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The Preparation of Renzotrifurazan and of Some Complexes which it 
Forms with Organic Molecules t 
By A. S. Bailey and Miss J.  M. Evans,$ Dyson Perrins Laboratory, South Parks Road, Oxford 

Reduction of benzotrifuroxan with trimethyl, triethyl, or tri-isopropyl phosphite yields a complex of benzotri- 
furazan with the corresponding trialkyl phosphate. Benzotrifurazan has a complexing ability similar to that of 
1.3.5-trinitrobenzene. 

BENZOTRIFUROXAN (I) forms 1 ~ 2  charge-transfer com- 
plexes with a variety of aromatic compounds and it was 
of interest to examine the properties of the related com- 
pound benzotrifurazan (11). The formation of furazans 
by reduction of furoxans is well known,3 and recently4 
it has been reported that triphenyl phosphine and tri- 
ethyl phosphite reduce benzofuroxan to benzofurazan. 
We observed that the reduction of benzofuroxan with 
triethyl phosphite with benzene as solvent was complete 
in 30 min., in contrast to the 12 hr. required with 
ethanol? and it was decided to examine the reduction 
of benzotrifuroxan with phosphite esters in benzene. 

On adding triethyl phosphite to a hot solution of 
benzotrifuroxan in benzene a red coloration was observed 
which had faded after 5 min. A similar change is 
observed when chloranil is reduced by triethyl phosphite 
and may be due to the formation of a charge-transfer 
c ~ m p l e x . ~  A crystalline solid (m. p. 67-68'} which was 
not the expected furazan (11) and which gave analytical 
results in agreement with the formula C,,H,,N,O,P was 

t A preliminary account of this work has been published; 
Chem. and Ind., 1964, 1424. 

3 Present address: California Institute of Technology, Pasa- 
dena, California. 

A. S. Bailey and 3. R. Case, Tetrahedron, 1858,3, 113; A. S. 
Bailey, J .  Chem. SOC., 1960, 4710. 

a A. S. Bailey, R. J. P. Williams, and J. D. Wright, J .  Chem. 
SOL, 1965, 2579. 

J. V. R. Kaufman and J. P. Picard, Chem. p., 1959, 59, 
429; R. C. Elderfield, ' Heterocyclic Compounds, Wiley, New 
York, 1961, vol. 7, p. 462; C. Grundmann, Chem. Ber., 1964, 97, 
575. 

isolated. By using trimethyl or tri-isopropyl phosphite , 
solids of formulae C,H,N,O,P and C,,H,,N,O,P, respect- 

(W (Y (VI) 

ively, were obtained. The yield with trimethyl phosphite 
was smaller than that with the other esters. This may 

J. H. Boyer and S. E. Ellzey, J .  Org. Chem., 1961, 26, 4684; 
for other examples of the reduction of NO groups see T. Mukai- 
yama, H. Nambu, and M. Okamoto, J. Org. Chem., 1962, 27, 
3651; T. R. Emerson and C. W. Rees, J .  Chem. SOC., 1962, 1917; 
J. I. G. Cadogan, M. Cameron-Wood, R. K. Mackie, and R. J. G. 
Searle, ibid., 1965,4831; R. J. Sundberg, J .  Amer. Chem. SOC., 
1966, 88, 3781. 

F. Ramirez and S. Dershowitz, J. Org. Chem., 1957, 22, 856; 
F. Ramirez, E. H. Chen, and S .  Dershowitz, J .  Amer. Chem. SOC., 
1959, 81, 4338. 
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be owing to isomerisation of the ester to dimethyl methyl- 
phosphonate.6 

We considered three possible structures for the com- 
pounds: (a) an adduct (111) similar to those formed by 
the addition of trialkyl phosphite to quinones, for 
example (IV) ; (b) a complex of benzodifurazanfuroxan 
with triethyl phosphite (V) ; charge-transfer complexes 
of this type have been suggested as intermediates in 
the reduction of chloranil by phosphite esters; and (c) a 
complex of benzotrifurazan with triethyl phosphate 
(VI ; R = Et). The nuclear magnetic resonance (n.m.r.) 
(lH) spectra of the methyl and ethyl ester adducts were 
measured in carbon tetrachloride (Table 1). All the 

