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hydrochloric acid, waa accomplished by adding a solution 
of 0.70 g. of sodium nitrite in 20 ml. of water, and allowing 
the reaction mixture to stand for 2 hr. a t  room temperature. 
Filtration and drying gave a 95% yield of VIS, m.p. 169- 
170’ dec. Recrystallization from ethanol gave straw- 
colored needles of the same melting point [ a ] D  -81.4’ ( c  
1.72 in pyridine). 

Anal. Calcd. for C1aHloN20~: C, 54.92; H, 7.09; N, 9.85. 
Found: C, 54.89; H, 6.98; N, 9.95 

That nitrosation had occurred on nitrogen rather than 
carbon waa indicated by the following reductive cleavage 
reaction: About 100 mg. of the nitroso compound VIa waa 
suspended in 10 ml. of dry ethanol containing a few granules 
of tin. The suspension was saturated with anhydrous hydro- 
gen chloride, a few drops of water were added and the mix- 
ture waa heated on the steam bath for 0.5 hr. On cooling, 
shiny white platelets of a tin salt crystallized. These were 
collected at the filter, unchanged tin granules were sepa- 
rated mechanically, and the salt was dissolved in water. Neu- 
tralization with a saturated sodium bicarbonate solution 
gave a white precipitate which waa removed by filtration 
and dried. It proved, by m.p. and mixed m.p. (138-139’) 
to be the starting 1-deoxy-1-( 3’,4’-xylidino)-~-arabitol. 

1 -Deox y- 1 -( N-7iifroso-3 ‘,4 ‘-z ylidino )-~-arab&l t e t r w t u f  e 
(VIIa). A mixture of 2 6 g. of VIa and 8 ml. of dry pyridine 
was treated with 5.8 ml. of acetic anhydride, and warmed 
on the steam bath for 0.25 hr. after homogeneity occurred. 
After standing a t  room temperature for 2 hr., the solution 
waa poured into 100 ml. of ice water containing 4 ml. of 
concd. hydrochloric acid. After standing at room tempera- 
ture for sevecal hours with occasional trituration, the yellow 
oil solidified and was collected a t  the filter. Drying gave 4.00 
g. (97%).of VIIa, m.p. 70-72.’ For analysis, a sample wra 
recrystallized from 95% ethanol to give elongated prisms, 
m.p. 73-74”, [.ID + 67.2’ (c 1.80 in pyridine). 

Anal. Calcd. for C.r,HrsN,Od C, 55.74; H, 6.24; N, 6.19. 
Found: C, 55.80; H, 6.53; N, 6.03. 

As with Va the absence of prominent absorption bands in 
the 1600-1500 cm.-1 region of the infrared absorption SPPC- 

trum of VIIa (7% solution in chloroform) provides further 
support for the assigned N-nitroso structure. 

The absence of a replaceable hydrogen on the nitrogen 
atom of VIa (and VIIa) was further demonstrated by dis- 
solving a sample of VIIa in methanol, which had previously 
been saturated with potassium carbonate. Even without 
heating the solution, solvolyeis of the acetate groups oc- 
curred rapidly to give a good yield of nitroswcompound VIa, 
m.p. and mixed m.p. 169-170’ dec. It ia extremely unlikely 
than an aniline N-acetyl group would solvolyze this readily. 
Hence, all four acetyl groups must be on oxygen, and the 
nitrogen atom in VIS must carry the nitroso group; otherwise 
it would have been acetylated under the above conditions. 

l-Deox~l-(N-nalros~-5’,4’-zylidino)-D-~ibifol (VIb). Nitro- 
sation of 2 g. of 1-deoxy-1-( 3’,4’-xylidino)-~-ribitol dissolvpd 
in 10 ml. of water containing 2 ml. of concd. hydrochloric 
acid in the above manner gave 1.82 g. (82%) of VIb, m p. 
133-135. Two recrystallizations from ethanol raised thc: 
m.p. to 138-13Q0, [ a ] D  +44.6 ( c  1.68 in pyridine). 

And. Calcd. for ClrH&,Os: C, 54.92; H, 7.09; N, 9.85. 
Found: C, 5477; HI 7.25; N, 9.73. The infrared spectrum 
(potassium bromide) is consistent with the assigned nitros- 
amine structure. 
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The preparation of a series of l-picryl-2,2diphenylhydrazyl free radicals substituted in the para- positions of the two 
benzene rings by -OCHa, -CHa, -F, -C1, -Br, -COOCHI, -NO,, or -CsHr groups is described. Some limitations 
in the conventional preparative sequence used for l-picryl-2,2-diphenylhydrazyl (DPPH) are revealed in this series of com- 
pounds. Two new reagents, nitrosyl chloride for N-nitrosation of diarylamines, and N-picrylpyridinium chloride for picryla- 
tion of 1,l-diarylhydraeines, offer advantages at these stages of the preparative sequence. Some alternative methods which 
involve substitution reactions with various compounds of that  sequence have also been developed. 

The comparison of properties of structurally 
similar molecules which differ only by the substi- 
tution of groups with known effects on electron 
distribution has been a powerful tool in the investi- 

(1) This work was supported by U. S. Army Signal 
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36-O:w-SC-74917, administered by the University of Penn- 
sylvania, and by Office of Naval Research contract N7- 
ONR-45403 with Rutgers University. Royalty-free repro- 
duction for purposes of the United States Government ir~ 
permitted. 
(2) A portion of this material was abetracted from a thesis 

submitted by A. F. D’Adamo, Jr., to the Graduate School 
of Rutgers University in partial fulfillment of the require 
menta for the Ph.D. degree, September 1954. 
(3) Inquiries should be addreeaed to  t h b  author at 

Haverford College. 

gation of organic compounds. This technique has 
seen very little application to the “stable” free 
radicals because of difficulties in the preparation 
and handling of the necessary compounds, These 
difficulties are well known in the case of the triaryl- 
methyl radicals, which react with oxygen, dispro- 
portionate, and dimerize extensively. Members of 
the series of para- substituted 2,6di-t-butylphe- 
noxy4 radicals also are unstable in air, and dimerize 
at the para carbon atoms. A reasonably complete 
series of stable substituted triarylaminium salt6 

(4) See the series of papers by E. Muller and co-workers. 
Paper XII; E. Muller, A. Rieker, K. Ley, R. Mayer, and 
K. Scheffler, Bet., 92, 2278 (1959). 

