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The yield. raiiged from 927, to  zero. The major 
.tructural factor5 affwting the yields appear to be 
ortho-substitution and substitution with electro- will be reported in a subsequent paper. 
negative group<. In every case where an ortho- 
substituent was present low yields w r e  obtained. 
ai yield of 6574 was obtaiiied from p-chloroaiiiline 
but 3.1-dichloroaiiiline gave oiily a 20% yield. 

cases. Several other substituriiti did ciitcr i i i t o  
reartioii iii oiie way or aiiothcr aiid thtie rcactioib 

The nitro, amino, aromatic hydroxyl, and thiol 
groups all were altered by the reaction urider certain 
circumstances. 

The reaction of 2,1- or 2.~,G-trichloroaniliiie pro- EXPERIMENTAL 
duced no urea and no hydrogen sulfide 

S o  cataly-t was required for the reaction of p -  
amiiiopheuyl. The higher basicity may account for 
tht. reactivity of p-aminophcnol but S,N-dimethyl- 
p-phenylcncdianiii~e gave only 3% yield without a 
catalyit and N,S-dirthyl-p-phenyleiiediamiiie gave 
only a 27Yc yicld. 

The low yields of 1,2-di-cu-naphthSrlurca and I ,3- 
di-P-iiaphthylurca arc partly explained 011 the basis 
of iidc rcactioiis which apparently produce amino 
t hiolr N hich react further to produce thiazoloncs. 
1;urthw data O I I  this side reacbtioii nil1 be presented 
i l l  a future puhlication. 

So cvidcnw it a. obtained for direct interference 
i l l  the reaction hy carbonyl or carbalkoxy in thr 
para-position hut the urea yields werc low in both 

The conditions for all  the rwctions reported dupliratcd 
those described for thc b:%t prcparation of dipheny1ure:i 
except that  different solvents \rere uscd in purification. 

Diphsnylitrea.  ..\niline (50 9. )  and sulfnr (34.4 g.) w r r  
placed in a 1-1. l lagnrdash autocluve Lvith 4.4 g. of triethyl- 
amine. The aiitochve \vas evaciiatcd ant1 them prclssiirizcd 
to  500 p.s.i.g. \vith carbon rnonozide and hratrd rapidly 
to 130’ for 3.5 hr. The prc”ssure was rpleased and thc, prodiicts 
rinsed from the vessel with ethanol. The c.th:inol wits cvapo- 
rated to ahout 50 i d . ,  cooled :tiit1 thtx solid filt8crcd oB. 
The white prodnet (48.3 E.) melted at  295-288”. A s v r o n d  
crop (0.9 g,) was obtained by ev:iporating the c.thxno1 and 
imshing the residue \vit,h dilutc hydrochloric :rrid. It r n c ~ l t t d  

-230” and this  melting point \ v a ~  not lo\v.r:rrtl 1)y mixing 
with pure diphenylurea. The total j-ield \VRS 86.2‘. L8 k ) a d  on 
snilirrc. 

iiromatic Nitroso Compounds. I .  A New l,4-Rearrangement1 

~-Si t ro- - l -c l i lo rc , r i i i t ro~~l ) t~r iz~nc  and %-nitro-j-chIoronitrosohen~~rle hnve lwen pr(1p:ired. T’.c nonirlcntity of thrsc two 
cwinpoiincls rules out a conreivable s t ructure  for this type of molecule in whirh the nitro  id nitroso groups romhne  to 
give, :I ,s,vnimetrical “henzofurazan dioxide” t>-pe of heterorycle. However, evidence has h r w i  ohtained for t h r  rristericc of 
tliic; 1iitht.rto iinltnown heteroryrlic configuration as an unstable intermediate or transition state in thc  high-tcmpcratlira 
isoint7rization of eitlirr of thrse nitroso compounds to  a mixt,rire (approximately 1 : 1) of the two .  This reaction is an example 
of i t  new typr of 1,l-rearrangenlent involving t!le transfer of an oxygen atom between two nitrogen atoms. 

