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ABSTRACT 

Preparation of both high and low molecular weight trlazlne 

polymers was Investigated. Block copolymers of the ABA type containing 

polyethylene B blocks and A blocks of polylsoprene and polystyrene were 

prepared. A nitroso terpolymer containing CF^NO, CF2-CF2 and CFj^FOCHtCH^ 

was prepared. 

F1uor I ne-conta InIng dlepoxtdes were prepared by reaction of fluorine* 

containing dlols with an epthalohydrtn and by direct oxidation of a perfluoro* 

dtolefln using a halogen-sensitized photochemical reaction. 

Fluoroalkylmethylchloros!lanes were prepared by reduction of the 

corresponding dtchlorosI lane to the fluoroalkylmethyls!lane followed by 

reaction with sliver chloride. 

A perfluorlnated dinltroso compound, CFjCF(NO)(CFjí^CFÍNOjCFj, was 

prepared by addition of nltrosyl fluoride to perfluorooctadlene-1,7*. Several 

perfluorlnated dlIsocyanates containing ether oxygen atoms were prepared from 

their corresponding dtactd fluorides using the Curtlus reaction. 

The reaction of perfluoro!sobutylene oxide with several perfluorlnated 

acid fluorides was Investigated. 

The synthesis of perfluorolsobutyronltri le and perfluorosebacon!tri le 

is described. 

A-Cyanoperfluorobutyryl chloride was prepared by a new method. 

A wide variety of Intermediates was prepared Including perfiuoroiso- 

butylene epoxide, perfluorosuberyl fluoride and Its dimethyl ester, pentafluoro- 

nttrobenzene, perfluorooctadlene-1,7» perfluoro!sobutyryl fluoride and Its amide, 

and 4,l»'-dlhydroxyoctafluoroblphenyl. 

This abstract Is subject to special export controls and each transmittal 

to foreign governments or foreign nationals may be made only with the prior 

approval of Elastomers and Coatings Branch, MANE, NonmetallIc Materials Division, 

Air Force Materials Laboratory, Wright-Patterson Air Force Base, Ohio 45433. 
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I. INTRODUCTION 

The objective of this contract Is to supply otherwise unobtainable 

monomers• polymers, curing agents and certain chemical intermediates to the 

Air Force Materials Laboratory or Its contractors In support of new and 

Improved elastomer development programs. 

Polymer samples are characterized by sufficient analytical data to 

reflect composition, molecular weight, monomer block lengths of block co_ 

polymers and other pertinent data as applicable. Monomers, curing agents, 

and Intermediates are characterized by usual methods Including elemental, 

Infrared, and NMR analysis. 

A schedule of materials shipped to the Air Force.Mate rials laboratory 

Is given In Appendix I. Infrared spectra and NMR data on certain compounds 

and polymers are given In Appendix II and 111(respectively. 
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II. DISCUSSION 
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A. Trlazlne Polymers 

I. Polymer Synthesis 

Perfluorinated trlazlne polymers consisting of a repeating unit 

containing a trlazlne ring and a perfiuoroaIky lene group have been of con¬ 

siderable Interest to the Air Force because of their elastomeric nature, 

high thermal stability and chemical resistance. 

First prepared and reported by Brown^ at the University of Flor¬ 

ida, the synthesis and cross-linking of trlazlne elastomers has been 
2 3 extensively Investigated by workers at Hooker , Dow Corning , and the Air 

a 5 Force Materials Laboratory ' . 

The Initial objective of our work in this area was to consist of 

a study of reaction variables leading to an optimization of conditions for 

the reproducible preparation of high molecular weight trlazlne elastomers. 

Due to the requirements for trlazlne polymer which would be suitable for 

use as a potting compound, however, emphasis was shifted to the preparation 

of low molecular weight, fluid trlazlne polymer containing terminal and 

pendent nitrile groups which could be used for cross I Inking. 

Preparation of high molecular weight trlazlne polymer was Inves- 

tlgated using the method developed by workers at Hooker . This procedure 

consists of the slow addition of powdered dtamidine to a concentrated solu¬ 

tion of dint trile at room temperature to form an Imtdoy lamí dine polymer. 

As the polymerization progresses to Increasingly higher molecular weights, 

with attendant viscosity Increases, more solvent is added to keep the 

viscosity within tolerable limits. The last amounts of diamidlne are added 

In increasingly smaller increments because of the decreasing rate of reac¬ 

tion with the nitrile end groups. Toward the end of the polymerization 

-2- 



Urge polymer chains are being coupled by dlamldlne units which result In 

very Urge molecular weight Increases. The Imldoylamldine polymer can 

then be converted to the trlazlne polymer by the addition of the Imldoyl- 

amidine polymer solution to perfluoroalkanolc anhydride6. These reactions 

may be summarized by the.following equations. 

NH NH 

<CFAf V-t c3f7cooh ■> 

By this method workers at Hooker were able to attain an Imldoyl- 

amldlne polymer molecular weight of 104,000 (Intrinsic viscosity 1.10) 

using perfluorosuberonitrl1e and perfluorosuberamldlne In dimethoxyethane 

(glyme) solvent. The reaction required 37 days. Later larger scale reac¬ 

tions were run using perfluorosebaconltrMe and perfluorosebacamldlne to 

prepare the Imldoy 1 amid Hie polymer for conversion to the trlazlne polymer 

using trlfluoroacetlc and perfluorobutyrlc anhydrides. Trlazlne polymer 

molecular weights of 90,000 to 200,000 were reached. Tensile strengths up 

to 2,490 psi wpre reported. 

Imidoylamidine polymerization In dilute media was one of the 

reaction variables explored In the earlier work.2 Using pe.rfluorosebaconi- 

trlle and the derived dlamldlne with perfluorobutyrlc anhydride a cyclic, 

volatile trlazlne compound was Isolated In 20¾ yield having the following 

proposed structure. For this reason this method was believed to be unsuit¬ 
able. 
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In another variation, the reaction temperature was Increased to 50'55°C. 

The molecular weight of the resulting Imldoylamldlne polymer was about 

half that attained In the analogous reaction run at room temperature. 

The direct synthesis of Imldoylamldlne polymer by the addition 

of gaseous ammonia to dlnltrlle offered attractive possibilities In slmpll- 

flcatlon of the reaction In by-passing the troublesome synthesis of the 

dlamldlne. However, It was found that when 90¾ of the theoretical amount 

of ammonia was added to the dlnltrlle In glyme solvent, the Imldoylamldlne 

polymer gelled and became Insoluble. This method was attempted, In pyri¬ 

dine solvent, for making high molecular weight polymers. There was con¬ 

siderably less gel formation but there was difficulty In removing the 

pyridine and the derived trlazlne polymers had poor thermal stability. The 

addition of anhydrous ammonia to perfluorosebaconltri le In glyme solvent 

has been used successfully to prepare lav molecular weight imldoylamldlne 

precursor polymers of up to about 20 monomer units. 

NH NH, 
D I 2 

NC(CF2)8CN + NH3 -> NC{(CF2)8b-N-¿ín(CF2)gCN 

(c3f7co)2o 

(cf2)8cn 

n 

NC- '(cfVrS 
N 

N 

C3F7J 



still another approach, to avoid the dlamldlne synthesis and 

attendant deleterious evolution of ammonia accompanying Its use, was an 

1.1 doyl«Mdire polymerization using dlnltrlle and "prepo'Ymer." Dlnltrlle 

was treated with a slight excess of an«.nla In glyme to for. a low molecu¬ 

lar weight amldlne terminated prepolymer. The polymer chain was then 

developed by the controlled addition of more dlnltrlle until the desired 

molecular weight was obtained and was finally nitrile terminated by the 

rapid addition of excess dlnltrlle. Sane problems In control of the 

reaction were encountered but this method was reported as promising for 

the preparation of high molecular weight polymers. 
In the Initial work with Jmldoylamldlne polymerization In this 

laboratory, perfluorosebacamldlne was added to perfluorosebaconltrlle In 

glyme solvent. This polymerization proceeds very slowly, since the longer 

chain perfluorosebacamldine Is less reactive than the shorter chain diam.- 

dlnes. In an effort to reproduce the Imldoy lamí dine polymerization of 

Dorfman, et al.2, ,t was anticipated that about 97¾ of the stoichiometric 

amount of dlamldlne should be added, dependent upon the solution viscosity. 

This deficiency of dlamldlne should result In a nitrile terminated polymer. 

Amldlne end groups could have a deleterious effect upon the polymer by 

hydrolysis to amide groups since the ammonia evolved would result In trl- 

azlne degradation. After 49 days only 91.7¾ of the amldlne had been added. 

At this time, due to the extremely slow consumption of the dlamldlne, the 

reaction was stopped and the 1mldoylamldine cycllzed with excess per- 

fluorobutyrtc anhydride. Properties of the polymer (Exp. No. 1105.40) are 

shown In Table I. 
In order to determine the most suitable conditions for prepara¬ 

tion of a low molecular weight, fluid trlazlne polymer suitable for potting 

applications, a s- Ies of experiments was carried out In which the dlnl- 

trlle/dlamldlne ratio, solvent, and method of addition of dlamldlne were 

varied. Results are summarized In Table I (Exps. No. 1105.41 49.2). 

Since nitrile termination Is necessary to provide cross-ltnklng 

sites In the potting compound (In addition to nitrile pendent groups which 

were to be added In later work), the ratio of dlnltrlle to dlamldlne was at 

least 2 and went as high as 5. No advantage was found In using ratios 

-5- 
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greater than 2 since all the samples appeared to be nitrile terminated 

(Infrared analysis) and had very similar viscosities. 

Three solvents were Investigated. The most effective solvent was 

found to be I,2-dlmethoxyethane (glyme), which had been used extensively In 

the Hooker work . The use of dlmethylformamlde In one experiment (1105.45) 

gave polymer which had an appreciably higher molecular weight.than those 

prepared In glyme under the same conditions. For this reason, an attempt 

was made (1105.52) to prepare a high molecular weight trlazlne using a low 

nitrile to amldlne ratio and a long period of addition of the dfamtdtne 

solution. Although this single reaction did not produce a very high molec¬ 

ular weight polymer, the method may be worthy of further Investigation as a 

route to high molecular weight trlazlne elastomers. 

The effect of rate of dlamldlne addition to the dlnltrlle on the 

properties of the polymer was also Investigated. Two methods were used, 

one In which the dlamldlne was added Incrementally over II hours and the 

other In which the dlamldlne was added all at once. No advantage was 

observed In the use of Incremental addition. Consequently, the single 

addition method Is preferred because of the decreased manipulation Involved. 

The reaction conditions described In the preparation of 1105.49.2 

appear to be suitable for the preparation of the desired low molecular 

weight polymer. This polymer has a reduced viscosity of 0.03 at 0.50 

g/100 ml. In hexafluoroxylene at 30.08C, an Intrinsic viscosity of 0.03, 

and a-molecular weight of 2230. It Is quite fluid, has a light color, and 

was prepared In 78.8% conversion. This molecular weight corresponds to an 

average degree of polymerization of 2.76, a polymer of DP of 3.0 having the 

structure: 
f— 

! 
N5C I (CF2>8 I " ‘ -, <CF2>8 

I c 

L 



The polytrfazine formed by reaction of two molecules of dlnltrlle 

with one molecule of dlamldine would have a OP of 2.0 and a molecular 

weight of W; that formed from the reaction of three dlnltrlles and two 

dlamldlnes would have a DP of and a molecular weight of 30^0. This 

suggests that 1105.49.2 Is a mixture of the two with a predominance of the 

former. 
A plot was made of the logarithms of the Intrinsic viscosities 

vs the logarithms of the number average molecular welghts, tabulated In 

Table 1, to find If a linear relationship existed between the two. A 

good linear plot was not obtained, however, probably due to the precision 

In determining viscosity which can be obtained at these low molecular 

weights. 
Due to a shift In emphasis to another area, this work was not 

pursued further. 

2. Monomer and Intermediate Synthesis 

a. Perfluorosebaconltri le 

In the Initial phase of the trlazlne elastomer synthesis It was 

necessary to prepare perfluorosebaconl tri1e as a starting material. With 

the availability of a high purity (99-95¾) sample obtained from the Air 

Force Materials Laboratory, this work was later terminated. 

Three synthetic routes from perfluorosebaclc acid to the dlni- 

trlle, all Involving dlamlde dehydration, were explored. In one route, the 

dlacld was converted to the dlacld chloride by reaction with thlonyl chlo* 

ride In ethyl acetate solvent using a reported procedure. A good conver¬ 

sion to sufficiently pure dlacld chloride without Isolation was obtained. 

The reaction of the dlacld chloride with liquid ammonia In methylene 

chloride solvent, however, produced a dlamlde product In lav yield which 

was very difficult to purify. Dehydration of the dlamlde by Intimate mix¬ 

ture and heating with phosphorous pentoxlde resulted In good conversion to 

perfluorosebaconltrile In all cases. The overall conversion from dlacld 

to dlnltrl 1e was 37.5¾. 
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In a second sequence of reactions, the dlacid was first converted 

to the dimethyl ester. The dlacid was mixed with dry methanol and a large 

amount of concentrated sulfuric acid and stirred for 2 hours without heat¬ 

ing. The product (92.3¾ pure) was distilled and collected at I32-150°C at 

2.8 mm In a conversion of 5*»%. These results compare unfavorably with 
o 

those obtained In the procedure followed , l.e., 99¾ pure dimethyl ester 

boiling at 129-ll»5°C (12 mm) In a conversion of 89.5¾. A possible cause 

for this difference In results may be the impurity of the perfluorosebaclc 

acid used In our work. The dimethyl ester was easily converted to the 

dlamide of very high purity In high conversion by reaction with liquid 

ammonia In dry ethyl ether. The overall conversion from dlacid to dlnltrlle 

of 15.7¾ Is not completely Indicative of the utility of this route. 

A third synthetic route Involved the preparation of the dlacid 

chloride from the dlacid as before. The dlacid chloride was refluxed with 

dry methanol 20 hours to form the dimethyl ester (78.3¾ purity) In 79¾ 

conversion. Some difficulty with sulfur contamination was encountered. 

The product was used to form the diamide and then dinitrile In an overall 

conversion of 45¾. 

The products obtained from the three reactions were combined and 

distilled from to give a 99-7¾ pure fraction boiling at 147.8-148®. 

b. Perfluorosuberonltri le 

Prior to the availability of perfluorosebaconltri le the synthe¬ 

sis of the shorter chain perfluorosuberon It rile was Investigated. The 

following sequence of reactions was proposed. 

I f 
2FC(CF2)3CF 

0 P 
FC(CF2)6CF + 2CH30H - 

CH302C(CF2)6C02CH3 + NH3 

UV ff '? 
FC(CF2)6CF 

-» CH302C(CF2)6C02CH, 

? ? 
■O h2nc(cf2)6cnh2 

-9- 



H2n{(CF2)6CHH2 - 5 > NC(CF2)6CH I. J 

Perfluoroglutary1 fluoride was coupled to give perfluorosubery1 

fluoride by ultraviolet Irradiation of the refluxing monomer. The reactor 

was designed and the temperature controlled so that only perfluoroglutary1 

fluoride was exposed to Irradiation. GLC analysis Indicated a 10% conver¬ 

sion to perfluorosuberyI fluoride which was readily converted to Its more 

stable dimethyl ester. The method is an adaptation of the photolysis 

reactions of perfluoroacyl fluorides reported^ by Harris, who obtained 

solid polymers by the Irradiation of perfluoroglutary1 fluoride. 

Because of the availability of high purity perfluorosebaconl- 

trlle this sequence of reactions was not carried beyond the preparation 

of the dimethyl ester. 

fr-Cyanoperfluorobutyryl Chloride c. 

In order to crosslink gum trtaztne polymers It is necessary to 

Incorporate functional groups In the polymer chain which, after cross- 

linking, do not detract from the desirable properties of the raw gum. One 

of the most promising approaches utilizes 4-cyanoperfluorobutyr!c anhy¬ 

dride In conjunction with perfluorobutyrlc anhydride In the cyclodehydra- 
2 

tlon step of the polylmtdoylamldlne . The amount of 4-cyanobutyl groups 

Incorporated In the polymer can be controlled by varying the ratio of the 

anhydride mixture. The pendent nitrile groups can then act as cross link¬ 

ing sites using a variety of curing agents^. 
2 

A reported synthetic route to the required *»-cyanohexafluoro 

butyryl chloride uses perfluoroglutarimide as the starting material. 

Reaction of this compound with methanol gives the half amide-methyl ester 
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of hexafluoroglutarlc acid. Dehydration of the amide group with phospho 

rous pentoxlde gives good yields of the nitrile-ester. Chlorination of 

methyl cyanohexafluorobutyrate results In a trlchloromethyl ester which 

Is catalytlcal1y decomposed with ferric chloride to A-cyanohexafluoro- 

butyryl chloride. 

I J l .? 
(CF2)3C + CH30H --> H2NC(CF2)3C-OCH3 Ç(CF: 

Lnh- 

H2NC(CF2)3¿-0CH3 + P205 N=C(CF2)3fc-OCH3 L 

s 
N=C(CF2)3C-0CH3 + C12 -•> N=C(CF2)3vvvv.3 iocci. 

N=C(CF2)3C-0CC13 + FeCl3-» N=C(CF2) 3¿-Cl + C0C12 

The corresponding anhydride was also prepared by reaction of the 

acid chloride with silver oxide. 

2N=C(CF2)3C0C1 + Ag20-> [N=C (CFj) 3C0]20 + 2AgCl 

Due to the anticipated requirement for 4-cyanoperfluorobutyryl 

chloride as a precursor to the anhydride« we Investigated Its synthesis by 

another route which, It was anticipated, would be less tedious and result In 

higher overall conversion. This reaction sequence Is as follows: 



+ 2NH3 ^X-eiLeJl» HjNC (CF2) JoNH^ 

? f ZnC,2 ? 
H2NC(CF2)3fc-ONH1| + *CCI3 N=C(CF2)jC-CI 

a 
Benzotrlchloride with zinc chloride hits been used by others to 

dehydrate perfluorosebacamide to perfluorosebaconitri le and resulted in a 

product mixture of the desired dlnltrlle and mononltrl le-acyi chloride, 

N=C(CF2)gC0Cl. On the basis of this Information and the suggestion'® that 

the acid chloride might result from reaction with an ammonium salt impurity 

r ?, J , 
[H^CiCFgJgCONH^J, we initially investigated the reaction of ammonium per- 

fluorobutyrate w!th benzotrlchloride/zinc chloride. 

¢001 « 

C3F7C02NH<, CJF7CCI 

Since a 71¾ conversion to perfluorobutyryl chloride was obtained, the pro¬ 

cedure was extended to reaction with the half amide-ammonium salt of per- 

fluoroglutaric acid, prepared from perfluoroglutarlc anhydride and ammonia. 

The initial attempt to prepare ^-cyanoperfluorobutyryl chloride 

utilized a large excess (30:1 molar ratio) of benzotrlchloride to amide- 

ammonium salt. The amount of zinc chloride used was 30% of the total 

weight of the other reactants. Crude product was collected over the tem¬ 

perature range of 100-210®. An Infrared spectrum (Fig. 5) of this material 

showed typical nitrile absorption at kM microns, acyl chloride absorption 

at 5.56 microns and was very similar to a reported spectrum of the desired 
2 

product . 

Although a reorientation in research objectives did not allow 

further Investigation of this reaction, the results obtained In the Initial 

experiment are extremely encouraging. 



B. Block Copolymers 

The objective of one phase of this synthesis program was to 

supply Air Force Investigators with well characterized block copolymers of 

the ABA type for use In fundamental Investigations on the relationship of 

structure and morphology to mechanical properties. 

In earlier work In these laboratories", urethane type block 

copolymers were prepared In which poly(propylene adipate) served as the non¬ 

crystal 1 Izlng segment and poly(ethylene sebacate), poly(decamethylene 

terephthalate) or poly(ethylene terephthalate) served as crystallizing 

segments. Block copolymers were also prepared from hydroxyl-terminated 

ethylene oxide and propylene oxide prepolymers by dtIsocyanate linking. 

In the present work ABA block copolymers containing a polyethyl¬ 

ene block of approximately 6000 molecular weight and A blocks of polylso 

preñe or polystyrene were requested. 

These polymers were prepared by utilization of a procedure for 

the synthesis of block polymers described by Tobolsky and Rembaum . This 

approach, outlined below, consists of the Initial preparation of an 

Isocyanate-terminated prepolymer, followed by reaction with t-butyl hydro¬ 

peroxide to give peroxycarbamate end groups. These groups are then 

capable of Initiating polymerization of certain vinyl monomers, Including 

I soprene. 

