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I . INTRODUCTION 

The c o r r e l a t i o n of Hammett sigma constants w i t h v a r i o u s 
p h y s i c a l p r o p e r t i e s and s p e c t r a l parameters i n meta and para 
s u b s t i t u t e d benzene d e r i v a t i v e s has been e x t e n s i v e l y i n v e s t i g a t e d 
i n the l a s t few y e a r s . C o r r e l a t i o n s of nmr absorptions w i t h 
these s u b s t i t u e n t parameters have been e s p e c i a l l y successful.'' 

Per example, i n 1969 an nmr study was undertaken to 
determine the e f f e c t s of c e r t a i n s u b s t i t u e n t s on the nature 

2 
of systems of the f o l l o w i n g t y p e s : 

n 

X 

Y = C n = 3 
0 1 

• , • . N - 2 
S i 3 
Ge 3 
P 2 
S I 

X = NO2, 0 1 , B r , H, CH^, C 2 H ^ , t-C^Hg, OCH^, OC^E^, N(CH^)2 

I n these systems, the Y-methyl chemical s h i f t s and carbon 13-
proton coupling constants have been shown to be a f u n c t i o n of 
the e l e c t r o n i c environment of the absorbing proton. According 
to Bent's i s o v a l e n t h y b r i d i z a t i o n m o d e l , t h e g r e a t e r the 
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e l e c t r o n e g a t i v i t y of Y i n these systems, the g r e a t e r the 
amount of s c h a r a c t e r i n the carbon-hydrogen bonds of the 
methyl groups, and, t h e r e f o r e , the g r e a t e r the magnitude of 
the coupling constant. Since coupling constants should be 
r e l a t i v e l y f r e e of s o l v e n t or aniaotropy e f f e c t s , they might 
b e t t e r r e f l e c t s u b s t i t u e n t e f f e c t s than do chemical s h i f t s , which 
are not completely independent of such i n t e r a c t i o n s . 

Reasonably good l i n e a r c o r r e l a t i o n s of .Hammett sigma 
constants w i t h carbon 13-protGn coupling constant and chemical 
s h i f t data were obtained. 

For the system i n which Y i s S (Graph l ) , a p l o t of 
chemical s h i f t s versus Hammett sigma constants r e s u l t e d i n a 
s t r a i g h t l i n e w i t h a c o r r e l a t i o n c o e f f i c i e n t of 0.961 and a 
standard e r r o r of 0.950. When the CT" constant i s used i n 
place of t.he tT"" constant f o r the n i t r o group, an even b e t t e r 
c o r r e l a t i o n was obtained. The c o r r e l a t i o n c o e f f i c i e n t was 
0.989 and the standard e r r o r 0.512. 

The (7" constant takes i n t o account the a b i l i t y of the 
electron-withdrawing n i t r o group to enter i n t o d i r e c t resonance 
i n t e r a c t i o n s w i t h the r i n g 

A p l o t of the carbon 13-proton coupling constants versus 
Hammett sigma constants f o r the same system, a l s o gave a 
s t r a i g h t l i n e w i t h a c o r r e l a t i o n c o e f f i c i e n t of 0.934 and a 
standard e r r o r of 0.205. Again the use of CT i n place of (f^ 

f o r the n i t r o group r e s u l t e d i n a b e t t e r c o r r e l a t i o n , w i t h a 
c o r r e l a t i o n c o e f f i c i e n t of 0.976 and a standard e r r o r of 0.12. 
T h i s i s shown i n Graph I I . " 

The slopes of these p l o t s are b e l i e v e d to be i n d i c a t i v e of 



3 

the a b i l i t y of Y to t r a n s m i t the e l e c t r i c a l e f f e c t s of the. 
s u b s t i t u e n t X to the methyl group. The slope equal to 1 .38 

obtained from, the coupling constant data f o r the system i n 
which Y i s ox.ygen, as compared to the slope equal to 1 .29 

obtained f o r the system i n which Y i s s u l f u r , has been i n t e r p r e t e d 
as being i n d i c a t i v e of the g r e a t e r a b i l i t y of the oxygen atom 

4 
to t r a n s m i t the e l e c t r i c a l e f f e c t s of the s u b s t i t u e n t . The 
a b i l i t y of Y to t r a n s m i t these e f f e c t s i s b e l i e v e d to be r e l a t e d 
to such f a c t o r s as i t s s i z e , e l e c t r o n e g a t i v i t y , p o l a r i z a b i l i t y , 
and the nature of the Y-aromatic bond. 

Up u n t i l the past f i f t e e n years l i t t l e of t h i s type of 
work had been done w i t h ortho s u b s t i t u e n t s because i t was 
b e l i e v e d that s t e r i c e f f e c t s i n such systems had to be 
considered i n a d d i t i o n to e l e c t r o n i c e f f e c t s . At the present 
time more than t h i r t y - t w o s e t s of ortho s u b s t i t u e n t constants 
have been defined by means of a Hammett-type l i n e a r f r e e energy 
r e l a t i o n s h i p : 

c o r r e l a t i o n of data f o r meta and para s u b s t i t u t e d compounds. 
and K, are p h y s i c a l or chemical constants f o r the s u b s t i t u t e d 

3 U 

and u n s u b s t i t u t e d compounds, r e s p e c t i v e l y . Sigma i s a m.easure 
of the e f f e c t i v e e l e c t r o n e g a t i v i t y of the s u b s t i t u e n t group. 

