

ll-’».€i —————-¥-—————e· cH§g—o»—1
° _ _ H Ar

. I38

needles that molted at 199-2010. The analytical data for

this compound was consistent with the moleoular formula

C2lHl8N2O. This product (158) Showed no tendency to dehydrate

to afford a Styryl derivative. In a Similar manner dianion

156 was trapped with heptaldehyde to give carbinol_159 in 61%

yield. The product could be purified by recrystallization

from ethanol to yield white needles that melted at 192-1950.

‘ I36 —————————l>·CH—CH-<C}QCH2 5 3
H

I
l39

It analyzed for a compound Cl5H22N2O and its pmr Spectrum was

consistent with the proposed Structure 159. The ir Spectrum

Showed weak NH and OH absorption, but the pmr Spectrum

Showed very Strong aliphatic absorption consistent with an

p-hexyl group. These experiments demonstrate that dianion
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1QQ is nucleophilic enough to react with alkyl halides,
A

ketones, and aldehydes to afford 2—substituted benzimidazoles

in preparative yields (Table XIII). ‘Such experiments also

demonstrate synthetic potential for structural variations of

1§0, such as 8—methy1purine (140).

‘

gä l N\CH3
N HI40

2. 2—Mercapto—4z6—dimpthy1pygimidine

It 1 126 . _ias been reported that 2—hydroxy—4,6~dimethy1—

pyrimidine hydrochloride (141) will form dianion 142 in low;

yield (20%) with butyllithium and the complexing agent DABCO.

This was demonstrated by trapping the dianion with benzophenone

”
CH3 CH;

—-———————-?————!> ILHQ N/CH3 __O N/CHS

I4} I42
and 5,4,5—trimeth0xybenza1dehyde. Since the preparation of

this dianion appears to be difficult and incomplete, it was

thought that carbanion formation might be enhanced if the

hydroxy group could be protected. Consequently a mixture of

141 and excess dihydropyran (ljä) in ethyl acetate was
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refluxed for 18 days. After this time the cooled solution

was filtered and the residue dried in the Vacuum oVen.° This

material was shown by mixed melting point to be recovered 141

(99%). Since the formation of hydroxypyrimidine dianion 142

h · CHS
-—-—-———> Ä

|33 A
I43

appeared to be only moderately successful, it seemed that the

molecule had a limited capacity to delocalize two negative

charges. Because sulfides are generally weaker bases than

alkoxides, it was theorized that perhaps the dianion of 2—

mercapto—4,6—dimethy1pyrimidine (14Q) might form more easily

and to a greater extent than 142. It was found that dianion

CH3
” · CH,

N \ _ N \——————·———————t>‘L
/ca

‘L ’CH
HS N 3 ___S

N 3

I44 I45 J7
CHZCHZ/Ar V“ü

nHSLN’CH3

7 JAQ
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145 could be generated with two equivalents of butyllithium

in THE at 00. This was demonstrated by trapping the dianion

with benzyl chloride. A red solid was isolated (29%) that

Q could be purified by recrystallization from alcohol to afford

yellow needles, which melted at 165-1660. Elemental analysis

was consistent with the formula Cl5Hl4N2S and the pmr spectrum

was consistent with the proposed structure (146). The methyl-

ene and methyl protons appeared as singlets at 2.76 and 2.14

ppm. Although the isolated yield of 146 was still rather

low (29%), it appears that the formation of dianion 145 was

more facile than the formation of dianion 142 because no com-

plexing agent was required and the yield is 10% higher.

Q. 2-Hydrogy-4-methv1-5—pheny1-
6-phenethylpvrimidine

lt has also been reported56 that the dianion of 2-

hydroxy-4,6-dimethy1-5—phenylpyrimidine (148) can be prepared

in high yield by treatment of 147 with either two equivalents

of sodamide in liquid ammonia or butyllithium-TMEDA in THE at
' 00. The dianion was trapped with a wide variety of diverse

reagents demonstrating the scope of its synthetic utility.

° CH3
CH2—

EHOMMCH. _
Or)Lw’

CH.

lél .&@..l
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For example, 148 reacted56 with one equivalent of benzyl

chloride to afford 2-hydroxy~4¥methjl—5—phenyl—6—phenethyl-

pyrimidine (149) in 76% yield. In this study the selective

ionization of a proton at the methyl site rather than at the

methylene position of 149 was investigated (150). If this

CHS ‘ l CH2—

I i--—————B Ip}..}()\\N/ CHZC H2CGH5 _()
N’ CHZCHZCGHS

I49 _
U

I5O
l

were possible, pyrimidines of the general structure of 151

might be prepared. Thus, two equivalents of butyllithium were

added to a cold suspension of 149 in THF. To the resulting

CHZR,
N \ C6H5

I
CHZRZ

I5!

brown solution was added one equivalent of benzyl chloride in
I

THF. After w0rk—up, 57% of 152 was isolated. The product

CHZCHZCGHB
N \ CGHS

HO N CHZCHZCGHS

I52
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crystallized from ethanol-isopropyl alcohol (1:1) and melted

at 176-1770. lt was shown to be homogeneous by thin layer

chromatography in benzene-acetone-heptane (5.5:5.5:5).

Theelementalanalysis of 152 was consistent with the formula

I C2éH24N20 and its ir andÜpmr spectra were compatible with.

the proposed structure.' Absence of a methyl signal in the _

pmr spectrum of 152 verified that none of the isomer 155 was

- y CH3

/ ,HO5 N CH(<?H2C6H5)2
1 l53

present. This spectrum showed a multiplet at 5.49-2.75 ppm

that integrated for eight protons. When ethyl bromide was

added to a solution of dianion 150 none of the expected

product 154 could be isolated. lnstead, 149 was recovered

in 76% yield.
l

l CHZCHZCH3@*5
_ gg) N/ CHZCHZCGH5 5

I54



IV. EXPERIMENTAL

A. General

_ All melting points were taken with a Mel-Temp

apparatus and are corrected; boiling points are uneorrected.

Infrared measurements were made with potassium bro-

mide pellets, Nujol mulls, or matched sodium chloride cavity

cells of 0.05 mm width._ Spectra were recorded using either

a Beckman IR-5 or Beckman 20-A spectrometer. Band positions

are reported in micr0ns_(ß) and were calibrated with a poly-

styrene film.
V

·

Proton magnetic resonance (pmr) speetra were recorded

on a Varian Associates 60 MHz spectrometer, Model A-60.

Chemical shifts are reported in Ö, parts per million (ppm),

downfield from tetramethylsilane (TMS) as an internal standard.

The splitting patterns are reported by m=multiplet, q=quartet,

tétriplet, d=doublet, and s=singlet.
’

Certain other units have been abbreviated: milli-

vmeters of mercury (mm), degrees Centigrade (OC), grams (g),

moles (mol), liters (l), milliliters (ml), hours (hr), molar

(M), and normal (M).

Microanalyses were carried out in this department

under the direction of Miss Queng Hui Tan. Her results were

obtained on a Perkin-Elmer Model 240 C, H, and N Elemental

Analyzer. _



90

Mass spectra were taken with an Hitachi Perkin-Blmer

BMU-6B spectrometer at 50 eV scans. A pressure of less than

10-6 mm was maintained in the analyzer tube.

Analytical thin layer chromatograms were run using

I Bastman Chromagram sheets (silica gel) Type 6060 with _

fluorescent indicator. The specific moving phase is noted
I

_

in the procedure.
-L_

All liquid reagents were distilled and subsequently

stored ever molecular sieves MA. Tetrahydrofuran (THB) and

1,2-dimethoxyethane (DMB) were distilled from sedium metal

immediately prior to use. ”Petroleum ether refers to a frac-

‘tion of bp 50-600. Sodium hydride was obtained as a 50% .

mineral eil dispersion from Metal Hydrides, lnc., Beverly,

Massachusetts. M-Butyllithium was obtained as a 1.6 M solu-

tion in hexane from the Foote Mineral Co., New Jehnsonville,

Tennessee. I
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B. Phenacylhetgrggrqmatics (51)

General Procedure: The following procedure is intended

to be used as a model for subsequent sodium hydride acylations.

I
l. 2-Methyl-Qd—nicotiny1Q-benzoxazole (54). - The

apparatus consisted of a 500 ml three-necked round—bottomed

flask equipped with a magnetic stirring bar, a 125 ml pressure-

equalizing addition funnel, and an efficient condenser. The

reflux condenser was connected at its upper end te a cold trap

which was in turn connected to a Precision Scientific wet-

test meter filled with water. The reaction system was sparged

with dry nitrogen, flamed dry, and then the trap was filled

with Dry Ice-acetone. A solution of 6.65 g (0.05 mol) cf

2-methylbenzoxazole and 10.57 g (0.07 mol) of ethyl nicotinate

in 100 ml ef dry 1,2-dimethexyethane (DME) was added to the

addition funnel. Sodium hydride 12 g (0.25 mol) as a 50%

mineral oil dispersion was washed with 100 ml of petroleum

ether to remove the mineral oil. The washed sodium hydride

-was filtered and added to the reaction flask along with 200

ml of dry DMB. The resulting gray slurry was brought to

reflux and the nitrogen stream removed. The wet-test meter

was set at zero after thermal equilibrium had been established.

The solution of ester and benzoxazole was then added dropwise

over a period of 50 min. When addition was complete the

resulting dark reaction mixture was refluxed fer 4 hr. After

this time the theoretical amount of hydrogen had been evclved.
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The flask was then cooled with an ice—bath and 100 ml of

ether was added. Next, 7.5 g of acetic acid were added drop—

wise with caution, followed by 75 ml of cold water. Finally,
’

7.5 g more of acetic acid and 75 ml more of water were

added. The mixture was stirred well and the yellow solid_

that formed between the layers was filtered with suction. _

The filtrate was separated into its two layers and the aqueous

layer extracted once with 150 ml of ether. The combined

ethereal layer was dried (mgsoq), filtered, and concentrated

to give more yellow product. The solids were combined and

dried in the vacuum oven. (The crude material, 9.27 g (78%)

was recrystallized four times from isopropyl alcohol to give

yellow needles. This analytical sample melted at l55~l55O; pmr

(011015) $9.5447.17 (m, 91*1, p1155y1), 6.19 (s,0.87H, 87% 011),

and 4.62 ppm (s, 0.26H, 15% CHE); ir (CH0l5) 5.57 (CH), 5.90

(0 I 0), 6.15 CH I 0011), 14.12 and 15.22/1 (51155511).

