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mole of the appropriately substituted 0-phenylenediamine. 
The mixture waa stirred a t  7G75' for 8 hr. The cooled mix- 
ture waa filtered to remove a emall amount of insoluble mate- 
rid. The filtrate was diluted with an equal volume of water 
and extracted with two 50-ml. portions of benzene. The 
combined benzene extracts were washed with 50 ml. of 
water to remove dimethylformamide and then evaporated. 
The residue was recrystallized from 95% alcohol if purifica- 
tion was required. The above procedure gave 2,1,3-benzo- 
thiadiazole (40%), m.p. 42-43' (lit.* 44'), 5-chloro-2,1,3- 
benzothiadiazole (17%), m.p. 54-55' (lit.8 57.5"), 5-methyl- 
2,1,3-benzothiadiazole (35%), m.p. 28-30' (lit,a 34"). 
B',3'-hraphtho-S,I,3-benzothiadiazole, m.p. 99-100' was 

prepared as above in 15% yield. 
Anal. Calcd. for CloH$JzS: N, 15.05; S, 17.24. Found: N, 

14.85; 8, 17.19. 
6-( 3',4'-Diaminophenyl)-2,1,3-benzothiadiazole, m.p. 150- 

153' was prepared as above in 2.5% yield. 
Anal. Calcd. for C12H10NIS: N, 23.14; S, 13.23. Found: N, 

23.20; S, 13.41. 
The yield of 2,1,3-benzothiadiazole was increased from 

40% to 49y0 by passing a stream of sulfur dioxide into the 
reaction mixture during the heating period. 
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Esterification reactions of certain alcohols and 
phenols with cyanuric chloride to give alkoxy-s- 
triazines and aryloxy-s-triazines have been pre- 
viously described in the literature.2ea The prepara- 
tion of a nitroaryloxy derivative, tris(p-nitro- 
phenyl) cyanurate, by the nitration of triphenyl 
cyanurate has also been reported.*#& However, 
attempts a t  a more direct method of preparing this 
same compound from cyanuric chloride and sodium 
p-njtrophenoxide have led only to partial replace- 
ment of the chlorine atoms.6 This report describes 
the results of an investigation involving the re- 
actions of cyanuric chloride with several nega- 
tively substituted primary alcohols in which the 
electronegative substituents were fluoro, bromo, 
nitro, or nitroxy groups. 

Our first reactions wit)h trifluoroethanol and tri- 
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bromoethanol were designed to determine the effect 
of electron-withdrawing groups on the reaction 
without having to be concerned with steric effects 
or secondary reactions which might involve the 
nitro and nitroxy alcohols. Both trifluoroethanol 
and tribromoethanol reacted with cyanuric chlo- 
ride in basic media to give products whose struc- 
tures are assigned the corresponding tris( trifluoro- 
ethoxy)-s-triazine (Ia) and tris(tribromoethoxy)-s- 
triazine (Ib). 

The synthesis of 2,4,6-tris [2,2,2-tris(nitroxy- 
methyl)ethoxy]-s-triazine (IC) was accomplished 
in an aqueous alkaline and acetone solution contain- 
ing a mixture of cyanuric chloride and 2,2-bis(ni- 
troxyme thy 1) -3-ni troxy- 1 -propanol. The product 
was obtained in good yield indicating that steric 
effects and side reactions were of minor import- 
ance. 
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Esterifications with cyanuric chloride were 
tried on several nitro alcohols. The alcohols used 
were primary with nitro substituents located on 
primary, secondary, or tertiary carbon atoms on the 
molecule. Cyanurate esters were not obtained from 
nitroethanol or 2-nitro-1-butanol. This behavior 
may be explained by considering the known 
ability of primary and secondary nitro compounds 
to exist in their t,automeric mi-forms in basic 
solution. Hence, it is proposed that the base intro- 
duced as the hydrogen chloride acceptor in the acid 
chloride-alcohol esterifications may have reacted 
with the aci-hydrogens to form nitronic esters 
which decomposed on attempted isolation. When a 
nitro alcohol with a tertiary nitro group was the 
reactant, as in the case of 2-methyl-2-nitro-l- 
propanol, both di- and trisubstituted derivatives 
were obtained. The 2-methyl-2-nitro-1-propanol 
has no hydrogen atom that is alpha to the nitro 
group and hence has no tautomeric aci-form. 

Reaction conditions were limited with trinitro- 
ethanol due to its decomposition in basic solution 
a t  high temperatures. Hence, it was not possible 
to carry out the reaction with cyanuric chloride in 
solution with a base as the acid acceptor or to fuse 
the two reactants a t  elevated temperatures. 
Attempted fusions a t  lower temperatures yielded 
oils which were difficult to characterize. 

EXPERIMENTAL 

All melting points are uncorrected. 
g,4,6-Tris( tri~uorethozy)-s-tn'azine (Ia) . -4 suspension of 

0.85 g. (0.015 mole) of potassium hydroxide in 10 ml. of 
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trifluoroethanol was stirred at room temperatiire while 0.9 g. 
(0.005 mole) of cyanuric chloride was added gradually; 
the reaction temperature was held at  3C-35". After all the 
cyanuric chloride was added, the mixture was refluxed for 
5 hr. A solid (potassium chloride) was separated by filtration. 
The filtrate was washed with water and the excess trifluoro- 
ethanol removed by distillation. The residue wm washed 
with water and then dried. RecrystalIizations from petroleum 
ether (b.p. 30-60') gave colorless crystals; m.p. 45-46'; 
yield 1.2 g. (64%). 