I n 1969 Marvin Charton^ undertook a study to determine 
whether or not these ortho sigma constants include s t e r i c 
e f f e c t s and to i n v e s i t g a t e the p o s s i b i l i t y of r e p r e s e n t i n g the 

+ C 

i s the slope and C i s the i n t e r c e p t obtained from the 
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ortho e f f e c t by a s i n g l e s e t of s u b s t i t u e n t constants. He was 
s u c c e s s f u l i n c o r r e l a t i n g a good number of these s u b s t i t u e n t 
constants w i t h an equation based on the I ' a f t ^ s e p a r a t i o n of 
s u b s t i t u e n t e f f e c t s i n t o i n d u c t i v e and resonance c o n t r i b u t i o n s . 

Charton, t h e r e f o r e , concluded t h a t the ortho e f f e c t i s a pure 
e l e c t r i c a l e f f e c t f o r most s u b s t i t u e n t s . A study of the 
v a r i a b i l i t y of the composition of the ortho s u b s t i t u e n t 
constants l e d Charton to conclude t h a t no one s e t of ortho 
s u b s t i t u e n t constants can be defined. He a l s o concluded t h a t 
only i n an e x c e p t i o n a l case i s the ortho e l e c t r i c a l e f f e c t 
l i k e l y to have the same composition as the para e l e c t r i c a l 
e f f e c t . I n g e n e r a l , then, the ortho and para e l e c t r i c a l 
e f f e c t s may be expected to d i f f e r i n both magnitude and 
composition. 

I n a more recent attempt to determine the e l e c t r o n i c 
nature of ortho s u b s t i t u t e d aromatics, Hess, S c h a e f f e r , and 

7 
Yoder examined the carbon 13-proton coupling constants of 
ortho s u b s t i t u t e d t o l u e n e s , a n i s o l e s , and benzaldehydes; 

The r e s u l t s of t h i s study, presented i n Table I , showed that 
the ortho sigma constants f o r a p a r t i c u l a r s u b s t i t u e n t i n a l l 
three s e r i e s were roughly s i m i l a r . The ortho sigma constants 
were g e n e r a l l y g r e a t e r than the r e l a t e d meta and para constants. 

X 1 
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Since t h i s appeared to he e s p e c i a l l y t r u e f o r e l e c t r o n -
a t t r a c t i n g s u b s t i t u e n t s , the authors b e l i e v e d t h i s to be due 
to the g r e a t e r i n d u c t i v e e f f e c t i n the ortho p o s i t i o n . 

T h i s p r o j e c t i n v o l v e d the s y n t h e s i s of a s e r i e s of ortho 
s u b s t i t u t e d methyl phenyl s u l f i d e s and the subsequent 
i n t e r p r e t a t i o n of t h e i r nmr s p e c t r a to see i f a l i n e a r 
c o r r e l a t i o n of reported ortho sigma constants w i t h carbon 13-
proton coupling constants or S-methyl chemical s h i f t s e x i s t e d . 
I t was a l s o the object of t h i s study to determine a new s e t 
of ortho s u b s t i t u e n t constants based upon these data. 
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I I . SYNTirSSIS 

Because the ortho s u b s t i t u t e d methyl phenyl s u l f i d e s ( 2 ) 
e i t h e r were not a v a i l a b l e commercially or were h i g h l y p r i c e d , 
most were prepared by methylation of the corresponding 
mercaptans ( 1 ) w i t h methyl iodide i n the -resence of sodium 
hydroxide and methanol. 

\ 
(2) 

The f i n a l nroducts were i s o l a t e d by vacuum d i s t i l l a t i o n s a t 
pressures l e s s than 20 ram Eg. The o-P, o-Cl, o-Br, o-OGH^, 
o-COOh, and o_-i>JH2 members of the s e r i e s were prepared i n t h i s 
manner. 

The mercaptans ( 1 ) were obtained by a procedure s i m i l a r to 
8 

th a t suggested hy T a r b e l l and Pukushima i n Organic Syntheses 
f o r the prepa r a t i o n of n e t a - t o l u e n e t h i o l , T h i s i n v o l v e d 
t r e a t i n g the corresponding ortho s u b s t i t u t e d a n i l i n e ( 3 ) w i t h 
sodium n i t r i t e and h y d r o c h l o r i c a c i d to form the diazonium 
s a l t - ( 4 ) . The a d d i t i o n of excess potassium e t h y l xanthate 
y i e l d e d the xanthate intermediate ( 5 ) , which then underwent 
a l k a l i n e h y d r o l y s i s to give the mercaptan ( 1 ) . 