Anal. Calcd. for 0l4HlON202: C, 70-59; H, 4.20; N, 11.76.

Found : IC, 70.84; H, 4.17; N, 12.04.

2. 2—Phenacylpygidine (55)- — A SOl¤fiOH of 23-25 S

(0.25 mol) of u—picoline and 40.80 g (0.50 mol) of methyl

benzoate in 200 ml of dry ME was added drop—wise over a period

of 45 min to a refluxing slurry of 50.00 g (1.25 mol) of

sodium hydride in 1000 ml of dry DME. When addition was

complete the resulting mixture was stirred and refluxed for

48 hr. After this time the reaction mixture was processed

in a manner similar to that described in the previous
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procedure, except 40 g portions of acetic acid were used.

The combined ethereal layer was concentrated to yield a dark

yellow oil. The oil was purified by short-path vacuum dis-

tillation, bp 190-1920 / 7 mm (1it.68 150-1600 / 5-4 mm).

Upon standing the distillate solidified to give 42.56 g (88%)

of_55 as a bright yellow solid, mp 40-450 (lit.68 45-470);

pmr (CDC15)58.66 - 6.67 (m, 911, p11Smy1), 6.05 (S, 0.4611,

46% 011), and 4.50 ppm (S, 1.0611, 54% CH2); ir (mSSp) 5.50 (01-1),

5.90 (C Z: 0), 14.0 and l5.0}4(phenyl).

5:__4-lhenacvlpyridine (56). - A solution of 4.65

g (0.05 mol) of 8-picoline and 9.52 g (0.07 mol) of methyl ben-

zoate in 100 ml of dry DMB was added drop-wise over a period

of 50 min to a refluxing slurry of 6 g (0.25 mol) of sodium

hydride and 200 ml of dry DMB. When addition was complete'

the resulting brown mixture was stirred and refluxed for 48

hr. After this time the reaetion mixture was treated in a

manner similar to that described in the general procedure.

The oombined organic fraotion was concentrated to yield a

yellow solid. This material was dried in the vacuum oven,

to give 9.10 g (92%) of 55, which was recrystallized once

from benzene to give yellow crystals‘that melted at 115-1160 .

(111;.62 112-115.4-O); pmr (01>015) 5 8.64-7.08 (m, 911, pmemyi)

and 4.25 ppm (s, 2H, CH2); ir (CHC15) 5.40 (CH), 5.96

(C Z: 0), 14.00, 14.78, and l5.22}4(pheny1).
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4. 2-Phenacylguinoline (572; - -A solution of 5.58

g (0.025 mol) of quinaldine and 4.08 g (0.050 mol) of methyl

benzoate in 100 ml of dry DME was added dropwise over a period

of 50 min to a refluxing slurry of 5.0 g (0.125 mol) of

sodium hydride and 250 ml of dry DME. When addition was com-

plete the resulting brown mixture was stirred and refluxed

for 24 hr. After this time the reaction mixture was treated

in a manner similar to that described in the general procedure

except 4 g portions of acetic acid were used. The eombined

organic fraction was concentrated to yield a yellow solid.

This product was dried in the vacuum oven to afford 5.75 g

(95%) of 57. lt was recrystallized from 70% ethanol to give

yellow crystals that melted at 119-1200 (1it.68 114-1160);

pmr (0DC15) Ä 8.10-6.50 (m, 1lH, phenyl) and 5.94 ppm (s, 1H,

GH), ir (011015) 5.50 (GH), 6.11, 6.50, and 61+2 (011: GOH),

and 11.70 and l2.20}A(phenyl).

_ 5. 4-Phenacylguinoline (59}. — A solution of 7.15

g (0.05 mol) of lepidine and 9.52 g (0.07 mol) of methyl

benzoate in 100 ml of dry DME was added dropwise over a period

of 50 min to a refluxing slurry of 6 g (0.25 mol) of sodium

hydride and 200 ml of dry DME. When addition was complete

the resulting brown mixture was stirred and refluxed for 48

hr. The isolation of 55 was the same as described for 54.

The combined organic fraction was concentrated to yield a red

oil that quickly solidified upon standing. This product was

dried in the vacuum oven and weighed 12.02 E (98%). It was
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recrystallized once from isopropyl alcohol to give yellow

crystals, mp 116-1170 (lit.68 1150); pmr (CDC15) S 8.86 -

7.07 (m, 11H, phenyl) and 4.57 ppm (s, 2H, CH2); ir (CHCl5)

5.40 (021), 5.95 (0 I 0), 14.01, 14.78,and6.

2-p-Chlorophenacvlguinoline (58). - A solution

of 7.15 g (0.05 mol) of quinaldine and 11.9 g (0.07 mol) of

methyl p-chlorobenzoate in 100 ml of dry DMB was added drop-

wise over a period of 50 min to a refluxing slurry of 6 g

(0.25 mol) of sodium hydride and 200 ml of dry DME. When

addition was complete the resulting brown mixture was stirred

and refluxed for 8 hr. (The isolation of 58 was the same as

described for 58, except the solid that formed between the

layers was filtered. The combined organic phase was conccn-

trated to yield a yellow solid.~ These solids were combined

and dried in the vacuum oven. The crude material which

weighed 7.55 g (52%) was recrystallized from absolute ethanol

to_give an analytical sample, mp 165-1640; pmr (CDCl3) Ö 8.04 -

6.67 (m, 10 H, phenyl) and 5.95 ppm (s, 1H, CH); ir (CH0l5)

5.55 (CH), 6.15, 6.51, and 6.45 (CH Z: COH), and 15.70 A

(phenyl).
,5

,

ggal. Calcd. for Cl7Hl2C1N0: C, 72.47; H, 4.26; N, 4.97.

Found : C, 72.52; H, 4.20; N, 4.78.

7. 2-Phenacylpyrazine (60)., - A solution of 4.70 g

(0.05 mol) of 2-methylpyrazine and 9.52 g (0.07 mol) of methyl

benzoate in 100 ml of dry DMB was added dropwise over a

period of 50 min to a refluxing slurry of 6 g (0.25 mol) of
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sodium hydride and 200 ml of dry DNE. When addition was

complete the resulting brown mixture was stirred and refluxed

for 8 hr. The isolation of gg was the same as described for

- gg. The combined organic phase was concentrated to yield

a yellow solid. The product was dried in the Vacuum oven

and weighed 7.95 g (80%). lt was recrystallized from

dimethylformamide (DMF) to form brown needles. They melted

at 80-84-0 (lit.75 82-850); pmr (011015) 6 8.62-7.50 (m, 611,

phenyl), 6.10 (6, 0.07H, 011), and #.#9 ppm (S, 1.6611, 0112);
’

ir (011015) 5.50 (011), .5.90 (0 Io), 15.75 and lll-.55/q

(phenyl).

8. 2—Phena0ylguinoxaline—(6l). - A solution of 7.20

g (0.05 mol) of 2-methylquinoxaline and 9.52 g (0.07 mol)

of methyl benzoate in l00 ml of dry DMB was added dropwiso

over a period of 50 min to a refluxing slurry of 6 g (0.25

mol) of sodium hydride and 200 ml of dry DME. When addition

was complete the resulting cherry-red mixture was stirred and

refluxed for 2 hr. After this time the reaction mixture was

'treated in a manner similar to that described in the general

procedure. The combined organic fraction was concentrated

to yield a dark brown shiny solid. This product was dried

in the Vacuum oven to afford l0.l0 g (82%) of gl. It was

recrystallized three times from absolute ethanol to give an

analytical sample melting at 152-l55O; pmr (CD0l;) Ö 9.58-7.62

(m, 1011, phenyl), 6.56 (S, 0.611, 60%011), #.96 ppm (S,. 0.511,

15260112); ir (01101;) 5.50 (011), 6.20 (011 Z 0011) ama 1#.60

and l5.20}A(phenyl). -
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Aggl. Caled. fer Cl6Hl2N20: C, 77.42; H, 4.84; N, 11.29.

Found ; e, 77.59; H, 4.97; n, 11.19.

9. 2-Methy1-5-phenaeyleuinexaline (gg}; - A solu-
(

tion of 7.90 g (0.05 mol) ef 2,5-dimethylquinoxaline and 10.88

g (0.08 mol) ef methyl benzoate in 100 ml ef dry DME was

added dropwise to a refluxing slurry of 6 g (0.25 mel) of

sodium hydride and 200 ml of dry DME. ·When addition was

complete the resulting red.mixture was stirred and refluxed

fer 7 hr. After this time the reaction was treated in a manner

similar to that described in the general procedure except the

solid that fermed between the layers was filtered. This

residue was dried in the Vacuum even to give 7.50 g (52%) of

2,5-diphenacylquinoxaline (55). The bright orange solid was

recrystallized from benzene and melted at 205-2070 (1it.l5

204.5-205.20); ir (0HCl5), 5.50 (en), 6.25 ana 6.4s (en II een),

and.15.80, 14.55, and 15.l5}A(pheny1). The combined erganie

fractien was concentrated to yield an orange solid. This

product was dried in the Vacuum even to afferd 6.8l E (52%)
hof

62, It was recrystallized twice from hexane giving orange

flakes that melted at 125-1260 (1it.l5 125.6—l26.5O); pmr

(CDC15)$ 8.17-7.55 (m, 9H, pnenyi), 6.29 (S, 1H, en), and
A

2.65 ppm (s, 5H, CH5);·ir (CHC15) 5.50 (CH), 6.25 and 6.50

(en II een) She 15.80, 14.40, and 15.20/4(pnenyi).

