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SUMMARY 

The low temperature direct fluorination of highly branched nitrile and 

amine containing hydrocarbons were conducted under conditions condusive to 

good yields of perfluorinated hydrocarbons. Perfluoroneopentane was produced 

from pivalonitrilc and perfluoroisobuta.ne from t-butyl amine. The results 

suggest the lability of *NF, groups under the conditions of the experiment. In 

contrast, when normal nitriles, such as glutaronitrile and nitrogen containing 

ring compounds, such as morpholine are fluorinated, the corresponding nitrogen 

containing fluorocarbon is produced in higher yields than prelriously reported 

by other fluorination methods. 

INTRODUCTION 

The direct fluorination of highly branched hydrocarbon structures, difficult 

by other methods *, is possible by low temperature, direct fluorination 3-6. The 

addition of nitrogen containing functions to the expanding list of functional nloieties 

successfully fluorinated presents a substantial challenge to the method. We pre- 

sent here two examples in which side reactions and radical dissociation substan- 

tially interfered with a “successful” fluorination althou,gh valuable products were 

obtained. 
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EXPERIMENTAL 

Fluorination of Pivalonitrile (t-Uutv? C\Tanidc) 

A l.hl~rn(13.4 m mnlcs, I<‘.‘\\. . 83 13) ;.~n-iple of pi\~:ilonitrile 113s c\aporated 

using a 200 ml/min h(llium flo:\, into a six 7onc 10~: temp,Jrriture reactor sin 

lar to the one described previously3. l’hc melting point of pivalonitrile is 1 

16°C and so the first zone was maintained at +40” and the second zone at -1~10”. 

Each zone following was about 20-25O colder than the previous zone. Zone 

was maintained at -78°C. After 12 hours, the He was reduced to 20 ml/min 

zones were cooled to -78°C and a fluorine flow of 0. 5 ml/min (30 millimole 

F,/day) was started. At this point the procedure is virtually identical to the 

one used for pivaloyl fluoride4. The product \vas passed through KaF pellets 

it left the reactor. The removal of HF allowed the volatiles to bc collected 

glass traps. The volatiles (2.0 g) were fractionaled through -45, -78, -10, 

-130 and - 196°C traps on a vacuum line developing lob3 torr. The -196°C thal 

contained nitrogen containing fragments and traces of IVF, and Ki,l’,. The -1 

trap was discarded. 

The -78, -104 and -130 traps contained a mixture of F-isobutane, F-neo- - - 

tanc, and monohydro-F-neopentane. The materials were purified on a fluoro- 

silicone (OF-1-0065, 13%on chromosorb p 80-100 mesh) column. Only the 

compounds ‘-isobutane (-0.5g); z- neopentane (0.96g, 17.2%) and monohydro- 

F-neopentane (0.475g, 9. lo/) were purified. - Only 0.5 grams of additional r 

ial containing no major g/c peaks was obtained. Invariably, the nitrogen co- 

species were incompletely fluorinated. F-isobutane and F-neopentane were 

identical to authentic samples compared by IR’J’and 19F nmr3. 

The one new compound, monohydro-F-neopentane was characterized by - 

and ‘H nmr spectroscopy (external CFCl,, TMS) and infrared spectroscopy. 

(CF,), C-CF,-H Jab = 9.7 hz 

a b c h = 6.19ppm Jac = 0.8 hz 

+66.01 +126.6pprn Jbc = 51.lhz 
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Fluorination of t-Butyl Amine 

A 2, 1 gm (3.0 ml; 28.7 m moles) sample of t-butyl amine was evaporated 

into the reactor using a 40cc/min flow of helium. Because the m.p. was low 

(-67.5”C), the first two zones were kept at -78°C during the transfer of product 

from the evaporator to the reactor. After completion of the evaporation, the 

helium flow was reduced to 20 cLc/mi,l and a fluorine fin\,; of 1. G c:/rrln initi;qlcd. 

After 24 hours the helium wa s terminated and an additional zone was cocled to 

-78°C with dry ice 2s the first zone was allowed to warm. In this way, mater- 

ial was carried along the reactor renewing the surface of the reactant. This 

sequence was repeated until zone six was warmed to ambient and the product 

collected in a glass trap at -78OC after passing through sodium fluoride to 

remove hydrogen fluoride. The fluorine flo\r was terminate.1 and the system was 

flushed with helium. 

The contents of the glass traps were fractionated through -TO”, -78”, and 

-196’Ctraps. Most of the material was collected in the -130°C trap. The 

products were separated on the fluorosilicone column and identified by 19F and 

‘H nmr, mass spectroscopy and infrared spectroscopy. 

