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Method A, this urea was obtained in 97% yield. the product . - _  , - 
having m.p. 57-61 '. 

Anal. Calcd. for CsHdlOr:  N, 15.90. Found: N, 15.48. 
1 .$-Disubstituted 6.8-diaminmrmils were DreDared bv the 

procedure of Blicke and G o d P  except tha t  t i e  nitroskion 
was carried out a t  85'. 

l-(~-~ethylallyl)-S-nteU1yG6,6-diaminouracil waa obtained 
in 48.6% yield and had m.p. 149-153'. 

Anal. Calcd. for COHl4N4O2: C, 51.42; H, 6.71; N, 26.65. 
Found: C, 51.62; H, 6.64; N, 26.52. 
l-AllyLbethyG5,6daaminoracil waa obtained in 40.2% 

yield and had m.p. 138.5-141.5'. 
Anal. Calcd. for COHI~NIOZ: N, 26.65. Found: N, 26.52. 
General procedure for the preparation of 1,Sdisubstitubd 

6 - U l i o u r e i d ~ 6 - a m i n o r ~ ' ~ .  To a solution of 0.1 mole of the 
appropriate 1,3-disubstituted 5,6-diaminouraciI in 100 ml. 
of chloroform is added 0.1 mole of the desired bothiocyanate. 
When the exothermic reaction haa subsided the solution is 
heated under reflux for 1 hr. The product may precipitate 
during heating, or cooling in an ice bath may be neceesary to 
effect crystallization. The thioureido derivatives can be re- 
crystallized from 95% ethanol. Compound I X  to XV were 
prepared by this procedure and the physical properties, 
yields, and analytical data are shown in Table I. 

General procedure for the preparation of 1 &disubstituted 
6-ureido-6-aminoracils. A. By desulfurization of the thio- 
urea. The appropriate 1,3-diubstituted 5-thioureido-6- 
aminouracil (0.03 mole) is suspended in 0.06 mole of sodium 
hydroxide in 100 ml. of water and the mixture is heated to 
40'. There is added, dropwise, 0.12 mole of 30% hydrogen 
peroxide and on completion of addition, which is exothermic, 
the mixture is heated at  75-80" for several minutes. On cool- 
ing, the product is removed by filtration and the urea may 
be recrystallized from either 95% ethanol or chloroform and 
benzene. Compounds XVI, XVLII to XXI, XXV, XXVII, 
and XXVIII were prepared in this manner and the physical 
properties, yields, and analytical data are shown in Tables 
I1 and 111. 

(20) F. F. Blicke and H. C. Godt, Jr., J. Am. Chem. Soc., 
76, 2798 (1954). 

B. By reaction of an isocbanab and a diaminouracil. To a 
solution of 0.024 mole of the appropriate l,3-diubstituted 
5,6-diaminouracil in 50 ml. of chloroform is added 0.024 
mole of the desired isocyanate. On completion of the exo- 
thermic reaction the solution is heated under reflux for 30 
min. Some benzene is added to induce crystallization and the 
product is recrystallized from either 95% ethanol or chloro- 
form and benzene. Compounds XVII, XXII to XXIV, 
XXVI, XXIX, and XXX were prepared in this manner, and 
the physical properties, yields, and analytical data are 
shown in Tables I1 and 111. 

1-( ~Methylal ly l ) -S-methyG5-ur~d~~minouraci l ,  To a 
solution of 10 g. (0.0476 mole) of 1-(2-methylallyl)-3-methyl- 
5,6diaminouracil in 4.24 ml. (0.0476 mole) of concd. hydro- 
chloric acid diluted with 44 ml. of water waa added 7.72 g. 
(0.0952 mole) of potmium cyanate. A vigorous exothermic 
reaction ensued accompanied by precipitation of the prod- 
uct. The mixture was stirred for 1 hr. followed by filtration 
of the product and washing with water. The yield of urea 
waa 10 g. (82.5%). It was impossible to determine the melt- 
ing point of the product since it ring closes OD heating. 
Recrystallization also proved impoeaible due to insolubility 
of the material. The spectral data were consistent with thc 
proposed structure. 

