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was 19 : 81 ; dehydrobrosylation in s-collidine and quino- 
line resulted in a 22: 78 and a 12:88 ratio, respectively. 
Low yields (5-15%) of olefinic product were obtained 
using the endo-brosylate and t-hexoxide, a met'hod 
reportedg to give 53-59% yields with the exo-brosylate. 
However, the poor yield was not unexpected in light of 
the fact that the exo-dimethylaminonorbornane pro- 
vided yields of 65-77% while the endo epimer 5 af- 
forded yields of 2 4 % . 3  

The elimination of a substituent in the exo position 
results in the formation of nortricyclene with smaller 
amounts of norbornene. Formation of 5 can be ettsily 
rationalized by the nucleophilic attack on the exo proton 

3 LA - 
attached to C-6. However, the formation of 3 from the 
isomer is not readily understood since consideration of 
electronic and stereochemical factors should make such 
attack unfavorable. 

Reagents which add to the norbornene double bond 
under a variety of conditions without undergoing skele- 
tal rearrangement do so to afford the exo-cis product 
(see for example, oxymercuration, lo hydroboration,l' 
de~terat ion, '~! '~  hydrocarb~xylation,~~ nitr~sylation,'~ 
and diimidizationI6). The preference for exo-cis elimi- 
nation in exo-2-substituted norbornanes has been 
demonstrated" from the fact that 2-chloro- and 2- 
bromonorbornene are obtained from the reaction of 
exo-2-bromo-3-endo-chloronorbornane (7) and exo-2- 
chloro-3-endo-bromonorbornane (8), respectively, with 
alkoxide. The formation of norbornene (2) from either 

Cl Br 
7 a 

an exo or endo leaving group is readily apparent; how- 
ever, the endo-cis elimination is a much slower and a 
less favorable process. 
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Experimental Section 

General Procedure.-To 50 ml of the alcohol employed was 
added 1.0 g of potassium metal. After solution occurred 3.31 g 
(0.01 mole) of endo-2-norbornyl brosylata, mp 59-60' (lit.18 mp 
60.0-61.7"), was added and the system was heated a t  100-120" 
for 3 hr while being swept with nitrogen. The trap cooled in 
Dry Ice-isopropyl alcohol was analyzed by vpc for the products 
(see Table I). Reactions in solvents such as nitrobenzene, quino- 
l i e ,  and s-collidine were carried out in an analogous manner ex- 
cept that no potassium was added. 

(18) 5. Winatein and D. Trifan, ibid., 74, 1132 (1952). 
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Although 2,5-diaryl- and alkylaryl-1,3,4-oxadiazoles 
have been known for a long time, the first monosubsti- 
tuted 1,3,4-oxadiazoles were reported in 1955 by two 
independent laboratories.2 Since 1955 other workers3 
have extended this reaction. 

This paper describes unreported monoalkyl-1,3,4- 
oxadiazoles, 2,5-dialkyl-l,3,4-oxadiazoles, and details 
related to the preparation of unsubstituted 1,3,4-oxa- 
d i a ~ o l e . ~  The monosubstituted 1,3,4-oxadiazoles listed 
in Table I were prepared by heating 1-acyl-2-ethoxy- 
methylenehydrazines (Table 11) that were made from 
alkylcarboxylic acid hydrazides and triethyl orthofor- 
mate. Reaction of alkylcarboxylic acid hydrazides, 

R O  
RCONHN=CHOC2H5 A 'ri k + C2H,0H N-N 

and triethyl orthoacetate furnished the 2-alkyl-5- 
methyl-1,3,4-oxadiazoles (see Table I). The nmr 
data for these compounds are included in Table I. 

It was found during the study of the reaction of 
triethyl orthoformate and carboxylic acid hydrazides 
that the ethoxymethylene intermediate, RCONHN= 
CHOC& and the carboxylic acid hydrazide reacted 
further to form the bis compound, RCONHN= 
CHNHNHCOR.3b,6 The reaction of the bis compound 
and triethyl orthoformate also gave the 1,3,4-oxadia- 
zole system. These reactions are operative for both 
the alkyl- and arylcarboxylic acid series. 