I t  is gciicrally  accepted?^^ that the cry5tallirie. 
yc~llow compomd with formula C6H1?;202, origi- 

iially thought‘ t o  be o-diiiitrosobellzciic, is better 
described a. the S-oxide of the known (loinpound 
bcnzofurazan (I), niid niay he i m n d  bcnzofurazan 
oxide (11). The question of the possible existence 
of beiizofurazaii dioxides (111) has apparently not 
been previously iiivestigntid. 
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Evidence has now been accumulated which rules 
out the occurrelice as a stable configuration this 
hitherto unknown type of heterocyclic system in the 
rases investigated, but' which does indicate the tran- 
sient' existence of such a heterocycle in the novel 
isomerizat,ions of o-nit,roiiitrosobenzeiies which will 
be described below-. 

In the molten state or in solution, o-nitronitroso- 
benzene (IT.'), which may be prepared6 by the oxi- 
dation of o-nitroaniline with Caro's acid, possesses 
the typical green color asRociated with free aromatic 
nitroso groups. The crystalline solid, however, is 
yellon, which indicates that  free nitroso groups are 
absent in this state. X plausible explanation for t'his 
phcnomenon, bawd on aiialogy with other nitroso 
(wmpounds, involves the assumption that the mo- 
lecular structure of the solid form is t'hat of a nitroso 
dimer (I7). Support for the assumption of the ex- 

&) 9 
NO2 OZN 

V 

NO, ayo2 
11' 

istence of the nitroso dimer V has been claimed7 
from cryoscopic data which showed the apparent 
molecular weight, as measured by the freezing-point' 
depression in benzene to be 45yo larger t'haii t'he 
calculated d u o  for the monomeric formula IT:. 
However, these data exhibit the peculiarity that 
this apparent molecular weight was not sensitive 
t o  concentration, as would he expected for a morio- 
mer-dimer equilibrium, and the data are therefore 
judged to be unreliable. Indirect support for the 
occurrence of a iiitroso dimer of IT' comes from 
the freezing-point diagram of mixtures of IV  and 
nitrosomcsitylene, which gives evidence for the 
formation of a 1 : l  compound that was inferred t,o 
be the mixed nitroso dimer.* h i  alternative explana- 
tion of t,he lack of green color in solid o-nitronitroso- 
benzene involves the assignment, of the dioxide for- 
mula I11 as the molecular struct'ure in the solid 
state. Although it might be anticipated that a com- 
pound of structure 111 could be obtained by oxida- 
tion of lmizofurazan oxide (11) with some suitable 
reagent, the observations that experiments using 
various oxidizing agents such as sodium hypochlo- 
rite, CiLro's acid, nitric acid,8 performic acid,2i1, per- 

( 6 )  E. B:iniberger and It. Hubncr, Der.,  36,  3803 (1903). 
( 7 )  I ) .  I,. Hammick, \V. S.  Illingworth, W. ,1. 11. Edwards, 

(8) I). I,. Ilainmicli, I!'. A. LI. Edwards, W. S. Illing- 

(9 )  P. Ilrost, A n n . ,  307,19 (18YY). 

and E. bhkmnk, J .  f'heni. SOC., 3105 (1931). 

Xvorth, and  I?. R. Snoll, J .  Chem. SOC., 671 (1933). 

acetic acid,2h and phenyl iodosoacetateZf have all 
failed to oxidize 11, and that treatment with peroxy- 
trifluoroacetic acid oxidizes IT all the way to o- 
dinitrobenzene in low yieldlo constitute only a weak 
argument, against the existence of 111, so that it is 
not possible to exclude this alteriiative explanatioii 
from consideration. 

