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Abetract - Perfluoro-(3.6-dihydro-2-methyl-2~-l,P-oxazine) 
reacts uith nucleophilea to produce nixturer of the 4- rrrd S- 
rubrtituted derivativea. with tha latter in preponderance. 
Meitber double bond irometiration oar allylic rubrtitution are 
observed. SistrifluoromethylnItroxide add8 quantitatively to 
the olefinic bond of the parent oxarine. Perfluoro(3,6-dihydro 
-2-wthyl-2&1.2-oxarine) exhibita a hi&h thermal and 
photolytic stability. This. to&ether with the failure of the 
oxazine to ironrise ir rrtiomlired in terms of partial 
arouticity rerultinS from negative hyperconju.gtion. Porrible 
explanations for the observed substitution pattern are advanced. 

INTEODUCTIOY 

Perfluotobutrdiene and tfifluotonitroromothane react together to produce the Dielr-Alder 

rdduct. perfluoro-(3~,6-dihydro-2-methy1-2t&1.2-oxrrine). (1). plur a 1:l rlternatinS 

copolymer with internal and pendent vinyl Sroupa (2a and 2b)‘. 

(2e) (2b) 

Although reaction8 of perfluoro-olefins with nucleophiler have been extewively studied, 

there are few reportr on the reactions of compounds where thm fluoro-olefin moiety forma 

part of an l liphatic hotetocyclic system. Here we describe an investigation of 

reactions of nucleophiles and free-radicalr with the oxarine (1). and compare the 

findings with those for other polyfluoro-olefins. The rewlts also provided an insight 

into the nature of nucleophilic and free-radical attack on the -W(CP3).0.CP2.CP:CP.CF2- 

Sroupiag*a b&&ground to studier on the ctorr-linking of nitroro rubberrl. 

* Both euthors l re now et Unllovor fenerch’port Sunlight Laboratory. Quarry Road 
Bart, SebinSton. Uirral, Hetreyaide L63 3JU. U.K. 
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2. 

fithO@, the OCifi,d work NW carried Out SOIB fur, .603, l mmdlanirtic 

interpretation only becue porrible in the li8ht of rocont advancer in the theory of 

nucleophilic vinylic rubrtitution “‘, in frontier orbital approaches to nucleophilic 

attack on fluoro-olefina 
6 , and in the concept of anionic hyperconju8ation 4.5.7.8 

Obrervations 

Typically nucleophiler can react with fluoro-olefinr 9-25 
to produce a carbanion 

intermediate which rubrequently acquirer a proton (nucleophilic addition) or eliminates 

a halide ion either frcm the carbon ata which was ociqinally attacked by the nucleophile 

(vinylic ruhstitution) or from another carbon atom bonded to the carbanionic center 

(allylic substitution). Further reactionr can occur to produce polyrubrtitution deriv- 

l tivea . Nomlly no one pathway is followed to the l xclurion of others. illustrated 

by the reactions of perfluorocyclohexene 
17,21 , which under8ow both allylic and vinylic 

substitution to produce mono and diwhrtitutod productr. Where the nucleophile hearr an 

active hydrogen atom dehydro-fluorination follow allylic robrtitution. Other poly- 

fluorinated cyclic olefinr react similarly 
14.1b,18,20.22 
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Pelatively few studier have been undertaken on the reaction of tertiary aminer with 

fluorinated cyclic olefinr: betainea of typo (3) rerultad fra reaction between tertiary 

aminra and perfluorocyclobutene with bubrequent hydrolyrir 
25.26 . 
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(3) 

Reaction of oxarine (1) with a variety of oxy&en and nitrogen nucleophilor (ye Table on 

next page) save in each cane a mixture of the 4- and 5- ruhrtituted perfluoco- 

(3.b-dihydro-2-methyl-2R-l,2-oxazine) (4) and (5) rerpectively. with the latter iromer 

in preponderance. No allylic rubstltution products (6). or polywbptbtution product*. 
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4. 

(e.g. 7) were obrerved. From rtudies with metboxide ioar there were some indications for 

the prerence of null mounts of dditlon productr (6 where Nn = MeO). 

a-c, 

F2 

+ Nu -_, ‘)@F3 + NI@F3 

(1) (4) (5) 

NuAJcF3 Or ey?-cF3 or ;cT or jp 

F F2 P 2 2 
(6) (8) 

Nuv0 

F2 

(7) 

Furthermore. iromerisetion could not be induced by treatment of either the perent 

oxerine (1) or the metboxp derivetives (4 end 5 where Nu = NeO) with fluoride ionr. All 

thir is et verience with nucleophilic reectionr reported for other fluorineted cyclic 

olefins which, e.g. tend to reect witb elkoxides to yield vinyl end ellyl ethers 
17 . 

It ia elro noted thet perfluorocyclohexene reectr repidly with rlkoxider et 

tempereture uitb the liheretion of heet, whereer under l nelogour conditiona 

wex recovered quentitetively: heating wes required to effect reection. 

