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Reaction of Thiophenoxides with Nitro- and Halo-Substituted 
Phthalimide Derivatives 
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Recerced J u n e  13, 1977 

The reaction of thiophenoxides 3 with nitro- and halo-substituted phthalimide derivatives 1 was studied. In con- 
trast to the reaction of 1 with phenoxides, a variety of inorganic bases, organic amines, and solvents such as THF. 
EtOH, and CH2C12 were used successfully in the thiophenol reactions. Using these procedures, a series of previously 
unknown thioether imides 2 were synthesized and identified with the assistance of I3C NMR analysis. The relative 
rates of reaction of the different imides with thiophenoxide were measured and the differences in rate between the 
thiophenoxide and phenoxide nucleophiles are discussed in detail. The 3-substituted nitro derivatives were much 
more reactive toward thiophenoxide than any of the other systems which were studied. An examination of the tor- 
mation of disulfides as side products was also made 

Recent studies by these authors have dealt with the reac- 
tion of phenoxide nucleophiles with nitro and halo groups 
activated by derivatives of phthalic acid. These studies have 
covered reactions with N-substituted phthalimides,' 
phthalate esters2 and phthalic anhydrides.3 The tremendous 
nucleophilicity of sulfur in aromatic nucleophilic displacement 
reactions is well doc~rnen ted .~  According to Parker,j "the 
thiophenoxide ion is the most powerful nucleophile which has 
been thoroughly studied in bimolecular SnAr reactions". 

Preliminary work' has demonstrated that, indeed, in dis- 
placement reactions involving the phthalimide moiety as an 
activating group, thiophenoxide is vastly superior to phen- 
oxide as a nucleophile. For example, in the displacement of 
the nitro group from 3-nitro-N-phenylphthalimide (1, X = 
3-NO2; R = Ph)  in DMF, sodium 4-methylthiophenoxide (3) 
was found to react >IO0 times faster than sodium 4-methyl- 
phenoxide (4).  In addition, if a mixture of 3 and 3-(4-meth- 
y1phenoxy)-N-phenylphthalimide ( 5 )  or 4 and 3-(4-methyl- 
thiophenoxy)-N-phenylphthalimide (2b) was allowed to react 
in DMF at 120 "C for 1 h, the ratio of 2b to 5 from either 
starting mixture was 97 to 3 (eq 1). These experiments sug- 

0 

5 

0 

2b 

gested that the enhanced reactivity of sulfur might allow us 
to explore new base and solvent systems with thiophenol de- 
rivatives in these displacements. 

Results and Discussion6 

Studies of Base System. Initial work was carried out with 
the preformed sodium salt of thiophenol(3, Y = H; M = Na) 
or 4-methylthiophenol (3, Y = CH,; M = Na). Reaction of 
these salts with 3- or 4-substituted nitro, chloro, or fluoro 
derivatives of 1 (R = alkyl or aryl) in DMF gave essentially 
quantitative yields of 2 (eq 2). Reactions involving an in situ 

0 

2 

formation of the anion of 4-methylthiophenol using potassium 
carbonate or sodium hydroxide as a base gave good yields of 
2. Apparently, the displacement is so rapid with the sulfur 
nucleophile that the reaction is complete before the base can 
enter into the hydrolysis reactions with I that  are seen in the 
phenol derivatives.7 

Amine bases were also used in these reactions of 1 where X 
= NO2, and essentially quantitative yields of 2 were obtained. 
These results are in direct contrast to reactions involving 4- 
methylphenol in which amine bases gave no displacement with 
any derivatives of 1. Particularly interesting was the reaction 
of 4-hydroxythiophenol (3, Y = OH; M = H) in which only 
displacement by sulfur was seen. If amine bases were used 
with fluoro and chloro derivatives of 1, only 50% yields of 2 
were obtained, even a t  temperatures of 80 "C. In addition to 
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Table I. Displacement Reactions in DMFQ 
0 0 

I 2 

Compd Registry no. _ _ _ _ ~  
2a 5 8 04 5- 34: -4 
2b 5 8 04 5- 3 8- 8 
2g 58045-39-9 
2g 
21 64146-71-0 
2n 64 146-70-9 
2b 
21 
21 
2a 
2c 58045-36-6 
2b 
2d 58045-35-5 
2e 64146-09-6 
2f 6 4 11 4 6 -6 8 - 5 
2g 
2h 6 4 l 4  6-6 7 -4 
2i 64146-66-3 
2j 64146-65-2 
2k 
21 
2m 
2a 
2b 
2a 64146-64-1 
2b 6 4 1.4 6 - 7 2- 1 

