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I. INTRODUCTION 

This dissertation involves a study of SRNl (nucleophilic substi-

tution via a radical chain process) reactions of different nucleophiles 

with representative carboaro.matic and heteroaromatic substrates. 

Although many nucleoph::i.les have been shown to participate in the SRNl 

processes, the nucleophiles chosen in this study are those which possess 

functional groups that can be further elaborate aft-er the SRNl reaction; 

or those which had not previously been examined for SRNl reactivity. 

Thus, nucleophiles such as the carbanions generated at the a-carbon of 

the 2-oxazoline system, ester and amide enolate ions, certain phos-

phorus-, sulfur-and selenium-stabilized carbanions are examples of the 

former category, while the dianions of phenylacetic acid and phenyl-

acetamide, and reactions of dimethyl phosphite anion with heteroaromatic 

substrates are examples of the later group. These nucleophiles were 

subjected to SRNl reaction conditions in the presence of 2-bromopyridine 

and/or iodobenzene. Results and interpretation of such experiments are 

presented in subsequent sections of this dissertation. 

l 



II. HISTORICAL 

One of the. most important topics in organ:i.c.cheniistry is the area 

designated as Nucleophilic Substitution. This type of reaction can be 

described in a generalized manner·as one that involves the attack of a 

nucleophile (an electron rich entity) on a substrate to form a new bond, 

and in the process, the nucleophile replaces the leaving group (nucleo-

fuge) l (eq. 1). If RX is an aromatic substrate, the reaction is then 

said to be an aromatic nucleophilic substitution. Aromatic nucleophilic 

RX + y- + RY + x- (1) 

substitution reactions generally exhibit much different behavior than 

their aliphatic analogs. In fact, aromatic substrates were believed not 

to .react with common nucleophiles found effective in aliphatic nucleo-

philic substitutions. Prior to 1970 only aromatic substrates with a 

suitable nucleofuge and activated by one or more electron withdrawing 

substituents had been found to undergo nucleophilic substitution. 

Otherwise, extremely strenuous reaction conditions are required to force 

the substitution to take place. However, in the past decade, extensive 

research in the area has led to better understandings of the mechanistic 

aspects of these reactions, and alternative methods have been developed 

for introducing a variety of functional groups on to the aromatic 

moiety. In the following sections the more common mechanisms that have 

been proposed to describe aromatic nucleophilic substitution reactions 

will be discussed. 

2 
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(A) Mechanisms for Aromatic Nucleophilic Substitution 

(1) Sw\r (SNAE) Mechanism 

This is one of the earliest proposals employed to explain nucleo-

philic substitutions involving activated carboaromatic substrates. The 

main feature of this mechanism is the formation of the a-complex (also 

known as the Meisenheimer or Meisenheimer-Jackson complex) as the 

reaction intermediate (eq. 2).2 Since the process involves addition of 

the nucleophileNu- followed by £limination of the nucleofuge X, it is 

sometimes referred as the SNAE or AE mechanism. The function .of the 

electron withdrawing substituent G is to aid in the dispersing the 

negative charge generated, in the otherwise highly energetic 0-complex. 

+ Nu""'· -~u 
G 

Nu 

Q + x (2) 

x 

G 

G = electron withdrawing substituent 

In some cases, the intermediate complex may be stabilized to such an 

extent that it can actually be isolated.3 Thus, strong electron with-

drawing substituents such as nitro or diazonio groups are almost a 

necessary feature in the SNAr mechanism. The nature of the nucleofuge 

also plays an important role in Sw\r reactions. When more electro-

negative nucleofugic groups are involved, the SNAr reaction proceeds 

more efficiently. Hence, for the halogen series, the ease of displace-

ment is F > Cl > Br > I. There are several examples of SNAr reactions 

involving unactivated substrates. However, these reactions are either 



4 

facilitated by using crown ethers,4 or by using an effective dipolar 

aprotic solvent,5 or by the use of chromium tricarbonyl complexes of the 

aryl halides.6 

Several reports have shown spectroscopic evidence indicating that 

radical anion precusors are formed prior to the a-complex when nitro-

aromatic substrates are used. Two possible electron transfer SNA.r path...;. 

ways were suggested (Schemes 1 and 2).7 However, in these reports there 

was no experimental evidence offered to distinguish either mechanism. 

Furthermore, the results did not distinguish whether the radical anions 

detected indeed led to the formation of the a-complex, or they were 

only species involved in some competing side reaction.9 

SCHEME 1 

ArX + y- [ArX]! + Y• 

[ArX].:. + Y• ~[ArXY]- - ArY + X-

SCHEME 2 

• ArX + y- ::;::=:: [Ar X] "'." + Y • 

[ArX]! + y- . · [ArXY] 2-. 

• [ArXYJ2-. + ArX._.;...2::ArXY- +. [Arx]-

ArXY- ---ArY + X-

Nitrogen containing heteroaromatic substrates undergo SNAr 

reactions with more ease than their carboaromatic counterparts. The 

difference is attributed to the inductive stabilizing ability of the 
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nitrogen atom. Anionic a-complexes of some azines and diazines have 

been shown to be stable enough for observation.8 

(2) SNl Mechanism 

Arenediazonium ions have long been believed to undergo nucleophilic. 

substitutions via an SNl mechan:i,sm (eq• 3). This view represents the 

only example that involves an aryl cation in nucleophilic substitution. 
+ 
N=N + Nu 

6 -N 0 Nu- 0 2 • (3) 

The proposed pathway was supported in early reports by kinetic evidence. 

However, in 1969 Lewis, et al. suggested that these reactions actually 

occurred in an SN2 type, one stepmechanism.10 Their proposal was based 

on the grounds that several arenediazonium salts showed rates that 

depended on the nucleophile concentration. Although subsequent reports 

by Swain somewhat clarified the confusion,11 additional steps to the SNl 

mechanism, which involves a molecular ion pair, were needed in order to 

explain some kinetic data observed by Zollinger, et a1.12 (~q. 4). 

Nu Ar Nu (4) 

t 
Recently, reactions of ArN2+ irt basic solution were shown to 

proceed via an SNl process along with various competirtg reactions which 

included SNAr, aryne and radical pathways.13 Thus, nucleophilic 

aromatic substitution of arellediazonium ions may not occur in a pure SNl 

fashion, and side reactions often provide competition with this process. 
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(3) Aryne and Hetaryne Mechanism 

Since Roberts establishe.d the existence of an aryne intermediate in 

1953,14 it has been a useful process for unreactive carboaromatic and 

heteroaromatic substrates in nucleophilic substitution. The most 

commonly used method of preparation of ..2-aryne or hetaryne is by de-

hydrohalogenation (eq. 5). When the proton adjacent to the nucleofuge 

is abstracted by a basic reagent, an ortho anion is formed. Subsequent 

o:-:-_H_+_ 0-_x _-x_· .... _ 
~) 

Nu O'Nu 
. 

+ 0 Nu 
(5) 

elimination of the nucleofuge X gives rise to the aryne intermediate 

-(sometimes -referred to a.s dehydrobenzene). The nucleophile can then add 

to one of the two available sites to the "triple bond" to yield the 

products. Since the process involves essentially an elimination fol-

lowed by an addition, it is also known as the EA mechanism. If the 

nucleophile takes up the position that the nucleofuge originally occupied, 

the reaction is called ipso substitution. Otherwise, a cine substitution 

product is obtained. Thus, when the aromatic substrate contains sub-

stituent at other positions, a mixture of isomers can be formed. 

When halogens are used as nucleofuges in aryne reactions, the order 

of reactivity iS just the reverse of the SNAr mechanism, i.e. I > B!r > 

Cl> F. Liquid ammonia is by far the most frequently used solvent in 

aryne reactions. Besides providing a good medium to solvate the inter-

mediate, liquid ammonia, which is a poor proton donor, will not quench 

the reaction by protonating the "triple bond" prior to the attack of the 

nucleophile. 
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Hetaryne formation in nitrogen heterocycles is more selective~ ·An 

annular nitrogen increases the acidity of the hydrogens in the system 

and facilitates the hetaryl anion formation. But the increase is much 

less at the positions directly adjacent to the heteroatom. Moreover, 

the hetaryne having the "triple bond" most distant from the nitrogen is 

lower in energy. Thus,' the effects of the nitrogen atom on the depro-

tonation and .elimination steps make the formation of 2,3-pyridyne much 

less likely than the 3,4-analog. Similarly, 3,4-quinolyne is the more 

favorable intermediate where 3-haloquinoline is subject to hetaryne 

conditions. 

The unusual structural and chemical properties of aryne·and het-

aryne intermediates have stimulated a great deal of research activity.15 

It is from this research that the SN(ANRORC) and SRNl mechanisms were 

discovered. 

(4) SN(ANRORC) Mechanism 

In an apparent hetaryne procesi:;, 5-bromo-4-R-pyrimidine react with 

KNH2 in liquid ammonia. The cine product, 6-amino-4-R-pyrimidine was 

formed exclusively.(eq. 6).16 However, in subsequent reports, both the 

R 

KNH2 " 
N~. 

6.,N~2 (6) 

hetaryne and SNA.r mechanisms were shown to be inconsistent with the 

results obtained. However, through a !SN-labelling experiment, Van der 

Plas, ~ al. proposed a ~ucleophilic _!ubstitution mechanism which 
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involved an_!!ddition of the _!!ucleophile followed by a..!.ing ~ening and 

..!.ing _£losure process, SN(ANRORC) (Scheme 3).17 Aromatic azines and 

diazines have been found to undergo this substitution process. Fora 

more detailed discussion of this mechanism, the reader is referred to a 

recent review by Van der Plas.18 

-Br 

R 

*~ 
H-~) (~ 

11.Jll 
H-N N-H 

* 

(5) SRNl Mechanism 

SCHEME 3 

R 

*N:tf.'.~, Br I - I 

H-t--N" 
H N * 2 

R 

*~c-Br , 'I I• j H-c• - .c-H 1: : I 
H-N N-H 

* 

In another experiment designed to investigate the aryne mechanism, 

Kim and Bunnett reported that the reactions of 5-halo-(!) and 6-halo-

pseudocumene (~_) with potassium amide in liquid ammonia yielded sur-

prising results (Scheme 4).19 It was expected that the ratio of 5- and 

6-pseudocumidine (!_ and 2_, respectively) formed in these reactions 

should be the same if the reactions were to proceed via aryne inter-

mediate 3. That is, these ratios were not expected to change regardless 

of the position and the identity of the halide X. However, while the 
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5 

~KNH2. 
. NH3~ 

9 

SCHEME 4 

4 

"aryne ratio" was consistently found to be about 1.5 for both the bromo-

and chloro-substrates,. the ratio of 5-iodo- and 6-iodopseudocumene 

reactions indicated that the direct substitution product was favored. 

Thus, the bromo- and chloropseudocumene followed an aryne pathway, but 

the iodo substrate appeared to react, at least in part through another 

substitution mechanism where the unrearranged product predominated. 

Since the substrates were not activated in these reactions, the SNAr 

mechanism seemed to be unlikely. In subsequent eX'perim.ents, the follow-

ing results were observed: (1) the addition of a catalytic amount of 

radical trapping agents greatly retarded the unrearranged product 

formation, shifting the ratio toward the aryne mechanism, (2) the 

addition of potassium metal (an electron source) gave almost exclusively 
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the direct substitution product, (3) when 2-iodo-1,3-xylene was used as 

substrate, that is when the aryne formation was blocked, 2,6-dimethyl-

aniline was formed in good yield.20 Based on these experimental data, a 

radical cha;J.n mechanism was proposed (Scheme 5) and the term SRNl 

(Substitution, Radical chain, Nuc1eophilic, unimolecular) was designated 

for this pathway. 

In Scheme 5, an electron transfer process between the substrate and 

an effective electron donor gives a radical anion [ArX].!. to initiate the 

chain reaction. It is then propagated by steps (2)-(4). These propa-

gation steps involve cleavage of the radical anion, attack of the 

nucleophile, and another electron transfer process. The end result is 

SCHEME 5 

. . ArX + electron donor - [Arx]- · (1) 

[ArX] .!. - Ar • + x- (2) 

Ar• + y- --
• [ArY]- (3) . [ArX].!. [ArY]- + ArX - ArY + (4) 

the formation of the product ArY and regeneration of the radical anion 

[ArX].!., which reenters the cycle in step 2. Some of the possible 

terminating steps for this chain process may include coupling of the 

radicals, and hydrogen atom abstraction from the solvent, etc. It 

should be noted that.the chain length of the cycle influences the rate 

of the reaction in some cases.21 A long chain length will cause the 

propagating steps to become the.dominant factor of the reaction, whereas 

short chain length places greater importance on the initiat.ion step. In 
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other words, in cases where the chain length is short, catalytic amounts 

of radical scavenger may not reduce the reaction yield as efficiently 

as in the cases of reactions with greater chain lengths. 

Prior to the proposal of the SRNl mechanism, Kornblum22 and 

Russel123 had simultaneously reported an analogous mechanism involving 

the aliphatic side chain of some nitrobenzyl halides with appropriate 

nucleophiles (Scheme 6). Nevertheless, the report by Bunnett and Kim 

was the first to recognize that a radical chain.process also occurred in 

aromatic nucleophilic substitution. 

SCHEME 6· 

. -

¢T1 N02 <)Cl N02 
+ A + ~ 

N02 N02 . - CH. ¢r 0 -+ Cl ....-: 

N02 N02 . 

Q' N02 
CHt+·N02-

¢ + I 
~ 

NO N02 2 

Q+No/ .:. 

~:r ~ 
OCl 

+ I + . 
N02 N02 2 N02 
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In 1972, Wolfe and his coworkers showed that 2-chloroquinoline also 

participated in an SRNl reaction with S-diketone dianions (eq~ 7) .24 

The reaction occurred efficiently even without the stimulation.of a'.!.kali 

metal or near-UV light. This represented the first report of involve-

ment of the SRNl mechanism in heteroaromatic systems. Thus, it further 

extended the use of this radical chain process in nucleophilic sub-

stitution reactions. 

ro + 
Cl 

0 0 

p~-
(7) 

h 

The engrossing mechanis.tic features of the SRNl reaction and its 

potential applications to organic synthesis have generated extensive 

research interest in the area. In the following sections, summaries of 

various substrates, solvent systems and nucleophiles that have been 

employed in SRNl reactions will be illustrated and some applications of 

this process in synthesis will also be 9iscussed. 

(B) Substrates i:,n SBNl :R,eactions 

A long list of aromatic substrates have been demonstra.ted to under-

go SRNl reaction with appropriate nucleophiles.25 Many of them, both 

carboaromatic and heteroaromatic substrates·, are shown in Fig. 1. 

Specific examples of the reactions of these compounds with various 

nucleophiles will be illustrated in a later section.25c Generally, 

evidence used to verify the SRNl character of a reaction are that: (1) 

the process is catalyzed by near-ultra-violet light, or by solvate-d 
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a N 

I 

FIGURE 1 

~ 
~~ 

Substrates Shown to Participate in SRNl Reactions 

' -. 
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electrons provided by alkali metal, or by electrochemical induction, (2) 

the quantum yield of the reaction is in excess of unity, (3) the yield 

of the substitution product is drastically reduced by .the presence of a 

catalytic amount of radical or radical anion scavenger, 

Alkali metal36,19 and electrochemical induction37 catalyze the 

reactions by providing the elect:ron necessary for the initiation step 

(Section A, Scheme 5}. That is, reduction of the substrate to the 
-

radical anion. The reason that SRNl reactions can be.photostimulated by 

near-UV light is not fully understood. But the possibility that near-UV 

light indqces electron transfer via a charge transfer complex of the 

substrate and the nucleophile has been suggested (eq. 8).38 

hv 
ArX + y- [ArX•Y]-ArX.:. + Y• (8) 

The reactivity of the substrate often depends on the identify of 

the nucleofuge employed. For the halogens, the ease of displacement is 

found to be I > Br > Cl > F. Other nucleofugic groups such as -SPh, 
+ ~ . . 

-NMe3 and-OP(OEt)z can also be replaced readily in SRNl reactions.26,39-41 

Diazonium salts have also been observed to participate in some SRNl 

processes.42,43 

The presence of a nitro group in t:he aromatic moiety, which is 

generally considered to be the best activating group in an SNAr process, 

has been found to interfere with the SRNl reaction. Ionized hydroxy 

and dialkylamino substituents were also reported to impede the radical 

chain mechanism.27,28 However, in recent papers, amino- and N,N-dimethyl-

amino hal.obenzenes and halopyridines were shown to undergo SRNl reaction 
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efficiently.44-46 Alkyl, alkoxy, phenyl, carboxylate and benzyl groups 

do not affect the SRNl process. Another noticable difference between 

the SNAr and SRNl mechanisms is that steric effects do nothinder the 

SRNl reactions to a great extent. For example, l-iodo-2,4,6-tri-

isopropylbenzene reacts with acetone enolate ion to give a good yield of 

substitution product.47 

Dihalocarboaromatic substrates have also been investigated under 
, I 

SRNl conditions.48-52 It was found that other mechanistic pathway could 

not satisfactory explain the data obtained. However, the SRNl mechanism 

was able to fully account for the experimental results. In short, the 

proposed mechanism is shown in Scheme 7. Based on the scheme, the major 

OVERALL REACTION: 

major 
product 

SCHEME 7 

trace 

. ' . . 
XC6H4• + y--cxc6H4Y]-

[XC6H4YJ.:, + XC6H4I -xc6H4Y + [XC6H4I]-

[XC6H4Y]~YC6H4·· + x-
• YC6H4• + y-- [C6H4Y2]-

[C6H4Y2].! + XC6H4I- C6H4Y2 + 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

product (C6H4Y2) was formed via steps (2), (3), (5), (6), (7), while the 

minor product (XC6H4Y), if formed, arose through steps (2}-(4). 
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The dihaloheteroaromatic substrates found to undergoSR_Nl reactions 

with appropriate nucleophiles were dihalopyridinesand 4,7-dichloro-

quinoline. The only product formed in the pyridine reactions was the 

disubstituted .pyridine with both 9f the halogens replaced by 

nucleophiles. However, .. in the 4, 7-dichlor~quinoline case, only the 

halogen at the 4.;,.positi()nwas replaced.29 

.·. (C) Solv.ertts:Employed- in S:aNl React~on~-

Liquid ammonia has been the most favorable solvent employed in .SaNl 

reactions. However, irt order to gain further understanding of. the SR.Nl 

mechaniS111 and to extend its· synthetic utility~ studies of other reac.tion-

media were performed. A systematic study o.f various solvents used in 

carboaromatic SaNl reactions.was.reported by Bunnett and his coworkers.30 

Besides liquid ammonia, solvents such as di:methyl sulfoxide (DMSO), N,N-
. . . - . . ' 

dimethylformamide (DMF), 1,2-dimethoxyetharie (DME), hexamethylphosphoric 

triamide (RMPA), N,N;..dimethylacetamide (DMAC)' t-butanol, acetonitrile, 

~butylamine, tetramethylene sulfone and water were investigated. It · 

was found that DMSO, DMF, .DME, DMAC, ,l-butanol and aceton:Ltrile ·provided 

satisfactory r.esults. However, the yields of th~ SRNl products formed 

in th.ese sol vents were generally lower than those in liquid ammonia. 

Despite its laborious. purification and s.ome inconvenience encounteted. in 

product isolation, DMSO was sho'wn to be espeically valuable in quanti-

·tative kinetic and photochemical studies. In a more recent study, 

Semmelhack and Bargar found that these results were quite reproducible.32 

Along with DMSO and DME, tetrahydrofuran (1'HF) was shown to be an 

acceptable mediuin: for the reaction· performed. 
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In 1979, Wolfe and Moon reported a similar study with heteroaromatic 

SRNl reactions. The solvents employed were THF, DME, DMF, DMSO, ether 

and benzene.31 Using 2-chloroquinoline and potassioacetone as the 

reaction model system, THF and DMF were shown to be effective media for 

the SRNl process. In fact, dark reaction (thermally induced) occurred to 

a certain extent in these solvents. A much slower reaction rate was 

observed when DME was used. In the case of DMSO,. some erratic results 

were obtained. But several examples of heteroaromatic SRNl reactions in 

DMSO have been reported.33,53. Intromolecular SRNl reactions have also 

been observed using THF.as·solvent•34;35 However, when 2-bromopyridine 

was used as substrate, the reaction proceeded slowly in THF.31 

In general, a suitable solvent in SRNl reaction should: (1) be able 

to solvate the reactants and the charge species formed in the reaction,. 

(2) have low acidity so as to avoid protonatioil of the anion or radical 

anion generated in theSRNl process, (3) be a poor hydrogen atom donor, 

to av.oid reaction with the radicals formed, (4) be transparent to the 

light source used in photostimulated reaction, (5) be re~dily available, 

economical, easy to purify and easy to remove after the reaction. Based 

on these .criteria and 'the studies performed thus far, liquid ammonia is 

still the solvent of. choice for SRNl reactions. However, DMSO, DMF and 

THF are good alternatives when occasions arise. 

(D) Nucleophiles in SRNl Reactions 

(1) Ketone Enolates 

In 1972, Bunnett and Rossi reported that potassium acetonate (6) 

underwent potassium metal promoted SRNl reactions with benzoaromatic 
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substrates irt liquid ammonia (eq. 9)~40' These :r~actions gave aryl 

acetones 7 as the major products along with ~-aryl-2-propanolsJ! and the 

dehalogenated products 1• I~ was suggested ina'rec:ent publicatiort 

.~.· 
y . 

0-K+ 

A~K-' ...... 
NH 3 

6 

O OH 
11 11 

~2C:H3~2r:3~ 
y y y 

7 8 
+· + 

X· = I, Br~. :Cl; F, ~SPh, -SPh3, -SePH, ~NMe3, -OPO(OEt.)2 .. 

y ... H, CH3, ~ocH3 

that 

(-9) 

the propanolSJ! were produced by the reduction of the radical anion 

[YArCHzCOCH3].! generated in the SRNl mechanism.54 Be'nzene 'and substituted' 
.· ·.· . 

benzenes 9 were formed via hydroge·n atom abEitraction :from the. fsoproxide .. 

ion by the aryl radicalfot'med in the chain process~ ·Ina,sub,sequent 

report, it was found that the acetone enolate ion, obtained by using KNHz.· 

or ~-BuO-xt" as base, reactecimore efficierttly·upon near-UV irradiation. 

By-products formed in the metal promoted reactions could almost be 

eliminated. 36 
. . 

Since these discoveries, 111any other ketone enolate ions have been 

employed·as nucleophiles in SRNl reactions. Some of their photostimulated 

reactions with bromo~enzene in liquid ammc;>nia are listed .in Table r.SS, 74 ·· 

Monoanions o~ 2-cyclohexenone (lO)and B-diketones (11-14) failed to -· -..-.-· 

react with halobenzehes under SRNl conditions.SS Reaction of methoxy-

0 0 
AA 

. · .. o 

•QQ-
0 -o 0 0 

~~ 
0 

10 13 __,...,. 
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acetone (15) with bromobenzene gave only 0.9% of the substitution produc~ 

~along with 17% of phenylacetone (eq. 10). It was proposed that during 

the SRNl process, the ra.dical anion]_ preferred the expulsion of methoxide 

ion to form radical _!!!. to transferring an electron to the substrate in 

order to continue the cycle (eq. lla-b). The radical 18 could then 

0 

CH 30~- hv CH 30y 
+Ph~ (10) + PhBr . 0 

NH 3 , 130 min P.h 0 

15 0 16 
Phr .! ( lla) 

%CH3 
+ [PhBr] 

[:~ r ~Ph~ + OCH 3 (llb) 

17 
18 

abstract a hydrogen atom from methoxide ion to yield phenylacetone and 

terminate the SRNl process. 

The reaction of bromo- or iodobenzene with the carbanion of 2,4-

dimethyl-3-pentanone (.!.2.) produced another interesting result (eq. 12). 

0-K+ 
0 0 0 

0-< hv Yt +~ (12) 
Ph I + + PhH NH 3 

19 20 
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TABLE I 

Photostimulated Reactions of Bromobenzene with Ketone Enolates 
in Liquid Ammonia 

NucleoEhile 
o· 
~t 
L 

o-

~t< 
~ 

pinacolonea 

3-pentanone 

4-heptanone 

cyclobutanone 

cyclopentanone 

cyclohexanone 

cycloheptanone 

cyclooctanone 

1-indanone 

2-indanone 

hv 
PhBr + Nu- _..;..___,...- PhNu + Ph2Nu 

NH3 

Reaction 
Time %PhNu %Ph2Nu %Benzene 

50min 19 3 

61 

120 min 9 

81 

.90 min 90 10 trace 

70 min 80 1.9b trace 

120 min 80 10 11 

150 min 90 4 

150 min 64 28 

60 min 72 6 

210 min 58 12 

210 min 95 3 

150min 39 8 

150 min 90 2 

Ref. 

74 

74 

55 

55 

55 

55 

55 

55 

55 

55 

55 

55 

aReacted with iodobenzene in IMSO in the dark (150 min) to give a 
quantitative yield of l-phenylpinacolone.56 

b2,2-diphenyl-3-pentanone 12% 
2, 4-diphenyl-3-pentanone 7% 
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The products formed in the reaction included, the 2-aryla:ted ketone, 

benzene and a ditru!r assigned structure 20.55,57 ·To explain this observa-

tion, a termination process competing with the SRNL propagation was 

proposed (Scheme 8). Through a hydrogen atom abstraction by the phenyl 
\ 

radical from enolate .!2_ yield the radical anion l!_ and benzene. The· 

SCHEME 8 

0 .... 

Ph" + 
~ ~,,,·· 

T 'I PhH 

19 21 -· 

2 _·_ 21 disproportionation 

22 23 

22 -··-·. 

23 20 -
'rad,ical anion .ll c()uld then ~ndergo disproportation to form dianion 23 

and unsaturated ketone 22. After a rapid protonation of the dianion, the 

'• ,monoanion could attack the a, a-unsaturated ketone 22 to . foi't!l the dimeric 

product lQ_. 

The carbanion of acetophenone was reported not to react with bromo-

benzene upon photostimulation.55 ·However, in a recent publication, 

Semmelhack and Bargar ehowed that this reaction could be facilitated by· 

using a more intense light source and longer reaction time (eq. 13).32 
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Br 

6 hv 
(13) + 3 h 

0 

Although the monoanion of 2,4-pentandione (!.!) did not form any 

product with bromobenzene, its dianion 24 reacted with bromomesityle.ne to 

give 82% of the SRNl product (eq. 14).55 This reaction provides the only 

examples of dianion participation in carboaromatic SRNl reaction. 

Br H 
0 0 

~ + * __..h ..... v....,..... (14) 

Ketone enolates were also demonstrated to react 'Ylith nitrogen con-

taining heteroaromatic substracts via an SRNl mechanism. Some examples 

are shown in Table II using bromopyridines, 2.;..chloroquinoline and 2-

chloropyrazine as representative substrates.58-60 From Table II, it can 

be noted that the· effect of the position of the halogen on .the reactivity 

of halopyridine is 2 > 3 ) 4. 

Unlike the sluggish photostimulated reaction of the enolate ion of 

2,4-dimethyl-3-pentanone (!.2) with bromobenzene, 2-bromopyridine and 

2-chloroquinoline reacted smoothly with..!2_ under SRNl conditions (eq. 