Although the 4- end 5- metborg 3,3,4,6,6-pentefluoro-2-trifluormthyl-3,6- 

POW 

oxerine (1) 

dihydro-2B-1. 2-oxeziner could not be repereted by g.1.c. they were identified by i.r. 

end n.a.r. rpectroscopy, mxss spectrometry end elementel enelyrir. The retio of 4- end 

5- vinyl rubrtitution we8 ercerteined from the reletive peek inteneities of the vinylic 

fluorine etws in the F 
19 

nm spectrum. Furthermore, photochemicel brominetion of the 

mixture of 4- end 5-methoxy oxexiner (9) end (10) yields e mixture of the correrponding 

bromine edductr which wex cherecterired by ir end nmr spectroscopy. MIS spectrometry 

end elementel l nelyeis end which wee rerolved by g.1.c. into 2 peeks with intenrity 

retios of 1:4. 

F2 
He0 C N-CF3 

I I 
F 0 

F2 

(9) Br2 

EC F2 
lie0 N-CF3 
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F 0 
Br Fp 

+ 

hv 
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5. 

Our findintr that oaaxino (1) mdemr substitution with methoxidr ions mainly at the 

5-positioo coefliet Ui$h those of YakuboViCh l t al 
27 

. TLuro nthors report the 

4-wtboxy oxaxim (9) ma the product from reaction of orasiao (1) with potrraiw 

wthoxide and they do mJt mtioo the 5-irac (10). Whoa ua repeated their experiment 

the 4- and S-wthoxy decivativar nra again obtained in 1:4 ratio. 

cy3 
I 

The inertness of the -i-O- group in the tina towards attack by wthoxide ions was 

illustrated by the quantitative recovery of perfluoro (tetrabydro-2-wthyl-2H-1.2-oxazine) 

(11) and perfluoro-(2-wthyl-1,2-oxazetidine) (la) whoa there compounds were treated with 

methoxide ions under forcing conditions. 

y2 u-m3 

*2 c! 

(12) 

The stability of the rinS structure towards W radiation and free-radical@ was confirmed 

by photolyrir and by reaction with bir(trifluocwethyl)nitcoxide. Hence. W irradiation 

of oxazine (1) in a realed tube for 100 hrs resulted in a 96% recovery. Also oxazine (1) 

and bir(tcifluocwmtbyl)nitcoxide in a 1:2 wlar ratio reacted to yield 4,5-diCIl.lj 

-birtcl-fluoromothylnituoxy~-3,3,4,5.6.6-henfluoro-2-trifluoc~thyl-tetcahydco-2~-l,P-ox- 

l aine(lR)in 9S% yield with oo evidence of attack on the .N(cp3).0. pact of the wlecule. 

(CF3)2 NO 
+ (CF3)2 NO* _ 

(CP3)2 NO 

y p2 

(13) 

Oxazine (1) produced only the 4- and 5- amino derivatives (plus a small awunt of 

intractable oil) on reaction with awonia. primary or secondary aliphatic wines. No 

reaction occurred between oxarine (1) and pentafluoroaniline. or its sodium salt. 

Similrrly, (1) Ma* inert to aniline at 40. , and under forciry conditions it produced 

intractable black tar. Oxazine (1) remained unchanged when kept with tcimethylamioe 

20. for 18 hr. 

00 the baris of our fiodiogr. the oxazioe (1) doer not appear to behave aa a typical 

cyclic fluoro-olofin in itr reactioor with nucleophiles. 

a0 

at 

Thus : 

1) More forcing conditions ace required to affect reactions between alkoxidrs aod (1) 

than with perfluorocyclohexeoe. 

2) No polyrubrtitutioo product@ ace forlwd. 



6500 P. A. CARSON and D. W. Rostms 

6. 

Uo double-bond roerreo6emot occurs, nor could it k foducod im tbo parout oxarine 

or the metboxy deriratfvari Ua not., halmTer. that tllir ma, simply rofloct . 

6re.t.r thevwdyouic rtebilit, of the 4.5 uoreturetod or.rin. rtroctare es compared 

with the 3.4 cod 5.6 immevr which oorreqtood to emin. cod en01 other rtructurer 

r.rp.ctiv.ly. 

Since the oxygen l tom in rether more .lectroneg.tlv. then the Ii-Cl3 moiety. the 

ox.zioe (1) would be expected to &iv. predomioeotly 4-rubrtitutod productr, dorived 

from the mare stable cerbeoioo. rether then predaioantly 5-rubrtitutioo .a observed: 

more rtebl. 

l.,. rt.ble 

F 
(1) , F2 

Hechenirtic Iotercwetetioo 

The relative stability of (1) touerdr certeio oocleophiler meem, from ioapectioo of 

Dreidiog modelr, unlikely to be due to steric hioderaoce of the double.bood by the CC3 

group. HOMVOC, it ry be explaioed in termo of negetlve hyperconjugetioo 7.6 

involving the lone peirr oo the nitrogeo end oxygeo atomn and the fluorine atou in the 