R Isomer-X Y 

Ph 
Ph 
Ph 
Ph 
CH3 
CH3 

CH3 
CH, 

Ph 

Ph 
Ph 
Ph 
n-Bu 
H 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 

H 
Ph 
Ph 
Ph 
Ph 

CH3 

3-N02 
3-F 
4-NO, 
4-C1 
4-N02 
3-NO, 
3-N02 
4-F 
4-NO, 
3-NO, 
3-NO, 
3-NO, 
3-NO, 
3-N01 
4-NO, 
4-NO, 
4-NO, 
4-NO, 
4-NO, 
4-N02 
4-NO, 
4-NO, 
3-NO, 
3-NO, 
3-NO, 
3-NO, 

Registry 
no. 

108-98-5 
106-45-6 

637-89-8 

106-53-6 
696-63-9 
106-54-7 
371-42-6 

Base (temp. "C) 

NaOHe (25) 
NaOCH,e (25) 
NaOCH,e (60) 
NaOCH,e (25) 
NaOCH,e (25) 
NaOCH3e (25) 
K,CO,f (25) 
K,CO, f (25) 
NaOHg (25) 
Et,N (25) 
Et,N (25) 
Et,N (25) 
Et,N (25) 
Et,N (25) 
Et,N (25) 
Et,N (60) 
Et,N (60) 
Et,N (60) 
Et,N (60) 
Et,N (60) 
Et,N (25) 
Et,N (25) 
NaN0,h (25) 
NaN0,h (25) 
None (25) 
None (25) 

% yield 
(isolated) mp (ethanol) 

91b 146-148 
99 204-205 
96 165-167 
98 
92 135-1 37 
99 147-148 
96C 
81d 
57d 
98 
9 6 193-195 
99 
92 83-85 
93 260-262 
99 157-159 
98 

184-185 87 
98 145-146 
91 177-178 
9;' 161-163 
9: 
86 194-195 
99c 
98 
51 C 
32 

asatisfactory analytical data (+0.4 for C, H, N, S)  were reported for all new compounds listed in the table. b Reaction run 
by D. R. Heath in Me,SO. The displacement was apparently so fast that very little 6 was formed even in this solvent.CVPC 
yield. d Yield was low due to  samples removed for analysis. e Preformed salt-either H,O or MeOH removed before addition 
of 1. fused  1 equiv of granular anhydrous K,C03/1 equiv of thiophenol. gUsed 1 equiv of sodium hydroxide pellets (97%)/ 
1 equiv of thiophenol. h Used 0.02 equiv of anhydrous NaNO,/l equiv of thiophenol. 

unreacted 1, a considerable amount of the disulfide 6 (Y = 
CH3) was found in these reactions. 

Y-@-S-@ 
6 

The addition of a small amount (-2 mol %) of sodium nitrite 
to a DMF solution of 4-methylthiophenol (3, Y = CH,; M = 
H) and 1 (R = Ph; X = 3-NO2) resulted in a rapid reaction a t  
room temperature, and after 1 h a 98% yield of 2 (R = Ph; Y 
= CH3) was obtained. A catalytic amount of any number of 
bases should effect this reaction with the nitrite generated 
from the displacement functioning as the actual base. Sur- 
prisingly, we also found that the displacement could be carried 
out in DMF with no base present; however, the reaction did 
not proceed to completion. It is possible that there are traces 
of dimethylamine in the DMF which function as the base or 
that perhaps the DMF acts as the base itself. However, in ei- 
ther case the nitrite which is generated apparently does not 
effectively function as a base, since the reaction does not 
proceed to completion. This indicates that the cation associ- 
ated with the base has a definite influence on whether the 
nitrite generated from displacement can function as a base 
itself to  complete the reaction.8 The results of these base 
studies are summarized in Table I. 13C NMR assignments for 
the compounds 2 are contained in Table VI in the supple- 
mentary material. 

Studies of Solvent Systems. The yields of 2 from the re- 
actions of phenoxides with 1 in nondipolar aprotic solvents 
were generally poor.' The exception occurred in the 3-nitro 

Table 11. Nitro Displacements in New Solvent Systems 
at 25 "C 

0 !? 