J. Chem. SOC. (C), 1967 

TABLE 1 

~ ( C f f , )  .r(CH2) JXH-P JPH-P JPH-UH 

Trimethyl phosphate 6.26 10-5 
(MeO) ,PO-benzotri- 

furazan ............ 6.56 10.5 
Triethyl phosphate 8.66 5.95 8.0 -1 7.0 
(EtO) ,PO-benzotri- 

furazan ............ 8.81 6.32 8.0 -1 7.0 

alkyl groups are equivalent and the signals are split by 
the phosphorus atom, which makes structure (111) im- 
possible. It is also clear that the alkyl groups are 
contained in phosphate rather than phosphite esters.' 
From the association constants (see below) it may be 
calculated that the complexes are highly associated at  
the concentrations used ( 0 . 6 ~ )  for the n.m.r. measure- 
ments. The observed shifts towards higher field may 
be due to changes in the diamagnetic susceptibility of 
the medium or to charge-transfer complex formation; 
the protons of the parent heterocycle, furazan, are highly 
deshielded (7  = 1.81 in carbon tetrachloride) .lo The 
31P n.m.r. spectrum (carbon tetrachloride) showed shifts 
summarised in Table 2. 

TABLE 2 
C./sec. from P.p.m. from 85% 

P406 phosphoric acid 
Triethyl phosphate ............ + 2833.6 + 0.9 
Triethyl phosphite ............ - 633.6 - 137.8 
(EtO),PO-benzotrifurazan ... + 2873.3 -+ 2.4 

These results rule out structure (V) in which the 
phosphorus is trivalent. The mass spectra of the tri- 
methyl and triethyl phosphate complexes contain no 
signal for the intact complex (m/e 344 and 386), but show 
intense peaks due to the trifurazan (11) (m/e 204) and the 
two phosphate esters (m/e 140 and 182); this confirms 
structure (VI). 

The apparent molecular weights of the trimethyl and 
F. Ramirez, H. Yamanaka, and 0. H. Basedow, J. Amer. 

Chem. SOC., 1961, 83, 173. 
7 W. E. Schuler and R. C. Axtmann, DuPont Report DP-474; 

T. H. Siddall I11 and C. A. Prohaska, J. Amer. Chem. Soc., 1962, 
84,2502,3467; R. C. Axtmann, W. E. Schuler, and J .  H. Eberly, 
J. Chem. Phys., 1959, 31, 850; P. R. Hammond, J. Chem. SOC., 
1962, 1370. 

8 A. L. Allred and E. G.  Rochow, J. Amer. Chem. SOC., 1957, 
79, 5361. 

n J.  W. Brauner, Ph.D. Thesis, 1963, University of Rochester, 
U.S.A. ; M. W. Hanna and A. L. Ashbaugh, J. Phys. Chem., 
1964, 88, 811; W. Koch and H. Zollinger, Helv. Chim. Acta, 
1965, 48, 554. 

the triethyl phosphate complexes were determined in 
carbon tetrachloride solution and the degrees of associ- 
ation calculated (see Experimental section). The associ- 
ation constant for the ethyl compound is lower than 
that for the methyl one, a fact that may be due to steric 
repulsions either amongst the rotating alkyl groups or 
between them and the benzotrifurazan ring. The 
basicity of tertiary amines towards trimethylboron 
follows a similar pattern,ll trimethylamine being a 
stronger base than triethylamine. The apparent 
molecular weight of the trimethyl phosphate complex 
was determined in ethyl methyl ketone (at one con- 
centration only), giving &,,. 44; the triethyl phosphate 
compound was completely dissociated in this solvent. 
Further evidence that the phosphateester isnot covalently 
bonded to the heterocycle was obtained by adding 
various aromatic compounds (see later) to solutions of 
the complexes ; coloured charge-transf er complexes of 
the aromatic compound with benzotrifurazan were 
obtained, the phosphate ester being displaced. The tri- 
methyl phosphate and the triethyl phosphate complex 
each gave the same adduct with pyrene ; by decompos- 
ing the dimethylaniline complex with mineral acid, 
benzotrifurazan (11) was isolated. By adding triethyl 
phosphate to a solution of (11) in light petroleum, the 
complex (VI; R = Et) was re-formed. 