Anal. Calcd. for C1~HlsN~O~: N, 27.66. Found: N, 27.19. 
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It has been found that sulfur and water ,will oxidize the methylbenzenes to their respective carboxylic acids by heating t,o 
200' to 400" under autogenous pressure. Mixing of all three components at reaction temperature minimizes side reartionw. 
Sulfur dioxide and sulfuric acid will also function, if initiated with small amounts of hydrogen sulfide. The reactions with 
sulfur and water are reversible. Intermediate sulfur compounds can be isolated in most cases. By control of conditions, o- 
xylene can be made to yield thiophthalide, an intermediate, as the major product. Some of the theoretical implications are 
considered. 

The use of sulfur, water, and a base, such as caus- 
tic or ammonia, as an oxidizing agent for organic 
compounds has been studied and reported pre- 
viously.l Other forms of sulfur, such as sulfite, 
thiosulfate, and sulfate triggered by hydrogen sul- 
fide function similarly. Products are carboxylic 
wlts. If ammonia is the base used, amides are also 

produced. Sulfuric or other mineral acid is re- 
quired to liberate the free carboxylic acids. 

Current studies show that with the methyl- 
benzenes sulfur and water can be used as the oxi- 
dant and a base is not required. The free carboxylic 
acids are obtained directly, according to the reac- 
tion: 

(1  ) W. G. Toland, Jr., D. 1,. Hagmann, J. B. Wilkes, and 

( 2 )  W. G. Toland, J. .4m. Chem. Soc., 82, 1911 (1960). 
F. J. Brutechy, J. Am. Chem. Soc., 80,5423 (1958). 

CsHsCHs + 3 S + 2 Ha0 + C&IsCOzH + 3 HtS (1) 

Yields of about 85% can be obtained with complete 
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2 3 '8 a &  conversion of hydrocarbon. Some intermediate thio 
p .I compounds are also produced. 
= \  Success with this oxidant depends upon avoiding 
!& k; 
c1 8 the direct interaction of sulfur with the organic 

$'8. compounds to be oxidized, which gives entirely 
2 8 different products, including stilbenes, bibenzyls, 

.$ and tetrapheiiylthiophezies. This is achieved by 
d 2; heating the organic compound with a large molar ' excess of water prior to ariy appreciable reaction ?-gZ g m  6- with the sulfur. Presolution of the compound in 
E 8 2 water is most effective, but adding it to a preheated 
3 mixture of sulfur and w t e r  is also satisfactory. Re- 
01 action proceeds in from fifteen minutes to two hours 

s P S  
i; ae between about 200" and 400' under autogenous ' 3 2 pressure. At temperatures above the critical, misc- 

1 2 3  ibility of water and hydrocarbon is ensured. 
E $ .. However, solubility of xylene in water is sufficiently 
12 high (about 10% at 320") that this is not neces- .9 + e  8 sary. Examples of the effects of mixing are illus- 
3 f 2 trated in Table I, Runs 1 vs. 2 and 5 vs. 6. 
3 & One of the surprising features of this oxidation 

E '5 is its reversibility. This was discovered when 
c u  a 3  g 0 prolonged reaction times not only failed to complete 
4 conversions from stoichiometrically equivalent pro- A '- % portions of sulfur and aromatic, but actually gave - ' ' a5 a lower yields. This reversibility was established by 
2 E 2  8 s o treating toluic acid and hydrogen sulfide in water 
E and obtaining xylene and sulfur from the products. 

fi *z 5 The lowered yields with time were the result of 
5- .- ' 9  Y' this reversibility followed by the nonreversible 
o S S  sulfur-hydrocarbon reactions mentioned earlier. u g c a  

2 5 This reducing action of hydrogen sulfide was recog- 
.W -4 Q nized by Willgerodt3 in the disappearance of the 

c 3  carbonyl group of acetophenone during its oxida- 
7 $ tion with polysulfide to form phenylacetic acid, but 
4 'E d the direct reduction of the carboxyl group in this 
Z E a B  
+ L, 
3 $*, Complete conversions of alkyl aromatics are g am. -  ;.$ favored by use of excess oxidant, as is to be ex- 
% 9 3 z pected from Equation 1. An alternate method is re- 
z .2  .$ $ moval of one or more of the products. By releasing 

'2 9 5; 8 hydrogen sulfide a t  reaction temperature, less 
Ir( 0 E c.' intermediate thiocompounds remain. Chemical 
0 I %s methods may also be used. Base, of course, can 