15).58,59 But similar to the benzoaromatic substrates, N-hetero-

aromatic compounds did not show reactivity towards monoanions of 
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TABLE· .II 

Photostimulated Reactions of Heteroaroinatic Substl;'ate with 
Ketone Enolate in Liquid Ammonia 

hv 
He t-X + Nu- --------- He t-Nu 

Reaction 
Substrate Nucleopl;tile .Time % liet-Nu 

2-bromopyridine acetone 15 min 95 

pinacolone 90 min 94 

cyclohexanone 60 min· 47 

· 3-bromopyridine acetone 15 min 65 

4-bromopyridine acetone 15 min 28 

·. 2~chloroquinoline acetone 60 min 90 

3-pentanone 60 min 68 

propiophenone 60 min 50 

acetophenone 60 min 14 

3'.""'lllethyl-2""."butanone 60 min 3-su'bstituted 62 
1-substituted 19 

cyclopentanone 60 min 63 

2-chloropyrazine acetone 15 min 9sa 

pinacolone 15 min· 95a 

diisopropyl ··ketone 15 min ssa 

acetopheiione 15 min a2a 

Ref. -
58 

58 

58 

58 

58 

59 

59 

59 

59 

59 
59 

59 

60 

60 

60 

60 

aDark reaction;: these reactions were inhibited by a catalytic amount of 
di-~-butyl nitroxide. 
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f3-diketones (.!.!,-14). The dilithium salt of benzoylacetone reacted 

readily with 2-chloroquinoline in the dark (eq. 16).24 This represents 

the only example of a dianion acting as nucleophile in heteroaromatic 

/ hv, NH3 
.. (15a) 

97% 

'\.· ~ 
. '\~N~Cl 

- . (15b) 

hv, NH3 

94% 

ro + I 
N Cl 

0 

AA. 
Ph 

~·· 0. 0 (16) 
~N~ph 

0 

71% 

SRNl reaction. Acetone enolate ion was reported to react with halo-

thiophenes upon irradiation with near-UV light to give modera.te yields of 

SRNl products (eq. 17a,b) .61 

Thus, many ketone enolates have been demonstrated to be good nucleo-

philes with both carboaromatic and heteraromatic substrates in SRNl 

reactions. This provides a convenient alternative for the introduction 

of unactivated aryl and hetaryl substituents on to the a-carbon of many 

ketones. 
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s ()(r 
(l 7a) 

hv, 1 h, NH3 
31% 

0 K 

~ 
s 

.........____Q-=--r ( 8':! o 
hv, 1 h, NH3~ 

(l 7b) 

(2) Alkyl Nitrile Carbanions 

In a preliminary report, cyanomethyl anion derived from acetonitrile 

was shown to react with chlorobenzene under the catalytic influence of 

potassium metal to give a mixture of phenylacetonitrile, aniline, benzene 

and toluene (eq. 18).20 In a subsequent study of the reactions of this 

nitrile carbanion with several benzo substrates, the observed results can 

be summarized in eq. 19.39 The product ratio varied depending on the 

substrate employed and the reaction conditions. Phenylacetonitrile (25) 
' -.-

was suggested to form via a typical SRN1.mechanism, whereas the formation 

of 26, 27, 28 and benzene required additional steps to the SRNl scheme 

(Scheme 9). 
Cl CH2CN 0 H r8 6 - K/NH3 6+ 6 (18) 

+ K+CH2CN I + + 
. 

36% 3% 26% 18% 
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K,hv 
PhX + RCHK+ 

I 
PhCHR + PhzCHR + PhCH2R + PhCH-CHPh 

CN 
NH3 I I I 

CN 

25 27 

+ Ph~ + PhNH2 

SCHEME .9 

• PhX +. RCHCN -->- [PhX]- + RCHCN 

[PhX].!- Ph• + x-
• Ph•. + RCHCN -+ [PhCHR]-

1 
CN 

26 

(1) 

(2) 

(3) 

[PhCliR].:. + PhX-+ PhCHR + [PhX].:. (4) 
I 
CN 
25 

• • [PhCHRl ... -+ PhCHR + er 
I 
CN 

2PhCHR-+ PhCH-CHPh 
I I 

e-• 
PhCHR-

e-

R R 
28 

H+ 
PhCHR - PhCH2R 

- 26 
li+ 

P h • ........+ Ph----+ PhH 

PhCHR + Ph•-+ PhzCHR 
27 

PhCR + Ph•-+ [PhzCR].:. 
I I 
CN CN 

[PhzCR].:. - PhzCR + er . 
I 
CN 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

R R 

28 

(19) 
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A more extensive study of the subject by Rossi, ~ al. revealed that 

triphenylethane (29) and tetraphenylethane (30) (R~H) were also found 

along with the other products in eq. 19.62 Thus, several more steps were 

added to Scheme 9 in order to explain this phenomenon (steps 12-14). 

Ph2CH• + PhCH2 ~ Ph2CHCH2Ph 
29 

2Ph2CH•--+ Ph2CH-CHPh2 
30 

e- H+ 
Ph2CH• ..-.....+ --+ Ph2Cli2 

(12) 

(13) 

(14) 

Addition of electron acceptors such as naphthalene, anthracene, be'nzoate 

ion etc. altered the product ratio. Possible mechanistic pathways for 

this observation were also suggested in the report. 

Although cyanomethyl anion dicl not show good reactivity towards 

halobenzenes under SRNl conditions, halonaphthalenes, 9-bromophenanthrene, 
(-) 

4-chlorobiphenyl ancl 4-chlorobenzophenone readily reacted with CH2CN 

upon irradiation in liquid ammonia (Table III).63,64 It was suggested 

that the location of the extra electron of the radical anion [ArCH2CN].! 

was responsible for the outcome of these reactions. The radical anion 

could have the structure of :u or 32. The preference in the formation of 

31 or 32 depended upon the LUMO energies of the aromatic system and the 

CN moiety. While the LUMO of benzene was -1.0008, CN was -0.8208 and 

naphthalene was -0.6188. Since the electron would prefer to reside in 

the lower LUMO, l! would have been the dominant form in the halo benzene 

reaction, whereas 32 would be favored in the halonaphthalene case. The 
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TABLE III 

Photostimulated Reactions of Aryl Halides with Cyanomethyl 
.· Anion in Liquid Ammonia 64 . .·. 

Substrate 

1-chloronaphthalene 

2-chloronaphthalene 

9-bromophenanthrene 

4-chlorobiphenyl 

hv 
ArX + CH2CN---ArCH2CN 

NH3 

Reaction 
Time ArCH2CN(%) 

100 min 89 

45 min 98 

120 min 70 

.5 min 92 

4-chlorobenzophenone 60 min 97 

ArH(%) 

4 

2 

16 

3 
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radical anion 1!. would then be able to undergo C-CN bond cleavage to give 

radical 33 and cyano anion {eq. 20). On the other hand, the radical 

anion32 could only transfer its electron to another substrate to 

continue the SRNl cycle (eq. 21) • 

• ArCH-CW 
31 

• ArCH2-cr 
31 

• ArX 
Ar--CH2CN 

32 

• Ar--CH2CN 
32 

ArcH2• +er 
33 

ArCH2CN + [ArX].! 

(20) 

(21) 

Based on the above rationale, heteroaromatic substrates would be 

expected to react with cyanomethyl anion efficiently. Indeed, 2-bromo-

and 2-chloropyridine give good yield of 2-pyridylacetonitrile in. 5-15 
. (-) 

min (eq. 22) .64, 65 However, 2-chloroquinol:l.ne reacted with CH2CN to 

give a mixture of products (eq. 23).65 2-Aminoquinoline (34) and 2-

~ -I;- K+ CH CN ._hv_· ·------·~,· . · · 
~NAx 2 NH ~~CN 

3 
(22) 

X= Cl (94%) , Br (75%) 

ro . . 
NH 

34 2 
(23) ro. CN 

. 

H 
36 3 
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methylqulnazoline (35) presumably resulted from ionic attack of amide ion 

on the quinolyl moiety followed by an S~ANRORC) process. 66 · The formation 

of 1§.. was proposed to occur by attack of cyanomethyl anion at the 

4-position, followed by rin.g opening and ring closure.65 

Potassiophenylacetonitrile reacted with 2~bromopyrldine and 2-chlorq-

quinoline efficiently in an· SRNl manner (eq. 24), 67 but its reaction wit.h 

2-chloropyrazine was found to proceed via a dual pathway (SRNl and SNA.r 
I 

mechanism) to give good yield to 2-cyanomethylpyrazine (eq. 24c).60 

Q 
Br 

~·.· 
.~CN 

hv, NH3 . 

(3) Phosphorus Nucleophiles 

CN 

CN 

~NO .. · ·Pfi.f 
~N~ 

CN 

(24a) 

(24b) 

(24c) 

In 1974, Bunnett and Creary reported that dialkyl phosphite anion 

reacted with aryl iodides under photostimulation in liquid ammonia to 

give excellent yield of aryl dialkylphosponates (eq. 25).48 The reactions 

were suggested to proceed via an SRNl mechanism. Various haloiodobenzenes 

also reacted with diethylphosphite anion under similar cortditions 

(eq. 25).48-52 The product ratio of monosubstitution 37 to disubstitu-

tion 38 for these reactions depended on the identity and orientation 



0 
It hv 

31 

0 
11 

ArI + (R0)2P"'"K+ ----1- ArP(OR)z + KI 
NH3 

Ar= Ph R=CH3 (93%), Et(96%), n-Bu(88%) 

Also Ar=.£.-CH3Ph, J?.-CH30Ph, .!!!""xylyl, naphthyl, ?CF3Ph, R=Et 

0 , 0 
hv II ff 

XC6H4I + (Et0)2Pt<.+ --- XC6H4P(OEt)2 + 
NH3 37 

X =F, Cl, Br, I 

G6H4[P(OEt)2]2 
38 

(25) 

(26) 

of the second halogen with respect to iodide. All isomers of bromO".'" 

iodobenzene and diiodobenzene and o- and _rchloroiodobenzenes gave 

exclusively the bisphosphonate 38, whereas m-chloroiodobenzene and 

· ]r"fluoro:f,odobenzene gave the monosubstituted product E_ which was 

brought, about by replacement of iodine only. 

A quantitative study of the kinetics of the photostimulated 

reaction of iodobenzene and diethyl phosphi te anion in dimethyl sulfoxide 

was reported in 1977.38 The data obtained showed the raw quantum yield 

of the reaction to be in excess of unity (frequently between 20-50) and 

the reaction rate was independent of iodobenzene concentration. These 

results were consistent with an SRNl mechanism. Evidence further sub-

stantiated the SRNl mechanism in aromatic nucleophilic substitution was 

illustrated by the experiments of competing reaction of diethyl phos-

phi te ion and pinacolone enolate ion. towards monosubstituted benzene.68 

An alternative radical chain mechanism, designated SRN2, was ruled out. 
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Potassium diphenyl phosphide was shown to react with halotoluenes 

in refluxing liquid ammonia or dimethyl sulfoxide at 25°C to give 

diphenyl tolylphosphine in good yield. No irradiation by near-UV light 

or addition of alkali metal was necessary (eq. 27).69 Other phosph-

anions in Table IV also showed SRNl reactivity towards iodo- and bromo-

benzene. 70 

Dark 
NH/ DMSO 

(27) 

X= I and Br 

The only example of the reaction of phosphanionwith heteroaromatic 

substrates is.found in the report involving electrochemicalinduced SRNl 

reaction.37 This and other reactions of the same type are discussed in 

section D(lO). 

(4) Ester and Amide Enolate Ions 

Only a few scattered reports on the reactions of ester enolate ions 

with halobenzenes under SRNl conditions have been published. Li.thio t-

butyl acetate reacted with bromobenzene and _e,-bromoanisole upon irradia-

tion to give a-substituted product (eq. 28) .32, 71, 72 Lithio ~-butyl 

R 

0-K+ Br 

¢ hv 

a~oX o~ =1-_o-\-" + 
NH3 (28) 

R 

R= OCH 67% 3 R 
R= H 57% 29% 
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TABLE IV 

Photostimulated Reactions of Iodobenzene with Phosphorous 
Nucleophiles in Liquid Ammonia70 

hv a 
Ph! + Nu- ---- PhNu + r-

Reaction 
Nucleophile Time 

PhP-(OBu)K+ 15 min 
II 
0 

0 
II 

PhzpJ.<+ 20 min 

15 min 

30 min 

Product (%) 

PhzP(OBu) (95) 
If . 
0 

0 
II 

Ph3P (95) 

0 
II 

(EtO)zPPh (95) 

0 
II 

. (MezN)zPPh (64) J PhH (8) 

aPhBr reacted to give the same products, but longer irradiation 
was required and lower yields were obtained. 



propionate aiso reacted with bromobenzene to give similar result:a.32 

However, lithio _;-butyl-2-methylpropionate showed poor .reactivity 

towards bromobenzene under SRNl conditions.71 Malonate anion did not 

react with halobenzenes in photostimulated or alkali metal promoted 

reactions.32,55 

There has been only one report on the SRNl reactions of amide 

enolate .ions with haloarenes.73 Some of· the representative resul.ts of 

this effort are listed in Table V. 

Reactions of the dianions of succinimide (39) and the monoanion of 

N-methylglutarimide (40) with iodobenzene were also attempted. However, 

· very poor yields of substitution products were observed in these 

reactions (eq. 29, 30).35 

I 

6 -
+ ·~ hv 

15 min-lh 
(29) 

39 4% 

I 

0 oM hv + . .15 min 0 , (30) 

CH3 CH3 
40 13% 

(5) Nltranions 

The discovery of the Strnl mechanism was brought forward by the 

results obtained in 'the reaction of potassium amide with halopseudo-

cumene.19 However, after a decade of research in the.area, amide ion.is 

still the only nitranion found to participate efficiently as a nucleo-

phile in SRNl reactions. The nitranion of acetamide and phthalimidl?~ -for 
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TABLE V 

Photostimulated Reactions of Aryl Halides with Amide Enolate 
Ions in Liquid Ammonia73 

0-

-~N' ....... 

-0 

~o 

ArX + Nu-

9-Bromo-
phenanthrene 

PhBr 

PhBr 

hv 

NH3 

90 min 

120 min 

180 min 

Ar Nu 

Ph 
9-phenathyl-CH2CN 

(80) CH3 

0 PlY--< Ph~N' 
....... Ph 

(80) (18) 

0 0 

Ph~o Ph~o 
Ph 

(56) (12) 

' 
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example, were shown to be unreactive towards aromatic substrates, and 

potassium anilide reacted poorly with iodobenzene (eq. 31-33).35,73 

~- . .....--.hv 

Y.N_.!.l.. Cl NH3 
No Reaction (31) . 

o:>- + Q hv . . 
No Reaction (32) 

0 I 

0 Q K. QN~ . (33) + 
NH NH3 

I H 19% 

Nevertheless, potassium amide reacts with _2-haloanisoles ,20 

diphenyl ether,20 2-iodo-l,3-xylene20 andaryldiethylphosphonate41 (eq. 

34-37) under the catalytic influence of potassium metal or photostimu-

la ti on. (( CH3_ ([NH2 (f I + . _OCH3 K1 NH3 OCH3 
(34) 

5T-68% 5-16% 

O'OPb I 
(t (Jr2 + . 

K, NH3 
. ~ 

(35) 

53% 
I 

'Gr NH H 

'& ~ + . 

0 

(36) 

~OEt)z 
64% 

~ (37) 

56-78% 
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(6) Carbanions Derived From Conjugated Hydrocarbons and Picolines 

The carbanions generated from conjugated hydrocarbons upon treat-

ment of KNHz in liquid ammonia have been found to undergo arylation 

under SRNl conditions. The carbanion of 1, 3-pentadiene react.s with 

bromobenzene in liquid ammonia with stimulation provided by potassitnn 

metal (eq. 38).74 The reaction gave a mixture of arylated dienes. 

K 
Ph~ + Ph~+ Ph~ (38) ~ + PhBr 

+di and tri-substi.tuted products 

However, after catalytic hydrogenation of the crude product mixture, 74% 

of 1-phenylpentane, 9% of 1, 1-diphenylpentane, 7% of 1, 5-diphenylpentane ·. 

and 9% of triphenylpentanes were detected. Although the SRNl reaction 

gave complicated product mixtures of pentadienes, upon hydrogenation 

it provided a simple method of introducing a five carbon straight chain 

on a benzene ring inplace of a halogen in good yield (eq• 39). Other 

alkali metal promotedSRNl J:"eactions that involved carbanions of con-

jugated hydrocarbon are shown in eq. 40-42. 

~· + PhBr 
· 1) K, NH3 

2) Hz 
Ph~ (39) 

Carbanions derived from 2- and 4-picoline have been demonstrated to 

·be able to act as nucleophiles in SRNl reactions with phenyltrimethyl-

ammonium ion, 2-bromomesitylene and chlorobenzeneunder stimulation by 

potassium metal or near-UV light (eq. 43,44).47 Although these carb-

anions reacted with iodo- and bromobenzene efficiently to give the 
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I .. MeO~··. 

. " . • ,,,,,~ieo.'Q_jl. . . .Me~· .. ..,.. ·.. .· . 
K NH . ~ . . h ::--... I 

' 3 .~ . 
* * 

(40) 

PhBr 

~ 
V-.Y 

K, NH3 

~· + ArX 
~NR.__ 

hv/K 

6+ 
N 

ArX 

Ar;= Ph, mesityl 
X = N11e3 , Br, Cl 

+ . 

hy/K. 

36% Ph 13% 

* + di- and trisubstituted alkene 38% 

Ph 

o:)+ 
Ph 

00 (41) 

32% 9% 

+ di- and trisubstituted indene 18% 

~ 
H Ph 
~ Ph Ph 

(42) 

57% 23% 

~+ (\,Ar . (43) 

48.-87% 

~Ar 

r;N~ + 

Ar 
small amount 

Ar Ar 

6 (44) 

*Yield obt.ained after catalytic hydr.ogenation of crude mixture 
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substitution products under catalyzed conditions, significant amounts of 

products also formed in the.non-stimulated reactions. Therefore, along 

with the SRNl process, these reactions proceeded via anaryne mechanism 

simultaneously. 

4-Picolyl anion generated by KNH2 was found to react with 2-bromo-

pyridine to give a mixture of 2,4'-dipyridylmethane and 2-aminopyridine 

after 15 min of irradiation in liquid ammonia (eq. 45). However, 

4-bromopyridine hydrochloride salt reacted much more readily to give a 

78% yield of 4,4'-dipyridylmethane (eq. 46).65 
K+ 

+ ~ . hv, NH3• 
~NABr 15 min 

Br 

6 
HCl 

hv, NH 3• 
15 min 

(7) Sulf anions 

47% 

78% 

+ 

(46) 

Based on the fact that arenethiolate ion participates in SRNl 

reactions with aliphatic substrates,75 Bunnett and Creary attempted to 

react thiophenoxide with several aryl iodides in liquid ammonia. The 

arylation proved to be efficient (68-94%) upon irradiation with near-UV 

light with the exception of J ... iodo-m-xylene, which yielded only 19% of 

m-xylylphenyl sulfide along with diphenyl disulfide (eq. 47).76 

Haloiodobenzenes and halQbromobenzenes also subjected to similar 

reaction conditions are found to form, in mo$t cases, bisphenylsulfides 

41 in good yield (eq. 48) .77 Only m-fluoroiodobenzene gave Er'fluoro-



40.· 

hv 
ArI + Phs- ..,....·-·"""'· .... · ArSPh 

NH3 
(47) 

Ar = Ph, ji:aphthyl, ..2• ]!, and _E.-anisyl,. 01 m,. and _E.;..tol.yl ~ 
rtrifluo.romethylphenyl, ;£-:ph~riox;ylphenyl and 
l· ;!!""Jtylyl ' ' 

hv. 
+ PhS- (48) 

. ' 

·,,' 

(S:(>~)2 

+ Xz .. c1, 'Bt; F' -NMe3r-

. . . . '' 

phenyl sulfide in 96% yield. In all disubstit.u~ion reactions only a 

trace of monosubstituted product could be found (even when the reactions 

were stopped short of completion). t'hus, the results were .consistent 
·, .. : . . . . 

with the. proposed S&Nl s.cheme shown 'in the previous section (Scheme 7, 

p.15).,. 

Thiophenoxide Jon was also demonstrated to react via an SRNl 

process with several vinyl halides:. 3,3-dimeithyl-l-iod~indene (42) ~ 

2..,;iod~2-norbornene (~~)., l or· 3-indene <.1!.> and phenyliod~acetylene . 
. ~ . 

(!_~). Ho:wever, . the. yiE!lds of these· reactions we.re generally low in 

coJ!lparison with halo~ren.~s, especially iri. the case of 'phenylacetylene.78 
I 

aj ·00"> ~ .. .. ·~ I•·.· .. <·, 
~· . l . . . ; . . . . ·. 

:'~.· .. ·,.··· .. ·~ . 

~~ ·&J ' ' ·1 
.·. . .• . ..... PhC:CI 

I I 

42 44a 44b 45 .--" 
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Thiophenoxide ion also acted as a nucleophile in an SRNl reaction 

with 5-brom~2H, 3H, benzo[b]thiophene-2,3-dione (5-Br-BTD).53 This ESR 

study by Ciminale, ~ al. resulted in detection of the radical anion of 
• 5-thiophenyl-2H, 3H, benzo[b]-thiophene-2,3-dione (5-SPh-BTDr in the 

course of the reaction which led to the formation of 5-SPh-BTD · (eq. 49). 

0 

B~ 0 + PhS 
~s;= 

(49) 

Alkanothiolate ions have. also been reported to react satisfactorily 

with 1-halonaphthalenes (eq. 50) J9 But ethanethiolate ion reacted with 

halobenzenes to give only low to moderate yield of substitution product 

along with Phs- and Ph2S (eq. 51). Again, similar to the fate of .the 

radical anion formed by combination of cyartomethyl anion with phenyl 

radical, the sluggishness of the reaction was attributed to the 
• decomposition of the radical anion [:l?hSEt]- (eq. 52). 

x SR H 

RS - 00 hv 00 00 + + 
NH3 ' . 

R=n-Bu (81%), HOCH2CH2- (74%); X= I, Cl 

Ph! + EtS hv PhSEt + PhS~ + Ph2S 

30% . 40% 

.:. 
[PhSEt] -- PhS- + Et• 

~[Ph S]~ -e 
2 

(SO) 

. (51) 

. (52) 
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Attempted reactions of thiophenoxide ion with heteroaromatic sub-

strates were also performed. 4~Bromoisoquinoline reacted with thio-

phenoxide ion in the presence of sodium methoxide in methanol at 147°C. 

The mechanism proposed was identical to .an SRNl process (eq. 53) .so In 

Br 

~ 
lJ0 

SPh 

+ . . .. NaOCH3 . ca/" .. + Na SPh ... . I 
147°, 35min :--.. .. :::..... , 

65% 

(53) 

35% 

our.laboratory, 2-bromopyridi.n:e was found to react with ammonium thio-

phenoxide under SRNl conditions. However, ·the yields were low after 

1.5 h of irradiation (eq. 54).67 2-Cliloroquinoline was also shown to 

~· .. ·· 

~UJl N .··SPh 

21% 

(54) 

undergo SRNl reaction with arertethiolate ions by the electrochemical 

induced method. As indicated previously, this will be dii;;cussedin a 

later sect;ion. 

(8) Phenoxide Ion and Other Ionized Hydroxyl Compounds 

In 1973, Bunnett and Rossi discovered that phenoxide ion did not 

react with bromobenzene iri the presence of potassium metal in liquid 

ammonia.74 Negative results were also obtained when 5-halo-BTD was used 

as substrate.53 But in 1977 when Rajan and Sridaran allowed iodo- and 

bromobenzene to react with phenoxide ion in 50% aqueous _E.-butanol usirtg 

sodium amalgam a$ the electron source, diphenyl ether was formed in fair 
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yield (eq. 55) .81_ .·Howey~r, .. Rbs,f,d a:ll:d Pierini recently were unable to 

reproduce such results under the exact conditions reported by their 

Indian colleagu~s.82 Only.a small amount of benzene was formed in the 

reaction. The report also indicated that pherioxide ion did.not undergo 

PhX + Pho-
Na amalgam 

50%aq.· 
s-BuOH 

Ph-0-Ph + · :PhH (55) 

52 ... 6 7% 

SRNl reaction with phenyl radical under photostimulation82 and electro-

chemical induced conditions.37 Similarly, alkoxide ions (46), the 

dianions of dihydroquinone <£> and 1,4-diamirto-9,10-dihydroxyanthracene 

(48) also failed to exhibit SRNl reactivity towards aromatic sub-

. strates.37 ,82 

RO ¢ 
0 

46 47 48 

(9) Dimsyl Anion 

In our attempts to effect SRNl reactions of dimsyl anion with 2-

bromopyridine and 2-chloroquinoline, the efforts ·proved to be futile.65, 

However, it was reported that under the influence of the high tempera- 83 

ture and intense sun-light provided by the summer sun in India, halo-

benzenes and dimsyl anion reacted efficiently (eq. 56).84 

Sunlight 
DMSO ifs/ 

II 
0 

X = I(20 min, 87%), Br(60 min,78%), Cl(l20 min, 74%) 

(56) 
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0 O) Phenyl Selenide, Phenyl Telluride and Di phenyl Arsenide Ions 

Although both oxygen and sulfur belong to Group 6A, their deriva-

tives showed different reactivity in SRNl reactions. Thio-phenoxide and 

alkanethiolate ions undergo SRNl reactions with aromatic substrates, 

but phenoxide and alkoxide ions are unreactive under the same con-

ditions. These results prompted investigations of the behavior of 

anions of other Group 6A atoms, namely selenium and tellurium. 

When phenyl selenide ion, derived from diphenyl diselenide, was 

irradiated with near-UV light in the presence of haloaren_es or dehalo-

benzenes in liquid ammonia, arylation occurred in moderate yield in most 

cases (Table VI).85,86 Since these reactions did not proceed in the 

dark, an SRNl mechanism was suggested. 

Results obtained from the reactions of phenyl telluride ions with 

haloarenes and brmnoiodobenzene gave several products (Table VII). How~ 

ever, these products could be accounted for by.applying several compet-

ing processes in the SRNl scheme (Scheme 10).86,87 

In light of the success of the reaction of diphenyl phosphide ion 

with haloare.nes under SRNl condition, the photostimulated reactions of 

diphenyl arsenide with halotoluenes and haloanisoles were examined.88 

The results of these reactions are summarized in eq. 57. The yield of 

SCHEME 10 

ArX ~ 
. · · · .· · • ArTePh + ArX 

/ e- trans fer 

[ArTePh] 

"' .. ArTe + Ph" . - transfer . [ArTeAr] - e ArTeAr Ar Te + Ar . -transfer .,[PhTePh] - e PhTePh Ph 0 + TePh 
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TABLE VI 

Photdstimul.ated· Reactions of Aryl Halides with Phenyl 
Selenide Ion in Liquid Ammonia86 

hv 
ArX + SePh ---• ArSePh 

Reaction 
Substrate Time in Min ArSePh (%) 

Chloro- and bromobenzene 180 and 120 0-1 

Iodobenzene 220 55 

1-Chloronaphthalene 170 73 

4-Chlorobiphenyl 240 37(52)gc 

9-Bromophenanthrene 220 72 

2-Chloroquinoline 220 46 

p-Dibromobenzene 220 PhSeArSePh 

p-Bromoiodobenzene 220 PhSeArSePh 

13 

70 
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TABLE VII 

·, 

PhotosUmulated Reactions of Aryl Halide with Phenyl 
Telluride Ion in Liquid Amnionia86 

hv 
ArX + -TePh --- PhTeAr 

Reaction 
Substrate Time !\rTePh(% )gc Other Products 

Bromobenzene 220 20 

Iodobenzene 220 90 (isolated) 

p-Iodoanisole 220 73 Ph2'te 15% 
bis(e,-anisyl)-
telluride 1.1% 

1-Chloronaphthalene 220 41 Ph2Te 9% 
bis(naphthyl)-
telluride6% 

1-Bromonaphthalene 80 53 Ph2Te 16% 
bis(naphthyl)-
telluride 10% 

.£.-Bromoiodobenzene 220 40 Ph2Te 20% 
(PhTeArTePh) 2-bromophenyl-

phenyl telluride 
7% 



47 

hv 
ArX + Ph2As- Ph2AsAr + Ph3As + PhAsAr2 + Ar3As (5 7) 

Nll3 

Ar = t.olyl, X = Cl, Br 
Ar = anisyl, X = I, Br, Cl 

the typical SRNl product 49 ranged from 48-79%, whereas 50 and .21 were 

· . formed in 5-30% and 52 in 1-3% yie'id. The reactions followed the SRNl 

reactivity, that is I > Br > Cl. Since these reactions did not occur in 

the dark, they were believed to be SRNl processes. Furthermore, the 

other products formed in the reaction could be easily accounted for by 

additional steps as in the phenyl telluride and cyanomethyl anions 

reactions (Scheme 11)~ 
SCHEME 11 

.:. 
[ArX] Ar • + x 

.:. 
[ArAsPh 2 ] 

53 . 
[ArX] -.. ArAsPh 2 + 

49 

ArX 

~I 
.. ArAsPh + Ph' 

[ArAsPh2] "---- . 
Ar As Ph + Ar·--· [PhAsAr 2 ]-

./ 
[PhAsAr]-

··2ArX .. PhAsAr 
2 

+ [ArX] 
51 

.. Ph' + AsAr 2 . 
AsAr2 + · Ar"---• [AsAr 3 ] - -e A.sAr 3 

52 
.:. -e [Ph 3As] Ph 3As Ph' 

50 
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Unlike the tolyl and anisyl substrates, 4-chlorobenzophenone (eq. 

57, Ar= C6H4COC6H5)reacted with diphenyl arsenide both in the dark and 

under photostimulation to give 63% and 100% of the substituti.on product 

in 30 min. No other by product could be found in the reaction. Since 

both the dark and the photostimulated reactions were inhibited by 

..E.-dinitrobenzene or ox:ygen, . it was judged to be an SRNl reaction. The 

decomposition of the radical anion 53 in Scheme 11 did,not occur because 

the benzophenone moie~y easily accommodated the extra electron (lower 

LUMO). 