The primary products were c V-isobutane 1.43g (2 lq, 1 hydro-F-isobutane - 

2.21 g (35q and a trace of 2 hydro-F-isobutane. Again all nitrogen containing - 

species were incompletely fluorinated and in small amount. The 19F and ‘Hnmr 

of 1-hydro-F-isobutane - 

( CFS), - CF-CF, -H 
a b c d 

is as follows: 

6 = 5.38 ppm Jab =-0 

Jac = 7.5 

7 
* 

fi = +73.08 +183.6 +128.1 ppm 

* combine to make CF’fama quartet 

Jada 7.5J 

Jbc = NO 

Jbd = -0 

Jcd = 52.2hz 

Fluorination of Glutaronitrile, NC( CH,)S CN 

The reaction of glutaronitrile with elemental fluorine diluted with helium 

gas has been carried out at -78OC, under various fluorine concentrations and 



200 

lengths of time. Separation of the reaction products on the gas chroLmatogry 

has yielded three fluorocarbons which have been identified as n-CsF,L, 

CF,(CF,),NF, and F,N(CFz),n’Fz. Of these compounds, the last one MRS never 

These compounds were identified as follo\~:s: 

Perfluoropentane, n-C,Ic,2: This compound has been idcntificd by mean 

Its infrat~cd s!,cctrum which \:S;l,s idc,niica! 1% ith thr.- ori<’ p:,ijlisi!cG in tllc, litera- 

this compound rcsemblcd tliat c~f n-CiJ’,, :!n:J, in aiidition, cont,lined a ~IouiJe 

belv,een 1000 and 900 cm-’ Ivhich ~;as wtril~ut?tl to tl!c >Kl,‘, group. The Shll? 
fY ON 

spectrum of Cl~‘,CJ~‘,CJ,‘,CF,CF2~\;l~~ cxllibilc:l five ocaks ut - 14. 1 (NJTz), 1~1 17 

(u), +124.0 (R and ~),+128.0 (E) and +83. 5 (CF,) ppm Lvith rcapect to Cl;CJ, n 

the ratio of 1: 1:2: 1: 1, which was in agreement with the spectruln rcportcd by 

Bigelow and co-workers’. The fluorines of the 13 and v groups were not res 

The mass spectrum of the compound contained highest peaks at m/c 302, C5 

(parent minus F) and 269, C,F,~~(pai.ent minus NIT:) as V-ell as many other e 

ted peaks. 

1, 7 -Diazaperfluorohrptnn~ F,X( CP,)jSJ‘,: This nen’ compound has bct~n 

identified on the basis of its infrared, iiJVIR and mass spectra. The infrared 

spectrum showed considerable similarity to that of I~-C~F~~ and contained the 

characteristic doublet bctu;ccn iOO0 and 900 cm-‘, although it has been trans- 

formed now into a sharp peak and a shoulder due probably toqthc highest 

symmetry of the compound. The NWIH spectrum of F,NC;-LCFL~l~LCFIC~~Lli 

exhibited three peaks at -13.5 (NF,), 116.3 (pi) and 122.6 (R and 9 ppm with 

respect to CFCl, in the ratio 2:2:3. As expected the fluorines on the 4 and 

Y CF, groups were not resolved. The mass spectrum of the compound content 

highest peaks at m/e 335, C,F,,N:(parent minus F), 302 C,F,,n”(parent mir 

NF,) and a pronounced peak at 250 C,F,l as well as many others as expected 

The yield was 15?~ 
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Direct Fluorination of Morphol inc 

Morpholine has been fluorinated to F-N-fluoromorpholine. The volatile - 

products from the reactor were separated on an SE-3G glc column. The infrared 

spectrum of perfluoro-N-fluoromorpholine: (cm-‘, intensity, possible assign- 

ments) 1371, w; 1338, m; 1291, s, CF, stretch; 1233, shoulder on 1217; 1217, 

vs, CF, stretch; 1146 and 1124, s doublet, COC sym. stretch (?); 967, m, XF 

stretch; 688, m; 661, w; 606, mb; (w, weak; m, medium; s, strong; vs, very 

strong; mb, mzdiun; ~iid broz~;;. .1 :1 L X1’ E:!~.C:C;: has been previously- reported 

as 922 and 975 cm-l.’ The mass spectrum oT‘ C,I+‘,KO with the major m/e, inten- 

sity relative to m/e =114, and possible ions Tx’ere: Z5G,O. 1, 13CC,FgK0 +, C,Fg”~~O 

(cal 0.07); 259, 1.5, C,FgNOt(parent); 231, 0.3 isotopes of 230 (cal 0.2); 230, 

4.0, C, F,NO+; 202, 1.7, C,F,N+, 185, 1.0, C&O+; 180, 2.2, C,F,n’O+; 169, 

1.4, C,F,; 165, 1.5, isotopes of 164 (Cal. 1.4); 164, 40.3, C,FbN+; 152, 1.7, 

C,FbN+; 151, 1. 1; 146, 0.8, isotopes of 145 (cal 0.7); 145, 17.7, C,F,iY’-; 142, 

1.7, C&NO+; 120, 1.8, 13CCF5(cal 1.6); 119, 74.6, C2F,+; 115, 3.0, isotopes 

of 114 (Cal. 2.5); 114, 100.0, C2F,N+; 101, 5.3; 100, 38.8, CZF,+; 97, 8.0, 

C&O+: 
+ + + + 

95, 9.4, C2F,N ; 92, 3.2, CZF,NO ; 81, 1.3, CZF, ; 76, 4.6, C,F,N : 

76, 1.3; 69, 52.3, CF,+; 51, 3.3; 50, 10.0 CF,+; 47, 6.6, CFO+; 44, 47.0, 

co,+; 43, 6.6, CZF+; 31, 3.3, CF+; and the usual peaks under m/e = 30. In 

addition, two metastables were apparent at 79. 17 and 41.76 m/e. These repre- 

sent the neutral fragments of fluorine and FCN leaving the m/e = 114, C2F,NS, 

to yield m/e =95, C2F,NS, and m/e = 69, CF,‘., respectively. 

