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cording to Lee-Kesler-Plocker and Soave-Redlich-Kwong. 
The equation of state according to de Santis yields equilibrium 
compositions that differ from the other equations of state, which 
may be explained by the uncertainty in the temperature-de- 
pendent parameters determined from pressure-volume-tem- 
perature data at temperatures near the critical. All the equa- 
tions of state studied yield results that differ from those obtained 
experimentally, when the differences in equilibrium composition 
between the vapor phase and the liquid phase are small. 
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4 fugacity coefficient 
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% 
w acentric factor 

Superscripts and Subscripts 
L liquid phase 
v vapor phase 
i ,  i components 
C critical state 
cm 
m mixture 
r reduced state 
(0) simple fluid 
(1) function of deviation 
(0 reference fluid 

constant in the equation according to Redlich-Kwong 

constant in the equation according to Redlich-Kwong 
and Soave-Redlich-Kwong 

and Soave-Redlich-Kwong 

pseudocritical state of a mixture 

Registry NO. CCI2F2, 75-71-8; CZCIZF,. 76-14-2; CHCIFZ, 75-45-6. 
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~~ 

The reactlons of some aroylhydrazlnes and amino 
derlvatives of heterocyclic compounds wlth phthailc 
anhydrlde were Investigated. Dehydration of the prepared 
carboxybenroyl derlvatlves afforded the corresponding 
phthallmldo products. The structures were confirmed by 
IR. woton NMR. and mass soectra. 

The phthaloyl group has an interesting feature in protection 
of amino sugars (7-3), amino acids ( 4 ) ,  and peptides (5). 
Removal of the phthaloyl group by hydrazinolysis using hydra- 
zine, phenylhydrazine, or methylhydrazine (6) is well-known. 
However, hydrazine remains the reagent of choice, because the 
deblocking can be performed under mild conditions. 

l-Aroyl-2-(2’-carboxybenzoyl)hydrazines (1-4) were syn- 
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thesized by the reaction of the aroylhydrazines with phthalic 
anhydride in hot methanol to give quantitative yields (Scheme 
1). 

The structures of these compounds were confirmed by their 
IR, NMR, and MS spectra as well as their elemental analyses. 

I n  addition, phthalic anhydride reacted with isonicotinoyl- 
hydrazine and 2-aminothiazole to form products 5 and 6 
(Scheme 11). 

The phthalimido derivatives (7-1 1) have been prepared in 
high yield (as shown in Scheme 111) by dehydration of com- 
pounds 1-6 using a mixture of acetic anhydride and pyridine 

Experimental Section 

Melting points were determined on a Kofler block and are 
uncorrected. Infrared spectra were determined by use of KBr 
on a Unicam SP-1025 infrared spectrophotometer. ’H NMR 
spectra were recorded on Varian EM 390, 90-MHz NMR 
spectrophotometer using tetramethylsilane as internal standard. 
Microanalyses were performed at the Chemistry Department, 
Faculty of Science, Cairo University, Cairo, Egypt. The calcu- 
lated and experimental values agreed and were submitted for 
review. The mass spectra were measured on Nuchik 12-904 
instrument. 

Synthesis of 1 -Aroyl-2 -( 2’-carboxybenzoyl )hydrazine 
( 1 - 4 ) .  Aroylhydrazine (0.01 mol) was dissolved in methanol 
(50 mL) and phthalic anhydride (0.01 mol) added with stirring. 
The reaction mixture was refluxed for 3 h. After cooling at 
room temperature the product separated from the mixture. 
Filtration and crystallization from the appropriate solvent (Table 
I )  afforded pure product. 

Infrared spectra of compounds 1-4 are characterized by NH 
stretching at 3340-3210 cm-’ and >C=O of the acid at 1740 
cm-’, while the amide >C=O appears at 1670 cm-‘. 

(1:l). 