0 0 

H0(CH2CH20)xH + 0CNRNC0 0CNRNHC0(CH2CH20)xCNHRNC0 

t-BuOOH 

V 

0 0 0 0 

iC5H8^yOCNHRNHC°(CH2CH2°^ xCNHRNHC0(C5H8^y 
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The hydroxy-terminated polyethylene oxide (PEO) used In this 

work had a molecular weight (after drying) of 7160 by VPO and an equivalent 

weight of 3792 by hydroxyl number determination. Reaction of the PEO with 

2,4-toluenedlIsocyanate In a 2.0/1 Isocyanate/hydroxyl equivalent ratio 

produced a dlIsocyanate-terminated prepolymer. This Intermediate was 

characterized by free Isocyanate analysis which shewed essentially complete 

Isocyanate-hydroxyl reaction and no Isocyanate-water reaction. A t-butyl- 

peroxycarbamate-termlnated prepolymer was then formed by reaction with the 

stoichiometric amount of butyl hydroperoxide In THF solvent using a cata¬ 

lytic amount of pyridine. Decomposition of this Intermediate upon heating 

with Isoprene Initiated free radical polymerization and formation of the 

polyI sop rene A blocks. 
In the Initial polymerization (In THF solution) the degree of 

polymerization of polylsoprene A block appeared to have been very small as 

Indicated by the slight Increase In weight of the product over the pre¬ 

polymer (see Table II). A methanol extraction of the polymerization 

product removed no methanol soluble PEO, which can be considered as good 

evidence for block formation. Infrared analysis shewed the presence of 

both polylsoprene and PEO units In the final product (Figs. 6-8). The 

polymer (1105.61A) Is soluble In methylene chloride, which Indicates that 

little or no crosslinking occurred In this polymerization. The polymeri¬ 

zations run without solvent resulted In Insoluble reaction products that 

showed solvent swelling. It appears that these materials have been cross- 

linked, probably at the double bond sites of the polylsoprene. Tobolskl 

and Rembaum^ reported a considerable degree of cross linking In a somewhat 

similar solvent-free polymerization with a much shorter poly(propylene 

oxide) B block. 
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TABLE II 

ABA BLOCK COPOLYMERS 

H2O Extract 

No. 
Sample A Block Amt., Conver- Mole % In] Amt., Mole"% [ñT 

g. slon,* [CH2CH20] g. [CH^O] 

1. PEO; molecular weight 7160 by VPO, equivalent weight 3792 by hydroxyl no. det'n. 

2. Benzene at 30.0° C 

3. !,2-Dlchloroethane at 30.0° C 

NOTE: [n] of B block In benzene at 30.0°C Is 0.18, ln I,2-dichloroethane 0.21 

k. Polymerization In benzene solvent 

5. No solvent used In polymerization 

6. Soluble In benzene and methylene chloride 

7. Soluble In methylene chloride 

8. Methanol extract 

• 

Due to the difficulties encountered -wlth crossllnklng, efforts 

were directed toward the preparation of ABA block copolymers having polysty¬ 

rene A blocks, less susceptible to crossllnklng, using the same B block 

peroxycarbamate described above. ABA block copolymers having 1*750 molecular 

weight polyethylene oxide B blocks and polystyrene A blocks had been pre¬ 

viously prepared by other workers of this laboratory^. Block copolymers 

resulting from ethylene oxlde/styrene molar charge ratios of 1:1 and 1:2 

contained, respectively, 75 and 56 mole percent ethylene oxide units. 

Two samples containing polystyrene A blocks were prepared. The 

first, IIO5.65.I, was prepared In benzene solution. The second, 1105.65.2, 

was prepared without solvent using the same quantities of reactants. In 

the latter case an appreciably higher conversion to polymer having more 

than double the mole * of ethylene oxide was obtained. The Infrared spectra 

of IIO5.65.I (Figure 9) and 1105.65.2 (Figure 10) show Intense polystyrene 



absorption at b,25 microns and In the 13 and Ml micron regions as weil as 

PEO absorption In the 9 micron région (compare with Figure 6). The Intrin¬ 

sic viscosity of both 1105.65.1 and Ü05.65.2 was 1.29 in benzene, which Is 

suggestive of high molecular weight polymer. The PEO had an Intrinsic 

viscosity of 0.18 in benzene. Elemental analyses provided the following 

data. 

% C % H 

1105.65.1 83.90 7.78 

1105.65.2 7^.18 8.04 

pE0 54.65(54.60 caled.) 9.29 (9.O9 caled.) 

The mole % ethylene oxide was calculated by comparison of the percent 

oxygen, by difference, with that of the PEO. Both materials are soluble In 

benzene and methylene chloride and insoluble in cyclohexanone. 

The water extracts of 1105.65.1 and 1105.65.2 were shown by 

Infrared analysis (Figures 11 and 12) and elemental analysis to consist 

primarily of ethylene oxide. The Intrinsic viscosities of 0.49 and 0.51 of 

the IIO5.65.I and 1105.65.2 extracts, compared with 0.18 of the PE0, as 

well as weak Infrared absorption at 14.3 microns, suggest the extracts to 

b¿ something other than pure PE0. In addition, the extracts were filtered 

as stable, cloudy suspensions and not as clear aqueous solutions, obtain¬ 

able from PE0 in cold water. Plausible explanations are that the extracts 

are comprised of ABA block copolymer with very short A blocks or that they 

consist of two or more PE0 chains linked together by 2,4-toluenedlIsocy¬ 

anate. 

The fact that both 1105.65.1 and 1105.65.2 formed stable, opaque 

suspensions in methanol is evidence that they are block copolymers. The 

PE0 block of the copolymer soiubllzes the polymer In methanol while the 

polystyrene block Is precipitated by this solvent. This phenomenon was 
12 

observed by Tobolsk! and Rembaum in their preparation of block copoly¬ 

mers. 

-16- 



C. Nitroso Terpolymers 

In Support of an AFML program on the study of functional nitroso 

polymerSt we had earlier prepared and submitted terpolymer samples contain¬ 

ing trlfluorovlny 1 methyl ether”. Since attempts to cure these samples by 

peroxides were unsuccessful, samples containing a pendent Isopropoxy group 

have been prepared by terpolymerlzatlon with trlfluorovlnyl Isopropyl 

ether. 

CFjNO + CF2=CF2 + CF2=CFOCH(CH3)2 -> 

3 ï 3 
CH(CH3)2 

Unlike earlier samples containing trlfluorovlnyl t-butyl ether which decom¬ 

posed at room temperature”, the terpolymer samples were stable and did 

not evolve hydrogen fluoride. The terpolymerlzatlon does not appear to 

proceed normally, however, since two samples prepared under the same con¬ 

ditions and using the same reactant ratios, gave widely divergent elemental 

analyses. 

Since these samples, described In Table III, were not susceptible 

to curing, they were not further Investigated. 

D. Fluorine-Containing Dlaooxldes 

Perfluorlnated and partially fluorlnated dlepoxldes were required 

for study as curing agents for carboxy nitroso rubber and other experimental 

elastomers. 

I. Perfluorlnated Dlepoxldes 

In earlier work In these laboratories both J*-ch1oroperf1uorohepta- 
14 

dtene-1,6 dlepoxlde and perfluorooctadlene-1,7 dlepoxide had been prepared 
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by chlorine-sensitized photochemical oxidation of the corresponding dlole- 

flns". Because of the low conversions (^8%) obtained In our Initial work, 

the synthesis of perfluorooctadlene-1,7 dlepoxlde by basic hydrogen peroxide 

oxidation was reexamined. Although perfluoroheptene-l could be converted to 

Its epoxide by this method, only very small quantities of the dlepoxlde 

could be detected In the crude product mixture. The major product of the 

reaction appeared to be perfluoroadlpic acid, which would be formed by com¬ 

plete oxidation of both oleflnlc groups. 

CF2»CF(CF2)1jCF«CF2 + KOH + -» 

H00C(CF2)i|C00H 

Because of the difficulty In controlling the reaction to give 

reasonable amounts of the desired dlepoxlde, the photochemical epoxldatlon 

was reexamined. Improvements In reactor design and reaction conditions 

resulted In significant Improvement In conversion (^19¾)• Specifically, a 

much higher Intensity ultraviolet lamp (450 watts) was used together with a 

Vycor 7910 (ultraviolet transmitting grade) reaction cell. Better gas dis¬ 

persion In the reactor was achieved by use of a fritted glass gas disper¬ 

sion tube. An Improved condenser system, Including a wide diameter cold 

finger that cools the reaction and decreases the path length through which 

U.V. must pass, was employed. 
A rapid degradation reaction of the product to theacld fluoride 

and carbonyl fluoride appears to occur during the Irradiated oxidation and 

afterwards, before work-up. Large quantities of carbonyl fluoride 

CF2»CF(CF2)4CF-CF2 + 02/Cl2 ■ — CF^CF(CF2)1|CFCF2 

° ? 
FC(CF2) JcF + C0F2 



» 

are evolved and the crude reaction mixture reacts vigorously with water with 

the formation of a solid acid. Immediate work-up of the crude mixture, 

after an optimum period of oxidation, Is thereby suggested for achieving a 

maxlumum yield of dlepoxlde. The optimum period of epoxldatlon may be 

Judged by the relative Increase In Infrared perfluoroepoxlde absorption at 

6.5 microns and decrease In trlfluorovlnyl absorption at 5-6 microns, and 

also by GLC In the relative Increase of dlepoxlde peak height. An Infrared 

spectrum of the pure compound Is shown In Fig. 13a. 
The relative retention times, tR component/tR dlepoxlde, (measured 

from the air peak) are diene 0.14, monoepoxide 0.64, dlepoxlde 1.0 

(tB - 0.8? min.) and acid fluoride 1.23. 

Conditions: Stationary liquid phase: Silicone gum 

U.C. W-98 10¾ 6 feet 

Support - Diatoport S, 80-100 mesh 

Carrier gas: Helium 25 cc/mln. 

Temperature: Injection 150° 

Column 27® 

Detector 230® 

Detection: T.C. r WX filaments 

After 10 hours reaction time GLC analysis of the crude product 

Indicated that about 54¾ conversion to the dlepoxlde had occurred. Three 

other components were also detected: 7.2¾ unreacted dlolefin, 15-9¾ mono- 

epoxtde CFj-CFÍCF^CFCFj and 12.1¾ of an acid fluoride, probably perfluoro- 

adlpyl fluoride. An appreciable amount of product Is apparently lost In 

work-up of the product mixture, since only 20.41 g. of pure product was 

obtained after distillation. Even with this loss, however, an overall con¬ 

version of about 19¾ was obtained compared to 8¾ obtained In an early prep¬ 

aration^ '. 

2. Partially Fluorlnated Dlepoxldes 

In order to compare the reactivity and effectiveness as curing 

agents of the perfluorlnated dlepoxldes mentioned previously with other 
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fluorine-containing diepoxides, the synthesis of several dlglycidyl ethers 

containing fluorine was Investigated. 

The Initial successful synthesis of pentafluorophenyl glycldyl 

ether'^ by reaction of pentafluorophenol with eplchlorohydrln 

CiFrOH + CH.CHCH.Cl 
6 5 \2/ 2 

C/FcOCH,CHCH 
6 5 2 y 2 

prompted the Investigation of this method using several fluorine-containing 

dlols, particularly tetrafluorohydroqulnone, perfluorophenylenebis-(dimethyl 

carbinol) and I»,V-dihydroxyoctafluoroblphenyl. Only In the latter case was 

the desired product isolated In a state sufficiently pure to allow charac¬ 

terization. Early attempts to prepare this 

HO + CH,CHCH,Cl 

compound gave Impure material whose Infrared spectrum exhibited strong 

hydroxyl absorption and which contained an appreciable amount of chlorine, 

Indicating the presence of chlorohydrln groups. Polymeric products decom¬ 

posing above 200# were also obtained. Although stoichimetrlc amounts of 

base are used In these reactions, It appears that the formation of poly¬ 

meric material Is very difficult to prevent even when the base is added 

Incrementally over a period of time. Small quantities of Impure product 

were Isolated from the reaction mixture by extraction with ethanol, followed 

by sublimation. Reaction of the Impure product with a stoichiometric amount 

of KOH (based upon chlorine content) gave reasonably pure product which 

melted at 74-75° (rptdJ7 m.p. after six recrystal 11zatlons, 75”77°) and gave 

a good analysis for the desired compound. An Infrared spectrum of this 

material exhibited the peaks reported17 as well as hydroxyl absorption at 

3.0 microns (Fig. 14). 
Several base-catalyzed methods were Investigated In the unsuccess¬ 

ful attempt to prepare tetrafluoro-p-phenylene dlglycidyl ether by reaction 

of tetrafluorohydroqulnone with excess eplchlorohydrln or eplbromohydrin. 



In one method, the sodium salt of the dlol was prepared by reaction with 

sodium hydride and was mixed with an 8:. excess of eplchlorohydrln. T « 

small quantity of product which was Isolated was found by «MR to con an 

oxlrane r.n9s but no fluorine. It* «»lecular welpht of this mater a. W) 

suggested that It may have been formed In a base catalyzed polymerization 

of eplchlorohydrln. • , 
Similar results were obtained when sodium hydroxide (aqueous) wa 

added to a mixture of the dlo, and eplchlorohydrln. The solid product wou d 

not ™.t, was Insoluble In water, acetone, ethyl acetate ^ 

difficulties appear to be attendant In the synthesis of the dlglyc dyl 

„her of tetrafluorohydroqulnone. A hydroqulnone Is oxidized to the qui none 

very readily In a basic medium. The dlfunctlonal dlglycldyl ether, If 

formed, appears to polymerize readily to higher molecular weight products. 

This poses a serious problem during Isolation and purification of e 

product, since during distillation on several occasions the probable product 

Is observed to have polymerized In the receiver. Since this compound Is 

probably a liquid, a fractional crystallization from the '"«Itab y for« 

„her condensation products Is not possible. Difficulty In ob a n K 

purity tetrafluorohydroqulnone may have been still another complicating f.c 

A method of synthesis reported15 for. the preparation of the 

dlglycldyl ether of hydroqulnone was applied to the preparation of the se¬ 

lect dlglycldyl ether. The conditions of this method were such as to op 

mlze an y displacerán, of bromine by arylox.de Ion and m.n mlze the poss - 

1 ties for condensation of higher molecular weight materials. The 

condensing agent, UOH-HjO was slowly added to t.trafluorohydroqu none 

dissolved In a 2-to-t molar excess of eplbromohydrln at methanol reflux 

temperature. At any t.l* during «.«.on only a sma. amount o be« 

was present. This feature was Intended to prevent, In t s case, 

known base catalyzed condensation reactions of ep.ha.ohydr ns w aromatic 

dlols, e.g., the reactions of eplchlorohydrln and blsphenol-A with a 

elkallne catalyst In the manufacture of epoxy resins. Unfortunate y, 

method was also unsuccessful. 



Attempts to prepare perfluoro-1,4-phenylenebls(dimethyl carbinol) 

diglyctdy! ether by reaction of the dlol with the halohydrlns 

H0- *-> CH,CHCH.O- 

2 

were also unsuccessful. The dlol was recovered unreacted In experiments 

using both sodium methoxlde In methanol and the sodium salt of the dlol. 

Reaction of the lithium salt of the dlol with eplbromohydrln produced what 

appeared to be an eplbromohydrln polymer. 

A final attempt to prepare a dlglycldyl ether was based upon the 

reported preparation of heptafluorolsopropyl glycldyl ether by reaction of 

potassium perfluorolsopropoxlde (prepared from hexafluoroacetone and KF) 

with eplbromohydrln In diglyme . 

■> (CF3)2CFO k (CF3)2O0 + KF 

(CF3)2CF0CH ™rw + KBr 

93¾ 

Since the formation of the dlceslum salt of perfluoropentanedlol Is Indicated 

by the reaction of perfluoroglutaryl fluoride and cesium fluoride with hexa- 

fluoropropylene oxide to form compounds having an Internal "0(CF2)j0“ group , 

we attempted the reaction of perfluoroglutaryl fluoride and cesium fluoride 

In tetraglyme with eplbromohydrln. 
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In two runs, perfluoroglutaryl fluoride was added to cesium flu- 

or I de and tetraglyme under anhydrous conditions. Nearly complete solution 

of the salt resulted. Eplbromohydrtn was then added. The reaction mixture, 

at this point, was strongly acidic and the product showed Infrared absorp¬ 

tion characteristic of a hydroxy ester. A similar Infrared spectrum was 

obtained from the product of the reaction between perfluoroglutarlc acid 

and eplbromohydrtn. The desired dlglycldyl ether was not isolated. 

E. Fluorine-Containing Silanes 

Fluoroalkylmethylchlorosllanes are desirable Intermediates In the 

synthesis of a variety of polymers. They may, for example, be added to 

vlnyl-termlnated monomers and hydrolyzed to give polymers containing 

stloxane links. 

Îhî 
2 CF3CH2CH2-SI-H + CH2»CH-R-CH=CH2 -» 

Cl 
/ 

CH. CH- y Q 
j 3 I ^ ' H2° 

Cl-Si-CH2CH2RCH2CH2-Si-Cl —=-» 

¿h2ch2cf3 ch2ch2cf3 

çh3 . çh3 
{Si-CH2CH2RCH2CH2-SI-0}n 

¿h2ch2cf3 ch2ch2cf3 

3»3r3-(Trlfluoropropyl)methy1chlorosilane and 3“(heptafluoro!so- 

propoxy)propylmethylchlorosllane were prepared using an oxidation-reduction 

reaction of silver chloride with CFjCHjCI^St(CH3)H2 and 

(CF3)2CF0CH2CH2CH2SI(CH3)H2, respectively. The procedure utilized In this 

synthesis was similar to that used In a reported method for the prepara¬ 

tion of dlalkylmonohalosllanes from the corresponding dtalkylsllanes using 

salts such as AgCl, HgCl2, CoC12, and HgBr2. A stoichiometric amount of 
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stiver chloride was added in small Increments to the neat silane followed 

by distillation of the product. Conversions of 51 and 8¾¾. respectively, 

were obtained. 

RfSl(CHj)H2 + AgCl -> Rf$l (CHjKIH 

Rf-CF3CH2CH2 and (CF^CFOCHjCH^ 

The Intermediate dialkyl silanes, RfSl(CH3)H2, were prepared by 

reduction of the corresponding dlalkyldlchlorosl lanes, R^.SI (CH^JCIj, using 

lithium aluminum hydride. 

2 Rf$t(CH3)CI2 + LIAIH^ -> 2RfSI(CH3)H2 

The first reduction was carried out by addition of CFjCHjCHjjSI(CH3)C12 to 

LIAIH^ In dry ethyl ether. The product was isolated by destruction of 

unreacted reducing agent with water and acid, followed by distillation of 

the ether solution. Since very low conversions (20.4*) to the desired 

product was obtained, this procedure was modified in the reduction of 

(CF3)2CFOCH2CH2CH2SI(CH3)CI2 by utilization of a high boiling solvent 

(tetraglyme) so that a higher reaction temperature could be maintained and 

the product could be distilled directly from the reaction mixture without 

further treatment. A conversion of 74* was obtained using this method. 

The low conversion to CFjCH^SI (CH3)H2 obtained l.n the first 

reduction may be due to Incomplete reaction because of the low reaction 

temperature (35#) and time (2 hours), azeotropic loss of product during 

stripping of the ether, or conversion of the Intermediate to a higher 

molecular weight by-product resulting from hydrolysis and condensation to 

a cyclic stloxane. Hydrolysis of dlalkyldlchlorosllanes by water to linear 

and cyclic intermediates Is well known, while hydrolysis of dlalkylsllanes 
' ä|. 

by base to slloxanes Is also reported • An Infrared spectrum of this 

unidentified by-product Is shown in Fig. 16. 
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F. Nitroso Compounds 

DIfunctional perfluorlnated nitroso compounds are desired for 

evaluation as crossllnklng agents for oxidatively stable nitroso elastomers. 

Reaction of the nitroso group with pendent trlfluorovlnyl groups to form 

stable oxazetldlne linkages was anticipated. 

*CF2CF2r - ♦ 0NRfN0 ■> 

A novel dlnltroso compound was prepared, In a low conversion, using 

a method reported^ by Knunyants, et. al. These workers have reported the 

successful addition of nltrosyl fluorlde'to hexafluoropropene In tetrametnyl- 

lenesulfone (Sulfolane) with KF. This reaction was described as a nucleo¬ 

philic type nltrosyl fluoride addition giving 2-nltrosoperfluoropropane In 

about 90¾ yield. This reaction was repeated and Infrared analysis Indicated 

the presence of the product as well as unreacted olefin In the distilled 

reaction mixture. Further attempts at resolution of the pure nitroso product 

were not made. 

CF-N-0 + F 

The desired dlnltroso compound was prepared In 16.5¾ conversion 

(after preparative GLC purification) by the addition of nltrosyl fluoride to 
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perfluorooctadlene-l,7 In tetraglyme solvent with KF under anhydrous condi 

tions In an autoclave. 

CF2-CF(CF2)1|CF«CF2 + 2FN0 CFjÇFÍCF^^ÇFCFj 

NO NO 

Preparative chromatography was necessary for Isolation of pure 2,7"dlnltroso- 

perfluorooctane since fractional distillation, even under mild conditions, 

resulted in decomposition. Proof of structure was obtained by Infrared 

analysis (Fig. 20), NMR analysis (Appendix III) and elemental analysis. In 

addition to the desired product a novel monoaddition production, 

CF2»CF(CF2)itCF(N0)CFj, was Isolated by preparative GLC. An Infrared spec¬ 

trum (Fig. 21) of this compound showed the expected CF2bCF absorption at 5*6 

microns and N-0 absorption at 6.2 microns. NMR analysis (Appendix III) was 

consistent with the assigned structure. 

G. Perfluorinated Dtisocyanates 

Perfluorinated di Isocyanates containing ether links in the molecule 

were required for use as intermediates in the preparation of elastomeric 

polyurethanes and polylmtdes. 