SH NaOH 
GH3OH 

X 

(1 ) 
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( 5 ) ( 1 ) 

The mercaptans were i s o l a t e d by steam d i s t i l l a t i o n and were 
methylated without f u r t h e r p u r i f i c a t i o n . 

I t has been reported t h a t even at low temperatures a 
diazonium s o l u t i o n may r e a c t e x p l o s i v e l y w i t h a s o l u t i o n of 
a m e t a l l i c p o l y s u l f i d e . L e u k a r t ^ i n 1890 reported such a 
r e a c t i o n w i t h x a n t h a t e s . No unusual r e a c t i v i t y of t h i s nature 
was observed during the prep a r a t i o n of the a r y l methyl s u l f i d e s . 

Prepared i n the manner o u t l i n e d above were o-methoxythio-
phenol, £-chlorothiophenol, o_-fluorothiophenol, and o-bromo-
thiophenol. o - t o l y l m e t h y l s u l f i d e , o-mercaptobenzoic a c i d , and 
o-aminobenzenethiol were obtained commercially. 

The p r e p a r a t i o n of £-nitrothiophenol was attempted 
according to the procedures of T a r b e l l and Pukushima and of 
Poster and Keid.'"^ Poster and Reid prepared o-nitrothiophenol ( 6 ) 
by the red u c t i o n of o , o ' - d i n i t r o - d i p h e n y l d i s u l f i d e (7) w i t h 
sodium hydroxide and hydrogen s u l f i d e . 



SH 

(7 ) ( 6 ) 

The o ,o_'-dinoitro-diphen.yldisulf ide was prepared hy the method 
of W o h l f a h r t J Both P o s t e r & Reid and Wohlfahrt found the 
yellow c r y s t a l l i n e product to be quite s t a b l e . Both attempts 
on the nart of the author to prepare o-nitrothiophenol were 
u n s u c c e s s f u l . 

Methyl-Oj-(N,N-dimethylamino ) p h e n y l s x i l f i d e (8) was 
prepared by gently h e a t i n g a mixture of methyl-o-aminophenyl 
s u l f i d e ( 9 ) and an equlmolar amount of trimethylphosphate. 

A f t e r the i n i t i a l r e a c t i o n had subsided, gentle r e f l u x was 
c a r r i e d out f o r a period of 2 hours and 4-5 minstes. H y d r o l y s i s 
w i t h aqueous sodium hydroxide follov/ed by e x t r a c t i o n w i t h e t h e r , 
removal of the s o l v e n t , and d i s t i l l a t i o n at reduced pressure 
y i e l d e d a c l e a r c o l o r l e s s product. 

The methyl e s t e r of methyl-o_-carboxyphenylsulfide (10) was 

( 9 ) ( 8 ) 
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prepared i n a s t r a i g h t f o r w a r d manner i n v o l v i n g the e s t e r i f i c a t i o n 
of a s u l f u r i c a c i d s o l u t i o n of methyl-£_-car''ooxyphenylsulfide 
w i t h methanol. A f t e r a short period of r e f l u x , n e u t r a l i z a t i o n 
w i t h sodium bicarbonate, and the a d d i t i o n of the r e a c t i o n 
mixture to water, the product separated as a white s o l i d . ( 1 1 ) 

( 1 0 ) _ ( 1 1 ) 

The amide ( 1 2 ) of methyl-o_-carboxyphenylsulfide was 
prepared by simnly t r e a t i n g the a c i d w i t h thion3/l c h l o r i d e and 
then w i t h ammonium hydroxide. A white c r y s t a l l i n e product was 
i s o l a t e d . A' 

COM2 

( 1 2 ) 
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Upon treatment of the amide (12) w i t h phosphorous pentoxide 
and a p p l i c a t i o n of heat, the cyano d e r i v a t i v e (13) was prepared. 

I n none of these preparations were attempts made to 
maximize y i e l d s . With the exception of the carhom.ethoxy and 
cyano compounds, a l l products were l i q u i d s i v i t h a c h a r a c t e r i s t i c 
disagreeable odor. The p h y s i c a l constants of the products were 
c o n s i s t e n t w i t h those reported i n the l i t e r a t u r e . No data 
were a v a i l a b l e f o r the f l u o r i n e compound, but an e x c e l l e n t 
elemental a n a l y s i s was obtained. With the exception of the 
dimethyl amino compound, the p u r i t y of the products was v e r i f i e d 
hy the absence of spurious s i g n a l s i n the nmr s p e c t r a . The 
dimethyl amino compound i s estimated to contain approximately 
10^ i m p u r i t y . 
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I I I . EXPERIIvrSNTAL 