(5) R. I. Walter, J .  Am. Chem. Sa., 77, 5999 (1955). 
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radicals is known, but the unsubstituted parent 
compound, triphenylaminium perchlorate, is un- 
stable in air. 

The classic work of Goldschmidt and his stu- 
dents6 introduced the group of free radicals derived 
formally by hydrogen abstraction from trisubsti- 
tuted hydrazines, and outlined the structural fea- 
tures which determine the stability of these 
hydrazyl radicals with respect to dimerization to 
the corresponding tetrazanes. The most stable free 
radical which they prepared WBB 1-picryl-2,2- 
diphenylhydrazyllb (DPPH) , which is completely 
monomeric and stable in air for an indefinite 
period. 

In his survey of the effect of structure on the 
stability of these radicals, Goldschmidt showed 
that the 1,1,4,Ptetraaryl-2,3diacyltetrazanes are 
more highly dissociated than the I ,2,3,4-tetraaryl- 
1,4diacyl isomers.eb.d Acyl groups are effective 
in stabilizing the monomer in the order acetyl < 
benzoyl < picryl.@ Finally, he showed that in a 
series of substituted l-benzoyl-2,2diphenylhydra- 
zyl radicals, substituents in the para positions 
of the two benzene rings contribute increasingly to 
the stability of the monomers as their electron- 
donating character increases.& These results led 
us to expect that most members of a series of 
substituted l-picryl-2,2diarylhydrazyls would be 
stable monomeric substances which would be 
suitable for studies relating substituent effects and 
physical properties of the free radicals. Our syn- 
thesis of many of these compounds was based (with 
some alterations) upon that developed by Gold- 
Schmidt and Rennh for the unsubstituted radical: 
ArzNH --t Ar2N-N0 - ArlN-NH2 ---f 

ArzN-NH-Pic - AnN-N-Pic 

Most of the necessary secondary amines are 
available in fair yields by hydrolysis of the N,N-  
diarylacetamides formed by reaction of a para- 
substituted acetanilide and aryl iodide catalyzed 
by copper powder.' This reaction cannot be used 
when the para- substituents can themselves be 
displaced by nitrogen. For this reason, bis(p 
br0mophenyl)amine was prepared by bromination 
of N-benzoyldiphenylamine, followed by hydrolysis 
in alcoholic potassium hydroxide. It proved more 
convenient to  prepare bis(pnitropheny1)amine in 
the same way, since the N-acetyl group in this 
case is so readily hydrolyzed that formation of 
tertiary amine cannot be avoided when the u11- 
mann synthesis is used. 

Nitrosation of most of the amines was carried out 
in ethanol-hydrochloric acid with the temperature 

(6) (a) S. Goldschmidt, Ber., 53B, 44 (1920). (b) 8. 
Goldschmidt and K. Euler, Ber., 55B, 616 (1922). 
(c) E. Goldschmidt and K. Renn, Ber., 55B, 628 (19221. 
(d) S. Goldschmidt, A.  Wolf, E. WolfThardt, I .  Drimmer, 
and S. Nathan, Ann., 437, 194 ( 1 9 2 4 ) .  (e) S. Goldschmidt 
and J. Bader, Ann., 473, 137 (1929). 

(7) F. Ullmann, Ber., 36, 2382 (1903); 1. Goldberg, 
Bg., 39B, 1691 (1906). 

maintained below 5 O ,  but when the electron-at- 
tracting groups -NO*, -COOCHS, and -C& 
were present, this reaction failed because of the 
decre&sed basicity of the amines.8 Nitrosation with 
solutions of nitrosyl chloride also was attempted. 
This reagent evidently has been used previously 
with aliphatic secondary amines,g but gave a 
maximum yield of 50% due to amine bydrochloride 
formation. Pyridine solutions of of the diarylamines 
reacted with nitrosyl chloride to give the nitro- 
soamines in up to 95% yield, The reaction evidently 
is quite general, for it WM used successfully for the 
nitrosation of the ermines substituted by -OCHa, 
-H, -COOCH,, and -NOS groups. It gave only 
partial nitromtion of bis(pbiphenyly1)amine. 

The nitroso compounds were reduced to 1,1- 
diarylhydraeines with lithium aluminum hydride, 
using the inverse addition of reagent to N-nitroso 
compound reported by Poirier and Benington.10 
This is an important improvement over alternative 
methods using zinc and acetic acid or catalytic 
hydrogenation; these reagents gave large amounts 
of diarylamines, as has been reported by Paal 
and Ym." It suffers from two disadvantages: 
Decomposition of the reaction mixture gives emul- 
sions which are diacult to handle, and it cannot 
be used with nitroso compounds containing 
unsaturated substituents which can also be re- 
duced. A survey of other reducing agents (using 
the inverse addition of reductant to N-nitrosodi- 
phenylamine solution) did not reveal one which 
would preferentially reduce the nitroso group. 
Sodium borohydride and lithium-t-butoxyalumino- 
hydrideI2 failed to react. Sodium borohydride with 
aluminum chloridela or with lithium bromide,14 
thiourea dioxide, l5 and diphenylhydrazine with 
paIladium catalyst all gave the secondary amine. 