10. 2,5-Diphenacylguinoxaline (55lL - A solution

ef 7.90 g (0.05 mol) ef 2,5-dimethylquinexaline and 21.76 g
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(0.16 mol) of methyl benzoate in 100 ml of dry DME was added

over a 50 min period in a refluxing slurry of 12 g (0.50 mol)

of sodium hydride and 200 ml of dry DME. When addition was
A

complete the reaction mixture was stirred and refluxed for

A 8 hr. After this time the reaction mixture was treated in~a

manner similar to that described in the general procedure .

except 15 g portions of acetic acid were used, and the solid

that formed between the layers was filtered. The_bright

orange solid was dried in the vacuum oven to afford 11.45 g

(62%) of 55. lt was recrystallized from absolute ethanol to

yield an orange powder, mp 206-207.50 (1it.l5 204.5-205.20);

pmr (CD01ö) b 8.15-7.05 (m, 14H, phenyl) and 6.45 ppm (s, 2H,

GH), ir (CHC15) 5.50 (GH), 6.25 and 6.48 (GH I GGH), and

15.80, 14.55, and 15.15 ß Qphenyl).

ll. 2,6-Diphenacylpyridine)(65). - A solution of

26.75 g (0.25 mol) of 2,6—1utidine and 81.60 g (0.60 mol) of

methyl benzoate in 250 ml of dry ME was added over a period

of 1 hr to a refluxing slurry of 60 g (2.50 mol) of sodium

hydride and 1000 ml of dry DME. When addition was complete

the reaction mixture was stirred and refluxed for five days.

After this time the reaction mixture was treated in a manner ,

similar to that described in the general procedure except

75 g portions of acetic acid were used. The combined organic

fraction was coneentrated to yield an oil. The oily mixture

was vaeuum distilled and a viscous oil collected at 194-2940 /

7mm. 2-Methyl-6-phenaAeylpy1~idine (_Q4_) solidified on standing
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(59%)..

It was recrystallized from hexane

to yield long golden needlea that melted at 75-760 (lit.6O

774760); pm (0150000015) 6 8.05-6.68 (m), 6.26 (S), 5.92 (6)

_ [E10 H, phenylgü, and 2.50 ppm (s, 5H, CHE); ir (0HCl5) 5.55

(011), 5.70 (c I o), 6.oo (011 I con), 14.22, 14.67, and

l5.54}A(phenyl). To the distillation residue were added 100

ml of 95% ethanol and crystale soon formed. They were °

filtered and dried in the Vacuum oven to give 4.41 g (6%)

of 2,6-diphenacylpyridine (65). The golden clusters were

recrystallized from absolute ethanol, mp 85-840 (lit.l27 870);

pm: (Cl5C00C0l5) 6 8.05-6.68 (m), 6.26 (S), 5.92 (S) [31511,

phenylil, and 4.56 ppm (s, 2H, CHQ); ir (CHCl5) 5.54 (CH),

5.94 (C ZZ 0), 6.12 (OH ZZ con), 15.99, 14.66, and 15.22,u

(phenyl).
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Q, Bthyl Heteroarylpvruvates (70)

1. Ethvl 2—guino1y1pVruvate (75). - A solution of

7.15 g (0.05 mol) of quinaldine and 10.22 g (0.07 mel) of

diethyl oxalate in 100 ml of dry DMB was added over a period

ef 50 min to a refluxing slurry of 6 g (0.25 mol) ef sodium

hydride in 200 ml of dry DMB. When addition was complete the

black reactien mixture was stirred and refluxed for 5 hr.

After this time the reaction mixture was cooled with an ice-

bath and 100 ml of ether were added. _Glacia1 acetic acid

(7.5 g) was then added dropwise with caution followed by 75

ml of cold water. Finally, 7.5 g more of acetic acid were

added and 75 ml more of cold water. The mixture was stirred

well and the layers separated. The organic layer was extracted

with three 100 ml portions ef ether. The combined organie·

fraetion was coneentrated to yield a brown solid. This

product was dried in the Vacuum even to afferd 2.45 g (20%)

ef 75. lt was recrystallized from 95% Ethanol to give brown

crystals, mp 150-1510 (lit.78 150-1520); pmr (CDC15) 8 8.00-

6.80 (m, 611, ArH), 6.58 (S, 0.9111, 011), 4.40 ( , 211, 0112),

5.95 (s, 0.18H, CH2), and 1.45 ppm (t, 5H, CHE); ir (CHCl5)

5-54 (CH)- 5-8l (C Z: 0), 8-00 (0 —— 0), and 12.00;u(pheny1).

2. Bthyl 2-guinoxalinylnyruvate (76). - A solution

of 7.20 g (0.05 mol) of 2-methylquinoxaline and 10.22 g

(0.07 mol) of diethyl oxalate in 100 ml of dry DMB was added

over a period of 50 min to a refluxing slurry ef 6 g (0.25 mol)
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of sodium hydride in 200 ml of dry DMB. When addition was

complete the reaction mixture was stirred and refluxed for

4 hr. After this time the reaotion mixture was treated in a

manner similar to that described for 75, except the solid

_ that formed between the layers was filtered. The oombined_

organio fraction was ooncentrated to yield a brown solid.

The combined solids were dried in the Vacuum oven to afford

8.71 g (72%) of 76. The product was recrystallized from

heptane to give dark brown leaves that melted at 164-1650

(11·b.79 1620); pm; (011015) S 8.60 (S, 111, .4111), 8.05-7.50

(m, 411, 11.1:11) 16.60 (S, 111, 011), 4.40 (q, 26, 0112), ama. 1.40

ppm (1, 511, 0113); 11 (011015) 5.54 (011), 5.79 (0 Z 0), and

8.01},4 (C —— O).

5. Bthyl 2-methyl-5-guinoxalinylpvruvate QZ7); -

A solution of 7.90 g (0.05 mol) of 2,5-dimethylquinoxaline

and 10.22 g (0.07 mol) of diethyl oxalate in 100 ml of dry

DMB was added over a period of 50 min to a refluxing slurry

of 6 g (0.25 mol) of sodium hydride in 500 ml of dry DMB.

When addition was complete the green reaction mixture was

stirred and refluxed for 4 hr. After this time the reaction

mixture was treated in a manner similar to that described for r

75 except the solid that formed between the layers was fil-

tered. The combined organio fraotion was concentrated to

yield a yellow solid. The solids were oombined and dried in

the Vacuum oven to afford 11.25 g (88%) of 77. The product

was recrystallized from 50% ethanol to give brown needles,
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mp 126-1280 (lit.8O 129Ö); pmr (CDCl5) 8 7.95-7.55 (m, 4H,

11111), 6.56 (S, 111, 011), L1-./+0 (q, 211, 0112), 2.65 (S, 511, 0115),

and 1.115 ppm (1, 511, 0113); ir (011013) 5.54 (011), 5.78 (0 II 0),-

7.911 (04.

2,5-Diethoxalylmethvlguinoxaline (Z1). - A solu-

tion of 7.90 g (0.05 mol) of 2,5-dimethylquinoxaline and

20.44 g (0.14 mol) of diethyl oxalate in 100 ml of dry DMF

was added over a period of 50 min to a refluxing slurry of

12 g (0.50 mol) of sodium hydride in 200 ml of dry DME. When

addition was complete the black reaction mixture was stirred

and refluxed for 5 hr. After this time the reaction mixture

was treated in a manner similar to that described for Z5

except 50 g portions of acetic acid were used and the solid

that formed between the layers was filtered. The combined

organic fraction was concentrated to yield a black oil that

slowly solidified. The solids were combined and dried in the

vacuum oven to afford 4.50 g (25%) of_2l. The product was

recrystallized from absolute ethanol to give blue-black

crystals, mp 167-1680; pmr (CDCl5) Ä 12.60 (s, 1H, OH), 8.55-

7.50 (m, 1111, 111:11), 6.95 (S, 111, 011), 4.55-5.85 (m, 4H, 0112),

and 1.60-0.80 ppm (m, 611, 0115); ir (011015) 5.51 (011), 5.78

(C :::0), and 7.84}4(C-0). .

Apgl. Calcd. for Cl8Hl8N206: C, 60.54; H, 5.05; N, 7.82.

Found : C, 60.60; H, 4.75; N, 7.65.
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D. 2-Heteroary1;ll5;ipdandione6 (79)

l. 2—(2-EyridvlQ-1,5-indandione (8QlL - A solution

of 4.65 g (0.05 mol) of§(-picoline and 15.54 g (0.07 mol) of

diethyl phthalate in.l00 ml of dry DMB was added over a period

of 50 min to a refluxing slurry of 6 g (0.25 mol) of sodium

hydride in 200 ml of dry DMB. When addition was complete

the reaction mixture was stirred and refluxed for 60 hr.

After this time the reaction mixture was cooled with an ice-

bath and 100 ml of ether were added. Glacial acetic acid

(7.5 g) was then added dropwise with caution followed by 75

ml of cold water. Finally, 7.5 g more of acetic acid were

added and 75 ml more of cold water. The mixture was stirred

well and the green solid that formed between the layers was

filtered and dried in the Vacuum oven to afford 4.9 g (44%)

of 80. lt was recrystallized from 95% ethanol to yield brown

cryetale, mp 295-2960 (lit.8l 2920); pmr (CFÖCOOH) 8 8.74-

8.11 (m, 1, Amir) ama 7.66 ppm (gg, 2, Ama); ir (Nujol) 6.07

(0 Z: 0) and 15.6 A (phenyl).
U

Anal. Calcd. for Cl4H9N02: C, 75.54; H, 4.04; N, 6.28.

Found : C, 75.57; H, 5.99; N, 6.50.

2. 2-(4-§yridyl)—l,5-indandione (81). - A solution

of 4.65 g (0.05 mol) of X-picoline and 15.54 g (0.07 mol) of

diethyl phthalate in 100 ml of dry DMB was added over a period

of 50 min to a refluxing slurry of 6 g (0.25 mol) of sodium

hydride in 200 ml of dry DMB. When addition was complete the
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reaction mixture was stirred and.refluxed for 80 hr. The

isolation of 81 was the same as described for QQ. The yellow

solid that formed between the layers was filtered, dried in

. the Vacuum oven, and weighed, 8.0 g (72%). lt was recrystal-

lized from 95% ethanol to give large brown plates, mp 525-5240

(lit.l28 515-5160); pmr (cröcoos) 6 9.02-8.40 (m, 1, ArH) ape

7.80 ppm (S, 1, Am-1); ir.(Nujol) 6.15 (c_ I o) and 12.6,u

(phenyl).
V

Anal. Calcd. for Cl4H9NO2: C, 75.52; H, 4.07; N, 6.28.

Found : C, 75.11; H, 4.01; N, 6.15.

