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Abc&aet--The mass specttometric cracking patterns of some r~~~~ntative flu~r~h~~r~~~ are 
discussed. Most of the ~rn~~~d$ exhibit s tra which are useful in safe dete~~~~~‘ Frag- 
mentations involving the lass of difluorocarbene are common. The limits of usefulness of the mass 
spectrometric method for these compounds is discussed. 

THE ~ZSS spectra of srganofluorine compounds are discus only briefly in the 
modern textbooks;’ mmpilations’ with little interpretation and Mat examples3 
h 

in srganofluorine chemistry, we found mass spectrometry to be 
a highly useful tool for structure analysis. Or ofluorine compounds, because of 
their olatiIity and s~bility, are exceflent s~b~~~~ of the o- 
mete because fluo as only one stable isotope, ions may be th 
reasonable certainty without exact m~_m~s~ements. Most compounds exhi- 

It. were easy to ~te~r~t and may be considers as ‘“textbook 
xpected. We will limit this discussian to 

com~~ds which H and E No attempt has been 

The mass spectrum of (heptafluoroisopropyl)benzene (I)4 is shown in Fig. I. The 
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most abundant ion is at m/e 127 and corresponds to &H&F:. A reasonable path 
for its formation is shown below : 

(m/e 227)6 

8 % 

(m/e 177) (m/e 127) 
74 “/d 100% 

Of immediate interest is the suggested loss of CF,.” Such fragmentation is in sharp 
contrast to the analogous loss of CH, which does not occur in the hydrocarbon 
series. A possible explanation is the greater stability of difluorocarbene as compared 
to methylene.’ The benzyl carbonium ion* representations are used instead of the 
corresponding tropylium ion structures” 3c for simplicity. 

The simple substitution of a hydrogen atom for the tertiary fluorine atom in I 
does not substantially alter the fragmentation process. Fig 2 shows the mass 
spectrum of (hexafluoroisopropyl)benxene (II).6 The loss of CF,. followed by the 
loss of CF, remains the major fragmentation path : 

(m/e 159) 

99% 

5 (m/e 109) 

100% 

II 

(m/e 228) 53 % 

Figs 2b and 2c show the mass spectra of 7,7-bis-(trifluoromethyl)1,3,5_cyclohepta- 
triene (III)6 and 2,2-bis-(trifluoromethyl)bicyclo[3.2.O]heptadiene (IV)6 which are 
isomeric with II. The spectra of II, III and IV show noticeable differences in fragment 
intensities. The observed decrease in relative abundance of the parent ions at m/e 228 
as one goes from aromatic to triene to diene is consistent with other data.’ The 
differences in II and III were shown to be reproducible at least on a semi-quantitative 

C CF, 

& I I 
IV 

l This ion may have the structure: C,H,CF(CF,)CFi. 
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V Vi 

