
Vol. 38, No. 2, February 1968 NOTES 851 

dissolved in 10 ml of purified cumenera and the solution was de- 
gassed, while cooled with liquid nitrogen. The reaction mixture 
was then allowed to  warm up to  room temperature and gradually 
heated to 132" under a nitrogen atmosphere and maintained at 
this temperature for 5 hr. The gases evolved were caught and 
analyzed in an Orsat apparatus. 

When the reaction was finished, the mixture was allowed to  
cool to room temperature and kept overnight in the refrigerator. 
Colorless needles separated out and were identified as phthalic 
anhydride, mp 132'; a mixture melting point with an authentic 
sample gave no depression, yield 0.543 g (727,). From the 
filtrate (8.656 g) a vapor phase chromatogram was run showing 
the presence of acetone and t-butyl alcohol (column, polypropyl- 
ene glycol UC oil LB-550-X; column temperature, 73'). The 
quantitative amounts of both products were determined from 
their peak areas of the chromatogram. In  addition to the gas 
chromatographic identification, the formation of acetone and 
t-butyl alcohol was proved by preparing derivatives. The reac- 
tion solution was therefore fractionated in order to separate the 
mixture of acetone and t-butyl alcohol from most of the cumene. 
The distillate was divided into two portions which were treated 
with 2,4-dinitrophenylhydrazine and 3,5-dinitrobenzoylchlo- 
ride,'g respectively. The melting points of the corresponding 
acetone 2,4-dinitrophenylhydrazone and t-butyl-3,rj-dinitro- 
phenylbenzoate agreed with the literature values. The remain- 
ing cumene solution was subjected to  a vacuum (2 mm) dis- 
tillation to remove the cumene; more crystalline product sep- 
arated. Petroleum ether was added, causing a partial solution 
of the solid material. This was separated by filtration and 
identified as additional phthalic anhydride (0.08 g), increasing 
the total yield of phthalic anhydride to 0.623 g (83%). From 
the filtrate, the petroleum ether was removed under vacuum and 
a yellow crystalline compound was obtained which was purified 
by recrystallization from ethanol and identified as dicumyl, mp 
11S0, and by a mixture melting point with an authentic sample20 
and comparison of the infrared spectra; yield 0.367 g. 

Analysis of the gaseous products showed that no oxygen or 
carbon dioxide had been formed. An infrared spectrum run in a 
gas cell exhibited the following bands: 3050-2900 (triplet), 
1730, 1440, 1340, 1300, 1260-1200, and 890 cm-1. Further- 
more, a mass spectrum was run showing absorptions a t  m/e 
27 and 29. Both Rpectra indicate strongly the presence of ethane 
and ethylene. 

Reaction of Unsymmetrical Phthalyl Chloride with &Butyl 
Hydroperoxide in the Presence of Pyridine.-Unsymmetrical 
phthalyl chloride (2.03 g, 0.01 mole), dissolved in 10 ml of an- 
hydrous ether, and t-butyl hydroperoxide (3.60 g, 0.04 mole), 
likewise dissolved in 10 ml of anhydrous ether, were dropped 
simultaneously in the course of 0.5 hr to  a solution of dry pyri- 
dine (1.58 g, 0.02 mole) in 20 ml of anhydrous ether a t  0' with 
stirring. Pyridine hydrochloride precipitated during the addi- 
tion. The reaction mixture was then allowed to warm up to 
room temperature and stirring was continued overnight. After 
separation of the pyridine hydrochloride by filtration, the ether 
was removed under reduced pressure leaving a colorless liquid 
which was subjected to a vacuum of 2 mm to remove the excess 
t-butyl hydroperoxide. An infrared spectrum taken of the final 
product revealed that di-t-butyl diperoxyphthalate was the only 
peroxidic product present. For further purification, the product 
was redissolved in ether, and the ether solution was extracted with 
ice-cold 10% sodium hydroxide, the ether layer was washed with 
water, dried over magnesium sulfate, filtered, and the ether was 
removed under reduced pressure, leaving a viscous liquid which 
crystallized on standing. The crystals were washed with petro- 
leum ether, dried (mp 48O), and identified as di-l-butyl diperoxy- 
phthalate by mixture melting point and infrared spectrum; - -  
yield 2.28 g (73.67,). 

Effect of &Butyl Hydroperoxide on 3,3-Di-t-butyl Diperoxy- 
ltha1ide.-Since the unsvmmetric 3.3-di-t-butyl diperoxy- 
phthalid contains a y-lactone ring it was thought advisabie to try 
the effect of t-butyl hydroperoxide on this ring. Consequently 
0.2 g of 3,3-di-t-butyl diperoxyphthalid was heated with stirring a t  
60-70' with excess t-butyl hydroperoxide for 2.5 hr. The excess 

t-butyl hydroperoxide was then removed a t  2 mm, whereby a 
slightly yellow viscous liquid was separated which crystallized 
on standing. When the crystals were washed with petroleum 
ether and dried, they melted at 86' and were shown by mixture 
melting point to  be identical with the starting material and the 
recovery was nearly quantitative. 