The ultraviolet spectrum of (11) in ethanol showed 
A,,, 209, 243, 250, 258, and 267 mp (log E 4.203, 3.776, 
3.798, 3.750, and 3.540); furazan shows only end 
absorption.1° The ultraviolet spectrum of (VI; R = 
Et) was identical with that of (11) and no charge- 
transfer band could be observed in either ethanol or 
chloroform solution. No such band was found for 
iodine-trifluoromethylbenzene l2 and only tail absorption 
at  220 mp for iodine-tributyl phosphate,13 but charge- 
transfer bands have been observed for other x-n 
complexes.12J4~ *5 

The infrared spectrum of benzotrifurazan contained 
only 8 strong bands, a t  1675, 1535, 1450, 1350, 1175, 
1000, 995, and 875 cm.-l. The spectrum is similar to 
that of furazan; lo the band at  1675 cm.-l is probably 
due to a C=N stretching ~ibration.~*l5 The infrared 
spectra of the phosphate ester complexes showed peaks 
at 1250-1300 cm.-l, assigned to P=O stretching,16 this 
band sometimes appearing as a doublet; the bands at  
1160 (triethyl ester) and 1189 cm.-1 (trimethyl ester) are 
assigned to P-0-C stretching.l7 Shifts of the P=O 

lo R. A. Olofson and J. S. Michelman, J. Org. Chem., 1965, 30, 
1854. 

l1 G. S. Hammond, ' Steric Effects in Organic Chemistry,' 
ed. Newman, Wiley, New York, 1956, p. 456. 

la H. A. Benesi and J .  H. Hildebrand, J. Amer. Chem. SOC., 
1949, 71, 2703. 

13 H. Tsubomura and J .  M. Kliegman, J. Amer. Chem. Soc., 
1960, 83, 1314. 

l4 (a) J. B. Ainscough and E. F. Caldin, J. Chem. SOC., 1956, 
2528, 2540; (b) L. J .  Andrews and R. M. Keefer, J. Amer. Chem. 
SOC., 1950, 72, 4677; 1951, 73, 4169. 

l5 K. Nakanishi, ' Infrared Absorption Spectroscopy,' 
Holden-Day, San Francisco, 1962, p. 50. 

l6 L. J .  Bellamy and L. Beecher, J. Chem. SOC., 1952, 475. 
l7 Ref. 15, p. 56. 
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stretch to lower frequency have been observed in 
solutions of phosphate ester complexes with electron 
 acceptor^.^^^^^ The P=O frequency shift was measured 
using a technique to compensate for uncomplexed 
ester In  
the presence of iodine the shift is 36 cm.-l suggesting that 
the interaction of phosphate esters with iodinel8 is 
greater than with (11). A similar shift in the P=O bond 
frequency is observed when phosphate esters are hydro- 
gen-bonded, and the ability of triethyl phosphate to 
form hydrogen-bonds has been related to its ability to 
associate with iodine.l8 This correlation and studies on 
the systems phosphate ester-boron halide and tributyl 
phosphate-nitric acid-water l9 have led to the view that 
the P=O oxygen atom is the donor site; this idea is 
supported by bond refraction 2o and dipole moment 21 

studies. Parallel shifts of the frequency of the C=O 
band in carbonyl compounds in the presence of iodine or 
phenol have been observed and i t  has been suggested 
that here the C=O oxygen atom acts as the donor site.22 
The trialkyl phosphate-benzotrifurazan complexes are 
thus n-x  complexes, the phosphate acting as an n-donor 
through the P=O oxygen atom. Similar complexes have 
been observed 14a9 23 with polynitro-aromatic compounds 
and ethoxide ion or amines. x-n Complexes of aromatic 
hydrocarbons (donor) with halogens or sulphur dioxide 
are well known.12*146,24, 25 

The spectrophotometric association constants of 
benzotrifurazan with dimethylaniline and with pyrene 

and shifts of 14 and 21 cm.? were observed. 