Three perfluorinated dllsocyanates, 0CNCF2CF20CF2CF2NC0, 

0CNCF(CF3)0(CF2)50CF(CF3)NC0, and 0CNCF(CF3)0CF2CF(CF3)0(CF2)50CF(CF3)NC0, 

were prepared from their corresponding diacld fluorides using the Curtlus 

reaction. The first dlIsocyanate, perfluoro-d 1-((5-Isocyanoethyl) ether, was 

prepared from perfluorooxydlproplonyl fluoride supplied by the Air Force 

Materials Laboratory. The sample was supplied as approximately 77¾ pure, 

which was corroborated In our laboratories by GLC. The material was dis¬ 

tilled into six fractions over a b.p. range of 65.0-69.2° but very little 

purification was achieved. Consequently, the sample was used in the Impure 

state and converted to the d I azide using sodium azide. The dI azi de was 

then decomposed thermally to the diisocyanate. 
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y fi xylene Í í 
FCCF2CF20CF2CF2CF ♦ NaN3 ^e- > NjCCF^F^CF^FjCNj “gõHÕÕ^ 

ocncf2cf2ocf2cf2nco + 2 n2 

Distillât ton of the crude product gave a small quantity of 96~98% pure 

material. The major product was found to be material containing both acid 

fluoride and Isocyanate groups, Indicating Incomplete conversion to the 

diazide. This material was allowed to react again with sodium azide using 

benzonltrile rather than xylene as a solvent. The reaction was allowed to 

proceed for a longer period of time until the acid fluoride carbonyl 

absorption peak at 5.3 microns had become very weak. Decomposition of the 

dlazide gave additional product boiling at 99~IOO°. The structure was con¬ 

firmed by Infrared (Fig. 22), NMR (Appendix III), and elemental analysis. 

The second and third diisocyanates had been previously prepared 

in our laboratories under another contract^. In this method Freon 113 was 

used as a cosolvent with acetonitrile to provide adequate contact of the 

diacid fluoride with sodium azide. The precursor diacld fluorides were 

prepared as described in a previous report^ from reaction of hexafluoro- 

propylene oxide and perfluoroglutaryl fluoride. The existence of structural 
11 29 

Isomers has also been established ' . 

During the slow distillation of TEDI, 0CNCF(CF3)0CF2CF(CF3)0(CF2)- 

0CF(CF^)NC0, It was observed that an apparent thermal decomposition was 

occurring. Although GLC analysis of the crude TEDI before distillation 

showed only very small amounts of impurities eluting before the product 

peak and the Infrared spectrum showed only barely detectable acid fluoride 

absorption, an appreciable amount of low boiling material was detected In 

the first fractions from the distillation. The first fraction, boiling at 

56-608/6mm lower than TEDI at the same pressure), was found by GLC to 

be 32% one peak eluting on a GLC column before TEDI. An infrared spectrum 

(Fig. 27) of this material exhibited both acid fluoride peaks (5.3 microns) 

and isocyanate peaks (4.35 microns). On the basis of NMR analysis (Appendix III) 

it appears that cleavage occurs at the C-0 bond adjacent to the isocyanate 

group to give the compounds shown. Molecular weight determination 
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by VPO gave a value of 632 (calc. 571)« 
Elemental analysis was as follows: 

% C 

% N 

Pound Calculated 

23.00 23.10 

3.38 2.45 

Since this work was carried out at the end of the contract period, 

no further Investigation of this decomposition was possible. It would be of 

Interest to Isolate and Identify the Iwer boiling fragments resulting from 

the decomposition as well as to determine If the two compounds shown could 

further cleave to give FlicFÎCFjïOtCFjï^f (MEDAF) . 

H. Reactions of Perfluorolsobutylene Oxide 

Hexaf1uoropropylene oxide reacts with a variety of perfluorlnated 

acid fluorides and dlacld fluorides In the presence of fluoride Ion and a 

30 
suitable solvenr to give 

CF3CFCF2 RfCF 
CsF 

solvent 
-> RfCF2OCF(CF3)CF 
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perf 1 uoroalkoxysubstituted acid fluorldes^ (as shown) and diacid fluorides, 

respectively. In an attempt to prepare sterlcally hindered perfluorlnated 

dint tri les containing ether links to be used In research on perfluorlnated 

trlaztne polymers, the following reaction sequence was proposed: 

{ S CSF Mf3 m 
i&ihWz * fc(cf2>jcf skir rt-w(CF2)50Ç—CF 

V CF, CF, 

(I) 

0 ÇF fF3 . ÎF3? 
I + NH3 ->H2NC-jo(CF2)5OC—CNH2 (ll) 

CF 3 
CF 3 

PA ?F3 ?F3 
H -L¿_> NC-C0(CF«) rOC-CN (III) 

Í ¿ ? I 

CF3 CF3 

Although hexafluoropropy lene oxide reacts readily with perfluoro- 

S f 
glutaryl fluoride to form the analogous compound FCCF(CF3)0(CF2)jOCFÎCF^JCF, 

It was not known If perfluorolsobutylene oxide (PFIO) would be sufficiently 

reactive to undergo a similar nucleophilic substitution or, If it did react, 

at which carbon atom substitution might occur. 

In attempting this reaction It was found that PFIO Is considerably 

less reactive than hexafluoropropylene epoxide, as might be expected, but 

that nucleophilic substitution does take place at the carbon atom substituted 

with the trifluoromethyl groups. 

The first attempt to carry out this reaction was run under condi¬ 

tions similar to the normal addition of hexafluoropropylene oxide to the 

diacid fluoride; i.e., by the addition of the epoxide under slight pressure 

to the stirred mixture of cesium fluoride, diacld fluoride and solvent. No 

reaction was observed under these conditions. When sealed In a glass reactor 

under pressure, however, the epoxide did react as evidenced by a decrease In 

pressure. After the uptake of PFIO ceased, the product was observed as a 

distinct, clear lower layer In the reactor. 
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The only higher boiling product Isolated from this reaction was 

Identified by Infrared (Mg. 28) and NMR (Appendix!11) es.the l-to-l dlacld 

fluoride, resulting from the reaction of one molecule of PFIO with perfluoro- 

glutaryl fluoride. The major volatile product was found to be 

(cf3)2c-cf2 + fó(cf2)3¿f 

0 

CsF 
Solvent 

* 

periluorolsobutyryl fluoride, resulting from reaction of PFIO with fluoride 

Ion. Attempts to bring about further reaction between the !-to-l dlacld 

fluoride and additional PFIO were not successful. 

(CF^C-CFí + F* 1(cf3)2cf-cf2o' 

0 

(cf3)2cfcf + F 

The reaction of PFIO with both carbonyl fluoride and trlfluoro- 

acetyl fluoride was Investigated. The des 1 red products, perfluoro-a-methoxy- 

Isobutyryl and perfluoro-a-ethoxy!sobutyryl fluoride, were required for use 

In making perf1uoro(alkoxy-substltuted anhydrides) for cyclodehydratlon of 

polytmidoylamldtnes to polytrlazines. The reactions were run In dlglyme 

solvent using cesium fluoride catalyst at 75°. Under these conditions car¬ 

bonyl fluoride and trlfluoroacetyl fluoride react readily with hexafluoro- 

propylene oxide (HFPO) to give the corresponding perfluoroalkoxy-substltuted 

proplonyl fluorides30 as shown above. In each case with PFIO, however, the 

major product was perfluotelsobutyryl fluoride. Although a small quantity 

of higher boiling materialwas obtained In the reaction with trifluoroacetyl 

fluoride, NMR analysis showed that It did not contain the CjFjO-group. A 

possible explanation for these observations may be found by consideration 

of the reaction mechanism of the attempted reaction. 
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rMMHNMIw 

0) R Jf + Cs+f" RfCF20'C5^ 

_ I 3 
(2) a. RfCF20 + Cr-^CF, 

CF3 
■o RfCF,0-Í-CF,0‘ f 2 i 2 

F3 

.CF, 
- « 1 3 b. F + t 

Ïf^o^ 

;f3 . 
,CF2 -> fccf20 

CF, 

CF CF- 0 
I 3 •_i I 3 il 

fCF20-C-CF20 ^- RfCF20-C—C-F + F 

CF, CF. 
(3) a. R 

|F3 . 
b. FCCF20 

CF. 0 

v F¿-6f + F* 

¿F, 

0 

Rf ■ F, CF-, and FC(CF2)j 

Possibly because of sterlc considerations In the substitution step, 

the competing attack of the fluoride anion (2b) upon the hindered epoxide 

ring takes preference over that of the perfluoroalkoxlde nucleophile (2a) and 

results in the formation of perfluorolsobutyryl fluoride. The corresponding 

reaction of the less hindered perfluoropropylene epoxide with carbonyl flu¬ 

oride using the same reaction conditions has been reported^ and resulted in 

a 77¾ conversion to perf1uoro-2-methoxy-proptonyl fluoride . Perhaps this 

same effect Is Involved In the formation of only small amounts of the 1-to-l 

adduct and none of the 2-to-1 adduct In the reaction of perfluoroisobutylene 



oxide with perfluoroglutaryl fluoride. The same reaction conditions were 

used and perfluorolsobutyryl fluoride was a major product. 

I. Nitriles 

Perfluorotsobutyronltrile was required for use In the study of 

trlazlne elastomers In order to compare the effect of the two trlfluoromethyl 

groups upon the chemical properties of trlazlnes derived from It. 

The following sequence of reactions was used In the preparation of 

perfluorolsobutyronltri le: 

Perfluorolsobutylene oxide Is readily converted to perfluoro” 

isobutyryl fluoride of high purity In an autoclave reaction In the presence 

of cesium fluoride and dlglyme solvent. The preparation of the pure amide 

derivative by the reaction of Its precursor with liquid ammonia In ethyl 

ether Is accomplished only with difficulty and appears to be the limiting 

step In the sequence. Once obtained In pure form, however, the amide Is 

easily dehydrated with phosphorous pentoxlde to Its nitrile In good yield 

and high purity. An overall conversion of 22.5¾ was obtained. Infrared 

spectra of the acid fluoride, amide, and nitrile are shown In Figs. 29-31» 

respectively. NMR analysis of the nitrile Is given In Appendix |||. 

The synthesis of perf luorosebaconl tri le and i»-cyanoperfluorobutyryl 

chloride Is discussed In Part A of this section. 
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J. HlsceHaneous Reactions 

During.the period of this contract several short-term projects 

were assigned to determine feasibility of certain syntheses or to provide 

Intermediates for other reactions. 

1, Reaction of Pentafluorobenzoyl Fluoride with 

Hexafluoropropylene Oxide 

Perfluoroalkanolc acid fluorides have been shown to react with 

hexafluoropropy lene oxide (HFPO) to give polyfluoroethers containing an acid 

fluoride end groups As yet, no reference to the use of perfluoroaromatlc 

0 

Rf|p + nCF3CFCF2 
CsF 

Solvent 
•> RfCF20 

acid fluorides has been found In our review of the literature. 

During this period we Investigated the reaction of pentafluoro- 

benzoyl fluoride with HFPO using cesium fluoride as catalyst In dlglyme and 

tetraglyme solvents. The desired reaction was as shown. 

CsF 
CF, 0 
1 3 1 

C¿F-CF«0CF—CF C6F5CF + CF3CFCF2 Solved C6F5CF2 

The reaction was attempted three times. The first experiment 

was carried out at room temperature In dlglyme. After a slight excess of 

the epoxide had been added the reaction was stopped. Two layers were 

observed, both of which contained unreacted acid fluoride as determined by 

Infrared analysis. The lower layer was found to consist primarily of 

oligomers of the epoxide formed by fluoroanlon Initiation. 
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Ini ti at i on 

I 
I 
I 
I 
1 
I 
3 
fl 
0 
fl 
Ö 
II 
D 
0 
0 

CF-CFCF« + F 

W2 

CF3CF2CF2°" + nCF3C^F2 

f3 n iF3 . 
CjF-OÍCFCF^h^CFCFj.O 

-> CFjCF2CF20 

5F3 !F3 . 
-> C3F70(CFCF20)n_]CFCF20 Propagation 

CF, CFj 0 

-> F’ + C3F70(¿FCF20)n.1¿F~-l!F Term1nation 

Distillation of the mixture gave a small amount of higher boiling 

material which appears, on the basis of NMR analysis (see Appendix |||)# to be 

C6F5CF(CF3)OCF2CF2CF3. Formation of this ether might occur by a radical 

coupling process similar to the ultraviolet catalyzed coupling of other per- 

fluorlnated acid fluorides^ . 

S 
-> C6F5* + *C0F 

CF 

C3F70¿F* + *C0F 
ÇFí Q 

c3f7ocf-If 

1F3 fi 

c6F5* + C3F7OÍF- -* C6F5¿F0C3F7 

Attempts at effecting the desired reaction by carrying out the 

experiment at both lower (-5 to -10°) and higher (70-806) temperatures and 

In another solvent (tetraglyme) were likewise unsuccessful. 

Since the success of this reaction depends upon the formation of 

the perfluoroalkoxy anion, which then participates In the nucleophilic sub¬ 

stitution and ring opening of the epoxide, the reaction of pentafluoroben- 

zoyl fluoride with cesium fluoride In diglyme has been studied by NMR which 

indicates that the mixture contains (within the limits of detection) only 

the acid fluoride with no Indication of the perfluorobenzyloxy anion or 
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cesium salt. In contrast, very little of the acid fluoride is seen In the 

NMR spectrum of perfluoroglutaryl fluoride, which reacts readily with HFPO. 

NMR analyses of mixtures of CsF with both perfiuorobenzoyI fiuorlde and 

perfiuorogiutary1 fluoride are shown In Appendlxlli. If an equilibrium 

exists between the perfiuoroacld fluorides and their corresponding anions, 

It Is apparent that In this case It Is predominately to the left. 

0 

c6f5cf + f" c6f5cf2o- 

Thls might be accounted for by a destabilization of the positive 

charge on the carbonyl carbon atom by electron withdrawal from the site by 

the pentafluoropheny1 group, effectively suppressing formation of the Inter- 

mediate shewn below. 

r 
w* 

2. Preparation of Perfluorolsobutvlene Oxide 

Perfluorolsobutylene oxide (PFIO), required as an Intermediate for 

reaction with perfluoroglutaryl fluoride, has been prepared by the reaction 

of perfluorolsobutylene with basis hydrogen peroxide , by the addition of 

difluorocarbene (generated from hexafluoropropylene oxide) to hexafluoro- 

acetone^, and by reaction of perfluorolsobutylene 

<CFj>2OCF2 ♦ h202 -Ï2!U (CFj)2C-CF2 

0 

(CF3)2O0 + CF3CFCF2 > CFjCF + [:CF2] + (CF^OO 

(cf3)2c-cf2 + 0F2 
AgF 

i-> (CF,)«C-CF 3^2 
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35 
with oxygen dlfluoride In the presence of silver difluorlde . 

Of the three reported procedures the second, reaction of hexa- 

fluoroacetone and hexafluoropropylene oxide, appeared to be the most 

attractive since It avoided the synthesis and handling of highly toxic 

perfluorotsobutylene and both reactants were readily available. 

In carrying out this reaction It was found that the rate of decomp¬ 

osition of hexafluoropropylene oxide to dlfluorocarbene and trlfluoroacetyl 

fluoride Is relatively slow at 150*, the reaction temperature reported. 

Consequently, the reaction was run at 225-230° using an excess of hexa- 

fluoroacetone. The reaction was monitored by Infrared, which Indicated 

complete disappearance of the hexafluoropropylene oxide after 42-68 hours. 

It was found that the most convenient way of separating the pure 

PFIO from the reaction mixture was to bubble the volatile mixture through a 

column of water and trap the effluent PFIO. Both trlfluoroacetyl fluoride 

and unreacted hexafluoroacetone, the major Impurities, are removed by this 

treatment. 
The presence of small quantities of tetrafluoroethylene and hexa- 

fluorocyclopropane was also detected In the reaction mixture. These were 

removed by distillation. Formation of tetrafluoroethylene could be 

accounted for by combination of dlfluorocarbene, which might be generated by 

decomposition of either hexafluoropropylene oxide or PFIO. The cyclopropane 

could then be formed by addition of another molecule of difluorocarbene. 

•CF 
:Cfj -» CFj-CFj —^ CFÿFj 

It Is Interesting to note that PFIO Is considerably more thermally 

stable than hexafluoropropylene epoxide since It Is Isolated in reasonable 

conversion (up to 66¾) after being heated to 200° for 48 hours. 

3. Preparation of Pentafluoronltrobenzene 

The preparation of pentafluoronItrobenzene was carried out follow¬ 

ing a reported^ procedure. Pentafluoroanl11 ne was oxidized by trlfluoroacetic 

-37- 



acid formed In situ with 30¾ hydrogen peroxide and trlfluoroacetlc anhydride. 

The reaction was run at the reflux temperature (M*C) of the methylene chlo¬ 

ride solvent. The oxidation appeared to proceed only to the green colored 

nitroso compound. The use of 90¾ hydrogen peroxide possibly would have 

resulted In the oxidation going to completion to the nitro compound. 

More vigorous oxidizing conditions were used to complete the oxi¬ 

dation. A method reported® for the preparation of J.S-dIchloro-li-nltro- 

benzonltri le from the corresponding aniline was followed. The methylene 

chloride solvent was removed and glacial acetic acid was added with concen¬ 

trated sulfuric acid and additional 30¾ hydrogen peroxide. The reaction 

mixture was heated to 75-90BC for 9 hours and after one hour the color of the 

mixture turned to a golden yellow. After cooling and the addition of water, 

about 48 g. of a golden-yellow, oily product settled to the bottom of the 

flask. The Infrared spectrum (Fig. 32) of this material dried over magnesium 

sulfate corresponds to that of pentafluoronltrobenzene. 

1», Attempted Photochemical Dimerization of FC^F^O-i 

In an effort to make a highly hindered dlacld fluoride containing 

ether linkages, the photochemically Induced coupling dimerization (1) was 

attempted. 

31 
The photolysis of perfluorobutyryl fluoride has been reported to fora 

perfluoro-n-hexane In 581 yield. The followln, sequence of reactions was 

proposed. 
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o 
(2) CjFyCF > ZfY + .COF 

(3) 2C3F7* -> n-C^Fjij 

(i,) 2-COF -> COF2 + CO 

The photodlmerfzatlon of perfluoroadlpyl fluoride to perfluorosebacy1 fluoride 

(5) and of perfluorooxydlacetyl fluoride (6) has also been reported^. 

(5) 

(6) 

l . l 
Ffc(CF2)8CF + fI- 

hv -î» FCCF20CF2CF20CF2CF + FC-CF 

Varied attempts with and without a solvent did not result In any 

conclusive Indication that a dimerization had occurred. GLC analysis showed 

a proliferation of minor quantities of new components In the Irradiated 

mixture. No evidence was obtained of the formation of carbonyl fluoride or 

carbon monoxide as by-products of the desired coupling. 



MI. EXPERIMENTAL 

A. Trlazlne Polymers 

The perfluoroalkylenetrtazlne polymers prepared together with 

their characterization data are summarized In Table I. All polymers were 

prepared by polymerization of perfluorosebaconltri le and perfluorosebac- 

amtdine In a solvent to the Imldoylamldlne followed by trlazlne ring 

closure with heptafluorobutyrlc anhydride at room temperature. The per¬ 

fluorosebaconl tr I 1e used In all reactions, except 1105.^0, was used as 

received from Air Force Materials Laboratory and had an analyzed purity of 

99.95¾ (6LC) (Fig. 1). The perflurorosebacamldlne used In all reactions 

was also used as received from Air Force Materials Laboratory and has high 

purity (Fig. 2). The heptafluorobutyrlc anhydride (PCR) had an analyzed 

purity of 98+¾ (GLC) and all solvents were dried, distilled and stored over 

molecular sieves. The weighing of reactants and transfer of materials were 

carried out In a dry box and the reactions were run under a prepurlfled 

nitrogen atmosphere. The experimental details of the preparation of 

IIO5.49.2 and 1105.52 will be described as successful and typical examples 

of Reaction Conditions C and E (Table 1). 

1. Preparation of Low Molecular Weight Trlazlne Polymer (1105.49.2) 

Perfluorosebaconltri le (9.30 g., 0.0205 mole) followed by 10.0 

ml. 1,2-dlmethoxyethane (glyme) were placed In a 100-ml., 1-neck flask. 

Perfluorosebacamtdlne (5.00 g., 0.0103 mole) was added In one batch, the 

flask filled with prepurlfled nitrogen, and the mixture rapidly stirred 

with a magnetic stirrer for about 2 days. Several hours were required for 

complete solution of the powdered dlamldlne. The molar ratio of dlnltrlle 

to dlamldlne was 2.0/1. The Infrared spectrum of the glyme solution of a 



similar polylmidoylamidine may be seen In FIs* 3* polylmidoylamldlne 

solution was then added to a 5 to 1 molar ratio of heptafluorobutyrlc 

anhydride (1*2.3 g., 0.103 mole) by dropwlse addition over an Interval of 

15-20 minutes. An exotherm Increased the temperature to about k0° and the 

solution remained clear. Stirring was continued overnight. A rotovac at 

full pump vacuum at room temperature was cautiously used for removal of 

the glyme solvent, followed by use of an oil bath at temperatures finally 

up to 175° for 30-1*5 minutes for removal of excess heptaf luorobutyrlc 

anhydride and Its acid derivative. A light colored, fluid trlazlne poly¬ 

mer (1¾.1 g.) was obtained. The Infrared spectrum (Fig. h) showed strong 

nitrile absorption at MO microns, Indicative of nitrile end groups, trla¬ 

zlne absorption at 6.45 microns and similarity to the reported spectrum of 

po1y(perfluoropropylperfluorooctamethylenetrlazlne). The reduced viscosity 

at 0.50 g./lOO ml. In hexafluoroxylene at 30.0° was 0.03 and the Intrinsic 

viscosity 0.03. The molecular weight by vapor phase osmometer measurement 

was 2230. 