R M Base Solvent 
Time, % yield 

h (iso1ated)Q 

Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
CH3 
CH3 
CH3 

H 
H 
Na 
Na 
Na 
Na 
H 
Na 
Na 

K 2 C 0 3  
Et,N 
Preformed 
Preformed 
Preformed 
Preformed 
Et,N 
Preformed 
Preformed 

THF 
THF 
CH,Cl, 
CH,CN 
Acetone 
EtOH 
THF 
THF 
CH,C1, 

16b 98 
3 88 
3 95 
1 90 
1 90 
3 98 
3 93 
1 87 
3 97 

a No attempt was made to  maximize the yields. b This re- 
action was carried out at reflux. 

system in which displacements involving 1 (R = Ph; X = 3- 
NOa) could be carried out in THF. Thiophenoxides react with 
3-nitro derivatives in a variety of solvents such as THF, 
methylene chloride, acetone, acetonitrile, and ethanol to give 
excellent yields of 2 (see Table 11). Unexpectedly, the 4-nitro 
isomers of 1 did not react well in these solvents. 

The successul use of methylene chloride as a solvent allowed 
a two-phase reaction to be carried out. LJsing Adogen 464 
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Table 111. Relative Rates of Reactivity of 1 in MezSO at 25 
OC“ 

~~ 

Relative 
Rates Relative 
with Rates 

4-CH3C6- with 
HdS-- Registry C~HSO-- 
Na+ Compound no. Na+ 

1 l j  (R = CH3; X = 4-C1) 63197-17-1 1 
6 la (R = Ph; X = 3-C1) 42899-83-2 b 
8 l b  (R = CH3; X = 4-F) 63196-44-1 4 
8 IC (R = Ph; X = 4421) 26491-49-6 b 

38 Id (R = Ph; X = 4-F) 63197-16-0 20 
190 l e  (R = Ph; X = 3-F) 42899-84-3 65 
250 If (R = CHa; X = 4-NOz) 41663-84-7 37 
750 lg  (R = Ph; X = 4-NO2) 40392-27-6 130 

9 400 lh (R = CH3; X = 3-NO2) 2593-81-9 170 
16 000 l i  (R = Ph; X = 3-NO2) 19065-85-1 520 

Each series was determined independent of the other and thus 
the relative value of one in the sulfur series does not equal the 
relative value of one in the oxygen series. Thus, no direct com- 
parison of the rates between the two series should be made. b An 
accurate value for this compound could not be obtained due to 
the formation of side products. Registry no.: 10486-08-6. Re- 
gistry no.: 139-02-6. 

[methyltrialkyl ( C ~ - C ~ O )  ammonium chloride] as a phase- 
transfer catalyst., an 80% yield of 2n was obtained from 1 (R 
= CH3; X = 3-NOz) and 3 (Y = CH3; M = H). 

Relative Rates  of Reaction. A series of competition re- 
actions was carried out between the various halo- and ni- 
troimides, l, with sodium 4-methylthiophenoxide, 3 (Y = CH3; 
M = Na), in MezSO at  25 “C. The results of these experiments 
are presented in Table I11 along with the relative rates of re- 
activity for each of these compounds with sodium phenoxide 
in Me2530 at  25 “C. Table IV contains a comparison of pairs 
of leaving groups with respect to displacement by sulfur or 
oxygen and a comparison of the relative rates of displacement 
of the 3- and 4-isomer for each leaving group with sulfur or 
oxygen. From the data in Tables I11 and IV several trends can 
be seen: (1) For both sulfur and oxygen nucleophiles, the rel- 
ative leaving group ability is NO2 > F > C1. (2) The relative 
difference between the rate of displacement of nitro and halo 
is much greater for sulfur than oxygen. (3) Displacements are 
favored when the leaving group is substituted in the 3-position 
with both sulfur and oxygen nucleophiles. The exception is 
for the chloro group with the sulfur nucleophile. (4) When 
sulfur is the nucleophile, the ratio of rates of displacement of 
the 3- to 4-nitro group is much greater than when oxygen is 
the nucleophile. (5) The relative rate of displacement of a 
3-substituted nitro group with the sulfur nucleophile is much 
larger than for any other system studied. 