In the present work, the differences in the sym- 
metry properties of the benzofurazsn dioxide and 
the iiitroso dimer configurations has been used to  
help establish which of the tivo types of structure is 
valid for the solid forms of o-nitronitrosobeiizel~e.~. 
Thus, it was fouiid that oxidation of 2-nitro-4- 
chloroaniline (VI) with Caro's acid gave a solid 
compound with composition corresponding to ef,- 
H3C1S20, which was not, identical with thc solid 
compound of the same elemental composition ob- 
tained by a similar oxidation of 2-nitro-5-chloro- 
aniline (VII). This result is contrary to that which 
would be expected if thc benzofurazan dioxide type 
of structure were correct, in which (lase only a single 
compound with structure TIIT n-ould have been 
obtained from either VI or 1-11 under these coiidi- 
tions. The two isomeric oxidation products from 
VI and VI1 are formulated on the basis of their 
iioiiidentity, t,heir elemental analyses and their 
method of synthe as 2-nitro-4-chloronitrosoben- 
sene dimer (IX), ni.p. 125.8" dec., and 2-nitro-5- 
chloronitrosobeiizene dimer (X), m.p. 136.4" dec., 
respectively. Both IX and X melted to gix-e green 
liquids and dissolved in commoii organic solvents to 

0 
VI11 

I X  

(10) J. H. Boger and S. J3. Ellzey, ,Jr., J .  Orq. Cheiri , 2, 
2088 (lY59). 
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give green solutions, as expected for nitroso dimers 
as a result of their dissociation to the corresponding 
monomers XI and XII, respectively. These mono- 
mers are also presumably the initial products of the 
Caro's acid oxidations of the anilines VI and T'II. 

Starting with either isomeric nitroso compound, 
IX or X, the starting material was recovered uiicoii- 
taminated by the other isomer after being heated for 
five hours iii refluxing acetone, b.p. 5G0, a t  a suf- 
ficiently low concentration to ensure that essen- 
tially all of the material was present in the mono- 
meric form. This indicates that  the monomers XI 
and XI1 do not readily interconvert, and estab- 
lishes the nonexistence of structure VI11 under 
these conditions also. 

By analogy with the chloro compounds IX and X, 
i t  is suggested that  the parent compound in the 
solid state is o-nitronitrosobenzene dimer (V) and 
not benzofurazun dioxide (111) This point of view 
is supported by infrared spectral studies as sum- 
marized in Table I. Spectra of the nitroso dimers 
IX and X and the presumed nitroso dimer V were 
obtained using potassium bromide discs. Each 
spectrum showed intense peaks associated" with 
the asymmetric and symmetric 5-0 stretching 
frequencies of aromatic nitro groups, as well as an 
intense peak in the 1282-1295 cm -l region which 
was absent in the spectra of the three compounds 
in chloroform solution and mas thus assigned to the 
nitroso dimer linkage. Each of the spectra obtained 
in chloroform solution showed peaks ascribed" to 
aromatic nitro groups, a$ well a i  a peak in the 1511- 
1517 cm.-' region which wa? not present in the 
spectra of the solids and was assigned in accord 
with other work1* to the 5-0 stretching vibration 
of free aromatic nitroso groups. The close similarity 
between the spectra of the chloro compounds, 
which have been demomtrated in the present 
work to be nitroso compounds as opposed to  ben- 
zofurazaii dioxides, and the spectra of the uiisub- 
stituted compound is in agreement with the sug- 
gestion that a similar monomer-dimer equilibrium 

TABLE I 
INFRARED ABSORPTION RIAXIIIA~ 

h'itroso Sitroso 
Cpd. Phase as-h'O: R-SOZ Monomer l l imrr 
S I  CHC1, 1546 1355 1513 - 
XI1 1541 1350 1517 - 
I v 1536 3353 1511 - 
IX KBr 1536 13355 - 1282 x 1531 1348 - 1284 
v 1538 1350 - 1295 

I, 

,, 

I, 

(I Reported frequencies arc averages from several spcctrn, 
and are probably accurate within &7 
___._ 

(11) I,. J .  Bellaniy, The InJrured Slwctra qf f"o// ip/e.r 
Molecules,  2nd ed., Methuen & Co., Ltd. ,  IJoiidon, 1%~8~ 
p. 300. 

(12') ( a )  L. J. Bellaniy, The In frarcd  Spectra of Cornplez 
Molecules,  2nd ed., i\let,huen & Co., Ltd., London, 1058, p. 
306: ( b )  W. Luttke, Z.  Elektrochena., 61,302 (1957). 

is involved between IT and Y, slid that the dioxidc 
structure I11 is not pertinent. 