Acid Hydrolysis of 3,3-Di-t-butyl Diper0xyphthalide.-Sulfuric 
acid (1 ml, 50% concentrated) was added to a stirred solution 
of 3,3-di-t-butyl diperoxyphthalid (0.20 g) in 10 ml of ether at 
0". The reaction was allowed to  continue for 2 hr, while the 
mixture was warmed to room temperature. Water was then 
added and the sulfuric acid was neutralized with magnesium 
carbonate, the ether layer was separated, dried over magnesium 
sulfate, filtered, and the ether was removed under reduced pres- 
sure. White crystals were separated (mp 84-85') and identified 
by mixture melting point as the starting material and the recovery 
was nearly quantitative. This experiment shows that the acid 
failed to open the y-lactone ring. 

Basic Hydrolysis of 3,3-Di-t-butyl Diperoxyphthalide.-3,3- 
Di-t-butyl diperoxyphthalid (0.10 g, 3.22 X lo-' mole) was 
dissolved in 6 ml of ethylene glycol monomethyl ether and to  the 
solution was added 0.8 ml of 10% aqueous sodium hydroxide. 
The reaction mixture was stirred for 2 hr a t  40°, then added to  it 
successively 15 ml of acetic acid, 3 ml of saturated potassium 
iodide solution, and a piece of Dry Ice. After standing for 
0.5 hr at 60°, the iodine liberated was titrated with standard 
sodium thiosulfate. On the basis of formula 111, 86.5% of the 
expected 2 mole equiv of t-butyl hydroperoxide was found. I n  a 
separate experiment one of the hydrolysis products (phthalic 
acid) was isolated by extracting the acidified reaction mixture 
with ether and evaporating the solvent. A white solid was ob- 
tained mp 186-187" and identified &s phthalic acid by mixture 
melting point. 

Registry No.-I, 15042-77-0; 11, 2155-71-7; 111, 
15044-23-2. 

Acknowledgment.-The authors wish to thank Dr. 
Nagy for the combustion analyses, Dr. Nancy Wang 
for assistance in some of the experiments, the Lucid01 
Division of Wallace and Tierman, Inc., and the In- 
dustrial Fund of Massachusetts Institute of Technology 
for financial support of this investigation. 

Reactions of Hydrazines with Esters 
and Carboxylic Acids 

RICHARD F.  SMITH^, ALVIN C. BATES,~ ANGELLO J. BATTISTI,* 
PETER G. BYRNES,~ CHRISTINE T. MROZ,~ THOMAS J. SMEARING,~ 

AND FREDERICK X. ALBRECHT~ 

Department of Chemistry, State University College at Geneseo, 
Geneseo, New York 14464, and Department of Chemistry, 

State University of New York at Albany, Albany, New York 

Received August 18, 1967 

As part of a continuing study of the thermolytic and 
photolytic decomposition of amine imideala we required 
large quantities of l,l-dimethyl-2-acylhydrazines (I) 
for subsequent conversion to  trimethylamine imides. 
HinmanO has reported that 1,l-dimethylhydrazine re- 
acts with benzoyl chloride to give mixtures of 1,l-di- 
benzoyl-2,2-dimethylhydrazine and l-benzoyl-2,2-di- 
methylhydrazine with the former predominating under 
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16. pCHaOCeH4- 
17. p-NOzCsH4- 