3- and 6-poritioos. Thir hyperconjugetioo giver . degree of rrcmatic cheracter to the 

oxazine rio& ryrtem. thue: 

CB 0 8 

F2 - e, F‘;-? F Fe V - 
F F 

The two fluorine l toma in the 3 WEitiOO c.o only particlpata equally in byper- 

coojugrtioo with the nitrogen lone peir wheo the riog is planer. Thus, in the more 

likely half-chair conformation. the quasi-axial fluorine etom in the 3 poritioo ir 

better able thee itr quasi-equetorial pertner to perticipate in hyperconjugatioo becaure 

its a* (C-F) ie pore nearly coplener with the aitro&ea lone pair orbitnl (cf the well 

knowa anomeric effect 
&Z&31) . However, the qneri-equetoriel fluorine l tcm in the 3 

porition is not excluded entirely from Involvement in h,percooju&.tioo since its e* 

(C-F) orbital ir not orthogonal to the aitro&eo lone peir orbital. An l nalogour 

argument applier to hypercoajugation involving the oxygeo l tom lone peirr end the 

fluorine etoma in the 6 poritioa. 

The double bond ieomerr of the oxezioe could l lro heve partial l rcmetic cherecter due to 

negative hypercoojugatioo, but the degree of atabiltaatioo will be lean beceur. of the 

greater proximity of like char&or: 
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CF3 
9-S 

C*3 
q- : 

*2 F2 

F F F *2 

F F 

Thus, negative hypercoajugation can axplain why (1) cannot be iomtarised or converted to 

C’3,.. l . - 

*2 /’ 
U 

*2 F 

t 

8llfliC substitution products. Partial l r&ticjtg would also explain the apparent 

&ability of (1) towards photolyrir and it8 greater themal stability compared with that 

of the saturated counterpart (IL), 1.32 . 

The rhift lo the C-N and C-O rttetchee tn the i.r. 6pectrue to lower wvelengthr for (1) 

compared with those for (111 is also conrirteat with ronbe aromatic character associated 

with (1): 

I.R. Stretching ?reooencier (wavelenrthr) for C-U and C-O bonds 

C-11 10.29 10.31 

c-o 9.20 ‘9.47 

Wucleophilic rubatitutioa at viaylic carbon ir gearreLLy accepted to involve attack of 

the v* orbital by the nuelsophile with formatiod of a carbanionic centre. Rotation 

about the ori&inally double-bond with invecrioa rt the carbanionic ceatre allows the 

leaving group and the earbaniou loue pair to become anti-perfplanar and the leaving 

&roup cm then be eliminated4. Thir general mechanimn covers l spectrum of pathways 

ran&i& from stepwise fiuvolving low-lived carbonions) to concerted f&hero the 

carbanionic centre never develops a full negative charge and v bondia(l be&sea the 

originally olefinic carbon atome is never completely lost’). 

In the caee of perfluorocyclohexrne, interaction betueea the nueleophile and the v* 

orbital can Lead initially to a carbanion whore lone pair is axial and anti-periplanar 

to both the nacleophile and the originally allylic fluorine atom which ir vicinal to 

it. Thus, allylic substitutioa can arise with minimum coaforautionrl change. For 

vinylic rubrtitutioa, inversion At the carbanion is required causin& the rin& to flip to 

its alternative, chair conformation (which is favoured since moat nueleophilao are 

larger than fluorine) froa which either vinglic or allylic fluorine atoms can be 

expelled. Reme tbe observed vinylic and allylic substitution roections of 

perfluorcyclobexene can be rationalized. 

In the cane of reactions with oratine (1) however, there are 3 important differences: 



6502 P. A. CARSON and D. W. Ronems 

8. 

1. The allyllc fluorine atoms in oxazlne (1). ccqared with their couaterpaits fo 

perfluorocyclohexene. pourers a greator partial negative character as l result of 

hyperconjugatlon with the nitrogen and oxygen lone pairs. Nucleophlllc attack-on (1) is 

therefore somewhat hindered because of electrostatic repulsion between the nucloophlle 

and the allyllc fluorine atoms. Since nitrogen is a better lone pair donor than is 

oxygen such repulsions would be stronger from the fluorines in the 2- rather than 

6-position. Thus oxarlne tli is less reactive than perfluorocyclohexeno towards 

ouclophlles. Reaction at the 4-position is dlsfavoured ooco than reaction at the 

5-position. 

2. The LCMO associated with the aria1 originally allyllc fluorlno is the anti-bonding 

combination of u* (C-l) aad’the oxygen or nitrogen lone pair orbital, and is therefore 

of higher energy than u* (C-PI. As a consequence, interaction of the originally 

allyllc C-F Lulro with the carbanlonlc lone pair orbital is less favoured in the case of 

oxarine (1) than in the case of perfluorocyclohexene with the oxazlne-derived carbanlons 

being less able to be stablllsed by hyperconjugatlon, and lesr able to expel an 

originally allyllc fluorine atom. 