Anal. Calcd. for CgHeF9NaOa: C, 28.80; H, 1.60; F, 
45.60; N, 11.20. Found: C, 28.96; H, 1.54; F, 45.67; N, 11.60. 

d,d,B-Tris( tribromoethozy)-s-triazine (Ib) . A solution of 
0.9 g. (0.005 mole) of cyanuric chloride in 15 ml. of acetone 
was mixed with 4.4 g. (0.015 mole) of tribromoethanol in 
15 ml. of acetone. A solution of 0.85 g. (0.015 mole) of 
potassium hydroxide in 10 ml. water was then added slowly 
in order to keep the reaction temperature around 45'. 
After all the solution was added, the mixture was contin- 
uously stirred for 20 min. The solid was separated by fil- 
tration and washed with water, alcohol, and then acetone. 
Repeated recrystallizations from methylene chloride and 
n-hexane yielded the product weighing 4.0 g. (86%) ; m.p. 
280-281 O dec. 

Anal. Calcd. for CsHeBreNa03: C, 11.70; HI 0.65; N, 
4.56; Br, 77.89. Found: C, 11.57; HI 0.57; N, 4.64; Br, 
78.38. 

2,4,6-Tris~2,2,d-tris(nitrosymethy1)ethoxy]-s-triazine (IC) 
was prepared in a manner similar t o  compound Ib  by the 
reaction of cyanuric chloride with 2,2-bis(nitroxymethyl)- 
3-nitroxy-I-propanol; m.p. 131-132'; yield, 88%. 

Anal. Calcd. for C18H24N12030: C, 24.32; H, 2.71; N, 18.91. 
Found: C, 24.30; HI 2.89; N, 18.79. 

R-Chloro-~,G-bis(~-methyl-~-nitropropox~)-s-lriazine was 
prepared in a manner similar to compound Ib by the reac- 
tion of cyanuric chloride with 2-methyl-2-nitro-1-propanol; 
n1.p. 103-104"; yield, 17%. 

Anal. Calcd. for CII&N&~CI: c, 37.76; H, 4.57; N, 
20.28; C1, 10.15. Found: C, 38.16; H, 5.27; N, 20.33; C1, 
10.52. 

2,4,6-Tris( ~-methyl-d-nitropropo~y)-s-triazine (Id). 
A solution of 1.8 g. (0.01 mole) of cyanuric chloride and 
3.7 g. (0.03 mole) of 2-methyl-2-nitro-1-propanol in 30 ml. 
of acetone was added to  a solution of 1.7 g. of potassium 
hydroxide in 15 ml. of water. The temperature rose imme 
diately to 55' and then the mixture was allowed to reflux 
for f.5 hr. Evaporization of the acetone gave a white solid 
which was recrystallized from a nitromethane-methanol 
mixture; m.p. 248-249'. Analyses indicated the formation 
of the triester; yield, 0.7 g. (16%). 

Anal. Calcd. f &  C16Hz4NeOg: C, 41.64; H, 5.55; N, 19.44. 
Found: C, 41.98; H, 5.65; N, 19.85. 
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The Witt,ig reaction between phosphoranes 
(from phosphonium salts plus base) and alde- 

hydes or ketones has become an olefin synthesis 
of considerable ~ignificance.~-~ We now wish to 
report an intramolecular application of the Wittig 
olefin synthesis. Triphenyl(4-benzoyl-1-buty1)phos- 
phonium bromide (I), prepared by the reaction 
of triphenylphosphine with 4-benzoyl-1-bromo- 
butane, yielded upon reaction with sodium eth- 
oxide in ethanol the cyclic olefin l-phenylcyclo- 
pentene, apparently via the phosphorane (11). 

The olefin thus obtained was identical with 1- 
phenylcy clopentene synthesized according to Bauer' 
by addition of phenyl Grignard reagent to cyclo- 
pentanone and dehydration of the resulting 
1-phenylcyclopentanol with formic acid. The yield 
of this internal Wittig olefin synthesis was 24%. 
With lithium ethoxide in ethanol a comparable 
yield was obtained, but with phenyllithium in 
ether only about 1% of the cyclic olefin resulted. 

Even if the intramolecular Wittig olefin syn- 
thesis inherently gives low yields of cyclic olefins, 
the method may prove useful in those cases where 
the olefinic double bond is to be located in a given 
position and other methods involving an elimination 
reaction as the final step would yield mixtures 
of isomers or the wrong isomer. It is to be expected 
that the intramolecular Wittig olefin synthesis, 
like the well established intermolecular kindj6 
permits specific placement of the double bond and 
is npt complicated by subsequent isomerization. 

As to the mechanism of the intramolecular 
Wittig olefin synthesis, there is no reason to believe 
that it is basically different from that s ~ g g e s t e d ~ - ~  
for the intermolecular kind. 

Reaction of I with aqueous sodium hydroxide 
proceeded with the normal elimination of a phenyl 
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