Recryatn 
solvent 

EtOH-HI0 
CeHs 
Ce&-PE" 
CeHgPE 

CsHs 
CeHgPE 
EtOH-HI0 
CsHe-PE 
CeHe 
CHClrPE 
EtOH 
CeHe 

MeOH-HIO 
EtOH 

CaHgPE 
CsHgPE 

TABLE I 
N-SUBSTITUTED HYDRAZIDES RCONHN(CH8)s 

-Yield, %a- 
From 

methyl From -C, %- 
MP, O C  

105-107b 
11 1-112 
116-118 
93-94 

151-153 
116-1 17 

Oild 

150-152 
145-147 
111-1 128 
192-194 dec 
185-1871 
165-1679 

196-198h 
218-219 

72-73.5 
132-134 

eater acid Calcd 

56 67 
32 68 67.38 
14 68 61.83 

55 61.83 
80 64 

61 51.69 
46 59.33 

51 44.46 
41 58.91 

24 72 
68 70.17 

48 71.12 
63 75.56 

RmN-Ns H 

74 60 
23 57.82 

RCON (CHI)", 
50 59.98 
32 49.22 

Found 

67.79 
61.66 
61.74 

51.44 
59.07 
44.17 
58.97 

69.80 
71.34 
75.95 

57.95 

59.84 
49.29 

Calcd 

7.92 
7.26 
7.26 

5.26 
6.08 
4.56 
7.19 

6.43 
6.66 
7 .13  

6.06 

6.71 
4.64 

Found 

7.93 
7.38 
7.22 

5.26 
6.09 
4.55 
7.33 

6.34 
6.77 
7.13 

6.02 

6.73 
4.64 

Calcd 

15.72 
14.43 
14.43 

20.09 
15.38 
11.52 
12.49 
14.73 
14.88 
10.37 
11.02 

16.86 

15.54 
21.52 

Found 

15.75 
14.22 
14.42 

20.37 
15.29 
11.60 
12.36 
14.89 
14.73 
10.28 
11.15 

16.73 

15.70 
21.53 

a Yields are based on unrecrystallieed products. Reference 4 reports mp 106-107'. 0 Petroleum ether, bp 38-52'. Isolated as 
the methiodide, see Experimental Section. e Reference 5 reports mp 111-112'. I Reference 5 reports mp 192-193'. 0 Reference 5 
reports mp 172-173'. P. A. S. Smith and H. G. Pars, J .  Org. Chem., 24, 1325 (1959). i Registry no.: 2, 14908-39-5; 3, 14908-40-8; 4, 
14908-41-9; 6, 14908-42-0; 7, 14908-43-1 ; 8, 14908-44-2; 9, 14908-45-3; 11, 14908-48-4; 15, 2612-847; 16, 14908-48-6; 17, 14908-49-7. 

the conditions employed.s These earlier results were 
confirmed in our laboratories and the dibenzoyl com- 
pound was also found as the major product when the 
acylation was conducted under Schotten-Baumann 
conditions (aqueous sodium hydroxide or pyridine). 

Since acylation with acid chlorides did not appear to 
be a promising route to the desired compounds, we 
turned our attention to the use of esters as acylating 
agents for 1,l-dimethylhydrazine. Hinman and Ful- 
ton6 reported that the reaction of ethyl formate with 
1,l-dimethylhydrazine readily gave l-fo~ny1-2~2-di- 
methylhydrazine, but methyl acetate, ethyl acetate, 
and methyl benzoate did not react with 1,l-dimethyl- 
hydrazine when the reactions were conducted at reflux 
temperature. We have verified that no acylation oc- 
curs when methyl benzoate and 1,l-dimethylhydrazine 
are heated under reflux but under these conditions, 
some nucleophilic substitution does occur and we have 
isolated a low yield of l,l,l-trimethylhydrazinium ben- 
zoate (11, R = CaHa)' from the reaction mixture. When 
the reaction was conducted at 130' in a sealed tube, the 
yield of I1 was increased to 42% and again no acylated 
products could be detected. The reactions of 1,l-di- 
methylhydrazine with methyl p-anisate and methyl p- 
nitrobenzoate, respectively, also resulted in the forma- 
tion of the corresponding l, l, l-trimethylhydrazinium 
salts in low yield. A small amount of the reductive 
coupling product, 4,4'-dicarbomethoxyazobenzene (111) , 
was also formed from the latter reaction. To our 

(5) More recently, and since the inception of our work, R. F. Meyer and 
B. C. Cummings [ J .  HeterocycZic Chem., 1, I86 (1964)l have reported that 
good yields of l,l-dialkyl-2-acylhydrazines may be obtained by alow addi- 
tion of acid chlorides to an excess of the hydrazine in ether or tetrahydro- 
furan. 

(6) R. L. Hinman and D. Fulton, J .  Am. Cham. Soc., 80, 1895 (1958). 
(7) For a discussion of the alkylation of l,l-disubstituted hydrazine de- 

rivatives, see H. H. Sisler, G. M. Omietanaki, and B. Rudner, Chem. Rev., 67, 
1027 (1957). 

knowledge, this is the first example of the reduction of a 
nitro group by an N,N-disubstituted hydrazine.8 

Bunnett and DavisDa have observed that in the ab- 
sence of added methoxide ion, the reaction between n- 
butylamine and methyl benzoate is too slow to be de- 
tected. However, in the presence of methoxide ion, 
the aminolysis reaction proceeded at  reasonable rates 
and a first-order kinetic dependence on methoxide ion 
was established. Further encouraged by reports of 
general base catalysis in the aminolysisQ and hydrazinol- 
ysis'O of esters, we next undertook a study of methoxide 
ion catalysis in the reaction of methyl esters with 1,l- 
dimethylhydrazine. In contrast to the results de- 
scribed above, we have found that in the presence of 
methoxide ion, the reaction proceeds to give mixtures 
of hydrazides (I) and the sodium salts of the carboxylic 
acids. The sodium salts are undoubtedly formed by a 
nucleophilic displacement by the methoxide ion on the 
ester (eq 1). The yields of hydrazides obtained by 

n 
CH,O- + CH,~OCOR - (cH,),o~ + RCO,- (1)  

this method (Table I) varied from 14 to SO%, but the 
products were easily obtained in a pure form. It was 
also found that in the presence of methoxide ion, l-benz- 
amidopiperidine is formed in 74% yield from the re- 
action of methyl benzoate and 1-aminopiperidine. The 
reaction of 1-methyl-1-phenylhydrazine with methyl 
benzoate in the presence of methoxide ion failed to 
yield a crystalline product. 