2. Preparation of High Molecular Weight Trlazlne Polymer (1105.52) 

Perfluorosebacamtdlne (5*00 g., 0.0103 mole) was dissolved In 

20.0 ml. dimethylformamlde with slight warming and added dropwlse over 

about 15 hours to pure perfluorosebaconltri1e (5*11 9** 0.0113 mole) with 

stirring. The mixture was allowed to react for 45 hours. The molar ratio 

of dtnttrl1e to dlamldlne was 1.1/1. Trlazlne ring closure was accomplished 

by dropwlse addition of the polylmidoylamldlne solution to an excess of 

heptafluorobutyrlc anhydride (42.3 g>» 0.103 mole) In a 5 to 1 molar ratio 

over an Interval of 30 minutes. The mixture was stirred for 18 hours. The 

solvent, excess anhydride and acid were removed by use of a rotovac under 

full pump vacuum and an oil bath at 175-180° for 30-45 minutes. The trla¬ 

zlne product (13.0 g.) was a light yellow, clear gum. Its Infrared spectrum 

was Identical to that of 1105.49.2 with the exception that nitrile absorp¬ 

tion at 4.40 microns was much less Intense. The reduced viscosity at 0.50 

g/100 ml. In hexafluoroxylene at 30.0° was 0.08 and the Intrinsic viscosity 

0.08. The molecular weight by vapor phase osmometer measurement was 32,400. 
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3. Preparation of High Molecular Weight Triazlne Polymer (1105.^0) 

The reaction apparatus and all materials and reactants were placed 

In a Hydrovoid (Air Control, Inc.) dry box In order to maintain anhydrous 

reaction conditions. The dry box was filled and kept under a slight pres¬ 

sure with prepurl fled nitrogen which was circulated by pump through a 

liquid oxygen cooled trap and two l 1/2 x 24 Inch drying tubes filled with 

silica gel. 

A 500-ml., 3-neck flask was fitted with a stirrer, addition funnel 

and viscometer. The viscometer consisted of a 10-ml. pipette with the fine 

portion of Its tip removed and attached to a vacuum system via a trap. The 

pipette was attached to the flask with a threaded Teflon adapter which per¬ 

mitted the tip to be raised or lowered Inside the flask while keeping a 

tight seal. Relative Increases In solution viscosity could be measured by 

drawing the solution to slightly above the etched marking of the pipette, 

raising the tip out of the solution In the flask, and noting the efflux time 

required for the mlnlscus to drop to a second marking. 

Perfluorosebaconltri le (21.60 g., 0.04/8 mole) was added to the 

flask followed by 20.0 ml. glyme (1,2-dImethoxyethane). The stoichiometric 

amount of perfluorosebacamtdlne (23.23 g., 0.04/8 mole) was weighed out and 

kept In a stoppered flask for the slow stepwise addition as the Imldoylaml- 

dlne polymerization proceeded. Over the Interval of the first 6 days, 11% 

of the dlamtdine (1/.94 g., 0.0369 mole) was added In Increments averaging 

1.8 g. At this time the viscosity of the polymer solution Increased to 

such an extent as to preclude good mixing of the added dlamldlne and 20.0 

ml. more of glyme solvent was added. The Incremental addition of dlamldme 

was continued together with glyme addition using decreasing amounts of 

dlamldlne until after 49 days 91.7¾ of the dlamldlne has been added and 80.0 

ml. of glyme had been used. At this time a white precipitate, Identified 

as unreacted dlamldlne by Infrared analysis, was observed. The solid was 

removed using a sintered glass filter. The filtrate showed no nitrile 

absorption In the Infrared. The filtered solution was added to heptafluoro- 

butyrlc anhydride (1//.1 g., 0.432 moles) as described earlier and the 

triazlne polymer delated as before, giving 50.3 g- of a light brown gum. 

Viscosity and molecular weight are given In Table I. 
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1|. Reaction of Nl-(Perf1uorobutvrImldov1) PerfluorobutvramltHne with 

PerfluorobutyryI Chloride and Trlfluoroacetlc Anhydride 

Perfluorobutyronttri le (18.1 g., 0.093 mole) and excess amnonta 

(13.0 g., 0.761« mole) were condensed Into a 100-ml. Flscher-Porter tube 

having a magnetic stirrer. After 3 hours, the excess ammonia was bled off 

through a drying tube. The white, crystalline perfluorobutyrami dine left 

In the tube was placed under full pump vacuum overnight for removal of the 

last traces of ammonia. N1-(Perf1uorobutyrlmldoy 1) perfluorobutyramldlne 

was prepared by adding 20 ml. glyme solvent (1,2-dlmethoxyethane), under 

anhydrous conditions, and then condensing In perfluorobutyronttrI le (25.2 

g., O.I29 mole) and allowing reaction with stirring overnight at room 

temperature. The excess nitrile was then bled off through a drying tube. 

Perfluorobutyryl chloride (25.0 g., 0.107 mole) was condensed Into the 

tube. After allowing to warm to room temperature, the solid reaction 

product came out of solution and was removed quickly from the tube and 

mixed with a high excess of trlfluoroacetlc anhydride (100 g., 0.476 mole). 

The solid Immediately went Into solution and a strong exotherm was observed. 

The solution was stirred overnight. Fractional distillation was used for 

Isolation of the trlazine products; a constant boiling fraction (57.3 g>) 

was collected at 130.0e C and a second fraction (33>5 g.) at 131*155° C. 

GLC and Infrared analysis Indicated the first fraction to be an azeotropic 

mixture of perfluorobutyrlc acid and trlazine product. This material was 

washed with KjCOj solution and water and dried for removal of the acid. 

Fractional distillation yielded 18.9 g* of pure trlazine collected at 147* 

C. GLC analysis using a standard of tr!s-(perfluoropropyl)-s-trlazlne 

(b.p. 165s C) showed that the major trlazine formed was not the desired 

symmetrical trlazine but probably 2,4-bis-(perfluoropropyl)-6-tr!fluoro- 

methyl trlazine. 
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B. Block Copolymers 

1. Polylsoprene-Poly(ethylene Oxldc)-PolyIsoprene 

The hydroxy-terminated polyethylene oxide (Matheson, Coleman £ 

Bell), after drying, had an analyzed molecular weight of 7161 by vapor 

phase osmotic measurement and an equivalent weight of 3792 by hydroxyl 

number determination. A diisocyanate-terminated prepolymer was prepared 

by reaction of a 1:2 equivalent ratio of PEO (268.1 g., 0.0707 equiv.) 

with 2,l»-toluenedi Isocyanate (12.3 g. 0.1414 equiv., Monomer-Polymer Lab¬ 

oratories) In 40 parts toluene solution. The mixture was stirred under 

nitrogen for 6 hours at 80eC. Complete reaction was Indicated by an 

analyzed free isocyanate content of 0.42% (theoretical, 0.48%) after addi¬ 

tion of dry tetrahydrofuran solvent. The dlIsocyanate-terminated prepolymer 

(598 g. sol'n., 0.0684 equiv.) was, in turn, mixed with a stoichiometric 

amount of t-butylhydroperoxtde (6.2 g., 0.0687 equiv.) based upon the theo¬ 

retical free Isocyanate content of 0.48% to form t-butyl peroxycarbamate end 

groups. Additional tetrahydrofuran (1370 g.) was added to make a 20.2% 

solution. Pyridine (2.8 g.) was added as a mild catalyst for the isocya¬ 

nate-hydroxyl reaction and the mixture was stirred under nitrogen for 24 

hours at room temperature. The t-butyl hydroperoxide (Monomer-Polymer 

Labs), originally 74.3¾ pure by lodometrlc titration, was distilled through 

a packed column and collected at 22-23eC/!1mm and found to be 100% pure. 

The Impurities, t-butyl alcohol and water, upon reaction with the Isocyanate 

end groups would result In termination of the B block preventing linkage to 

the A blocks. 

Three polymerizations were carried out with the t-butylperoxy- 

carbamate-terminated B block prepolymer and freshly distilled Isoprene. 

a. Prepolymer solution (24.8 g., 5*0 g. prepolymer, Ispprene (16.4 

g., 0.252 mole), and ça. 0.5 g> t-butyl hydroperoxide were placed in a 100- 

ml. Flscher-Porter tube. The tube was heated In a silicone oil bath at 90°C 

for 14 hours and 125°C for 4 hours. After cooling, c£. 0.5 g. 2-5-dl-t- 

butylhydroqulnone Inhibitor was added and the solvent was removed under 

vacuum. The polymer (7.2 g.) was subjected to a Soxhlet extraction with 
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methanol for removal of any unreacted prepolymer and 6.4 g. (29.8% conver¬ 

sion) of product was obtained. The methanol extract was shown by Infrared 

analysis to contain no polyethylene oxide B block material. The polymer 

was soluble In methylene chloride and insoluble In ethyl ether. Absorp¬ 

tion peaks attributable to both polyethylene oxide and polylsoprene blocks 

were observed In the Infrared spectrum of the polymer (Figs. 6-8). 

b. Prepolymer solution (24.8 g.) was stripped of solvent under 

vacuum In a 100-ml. Flscher-Porter tube and isoprene (16.4 g., 0.262 mole) 

and cau 0.5 g. t-butyl hydroperoxide were added under nitrogen. The react¬ 

ants became homogeneous upon heating to 95eC, which was continued for 18 

hours. The mixture was then heated at 135°C for 26 hours. Inhibitor was 

added and the polymer (21.4 g.) was Soxhlet extracted first with methanol 

and then with hexane. The product was insoluble In all solvents tried, 

showing swelling and appears to be crossllnked. 

c. Prepolymer solution (24.8 g.) was stripped of solvent under 

vacuum In a 100-ml. Flscher-Porter tube and isoprene (16.4 g. 0.252 mole) 

was added under nitrogen. The contents of the tube became homogeneous upon 

heating and were heated at 95°C for 48 hours. Inhibitor was added and the 

polymer (12.1 g.) was extracted first with methanol and then hexane. The 

product was insoluble, solvent swollen and, as In the preceding run, 

appears to be crossllnked. 

2. Polystyrene-Poly(Ethylene Oxide)-Polystyrene 

The 1)05>65.1 polystyrene A block material was prepared In a 100- 

ml. Flscher-Porter tube using 20.0 g. solution (4.0 g. prepolymer). The 

THF solvent was removed under vacuum without warming. Freshly distilled 

styrene (99+ % purity by GLC and n^ 1 .5432; reported n^ 1.5439) was 

added In an amount (16.4 g.) calculated to yield a copolymer having 33 1/3 

mole % ethylene oxide. Benzene solvent (20 ml.) was added and the mixture 

was covered with nitrogen. The contents of the tube were heated In anoil 

bath for 24 hours at 80°C. Pentane was added for precipitation of the 
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polymer from solution. A methanol extraction for removal of any unreacted 

PEO B block was attempted by shaking with methanol; a stable suspension 

resulted. After removal of the methanol, the material was extracted wlth 

cold water. The 1105.65.2 material was prepared In the same way with the 

exception that no benzene solvent was used. 

C. Nitroso Terpolymers 

I. Terpolymer of Trlfluoronltrosomethane, Tetrafluoroethylene, and 

Trlfluorovlnyl Isopropyl Ether 

Three polymerizations were attempted, using Identical procedures. 

Specific reactant charges and results are listed In Table III. The react¬ 

ants were condensed Into glass ampoules, sealed and held at -35 to -30°C for 

the times Indicated. The ampoules were then cooled In liquid air, opened, 

and the volatile materials removed on a vacuum line. The products were 

clear, rubbery gums which were Insoluble In FC-43» FC-75» cyclohexanone, 

and only slightly soluble In hexafluorobenzene, Indicating that some cross¬ 

link! ng may have occurred during polymerization. 

Anal. Sample 1095.65. Found: «, 25.97:* *H, 1.66:* IN, 6.97:* IF, 62.90^ 

Sample 1095.75. Found: IC, 18.62:11 IN, l.76¡b IN, 6.86; IF, 56.08 

(a) Average of double determination. 

(b) Average of triple determination. 

An Infrared spectrum of the terpolymer Is shown In Fig. 13. 

0. Fluorine-Containing Epoxides 

I, Perfluoroheptene-1 Epoxide 

A reaction cell 8x2 Inches fabricated from Vycor 7910 (U.V. trans 

mlttlng grade) having a 45-degree upward Inclined si dearm was used. The cell 

had a fritted glass gas dispersion tube and a one-inch diameter cold 
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condenser Inserted through a rubber stopper at the top and extended to the 

bottom of the tube. Oxygen gas (U.S.P.) was dried and purified by bubbling 

through a concentrated sulfuric acid scrubber and the flow rate was measured 

using a rotameter. The chlorine gas was bubbled through concentrated sul¬ 

furic acid at a rate of flow approximately 1 percent of the oxygen flow 

rate. Both gases were passed through Mallcosorb acid gas absorbers after 

leaving the sulfuric acid scrubbers. The two gases were then passed Into a 

500-ml. flask mixing chamber and thence to the reaction cell. Two Frled- 

rlcks condensers In series were connected to the sldearm of the cell and a 

liquid oxygen cooled trap with a drying tube was placed on the other side 

of the condensers. The apparatus was dried Immediately before use by purg¬ 

ing nitrogen through the system while heating the mixing flask and reactor. 

Perfluoroheptene-1 (43.4 g., 0.124 mole) was placed In the cell. Ice water 

was circulated through the cold finger and the Frledrlcks condensers; the 

flow of oxygen and chlorine started and adjusted. A 450-watt Hanovla 

679A-36 ultraviolet lamp Inserted In a water-cooled Vycor Immersion well 

was placed about 3 Inches from the reaction cell. U.V. Irradiation was 

continued until an Infrared absorption peak appeared at 6.50 microns Indi¬ 

cating formation of perfluoroepoxlde and decreased Intensity of the peak at 

5.6 microns Indicating conversion of the olefin. The perfluoroheptene-1 

epoxide was not Isolated from the mixture. 

2. Pcrfluorooctadlcne-1.7 Dlepoxlde 

a. Alkaline Hydrogen Peroxide . 

Perfluorooctadlene-1,7 (10.0 g.), 50¾ hydrogen peroxide (15.0 

ml.), methanol (20.0 ml.), and 2.4 g. potassium hydroxide di'-olved In 5.0 

ml. water were reacted using the same procedure as described in the alka¬ 

line hydrogen peroxide epoxldatlon of perfluoroheptene-1. The reaction was 

run for 8 hours at 0°C. The organic layer was separated and dried over 

sodium sulfate. A GLC analysis Indicated the crude product to contain about 

4.5¾ dlepoxlde, 12.6% monoepoxide, and 82.5% unchanged diene. Bromlnation 

was used to aid In the separation of unreacted olefin In the mixture. 



Bromine (2 ml.) was added to and shaken with the mixture and allowed to 

stand overnight. The excess bromine was removed by shaking with a 10¾ 

solution of sodium bisulfite, followed by a water wash and drying over 

magnesium sulfate. A fractional distillation through a packed, heated col 

umn yielded the following three fractions. 

Fraction 

1 

2 

3 

Bolling Point, °C 

95-105 

105-110 

157 *t 44 mm 

Refractive Index 

nj° 1.3459 

nj1 1.6743 

nj2 1.6768 

Fraction I may contain the desired perfluoro-1,2,7,8-dlepoxyoctane (report¬ 

ed'1* b.p. 104°C) although the refractive Index differs greatly from that 
20 reported, n^ 1.2900. 

When the above described reaction was repeated with extension of 

the reaction time to 47 hours, the organic layer was Indicated by GLC analy¬ 

sis to contain 4.26¾ dlepoxlde, 10.1¾ monoepoxide, and 85.6¾ unchanged 

diene. The Infrared spectrum showed a relatively weak peak at 6.45 microns. 

A considerable portion of the starting perf1uorooctadlene-1,7 was oxidized 

to perfluoroadlpic acid. The aqueous layer (pH 9) was taken to dryness on 

a steam bath and the residue was dissolved In dilute hydrochloric acid and 

the solution extracted with ethel ether. The Infrared spectrum of the ether 

extract corresponded to that of perfluoroadlpic acid. About 1.6 g. of solid 

material was obtained from the extract, which according to determination of 

the neutralization equivalent was 93¾ pure perfluoroadlplc acid. 

b. Chlorine-Sensitized Photochemical Oxidation 

Perfluorooctadlene-1,7 (103*4 g., 0.285 mole) was placed In the 

reaction cell described In Section III. D. 1. and Irradlated wlth ultravio¬ 

let light for 10 hours while oxygen containing about 1¾ chlorine was bubbled 

through the liquid. The perfluorooctadlene-1,7 had a boiling point of 

106-109°C and greater than 99¾ purity by GLC analysis. 



The apparatus was dried Immediately before use by purging nitrogen 

through the system while heating the mixing flask and reactor. After the 

starting material was addeJ to the reactor, Ice water was circulated through 

the cold finger and the Frledrlcks condensers; the flow of oxygen and chlorine 

was started and adjusted. A l»50-watt Hanovla 679A-36 ultraviolet lamp Inserted 

In a water-cooled Vycor Immersion well was placed about 3 Inches from the reac¬ 

tion cell. Ultraviolet Irradiation was continued until an Infrared absorption 

peak appeared at b.50 microns, Indicating formation of perfluoroepoxlde, and 

decreased Intensity of the peak at 5.6 microns Indicated the conversion of 

the dtolefin. 

After 10 hours of reaction time, Infrared analysis showed the 

appearance of absorption peaks at 5.3 microns (acid fluoride), 5.6 microns 

(CFjj-CF-) , and 6.45 microns (perfluoroepoxlde) In relative Intensities of 

0.61, 0.70, and 0.73. A GLC analysis of the crude reaction mixture, after 

standing overnight, showed the presence of about 56 g. (54¾ conversion) 

perfluorooctadlene-1,7 dlepoxlde. The gas chromatogram Indicated the 

presence of three other components In the crude mixture; 7.2¾ unreacted 

perfluorooctadlene-1,7, 15.0¾ of the monoepoxide CF «CFÍCF^CF-CF^ and 

12.1¾ of an acid fluoride. Preparative GLC was used to Isolate small amount* 

of the three main components for Identification by Infrared analysis. The 

detection of 54.5¾ dlepoxlde and 15.9¾ monoepoxide by GLC was corroborated 

by NMR analysis, which Indicated that approximately 55¾ of the terminal 

groups were epoxide groups. 

A large amount of gas was evolved during reaction and afterwards 

before work-up. The volatiles evolved during reaction and caught In the 

liquid oxygen cooled trap were shown by Infrared analysis to be carbonyl 

fluoride and silicon tetrafluorlde. 

The crude mixture was treated cautiously with 100 ml. Ice water 

washed with 100 ml. 10¾ sodium bicarbonate solution, and finally with 100 

ml. water, and then dried over sodium sulfate. 

Bromlnation was used to facilitate the separation of the olefin 

compounds from their epoxide derivatives since their boiling points are 

very close to one another. Bromine (3 ml.) was added to the mixture, 

which was allowed to stand 36 hours In the presence of light. The excess 
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bromine was removed by treatment with a sodium bisulfite solution followed 

by washing twice with water and drying over sodium sulfate. 

Distillation of the mixture using an 18 x 2 cm. Vlgreaux column 

provided the five fractions listed below: 

Amount, q. Fraction Bolling Point, *C Pressure, mm Hj 

5.38 

15.03 

10.57 

1.12 

2.02 

1M» 

142 

22 

20 

20 

47.O 

60-61 

71-72 

80-100 

125 

2 

3 

4 

5 

Fractions 1 and 2 were determined by Infrared and GLC analysis to be the 

desired perfluorooctadlene-1,7 dlepoxlde. The GLC analysis Indicated 99+¾ 

purity for both fractions. The difference In boiling points Is attributed 

to the distillation of an azeotrope with water In Fraction 1. A gas Infra¬ 

red analysis was made from Fraction 2 and found to be In good agreement 

with the gas IR spectrum of the same dlepoxlde previously prepared In 

this laboratory. 

3. Pentafluorophenyl Glycldyl Ether 

A 250-ml., 3-neck flask was fitted with a stirrer, reflux conden¬ 

ser and addition funnel. A solution of 5 g. sodium hydroxide In 100 ml. 

water followed by 18.4 g. (0.1 mole) pentafluorophenol was placed In the 

reaction flask. The flask was maintained at running tap water temperature 

throughout the course of the reaction with a circulating water bath. Dis¬ 

tilled eplchlorohydrln (14.0 g., 0.15 mole) was then slowly added to the 

stirred reaction mixture over an Interval of 45 minutes. The reaction was 

allowed to continue for 24 hours. Next, the lower organic layer was extracted 

three times with 100-ml. portions of methylene chloride. The extract was 

washed once with dll-te acetic acid solution (10 g. acetic acid In 50 ml. 

water) and then three times with water. Following this the extract was dried 

over magnesium sulfate. The methylene chloride solvent was removed by means 

of a rotovac at a temperature not exceeding 30°C. The crude product was 
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micro-diStil led and 11 g. of 98¾ pure (GLC) product was recovered boiling at 

69*C at 1.2 m. Identification of the product was confirmed by Infrared and 

elemental analysis. 

JC_ JH_ 

Calculated ^5*0 2.08* 

Found 45.0- 2.00 

4, Tetrafluoro~p~ phenyl ene Dlglyddyl Ether 

a. The sodium salt of tetrafluorohydroqulnone was prepared by 

the s 1 ow addition (3 hours) of tetrafluorohydroqulnone (9-1 g., 0.05 mole) 

dissolved In 100 ml. dry THF to a rapidly stirred suspension of sodium 

hydride (7.2 g., ^50¾ oil dispersion, 0.15 mole) In 80 ml. THF. The mix¬ 

ture was stirred an additional 1 1/2 hours after which the excess sodium 

hydride was removed by the addition of 5*0 ml. methanol, kedistllled 

eptchlorohydrtn (74.0 g., 0.80 mole) In an 8:1 molar excess was added with 

continued stirring for 26 hours at room temperature. After filtration of 

the brown colored, water soluble salts the THF solvent and excess eplchlo- 

rohydrln were flashed off using a rotovac. Two layers of Immiscible higher 

boiling liquids remained In the flask and were separated with a separatory 

funnel. Infrared and GLC analysis suggested that the top layer was largely 

mineral oil from the sodium hydride dispersion and that the bottom layer 

was 90.4¾ pure probable product. A GLC preparative separation of the bottom 

layer yielded about 700 mg. of 99.4¾ pure material. An elemental carbon and 

hydrogen analysis and molecular weight determination (VPO) provided the fol¬ 

lowing data: 

C H Mol. Wt. 