(1 l) Electrochemically Induced SRNl Reactions 

When an electrode potential'is set at the reduction level of an 

aromatic substrate, the radical anion of the substrate can be generated 

at the electrode. If a nucleophile is present· in the solution at the 

same time, a nucleophilic substitution can then occur (Scheme 12).89,90 
0 0 

If E2 < E1, that·is the substrate is easier to reduce than the sub-

stitution product, the right hand side of eq. (5) in Scheiue.12 will be 

favored. Therefore, the oxidation of ArNu.! to ArNu as well as the 

SCHEME 12 

• ArX + le-- ArX- (standard potential El) 
• • Arx- - Ar + x-

Ar• 

Ar Nu.! --- Ar Nu (standard potential E2) 

and/or 

ArNu.! + ArX • ---- ArNu + Arx-

(1) 

(2) 

(3) 

(4) 

(5) 
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• regeneration of ArX- will be sponta!leous, and an SaNl process is in-
o· o . • . 

duced. If E2 > Ei, the radical anion ArNu- cannot be reoxidized 

spontaneously, hence, the chain character of the SaNl mechartism is lost 

(Figure 2a and 2 b) • 

In a survey of .nucleophiles in electrochemically ~nduced SaNl 

. r.eactions using 2-chloroquinoline as the. model substrate (other carbo-

aromatic substrates have also been employed), the anions CN, SCN, OH, 

OPh,. EtC(COOEt)2, MeCONMe,· and MeCONH were shown to be unreactive, while 

Phs-' .E.;...clPhS-' ~s-(R=CH3,Bu)' CH2CN, Ph3c-' CH3COCH2, PhCOCH2 and 
0 0 

(EtO)zpo, reacted satisfac.torily.37 · It sh()uld be ~oted that E2 > El 

in the reaction of (Et0)2POwith 2-chloroquinoiine (a1;1 well as 4..;.chloro-

benzonittile). The electrolytic catalyzed process. was effective onlr by 

using a procedure based ol;l the trace crossing phenomenon observed in 

cyclic voltammetry.91,92 
(P) 

(R) 

(R) = Reactant wave 

(P) = Product wave 

FIGURE 2 
Cyclic Voltam:illetry of Elect'l;ochem;i.ca,l ;I:nduced Chemical React~ons · 

. (a) Catalytic Case (El > Ez) (b) Non-catalytic .case (El ~"Ez) 
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(E) Other Syntheti~ Aep.:i:t.cat:fA:>ns of SRNl Reactions 
. . ' . . . 

It was demonstrated in the_ previous section that SaNl reac.tioriis 

could· provide facile ·synthetic routes in ·preparations of niany ketones.1 . 

alkyl benzenes, aroiDa.tic amines, n:itriles, ester:s, amides, aryl .sulfides, •. 

aryl .dialkylphosponates, triarylphosphines and ai;:senines, diaryl 

selenides and t;ellurides. 
. . . . 

The utility of SRNl reaction was further 

extended when it was realized .that this process could also occur in an 

ilitramolecular fashfon. In the total synthesis of cephalotaxine (54), 

the precursor of· 54 ~ephalotaxinone -(55) could be obtained in excellen.t 
., ' . -· . . . . -..·.:·.,· ,\ ... ···. ··. 

·.yield via B.n tntrmnolecµlar SRNl re.actiQn (eq.;58).92, 93 .· this type of 
. . . .,.. .··· . ·, ... \ 

. . ' . 
ring closure reactions was further investigated in subsequent report;s • 

..c....o... _· __ ... _+ ....... ·· ....... <:o ... __ t...;.BuO K .. 

NH3, hv 
(58) 

·.OCH 
3 ... · .... OCH3 

0 

It was found that iodophenyl ketones (4 Sa-c)_ cyclized fn the presence of · · 
. ·.:. ·.,. . . 

·excess base upon photostimulation in liquid ammonia to give siX""", eight-

. and tell"'"'.membered. ring products in reas.onable yield$ (eq •. 59). 71, 72. 
. . . 

However,, in cases where 8-hydrogen was avail.able, a major c61Ilpeting 

· process was in operat:i,on, namely in.tramol.ecular hydrogen. atom abstract-

ion, and the cyclizaticm produc.t was formed iil lc)w yi·eld (eq. 60}. 
·.·· . . . .· . . . .. : 

The reduction product 12_ wa·s .proposed to.-form. in th~ manner described· 1n···• 

eq. 61. 

Intramolecular SaNl reactions were also observed by Wolfe and his 

associa~es in a new oxindole synthe~is. 34 . The anions an:d dianiohs of . 



<OJ0(CH:i 
0 

45(a) n=l; (b) n=3; · 
(c) n=5 

--<~ 
~o 

51 

(59) 

33-99% 

+ < (60) 

56 67% 

--...,..--· -· <o~ 
. 0 

(61) 

N..-acyl-o-chloroanlllnes, generated by the tre;,itment of 57 with excess 

lithium diisopropyl amide (LDA) in THF-hexane at -78°C, could be 

cyclized in good yield upon near-UV irradiation (eq_. 62). ·· When the 

a-carbon to the carbonyl group was disubstituted, the ring closure 

57 

LDA, Hexane-THF 

-78° , ·hv (62) 

' product 12_ could not be obtained under similar conditions (eq. 63a). 

However, this was overcome by an alternate route (eq. 63b). When excess 

LDA was present in the reaction mixture, the acidic proton· of the SRNl 



. Cl R" R' LDA 

~'- • .X. Hexa%e-THF 
~N· 0 -78 ., hv 

R 

52 

r?if.1 Cl.·(. ·.R' X' • LOA 
. ~N~o THF, hv 

R 

-R'/x 
~ 
~N/"O 

R" 

~R~ 
l.0l-N;= 

' R 

(63a) 

(63b) 

product 58 could be abstracted.. Then upon quenching with R"X, ox:indole 

59 was obtained in good yield.35 

Azaoxindole could be prepared in a similar manner (eq. 64). 

2""'Chloro-3-(N..;.methylacetamido)-pyridine (60) underwent. ring closure to 

afford.§.!. in 83% yield. However, when the amide nitrogen was not 

substituted (R=H), the dianion fail.ed to give any cyclized product. 

LDA: 

THF, hv 

60 
(64) 

Using similar strategy as that of oxindole, l.4-dihydro-3(2H)-isoquino--

linone (62) was synthesized (eq. 65). Again, when .the nitrogen was no.t 

substituted (R=H), the reaction did not occur. 

R' 

~110 
~'R 

LDA 
THF, hv 

R' 

~o 
~'R 

62 

(65) 
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The synthesis of indoles via SRNl reactions was recognized simul-

taneously by Bunnett44 and Beugelmans45 (eq. 66). The SRNl products 

were not isolated. The ring closure process occurred either during the 

P X 

- - + 
NH2 

R. 

X= I, Br, Cl 
I 

R= CH3, c6H5 , OCH3 
R'=H, CH3 
R"=CH3 , CH(CH3) 2 , 

C(CH ) and 
R'+ R" ~ lccH )-2 4 

hv 

R' 

[p:rJ 
R' 

~R" 
~N/-

R 

(66) 

reaction or upon work-up. In a similar synthesis, 4-azaindoles 

(eq. 67)46 and benzo[b]furans (eq. 68)95 were also prepared. 

+ 
CH 

3 

0 

R~R" 
hv 

WNH -(JC(."' I N- R" (67) 
RI ~- h N -

R' . I 

roR 
1 

R" {JO--R' 
- l)MetiC _._:;..-- --,_- \: '_' 
_ Na =" _ R _ 

OCH3 Z) -H O - _ (68) 
2 



54 

(F) Nucleophiles Employed in This Study 

In the previous section many nucleophiles were shown to undergo 

SRNl reactions with aromatic substrates. However, it should be noted 

that only a few of these examples involved heteroaromatic substrates. 

Thus, it was our primary concern to gain further insight as to the 

influence of nucelophiles in heteroaromatic SRNl reactions. In 

addition, it was also of interest to extend. the applications of SRNl 

reaction in organ:f,c synthesis. Therefore, another criterion in select-· 

ing the nucleophiles for this study was the synthetic potential of these 

compounds. That is, after the introduction of the heteroaromatic moiety 

on to the functionai group employed via an SRNl process, the· product 

obtained can be further elaborated. In order to justify our choices, 

some background on the chosen compounds will be discussed briefly in the 

following section. 

(l) 2-0xazolines (4,5-dihydroo;xazoles) 

The preparation of 2-oxazolines utilizing a-amino· alcohols and car-

boxylic acids has long been known.96 However, many publications on the 

preparation of .these compounds via. other routes were reported in a 

relatively short time span in the 1970's.97 Thus, :f,t could. be easily 

recognized that immense interest.nrust have been developed during the 

period. Indeed, these research efforts have produced numerous reports 

on the synthetic utility of 2-oxazolines.98 With proper manipulation of 

the 2-oxazoline nucleus, various functionalities such as carboxylic 

acids and their ester derivatives, ketones, aldehydes, alcohols, 

olefins, lactones, etc. could be obtained. In Figure 3, using 2,4,4-
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Some Synthetic Applica~ion-of 2t4,4-Trimethyl-2~xazoline 
. ' . . . - . .. 
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Figure 3 (cont'd) 
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trimethyl-2-oxazoline as an example, some of these applications are 

· listed. 

Special interest has been generated in the past several years by·. 
. . 

the discovery that optically active carboxylic acids, 99 est~rs99 and . 

lactoneslOO could-be obtained.via 2•oxazolines in ·good.optical yields. 

In.these.a:ssymmetric synthesesorie can predictably piepare either 

enantiomer by properly.choosing theR groups. A review on this type· of 
. . 

synthesis was published in. 1978 .• 101 Other uses of 2-o~azolines such as 
. . . . . . 

a protecting group,102 to direct orth0"9metalation103 ·~ etc. ate not listed 

in Fig. 3. However, additional infonnation can be obtained from r.eview · 

articles.97,99 

(2) Ester and. Amide Enolate Ions and the Dianions of Carboxylic 
Acids 

. .· . . . . 

There are a few examples of. ester ·and amide enolate ions acting as 
. . . . 

· nucleophiles in SR_Nl reactions (see section on Nucleophiles). However, 

·it should also be pointed out that at the outset of-ourproject the 

previously mentioned:reportshad not yet been published. Moreover, a 

search of the literatur.e 81:J.owed that there· was no indication of hetero-

aromatic SRNl reacti9n~> involvirtg these .enolate ions. Therefore, even 

though some of our results on these riucleophiles are sirililar to those 
• - • ' I' • 

.. reported in the papers by Rossi73 and Semmelhack,32 they will be pre-. 

· sented as intended in this dissertation. 

Esters and am:ide .. c:arbanio.ns at'e isoelectronic with. keto~e enolates . 

. Hence, there was ~ch'tobe gained in understanding their reactivities 

towards heteroaromatic substrates under SRNl conditions as compared to 
'' .... ~ ·~ ., '-; ' - .. ..· ' . .· . ,. ·\ 

their ketone counterp~r.ts~ ·. Furthermore, the SaNl products thus obtained 
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could provide alternative methods of introducing hydroxy and amino 

functions into heterocycles under mild conditions (eq. 69 and 70). 

SRNl 0 LAil 
-~R' RrOR' 

R 

Het-X ~H 
0 Het Het 

(69) 

SRNl 0 LAil R 
NR' R~NR~ R~ 2 Het-X ~2 

0 Het H~t 

(70) 

The dilithium salt of benzoylacetone and the dipotassium salt of 

2,4-pentanedione were the only two examples of dianion involvement in 

SRNl reactions. Few other attempts with the dianions of ethyl ace-

toacetate, succinimide and glutarimide had failed. Therefore, the 

chemistry in this particular aspect of SRNl reaction was virtually un-

explored. Hence, it was hoped that the reaction of carboxylic acid 

dianions with aromatic substrates under SRNl conditions could provide 

some clues to many unanswered questions. 

(3) Dialkyl Phosphite Ion and Phorsphorus Stabilized Carbanions 

The anions of dialkyl phosphites were shown to be excellent nucleo-

philes in carboaromatic SRNl reactions. But their application to the 

heteroaromatic systems was not clear. Therefore, it seemed beneficial 

to explore this possibility in order to provide a more complete picture 

.. of the reactivity of the.se nucleophiles in SRNl reactions. 

The presence of a phosphorous atom ex to a reactive carbon site 

provide immensed stability to carbanions derived from such systems. 

Hence, organophosphorous compounds are often found to be useful in 
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organic synthesis. The chemistry of Wittig .. reagents. has been. well 

researched. If such functional groups could be introduced onto hetero-

aroma.tic moieties it could provide a reactive site for subsequent 

synthetic nianipulation (eq.· 71,72).103 

+ 
Het-X. . + . RCHi:i:PR . 3 

s 1 
RN 

-OH 
Het . . ~ Het..,;CH2R 

'--PR 
/ 3 R 

\
0 . u .... ·.. R' . 

R'..,............1)" / 

(71) 

. .·. · . ....._ Het-C=C 
..... : ··1_ .. 'R" (74) 

. R 

(4) Sulfur and Selenium Stabilized .Carbanions 

1,3-Dithianes ~ve long been known. as good protecting groups for· .. · 

the carbonyl groups of aldehydes and.keitones. Moreover, deprotonation. 

of the acidic 2~hydro.gen of 1, 3-di thiane allows the formation of the · 

·. · corresponding stabiliZed carbanion, which is a acyl anion s}rnthon. lOS, 106 
: : ' 

A!kylation of the carbanion followed by hydrolysis of the dithiane 
. : 

: : : 

· system results in fa.cile methods of preparing various. ketone·s and aide-". 

hydes (Fig. 4 h 
: : 

Other carbanions stabilized by the c·sulfide,_ sulfoxide or sulfone 
: : 

groupings are also of great utility in organic synthesis.· 'Two recent 

reviews by Trost ·have weil demonstrated ·their appli'Cations.101· In 
) : 

. Fig~ Sa and Sb, some selected examples that are reJ;i:i.ted to the nucleo-

philes chosen for these st1.ldies are illustrated. 

Similarly selenium stabilized carbanions are also of tremendous 

interest to organic chemist. Many examples of their utility can be 

found in an extensive review published recently.108 
· .. 

•· .. 
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At this point, it s:eems appropriate to summarize and specify our 

choices of nucleophiles to be studied. In Fig. 6 are listed the car-

banion nucleophiles that were chosen to react with representative 

heteroaromatic and carboaromatic (when appropriate) substrates under 

-sRNl conditions. The results of these reactions will be presented and 

discussed in the next chapter. 
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III. RESULTS AND DISCUSSION 

As shown in the previ()US chapter, the electron transfer ste.ps in the 

SRNl scheme involve. a one-electron reduction of the substrate. It. is 

readily apparent tha::t the reduction potentials of the parent hetero• 

cycles may provide.auseful probe in predicting the reactivity of the 

substrates involved in heteroaromatic SRNl reactions. In·an effort to . . . 
. . . 

. study this con·elation, it was found t,hat the ·_sRNl reactions were more 
o. 

efficient as the El/2 values of those substrates became less nega-

tive. 29,60. 
0 

In line with the Ei/2 values listed in Table VIII and other 

. experimental results,109,UO pyridyl halides were generally considei:ed to.· 

be the least reactive member of the nitrogen containing heteroaromatics 

investigated to.date. Therefore,. 2-bromopyridine was_ chosen as the 

representative of this family in our study •. Similarly, halo benzenes were 

the least reactive members among the carboaromatic halides, and 

iodobenzene was our choice as the model substrate for this group. ln 

order to test the SRN1 reactivity of the nucleophiles listed previously 

in Figure 6 against 2-bromopyridine and iodobenzene, they were subjected 

to: ·co photostimulated reactions, (2) dark reactions and (3) inhibited 

reactions. In the photostimulated reactions, 350 nm near-UV light was 

used as the source of irradiation,· while in the dark reactions the 

reaction vessel was wrapped with several layers of black .cloth to prevent. 

any influence o'f light. If the reactions proceeded efficiently with the· 

stimulation of light but reluctantly in the dark, it would allow us to 

distinguish the photoinduced SRNl mechanism fr<)m a benzyne pathway •. 

Inhibited I,"eactions were run in order to de"!llonstrate the chain 

65 
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TABLE VIIrllO, Ill 

Polarograph,ic ~eduction Potentials of Some Carboaromatic and 
He teroaroma tic Compoundi;; 

Compound E1/2,V 

a 
Benzene 

Pyridine -2.15 

Bi phenyl -2.03 

Naphthalene -1.98 

Phenanthrene -1. 92 

Pyrimidine -1.78 

Isoquinoline -1.62 

Pyridazine -1.61 

Quinoline · -1.59 

Pyrazine -1.57 

s-Triazine -1.47 

Anthracene -1.41 

Quinazoline -1.22 

Quinoxaline -l.09 

aBenzene is not reducible at accessible pC>larographic potential. 
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character of the process. Such reactions were carried out in the 

presence of di-t-butyl nitroxide (DTBN), a radical scavengerl11, dur_ing 

irradiation. All reactions were conducted (dark, photostimulated and 

inhibited) in approximately 75 ml of liquid ammonia under an atmosphere 

of nitrogen. Potassium amide (KNH2) was employed as the base in 

generating the carbanions (or other anions in certain cases). In the 

following sections the re.sults of these experiments will be presented 

and discussed. 

(A) ~Carbanions of 2-0xazolines 

When 2,4,4-trimethyl-2-oxazoline 22, was added to a solution of KNH2 

in liquid ammonia, the resulting carbanion 64 was not completely soluble 

in the medium (eq. 73). Prolonged stirring did not clarify the opaque 

, 63 

+ -KNH 
2 

(73) 

64 

green mixture. Nevertheless, the reactions were carried out and the 

results are summarized in Tables IX and X. 

The photostimulated reaction of anion 64 with 2-bromopyridine gave 

only 26% of 2-(2-pyridylmethyl)-4,4-dimethyl-2-oxazoline (65) and 50% 

of 2-aminopyridine (eq. 74). The presence of relatively large amounts 

of 2~aminopyridine indicated that the equilibrium ionization of 64 

with KNH2 was not complete. Furthermore, the low yield of the SRNl 

substitution produ~t could also be attributed to two other factors: 

(1) the insolubility of the nucleophile 64, which did not allow the 
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TABLE IX 

Reactions of Potassio-2,4,4-trimethyl-2-oxazoline 64 with 

2-Bromopyridine in Liquid Ammonia 

+ 

64 

Substrate 

2-Bromopyridine 

.~··· .. NH3 
~l\1~ N · Br 

Conditions 

hv, 5 min 

Dark, 5 min 

hv, 10 mol % 
DTBN, 5 min 

asee conditions listed in table 

bGc yield unless otherwise noted 

a 

Product 

65 
2-Aminopyridine 

65 
2-Aminopyridine 
2-Bromopyridine 

65 
2-Aminopyridine 
2-Bromopyridine 

cPresent but not determined quantitatively 

Yield,· %b 

26 
50 

4% 
46% 

c 

nil 
76% 

c 
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+ ~ (74) ~N)l_NH 
2 

64 65 

reaction to proceed in. a homogeneous manner and (2) the opaque mixture 

shielded some of the light intensity during irradiation. Thus, due to 

the ineffectiveness of the SRNl process under such conditions, the 

unreacted amide ion could attack 2-bromopyridine via an AE mechanism to 

give 2-aminopyridine. However, the facts that the reaction was 

inhibited by a catalytic amount of DTBN, and that only 4% of~ was 

obtained when the reaction was carried out in the dark, led to the 

conclusion that the photostimulated reaction of 64 with 2-bromopyridine 

to form 65 did proceed via an SRNl mechanism. However, the insolubility 

and incomplete formation of the nucleophile retarded the reaction 

significantly. 

Results obtained from the reaction of 64 with iodobenzene were more 

complex (Table X). After 5 min., the photostimulated reaction gave a 

47% yield of 2-benzyl-4,4-dimethyl-2-oxazoline (.2&.), 9% of the disub-

stitution product 2J.. and 7% of aniline (eq. 75). However, when the 

reaction was conducted in the dark or in the presence of 10 mol % of 

hv ~)<+~)< 
~ //(. (75) 

+ °'NH u 67 
2 

64 
Q 

I· 
NH3 , 5 min 
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TABLE X 

Reactions of Potassio-2,4,4-trimethyl-2-oxazoline 64 with 
Iodobenzene and Bromomesitylene in Liquid Ammonia 

+ 0\ -K--4Nx 
NH a -

--3-- Ar __},J< + ArX 

64 

ArX Conditions 

Io do benzene hv, 5 min 

Dark, 5 min 

hv, 10 mol % 
DTBN, 5 min 

Bromomesitylene hv, 5 min 

Dark, 5 min 

asee conditions listed in table 

bcc yiei~ unless otherwise noted 

Products 

66 
67 

Aniline 

66 
Aniline 
Io do benzene 

66 
Aniline 
Io do benzene 

68 
Bromomesity:f,.ene 

68 
Bromomesity:f,.ene 

Yield, %b 

47 
9 
7 

28 
26 
28 

24 
9 

24 

soc 
d 

nil 
d 

cYield based on lH NMR ratio of the aromatic protons of 68 to the 
aromatic protons of bromomesitylene 

dPresent but not determined quantitatively 
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DTBN, yields of~ were still quite significant (28 and 24%, respec-

tively). These results indicated that a benzyne mechanism was operating 

along with the SRNl process. Unlike 2-pyridyne, which is much more 

difficult to generate, a benzyne intermediate was apparently formed in 

these reactions.. To assure that an SRNl process could indeed occur in 

the reaction of 64 with carboaromatic substrates, bromomesitylene, a 

substrate that cannot undergo benzyne formation, was employed. The 

photostimulated reaction of~ with bromomesitylene proceeded to give 

50% of 2-mesitylmethyl-4,4-dimethyl-2-oxazoline (68) (eq. 76). The SRNl 

character of this reaction was further supported by the result that 
Br 

* 
hv ~·· t\/ 

min ~'N.A 
(76) + 

NH 3 , 5 

64 68 

bromomesitylene did not .react with 64 in the dark. 

Thus upon 5 min of irradiation, iodobenzene reacted. with 64 via a 

dual pathway. The EA mechani$1Il provided 25-30% of the substitution pro-

duct~ and the SRNl reaction accounted for the remaining 20-25%. The 

photostimulated reactions of 2-bromopyriqine and bromomesitylene with~ 

. p;r:oceeded exclusively in a SRNl fashion to give 65 and 68, respectively. 

When the carbanion 69 of 2-benzyl-4, 4-dimethyl-2-oxazoline (70) was 

used as nucleophile (eq. 77), the results obtained were much more 

straightforward than with carbanion 64 (Table XI). 
-.·· 

Ph~O< + _N_H_...3_ PJ:X 
70 69 

+ NH 3 ( 77) 
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TABLE XI 

Reactions of Potassio-2-benzyl-4,4-dimethyl-2-oxazoline 70 with 
2-Bromopyridine and Iodobenzene in Liquid Amnionia-

+ ArX 

69 

ArX Conditions . 

2-Bromopyridine hv, 5 min 

Dark, 5 min 

hv, 10 mol % 
DTBN, 5 min 

Io do benzene hv, 5 min 

Dark, 5 min 

hv, 10 mol % 
DTBN, 5 min 

asee conditions listed in table 

bee yield unless otherwise noted 

NH a 
3 

Product 

71 

Ar 

2-Bromopyridine 
71 

2-Bromopyridine 

71 
2-Bromopyridine 

73 
Io do benzene 

73 
Io do benzene 

73 
Iodobenzene 

CPresent but not quantitatively determined 

Yield, %b 

98 
trace 
nil 

c 

34 
65d 

43 
c 

nil 
96 
26 
53 

dYield based on ratio of lH NMR integration on the 6-hydrogen of 
the pyridyl moiety of 71 to the 6-hydrogen of 2-bromopyridine 
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Unlike the carbanion derived from .§1., carbanion _§2.. readily dissolved in 

liquid ammonia to give a clear green solution. When it was irradiated 

in the presence of 2-broinopyridine for 5 min, 2-[a-(2-pyridyl)benzyl]-4, 

4-dimethyl-2-oxazoline (Z.!) was obtained in 98% yield along with a trace 

of starting halide (eq. 78). In the dark reaction, 2-bromopyridine was 

69 

(JlB< NH3:s min ~ 
Ph 

71 

(78) 

recovered and no sign of the substitution product 2.!.. could be detected. 

Although a catalytic amount of DTBN did not completely inhibit the 

reaction, the drastic reduction in the yield of 2.!.. (from 98 to 34%) 

indicated that the photostimulated reaction was a chain process. During 

the product isolation by preparative GC a small peak appeared at the 

trailing edge of the large product peak. The lH NMR spectrum of this 

material showed that it was the tautomer, 1J:.., of 2.!.. (eq. 79). When the 

two peaks were not separated carefully, a seemingly impure solid (a 

mb;ture of white and yellow crystals) was obtained. However, elemental 

analysis of this material showed that it was consistent with the formula 

C17H18NO. Thus, it was resonable to assume that the product obtained 

- (79) 

71 72 
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from the photostill1Ulated reaction contained a mixture of two tautomers, 

with the imino form 71 favored. 

The reaction of 69 with iodobenzene also proceeded quite satis-

factory after 5 min of irradiation. 2-benzhydryl-4,4-dimethyl-2~ 

oxazoline (73) was obtained in 43% yield (eq. 80). The lack of 

reactivity in the dark allowed the rejection of the benzyne mechanism. 

+ hv 
NH3, 5 min (80) 

I 

69 73 

The presence of 10 mol % of DTBN only reduced the yield of 73 from 43 to 

26% indicating that the chain length of this SRNl process was much 

shorter than that involving 2-bromopyridine, where the yield of the 

substitution product 1.!. was decreased from 98 to 34% by the use of the 

same amount of inhibitor (seep. 10 for an explanation of the effect of 

chain length). Nevertheless, the results obtained in the photo-

stimulated, dark, and inhibited reactions furnished ample evidence to 

warrant inclusion of carbanion 69 in the list of nucleophilewhich can 

participate in SRNl reactions with iodobenzene. 

(B) N,N-dimethylacetamine Enolate Ion 

The enolate ion of N,N-dimethylacetamide 74 was only partially 

soluble in liquid ammonia. However, the slightly grayish solution was 

transparent enough for efficient irradiation. Upon photolyzing with 
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near-UV light for 5 min enolate anion!.!!.. reacted smoothly with 2-brom.o-

pyridine to. give 7 4% of N ,N-dimethyl-2-pyridylacetamide (12..), 5% of 

N ,N-dimethyl-bis-2-pyridylacetamide CJ.~) and a small amount of 2-aminO-

pyridine (eq. Bl). The presence of 2-aminopyridine showed that the 

+ ~ .·hv· 
~Vl-BrNH3, ~ (81) 

~N;L_NH 
74 5 min 2 

ionization of 74 was not complete, but the equilibrium apparently 

favored the right-hand side of eq .• 82. ·The yield of 75 increased to 84% 

+ KNH 2 

0 

.~N: 
74 

(82) 

when the irradiation time was lengthened to 20 min (Table XII). The 

amount of 75 found in the dark and inhibited reactions diminished to 7 

and2%, respectively. This clearly demonstrated that the photo-

stimulated reaction of!.!!_ with 2-bromopyridine must have proceeded via 

an SRNl pathway. 

The potassium enolate ion!.!!_ also reacted with 2-chloroquinoline in 

the dark to give 41% of N,N-dimethyl-2-quinolylacetamide (77) (eq. 83)~ 

The yield of]]_ increased to 87% upon irradiation for 5 min with near-UV 

0-
--=I .N, + ~·· .. ~ .. , Dark 
:::::::::'- ' . ::.-... N NH 

' 1 3' 
5min 

+ ~ 
~N~CH 

3 

(83) 
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TABLE XII 

Reactions of N,N-dimethylacetamide Enolate Ion 74 with 
2-Bromopyridine. and 2-Chloroquinoline in Liquid Ammonia 

~/ NH a / 
__ _.3 ......... ,... ~N 

. N' + 

74 
Het-X 

2-Bromopyridine 

Het-X 

Conditions 

hv, 5 min 

hv, 20 min 

hv, 30 min 
Dark, 5 min 

hv, 10 mol % 
DTBN, 5 min 

2-Chloroquinoline hv, 5 mirt 

Dark, 5 min 

hv, 10 m.ol % 
DTBN, 5 min 
Da~k, 10 mol % 
DTBN, 5 min 

asee conditions listed in table 

bGc yield unless otherwise noted 

Het~ . R ' 
0 

Product 

75 
16 

2-Am.i nopyr idine 
2-Bromopyridine 

75 
76 

2-Aminopyridine 
75 
75 

2-AiiiI nopyridine 
2-Br omopyridine 

75 
2-Aminopyridi!le 
2-Bromopyridine 

77 
34, 35 
77 
34, 35 
34, 35 

34, 35 

Yield, %b. 