We have also found that a variety of carboxylic acids 
can be used to acylate 1,l-dimethylhydrazine by means 

(8) A. Furat, R. C. Berlo. and 9. Hooton, ibid., 66, 59 (1965). 
(9) (a) J. F. Bunnett and G. F. Davis, J .  Am. Chcm. SOC., 81, 665 (1960); 

(IO) T. C. Bruice and R. G .  Willis, ibid.. 87, 531 (1965). 
(b) W. P. Jencka and J. Carriuolo, ibid.. 81, 675 (1960). 
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of N,N'-dicyclohexylcarbodiimide. Although diimides 
have found extensive use in the synthesis of peptides 
and amides," to our knowledge they have not pre- 
viously been utilized for the synthesis of hydrazides. 
The hydrazides were easily obtained in a pure state by 
acid extraction of the filtrate obtained after removal of 
the insoluble N,N'-dicyclohexylurea. The yields and 
properties of the hydrazides obtained by this method 
are also recorded in Table I. 

We have also found that 1-aminopiperidine can be 
acylated by benzoic acid and p-nitrobenzoic acid in 
yields of 60 and 23%, respectively. The latter repre- 
sents the lowest yield obtained by the diimide method. 
We were able to isolate a small quantity of 1,3-dicyclo- 
hexyl(4-nitrobenzoy1)urea from the acid insoluble prod- 
ucts formed in the latter reaction. The formation of 
the acylated urea is an expected side reaction since the 
0-acylisoureas initially formed from the reaction of car- 
boxylic acids with diimides can, in addition to function- 
ing as acylating agents, react further to give N-acylureas 
or a urea and the anhydride of the acid12 (eq 2). Appar- 

R"HCON(C0R)R' 

(RCO)zO + R'NHCONHR 
( 2) 

ently, the diimide method cannot be used for the syn- 
thesis of N,N-diacylated hydrazines. Reaction of 
1-aminopiperidine, benzoic acid and N,N'-dicyclohexyl- 
carbodiimide in a 1 : 2: 2 molar ratio afforded 60% of 
1-benzamidopiperidine and 23y0 of l,3-dicyclohexyl-l- 
benzoy lurea. 

Benzoylhydrazine was converted to l12-dibenzoyl- 
hydrazine in 38% yield by the diimide method. 

It was also of interest to ascertain the site of acylation 
of a monosubstituted hydrazine by the diimide method. 
Hinman and Fulton6 have reported that methylhydra- 
sine reacts with esters to give mainly the l-acyl-2- 
methylhydrazine, but when anhydrides are employed 
as the acylating agent, the major product is the l-acyl- 
1-methylhydrazine, Analogous results have recently 
been reported for the acylation of methylhydrazine with 
phenylacetic anhydride and ethyl phenylacetate. la We 
have found that benzoic, acetic, propionic, and phenyl- 
acetic acids react with methylhydrazine in the presence 
of N,N'-dicyclohexylcarbodiimide to give oily products 
which have been identified as l-acyl-l-methylhydra- 
zines. In the case of the acetyl, propionyl, and benzoyl 
derivatives, identity was established by conversion to the 
knowns l-acyl-l-methyl-4-phenyl-3-thiosemicarbazides 
(V) . The crude 1-methyl-1-phenylacetylhydrazine 
was identified by conversion to the known 4-nitrobenzal- 
hydrazine.13 The yields and melting points14 of these 
semicarbazides are reported in Table 11. p-Anisic acid 
and p-nitrobenzoic acid were converted to crystalline 
acylmethylhydrazines by the diimide method. These 

(11) For leading reference, see F. Kurzer and K. Douroghi-Zadeh, 
Chem. Rev., 67, 128 (1967). 

(12) Reference 11, p 123. 
(13) W. J. Theuer and J. A.  Moore, J .  Org. Chem., 99, 3734 (1964). 
(14) Hinman and Fultona noted that compounds of type V melt with gas 

evolution and resolidify to give higher melting substances. We have estab- 
lished that thermolysis of these compounds results in loss of water and the 
formation of meaoionic I-methyl-3-thio-4-phenyl-5-R-1,2.4-triaaolium hy- 
droxide inner salts. The results of this study will be published at a later 
date. For leading references on other methods of synthesis of mesoionic 
1,2,4-triazolea, see G. F. Duffin, J. D. Kendall, and H. R. Waddington. J .  
Chem. Soc., 3799 (1969). 