The above reactions are envisioned in terms of re- 
versible equations similar to those proposed by Roberts 
and DeWolfe6 for aryl amines and triethyl orthofor- 
mate and confirmed by us.' 

The condensation products formed by reaction of 
formic acid hydrazide and triethyl orthoformate were 
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USSR, 99, 1996 (1959); (b) C. Runti, L. Sindellari, and C. Nisi, Ann. Chim. 
(Rome), 49, 1649 (1959); Chem. Ab&., 54, 22601 (1960). 
(4) C. Ainsworth, J .  Am.  Chern. SOC., 87, 5800 (1965). 
(5) K. T. Potts, J .  Ow. Chem., '28, 543 (1963). 
(6) R. M. Roberts and R. H. DeWolfe, J .  Am.  Chem. SOC., 76, 2411 
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TABLE I 
1,3,4-oXADIAZOLES 

R2 

H 
CHI 
CzHs 
n-CsH7 
CHzCeHs 

CHa 
CH3 
CH3 

C 

Ra 
H 
H 
H 
H 
H 
H 
CH3 

n-CaH7 
CZH5 

Bp, "C 
(mm) 

150 
164 
171 
80 (12) 
120 (0.3) 
d 
65 ( 
75 (12) 
87 (12) 

nZ5D 

1.4300 
1.4340 
1.4375 
1.4410 
1.5430 

1,4400 
1.4423 
1.4434 

. . .  

Formula 

Ci"Nz0 
CaHdNz0 
C~HENZO 
CsHsNz0 
CsHsNzO 
CsHsN4Oa 
C~HBNPO 
CbHsNzO 
CeHioNnO 

Y C a l c d ,  %- 
C 

34.29 
42.85 
48.97 
53.55 
67.48 
39.13 
48.97 
53.55 
57.11 

H 

2.88 
4.80 
6.17 
7.19 
5.03 
4.38 
6.17 
7.19 
7.99 

N 
40.00 
33.32 
28.56 
24.99 
17.49 
30.43 
28.56 
24.99 
22.21 

-Found, %- 
C 

34.56 
43.04 
48.77 
53.69 
67.67 
39.27 
48.96 
53.26 
57.35 

H.  
3.19 
5.00 
6.77 
7.40 
5.02 
4.46 
6.41 
7.44 
8.32 

N 
39.71 
33.26 
28.33 
24.71 
17.12 
30.37 
28.21 
24.81 
21.97 

-Proton position, 70- 

Rz 
1.27 
7.42 

7.06,8.60 
b 

2.75,5.80 

7.50 
7.49 
7.50 

C 

Rs 
1.27 
1.47 
1.52 
1.57 
1.74 

7.50 
7.15,8.63 

f 
a Nmr shift values measured in CDCla. * 7.12, 8.14, and 8.98. RP = CONHN=CHOC~HS; see Experimental Section. d Mp 

192'. a H. Weidinger and J. Kranz [Chem. Ber., 96, 1049 (1963)l reported bp 172-176' (745 mm). f 7.20, 8.20, and 8.99. 

TABLE I1 
1-ACYIr2-ETHOXYMETHYLENEHYDRAZINESa 

RCONHN=CHOGH6 
Calcd, % c Found, % 

R MP, OC Formula C H N C H N 
H 88-92b CaHsNzOz 41.37 6.94 24.13 41.11 7.25 24.63 
CH3 95-1oob CsHioNz02 46.14 7.75 21.53 46.50 7.72 21.22 
CZH5 83-85 CEHIZNZOZ 49.98 8.39 19.43 49.35 8.37 19.85 
n-CaH? 10&110 C,Hi4NzOz 53.14 8.92 17.71 53.31 8.95 17.37 

= Transformed on standing to the bis compounds (see ref 7). I, Mixture of two isomers; see text. 

readily converted to other  product^,^ and these are de- 
scribed in the Experimental Section. 

The nmr spectra of compounds of Table I1 showed 
both syn and anti isomers in the crude product, each 
form displaying restricted rotation. Unusual solvent 
effects were seen with these compounds, and this 
study is currently in progress. 