An alternate route to 1,l-bis(pcarbometh0xy- 
phenyl) hydrazine avoided this reduction step. 
1 ,1-Bis(pbromopheny1) hydrazine was metallated 
with butyllithium, carbonated, and esterified with 
diaaomethane to give the Gsrbomethoxy compound 
in low yield. 

An effort to carry out substitution in 1,ldi- 

(8) H. Wieland and H. Lecher, Ann., 392, 167 (1912), 
reported the incomplete nitrosation of bis(pnitropheny1)- 
amine with nitrous acid in warm acetic acid. We made no 
effort to vary conditiona to get this compound since a 
method was lacking for reducing the nitroso group without 
affecting the nitro groups. 

(9) W. Solonina, J .  Russ. Phys. Chem. SOC., 30, 449 
(1898); Chem. Zentr., 1898 11, 888. 

(10) R. H. Poirier and F. Benington, J .  Am. Chem. Soc., 
74,3192 (1952). 

(11) C. Paal and W. N. Yso, Ber., 63B, 57 (1930). 
(12) H. C. Brown and B. C. Subba Rao, J. Am. Chem. 

(13) H. C. Brown and B. C. Subba Rao, J .  Am. Chem. 

(14) H. C. Brown, E. J. Mead, and B.  c. Subba Itao, 

(15) P. H. Gore, C h n .  & Id., 1355 (1954). 

Soc., 80, 5377 (1958). 

SOC., 78, 2582 (1956). 

J. -4m. Chem. Soc., 77, 6209 (1955). 
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phenylhydrazine was less euc&ul.16 Friedel- 
Crafts acetylation of the hydrochloride gave a 
triacetyl compound which we assume is 1,l-bis- 
(pacetylphenyl)-2acetylhy&azine, but it proved 
impossible to hydrolyze an acetyl group to get 
1,l-bis(pacety1phenyl)hydrazine. 

Picrylation of the 1,l-diarylhydrazines with 
picryl chloride gives a maximum yield of 50%, 
because half of the hydrazine is converted to the 
hydrochloride by the acid formed. Poirier, Kahler, 
and Benington'' avoided this loss by heating the 
reagents in ethanol with sodium bicarbonate. At 
t,his temperature, however, there occurred appre- 
ciable decomposition of a number of our compounds. 
These difficulties were avoided by picrylation at or 
Mow room temperature with N-picrylpyridinium 
chlorideIS suspended in chloroform. The products 
were normally stable except for the dianisyl com- 
pound. This was quit.e unstable, and required 
special care in its preparation and isolation t'o 
avoid ext,ensive formation of green decomposition 
products. Since the green diarylnit,rogen free 
radicals are stabilized by electrondonor subst.it- 
uents,Ig we believe that the decomposition oc- 
curred by homolysis of the nit,rogen-nitrogen bond 
to give the dianisylnitrogen radical. If this postu- 
lat,e is correct, it would be very difficult to pre- 
pare 1 , l-bis(pdimet hylaminophenyl)-2-picrylhy- 
drazine, which would rindergo homolysis to form 
a still more stable diarylnitrogen free radical. 
No attempt was made to do so in our work. 

Our efforts to carry out! substitution reactions 
on l,ldiphenyl-2-picrylhydrazine were unsuccess- 
ful: no product w&s isolated from Friedel-Crafts 
acetylation with a variety of catalysts and solvents 
or from nitration in nitric acid-sulfuric acid at  
-loo. However, this compound has been shown 
to react in benzene solution with nitrogen di- 
oxide to give successively t,he mono and the di-p 
nitro derivatives.20 This procedure was used to 
prepare the latter compound. 

The Tafel-Gattermann reaction6e.21 offers a 
possible alternate route to the substitution 1 , l -  
diaryl-Bacylhydrazines which avoids the reduc- 
t,ion step. l-pT\'itrophenyl-2-benzoylhydrazine 
heated in alcohol solution with cupric acetat,e gave 
1,1-bis(p-nitrophenyl)-2-benaoylhydrazine, but, it 

(16) Very rerently a proredrire has appeared for the 
sulfonation of diphenylhvdrazine with chlorosiilfonir arid 
in nitro5enzene. The resulting p,p 'didfonic  acid of 1,l- 
diphernrlhydrazine has been picrylatcd and oxidized to a 
water-solnhle free rwlical. G. V. Putyrskaya, J .  Research 
I n s t .  (Chem.) Hung. dcad.  Sei., 3, 143 (1959). 

(17) R. H. Poirier, E. J. Kahler, and F. Benington, 
6. Org. Chem., 17, 1137 (1952). 

(18) hI. Uiisch and W. Kogel, J. prakf. C h . ,  84, 509 
(1911). 

(19) H. Wieland, Ber., 48, 1078 (1915). 
(20) J. A. Wid, K. V. Sane, and J. M. Kinkade, J. 

P h y s .  (?hen/.,  in press. We are indFhtpd to I)r. W'eil for a 
copy of his procwirire in advance o f  ptilhration. 

(21) ( 1-1 .J. Tafel, Rcr.. 25, 114 (1892). 0,) 1,. Gritlrr- 
niann, E;. S. Johnson, and H .  Holzle, &r., 25, 1075 (18'rJ). 

waa impossible to hydrolyze the benzoyl group in 
order to prepare the picryl compound. When I- 
picryl-2-pnitrophenylhydrazine in ethanol was 
heated with cupric acetate, the product waa 2,4,6,4'- 
tetranitroazobenzene. This substance is the second 
stage in the mechanistic sequence proposed by 
Goldschmidt and Bade+ for the Tafel-Gatter- 
mann reaction. Evidently it is too stable to undergo 
the succeeding steps. 