TABLE I1 
RCON (CHs)NHCSNHCsHs FROM RCON (CHs)NHt 

MP, o- 

R Foundb Reported Yield, %a 

CsHs- 156-157 153-155 50 
C H r  164-167 163-1 64 78 
CzHs- 171-173 170-172 42 
C~HSCHZ-'*~ 154-156 58 

a Yields are calculated for recrystallized products and are 
based on the quantity of acid employed in the acylation. * All 
melted with decomposition. See ref 14. White crystals (from 
ethanol). Anal. Calcd for CI~HITN~OS: C, 64.18; H, 5.72; N, 
14.04. Found: C, 64.20; H, 5.72; N ,  14.12. d Registry no., 
14908-50-0. 

compounds were assigned 1-acyl structures by analogy 
with the results described above. The reaction of 
p-nitrobenzoic acid with methylhydrazine resulted in the 
formation of a rather complex mixture of products which 
included 32% of the hydrazide, 5% of 1 ,3-dicyclohexyl- 
1-(4-nitrobenzoyl)urea, and an unidentified compound 
of high molecular weight. 

Reaction of phenylhydrazine with benzoic acid by 
the diimide method afforded negligible acid-soluble 
material. The neutral fraction contained a mixture 
from which it was possible to isolate 26% of l-benzoyl-2- 
phenylhydrazine (Chart I). 

CHART I 
(CH3)3N NH: RC02- 

RCOzCH3 + (CHJQNNH, 

cH,o-\ 
RCONHN(CHJ2 + RCOZ- 

I 

02N-@02CH8 + (CH3I2NNH2 -+ 

(CH3)3NNH> 0 2 N - @ Q -  + 

CH302C a N - N - @ 0 2 C H 3  

III 

C)-N-C-N-~ 
RCOZH + (CH&NNHZ * I  

O - N - C - N ~  
RCOZH + CHBNHNHZ 

CaHsNCS 
RCON(CHJNH2 RCON(CHJNHCSNHC6H6 

Iv v 
O N -  c - N O  

C&CO2H + C&,NHNHZ t 

CGHSCONHNHC~H, 

Experimental Section 
Melting points are uncorrected and were determined with a 

Mel-Temp apparatus. Infrared spectra were determined in 
potassium bromide with a Perkin-Elmer Infracord instrument. 
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Analyses are by Galbraith Laboratories and by Mr . Kenneth 
Fleischer of the Sterling-Winthrop Research Institute. 

1 , l  ,I-Trimethylhydrazinium Benzoate.-A sealed tube con- 
taining 6.8 g (0.05 mole) of methyl benzoate and 3.0 g (0.05 
mole) of 1,l-dimethylhydrazine was heated for 18 hr a t  130'. 
On cooling, the contents solidified. On dilution with ether, an 
oil was obtained which crystallized on cooling to give 4.1 g (42%) 
of extremely hygroscopic crystals, mp 75-77'. When the reac- 
tion was conducted at  reflux temperature for 14 hr, the yield 
was 9%. The analytical sample was prepared by several re- 
crystallizations from ethanol-ether, mp 84-85'. Immediately 
prior to analysis, the compound was dried in vacuo a t  60' (3.90% 
loss in weight). 

Anal. Calcd for C10H18Nz0) (monohydrate): C, 56.05; 
H,8.47; N, 13.08. Found: C,56.11; H,8.05; N, 13.12. 

Addition of the pure salt to a saturated solution of potassium 
iodide gave l,l,l-trimethylhydrazinium iodide, mp 254-256' 
dec, lit." mp 258'. The infrared spectrum of the iodide was 
identical with that of an authentic sample. Acidification of an 
aqueous solution of the salt gave benzoic acid, mp and mmp 
121-122'. 

Reaction of 1,l-Dimethylhydrazine with Methyl p-Nitro- 
benzoate.-A solution of 9.1 g (0.05 mole) of methyl p-nitro- 
benzoate, 3.0 g (0.05 mole) of 1,l-dimethylhydrazine, and 15 ml 
methanol was heated under reflux for 7 days. Crude 4,4'- 
dicarbomethoxyazobenzene (0.54 g, 7.2%) was removed by 
filtration and washed with methanol, mp 225-234'. Recrystal- 
lization from acetic acid gave orange crystals, mp 240-241' 
(lit?* mp 242'). Its infrared spectrum (KBr) showed a carbonyl 
band a t  1725 cm-l. 

Anal. Calcd for ClgH14N204: N, 9.39. Found: N, 9.37. 
The filtrate from the isolation of the azo compound was diluted 

with a large volume of ether to precipitate 1.98 g (8.2%) of 
crude 1,1,l-trimethylhydrazinium p-nitrobenzoate, mp 190- 
230". A small amount of the ethanol-insoluble azo compound 
was isolated when the salt was dissolved in ethanol. Acidifica- 
tion of an aqueous solution of the salt gave p-nitrobenzoic acid, 
mp 234-238'. The salt was recrystallized from ethanol as white 
crystals, mp 213-215'. 

Anal. Calcd for Cl0HI5NSO4: C, 49.78; H,  6.27. Found: 
C, 49.99; H ,  6.04. 