$; function by neutralizing acidic products; but an 
0 3 2 b- alternate method was found to be the addition of 5 ti 3 3 sulfur dioxide. This reacts with the hydrogen sulfide, .s !$s$ drives the reaction to  completion, and generates 
3 Y.z-.-, more sulfur. It can, in fact, be used as the sole 
E 2 5 5 oxidant in place of sulfur, preferably with a small 

.a P 2 amount of sulfur or hydrogen sulfide as an initia- ST? 8 - a  
'o 01 a Q tor. The over-all reaction then becomes: 
0 Q E %  
a a% 

8 .8  8 4 This reaction has been studied by Strickland4 in 
E the vapor phase over vanadia catalysts. He states 

3 8-2 8 that large excesses of hydrocarbon over sulfur 
\m 0 E! 

* C r n  

84 I 

way has not been described. 

.i $52 . 

g 8s s- C6HbCH3 + SO1 + CeH6COnH 4- HzS (2) 

m s b L  

4 8 
~ x ; 3 

'8 gz to Eastman Kodak Co., issued January 28, 1958. 

(3) C. Willgerodt and F. H. Merk, J. prakt. Chem. (2), 

(4) T. H. Strickland and A. Bell, G. S. patent 2,821,552 
5 5 80,192 (1909). 
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4 CsH;CHB + 3 H:SOI + 
4 CsHsCOzH + 3 HnS + 4 HpO (3) 

E 
9. c a d  

4 P ,  

2 
U C ~  k G 4 d a  - 

L " TYater is now a product, not a reagent. Examples 
e a are given in Table I, Experiments 4, 8, and 11. 

o-Xylene. The oxidation of o-alkyl-substituted 
el" =eacy benzenes, such as o-xylene and durene with sulfur 

and aqueous ammonia, gives relatively poor yields 
of the corresponding carboxylic acids. Such yields, 
lower than with other isomers, are due to decar- 
boxylation of one of any pair of adjacent carboxyl 
groups. This is favored when a t  least one of the 

ainmoniuni salt. 

- 
c = u s 0  moo0 

8 
B 

oaus a o r r i m  .f 
* c y %  Ggg?J a m m  E 

6 
- - h  e, ,,o 0 0 .c 

a a m  C.1 e4 6 
ZZT T m m Y  4 5 

z 

; 
E 

- 
.- 

carboxyls is present in ionized form, such ae the 

in the absence of any salts or bases, relatively 
little ionization occurs; and, hence, there exists 

+ 

By the use of sulfur or sulfur dioxide and water 
0 
c - 

Ir; " - y %  much less teiideiicy toward decarboxylation. As a 
consequence, over 80% yields of o-phthalic acid 
can be obtained. The reaction is complete in ten to  
fifteen minutes a t  330°, much more rapidly than 
for the other xylenes. Pyromellitic acid was ob- 

"= G O 3 0  

.- 

2 5 %  szzs  ;- 
" $ "a" c q &  amf l "T/1 $ 

1 

.- 
a c) 

L 

tained in over 50% yield from durene, with no at- 
tempt made to optimize conditions. Results are + - 

0 summarized in Table 11. 

c E 
a *  h 

One major difference was found between o- 
C D r D D N  F I O M C D  xylene and its isomers. Because of the opportunity- 

for cyclization between ortho carbon atoms, and 
the relative stability of such cyclic structures, it is 
possible to arrest the oxidation before completion. 
The presence of intermediates in appreciable quan- 

Q %  tities is, in fact, the normal situation in this re- 
z z  2 action unless conditions are tailored deliberately qa g 

g a  05 2 to avoid them. On the other hand, the most stable 
intermediate, thiophthalide, can be made the princi- B g  .saQ 

+ ac E - ,  0.2 p3 2 
h & S  I+ pal product if desired. The reactions are as follows: 

Both reactions are reversible and can be carried ~ b n  Q' 

out independently if desired. Thiophthalide is % 
ti 

U b - o c  " = - . N E  ; favored if reaction products are cooled under hy- 
drogen sulfide pressure. To favor phthalic acid, 

H A *  N 4 0 3  

m 

H A -  ' C U N % D I  

dioxide must be used to obtain good yields of 
benzoic acid. He reports dibasic acids are difficult 
to obtain. Our work in the presence of water in 
liquid phase, on the other hand, shows that high 
yields of the phthalic acids are obtainable; and no 
catalyst is necessary. This is due in part a t  least to  
the ability to handle the free liquid sulfur formed by 
reaction of excess sulfur dioxide with product hy- 
drogen sulfide, which creates problems in catalytic 
vapor phase systems. Results with sulfur dioxide 
are summarized in Table I, Experiments 3, 7, 10, 
and 14. 