Experimental Sectiona 

1,3,4-Oxadiazoles by Heating 1-Acyl-2-ethoxymethylenehy- 
drazines .-A 10-g sample of 1-acyl-2-ethoxymethylenehydrazine 
was heated at  atmospheric pressure and gave a forerun of eth- 
anol followed by the oxadiazole. The crude product was re- 
distilled using a spinning-band column. The first three 1,3,4- 
oxadizoles listed in Table I were prepared in this manner in 
about 50% yield. 

Formic Acid Hydrazide and Triethyl Orthoformate. A.- 
A solution of 24 g (0.4 mole) of freshly prepared formic acid 
hydrazide, 100 ml(0.6 mole) of triethyl orthoformate, and 300 ml 
of absolute ethanol in a 500-ml, round-bottom flask was heated 
on a steam bath for 4 hr. The solution was concentrated to 
about 80 ml and after storing this overnight in a refrigerator a 
solid formed. I t  was collected and air dried, mp 85-88', yield 
24 g. The filtrate was distilled under reduced pressure to give 
an additional 5 g (84% total yield) of product, bp 110' (1 mm). 
Recrystallization from ethyl acetate gave l-ethoxymethylene-2- 
formylhydrazine, mp 88-92' (see Table 11). 

The residue from the distillation contained a small amount of 
4-formylamino-l,2,4.-triazole, mp 123 O . 

When 95y0 ethanol was used in place of absolute ethanol, the 
product isolated was mainly 4-formylamino-l,2,4-triazole. 

B.-The reaction was sensitive to variation of reaction con- 
ditions. As an example, equimolar quantities of formic acid 
hydrazide and triethyl orthoformate, heated at 100' or heated 
in absolute ethanol overnight, gave product containing large 
amounts of 4-formylamino-l,2,4-triazole and 1,2-diformylhy- 
drazine. The same solids were formed when formic acid 

(8) Melting points were taken on a Fisher-Johns apparatus. 
(9) Identical with material prepared according to C. Bulow, Bar., 42, 2715 

(1909). 

hydrazide and excess triethyl orthoformate were heated under 
reflux overnight. 

Equimolar quantities of l-ethoxymethylene-2-formylhydra- 
zine and formic acid hydrazide in dry dioxane were allowed to 
stand at  room temperature overnight. The dioxane was re- 
moved by being heated under reduced pressure, and the residue, 
recrystallized from methanol, gave N,N'-bis(formamido)form- 
amidine: mp 126-127' (50% yield); A::" 245 mp (e 12,200); 
A,,,3.13,5.89,5.99,6.14,6.45,7.31,and7.42p(mull). 

Anal. Calcd for CaH~N40z: C, 27.69; H, 4.65; N, 43.07. 
Found: C, 28.00; H,4.93; N,42.81. 

Acetic Acid Hydrazide and Ortho Esters. A.-A solution of 
12.5 g (0.2 mole) of acetic acid hydrazide and 100 ml of tri- 
ethyl orthoformate wm heated under mild reflux overnight. 
Distillation under reduced pressure gave 12 g (46y0 yield) of 
1-acetyl-2-ethoxymethylenehydrazine: bp 135-140' (10 mm); 
A,,, 2.98, 5.88, 6.00, 6.64, 9.04, and 9.58 1.1 (CHCl3) (see Table 
11). 

B.-A solution of 12.4 g (0.2 mole) of acetic acid hydrazide, 
14.8 g (0.1 mole) of triethyl orthoformate, and 100 ml of ethanol 
was heated on a steam bath for 2 hr. The solution was con- 
centrated to about 25 ml and on cooling deposited 8 g (51% 
yield) of N,N'-bis(acetamido)formamidine: mp 173"; 
242 m r  (E 14,050); A,,, 3.12, 3.26, 5.95, 6.00, 6.17, 6.54, 7.91, 
and 10.04 p (mull). 

Found: C,38.24; H,6.77; N,35.57. 
Anal. Calcd for C5HloNaOn: C, 37.97; H,  6.37; X, 35.43. 