1 ,1 ,l-Trimethylhydrazinium p-Anisate.-A solution contain- 
ing 3.0 g (0.05 mole) of 1,l-dimethylhydrazine and 8.3 g (0.05 
mole) of methyl p-anisate was heated under reflux for 3 days. 
Dilution with ether gave 3.2 g (29%) of product, mp 161-166'. 
The analytical sample was recrystallized from ethanol-ether, 
mp 168-169'. 

Anal. Calcd for CIiHIaNZOa: C, 58.38; H, 8.02; N ,  12.38. 
Found: C,58.16; H ,  7.76; N,  12.17. 

General Procedure for the Reaction of 1 ,l-Dimethylhydrazine 
with Methyl Esters.-The ester (0.05 mole) and 12.0 g (0.20 mole) 
of 1,l-dimethylhydrazine were added to a solution containing 
0.10 mole of sodium methoxide in 50 ml of anhydrous methanol. 
The reaction mixture was heated under reflux with magnetic 
stirring for 24 hr. Separation of the sodium salt of the acid was 
frequently observed within the first hour of the reaction period. 
The reaction mixture was poured into 200 ml of water, and the 
aqueous solution (or suspension) was extracted with three 50- 
ml portions of chloroform. Acidification of the aqueous fraction 
afforded the free acid. The combined chloroform extracts were 
extracted with three 50-ml portions of 3 N hydrochloric acid. 
The combined acid extracts were made basic with sodium 
carbonate and extracted with three 50-ml portions of chloroform. 
Evaporation of the dried chloroform extracts gave products which 
usually melted within a few degrees of the analytical sample. 

General Method for Reaction of Carboxylic Acids with Hy- 
drazines.-A solution consisting of 4.1 g (0.02 mole) of N,N'- 
dicyclohexylcarbodiimide and 0.02 mole of the hydrazine in 80 
ml of methylene chloride was treated with 0.02 mole of the car- 
boxylic acid. Occasionally it was necessary to  moderate the 
exothermic reactions by external cooling. After 2 hr a t  room 
temperature, the precipitated N,N'-dicyclohexylurea was re- 
moved by filtration and the filtrate extracted with three 25-m1 
portions of 3 N hydrochloric acid. The combined acid extracts 
were made basic with sodium carbonate and extracted with three 
50-ml portions of chloroform. The products were obtained by 
evaporation of the dried chloroform extracts. 

1,1,l-Trimethyl-2-(2-methoxybenzoyl)hydrazinium Iodide .- 
Acylation of 1,l-dimethylhydrazine with 3.88 g (0.02 mole) of 
o-methoxybenzoic acid afforded an oil which resisted crystalliza- 
tion. The crude product was treated with 10 ml of methyl 
iodide. After 78 hr, the solid product was suspended in pet- 
roleum ether and filtered to give 3.7 g (64%) of crude product, 
mp 162-165' dec. Similar treatment of the oily product from 
acylation with methyl o-methoxybeneoate afforded the crude 
methiodide, mp 163-166' dec, in 80% yield. The analytical 
sample was recrystallized from ethanol as white crystals, mp 
164-165' dec. 

Anal. Calcd for C11H17NzO~I: C, 39.30; H,  5.10; N, 8.33. 
Found: C, 39.30; H,5.06; N,8.23. 

Reaction of 1-Aminopiperidine with 4-Nitrobenzoic Acid .- 
p-Nitrobenzoic acid (3.34 g, 0.02 mole) was added to a solution 
containing 2.00 g (0.02 mole) of 1-aminopiperidine and 4.12 g 
(0.02 mole) of N,N'-dicyclohexylcarbodiimide in 100 ml of 
methylene chloride. After 2 hr, the N,N'-dicyclohexylurea 
was removed by filtration and the filtrate extracted with two 
25-ml portions of 3 N hydrochloric acid. The insoluble material 
which was formed during the extraction was removed by filtra- 
tion and was identified as 1,3-dicyclohexyl-l-(4-nitrobenzoyl)- 
urea, 0.75 g, mp 192-194". 

The combined acid extracts were made basic with sodium 
carbonate and the resulting suspension was extracted with chloro- 
form. Evaporation of the dried extracts gave 1.12 g (23%) of 
1-(4-nitrobenzarnido)piperidine, mp 218-219'. 

The methylene chloride solution was dried and evaporated. 
The residue was suspended in petroleum ether and filtered to give 
2.54 g of crude material. After several recrystallizations from 
benzene and ethanol, crude 1,3-dicyclohexyl-l-(4-nitrobenzoyl)- 
urea, mp 195-196', was obtained and identified by infrared. 