In  contrast to the negative evidence prescntcd 
thus far with respect to the existence under ordinary 
conditions of a benzofurazan dioxide configuration, 
other experiments have provided evidence whirh 
strongly indicates the transient existence of such a 
configuration under more drastic thermal condi- 
tions. Thus, on heating either of the pure chloro- 
nitroso compounds as the n~oiiomers '~ XI and XI1 
a t  low concentration in refluxing tetrachloroethane, 
b.p. 1-16', it was found that isomerization of the 
starting material occurred to give a niixture of the 
two isomers XI and XII, isolated as the solid dimers 
IX and X, respectively. The equilibrium composi- 
tion  as approximately 50% IX and 50% X, re- 
gardless of the direction from which equilibrium was 
approached. This result indicates that  the free eiicr- 
gies of the tu-o monomers, XI and XII, are nearly 
identical. The rate of the isomerization under thcsc 
Conditions was such that the half time for attain- 
ment of equilibrium was about one minute. A fur- 
ther demonstration that, the overall equilibrium 
constant for this system is approximately unity u a5 
obtained by showing that essentially the sanic rx- 
tent of progress toward equilibrium was made in oiic 
minute starting from either pure isomer. The data 
are given in Table 11. 

TABLE I1 

2-CHLORONITROSOBENZENES IN REFLUXIKG TETRACHLORO- 
PRODUCT C O M P O S I T I O N S  FROM ISOMERIZATIONS O F  2-yITRO- 

ETHASE 

Product Conrpositiona 
Timc, Min. A,Iateriul ?&Cl 55-Cl  

_- Reaction Starting 

1 
1 
5 
5 

10 
10 
20 
20 

4-C1 '75 
5-C1 26 
4-c1 50 
5-C1 48 
4-c1 50 
5-c1 48 
4-Cl 42 
5-c1 43 

25 
74 
50 
52 
50 
52 
58 
5 7 

a Each number is probably accurate within * 5 .  

It is proposed that this isoincrizatioii procecds by 
way of the dioxide lrIII, which is postulated to cxibt 
either as a high-energy i n t e r m e ~ l i a t e ~ ~  or as a tran- 
sition state in equilibrium with both monomers XI 

(13) The infrarrd spectra of O.lF sol~itions of XI or XI1  
in chloroform solution showed only a smill peak in t,he 1282- 
1284 e m - '  region, from which it m:is estimatcd that  no morc 
t h m  about, 10-20C/h of tlic solute could have hccn dinic.ric8, 
assuming th:if the obscrvcd pcak did not :triscs from :i v i h -  
tion of the monomrr. It m:iy t)c showri by cstrapolatiori of 
this c,stiniate tha t  no more than ahout 1-3',; of the soliitcs 
coiilcl h:ivca h e n  tliiiicric tiiiring the isomcriz:Ltions i n  rc- 
flusing tc~tritchloroc~tti:~ii(~, :dl of which wcrc carrictl orit at 
concentr:itions l ~ s s  than 0.01 F .  

(14) The apparent instaldit y of :i brnzofurnznn dimid(, 
type of configuration may be, ascrihed to unfavorable cross- 
ring electrostitic repulsions I)etwcen the electronicnlly dr- 
ficient nitrogens. 
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and SI1 at the tcmpcratiirc of thr  isomerizations. 
111 accord TI ith t hi. p r o p o d  uiiimolecular mcch- 
mimi, prclimiiiary .t udici\ ha\-(> shon n that t hr 
ratc's of equilihratioii arc independent of the initial 
concentrations within the experimental uncer- 
tainty This new type of 1,A-rearraiigement is an 
cxample of one of the moct fundamentally simple 
intramolecular shifts, as the overall result is for- 
mally the migration of only a single atom n-ithin a 
neutral moleculr. 