3. Formation of the carbanlon involves a loss of l romatlclty in the case of oxarlnr (1). 

These effects all tend to make oxaclne 1 less reactive than perfluorocycloherene towards 

nucleophlles and effects 2 and 3 make it less likely to react via a fully developed 

carbanlon. Effect 1. above favours S-substitution whereas effect 2. favours 

4-substitution. Our observations that S-substitution predominates suggests effect 1. 

outweighs effect 2. This seems most plausible for a concerted reaction pathway in which 

the carbanlonlc ceqtre does not develop a full negative charge thereby alnlmlsing loss 

of aromatlclty in the transition state. 

Finally, we note that a simple Sk2 rchanlsm in which the nucleophlle HONO interacts 

with o* (vlnyllc C-P) in a front-side fashion cannot be ruled out. Front-side bonding 

interaction between a nucleophlle HOMO and o * (C-leaving group) orbital will be 

maximired when the a* orbital is lowered in energy and when the carbon atom is the 

major contributor to a* (C-leaving group). Because of the high electronegatlvlty of 

fluorine, both of these criteria apply la the case of fluoro-oleflns. Thus, if simple 

SN2 vlnyllc substitution occurs at all it should be found in fluoro-oleflns. 

particularly where. as with oxazlne (11, there are factors dlsfavourlng the pathwayr 

involving attack on the v* orbital. 
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9. 

PraDW’d.iOD of Porfluoro-(3.6~iludt~2~thyl-2-1.2-ox~i~) 

A mixture of hexafltlorob&dime (6.971, 43.0 1~1es) and trifluoronitrorometbano 
(4.651. 47.0’qlor) was s&led in 25oiL Pyrex roaetioo tube and kept at 20’ for.16 hr. 
after which tin the blue coloqr had almost 'c~~$ely v~oirhed, Ibo volatile ptoduts 
were veotod,to the ayitn and fractionated to’ givr the follouio~ fractions: 

1) -196. trap: Unriacted trifluoronitroromathaae (0.455g. 4.61 ~10s; 9% recovery). 

2) -78’ trap: A colou;lera liquid (9.505. 36.4 wles; 86% yield baaed on C4F6 
conmmed) shown by oolecul& weight. and ir rpectroscopg to be perflooro- 
(3.6-dihydro-2-meLhyl-2H_1,2-oxazine) (Poubd: g. 260. Calc. for C5F9NO : B 261). bp 
51*/759 mn (lit2, bp 52.4’1760 IPII). 

10 the reaction tube there remained a colourless, iavolotile copolymer (1.6Og. 14%). 

Reactions of perfluoro-(3.6-dihgdro-2-methyl-2i_-l,2-oxazioe~ 

A. With Caesium Fluoride 

Pacfluoro-(3.6-dihydro-2-methyl-2H_1.2-oxazioe) was heated with caesium fluoride in l o 
attempt to cause isoamrisation. 

i) At, 100. 

Caesium fluoride (s 16) was heated, in vacua, at 200. (oil bath) in a 25Oml.Pyrex 
reaction tube for 6 hr to remove moisture. Perfluoro-(3.6-dihydro-2-methyl-2H_1,2-oxazioe) 
(1.01~. 3.80 moles) was condensed into the tube at -196.; the tube was then sealed and 
heated at 100’ for 16 hr. The volatlles were vented to the system and fractionated by 
trap-to-trap coodenration. in vacua. to give: 

1) -78. trap: A fraction (1.01. 3.80 *lee; 100% recovery) shouo by ir and MC 
spectroscopy to be uochanged petfluoro-(3,6-dihydro-P-methyl-2E-1.2-oxazine). 

ii) At, 100. in Suloholaoe 

In another experiment caesium fluotide (m lg) vas dried as described above and 
sulpholane (5~11) then added (in a &y-box under a blanket of oitrogeo), and, after 
degassing, perfluoro-(3.6-dihydto-2-methyl-2H_1,2-oxarioe) (l.Og. 3.80 moles) condeosed 
in at -196.. The tube Was heated at 100. for 16 hr and the volatiles thee vented to the 
system and fractionated. to give: 

1) -78. trap: A fraction (0.998, 3.79 amoles; 99% recovery) shown by ir l od w 
spectroscopy to be unchanged perfluoco-(3.6-dihydro-2-methyl-2t& 1,2-oxaeioe). 

iii) At. 200. 

Similarly, when perfluoro-(3.6-dihydro-2-~thyl-2H_1,2-oxazine) (0.99g. 3.79 moles) and 
dry caesium fluoride were heated together in a sealed tube. in vacua, at. 200. for 20 hr. 
the volatile matter (0.998. 3.79 mmoles; 100% recovery) was shown by ic and nmc 
spectroscopy to be unchanged perfluoro-(3,6-dihydro-2-aethgl-2H_1.2-oxarine). 