Reaction of Benzoylhydrazine with Benzoic Acid.-To a solu- 
tion containing 4.12 g (0.02 mole) of N,N'-dicyclohexylcarbo- 
diimide and 2.72 g (0.02 mole) of benzoylhydrazine in 100 ml of 
methylene chloride was added 2.44 g (0.02 mole) of benzoic acid. 
The product, 1,2-dibenzoylhydrazine, precipitated with the 
N,N'-dicyclohexylurea and was separated by stirring the solid 
mixture with 200 ml of cold ethanol for 6 hr. Filtration gave 
1.84 g(38'%)of product, mp and mmp 238-240' (lit." mp 237- 
239'). 

Reaction of 4-Nitrobenzoic Acid with Methylhydrazine .- 
To a solution consisting of 1.84 g (0.04 mole) of methylhydrazine 
and 8.25 g (0.04 mole) of N,N'-dicyclohexylcarbodiimide in 100 
ml of methylene chloride was added 6.68 g (0.04 mole) of 4- 
nitrobenzoic acid. The reaction mixture was warmed gently 
and stirred during the first hour to effect the solution of the 4- 
nitrobenzoic acid. After 4 hr, precipitation of insoluble material 
was noted. After 24 hr a t  room temperature, the reaction 
mixture was filtered. The filtrate was extracted with three 
50-ml portions of 3 N hydrochloric acid. During the third ex- 
traction, 1.6 g of insoluble material separated from the methylene 
chloride. Recrystallization of this material from aqueous ethanol 
gave 0.65 g of 1,3-dic~clohex~l-l-(4-nitrobenzoyl)urea, mp 
501-202' dec. 

Found: C. 64.15: H. 7.37: N. 11.10. 
Anal. Calcd for C2oHwNaOd: C, 64.32; H,  7.28; N, 11.25. 

The combined .acid extracts were made basic with sodium 
carbonate and the resulting suspension was extracted with three 
50-ml portions of chloroform. Evaporat,ion of the dried chloro- 
form extracts gave 4.3 g of yellow solid, mp 110-124'. This 
crude material waa suspended in 85 ml of boiling benzene. Fil- 
tration afforded 0.9 g of unidentified material, mp 185-189'. 
Recrystallization from chloroform gave the analytical sample as 
white crystals, mp 191-192'. 

Anal. Found: C, 57.78; H ,  10.32; N,  20.72; mol wt 
(osmometric in chloroform), 484. The infrared spectrum (KBr) 
exhibited strong intensity bands at 3.45, 6.20, and 6.41 p and 
medium intensity bands at  3.08, 3.19, 3.29, 3.52,6.93,8.27, and 
13.9 p .  

Addition of petroleum ether to the benzene filtrate obtained 
above gave 2.5 g (32%) of crude l-methyl-l-(4-nitrobenzoyl)- 
hydrazine, mp 121-128'. Further details on the purification 
and properties of this compound are found in Table I .  

l-Benzoyl-2-phenylhydrazine.-The reaction of benzoic acid 
with phenylhydrazine was carried out by the general procedure 
on a 0.02-mole scale. The usual work-up of t,he acid extracts 

(15) P. A. S. Smith and E. E. Most, Jr., J .  Org. Chem., IS, 358 (1957). 
(16) F. Meyer and K. Daklem. Ann., SPB, 331 (1903). 

(17) H. H. Hatt. "Organic Syntheses," Call. Vol. 11, John Wiley and 
Sons, Ino., New York, N.Y., 1966, p 208. 
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afforded a minute quantity of an oil with the characteristic odor 
of phenylhydrazine. Evaporation of the dried methylene chlo- 
ride solution afforded a crude solid which on one recrystallization 
from ethanol gave 1 .I g (26%) of l-benzoyl-2-phenylhydrazineJ 
mpandmmp 168-169" (1it.lamp 168'). 

Registry No.-1 ,l, 1-Trimethylhydrazinium benzo- 
ate, 15038-93-4; l,l,l-trimethylhydrazinium p-nitro- 
benzoate, 14908-51-1 ; l,l,l-trimethylhydrazinium p-  
anisate, 15038-94-5; l,l,l-trimethyl-2-(2-methoxyben- 
zoyl) hydtazinium iodide, 14908-52-2; 1 ,3-dicyclohexyl- 
1-(4-nitrobenzoyl)urea, 14908-53-3. 
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Various ortho-substituted benzoic acids have served 
as benzyne As part of our study of 
fluoroazoxy4 and related azoxy compounds,6 it was of 
interest to see if the 2-substituted benzoic acids l a  and 
lb, or their salts, would also generate benzyne when 
heated. 

P 
C*H, 

N-N-X a N - N - x  + ). 
0 0 

la, X- -F  28, X--F 
b, X--S02+H, b, X = -S0,@H3 

To prepare l a  and lb, ethyl 2-nitrosobenzoate was 
converted to esters 2a and 2b by interaction with tetra- 
flu~rohydrazine~ and chloramine-T,g respectively. The 
esters were converted into the acids by alkaline saponi- 
fication. Only the infrared spectrum of lb requires 
additional comment. Although the infrared spectrum 
of la (see Experimental Section) was that expected for a 
carboxylic acid dimer, that of lb, run in a Nujol mull, 
showed a bonded -OH at 3.13 p and a sharp carbonyl 
band at  5.82 p .  Since lb is esterified by diazomethane 
or alcohols (acid catalyzed) to give 2b and related 
esters, it appears that intramolecular hydrogen bonding, 
rather than a cyclic structure such as 3 or 4, accounts 
for the unexpected infrared properties.' 