A natural extension of this oxidation system is the 
use of free sulfuric acid as the oxidant. The litera- 
ture describes the me  of concentrated or fuming 
acid. In these cases, the acid is reduced to sulfur 
dioxide. In dilute aqueous solutions when oxida- 

I- tion is initiated by some lower valence of sulfur, 

.3 .- c is completely reduced to  hydrogen sulfide. The 
d such as hydrogen sulfide or free sulfur, sulfuric acid 
0 - - over-all reaction is; ; 
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hydrogen sulfide is released from the reaction 
products before cooling or sulfur dioxide is used to 
form sulfur from hydrogen sulfide. The net effect 
is to drive Reaction 5 to completion. 

Whether o-toluic acid is an intermediate in the 
same reaction sequences which yields thiophthalide 
or whether it is formed by another reaction path 
has not been established, However, it was shown to 
oxidize to phthalic acid under reaction conditions. 
Thiophthalide was also converted to phthalic acid. 

DISCUSSIOPU' 

The ability to use sulfur and water as an oxidant 
in the absence of base is unexpected, although in 
retrospect the formation of some aldehydes and car- 
boxylic acids from heating the tolyl carbinols with 
sulfuld might be considered as prophetic. In  the 
past, the function of the base has been considered to 
aid the dissociation of the S g  and Ss molecule to 
smaller speciesb; to form intermediates'J; to solu- 
bilize one or both reagents in the reaction medium; 
and, as nucleophilic agents, to hydrolyze inter- 
mediate thiocompounds to the oxygen am1ags.l 
Formation of simple polyatomic sulfur aggregates 
need not require base. They have been reported 
from the reaction of hydrogen sulfide with sulfur 
dioxide, for e~ample.~J  

The form of the oxidant which attacks the or- 
ganic compound in absence of base is difficult to 
determine. Among the possibilities are the lower 
sulfur aggregates and radicals from monatomic sul- 
fur and S,, H2S2,11J2 and even &O, a species never 
isolated but one which might well form along with 
Sa during sulfur dioxide reduction with hydrogen 

(5) L. Szperl, Rocntiki C h j i ,  6, 728 (19!%), chenr. 

(6) P. D. Bartlett, G. Lohaus, and C. D. Weis, J. Am. 

(7) F. Asinger, Ang. Chem., 68, 413 (1956). 
(8) E. H. Farmer, J. F. Ford, and J. A. Lyons, J. Appl. 

(9) R. Wegler, E. Kuehle, and W. Schaefer, Ang. Chem., 

(10) G. N. Lewis and M. Randall, J. Am. Chem. Soc., 40, 

Abslr., 21,3603 (1927). 

Chem. So&, 80, 5064 (1958). 

Chem., 4,554 (1954). 

70, No. 12, 351-67 (1958). 
. .  

368 (isis). 
(11) E. I. Tiniakova, E. K. Dhrennikova. and B. A. 

Dolgoplosk, J. Gen. Chm. USSR,  28, No. 6, 1682-1687 
(1958). 
(12) H. P. Meissner, E. R. Conway, and H. S. Mickley, 

I d .  Eng. Chem., 48, 1347-53 (1956). 

sulfide if the same mechanism holds as has been 
suggested for sulfate reduction by sulfide.2 Pu'either 
is base a necessary component of intermediates, 
although ammonia and amines can participate in 
this way. This is evident from results with alkali 
metal hydroxides and carbonates' and the present 
work. 

The course of oxidation can be studied more 
readily in the sulfur-water system than when base is 
present. Being reversible, it permits the detection 
and isolation of several sulfur-containing inter- 
mediates. In  the presence of base, none have been 
found in methylbenzene oxidations. l3 The most 
accessible by the current technique is thioph thalide 
from o-xylene oxidation. In the products from 
toluene oxidation, a. somewhat more complex 
series was suggested by extraction of neutral 
products, including trithiobenzoic anhydride. It 
might be concluded that hydrolysis of the above 
species is relatively slow in water solution and that 
the function of bases and their salts with weak acids 
as nucleophilic agents to aid such hydrolyses is 
substantiated. 