No product was isolated from an attempted 
reaction of paranitrochlorobenaene with l-picryl- 
2-p-nitrophenylhydrazine under Ullmann condi- 
tions. This reaction has been applied successfully 
to the preparation of l,ldiaryl-2-benzoylhydra- 
zines. 22  

The diarylpicrylhydrazines have been oxidized 
to the free radicals in the usual manner with lead 
dioxide."," All of the products have been shown to 
be paramagnetic by observation of their electron 
spin resonance (ESR) absorptions. (Only the data 
on the earlier preparations have been published.za) 
With the exception of the compound substituted 
by methyl groups, they showed no absorption 
above background noise in the infrared region 
around three microns, where the parent hydrazines 
have their N-H band. Melting points (except 
those for the compounds substituted by methyl 
carbomethoxy, or phenyl groups) are within a 3' 
range or better. In spite of these indications of a 
reasonable degree of purity, only those radicals 
substituted by methoxy or chloro groups gave 
satisfactory analytical data. After the preparations 
were dried in vacuo at 100' for two hours, the analy- 
ses were excellent, but melting points had been 
seriously lowered and broadened. The literature 
contains a number of reports of tenacious retention 
of solvents by l-picryl-2,2-diphenylhydra~yl.24 
The same behavior might be expected from the 
substituted compounds. Rather surprisingly, two 
recent papers on the preparation of monosubsti- 
tuted l-aryl-l-phenyl-2-pirrylhydrazyls which were 
crystallized from chloroform-ether report excellent 
analytical data with no mention of any dficulty 
in drying the radicals.25 
l-Picryl-2,2-diphenylhydrazyl and the inter- 

mediates in its synthesis are of course well known 
compounds. Since our earliest work2 on these 
radicals, the preparation by the same reaction 
Pequence of one of them-that substituted by 

( 2 % )  W. K. Wilmarth and N. Schwartz, J .  Am. Chem. 
Soc., 77, 4544 (1955). 

(23) R. I. Walter, R. S. Codrington, A.  F. D'Adamo, 
and H. C .  Torrey, J. Chem. Phqs., 25, 319 (1956). 

(24) (a) E. Muller, 1. Miiller-Rodloff, and W. Bunge, 
Ann., 520, 244 (1935). ( 1 ) )  A. Lyons and W. F. Watkins, 
J. Polilmer Sci., 18, 141 (1955). irl J. J. Lothe and G. Eia, 
.Acto. rhein. Smntl., 12, 1535 (1958). 

125) 11. 0. hlatevosysn, I .  Y:L. l'astovskii, and A .  I<. 
Chirkov, J .  Gen.  Cheva. ( U.S.S.H.), (English Translation), 
29, 8X2, :3071 (1959). 
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methyl groups-has bcon published.Z6 The corn- 
pounds from these two series have been omitted 
from the Experimental section except in those cases 
where they were prepared with the use of a new 
reagent. 

EXPERIMENTAL 

Impure compounds were chromatographed on Merck 
alumina. Melting points were determined on a Kofler h o b  
stage microscope. Most of the analyses were run by Gd- 
braith Laboratories. 

the U l l w n n  rendinn.' Most of the neres- 
sary para-substituted anilines are commercially available. 
pFluomaniline was prepared from fluorobenaene by nitration 
followed by reduction in ethanol solution with a palladium 
ratalyst." Biphenyl wm nitrated in acetic acid solution," 
reduced with iron and hydrochloric acid,*s and acetylated by 
refluxing with acetic anhydride. The other amines were 
ncetylated in aqueous aolution by Fieaer's method." The 
i i " y  para-aubstituted iodobenzenes were prepared from 
the anilines by diazotbation and reaction with iodide ion. 

A number of changes in the reaction conditions have 
approximately doubled the yields obhined in the Ullmann 
reaction at the beginning of this woik.8 For the copper 
bronze catalyst formerly used, we have substituted Fernlock 
brand copper powder." The resctioi of the aryl iodide and 
sretylamine hss been carried out in the presence of a small 
%mount of xylene; this solvent lowers the viscosity of the 
mixture of molten organic reagents, and it aerve8 88 a tem- 
perature control: the stirred mixture is heated in an oil 
hath maintained at 20O0, but reflux of the xylene mints ine 
'he temperature of the reaction mixture a t  about 180'. 
Purification of large batohea by chromatography' ie incon- 
venient; i t  haa proved more sstisfactory in many cases to 
extract the crude products with a suitable solvent in a 
Soxhlet extractor. Tam are retained in the solvent when 
the solution is concentrated to precipitate the extracted 
product. A general procedure for preparation of the second- 
ary amines follows. 

A 0.5-mole sample of A'-acetylarylamine, 0.5 mole of 
wyl iodide, 50 ml. of xylene, 0.5 formula weight of potoseium 
rarbonata @reviously powdered and dried a t  180°), 10 g. 
of Fernlock copper powder, and a few crystals of iodine are 
placed in a thr-neck IOOO-ml. round-bottom flask. T ~ P  
flask is equipped with a stirrer and an air condenser which 
tcmninates in a 180" bend, 80 that the lese volatile of the 
distilled liquids which condenae in the vertical portion will 
b~ retumed to the reaction mixture, while water, which 
condenses near the top, will run out of the system. The h k  
ia h e a t d  with vigorous stirring in an oil bath held at 200" 
for 48 hr. or more. At the end of this period, the mixture is 
allowed to cool, 1500 ml. of 10% alcoholic potassium hy- 
droxide is added, and the suspension stirred slowly under 
reflux for 8'15 hr. to hydrolyze the timide. Solventa are 
removed hy vacuum distillation, and the solid reeidue is 
dried and transferred to the thimble of a Soxhlet extractor, 
where it is extracted with petroleum ether (b.p. 60-70') 
until removal of organic matter is complete. The extract is 
i~oncentrsted under vacuum, cooled, and the crystalline 

Diarylamines 

(26) R. H. Poirier and F. Benington, J. Org. Chem., 19, 

(27) H. L. Bradlow and C. A. VanderWerf, J. Am. Chem. 