B. With Sodium Methoride 

i) 20. At 

Sodium (O.lSg. 7mg. atoms) was allowed to react with excess dry methanol (1.84g. 57.5 
looles) in a lOm1, P-oecked flask fitted with a coodeoser (with drying tube) and 
dropping funoel cootaioiog perfluoro-(3,6-dibydro-2- ethyl-2&i-1,2-ourioe) (1.44g. 5.50 
moles). The oxaoioe was added dropuise to the stirred sodium uthoxide rolutioo over a 
period of 15 min at, 20. and the solution rticred.for a further hour. fbe contents of 
the flask were poured into water (1Oml) and the bottolp layor nr separated and dried 
(IlgSOg). to give a coloutless liquid (1.416. 5.40 moles; 98% recovery) shown by glc. 
molecular might and ir spectroscopy to be unchanged perfluoro-(3,6-dihydro-2-mathyl- 
2&1.2-orazioe). 

ii) At 60. in a Closed System 

Sodium (O.lSg, 7mg atoms) was allowed to react with an excess of dry wthawl (1.60&. 
50.0 amoles) io a 5Oml Pyrex reactioo tube. After the tube and content1 had beeo 
degassed. perfluoro-(3.6-dihydro-2-methyl-2H-1,2- oxazioe) (1.44~. 5.50 moles) was 
condeosed in at -196.. The tube was then heated at 60.. with agitation (polymeriratioo 
tank) for 12 ht; the yellow liquid product uas poured into water (1Oml). l od the bottom 
layer was separated and dried tQ8O4), to yield a colourless liquid (1.30~) which was 
separated by preparative glc (4r dinonyl phthalate at 100’) ioto three fractions: 
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10. 

Fraction 1: Thin wee unchanged oxezine (treco). 

Fraction 2: A high boiling liquid (83%) identified as ax isomeric mixture of 
5-wthoxy-~.3,4,6,6~pent~fluoro-~2-trifluor~thy1-3,,6- dihydro-2&-1.2- ox~rine) (SO%) 
and 4-wthoxy-3;3.5,6,6-pont~fLuoro-2-trifluo~~thyl-3,6-~i~~ro-2~-~,2-ox~zino~ (20x7 
(1.131. 4.14 m~olos; 75%) (Pound: C. 26.1; H,1.4; g. 4.9%; &. 270.zC6S3y 

g?0 requires C, 26.4; Il. 1,l; 1. 5.1%; &, 2737. b.p. 113*/76M (Siuoloboff). nD 1.321. 
The presence of the two isomers wes indicated by roveral features in the nu spectrum. 
the most strikin& being the prerence of &b& vinylic fluorine atoms (appror in the ratio 
4:l) with chemical shifts et 89 and 91 pm to high field of trifiubroacetic acid. The 
ir spectrum showed absorption bands at 3.26, 3.23, 3.35 (w, C-H str), 5.80 (VI, C-C 
str), 6.84 (I, C-H def), 7.40-8.69 (VI, C-F str), 9.30 (s, CO str). and 10.53p (a, 
c-w rtr). The mass spectrum showed a patent pe+k at & 273 (67% rel abund) and a 
fragmentation pattern consistent with the structure. The presence of C-Cunsaturation 
wes also shown by reaction of the mixture with brcaine. 

_Praction 3: An unidentified compound (16%) having a similar ir spectrum to that of the 
above ethers but containing no unsaturation, possibly an isomric mixture of the 
ratureted ethers (VII). 

iii) At 60’ in an Ooen Srrtem 

In view of the difference between the authors’ results end the otber public&ion 
describing the reection of sodium methoxide with perfluoro-(3,6- dihydro-t-methyl 
-2&1.2-oxrzine) to yield 4-methoxy-3.3.5, 6,6-pentefluoro-2-trifluoromethyl 
-3.6-dihydro-2lJ-1,2-oxazine in 76% yield, the ruthors reperted the Russian experiment, 
l e described below. 

Perfluoro-(3.6-dihydro-2-atethyl-2R-l,2-ox~zine7 (2.OOg, 7.60 moles) was added dropwise 
over l period of 30 rin to a well-stirred mixture of 11OH pellets (O.EOg, 14.3 roles) 
end dry methanol (1011) contained in l 25~1. 2-necked round-bottom flask fitted with l 

reflux condenser end dropping funnel (the flesk becoming slightly warm). When the 
addition was complete. the flxsk wee heated to SO* for 3 hr. The product wee cooled, 
treated with w&et (15ml1). end the lower leyer sepereted, weshed with weter (2 x Sal). 
dried tHgSO4) end distilled to give l colourless liquid (1.8Og); this wee shown by glc 
analyses (4m dinonyl phthelate et lOO*) to consist of two fractions, a: 

_Praction 1: A high boiling liquid shown by nmr to consist of both the 4- end 
5-metboxy-oxaxines (O.gOg, 2.90 mles; 74%) with the letter predaineting. 

Erection 2: A high boiling liquid (0.16g. 9%) with an it spectrum identical to thet of 
unidentified compound obtained in (ii). 