(m/k 159) fm/e 109) 

* ~~~~ of the 159 intensity may be derived in two or more steps from the parent (e.g 228 2209 2 
159). 

t The mass spectra of cycloheptatriene and toluene are almost identical.‘” 
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m/e 109 intensity is derived from the m/e 159 ion (V) by loss of CF,. We would then 
predict that the intensity of the 109 peaks (relative to 159) should be the same in 
both cases because they are derived from a common intermediate. The intensities 
of the 109 peaks are not the same,* and, because no other source of the 109 peaks 
seems plausible, we must conclude that the 159 ionsfiom the two sources be in some 
way diferent. 

The mass spectrum of 7,7-bis(pentafluoroethyl)cycloheptatriene (VII) (Fig. 3) is 
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FIG. 3. Mass spectrum of 7,7-bi$pentafluoroethyl)1,3,Scycloheptatriene (VII). 

somewhat more complex than that of the bis(trilluoromethy1) analog III. A suggested 
scheme is given (Chart 1). 

(m/e 328) 
2.1 % 

CHART I 

-“Fj,’ 

CF, 

(m/e 159) 

5% 

'00% 

\ 
-CF,* 

We 109) 
2.3 % 

(m/e 140) 

40% 

The major fragmentation process is the loss of the C,F, radical to give an ion at 
m/e 209. The further loss of CFJ* to give an ion-radical at m/e 140 is a surprisingly 
favorable process. 

In view of the stability of cyclopropenyl cations, it is not surprising that the major 

* Another interesting difTerence was found in the intensities of the “metarAable peaks” marking the 159 
to 109 fragmentations: m* = 750 (AC. 747) for II had 0.4 relative abundance, while m* = 75Q for III 
had @2 relative abundance. 
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FIG. 4. Mass spectrum of 1,3-dimethyl-2,3-bis&ifluoromethyl)cyclopropene (VIII). 

peak in fragmentation of cyclopropene VIII (Fig 4) is due to the loss of CFJ * from 
the parent. 

CH, 

h/e 204) 
CH, 

(m/e 135) 
ilo, ’ ioo%’ 
VIII 

Thus far we have discussed the spectra of fluorohydrocarbons which can ionize 
on electron impact to give unusually stable ions by some simple fragmentation 
process. When no simple path is available, the spectrum becomes difficult to interpret 
and is reminiscent of the situation found for simple paraffins, i.e., gross rearrange- 
ments become dominant. The next few examples will illustrate the limits of usefulness 
of the mass spectrometric method for fluorohydrocarbons. 

Table 1 lists the relative intensities of the major fragments obtained from three 
isomeric fluorohydrocarbons (C,HIFC ; parent at m/e 206) measured at various 
ionization potentials. At 70 ev, the three spectra are very similar, and one could not 
a priori make assignments of structure., Fortunately, NMR studies were sufftcient 
to distinguish these three isomers6 At lower ionization potentials, differences appear, 
but because the base peak thraqhout at m/e 61 is not an obvious fragment from any 
of the isomers, structural assignments would be dangerous The peak at m/e 61 
must be due to C3H6F+. The isotope abundance at m/e 62 excludes &H+, the only 
other way 61 mass units can be arrived at from compounds containing only C, H 
and F. Exact mass measurements of the m/e 61 region of X and XI c&ii CSH6F+ 
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and show < 1 ‘A C5H+. The 70 ev spectra are also unusual in that the next most 
abundant fragment is found in all three spectra at m/e 145 (99% C,H,F: by exact 
mass measurements on X and XI) and 61 + 145 = 206, the parent mass! One might 
explain the data at 70 ev by assuming that the molecules of IX, X and XI, which are 
excited on electron impact, have no simple fragmentation path to a stable ion. The 
peak at rnle 61 may be XII by analogy with C3H: (XIII)” in hydrocarbon frag- 

~ C3HsF+ + C,HIF,* 

IX. X or X1 .!= Mt (m/e 61) 

(m,el 
206) C,H,F. + C,H,F; 

(m/e 145) 

mentations. The peaks at m/e 42 and 41 would then be 61-F and 61-HF, respectively. 