The iqomerization is accompanied by a derom- 
position of the nitroso eompouiidS, such that the 
total recovery of the t n o  isonyri IX and X in the 
crudc solid product n hich waq iwlated from the EO- 

mcrization reaction amounted to  about 7.5% after 
five minutes and only about 2?jZG after tnenty 
miiiut es in reflusing tetrachloroethane The thermal 
decompositions of nitroso compounds to give 
a variety of products have been noted 
The dcrompositioii pioducts from IX and X did not 
give aiiy observable characteristic peaks in the in- 
frared spectra of the crude reaction products from 
the isomerizations. aiid 11 ere not investigated fur- 
ther. The anomalous product compositions from 
the isomerizations iii n hich the reaction times n ere 
tJventy minutes may he rationalized by postulating 
that the cquilibrium between the monoincr:: XI and 
XI1 1s di5turbed hy ionic interaction n i th  the large 
accumulation of dccmiposition products in thc re- 
action mixture 

The isomerizations were carried out w t h  the ex- 
clu5ion of oxygrw from the air to avoid oxidation of 
nitroso groups to nitro aiid were done at 
lon coilcentration in order to avoid significant 
incursion from the himolecular transfer of oxygen 
fiorn a nitro to  a nitroso group. The results of stud- 
1cs of this type of intermolecular reaction will be 
published at  a later date. 

Further inveitigatioiis of the kinetic order and 
the activation parameters of the intramolecular 
reaction, and thr cffrcts of suhstitueiits other than 
chlorine on the ovrrall equilibrium compositions 
and oil the rates of cquilihration are currently in 
progress. 

E X P E R I M Z E X T A L ~ ~  

o-.~itro?il'lrosobe?azene. Oxidation of o-nitroaniline jvith 
Caro's acid hy a procedure previously described6 gave o- 
nitronitroso~)enzrne dimrr (V) ,  m.p. 125.8-126.2' (lit.6 
n1.p. 126-126.5 O ). 

Z-Silro-~-chloronitrosobenzene. A clear solution of Caro's 
acid was preparc4 hy s l o ~ ~ l y  adding 145 g. (0.64 mole) of 

(15) E. Baniherger, Der.,  33, 1939 (1900); Ber. ,  35, 1606 
(1902). 

(16) The  isomerization of IX to a mixture of IX and X 
also occurred on heating pure molten I S  at 140'; the rate 
of approach to  the ~~quilibririni composition was comparable 
to tha t  o twrv rd  in rc~fluxing tetrachloroethane. 

( 1 7 )  A l l  niclting points arc uncorrected. Anal)-ses xere 
pj.rforinrd tiy the (i:dtiraith llicroanalytical Laboratories, 
knouvillc,, T m n .  1nfrarc.d spoctra were obtained with a 
l'erkiii-Lliiiw 1rifr:icord. 

ammonium pprsiilfatc t o  53 ml. of cold concd. sulfuric acid, 
allowing t,his mistrirc t o  r;t:ind for 1 hr., and poiiring onto 
3.55 g. of c r i i s h d  iw.  7'hr Care's acid solution W:LS added to 
a siispc9nsion of 40 g. (0 .23 molt:) of 'J-nitro-4-c.liloro:Lniline 
(VI )  in GO nil. of ice cold concd. sulfuric acid and 10 Inl. of 
water which had been previously stirred mechanically with 
a glass stirrcr for 1 hr. The result,ing mixture was stirred 
iyithout external cooling for 17 hr., after which the y c l l o ~  
solid was collected by suction filtration, washed with water, 
dried in a vacuun~ desiccator, and recrystallized from dry 
acetone to give 26.2 g. (61';) of yellow, crystalline P-nitro- 
4-chloronitrosobenzene dimer ( IX),  m.p. 125.5' dec. Four 
siihsequent recrystallizations from dry acetone under a 
nitrogen atmosphere gave material melting at 125.8' drc. 
(evacuated capillarj-). 

Anal. Calcd. for CoTI,C1N20a: C, 38.63; H, 1.62; C1, 
19.01 S,  15.02. Found: C, 38.82; H, 1.92; CI, 18.93; N, 
14.89. 