5. 2-(2-QuinolylQ-1,5-indandione (82). - A solution

of 7.15 g (o.o5 mol) of quinaldine and 15.54 g (0.07 mol) of

diethyl phthalate in 100 ml of dry DME was added over a period

of 50 min to a refluxing slurry of 6 g (0.25 mol) of sodium

hydride in 200 ml of dry DME. When addition was complete

the reaction mixture was stirred and refluxed for 20 hr. The

isolation of 82 was the same as described for 80. The yellow

solid that formed between the layers was filtered, dried in

(the Vacuum oven and weighed, 10.60 g (78%). lt was recrystal-

lized from benzene to give yellow needles, mp 242-2450 (lit.82

258-2590); pmr (CF5C00H) Ö 8.90 (s, 2H, phenyl), 8.24 (t, 4H,

phenyl), and 7.94 ppm (s, 4H, phenyl); ir (Nujol) 5.95 (0 Z: 0),

11.81, 12.16, and 15.40/A(p1·16my1).

Aggl. Calcd. for Cl8HllN02: C, 79.12; H, 4.05; N, 5.15.

_ Found : C, 78.86; H, 4.21; N, 5.04.
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4. 2-(4-Quinolyl)-1L5;igQandione (85); - A solution

of 7.15 g (0.05 mol) of lepidine and 15.54 g (0.07 mol) of

diethyl phthalate in 100 ml of dry DE was added over a period

Q of 50 min to a refluXing—slurry of 6 g (0.25 mol) of sodium

hydride in 200 ml of dry EME. When addition was complete

the reaction mixture was stirred_and refluxed for 24 hr.

After this time the reaction was treated in a manner similar

to that described for QQ. The orange solid that formed be-

tween the layers was filtered and dried in the vacuum oven.

lt was recrystallized from 95% ethanol to give yellow cryetals,

11.52 g (82%) of_Q5. An analytical sample was prepared by

two subsequent recrystallizations, and melted at 518-5190;

pmr (CFÖCOOH) 6 8.24 ppm (m, phenyl); ir (Nujol) 6.04 (C Z: 0),

12.42, 15.00 and l5.50}4(phenyl).

Anal. Calcd. for Cl8HllN02: C, 79.12; H, 4.05; N, 5.15.

Found : C, 79.40; H, 4.0;; N, 5.11.

5. 2-Eyrazinyl-1,5—inQandione (84)L - A solution

of 4.70 g (0.05 mol) of 2—methylpyrazine and 15.54 g (0.07

‘mol) of diethyl phthalate in 100 ml of dry DMB was added over

a period of 50 min to a refluxing slurry of 6 g (0.25 mol) of

sodium hydride in 200 ml of dry DME. When addition was com-

plete the reaction mixture was stirred and refluxed for 15

hr. After this time the reaction was treated in a manner

similar to that described for QQ. The green solid that formed

between the layers was filtered and dried in the vacuum oven
to afford 10.41 g (95%) of Q4. It was recrystallized from
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methanol to give green needles, mp 515-5140 (lit.85 509-5100);

pmr 10.80 (S, 1H, phenyl), 9.00 (d, 1H, phenyl),

8.62 (d, 1H, phenyl), and 8.50 ppm (s, 4H, phenyl); ir (Nujol)

5.97 (C Z: 0), 12.42, 12.84, and l4.00}4(pheny1).

V Angl. Calcd. for Cl5H8N202: C, 69.64; H, 5-57; N, 12.50.
Found

‘
: C, 69-75; H, 5.58; N, 12.55.

6. A2-(2-Qginoxalinyl)-1,5-indandione (85). — A

solution of 7.20 g (0.05 mol) of 2—methylquinoXa1ine and 15.54

g (0.07 mol) of diethyl phthalate in 100 ml of dry DME was

added over a period of 50 min tc a refluxing slurry of 6 g

(0.25 mol) of sodium hydrfde in 200 ml·of dry DMF. When addi-

tion was complete the reaction mixture°was stirred and refluxed

for 6 hr. After this time the reaction was treated in a man-

ner similar to that described.for 80. The orange solid that

formed between the layers was filtered, dried in the vacuum

oven, and weighed 8.88 g (65%). lt was recrystallized from

acetic acid to give orange floccular needles, mp 509-5100;

pmr (CFÖCOOH) Ö 8.42-7.88 ppm (m, phenyl); ir (KBr) 5.28 (CH);

5.94 (C Z: 0), 15.20 and 15.80/4(phenyl).

Apg;. Calcd. for Cl7HlON202: C, 74.45; H, 5.65; N, 10.22.

Found : C, 74.62; H, 5.72; N, 10.55.

7. 2-(5-Methyl-2-guinoxalinyl)-1,5-indandione (86h -

a) A solution of 7.90 g (0.05 mol) of 2,5-dimethylquinoxaline

and 15.52 g (0.06 mol) of diethyl phthalate in 100 ml of dry

DMF was added over a period of 50 min to a refluxing slurry

of 6 g (0.25 mol) of sodium hydride in 200 ml of dry LDME. —
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When addition was complete the reaction mixture was stirred

and refluxed for 6 hr. After this time the reaction was

treated in a manner similar to that described for @6. The

yellow solid that formed between the layers was filtered and

dried in the Vacuum oven to afford 9.12 g (64%) of @6. It

was recrystallized from absolute ethanol, to give an orange

powder, mp 224-2250; pmr (CDCl;) S 8.08 (m, 8H, phenyl) and

5.50 ppm (S, 511, cnö); ir (CHC15) 5.54 (ca), 5.95 (0 I 0),

and l1.95}1(pheny1).

Anal. Caled. for
Cl8Hl2N2O2: C, 75.00; H, 4.17; N, 9.72.

Found A : C, 74.76; H, 4.05; N, 9.90.

b) Sodium ethoxide was prepared from 4.00 g (0.17 g-atm) of

sodium metal and 100 ml of absolute ethanol. When the reaction

was complete the excess ethanol was removed "in Vacuo." A.

solution of 14.20 g (0.09 mol) of 2,5-dimethylquinoxaline and

57.74 g (0.17 mol) of diethyl phthalate in 200 ml of absolute

ethanol was then added to the sodium ethoxide. The resulting

miiture was stirred at room temperature for five weeks. After

this time the reaction was treated in a manner similar to that

described for_@Q. The yellow solid that formed between the

layers was filtered and dried in the Vacuum oven to afford
V

6.94 g (27%) of @6. It was recrystallized from benzene to

give orange floccular needles that melted at 225-2260, mmp

with a) 227-2280; pmr (CFBCOOH) 3 10.40-9.80 (m, 9H, OH and

phenyl) and 4.50 ppm (s, 5H, CH5); ir (CHC15) 5.57 (CH), 5.94

(C ZZ 0), and l1.87;u(pheny1).
A
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2-f2—Benzothiazoly1)—1,5—indandione (87). — A

solution of 7.45 g (0.05 mol) of 2—methylbenzothiazole and

15.54 g (0.07 mol) of diethyl phthalate in 100 ml of dry DME

ß was added over a period of 50 min to a refluxing slurry of

6 g (0.25 mol) of sodium hydride in 200 ml of dry DME. When

addition was complete the reaction mixture was stirred and

refluxed for 2 hr. After this time the reaction was treated

in a manner similar to that described for 88. The yellow

solid that formed between the layers was filtered, and dried

in the Vacuum oven. lt weighed 10.80 g (78%). lt was re-

crystallized from dimethylformamide (DMF), to give yellow

clusters that melted at 565-5640 (lit.8# 5200); pmr (CFÖCOOH)
‘

Ö 7.46 ppm (m, phenyl); ir (Nujol) 5.97 (C Z: 0), 15.00 and

15.50};(phenyl).
L

Aggl. Calcd. for Cl6H9N02S: C, 68.80; H, 5.25; N, 5.02.

Found
f

: C, 68.58; H, 5.52; N, 5.28.

V 9. 2—Acety1— 2—§2Lguinolyl) —1,5—indandione (88). —

A solution of 7.25 g (0.059 mol) of 2—acetony1quino1ine and

.11.10 g (0.050 mol) of diethyl phthalate in 100 ml of dry

DMF was added over a period of 50 min to a refluxing slurry

of 6 g (0.25 mol) of sodium hydride in 200 ml of dry DMF.

When addition was complete the reaction mixture was stirred

and refluxed for 55 hr. After this time the reaction was

treated in a manner similar to that described for 88. The red

solid that formed between the layers was filtered and_dried in

the Vacuum oven to afford 10.40 g (84%) of 88. It was
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recrystallized from 95% ethanol to give a red powder that

melted at 245-2450; pmr (CFECOOH) Ö 8.50-7.70 ppm (m, phenyl);

ir (Nujol) 5.97 (0 Z: 0), 12.08 and 15.50;u(phenyl).

_ Apg;. Calcd. for C2OHl5N05:
C, 76.19; H, 4.15; N, 4.44.

Found : C, 76.10; H, 4.15; N, 4.61.

10. 2-Pheny1-2-(2-guinolvl)-1,5-indandione (92). -

A Soiution er 9.50 g (0.055 moi) er 2-(2-quinolyl)-1,5-

indandione and 100 ml of dry DMB was added over a period of

15 min to a refluxing slurry of 1.44 g (0.06 mol) of sodium

hydride in 100 ml of dry DME. When addition was complete

the reaction mixture was stirred and refluxed for 50 min.

After this time 11.00 g (0.055 mol) of diphenyliodonium

chloride was added. The resulting reaction mixture was

stirred and refluxed for 6 hr. After this time the reactien

was treated in a manner similar to that described for 00.

The yellow solid that formed between the layers was filtered

and dried in the vacuum oven. lt wasirecrystallized from 95%

ethanol to give yellow needles. After drying recovered ind-

iandione 02 weighed 0.46 g (5%), mp 242-2450 (1it.82 258-2590),

mmp 241-2420. The layers of the filtrate were separated and

the organic phase was dried filtered, and concen-

trated to yield an oil. Ethanol was added and yellow crystals

slowly formed. They were filtered and dried in the vacuum

even to afford 5.25 g (45%) of 02. It was recrystallized

from 95% ethanol to give shiny yellow needles that melted at

167-1680 (lit.9l unreported); pmr (CDC15) Ä 8.14-7.10
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(m, phonyl); ir (CHC15) 5.25 (CH), 5.75 änd 5.87 (C Z: 0), 4

1.2.19 and l4.55,M(phon.y1).