The 19F nuclear magnetic resonance spectrum was measured on the neat 

F-N-fluoromorpholine with an external reference to trifluoroacetic acid. The - 

chemical shifts and the integrations were in agreement with the previously 

reported values, “J ‘I. The yield was over 31%. 

Another component of the reaction has been identified as bispentafluoroethyl 

ether on the basis of its infrared spectrum which was identical in all aspects to 

the published spectrum13and its ma$s spectrum. The major m/e intensities, 

and possible ions were: 235, 1, CF, CF,OCZF,+; 185, 189, C,F,O+; 135, 6, 

C2F,0+; 120, 168; 119, offscale, CZF,+; 116, 10, &F,O+; 100, 26, C,F,+; 92, 

78; 70, 33; 69, offscale, CF,+; 66, 6, COF,+; 50, 61, CF,+; 47, 60, COF+; 
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45, lo; 44, 621, CO,+; 43, 92, C,F+; 31, 143, CF+; and the usual peaks u 

30. Also, identified by infrared and mass spectra has bvcn hexafluoroetha- 

pentafluoroethyldifluoroamine, and nitrogen trifluoride. Tentatively identity 

was C1’30CF~rCFzCT;‘,I\;(FjCF,. This last compound was in small amount and 

represents R-cleavage of the morpholine ring. The nitrogen elimination from 

the morpholine ring represent s the major side reaction and adds to the evidence 

of the weakness of the carbon-r,itrogen bond compared to the carbon-carbcn. 

RESULTS AND DISCUSSION 

ILiitlc is kno\z:n a!~oui. the spzcific mech,u~isnls of 101~ tempc~r;ture direct 

fluorination esccpt that substantial .tuaniilies of free ratlicals ~1.c producc:I 

Pivalonitrile and t-butyl amine were selected because of their volatilitics and 

highly branched structures. 

The first, a nitrite, had excellent physical properties, high melting point 

and volatility. The fluorination procedure used ~:as characterized by high 

dilution (2. 5%E’,), low tempcraturc (-78”C), and low flow (30 millimolcs/day) 

conditions. At 50% of theoretical fluorination the fluorine was increased st 

wise to 90 millimoles/day and the concentration increased to 100?Sz. The 

conditions, n-hich xere sufficient to produce F-pivaloyl fluoride in 5O‘?oyield - 

were not able to produce F-neopcntyl difluoroarnine in isolable quantities. In - 

a combined yield of F-ncopcntane and monohydro-F-neopcntane of from 25% to - - 

30%yicld was obtained. Fragments amounting to about 1.0 g (lo-15%of thesta- 

tical) were obtained from the reactor indicating that less than 50%of nitrite 

which was evaporated into the reactor wa.s recovered as volatile products. 

spcction of the reactor revealed a substantial amount of water sensitive which 

powder, presumably a polymer or triazine due to polymerization of the nitrate 

group under the influence of fluorine and the radicals generated in the reaction. 

Alternate fluorination programs were tried but succeeded only in changing the 

relative amount of P-neopcntane and monohydro-F-neopentane but the combined - - 

yield was nearly constant. 

The yields of the new 1,7-diazaperfluoroheptane were only 15%. Part of 

difficulty lies in the fact that replacement of the last hydrogen atoms on the 
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bon chain becomes increasingly difficult due to steric difficulties with the larger 

fluorine atoms. Nevertheless, it is worth noticing that direct fluorination of 

perfluoroglutaronitrile Xc’c( CF,) ,CN by Rigelow’s method yielded only C,FIIXP’, 

and Cl~LCE’2CFzCF,NFL. 

F-N-fluoroamincs arc of interest because the>- can be converted to acids by - 

reaction with KI, or to nitriles by reaction \eith txo -moles of triphcnylphosphinc 

Perfluoro-N-fluoro morpholinc is of special interest because it leas been 

b>drolyzcd to perfluorodiglycolic acid i)y mc,,r.s of clquco~s KG h;drolysis’. 

Yields esccedin: to the e;eclrochcrcical iluorinatic,rl of mnrpiIoliric (8%) \vel’e 

easily attnincci”‘. in a subsequent r~;action the gradient. coid reactor y;as xodi-, 

fied to alln~v complete vc~l:~li7alio1i ;~n,lin:- ~,c~ncx~:il rjf thfa frn:,rn surfgcc !>csCr)r-t 

the ncxi. increase in fluorine conccntrntio:? and snl 3!1cr more frequent iccrc- 

rnents in lhc fluorine concentration v,x.c~‘c used resulted in yielfls of perflaoro-.X-- 

fluoro mnrpholinc greater than 31%. 
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