o-fluorothiophenol. I n a 1 - l i t e r , three-necked f l a s k , 
equipped w i t h a mechanical s t i r r e r , thermometer, and a p r e s s u r e -
e q u a l i z i n g dropping f u n n e l , and immersed i n an i c e hath were 
placed 94 ml (3.1 moles) concentrated HCl and 94 g crushed i c e . 
The s t i r r e r was s t a r t e d , and 50.0 g ( 0 . 4 7 moles) o - f l u o r o a n i l i n e 
was added dropwise. The mixture was cooled to 2°G, and a cold 
s o l u t i o n of 3 4 . 5 g (0.50 mole) NaH"02 i n 78 ml water was added 
dropwise so that the temperature remained below 4*^0. The 
r e s u l t i n g diazonium s o l u t i o n was orange, A s o l u t i o n of 
8 7 . 5 g ( 0 . 5 4 mole) potassiTjjn e t h y l xanthate i n 113 ml water v/as 
placed I n a 2 - l i t e r , 3-necked f l a s k equicped w i t h a thermom.eter, 
mechanical s t i r r e r , and dropping f u n n e l . The xanthate s o l u t i o n 
was heated to 4O-45°0 and the cold diazonium s o l u t i o n was 
added dropwise, the temperature being kept between 40-45°0 
w i t h the exception of an o c c a s i o n a l i n c r e a s e to approximately 
50°G, A red o i l was formed up-on a d d i t i o n of the diazonium 
s o l u t i o n . The r e a c t i o n mixture was heated at 45*^0 f o r 30 min. 
to i n s u r e complete decomposition of the intermediate. The red 
o i l was separated from the aqueous l a y e r , which was then 
e x t r a c t e d t w i c e , u s i n g 100 ml p o r t i o n of e t h e r . The combined 
o i l and e x t r a c t s were washed once w i t h 100 ml of 10/ NaOH 
and then w i t h two 100-ml po r t i o n s of water. The f i n a l xvashing 
was n e u t r a l to l i t m u s . The ether s o l u t i o n v/as d r i e d over 25g 
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anhydrous calcium c h l o r i d e , and 110 ml ether was removed hy 
d i s t i l l a t i o n a t atmospheric p r e s s u r e . The r e d , o i l y r e sidue 
was d i s s o l v e d i n 300 ml of 9 5 / e t i i a n o l , and the s o l u t i o n was 
brought to a b o i l . The source of heat was removed, and l l O g 
( 1 . 9 6 moles) KOH p e l l e t s were added at a r a t e -which kept the 
s o l u t i o n h o i l i n g . The s o l u t i o n was r e f l u x e d f o r 8 hours, 
a f t e r which a sample was s o l u b l e i n water. D i s t i l l a t i o n a t 
atro,ospheric pressure removed 184 ml ethanol. The red residue 
was taken up i n 325 ml water. The r e s u l t i n g s o l u t i o n was 
e x t r a c t e d w i t h s e v e r a l 50 ml p o r t i o n s of e t h e r . The e x t r a c t s 
were discarded. An e x i t hose l e a d i n g from the r e a c t i o n f l a s k 
to the hood was assembled, and the aqueous s o l u t i o n was made 
s t r o n g l y a c i d i c to Congo red paper w i t h 50 ml concentrated 
s u l f u r i c a c i d . Copious amounts of carbon o x y s u l f i d e were, 
l i b e r a t e d . Two grams of z i n c dust were added to the a c i d i f i e d 
s o l u t i o n , and the mixture was steam d i s t i l l e d . A f t e r s e p a r a t i n g 
the yellow o i l from the d i s t i l l a t e , the aqueous l a y e r was 
e x t r a c t e d w i t h s e v e r a l 50 ml portions of ether (300 ml t o t a l ) . 
The e x t r a c t s were added to the o i l , and the combined s o l u t i o n 
was d r i e d over anhydrous magnesium s u l f a t e . Removal of the 
ether at atmospheric pressure y i e l d e d 17 . 9 g of c l e a r yellow 
product. ( 2 9 , 9 / ) 

o-chlorothiophenol, o-methoxythiophenol, and o-bromo- ano'l ... 
thiophenol were prepared i n a manner analagous to t h a t f o r 
£-fluorothiophenol. The products were not i s o l a t e d and ""J? 

p u r i f i e d . The percent y i e l d of o-broraothiophenol was 35.8/, 
Other workers i n i t i a t e d the r e a c t i o n s f o r the p r e p a r a t i o n of 
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o-chlorothiophenol and o-methoxythiophenol, and the data 
necessary f o r the c a l c u l a t i o n of / y i e l d s were not a v a i l a b l e , 

Methyl-o-fluoro phenyl s u l f i d e ^ was prepared i n the f o l l o w i n g 
manner. To a s o l u t i o n of 17.9g (O . I 4 O mole) crude o - f l u o r o 
thiophenol i n 30 ml methanol xvas added w i t h s t i r r i n g a s o l u t i o n 
of 5.8g ( 0 , 1 4 mole) sodium h^/droxide i n 50 ml methanol. 
Methyl iodide (39.7g, 0.280 mole) was added dropwise to the 
r e a c t i o n mixture over a period of 30 mimites. A f t e r r e f l u x i n g 
f o r one hour, 72 m.l of methyl iodide and methanol were removed 
by d i s t i l l a t i o n a t atnospheric p r e s s u r e . The residue xvas 
washed w i t h two 50 ml portions of water, and the washings were 
e x t r a c t e d w i t h two 50 ml portions of benzene. The e x t r a c t s and 
o i l were combined and d r i e d over anhjrdrous magnesium s u l f a t e . 
A f t e r removal of the benzene by d i s t i l l a t i o n a t atmospheric 
p r e s s u r e , 4 . 2 g (20/) of c l e a r yellow product were i s o l a t e d 
by vacuum d i s t i l l a t i o n . (b.p. 51-55°G/l .7 mm). Data f o r t h i s 
compound could not be found i n the l i t e r a t u r e . An elemental 
a n a l y s i s of the product y i e l d e d the follo'wing r e s u l t s : 59.26/ 
Carbon, 5.04/ Hydrogen - ( t h e o r e t i c a l : 59.12/ C, 4.97/ H ) . 