As previously stated,l the nitro group can be either a better 
or worse leaving group than fluorine depending upon the 
system studied. As evidenced in Table IV, nitro is a better 
leaving group than fluorine in these systems regardless of 
whether the nucleophile is sulfur or oxygen. The more highly 
polarizable and “softer” sulfur nucleophile should prefer at- 
tack a t  a center which is closer to a polarizable group (nitro), 
and thus the nitro to halo differences should be enhanced with 
the sulfur nucleophile relative to the less polarizable oxygen 
nucleophile which favors attack a t  centers containing 
“harder”, less polarizable groups such as fluoro and chloro. 
This is in fact the case as illustrated in Tabel IV, where, for 
example, with compounds l j  and If the NO2 vs. C1 difference 
for sulfur is 250 vs. 37 for the oxygen nucleophile. 

The strong inductive effect of the o-carbonyl in the 3-isomer 

Table IV 

(A) Relative Rate Ratios for Various Leaving Groups for N- 
Substituted Phthalimide Derivatives 1 

NucleoDhile N-R Isomer NO421 NO?/F F/C1 

~ - C H ~ C G H ~ S -  N-Ph 3 2600 84 32 
-Na+ 
4-CH3CsH4S- N-Ph 4 94 20 5 
-Sa+ 
4-CH3C6H4S- N-CH3 4 250 31 8 
-Na+ 
C&,O-Na+ N-Ph 3 8 
C6H&-Na+ N-Ph 4 6 
CsHsO-Na+ N-CH3 4 37 9 4 

(B) Relative Rate Differences for 3/4 Isomers 
Ratio of 3/4 Isomers 

Nucleoohile N-R NO? F C1 

(which is not possible in the 4-isomer) should favor displace- 
ment in the 3-position over the 4-position. In terms of steric 
interactions, however, the 3-isomer may be less favored, since 
approach of the nucleophile is hindered. Thus, the actual rate 
difference between the 3- and 4-isomers should be lower than 
if just the electronic effects were important. However, since 
sulfur is sufficiently polarizable to supply electrons and form 
bonds with carbon at  relatively large  separation^,^ there is 
potentially less chance for steric interaction with the sulfur 
nucleophile. This polarizability may be very important when 
the carbon center is attached to a strongly polarizable group 
such as nitro, and may be further enhanced by the adjacent 
electron-withdrawing carbonyl group. Thus, when nitro is the 
leaving group, it is reasonable that the 3-isomer reacts ex- 
tremely rapidly with the sulfur nucleophile and the resulting 
3/4 rate ratio is high (21 for l j / lg;  38 for lh/ l f ) .  I t  should be 
noted that the 3-nitro isomer may behave much differently 
from the 4-isomer, since there is considerable interaction 
between the 3-nitro oxygen atoms and the carbonyl group 
which prevents the nitro group from being coplanar with the 
imide ring. The effect of this change in nitro group configu- 
ration on the rate of reactions of the 3- and 4-isomers is un- 
known. 

With the substitution of less polarizable halogen groups, 
the steric interactions a t  the 3-position become more impor- 
tant for sulfur and the 3/4 ratio more closely resembles the 
oxygen ratio (for l d / l e  the ratio is 5 for sulfur and 3 for oxy- 
gen). I t  is interesting to note that with the sulfur nucleophile 
the 3-chloro derivative is even slower than the 4-isomer ( l a / l c  
= 0.75). Again the lower polarizability of chlorine may enhance 
the steric effect and, since chlorine is larger than fluorine, this 
increased steric interaction in the 3-isomer now results in the 
4-isomer being slightly more reactive. 

We also compared the relative rates of reaction of l h  (R = 
Me; X = 3-NO2) vs. If (R = Me; X = 4-NO2) and l b  (R = Me; 
X = 4-F) vs. If (R = Me; X = 4-NOz) when the sulfur nu- 
cleophile was generated by reacting 4-methylthiophenol with 
triethylamine. The nucleophile generated in this fashion be- 
haved very similarly to sodium 4-methylthiophenoxide (3, Y 
= CH3; X = Na) in that the 3-nitro isomer reacted much faster 
than the 4-nitro isomer and that the nitro derivative was much 
faster than the fluoro derivative. Likewise, if the nucleophile 
generated from triethylamine and 4-methylthiophenol was 
allowed to react with a mixture of l b  (R = Me; X = 4-F) and 
IC (R = Ph; X = 4-C1), it was found that IC was 1.1 times faster 
than l b  vs. a difference of 1.3 when sodium 4-methylthio- 
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phenoxide was used as the nucleophile. Thus, at least for these 
two methods the manner in which the nucleophile is generated 
has little influence on the reactivity differences between pairs 
of imide derivatives. 