(28) F. Bell, J. Kenyon, and P. H. Robinson, J .  Chem. 

(29) Gc. T. Morgan and L. P. Walls, J. SOC. Chem. Znd. 

(30) L. F. Fieser, Ezperimenla in Organic Chemistry, 

(31) Available from the United States Bronze Powder 

1157 (1954). 

SOC., 70, 654 (1948). 

SOC., 1242 (1926). 

(London), 49, 15 (1930). 

3rd ed., Heath and Co., Boston, Mass., 1955, page 151. 

Works, 220 West 42nd St., New York, N. Y. 

~olida are collected; if they are &ill tarry, the extraction etep 
is repeated. In some caaea additional purifiaation steps are 
required. The product is finally recrystallized from a wit  
able eolvent to mnatant melting point. Details for the 
individual preparationa are given in Table I. 

TABLE I 
PBEPARATION OF SECONDARY AROMATIC AMINES 

~ ~~ 

para- Extraction Recryst. Yield, 
Group Solvent Solvent M.P. % 

4 C H a  Hexane Benzene- 100-102 46 

-CH, Hexane Hexane 82-83 60 
-F None None 71 
-c1 Hexane Hexane 77-78 51 
-COOCHI* Chloroform Benzene 178-180 42 
-caK Benzene Benzene 20S210 32 

hexane 

a 

(I Boiled 123-125' a t  0.5 mm. Amide hydrolyzed with 
20% aulfuric acid in methanol, to avoid splitting the ester 
groups. 

Bis(pbromopheny1)amine." Bromination a t  40" of a 
chloroform solution of N-benzoyldiphenylamine gave this 
compound; yield after recrystallization from hexane, 
69%, m.p., 105.5-107°. 

B i y ( p n i t ~ p ~ ~ l / l ) a m i n e . a 3  This compound was prepared 
by nitration of N-benzoyldiphenylamine (0.1 formula wt.) 
in acetic acid (150 ml.) by dropwise addition of fuming 
nitric acid (27 ml., sp. gr. 1.522) at 90-95'. The reaction mix- 
ture waa poured on ire, the precipitsted amide refluxed in 
500 ml. ethanol containing 10 g. of potaseium hydroxide, 
and the amine recovered by again pouring on ice. I t  waa 
extracted into benzene and this solution concentrated to 
recover the product. The yield w(~8 38%, m.p. 217 -218'. 

Nitrosation with nitrous mid. This reaction wau carried 
out by adding sodium iiit,rite solution (1.2 formula wt. in 
250 ml. water) to a stirred solution of the secondary amine 
(1 formula wt. in 500 ml. of ethanol and 100 ml. of hydro- 
chloric acid) which was maintained a t  0'. The mixture waa 
stirred an additional 30 min., diluted with water, snd the 
product recovered and recrystallized from hexane, Thie 
procedure gave N-nitroaodi-panisylaminea' m.p. 79-80", 
in 90% yield. The new compounds prepared in this manner 
.are listed in Table 11. 

Nitrosation with nitrosyl ch,lori&. The reagent. ww made up 
aa I) lOyo eolution in pyridine by condeneing the gap from a 
cylinder. This solution ww added in about 50% excesu 
to a solution of the amine (0.1 formula wt.) in 50 ml. pyridine 
at O', and the mixture WBP stirred for 30 m b .  at this tem- 
perature. It waa then allowed to warm to room tempera- 
ture over night. Soda-lime was added to deatroy the exceM 
reagent, solids were removed by filtration, and the filtrate 
evaporated to dryness under vacuum. Reaction with di- 
phenylamine gave the nitroso compound, after recrystalliza- 
tion from ethanol, in 95% yield; m.p. 65-66". It gave N -  
nitrosodi-panisylamine, m.p. 78-80', in 60% yield. It waa 
also used to nitrogate the amines subRtituted by carbo- 
methoxy, nitro, and phenyl groups. Data for these com- 
pounds are given in Table IT. (It is 1c=SS convenient to uRe 
nitrosyl chloride than the conventional method with 
nitrous acid in those cases where the acid is effertive, be- 
rause the product is more easily recovered and purified in 
the latter case.) 

Those nitrosamines which are substituted by electron- 
withdrawing groups are appreciably less stable than N- 
nitroso-diphenylamine.* N-Nitrosobis(pcarbomethoxy- 
pheny1)amine iR converted to the free amine by sublimation 

(32) E. Lellmann, Bm., 15, 830 (1882). 
(33) E. Lellman, Ber., 15, 827 (1882). 
(34) H. Wieland, Ber., 41,3503 (1908). 
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TABLE I1 
PREPARATION OF SUBSTITUTED SECONDARY N-NITROSOAMINES 

Nitrosa- 
para- tion Recryat. Yield, Calcd. Found 

Groups Reagent Solvent M.P. % % C  % H  % N  % X  % C  % H  % N  % X  
12.15 - 45-46.5 90 - - - - 11.97 - -F 

-c1 HNOr Hexane 81-82.5 81 56.94 3.98 11.07 28.01 56.94 3.99 11.19 28.22 
-Br HNOz Hexane 104-106 80 40.48 2.27 7.87 44.89 40.48 2.33 7.62 44.83 
-COOCHa NOCl Methanol 105-107 80 - - - - 
-NO% NOCl N i t r s  145-148 " 
-CJh  NOCl Ethanol 155-180 

HNOt Hexane 

8.75 - 8.92 - - - -  - - - -  - 
methane - - -  - - - -  - 

a The major part of the product decomposed during attempted recrvstallization from nitromethane. This reaction 
produced a mixture which could not be separated. The crude material waa used for reduction to the hydrazine. 