74 
Sc 
d 
d 
84 
7C 
d 
65e 
7 
d 
d 
2 
d 
d 

87 
d 
41 
d 
d 

d 

cYield base on lH N.f.R ratio of the methine peak of 76 to the 
methylene peak of 75 

dPresent but not determined quantitatively 

eisolated yield 
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light (Table XII). Since both the photostimulated and the dark 

reactions were inhibited by a catalytic amount of DTBN, the dark 

reaction is apparently occurring via a thermally induced SRNl process. 

Along with the SRNl product 12_, small amounts of 2-aminoquinoline (34) 

and 2-methylquinazoline (35) were also found in the reaction mixture. 

Those two products have been reported to be formed by the attack of 

amide ion on 2-chloroquinoline followed by a ring-opening, ring-closure 

process (see section D (2) in previous chapter). As indicated in eq. 81 

the small amounts of amide ion present in the reaction will account for 

the formation of 34 and 35. 

Iodobenzene reacted with!.!:.. to give 51% of N,N-dimethyl phenylacet-

amide (78) and 10% of N,N-dimethyl diphenylacetamide (79) upon irra-

diation for 5 min (eq. 84). The yield of B!_ increased to 78% when the 

reaction time was prolonged to 20 min (Table XIII). However, marked de-

+ PhI hv 
NH3 , 5 min 

- 74 

0 
Ph~N~ + 

78 

0 

Ph~N~_(St.) 
Ph 

79 

creases in the yield of B!_ (from 51% t.o 10 and 16%, respectively) in the 

dark.and inhibited reactions indicated that the photostimulated reaction 

followed an SRNl mechanism. Similar to the reaction of l-benzyl-4,4-

dimethyl-2-oxazoline anion 69 with iodobenzene, the yield of the SRNl 

product in the inhibited reaction did not diminish as drastically as 

that of 2-bromopyridine. Again, this can be explained by the difference 

in chain. lengths in the two cases. It should be noted that this 
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TABLE XIII 

Reactions of N,N-dimethylacetamide Enolate Ion 74 with 
Halobenz.enes in Liquid Ammonia -

74 

ArX 

Iodobenzene 

Bromobenzenef 

+ ~~Arx:~ 

Conditions 

hv, 5 min 

hv, 20 min 

NH a 
3 

hv, 40 min 
Dark, 5 min 

hv, 10 mol % 
DTBN, 5 min 

hv, 120 min 

hv, 120 min 

hv, 120 min 

asee conditions listed in table 

bGc yield unless otherwise noted 

0 . 
Ar~N/ 

....... 

Product 

78 
79 

Io do benzene 
78 
79 
78 
i1f 

Io do benzene 
78 

78 
79 
78 
79 
78 

Yield, %b 

51 ' 
lOc 
d 

78 
3c 

62e 
10 

d 
16 

808 
9g 

72 
5 

62e 

cYield based on lH IMR ratio of the methine peak of 7.9 to the 
methylene peak of~ 

dPresent but not determined quantitatively 

eisolated yield 

£These results are abstracted from Ref. 73 

gHalide to nucleophile rato was 1:5 (instead of 1:3) 
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phenomenon generally occurred throughout our investigation in reactions 

of various nucleophiles with iodobenzene and 2-bromopyridine~ Recently, 

Rossi and Alonso reported on the reaction of amide enolate ion 76 with 

bromobenzene in a paper published during the course of this study .73c 

Our results with the iodobenzene reaction were comparable to those 

obtained by Rossi (Tabl.e XII)~. Moreover, the difference in the reaction 

times in the two st.udies further supported the reactivity of 

halobenzenes in SR.Nl reaction, i.e. iodobenzene) bromobenzene• 

(C) Ester Enolate Ions 

Ethyl phenylacetate enolate ion (80) reacted with 2-bromopyridine 

in liquid ammonia to give 46% of ethyl 2-pyridyl phenylacetate (81) afte.r 

.5 min of irradiation (eq. 85). When the react:ion was allowed to proceed 

80 

0. hv, NH1~" 
N Br 5min 

o~ 
(85) 

81 

for 40 min, the yield of~ improved to 79% (Table XIV). In the dark 

reaction, most of the starting materials were recovered after 5 min. No ·. 

trace of ~1 could be detected when the dark reaction was carried out for.· 

40 min. When the photostilllulated reaction was conducted in.the presence 

of 10 m:o1 % of DTBN, only a trace of 81 was formed and 95% of 2-bromo- · 

pyridine.was recovered. All these data pointed to the fact that under 

the influence of near-UV light the reaction of 80 with 2-bromopyridine 

occurred in an SRNf fashion. 
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TABLE XIV ' 

Reactions of Ethyl Phenylacetate Enolate Ion 80 with 
2-Bromopyridine and Iodobenzene in Liquid Ammonia 

NH a 
3 

. - b,.....-..._ + ArX ----

80 Ar 

ArX Conditions Product Yield, %b 

2-Bromopyridine 

Io do benzene 

hv, 5 min 

hv, 40 min 
Dark, 5 min 

Dark, 40 min 

hv, 10 mol % 
DTBN, 5 min 

hv, 5 min 

hv, l h 
Dark, 5 min 

Dark, 40 min 

hv, 10 mol % 
DTBN, 5 min 

hv, 20 mol % 
DTBN, 5 min 

hv, LDA, 20 min 

asee conditions listed in table 

bGc yield unless otherwise noted 

81 
2-Bromopyridine 

81 
8T 

2-Bromopyridine 
81 

2-Bromopyridine 
81 

2-Bromopryidine 

82 
Iodobenzene 

82 
82 

Iodobenzene 
82 

Io do benzene 
.82 

Iodobenzene 

82 
Iodobenzene 

Iodobenzene 

46 
46 
79C 
nil 
80 
nil 

d 
trace 
95 

30 
50 
goe 
nil 

d 
nil 

d 
16 
73 

12 
d 

d 

cYield based on lH NMR ratio of the methine peak of 81 to the 
methylene peak of ethyl phenylacetate . 

dPresent but not dete·rmined quantitatively 

eisolated yield 



81 

Photostimulated reaction of~ with iodobenzene produced results 

similar to those obtained with 2-bromopyridine. However, the reaction 

was somewhat slower. Thus, only 30% of ethyl diphenylacetate (82) was 

detected after 5 min of irradiation (eq. 86). When the photolysis was 

Ao 
~ ,,/"-.... . - 0 

80 

hv 
NH3, 5 min (86) 

quenched after 1 h, 90% of the substitution product g was isolated 

(Table XIV). No reaction occurred in the dark after 40 min, thereby 

demonstrating that the benzyne process was not operating in this case. 

The presence of 10 and 20 mol % of DTBN in the 5 min photostimulated 

reactions reduced the yield of 82 from 30% to 16 and 12%, respectively. 

The small decrease in the amount of 82 obtained again. illustrated the 

shortness of the chain length in the iodobenzetie reactions. However, 

the requirement of near-UV light stimulation and the reduction in the 

yield of~ 82 in the presence of inhibitor supported the fact that 80 
' 

participated inSRNl reaction with iodobenzene in liquid ammonia.. 

In an experiment designed to examine this SRNl reaction in another 

base-solvent system, lithium diisopropylamide (LDA) was used as the base 

for the generation of enolate ion 80 and THF was employed as the 

solvent. When the photostimulated reaction of lithio salt 80 with iodo-

benzene was carried out for 20 min, no substitution product was found. 

Apparently the reactivity of 80 was similar to those of the lithioketone 

enolates in THF. One of the factors suggested to explain the lack of 

reaction between halobenzenes and ketone lithium enolates under these 

conditions was that the phenyl radical formed in the process was capable 
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of abstracting an a-hydrogen atom from THF.31,32,71 Since the reaction 

of 80 with iodobenzene was relatively slow in liquid ammonia, it was 

expected that it would also proceed slowly in THF. Thus, the slowness 

of the reaction apparently allowed the phenyl radical to abstract a 

hydrogen atom from THF and terminated the chain process. 

When .E_-butyl acetate potassium enolate ion g was employed as 

nucleophile, the reactions were shown to be much more effective (Table 

XV). 2-Bromopyridine reacted with g to yield 90% of .E,-butyl 2-pyridyl-

acetate (84) upon 5 min of irradiation. A small amount (2%) of .E_-butyl 
- . 

bis-2-pyridylacetate (85) was also found in the reaction mixture (eq. 87) ~ 

0 

J"~ + 

83 

~-

~N~r 

hv,NH3 

5 min ~o~+ 
84 85 

aX 
(87) 

The amount of..§.! obtained dwindled to 5% when the reaction was carri_ed 

out in the dark. When 10 mol % of DTBN was added, the photostimulated 

reaction was completely inhibited, and 94% of 2-bromopyridine was 

recovered. The absence of 2-amino:pyridine in this reaction demonstrated 

that the ionization of J:-butyl acetate was complete under these condi-

tions. Thus, the photostimu1ated reaction of 2-bromopyridine with g 
provided a good illustrative example of an SRNl reaction. 

Although the reaction of g with iodobenzene was not as efficient 

as the reaction with 2-bromopyridine, 65% of t-butyl phenylacetate (86) 

was obtained after 5 min of photolysis. Similar to the reaction of the 

acetamide enolate ion~, this reaction produced a significant amount 

(11%) of the disubstitution product, .E_-butyl diphenylacetate (87) 
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TABLE XV 

Reactions of t-Butyl Acetate Enolate Ion 83 with 
Various-Substrates in Liquid Ammonia 

+ 

83 

a NH 3 
ArX ------

0 

A~X 
0 

ArX Conditions Product Yield, 

2-Bromopyridine 

Io do benzene 

Broniobenzenef 

h\I, 5 min 

hv, 25 min 
Dark, 5 min 

hv, 10 mol % 
DTBN, 5 min 

hv, 5 min 

Dark, 5 min 

hv, 10 mol % 
DTBN, 5 min 

hv, 80 min 

asee conditions listed in table 

bGC yield unless otherwise noted 

84 
85 

2-Br omopyr idine 
84 
84 

2-Bromopyridine 
84 

2-Bromopyridine 

86 
Fi 

Iodobenzene 
86 

IodObenzene 
86 

Iodobenzene 

86 
8i 

90 
2c 
4 

78d 
5 

79 
nil 
94 

65 
llC 
e 
9 

90 
19 
77 

76 
24 

%b 

cYield based on lH N1R ratio of the methine proton of the 
disubstituted product to the methylene proton of the monosubstituted 
product 

drsolated yield 

ePresent but not determined quantitatively 

fsee Ref. 32 where LiNH2 was used as base 
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I 

I +·~.I ~'~ ~ 
hv P)·. ·~ . o--\-

83 

NH3 , 5 min ~oX 
86 

(88) 

87 

(eq. 88). One of tl}e possible explanations for the higher yield of the 

disubstitution product in these cases could be attributed to the color 

of the reaction mixture. When iodobenzene was used as substrate the 

solutions assumed a transparent yellow color as the reaction proceeded, 

whereas the solutions of 2-bromopyridine reactions became deep red. The 

darker solution of the 2-bromopyridine reaction would shield part of the 

light intensity, thus retarding further reaction of the io1liz.ed mon.o-
. . 

substituted products in the SRNl fashion. If the monosubstitution 

product was desired, it had been suggested that larger amounts of 

solvent should be used.73 Unlike the photostimulated reaction, iodo-

benzene reacted with~ to give only 9% of~ in the dark. The presence 

of 10 mol % DTBN in the photostimulated reaction reduced the yield of~ 

to 19%. Therefore, the diminished yields in both the dark and inhibited 

reactions led us to conclude that enolate ion 83 was an effective 

nucleophile in SRNl reactions. 

In view of the success realized wit:h_!-butyl acetate enolate ion. as 

a nucleophile in SRNl reactions, the enolate ion of _!-butyl cc-trimethyl-

silylacetate (88) was employed' in our next attempt. Surprisingly, the 

reaction of~ with iodobenzene gave _!-butyl phenylacetate (86) in 58% 

yield after 10 min of irradiation. The other products found in the 

reaction mixture were identified as t-butyl diphenylacetate (87) and 
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hexamethyldisiloxane (~) (eq. 89). In order to understand these un-

expected results, further reactions with_!-butyl a-trimethylsilylacetate 

Me3Si~~ + 
0 

0::-....
, ,., NH OJ__' 0 

3 · I I ~ 
hv' 10 min ~ a'\ + o-\' 

I 

88 86 

+ Me3Si-O-SiMe3 

89 

(89) 

(90) were carried out. When 90 was stirred in liquid ammonia, it was 

recovered unchanged after 15 min. However, when it was treated with 

KNHz in liquidammonia for the same period of time, t;-butyl acetate and 

hexamethyldisiloxane (89) were obtained as 1products (eq. 90). It is 

0 

Ao)\ + Me3si-O-SiMe3 

89 (90) 

apparent that the attack.of amide ion on the Si-C bond resulted in the 

formation of _!-butyl acetate enolate ion (83) and trimethylsilylamine 
~ 

(2!)• Upon quenching,~ would be protonated to give _!-butyl acetate 

and 91 could be hydrolyzed (by water condensed during evaporation of 

ammonia) and dimerized to give~ (eq. 91). When iodobenzene was 

present in the reaction mixture, 86 and£ are formed in an SRNl manner 

upon irradiation. Due to the !ability of the Si•C bond towards KNH2, 

H 0 
Me3SiNH2 ~--

91 

Me3Si-0-SiMe3 

89 

(91) 



86 

· reaction of~ with 2-bromopyridine was not attempted. 

(D) Dimethyl Phosphite Anion 

As illustrated in the previous chapter, dialkyl phosphite anions 

reacted readily with halobenzenes to give high yields of dialkyl phenyl-

phosphonates (p. 31, eq. 25). It was our intent to examine the reaction 

of this type of nucleophile with heteroaromatic substrates. Thus, 

dimethyl phosphite anion (92) was irradiated in the pl:'esertce of 2-bromo-

pyridine in liquid ammonia (eq. 92). Disappointingly, only 16% of 

0 

~ 
hv Q II 

- P(OMe) 2 + r (92) 
NH3' 1 h P(OMe) r 

II 2 
92 0 93 

dimethyl 2-pyridylphosphonate (93) was obtained after 1 h. When the 

irradiation period was increased to 2 h, 44% of~ was obtained. No 

reaction occurred either in the dark or with 10 mol % of DTBN added to 

the 2 h photostimulated reaction (Table XVI). Therefore, .the photolysis 

reaction of~ with 2-bromopyridine showed typical SRNl characters. 

However, it had been demonstrated in many instances that the SRNl 

reactivity of 2-halopyridines is usually greater than halobenzenes. 

Hence, the results discussed above appeared to be inconsistent with the 

general expected behavior of these substrates. In order to gain 

further insight, 1-bromonaphthalene, 2-chloroquinoline and chloro- · 

pyrazine were used as substrates in the photostimulated reactions with 

E (Table XVI). It was found that all of these substrates failed to 

react under the conditions employed, which included irradiation periods 
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TABLE XVI 

Reactions of Dimethyl Phosphite Anion 92 wit,h 
. - . 

Various Substrates in Liquid Ammonia 

0 0 
11 NH3a II 

ArP(OMe)2 (-)P(0Me)2 + ArX _ _.___,._ 

90 

ArX Conditions 

IodobenzeneC hv, 90 min 

2-Bromopyridine hv, 1 h 

hv, 2 h 
Dark, 2· h 
hv, 10 mo1% 
DTBN, 2 h 

1-Bromonaphtha- hv, 55 min 
lene 

2-Chloroquino- hv, 55 min 
line 

Chloropyrazine hv, 70 min 

asee conditions listed in table 

bGC.yield unless otherwise noted 

csee Ref. 48 

Product 

Dimethyl ph~nyl-
phosphonate · 

93 
2-Bromopyridine 

93 
No-Reaction 

No Reaction 

No Reaction 

No Reaction 

No Reaction 

dPresent but not determined quantitatively 

Yield, %b 

90 

16 
cl 

44 
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0 

of up to 70 min• A survey of reported examples and the' E1/2 values of 

these substrates showed that .. the usuai trend of SaNl reactivity, 

especially with ketone enolate anions, was indeed reversed when 92 was 
. . 

used as nucleophile •. · With this data in hand, · one possible. rationale for 

the unusual behavior of. _2! could be att.ributed to the stab;l.lity of the. 

product radical anion 94 generated in the SRNl proce·ss (Scheme 13). 

Using 2-chloroquinoline as example, if ~he SRNi" process was allowed to 

be initiated (step 1), the radical ani6n 94 would eventually form. 
·~ ' ~. ..· .• . 

However, due to the stability of the radical anion 94, electron transfer 

from 94 to another molecule of 2-chloroquinolinewould not occur. Thus, 

0 

" 

·scHEME 13 

l)~·. +. 
~N..!.J...cl -P (OMe) .;::=== 2 

2) 

-~ 
3) ~). 

~.!. 

~~Cl 

o· 
II 

+ -P(OMe) 2 

4) ·~ .! + ~.-:::;::=== 
~'N-AP(OMe) ~N_!.lcl 

II 2 
0 

00 .. • 

+ 
0 
II . 

0 P(OMe) 2 

+ Cl-

~ + ·~.! 
~N;A.P(0Me)~2~ '~. Cl 

II 
0 
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the SRNl process would be terminated. 

Excellent support for -this proposal. can be found .in a recently · 

reported electrochemically induced reaction of~ with 2-chloroquinoline 

(Fig. 7) .37 The cyclic voltammogra111 of ~his reaction showed that the. 
0 

_substitution product 95 had a less negative E1/2 v-alue than 2-chloro-

quinoline. Therefore, 2-chloroquinoliri.e was not 'able to reoxidbe (Ol:' 

be reduced by) 94, and the spontaneity of the process was disrupted!' 

Electrochemically, however, the problem could be circU111vented because 

of the close proximity of the substl:'.ate and product; waves.91,92 The 

trace crossingphenomenon of the voltammogram (Fig. 7a) indicated 1:hat 
- . 

by setting the reduction potential just slightly more negative than the . . . . .. 
ArNu/ArNu- wave, an extremely small amount of ArNu- generated would 

trigger a spontaneous substitution process (In F.ig. 7b, 7c, ..E,-chloro- .--

benzonitrile was used as example). Unlike the electrochemically 

induced reaction, the radical anion 94 could not be efficiently re-- . . 

oxidized under the cond:i.tions employed in our stU:dy. Thus,, step (4) in 

Scheme 13 favored the- left hand side of the equation and terminated the 

SRNl process. Again, the reduction potential of the ·species involved· 

in the- Sat-tl process played an important role in the feasibility of the 
• 1 •••• 

reaction. Not only the reduction potential of the substrate sho~ld be 

heeded, but also that of the-product. That is, in addition to the fact 

·that the substrate must be easily reducible in the initiation step, the 

product must also have a less negative reduction potential than the 
- -

substrate in order for the final electron transfer' process.es to occur 

and propagate the cycle. 
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.FIGURE 7 

R = Reactant wave 
P • Product wave 
D = Reduction product 

wave 

(a) Cyclic voltammogram of 2..-chloroquinoline 
with dimethyl phosphite anion in liquid ammonia 

(b) Trace crossing of 
E,-chlorobenzonitrile 
v = 0.215 

(R) 
(P) 

(c) Programmed trace ·of ·. 
E."'"chlorobenzoriitrile 
v = 0.115 . . 
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(E) Phosphorus StabilizedCarbanions 

Attempted reaction of methylene triphenylphosphorane (2.§_), gener-

ated from methyltriphenylphosphonium bromide (21_) by means of KNH2, with 

2-bromopyridine in liquid ammonia proved to be disappointing. The 

photostimulated reaction did not produce any of the anticipated 

substitution product. Along with the recovered starting material, 

diphenylmethylphosphine oxide (98) was found in the reaction mixture 

(eq. 93). When other bases such as _!!-butyllithium, potassium hydride, 

or lithium diisopropylamide was used for the generation of ~' similar 

+ °' hv N B-r--NH-. -3- (93) 

results were obtained. No substitution product could be detected even 

after 2.5 h of irradiation, but the phosphine oxide 98 was found in 

every case. Since the reactions of the lithio bases and KH involved · 

aqueous work up, the hydrolysis of JI_ would yield 98 (eq. 94). 

Although water was not used to quench the reaction with KNH2 as base, 

the moisture condensed on the side of the beaker during ev<;1,po:ration of 

ammonia could provide the same result. 

x- CH3 0 
+ HOH I -PhH II 

Ph3PCH3 Ph2-P-OH PhzPCH3 (94) 
I 

9"1 Ph 98 

The failure in provoking reaction between~ and aromatic 

substrates prompted us to turn our attention to another reagent useful 
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in Witti&"."'type reactions~ When. the carban,ion of dimechyl methylphos-

phonate (99) was allowed to react with 2-bromopyridine ·upon irradiation 

for 5 min, dimethyl 2:..pyridylmethylphosphonate (100) and 2-aminopyridine 

were obtained together with .2-bromopyridine· (eq. 95). When the reaction ·. 

hv ru···· .. 0 . • ·. • . ··I II + 
r NH3 ,S min :--..N . (OMe) 2 

~· (95) 
~)l_NH . 2 

was carried out for 25 min, 52% of the substitution product 100 and 21% 
1 ~ • 

2-aminopyridine were found in the reaction uiixture (Table.XVII). When. a 

catalytic amount ·of DTBN was added under the sam~ conditions, . the· yield 

of .!QQ. was reduced to 4%. 2-Aminopyridine was the only. product ·formed 

in the dark reaction after 25. min. These results allOwed us to conclude . 

that carbanion 22_ was a reactive nucleophile in SRNl r.eaction with 

2-bromopyridine. However, the incomplete ionization of 99 with 'KNH2 

allowed signifi.cant cOlilpeting side reaction provided by the remaining 

auiide ion. 

Similar results were obtaineci when iodobenzene was used as su~ · · 

strate. The photostimulated reaction gave only 36% of dimethyl benzyl-

phosphonate (101) after 25 min (eq. 96). The lack of reaction in the 

dark and the reduction in yield when DTBN ·was added indicated the Strnl 

0 

-CH P11 (OM. ) .~. I 2·e2+y 
hv ~·· ~··. 

NH3 ~ 25 min ~P(OMe)2 (96) 

I 
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TABLE XVII 

Reactions of Potassio Dimethyl Methylphosphonate 99 with 
2-Bromopyridine and Iodobenzene in Liquid Ammonia 

0 0 
-'II NH3a II 

K+CH2P(OMe)2 + ArX ~---- ArCH2P(OMe)2 

ArX 

2-Bromopyridine 

Iodobenzene 

Conditions 

hv, 25 min 

Dark, 25 min 

hv, 10 mol %, 
DTBN, 25 min 

hv, 25 min 
Dark, 25 min 

hv, 10 mol % 
DTBN, 25 min 

asee Conditions listed in table 

bac yield unless otherwise noted 

Product 

100 
2-Aminopyridine 

100 
2-Aminopyridine 
2-Bromopyridine 

100 
2-Wnopyridine 
2-Br omopyr idine 

101 
101 

Io do benzene 
101 

Yield, %b 

52 
21c 
nil 
51 
40 
·4 
d 
d 

36 
nil 

d 
30 

cYield based on lH N1R ratio of the 6-hydrogen on the pyridyl moiety 
of 100 to the 6-hydrogen of 2-aminopyridine -.---

dPresent but not determined quantitatively 
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character of the photostimulated process. But the amount of SRNl 

product produced in the reaction was quite unsatisfactory due to the 

ine,ffectiveness of KNH2 as the base for ionization of 99. 

(F) The Dianion of Phenylacetic Acid 

Phenylacetic acid dianion (IOZ) was generated by adding 1 equiv. of 

phenylacetic acid (103) to 2 equiv. of KNH2 in approximately 150 mL of 

liquid ammonia (eq. 97). The solution turned clear green within 5 min. 

l~-+ 
- 0 , 2.KNH2 

~ () -
~o+ + NH3 (97) 

. K. 

103 

When 102 was subjected to SRNl reaction conditions.with 2-bromopyridine, 

iodobenzene and .E,-bromotoluene, some unexpected results were obtained 

(Tables XIX and XX). 

In the photostimulated reaction of 102 with 2-bromopyridine; a 

complex mixture of products was observed after 40 min. z;..Benzylpyridine 

(104), bis(2-pyridyl)phenylmethane (105), 2-aminopyridine, ..e_-(2-pyridyl)-

phenylacetic acid (106), potassium a-bis(2-pyridyl)phenylacetate, 

(107), and unreacted 2-bromopyridine were found after work up (eq. 98). 

Although the result obtained from the photostimulated reaction of 

iodobenzene with 102 was not as complicated, it was just as unexpected. 

When the reaction was quenched after 2 h, the products obtained were 

4-biphenylacetic acid (108, 22%) and benzene (eq. 99). The yield of 108 

increased to 48% after 4.4 h of irradiation. No a-substitution product 

could be detected. Similar results were obtained when.E_-bromotoluene 
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TABLE XVIII 

Reactions of Dipotassiophenylacetate 102 with 2-Bromopyridine 
in Liquid Ammonia 

OJ___+ 
- 0 

A 
¥Br 

102 

Substrate Conditions 

2-Bromopyridine hv, 40 min 

\) hv, 2 h 

Dark, 2.5 h 

hv, 20 mol.% 
DTBN, 40 min 

asee conditions listed in table 

NH a 
3 

Product 

104 
105 
106 
107 

Products 

2-Aminopyridine 
2-Br omopyr idine 

104 
105 
106 
107 

2-AuiI nopyr idine 
2-B r ornopyr idine 
2-Aminopyridine 
2-Bromopyridine 

104 
105 
106 
107 

2-Aminopyrid.ine 
2'-Bromopyridine 

bEstimated yield based on lH N1R ratio of all pea~s 

Yield, %b 

9 
4 
7 
3 

30 
27 

8 
10 
14 

2 
38 

0 
c 
c 

10 
4 
9 
7 

23 
36 

CPresent as shown by GC and lH !'MR, but not determined quantitatively 
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TABLE XIX 

Reactions of Dipotassiophenylacetate 102 with Iodobenzene and 
.£_-Bromotoluene in Liquid Ammonia 

+ ArX 

102 
ArX Conditions 

Iodobenzene hv, 2 h 

hv, 4.4 h 

Dark, 2 h 
.hv, 10 mol % 
DTBN, 2 h 

hv, 1 eq. DTBN 
2 h 

p-Bromotoluene hv, 5 h 

hv,d 4. h 

Dark, 4 h 
hv, 20 mol % 
DTBN 4 h 

hv, 2 eq. DTBN 
4 h 

asee conditions listed in table. 

bGc yield unless. otherwise noted 

Products 

Product 

108 
Benzene 
Io do benzene 

108 
Benzene 
Iodobenzene 

108 

108 

109 
Toluene 

109 
Toluene 
p-Bromotoluene 

109 
Toluene 

p-Bromotoluene 

cPresent but not determined quantitatively 

d.E.-deuterated phenylacetic acid was used 

Yield, %b 

22 
c 
c 

48 
c 
c 

18 

42 
c 

33 
32 

c 
c 

32 

c 
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+~ ~J_lBr 
hv ~ ~· 
40min~~ + 

104 
102 

+ + (98) 
OH 

106 

+Q 
~ NH2 

I 

6 hv 
(99) + 2 h 

102 108 

was used as substrate, p-(p-tolyl)phenylacetic acid (109) was found in -· - --
42% yield along with toluene after 5 h of photolysis (eq~100). The 

attempted photostimulated reaction of rtolylacetic acid dianion (110) 

with iodo-benzene did not give rise to any product. This indicated that 

no reaction occurred when the para'position of the dianion was blocked. 

When these photostimulated reactions were carried out in the presence of 

a catalytic amount of DBTN, the outcome was not changed.significantly 

Q H 

~ 
hv 0 (100) 

H 
+ 

5 h 

102 3 CH3 
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(See Tables XIX and XX). Two equiv. of DTBN (based on .E_-bromotoluene) 

were required before the photostimulated reaction of 102 and 

p-bromotoluenewas completely quenched (presumably similar results would 
-

have obtained with iodobenzene) • 
) 

When 102 was allowed to react with 2-bromopyridine or iodobenzene 

in the dark, no substitution products were found except for 2-aminO"'" 

pyridine, which was observed when 2-bromopyridine was used. Therefore, 

these reactions required photostimulation and apparently take place 

through a radica:1 process. 