Aside from the mechanical effect of proper 
mixing, it is believed that success in the absence of 
base is the result of two factors. One is the fact 
that water itself can be considered as a nucleophilic 
agent, capable of donating electrons to aid hydroly- 
sis of sulfur-containing intermediates. The other is 
the allylic character of methyl groups on the aro- 
matic ring which activates these sites. Paraffins, 
olefins, and alicyclic hydrocarbons gave much lower 
yields of carboxylic acids. Organic sulfides, disul- 
fides, and trithiones me favored products, appar- 
ently being much less easily hydrolyzed under these 
conditions. 

EXPERIMENTAL 

All  run^ were made in 4.5-1. batoh autoclaves of 316 steel, 
fitted with rockers and heaters, bursting disks, thermowells, 
inlet and outlet porta. When premixed cold, all reagents 
were added initially and heated with shaking. Pressures 
were thoge generated autogenously. Producta were either 
removed after cooling or the gas phase, containing largely 
hydrogen sulfide, waa vented a t  temperature or the liquid 
phase was vented at temperature into ice. To mix reagents 
at reaction temperature, xylene was pumped into a shaking 
mixture of sulfur and water or sulfur dioxide was pumped 
into a preheated shaking mixture of aromatic and water. 

Oxidalion of toluene. A typical example is Run 2 of Table 
I. Baker's C.P. toluene was placed in an oversized Pyrex 
test tube wired to the thermowell in the head of the auto- 
clave. The autoclave was charged with the water and sulfur. 
After sealing, the autoclave was heated to temperature and 
shaken. During this time, the pressure rose to 178 atm. 
After cooling to room temperature, the autoclave was 
vented through a caustic scrubber which absorbed 150 g. 
of hydrogen sulfide. 

The mixture of yellow and brown solids and water re- 
maining in the autoclave was extracted with ether and fil- 
tered. When dry, the cake weighed 223.7 g. and showed by 
analysis 95.070 free of sulfur. The ether-water filtrate waa 
separated, the water discarded, and the ether evaporated to 

(13) W. A. Pryor, J. Am. Chem. Soc., 80,6481 (1958). 
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drynese. This left 192.7 g. of crude, light yellow benzoic 
acid, neutral equivalent 131.0 (theory = 122.1), which was 
takep up in benzene and extracted with dilute aqueous 
sodium bicarbonate. Acidification of the extract with dilute 
hydrochloric acid precipitated benzoic acid which, after 
washing and drying, amounted to 166.3 g. neutral equiva- 
lent 122.3. 

The benzene, upon evaporation to dryness under vacuum 
to avoid heat and contact with air, left 13.4 g. of a yellow- 
brown semisolid. Recrystallization from cyclohexane to 
reject any free sulfur gave 4.1 g. of yellow solids from a 10-g. 
aliquot. Digestion with aqueous sodium hydroxide and acidi- 
fication gave benzoic acid and hydrogen sulfide. While the 
evidence is not complete, it is suspected of being trithioben- 
zoic anhydride. 

A d .  Calcd. for C14Hl&: C, 61.27; H, 3.68; S, 35.0. 
Found: C, 62.53,63.54; H, 3.75,3.81; S, 30.7,31.0. 

Because this hydrolyzable portion ercisted here and in 
other products, a direct caustic extraction of ether fractions 
was substituted for bicarbonate in other toluene oxidation 
product isolations. Further characterization of such fractions 
is under investigation in anticipation of shedding further 
light on reaction intermediates. 

The above experiment waa duplicated in the presence of 
2.0 g. of nickel nitrate to determine if the nickel sulfide 
formed would catalyze the reaction. The pressure leveled 
out after 15-20 min., suggesting a rate three to four times 
that of the uncatalyzed run. 

In a duplicate of the original run, 10 ml. of 2870 aqueous 
ammonia was added to catalyze dissociation of sulfur 
species and to serve as a catalytic quantity of nucleophilic 
agent. Constant pressure was attained' in about 40 min. 
;in 81.9% yield of benzoic acid wm obtained. 

When 6.5 g. of sodium hydroxide was substituted for the 
ammonia, the reaction was apparently complete in about 40 
min.; and an 83.6% yield of benzoic acid was found. Both 
bases thus appear to increase yields, probably by acting as 
stronger nucleophilic agents in the form of carboxylic acid 
salts than water alone. 