An attempt was made to determine the relative nucleo- 
philicities of sodium phenoxide and sodium 4-methylthio- 
phenoxide vs. a given phthalimide derivative. If this could be 
achieved, we could then compare the values for sulfur in Table 
I11 directly with those for oxygen. As reported previously,' 
reaction of equal molar quantities of sodium 4-methyl- 
phenoxide (4) and sodium 4-methylthiophenoxide (3, Y = 
CH3; M = Na) with l i  (R = Ph; X = 3-NOz) in DMF showed 
only reaction of the sulfur nucleophile. Similar reaction of 
equal molar amounts, of 3 and 4 with l j  (R = CH3; X = 4-C1), 
lb (R = CH,; li = 4-F), If (R = CH3; X = 4-N02), le (R = Ph; 
X = 3-F), and Id (R = Ph; X = 4-F) always produced >95% 
of the product from flulfur displacement. Thus, it is impossi- 
ble, by our methods, to determine accurately the relative re- 
activity of 4 to 3 and we can only say that 3 is at least 100 times 
more reactive than 4 toward displacement in these systems. 

Formation of Disulfide Derivatives. During some of our 
displacement studiec; we found appreciable amounts of di- 
sulfides 6, and thus we attempted to learn more about their 
formation. It is well known that thiophenols are very air sen- 
sitive and can easily be oxidized to give disulfides. Likewise, 
reactions carried out with thiophenols in Me2SO1° can pro- 
duce high yields of disulfides. We had noticed that more di- 
sulfide was produced in nitro rather than halo displacements 
and thus we studied the effect of sodium nitrite and unreacted 
nitro compour dl1 on the disulfide formations. These results 
are summarized in Table V (section A) and indicate that ni- 
trite by itself causes little oxidation of 3 (Y  = CH,; M = H), 
but when it is) allowed to react with 1.2 N HCl (as in the 
workup of the displacement reaction) to form nitrous acid 
considerable coupling occurs to give 6. In addition, the results 
also indicate that unreacted nitroimide may be responsible 
for the formation of 6. 

Reactions carried out between 3 (Y = CH3; M = Na) and 
lh (R = CH3; X = 3-NO2) and l b  (R = CH3; X = 4-F) dem- 
onstrated that if the reactions are carried out under nitrogen 
using a neutral workup no 6 is produced (Table V, section B). 
Likewise, it was discovered that when the displacement is 
slower (as with the halo derivatives) and triethylamine is 
present considerable coupling takes place12 (Table V, section 
B). This side reaction with triethylamine or impurities in the 
amine is serious enough that in the halo systems the dis- 
placement reaction cannot proceed to completion even if a 20% 
excess of thiophenol is used. This explains the low yields of 
2 which are formed firom these displacements. 

Summary. 'The reactions of thiophenols with nitro- and 
halo-substituted phthalimides were found to be much dif- 
ferent than similar reactions using phenols. The increased 
reactivity of the thiophenols permitted the use of inorganic 
and amine bases as well as many nondipolar aprotic solvents. 
The thiophenols were found to be extremely reactive with the 
3-nitro isomer!; in comparison to the other nitro- and halo- 
substituted derivatives. We have extended our studies of 
thiophenols to nitro and halo derivatives of phthalic anhy- 
dride, and these results are presented in a separate paper. 

Experimental Section 
Infrared spectra were taken on a Perkin-Elmer 457 grating infrared 

spectrophotometer in chloroform solution or as a KBr pellet. Mass 
spectra were determined on a CEC 21-104 analytical mass spec- 
trometer a t  70 eV. Vapor-phase chromatography (VPC) was carried 
out on a Hewlett Packard 5750 research chromatograph using a 6-ft 
10% UC-W98 on 80/100 Chromosorb W column with temperature 
programming. A variety of different programs were used depending 
upon the compounds studied. The thioether phthalimides had long 
retention times and generally required temperatures around 300 "C 
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Table V 

(A) Coupling of Thiophenol Derivatives 3 (Y = CH3; M = H) 
Reactants Time, h Workup Oh 3 % 6 (Y = CH3) 