This mechanism does not, however, explain all of the peaks. An ion such as XII is 

H++rYcH;H< 

m/e 41 

H+T@!&, 
2 

-F. 

XII m/e 42 XIII 
(m/e 611 

not formed from all compounds of the formula C,H,F,. Compound XIV,’ C,HsF,. 
has its base peak at mie 55 with only small peaks at m/e 61 and 145 (Fig. 5). The ion 
at m/e 55 is resonance stabilized. The reason that olelin X! does not undergo a 

1 

‘0 

FIG. 5. Mass spectrum of civ-5-trifluoromethyl-6,6,6-trifluoro-2-hexcne (XIV). 
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similar fragmentation to give an allylic carbonium ion XV (m/e 191) may be because 
canonical form XVb which would require a positive charge on a carbon atom bearing 

[ “.:>__~-q - 
(m/e 206) 3 1 ‘A 

two electronegative -CF, groups, does not contribute much to the stabilization ; 

W, ,d F,C 
C=C 

\+ &Hz 

F/ ‘CH, 
c-c 

F,C’ \cH, 

XYa XVb 
(not important) 

in addition, the methyl radical, which would be formed along with XVI, is not 
particularly stable. 

EXPERIMENTAL 

Mass spectra were run at 70,41,15, or 10 ev (70 ev unless noted otherwise) on a CEC 21-103C instrument 
equipped with an inlet system at 1509 Exact mass measurements were taken on a CEC 21-11OB instrument; 
Table 2 summarizes the data 

TABLE 2. ION IDENTlPlCATION BY EXACT MASS MATCHING 

Elemental Calculated Measured mass (a.m.u.) for 
composition mass (amu.) X XI 

C,H,F+ 610453 61.0451 610452 
13C’1C,H6F+ 620487 62.0487 620488 
C,H,F; 145.0077 1450078 145ixl75 
‘3C’2C,H1F; 1460110 1460110 146Q104 
C,HsFb 2060530 2060537 2060531 

Acknowledgements-We are indebted to Mr. W. B. Askew for exact mass measurements and other cxperi- 
mental assistance, to Prof. D. C. DeJongh for helpful discussion, and to Dra W. J. Middleton and W. A. 
Sheppard for samples. 



Mass spectra of some fluorohydrocarbons 1819 

REFERENCES 

t ’ K. Biemann, Mass Spectrometr)corgwtic Chsnical Applications McGraw-HiR, New York (1962); 
b H. Budxikiewia, C. Djerassi and D. H Williams, Interpremtti of Mass Spectnr of Organic Corn- 
pounds. Holden-Day, San Francisco (1964); 
c F. W. McLafferty, Interpretation @Mass Spectra. W. A Benjamin Nmv York (1966). 

s ’ Catalog of Mass Spectral Data, Manufacturing Chemists Association Research Project, Agricultural 
and Mechanical College of Texas, College Station, Texas ; 
b J. H. Beynon, Mass Spectrometry md Its Applications to Orgaaic Chemistry p. 417. Elsevier, 
Amsterdam (1960); 
’ F. S. Mohler, V. H. Dibeler and R. M. Reese, J. Research NatL Bur. Standards 49, 343 (1952). 

’ See for example, 
’ F. W. McLafferty, Analyt. Chem 34.2 (1962); 
b C. Beard, N. H. Dyson, J. H. Fried, Tetrahedron Letters No. 28.3281 (1966); 
’ An excellent review of the earlier literature is given by J. R Majer, Mass Specrrometry o/FIaorirt.e 
Compounds. in M. Storey, J. C Tatlow and A G. Sharp, Adrwces in Fluorine Chsnistry VoL 2; p. 55. 
Buttenvorths, Washington (1961). 
1 W. H. Urry. A. Nishihara and J. H. Y. Niu, J. Org. Chem 32,347 (1967). 

* D. C. England. French Patent 1.325204 (1963); W. A. Sheppard, J. Am Chem. Sot. 87,2410 (1%~). 
’ ’ J. Hine and P. B Ehrenson, Ibid. a, 824 (1958); J. Hine, Diwlent Carbon, Ronald Press Co., New 

York, N.Y., 1964; b For a special case in which the loss of CHs has been reported, see: F. A L Anet and 
B. Gregorovich Tetrahedron Letters No. 48, 1% 5961 (1966); c L. P. Fisher, J. P. Homer and F. P. 
Lossing, J. Am Chem Sot. 87, 957 (1965); ’ K. R Jennings and J. G. Futrell, 1. C/tern Phys. 44,4315 
(1966); ’ S. Meyerson, J. Am Chem Sot 85.3340 (1963); I R F. Pottie, J. Chem Phys. 422607 (1965). 

6 D. M Gale. W. J. Middleton and C. G. Krespan, .I. Am. Chem. Sot. 88,3617 (1966). 
’ a P. N. Rylander and S. Meyerson, J. Chem Phys. 27,901 (1957). For a detailed discussion see: ’ H. M. 

Grubb and S. Meyerson, Mass Spectra of Alkylbenzenes in F. W. McLafferty, Mass Spectrometry of 
Organic Ions p. 453. Academic Press,New York (1963). 