2-tolgT methy^^ methyl-
o-methoxyphenylsulf ide , methyl-o-carboxyphenylsulf i d e , methylq-
o-aminophenylsulfide, and m.ethyl-o-bromophenylsulfide were 
prepared by treatment of the corresponding s u l f i d e s w i t h 
methyl iodide i n the presence of NaOH and CH^OH u s i n g the 
procedure o u t l i n e d above f o r the pre p a r a t i o n of methyl-o-fluoro-
p h e n y l s u l f i d e . The b o i l i n g points and y i e l d s f o r these 
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compounds are as f o l l o w s : o-CH^, bp 54-58/l8mm ( l i t . ^ 96-97/l7mm), 
46.8/; o-Cl, bp 63-67/l5mm ( l i t . ' ' ^ 116. 5-117/1 5mm), 30.4/; 
o-OCH^, bp 81-83/7mm ( l i t . ' " ' ^ 127-128/18mm), 10/; o-COgH, 
mp 170.5-171.5°C (lit.''® mp 169°C), 37/; o-NHj' 93-95/1.7mm 
( l i t . ' ' ^ 133-4/l5mm), 3 9 . 4 / ; o-Br, bp 107/3.9mm ( l i t . ^ ^ 81-83/0.3mm), 
60/, An elemental a n a l y s i s of o-to l y m e t h y l s u l f i d e gave the 
f o l l o w i n g r e s u l t s : 6 9.73/ 0 , 7 . 1 9 / H ( t h e o r e t i c a l : 6 9.65/ C, 
7 . 3 1 / H). 

Methyl-o-carbom,ethoxyphenylsulfide was prepared i n the 
f o l l o w i n g manner. Methyl-o-carboxyphenylsulfide (2,5g, 0.014 mole) 
was d i s s o l v e d i n 4 . 0 ml concentrated s u l f u r i c a c i d . To t h i s 
yellow r e a c t i o n mixture was added 35 . 0 ml methanol (27.6 g , 

0.863 mole). A f t e r 15 minutes of r e f l u x , the s o l u t i o i i was 
n e u t r a l i z e d w i t h sodium hydrogen carbonate. Upon a d d i t i o n of 
50 ml water, a white s o l i d p r e c i p i t a t e d out of s o l u t i o n . The 
s o l i d was c o l l e c t e d by s u c t i o n f i l t r a t i o n , washed w i t h water, 
and a i r d r i e d . R e c r y s t a l l i z a t i o n from aqueous methanol 
y i e l d e d 2 . 3 g (88/) white c r y s t a l s , mp 6 9 . 0 - 6 9 . 5 (lit.''® 
6 6 - 6 7 ) . 

o- thiomethylbenzamide was prepared according to a method 
suggested by S h r i n e r , Puson, and C u r t i n . Methyl-o- carboxy-
phenyl s u l f i d e ( l 9 . 1 g » 0,114 mole) was added to 9 5 . 5 ml (l.33moles) 
t h i o n y l c h l o r i d e , and the r e a c t i o n mixture was r e f l u x e d f o r 
30 minutes. T h i s dark brown s o l u t i o n was added dropwise to 
290 ml ( 4 . 3 5 mole) of cold concentrated ammonium hydroxide. 
Dense white fumes were evolved, and a cream-colored s o l i d was 
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formed. The p r e c i p i t a t e was c o l l e c t e d by s u c t i o n f i l t r a t i o n 
and r e c r y s t a l l i z e d from a 50:50 water-ethanol s o l u t i o n . 
11.7g ( 6 1 . 3 / ) white c r y s t a l s were i s o l a t e d , mp 151 .5-152.0. 

a - t h i o m e t h y l b e n z o n i t r i l e was prepared by dehydration of 
o-thiomethylbenzamide. o-thiomethylbenzamide ( I 2 . 1 g , 0.0724 mole) 
and phospnorus pentoxide (6.9g> 0.048 mole) were placed i n a 
500 ml round-bottom f l a s k and mixed w e l l by shaking. The 
mixture was heated w i t h a B'isher Burner ond was d i s t i l l e d 
a t reduced pressxire ( a s p i r a t o r ) . The product, a c o l o r l e s s 
l i q u i d , s o l i d i f i e a on contact w i t h the i c e - c o o l e d c o l l e c t i o n 
f l a s k . The crude product was vacuum d i s t i l l e d to y i e l d 5.9g product 
( 5 5 / ) , bp 149-152V4.lEwa, mp 37.5-39.0° (lit.''®mp 40-41). 