Theoretical 49.0 3*41 294 

Found 39.07 5.22 492 

NMR analysis Indicated the presence of hydrocarbon protons and of the 

oxlrane ring, but no fluorine. This material was thus shown not to be the 
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desired tetr.fluorohydroquinone dl9lycldyl ether product, but possibly e bese 

cetelyzed polymerlzetlon product of eplchlorohydrln. 

b. A procedure reported’5 for the preparation of the dlglycldyl 

ether of hydroqulnone was followed. A JOO-tnl., J-neck flask was fitted with 

w Ice water cooled reflux condenser, thermometer extended Into the react¬ 

ant, ma9n.tlc stirrer and addition funnel. The t.trafluorohydroquinone 

(19.8 9.. 0.1085 mole) was dissolved In a 2-to-l molar excess of eplchloro¬ 

hydrln (AO.2 9.. O.AJA mole) In the reaction flask with stirring at room 

temperature. The stoichiometric amount of NaOH (8.7 9.. 0.217 role) was 

dissolved In 18 ml. water and added dropwlse to the stirred reactants at 

60-86'C. A strong exotherm was observed. At the start of the NaOH addl- 

tlon, a reddish purple coloration appeared, which gradually darkened, untl 

after the addition of about three quarters of the NaOH, the reaction mix¬ 

ture solidified. The solid material would not melt, was Insoluble In water, 

acetone, ethyl acetate and 0MS0, and appears to have been a polymerization 

The tetrafluorohydroqulnone (Imperial Smelting) was subjected to 

an attempted purification by sublimation at full pump vacuum. The sublimed 

material had a broad m.p. range up to I60*C and a DCS curve Indicative of 

low purity. An elemental analysis yielded the following results: 

Found Theoretical 

C 38.88¾ 39.58¾ 

H 1.13 I-11 

F 39.02 41.75 

Analysts of the material, as received, yielded the data 

Found Theoretical 

C 39.11¾ 39-58¾ 

H 1.18 Ml 

F 37.82 41.75 

m.p. 155-1659C 168-170°C 



A DCS curve corroborated the degree of Impurity Indicated by this data. NMR 

analysis Indicated 35% purity. 

c. A 300-mi., 3"neck flask was fitted with a stirrer, Ice water 

cooled reflux condenser protected with a drying tube, and an addition fun¬ 

nel. Provision was made for a slow purge of nitrogen through the entire 

system. 

Tetrafluorohydroqulnone (18.2 g., 0.1 mole) was dissolved In a 

2-to-l molar excess of eplbromohydrln (5^-8 g., 0.4 mole) In the reaction 

flask and 75 ml. dry methanol was added. The tetrafluorohydroquinone was 

used as received. The stoichiometric amount of LIOH'I^O (8.4 g., 0.2 mole) 

was then dissolved In 130 ml. dry methanol and added dropwlse to the stirred 

reactants at methanol reflux temperature. After the addition of the base 

had been completed, the mixture was stirred and refluxed for 5 hours. The 

methanol solvent was stripped off using a rotovac and the residue was washed 

twice with water until neutral. The first washing had a pH of 10. The 

excess eplbromohydrln was removed by distillation up to 40°C/0.1mm. Distil¬ 

lation of the reaction products was then attempted using a micro distilla¬ 

tion apparatus. Fraction #1 (4.8 g.) was collected at 120-135#C/.075mm. and 

Fraction §2 (6.0 g.) at l40°-200#C/.lmm. Decomposition occurred suddenly at 

200° C with some polymerization In the receiver and the distillation was 

stopped. 

Fraction #1 solidified and had a sharp melting point at 86-87#C. 

The IR showed strong hydroxyl absorption at 2.9 microns. A titration of the 

oxirane oxygen content using HC1, pyridine and NaOH gave a value of 6.92¾. 

This suggested that the Identity of Fraction §) was the monoglycldyl ether 

of tetrafluorohydroquinone which has a theoretical oxirane oxygen content of 

6.70¾. However, an elemental analysis did not provide additional corrobora¬ 

tion for this supposition. The results were the following: 

Found Theoretical 

C 48.10¾ 45.5¾ 

H 3.42 2.5 
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Fraction #2 was found to have an pxlrane oxygen content of 2.88%, far 

below the theoretical value of 10.85% of the desired diglycidyl ether. 

Fraction #2 slowly solidified to a brownish tar. 

d. Because of the Indication of formation of the monoglyctdyl 

ether of tetrafluorohydroqulnone In the preceding reaction, the reaction 

was repeated, using an increased reaction time of 2k hours. The use of no 

excess of LIOH^O was Indicated by the first wash giving a neutral reaction 

to litmus paper. Infrared analysis of the crude reaction mixture Isolated 

from solvent, bases and salts and excess eplbromohydrin showed strong 

hydroxyl absorption at 3*0 microns. A titration for epoxide content shoved 

the absence of oxirane oxygen. A GLC analysis showed fair purity with two 

major components. The presence of strong hydroxyl absorption In the Infrared 

and the absence of epoxide groups suggested the possibility of bromohydrin 

groupings. The crude product was found to contain 22% bromine. However, the 

di (bromohydrtn) derivative of the desired product has a theoretical bromine 

content of 35.0%. 

5. Perfluoro-1,4-phenylcnc bis(dimethyl carbinol) Diglycidyl Ether 

a. Perfluoro-1 »li-phenylene bls(dimethyl carbinol)* (l8.5g<, 

O.O385 mole), m.p. 95"96°C, was dissolved in a 5:1 molar excess of epichlo- 

rohydrln (35.6 g., O.385 mole) In a 250-mi., 3"neck flask equipped with a 

drying tube. Sodium methoxide (4.6 g., 0.084 mole) In 10% excess of the 

stoichiometric amount was dissolved in 80 ml. dry methanol and added over 

15 minutes with rapid stirring to the dtol-eplchlorohydrln mixture. The 

mixture was stirred for 1 additional hour at room temperature. No solids 

formation or exotherm was noted and It was assumed that no reaction had 

occurred. This was confirmed by the recovery of the starting diol which 

melted at 85-95°C. 

b. The sodium salt of the recovered diol of the preceding section 

was prepared by reaction with sodium hydride. The diol was dissolved in 150 

ml. dry THF in the reaction flask of the apparatus described In the preceding 

it 
Received from Air Force Materials Laboratory. 
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section. Sodium hydride (3*7 g* of ca. 50¾ oil dispersion, 0.077 mole) In* 

50 ml. dry THF was slowly added with rapid stirring to the diol solution. A 

vigorous evolution of hydrogen gas resulted. The mixture was stirred an 

additional 2-3 hours at room temperature after which the excess sodium 

hydride was removed by the addition of 10 ml. dry methanol. The last part 

of this addition caused no further evolution of gas. Epibromohydrln (42.2 

g., O.308 mole) in a 4:1 molar èxcess was added via the dropping funnel with 

rapid stirring. The mixture was stirred for 15 hours at room temperature. 

A small amount of solids were filtered off, the THF solvent was stripped 

with a rotovac and the remaining material was washed twice with water. The 

excess epibromohydrln was removed using a rotovac at high vacuum with a 

water bath up to 75°C. The remaining material consisted of two Immiscible 

liquids, the clear, high boiling mineral oil from the sodium hydride dis¬ 

persion and a viscous colored material. The clear liquid was decanted off 

and the viscous residue was washed with petroleum ether. After the last 

amounts of petroleum ether were removed under vacuum with warming, the 

material was dissolved In ethyl ether, filtered, and submitted for Infrared 

and GLC analysis. The results Indicated the presence of any of the desired 

product to be unlikely. The water washings were then acidified with dilute 

sulfuric acid to find If they contained the unreacted sodium salts of the 

starting dtol. Upon acidification a large amount of white solids precipi¬ 

tated out of solution, which were filtered, washed, dried, and sublimed. 

This material (11.4 g.) was shown by Infrared analysis and melting point 

(85"92°C) to be the unreacted starting dlol. 

• c. The lithium salt of the title dlcarbinol was prepared accord- 
1 0 

Ing to the method of Tamborskl . 1,2,4,5-Tetrafluorobenzene (26.2 g., 

O.I75 mole), hexafluoroacetone (133 g>» O.8O moles) and n-butyl lithium 

(21 g., O.33 mole) In a 15¾ n-hexane solution (220 ml.) were used. Without 

Isolation, the solution of the lithium salt was added to a 4.65 to 1 molar 

excess of epibromohydrln with rapid stirring. The mixture was stirred for 4 

days at room temperature. A large quantity of lithium bromide (36.3 g.) 



precipitated out of solution. This was removed by filtration and the THF 

solvent and hexane were flashed off using a rotovac. The mixture was washed 

with water, benzene added, and subjected to rotovac treatment at reduced 

pressure up to 85°C for removal of the benzene-water azeotrope and eplbromo- 

hydrln. A yellowish solid material was recovered from the flask as an ether 

solution. Infrared and GLC analyses Indicated similarity of this material 

to that obtained earlier In a reaction between the sodium salt of the title 

dlcarblnol and eplbromohydrIn. The main GLC peak of the Impure mixture was 

not that of eplbromohydrIn and may possibly be due to a base catalyzed epl¬ 

bromohydr In polymerization product. 

6. Perfluoro-1,5-Pentanedlol Dlglycldyl Ether 

Cesium fluoride (15-2 g., 0.10 mole) was dried overnight at 130°C 

under full pump vacuum In a 250 ml. 3-neck reaction flask. Dry tetraglyme 

solvent (100.0 ml., 0.015¾ H20) was added and perfluoroglutaryl fluoride 

(24.4 g., 0.10 mole) was added dropwlse with stirring. The mixture was 

allowed to stir overnight at room temperature. This did not result In com¬ 

plete solution of the CsF. The excess perfluoroglutaryl fluoride was removed 

by subjecting the mixture to full pump vacuum for 2-3 hours. EplbromohydrIn 

(13-7 9-i 0.10 mole) was then added dropwlse with stirring at room tempera¬ 

ture and then heated to 80-909 for 8 hours with stirring. After cooling and 

removal of the solids by filtration, 250 ml. Ice water was added and a vis¬ 

cous, orange colored bottom layer was separated (19-6 g.). This was washed 

twice with 20 ml. portions of water and dried over MgSO^. Infrared analysis 

Indicated this material not to be the desired dlglycldyl ether but was sug¬ 

gestive of the hydroxy ether reaction product between the-acid and eplbro- 

mohydrln. A second run of the same reaction yielded similar results. 

7. 4.4^618 (glvcldoxy) octafluoroblphenyl 

19 a. 4,4'-Dlhydroxyoctafluoroblphenyl 

A 3-1 Iter, 3-necked flask was equipped with a magnetic stirrer, 

heating mantle, Vigreaux column and Erlenmeyer flask connected with rubber 
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Gooch tubing. DecafluorobI phenyl (150 g., 0.45 mole) was stirred In 720 ml. 

of refluxing t"butyl alcohol (82.9°C) while powdered 90¾ potassium hydroxide 

(135 g., 2.0 moles) was cautiously added from the Erlenmeyer flask over an 

Interval of 2 hours. A vigorous reaction resulted. The stirred mixture was 

heated at reflux an additional hour and then one liter of distilled water 

was added. The mixture was left standing overnight after which the t-butyl 

alcohol was distilled off under reduced pressure and 350 ml. of cone, 

hydrochloric acid was added. The resulting solution was ether extracted, 

the extracts dried over MgSO^, and the ether flashed off using a rotary 

evaporator. The amount of crude product obtained was 156.1 g. with m.p. 

202-208°C. This material was recrystal 11 zed twice from toluene to give 

4,41-dIhydroxyoctafluoroblphenyl (73-5 g.» 0.224 mole) with an m.p. 204-207 C 

In 49.7¾ conversion. The reported3 m.p. Is 202.5-205.5°C. An Infrared spec¬ 

trum of the product was consistent with the structure of the desired com¬ 

pound. Elemental analysis yielded the following results. 

Found Theoretical 

%C 43.76 43.70 

%H 0.63 0.61 

Only a single spot was observed when this material was analyzed by thin 

layer chromatography. An additional 20.8 g. of less pure material was 

obtained from the filtrate of the first recrystallization. 

b. 4,4l-Bls(glycldoxy)octafluoroblphenyl 

A 500-ml., 3-neck flask was fitted with a VIgreaux column, addition 

funnel, and magnetic stirrer. A^'-Dlhydroxyoctafluoroblphenyl (33*0 g., 0.1 

mole), eplchVorohydrln (92.5 g.» 1.0 mole), acetone (92.5 9*) 8°^ water (12 

g.) were added to the flask. A 20¾ aqueous solution of NaOH (8.8 g., 0.22 

mole) was added In six equal Increments with stirring at reflux with 15 min. 

reaction time between each addition. After the fifth and sixth additions, 

the aqueous phase was separated and discarded. The excess eplchlorohydrln 

was removed using a rotary evaporator at full pump vacuum up to 80°C. 
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Attempts at recrystallization of the oil residue from methanol and ethanol 

were not successful. The Infrared spectrum of the crude product, after 

removal of the alcohol, showed strong hydroxyl absorption at 3>0 microns, 

Indicative of the presence of chlorohydrln. The material finally obtained 

(11.5 g.) was Insoluble In methanol or ethanol and decomposed at 235~2^5SC, 

Indicating that polymerization had occurred. 

A 250 ml., 1-necked flask was fitted with a Vigreaux column, addi¬ 

tion funnel and magnetic stlrrer. ^V-Dlhydroxyoctafluorobtphenyl (1^.8 

g., 0.045 mole), eplchlorohydrin (41.6 g., 0.45 mole), acetone (45 g.) and 

water (100 g.) were added to the flask. The mixture was brought to reflux 

with stirring and a 20% aqueous solution of NaOH (4.0 g., 0.10 mole) was 

added in six equal increments with 15 min. reaction time between each addi¬ 

tion. After the fifth addition and reaction period, the aqueous phase was 

separated and discarded and after the final caustic addition and reaction, 

100 ml. of water was added, shaken with the mixture and separated. The 

aqueous phase had a neutral pH. The excess eplchlorohydrin was removed 

using a rotary evaporator up to 160°C at 1 mm. Ethyl alcohol was added to 

the residual oil In an attempt to crystallize the product. A small amount 

of white, waxy precipitate was obtained with m.p. 65-66°C and intense infra 

red hydroxyl absorption at 2.95, 7*92 and 9.10 microns. Further purifica¬ 

tion by sublimation was carried out and 1.0 g. of material with m.p. 65-66°C 

(the reported^ m.p. is 75~77*C) was obtained. Infrared analysis again 

showed Intense hydroxyl absorption at 2.95 microns as well as absorption 

bands reported^ for the desired product. Oxirane and elemental analyses 

yielded the following results. 

Found Theoretical 

*C 46.23 48.88 

*H 2.21 2.28 

% 0x1 rane Oj 4.68 7*24 

%C] 6.20 0.00 

A thin layer chromatogram showed two large spots and two smaller ones. 
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The ethanol filtrate containing the major portion of the crude 

„ter... was stripped of ethanol. A separation of the desired product from 

hydroxyl containing materia, was attempted, without success by chromato¬ 

graphy using a column of neutral aluminum oxide for adsorption of h droxy 

containing components. Finally, the crude material was sublime tw ce an 

H . Of whU. solid was obtained with m.p. 55-60*C and Infrare absorp Ion 

, 0 microns. This materia, was .„<«ed to react with a «».chlome 

amount of powdered KOH (,.0 g.) In ethylene glycol based upon^.n an.ly^ 

. f ¿ o? After reaction for 30 min. at 70 • 
chlorine content of o./î* 

i A..** ill 6 a 1 was collected from a sublimation 
vacuum was applied and the product lA.b g.J was cu. 
cold finger. The Infrared spectrum showed the absorption bands reported o 

the product as w.,1 as hydroxy, absorption at 3.0 microns. Th« melting 

point was 7I-75-CI reported 75-77-C. Elemental analysis yielded the follo 

lng data. 

Found Theoretical, 

*C 

% Oxlrane 0 2 
*C1 

1*8.03 

2.26 

6.70 

0.00 

1*8.88 
2.28 

7.24 

0.00 

£, fluorlne-Contalnlng Silanes 

), ^.3.3-(Trlfluoropropyl^methylsllane. 

A 500-ml.. 3-neck fl.sk was equipped with a magnetic «t'"* • “ 

„on funnel and reflux condenser protected with a drying tube. Anhydro s 

.thy, ether (100 ml.) was pieced In the flask and small Increments of I , 

T 3# 3-^ H f 1 uo rop ropy 1 ) me thy 1 d Ich 1 o ros 11 a ne (83-2 g., 0.394 mole, 96¾ purUy 
i,},3 v.rii iw K rf addition was completed, 
by 6LC) was added dropwlse with stirring. amounts 

Y .* «t reflux for an additional 2 hours. Small amounts 
the mixture was stirred at reflu followed 
of water were cautiously added for the removal of the excess 4 
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by addition of 88 ml. of 50¾ H^O^. The lower aqueous layer was extracted 

with 200 nl. of ethyl ether and the extracts were combined with the upper 

ether layer. The ether solution was distilled through a 2^ Inch, packed, 

silvered column. The system was kept under a nitrogen atmosphere. 

3i3,3~(Trlfluoropropyl)methylsllane (7*9 g.» 0.0556 mole) of 99+¾ purity 

(GLC) was collected In a conversion of only 1^.1¾. The product had a boil¬ 

ing point of 58.2#C and refractive Index nj° l,3M0; the reported23 physical 

data are b.p. 58.2#C/758mm, n20 1.3^08 and dj° 1.3^08. GLC analysis Indi¬ 

cated that the pot residue had six major components which eluted at tem¬ 

peratures up to 230°C. 

A distillation of this material using a 12" packed, heated column 

with a micro distillation head yielded an additional 3«5 g* (at 58-59*0 of 

3.3.3_(trlfluoropropyl)methylsIlane of 98+¾ purity (GLC) having an IR spec¬ 

trum (Fig. 15) Identical to that of the product obtained In the first 

distillation. A total of 11.4 g. (0.0003 mole) of product was obtained In a 

conversion of 20.4¾. A compound (5-7 g-) of 99+¾ purity (GLC) was collected 

at 8l*C/24mm and was found to have 33.22¾ carbon, 5-40¾ hydrogen, and a 

molecular weight of 392. The Infrared spectrum of this compound (Fig. 16), 

which remains unidentified, Is very similar to that of the desired product. 

2. 3.3.3-(TrlfIuoropropyl)methylchlorosllane 

Following a reported method, powdered, dried AgCl was slowly 

added to 3,3,3”(trlfluoropropyl)methylsilane. The stoichiometric amount of 

AgCl (7.9O g., O.O556 mole) was added In small Increments over a period of 5 
hours with stirring at room temperature to 3,3,3-(trlfluoropropyl)methylsi- 

lane (7.90 g., 0.0556 mole). Both reactants were kept under a nitrogen 

atmosphere. The product was Isolated by distillation using a micro-VIgreaux 

distillation column and head. 3,3,3”(Trtfluoropropyl)methylchlorosllane 

(5.0 g., 0.0284 mole) of 99.0¾ purity (GLC) was collected In a conversion of 

51.0¾. An elemental analysis yielded the following data. 
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Found Theoretical 

C 2?.5U 27.20¾ 

H 1».35 4.52 

21 
The product had a boiling point of 9i*0C, refractive Index n^ 1.367**» 

Infrared absorption (Fig. I7) at **.58 microns. The reported constants for 
20 

this compound are b.p. 96.5°C/7**6mm, np 1.3651. 

3. 3“(Heptafluorolsopropoxy)propylmethylsllane 

(CFj^CFOC^Cl^Cl^Sl (CHjKlg was reduced using lithium aluminum 

hydride by the slow addition of the silane to a stirred solution of LIAIH^ in 

tetraglyme solvent. 

A 200-ml., 3"neck flask was fitted with an Immersion thermometer, 

addition funnel, an ice-water cooled reflux condenser with drying tube, and a 

slow purge of nitrogen was maintained throughout the reaction. The UAIH^ 

(3.9 g.» 0.102** mole) In about 20¾ excess was added to the reaction flask 

followed by the cautious addition of 75.0 ml. of dry tetraglyme (0.019¾ H^O). 

After the LIAIH^ was dissolved In the solvent, 3~(heptaf1uorolsopropoxy)- 

propylmethyld!chlorostlane (57.6 g., 0.1685 mole) was added dropwtse with 

stirring over an Interval of **5 minutes at 60 to 90°. The mixture was 

stirred at 6O-7O0 for an additional 3 hours. The product was Isolated by 

distillation from the reaction flask using a mlcro-VIgreaux column and 

reduced pressure. Aptezon grease was used on all ground glass joints. 

3“(Heptafluoro!sopropoxy)-propy1methy1sl lane (33*6 g., 0.12** mole, M.W. 

272) was collected at 53.0#C/68mm In 99^ purity (GLC) In a conversion of 
25 

7k.0%. The refractive index of this previously unreported compound Is n^ 

1.3325. An elemental analysis yielded the following data: 

Found Theoretical 

%c 31.06 30.9 

%H **.00 *1.05 
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Strong Sl-H absorption appeared In the Infrared spectrum at ¡*.69 microns 

(Fig. 18). NMR analysis (Appendix 0 confirms the Identity of this compound. 