'-~\-l'tro-:i-chioroaniline (VII). Nitration of 99.0 g. (0.55 
mol?) of ,,1-c.hloroacetanilide with 909; nitric acid in acetic 
acid-siilfuric acid solvcnt according to  a previously de- 
scribed proredim,, l 8  followed by hydrolysis of the crude 
product in refluxing 60% sulfuric acid gave 76.9 g. (81701 of a 
niixtiire of isomeric nitrochloroanilines, from which 27.4 g. 
( 3 6 5 )  of the more volatile 2-nitro-5-chloroaniline (VII ) ,  
m.p. 124.0-125.4" (lit.I9 m.p. 124-125"), was obtained by 
steam distillation. 

'-Sitro-j-chloronitrasobenzen e. A suspension prepared from 
12 g (0.069 mole) of VI1 in 15 nil. of ice cold concd. sulfuric 
acid and 5 nil. of water was stirred mechanically 153th a 
glass stirrer for 1 hr .  .A solution of Cnro's acid, prepared as 
described above from 43.5 g. (0.19 mole) of ammonium per- 
sulfzitc, 16 nil. of sulfuric acid and 115 g. of crushed ice, was 
added, and the reaction niixturi. v-as stirred without external 
cooling for 19 hr.,  after which the yellow solid \vas collected 
by suction filtration, wished with xater,  and dried in a 
vacuum desiccator. The crude product, which amounted to  
11.3 g. (E%), was recrystallized from dr\- acetone under a 
nitrogen atmosphere to  give 7.0 g. (54570) of yellow, crystal- 
line 2-nitro-5-chloronitrosobenzcne dimer (X) ,  m.p. 136.4' 
dcc. (evacuated capillary). TKO subsequcnt recrystalliza- 
tions did not alter the melting point. 

Anal. Calcd. for C6H3C1S203: C, 38.63; H, 1.62; C1, 
19.01; S,  15.02. Found: C, 38.50: H, 1.58; CI, 18.94; S, 
15.04. 

In later work: the m.p. was found to  vary erratically from 
136.4' dec. to  139.5" dec. 

Infrared analyses.  2-Nitro-4-chloronitrosobenzene dimer 
( IX)  n-as determined quantitatively using the peak in its 
infrared spectrum a t  897 cm.-l; in the presence of any of the 
5-chloro isomer X, a correction was made to take into 
accoiint the small absorbance of S a t  this frequency. 2- 
Xitro-5-chloronitrosobenzene dimer (X) m-as determined 
quantitatively using the peak in it,s infrared spectrum a t  
927 cm.'', a t  which frequency the 4-chloro isomer I X  does 
not have an appreciable absorbance. It was shown tha t  the 
composition of an artificial niixture of I X  and X, prepared 
by dissolving both isomers together in acetone and evaporat- 
ing to dryness, could be successfull>- determined by the 
above method. The sprctrum of this mixture showed several 
small peaks in the 730-890 cm.-1 region which were not 
presrnt in the sprctra of the pure isomers. These extra peaks 
were also present in the spectra of the products from the 
isomerizations in refluxing tetrachloroethane, and were 
probably due to the presence of a small amount of the mixed 
nitroso dimer of I S  and X.8 

Attempted isomerizations in reflitxing acetone. A 50-ml. 
round bottom flask containing 0.1 g. of I S  was fitted with a 
reflux condenser and the assembly was flushed with nitro- 
gen. Twenty-five milliliters of dry acetone which had been 

(18) H. A.  hlayes and E. E. Turner, J .  Chem. Soc., 691 

(19) F. Beilstein and A. Kurbatow, ilnn., 182, 94 (187G). 
(1928). 



hoiling several minritcs to  remove dissolved air was added 
through thrl oondr~nser, :tnd the resriltiiig green solution was 
inaintainod :it reflrix in the dark under a nitrogen atmosphere 
for 5 hr. The solvent was removed by distillation a t  room 
temperature using a water :Ispirator to yield a brown solid 
which was shown by its infrared spectrum (potassium 
bromide disc) to  be 73% IX contaminated by unknown 
decomposition products but not by the isomeric nitroso eom- 
pound X. An experiment under the same conditions starting 
with X gave the similar result tha t  no isomerization to  IX 
was detected, although some decomposition occurred. 