A 10-g sample of N,N'-bis(acetamido)formamidine and 50 ml 
of triethyl orthoformate was heated under reflux for 4 hr. Dis- 
tillation under reduced pressure gave 2-methyl-l,3,4-oxadiazole 
and 1-acetyl-2-ethoxymethylenehydrazine. 

C.-A solution of 12.4 g (0.2 mole) of acetic acid hydrazide 
and 100 ml of triethyl orthoacetate was heated under mild re- 
flux overnight. Distillation under reduced pressure gave 10 
g (51% yield) of 2,5-dimethyl-l,3,4-oxadiazole (see Table I). 

A.-A solution 
of 8.8 g (0.1 mole) of propionic acid hydrazide and 100 ml of 
triethyl orthoformate was heated under reflux for 6 hr. Distil- 
lation under reduced pressure gave a small forerun of 2-ethyl- 
1,3,4-oxadiazole and 5 g (51% yield) of l-ethoxymethylene-2- 
propionylhydrazine, bp 118" (1 mm). A sample was recrystal- 
lized from ethyl acetate (see Table 11). 

B .-Equimolar quantities of propionic acid hydrazide and 
triethyl orthoformate were heated to about 140", and a solid 

Propionic Acid Hydrazide and Ortho Esters. 
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formed. The product was N,N '-bis(propionamido)formamidine: 
mp 200'; A:::" 245 mp (e 14,720); A,, 3.12, 6.10, 6.44, 8.33, 
9.24, 9.98, and 1 0 . 7 7 ~  (mull). 

Anal. Calcd for C ~ H ~ ~ N ~ O Z :  C, 45.15; H,  7.58; N, 30.09. 
Found: C, 44.88; H,  7.63; N,  29.93. 
C.-A solution of 8.8 g (0.1 mole) of propionic acid hydrazide 

and 50 ml of triethyl orthoacetate was heated under mild reflux 
overnight. Distillation gave 7 g (62oJ, yield) of 2-ethyl-5- 
methyl-1,3,4-oxadiazole (Table I). 

A.-A solution 
of 10.2 g (0.1 mole) of n-butyric acid hydrazide and 50 ml of 
triethyl orthoformate was heated on a steam bath overnight. 
On cooling a solid separated, and it was collected. The filtrate 
was distilled under reduced pressure and gave 2 g (13% yield) 
of l-n-butyryl-2-ethoxymethylenehydrazine, bp 125" (1 mm). 
A sample was recrystallized from ethyl acetate-petroleum ether 
(60-70") (see Table 11). 

The solid that formed initially was recrystallized from ethyl 
acetate and gave 5 g (23% yield) of N,N'-bis(n-butyra1nido)- 

n-Butyric Acid Hydrazide and Ortho Esters. 

- _  
formamidine,mp 1801183'. 

Found: C.50.75: H.8.72; N.25.84. 
Anal. Calcd for C ~ H ~ ~ N ~ O Z :  C, 50.45; H,  8.47; N, '26.15. 

B.-A solution of'10.2 g of n-butyric acid hydrazide and 50 
ml of triethyl orthoformate w&s heated under reflux overnight. 
Distillation under reduced pressure gave 5 g (45%) of 2-n- 
propyl-1,3,4-oxadiazole [A,., 3.18, 6.32, 6.55, 9.06, 10.28, 10.42, 
and 11.85 p (CHC1,) (see Table I)] and a small amount of l-n- 
butyryl-2-ethoxymethylenehydrazine. 

C.-A solution of 10.2 g (0.1 mole) of n-butyric acid hydrazide 
and 100 ml of triethyl orthoacetate was heated under mild re- 
flux overnight. Distillation under reduced pressure gave 5 g 
(40%) of 2-methyl-5-n-propyl-1,3,4-oxadiazole (see Table I ). 

Phenylacetic Acid Hydrazide and Triethyl Orthoformate.- 
A solution of 10 g (0.066 mole) of phenylacetic acid hydrazide 
and 100 ml of triethyl orthoformate was heated under reflux 
overnight. Dihllation under reduced pressure gave 5.5 g 
(51%) of 2-benzyl-1,3,4-oxadiazole: A,,,&= 3.19, 3.34, 6.34, 6.58, 
6.67,9.09, 10.19,11.82, and 14.42 p (CHClJ). 

