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Anal .  Calcd. for C?H3Cl2F,: C, 33.16; H ,  1.19; F, 37.55. 

An infrared spectrum showed strong bands a t  4.94 and 6.14 

The third component was not identified. 
A similar experiment carried out a t  150" for 12 hr. gave very 

little reaction of I11 with chlorotrifluoroethylene. 
Reaction of I11 with Hydrogen Fluoride.-I11 (15.0 g., 0.11 

mole) and anhydrous hydrogen fluoride (4.4 g., 0.22 mole) 
were stirred in a nitrogen atmosphere at  -22" for 1 hr. and then 
kept a t  25" for 12 hr. The reaction mixture was then poured onto 
ice (75 g.), washed with three 10-ml. portions of water, and dried 
over calcium chloride. Analytical v.p.c. showed that only un- 
changed I11 was present. 

The same quantities of reactants were sealed in a 335-m1. 
stainless steel autoclave and heated to 85' for 20 hr. The 
product was worked up as before to give a black liquid (14.0 g.). 
This was shown by analytical V.P.C. to consist of a t  least fourteen 
components. Some free carbon was deposited on the sides of 
the autoclave during the reaction. 

Acknowledgment.-We are grateful to the U. S. 
Army Natick Laboratories, Natick, Massachussetts, for 
financial support of this project. Dr. Malcolm Henry 
acted as the project officer. We wish to thank Dr. W. 
S. Brey and Dr. Kermit Ramey for the n.m.r. analyses; 
their results will be reported in detail elsewhere. 

Found: C, 33.09; H,  1.39; F ,  37.87. 

(C=C) and 7.15 to 8.85 p (C-F). 
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Fluoroalkyl nitroso compounds have been prepared 
by the reaction of perfluoroalkyl iodides with nitric 
oxidell by the addition of nitrosyl chloride to a fluoro- 
olefin, or more recently by the thermal decomposition 
of perfluoroacyl  nitrite^.^ We now wish to report that 
fluoroalkyl nitroso compounds can be made from the 
reaction of fluoroalkylniercury compounds with nitrosyl 
chloride. Since the fluoroalkylinercury compounds 
are made by adding mercuric fluoride across the double 
bond of the olefin, the over-all reaction involves the 
addition of nitrosyl chloride to a fluoroolefin in a two- 
step operation. 

2CF2=CFCF3 + HgF2 + [(CF,)zCF],Hg (1) 

The addition of mercuric fluoride to a series of 
fluoroolefins was carried out by Krespan's method4 
in which hydrogen fluoride was used as the solvent 
instead of arsenic trifluoride. Since the completion 
of our work, lIiller5 has described the addition of mer- 
curic fluoride to CF2=CHCFa and CFz=CFCF3 in the 

(1) R. S. Haszeldine. J .  Chem. Soc., 2078 (1953). 
(2)  ,J. D. Park,  A .  P.  Stefani, and J. R.  Lacher, J .  Ore. Chem.. 26, 4017 

(1961). 
(3)  J .  D. Park.  R .  IT. Rosser. and J .  R.  Lacher, {h id . ,  27, 1462 (1962). 
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presence of hydrogen fluoride, while Aldrich6 has de- 
scribed similar reactions with l, l-dichlorodifluoro- 
ethene and a series of longer chain polyfluoroolefins 
containing the -C=CF2 group. 

It appears that the addition of mercuric fluoride to 
fluoroolefins is limited to  those containing a difluoro- 
methylene group, Le., terminal olefins, since neither 
hexafluorocyclobutene nor 2,3-dichloro-l,l ,1,4,4,4- 
hexafluoro-2-butene formed an adduct. 