Isomerizations i n  refluxing tetrachloroethane. A 50-ml. 
round bottom flask containing 50 mg. of IX was fitted with a 
reflux condenser and the assembly was flushed with nitro- 
gen. Twentyfive milliliters of dry lj1,2,2-t~etrach1oroethane 
which had been boiling several minut,es to  remove dissolved 
air was added through the condenser. The flask was imme- 
diately placed in a preheated mantle so that the boiling of 
the solvent was not appreciably interrupted, and the reaction 

mixture was maintained a t  reflux in the dark rmder a nitro- 
gen atmosphere for 1.0 inin. The flask was then quirkly 
plunged in an ice bath and cooled to room tempc~ratriri~ 
during nhout 30 see. The solvent was evaporated a t  room 
temperature using an oil primp to  1 c . a ~ ~  :L hrown solid rosidiic. 
which was shown by its infrared spectrum (potassium bro- 
mide disc) to be a mixture of IX (565b), X (1'3%), and 
unknown decomposition products (257; j .  The ahovc pro- 
cedure was followed for a series of eight isomrrization rrins 
starting from X as Tell as IX for reaction times of 1, 5, 10, 
and 20 min. The data are given in Table 11. 

A set of three runs was carried orit as described above 
with varying amounts of I X  in 25 ml. of tetrachloroethanc~ 
for a reaction time of 3.5 min. The amounts of st:irting 
material and t,he product c,ompositions for the three (':ist's 
were: 20 mg., 497, IX, 517, X:  40 ing., 51 yL I S ,  40'; N: 
60 mg. 5470 IX, 46% X. 

BRYN RIAWR, PA. 
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Sitric oxide reacts with tetrafluoroethylene, trifluorochloroethvlene, and hexafluoropropcne to yield nitroso compounds, 
nitro compounds, and other substances most of which have been isolbted and characterized. These reactions exhihit chxrac- 
teristics of free radical processes which apparently are set in operation by nitrogen dioxide. 

It is the purpose of this series of papers.(of which 
the present one is the first of the series) to report the 
results of a systematic study of reactions of fluorine- 
contaiiiing olefins u ith nitric oxide, nitrosyl halides, 
and other nitrogm-containing compounds, for use 
as possible intermediates in polymerization studies. 

In  the reaction of nitric oxide with unsaturated 
organic compounds, Bloomfield and Jeffreys first 
reported that nitrogen was one of the byproducts of 
the reaction and Brown concluded that pure nitric 
oxide (NO) had no effect on the organic substrate, 
and that nitrogen dioxide ( S O $  was required for 
the initiation of the reaction From these observa- 
tions together with other known chemical charac- 
teristics of nitric oxide, Brown6 offered an explana- 
tion for the appearance of nitro- and nitro-nitroso 
compounds in his products. Brown's argument was 
centered on the known reaction of the KO group in 
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RNO with nitric oxide which results in a diazonium 
nitrate. R=N&03. The latter decomposes to nitro- 
gen, R. and S O 3 . ,  and in the presence of more nitric 
oxide the reaction proceeds to give nitrogen dioxide 
with the overall effect of a disproportionation of 
nitric oxide to nitrogen and nitrogen dioxide 

The most recent report on the action of nitric 
oxide on an unsaturated compouiid is that of 
Haszeldine' which appeared in print while thc 
present series of investigations were in progress. 
Haszeldine studied the reaction of tetrafluoroethyl- 
ene with nitric oxide and obtained a niixturtx of 
products, one of which was 1,1,2,2-tctrafluoro-l- 
nitro-2-nitrosoethaiie. 

In  our work we studied the reactions of trifluoro- 
chloroethylene, hesafluoropropene and tetrnfluoro- 
ethylene with nitric oxide in the gas phase a t  atmos- 
pheric or superatmospheric conditions. 

Trifluorochloroethylene with two molar propor- 
tions of nitric oxide in a pressure vessel underwent 
an exothermic reaction in which practically all 
of the nitric oxide and the olefin were con- 
sumed. The products isolated were a clear non- 
distillable material which constituted the main 
bulk of the reaction mixture, water soluble mate- 
rials, and the following five pure compounds . 
ClCFZCFClNO, (I), ClCRCFC12 (11), 02XCF2- 
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