-4 typical experiment with sulfur dioxide cia the oxidant 
(Run 3, Table I )  waa effected aa follows. The autoclave was 
charged with 1800 ml. of water, 184 g. of toluene, and 17 g. 
of hydrogen sulfide. After sealing and heating to 335', 
shaking was begun and 167 g. of liquid sulfur dioxide waa 
pumped in a t  a rate of 20 ml./min. over a period of 6 min. 
Shaking was continued for another 14 min. From an initial 
preasure of 159 atm. before sulfur dioxide addition, the pres- 
sure fell to 145 atm The head of the bomb was then tilted 
downward, and the entire liquid phase discharged into 2000 g. 
of ice. The gas phase was absorbed in aqueous caustic. 
Work-up of product fractions in the usual way gave an 
82.0% yield of benzoic acid. 

Runs with sulfuric acid as the oxidant (Run 4, Table I) 
were handled by pfemixing reagentg in a glass liner which 
fitted a 4.5-1. autoclave. The liner was charged with 900 ml. 
of water, 41 g. of 96% of sulfuric acid, 25 g. of hydrogen 
sulfide, and 46 g. of toluene and heated to 330" for 1 hr. of 
shaking. There was obtained 30.1 g. of benzoic acid, neutral 
equivalent 122.0, a 49-47, yield. In  the absence of added 
hydrogen sulfide, there was no apparent reaction, and no 
hydrogen sulfide waa formed. 

Ozidation of p-xylene. The autoclave was charged with 
1800 ml. of water and 192 g. of sulfur, sealed, and heated 
to 345' with shaking. The p-xylene (Oronite 95% para) 
was thes  pumped in a t  a rate of 1 ml./min. for the next 123 
min. for a total of 106 g. or 1 mole. Shaking waa continued 
for another 30 min. A maximum pressure of 198 atm. was 
reached. After cooling to room temperature, 156 g. of 
hydrogen sulfide was vented from the autoclave and ab- 
sorbed in aqueous caustic. The autoclave contained dark, 
yellow solids and a cloudy water phase, and no unreacted 
xylene. Filtration yielded 148.4 g. of dry cake, and a filtrate 
from which 5.7 g. of benzoic acid was recovered. A one- 
fourth aliquot of the cake waa extracted with 20 g. of aqueous 

Bodium hydroxide, filtered from 1.1 g. of crude sulfur, and 
acidified with dilute hydrochloric acid to precipitate the 
terephthalic acid. After washing and drying, there wm ob- 
tained 27.4 g. of the acid, neutral equivalent 83.6, repre- 
senting a 65.8% yield of theory. 

The oxidation with sulfur dioxide and with sulfuric acid 
was effected in the same manner as with toluene. Products 
were isolated aa above. 

Oxidatiwl of m-xylene. The same equipment and procedure 
were used as for p-xylene oxidation, except that Oronite 
95% m-xylene waa used. 

Oxidation of toluic acids. The equipment was that used 
for toluene oxidation with sulfur. Products were determined 
as from m-xylene runs. 

Oxidation oj  cumene. This oxidation was effected in the 
same manner aa with toluene, using Baker's C.P. cumme. 

Oxidation of acetophenone. Eastman-White Label reagent 
was used. No phenylacetic acid was noted in the products. 

Ozidatiwl of propane. The autoclave was charged with 1800 
ml. of water and 150 g. of lump sulfur, which settled on the 
bottom. After sealing, 44 g. of propane (Phillip's 95%) waa 
admitted to  the space above the water. A t  330' shaking waa 
initiated to mix reagents and continued for 2 hr. The pres- 
sure waa still increasing after this period, having reached 
183 atm. when shaking waa terminated, and the bomb 
cooled. Gases were bled through an aqueous caustic scrubber 
to absorb hydrogen sulfide and through a Dry Ice cooled 
trap which condensed 19.3 g. of propane. The mixture of 
liquid and solid products was adjusted to pH 7 with 13.0 g. 
of sodium hydroxide, indicating the presence of 0.325 mole 
of acid, and steam distilled to recover any organic sulfides. 
None were found. Filtration of the still residue gave 24.3 g. 
of sulfur and neutral by-product. The filtrate was evaporated 
to dryness, acidified with dilute sulfuric acid to pH 1, and 
extracted with chloroform, which was then fractionally 
distilled to give 11.6 g. of an acetic-propionic acid mixture, 
boiling point 112-122', neutral equivalent 65.9. 