C) With mnie 

i) At 20’ 

The oxezine (1.508, 5.24 -lee), -nie (0.271. 15.7 maolee) and dry ether (1Oml) were 
condensed, in vacua. into a 25m Pyrex reaction tube at -196.. The ‘tube was allound to 
warm to 20. and held et this temperetare for 15 hr and the volatiles fractionated by 
trap-to-trap coodensatioo. to give: 

1) =196* trap: A fraction (O.O6g, 3.71 mnoles; 23% recovery) shown by ir spectroscopy 
to be -oia. 

2) -78. tree: A frection ehown by glc analysis (2m dinonyl phthalete et 20’) and ir 
spectroscopy to be ether contamineted vith traces of perfluoro-(3.6-dihydro-2- 
methyl-2fi-1.2-oxexine). 

3) -23. tree: A colourleeo, unstable liquid identifiedas en isomeric mixture of 
4-rmino-3.3.5,6.6-~tefluoro-2-trif~uor~thyl-3.6-dihydro-2~- 1,2-oxexioe (20%) end 
5-emino-3,3,4,6,6-pentefluoro-2-trifluorcaethyl-3.6- dihydro-2H-1,2-oxerine (80%) 
(0.611. 2.36 Iloles; 41%) (Found: C, 23.6; Ii, 1.1; Y. 10.7%; II, 258. C5H2CgY2O 
requires C, 23.3; H. 0.8. Y. 10.9%; I& 258). bp 33’Ilm. e 1.3469. Identificetion 
was effected by LU end 14 P nmr spectroscopy end by the roleculer fregmotetioa pettern of 
its mess spectrum . The it spectrum of the mixture ehoued eheorption bends et 2.85. 
2.92 (m. Y-H str). 5.75 (I, C-C str), 6.17 (P. H-H def), 7.09-9.01 (s. C-F str). 9.35 
(m, W-O str), 10.64 (m. C-N str), end 13.93~ (8, CP3 def). 

In Che tube there remained l brown oil (2 0.48) uhich uea not exuined. 
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3) -23’ trSp: An unrtebl., colourlorr liquid identified SS en ircaeric mixture of 
4-wthyluino-3.3.5.6.6-~nt.fluoro-2-trifluor~thyl-3,6- dihydro-21-l. 2-omcino (25%) 
end S-wtbyluino-3.3,4..6,6-~teflnoro-2- trifluorawthyb3,6-dihydroL2~-l,2-oxuino 
(75%) (1.465, 5.4l,molis; 79% (Pound: C, 26.0; II. 1.6; II. 10.X; m. 272. 
C6S4P8M20 requires C, 26.3; W:l.S; II, 10.3%; t!J. 272). bp SO*/lxm;n$ 
1.3624. A8.i~ the liquid decompored mpidly St rocm temperature to 61~0 l brawn oil and 
no l ttnpt ues ude to sepereto the isomers by glc. Iho l tructur. of the productS was 
Slso deduced from spectrommpic det.. The fr.apoetram shoued .brorptLon bendx et 2.69, 
2.98 (a, N-II atr), 3.27, 3.35. 3.38, 3.42, 3.51 (w. C-H rtr), 5.79 (B. C-C rtr). 6.56 
(1. N-H 4.f). 7.32-8.85 (a, C-F rtr). 9.01 (s. N-O rtr). 10.42 (a. C-N atr), 13.88~ 
(a, CP3 def). The lli end 19P nU wr. Sirtoat uith tb. SU,J@‘t& Structure 

end cl.Srly rhowed the prerenc. of two isomers;~.sd the molecular PrS~atetion p&tern 
of its PSSS Spectrum ves in Sccord with the proporod Structure giving . molecular wei&ht 
of 272. 

In the tube there renuined l yellow oil which besides 6iving l poor ir was not further 
investigeted. 

P) Yith DiwthylSmia. et -78. 

A mixture of oxStine (2.966. 11.2 molea), .IC.SS dim.thylSmine (4.506. 100 mol.s)‘.nd 
ether (1011) vsr. stored, in VSCUO. in S 25Oml Pyrex tub. et -78. for 3hr. The tub. wea 
then allornd to warm to r- temperature and loft for 30 min Sfter which time the 
voletiler wore vented to the system end fr.ct1onSt.d to give: 

1) -196. tree: A frwtion (3.196, 71.1 -10s; 71% recovery) ahown by moleculer tiight 
Sad ir spectroscopy to be dirthylulno. 

2) -78. tree: A fractioh rhoun by ir spectroscopy to be l mixture of other 
contuinated uitb trSc.r of orexine Snd diwthyluiae. 