4, 3-(Heptaf1uorol sopropoxy)propyl me thy1ch1orojjjan£ 

The title monochlorodlalkylsllane was prepared from 3-(heptafluoro- 

lsopropoxy)propy1methy1sllane, described In the preceding section, by a dis¬ 

placement of hydrogen by chlorine using AgCI. 

Sliver chloride (l6.l«5 g., 0.1U8 mole) was added In small 

Increments over an Interval of about 10 hours at room temperature with stir¬ 

ring to 3-(heptafluoro!sopropoxy)propylmethy1s!lane (31.2 g., 0.11^8 mole). 

Stirring was continued overnight. The AgCI was powdered and dried Immedi¬ 

ately before use. Anhydrous conditions were maintained and a nitrogen 

atmosphere was kept over the reaction. Aplezon grease was used on all 

ground glass Joints. 

The product was Isolated by fractional distillation at reduced 

pressure. 3-(Heptafluorolsopropoxy)propy1methylchlorosllane (29.5 9-, 

0.0963 mole) was collected at 75.0#C/50mm In a conversion of 8^.0¾. GLC 

analysis Indicated 98.9¾ purity and the Infrared spectrum (Fig. 19) showed 

strong Sl-H absorption at 4.62 microns. An elemental analysis yielded the 

following data: 

*C 

3>H 

Found 

27.8 

2.84 

Theoretical 

27.4 

3.26 

25 
The refractive Index of this previously unreported compound Is nD 1.3526. 

NMR analysis provides confirmation of the structure of this compound (Appen¬ 

dix C). 



F. Nitroso Compounds 

1. 2-Nltrosoperfluoropropane 

Following a reportad25 procedure, hexafluoropropene (32 9.. 0.213 

»1«) was condensed Into an 80-ml. autoclave which contained 7 g- and 25 

tetraniethylene sulfone (Sulfolane). The KF was pcvdered and dried and 

the Sulfolane was purified using a reported25 procedure. Caution was taken 

to nalntaln anhydrous conditions. After the hexafluoropropene was condensed 

Into the liquid oxygen cooled, evacuated autoclave, nltrosyl fluor.de 03.5 

g 0 28 mole) was added. The contents were shaken for 3 hours at 30-35 C. 

Thé volatile reaction products were bubbled through a concentrated sulfuric 

acid gas scrubber Into an evacuated, liquid oxygen cooled, evacuated cylin¬ 

der. The amount of volatile reaction products collected was 26.8 g. Puri¬ 

fication was attempted by distillation through a 2V packed column using 

Dry Ice-acetone coolant In the condenser of the distillation head. A quan¬ 

tity of material was collected having the dark blue color characteristic o 

nitroso compounds. Infrared analysis of the distilled material showed 

strong nitroso absorption at 6.30 microns and also trtfluorovlnyl absorpt.on 

at 5.65 microns. Attempts at further separation were not made. 

2. 2.7-Dinitrosoperfluorooctane 

a. Purified, dry tetramethylene sulfone (Sulfolane, 30 ml.), 

powdered, dry KF (8 g.), and perfluorooctadlene-1,7 (^.5 9-, 0-123 mole) 

were placed In an 80-ml. autoclave under anhydrous conditions. Nltrosyl 

fluoride (21.1 g., 0.A3 mole) was then condensed Into the evacuated, 10X 

cooled autoclave. The reactants were shaken at 30-35"C for 9 hours. After 

venting the volatiles from the autoclave, the liquid phase was filtered or 

removal of the KF and the upper light blue solvent layer and bottom dark 

blue product layer (63-0 g.) were separated. Infrared analysis Indicated 

that the layers were, In fact, Immiscible and that the dark blue product 

layer had strong nitroso absorption at 6.25 microns and also trtfluorovlnyl 

absorption at 5.60 microns. A careful fractional distillation at reduced 
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pressure through a 12" packed, heated column was used In an attempt at 

Isolation of pure compounds. The pressure was adjusted so that the 

distillation temperature was never higher than 55°C. Infrared and GLC 

analyses were made Immediately after the distillation to minimize the 

effects of degradation upon the analytical results. Evolution of a brown- 

Ish gas, suggestive of decomposition, was observed In two of the fractions; 

the materials were stored In brown bottles and refrigerated for Increased 

stability. GLC Indicated many components, e.g., 5 or 6, to be present In 

each of the 7 fractions, and IR showed nitroso and trlfluorovlnyl absorp¬ 

tion In varying degrees in each fraction. Fraction #6 with b.p. 50"55°C/ 

44mm was subjected to preparative GLC for Isolation of its three major 

components. The third peak was isolated In 87¾ purity (GLC). Its IR 

spectrum showed strong nitroso absorption at 6.20 microns and strong trl- 

fluorovlnyl absorption at 5.60 microns. NMR analysis (Appendix C) Indi¬ 

cated the compound to be 90¾ pure 2-nltrosoperfluorooctene-7. The 

Infrared spectra of the three components Isolated by preparative GLC 

showed decreasing nitroso absorption and Increasing trlfluorovlnyl absorp¬ 

tion In order of peak elution, suggesting that the dinltroso compound may 

be eluted from this column (W-95) before the mononltroso adduct. 

b. Powdered, dry KF (7 g.) and dry tetraglyme (25 ml., 1.03¾ 

H2O) were added to an 80-ml. autoclave under anhydrous conditions. Per- 

fluorooctadlene-1,7 (38.4 g., O.IO6 mole) was added and nltrosyl fluoride 

(13.5 g., 0.276 mole) was condensed Into the autoclave after cooling to 

liquid oxygen temperature and evacuating. The reactants were shaken at 

30-350 for 14 hours. After venting the volatiles from the autoclave, the 

KF was filtered from the liquid, which formed two Immiscible layers. The 

lower, dark blue product layer (34.4 g.) was shown by Infrared and GLC 

analysis to be Immiscible with the upper, light blue tetraglyme layer. 

The IR spectrum of the crude product showed Intense nitroso absorption at 

6.23 microns and only weak trifluorovlnyl absorption at 5-60 microns. The 

relative absorption Intensities of the respective peaks were In a ratio of 

about 20 to 1. Improved GLC resolution of the three major components of 

the crude product was achieved using a 15¾ PF0X column. Preparative GLC 



was used In the separation of these components since fractional distillation 

In the preceding run suggested that distillation caused extensive decomposi¬ 

tion. 

2,7-Dlnltrosoperfluorooctane (8.0¾ g., 0.017^5 mole) was collected 

as the third peak In a conversion of 16.GLC analysis Indicated a purity 

of 96.6¾ and NMR (Appendix C) analysis 96-98¾. The Infrared spectrum showed 

(Fig. 20) Intense nitroso absorption at 6.23 microns. NMR analysis provided 

confirmation of the structure of this compound (Appendix C). 

Characterization of the compound as 2,7-dlnltrosoperfluorooctane 

was further corroborated by elemental analysis: 

Found Theoretical 

%i 20.37 20.85 

¾N 6.58 6.10 

NMR and GLC analyses were not In agreement In regard to the purity 

of the components eluted as the first two peaks and their Ident ty has not 

been established. 

6. Perfluorlnated 01 Isocyanates 

1. oçnçf2cf2oçf2ç^2nço 

a. PerfIuorooxydI propionyl fluoride (79*6 g.» 0.256 mole) was 

added dropwlse to an "activated" sodium azide suspension Jn dry xylene with 

rapid stirring at Ice bath temperature. Stirring was continued at room 

temperature for about 18 hours. The reaction flask was then fitted for a 

simple distillation with an Ice water cooled condenser and receiver Immersed 

in a dry Ice-acetone bath. The mixture was then heated cautiously, using a 

hot water bath, until at 80-100°C rapid evolution of nitrogen was observed, 

indicating rearrangement of acyl azide to Isocyanate. Finally, the temper¬ 

ature of the pot was Increased to 125° to obtain the last amounts of crude 

product (81.6 g.). This material was subjected to fractional distillation 

for purification. 
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A iliMKtt! 

Infrared and GLC analysis indicated the major Impurity In the last 

collected fractions to be the monolsocyanate-acyl fluoride compound. The 

last five fractions were redistilled and 5*1 9* material, Indicated by 

Infrared and GLC analysis to be the desired product, was collected at 95°C 

as a second fraction. The purity was 96.8% by GLC analysis and 98¾ by NMR 

analysis (Appendix C). An Infrared spectrum of this compound Is shown In 

Fig. 22. Elemental analysis Is shown below. 

Found Calculated 

%C 25.98 23.95 

%H 0.3¾ 0.00 

%N 9.02 9-35 

b. Partially reacted material recovered from the above experi¬ 

ment (37.*» g.) and containing both acid fluoride and Isocyanate groups was 

dissolved In Freon 113 (15 ml.). The solution was added dropwlse with 

stirring at 0° over 30 min. to activated sodium azide (7.8 g., 0.12 mole) 

suspended In benzonttrile (40 ml.). Stirring was continued at room temp¬ 

erature for 41 hours until acyl fluoride carbonyl Infrared absorption at 

5.3 microns was weak and acyl azide carbonyl absorption at 5*75 microns was 

strong. The acyl azide-isocyanate rearrangement was then carried out In an 

apparatus set up for a simple distillation, using an Ice-water cooled con¬ 

denser and receiver Immersed In a dry Ice-acetone cold bath. Rapid evolu¬ 

tion of nitrogen occurred upon heating to 110-120°C with stirring and the 

crude product was distilled over Into the receiver. Fractional distillation 

gave product (13.7 g.) boiling at 99-100°. Purity by GLC was 95-9¾. 

Elemental analysis Is shown below. 

Found 

*C 24.39 

%H 0.00 

%U 9.50 

Calculated 

23.95 

0.00 

9.35 
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2. OCNCF(CF3)Q,(CF2)^OCFjÇF3)NCO and Isomer 

Sodium azide was activated immediately before using according to 

a reported28 procedure as follows: sodium azide (60 g.) was moistened with 

2.5 ml. of 90¾ hydrazine hydrate and ground In a mortar until homogeneous. 

After standing overnight it was dissolved In a minimum amount of hot water 

(ca. 120 ml.). About 2.5-3-0 1. of cold acetone was added and the mixture 

was allowed to stand for one hour. The precipitated NaNj was filtered, 

washed with acetone and air dried. The cake was crushed in a mortar and 

dried for a short time under full pump vacuum. The yield was 50.3 9- 

0E0AF (134.9 9-, 0.234 mole, 87¾ purity) was dissolved in 117 ml. 

Freon 113 and added dropwtse with stirring over 2 1/2 hours to activated 

NaN (38.0 g., 0.585 mole) In 117 ml. dry acetonitrile in a cold water bath. 

Infrared analysis showed azide absorption at 4.6 microns and azide carbonyl 

absorption at 5.8 microns with no acyl fluoride carbonyl absorption at 5-3 

microns. The NaF was removed by washing with 100 ml. water, 100 ml. 

saturated NaHCOj solution and again with 100 ml. water. The azide solution 

was dried overnight over MgS04. The infrared spectrum of the DlEther 

DiAzide (DEDAZ) is shown in Figure 23* 

The azide solution was slowly added to 100 ml. toluene at reflux 

with stirring. As the rearrangement proceeded with evolution of nitrogen, 

the lower boiling solvents were distilled off. After the addition of the 

azide solution was completed, the reaction was heatedJ? 100-110°C for 1 

hour. After cooling, the lower product layer (69.3 9») was separated from 

the upper toluene layer. Distillation through a Vigreaux column yielded an 

Isomer mixture of only 73-9¾ purity (GLC). A second distillation using a 

heated, packed column Increased the purity to 87-7¾. A final distillation 

through the same column yielded a third fraction (b.p. 66.0-67-0° C/4.0 mm, 

95.1¾ purity) of 27.6 g. (0.0488 mole). Conversion based on this fraction 

was 20.8¾. The Isomer ratio was 7:1 sym:unsym. The Infrared spectrum 

(Figure 24) shows Isocyanate absorption at 4.35 microns. The following 

elemental analyses were obtained: 



Found Theoretical 

%C 22.51 23-3 

%H 4.72 '».S'» 

3. 0CNCF(CF3)0CF:CF(CF3)0(CF2)50CF(CF3)NCQ and jsoneji 

A 3-necked, 1-1 flask was fitted with a 500 ml. addition funnel, 

stop-cock vent with drying tube and magnetic stirrer. Freshly "activated" 

dry sodium azide (51.2 g., O.788 mole) In a 5¾ molar excess and 200 ml. dry, 

redistilled acetonitrile solvent were placed In the dried apparatus. TEDAF 

(TrIEther DlAcId Fluoride, 278.5 9-, 0.375 mole) In 200 ml Freon 113 was 

added dropwlse with rapid stirring over 7-5 min. at Ice bath temperature. 

The TEDAF was purified by fractional distillation and collected at 118-119 C/ 

55 m. GLC analysis Indicated 95.8¾ purity. The Ice bath was removed and 

stirring continued for 10 hours. Infrared analysis showed complete acid 

fluoride-sodium azide reaction, l.e., azide absorption at 4.58 microns and 

azide carbonyl absorption at 5.7 microns. Sodium fluoride and unreacted 

sodium azide were removed by washing with water, saturated sodium bicar 

bonate solution and twice more with water. After drying over MgSO^, a water 

analysis indicated 0.07¾ water In the reaction mixture. The Infrared spec¬ 

trum of the TEDAZ (TrIEther DjAzide) intermediate is shown In Figure 25. 

The reaction flask was fitted with an Immersion thermometer, simple distil¬ 

lation head with Ice-water cooled condenser and stop-cock vent with drying 

tube; the take-off was connected to a liquid oxygen cooled trap and then to 

a nujol bubbler. The TEDAZ solution was placed In the dried flask along with 

400 ml. toluene and the mixture was heated cautiously with stirring. Rapid 

evolution of nitrogen occurred around 100®C, after the Freon 113 had dis¬ 

tilled Into the receiver. Heating was stopped and the mixture was cooled 

after evolution of nitrogen had stopped. The contents of the flask separated 

Into two layers, a bottom product layer (197«3 9«) and aP upper toluene 

layer, shown by GLC analysis to contain little product. Fractional distilla¬ 

tion was used for purification of the crude product giving 120.0 g. of 

product boiling at 916/8 mm; indicated by GLC analysis to be 91.3¾ pure. A 

second fractional distillation of this material gave a fraction boiling 

-68- 



at 95.0-95.5o/6 mm. (7^.8 g.) and a fraction boiling at 95.5-96.0#C/6 mm. 

(19.9 g.). GLC analysis indicated that the 95-95.5° fraction was 9^-8¾ 

pure and the 95-5-96° fraction 96.2¾ pure. The Infrared spectra of these 

two fractions were identical. The spectrum of the higher boiling fraction 

Is shown In Fig. 26. A vapor phase osmotic molecular weight determination 

of this fraction gave a result of 726; the calculated molecular weight of 

TEDI, ,s 732, Ele"60131 analysis of the same fraction yielded 

the following results: 

Found Theoret1 cal 

%C 23.08 22.98 

¾N 3.95 3.82 

H. Reactions of Perfluorolsobutylene Oxide 

With Perfluoroglutaryl Fluoride 

a. Cesium fluoride (0.38 g.) was added to a 50-ml., one-neck 

flask containing a magnetic stirring bar. The CsF was dried under vacuum at 

200°C overnight. The flask was cooled and dry diglyme (10 ml.) and perflu- 

oroglutaryl fluoride (PFGF) (3-2 g., 13.1 mmoles) were added In a glove bag. 

The flask was connected to a glass manifold and hexafluoropropylene oxide 

(HFPO) was charged at room temperature Into the stirred flask contents via 

a low-pressure regulator at 5-6 psig delivery pressure. The HFPO was taken 

up rapidly, indicating the system to be reactive. The HFPO cylinder was 

replaced by a cylinder containing 19 g. perfluoroisobutylene oxide (PFIO). 

The PFIO was charged at a delivery pressure of 5-6 psig into the flask, but 

was not taken up by the system. The flask temperature was varied from 0° to 

50° and the delivery pressure varied from 2 to 8 psig, but no reaction took 

place, as evidenced by the absence of pressure drop in the closed system 

and negligible weight loss from the PFIO cylinder. 

b. Cesium fluoride (2 g.) was dried overnight under vacuum at 

Fischer-Porter bottle containing a magnetic stirring bar. 200° In a 200-ml., 



Dry diglyme (50 ml.) and PFGF (16.8 g., 0.069 noie) were added and PFIO (16 

g.i 0.074 mole) was condensed into the bottle. The contents were stirred at 

room temperature for 14 hours. The pressure dropped from 10 pslg to 0 pslg. 

Additional PFIO (10 g., 0.0463 mole) was condensed In and the mixture stirred 

for 7 hours at room temperature. The pressure dropped only slightly from 3 

pslg. Infrared analysis of the reaction overgas shaved no epoxide remaining. 

The volatile portion (6.5 g-) was removed on a vacuum line and was found to 

contain carbonyl fluoride by Infrared analysis. The lower (product) layer 

(17 g.) wss separated from the upper (diglyme) layer. Analysis of the crude 

product by GLC revealed one major peak, greater than 90¾ purity (47¾ conver¬ 

sion based on PFGF). Infrared analysis showed typical acid fluoride absorp¬ 

tion at 5.32 microns, but differing from the Infrared spectrum of 

perfluoroglutaryl fluoride. Distillation of the crude product under dry N2 

yielded a fraction (8.73 9-) boiling at 106-111° (no higher boilers removed', 

which was Identified by NMR (Appendix C) as the 1-to-l adduct, 

G CF3 0 

FC-j-O-iCF^-CF (F.W.-460) 

CF3 

Anal. Caled, for CjF^O^: %t, 23.48. Found: %t, 23.50. 

An Infrared spectrum of this compound Is shown in Fig. 28. 

c. Cesium fluoride (5.8 g., O.O38 mole) was dried overnight under 

vacuum at 190°C In a 200-mi. Fischer-Porter bottle having a magnetic stirring 

bar and a 100 pst pressure gauge. Dry diglyme (50 ml.) and perfluoroglutaryl 

fluoride (PFGF, 27.7 g., 0.1135 mole) were added to the cooled bottle under 

nitrogen In a glove bag. A 3-to-1 molar ratio of PFGF to cesium fluoride was 

used. Perf1uorolsobutylene oxide (PFIO, 60 g., 0.278 mole) was condensed 

Into the bottle In Increments over an Interval of 8 hours until Infrared 

analysis Indicated unreacted PFIO continued to be present In the overgas. A 

maximum pressure of 25 psl was reached and the final pressure was 10 psi. 

The primary volatile product recovered was 97¾ pure (GLÇ) perfluoroisobutyryl 

-70- 
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fluoride (1*0.6 g., 0.188 mole). A lower product layer (W.5 g.) was separ¬ 

ated from the dlglyme layer and distilled under nitrogen. The J-to-l adduct 

0 0 
FCC(CF )20(CF2)Jf (17.7 9., 0.0385 n«le, ^90¾ by GLC) was separated In a 

fraction boiling at 103"110°C. The Infrared spectrum of this material was 

Identical with that of an earlier sample of this compound. Another reaction 

In a 300-ml. autoclave yielded 95 g. perfluorolsobutyryl fluoride (0.M* 

mole) and 9.5 g. of the 1-to-l adduct (0.0205 mole) of 78.5¾ purity by GLC. 

The quantities of reactants used were 99-5 g. (0.^6 mole) PFI0, 56.1 g. 

(0.23 mole) of PFGF, and 7 g- cesium fluoride. 

2. With Carbonyl Fluoride 

Cesium fluoride (30 g.) was dried overnight at 250*C under vacuum 

and placed together with dry dlglyme (75 ml.) Into a 300-ml. autoclave under 

anhydrous conditions. The autoclave was evacuated and charged with carbonyl 

fluoride (65 g., 1.0 mole) followed by perfIuorolsobutylene oxide (100 g., 

0.1*6 mole). The reactants were heated to 75#C for 5 hours with rocking. The 

volatile products were then removed from the autoclave and purified by a 

trap-to-trap distillation followed by a low temperature fractional distilla¬ 

tion of the contents of the Ice water and dry Ice-acetone traps. A 60-g. 

quantity of perfluorolsobutyryl fluoride (96% purity by GLC) boiling at 

1l-l8°C was Isolated. Identification of the material was confirmed by Infra¬ 

red and NMR analysis. No other products from the reaction were identified. 