Anal. Calcd. fon? C24Hl5N02: C, 82.52; H, 4.50; N, 4.01.

. Found · : C, 82.45; H, 4.21; N, 5.91.
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E. Miscellaneous Aevlations

1. 1,1,l—Trif1uoro—5—(2—quinoxa1y1Q;2—propanone _

(102). — ‘A solution of 56.05 g (0.25 mol) of 2-methy1quinox—

aline and 42.62 g (0.50 mol) of ethyl trifluoroacetate in 250
‘

ml of dry DME was added dropwise over a period of 2 hr to a

refluxing slurry of 50 g (1.25 mol) of sodium hydride in 1000
I

ml of dry DME. When addition was complete the dark brown

reaction mixture was stirred and refluxed for 1 hr. After

this time the reaction mixture was treated in a manner

similar to that described for Z5 except 55 g portions of

acetic acid were used. The combined organie fraction was

concentrated to yield a dark brown solid that was dried in

the vacuum oven to afford 47.25 g (79%) of 102. lt was

recrystallized from 95% ethanol to give golden plates, mp

150-1520; pmr (CDCl3) Ö 8.60 (S, 111, .2.:11), 6.10—7.50 (m, 2+11,

Am-1), and 6.00 ppm (S, 1H, 011), ir (011015) 5.55 (011), 6.22

(011 I 0011), 6.52+, 6.75, am 9.02+ (0113), and 15.1.1/,(<1)1'lCI1;}’].>.

1021. Calcd. for 0llH7F;N20:· 0, 55.00; H, 2.94; N, 11.67.

Found : C, 55.21; H, 2.69; N, 11.80.

2. o<—Pieo1ine and n—propyl nitrate. — A solution

of 25.25 g (0.25 mo1)cmTd—picoline and 51.55 g (0.50 mol) of
I

ggpropyl nitrate in 200 ml of dry DME was added dropwise over

a period of 1 hr to a refluxing slurry of
50Ig

(1.25 mol) of

sodium hydride in 1000 ml of dry DME. When addition was

complete the light brown reaction mixture was refluxed for
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70 hr. After this time the reaction mixture was treated in

a manner similar to that described for Z5 except 55 g portions
‘

of acetic acid were used. The combined organic fraction was

dried (MgS0A), filtered, and concentrated to yield a non-

viscous brown liquid. This material was taken up in chloro-I
form and 10 g of solid NaH005 added to remove traces of
acetic acid. The mixture was stirred well, fi1tered,and

concentrated to give a tan oil which was distilled at 118-

1270 / 715.6 mm (1it.l29 121-1280 / 760 mm). This material

was identified as recovered ¤<-picoline by infrared spectros-

copy. None of the expected 2-nitromethylpyridine could be

isolated.

5. 5-Amino-2-methylouinoxaline (107); - The pro-

cedure of Wolfelöo was followed with minor revisions. A

mixture of 19.56 g (0.109 mol) of 5-chloro-2-methylquinoxaline

(106), 20 ml of liquid ammonia, and 175 ml of absolute ethanol

was heated at 12000 (pressure 180 psi) in a 1 l. glass-lined

steel-jacketed autoclave for 8 hr. After this time it was

cooled to room temperature (pressure O psi), the contents

transferred to a flask, and concentrated to yield a tan solid.

This residue was extracted twice with 125 ml portions of

warm 1.2 N H01. The insoluble unreacted 1Q6 was filtered and

dried in the vacuum oven to give 7.58 g (58% recovery) of an

orange powder, mp 85-850 (1it.l3O 84-860). The crude amine

was precipitated from the acid solutions with 20 ml portions

of 25% sodium hydroxide and the resulting mixture allowed to
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stand overnight at 00. The product was filtered, washed with

cold water, and dried in the Vacuum oven. The crude product,

8.61 g (81% based on unrecovored 100) was recrystallized from

benzene to give red plates, mp 168-1690 (1it.l5O 165-1650);

pmr (cröeoon) 815.84 (broad S, 11115+), 9.60-8.20 (m, 411,

phenyl), and 5.42 ppm (s, 5H, CHB); ir (KBr) 2.88 and 5.05

(NH2), 5.25 (CH), 15.29, and 15.99}„(pheny1).

41__5—Amino-2-methylouinoxaline (107) and Diethy1

Phthalate in DMR at Reflux. - A solution of 5.98 g (0.025

mol) of 107 and 5.55 g (0.025 mol) of diethyl phthalate in

100 ml of dry DMR was added dropwise over a period of 50 min

to a refluxing slurry of 5 g (0.125 mol) of sodium hydride

in 200 ml of dry DMR. The resulting green-brown reaction

mixture was stirred and refluxed for 4 hr. After this time

it was cooled in an ice—bath and 50 g of glacial aeetic acid

were added slowly with stirring followed by 150 ml of cold

water. The layers were separated and the aqueous layer

extracted twice with two 150 ml portions of ether. The com-

bined organic fraction was dried filtered, and con-

centrated to yield an orange solid. This product was

chromatographed over silica gel using chloroform as an eluent.

An orange band was collected and when concentrated gave 5.46

g (24%) of 111 as an orange solid. It was recrystallized

from DMR to give long thin needles, mp 272-2750; pmr (CRBCOOH)

69.58-<).oa ppm (m, phenyl); ir (KB;) 5.17 (BB), 5.51 (cs),

5.95-6.90 (broad band, and 15.95/Apmemyi);
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mass spectrum (50 eV) m/e 289 (M+).

Angl. Calcd. for Cl7HllN302: C, 70-59; H, 5.81; N, 14.55.

Found : C, 70.56; H, 5.75; N, 14.47.

1 To determine if any rearrangement of this product had

occurred in its trifluoroacetic acid solution during pmr

analysis, the contents of the tube were poured into 25 ml of

water and the yellow precipitate filtered. This material was

washed with water and dried. It was then recrystallized from

benzene to yield an orange floccular solid, mp 272~275O. An

ir spectrum demonstrated that 111 had been regenerated and

that no rearrangement or dehydration had occurred in solution.

5. 5~Amino—2—methylguinoxaline (107) and Diethyl

Phthalate in DHE at Room Temperature. — A solution of 8.10

g (0.051 mol) of 5—amino-2-methylquinoxaline and 15.52 g

(0.060 mol) of diethyl phthalate in 100 ml of dry DMR was

added dropwise over a period of 50 min to a slurry of 6 g

(0.25 mol) of sodium hydride in 200 ml of dry DMF. The

resulting green reaction mixture soon became brown. This

ubrown slurry was stirred for 65 hr and then 15 g of acetic

acid were added dropwise with caution. Finally, 150 ml of

cold water were added and the mixture stirred well. The

solid that formed between the layers was filtered and dried

in the vacuum oven. This material was recrystallized from

benzene to give orange floccular needles, 2.91 g (19%) of

lll, mp 272—275O,_mmp with purified_l11, 272—275O. The layers

were separated and the aqueous layer extracted with 200 ml of
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driedfiltered,and concentrated to yield an orange solid that was

dried in the Vacuum oven. This material was recrystallized

, from DMF to yield tan clusters of crystals, 5.92 g (27%) of

5-phthalimido-2-methylquinoxaline, (110), mp 209-2100; pmr

(011015) 8 6.24-7.66 (m, 611, phenyl) and 2.70 ppm (S, 5H, CHE);

ir (011015) 5.25 (011), 5.60 ama 5.81 (0:0), ama 15.95„(p1¤6m;,«1).

1na11 Calcd. for Cl7HllN302: C, 70.57; H, 5.84; N, 14.55.

Found : C, 70.48; H, 5.70; N, 14.79.

6. Independent Sypthesis of 5-Phtha1im100;2;mgQQg1;

quinoXaligeA(ll0). - A solution of 5.00 g (0.0514 mol) of

5-amino-2-methylquinoxaline and 4.59 g (0.0514 mol) of

phthalic anhydride in 500 ml of nitrobenzene was stirred and

refluxed for 24 hr. After this time the black solution was

cooled to room temperature and the nitpobemzepe was removed

by Vacuum distillation. A11 but approximately 60 ml of

solvent was removed at 880 / 6 mm. This residue was allowed

to stand and clusters soon formed. The crude material was

qfiltered and dried in the Vacuum oven to afford 5.74 g (64%)

of 110. This material was‘recrysta11ized from DMF to yield

tan clusters, mp 209-2100; pmr (CDCl5) Ö 8.26-7.61 (m, 8H,

ArH) and 2.71 ppm (s, 5H, CH5); ir (CHC15) 5.28 (CH), 5.60

and 5.81 (C Z: 0), and 15.95,A(pheny1).

1gg1. Calcd. for Cl7HllN502; O, 70•57; H, 5.84; N, 14.55.

Found : C, 70.45; H, 5.72; N, 14.82.
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Z. Attempted N-methV1gt1gp of {lll). - Te a cooled

suspension of 2.48 g (8.6 m mol) ef 111 and 20 ml of 20%

sodium hydroxide were added 5 ml of dimethyl sulfate. The

. reaction mixture was stirred for 2 hr and filtered. The

filtrate was washed with water and dried in the Vacuum even.

The crude product was recrystallized from DMF te yield yellow

crystals, 1.57 g (56%) of 5—phthalimido-2-methylquinoxaline

(110), mp 209-2100, mmp with an authentic sample of 110, 209-

2100; ir (CHCl5), 5.50 (CH), 5.60 and 5.80 (C Z: 0), and

l5.95;4(pheny1); mass spectrum (50 eV) m/e 289 (M+).

1na1. Calcd. for Cl7Hl1N502: C, 70.57; H, 5.84; N, 14.55.

Found : C, 70.59; H, 4.00; N, 14.50.



117

F, Hydrogen Evolution Studies of Qninaldine

yith Sodium and Lithium Hydride

Sodium Hvdridezp

l. General Procedure. - Eastman practical grade

quinaldine was purified via two distillations; initially a

fraction boiling at 255-2450 (715 mm) and finally a fraction

boiling at 241-2#5O (715 mm) lit.l29 246-2@7O (760 mm) was

collected. Such distillations were carried out in equipment

that had previously been flamed dry. The purified reagents

were kept in tightly sealed bottles and stored over molecular

sieve 5A in a dessicator charged with Drierite. Prior to use,

1,2-dimethoxyethane (DME) was refluxed with sodium metal over-

night. Sodium hydride as a 60% mineral oil dispersion was

washed with petroleum ether and filtered rapidly. This powder

was added to 550-500 ml of freshly distilled DME and the

solvent was distilled again to remove all traces of moisture.