TABLE 3 
Acceptor I< (1. mole-l) 

With pyrene : 
Tetracyanobenzene 26 .................. 12.4 

Tetrachlorophthalonitrile 26 ......... 5.7 
s-Trinitrobenzene z6 ..................... 8.1 

Benzotrifurazan ........................ 4.3 

Benzotrifuroxan ........................ 3.4 

Benzotrifurazan ........................ 1.5 
s-Trinitrobenzene 27 ..................... 1.3 

With dimethylaniline : 

Tetracyanobenzene 26 .................. 2-5 

Tetrachlorophthalonitrile 26 ......... 0.8 

Temp. 

22.5" 
22.5 
24 
24 

24 
18.5 
24 
21 
24 

were measured in chloroform solution. For comparison 
the association constant of benzotrifuroxan (I) with 
dimethylaniline was measured; it was impossible to 
determine K for benzotrifuroxan-pyrene since the 
complex is insoluble in chloroform. The values obtained 

T. Gramstad and S. I. Snaprud, A c f a  Chem. Scand., 1962, 
16, 999. 

l9 31. J. Frazer, W. Gerrard, and J. K. Patel, J .  Chem. SOC., 
1960, 726; D. G. Tuck, ibid., 1958, 2783; A. F. Turbak 
and J. R. Livingston, I n d .  and Eng.  Chem. (Product Research 
and Development), 1963, 2, 229. 

2o R. G. Gillis, J. F. Horwood, and G. L. White, J .  Amer .  
Chenz. SOC.,  1958, 80, 2999. 

21 W. J. Svirbely and J. J .  Lander, J .  Amev. Chem. SOC., 1948, 
70, 4121. 

22 I<. L. Mddaugh, R. S. Drago, and R. J. Niedzielski, J .  
Anzer. CJzem. SOC., 1964, 86, 388. 

23 K. E. Miller and W. F. K. Wynne-Jones, J .  Chem. SOC.,  
1959, 2375. 

24 0. Hassel, MoZ. Phys., 1958, 1, 241; 0. Hassel and I(. 0. 
Strcrmnie, Acta Chenz. Scand., 1958, 12, 1146. 

are given in Table 3 along with values of K for some other 
complexing agents. 

This method of measuring K has been widely 
used; it has recently been shown by Foster2* to 
be rather inaccurate and small differences in the values 
of K may not be used to give an order of complexing 
ability. However, the figures do indicate that the 
complexing ability of benzotrifurazan is about the same 
as that of trinitrobenzene, smaller than that of benzo- 
trifuroxan, and much smaller than those of tetracyano- 
ethylene and aaa'a'-t etrac yanoquinodime t hane. 29 For 
all the compounds listed in the Table K for pyrene is 
greater than K for dimethylaniline, the ratio varying 
between 2.8 and 7.1. A series of solid complexes with 
aromatic compounds was prepared ; the melting points 
of the benzotrifurazan complexes were lower than those 
of the benzotrifuroxan complexes, except for the com- 
plexes of indole and hexamethylbenzene. The com- 
plexes from stilbene, 1,4-diphenylbutadiene, and di- 
phenylacetylene contained 2 moles of benzotrifurazan 
per mole of hydrocarbon. Unlike benzotrifuroxan, the 
furazan failed to complex with tetralin, benzene, and 
diphenylmethane ; the complexes with 8-hydroxyquin- 
oline and with bis-8-hydroxyquinolinatocopper(11) have 
already been described.2 

Benzotrifuroxan (I) crystallised from trimethyl phos- 
phate as a rather unstable 1 : 1 complex which could not 
be recrystallised ; 9-benzoquinone, chloranil, and s- 
trinitrobenzene recrystallised from trimethyl phosphate 
without solvent, and tetracyanoethylene was decomposed 
by the ester. 

