
Phenyl isothiocyanate reacts by the same mechanism to 
form the 3-phenyl-2-thiono-4-oxo-1,2,3,4-tetrahydroquin- 
azoline. 

The reaction of isatoic anhydride with a Schiff's base 
is found to be analogous to the isocyanate reaction. The 
nucleophilic nitrogen of benzalaniline attacks the number 
four carbon atom of isatoic anhydride with subsequent 
loss of COn and ring closure to form 2,3-diphenyl-4-oxo- 
1,2,3,4-tetrahydroquinazoline. This product was also pre- 
pared by the alternate synthesis through o-aminobenz- 
anilide as shown below. The physical properties and 

Figure 3. Synthesis of 2,3-diphenyl-4-0~0-1,2,3,4-tetrahydro- 
quinazoline 

infrared spectra of the products from the two syntheses 
were found to be identical (Figure 3). 

The established reactions of isatoic anhydride with 
amines, alcohols, and mercaptans have been extended to 
enlarge the number of derivatives of isatoic anhydride to 
facilitate the use of the anhydride as a reagent in organic 
qualitative analysis or the identification of common nucleo- 
philes. All compounds of new composition appear in 
Table I. 

ACKNOWLEDGMENT 
The synthesis of new compounds was conducted by a 

team of undergraduates, Carol D. Bond, Barbara M. 
Gattiker, F H. Genter, F.D. Vastine, and C.G. Wade. 

LITERATURE CITED 

(1) 
(2) 
(3) 
(4) Ibid. ,  18, 1427 (1953). 

Clark, R.H., J .  Org. Chem. 9 , 5 5  (1944). 
Staiger, R.P.,  Miller, E.B., Ibid. ,  24, 1214 (1959). 
Staiger, R.P., Wagner, E.C., Ibid. ,  13, 347 (1948). 

RECEIVED for review June 15, 1962. Accepted February 21, 1963. 
This project was sponsored by a National Science Foundation 
grant. Equipment was supplied by a Petroleum Research Fund 
grant. 

Nitration of Cyclic Sulfites 

THOMAS S. CANTRELL', WILLIAM GlLLlGAN and ROBERT EVANS 
Research & Development Department, U .  S. Naval Propellant Plant, Indian Head, Md. 

I N  CONNECTION with another study it became neces- 
sary to prepare a series of cyclic sulfites, several of which 
have not been previously reported. The sulfites were pre- 
pared from the corresponding diols by treatment with 
thionyl chloride, using standard methods ( 2 ) .  The sulfit& 
Present address: Department of Chemistry, Ohio State University, 

Columbus 10, Ohio. 

and their physical properties are listed in Table I .  The 
diols were all known compounds. 

In  the course of working with the sulfites it was found 
that treatment with common nitrating agents gave the 
dinitrates of the corresponding diols. In  particular, three 
of the sulfites were cleaved with acetyl nitrate. This 
represents a new and potentially useful method for the 

-R- 
-CH&Cl*CCl&Hz- 
-CHzCF&F*CHz- 
-CH*C (CH3)zC (CHJ 2CHz- 
-CHzCClzCHz- 
-CH2CFzCHz- 
-0-C gH5 (CHJ z 
-(CSHS) zC?= 
- - [ o - C ~ H ~ ( C H ~ J ' J O ~ ]  

-0?NC6H4-C2-C6H4NO2 
-C6Hla(CHz) 
- C H ~ C C l ~ C C l ~ C H ~ -  
-CH&FzCFL!H2- 
-CHzC (CHj)zC (CHJ  &HP- 
-CHzCCLCH*- 
-CH2CFzCH*- 

Table I .  Properties of Cyclic Sulfites and Dinitrates 

Max. 
M.P." ( IR) ,  F 

59-60" 8 . 1 7 ~  
b 21-22" . . .  

31-32" 8 . 3 8 ~  
62-63" 8 . 4 0 ~  

36-37' 8 . 4 8 ~  
190-191' 8.380 
132-133" 8 . 4 7 ~  

6 . 5 3 ~  
226-228" 8 . 2 7 ~  
nE1.4927 8 . 4 9 ~  

70-71" 6 . 0 2 ~  
n51.3930 6 . 0 0 ~  

nE1.4766 6 . 0 4 ~  
nc1.4016 6 . 0 3 ~  

n51.458 

95-96" 6 . 1 2 ~  

Sulfites 

Yield Agent 
%, Nitrating 

74 
78 
83 
65 
51 
57 
62 
42 MA' 