An attempt to prepare o.-nitrothiophenol. according to the 
method of T a r b e l l and Pukushima was u n s u c c e s s f u l . Upon 
a c i d i f i c a t i o n of the r e a c t i o n mixture w i t h concentrated s u l f u r i c 
a c i d , a t a r was formed, and the d i s t i l l a t i o n w i t h steam 
x/ielded no product, ^ 

The r e a c t i o n of sodium s u l f i d e w i t h o-chloronitrobenzene 
according to the procedure of P o s t e r and Reid'Sfvas c a r r i e d out 
i n an attempt to s y n t h e s i z e o_,o.'-dinitrodiphenydisulfide, which 
was to be used i n the p r e p a r a t i o n of o - n i t r o p h e n y l s u l f i d e . A 
mixture of 75.2g ( 0 . 3 1 3 mole) 1828 • 9H2O and 150 ml 
ethanol was r e f l u x e d f o r 3 . 5 hours. A f t e r t h i s period of 
r e f l u x some sodium s u l f i d e s t i l l remained a t the bottom of 
the r e a c t i o n f l a s k , "/ater ( 4 0 ml) was added to induce s o l u t i o n 
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of the sodium s u l f i d e . At t h i s point there were two la.yers 
present i n the r e a c t i o n f l a s k : a l i g h t y ellow upper l a y e r and 
a darker yellow-brown lower l a y e r . Both l a y e r s were f i l t e r e d 
f r e e of p r e c i p i t a t e d i r o n s u l f i d e s , and 4.8g (0.01 9 mole) of 
f i n e l j f ground s u l f u r was added to the combined la^j-ers. A f t e r 
a short time the s u l f u r d i s s o l v e d . The s o l u t i o n xvas red-brown 
i n c o l o r , the lower l a y e r being darker than the upper. T h i s 
s o l u t i o n was added to a b o i l i n g s o l u t i o n of 32.1g (0.204 mole) 
o-chloronitrobenzene i n SO ml of ethanol by means of a 
dropping f u n n e l . The r e s u l t i n g red s o l u t i o n was r e f l u x e d f o r 
seven hours. ?fhen the l i g h t yellow p r e c i p i t a t e of d i s u l f i d e 
which was supposed to appear a t t h i s time was not observed, 
v a r i o u s u n s u c c e s s f u l attempts to i s o l a t e the product b̂ r 
e x t r a c t i o n were made. 

MethyO^^ was obtained 
from the r e a c t i o n of methyl-£-ara:'nophen,ylsulfide wi t h 
t r i m e t h y l phosphate. Methyl-o-aminophenylsulfide ( I 6 . 2 g , 
0.116 mole) and I6.2g (0.116 mole) t r i m e t h y l phosphate were 
place i n a 1 - l i t e r f l a s k equipped w i t h a water-uooled 
condenser, l^he r e a c t i o n mixture was heated g e n t l y w i t h a 
Bunsen burner u n t i l the exothermic r e a c t i o n commenced. The 
r e a c t i o n was allowed to proceed without a d d i t i o n a l h e a t i n g 
u n t i l h o i l i n g ceased. At t h i s time, heat was again applied 
f o r a period of 2.75 hours, '-̂'he s o l u t i o n was then hydrolyzed 
w i t h 19g NaOH i n 150 ml water with vigorous magnetic s t i r r i n g 
over a period of 1.5 hours. A f t e r the a d d i t i o n of 200 ml water, 
the amine was e x t r a c t e d i n t o two 75 ml portions of ether. The 
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e x t r a c t s were combined and d r i e d over NaOH i n the r e f r i g e r a t o r . 
The ether was removed by d i s t i l l a t i o n a t atmospheric p r e s s u r e , 
and the orange-brown r e s i d u a l o i l was fractionallA?- d i s t i l l e d 
a t reduced pressure ( a s p i r a t o r ) . 10.8 g (55.6/) of a c l e a r , 
c o l o r l e s s product were obtained, bp 190-1 OOV^spirator ( l i t . ' ' ^ 
150/20mm). A n a l y s i s by nmr spectroscopy I n d i c a t e d the presence 
of approximately 10/ i m p u r i t y . 
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IV , SPECTROSCOPIC DATA 

The nmr s p e c t r a were recorded by Mr, Ri c h a r d Howell of 
F r a n k l i n and M a r s h a l l College u s i n g a V a r i a n A-60D MIR 
Spectrometer. Carbon t e t r a o h o l r i d e was used as the s o l v e n t f o r 
a l l compounds, and the i n t e r n a l standard was t e t r a m e t h y l s i l a n e . 
xA.ll s p e c t r a were recorded a t a s o l u t i o n concentration of 
30/ ( v o l : v o l or w t : v o l ) and a probe temperature of 38 + 2®G. 
The reported carbon 13-proton couplLng constants and S-methyl 
chemical s h i f t s are the averages of s e v e r a l t r a c e s and are 
be l i e v e d to be accurate to + 0.2 Hz and + 0.3 Hz, r e s p e c t i v e l y . 
See Table I I . 
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V. RESULTS 