In the tube there rexuined S yrllou oil which when distilled &we e colorrleil liquid 
identified SS S-dimetbylemino-3.3.4,6.6-pentxfluoro-2- tcl-flnorcuthyl-3.6 
-dihydro-2g-l,P-oxerine (99%) plus e trSc. of 4-dimethyl-uino-3.3,5,6,6- 
p.ntSflooro-2-trifluor~thy1-3,6-dihydro-2~-l.2-oxSxin. (G 1%) (2.358. 8.21 moles; 
73% yield) (Pound: C. 29.7; H. 2.4; N. 9.7%; Il. 266. C7E618N 0 requires C, 
29.4; H. 2.1; 1. 9.8U; $286). bp 49*/l-, zJ0 1.3718. The i 91 nu spectrum 
indiceted thSt the product USE mainly the S-dimethyluino-oxwine with only l tcSc. of the 
4-di=thyluino iscaer. The ir spectrum w.S consistent with the proposed structure Sbouing 
Sbrorption baadr St 3.38, 3.40. 3.47 (m, C-H rtr), 5.91 (6; C-C str), 6.69. 6.85 (1. C-E 
def), 7.41-8.97 (s. C-l str). 9.43 (I, N-O str), lo,36 (I, C-N rtr), 13.88~ (s. CP3 
def). A significSnt feature of the molecolSr fregmentetion p&tern of the usn Sp.CtrUm YaS 
the perent peSk St m/g 286 correSpondin to the molecular C7H6F6N20. 

C) Attwted ReSction with PentSfluoroSnilin. 

A mixture of 0xSzin0 (1.106, 4.24 -1.0) end pent.fluoroSniliao (2.008. 10.9 -10s) in 
diwthylformemid. (1Oml) wSS roilaxed for Shr in SOml round-bottom flask fitted with S 
condenser. The volStile uterial VSS trensferred to the System end fractionated to give: 

1) -78’ trap: A PrSction (1.086. 4.19 8mol.s; 98% recovery) shorn by molocul.~ weight 
Snd ir spectroscopy to be unchSn6ed perfluoro-(3,6-dihydro-2-methy1-28_1.2-oxSxin.). 

2) -23. ttep: A fraction Shown by ir Spectroscopy to be dimethylfomuuide. 

II) Attempted Perction with Aniline 

1) At 40. 

Freshly distilled l nilin. (1.536, 16.4 moles). oxerin. (1.1568. 4.42 moles), Snd ether 
(Sri) were hoeted St 40. in S 5Oml Pyrex reaction tub. for 70br (polymerisStion tank) 
and the voletiles frectioneted by trep-to- trep condenretion to 6ive: 

1) -78. tree: A frection shown by glc .nSlysir (2m dinonyl phtb6lSte et 20”) to b’S 
mixture of ether end unchanged perfluoro-(3,6-dihydro-2-methyl-28_1.2-oxezine) (1.116, 
4.22 moles; 96% recovery). 

2) -23. tree: A fraction (1.506, 16.1 amoler; 98% recovery) shown by glc analysis and 
ir rpectrorcopy to be unchenged aniline. 
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ii) At 70’ 

In l rimiler experiment, 4uiline (1.508, 16.1~ler). or4zim (1.151; 4.41 roles). and 
other (Sml) -#me. re4led. M, in l 5Oml Pyru tuba end haatod et 70’ with l gitetion 
for 24hr dUr$ng uhich tin the contoatr of the tube becema derk colobred. The contonts 
of the tubo,uero distilled end undot redacod preeauro to give enilioe tO.Erg, 9.00 
zmolea; 56% recovory7 l zd lowing behind in the fl#rk a black tar (g5 1.47 fra which 
nothing could be irolzted by sublimation. in vecuq. solvent extraction. or column 
chroutogrephy. The ir spectrum of the tar itrelf proved to be feetureleaa. 

I) With the Soditu Szlt of Pentefluoroaniline 

The #odium l elt of pentefluoroeniline ueo prep&d by the method described by Brook. and 
Rutherford in e recent publicetioa33. Thus, l solution of penteflooroeniline (0.67g. 
3.80 -lea) in dry tetrnhydrofuran (Sml) waa addrd to a cold (-20’7 solution of aodium 
hydride (0.09g. 3.83 aroles) in dry tetrehydrofurrn (5ml) conteised in a 25ml 2-necked, 
round-bottomed fluk. The white ruapension ao produced vea rtirred for 4hr at -20. and 
l veotuzlly derkenod acmewhet. 

The oxzrine (0.928, 3.52 -lea) YU edded to the white l uapenaion end the mixture wan 
refluxed for Shr. The voletiler were transferred to the l yatem and fractionated, to 
give: 

17 -78’ trap: A fraction (0.928. 3.51 -lea; 99% recovery7 ahoun by molecular weight 
end ir aPecttoacopy to be unchanged perfluoro-(3,6-dihydro-2-methyl-2~-1,2-oxezine7. 

27 -64’. trap: A fraction (_qg 4g7 shwrr by ir apectroacopy glc l nrlyair (2m silicone 
oil et 20’7 to bo tetrehydrofurzn. 