Ozidatzon of trimethylpentenes. Paralleling the oxidation 
technique with propane, the autoclave was charged with 1800 
ml. of water, 150 g. of lump sulfur on the bottom, and 112 g. 
of a mixture of 2,4,4-trimethylpentene-1 and -2 (commercial 
diisobutylene) on the top of the water. At 290°, a 2-hr. 
period of shaking was effected, a constant pressure of 120 
atm. being attained after the first hour. Neutralization of 
products after hydrogen sulfide removal showed the presence 
of 0.213 mole of acid. Steam distillation yielded 9.3 g. of 
volatile oily organic sulfide not further identified and 27.0 g. 
of nonvolatile carbonaceous solids. Distillation of the chlor- 
oform extract gave 10.0 g. of isobutyric acid, boiling point 
151-161", neutral equivalent 87. This suggests the trimethyl- 
pentenes depolymerized under reaction conditions to  iso- 
butane, which was then oxidized to  the isobutyric acid, 

Oxidation of o-xylene, Run 16, Table IZ. The system was 
similar to that with p-xylene. To the autoclave waa charged 
1800 ml. of water, 200 g. of sulfur, and 170 g. of hydrogen 
sulfide. A t  340', 106 g. of 95% o-xylene (Oronite) was 
pumped in at 5 ml./min., with ehaking, which waa continued 
for another 15 min. before cooling the autoclave to 260" and 
releasing gaseous hydrogen sulfide to  an iced caustic absorber 
until the preasure dropped to 47 atm., essentially steam 
pressure. The autoclave wm then cooled t o  room tempera- 
ture, and producta steam distilled to recover 1.5 ml. of o- 
xylene, extracted with chloroform, and filtered. A brown 
solid residue remained of 56.8 g., containing 81.1yo total 
sulfur by analysis. The chloroform solution was extracted 
with 5% aqueous sodium bicarbonate from which 9.1 g. of 
benzoic acid, neutral equivalent 123.2, waa precipitated 
with dilute mineral acid. Distillation of the chloroform 
gave 1.2 g. of thiophthalide, boiling point 144'/7 mm. 
The water phase waa evaporated to dryness, leaving 67.6 
of tan o-phthalic acid, neutral equivalent 86.9. bcrystalliza- 
tion from water reduced the neutral equivalent to 83.1. 
A small sample waa sublimed aa the anhydride, neutral 
equivalent 74.2. Steam distillation of the caustic absorber 
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yielded 8 3  g. of o-xylene. There was thus a 90.3% conversion 
of xylene, an 8.3% yield of benzoic acid, a 1.0% yield of 
thiophthalide, and a 45*170 yield of phthalic acid. 

Run 28, Table 11. The procedure followed that with the 
other xylenes and sulfur dioxide, except that a 1096-g. 
aliquot of the liquid phase of the reaction mixture waa 
withdrawn at reaction temperature into ice (Aliquot B) and 
the remainder removed after cooling the autoclave to room 
temperature and releasing the hydrogen sulfide (Aliquot A). 
Using the same isolation procedure as that for o-xylene-sul- 
fur reaction products, there was obtained from B, 15.5 g. 
of sulfur; 6.1 g. of a solid, red neutral by-product; 11.9 g. of 
benzoic acid; 18.1 g. of thiophthalide; and 200.0 g. of o- 
phthalic acid. From A was obtained 59.4 g. of sulfur, 63.6 
g. of black neutral solids, 8.4 g. of benzoic acid, 13.2 g. of 
toluic acid, 72.7 g. of thiophthalide, and 156.1 g. of phthalic 
acid, The xylene conversion was lOO'%, with over-all yields 
of 4.1% benzoic and 2.501, toluic acids, 15.2% thiophthalide, 
and 53.5% phthalic acid. The molar ratio of phthalic acid to 
thiophthalide in B versus A is 10: 1 versus 2:  1 showing the 
effect of hydrogen sulfide on the equilibrium. 

The extent to which phthalic acid can be favored using 
sulfur dioxide as the oxidant is illustrated bv Experiment - *  
20, Table 11. 