The appropriate weight of sodium hydride used in the acylation

reactions was also washed with petroleum ether and rapidly

filtered immediately before use. A Precision scientific wet-

test meter was standardized with a one liter volumetric gas

burette. ln a series of ten trial readings, volumes of air

ranging from 60 to 915 ml were displaced into the meter. The

meter readings were no more than 10 ml low in each case. The

apparatus consisted of a 500 ml three-necked round-bottomed

flask equipped with a magnetic stirring bar, a 125 ml pressure-

equalizing addition funnel, and a Graham-type condenser. The
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reflux condenser was connected at its upper end to a cold trap

which was in turn connected to the Erecision Scientific wet-

test meter filled with water and carefully leveled. The

. reaction system was sparged with dry nitrogen, flamed dry, and

the trap charged with Dry Ice—acetone. A solution of purified

quinaldine and purified ester in 100 ml of dry DMB was added

to the addition funnel. Next, sodium hydride as a 60%

mineral oil dispersion was rapidly weighed, washed with

petroleum ether, filtered, and added to the reaction vessel

along with 250 ml of dry DMB. The dry nitrogen blanket was

removed and the slurry brought to a gentle reflux. The wet-

test meter was set at 0.000 1. and 15 min were allowed to pass

to be sure thermal equilibrium had been completely established.

The solution in the addition funnel was added dropwise over

a 50 min period and the volume of hydrogen evolved was reeorded

every hr. The temperature of the meter and the barometric

pressure were also recorded. When the reaction was complete,

it was cooled with an ice—bath and a solution of glacial

-acetic acid and ether was added dropwise with caution.

Binally, 50 ml of cold water were added and the resulting
A

mixture stirred well. The layers were separated and the

aqueous layer washed twice with 100 ml portions of ether.

The combined organic fraction was dried (Mgsoq), filtered,

and concentrated to yield the crude product which was sub-

sequently purified. The final readings in each experiment

for the volume of evolved hydrogen gas were adjusted to
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standard temperature and pressure with the following equation:

X 'rttl X [tt‘
total- H20 m

where subscript s represents conditions at STP and subscript

m represents the conditions of the meter.

2;__With 1.2 Eguivalents of Methvl Benzoate. —

Fischer reagent grade methyl benzoate was dried over molecular

sieve 5A and upon distillation a median fraction was collected

at 189-1910 (710 mm) .lit.l29 199.60 (760 mm) . The general

procedure was followed for this hydrogen evolution experiment;

5.58 g (0.025 mol) of purified quinaldine and 4.08 g (o.o;o

mol) ef purified methyl benzoate were used along with 5.00 g

(0.125 mol) of sodium hydride dispersion. When the reaction

was complete it was processed with 7.5 g (0.125 mol) of glacial

aeetic acid in 100 ml of ether. The product was dried in the

vacuum oven to give 5.75 g (95%) of a brittle material that

melted at 105-1120 (lit.68 l14-1160); ir (0HCl5) 5.50 (CH),

'6.1l, 6.50, and 6.42 (CH ZZZCOH), and 11.70 and l2.20}1(pheny1).

This spectrum was identical to that of purified.57. The

hydrogen evolution data are collated in Table Vll.

5. With 1.2 Eguivalents of Phenyl Benzoate. - Phenyl

benzoate was prepared by a standard pr0cedure.l3l lt was

further purified to remove all traces of phenol. A chloro-

form solution of phenyl benzoate was washed first with 5%
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sodium hydroxide and finally with water. The solution was

dried (Mgsop), filtered, and concentrated to give a white

solid. lt was recrystallized from isopropyl alcohol and °

dried in the vacuum oven, mp 69-700 (1it.l29 700). A sample

of this material was tested for phenol content by preparing

an aqueous solution and adding one drop of 1% alcoholic _

ferric chloride. This_test was negative; a positive test ‘

would have produced a purple coloration. For this hydrogen

evolution experiment, the same general procedure was followed

as that described for 1.2 equivalents of methyl benzoate ex-

cept 5.95 g (0.050 mol) of purified phenyl benzoate were used.

ln this case the evolution of hydrogen was somewhat slower

and the consistency of the reaction mixture appeared to be

quite different. The readings from·the meter, temperature,

and barometric pressure are listed in Table V11. After the

same general workup as the methyl benzoate reaction, the com-

bined organic fraction was concentrated to yield an orange

solid (57). lt was dried in the vacuum oven to give 1.12 g

(18%) of product that melted at 115-1150 (lit.68 114-1160);

ip (cx-1.013) 5.5o (cn), 6.11, 6.50, ana 6.42 (cn IIcon),11.70

and 12.20;1(phenyl). This spectrum was identical to

that of purified 57.
’

_ 4. With 100 mol % Sodium Methoxide. - For this

hydrogen evolution experiment the same general procedure was

followed as that described for 1.2 equivalents of methyl

benzoate, but instead of ester 1.00 ml (0.025 mol) of
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spectroanalyzed methanol was syringed into the sodium hydride

slurry before it was brought to reflux. The readings for the

volume of hydrogen evolved, the temperature, and the baro-

metric pressure are collated in Table VIII. When the reaction

u was complete, 15 ml of 10 @_deuterioacetic acid in deuterium

oxide* were added slowly with caution. After the general p

workup the combined organic fraction was coneentrated to yield

a light-red oil. Upon distillation a fraction was eollected ·

at 259-2450 (720 mm).° A pmr spectrum revealed that 50% of

one deuteron was incorporated into the methyl group.

5: With 10 mol % Sodium Methoxide. - For this

hydrogen evolution experiment the same general procedure was

followed as that described for 1.2 equivalents of methyl

benzoate, but instead of ester 100}11 (0.0025 mol) of spee-

troanalyzed methanol were syringed into the sodium hydride

slurry before being brought to reflux. The readings for the

volume of hydrogen evolved are shown in Table Vlll. After

quenehing as in the previous experiments with deuterioacetic

acid and after the usual worhup, the combined organie fraction

was eoncentrated to yield a red oil, which upon distillation

gave a fraetion boiling at 257-2410 (715 mm). A pmr spectrum

revealed that 45% of one deuteron had been incorporated into

the methyl group.

*A 10 M deuterioacetic acid solution was prepared by
stirring a mixture of 12.81 g (0.125 mol) of acetic anhydride
in 25 ml of deuterium oxide at room temperature for 15 hr.



122
Ä

6. In the Absence of Sodium Methoxide. - For this

hydrogen evolution experiment the same general procedure was

followed as that described for 1.2 equivalents of methyl

_ benzoate, but no ester was added. The readings for the

volume of hydrogen evolved, the temperature, and the pressure

are collated in Table VIII. After quenching with deuterio-

acetic acid as in the other sodium methoxide experiments and

after the usual workup, the combined organic fraction was

concentrated to yield a red oil that was fractionally distilled

to give a clear liquid boiling at 250-2580 (708 mm). A pmr

spectrum of this sample showed that 26% of one deuteron had

been incorporated into the methyl group.

7. With 2.4~Eguivalents of Methgl Benäggte; - For

this hydrogen evolution experiment the same general procedure

was followed as that described for 1.2 equivalents of methyl

benzoate except in this case 8.16 g (0.060 mol) of methyl

benzoate were used. The°readings for the volume of hydrogen

evolved, the temperature, and the barometric pressure are

'listed in Table IX. After the same general workup the

eombined organic fraction was concentrated to yield an orange

solid (Q7). It was dried in the vacuum oven to give 5.00 g

(81%) of product, mp 114-1160 (lit.68 114-1160); ir (CHCIB)

5.50 (CH), 6.11, 6.50, and 6.42 (CH Z: COH) and 11.70 and

l2.20;A(phenyl). This spectrum was identical to that of

purified (Q2).
A

Q
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8. With 1.2 Eguivalents of Benzaldehyde. - Fischer

certified grade benzaldehyde was purified by distillation

and a fraction collected at 174-l75O· (711 mm) lit.l29 179.50

(760 mm) . For this hydrogen evolution experiment the same

general procedure was followed as that described for 1.2

equivalents of methyl benzoate except 5.18 g (o.o5o mol) of

purified benzaldehyde were used instead of ester. The read-

ings for the volume of hydrogen evolved, the temperature,

and the barometric pressure are shown in Table X1. After

the same general workup the combined organic fraction was

concentrated to yield a red non-viscous oil that would not

crystallise. Because a mixture of carbinol (126) and 2-

styrylquinoline (127) might have been present, this could

possibly have prevented crystallization. Therefore, a bensene

solution of this oil was refluxed for two hr with a few

crystals of p-toluenesulfonic acid monohydrate in an effort

to complete the dehydration to 127. After this time it was

cooled to room temperature, washed with 5% sodium bicarbonate

and then water, dried (Na2S0M), and concentrated to yield a

non-viscous red oil. It was then column chromatographed

through neutral alumina using 95% ethanol as the eluent. A

red band was collected and concentrated to yield again a non-

viscous red oil that was dried in the vacuum even; pmr (00lq)

S 8.15-6.77 (m, 56, phenyl), 4.85 (s,l), and 2.50 ppm (s,5);

ir (nem;) 2.98-5.19 (broad, os), 5.51 and 5.¢+7 (GH), 6.oo

(C Z: 0), 12.22, 12.81, 15.47 and l4.22,u(pheny1).
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9. With 1.2 Eeuivalents of Benzaldehyde at Low

Temperature. - For this hydrogen evolution experiment the

same procedure was followed as for 1.2 equivalents of benzal-

dehyde and after 4 hr it was assumed that anion formation was

at least 90% complete. Dry nitrogen was passed into the system

and it was cooled first to 0O with an ice-bath and finally to
-500 with a Dry Ice-acetone bath. The mixture was stirred at

this temperature for two hours and then processed in the

usual manner. A red non-viscous oil was obtained, which dis-

played no tendency to crystallize. In an effort to account

for unreacted benzaldehydep excess phenylhydrazine was added

to an ethanol solution of this oil and it along with a few

drops of acetic acid were boiled for a few minutes. Nohydrazone could be isolated. 4 _
10. With 1.2 E§uivalenpg_gf Benzaldghvde and Nethyl

BenzoapgL - For this hydrogen evolution experiment the same

procedure was followed as for 1.2 equivalents of benzaldehyde

and after 80% of the theoretical amount of hydrogen had been

given off, 4.08 g (0.050 mol) of methyl benzoate were added

dropwise. After refluxing the reaction mixture for an addi-

tional 15 hr, the mixture was processed in the usual manner.