Based on the product analyses of these reactions, it was reasonable 

to assume that para substitution occurred because of significant 

electron density at the para position of dianionl02 (see resonance 

form, 111, eq. 101). The pathways that could lead to the formation of 

Wlo------~- (101) 

102 111 

various radical anions from reactions at the a- or .£.-position of dianion 

102 with 2-bromopyridine, iodobenzene and .E_-bromotoluene are shown in 

Scheme 14. In the following sections, some of the possible reactions of 

the radical dianions 112-117 shown in Scheme 14 will be presented and 

results of the experiments designed to test their validities will be 

discussed. 
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SCHEME 14 

• ~~ArX + 102 or 111--• Arx- + Residue of 102 or lU ,,, 

~ ?t 
~-

-~··"" . 0 
~ ~ -0 

Ar'YI?- Ar• + x-

·~ 
~Nj.J • 

0. 

~ 
~· 

0 

0 

I 

117 
. -

118 -
. -

119 

120 

:. 

.. 122 
-"--
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(1) Radical Dianion 112 

If the pyridyl radical attacked the a-carbon of the dianion 102, 

radical dianion 112 would be generated. In Scheme 15 several possible 

routes by which 112 could produce the eventual products 104, 105, 106 

and 107 are shown. 

The possibility of Route la-b or 2a-b (Scheme 15) being responsible 

for the formation of 104 became unlikely when the work-up procedure of 

the reaction was considered (Scheme 16). When the photostimulated 

reaction of 102 and 2-bromopyridine was quenched with solid ammonia 

chloride (NH4Cl) in ether, a solid residue was obtained after evapor-

ation of the ammonia. The ether extract of this material contained 

2..-bromopyridine,.2-aminopyridine, bis(2-pyridyl)phenylmethane (105), and 

r potassium a-bis(2-pyridyl)phenylacetate (107). 

SCHEME 16 . 

Solid residue after 
NH3 was ivaporated 

Ether extraction 

1) dissolved 
in H20 

2) 3N HCl 
. pH=l 

Ether extraction 

· 15% aq. KOH 
pH=5 or·6 

In some cases traces of 

2-Bromopyridine, 
2-Aminopyridine, 
105, 107, and 
traces of 104 

phenylacetic acid 103 

Chloroform extraction __ ,....,. 104 and 106 ---



M 
0 
M 

ill 

SCHEME 15 

I 

Route la 

Route lb 

Route 211 

Roote.2b 

_Route 311 

-COi 
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2-benzylpyridine (104) could be detected, while on some occasions 104 

could not be extracted at this stage. After acidification of the ether 

insoluble residue with 3N HCl to pH 1 and another ether extraction, 

unreacted phenylacetic acid was recovered. When the remaining aqueous 

solution was then neutralized with 5% aqueous KOH to pH 5-6, 2-benzyl-

pyridine (104) and .E.-(2-pyridyl)phenylacetic acid (106) were obtained by 

extraction with CHCl3. Thus, these results indicated that the potassium 

salt of J?_-substituted acid 106 and the potassium salt of a.-(2-pyridyl)-

phenylacetic acid 118 were present in the original solid residue. Upon 

acidification with HCl, decarboxylation of 118 occurred to form 104; 

however, at pH 1 104would almost surely exist as the hydrochloride salt 

in the aqueous solution. Upon neutralization to pH 5-6, 104 and.E.-sub-

stituted acid 106 were liberated and extracted by chloroform (eq. 102). 

118 

3NHC1 
pH= l · 

...,.co2 

~ ~ 5%aq.KOH~·· I .· ::;...-.• I (102) 
~NJJ pH= 5· ~ .·· ~. . N 

HCl 

104 

In order to establish that 104 could indeed be generated by 

decarboxylation of 107 during the •iacid-base" work-up, 118 was syn the ... 

sized independently by treatment of commercially available 2-benzyl-

pyridine, (104), with KNHz or KR to give carbanion 119. Quenching 

119 with solid co2 in ether afforded the potassio carboxylate 118 as 

an off white solid (eq. 103). When 118 was dissolved, (slightly . 

soluble) in D20 in an NMR tube followed by the addition of a few drops 



103 

104 119 

CO~·::;.-'. · 2 .- I · I 
ether ' . ~. 
. - + 

CO K 2 
118 

(103) 

of 3N HCl, gas evolution was observed. After neutralized with 5% aq;. 
"' 

KOH and extraction with CDCl3, 104 was regenerated. The lH tMR spectrum 

of 1.04 thus obtained showed that there was deuterium incorporation at 

the methylene carbon (the peak ar!!a ratio of. the methylene• proton t.o the 

6-hydrogen of the pyridyl moiety was iipproximately 1:1). Therefore 

these results allowed the conclusion that .118 could lose carbon dioxide 

under the conditions employed in the work up procedure of the reaction 

between !Qt. and 2-bromopyridine. Thus, Route 4 in Scheme 15 would 

account, at least in part, for formation of .!Q!.. 
. . 

Next, it was detet'mined that carbanion 119 reacted readily with · 

2-bromopyridine to give 75% of bis(2-pyridyl)phenylmethane(105) along 

with small amounts of 2-aminopyridine, upon 40 min of irrad.iation in 

liquid ammonia (eq. 104). Therefore, if 119 was generated during the 

reaction of 102 and 2-bromopyridine, 105 would be obtained via Routes -.- -· 
la-b or 2a-b of Scheme 15. To examine the validity of Route 1, 

O-vO + 

119 

~ hv,NHJ • 
~~Br 40 min 

+ 

105 

~ (104) 
. 2 
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carboxylate 118 was put in liquid ammonia and 0.9 equiv. of potassitllil metal 

was added. The blue color of the solvated electron disappeared within 

5 min and an opaque orange solution was obtained. Thus, it was asstlliled 

that radical dianion 112 (Scheme 15) was generated. 2-Bromopyridine was 

then added and the reaction irradiated. When the reaction was quenched 

after 1 h, 104 1 pyridine and a small amount of unreacted 2-bromopyridine 

was found in· the ether extract (eq. 105). This result showed that the 

e o- hv,l h ~ 

0 ~JJ 
~ Br 

+QC 
104 

(105) 
118 119 

+ 0 N Br 

radical dianion 112 did not undergo decarboxylation during the reaction, 

otherwise both 104 and 105 would have formed via Route la and lb in· -- --
Scheme 15. Since radical dianion 112 should be the only electron source 

in this reaction, it could reduce 2-bromopyridine to give pyridine. At 

the same time, the electron transfer process would also give rise to 

carboxylate 118 (eq. 10 6). · 

~ e-transfe 
+ ~N..!.l N Br 

(]( + Br 

l (106) 

i 
0 
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When applying the results shown in eq~ .105 to the reaction of. 

dianion 102 and 2-bromopyridine, it is reasonable to assume that 118 
~ . -

_would also form via this electron transfer process. Then it·cou:ld'lose 

C02 to give carbartion 119. Fo.llo"Wing Route 2 in Scheme 15, 119 would · 

then react to give 105 and/or be protonated to. give 104. When car-- . .. --
~ . . 

boxylate 118'was irradiated with 2-bromopyridirte in liquid ammonia for . ~ . 

40 min, 104 was unreacted 2-bromopyridine were found as the only ·com- · 
~ . . -

pounds in the ether extract (eq. 107). Since bis(2-pyridyl)phenylmethane 

(105) was not found in the crude reaction mixture, it is unlikely that 
-~ 

~_it+. OB{~o~:~ + 
(107) 

0 
. ·118 104 -·-. -

carbaniort 119. was formed. during the reaction. The small amount .. of 104' ----
obtained irt the ethe.r extract probably resulted from the decarboJfylation 

of 118 upon quenching. Therefore,. based on. these results, Route 2 .in 

Scheme 15 was also rejected. 

In order to· examine .. the remaining pathway, Route 3a-b in Scheme 15, 

dianiori 120 was· generated_ by treating 118 with 1 equiv. of KNH2 in 

liquid ammonia (eq. 108). The resulting mixture was irradiated in the 
0 

. ·118 

- + 0 K 
NH3 .· 

+ KNH~ ·:· ==~ ~-.. A_,,,.... ·. 2K+ + NH3 (107) 

v 
120 
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presence of 2-bromopyridine for 40 min. Upon quenching with solid 

NH4Cl, 104, 105, 107, 2-aminopyridine and unreacted 2-bromopyridine 

were found in the .ether extract (eq. 109). The result obtained in this 

hv, NH3~ ~ 
40 min ~N!J 

104 

120 

+ 

107 

+ 

+ 
~ 
~N~ 

(109) 

2 

reaction leads to the conclusion that Routes 3a and 3b in Scheme 15 are 

responsible for the formation of 105 and 107.. Since it is highly 

unlikely that dianion 120 would lose COz, 104 thus obtained must have 

been formed when the reaction was quenched. 

Finally, the formation o.f relatively large amounts of 2-amino-

pyridine is probably caused by the sluggishness of the reaction betweert 

102 and 2-bromopyridine. The slowness of this reaction allows ample 

time for the amide ion, existing in equilibrium. with 102 (eq. 97 ) to 

react competitively with 2..!'bromopyridine. With amide ion being consumed 

faster than dianion 102, more amide ion is regenerated through the 

equilibrium shown in eq. 109. Thus, as the reaction was carried out 

for longer time (from 40 min to 2 h), the yield of 2-aminopyridine 

increased from 30 to 38%. 
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With the data obtained in all these experiments, a mechanism for 

the reaction of 102with 2-bromopyridirte via radical dianion 112 is 

proposed in Scheme 17. 

(2) Radical Dianions 113 and 114 

Unlike 2-brotD.opyridine, the reaction of iodobenzene with dianion 

102 did not produce any product derived from.a-phenylated radical dianion 

113. However, the formation of benzene in the reaction, raised the 

possibility that formation of radical dianian 113 was followed immedi-

ately by a cleavage similar to those observed in reactions between 

cyanomethyl anion and halobenzenes39,62 (Scheme 18). However, this 

SCHEME 18 

0 

113 H 

115 

possibility became unlikely when the reaction of 102 with..E,-bromo-

toluene was considered. If the radical dianion 114 were generated 



108 

• SCE:EME 17 

~l + 
~N;_lBr 

112 + 

118 + 
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~-
~ . .:. 

~N"~lBr 

+~.~I ~N~. 

~ 
~~Br 

102 

118 

107 

Quenching 

-co2 

Quen~hing ... 
-co2 

a Elec.tron transfer to 2 ... bromopyridine 

0-:r+~-. 0 

+ Br 

- + 0 

120 

112 

(Jl.:. 
N Br 

~q 
~·-

/ 0 
H 
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in.the reaction; it should follow the same course of reaction as 113. 

But cleavage of 114 could produce either phenyl or tolyl anion (Scheme 

19). Therefore, both benzene and toluene should form in this reaction. 

Since toluene was the only hydrocarbon found in the product analysis, 

both Schemes 18 and 19 were ruled out. 

0 

114 

SCHEME 19 

'!II 

" 

~/ 

~--

NH 3 

(jJ + ~-• 0 

6 + ~ . -• 

H 

0 
H 

¢ 
Using the sam.e method as employed for generating radical dianion 112 

in the previous section, 1 equiv. of K metal was added slowly to the 

monoanion of diphenylacetic acid (121) in liquid ammonia. However, the 

blue color of the solvated electron persisted throughout addition and 

remained unchanged even after 3 h of stirring (eq. 110). This indicated 

that 121 failed to take up an electron to give 113 under the conditions 
. --. 

employed. Although this does not serve as direct evidence. that 113 · 



.--.!.-·.. . ... J. 

110 

-
OH. NH2 ,. 

e· 
/-/ .. (110) 

NH3 

113 

could not be formed in the reaction of 102 and iodobenzene, it indicated -
that the formation of ill might be difficult. 

The fact that only diphenylacetic acid (108) was formed in the -
reaction of 102 with iodobenzene and the difficulty encountered in 

generating the radical dianionfil give rise to the possibility that 

radical dianion 115 (see .Scheme 14) may be more stable than radical 

dianioni.13. The difference in the stability of these two species could 

be caused: by the location of the extra electron.· The extra electron 

density of a phenyl substituted radical anion has been shown to reside 

mainly at the a-carbon,39,62 while a biphenyl substituted radical anion 

can.delocalize the electron into t:Pe piphe~yl moiety.63,64 The sta-

bility provided by ra,dical dianion 115 will create a lower.energy bar-

rier for the reaction a.t the para position than attack at the a-carbon 
. .• 

of dianion 102 by the phenyl radical. As a res-ult, acid 108 was found 

as the predominant product. However, the reaction of ..!2.£ wit1:1. 2""bro1110-

pyridine gave both the a- and 2-substitution products at the same time. 

This indicated that there is less difference in the stability of the 

radical anions generated in the reaction. Unlike the phEmyl substituted 

species, the extra electron of the a-substituted radical dianion can now 

delocalize into the pyridyl moiety,64 while. the.J?.;..substituted radical 
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anion delocalizes the electron throughout the .E,-(2-pyridyl)phenyl 

system. Thus, the activation energies of these two processes will 

become relatively similar. 2-Bromopyridine, being a more reactive 

substrate than iodobenzene, can then react at both the a- and .E. sites of 

dianion 102. In the following sections, the reactions of iodobenzene, 

rbromotoluene and 2-bromopyridine at the para position of phenylacetic 

acid dianion is discussed in terms of resonance form 111. 

(3) Radical Dianions 116 and 117 

Considering that the dianion of phenylacetic acid could have rela-

tively high electron density at the para position as shown in resonance 

form 111, phenyl radical could attack at this site to form radical di-

anion 116. In Scheme 20, several possible routes whereby radical di-

anion 116 could give rise to biphenylacetic acid (108) and benzene are 

shown. Similarly, Scheme 20 would also apply to the reaction of Ill 

withJ!.-bromotoluene. 

Based on the relatively long reaction time required and the appar-

ent non-chain character (the reaction was not inhibited by a catalytic 

amount of DTBN) of these reactions, Ro.ute 2 in Scheme 20, which involved 

electron transfer to. the aromatic substrate to continue the cycle, 

· became unlikely. Furthermore, .it could not account for the formation of 

benzene or toluene as the other product. Therefore, Route 2 was reject'-

ed as the probable mechanism in describing the reactions. On the other 

hand, Route I, which involved hydrogen atom abstraction by phenyl or 

tolyl radical, would not only account for the formation of benzene or 

toluene, but it would also terminate the chain process. Thus, an 
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108 R=H 
.109 R=CH3 
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· experiment was designed to examine its validity. B¥ the sequence shown 

in eq. 111, para-deuterated phenylacetic acid was synthesized. It was 

expected that if the reaction of the dianion 123, generated from 122 

CH 

0 9C02H Ql) Mg l)n-BuLi/TMEDA 
I (111) 

2) DO 2) + 2 co2 , H 
Br D 

122 
by treatment of 2 equiv. of KNH2, with.E,-bromotoluene proceeded in the 

fashion described by Route 1, deuterated toluene would be obtained in 

the reaction mixture. When 123 was irradiated with.E,-bromotoluene in 

liquid ammonia for 4 h, 33% of .E.-(.E_-tolyl)phenylacetic acid (109) and 

32% of toluene were obtained (eq. 112).· However, the toluene isolated 

by preparative GC did not show deuterium incorporation by lH NMR. Thus 

this experiment proved that Route l was not operating in the reactions 

of 111 with .E.-bromotoluene or iodobenzene. 

Df'll./" Q 0 .· 
~ 

hv (112) 

123 

Similar to Route 2, Route 3 also involves an electron transfer pro-

cess. However, when the electron is restored onto the phenyl radical 

instead of iodobenzene, the chain process would be terminated and ben-

zene would be produced. This type of electron transfer process (from 

radical anion to the substrate radical) have been suggested on several 

occasions. In 1971, Sargent proposed an electron transfer mechanism 
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(Scheme 21) to -describe the results obtained in the reaction of sodium 

naphthalene 124 with halobenzenes.112 More recently, Tolbert showed 

SCHEME 21 

---0 + x 

0 + 00 0 + C10H8 _ .. -

0 + THF Q + THF Residue 

H 

that the photoarylation of trityl anion led to predominant para substi-

tution,113 while alkylation with dimethyl sulfoxide led to a mixture of 

a. and para substituted products.115,114 In these reports, a modified 

SRNl reaction, wbich did not include a chain propagating step, was pro-

posed (Scheme 22). The Scheme involved radical and radieal anion form-

ations. However, the resulting radical anion (step 3, Scheme 22) did 

SCHEME 22 

(1) Ph3c- Ph3c-* 

DMSO 
(2) Ph3c-* CH3• + CH3so- + Ph3C• 

• (3) CH3• + Ph3C- Ph3CCH3-

• (4) Ph3CCH3- + Ph3C Ph3CCH3 + Ph3C-
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not carry on a chain process but apparently transfers an electron to the 

triphenylmethane radical (step 4). Thus, these previous reports and our 

experimental findings suggested that radical dianions 116 and 115 could 

possibly transfer their electrons to the phenyl and tolyl radicals, 

respectively. 

After the electron transfer process, carboxylate.125 would be gen-

erated. In order to give rise to the acids 108 and 109, a base cata-

lyzed rearrangement must occur (eq. 113). A precedent to support this 

proposal can be found in the reports by Lempert, ~ al. on a similar 

a (113) 

0 0 

system involving N,N-dimethyl 2,2-diphenylacetamide radical 126.116-118 

The dimerization of 126 occurred at the para position and was followed 

by a base catalyzed rearrangement to give compound 127. (eq. 114). 

2 0 

(Me} 2 
Ph 

N(Me) 2 

N(Me} 2 
Ph 

(114) 
N(Me) 2 

Thus, based on previous precedents and the non-chain characteristic 

of the reaction between 111 and iodobenzene (or ..E.-bromotoluene), a sub-

stitution pathway without the intervention of a chain process is sug-

gested in Scheme 23. 
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(4} Radical Dianion 115 

It was apparent that radical dianion 115, derived from the attack 

of pyridyl radical at the para position of phenylacetic acid dianion, 

could also follow a similar non-chain process as that of radical di-

anion 116 to give J?,-(2-pyridyl}phenylacetic acid (106}. However, pyri-

dine was not found among the products in the reaction (see eq. 98}. 

Therefore, the electron transfer from radical dianion 115 to the pyridyl 

radical apparently does not occur. Since 2-bromopyridine has been shown 

to be more reactive and easier to reduce than iodobenzene, the electron 

transfer from 115 probably proceeded in a normal manner. That is, it 
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would restore an electron to 2""."bromopyridine and co11:tinue the cycle 

(Scheme 24). 

~ 
~N_!j. 

115 

SCHEME 24 
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I:rt summary, the dianion of' phenylacetic acid reac.ted with 2-bromo-

·.pyridine at both the a.- and para positions. With .the data in hand,. ari 

SRNl mechanism is proposed •. However, there is not enough evidence to 

completely rule out a nore-chaiil.process. 

Reactions of the dianion of phenylacetic acid with iodobenzene and 

.E.-bromotoluene occurred exclusively at the para ptjsi1:ion. ~ased on the 

facts that the reaction required photosd.mulation, long reaction time 

and more than 1 equiv. of radical scavenger before the reaction was . . 

quenched, a non-chain process is suggested. 
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In view of the unexpected results obtained in the reactions in-

valving the dianion of phenylacetic acid (102) a.s a nucleophile, several 
' 

:reactions of the dianions of 1,3-diphenylacetone (128) and phenylacet-

amide (129) were also investigated. It was anticipated that these di-

anions might possess sufficient negative.charge density at the para 

position of the :respective phenyl substituents (see resonance forms 128b 

amd 129b) to undergo para phenylation similar to that observed with 

dianion 102, Dianion 128 was generated by treatment of 2 equiv. of KHN2 

on 1,3-diphenylacetone in liquid ammonia (eq. 115). Photostimulated 

:reaction of 128 with iodobenzene gave 1,1,3-triphenylacetone (!30) as 

~ o.~ 
~ 

(115) 

128a 128b 

the major product after 90 min (eq. 116). The :result showed that the 

:reaction occurred exclusively at the a position. However, 130 was also 

obtained in the dark and inhibited :reactions. Therefore, the :reaction 

of 128 with iodobenzene appeared to occur via a pathway that could not 

be described by an SR.Nl mechanism. 

+ Ph! 

128 

hv,NH3 
911 min (116) 

The dianion of phenylacetamide (129) was also formed by adding 

phenylacetamide to 2 equiv. of KNH2 in liquid ammonia (eq. 117). The 

dianion 129, as well as phenylacetamide, showed poor solubility in 

liquid ammonia. Thus, an opaque brown solution was obtained. The 
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photost:lmulated. reaction o.f ~with .iodobenzene was carried out for 

~·. Q .· .. 2KiiH, .. ·(It. ~ •'f--~-0~ 0 
~NH2 NH3 ~H ~NH 

(117) 

2 h. When the. reaction was quenched, the material obtained was not suf-

ficiently soluble for extraction into the solvents employed (ether, 

CH2Cl2 and ethyl acetate). It was then decided to convert the entire 

reaction mixture to the corresponding acids by base hydrolysis. Thus, 

the crude product mixt-urewas heated in 10% aqlleous NaOH until evolution 

.of anunonia gas subsided. Preliminary analysis of the product mixture by 

lH ?MR showed the presence of bipheriylacetic acid (108) along with large 

amounts of phenylacetic, acid (eq.118). With the limited data in 

hand, it could not be shown that if this reaction al.so proceeded via. 

~:Q 
i 

129 

hv Crude 
~Reaction 1 () i • 
~ 3 Mixture · Ea.g .. Na.OR 

~~8) 
H 

108 

the same mechanism proposed for the reaction of iodobenzene with dianion 

o.f phenyl.acetic acid (102). However, these results· indicated that, 

Similar to dianion 102, there is si~nificant delocalizaticm of electron 

density at the para pos!tion of phenylacetamide dianion 129. 

Although the preliminary findings on the'reactions of these 

dianions (~ and .!l,2) could not yet serve as parallel or opposite 

examples to the reaction of phenyl.acetic acid d;Lanion with iodobenzene, 

they showed .that. both· dianions were reactive towards iodobenzene under 
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the conditions employed. Further investigation should bring about use-

ful information concerning SRNl reaction involving dianions in which 

delocalization of the negative charge extends to. sites other than that 

of initial proton removal. 

(G) Sulfur and Selenium Stabilized Carbanions 

When 1,3-dithiane (131) was treated with KNH2 in liquid ammonia, 

~he presumed carbanion 132 gave a greenish brown solution (eq. 119). 

QH X+ (119) 
+ KNH2 + NH3 

131 132 

Photostimulation reaction of 132 with 2-bromopyridine gave 2-amino-

pyridine as the sole product after l h (eq. 120). No SRNl substitution 

product was found. The f<:>rtnation of 2-aminopyridine indicated that the 

ionization of 131 with KNH2 in liquid ammonia was incomplete. Also, if 

Q + 

H H 
131 

~·.· 
~N~. 

2 
(120) 

carbanion 132 was unreactive towards 2-bromopyridine, the remaining 

amide ion would attack2-bromopyridine to give 2-aminopyridine as the 

product. Similar results were obtained when iodobenzene was used as 

substrate. Aniline was the only product formed after 40 min of reaction 

(eq. 121). Semmelhack and Bargar recently reported the reaction of 

lithio 1,3-dithiane (133), generated by treatment of LiNHz on 131 in 

liquid ammonia, with bromobenzene.32 Under irradiation with an intens~ 



. 121 

Q + Q NH:/NHz .. y (121) 

131 I 
NH2 

light source, the photostimulated reaction gave only 4% of 2-phenyl-1,3-

dithiane (134) after 1.3 h (eq. 122). Thus, the results obtained in our 

.laboratory were very much in accord with Semmelhack's findings. Conse-

quently, potassio 1,3-dithiane (132) was judged to be an unreactive 

Q+ 
H -Li 
131 

Q hv o~. ·'···.·.~ 
• 1.3 h,NH3 S H .• -

(122) 

134 

nucleophile in attempted SRNl reaction with 2-bromopyridine arid iodo-

benzene. 

When 2-phenyl-1,3-dithiane (134) was used in. place of the substi-

tuted analog 131, the results also proved to be disappointing. Although 

134 ionized quite effectively with KNH2 to form 135 (2-aminopyridine was 

not formed in the reaction with 2-bromopyridine), attempted photostimu-

lated reaction with 2-bromopyridine in liquid ammonia gave no indication 

of any SRNl product. However, three unexpected products were found (eq. 

123). The same three products were also obtained in dark reactions. 

One of them was identified as the dimer of 2-phenyl-l, 3-dithiane (136), 

whereas the structures of the other two components, 137 B:nd 138, remain 

+ 
~. hv •• o.-p L,-h. S 
~· ,!.lBr NH3 87\~. l 

Ph s..._/ 
+ 137 + 138-f. ~ (123) -.- ~N~ 

Br 

135 
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un:f.dentified. However, b.ased on lH mR spectra, it appeared that 138 . . 

was formed by the reaction of 137 with 2-bromopyridine. When 134 was· - ·, 

treated with KNH2 alone for 40min, dimer 136 and compound 137 were - ~.-

found as products along with unreacted dithiane •. Thus, this result 

showed that carbanion .135 alone was responsible f ot the formation of 136 

and 137 • When other base-solvent systems suc.h as .!!.-BuLi in THF was 

used, similar results were obtained (eq. 124). 

137 n x. 
' .. Base 

(124) 
.H Ph 

134 136 

In 1971, Loh and Baarschers reported that when the lithium deriV'"" 

ative of 2-phenyl-1,3-dithiane (139) was reacted with 2,4-dinitrobromo- .. 
. . . 

benzene or mononitrohalobenzenes or nitrobenzene in Till' at -20°C .fot 2 · 

h, a quantitative yield of the dimer 136 was obtained (eq. 125).119 It 

was c.onciuded ·that these results could be attribut~d to an oxidativ~ 

dimerization process in which the aromatic substrates acted as oxidizing 

+ 02~·./. 02 TH.· F . . I ~zoo ........ . . . ,. . . ' . r 
. .. 2 h 

CJ.Ph .. 

st() (l.25) 

139 ' 136 

agents. In the same paper, the lithium derivative 139 was reported to 

react with 2-bromopyridine in THF to give 50% of 2-(2-pyridyl)-2-phenyl-

l ,3-dithiane (140) (eq. 126) •. The report did not designate the lithium 

reagent used in generating the carbanion, nor did it clearly indicate 
I 

the conditions employed. Thus, in an effort to repeat this reaction in 



139 

123 

~ 
~N;lBr 

THF () r-

> m ... · .N v 
140 

(126) 

our laboratory,!!-BuLi was used as the base with reaction conditions 

ranged from -78°C in THF for 2 h to room temperature in THF for 48 ~. 

However:, all these attempts failed to reproduce the reported reaction~ 

The only products found in these e~eriments were 136, 137 and 138, 
' - -- __,..._ 

The substitution product 140 was never detected.. Thus, not only does 

the potassio d,erivative 135 fail to undergo SRNl reaction with 2-bromo-

pyridine, the validity of the reported reaction involving the lithio 

derivative 139. with 2-bromopyridine was also questionable. 

Following our original plan, the other sulfur and selenium stabi-

lized carbanions listed in Fig. 6 were :l,.nvestigated. The results of 

attempted reactions of the carbanions of bisphenylthiomethane (141), . ' ' ' --
dimethyl sulfone (142), ~-butyl a-phenylthioacetate (143) and ~-butyl 

a"'"phenylselenoacetate (144) with 2-bromopyridine and iodobenzene are 

summarized in Table XX!. 

While there was no SRNl product formed in the reaction of 141 and 

2-bromopyridine, significant amount of 2.;.am.i'nopyridine was found after· 

5 min (eq. 127). When the reaction was carried out for 1 h, almost all 

PhSCHSPh + ~ 
~~Br 

(127) 
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TABLE XXI 

Reactions of Some Sulfur and Selenium Stabilized 
Carbanions with Aromatic Substrates 

Nucleophile 

PhSCHSPh 
141 

PhSCHC02-But 
143 

PhSeCHC02-But 
144 

PhSeCH2co2-Et 
149 

Substrate 

2-Bromopyridine 

2-Bromopyridine 
Iodobenzene 
2-Chloropyrazine 
Io do benzene 

2-Bromopyridine 

Iodobenzene 

2-Bromopyridine 

aidentif ied by lH NMR after isolation 

Conditions Product 

hv, 5 min 2-Aminopyridine 
2-Bromopyridine 

hv, 1 h 2-Aminopyridine 

hv, 5 min No Reaction 
hv, 5 min No Reaction 
h , 80 min No Reaction 
hv, 10 mol · No Reaction 

% DTBN, 1 h 

hv, 80 min 2-Bromopyridine 
145 (trace)a 
146 (trace)b 

hv, 20 min Iodobenzene 

hv, 1 h 

hv, 1 h 

hv, 1 h 

· 145a 
146b 
Iodobenzene 
l45a 
146b 

2-Bromopyridine 
147a 
148b 

147a 
'TZIBb 

brdentified by comparison of lH NMR of crude mixture and authentic 
material 
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the 2-bromopyridine was converted to 2-aminopyridine. This indicated 

that the ionization of bisphenylthiomethanefavored the left hand side of 

the equilibrium shown in eq. 128. Without other competition, 2-amino-

pyridine was formed as the only product via an AE mechanism. 