Unlike other complexing agents, benzotrifurazan (11) 
is low-melting and soluble in non-polar solvents such as 
light petroleum; the formation of a solid complex is 
controlled by the solubilities of the components and 
complex in the solvent used.30 The crystal structures of 
(11) , (VI), and of benzotrifurazan-bis-8-hydroxyquino- 
linatocopper(I1) are being examined. 

EXPERIMENTAL 

Melting points were determined on a Kofler hot-stage 
apparatus, ultraviolet spectra on a Cary 14M spectrometer 
(the solvent being ethanol unless otherwise stated), and 
infrared spectra on a Perkin-Elmer 237 Spectrometer. 
1H n.m.r. spectra were measured by Mrs. R. E. Richards 
on a Perkin-Elmer 60 Mc. spectrometer. The phosphite 
esters were distilled immediately before use. 

Benzofurazan.-(a) Trimethyl phosphite (1  ml.) was 
added to a solution of benzofuroxan 31 (2 g.) in benzene 
(20 ml.), and the solution heated in an open flask on a 

25 P. R. Hammond, J .  Chem. SOC., 1964, 471, 479. 
26 A. S. Bailey, B. R. Henn, and J. M. Langdon, Tetrahedron, 

27 R. Foster and D. L1. Hammick, J .  Chem. SOC., 1954, 2685. 
28 P. H. Emslie, R. Foster, C .  A. Fyfe, and I. Horman, Tetra- 

hedron, 1965, 21, 2843; P. H. Emslie, R. Foster, and R. Pickles, 
Canad. J .  Chem., 1966, 44, 9. 

29 L. R. Melby, I<. J. Harder, W. R. Hertler, W. Mahler, R. E. 
Benson, and W. E. Mochel, J .  Amev. Chenz. SOC., 1962, 84, 3374. 

30 0. Dimroth, Annulen,  1924, 438, 67; G. W. Wheland, 
' Advanced Organic Chemistry,' Wiley, New York, 1960, p. 172. 

1963, 19, 161. 

31 Org. Synth., Coll. Vol. IV, p. 74. 
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water-bath at 70-80' for 15 min. More trimethyl 
phosphite (1 ml.) was added and the heating continued for 
a further 15 min. Benzene was removed under reduced 
pressure, and the residue taken up in a little methanol. 
This solution when poured into water gave a solid which 
was collected, washed, dried, and sublimed (70"/0.5 mm.), 
m. p. 50' (85%). Recrystallisation gave needles, m. p. and 
mixed m. p. 52' (lit.,, 62'). (b)  Triethyl phosphite gave 
a 70% yield of the same compound when used in place of 
the trimethyl ester. 
Benzotrifurazan-TrimethyZ Phosphate Complex (VI ; R = 

Me) .-Trimethyl phosphite (2 ml.) was added carefully to 
a hot solution of benzotrifuroxan (2 8.) in benzene (50 ml.). 
The pale yellow solution turned red immediately and then 
the colour faded to orange. The solution was heated in an 
open flask on a water-bath for 15 min., more trimethyl 
phosphite (2 ml.) added and the solution heated for a 
further 15 min. Benzene was removed under reduced 
pressure and the red liquid washed with water to remove 
trimethyl phosphate. The material was crystallised by 
scratching and seeding, dried on a porous plate (24 pr.), 
and sublimed. At first a little trimethyl phosphate 
distilled over and then the complex sublimed at  100"/0-1 mm. 
(yield 30-40%), m. p. 92-93'. Recrystallisation [light 
petroleum (b. p. 60-80°)] gave needles, m. p. 93' (Found: 
C, 31-6; H, 2.5; P, 8.6. C,H,N,O,P requires C, 31.4; H, 
2.6; P, 9-Oyo). 