TABLE 111 
PREPARATION OF SUBSTITUTED ~,~-DIARPLHYDRAZINER 

para- Recryst. Yield, Calcd. Found 
Groups Solvent M.P. % % C  70H % N  %x % C  % H  % N  "/,"̂  

~~ 

8.53 - - - - - 8.64 - -F Ethanol 185-186" 
-c1 Hexane 92.5-93.5 72 56.94 3.98 11.07 28.01 56.94 3.99 11.19 28.22 
-Rr Ethanol 117-119 89 42.13 2.95 8.19 46.73 42.11 3.10 8.18 46.60 
-COOCHa Methanol 169-172 17 63.99 5.37 9.33 - 64.08 5.28 9 24 - 
-CaHsb Ethanol 226-227.5 34 85.68 5.99 8.33 - 85.83 6.27 8.14 - 
"These data were obtained on the benzhydrazide, rather than the unstable hydrazine. Prepared from the crude nitrosa- 

tion product. The yield given is for the two stages from the secondary amine. 

at 100'' or by heating the molten nitroso compound. N- 
Nitrosobis(pnitropheny1)amine was also formed by the 
nitrosyl chloride, and a small amount was isolated by ex- 
traction with hexane (which is very slow). When recrystal- 
lization of the remaining product from hot nitromethane 
was attempted, only secondary amine was recovered. 
Decomposition to the amine in boiling alcohol also has been 
reported. 116 

Reductm of N-natrosamimy. This reaction was carried 
out with lithium aluminum hydride by the procedure of 
Poirier and Benington,l0 uaing solutions of 0.1 formula wt. 
of th r  nitroso compounds in 300-400 ml. of anhydrous ether. 
Decomposition of the reduction intermediates always 
produced emulsions; there were l a &  troublesome when 
ethyl acetate, wet ether, and 20% sodium potassium tar- 
trate wwe used in that order. The reduction gave 1,l-di-p 
anisylhydrazine,*' recrystallized from methanol, in 90% 
yield; m.p. 110-111" The new compounds so prepared are 
listed in Table 111. 

l , l - B i s ( p c a s b a ~ z y p h a ; y l ) h y d r ~ ' ~ e .  1,l-Bis(pbrom0- 
pheny1)amine (0.022 formula wt.) in 200 ml. of anhydrous 
ether WB(I added to 5070 excess over the equivalent amount 
of butyllithium in pentan-heptane. After stirring 15 min., 
the mixture was poured over 100 g. of crushed Dry Ice 
and allowed to Rtand over night. The product was extracted 
into 10% sodium hydroxide solution, this was acidified, 
and the solid recovered and dried thoroughly. Yield of this 
crude product was 50 to 70%. The dry solid was suspended in 
rther, treated with excess diazomethrme in ether, and the 
product recovered and recrystallized from methanol. Data 
are given in Table 111 

Acetyldaon of 1,ldiphaylhydrazine hydrochloride. To a 
nolution.of 0.3 formula wt. of aluminum chloride in 150 ml. 
of dry 1,2dichloroethane at 10' was added 26 ml. of acetyl 
chloride, followed by 0.03 mole of the solid diphenylhydra- 
zine hydrochloride in small portions. The mixture waa 
&red over night a t  room temperature, poured on ire, and 
solvent removed by steam distillation. The crude residue 
(yield, 60%) waa recrystallized from ethanol to give the 

(35) P. Juillard, Bdl .  soc. d im.  France, 33, 1177 (1905). 

product, m.p. 193-194'. We a " e  that this is 1,l-bis(p- 
acetylphenyl)-2scetylhydrazine, but thia structure haa not 
been verified. 

Anal. Calcd. for C1sH1sOaNz: C, 69.66; H, 5.85; N, 9.03. 
Found: C, 69.47; H, 5.60; N, 8.88. 

Picrylation of ~,ldiarylhydrazanecl. The reagent forms as 
an amorphous orange precipitate on adding an equimolar 
amount of dry pyridine to a solution of picryl chloride in 
dry chloroform.'* To carry out the reaction, a solution of 
the diarylhydrazine (0.05 formula wt.) in 100 ml. of dry 
chloroform was added to a suspension of an equivalent 
amount of the reagent in 250 ml. of dry chloroform. The 
mixture was stirred at room temperature until a color shift 
to deep red, acrompanied by disappearance of the orange 
reagent and precipitation of rolorlers pyridinium chloride, 
indicated completion of the reaction. Reaction time waa 
shortest for the most basic hydrasin-; it WUB neceeaary to 
heat the solution containing the least, basic compound which 
we attempted to picrylate, that containing carbomethoxy 
groups. Thin suggests that it would be difficult or impos- 
sible to pierylate the nitro-subatitlited rompound, wen if it  
were available. The suspended pyridinium chloride waa 
6ltered off, the liltrate washed with water, dried over sodium 
sulfate, and concentrated under vacuum to obtain the dark 
red product. Data on the individual compounds are given 
in Table IV. 