3. With Trlfluoroacetyl Fluoride 

Dry cesium fluoride (30 g.) and dry dtqlyme (75 ml.) were placed 

In a 300-ml. autoclave under anhydrous conditions The autoclave was then 

charged with perfluoroisobutylene oxide (129 g.. 0.5 mole) followed by trl¬ 

fluoroacetyl fluoride (120 g., 1.0 mole). The reactants were heated to 75eC 

with rocking for 7 hours until the disappearance of epoxide was indicated by 

Infrared analysis. The volatile materials from the reaction were condensed 

Into a cylinder and subjected to a trap-to-trap distillation, infrared 

analysis Indicated that the contents of the -25°, "75° and -183°C traps 
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consisted of a mixture of perfiuorolsobutyryl fluoride and trifluoroacetyl 

fluoride. A low temperature distillation (head temperature -1|0#C) of the 

combined mixtures of the three traps resulted In the isolation of 121 g. of 

a mixture of trifluoroacetyl fluoride and perfIuorolsobutyryl fluoride and 

50 g. perfIuorolsobutyryl fluoride. The liquid contents of the autoclave 

were removed and separated Into two layers, an upper diglyme layer and a 

bottom layer (17 g.). The bottom layer was subjected to a distillation 

using a micro Vlgreaux column and separated Into three fractions boiling at 

56, 62, and 6^0, each having 87¾ purity (GLC). Identification of the frac¬ 

tion boiling at 62°C as perfluoro-a-ethoxylsobutyryl fluoride Is suggested 

by its Infrared spectrum, but NMR analysis indicated that the grouping 

^2^5®" not Present sarople* 

0 0 
L! II 

A. With FCC(CF3)20(CF:),|CF 

An attempt was made to add perfluorolsobutylene oxide to the pre¬ 

viously prepared 1-to-l adduct of perfluoroglutaryl fluoride and perfluoro- 

isobutylene oxide, 

0 CF, 0 
! ! 3 (I 

FC-C-0-(CF2)4CF (F.W. « 460) 

The epoxide (15 g., 0.0695 mole) was condensed into a 100-mi. Flscher-Porter 

tube containing the l-to-1 adduct (8.73 9*» 0.019 mole), cesium fluoride 

(O.87 g.)» and diglyme (30 ml.). The tube was shaken at room temperature 

for 7 hours, after which time Infrared analysis showed no epoxide remaining 

In the reaction overgas. The volatile portion (9.0 g.) which was separated 

from the diglyme layer was shown by GLC to consist of three compounds. These 

were tentatively Identified by their Infrared spectra as perfIuorolsobutyryl 

fluoride (major component), perfluorocyclopropane, and carbonyl fluoride. 

The liquid product mixture (7*07 g.) was separated from the diglyme layer and 

distilled to give 5«73 g- of the l-to-1 adduct starting material along with 

'72- 



0.66 g. of material boiling from 60 to 130°C at 20 mm. pressure, which 

appeared by Infrared analysis to be hydrolyzed starting material. 

I. NI tri les 

1. Perfluorol sobutyronltri1e 

a• PerfluoroIsobutyryl Fluoride 

PerfluoroIsobutylene epoxide (103 9-. 0.1*77 mole) was heated in an 

autoclave for 5 hours at 75cC In the presence of cesium fluoride (l g.) and 

dlglyme solvent (5 ml.). Appropriate precautions were taken for the main¬ 

tenance of anhydrous reaction conditions. The cesium fluoride was dried 

overnight at 200°C under vacuum, dry dlglyme was used and transfer to the 

autoclave was done In a glove bag under nitrogen. The reaction was continued 

until the disappearance of the epoxide Infrared absorption peak at 6.52 

microns. After 4 hours this Infrared peak was still present. Perfluorolso- 

butyryl fluoride (89.1* g., 0.1*11* mole) was recovered from the autoclave hav¬ 

ing 97.5¾ purity (GLC) without purification. Conversion was 84.7¾. An 

Infrared spectrum Is shown In Fig. 29- 

b. Perfluorolsobutyramlde 

Perfluorolsobutyrami de was formed by the reaction of perfluoro!so- 

butyryl fluoride with liquid ammonium In ethyl ether solvent. Perfluoroiso- 

butyryl fluoride (87.6 g., 0.1*0l* mole) war condensed (b.p. 12-18°C) Into a 

cylinder In which 300 ml. of dried ethyl ether had been placed. The liquid 

ammonia (335 g-. 20 moles) v/as placed In a 1-llter, 3~neck reaction flask 

cooled In a dry Ice-acetone bath and equipped with an inlet tube above the 

liquid, stirrer and dry Ice-acetone cooled reflux condenser. The acid 

fluoride solution was slowly added to the flask over a period of 3 hours with 

stirring, after which the cooling bath was removed and reflux was permitted 

for 1 hour. The ether solution was then filtered for removal of the solid 

ammonium fluoride and the solvent removed by stripping using a Rinco 



evaporator. About 63*5 g. of orange brown residue was obtained which had 

an m.p. range of 66-t35°C. This material was recrystalllzed from benzene- 

toluene solution and yielded 25.^* g. (0.119 mole) of perfluorolsobutyramide 

In a conversion of 29.5%* The melting point of the product was 50.0 C and 

the purity was Indicated by GLC to be 98+¾. The Infrared spectrum (Fig. 30) 

had strong absorption peaks at 3*0 (doublet) and 5*8 (broad) microns, Indi 

eating an amide group. An elemental analysis provided the results listed 

below: 

%C 

Calculated 22.2 0.92 6.57 

Found 20.¾ 0.92 6.¾¾ 

Conclusive proof of structure was obtained by the use of this compound to 

prepare the nitrile derivative described below. 

c. Perfluorolsobutyronltri le 

Phosphorous pentoxlde (85.2 g., 0.60 mole) was Intimately 

mixed with dry, powdered perfluorolsobutyramlde (25.3 g*. 0.119 mole) and 

placed In a 250-ml., 1-neck reaction flask In a glove bag under nitrogen. 

The apparatus was set up as In a simple distillation and a dry Ice-acetone 

cooled condenser and receiver bath were used. The reactants were heated at 

225-250°C for 2 1/2 hours after which the product (20.9 g.» 0.107 mole) was 

condensed Into an evacuated cylinder. Without further purification, GLC 

analysis (35¾ PF0X) Indicated a purity of 99.6%. The Infrared spectrum 

(Fig. 31) showed strong absorption peaks at 7*61, 7.91» 8.59» 9«30 and 10.11 

microns, as well as nitrile absorption at 4.39 microns. A molecular weight 

determination by vapor density resulted In a measurement of 195 coinciding 

exactly with the theoretical value. The Identification of the product as 

perfluorolsobutyronltri le Is further established by NMR analysis (see Appen 

dix C) consistent with the postulated structure. Conversion was 90% (17-5 g-). 
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2. fr-Cyanoperfluorobutyryl Chloride 

V 
a. H:H^(CF2)3C0MH,( 

A 1-1. filter flask was fitted with a 1/2 Inch diameter gas inlet 

tube extending nearly to the bottom. A drying tube was connected to the 

side arm of the flask. After drying the apparatus, perfluoroglutaric anhy¬ 

dride (263.7 g., 1.185 moles) and 500 ml. dry ether were added and anhydrous 

ammonia (J»l.l* g., 2.43 moles) was bubbled through the solution with stirring 

at room temperature. After removal of the ether and excess ammonia, the 

solid mass was broken Into a white granular solid. Infrared analysis showed 

characteristic amide absorption peaks at 2.95 and 5-90 microns and ammonium 

absorption peaks In the 7-0 micron region. Elemental analysis yielded the 

following results: 

%C 

%H 

%N 

Found 

23.19 

2.34 

10.14 

Theoretical 

23.4 

2.34 

10.92 

0 0 

The desired compound, H^CiCF^CONH^, (197.1 9-, 0.771 mole) was obtained 

In 65.0 % conversion. 

b. nc(cf2)3_cc1 

A Miter, 1-neck flask was fitted with a 14" Vigreaux column, 

Clalsen head and downward Inclined Ice-water cooled condenser. A liquid 

oxygen cooled trap was connected to the receiver. The receiver was cooled 

to about -15°. Zinc chloride (102 g.), 30¾ by weight of the other reactants, 

was dried overnight at 200° under full pump vacuum In the reaction flask. 

Benzotrlchloride (326 g., 1.665 mole) was added followed by the half 
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ami de-ammonium salt, NC(CF2)jCONHi<, (1^.2 g., 0.0555 mole). The molar 

ratio of benzotrlchloride to the amlde-ammonlum salt was 30 to 1. The reac¬ 

tion mixture was heated to 210° and kept at that temperature for one hour. 

An evolution of gas or apparent reaction was observed below 100°. Crude 

product (5*9 g.) was collected which showed strong nitrile absorption at 

k.hk microns, acyl chloride absorption at 5*56 microns and other slmllar- 
2 

Itles (see Fig. 5) to the reported Infrared spectrum of this compound. 

Due to a reorientation In research effort, this material was not 

further purl fled. 

3. Perf1uorosebaconltri le 

a. Perfluorosebacoyl Chloride 

Perfluorosebacic acid (50.5 g.» 0.10 mole), pyridine (1 g.), and 

dry ethyl acetate (250 ml.), In order, were charged Into a 500-ml., 3"n®ck 

flask equipped with an addition funnel, tap water cooled reflux condenser, 

immersion thermometer, and magnetic stirrer. Thlonyl chloride (^7-6 9»* 

0.^*0 mole) in a 2:1 molar excess was added dropwlse with stirring. After¬ 

wards the mixture was heated and maintained at 80°C reflux temperature for 

21 hours with stirring. The mixture at this time had a dark brown appear¬ 

ance and contained Insoluble tars. After quickly filtering, the unreacted 

thlonyl chloride and ethyl acetate were removed by distillation, leaving 59 

g. of crude diacid chloride. 

A second reaction run under the same conditions gave 50 g. of 

86.5% pure product. Conversion was 7^%. 

b. DimethyIperf1uorosebacate 

Perf1uorosebacic acid (50.5 g», 0.10 mole) and 50 ml. dry methanol 

were placed in a 250-ml., 1-neck reaction flask. Concentrated sulfuric acid 

(50 ml.) was slowly and cautiously added. A tap water cooled reflux conden¬ 

ser was used. The reaction w^s stirred for 2 hours using a magnetic stirrer 

after which the mixture was transferred to a separatory funnel. The lower 
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product layer was then washed with an equal volume of water and subjected to 

a vacuum fractional distillation. Dimethyl perfluorosebacate (28.7 g»* 0.05^ 

mole) was collected at 132-l50eC at 2.8 mm in a conversion of GLC 

analysis Indicated that the purity was 92.3%- 

Perfluorosebacoyl chloride (50.0 g., 0.095 mole) and 100 ml. dry 

methanol were charged Into a 500-ml., 1-neck reaction flask equipped with a 

tap water cooled reflux condenser. The reaction was heated and stirred at 

reflux for 20 hours. After reaction the mixture was fractionally distilled 

using an 18 X 2 cm Vigreaux column. Dimethyl perf luorosebacate (*»0.0 g., 

0.075 mole) was collected at 90-105°C at ^2.5mm. Suction filtration through 

a sintered glass filter was necessary to remove some elemental sulfur con¬ 

tamination. A 79¾ conversion to 78.3¾ pure product was realized. 

c. Perf1uorosebacamlde 

Crude perfluorosebacoyl chloride (59 g., 0.112 mole) and 200-ml. 

methylene chloride were placed in a 500-ml., 3-neck reaction flask equipped 

with a gas inlet tube, dry ice-acetone cooled reflux condenser and magnetic 

stirrer. Ammonia (227 g.* 13*3 moles) was condensed Into the flask using a 

dry Ice-acetone coolant bath. The mixture was allowed to reflux and stir, 

using an Ice water bath, for 5 hours, after which the excess ammonia was 

permitted to escape through the reflux condenser. The material remaining 

in the flask had a dark brown tarry appearance and proved to be difficult to 

purify. Extractions and washings with ethyl ether, THF, and water produced 

30 g. (0.062 mole) of product melting at 2*»0-2*»3°C. The reported2 melting 

point is 2*»0-2*»l°C. 

Dimethyl perf luorosebacate (23.5 g., 0.0*»4 mole)-was placed in a 

300-ml., 3-neck reaction flask equipped with a dry ice-acetone cooled reflux 

condenser, gas Inlet tube, and magnetic stirrer. After purging the system 

with dry nitrogen, dry ethyl ether (125 ml.) was added. Ammonia (*»7 g., 

2.76 mole) was condensed into the flask using a dry Ice-acetone coolant bath. 

The bath was removed and the mixture was allowed to reflux for 3 hours after 

which the ammonia was permitted to escape through the reflux condenser. The 

nearly white crystalline product was filtered, washed with ether and without 



further purification, melted at 2^2-2^0. The amount of perfluorosebacamlde 

produced was 20.8 g. (0.1*26 mole) in a conversion of 96. 

Perf1uorosebaclc- acid (284.3 9*i 0.56 mole) was treated with excess 

thlonyl chloride In ethyl acetate solvent In the presence of pyridine. The 

mixture was refluxed and stirred at 80°C for 22 hours. After filtering and 

distilling off the excess thlonyl chloride and solvent, the crude perfluoro- 

sebacoyl chloride was treated with excess dry methanol at reflux for 7 hours. 

Dimethyl perfluorosebacate (198.6 g., 0.384 mole) of 86¾ purity was collected 

In a vacuum distillation In a conversion of 68.5¾ from the acid. This mater¬ 

ial was converted to perfluorosebacamlde by reaction by reaction with anhy¬ 

drous ammonia In dry ethyl ether. The product (188.5 g-» 0.34 mole) was 

obtained in 61¾ overall conversion from the acid. 

d. Perfluorosebaconltri le 

Perfluorosebacamlde (30.1 g., 0.062 mole) and phosphorous pentoxide 

(87 g., 0.613 mole) were Intimately ground together and placed In a 500-ml., 

1-neck reaction flask In a glove bag under a dry nitrogen atmosphere. The 

apparatus was set up as in a simple distillation using a downward slanted 

tap water cooled condenser. The flask was heated to 2309C and the product 

distil led over at 146°C, after which an additional amount was obtained by 

raising the flask temperature to 250°C and using reduced pressure (10 mm). 

Infrared and GLC analysis indicated the material to be perf luorosebaconltri le 

of 97-0¾ purity. Conversion to product (17 g-» 0.0376 mole) was 60.7¾. 

The dlnltrlle preparation above was repeated using 20.8 g. (0.426 

mole) perfluorosebacamlde and 75-3 g. (0.53 mole) phosphorous pentoxide. A 

glove bag was not used and the reactants were mixed In a different manner. 

Perfluorosebaconltri le (7«1 g.» 0.0157 mole) was obtained in a conversion of 

36.8¾. 

The diamtde dehydration using the procedure of the two preceding 

reactions was repeated with 30 g. (0.0615 mole) perfluorosebacamide and 70 g. 

(0.493 mole) phosphorous pentoxide. A glove bag was used and the reactants 

were Intimately mixed. The flask was heated for 6 hours and 20.3 9* (0.045 

mole) perfluorosebaconltr11e was collected at 95“115eC in a conversion of 

73.2¾. GLC analysis Indicated a purity of 94.3¾. 
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J. Miscellaneous Reactions 

1. Preparation of Perfluorooctadlene-1,7 

1,2,7.8-Tetrachloroperfluorooctane (72I g.) was obtained In 98% 

purity (GLC, W-98, 40-160°) as a fraction boiling at 70-75°/5mm. from 

approximately 6 liters of methylene chloride solution from a previous syn¬ 

thesis. To a vigorously stirred suspension of 577 g. Zn dust in 2600 ml. 

acetic acid and 865 ml. acetic anhydride was added dropwise 721 g. (1.43 

moles) tetrachloroperfluorooctane. Dehalogenatlon occurred almost Immedi¬ 

ately, and product was removed through a take-off head as It formed. After 

addition was completed, the distillation was continued until no more water 

Insoluble material distilled over. 

The distillate was washed with two volumes of water, then with 

sodium bicarbonate solution, followed by two more washings with water. The 

crude diene (471 g.) was dried over Na^O^ and distilled under N^, yielding 

347 g. (67% conversion) of perfluorooctadiene-1,7, boiling at 106-109°, 99% 

pure by GLC (W-98, 25°C). Infrared analysis (Fig. 32) showed a character¬ 

istic trlfluorovinyl absorption peak at 5.6 microns. 

2. Reaction of Pentaf1uorobenzoyl Fluoride with 

Hexafluoropropylene Epoxide 

a. Cesium fluoride (0.7I g.) was dried under vacuum overnight at 

190-200° in a 50-mi. flask containing a magnetic stirring bar. Diglyme (3 

ml.) and pentaf1uorobenzoyl fluoride* (4.68 g., 0.0219 mole) were added to 

the cooled, evacuated flask using a hypodermic syringe. The flask was 

stirred for 1/2 hr., then connected to a glass manifold through which hexa- 

f1uoropropylene epoxide (HFPE) was charged via a low-pressure regulator at 

5.25 pslg delivery pressure. After about one hour, 5 g. (O.O3 mole) of HFPE 

had added to the reaction mixture at room temperature. Infrared analysis of 

the two resulting layers Indicated pentaf1uorobenzoyl fluoride (PFBF) present 

In both layers, and peaks characteristic of oligomers of HFPE present In the 

1: 
Sample from AFML. 



lower layer. Major GLC peaks of the upper layer were those of PFBF and 

dtglyme. Analysis by GLC of the laver layer showed a mixture of oligomers 

of HFPE together with some unreacted PFBF. The total reaction mixture was 

distilled to give the following fractions: 

Fraction No, b.p.°C 

1095.87.1 60 

1095.87.2 

1095.87.3 61-63 

1095.87.A 66-85 

IO95.87.5 22 

P, mmHg Wt. ,q. 

760 0.40 

28 0.47 

28 5.10 

28 2.25 

0.45 0.60 

Probable Structure/Anal.Method 

cFjCF2CF20CF (CFjKOF/Infrared 

f3 C,F,[CF(CFJCF,0] CFCOF + 
3 7 3 2 n 

C^Fj-COF/Infrared 

CgFj.C0F + dlglyme/NMR + Infrared 

c6f5cof + c6F5cF(CF3)ocF2cF2cfy 

NMR 

c6f5cf(cf3)ocf2cf2cf3/nmr 

NMR analysis (see Appendix C) of the higher boiling fractions (4 

and 5) Indicated the presence of a fluorlnated aromatic compound, probably 

C^Fj-CF(CF3)CF20CF2CF2CF3 (II) In a concentration ratio of 1/3 with penta- 

fluorobenzoyl fluoride (l) In fraction 1075.8/.4. Fraction 1095.87.5 

dissolved In Freon 113 was too dilute for area measurement or determination 

of fine structure, but wa. postulated to be (II) on the basis of similar 

chemical shifts. 

b. Cesium fluoride (0.71 g.) was dried overnight under vacuum at 

I9O-2OO0 In a 50-mi. flask. Tetraglyme (Ansul Ether I8I, 5 ml.) and PFBF 

(8.46 g., O.O396 mole) were added as before. After stirring for 1/2 hr., 

HFPE was charged Into the flask at 2.75 pslg delivery pressure. The flask 

temperature was held at -59 to -10°. In 1 1/2 hrs., 10.6 g. (O.O638 mole) 

HFPE was added. Infrared analysis showed that the upper layer contained 

unreacted PFBF and tetraglyme and that the lower layer contained oligomers 

of HFPE. 

-80- 



c. Cesium fluoride (0.71 g.), tetraglyme (5 ml.), and PFBF (5.76 

g., 0.027 mole) were added to a 50-ml. flask as before. HFPE was charged In 

at 2.75 to 5.0 pslg. with the reaction flask at 70-80°. HFPE (2.8 g., 0.017 

mole) was added very slowly over a period of 5 hrs., during which the tetra 

glyme (upper) layer turned dark brown. Infrared analysis of the lower 

(clear) layer showed unreacted PFBF present with oligomers ofHFPE. The 

upper (tetraglyme) layer contained more unreacted PFBF. 

3. Preparation of Perf1uorolsobutylene Ox-de (PFIO) 

Hexafluoropropylene oxide (HFP0) (25^ g*, 1*53 moles) and hexa- 

fluoroacetone (395 g., 2.38 moles) were condensed Into a 1.filter autoclave 

fitted with a pressure gauge and rupture disc. The cylinder was heated to 

200°C (1000 psl) and kept at that temperature for 48 hours. Infrared analy¬ 

sis of the cooled gaseous reaction mixture showed the desired product (6.66 

microns) present with unreacted hexafluoroacetone (5-5 microns) and trl- 

fluoroacetyl fluoride (5-3 microns) resulting from HFP0 decomposition. The 

absence of HFP0 Indicated completion of the reaction and greatly facilitated 

purification of the product. The reaction mixture was bubbled through a 

1-meter distilled water column packed with Raschlg rings to remove hexa- 

f1uorpacetone and trlfluoroacetyl fluoride. The product was passed from 

the water absorption column through a calcium chloride drying tube Into a 

cold condenser where it was refluxed at “15 to “25°C, allowing Impurities to 

pass Into a liquid oxygen cooled trap. Perfluorolsobutylene oxide (216 g.) 

of 99.5¾ purity (GLC, PF0X at 40°C) was produced in 66¾ conversion. 

4. Preparation of Pentafluoronltrobenzene 

A 5-11 ter, 3-neck flask was fitted with a stirrer, addition fun¬ 

nel, and reflux condenser. Methylene chloride (1000 ml.) and trlfluoroacetic 

anhydride (250 ml.) were placed in the flask and 30¾ hydrogen peroxide (200 

ml.) was cautiously added. The mixture was refluxed and stirred 30 minutes. 

Pentafluoroan111 ne (103 g., 0.56 mole) dissolved ln 500 ml. methylene chlo¬ 

ride was added slowly with stirring at reflux temperature. The mixture 



became green In a few minutes. After one hour another 100 ml. of 30¾ hydro 

gen peroxide was added and 3 hours later an additional 100 ml. of 30¾ hydro 

gen peroxide and 50 ml. trlfluoroacetlc anhydride was added. The mixture was 

refluxed and stirred for 18 hours. The mixture at this time still had a dark 

green color. After cooling one liter of water was added slowly, the methyl¬ 

ene chloride layer separated and was washed with another one liter of water. 

The methylene chloride layer was again separated and dried over anhydrous 

magnesium sulfate. 

Distillation through a 45 x 2 cm. packed column was used to remove 

the methylene chloride and the reactlton products were distilled through a 

30-cm. Vlgreaux column. The primary product appeared to be the green colored 

nitroso compound. 