After sublimation the similarly prepared triethyl phos- 
phate complex (VI; R = Et) had In. p. 63-65" (51-55%). 
Recrystallisation [light petroleum (b. p. 40-60°)] gave 
needles, m. p. 67-68' (Found: C, 37.4; H, 3.8; N, 21.7. 
C,,H,,N,O,P requires C, 37-4; H, 3-9; N, 21.8%). The 
following modifications were made in an attempt to 
improve the yield: (a)  toluene as solvent (30%) ; (b)  ethanol, 
product difficult to crystallise (15%); (c) excess of triethyl 
phosphite, mixture exploded and ignited ; (d)  old peroxid- 
ised dioxandC a t  room temperature for 2 weeks (starting 
material recovered) ; (e) carefully dried benzene (heated 
under reflux, yield unchanged) ; (f) original conditions but 
benzotrifuroxan purified via its benzene complex (no 
change in yield) ; (g) use of only 2 ml. of triethyl phosphite 
gave mixtures containing benzotrifuroxan. Passage of 
either oxygen or nitrogen through the solution did not affect 
the yield. Benzotrifuroxan was not reduced by phosphorus 
trichloride in chloroform. 

A slight excess of triethyl phosphate was added to a 
solution of benzotrifurazan (11) (see below) in hot light 
petroleum (b. p. 60-80'). From the cooled solution, 
needles of the triethyl phosphate complex, identical (m. p., 
mixed m. p., and infrared) with the material obtained by 
reduction of benzotrifuroxan with triethyl phosphite, 
separated. 

The product obtained by reducing (11) with tri-isopropyl 
phosphite was washed with water several times before 
crystallisation occurred (tri-isopropyl phosphate is less 
soluble in water than the ethyl ester). The compZex (VI; 
R = Pri) sublimed a t  100°/O.l mm. (75%). Recrystallis- 
ation [light petroleum (b. p. 60-80')l gave needles, m. p. 
86' (Found: N, 20.0; P, 7-7. C,,H,,N,O,P requires N, 
20-6; P, 7.7%). 

Benzotrifurazan (11) .-To a solution of benzotrifurazan- 
triethyl phosphate in either warm light petroleum (b. p 
40-60') or hot aqueous methanol was added a slight 
excess of NN-dimethylaniline. The complex formed 
crimson needles, m. p. 102' (yield from light petroleum 65%, 

from aqueous methanol 90%) (Found: C, 50.6; H, 3.5; 
N, 29.7. C,,H1,N,O, requires C, 51.1; H, 3.4; N, 30.2y0). 
Hydrochloric acid (20 ml.; 4 ~ )  was added to a solution of 
the complex (1 g.) in ether (20 ml.), and the mixture was 
shaken thoroughly; the red colour of the ether layer 
disappeared. The ether was washed with hydrochloric acid 
and water and dried (MgSO,). The solvent was removed 
and the residue sublimed at  90'/0-1 mm. (yield 95%). 
The material was resublimed a t  60' and appeared to be 
polymorphic, softening at  50', and melting at 62'. When 
a molten sample was supercooled and solidified, i t  had m. p. 
48-40'; seeding with the higher m. p. material then gave a 
product, m. p. 62-63'. Recrystallisation [light petroleum 
(b. p. 60-80')] gave needles, m. p. 62'; from carbon 
tetrachloride prisms were obtained m. p. 62-63' (Found: 
C, 35-3, 35.2; H, 0.0, 0.0; N, 41.2. C,N,O, requires C, 
35-3; N, 41.2%). The free furazan was also isolated by 
decomposing the p-dimethylaminobenzoic acid complex 
with hydrochloric acid, followed by chromatography on 
silica. 