A dark red oil was obtained and upon standing with ethanol,

a yellow solid crystallized. This material was shown to be

2-phenacylquinoline by infrared spectroscopy and a mixture

melting point with an authentic sample of 52. 2.56 g (58%)

of 52 were isolated. To the mother liquor was added excess
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phenylhydrazine in an effort to trap the unreacted benzalde—

hyde. A yellow solid precipitated and after drying, it weighed

1.87 g. lt was purified by recrystallization from ethanol to

give yellow needles melting at 128-1290. This material ana-

lyzed correctly for the phenylhydrazone of 2—phenacy1quinoline

(22%). As in the previous experiments, no conclusions could

be drawn concerning the fate of the benzaldehyde.

Aggl. Calcd for C25Hl9N;: C, 81.86; H, 5.69; N, 12.46.

ÄÜ‘0l1}’1Ö. Q c, 81.75; H, 5.69, H, 12.71.

ll. With 1.2 Eguivalgpts of Ethyl Trifluoppgpetate. -

For this hydrogen evolution experiment, the same general pro-

cedure was followed as that for 1.2 equivalents ef methyl

benzoate except 4.26 g (0.050 mel) of ethyl trifluoroacetate

were used. The readlngs for the volume of hydrogen evelved

are collated in Table XII. After the general werk-up, 1.00 g

(17%) of l,1,1-trifluoro-5-(2-quinolyl)-2—propanone was iso-

lated. The product could be crystallized into long orange

needles from heptanc, that melted at 129-1500 (lit.77 unre-

ported); pmr (CDCl5) 6 8.07-6.90 (m, 6H, HetH) and 5.86 ppm

(S, 1H, CH).

gpgl. Calcd for Cl2H8F5N0: C, 60.25; H, 5.58; N, 5.86.

Found : C, 60.40; H, 5.29; N, 6.12.

12. With 1.2 Eguivalents of Methyl p-Chlorobenzoate. —

Methyl p-chlorobenzoate obtained from the Columbia Chemical

Company was purified by the following procedure. lt was taken
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up in chloroform and washed with 5% sodium hydroxide solution

to remove any acid impurities. Finally it was washed with

water, dried (Mgsoq), filtered, and concentrated to yield a

colorless oil. Upon standing in the cold room the oil slowly

crystallized. The crystals were washed with petroleum ether

and dried well in the vacuum oven. They melted at 45-440

(lit.l29 440). For this hydrogen evolution experiment, the

same general procedure was followed as that for 1.2 equiva-

lents of methyl benzoate except that 5.12 g (0.050 mol) of

purified methyl p-chlorobenzoate were used. The readings

for the volume of hydrogen evolved are collated in Table X11.

After the general work—up 4.95 g (72%).of p-chlorophenacyl

quinoline (QQ) were isolated. After one recrystallization

from absolute ethanol, the yellow crystals melted at 160-1610.

A mixed—me1ting point with a previously prepared sample
of'

QQ was not depressed. ·

Lithium Hydride:
A I

15. With 1.2 Eguivalents of Methyl Benzoatgg - For

this hydrogen evolution experiment the same general procedure

was followed as that for sodium hydride and 1.2 equivalents

of methyl benzoate except in this case 1.00 g (0.125 mol) of

lithium hydride was used. The reaction was very sluggish

and after 50 hr only 24% of the theoretical amount of hydrogen

had been evolved. These results are tabulated in Table X.

After the general work-up only a yellow oil could be isolated

that resisted all attempts at crystallization.
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2-Methylbenzimidazoläwéiigll - The procedure of

Fhillipslög was followed with minor revisions. A mixture of

l

129.6 g (1.20 mol) of Q-phenylenediamine (practical grade),

· 108.0 g (1.80 mol) of glacial acetic acid, and 1200 ml of 4 Q

hydrochloric acid was refluxed with stirring for 50 min. The
‘

mixture was then decolorized with 20 g of Norit A (neutral)

and boiling was continued for an additional 10 min. After

this time it was filtered and allowed to cool to room tempera-

ture. The filtrate was then transferred to a large flash
A

containing 1000 g of crushed ice and made basic with concen-

trated ammonium hydroxide. The resulting solid was collected

by filtration and diss01ved in 5 1. of boiling water. This

hot solution was filtered through a Buchner funnel that had

been warmed by a heating mantle to eliminate clogging. Two

subsequent recrystallizations gave 66.59 g (42%) of 150 as a

tan crystalline solid, mp 178-1790 (lit.l52 1760); pmr Ö

(DMSO-db) 7.90-7.16 (m, 5H, NH and phenyl) and 2.65 ppm (s,

511, 0115); ir (011015) 2.9 (1111), 5.z+ (ca'), 6.9, 7.1, ana 7.9/u

(benzimidazole).

Formation of 2-Methylbenzimidazole Dianion (QQQ). -

The apparatus consisted·of a 500 ml three-necked round-bot-

tomed flask equipped with a magnetic stirring bar, a 125 ml

pressure equalizing addition funnel, and a drying tube. The

system was sparged with a slow stream of dry nitrogen and then
A
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flamed dry. After cooling, a solution of 2.64 g (0.020 mol)

of 2-methylbenzimidazole (l5Q) in 200 ml of dry tetrahydro-

furan (THF) was cooled to 00 with an ice bath. Two 15 ml
5

portions (0.041 mol) of a 1.6 Q solution of Q-butyl lithium

in hexane were now added; After the second portion of metal-I

latias reagent had been added, the initial yellow solution _

soon became a light yellow suspension. The reaction mixture

was allowed to stir for 50 min to insure complete formation

of dianion l5Q. ·

Alkvlations and Condensations of 2-Qethylbenzimidagglg

Dianion (iii);
A

l. With Benzyl Chloride. - To a stirred suspension

of 0.020 mol of dianion l5Q in 200 ml of dry THF was added

dropwise a solution of 2.70 g (0.021 mol) of benzyl ehloride

in 50 ml of dry THF. The resulting suspension was stirred for

two hours as the ice—bath slowly warmed to room temperature.

After this time the contents were poured into 100 ml of cold

0.41 Q HC1. The mixture was stirred well and the phases were

separated. The aqueous layer was emtracted twice with 100 ml

portions of ether. The combined organic phase was dried

(ngsoq), filtered, and concentrated to yield 1.95 g (44%) of

2-phenethylbenzimidazole (QQZ). The crude product was re-
U

crystallized twice from 50% ethanol to give a white solid, mp

190-1910 (11.-6.55 189-1900); pm (CDC15) 8 7.62-6.92 (m, io H, ·

NH and phenyl) and 5.16 ppm (s, 4 H, CH2); ir (CHC15) 2.9 (NH),
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5.4 (GH), 6.9, 7.1, and 7.9 (benzimidazole), and l4.45ß(m0no-

substituted phenyl).
l

2. With Benzophenene. - To a stirred suspension of
u

0.020 mol of dianion 15Q in 200 ml of dry THE was added drop-

wise a solution of 5.70 g (0.021 mol) of benzophenone in 50

ml of dry THE. After 2 hr the resulting suspension was

treated in a manner similar to that described in the previous

procedure except the solid that formed between the layers was

filtered, dried, and weighed 1.84 g. After the usual workup

the organic phase gave.a white solid that was dried and weighed

2.57 g. The combined crude 1,l-diphenyl-2-(2-benzimidazelyl)

ethanol (158), weighing 4.41 g (70%), was then recrystallized

three times from 95% ethanol to yield shiny white needles, mp

199-2010; pmr (DNS0-d6) Ä 7.62-6.95 (m, 5H, NH and phenyl),

3.635 (e, 211, 01-12),- ape 5.56 ppm (broad, lr, or); ir (Nujol)

5.1-5.2 (NH and 0H), 6.9, 7.1, and 7.9 (benzimidazele), 15.5

and 14.5 }4(monosubstituted phenyl).

Apg1. Calcd. for C2lHl8N20: 0, 80.22; H, 5.78; N, 8.91.
U

Eound : C, 80.05; H, 5.91; N, 9.15.

5. With Heptaldehyde. - To a stirred suspension of

0.020 mol of dianion 155 in 200 ml of dry THE was added drop-

wise a solution of 2.59 g (0.021 mol) of heptaldehyde in 50

ml of dry THE. After 2 hr the resulting suspension was pro-

cessed in a manner similar to that described in the condensa—

tion with benzophenone. The erganic phase was dried (Na2S04),
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filtered, end concentrated to give 5.01 g (61%) of 1-(2-be11z——

imidaz01y1)—2-octanol (159). The white solid was recrystel-

lized three times from 95% ethenol to yield white needles,

_ mp 192-1950; pmr (DMS0-@6) S 7.50-7.00 (m, 5H, NH and phenyl),

2.90 (6, 26, CH2), 2.50 (s, 2H, CH am6 OH), 1.50 (broed m,

106, CH2), 666 0.85 ppm (1, 5H, GHZ), ir (66361) 6.9, 7.1,

end 7.9 ,14 (benzimidazole).

Calcd. for Cl5H22N2O: C, 75.12; H, 9.02; N, 11.57.

Found : C, 75.26; H, 8.86; N, 11.24-.
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H. Pyrimidineä

2—Mercapto—4,6—dimethylpyrimidine (144).
— This

material was purchased from the~AHrich Chemical Co. and used
‘

without further purification. A sample was dried in the

Vacuum oVen prior to use, mp 2150 (dec) (lit.l33 mp unre-

ppm-1:641); pmr (mso-a6)E, 6.54 (S, 111, ArH) and 2.14 ppm (S,

611, 0115); ir (011015) 5.40 (011), 6.20 and 6.40 ,4 (pyrimidine).