Oxalic Acid Dihydrazide and Triethyl Orthoformate.-A 
mixture of 4.5 g (0.05 mole) of oxalic acid dihydrazide and 200 
ml of triethyl orthoformate was heated under reflux overnight. 
The solution was concentrated to dryness on a steam bath under 
reduced pressure. The residue was recrystallized from ethanol 
and gave 2 g (22y0) of 1-ethoxymethylene-2-( 1,3,4-oxadiazolyl- 
2-carbony1)hydrazine:lO mp 192-194"; Am%= 3.09, 3.23, 6.00, 
6.21, 7.32, 7.88, 9.01, 9.65, 11.10, and 11.92 I.( (mull); nmr, 
~ 1 . 4 5 ~ , 2 . 2 5 s ,  5.65q,and8.65tintheratio1:1:2:3 (DMSO-&; 
see Table I) .  
N,N'-Bis(benzamido)formamidine and Triethyl Orthoformate. 

-A 3-g sample of N,N'-bis(benzamido)formamidine*bJ and 25 
ml of triethyl orthoformate was heated under reflux overnight. 
Distillation under reduced pressure gave 2 g of 2-phenyl-1,3,4- 
oxadiazole. 
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The unusual reactivity which makes 1,2,4-triazoline- 
3,5-diones (I) of interest also makes them hard to pre- 
pare and purify. These compounds are sensitive to 

acids, bases, moisture, and alcohols,la many nucleo- 
philes, light, and many olefins,lb as well as to heat and 
conjugated dienes. Only three of these compounds 
(I, R = CaH5, "2, and NCHCaHs) have been isolated 
and characterized,la although it  is claimed that the un- 
substituted parent (I, R = H) has been prepared, but 
could not be isolated.'& 

0 6 
I I1 

All known syntheses of these diones require oxida- 
tion of the corresponding 1,2,4-triazolidine-3,5-diones 
(11)) more commonly known as urazoles, as the final 
step. A variety of reagents is capable of effecting these 
oxidations. Thiele used lead peroxide in cold dilute 
sulfuric acid;2 Stoll6 oxidized heavy metal salts of 
the urazoles with iodine;'* Cookson used t-butyl 
hypochlorite in acetone;l& Gillis and Hagarty have 
recently used lead tetraacetate in acetonitrile. a The 
latter two oxidizing systems had previously been 
used by Clement4 and Kealy5 to oxidize phthalhydra- 
zides to the corresponding phthalazine-l,4-diones. 
Manganese dioxide, calcium hypochlorite, and N- 
bromosuccinimide will also effect the oxidation of 
urazoles.6 The latter reagent has since been used by 
Bock to prepare a number of azobisphosphonic acid 
derivatives.' However, all the a.forementioned rea- 
gents produce by-products which either destroy or 
are difficult to remove from the sensitive dione. 

We wish to report that nitrogen tetroxide is superior 
to all the previously cited oxidizing agents in conven- 
ience, yield, and purity of the isolated 1,2,4-triazoline- 
3,5-dione~.~ Passage of gaseous nitrogen tetroxide 
into a suspension of a urazole in cold methylene chlo- 
ride results in rapid formation of the corresponding 
red dione with concommitant dissolution of the urazole. 
Evaporation of the methylene chloride yields quan- 
titatively the crystalline dione. Analytically pure 
samples are obtained in good yield after two sublima- 
tions.e Table I gives data relevant to the preparation 
and characterization of several 4-substituted 1,2,4- 
triazoline-3,5-diones, some of which are previously 
unreported. 

(1) (a) R. StollB, Ber., 46, 273 (1912); (b) J. C. Stickler and W. H. Pirkle, 
unpublished observations; (0) R. C. Cookson, S. S. H. Gilani, and I. D. R. 
Stevens, Tetrahedron Lellers, No. 14, 615 (1962). 
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Chem. Rev.. 86, 157 (1945)l of oxidations by agency of nitrogen tetroxide. 
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