Ozidatim of d u m "  The technioue followed that with the 
xyiene and skfur dioxide. All liqAd products were released 
while still hot into 8000 g. of ice. This mixture was filtered 
hot (Sa' )  to give 103 g. of brown solids containing 77.79?0 
free sulfur. The filtrate was neutralized to pH 7 with 109.5 g. 
of sodium hydroxide and evaporated to dryness, leaving 

263 g. of yellow solids. These were taken up in hot water 
(400 cc.), carbon treated, acidified with hydrochloric acid 
to pH 1, chilled, and filtered. The washed and dried crystal- 
lized pyromellitic acid weighed 134 g., neutral equivalent 
64.2 (theory = 63.5). Sublimation of a small sample gave 
pyromellitic anhydride, which after crystallization from 
acetone had a neutral equivalent of 54.5. 

Reduction of m-toluic acid. The autoclave was charged 
with 1800 ml. of water, 340 g. of 95% m-toluic acid contain- 
ing 0.55'% benzoic acid, and 442 g. of hydrogen sulfide and 
heated with shaking to 340' for 1 hr. The pressure reached 
293 atm. After cooling to room temperature, hyflrogen 
sulfide was released and products were steam dlstilled 
to  give 5.8 g. of an organic phase which, after washing with 
dilute caustic and drying, wm analyzed by mass spectrog- 
raphy. It contained 767y0 xylene and 21.1y0 toluene as 
the major constituents. Filtration of the steam distillation 
residue gave 295.2 g.of dry solids containing 2.0 g. of elemental 
sulfur by analysis, 277.0 g. of m-toluic acid by isolation, and 
0.41 g. of benzoic acid by analysis. 
Identi/icaiion of thiophthalide. In  addition to the boiling 

point, this compound was identified from numerous experi- 
ment$ by first purifying by steam distillation followed by 
recrystallization from water to give a product with melting 
point 58.6-58 Sa, saponification equivalent 146.4 (theory 

Anal. Calcd. for C8HeOS: C, 63.97; H, 403;  S, 21.35. 
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150.19). 

Found: C, 63.75, 63.85; H, 4.05, 4.23; S, 21.0; 21 4. 
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The preparation of seven r i m  perfluorovinyltin compounds by a Barbier-type reaction of bromotrifluoroethylene, the 
reepective organotin chloride and maenmium in tetrahydrofuran solution is deecribed. Cleavage of the perfluorovinyl 
group in these compounds could be effeckd by their reaction with ethanol, acetic acid, hydrogen bromide, iodine, triphenyl- 
tin hydride, and alcoholic sodium ethoxide. The following new organotin compounds were prepared during the course of 
these cleavage studies: diethyl- and di-n-butyldiethoxytin, tri-n-butylethoxytin, di-n-butyltin diiodide, diethyl- and di- 
n-butyltin basic fluorides. 

The recent development of the perfluorovinyl 
Grignard reagents, CF?CFMgI3 and CFFCF- 
MgBr,4 has made possible studies in the field of 
perfluorovinyl-metal compounds. Such studies 
would be of particular interest, since the chemistry 
of organometallic compounds containing the vinyl 
group has been developed extensively in the last 
four years, thus permitting a comparison between 
the M-CH=CH2 and the M-CF=CF2 systems. 

We report here a brief study of perfluorovinyl 
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SOC., 78, 59 (1956). 

(4 )  1. L. Knunyants, R. N. Sterlin, R. D. Yatsenko, and 
L. N. Pmkina, Izvest. Akad. Yauk S.S.S.R., Otdel. Khim. 
Nauk, 1958, 1345. 

derivatives of tin. Our early work showed that per- 
fluorovinyltin compounds can be prepared by the 
reaction of preformed CFFCFMgBr in tetrahy- 
drofuran (THF) with organotin chlorides. How- 
ever, special precautions with regard to  tempera- 
ture and reagent concentration are required in the 
preparation of perfluorovinylmagnesium bromide 
in this solvent, and yields of CFFCFMgBr a t  best 
were only 50-60%. Yields of products obtained in 
subsequent coupling reactions also were ca. 50- 
SO%, and thus a low over-all yield, based on the 
expensive bromotrifluoroethylene, made this pro- 
cedure fairly unattractive. However, i t  was found 
that such perfluorovinylations could be carried out 
readily using a Barbier-type procedure, in which a 
mixture of bromotrifluoroethylene in slight excess 
and the organotin chloride to be perfluorovinylated 
jn tetrahydrofuran solution is added to a rapidly 