DMF 1 1.2SHCl 93 4 
23.5 1.2 S HCl 70 22 

DMF,NaN02 1 1.2NHCl 0 87 
4 H20 83 9 
4 1.2NHCl 0 78 

23.5 H20 59 31 

DMF, 1 H20 87 11 
Nitrobenzene- 

4 H20 38 50 
23.5 H20 0 91 

(B) Disulfide Formation during Displacement Reactions 
DMF 

1 t 3 ( Y  = CH3)-2 + 6 (Y = CH3) 

Imide M Time Ih) Workut, % 6  

lh  (R = CH3; X = 3- S a  
NOz) 

lb (R = CH3; X = 4-F) S a  

1 H20 0 

1 1.2SHC1 5 
0.5 H20 0 
0.5 1.2NHC1 0 

l h ( R =  CH3;X=3-  H/EtaS 1 1.2NHC1 <2 
NO21 

1 H20 <2 

I C  (R = Ph; X = 4-C1) H/Et3S 16 H20 37 
lb (R = CH3; X = 4-F) H/Et3S 4.5 HzO 46 

to be eluded from the column. Melting points were determined on a 
Thomas-Hoover instrument and are uncorrected. C, H, N analyses 
were determined on a Perkin-Elmer 240 C, H, N analyzer, and sulfur 
analyses were determined by conventional analytical techniques ei- 
ther in house or by Galbraith. 

Anhydrous DMF or MezSO were purchased from Burdick and 
Jackson Laboratories. The acetone, acetonitrile, and ethanol used 
were reagent grades. The THF used was freshly distilled from sodium 
benzophenone ketyl. The triethylamine was used as purchased from 
Eastman. A sample of di-p-tolyl disulfide was also purchased from 
Eastman. The thiophenol derivatives were obtained from commercial 
sources. 

Preparation of Nitro- and Halophthalimides. The majority of 
nitro- and halophthalimides were prepared as has previously been 
described' by reacting the substituted phthalic anhydride with the 
desired amine derivatives. The 4-nitro-N-methylphthalimide de- 
rivative was prepared by nitration of N-methylphthalimide.'3 The 
3- and 4-nitrophthalimides were purchased from Eastman. 

Displacement Reactions-Different Base Systems. In general, 
the displacements were run by stirring the desired thiophenol and 
base (or performed thiophenoxide) with 1 and solvent under nitrogen. 
The reactions were followed by VPC analysis and the products were 
isolated by addition of the reaction mixture to a 1.2 N HCl/ice mixture 
followed by filtration. The crude products were recrystallized from 
ethanol. Analytical data for the compounds 2 are contained in Table 
I, and 13C NMR shifts are in Table VI (see supplementary material). 
Specific details for the various methods are given below as well as one 
detailed example. 

(A) Sodium Hydroxide Azeotrope. A mixture of the thiophenol, 
50% aqueous sodium hydroxide, MeZSO, and benzene was heated at  
reflux under nitrogen while the water was azeotropically removed with 
the aid of a Dean-Stark trap. After 8 h of reflux, the benzene was re- 
moved by distillation and the reaction mixture was cooled to 25 "C. 
To this mixture was then added the desired imide 1. 

(B) Sodium Methoxide Preformed. The preformed salt of 4-  
methylthiophenol (Aldrich) was prepared exactly as has been de- 
scribed for 4-methylphenol.' 

(C) Triethylamine. A mixture of 1.26 g of p-hydroxythiophenol 
(Crown Zellerbach), 2.68 g of 3-nitro-N-phenylphthalimide, and 25 
mL of DMF was stirred under a nitrogen atmosphere at  25 "C. To this 
mixture was added 1.40 mL of triethylamine with the aid of a syringe. 
The color of the solution immediately changed from light yellow to 
red and then slowly it changed back to light yellow. After 15 min the 
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reaction mixture was added to 1.2 N HCl/ice and 2c was collected to  
give 3.35 g (96%) after drying. A sample was recrystallized from eth- 
;an01 for analytical purposes. In addition to the analytical data pre- 
sented in Tables I1 and 111, an infrared spectra showed an absorption 
;at 3500 cm-l characteristic of a phenol. 

Displacement Reactions-Different Solvents. Besides DMF 
;and MeZSO, displacement reactions were also run in THF,  EtOH, 
CH3CN, acetone, and methylene chloride. All of these reaction mix- 
tures were worked up by addition to water followed by filtration of 
the product, except for methylene chlroide. When methylene chloride 
was the solvent, the reaction mixture was washed with water and the 
methylene chloride layer was dried and concentrated to give the de- 
sired product. A typical reaction procedure is presented below. 