Molecular Complexes.-The complexes (Table 4) were 

TABLE 4 
Sol- Ratio of 

Donor vent Complex M. p. acceptor : donor 
Durene A Colourless a 149-152' 1 : l  
Hexamethyl- B Pale yellow 226 1 : l  

Naphthalene B Cream- 172 1 : l  

1,7-Diphenyl- C Yellow d 1 1 3-1 1 6 1 : l  

Azulene A Dark green@ 168-170 1 : l  
Phenanthrene B Cream- 204-206 1 : l  

Pyrene B Yellowr 256 1 : l  
Perylene D Redh 267-270 1 : l  
Stilbene D Yellow 153 2 : l  
1,4-Diphenyl- E Yellow platesj 193-194 2 : l  

Diphenyl- E Yellowk 128 2 : l  

Biphenyl B Colourless 115-1 16 1 : l  
m-Xylylene D Colourless 172 1 : l  
Benzo[b]thio- B Cream- 150 1 : l  

Indole B Yellow O 200 1 : l  
2,3-Diphenyl- B Red p 147 1: 1 

P-Dimethyl- B r Orange 190-192 1 : 2  

benzene 

coloured C 

naphthalene 

coloured f 

butadiene 

acetylene 

phen coloured % 

indole 

amino- prisms 4 

benzoic acid 
A, methanol; B, ethanol; C, hexane; D, chloroform; E, 

carbon tetrachloride. a Found: C, 56.3; H, 3.9; N, 25.1. 
C,,H,,N,O, requires C, 56.8; H, 4.1; N, 24.8%. a Found: 
C, 59-4; H, 4.7; N, 23.2. C,,H,,N,O, requires C, 59.0; H, 
4-9; N, 23.0%. Found: C, 57.8; H, 2.5. C,,H,N,O, re- 
quires C, 57.8; H, 2.4%. d Found: N, 17.4. C,,H,,N,O, 
requires N, 17.4y0. @ Found: C, 57.8; H,  2.4; N, 25.4. 
C16H,N,0, requires C, 57.8; H, 2.4; N, 25.3%. f Found: 
N, 22.4. C,,H,,N,O, requires N, 22.0%. g Found: C, 65.2; 
H, 2-8. C,,H,,N,O, requires C, 65.0; H, 2.9%. Found: N, 
18.3; C2,H,,N,0, requires N, 18.4%. 4 Found: C, 52.7; H ,  
2.1; N, 28.6%. C,,H,,N,,O, requires C, 53.1; H, 2.0; N, 
28.6%. Found: C, 54.2; H, 2.3; N, 27.4. C,,H,,N,,O, 
requires C, 54.7; H, 2.3; N, 27.4%. Found: C, 52.5; H, 
1.9; N, 27.8. C,,H,,Nl,O, requires C, 53.2; H, 1.7; N, 
28.7%. Found: C, 60.0; H, 2-9. C,,H,,N,O, requires C, 
60.3; H, 2-8y0. Found: C, 64.2; H, 4.1. C,,H,,N,O, 
requires C, 64.2; H ,  3.9%. Found: N, 25.2; S, 9.4. 
C,,H,N,O,S requires N, 24.7; S. 9.4%. Found: N, 30-2. 
C14H7N,03 requires N, 30.5%. p Found: N, 20-6. C,,H,,N,O, 
requires N, 20.7%. q Found: C, 53.8; H,  4.4; N, 20.3. 
C,,H,,N,O, requires C, 53.9; H, 4.1; N, 20.9%. Aqueous 
ethanol. 
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prepared by adding a slight excess of triethyl phosphate- 
benzotrifurazan to a solution of the donor, heating the 
mixture to boiling, and allowing the solution to cool slowly 
(crystals always needle-shaped unless otherwise stated). 

Treatment of an ethanolic solution of the trimethyl 
phosphate-benzotrifurazan complex with pyrene gave the 
pyrene complex (m. p. 256') identical with the compound 
obtained using the triethyl phosphate complex. Chrysene 
(chloroform solution) gave an orange-coloured complex, 
m. p. 219-220' (Found: C, 65.3; H, 2.8; N, 20.2. 
C2,H12N60, requires C, 66.7; H, 2.8; N, 19-5y0). The 
analytical figures suggest that a small quantity of the 2 : 1 
complex is also formed. The following compounds failed 
to form adducts (solvent in parentheses) : benzene (light 
petroleum or an excess of benzene), diphenylmethane 
(aqueous ethanol or carbon tetrachloride), trimethylamine 
(light petroleum). 