After a second reaction was run for 18 hours and the reaction mix¬ 

ture still had the characteristic dark green nitroso color, 500 g. additional 

trifluoroacetlc anhydride and 1200 ml. of 30¾ hydrogen peroxide were added 

and the mixture was refluxed and stirred for 14 hours. At the end of this 

Interval the reaction mixture still had a dark green color, suggesting that 

little oxidation to the desired yellow-colored nitro compound had occurred. 

In order to permit a higher reaction temperature, the methylene chloride 

solvent was removed by distillation. The distilled reaction products of the 

first run were added to the flask. Glacial acetic acid (2300 ml.), 30¾ 

hydrogen peroxide (700 ml.), and concentrated sulfuric acid (50 ml.) were 

cautiously added to the flask. The reaction was stirred and heated to 70- 

85®c for 9 hours. Within one hour the color of the reaction mixture had 

changed from a dark green to a light yellow color. After 3 hours an addi¬ 

tional 1000 ml. acetic acid and 350 ml. of 30¾ hydrogen peroxide were added. 

The golden yellow colored oil (48 g.) that settled to the bottom of the flask 

was removed and dried over anhydrous magnesium sulfate. Purity was 96.6¾ by 

GLC (^98, 110°). The principal Impurity was water. 
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5. S, , Attempted Photochemical Dimerization of FC 

a. The apparatus used In the ultraviolet Irradiation consisted of 

a reaction cell (8x2 Inches) fabricated from Vycor 7910 (U.V. transmitting 

grade) having a l»5"degree upward Inclined sldeerm. The cell had a one-inch 

diameter cold finger Inserted through a rubber stopper at the top and 

extended to the bottom of the tube, and a sampling port at the top. A mag¬ 

netic stirrer was used. A Frledrlcks condenser was connected to the sldearm 

and a liquid oxygen cooled trap with a drying tube was placed on the other 

side of the condenser. Immediately before use, the apparatus was dried by 

purging nitrogen through the system while heating the reactor. A !*50-watt 

Hanovla 679A-36 ultraviolet lamp Inserted In a water cooled Vycor Immersion 

well was placed about 3 Inches from the reaction cell. 

The title dlacld fluoride (6.3 g., 0.0137 mole), dissolved In 125 

g. dry Freon 113, was placed In the reaction cell. The starting dlacld 

fluoride had a boiling point of 102-112*0 and was about 80¾ pure as measured 

by GLC. Freon 113 (1,2,2-trlfluoro-1,1,2-trlchloroethane) has a boiling 

point of 1*7*0. Irradiation was started with stirring and Ice water was cir¬ 

culated through the cold finger and condenser.' Samples were withdrawn for 

Infrared and GLC analysis after 0, 8, 13 and 20 hours Irradiation. 

The gas chromatograms showed the appearance of no new peaks eluted 

after the peak of the starting material that could be attributed to the 

desired higher molecular weight coupled product. Little change was observed 

In the Infrared spectra over the period of 20 hours Irradiation. Infrared 

analysis of the trap contents showed the presence of only silicon tetra- 

fluorlde. 

b. Infrared and GLC analysis of the starting dlacld fluoride, 

after 2^ hours Irradiation, had shown It to be unchanged and usable for 

another attempt to achieve the coupling reaction. For this purpose, the 

Freon 113 solvent was replaced with FC-75 (3M), perfluorobutylfuran. The 



dry FC-75 solvent (68.7 9-) «« ^ after rcTC,val of Freon 113 "'th “ 

„c. The apparatus used Is the sane as described In the preceding section 

and Infrared and GLC analyses were made after 0, 20 hours, and 6 1/2 days 

Irradiation. OLC analysis Indicated that no higher molecular weight coupled 

dimer had formed. A gas IR of the LOX trap contents showed that no gas had 

been collected. 

c. Another attempt at coupling Involved the use of a purer sample 

of dlacld fluoride and Irradiation without any solvent. The starting mater¬ 

ial had a purity of 95.8¾ (GLC) and a boiling point of I03-1I0'C. The same 

Vycor 7910 cell was used as before with a reflux condenser attached to the 

top ofthe tube using a Teflon sheet wrapped rubber stopper. A LOX cooled 

cold trap was connected to the other end of the condenser. A heating mantle 

was fitted around the bottom of the reaction tube. After drying the appara¬ 

tus, the dlacld fluoride (17.1 9-. 0.037 mole) was placed In the cell and 

brought to reflux temperature. The liquid was Irradiated by the same U.V. 

source, as In the preceding attempts, as It condensed down the sides of the 

After 7 hours the material had changed from a clear, water white 

appearance to a very dark brown colored liquid with solid tar deposits on 

the sides of the cell. The gas chromatogram Indicated that no new compo¬ 

nents had been formed In the mixture. After 35 hours a new peak appeared, 

considerably past that of the starting material, at IkS’C on the temperature 

programmed chromatogram. This peak could be due to the formation of the 

desired dimer dlacld fluoride. The Infrared spectrum shored virtually no 

change over the 35 hour period of Irradiation. No gas had been collected In 

the cold trap. 

d. The effort described In Section 3 was continued using the 

same material with a modification. The heating mantle was removed and 

replaced with a magnetic stirrer so that the entire liquid phase was Irrad,- 

ated at ambient temperature. Irradiation was continued for an additional 30 

hours. 

-84- 



The appearance of tho liquid had changed from dark brown to a 

clear light yellow color. The GLC analysis Indicated some increase in 

relative peak size at l45eC to the major peak compared with the GLC analysis 

after 35 hours irradiation in the previous experiment. However, a consider¬ 

able amount of impurities was Indicated. Infrared analysis again showed no 

change ov^r the period of irradiation. A gas IR of the LOX cooled trap 

Indicated that no gaseous products had been formed. 

/ 

6. Attempted Preparation of Hexafluoropropylene Oxide 

Using Osmium Tetroxide 

A new synthetic route to hexafluoropropylene epoxide was attempted 

which had been reported^ for the conversion of propylene to propylene 
/ 

oxide. Hexafluoropropene (13«6 g., 0.09 mole) was transferred to a Fischer- 

' Porter tube in an Ice bath which contained 2.5 ml. aqueous NaCIO^ and 2.5 

ml. 0.1M OsOjj In glacial acetic acid. The reactants were stirred with a 

magnetic stirrer at ice bath temperature; the pressure reached 100 psi. 

Infrared analyses of the gas after 30 minutes, I, 5 and 21 hours, showed no 

epoxide absorption at 6.6 microns. Hexafluoropropylene oxide, which has a 

typical strong peak at this wave length, apparently is not formed under 

these conditions. 

7. Preparation of C^F^CCl from C^F^CO^NH^ 

The ammonium salt of perfluorobutyric acid was prepared by the 

cautious addition of aqueous ammonia to perfluorobutyric acid (53>5 g., 0.25 

mole) until a pH of 8 was reached. A rotovac with an aspirator and hot 

water bath was used to remove the water, followed by the addition of 100 ml. 

benzene, to azeotrope off the last amounts of water. 

A 1-1 iter, 1-neck flask was fitted with a IV Vlgreaux column, 

Clalsen head and downward inclined ice-water cooled condenser. A liquid 

oxygen cooled trap was connected to the receiver. The receiver was cooled 

to about -15®. BenzotrI chloride (293.2 g., 1.5 mole) and 9^.9 g- zinc 

» 
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chloride were added to the flask followed by ammonium perfluorobutyrate 

(23.1 g., 0.1 mole). The molar ratio of benzotrlchlorlde to ammonium per- 

fluorobutyrate was 15 to 1 and 30¾ by weight zinc chloride of these react¬ 

ants was used. As the pot was heated, an evolution of gas or apparent 

reaction started at about 70#. Heating was continued at 210-215°C for 2 

hours. Heptafluorobutyryl chloride (16.5 g*. 0.071 mole) of 97-6¾ purity 

(GLC) was collected In a conversion of 70.9¾^ 

8. Preparation of Dimethyl Perfluorosuberate 

As a possible route to perfluorosuberonltri le for use In trlazlne 

polymer work dimethyl perfluorosuberate was prepared In a U.V. coupling 

reaction of perfluoroglutaryl fluoride followed by esterification with 

methanol. Perfluoroglutaryl fluoride (24.¾ g., 0.1 mole) of 97-0¾ purity 

(b.p. 47-50#C) was placed In a 50-mi., 1-neck flask. A 2-foot length of 

fused quartz tubing (2 cm. dla.) was fitted tightly to the flask using a 

Teflon sleeve and the other end was connected to a liquid oxygen cooled trap 

protected with a drying tube. The starting material was refluxed up Into 

the quartz tube and, while In the vapor phase and condensing upon the quartz 

walls, was Irradiated with ultraviolet light. A 450-watt Hanovla 679A-36 

ultraviolet lamp Inserted In a water-cooled Vycor Immersion well was placed 

about 2 Inches from the quartz reaction tube. After 62 hours of Irradia¬ 

tion, GLC analysis Indicated a 69-7¾ conversion to perfluorosuberyl fluoride 

Dry methanol (25 ml.) was cautiously added to the flask and the mixture was 

refluxed and stirred. The excess methanol was removed by distillation. 

Infrared and GLC analysis shaved the presence of 58.2¾ dimethyl perfluoro- 

suberate In the mixture of two main components. The Infrared spectruiyjf 

the product separated by preparative GLC was Identical to the reported 

spectrum of dimethyl perfluorosuberate. 
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APPENDIX II 

Infrared Spectra 
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PEO/lsoprene Block Copolymer 

PEO/Styrene Block Copolymer (1105.65.1) 

PEO/Styrene Block Copolymer (1105.65.2) 

Water Extract of Block Copolymer 1105.65.1 

Water Extract of Block Copolymer 1105.65.2 
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Unidentified Product Obtained In Preparation of CF3CH2CH2$I(CH3)H2 
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APPENDIX III 

NMR Analysis 

These spectral results were obtained unless otherwise Indicated on a Varían 
High-Resolution Nuclear Magnetic Resonance Spectrometer Model V-M300-2, pro¬ 
vided with field homogeneity control, magnet insulation and Superstabi1 zer. 
Chemical shifts were determined by side-bands applied with an audio oscilla¬ 
tor for which the frequency is continuously monitored by an electric counter. 
Unless specified otherwise, the temperature is approximately 30 C. This 
spectrum was obtained and Interpreted by Dr. Wallace Brey of the Department 
of Chemistry, University of Florida, Gainesville, Florida. 

Compound 

(CF3)2CF0CH2CH2CH2SI(CH3)H2 

(CF3)2CFOCH2CH2CH2Si(CH3)ClH 

CF2»CF (CFjjJ^CF (NOjCFj 

CF3CF(N0)(CF2)^CFÍNOJCFj 

0CNCF2CF20CF2CF2NC0 

Decomposition Product From TEDI 

° ? 
FC-C (CFj) 20 (CF2) |jCF 

(cf3)2cfcn 

0 

c6f5cf + c6f5cf(cf3)ocf2cf2cf3 

Page 

127 

128 

129 

130 

131 

132 

133 

134 

135 

u 

:6f5!f + csF • 136 

P o 
II 

FC(CF )3CF + CsF 137 



REPORT ON NMR SPECTRUM 

Sample Identification 1105.37 

Formula 

(cf3)2cfoch2ch2ch2sih2ch3 

Conditions of Spectral Determination Nucleus - F H 
Solvent - Neat 
Frequency - 56.¾ 60.0 
Reference - Subs, tube Subs, tube 

CFjCOOH TMS 

Peaks Obtained 

Designation Chemical Shift 
Pattern & 
Splitting Rel. Area Assignment 

F-A TFAA +2.¾ 

B +65.O 

H-A 6.5 tau 

B 8.6 

C 9.6 

D 10.15 

ppm Doublet 

Broadened 
septet 

Overlappt ng 
multiplets 

Complex 
multiplet 

it 

Triplet 

6.0 CF3 • 

1.0 CFO 

^0 0CH2 and SIH2 

2.0 Middle CH2 

2.0 CH2 next to SI 

3.0 • ch3 
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REPORT ON NMR SPECTRUM 

Sample Identification 1105.39 

Formu1 a 

(cf3)2cfo(ch2)3sihcich3 

Conditions of Spectral Determination 

Peaks Obtained 

Designation Chemical Shift 

F-A TFAA + 2.2 ppm 

B 

H-A 

B 

C,D 

E 

+6¾. 2 

5.33 tau 

6.1»0 

8.88 

9.73 

Nucleus - 
Solvent - 
Frequency 
Reference 

Pattern & 
SplIttlng 

Doublet 

Septet 

Sextet 

Triplet 

A2B2 pattern 

Doublet 

F 
Neat 
56.¾ 
Subs, tube 
CFjCOOH 

Rel. Area 

1.0 

2.0 

A.O 

3.0 

H 

60.0 
Subs. Tube 
TMS 

Assignment 

2CF3 

CF 

S1H 

CH20 

2CH2 

CH, 
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Sample I dent I fl ca11 on 2-N!trösoperfluorooctene~7 

Formula CF^-CFNO-(CF2) 1>CF=CF2 

Condi lions of Spec t rai De ternit nation Nucleus - F 
Solvent - Neat 
Frequency - 56.¾ 
Reference - Subs, tube CF^COOH 

Peaks Obtained 

Designation Chemical Shift 
Pattern 6 
Splitting Rel. Area Assignment 

A-l 

A-2 

TFAA 

-3.5 

-8.6 Broad 

Multiplet 

0.8 

2.8 

Impurity 

cf3 

B 

C 

D 

E 

F 

+13.0 

+28.7 

+38 to +1)8 

+90.8 

+11¾.5 

Triplet, with 0.9 
further spl11- 
ting 

Doublet, each 1.1 
a quintet 

Group of 8.1 
broad peaks 

Somewhat 0.9 
broad 

Doublet, each 0.9 
doubled 

1/2 «=CF2 

1/2 «=CF2 

(Cr2U 

CFN0 

CF 

There are a number of other snail peaks, indicating 
about 10¾ impurity. 
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REPORT ON NMR SPECTRUM 

Sample Identification 1118.94A, Peak 

Formula 

cf3cf(no)cf2cf2cf2cf2cf(no)cf. 

Conditions of Spectral Déterminât!on 

Peaks Obtained 

Designation Chemical Shift 

A TFAA -3./* ppm 

B1 

B2 

+4Q.0 

+*»3.9 

+88.7 

Nucleus - 
Solvent - 
Frequency 
Reference 

F 
Neat 
56.lt 
Subs, tube CF^COOH 

Pattern & 
SplIttIng 

Broad 

Rel. Area 

?.92 

1.9*» 

2.05 

1.04 

Ass Ignment 

CF3 
CF. next to 

CFNO 

CF2 in 
mid-chain 

CF 

Sample looks to be 96-98¾ pure. Impurity peaks are visible but very smal 
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Sample Identification 1105.69 Fraction ff2 

Formula 

ocn-cf2cf2-o-cf2cf2-nco 

Conditions of Spectral Determination Nucleus - 
Solvent - 

Frequency 
Reference 

F 

Neat 
56.1« 
Subs, tube 
CFjCOOH 

Peaks Obtained 

Designation 

A 

B 

Chemical Shift 

TFAA +9.1 ppm. 

+ 12.1 

Pattern 6 

Spl1ttlng 

Singlet 

ti 

Rel. Area 

1.00 CF, 

1.00 CF 

Assignment 

1 next oxygen* 

, next NC0 groups 

*Ass!gnments may be reversed, but this Is more probable. 
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1 

D 
0 

D 
0 

D 
D 
0 

s 

Sample Identification 1105.75^1 

Formula 

CF, CF, 0 
I 3 i 3 li 

OCN-C-OiCF.LOC- CF 
I 2 5 I 

F F 

I II 

Conditions of Spectral Determination Nucleus - F 
Solvent - Neat 
Frequency - 
Reference - CF^COOH 

Peaks Obtained 

Designation Chemical Shift 
Pattern & 
Spllttlng Rel. Area. Assignment 

A-1 
A-2 

B-2 

B-3 

b-k 

B-A' 

B-5 

B-6 
B-6' 

B-7 

C-l 

C-2 

C-3 
C-i* 

C-5 
C-6 

-102.5 ppm. 
-100.2 

Near zero (part of NEQQ, rest 
of which Is at 
higher field under 
B-3 to B-5) 

+3.6 

5.7 

6.0 
7.0 

9.1 
10 
11.0 

41.6 

46.0 

47 
48.5 

53.4 
68.0 

0.89 CFO in 1 
O.76 CFO ln II 

0.32 CF20 in I 

2.94 CF2 +CF3 In II 

2.82 CF3 In I 

O.3I ? 
3.76 CF2 In I, CF2 In II 

1.66 CF ln I, CF In II 
0.26 ? 

5.79 • CF3 in I, CF3 In II 

1.77 CF2 In II 

3.89 CF2 In I, CF2 in II 

0.62 ? 
6.00 2 CF2 in I, CF in II 

1.11 CF In I 
1.15 CF in II 

This may be a mixture of the above two molecules with a third component. 
The areas of peaks obtained are not exactly consistent with the above structure, 
but the tfilrd component, by overlapping the principal peaks, prevents exact 
measurements. 
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REPORT ON NMR SPECTRUM 

Sample Identification 1095•92 

Formula 

o cf3 0 

fc-c-o-cf2cf2cf2cf2cf 

ir3 U_J 
A C E G,H F B 

Conditions of Spectra] OgleTjrnj^natjon Nucleus *■ 
Solvent - 
Frequency 
Reference 

F 
Neat 

56.4 
Subs, tube of 
CFjCOOH 

Peaks Obtained 

Designation Chemical Shift 

A TFAA -112.2ppm 

B 

C 

D 

E 

F 

G 

H 

-100.4 

-5.0 

"3.1 

+3-9 

+41.9 

+46.1 

+47.8 

Pattern 6 
Splltting 

Broad, 
unresolved 
multiplet 

5° X 7.2 

2o X 8.0, 

3o X 6.5 

Broad 

Rel. Area Assignment 

1.1 CFO 

0.8 

6.2 

Trace 

2.0 

1.9 

1.8 

2.1 

CFO 

2CF 
3 

CF2 next to 0 

CF2 next to CFO 

CF„ 

CF, 
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REPORT ON NMR SPECTRUM 

Sample Identification 1118.30.A 

Formula 

(cf3)2cf-cn 

Conditions of Spectral Determination Nucleus - 
Solvent ” 
Frequency 
Reference 

F 
Neat 
56.i» 
Subs , tube CFjCOOH 

Peaks Obtained 

Designation Chemical Shift 

A TFAA + 0.9 ppm 

B +100.7 

Pattern 6 
Spl!tting 

2° X 9.9 cps 

76 X 10.2 

Rel. Area 

5.1 

1.0 

Assignment 

2CF. 
3 

CF 



REPORT ON NMR SPECTRUM 

Sample Identification I095.87.4 

Formula 

0 

C6F5CF(I) + C6F5CF(CF3)0CF2CF2CF3 (II) (Probable) 

A 02 B B C B 

Conditions of Spectral Determlnation Nucleus - 
Solvent - 
Frequency 
Reference 

F 
Neat 
56.4 
Subs, tube of 
CFjCOOH 

Peaks Obtained 

Pattern 6 
Designation Chemical Shift Splitting Rel, Area Assignment 

A 

B 

C 

TFAA -I22.8ppm 3° 

+3 to +4 Overlapping 
patterhs 

+52.3 

3.1 

8.0 

1.9 

CFO In I 

0CF-, CF , 
CF3 in If 

CF2 In II 

+57.5 

+58.7 

6.4 Ortho ring F's 
in I 

0.8 CF In II 

E +61.1 1.9 

F, +66.8 3.3 

F2 +67.8 1.1 

G +82.4 2.2 

H +83.8 6.5 

Ratio of I/ll Is approximately 3/1. 

Ortho ring F's 
In II 

Para ring F 
In 1 

Para ring F 
In II 

Meta ring F's 
ln II 

Meta ring F's 
ln I 
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Sample Identification 1095.95.01 

Formula 

C,FcCF + CsF 
o 5| 

0 

Conditions of Spectral Determination Nucleus - F 

Solvent “ Dlglyme 
Frequency - 56.4 
Reference - Subs, tube 

cf3cooh 

Peaks Obtained 

Designation Chemical Shift 

F-A TFAA -122.7 ppm 

B +57-3 

C +66.3 

D +83.8 

Other peaks: 

C' +64.7 

cn +69.1 

Pattern & 

Splitting Rel. Area Assignment 

Triplet 

Mu! tipi et 

Triplet of 
triplets 

Mu 111 p 1 e t 

7.3 CFO 

13-4 Ortho fluorines 

6.7 Para fluorine 

13-5 Meta fluorines 

Multiplet Approx 0.6 Aromatic fluorine 

Multiplet Approx 0.3 " 

It Is not clear what peaks C' and C" represent. They are probably simply 
an Impurity having no relation to the effect of cesium fluoride. 
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Sample Identification 1095.84 

Formula 

CF0-(CF2)3CF0 + 2CsF 

Conditions of Spectral Determination Nucleus - F 
■ ’ Solvent " Neat 

Frequency ■ 56.4 
Reference - Subs, tube 

CF^COOH 

Peaks Obtained 

Designation 

A 

B 

C 

D 

E 

F 

Pattern 6 

Chemical Shift Splitting 

TFAA -92.6 ppm 

-49.7 Very broad 

+38.7 Broad 

+42.9 3° 

+51.2 58 

+52.1 I8 

Rel. Area 

Trace 

15.0 

4 

31 

15 

2 

Assignment 

CFO 

Possibly CF^O 

7 

Alpha CF2's 

Middle CF2 

? 

The peak at approximately -50 ppm is clearly not one expected from the 

original molecule. On the other hand, its area is not that required for 

2•CF20 groups, but only one-half this amount. 
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