1,l-Di. panisyGbpicrylhUdrazine. Attempt8 to prepare 
this compound under the conditions deecribed above gave 
large amounts of a p e n  deromposition prodiirt. Better 
results were obtained by starting the picrylation in a cold 
Rolution. Dianiaylhydrazine (0.067 formula wt.) in 160 ml. 
of dry chloroform wan cooled to 3' and added to a freshly 
prepared suspension of N-picrylp-yridinium chloride (0.067 
formula wt.) in 240 ml. of chloroform which was alm at 3". 
The mixture was stirred 10 min. with cooling in an ice bath, 
then removed from the bath and stirred an additional 40 min. 
The chloroform solution was filtered, wmhed with water, 
dried for 15 min. over magnesium milfate, and evaporated 
to dryness on the aspirator at room temperature The residue 
was immediately taken up in cold benzene and chromate 
graphed on alumina. The initial reddish benzene eluate con- 
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tion 
Time, Recrptn. Yield, Calcd. 

Hr. Solvent M.P. % % C  % H  %" % X  
0.P 
4 

'20 

G 

20 
24 
4 6 e  

24 
0.5d 

174-176 

196-198 

165-166 
107.5-109.5 

184-188 
212-213.5 
121-123 

39 
80 

95 

92 

73 
9(1 
45 
75 
38 

52.74 
56.73 

- 
50.12 

46.57 
39.08 
51.67 

65.81 
d 

3.76 
4.05 

- 
2.58 

2.39 
2.00 
3.35 

3.86 
- 

15.38 
16.54 

- 
16.24 

15.09 
12.66 
13.70 

12.78 
- 

Found 
% C  % H  % "  %x 
53.98 3.48 13.25 - 
56.37 5-93 16.62 - 

49.63 2.66 15.75 - 

46.41 2.43 14.96 15.52 
39.28 2.26 12.30 - 
51.82 3.55 13.&3 - 

65.83 3.91 12.89 - 
- - - - 

Used special conditions dmribed in text. * Cryatah from benzene had this m.p. Solid from a lyophilized benzene solri- 
Prepared by reaction of tion melted 64-67'. 

l,l-dipheny1-2-picrylhydrasine in benzene with nitrogen dioxide. See reference 20. 
&tion was c a n i d  out at reftux temperature of the chloroform solution. 

TABLE V 
PRBPAEATION AND PROPERTTES OF l-PICRYL-2,%DIAEYLliYDRAZYL FREE RADICAIP 

Reac- 
Hydra- tion 

para- zine, Pb02, NanSO,, Solvent, Time, Solution 
Group Mole Mole G .  MI. Hr. Color Purification h4.P.U 

--OCH, 0.0022 0.11 16 CHCL, 50 0.25 Blue None 145-148 
--CH 0.0024 0.11 20 CHa, 50 0.33 Blue-purple Lyophilized from 108-11s 

benzene 

CCII 

CClr 

cell 
benzene 

-H 0.0051 0.051 0 CQ, 60 1.0 Purple R e c n m t .  from 127-129 

-e1 0.0065 0.053 7.2  eel,, 180 1.0 Purple Rerryst. froni 154-156 

-Br 0,011 0.22 15 CCI,, 300 1.0 Purple Recryst. fmm 139-141 

--COOCHS 0.001 0.08 20 C H a ,  70 1 .O  I M l  purple Lyophilized from 90-100 

-NO* 0.0043 0.15 17 CHCl,, 80 2.0 Brown- Recryst. from 234-207 
purple ethyl acetate 

43% 0 0042 0.05 6 CHCL, 150 1 .O Blue-purple Lyophilized from 140-150 
CHCL 

a Melting p3ints after drying at room temperature are listed. 

tained the product; concentration of the solution gave dark 
red crystalp, m.p. 92-95'. When the henzene was comuletely 
removed by lyophilization, the residue melted 64437". 
Later fractions from the rolumn, or solutions which were 
allowed to stand or were heated above mom temperature 
wcre p e n .  We believe the green substance may be t,he di- 
anisylnitrogen radical, on the basis of ita color and reported 
stability.1* 

Becauee the analytical ds  ta on this compound are so poor, 
presumably because of rapid decomposition of the wmple, 
its structure was confirmed by reduction in ether solution 
with stannous chloride-hydrochloric acid. The more hasic 
product was precipitated 118 the hydrochloride, then con- 
dansed with benzil by adding t h i s  reagent to an ethanol solu- 
tion of the free hase. The melting point waa 25S260": 
identical to that reported for the benzil condensation 
product. of 1,2,3,5tetraaminobenzene from the reduction of 
picramide.s No effort wae made to identify the dianisyl- 
amine also formed by the reduction. 

Attmpts to prepare 1 , l - b i s @ - n i t r c p h ~ W l ) - ~ p i c r y M ~ r ~  
rins b y  the Tafd-Ga'tmtunn readion. The procedure of 

(Xi) I t .  Sietzki  ant1 H.  Hagenhach, Ber., 30,541 (1897). 

Goldschmidt and BadeP was uwd to prepare l,l-bis(p 
nitrophenyl)-2ben~y~ydraeine. Our melting point, 292- 
293O, was higher than that reported in the 1iterature.k.z' 
Attempts to hydrolyze the benzoyl group in sulfuric acid 
of various concentrations, hydrochloric acid, or in phos- 
phoric acid either gave no reaction or gave a tarry mixture 
of decomposed hydrolysie products from whirh only benzoic 
acid could be r e c o v e 4  by sublimation. 

An attempt ww a160 made to prepare the pirrylhydraxine 
directly. I-Picryl-2pnitrophenylhydrru;ine," m.p. 214- 
215", was prepared in Bo/, yield by reaction of N-picryl- 
pyridinium chloride and pnitrophenylhgdrazinc in dry 
chloroform. When this compound in boiling ethanol was 
treated with cupric acetate under Tafel-Gattermann rondi- 
tiom, the product rei-overed wse 2,4,6,4'-tetraNtroazo- 
benzene, m.p. 171-173". There was no d e p m i o n  of the 
melting point by an authentic sample prepared by oxidation 
of 1-picryl-2pnitrophenylhydmzine wi;th nitric acid." 