K+ 
--- PhS-CH-SPh + NH3 (128) 

141 

When the attempted reactions of the potassium salt of dimethyl 

.sulfone (142) with 2-bromopyridine and iodobenzene did not show any 

aminated product, it indicated that the ionization of dimethyl sulfone 

to 142 was completed (eq. 129). However, no reaction was observed when 

142 was irradiated with 2-bromopyridine, iodobenzene, or 2-chloropyra-

zine (Table XXI). Even attempted entrainment with 10 mol % of acetone 

------ CH3S02CH2- + NH3 

142 

(129) 

enolate failed to provoke reaction between 142 and iodobenzene (eq. 130). 

Since the adding of acetone enolate to the reaction should generate 

phenyl radicals, the failure of the reaction might have been caused by 

o'r' 
10 mol % ~ 
~~~~~~- No Reaction (130) 

hv, 1 h 

the lack of reactivity of 142 towards phenyl radical or by the stability 

of the product radical anion which preferred not to give up its electron 

to carry on the chain process. 
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The reactions of _!-butyl a-phenylthioacetate enolate ion (143) and 

_E.-butyl a-phenylselenoacetate enolate ion (142) did not produce any 

expected SRNl product. However, some surprising results were obtained. 

Both the reactions of 143 with 2-bromopyridine and iodobenzene gave 

diphenyl disulfide (145) and t-butyl a-di(phenylthio)acetate (146) as -- - .····' ', -
products along with unreacted starting substrate (eq. 131). Similarly, 

the reaction of 144with 2-bromopyridine produced only diphenyl disele-

nide (147) and t-butyl a-di(phenylseleno)acetate (148) (eq. 132). -·- - . ' ' --
Furthermore, when ethyl a-phenylselenoacetate (149) was treated with 1. 

hv 
PhSSPh + (PhS )zCHC02-But + ArX (131) 

145 146 

- . ~ PhSeCHC02-But + ~1 ~ ---.. PhSeSePh + (PhSe) 2CHC02-But 
~. Br 

hv 
(132) 

144 147 148 

equiv. of KNH2 in liquid ammonia, 147 was formed along wit.h the recovered 

starting ester 149 after 1 h of irradiation (eq. 133). Thus, these 

. results indicated that 147 was generated when the ester 149 was added 
. ~ . ·--
to the amide solution. Since.t-butyl a-phenyl~~lenoacetate (150) should 

follow the same course of reaction as 149, it was reasonable to assume 

PhSeCH2COzEt. 

149 
hv, 1 h 

147 

(133) 

149 
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that 147 was also produced along with carbanion 144 when 150 was added 

to KNH2 in liquid ammonia (eq. 134). Then the reaction between 144 and 

147 would give _!-butyl a-di(phenylseleno)acetate (148) as product (eq. 

135). Apparently, _!-butyl -a-phenylthioacetate (151) also follows a 

similar sequence of reactions to give diphenyl disulfid.e (145) and 

t-butyl a-di(phenylthio)acetate {146) (eq. l36). 

.NH3 K+ 
PhSeCH2C02-But + KNH2 --- PhSeCHC02-But + PhSeSePh + NH3 (134) 

150 144 147 

PhSeCHC02-But + PhSeSePh ----(PhSe) 2CHC02-But + '-'SePh (135) 

144 147 148 

NH2/NH3 
PhSCH2co2-nut ~--~--- PhSCHC02-nut + PhSSPh---+-(PhS)2CHC02-nut 

151 143 145 146 

(136) 
+ -sPh 

An example to support the reactions proposed to give the disub-

stitution products can be found in the results of another experiment. 

When the photostimulated reaction of 3.75 equiv. of _!-butyl acetate 

enolate (83) with 1 equiv. of 2-bromopyridine was quenched by diphenyl 

disulfide (145), _!-butyl 2-pyridylacetate (~), _!-butyl bis-2-pyridyl-

acetate (85), t-butyl a-phenylthio-2-pyridylacetate (152), _!-butyl a-

phenylthioacetate (151) and t-butyl a-di( phenylthio)acetate (l46) were 

v 
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found as products (eq. 137). The formation of the last two products 

151 and 146 showed that the excess enolate 83 could react with diphenyl 
~- -~ ~ 

disulfide 145 to give the mono- and di-phenylthio-substituted products 

(eq. 138). Thus,' it appeared that the reaction of the carbanions 143 and 

144 with 145 and 147, respectively, could also occur in the same manner 

""' 0 

~o~+ (l. ~)hv~20 m;i.nfu. NH '?' 
3 ,.. I \~ 

::-...N Br2}PhSSPh~ :-...N o.....-'\ -t-
1 h 84 

t'tJ ,? 
+ 'Nro~ + . /.-.... ~-....../ (137) 

PhS. lT /'-..... 
158 PhS 

0 
151 

+Ph~~ 
0 

146 

o""' 
t \_.. 0 Base Ph>YS (l 3B) d......._04 + PhSSPh----•Ph?'( ~ PhSSPh . · CJ......i.' 

0 Ph /"-
0 

as shown in eq. 135 and 136. In addition, the reaction shown in eq. 134 

not only provided useful information about the formation of the disu~ 

stituted product 146, it also allowed an alternate route in preparing 

~-butyl a-phenylthio-2-pyridylacetate (152) in moderate yield (54%). 

Presumably, the yield of 152 could be increased by lowering the concen-

tration of enolate 83 (theoretically, 2 equiv. of 83 is needed to carry 

out the reaction). The smaller amount of~ present would diminish the 
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possibility of sulfenylating enolate 83, therefore, improving the .chance 

for more effective reaction between 145 and t-butyl 2-pyridylacetate 

(84). Thus, by first introducing the aromatic moiety via an SRNl 

reaction, followed by sulfenylation can produce 152, which can not be 

obtained by a direct SRNl reaction. 

Nevertheless, the sulfur and selenium nucleophile examined in this 

study were found to be unreactive in attempted SR.Nl reactions with 

several representative substrates. However, it cannot be determined at 

this time if the failure of these .reactions was due to the low react-

ivity of these carbanions, or to the stability of the radical anions, 

or to competing side reactions. Further investigation will be necessary 

before a more conclusive judgement can be made. 
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IV. SlMMARY 

In this study, the carbanions of' 2-benzyl-4,4-dimethyl-2-oxazoline, 

ethyl phenylacetate, 4-butyl acetat~ and N,N"'"dimethylacetamide and 

dimethyl methylphosphonate were found to participate efficiently in SRNl 

reactions with 2-bromopyridine and iodobenzene. Potassio 2,4,4-tri-

methyl-2-oxazoline reacted with 2-bromopyridine in an SRNl manner, 

while it reacted with iodobenzene via both an SRNl and AE mechanism. 

Since these nucleophiles·can be further elaborated to give the cor-

responding acids, .esters, aldehyde, alcohols, amine, etc., they 

provided mild and effective alternatives in introducing various 

functional groups on to the aromatic moiety. Together with other 

nucleophiles and substrates that have been shown to participate in SRNl 

reactions, they further demonstrated the potential usefulness of SR~l 

process in ·organic synthesis. 

Although the an1on of dimethyl phosphite did not react with hetero-

aro111atic substrates such as 2-chloroquinoline and 2-chloropyrazine and 
. ,. . . 

reacted only slowly with 2-bromopyrid.ine, the results provided insight 

as to the importance of the reduction potentials of both the substrate 

and the product in deciding the feasibility of an SRNl reaction. It is 

possible that the lack of reactivity of sulfhr and selenium stabilized 

carbanions towards· aromatic substrates are also caused by the sam.e 

reason. However, more work is required before further judgement can be 

made on these reactions. 

The dianion of phenylacetic acid reacted with 2-bromopyridine, 

presumably, via an SRNl process to give a mixture of a and para sub-

stituted products, while :l.ts reactions with iodoben.zene and .rbromo- .· 
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toluene occurred only atthe para position in a non-chain mechanism. 

The later process may also be applicable to the reaction of the dianion 

of phenylacetamide with iodobenzene, where 4 ... biphenylacetic acid was 

obtained upon base catalyzed hydrolysis. Again, in these reactions, the 

stability of the product radial dianions may play an important role in 

determining the substitution pattern. 

Preliminary results showed the reaction of the dianion of 1,3 ... 

diphenylacetone proceeded in a pathway other than an SRNl process. 

Although the data obtained may suggest a benzyne mechanism, further 

investigation dn the reaction is necessary before the actual process can 

be determined. 



IV Experimental 

All photostimulated reactions were conducted in a Rayortet RPR-240 

photochemical reactor equipped with four 12.5W lamps emitting maximally 

at 350 nm.120 Commerical anhydrous liquid ammonia (Matheson) was used 

directly from the tank. Tetrahydrofuran (Tm') was distilled from sodium 

under nitrogen and hexane was distilled before use. The aromatic sub-

strates and the precursors of nucleophiles employed were purified either 

by distillation or recrystallization. All other solvents and chemicals 

were used without further purification. 

Proton nuclear magnetic (lH !MR) spectra were obtained on a Varian 

EM-390 spectrometer. Chemical shifts are reported based on the center 

of the peak in parts per million (ppm) with respect to tetramethyl-

silane, the internal standard. The splitting patterns are reported with 

the following abbreviations: s = singlet, d = doublet, t = triplet, 

q = quartet, m = multiplet. Infrared spectra were determined on a 

Perkin-Elmer 710B or a Beckman IR-20A-X infrared spectrometer. 

Elemental analysis were performed by Analytical Services of the VPI & SU 

Chemistry Department on a Perkin-Elmer 240 elemental analyzer or by 

Galbraith Laboratories, Knoxville, Tennessee. Melting points were 

determined on a Thomas Hoover melting point apparatus and are 

uncorrected. Gas chromatographic analyses and separations were per-

formed on a Varian Aerograph 90-P instrument, using a 5 1 x 1/4" alUm.inum 

column packed with 5% Carbowax 2CM on Chromosorb Z.. Helium was used as 

carrier gas at a flow rate of 50-60 ml/min. Internal standards (abbre-

viated as I.S.) used in GC analyses are described separately in the 

132 
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appropriate experiments. Mass spectra were determined by Jorge I. Bedia 

on a Hitachi Perkin-.Elmer RMV-60E mass spectrometer or by Kim Harich on 

a Varian MAT-112 mass spectrometer. Analytical thin layer chromato-

graphy (TLC) was carried out on Eastman 13181 Silica gel with fluore-

scent indicator on plastic .backing. Preparatic TLC plates were ·pre--

pared from EM Merck PF-254 type 60 silica gel. Column chromatography 
I 

at ambient pressure was performed by using 60-200 mesh Davidson silica 

gel. Meditnn pressure chromatography was carried out with Woelm 126 

silica gel under 12-15 lb. of nitrogen pressure.121 

Procedure A - Photostimulated Reactions 

Approximately 75 mL of liquid ammonia was introduced directly into 

a vacuum- or an air-jacketed photoreaction vessel equipped with a two-

armed adapter, a Dry-Ice cond.enser and a metal stir bar under an 

atmosphere of nitrogen (Fig. 8). Next, 18.75 mg-atom of potassium 

metal, cut into small pieces, was dropped into the solvent; a deep blue 

color appeared almost instantaneously. Then a few crystals of ferric 

nitrate (Fe(N03)3•9H20) was added and vigorous gas evolution was 

observed. The blue color disappeared within 20-25 min and the formation 

of potassium amide was assumed to.be complete. The purified precursor of 

the nucleophile (18.75 mmol) was added dropwise by pipet to the amide 

solution without using any solvent. The mixture was stirred for 10-15 

min to allow for anion formation. The lights in the photochemical 

reaction chamber were turned on and 5 mmol of the aromatic substrate 

(without solvent) was dripped in via a pipet. After irradiation for 5 

min, the reaction mixture was poured into a 1 L beaker containing 4-5 g 
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soc~ 

Figure 8 Vacuum- or Air-jacketed Photoreaction Vessel 
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of solid ammonium chloride in ether. The reaction vessel was then 

rinsed with 2x50 mL of ,ether and the rinses were combined with the 

ammon:ical so;L\ltion. · The mixture was allowed to s.tand at room tempera-

ture and ammonia was evaporated within 2 h. -T.he remaining ethereal 

solution was filtered and the solid residue was titurated with 6x50 mL 

of ether to extract organic materials. Then; by the use of a rotorary 

evaporat.or, ether was removed to obtain the crude product mixture. 

Procedure B - Dark Reactions 

To a 250 mL 3 necked 14/20 'i round-bottomed (RB) flask equipped 

with a Dry-Ice condenser and a metal stir bar, liquid ammonia was 

introduced through a tygon tubing. When 75 mL of ammonia was col],ected, 

the remaining joints were stoppered. After additions of 18.75-mg-atom 

of potassium metal followed by a few crystals of ferric nitrate, 

potassium amide was generated within 25 min. Then the nucleophile 

_precursor was added dropwise without any solvent to the amide solution. 

The tiiixture was allowed to stir for 10,.,.15 min. The flask was care-

fully wrapped with several layers of black cloth and the surrounding. 
. . . 

lights extinguished, then 5 mmol of the aromatic substrate was added via 

a pipet. The mixture was stirred for 5 min and the reaction was 

quenched by pouring the ammonical solution into a 1 L beaker containing. 

4-5 g of solid amtilonium. chloride in ether. The work-up was carried out 

in the same manner as described in procedure A. After the ether was 

removed by rotorary evaporator the crude reaction mixture was 

obtained. 
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Procedure C - Inhibited Reactions 

These reactions were conducted in the same manner as described in 

Procedure A with the exception that 0.07 g (0.05 mmol) of di-t-butyl 

nitroxide was introduced prior to the addition of the aromatic 

substrate. 

Experiment 1. Photosimulated Reaction of Potassio-2,4,4 2-trimethyl-2-

oxazoline (64) with2-Bromopyridine-

When Procedure A was followed, the carbanion formed gave an opaque 

green solution. A red solution was obtained after Sm.in of irradiation. 

Upon work .. up, a brown oil was obtained. By GC analysis (spiking with 

2-am.inopyridine) the products found in the reaction mixture were 26% of 

2-(2-pyridylmethyl)-4,4-dimethyl-2-oxazoline (65) and 50% of 2-am.ino"" 

pyridine. The substitution product.~ was obtained as a yellow oil by 

preparative GC: lH tMR (CDCl3) ol.3 (s,6H,CH3), 03.80 (s;2H,CH2-oJt), 

03.91 (s,2H,CH2), 07.19 (m,2H,4,5-H of Py), 07.62 (m,lH,3-H of Py), 

08.55 (d, lH,6-H of Py). 

( 

Experiment 2. Dark Reaction of POtassfo-2,,4,4-trimethyl-2-oxazoline 

(64) with 2-Bromopyridine· 

Procedure B gave a brown oil which was found to contain 4% of 

substitution product 65, 46% of 2-aminopyridine and unreacted 2-bromo-

pryidine by GC analysis (spiking with 2-aminopyridine). 



137 

Experiment 3. Inhibited Reaction of Pot.assia-2 ,4 ,4-trimethyl-2-oxazo-

line (64) with 2-Bromopyridine 

Procedure C gave 76% of 2-aminopyridine by GC analysis (I.S. = 

methyl cinnamate). Substitution product .§1 was not detected. 

Experiment 4. Photostimulated .Reaction of Potassio-2,4,4-trimethyl-

2-oxazoline (64) with Iodobenzene 

Procedure A gave a light brown oil after irradiation of 5 min. A 

yellow oil was. obtained upon work-up. The crude mixture contained 4 7'% 

of 2-benzyl-4,4-dimethyl-2-oxazoline (~), 7% of aniline and 9% of 2-benz--. 

hydryl-4,4-di~ethyl-2-oxazoline (67) (by GC analysis, spiking with aniline). 

The substitution product 2_2. was obtained by preparative GC. as a colorless 

liquid with a lu tMR spec;trum identical to an authentic sample prepared 
122 

by reaction of phenylac.etic acid with 2-amina-2-propanol: lH tMR (CDCl3) 

ol.25 (s,6H,CH3), 03.55 (s,2H,CH2), 03.85 (s,2H,CH-ox), 07.27 (s,5H,Csfl6). 

Experiment 5. Dark Reaction of Potassia-2,4,4-trimethyl-2-oxazoline 

(64) with Iodobenzene 

Following Procedure B, a light brown oil was obtained. It was 

found to contain 28% of the substi.tution product...§§_, 26% of aniline and 

28% of iodobenzene by GC analysis (spiking with aniline). 

Experiment 6. Inhibited Reaction of Potassio-2,4,4-trimethyl-2-oxazo~ 

line (64) with Iodobenzene 

Procedure C produced a brown oil which was showed to contain 24% of 

the sub1:1titution product...§§_, 9% of aniline and 24% of iodobenzene by GC 

analysis (spiking with aniline). 
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Experiment 7. Photostimulated Reaction of Potassio-2,4,4-trimethyl.., 

2-oxazoline (64) with Bromomesftylene ·.· 

Procedure A yielded a yellow oil containing 50% of 2-mesitylmethyl-

4,4-dillie.thyl-2-oxazolin~ (68) and bromomesitylene by lH :mR anaiysis 
·.- ... 1 .,; 

. (yield based on the integration ratio of. the aromatic protons of 68 to 

the aromatic protons. of bromomesi tylene),. The substitution product; was 

obtained as a light yellow oil. by preparative TLC (20% ether-hexane as 

eluent): lH NMR (CDCl3) .ol.21 (s,6IJ,o-CH3-mes), 02.21 (s,3H,.a-CH3-mes), 

o2.30(s,6H,CH3), 03.56 (s,2H,CH2), o.3.82 (s,2H,CH2-ox), 06.83 (s,2H, 

mes). Anal. Cale. for C15H21NO : c, 77 .88; H, 9.15; N, 6.05~ 

Found C, 77.71; H, 9·.22; N, 6.06. 

. . .· . . . . . . 

Experiment 8. Dark Reaction of Potassio-2 ,4.,4-trimethyl-2-oxazoJ:.:ine 

d ( 64) with B romomes.i tylene 

Procedure B resulted in recovery of starting materials· and .showed 

no sign of the presence of substitution pt:"oduct .2!• 

Experiment 9. Photostimulated Reaction of Potassio-2-benzyl;,.,4.,4 ... 

dimethyl~2-oxazoline (70) ·with. 2-Bromo;eyridine· 

When Procedure A was used, the carbanion gave a green color in 

liquid 81Ilmonia. After 5 niin·of irradiation, a red solution was 

observed. Product ana.l,ysis by GC (I.S. = benzyl·bertzoate) on the brown 

oil obtained after Y.T~rk up indicated 98% of 2-[a-(2-pyridyl)benzyl]...:. 

4-dimethyl-2-oxazoline (71) and a trace of 2-bromopyridine was present. - ' 

The substitution product was obtained as a light yellow s.olid by 

preparative GC: lH NM:R (CDCl3) ol. 3 (d,6H,CH3), o3. 95 (s ,2H,CH3...;.ox), 

05.25 (s,lH,CH), o7 .37 (m,8H,H' s of Py and Ph), 08.56 (d, lH,6-H of Py)~. 
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During the isolation of l!. by preparative GC, a small peak appeared at 

the trailing end of the large product peak. Careful separation of this 

peak gave a white solid which was identified as the tautomer of the 

substitution product l!.: lH !MR (CDCl3) ol.38 (d,6H,CH3), 04.05 (s,2H, 

CH2,-ox), 07.38 (m,8H,H's of Py and Ph), 08.57 (d,.lH,6-H of Py). 

Preparative GC of these two peaks together gave a yellow-white solid 

mixture• Elemental analysis of this mixtur! agreed with the 

formula C17H1aN20. Anal. Cale. for C17H18N20 : c, 76.66; H, 6.81; 

N, 10.52. Found C, 76.41; H, 6.86; N, 10.39. 

Experiment 10 •. Attempted Dark Reaction of Potassio-2-benzyl-4 24-

dimethyl-2-oxazoline (70) with 2-Bromoprydine 

Procedure B resulted in recovery of starting materials. No 

substitution product was detected by lH NMR or GC. 

Experiment 11. Inhibited Reaction of Potassio-2-benzyl~4,4-dimethyl-

2-oxazoline (70) with 2-Bromopyridine 

Procedure C yielded 34% of the substitution product l!. (GC 

analysis, I.S. = benzyl benzoate) and 65% of 2-bromopyridine (yield 

based on a lH NMR integration ratio of the 6-hydrogen of the pyridyl 

moiety of l!. to the 6-hydrogen of 2-bromopyridine) • 

Experiment 12. Photostimulated Reaction of Potassio-2-benzyl•4,4-

dimethyl-2-oxazoline (70) with Iodobenzene 

After 5 min of .irradiation, Procedure A gave a light brown oil upon 

work-up. GC analysis (I.S. = benzyl benzoate) afforded 43% of 

2-benzhydryl-4,4-dimethyl-2-oxazoline <11) and iodobenzene. The 
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substitution product 21. was obtained as a light yellow liquid by 

preparative GC: lH N1R (CDCl3) ol.26 (s,6H,CH3), 03.91 (s,2H,CH2-ox), 

05.05 (s,lH,CH), 07.26 (s,lOH,Ph). 

Experiment 13. Attempted Dark Reaction of Potassio 2-benzyl-4,4-

dimethyl-2-oxazoline (70) with Iodobenzene 

When Procedure B was used, 96% of Iodobenzene was recovered (GC 

analysis, I.S. =ethyl phenylacetate). 

Experiment 14. Inhibited Reaction of Potassio 2-Benzyl-4,4-dimethyl-

2-oxazoline (70) with Iodobenzene 

Procedure C yielded a yellow oil after work-up. GC analysis showed. 

26% of the substitution product 21. (I.S. = benzyl benzoate) and 53% of 

. iodobenzene (I. S. = ethyl phenylacetate). 

Experiment 15. Photostimulated Reaction of N,N-dimethylacetamide 

Enolate Ion (74) with 2-:Sromopyridine 

A greyish solution containing a small amount of white precipitate 

was obtained when enolate ion 74 was generated by Procedure A. The 

solution turned deep red color after 5 min of irradiation. Upon work-

up, a yellow oil was obtained. The reactibn mixture was shown to con-

tain 74% of N,N-dimethyl-2-pyridylacetamide (75) (GC analysis, I.S. = 

dimethyl phthalate), 5% of N,N-dimethyl-bis-2-pyridylacetamide <.Z.~) 

(yield based on lH ·NMR integration ratio of the methine proton of 76 

to the methylene protons of U), and small amounts of 2-aminopyridine· 

and 2-bromopyridine (observed in the lH N1R spectrum and GC trace). The· 
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monosubstituted product 1.i was obtained as a light yellow oil by 

preparative GC: lH mR (CDCl3) 02.97 (s,3H,CH3), 3.09 (s,3H,CH3), 

3.91 (s,2H,CH2), 7.23 (m,2H,4.5 Hof Py), 7.76 (m,lH,3-H of Py), 

8.55 (d,lH,6-H of Py). Anal. Cale. for C9H12N20 : C, 65.83; H, 7 .37; 

N, 17.06. Found C, 65.68; H, 7 .SO; N, 16.90. 

When Procedure A was carried out for 20 and 30 min, 75 was obtained 

in 84 and 65% (isolated) yield, respectively. The bp of the isolated 

1.i was found to be 118-121°C/l. Smm:. · The disubstitution product Jj_ was 

obtained as a light yellow solid by prep. GC: lH mR (CDCl3) o2.97 

(s,3H,CH3), 3.10 (s,3H,CH3), 5.73 (s,lH,CH), 7.23 (m,2H,4,5-H 0£ Py), 

7. 76 (m,lH,3-H of Py), 8.55 (d, lH,6-H of Py). 

Experiment 16. Dark Reaction of N,N-Dill).ethylacetamide Enolate Ion (74) 

with 2-Bromopyridine 

Procedure B gave 7% of the substitution product 1.i (GC analysis, 

I.S. =dimethyl phthalate), small amounts of 2-aminopyridine and 

recovered 2-bromopyridine. 

Experiment·l7. InhibitedReaction of N,N""."dimethylacetamideEnolate (74) 

with 2-Bromopyridine 

Procedure C resulted in 2% of the substituti.on product T?_ 

(GC analysis, I.S. = dimethyl phthalate) and small amounts of 2-amino--

pyridine and 2-bromopyridine. 

Experiment 18. Photostimulated Reaction of N,N-diinethylacetamide 

Enolate Ion with Iodobenzene 

The work-up of the material obtained by Procedure A gave a light 
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brown oil. It was found to contain 51% of N,N-dimethylphenylacetamide 

<.Z.!D (GC analysis, I.S. = benzyl benzoate), 10% of N,N-dimethyl 

diphenylacetamide (~) (lH NMR analysis, based on integration ratio of 

the methine proton of lJ... to the methylene protons of~) and small 

amounts of iodobenzene. The substitution product B!_. was obtained as a 
121 

light yellow solid by preparative GC, mp 38-40°C (Lit. mp 37°C). The 

1H N1R spectrum of this material corresponded to the reported spectrum:123 

1H N1R (CDCl3) 02.97 (s,6H,CH3), 3.68 (s,2H,CH2), 7.25 (broad s,SH,Ph). 

The disubstituted product IJ... was obtained as a light yellow solid by 

preparative GC, mp 132-134°C (Lit.124 mp 134.5-13S.5°C) : la NMR (CDCl3) 

o3.0 (s,6H,CH3), 5.21 (s,lH,CH), 7.25 (s,lOH,Ph). Anal. Cale. for 

C16H17NO: C, 80.30; H, 7.16; N, 5.83. Found C, 8.52; H, 7.35; N, 5.76. 

Experiment 19. Dark Reaction of N,N-dimethylacetamide Enolate Ion (74) 

with Iodobenzene 

When Procedure B was followed, a yellow oil was obtained after 

work-up. GC analysis indicated the presence of 10% of the substitution 

product~ (I.S. = benzyl benzoate) and recovered iodobenzene. 

Experiment 20. Inhibited Reaction of N,N-dimethylacetamide Enolate Ion 

(74) with Iodobenzene 

GC analysis on the light brown oil obtained by using Procedure C 

showed that 16% of the substitution product 78 (I.S. = benzyl benzoate). 

·Iodobenzene was also shown to be present. 
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Experiment 21. Photostimulated Reaction of N,N-dimethylacetamide 

Enolate Ion (74) with 2~chloroquinoline 

When Procedure A was used, a deep red solution was obtained after 5 

min of irradiation. Upon work-up, a brown oil was obtained. lH NMR 

analysis indicated a 87% yield of N,N-dimethyl-2-quinolylacetamide CJ]) 

and small amounts of 2-am.inopyridine (34) and 2-methylquinazoline. 

Preparative GC gave the substitution product.ZZ. as a yellow solid; 

1H 'tMR (CDCl3) 02.95 (s,,3H,CH3), 3.09 (s,3H,CH3), 4.09 (s,2H,CH2), 

7.63 (m,4H,4,5,6,7-H of quinolyl), 8 •. 06 (m,2H,3,8-H of quinolyl). 

Experiment 22. Dark Reaction of N,N-Dimethylacetamide Enolate Ion (74) 

with 2-Chloroquinoline 

Procedure B gave a brown oil which was shown to contain 41% of the 

substitution product .zz., and small amounts of 2-am.inoquinoline (34), 

2-methylquinazoline (35), and unreacted 2-chloroquinoline by lH NMR 

analysis 

Experiment 23. Inhibited Reactions of N,N-dimethylacetamide Enolate Ion 

(74) with 2-Chloroquinoline 

Procedure C was carried out with and without photostimulation. 

Both of these reactions resulted in recovery of the starting halide and 

production of small amounts of 2-aminoquinoline and 2-methylquinazoline. 

Experiment 24. Photostimulat;ed Reaction of Ethyl Phenylacetate Enolate 

Ion (80) with 2-Bromopyridine 

·Enolate ion 80 gave a green color in liquid ammonia when Procedure 

A was employed. A red solution was obtained after 5 min of irradiation. 
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Work-up of the reaction resulted in a brown oil, which was shown by GC 

analysis to contain 46% of ethyl a-(2-pyridyl) phenylacetate (!!.!) (I.S. = 
benzyl benzoate) and 46% of recovered 2-bromopyridine (I.S. = benzyl-

4,4-dimethyl-2-oxazoline). The substitution product 81 was separated by 

medium pressure chromatography (eluted first with 200 mL of 20% ether 

hexane followed by elution with ether) as a light yellow oil : lH NMR 

(C~Cl3) ol.29 (t,3H,CH3), .4.25 (q,2H,CH2), 5.24(s,1H,CH), 7.41 (m,8H,Py), 

8. 5 9 ( d, lH, 6-H of Py) • 

The photostimulated reaction was carried out in the same manner for 

40 min. These results are shown in Table XIV. 

Experiment 25. Attempted Dark Reaction of Ethyl Phenylacetate Enolate 

Ion (80) with 2-Bromopyridine 