(1) Reviewed by G. Wittig, Aneew. Chem. Intern., E d .  Enel., 4,731 (1965). 
(2) E. McNelis, J .  Ow. Chem., 48, 3188 (1963). 
(3) F. M. Beringer and 8. J. Huang, ibid., 19, 445 (1964). 
(4) T. E. Stevens and J.  P. Freeman, ibid., 49, 2279 (1964). 
(5) T. E. Stevens, ibid., 49, 311 (1984). 
(6) W. V. Farrar and J. M .  Gulland, J .  Chem. Soe., 368 (1944). 

0 n 

3 4 

Only a small amount of NzO was produced when la, 
lb, or their salts were pyrolyzed in o-dichlorobenzene 
or in the dimethyl ether of triethyleneglycol (triglyme). 
Nitrogen and COz were the major gaseous products. 
And, evidence for the intermediacy of benzyne was 
found in the thermal decomposition of salts of l a  
and of acid lb.* 

Triptycene (2%) was isolated when a mixture of 
anthracene and the sodium salt of l a  was refluxed in 
o-dichlorobenzene. However, triptycene (25%) was 
obtained from acid lb and anthracene in triglyme 
after 3 hr at  190'. Another effective trap for the 
benzyne produced from lb  was 2,3,4,5-tetraphenylcyclo- 
pentadienone;a 1,2,3,4-tetraphenylnaphthalene (24%) 
was isolated in this experiment. 

The nature of the decomposition process giving rise 
to nitrogen and benzyne remains obscure. Azoxy 
toluenesulfonates, structures similar to 1, undergo 
thermal decomposition by an apparent radical mecha- 
nism and give nitrogen and aryl  radical^.^ An ionic 
pathway that produces Con, benzyne, and a nitrogen 
precursor such as diimide 5 is also conceivable. 

0 
5 

Experimental Section 

Preparation of N-(2-Carboethoxyphenyl)-N'-fluorodiimide N- 
Oxide (la).-Ethyl 2-nitrosobenzoate (3 g) in 30 ml of chloro- 
benzene was exposed to  an atmosphere of tetrsfluorohydrazinelo 
at 0-20'. When the uptake of tetrafluorohydrazine was com- 
plete, the solution was degassed thoroughly. The solution was 
chromatographed on silica gel in the usual manner.4 The ester 
l a  waa isolated as a yellow oil. The F1o nmr spectrum had a 
single peak at  + -51.1. 

Anal. Calcd for CpHoNlOaF: C, 50.93; H, 4.27; N, 13.21; 
F, 8.96. Found: C, 50.88; H, 4.35; N, 12.63; F, 8.41. 

Preparation of N- (2-Carboxyphenyl)-N'-fluorodiimide N-Oxide 
(la).-Compound 2a (5 g), 100 ml of methanol, 10 ml of water, 
and 33 ml of 1.4 N sodium methoxide in methanol was refluxed 
for 1 hr. The mixture was poured into water, acidified, and 
extracted with methylene chloride. Evaporation of the methy- 
lene chloride left a solid residue, which was recrystallized from 
chloroform. Thus la (3.2 g), mp 144-145', was obtained. The 
F1o nmr spectrum had a single peak a t  + -53.9. 

Anal. Calcd for C7HaN2OoF: C, 45.66; H, 2.74; N ,  15.22; 
F, 10.32. Found: C, 45.46; H ,  2.90; N, 14.72; F ,  10.66. 

The infrared spectrum (Nujol mull) of la  indicated that it 
existed in the usual dimeric form. The bonded 0-H stretch was 
3.7-4.0 p,  and the carbonyl absorption was 5.95 p .  

(7) The infrared spectrum of deuterated l b  was examined in an attempt 
to determine the functional group (aaoxy or sulfonyl) involved in hydrogen 
bonding. No noticeable change in the aroxy absorption at 6.7-6.9 p (masked 
by Nujol) or in the symmetric S=O stretch at 8.65 p was observed, but the 
asymmetric 8=0 stretch at 7.45 p in lb  was a doublet, 7.45 and 7.55 p ,  in 
the deuterated sample. 

(8)  The cesium salt of l b  decomposed readily at about 180° and the acid 
lb  required a temperature of about 200'. Since decomposition of the acid 
appeared clean, the benayne trapping experiments were conducted with it. 

(9) E. A. Dorko and T. E. Stevens, Chem. Commun., 871 (1966). 
(10) Currently available from K & K Laboratories, Inc. 