Preparafum ~f I-ptm/Ld,~diutylh~dJdrazyl free radicals. 

(37) 4 .  G Grrrn and V 11. R m e ,  . I .  Chrni. Soc., li)l, 

(38) R. Ciusa, Gurz .  chzm. ?hl . ,  41, 694 (191 1). 
24.50 (1912). 
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pata- 
Group 

62.86 
56.87 
54.82 
46.67 
39.10 
51.77 
44.64 
65.93 

3.55 
3.82 
3.07 
2.28 
1.83 
3.26 
2.08 
3.69 

15.42 
16.58 
17.76 
15.12 
12.69 
13.72 
20.24 
12.82 

52.66 
45.83 
55.05 
46.50 
39.31 
51.82 
44.41 
63.70 

Found 

3.54 15.15 
3.13 13.08 
3.13 17.67 
2.17 14.97 
2.00 12.52 
3.32 13.51 
2.08 19.93 
3.78 11.30 

% H  %N 

The dierylpimylhydmaines were oxidised by stirring carbon 
te tndlor ide or chloroform (ii the compound was not d- 
ciently soluble in carbon tetnwhloride) solutions of these 
" p o u n d s  with exces8 lead dioxide in the presence of 
anhydrous sodium sulfate. The lead dioxide was mere 
reactive, and could be uaed in d e r  exeess, when it 'RBB 
f d y  prepared from the t e m t a  by the procedure 
reported by W M  and Sehwarts.n Reaction time 
varied from 0.25-2 hr. Inorganic compounds were then 
filtered off, wrrshed, and the combined filtrstea evaporated 
tn wnro. In most ~ ~ 8 e f l ,  c-tion beean towsrd the end 
of the evaporation process. When it did, the eolida had 
fairly sharp melting points. The data are given in Table V. 
Of the set of hydrazyl free rsdicals described here, the 

unsubstituted member, 1-picryl-2,2-diphenyIhydmzyl, a p  
pears to be the most stable. The radicals ~ubetituted by 
two methyl g roup  or by two fluorine atoms have not been 
prepared in a pure state, and neither of them has kept 
very well. Thus, the solid tolylpicrylhydrazyl hss an N-H 
absorption in the infrarpd, gmeS poor analytical data, and 
slowly loses its ESR aignal over a period of 2 month. This 
may in part be connected with the impurities in theae prep- 
arations: It appeare that any sample of the radicals 
keeps better if it is quite pure to begin with. The d i d  radi- 
c a l ~  eon- two -WE&, 4, -Br, -WOCEL, 
-Not, and -caF4 p u p a  have been stored for 3 month6 
at -8" with no evidence of decomposition. 

Solutions of the radicals decompose slowly, a t  rate which 
increase with subetitution by atronger electron-acceptjng 
groups. Solutions in pure solvents are adequately c&abh for 
physical measurements. There is no evidence for ddsa- 
tion in mlution. The d i  containing two nitro group, 
for which the equilibrium should lie farthe& toward the 
dimer,- hsa been checked through the concentration rsnge 
1 X 10'' to 1 X 10-6 P in purified bemionitrile. When 
mmted for the eoncentration differencm, the optical den- 
mtiea a t  the paeition of the viaible b r p t i o n  band of the 
radical decrease uniformly over this concentrstian rsnge. 
The total decrease is about 59&. Thia in m the wrong di- 
rection to indicate dimerimtion, and is evidentlp dne to 

(39) Reference (22), footnote (9). 

reaction with the dvent or with impuritiea in it. Drifta in 
the madipga are greatat with the most dilute solutiom. 

We have been unable to work out a eatisfactory method for 
recrystahation of the radicals. Solutione of the compounds 
substituted by -OCHS, <HaJ or -F group undetgo sub- 
stantial d"qndtion if heated above room temperature. 
The other radicals are more stable, but we have 80 far not 
found d v e n t a  from which cryi&ala can be recovered d y .  
The crystalline products of the oxidation reaction retain 
mlvent in most cases. The exceptions are the radicals mb- 
atituted by methoxy or chloro groups, which gave good 
anal- after drying at room temperature. Analytical dnta 
for l-picryI-2,2diphenylhlhydraGyl and l,l-bis(prarb* 
metho~henylt2-picrylhydrasyl were unsatisfactory when 
the samples were dried at room tempernture or at 50°.*k 
l-Picryl-2,Z-diphenylhy~hydrazyl has been reported not to 
contain solvent when recrystallized from carbon tetrachlo- 
ride, but in our experience it retained about 8% of this 
solvent until it had been dried a t  100". 

All of the reasonably stable radicals except that substi- 
tuted by phenyl groups gave good analyses (Table VI) 
after drying in UICUO for two hours at 100". Unfortunately, 
this process also bmadened and l o w e d  all of their melting 
pointa. We have no direct evidence as to thi. nature of the 
impurities which caused this. The hydraxine might be formed; 
this would not interfere with the "lysis, because i t  di5ers 
from the corresponding radical by only one hydrogen atom. 
Thie impurity should be evident from its K-H band in the 
infrared near 3 c. Except for the impure radical substituted 
by --CHI groups and that mbetituted by --COOCHI 
groups (after heating only), no N-H absorption above back- 
ground noise WBB observed in either the unheated or the 
heated samples. We believe that we could detect hydrazine 
present as 5% of the sample by this method. The solid radi- 
eala have been characterized by their F;SR abeorptiona,** 
which demonstrated that all of the aamples are paramag- 
netic. Their blue to violet-brown colors are strikingly dif- 
ferent from the reddish brown hydrazines, due to a single 
broad absorption in the visible region of the spectra of the 
radicals. Data on the spectra and the ESR of  solution^ of 
theae preparations will be published separately. 

HAv35uoED, PA. 