The reaction of (CF3CFC1)2Hg and nitric oxide was 
att,empted in the gas 'phase under the influence of 
ultraviolet radiation. However, the formation of the 
blue nitroso compound occurred so slowly that this 
method was judged unsatisfactory. The reaction of 
nitrosyl chloride with certain fluoroalkylmercury com- 
pounds did take place at a reasonable rate in dimethyl- 
formamide (DMF) and CF3CFClN0, (CF3)2CFN0, 
and CF3CC12NO were prepared from the corresponding 
fluoroalkylmercury. This type reaction was first 
used by Baeyers in preparing nitrosobenzene from di- 
phenylmercury and nitrosyl chloride. 

The reaction was carried out at room temperature 
with DMF. Although the reaction seemed to proceed 
a t  a comparable rate in dimethyl sulfoxide, the yield 
of nitroso compound was considerably lower. In  the 
dimethyl ether of diethylene glycol (diglyme) the re- 
action was much too slow to be useful while in acetone 
and in benzene the desired reaction did not take place. 
It is not practical to increase the temperature of the 
reaction appreciably since nitroso compounds dispro- 
portionate rapidly at elevated  temperature^.^ 

The great increase in reaction rate with increase in 
dielectric constant of the solvent seems to indicate 
that the formation of a charged species is a factor in 
the over-all rate. 

Qualitatively, the order of reactivity of the alkyl- 
mercury compounds with nitrosyl chloride is (CF3- 

CHF)2Hg >> (CF3CFBr)2Hg and (CF3CH&Hg. 
No nitroso compound was obtained from the last two 
mercury derivatives. 

The reaction of (CF3CHF)ZHg with nitrosyl chloride 
did not give the expected nitroso compound nor the 
oxime that might be derived from it. Instead, l-chloro- 
1-nitrosotetrafluoroethane, 1,l-dichlorotetrafluoroeth- 
ane, and l-chloro-lJ3,3,3-tetrafluoroethane were ob- 
tained. 

CFC1)zHg > [(CF3)zCF]zHg > (CF&Clz)zHg > (CF3- 

NOCl 
(CF8CHF)zHg + CFsCFClNO + CFaCFCl, + CFsCHFCl 

Similar results were obtained in another investigation 
when nitrosyl chloride was added to trifluoroethylene. 

CF,=CFH + NOCl + CFzClCFClNO 

It seems unlikely that the hydrogen atoms of such 
dissimilar compounds as (CF3CHF)2Hg and CFz=CFH 
would be replaced by chlorine and the resulting mercury 
compound and olefin then undergo the cleavage re- 
actions to give CF3CFClN0 and CF&lCFClNO. 
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A more probable course would involve the replace- 
ment of hydrogen in the corresponding oximes and could 
arise as follows. 

NOCl 
(CF3CHF)zHg + CFaCHFSO CFaCF=KOH 

Ch or NOCl .1 
CFaCFClNO 

CFz=CHF + XOC1+ CFzClCHFNO CFzClCF=NOH 

CI? or NOCl J. 
CFzClCFClNO 

In every reaction of a fluoroalkylmercury compound 
with nitrosyl chloride that took place, except with 
bisheptafluoroisopropylmercury, some of the cor- 
responding dichlorofluoroalkane was obtained. These 

NOCl 
(CFaCFC1)zHg + CF3CFClz (5%) 

S O C l  
(CFaCC1i)iHg + CF3CCla (37%) 

compounds could arise either from the displacement of 
mercury by chlorine or from the decomposition of the 
resulting a-chloronitroso compound by a free-radical 
p roce~s .~  Since the last step of the reaction is es- 

Clr or 

h oc1 
CFL!ClzNO + CFICClt, CFaCC1, 

sentially irreversible, the extent to which the more 
highly chlorinated product is formed depends on the 
stability of the free radical. These are CF8CC12. > 
CF3CFCl' > (CF,),CF .. Since the bisheptafluoro- 
isopropylmercury gave no chloride in the presence of 
nitrosyl chloride and the other compounds gave poly- 
chlorides in amounts proportional to the radical sta- 
bilities, the radical process probably operates in this 
reaction. 