Procedure B did not produce any substitution product after 5 min in 

the dark. 2-Bromopyridine was recovered in 80% yield (GC analysis, 

I.S. = 2-benzyl...;4,4-dimethyl...;2-oxazoline). When this attempted reaction 

was carried out for 40 min, there was still no trace of the substitution 

product; 2-bromopyridine was recovered.· 

Experiment 26. Inhibited Reaction of Ethyl Phenylacetate Enolate Ion 

(80) with 2-Bromopyridine 

The crude reaction mixture obtained by using Procedure C showed that 

a trace of the substitution product..!!.!. was present (detectable only by 

GC) along with 95% of 2-bromopyridine (I.S. = 2-benzyl-4,4-dimethyl-2-

oxazoline) •. 
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Experiment 27. Photostimulated Reaction of Ethyl Phenylacetate Enolate 

Ion (80) with Iodobenzene 

A brown oil wa8 obtained by means of Procedure A. . The crude 

reaction mixture wa.s analyzed by GC which indicated the presence of 30% 

of ethyl diphenylacetate (82) (I.S. = di-.!!_-butyl phthalate) and 50% of 

iodobenzene (I.S. = 2-benzyl-4,4-dimethyl-2-oxazoline). The substitution 

product g was obtained by recrystallization from ethan~l as an off white 

crystals, mp 56-58°C (Lit.125., mp 59°C). lH NMR (CDCl3) ol.23 (t,3H,GH3), 

4.21 (q,2H,CH2), 4. 99 (s,lH,CH), 7 .31 (s,lOH,Ph). When the reaction was. 

carried out for 1 h, 90% of 82 was isolated by distillation, bp 135-138°/ 

2mm. 

Experiment 28. Attempted Dark Reaction of Ethyl Phenylacetate Ion (80) 

with Iodobenzene 

When Procedure B was carried out for 5 min and 40. min,. both reactions 

resulted in reco.very of iodobenzene, no substitution product could be 

isolated. 

Experiment 29. Inhibited Reactions of Ethyl Phenylacetate.Enolate Ion 

(80) with Iodobenzerte 

Procedure C was used to obtain a dark brown oil containing 16% of the 

substitution product 82 (GC analysis, I.S. = di-n-butyl phthalate) and 73% 

of iodobenzene (GC analysis, l.S. = 2-benzyl~4,4-dimethyl-2;...oxazoline). 
When the amount of DTBN used was increased to 1 mmol (20 mol %) , Procedure 

C gave 12% of the substitution product along with recovered iodobenzene. 
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Experiment 30. Attempted Photostimulated Reaction of Ethyl Phenylacetate 

Enolate Ion (80) with .Iodobenzene in THF (with LDA as base) 

A 3 necked 250 mL, 14/20 'i RB flask containing 18.75 mmol (2.64 mL) 

of diisopropylamine in approximately 75 mL of dry THF was equipped with 2 

septa, an adapter for an N2 inlet, and a magnetic stirrer. While the bath 

was cooled by Dry Ice-acetone, 18.75 mmol (11.72 mL) of 1.6M n-BuLi in 

hexane was added via a syringe. The resulting yellow solution was stirred 

for 15 min. Then 3.08 g (18.75 ·mmol) of ethyl phenylacetate was added by 

another syringe. The enolate solution was stirred and allowed to warm to 

room temperature. By means of a two-headed needle, the solution was 

transferred by N2 pressure into a water-cooled photoreaction vessel, 

equipped with two septa at both openings. Upon irradiation, 1.02 g (5 

mmol) of iodobenzene was introduced by a syringe equipped with a 20" 

needle. The photolysis was carried out for 20 min. The reaction mixture 

was quenched with 100 mL of saturated ammoniwn chloride solution. The 

aqueous solution was then extracted with 5x50 mL of ether. After drying 

over MgS04, the ether was evaporated. The crude reaction mixture showed 

only recovered starting material by lH N1R spectroscopy and GC analysis. 

No substitution product could be detected. 

Experiment 31. Photostimulated Reaction of t-Butyl Acetate Enolate Ion 

(83) with 2-Bromopyridine 

The enolate ion did not cause any color change in the amide solution. 

Upon work-up of Procedure A, 90% of ~-butyl 2-pyridylacetate (84) (GC 

analysis, I. S. = acenaphthene), 2% of ~-butyl 2, 2-dipyridylacetate (85) 
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substitution product 84 was obtained as a pale yellow liquid by 

preparative GC: lH NMR (CDCl3) ol. 47 (s, 9H, t-C4H9), 3.76 (s ,2H,CH2), 

7.23 (m,2H,4,5-H of Py), 7.69 (m,lH,3-H of Py), 8.58 (d,lH,6-H of Py}. 

Anal. Cale. for C11H15N02 : C, 68.37; H, 7.82; N, 7.25. Found C, 68.10; 

H, 7.95; N, 7.09. 

When the reaction was carried out for 25 min, 78% of 84 was isolated 

by distillation bp 87-88°C/1.5 mm. 

Experiment 32. Dark Reaction of t-Butyl Acetate Enolate Ion (83) with 

2-Bromopyridine 

Procedure B afforded 5% of the substitution product 84 and 79% of 

2-bromopyridine (GC analysis, I.S. = 2-methylnaphthalene) in the crude 

reaction mixture. 

Experiment 33. Inhibited Reaction of t-Butyl Acetate Enolate Ion (84) 

with 2,..Bromopyridine 

After 5 min of irradiation, Procedure C gave 95% recovery of 

2-bromopyridine (GC analysis, I.S. = 2-methylnaphthalene). 

Experiment 34. Photostimulated Reaction·of t-Butyl Acetate Enolate Ion 

(83) with Iodobenzene 

The photostimulated reaction carried out.in the manner described in 

Procedure A gave a brown oil upon work-up. Product analysis showed that 

65% of ~butyl phenylacetate (86) (GC analysis, I.S. = 2-benzyl-4,4-

dimethyl-2-oxazoline), 11% of _!-butyl diphenylacetate (87) (lH N1R 

analysis, based on integration ratio of the methine proton of E 
to the methylene proton of ~) and a small amount of iodoQenzene were 
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present in the reaction mixture. The monosubstituted product~ was 

obtained as a colorless liquid by preparative GC and by distillation bp 

66-68°C/0.8 mm : lH N1R (CDGl3) ol.43 (s,9H,.!:_-C4H9), 3.17 (s,2H,CH2), 

7.27 (s,5H,Ph). The disubstituted product~ was isolated as a light 

yellow solid mp 78-80°C (Lit. 125 80-81°C) by preparative GC : lH-NMR 

(CDCl3) ol.47 (s,9H,t-C4H9), 4.92 (s,lH,CH), 7.36 (s,lOH,Ph). 

Experiment 35. Dark Reaction of t-Butyl Acetate Enolate Ion (83) with 

Iodobenzene 

Procedure B gave a yellow oil containing 9% of the substitution 

product~ (GC analysis, I.S. = 2-benzyl-4,4-dimethyl-2-oxazoline) and 

90% of iodobenzene (GC analysis, I.S. =naphthalene). 

Experiment 36. Inhibited Reaction of t-Butyl Acetate Enolate Ion (83) 

with Iodobenzene 

A brown oil was obtained by following Procedure C. GC analysis 

showed that 19% of the substituted product~ (GC analysis, I.S. = 

2-benzyl-4,4-dimethyl-2-oxazoline) and 77% of iodobenzene (GC analysis, 

I. S. = naphthalene) were present. 

Experiment 37. Photostimulated Reaction oft-Butyl a-Trimethylsilyl-

acetate Enolate Ion (88). with Iodobenzene 

.E_-Butyl a-trimethylsilylacetate (90) was prepared by the method 

reported by Rathke and Sullivan.126 Procedure A was used with irradiation 

time extended to 10 min. A yellow oil was obtained after ether was 

removed by distillation. The crude mixture was found to contain 58% of 

.E_-butyl phenylacetate (86) (GC analysis, I.S. = 2-benzyl-4,4-dimethyl-2-
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oxazoline), 6% of .E_-butyl diphenylacetate ( lH N1R analysis, see Experi-

ment 34) and hexam.ethyldisiloxane (89) (isolated by preparative GC and 

identified by comparison of IR spectrum to literature reported).127 

Experiment 38. Reactions of t~Butyl a-Trimethylsilylacetate (90) with 

KNH2 in Liquid Ammonia 

Procedure A and B were carried out for 15 min except no aromatic 

substrate was added to the reactions. The ethereal solutions obtained 

after extraction was distilled to remove ether. The products were 

isolated by preparative GC. _!-Butyl acetate, _!-butyl <l-trimethylsilylace-

tate (90) and hexamethyldisiloxane (89) were identified by their lH N1R 

spectra. 

Experiment 39. · Photostimulated Reactions of Dimethyl Phosphite Anion (92) 

with 2-Bromopyridine 

Procedure A was followed except 10 mmol of dimethylphosphite, 10 

mg-atm of K metal and 10 mmol of 2-bromopyridine were used. After 

irradition for 2 h, a light yellow oil was obtained upon work-up. GC 

analysis showed the presence of 44% of dimethyl 2-pyridylphosphonate (93) 

(I.S. = di-n-butyl phthalate) and 2-bromopyridine in the crude m.ixture. 
~ ' . 

Purification of 11 could be accomplished by preparative GC. However, 

significant decomposition occurred at the injection port. After several 

injections, the port began to clog up with a black t·ar. Thus, medium 

pressure chromatography was employed for the isolation (12 psi, hexane was 

first used to remove 2-bromopyridine, then ether was used to elute .22.). 
A yellow liquid was obtained by this method. It was further purified by 
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vacuum distillation to give a colorless liquid (bp 100°C/0.2 mm) : 

1H lMR (CDCl3) o3. 90 (splitting doublet,J=l 2Hz ,6H, CH3), 7 .45 (m, lH,), 

7.88 (m,2H), 8.82 (d,lH,6-H of Py). Anal. Cale. for C7H10N03P 

C, 44.93; H, 5.39; N, 7.48. Found C, 44.76; H, 5.62; N, 7.27. 

The reaction was also carried out for 1 h in which case 16% of 93 

was obtained. 

Experiment 40. Dark and Inhibited Reactions of Dimethyl Phosphite Anion 

(92) with 2-Bromopyridine 

The reactions were conducted in the manner described in Procedures B 

and C, respectively, except 10 mmol of dimethyl phosphite, K metal and 

2-bromopyridine were used. After a reaction time of 2 h, only 2-bromo-

pyridine was recovered in both of these reactions. 

Experiment 41. Attempted Photostimulated Reactions of Dimethyl Phosphite 

Anion (92) with 1-Bromonaphthalene, 2~chloroquinoline and Chloropyrazine 

Procedure A was used with 10 mmol of dimethyl phosphite, 10 mg-atm 

of K metal and 10 mmol of the appropriate aromatic substrate~ In these 

attempted reactions, the photolysis was carried out for 55 min, 55 min and 

70 min, respectively. No substitution product was found in any one of 

these trials. The starting halides and dimethyl phosphite were recovered. 

Experiment 42. Attempted Photostimulated Reaction of Methylene Triphenyl 

phosphorane (96) with 2-Bromopyridine in Liquid Ammonia (KNH2 as base) 

Procedure A was carried out for 20 min with CH2Cl2 used as the 

solvent for extraction. A sticky white solid was obtained upon removal of 

CH2Clz. Short column chromatography (first with ether and then ethyl 
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acetate as eluent) yielded 2_:;,bromopyridine and diphenylmethylphosphine 

oxide (,2!) in two fractions. The triphenylmethylphosphonium salt appeared 

to remain on the column. The oxide 98 was obtained as a white solid a.nd 

was identified by i~s lH NMR and mass spectra: lH NMR (CDCl3) 62.0 

(splitting 3,J•l3.5Hz,3H,CH3), 7.67 (m,lOH,Ph). Mass spectrum : m/e 

·(relative intensity) .217(46); 216*(100), 202(69. 2), 185(4 .5), 140(10.,8), 

77(15.3). 

Experiment 43. Photolysis of Methylene Triphenylphosphoran:e (96) with 

2-.Bromo'pyridine in THF. ·(with LOA, KH or n-BuLi as base) 

These experiments were carried out in a 3 necked l4f20 T RB flask 

equipped with 2 septa, an adapter for a N2 inlet and a magnetic stirrer• 

LithiUiD. diisopropyl amide (LDA) was generated by adding u. 72 mL (18,. 75 
. ' ·. .. 

DU11ol) of n-BuLi to a. solution of (18. 75 mmol) diisoproylamine in 75 mL of 

dry THF at -78°C. The amide formed gave a light yellow solution and it 

. was warmed to room temperature •.. Wh~n potassiUn hydride. (KH) was use4 it 

was transferred in mineral oil into the RB flask by a· pi.pet. Most of the 

mineral oil was•th~rt siphoned out and pentane was added to wasb off the 

remaining oil.. .The pentane was removed .by means of a pipet. After the· KH 

was washed twice, 75 mL of dry THF was added. To the base solutions was 

add.ed 18. 75 Dllllol of solid methyl triphenylphosphoniuin bl:omide. It was 

stirred for 2.0 min. Then with the UV light turned on, 5 mmol ·Of 2-hromo-

pyridine was added• When ,!!'"BuLi was used a.s the base for the carbanion 

generation, 18. 75 minol methyl triphenylphosphonium bromide in 75 mL of THF'. 

was first added to the flask, followed by 11. 72 mL (18. 75 mmol) .of 

;\i{olecular ion 
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· n-BuLi. After 20 min of stirring, 2-bromopyridine was added upon 

irradiation. All these reactions were allowed to proceed for 1-2.5 h. 

The reaction mixtures were quenched by pouring into a separate funnel 

containing 100 mL of water. The aqueous solutions were extracted with 

4x50 mL of ether. After drying over MgS04, ether was evaporated to give 

a light brown sticky solid. The lH ?MR spectra of tb.ese crude mixtures 

indicated 2-bromopyridine, methyl triphenylphosphcinium salts and 

diphenylmethylphosphine oxide (2~) were present in all cases. No sub-

stitution product was obtained. 

Experiment 44. Photostimulated Reaction of Potassio Dimethyl Methyl-

phosphonate (99) with 2-Bromopyridine 

When the photolysis was carried out for 25 min, Procedure A gave a 

brown oil containing 52% of dimethyl 2-pyridylmethylphosphonate (100) 

(GC analysis, !.S. = benzyl benzoate) and 21% of 2-aminopyridine (lH NMR 

analysis, See Table XVII). The substitution product was obtained as a 

slight brown liquid by preparative GC : lH NMR (CDCl3) 03.42 (d,J=21Hz, 
\ 

2H,CH2), 3.Zl (d,J=12Hz,6H,OCH3), 7.43 (broad m,3H,3,4,5-H of Py.), 

8. 5 6 ( d, lH ,. 6-H of Py) • 

Experiment 45. Attempted Dark Reaction of Potassio Dimet:hyl Methyl'-

phosphonate.(99) with 2-Bromopyridine 

Only 2-aminopyridine and 2-bromopyridine were found in the reaction 

mix.ture obtained by Procedure B. No substitution product was detected. 
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Experiment 46. Inhibited Reaction of Potassio Dimethyl Methylphosphonate 

(99) with 2-Bromopyridine 

Procedure C resulted in .a dark brown oil that showed (GC analysis) a 

4% yield of substi.tution product 100, (I.S. = benzyl benzoate), 2-amino-

pyridine and 2-bromopyridine (detected and identified by lH NMR spectra 

and GC retention time). 

Experiment 47. Photostimulated Reaction of .Potassio Dimethyl Methyl-

phosphonate (99) with Iodobenzene 

When Procedure A was carried out for 25 min, a brown oil was 

obtained. GC analysis indicated 36% of dimethyl benzylphosphonate (101) 

(I.S. = benzyl benzoate) and iodobenzene were present in the mixture. 

The substitution product 101 was obtained as a colorless liquid by 

preparative GC lH tMR (CDCl3) 03.19 (d,J=21Hz ,2H,CH2), 3. 66 (d,J==l2Hz, 

6H,OCH3), 7.31 (bi;oad s,5H,Ph). Anal. Cale. for C9H1303P : C, 51.07; 

H, 6.96; P, 6.46. Found C, SO. U; H, 6. 72; P, 16.14. 

Experiment 48. Dark Reaction of Potassio Dimethyl Methylphosphonate (99) 

with Iodobenzene 

Procedure B resulted in the isolation of only iodobenzene after 

work""'Up. The substitution product 101 was not detected • 

. Experiment 49. Inhibited Reaction of .Pot:assio Dimethyl Methylphosphonate 

(99) with Iodobenzene 

The dark brown oil obtained by using Pr.ocedure C showed the presence 

of the substitution product 101 in 30% yield (GC analysis, I. s. = benzyl 

benzoate) along with recovered iodobenzene. 
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Experiment 50. Photos,timulated Reaction of Dipotas$ic;>phenylacetate (100} 

.. - with 2-Br.omopyridine .-

Procedure A was modified by using :36.5 mg-atm of K m~tal. T~e 

solution turned green upondianion formation. ·When the reaction was 

carried out for 40 min, a deep red solution was obtained pr·ior to 

quenching with Nll4CL . The solid residue obtained was titurated with 5x50: · 
. .· . 

mL of ether. A brown solution was obtained after most of the ether was 
. .. . 

.. removed by distil_lation. GC analysis showed that no pyri\iine was _pr~sent 

in the mixture. After the remaining ether was evaporate~, 0.45 g of brown 

oil was ·obtained. lij lMR analysis showed the. presence of 30% of 2-amino-
. ' . 

pyridine, 27% of 2;.;.bromop~idine, 4% of bis(2-pyridyl)phenylmet~ne(l03), 

3% of potassium. cr-bis(2-pyridyl)phenylacetat.e (105).. The ether 

insoluble residue was dissolved in approxiinately 100 mL of water and· 

acidified with 3N:EC1 until the pH reached 1. A layer of oil was formed. 

The oily aqueous solution was then extracted with 4x50 mL of ether. After 

drying over MgS04, the ether was evaporated to giv.e unreacted phenylacetic 

acid (101) as a l.ight yellow solid. The remaining aqueous solution was 

· neutralized by 5% aqueous KOH to ·pH 5-6 and extracted with SxSO mL of 

chloroform. The chloroform extract was dried over MgS04 and the solvent · 

was evaporated. A viscous dark brown .oil _(O .15 g) was 9btained. · lH ?MR 

analysis showed that it contained 9% of 2~benzylpY:d.dine 002) and 7% of 
., . . 

z-(2-pyridyl)phenylacetic acid (104). 

. ..... , : 
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All the products except acid 104. obtained in this reaction were 

identified by comparing lH NMR spectral data with authentic samples 

obtained by alternate synthetic routes or fr~m commercial suppliers. Acid 

104 precipitated when the dark brown oil was washed wit.h small amounts of -- . 

ether. After filtration by a pipet wrapped with cotton at the tip, a 

slightly contaminated acid 104 was obtained as a light brown solid;· 

1H N1R (CDCl3) o3. 67 (s,2H,CH2}, T.62 (m, 7H,Py and Ph)' 8. 74 (d, lH, 6-H of 
. . 

Py), 9.94 (broad s,lH,OH). The crude solid and the brown oil obtairted 

from 'the ether and chloroform extracts were combined and . dissol.ved in 

methanol in a 100 mL RB flask. Gaseous HCl was passed into the solution 

until it was saturat.ed (appi;oxim.ately 5 min). Whe.n methanol was 

evaporated, a ·brown oil was.obtained. The crude mixture was then 

dissolved in chloroform in a 100 mL RB flask and liquid ammonia was added • 

. A white precipitate of NH4Cl was formed. Vacuum filtration of the chlorcr 

fornl. solution followed by removal of chlorofortil gave a light brown oil. 

Using preparative GC at 23.5° at an extremely fa.st flow rate (approximately · 

300 mL/min), the methyl ester of acid 104 was obtained as a light brown 

liquid:. lH N1R (9DCl3) o3.66and 3.6.8 (overlapping s,5H,CH2 and OCH3), 

7.6 (broad m,7H,Py and Ph); 8.7 (d,lH,6-H of Py). 

The reaction was also carried out for 2 h. The result.a· obtained 

after the same work-up p~oc~dure are summarized in Table XIX. 
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Experiment Sl. Attempted Dark Reaction of Dipotassiophenylacetate(lOO) 

with 2-Bromopyridine 

When Procedure B was followed with exception that 36.S mg-atm of K 

metal was used, the reaction mixture was stirred for 2 h in the dark. 

Following the work-up procedure described in Experiment SO, 2 amino-

pyridine, 2-bromopyridine and phenylacetic acid (identified by lH N1R) 

were the only products found in the ethereal extracts. 

Experiment S2. Inhibited Reaction of Dipotassiophenylacetate (100) with 

2-Bromopyridine 

Prqcedure C was modified by the use of l mmol of DTBN and 36. S mg-atm 

of K metal. The irradiation was carried out for 40 min. Following the 

work-up procedure described in Experiment SO, 10% of 1.02, 4.% of 103, 9% 

of 104, 7% of lOS, 23% of 2-aminopyridine and 36% of 2-bromopyridine were 

obtained along with unreacted phenylacetic acid 101 (lH N1R analysis). 

· Experiment 53. Photostimulated Reaction of Dipotassiophenylacetate . (100) 

with Iodobenzene 

When Procedure A was used with 36.S mg-atm of K, a light brown 

solution was obtained after 4.4 h of irradiation. The reaction was 

quenched with solid NH4Cl in ether and ammonia was allowed to evaporate at 

room temperature. The solid residue was then dissolved in 100 mL of water 

and extracted with 5x50 mL of ether. The combined ether solution was 

washed with 2x50 mL of 5% aqueous KOH. After drying over MgS04, most. of 

the ether was removed by distillation to give a brown solution. By 

preparative GC benzene and iodobenzene were isolated from this mixture 

(both compounds were identified by lH N1R spectra). The aqueous solution 
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was combined with the KOH washed and was acidified by 6N H2so4 to pH I. 

The ether extraction of the aqueous soltuion afforded 5.8 g of light brown 

solid upon removal of solvent. The lH N1R spectrum indicated the solid 

contained both phenylacetic acid (IOI) and biphenylacetic acid. (106). 

Biphenylacetic acid could be isolated from this mixture as off white 

crystals by repeat recrystallization from CCl4. It was identified·by 

comparing its lH N1R spectrum and by mixture melting point (158-161°C) 

determination with an authentic sample of 106 purchased from Aldrich 

Chemical Co. Half of the acid mixture (2. 90 g) was dissolved in 125 mL of 

methanol and 5.62 g (42.65 mmol) of boron trifluoride-methanol complex was 

added. The solution was brought to reflux for 41 h. After the mixture 

was cooled, it was poured in 200 mL of water. The aqueous solution was 

extracted with 4x?5 mL of ether. Then the ethereal solution was washed 

with 2x50 mL of saturate.d aqueous NaCl solution. After drying over MgS04, 

the sol.vent was evaporated and a brown liquid was obtained. The IR 

spectrum indicated all the acids were converted to their esters (no-OH 

band). Based on the original acid mixture, GC analysis gave a 48% yield 

of biphenylacetic acid (I. s. = benzyl benzoate). Methyl biphenylacetate 

was isolated by preparative GC as an off white solid, mp 145-148°C 

(Lit.128 mp 140-143°C): lH N1R (CDCl3) 03.60 (s,2H,CHz), 3.64 

(s,3H,OCH3), 7.39 (m,9H,Ph). 

When this photostimulated reaction was carried out in the same manner 

for 2 h, 22% of phenylacetic acid was found. 
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Experiment 54. Attempted Dark Reaction of Dipotassiophenylacetate (100) 

with Iodobenzene 

Procedure B was used with 36.5 mg-atm of K metal. The mixture was 

stirred for 2 h. Following. the work-up procedure described irt Experiment 

·53, iodobenzene and phenylacetic acid were the only materials obtained 

upon extractions. 

Experimell.t 55. Attempted Inhibited Reaction of Dipotassiophenylacetate 

(100) with Iodobenzene 

Procedure C was modified by using 36.5 mg-atm K metal and 5 mmdl of 

DTBN. After irradiation for 2 h, the reaction was worked-up and ester-

ified in the same manner as described in Experiment 53. GC analysis on 

the resulting ester mixture indicated that 18% of biphenylacetic acid had 

formed in this inhibited reaction. 

Experiment 56. PhotostimulatedReaction of D:ipotassiophenylacetate (100) 

with p""'.Bromotoluene 

The same ·procedure described in Experiment 53 was followed with ..E.-

bromotoluene as substrate. The irradiation was allowed to proceed for 5 

h. The ethereal solution, obtained from the extraction of the solid 

residue, was distilled to remove most of the ether. Careful short path 

distillation of this material gave toluene and rbromotoluene separately. 

The ethereal solution, obtained from extraction of the aqueous solution at 

pH 1, gave a light brown solid upon evaporation of solvent. lH N1R 

showed the presence of phenyfacetic acid and _r(p-tolyl)phenylacetic acid 

(107). The crude acid mixture was esterified with boron trifluroide-

methanol complex (see Experiment 53) in methanol. GC analysis of this 
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' crude tmiterial showed that 42% (b.ased on _rbromotoluene) of r<g-tolyl)-

phenylacetic acid (107) was present in the original acid mixture (I. S.. = 

benzyl · benz:oate) • Preparative GC gave the methyl ester of _£-_(_£-tolyl).;_ 

.· phenylacetic acid. as a light brown solid : lH lMR (CDCl3). 02.38 (s,3H, 

!?,-CH3), 3.64 (s,2H,CH2), 3.69 (s,3H,OCH3), 7.25 (tll,8H,.arolll8.tic). 

E:xpel'iment 57. Inhi.bited Reactions of Dipotassiophen;y!acetate (100) with 

p:Bromotoluene' 

Procedure C was modified by using 36.5 mg-atm of K 111etal and 10 mmol. 

of l>TBN• ··The irradiation was carriecl out for 4 h. Following the work-up · 

procedure described in Experiment 53, _£-bromotoluene and phenylacetic acid 

were recovered. No substitution product was observed •. 

The inhibited reaction was also carried out with 1 mmol of DTBN for 

4 h. Toluene (32% by GC analysis, I.S. = cumene) was found upon ether 

extraction of the solicl residue. r<rTolyl)phenylacetic was detected by 

1H !MR with phenylacetic acid in the ether extract of the aqueous solution 

at pH 1. 

· Expe.riment 58. Preparation of p=Di!uteriotolµene 
' ' 

Magnesium. turnings (3.75 g, 0.154 mg-atm) was placed in a 500 mL 

3 necked 24/40 i RB flask equipped with a condenser, a press\lre equaiized 
,. . :.. . .: ~ : \ 

addit!on funnel and a magnetic stirrer. Positive nitrogen pressure was 

.established by means of an adapter, at the top of,. the condenser, connected 
... 

to the nitrogen line. Two crystals of I2 were added and the flask was 

.heated ~ith a bunsen burner. A pU'tple haze was generated. After cooling, 

20 ·m1 .of the soluti:on containing 24 g (0 1 ~ 14· J!lmol) of rbromotoluene in 

100 mL of dry ether (distilled over Na) was·added quickly through the 
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addition funnel. The reaction started after 30 min (indicated by the 

formation of bubbles around t:he. turnings). Then the remaining ethereal 

.solution was added over 20 min. The mixture was stirred for 4 h. After 

testing the Grignard solution by the Gillman test, (shown to be positive), 

5.6 mL (0.28 mmol) of D20 was added dropwise via an addition funnel. A 

cloudy white solution formed. After the addition, the mixture was stirred 

for 2 h. Then it was poured into 300 mL of water and extracted with 3x75 
I 

mL of ether. When the s.olution remained cloudy after the extraction, it 

was placed in a liquid-.liquid .extractor and continuously extracted with 
'· 

ether for 24 h. The .ethereal .solutions were combined and dried over 

MgS04. After the ether was removed by distillation, 9.31 g (71%) 

..E.:..deuteriotoluene was collected at 107-108°C : lH mR (neat) 02.19 

(s,3H,CH3), 7 .15 (m,4H,tolyl). Mass spectrum m/e (relative intensity) 

93*(94), 92(100), 91(1~), 66(14), 40(12). 

·Experiment 59. Pl:eparation of.P:DeutericrphenylaceticAcid 

In a 100 mL 3 necked 24/40 1j RB flask equipped with 2 septa, a 

·condenser with an a,daptor for Nz inlet and a magnetic stirrer was placed 

4.94 g (53.12 mmol) of z-deuteriotoluene. Then 30. 02 mL (48.32 mmol) 