Scheme I11 
0 

Table I. Mass Spectra, Melting Points, and Crystallization 
Solvent(s) of All Compounds 
compd mp, 

no. oc s a  m / z  (re1 int) 
1 150 E 284 (5), 136 (18), 122 (5), 105 (loo), 77 

(75) 
2 235 E 268 (6), 148 (3), 120 (16), 119 (1001, 91 

(47), 67 (9) 

104 (lo), 92 (27), 77 (58) 

(5), 155 (41), 122 (32), 105 (35), 104 
(17) 

5 187 E 267 (3), 166 (4), 162 (13), 137 (64), 106 
(loo), 105 (18), 104 (23), 79 (12), 78 
(92), 76 (82) 

3 249-259 E 296 (5), 136 (26), 135 (loo), 107 (16), 

4 268 E/C 344 (6), 344 (7), 214 (17), 183 (loo), 166 

6 191 E 249 (2), 123 (loo), 106 (29), 78 (33) 
7 218-220 E/W 266 (7), 106 (14), 105 (loo), 77 (59) 
8 160 P 296 (15), 149 (15), 147 (25), 135 (loo), 

107 (55), 92 (68), 77 (39) 
9 207 M 346 (5), 183 (loo), 155 (17), 104 (12), 76 

(23) 
10 220 E 267 (3), 162 (13), 137 (64), 122 (13), 107 

( l l ) ,  106 (loo), 105 (18), 104 (23), 79 
(12), 78 (92), 77 (10) 

(10) 

Solvent(s) of crystallization: 

11 143-147 E 280 (3), 192 (25), 105 (loo), 123 (14), 96 

E, ethanol; C, chloroform; W, 
water; P, petroleum ether; M, methanol. 

The ’H NMR of compounds 1-4 (in CDCI,) showed carboxylic 
protons at 6 10-1 1, and the N-H peak appeared as a singlet 
at 6 8.1-8.5. Both disappeared on addition of D20. The aro- 
matic protons appeared as a multiplet at 6 7.3-7.8. 

Synthesis of 1 -Zsonlcotinoyl-2 -( 2’-carboxybenzoyl )- 
hydrazlne (5  ). Isonicotinoylhydrazine (0.01 mol) in methanol 
was treated with phthalic anhydride (0.01 mol) and worked up 
as before to give 1-isonicotinoyC2-(2‘-carboxybenzoyl)hydrazine 
(5). The I R  spectra showed NH stretching at 3350 cm-’ while 
the carbonyl of carboxylic acid appeared at 1730 cm-’ and 
amide carbonyl stretching appeared at 1680 cm-‘. ’H NMR 
spectrum (acetone-d,) has two sets of doublets at 6 8.7 and 
7.9, assigned to the pyridine protons, while the aromatic protons 
appeared as a multiplet at 6 7.3-8.0. 

Synthesls of N-( 2-Carboxyhnzoyl))-2-a~thiazole (6  ). 
2-Aminothiazole (0.01 mol) in methanol (40 mL) was treated 
with phthalic anhydride (0.01 mol), and the reaction proceeded 
as in the case of the aroylhydrazines (Table I ) .  

The IR spectrum of N-(2’-carboxybenzoyl)-2-aminothiazole 
(6) has the NH stretching at 3350 cm-’ and the carbonyl groups 
of acid and amide at 1740 and 1658 cm-’, respectively. The 
aromatic signals in the ‘H NMR spectrum (acetone-d,) ap- 
peared as a multiplet at 6 7.1-8.0. 

Synthesls of the Phthallmido Oerlvatlves (7 -  10 ). 1-Aro- 
yl-2-(2’-carboxybenzoyl)hydrazine (0.0 1 mol) was added to 
acetic anhydride-pyridine mixture (50 mL, l:l), and the reaction 
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mixture was stirred for 16 h at room temperature. Evaporation 
of the unreacted acetic anhydride-pyridine mixture under re- 
duced pressure afforded the phthalimido product. Crystallization 
from the appropriate solvent (Table I) gave pure phthalimido 
compounds. 