T H F  4-NO2 Isomer. A mixture of 1.34 g of 4-nitro-N-phenyl- 
phthalimide, 0.80 g of sodium 4-methylthiophenoxide, and 15 mL of 
T H F  was heated at  reflux under a nitrogen atmosphere for 43 h. Ali- 
quots were removed at  3, 19, and 43 h and analysis indicated an ca. 
;50% yield of 2. There was little difference in analysis of the 3- and 43-h 
point. The VPC analysis indicated large amounts of the disulfide and 
unreacted nitroimide. 

Two-Phase Reaction. A mixture of 2.06 g of 3-nitro-N-methyl- 
phtahlimide, 1.24 g of 4-methylthiophenol, 0.80 g of 50% aqueous 
sodium hydroxide, 50 mL of H20,50 mL of methylene chloride, and 
0.50 g of Adogen 464 (phase-transfer catalyst from Aldrich) was stirred 
using a Vibro Mix stirrer. The mixture was kept a t  room temperature 
but was not blanketed with a nitrogen atmosphere. After 2 h the stirrer 
was stopped and an aliquot was removed from the methylene chloride 
layer. In addition, another aliquot was removed from both the 
methylene chloride and aqueous layers. Workup of both aliquots and 
analysis by VPC showed -80% of 3-p-methylthiophenoxy-N-meth- 
ylphthalimide, -10% of the nitroimide, and -10% of the disulfide 6. 
Extraction of the methylene chloride solutions with aqueous sodium 
bicarbonate did not alter the product composition, indicating that 
indeed the materials present were imides and not amide acids which 
ring closed upon analysis. Further reaction time up to 10 h did not 
alter the product composition. 

Competition Experiments: Reactivity of Ni t ro  o r  Halo De- 
rivatives toward  Displacements by Sodium p-methylthio- 
phenoxide. An arbitrary amount of anhydrous sodium 4-methyl- 
thiophenoxide was accurately weighed into a flask under nitrogen. 
An equivalent molar amount of each of the two compounds being 
studied and an internal standard (o-terphenyl) were then dissolved 
in enough MeZSO to make a solution containing 1OOh solids. An aliquot 
was removed from this solution and added to a mixture of 1.2 N HCI 
and methylene chloride. After vigorous shaking, the methylene 
chloride layer was removed and dried, and this solution was then used 
to determine the composition of the starting mixture. The MeZSO 
solution was then added to the sodium 4-methylthiophenoxide and 
t.his mixture was stirred under a nitrogen atmosphere at  room tem- 
perature. After 1 h, an aliquot was removed and worked up as de- 
scribed above. The solutions were then subjected to VPC analysis, 
and the peak area for each compound was determined. From these 
measurements and the analysis of the starting mixture, the percentage 
of reaction for each material was determined and then, using the 
equation presented by Huisgen,I4 the relative rates of reactivity were 
calculated. Similar reactions were run in which 4-methylthiophe- 
nol/triethylamine were used in place of sodium 4-methylthiophe- 
noxide. 

Reactivity of Sodium Phenoxide and  Sodium 4-Methylthio- 
phenoxide (3) with  Substi tuted Phthalimide Derivatives. Equal 
molar amounts of 3 and sodium phenoxide were weighed out under 
nitrogen and were dissolved in enough DMF (Me2SO does not give 
a homogeneous solution) to make a solution containing 10% solids. 

To this solution was then added an equal molar amount of the desired 
imide 1 and the reaction was run at  25 "C under nitrogen for 1 h. An 
aliquot was removed and analyzed as described above. The areas of 
each product peak were determined and corrected for response dif- 
ferences. From these measurements the relative rates of reactivity 
were ca1c~la ted . l~  

Formation of Disulfides. Response factors were determined for 
di-p-tolyl disulfide, and the silylated product of 4-methylthiophenol 
and BSA. VPC analysis was done using a 150 to 300 "C a t  20 "C/min 
program. In a typical run, a mixture of 0.68 g of 4-methylthiophenol, 
0.8357 g of o-terphenyl, 0.35 g of sodium nitrite, and 15 mL of DMF 
was stirred at  room temperature under a nitrogen atmosphere. Ali- 
quots were removed a t  timed intervals and worked up by addition to 
a CHzC12/1.2 N HCI or CH2ClziH~0 mixture. The organic phases were 
dried and BSA (Aldrich) was added. The resulting solution was an- 
alyzed by VPC. 
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