An attemot was made to c o r r e l a t e these s p e c t r a l data 
w i t h the ortho sigma constants r e c e n t l y reported i n the 1 

12 
l i t e r a t u r e by Traynham, and T r i b b l e , who obtained t h e i r s e t 
of ortho sigma constants from the measurement of hydrox^/l 
chemical s h i f t s of ortho s u b s t i t u t e d phenols i n dimethyl-
s u l f o x i d e s o l u t i o n . Table I I I . The strong i n t e r m o l e c u l a r 
hydrox--en bond between the phenolic OH and DMSO i s b e l i e v e d to 
be o r j e n t e d away from the ortho s u b s t i t u e n t , thereby minimizing 
s t e r i c e f f e c t s . 

V/ith both the coupling constant and chemical s h i f t data, 
c o r r e l a t i o n s were poor. The p l o t of cT v s . had a 
c o r r e l a t i o n c o e f f i c i e n t of 0.661 and a standard e r r o r of 4.12. 
The p l o t of J v s . (Tl had a c o r r e l a t i o n c o e f f i c i e n t of 0.59 
and a standard e r r o r of 0.611. Graphs I I I and IV. These 
poor c o r r e l a t i o n s add a d d i t i o n a l weight to Charton's conclusion 
t h a t no one s e t of ortho sigma constants can be defined. 

Prom an equation of the t.ype: 

where J i s the coupling constant and ^ and C are the l e a s t -
square slope and i n t e r c e p t , r e s p e c t i v e l y , of the J vs. 0~ 
p l o t f o r the appropriate meta and para s e r i e s , a new s e t of 
ortho Sigma constants was determined. An a d d i t i o n a l s e t of 

i*9 
ortho Sigma con s t a n t s , denoted by (y^ , was determined u s i n g 
the appropriate parameters from the J vs.(T p l o t of the meta 
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and para isomers, where (J~ was used i n place of f o r the 
n i t r o group. Table I V . 

Using the appropriate parameters from the v s . Q p l o t s 
of the meta and para isomers, two new s e t s of ortho sigrna 
constants were c a l c u l a t e d . Table V. The r e s u l t s i n both cases 
were not c o n s i s t e n t w i t h the general trends observed i n 
p r e v i o u s l y reported ortho sigma constants or i n those c a l c u l a t e d 
u s i n g coupling constant data. 

Taking i n t o c o n s i d e r a t i o n the a b i l i t y of the s u l f u r atom 
to undergo ( p - p ) ^ and (p-dRgy resonance i n t e r a c t i o n s , ' ' ^ 

the f o l l o w i n g observations can be made: 
( 1 ) The (77 constants f o r the CM, 1% C I , and CH^ groups are 

considerably g r e a t e r i n magnitude than t h e i r ( T ^ 
constants. T h i s may be a t t r i b u t e d to the g r e a t e r 
i n d u c t i v e e f f e c t i n the ortho p o s i t i o n . 

(2) The f a c t t h a t the 0~ constant f o r the OCH, group i s 
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considerably l e s s negative than the ̂  constant 
i n d i c a t e s a g r e a t e r I n f l u e n c e of the e l e c t r o n -
withdrawing i n d u c t i v e e f f e c t over the e l e c t r o n -
r e l e a s i n g resonance e f f e c t i n the ortho p o s i t i o n . 

( 3 ) The l e s s negative G/) constant f o r the dirnethylainino 
group, as compared to i t s 6̂'̂O-'̂ '̂̂ ^̂"-'*» seems to 
i n d i c a t e some s t e r i c i n h i b i t i o n of resonance i n the 
ortho p o s i t i o n , thereby reducing e l e c t r o n r e l e a s e by 
resonance. The increased electron-withdrawing e f f e c t 
of the ni t r o g e n i n the ortho p o s i t i o n may al s o be 
considered to be e f f e c t i v e i n t h i s case. 

( 4 ) The unexpectedly low value obtained f o r the C02CH^ 
group may i n d i c a t e t h a t s t e r i c , as w e l l as e l e c t r i c a l , 
e f f e c t s are i n v o l v e d . 

( 5 ) The r e l a t i v e l y low CT" value f o r the Br group i n d i c a t e d 
t h a t bromine i s a mucn l e s s e f f e u t i v e e l e c t r o n 
witndrawlng group than F or o i , p o s s i b l y due to i t s 
in c r e a s e d donation of e l e c t r o n s by resonance i n the 
ortho p o s i t i o n . 