Experimental 10 

Reactions of Alkylmercury Compounds with Nitrosyl Chloride. 
-The general procedure used in preparing the nitroso compounds 
is as follows. Dimethylformamide and the mercury alkyl were 
added to a 250-ml., three-necked flask, fitted with a magnetic 
stirrer, a gas inlet tube, and a take-off leading to a Dry Ice-ace- 
tone-cooled condenser. Nitrosyl chloride was bubbled into the 
solution until i t  was dark red. The reaction proceeded very 

TABLE I 
PRODUCTS FROM THE REACTION OF FLUOROALKYLMERCURY 

COMPOUXDS WITH NITROSYL CHLORIDE 
Mercury 

compound formula Mole I- Products, % 
(CF3CFCl)iHg O .  095 CFaCFClNO," 79 CF3CFC12,b 5 
[(CF3)iCF]?Hg 0.037 (CF3)zCF?\'O, 64 
(CF3CHF)zHg 0 .057  C F I C F C ~ N O , ~  14 CFaCFC12b 

(CFaCCI2)zHg 0 .10  CFaCClzSO," 28 CF3CCl,,* 14 
CF3CHFCld 

a The n.m.r. F19 spectrum confirmed the structure CF3CFClNO 
which had a b.p. of -5" determined isoteniscopically. Anal. 
Calcd. for C20KClF4: K, 8.46; C1, 21.43; mol. wt., 165.5. 
Found: N, 7.65; C1,20.63; mol. wt . ,  165. Identified by com- 
parison of its infrared spectrum with an authentic sample and by 
its n.rn.r. spectrum. The boiling point of this material is -5" 
and its infrared spectrum was found to be identical with that of 
an authentic sample of CFaCFClXO. Identified by its n.m.r. 
and infrared spectra. B.p. 36", determined isoteniscopically. 
Anal. Calcd. for CiOSCliF3: C1, 38.96. Found: C1, 38.60. 

(10) Analyses were by Galbraith Laboratories, Knoxville, Tenn.  

slowly, normally requiring from 3 to 4 days. More nitrosyl 
chloride was added from time to time when the color of the solu- 
tion had changed from dark red to  green. Most of the nitroso 
compound passed into the Dry Ice trap as i t  was formed. The 
flask was swept with nitrogen a t  the end of the reaction. The 
product was washed twice with sodium bicarbonate to remove 
oxides of nitrcgen and was then purified by passing i t  through a 
preparative scale vapor phase chromatographic column. The 
2.5 cm. X 250 cm. column was packed with Celite with dinonyl 
phthalate used as the liquid phase and was operated a t  room tem- 
perature. This operation was necessary because the boiling 
point of the major impurity is very nearly the same as that of the 
nitroso compound. The results are shown in Table I .  
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The synthesis of 1,4-dideoxy-1,4-bis(methylnitros- 
amin0)erythritol and the corresponding l ,6  - disubsti- 
tuted mannitol has recently been Inter- 
est in this type of compound is due to the postulateab 
that alkyl N-nitroso compounds are metabolized to 
diazoalkanes which can alkylate essential cell constit- 
uents and result in an altered metabolic pattern. 

The isolation of a small proportion of l-deoxy-l- 
(methylnitrosamino)-D-xylitol during the synthesis of 
the 1,4-anhydrides of D-iditol and ~-gulitol* led to the 
present study. The synthesis of the anhydrides in- 
volved nitrous acid deamination of the l-amino-l-de- 
oxyalditols derived from the condensation of nitro- 
methane5 with D-xylose. The nitrosamine (I) is the 

/N=o 
HzC-N 

I \  
I 
I 

HCOH CHI 

HOCH 

HCOH 
I 

CHiOH 
1 

product expected from the treatment of a methylgly- 
camine ( 1 -deoxy- 1 -met hylaminoaldi t 01) with ni trous 
acid6 and the methylglycamine could have arisen from 
the condensation of nitromethane, or a reduction prod- 
uct thereof, with D-xylose so as to have resulted in  the 
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