48 AN' 
.. 
81 AN' 
58 M A  
66 AN' 
73 AN' 
52 MA' 

%, c 
17.6 
23.5 
50.3 
18.6 
22.3 
52.1 
61.8 
42.2 

Analyses 
Found, 7'6 Calculated, % 

%c,H 70,s % , N  % , C  % , H  %,S % , N  
2.09 11.6 . . .  17.5 1.47 11.7 . . .  
2.25 15.3 . . .  23.1 1.92 15.4 . . .  
8.42 16.4 . . .  50.0 8.32 16.6 . . .  
2.62 16.4 . . .  18.8 2.09 16.7 . . .  
2.79 . . .  . . .  22.7 2.53 . . .  . . .  
4.41 17.8 . . .  52.1 4.38 17.4 . . .  
3.84 13.4 . . .  62.0 3.46 13.8 . . .  
3.29 13.7 . . .  41.9 3.09 13.9 . . .  

44.1 2.07 . . .  8.55 44.7 1.87 . . .  8.68 
50.1 7.18 . . .  50.5 7.42 16.9 . . .  
15.4 1.27 . . .  8.53 15.1 1.25 . . .  8.78 
19.5 1.64 19.1 1.58 . . .  
40.7 6.68 . . .  11.9 40.6 6.78 . . .  11.8 
15.8 1.37 . . .  11.8 15.3 1.70 . . .  11.8 
18.4 1.98 17.8 1.98 . . .  

. . .  

. . .  . . .  . . .  

. . . . . .  . . .  
"The melting points are corrected. 'Sulfite band obscured by CF 
absorption. ' MA = Mixed acid; AN = Acetyl nitrate. 

456 JOURNAL OF CHEMICAL AND ENGINEERING DATA 



preparation of dinitrates under comparatively mild con- 
ditions. 

f SO? 
I -ONO, 

0 
1-O-1 It 

(CRz)n S-0 CHJCONO? (CRz)n 

I -0- I I-ONO, 

Sulfites are known to hydrolyze under acidic conditions 
with the cyclic class reacting more slowly ( I ,  3, 4 )  in acid 
catalyzed hydrolysis. A possible mechanism based on this 
hypothesis is shown below. 

f 
I-’? Ac.OH. N O , ,  

( C R h  S-0 
-0- I 1  

NO, 
I 

I -0- , , -0NOn 

\ 

f so, I - o N o 2  <AC.OH. 4. NO, (CR,)n I --ONO, 
(CRdn ‘ -ON02 ‘-OH 

Several of the dinitrates were new compounds; their 
properties are listed in Table I. The identity of these 
compounds was checked in each case by comparison with a 
sample obtained by nitration of the starting diol with 
nitric acid-sulfuric acid. 

Treatment of the two sulfites containing benzenoid rings 
with nitrating agents gave only the corresponding nitro- 
sulfites. The sulfite linkage in these compounds resisted 
cleavage even when a large excess of nitrating agent and 
longer reaction times were employed. 
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Esters of Naphthalenedicarboxylic Acids 
DAVID N. BURDGE and N. LEE ALLPHIN’ 
Marathon Oil Co., Denver Research Center, Littleton, Colo. 

The melting points or boiling points of a number of esters of four positional isomers 
of naphthalenedicarboxylic acid ( 1,6-; 2,3-; 2,6-; and 2,7-) are reported. For an ester 
of a given alcohol, the 2,6- isomer invariably has the higher melting point. With 
the exception of the dimethyl esters, the order of decreasing melting points for the 
esters of a given alcohol is 2,6> 2,7> 2,3 > 1,6. 

A NUMBER OF ESTERS of four positional isomers of 
naphthalenedicarboxylic acid (1,6-; 2,3-; 2,6-; and 2,7-) 
were investigated. Apparently, only a limited number of 
these esters have been previously reported in the litera- 
ture ( I ,  5 ,  6, 7),  perhaps because of the relative difficulty 
involved in obtaining the dicarboxylic acids ( I  ), I n  the 
past few years, however, preparative methods have become 
available which make possible the oxidation of dimethyl- 
naphthalenes directly to the corresponding dicarboxylic 
acids ( 4 ,  7 , 8 ) .  

Present address. Department of Chemistry, University of Colorado, Boulder. Colo 

EXPERIMENTAL 
The esters were prepared from the corresponding diacid 

chlorides (Method A ) ,  by the direct esterification of the 
dicarboxylic acids (Method B) ,  or by the acid-catalyzed 
alcoholysis of the 2,3-dicarboxylic acid anhydride 
(Method C).  

The acid chlorides listed in Table I were prepared by 
the action of an excess of thionyl chloride upon the solid 
dicarboxylic acids when a small amount of dimethyl- 
formamide was added to the reaction mixture (2, 3 ) .  Similar 
treatment of the 2,3-dicarboxylic acid, however, resulted 
in the isolation of the monomeric anhydride (9).  
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