Formation of 2—Mercapto—4,6-dimethylpyrimidine Dianion

(145). — The apparatus consisted of a 500 ml three—necked

round—bottomed flask equipped with a magnetic stirring bar,

a 125 ml pressure—equalizing addition funnel, and a drying

tube. The system was sparged with a slow stream of dry nitro~
°

gen and then flamed dry. After cooling, a suspension of 5.60

g (0.04 mol) of 2—mercapto—4,6—dimethylpyrimidine and 250 ml

of anhydrous THF was cooled to OO with an ice—bath. A 51 ml

(0.082 mol) portion of a 1.6 §_solution of pgbutyllithium in-

hexane was added slowly. Approximately 50 min after addition

,was complete, the formation of dianion 145 was considered

complete.

Alkylation of'2—Mercapto—4,6—dimethylpyrimidine Dianign

(LQ). ·

1. With Benzyl Chloride. — A solution of 5.50 g

(0.042 mol) of benzyl chloride in 50 ml of dry THF was added

dropwise to a stirred suspension of 0104 mol of dianion 145.

The resulting yellow slurry was stirred for 5.5 hr in which
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time the reaction miXture„was allowed·to slowly warm to room

temperature. The mixture was then poured into 150 ml of cold

water and stirred well. The layers were separated and the

aqueous layer washed once with 100 ml of ether. The washed

aqueous solution was then acidified with 5 ml of 12_N HC1.

The resulting red oily mixture was stored at OO overnight.

The red solid was filtered and dried in the Vacuum oven to

give 2.65 g (29%) of 150. The product was purified by re-

crystallization from 95% Gthanol to give yellow needles, mp

165-1660; pmr (DM80-d6) Ä 7.10 (s, 5H, phenyl), 6.56 (s, 1H,

ArH), 2.76 (s, MH, CH2), and 2.lM ppm (s, 5H, CH;).

1051. Calcd. for Cl5Hl4N28: C, 67.85; H, 6.09; N, 12.17.

Found : C, 68.15; H, 5•97; N, 11.89.

2-Hydromy-M-methyl-5-phenyl-6-phenethylßyrimidine
(

11551; - This pyrimidine was synthesized by tho method of

Wolfe and Murrayöé. The white solid obtained was reorystal-

lized from 70% ethanol to give white crystals, mp 198-2020

(111:.56 mp 198-2020); pmm (DMSO-dö) 6 7.1+0 (111, 1011, 11111),

5.56 (broad s, 1H, OH), 2.80 (m, MH, CH2), and 2.10 ppm (s,

5H, 0115); 11- (011015) 5.02 (1111 pm 011) and 6.08/,4(C I 0). The

sample was dried in the Vacuum oven prior to use. .

2-Hydroxy-M-methyl-5-phenyl-6-phenethvlpvrimidine

Dianion (150). - A 500 ml three-mécked flask equipped with

a magnetic stirring bar, a 125 ml pressure-equalizing addi-

tion funnel, and a drying tube were flushed with dry nitrogen
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and flamed dry. Anhydrous THF (250 ml), 5.56 g (0.02 mol)

of 2-hydroxy—4-methyl-5-pheny1—6-phenethylpyrimidine (142),

and 4.75 g (0.041 mol) of N,N,N',N'-tetramethylethylenediamine
2

(TNEDA) were added and the stirred suspension was cooled to

_ 00 in an ice-bath. Q-Butyllithium in hexane (26 ml, 0.041-

mol, 1.6 Q) was now syringed into the white slurry and after

50 min the resulting brown solution was assumed to contain

0.02 mol of dianion A50.

Algylations of 2—Hydromy—4—methyl-5-phenyl-6—phenethyl;

pyrimidine Dianion (QQQ). .
U

1. With_§enzV1 Chloride. - To a stirred solution

of 0.02 mol of dianion 150 in 250 ml of dry THF was added drop-

wise a solution of 2.7 g (0.021 mol) of benzyl chloride in 50

ml of dry THF. The reaction mixture was allowed to slowly

warm to room temperature during a 2 hr period. After this

time the miyture was poured into 100 ml of ice water and

the layers separated. HC1 (6 Q) was added to this biphase—

mixture and the layers separated. The combined organic

fraction was finally dried (Na2S04), filtered, and concen—

trated to yield a yellow amorphous solid. This material was

dried in the Vacuum oven to give 4.55 g (57%) of 2-hydroxy-4, V

6-diphenethyl-5-phenylpyrimidine (l52).· The crude material

showed one spot by thin-layer chromatography in benzene-acetone-

heptane (5.5:5.5:5), Rf 0.26 Kélgä) Rf 0.15]. The product

was crystallized from 95% ethanol—isopropy1 alcohol (1:1),
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mp 176-1770; pmr (DMSO-dö) Ö 15.55 (s, small fraction of a

H, 1111), 8.47-7.75 (m, 15 H, p11Smy1),” 5.95 (S, 111, 011), and

5.49-2.75 ppm (m, 6H, CH2); ir (0H01;) 5.55 (011), 6.07

(C Z: 0), and l4.25}4(pheny1).

gpgl. Calcd. for
C2éH24N20:

C, 82.11; H, 6.52; N, 7.57.

. Found » ,;· : C, 82.00; H, 6.56; N, 7.29.

2. With Ethyl Bromide. - To a stirred solution of

7.5Hmol of dianion 150 in 200 ml of dry THF was added dropwiee

a solution of 0.82 g (7.5 mmol) of ethyl bromide in 50 ml of

dry THF. The resulting mixture was stirred for 2 hr before

being poured into 150 ml of ice water. The separated aque-

ous layer was then acidified with 6_§ HC1; the resulting new

organio phase extracted into ether and the solvent removed

from the dried (Na2S04) ethereal solution. The residue was

dried in the vacuum.oven giving 1.67 g (76% recovery) of lßg.

Crystallization from 50% ethanol gave needlea, mp 199-20MO

(1it.56 198-2020); pmr (DMSO-d6) Ö 7.56-6.80 (m, 10H, phenyl),

,5.110 (S, 111, 011), 2.60 (m, L1-H, 0H2), Spa 1.96 ppm (S, 511, 0115).
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Acylations of methylheterearomatics, with appropriate

esters, proceeded with ease when sodium hydride was used as

the eondensing agent with anhydrous DME as the solvent. The

heterocycles studied were«x— and.X-picolines, methylpyrazine,

quinaldine, lepidine, 2-methy1— and 2,5—dimethylquinoxaline,

2—methylbenzoxazole, 2—methylbenzothiazole, and 2—acetonyl—

quinoline. The esters used produced three classes of products.

Ihenaeylheteroaromatics (51) were formed through the use of

ethyl benzoate, pgchlorobenzoate, and nieotinate. Ethyl

heteroarylpyruvates (ZQ) were formed through the use of diethyl

exalate, and 2—heteroaryl—l,5«indandiones (22) were formed when

diethyl phthalate was used. Ethyl trifluoroacetate proved to

be a successful aeylating agent while ggpropyl nitrate
did’

net. Evidence that diethyl phthalate and 2—amino—5—methyl~

quinoxaline QTQZ) condense to give an unusual azeeine (lll)

is provided. Meehanistic studies were undertaken to provide

an insight into why the reaction times varied dramatically

with different acylating agents. The reaction rates were shown

to be independent of alkoxide concentration, but dependent

upon both the concentration and polarity of the carbonyl group

of the electrophile. These results seem most easily explained

in terms of a complex involving ester and heterocycle such as

lgl, which oceurs in a preionization event.

Dianions of 2—methylbenzimidazole (ljé), 2—mercapto—

4,6-dimethylpyrimidine (lgj), and 2-hydroxy—4—methyl~5—phenyl

V _ 155 .
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6—phenethy1pyrimidine (l§Q) were prepared end trapped with

a number of electrephiles.
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i
iby W__

. David E. Portlock
(

(ABSTRAOT)

A series of model x - and 8 -methy1heteroaromatics were

acylated at the side-chain in high yield by treating them with

esters (containing no alpha hydrogens) in the presence of

sodium hydride in 1,2-dimethoxyethane (DME). For example,

a solution of one equivalent of cx-piooline and 1.2 equivalents

of methyl benzoate in anhydrous DME was added to a stirred,

refluxing slurry of five equivalents of sodium hydride in

DME. After the mixture was refluxed for 48 hr and quenched

with acetic acid and water, the extracted organic phase af-

forded upon distillation, 88% of the desired 2-phenacylpyridine.

Other esters such as ethyl trifluoroacetate, nieotinate, and

p-chlorobenzoate, and diethyl oxalate and phthalate were

similarly reacted to afford phenacyl heteroaromatics, ethyl

eheteroarylpyruvates, and 2-heteroaryl-l,5-indandiones in high

yields. g-Propyl nitrate failed to react with oc-picoline

under these conditions. The mechanism of these reactions is

discussed in some detail. It was found that the rate of reac-

tion (followed hy hydrogen evolution studies) is independent

of alkoxide concentration, but directly dependent upon ester

concentration. lt appears that the rate of reaction is also

dependent upon the polarity of the ester carbonyl. For



example, the substituent effect ef p-chlorobenzoate versus

benzoate led to an increase in rate of approximately 50%.

This effect seems to be due in part to activation of the methyl

group in the heterocycle by electrostatic attraction between

the ring nitrogen and the ester carbonyl. It would appear

that a more polar carbonyl group leads to a strenger associa-

tive complex and a faster reaction rate. Benzaldehyde

accelerated formation of quinaldine anion under these experi-

mental conditions and may have a potentiating effect upon

this procedure by allowing the use of methylheteroaromatics
w

and esters which are less reactive than«x—picoline and methyl

benzoate.

The dianions of 2-methylbenzimidazole, 2-mercapto-&,6-

dimethylpyrimidine, and 2-hydroxy-4—methyl-5-phenyl-6-phen-

ethylpyrimidine were prepared in tetrahydrofuran (THB) at 00

with two equivalents of prbutyl lithium. Treatment of these

dianions with electrophiles such as benzyl halides, ketones,

and aldehydes gave products resulting from condensations at

the carbanion site.

Because an appropriate combination of these procedures

ean be applied to so many different heterocyclic systems,

they should increase the synthetic ammunition of organic

chemists and provide a simple vehicle for the synthesis of

complicated heterocyeles of both theoretical and pharmaceu-

tical significance.
I