( 6 ) I t i s i n t e r e s t i n g to compare the CT^ and (j^ constants 
f o r the F and Ui groups. I n the para p o s i t i o n , the 
ortho Sigma constant f o r the F i s considerably s m a l l e r 
than the ortho sigma constant f o r the C I group, 
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i n d i c a t i n g that the +R resonance e f f e c t of P i s 
consi d e r a h l e . But i n the ortho p o s i t i o n , the sigma 
constant f o r P i s gr e a t e r i n magnitude than t h a t 
f o r the G l , suggesting t h a t the much gr e a t e r 
i n d u c t i v e e f f e c t i n the ortho p o s i t i o n i s r e l a t i v e l y 
more important than the resonance e f f e c t , 

Nmr spectroscopy, e s p e c i a l l y the measurement of coupling 
co n s t a n t s , r e p r e s e n t s an e x c e l l e n t method f o r i n v e s t i g a t i n g 
s u b s t i t u e n t e f f e c t s , becau.se the measurement depends on a 
t r a n s i t i o n t h a t does not change the chemical c h a r a c t e r of the 
molecule. ^ 
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TABLE I 

(J~^ Constants 

CHO 

X X X 

F02 2 . 0 1 .7 2.26 

CHO 1 . 1 1.2 1 .10 

CO2H 1.2 

CN 1 . 2 

F 1 . 2 0.8 1 .04 
C I 1 . 2 0.8 1.08 
B r 1.1 0 . 9 1.15 
I , 1 . 3 0 . 9 

OH 0.6 0.43 
OCH^ 0.6 0.2 0.76 
H -0.06 0 . 0 0.076 
CH^ -0.12 0 . 0 -0.063 
C2Hg -0.17 

-0.17 0 . 2 - 0 . 3 2 

N(GH3)2 0 . 3 
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TABLE I I 

S-Methyl Chemical S h i f t s (cf ) and ''̂ C-H Coupling Constants ( J ) 

X 

X cf (+0.3 Hz) J (+0.2 Hz) 

CN 151 .0 140.8 
P 142.4 139.9 
01 140.1 139.8 
Br 140.4 139.4 
H 145 .9 139.2 
OGH^ 136.2 1 3 9 . 1 

OH^ 137.8 139.0 
N(CH3)2 136.0 138.8 
C02CH^ 135.7 138.7 

Instrument: V a r i a n A-60D NMR Spectrometer 
I n t e r n a l Standard: T e t r a m e t h y l s i l a n e 
S o l v e n t : Carbon t e t r a c h l o r i d e 

S o l u t i o n Concentration: 30/ ( v o l : v o l or w t : v o l ) 
Probe Temperature: 38 + 2°C 



TABLE I I I 

(TR of Traynham and T r i b b l e 

CN 1.18 
Br 0.55 
C I , 0.50 
P 0 . 2 9 

H 0.00 
-0.15 

N(0H3)2 - 0.36 
OCH5 -0.37 
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- V 

Table I V . 

CT- f C 

X (T; (T-, ( T ^ 

ON 1.085 0.990 1 .00 0.628 
P 0.386 0 . 5 9 4 0.062 
C I 0 . 3 1 0 0 . 4 9 5 0 . 2 2 7 

B r 0 . 0 0 0 0 . 0 9 9 0 . 2 3 2 

H - 0 . 1 5 5 -0.099 0.000 
OCH^ - 0 . 2 3 3 -0.198 -0.268 
CH^ -0.310 - 0 . 2 9 7 - 0.78 -0.170 
N(CH3)2 -0.465 - 0 . 4 9 5 -1.7 -0.600 
GO2CH5 - 0 . 5 4 3 - 0 . 5 9 4 0.39 

0 j> v a l u e s c a l c u l a t e d from the equation J = 1 .290" + 1 3 9 . 4 

(Tl^^ values c a l c u l a t e d from, the equation J = i . o i ( r + 1 3 9 . 3 

^ values from J a f f a , Ghem. Rev., 5 3 , 1 9 1 ( 1 9 5 3 ) . 
M A 

— + va l u e s from Okamoto, I n u k a i , and Brown, J . Am. Ghem. Soc., 
^ 80, 4969(1958); and Brown and Okamoto, J . Am. Ghem. S o c , 

80, 4979(1958). 
MA 



Table V 

(T^ Constants 

X a 
0 0 

c 

0 1 1 .085 0 . 9 9 0 0 . 7 5 9 1 . 0 4 1 

F 0.386 0 . 5 9 4 - 0 . 3 2 9 -0.380 

C I 0.310 0.495 -0.619 -0.760 

Bte 0.000 0 . 0 9 9 -0.582 -0.712 

H - 0 . 1 5 5 - 0 . 0 9 9 0 . 1 1 4 1.983 
0CH5 - 0 . 2 3 3 -0.198 - 1 . 1 1 5 -1.405 
CH^ -0.310 - 0 . 2 9 7 - 0 . 9 1 0 -1.140 

N(CH3)2 - 0 . 4 6 5 - 0 . 4 9 5 -1.138 -1.438 

G02CH^ -0.543 -0.594 -1.176 -1.488 

•^Frora tne equation J = 1 .29(7^ + 139.4 

B̂'rom the equation J = K O I c r " + 1 3 9 . 3 

°From the equation (f = 7.91Cr + 145.0 

^Frora the equation <f = 6.05(4" + 144.7 
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