of 1.3M n-BuLi in hexane was added via syringe. After the solution was 

stirred for 15 min, 5.62 g (48.33 mmol) of tetramethylethylenediamine was 

introduced dropwise through an addition. fun:nel. The solution was then 

brought to reflux for 1.5 h. When the reaction mixture was cooled to room 

temperature, the solution was drawn out in portions with a 20 mL syringe 

and sprayed over crushed, solid C02 in a l L beaker. The beaker was 

1\Molecular ion 



i61 

. . 
shaken vigorously during each addition until it was possible t.o stir with 

: a .~gnetic stirrer. After the addition was complete, the excess solid C02 

was allowed to evaporate. at room temperature to give a white slurry. 'Then . 

75 mL of 10% aqueous KOH was added and the aqueous solution. was extracted· .. 

with 3x30 mL of ether. The remaining aqueous solution was acidified with 

6N .aqueous H2S04 until the pH r.eached 1 and it was extracte·d with 4XSO mi 

· of ether. ·After drying over MgS04, the ether was. removed by rotorary 

evaporator to give 3.5g<of crude acid as a white solid. Recrystallizat-

ion from hexane gave rdeute_riophenylacetic acid as white crystals; mp 76-
. . 

77°C. 
1 . . . . . . . . . ' . . .···· .. ' . ·.· 
H ?MR (CDC13 03 • .51 (s,2H,CH2)j 7 .20 (s,4H,Ph)' 12.20 (s,lH,-OH). 

Mass spectrum : m/e (rel,.ative intensity) 137*(38), 93(33), 92(100), 91(19}, . 

. 66(21), 40(12); (phenylacetic acid - do: 136*(30), 92(27), 91(100), 65(23), 

39(20)). 

: .. ., ' . . 
Experiment 60. Pl:lotostimulat.ed Reaction of Dipotassio p:Deuteriophenyl-

acetate (120) with p-:Bromotoluene 

The reaction was conducte~ in the same ma,'nner as deSCt'~bed in 

Experiment 56. The :irrl:i:diation was carried out for 4 h. The ether.ea! · 

solution, obtained from the extraction of the solid residue, was diStilled 
.1· 

to remove ether. GC analysis on the remaining brown solution showed 32% 

of toluene ( t. S. = cumene) • Preparative GC provided -a clean sample of. 

toluene: lH R1R (CDCl3) 02.36 (s,3H,CH3), 7.22 (s,5H,Ph) •. Based on 

lH ?MR integration and comparision with the spectra of ..P,"'"d~uteriotoluene 

and toluene (distilled over Na), the toluene obtained in this reaction did 

not show any deuterium incorporation. 

"Molecular Ion 
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Ether extraction of the aqueous solution at pH 1 gave a light yellow 

solid after removal of solvent. Esterificationwas then carried out in 

the same manner as described in Experiment 53. GC analysis revealed a 33% 

yield of J?.-(rtolyl)phenylacetate (I.S. = benzyl benzoate). 

Experiment 61. Preparation of Potassio a.-(2-:-pyridyl)phenylacetate (115) 

In a 250 mL 3 necked 14/20 1 RB flask equipped with a Dry Ice 

condenser and a bare metal magnetic stirring bar was generated 40 mmol of 

KNH2 in the manner described in Procedure B. Upon addition of 40 mmol of 

2-benzylpyridine via pipet, a deep red solution formed immediately. 

After 30 min of stirring, the condenser was removed and replaced with an 

adapter, connected to a bubbler. The ammonicalsolution was allowed to 

evaporate to dryness at room temperature to afford an off white solid. 

Then 100 mL of dry ether (distilled over Na) was added to the solid and 

the resulting mixture W8:S poured into a 500 mL 3 necked RB flask contain-

ing crushed solid.C02. Two adapters were placed on the flask for N2 inlet 

and outlet (conneted to a bubbler) and the remaining opening was stop-

pered. The slurry was stirred for 2 h while Nz was allowed to blow over 

the mixture. After most of the ether had evaporated, an off white solid 

was obtained by filtration. The moisture sertsitive carboxyla.te lJ2. 

obtained was used without further purification. lH ?MR (Dzo) o5 .13 

(s,lH,CH), 7.32 (m,7H,H's-Py and Pli.),. 7.75 (m,lH,J-ll of Py), 8.46 

(d, lH-, 6-H of Py). 
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Experiment 62. Decarboxylation of Potassio a-(2-wridyl).;.phenylacetate 

(115) ...,.._.. 
. ' 

Approximately 50 mg of .115 obtained in the previous experiment }'Tas 

added to l mL of D20 (slightly solll.ble) ,in a small test tube. The mixture 

. was filtered into an ?MR tube by passing. through a pipet plugged with a 

small piece of cotton. After a: la ?MR spectrm was obtained, 2 drops of 
. . . . 

3.!.HCl was added to the solution. Gas evolution was observed. The 

solution was then poured into ·a small test tube and 5% aqueous K.OH was 

a.dded dropwise until the solution. re.ached pH 6. Approximately l mL of 
-:~. 

CDCl3 was •added to.· the aqueous·· solution and t.he test tube was shaken. The 

CDCl3 layer was siphoned by a pipet and added to another pipet containing 
.:- . . .. : . · .. ·' 

. a small amount o~ M.gS04 'placed on top o.f a cotton pl'18• . The CDCl3 

solutlon was forced through the MgS04 colm.n by a pipet bulb into a clean 

N1R tµbe;, The lH tM.R. spectrm of this ma,tel.".ial showed that only 2-benzyl-. 

pyridine was present in the soiution. Deuterium incorporation at the 

methylene carbon was shown to be 1 deuterium atom by· integration (the 

·ratio of the methylene proton to the 6-hydrogen of the pyridyl moiety was 

.1:1). 

E;xperiment 63 •. : P~otostimulated. Reaction of a.;.Potassio-2.;.:Se11%Ylpyridine 

wito 2-Bromopyr':idine 

Procedure A was used with 13.9 mg-atm of K,· 13.9 mmol of ~-benzyl;... 

pyridine and4.2 inmol of 2.-bromopyridine. A ptjrple·sol'l,lt.ionwas obtained 

after 40 min of irradiation •. After work-up, 2.88 g of light brown oil -was. 

obtained. The lR ?MR spectrum indicated 7 5% of bis(2-pyridyl)phenylmet~ 

ane (103) and a trace of 2-aminopyridine was present. The substitution 
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product 103 was isolated as a white solid by column chromatography with 

20% ether-hexane as eluent: lH N1R (CDCl3) 05.82 (s,lH,CH), 7.34 (m,llH, 

H's of Py and Ph), 8.56 {d,2H;6-H of Py). The spectrum obtained was 

identical to that of 103 isolated (by preparative GC) in Experiment 48. 

Experiment 64. Attempted Photostimulated Reactions of the Radical Anion 

of Potassio a(2-Pyridyl)phenylacetate (109) with 2-bromopyridine 

The reaction vessel was set up as shown in Fig. 8. Approximately 75 

mL of liquid ammonia was introduced and 7 .37 mmol of the carboxylate ll5 

obtained from Experiment 59was added to the solvent. An opaque brown 

solution was obtained. When a small piece of K metal was added the blue 

color of solvated electron appeared for only a short time (30 sec). As 

soon as the blue color disappeared another piece of K metal was dropped 

in. In this manner6.15 mg-atm of K metal was added over 20 min, and an 

opaque orange solution was obtained. Irradiation was begun, 2.09 mmol of 

2-bromopyridine was added, and the reaction was allowed to preceed for 1 

h. The reaction was then quenched wi.th solid NH4Cl in ether. After all 

the ammonia was evapora~ed, the solid residue was tituratedwith 5x50 mL 

of ether. When the ether was r~moved, 2-benzylpyridine (102) pyridine and 

2-bromopyridine were found in the crude mixture (identified by lH NMR 

spectrum of the crude prod11~t). 

Experiment 65. Attempted PhotostimulatedReaction of Potassio a(2-

·Pyridyl)pbenylacetate (115) with 2-Bromopyridine 

In the photot'.eaction vessel shown in Fig. 8, 9 mmol of carboxylate 

HS was added to 7 5 mL of liquid ammonia. With the lights in the photo-

reaction chamber turned on, 3 mmol of 2-bromopyridine was added. The 
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photolysis was carried out for 1 h before the mixturewas quenched with 

solid NH4Cl in ether. Ether extraction of the solid residue remaining 

after ammonia was evaporated gave a brown oil. The lH lMR spectrum of 

this material· indicated the presence of 2-benzylpyridine and 2-bromo-

pyridine in the mixture. 

Experiment 66. Photostimulated Reaction of Dipotassio a-(2-Pyridyl)-

phenylacetate (117} with. 2-Bromopyridine 

Procedure A was used with 5.97 mmol of carboylate ll5, 5.97 mg-atm 

of K metal and 1. 96 mmol of 2-bromopyridine. The irradiation was allowed 

to proceed for 1 h. After the ammonia was evaporated, the solid residue 

was extracted with ether. When most of the ether was evaporated, a brown 

solution containing a smail amount of light yellow solid was obtained. 

The solid was separated by filtration with a pipet wrapped with a small 

piece of cotton at the tip. The yellow solid was identified as potassio 

a-(2,2-dipyridyl)phenylacetate (105) by lH !MR, IR and mass spectra: 

1H lMR (CDCl3) .o7.37 (m,llH,H's of Ph and Py), 7.59 (d,2H,6-H of Py). 

IR (CH2Cl2) showed C=O absorption at 1591 cm-l; mass spectrum: m/e 

(relative intensity) 246(22); 245(100), 244(27), 243(13), 167(11). 

Experiment 67. Attempte(i Reaction of Diphenylacetic Acid Monoanion (118) 

with . J;>otassium Metal 

Using Procedure A, 10 mmol of KHN2 was generated i.n the photoreaction 

vessel shown in Fig. 8. Diphenylacetic acid (10 mmol) was then added to 

the amide solution. A:q opaque yellow solution was obtained. Then 9 

mg-atm of K metal was cut into small pieces and one of them was added to 

the ammonical solution. The solution turned a dark blue color, which 
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persisted throughtout the 30 min of stirring before tnore K metal was 

added. The blue solution was stirred for an additional 3 h during which 

the remaining K metal was added. Then the solution was quenched with 

NH4Cl in ether and ammonia was evaporated at room temperature. Ether 

(3xSO mL) was used to extract the solid residue. No sign of any material 

could be detected when all the ether was distilled. The ether insoluble 

residue was dissolved in water and acidified to pH 1 with 3N aqueous HCl. 

Ether extraction of the acidic aqueous solution gave unreacted diphenyl-

acetic acid as a white solid upon removal of the solvent. 

Experiment 68. Photostimulated, Dark and Inhibited Reactions of 1,3-

Diphenylacetone Di.anion (125) with Iodobenzene 

Procedure A, B and C (with 1.5 mmol DTBN used) all gave a deep red 

solution when the dianion was generated with 36.5 mmol of KNHz. When 

these reactions were carried out with 5 mmol of iodobenzene, a dark brown 

oil with small amounts of insoluble solid was obtained after work-up with 

ether. The ether insoluble solid was dissolved in water and extracted 

further with CHzClz. A light .yellow solid was obtained when the solvent 

was removed. After washing with a small amount of ether, a white solid 

was obtained. Based on its lH N1R spectrum the solid was identiUed as 

1,1,3-triphenylacetone : ln N1.R (CDCl3) 03.34 (s,2H,CHz), 4.67 (s,lH,CH), 

7.17(m,15H,Ph). 

Experiment 69. Photostimulat.ed Reaction of Dianion of Phenylacetamide 

(126) with Iodobenzene 

Procedure A was followed except that 36.5 mg-atm of K metal was used. 

An opaque green solution formed when phenylacetamide was added to the KNHz 
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solution. The color of the solution changed.to deep red after irradiated 

with iodobenzene for 2 h. The reaction was quenched with NH4Cl and the 

ammonia was evaporated at room temperature. The solid residue obtained 

was added to 100 mLof water in which most of the solid did not dissolve. 

By vacuum filtration the insoluble brown solid was· separated. The 

filtrate was extracted first with 2x50 mL of ether and then by 2x50 lllL of 

ethyl acetate. The combined organic solution was dried over MgS04 and the 

solvent was removed~ A sticky yellow solid was obtained. The water 

insoluble solid and the yellow solid obtained from the organic extract 

were combined and added to 60 mL of 10% aqueous NaOH in a 250 mL. RB flask 

equipped with a condenser and a magnetic stirrer. It was heated for' 4 7 h 
. . 

until no more NH3 evolution could be detected (tested by wet pH paper). 

The cooled reaction mixture was treated with 6N aqueous H2S04 to reach pH 

1. Then the aqueous solution was extracted with 2x50 mL of ether and 3x50 

· mL of ethyl acetate.. After drying over MgS04, the solvent was removed to 

give a light brown solid. The lH N1R spectrum indicated that it contained 

phenylacetic acid as well as a small amount of biphenylacetic acid. 

Further extraction of the aqueous solution with 2x50 mL of ethyl acetate 

. gave a small amount of brown solid which was shown to contain mainly bi-

phenylacetic acid. 

Experiment 70. Attempted Photostilllulated Reaction of Potassio 1,3-

Dithiane (128) with 2-Bromopyridine 

When Procedure A was employed, a brown solid was obtained after 1 h 

of irradiation. The solid was shown to be a mixture of 1,3-dithiane and 

2-aminopyridine by lH lMR spectroscopy. No SRNl substitution product was. 
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detected. 

Experiment 71. Attempted Photostimulated Reaction of Potassio 1,3-

Dithiane (128) with Iodobenzene 

Procedure A was used to give a light brown solid after 1 h. The 

1H N1R spectrum of the crude product indicated the presence of 1,3-

dithiane and aniline. There was no trace of the expected SRNl substitu-

tion product. 

Experiment 72. Attempted Photostimulated Reactions of Potassio 2-Phenyl-

1,3-dithiane (131) with 2-Bromopyridine 

Procedure A modified by using 10 mg-atm of K metal, 10 mmol of 1,3 

phenyl-dithiane and 2-bromopyridine with various reaction times (5 min, 

40 min, 1 h and 2 h) consistently produced a sticky yellow solid that 

contained 2-bromopyridine, ~.-phenyl-l,3-dithiane and 3 other components. 

When the solid was added to a small amount of ether, a yellow solid 

remained insoluble. When this material was isolated by filtration, it was 

identified to be the dimer of 2-phenyl-1,3-dithiane (132), mp 205-207°C 

(Lit.119 mp 204°C); lH N1R (CDCl3) ol.85 (m,4H,5-H of dithiane), 2.61 

(m,8H,4,6-H of dithiane), 7.2 (m,6H,~,.P.-H of Ph), 7.54 (m,4H,16-H of Ph). 

The ether soluble material was chromatographied through a silica gel 

column under medium pressure with 15% ether-hexane as eluent. The 

compounds isolated from this mixture were 2-bromopyridine, 2-phenyl-1,3-

dithiane and two other unidentified products, 133 and 134. Compound 

133 was obtained as a yellow oil: lH N1R (CDCl3) ol.87 (m,6H), 2.6 (m,7H), 

3.28 (m,2H), 5.49 (s,IH), 7.36 (m,13H), 7.93 (m,4H). Compound 134 was 

also obtained as a yellow liquid: lH-NMR (CDCl3) ol.89 (m,5H), 2.6 (m,6H), 
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3.31 (m,2H), 5.23 (s,lH), 7.36 (m,llH), 7.93 (m,2H), 8.55 (d,lH). 

Experiment 73. Attempted Reactions of 2-Phenyl-1,3-dithiane with 2-Bromo-

pyridine in THF with n-BuLi as Base 

In a 250 mL 3 necked 14/20 i RB flask equipped with2 septa, an 
.:s 

adapter for a N2 inlet and a magnetic stirrer was placed 10 mmol of 

2-phenyl-1,3-dithiane in 75 mL of dry THF. With external cooling by an 

acetone-Dry Ice bath, 6.25 mL (10 mmol) of 1.6M n-BuLi in hexane was added 

to the solution via syringe. After stirring for 20 min, 2-bromopyridine 

(10 mmol) was added. In a series of similar experiments the following 

reaction conditions were employed: 1) -78°, hv, 1 h; 2) -78°, 1 h; 

3) 0°, 3 h; 4) -78°, 3 h, 5) -20°, 2 h; 6) -78°, 3 h; 7) -20° to 20°, 8 h; 

8) -78° to room temperature, 48 h. The work-ups of these reactions 

involved pouring the reaction mixture into 100 1mL of water in a separatary 

funnel; extraction of the aqueous solution with ether; drying over MgS04; 

filtration and evaporatin of the ether to yield the crude product mixture. 

In each attempt, 2-bromopyridine, 2-phenyl~l, 3-dithiane, dimer 132, com-

pound 133 and a small amount of 134 were found in the yellow oils 

obtained. 

Experiment 74. Reactions of 2-Phenyl-1,3-dithiane (127) withKNH2-2!.,_ 

n-BuLi 

Potassium amide (10 mmol) was generated in the manner described in 

Procedure B. 2-Phenyl-1,3-dithiane (10 mmol) was then added to the amide 

solution. The reaction was allowed to proceed for 1.5 h, then quenched 

with solid NH4Cl and extracted with 4x50 mL of ether to give a viscous 

yellow oil. When a small amount of ether was added to the oil obtained, a 
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yellow precipitate formed. Filtration by a pipet wrapped with a small 

piece of cotton at the tip allowed isolation of the yellow solid. The 

1H !MR spectrum. identified the solid as the dimer 132. The ethereal 

filtrate was shown to contain 2-phenyl-1,3-dithiane and compound 133 by 

lH !MR spectroscopy 

When n-BuLi was used as base, the procedure described in Experiment 

71 was used except no aromatic substrate was added. The reaction was 

allowd to proceed for 1.5 h at room temperature. The ethereal extract 

obtained after work-up was shown to contain 2-phenyl-1,3-dithiane, dimer 

132 and compound 133. These compounds were identified by their lH Nt1R 

spectra upon separation by column chromatography (20% ethe~hexane was 

used as eluent). 

Experiment 75. AttemptedPhotostimulated Reactions of the Carbanion of 

Bisphenylthiomethane.(137) with 2-Bromopyridine 

Bisphenylthiomethane was prepared by a reported procedure.129 

When Procedure A was used, a yellow solid was obtained after work-up. The 

1H !MR spectrum. of this material indicated the·presence of 2-brotrio-

pyridine, 2-aminopyridine, and bisphenylthiomethane in the mixture. No 

SRN~Substitution product could be detected. 

Procedure A was also used with the irradiation time extended to 1 h. 

2-Aminopyridine along with bisphenylthiomethane were found in the reaction 

mixture. 

Experiment 76. Photostimulated Reactions of Potassio Dimethyl Sulfone 

(138) with 2-Bromopyridine,. Iodobenzene and Chloropyrazine 

Procedure A was used for the reactions where 2-bromopyridine (5 min 
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of irradiation). Iodobenzene (5 min of irradiation) and chloropyrazine 

(80 min of irradiation) were employed as substrates. The ethereal 

extracts in these reactions resulted in the recovery of the starting 

halides and small amounts of dimethyl sulf one. The remaining dimethyl 

sulfonewas extracted by using CH2Cl2 as solvent .. No substitution product 

was. found •. 

Experiment 77. Attempted Photostimulated Reaction of Potassio Dimethyl 

Sulf one ( 138) with Iodo benzene wi, th Entrainment . by A.cetone Enola te · 

Procedure A was modified by using 19.25 mg-atm of K metal and by the 

addition of 0.5 nimol of acetone along with 18.75 mmol of dimethyl sulfone 

to the ainide solution. After 1 h of irradition~ the reaction was quenched 

with solid NH4Cl. Ether and CH2Cl2 extracts resulted in the recover of 

starting materials. 

Experiment 78. Attempte.d Photostimulated Reactions of t-Butyl a-Phenyl-

. thioacetate (139) ~1th 2 ... nromopyridine · 
.:' ' 

_!-Butyl a-phenylthioacetate (147) was prepared by inversion addition 

of .£_-butyl acetate enolate (generated by LDA in THF) .to a solution. of· 

PhSS02Ph.l30, 131 Procedure A was used in the generation of .£_-butyl a-

phenylthioacetate enolate (139) from ester 147. When the irradiation was 

·carried out' for 80 min, a yellow oil was obtained after work-up. The 

1H mR spectrum of this material indicated the presence of 2-bromo-

pyridine, ester· 147 and two other. components. When column chromatography 
·. -

. was performed with hexane as eluent, a white solid was obtained in the 

first fraction. It was identified as diphenyl disulfide by comparison of 

its lH mR spectrum with an authentic sample purchased from Aldrich 
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Chemical Company. The other product in the mixture was identified as 

.E_-butyl a-di(phehylthio)acetate by comparing its lH !':MR spectrtllll with the 

by-product obtained from the preparation of ester 147: lH N1R (CDCl3) 

ol.39 (s,9H,.E_-C4H9), 4.83 (s,lH,CH), 7.50 (m,10H,C6HS). 

Experiment 79. Attempted Photostimula.ted·Reaction of t-Butyl a-Phenyl-

thioacetate Enolate Ion (139) with Iodobenzene 

Procedure A was followed to give a yellow oil after 20min of 

irradiation. lH l'M.Ranalysis showed that the oil contained .E_-butyl a-

phenylthioacetate (147), iodobenzene, diphenyl disulfide (isolated by 

coltlllln chromatography) and .E_-butyl a-di-(phenylthio)acetate 142. SRN1 

substitution. products were not detected. 

The same three products were obtained when the irradiation time was 

extended to 1 h. 

Experiment80. Attempted Photostimulated Reaction of t-Butyl a-Phenyl-

selenoacetate (140) with 2-B.romopyridine 
. . 

.E_-Butyl a-phenylselenaacetate (140) was prepared by reaction of _£-butyl 

acetate enolate (generated by means of LDA) with PhSeBr.132 Procedure A 

was carried out for 1 h to give a light brown oil, which was shown to 

contain 2-bromopyridine, ester 140, diphenyl diselenide (143) and _!-butyl 

a-di-(phenylselen.o)acetate (144). Diphenyl diselenide was isolated as a 

.yellow solid by coltlllln chromatography (with hexane as el~ent). It was 

identified by comparing its lH l'MR spectrum with an authetic sample 

obtained from Aldrich Chemical Company. Ester 144 was identified by using 

lH N1.R data obtained from the by-product of the preparation of ester 140: 
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1H N4R (CDCl3) ol.37 (s,9H,!_-C4H9), 4.73 (s,lH,CH), 7.27 (m,3H,.!!!_ and rH 

of Ph), 7.59 (m,2H,_£-H of Ph). 

Experiment 81. Reaction of Ethyl a-Phenylselenoacetate (145) with KNH2 

in Liquid Ammonia 

Ethyl a-phenylselenoacetate (145) was prepared by the reaction of 

Phse-Na+ with ethyl 2-chloroacetate.132 Procedure A was used for anion 

generations except no aromatic substrate was added to the reaction. 

Upon work-up, a light yellow oil was obtained which was shown to be a 

mixture of diphenyl diselenide (isolated by column chromatography with 

hexane as eluent) and unreacted ethyl phenylselenoacetate (140). 

Experiment 82. Photostimulated Reaction of t-Butyl Acetate Enolate 

Ion with 2-Bromopyridine Quenched with Diphenyl Disulfide 

The photostimulated reaction described in Experiment 31 was carried · 

out for 25 min. Then the lights of the reaction chamber were 

extinguished and 7.5 mmol of PhSSPh was added to the reaction mixture. 

After the solution was stirred for 1 h, the reaction was poured into a 1 

L beaker containing NH4Cl in ether. Upon evaporation of ammonia, the 

solid residue was extracted with 5x50 mL of ether. When the ether was 

removed, 2.5 g of light brown oil was obtained. By column 

chromatography (100 mL of hexane was used to elute PhSSPh; then 15% 

ether-hexane was used as eluent), the products were isoiated and 

identified by lH N4R to be diphenyl disulfide, t-butyl a-phenyl thio-

(2-pyridyl)acetate) (148), ~-butyl 2-pyridylacetate (84) and 

~-butyl 2,2-dipyridylacetate (85). Ester 148 was obtained as a 

yellow liquid (54% by lH N1R analysis) : lH N4R (CDCl3) ol.39 
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(s,9H,t-C4H9), 5.09 (s,lH,CH), 7.43 (m,8H,H of Py and Ph), 8.53 

(d,lH,6-H of Py). 
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A STUDY OF VARIOUS NUCLEOPHILES 
IN ARCMATIC 8RN1 REACTIONS 

by 

Jim-wah Wong 

(ABSTRACT) 

Various nucleophiles were subjected to SRNl (nucleophilic 

substitution via a radical chain mechanism} conditions with 

representative carboaromatic and heteroaromatic substrates. Upon 5-25 

min of near-UV irradiation, the carbanions of 2-benzyl-4,4...;dimethyl-2-

oxazoline, ethyl phenylacetate, ~-butyl acetate, N,N-dimethylacetamide 

and dimethyl methylphosphonate underwent reactions with both 2-bromo-

pyridine and iodobenzene iri an SRNl manner to give yields of good sub-

stitution products. The SRNl reaction between N,N-dimethylacetamide 

enolate ion and 2-chloroquinoline occut;"red even without photo-

stimulation. 

Due to incomplete ionization and the lack of homogeneity of the 

reaction mixture, potassio-2,4,4-trimethyl-2-oxazoline reacted with 

2-bromopyridine to give low yield of the substitution product through a 

phototstimulated SRNl pathway. How~ver, the reaction of this carbanion 

with iodobenzene afforded moderate yield of the substitution product, 

which was found to be formed via both SRNl and AE mechanisms. 

The dimethyl phosphite ariion reacted slowly with 2-bromopyridine 

and failed to react with 2-chloroquinoline and chloropyrazine under .the 

influence of near-UV light. This unusual trend of reactivity was 

attributed to the inability of the product radical anion to restore an 

electron to the aromatic substrate, a necessary step in the propagation 

of the SRNl cycle. 



Treatment of _!-butyl a-trimethylsilylacetate with KNH2 caused 

cleavage of the C-Si bond. t-Butyl acetate and hexamethyldisiloxane 

were obtained upon quenching. Methylene triphenylphosphorane, sulfur 

and selenium stabilized carbanions of 1,3-dithiane, 2-phenyl-1,3-

dithiane, dimethyl sulfone, t-butyl a..;,;phenylthioacetate, bisphenylthio-
. - . '·' '· •, . 

methane and t-butyl <X"'.'"phenylselenoacetate, failed to react with 2-

bromopyridine and iodobenzene. The carbanion of dimethyl sulf one 

remained unreactive towards iodobenzene even upon attempted entrainment 

by a catalytic amount of acetone enolate. 

The dianion. of phenylacetic acid reacted with iodobenzene to give 

biphenylacetic acid and benzene upon irradiation. Similar results were 

obtained withJ?-bromotoluene as substrate where substitution occurred 

only at the para position of the dianion. A non-chain mechanism was 

proposed to described both of these reactions. The dianion of 

phenylacetic acid also reacted with 2-bromopyridine to give a complex 

mixture under photostimulated conditions. 2-Benzylpyridine, 

bis(2-pyridyl)phenylmethane, ..E.-(2-pyridyl)phenylacetic acid, potassio 

a-bis(2-pyridyl)phenylacetate, and 2-aminopyridine were found as 

products. Based on experiments performed with several probable 

intermediates of this reaction, and SRNl mechanism can account for 

formation of all products. 

Preliminary results showed that the reaction of phenylacetamide 

dianion with iodobenzene also gave rise to the para substituted product. 

The dianion of 1,3-phenylacetone was found to react with iodobenzene to 

give 1,1,3-triphenylacetone via a mechanism other than an SRNl 

pathway. 
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