The I R  spectra of compounds 7-10 showed NH stretching 
at 3350-3365 cm-' and the amide carbonyl at 1680 cm-'. The 
carbonyl groups of the carboxylic acids of compounds 7-1 1 
disappeared, and a new band appeared at - 1700 cm-' cor- 
responding to the imido group (-CONH-CO-). 

'H NMR spectra of compounds 7-11 were in full agreement 
with these for compounds 1-6 except for the disappearance 
of the carboxylic and amide protons. 

RqlStry  NO. 1, 16067-61-1; 2, 118071-17-3; 3, 118071-18-4; 4, 
118071-19-5; 5, 70988-26-0; 6, 19357-13-2; 7, 16067-65-5; 8, 118071- 
20-8; 9, 118071-21-9; 10, 100873-73-2; 11, 60945-03-1; phthalic anhy- 

dride, 85-44-9; benzoylhydrazine, 613-94-5; p-methylbenzoylhydrazine, 
36 19-22-5; p methoxybenzoylhydrazine, 3290-99-1: p -bromobenzoyl- 
hydrazine, 5933-32-4; Cpyridinecarboxylic acid hydrazide, 54-85-3; 2- 
aminobenzothiazole, 136-95-8. 
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The cycloaddition of a serles of C-acetyl-N-arylnltrillmlnes 
6a-e to acrylamide (2a), acryionltrlle (2b), and 
substituted benzylldeneacetophenones 4a-d has been 
studied. Under thermal condltlons, these 1,3-dipolar 
cycloadditions proceed with absolute regloselectivity to 
yield I-CONH,-, 5-CN-, and 5-COAr-substltuted 
2-pyrazolines 3A, 38, and 5, respectively. The structures 
of the cycloadducts 3A, 3B, and 5 were assigned on the 
bask of their 'H NMR and I R  spectra. 

Nitrilimines la-e have been known to react with acrylic acid 
derivatives 2a-c to give predominantly 5-substituted 2- 
pyrazolines 3 (Scheme I) ( 7 ) .  Also, the reactions of la-c with 
benzylideneacetophenone (4; R = CeHJ have been reported to 
give predominantly 5-benzoyl-4-phenyl-2-pyrazolines 5 (Scheme 
I)  (2, 3 ,  7 ) .  The regioselectivity of these reactions was sat- 
isfactorily rationalized in terms of the nitrilimine HOMO-dipola- 
rophile LUMO interaction (2, 3 ) .  A recent report (4) indicated, 
however, that the reaction of C-acetyl-N-(p -methoxyphenyl)- 
nitrilimine (sa) with acrylamide (2a) and the substituted benzy- 
lideneacetophenones 4a-c gave exclusively l-aryl-3-acetyl-5- 
aminocarbonyl-2-pyrazoline 7 and 1,5diaryl-3acetyl-4-aroyl-2- 
pyrazolines 8a-c, respectively (Scheme 11). The regiochem- 
istry of such products is contrary to our expectation: therefore, 
we reexamined the regiochemistry of the cycloadditions of 
C-acetyl-N-arylnitrilimines 6a-e to acrylic acid derivatives and 
a,/?-unsaturated ketones. I n  this article we report on the re- 
sults of the study of the reactions of 6a-e with acrylamide (2a), 
acrylonitrile (2b), and a series of four substituted benzylidene- 
acetophenones 4a-d (Scheme 111). 

Scheme I1 

Results and Discussion 

The reactions of Cacetyl-N-arylnitrilimines 6a-e, generated 
in situ by treatment of C-acetyl-N-arylformohydrazidoyl chlo- 
rides 9a-e with triethylamine, with the dipolarophiles 2a, 2b, and 
4a-d were carried out in refluxing chloroform. The results are 
summarized in Table I. These results indicate that the cy- 
cloadditions of 6 with acrylamide (2a), acrylonitrile (2b), and 
a,/?-unsaturated ketones 4a-d are regioselective, yielding ex- 
clusively the corresponding 5-CONH2, 5-CN, and 5-COCeH,R 
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