Benzotrifuroxan was recrystallised from trimethyl phos- 
phate. Pale yellow needles of the comfden. separated, ni. -p. 
73-75'. On further heating the melt resolidified, m. p. 
195' (m. p. of benzotrifuroxan 195') (Found: C, 27.9; H, 
2.2; P, 8.1, 7.6. C,H,N,O,,P requires C, 27.6; H, 2.3; 
P, 7.9%). Attempted recrystallisation from light petrol- 
eum yielded benzotrifuroxan. 

Association Constants of the Phosphate Colnplexes (Table 5). 
--Association constants were determined a t  37" using a 
Mechrolab vapour pressure ~ s m o m e t e r . ~ ~  Carbon tetra- 
chloride was dried (MgSO,) and distilled, benzil was twice 
recrystallised from ethanol (m. p. 96'), and pyrene re- 
crystallised four times from ethanol (m. p. 152'). The 
phosphate ester complexes were resublimed and crystallised 
from light petroleum. The calibration curve for the 
instrument was determined with benzil as standard. 
Solutions of the complexes were made up in grade A flasks, 
the apparent molecular weight determined, and hence the 
degree of dissociation. For each run one of the syringes on 
the instrument contained a freshly made standard solution 
of pyrene and the accuracy of the instrument was checked 
before and after each set of determinations. 

mole L-l; 
K,,,,. 210 1. mole-l. The apparent molecular weight of the 

Trimethyl phosphate complex Kdiszn. 4.7 x 

TABLE 5 
Dissociation constant of triethyl phosphate-benzo- 

trifurazan complex 
Molarity Mapp. a aa 1 - a 10'Kdissn. 
0.01610 240.0 0-608 0.370 0.392 1.5 
0.02495 256.9 0.503 0.253 0-497 1.3 
0.03265 260.4 0-482 0.232 0.518 1.5 
0.03987 267.4 0.449 0-202 0.551 1.4 
0.05396 271.8 0.420 0.176 0.580 1.6 
0-06521 285.7 0.351 0.123 0.649 1.2 

Average Kdissn. 1.4 x mole L - l ;  71 1. mole-1. 

trimethyl phosphate complex was measured in ethyl methyl 
ketone a t  one concentration ( 0 - 0 3 4 0 ~ )  ; Mapp. = 221.6; 
K,,,. 44. The triethyl phosphate complex was completely 
dissociated in this solvent. Spectrophotometric association 
constants were determined by the method previously 
described.l+ 26 Chloroform was washed with water six 
times, dried (CaCl,), and distilled ; dimethylaniline was 
distilled with 1 yo of acetic anhydride ; benzotrifuroxan was 
recrystallised from acetic acid-water ; benzotrifurazan was 
twice sublimed ; A,,, for the determinations (benzotri- 
f urazan-pyrene) 420 ; (benzotrifurazan-dimethylaniline) 
450 ; (benzotrifuroxan-dimethylaniline) 410 mp. The 
shifts of P O  stretching frequency on complex formation 
were measured on a Perkin-Elmer 21 spectrometer in 
carbon tetrachloride solution using the technique l* des- 
cribed to compensate for uncomplexed ester. 

The authors thank Messrs. Albright and Wilson for 
gifts of phosphite esters and for the determination of the 
3lP n.m.r. spectra, Dr. A. F. Thomas and Dr. B. Willhalm, 
Firmenich et  Cie, Geneva, for determination of the mass 
spectra, and the East Suffolk Education Committee for 
financial assistance (J. M. E.). The manuscript was 
completed during the tenure of a Visiting Professorship a t  
the University of Oregon (A. S. B.). 

[6/1444 Received, November 14th, 19661 

32 W. I. Higuchi, 31. -4. Schwartz, E. G. Rippie, and T. Higuchi, 
J .  Phys. Chew,., 1959, 63, 996; D. E. Burge, ibid., 1963, 6'4, 
2590. 
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