J) With Sodium pentafluoroobonrte 

i) XII ?etr4&,trQfUC#D (T,iy) l t 80’ 

Sodium (0.156. 6.5- l tcu) war.rdded in #me11 piecrs to l solution of pente- 
fluorophenol (1.37~. 7.44 molea) in ether (loll). On ccmpletion of the rewtion the 
contenta were trznaferred to e 5(kl reaction tube end the ether removed et the pump. 
Dry IHP (lOml7 was condonaed into the tube, followed by oxazine (1.658, 6.34 -lea). 
The tube vea heated et 80. for ldhr and the voletiler tranrferrod to the V#EUUU ayatem 
znd fractionated. to give: 

17 -78. tr4p: A liquid ahown by it l poctro#copy and glc l n4lyaia (2m dinonyl phthrlrte 
at 20.7 to be tetrahydrofuren end unchanged oxazine (1.628, 6.21 pmolea; 9S% recovery). 

ii) In gUlUhOl4nO et 160’ 

In view of the inertness of the oxazine towerda sodium pentafluorophenate in THP it waa 
decided to uae a dipoler aprotic rolveot (Sulpholzne) which l olvates the nucleophile to 
a much leaa degree. 

Ihua, an ethorezl auzpenaioa of aodiUm pentaflooropheoete (1.36g. 7.40 moles), prepared 
#a described above, we8 trznrferred to a 5-1 Pyrex tube and the ether removed at the 
pUmp at 80.. Dry aulpholane (lCml7 wea introduced (in a dry-box) end, after the system 
had been degeared. the oxazine (2,.598,.9.92 -loa) ue# l ddod. The tube vu heeted et 
160. in l rocking furnace for 40hr and the condenaeblo Mterinl frrctioneted by 
trrpto-trap condooration to give: 

17 -78’ tr4P: A frection (1.898. 7.24 rmolea; 73% recovery) rhown by molecular weight. 
glc l nelyaia (2m dinonyl phth4lrte at 20’7 to be unchanged 
perfluoro-(3,6-dihydr~2-mathyl-2&l.Z-oxezine7. 

27 -23. tre9: A colourle~r liquid (0.808, 1.89 wlea, 7Og recovery7 identified l a an 
iaomeric mixture of 4-~tefluoro-phonoxy-3,3,5,6.6-~ntefluoro-2-trifluor~thyl 
-3.6-dihydro-2J$-1.2-oxe&e (33%) end 5-peotefluoro-phenoxy-3,3,4,6,6-pentafluoro 
-2-trifluoromethyl-3.6-dihydro-2I&1.2-oxezine (67%) (Pound: C, 29.1; 97. 3.4%; 16. 425. 
C P 

112f3 
NO2 requirer C, 29.1; II, 3.4%; 7t. 4257, bp 189’/75h, (Siuoloboff). 

gD 1.3776. The ir ape&rum showed l baocption banda et 5.75 (a. CIC ate). 6.56 
(a, c-c,,, ate). 7.28-8.85 (a C-l l tr). 9.28 (a. Y-D ate). 10.26 (a, C-D rtr), 
and 13.792 (a, CPS def). The 19 I nu of the mixture end the frngmentetion pztteru 
of ita mew spectrum were alao conrietent with the propored atructute. 
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IO With KirtrifluororPrtbrlaitcoxide 

Perflaoro-0,6-dihydro-2-estbyl-2fI-1,2-oxesiae7 (0.616, 3.16 roles) sad bistri- 
flooratbylait~oride (1.076. 6.36 mles) wre l esled ia r3Oml Pyrmr tube sad loft St 
roa tempetsture for 3 moaths; tk purple colour of the aitroride rsdicsl fadad 
coasidersbty duriry this period. K’bo volstiles Hre freotlobsted by trsp-to-trep 
coadeasstioa to Kioo: 

1) -196. ttsp: A frectioa (0.266, 1.54 roles; 2sX recovery) sboua by moloculsr ueiKbt 
sod ir spectrorcopy to be bistrifluorometbylnitcoxido. 

2) -78. trsp: A frsctioo (0.206. 0.76 lolos, 24% recovery) sboua by molecular miKbt, 
61~ easlysiS (h diooayl pbtbelrto ot 20.1 sod it spectroscopy to,be nncbso6ed 
perf1uoro-(3,6-dihydro-2-wtby1-~-1,2-oXsXiae). 

IO tbo tube there ruined s colourloss oil (x.406, 2.35 moles; 93% rmcovory) 
ideotifiod ss 4,~-di~~,~-bistriflrorowthylait~y~-3,3.4,6.6-boxsfluo~ 
-2-trifluorometbyl-3,6-totrsbydro-2Ij-1.2-oxsXioe) (Pound: C. 18.0; 1, 6.6; 1. 67.1%. & 
s97. C9C21Y3C3 requires C. 16.1. Y, 7.0; I; 66.6%; 4, 5977, bp 155*/761r 
(Sirmloboff), pal 1.2995. The 14 C amr spectrum of thii’product rod tbo 
frs~otstioo psttera of itr uss spectrumwere consistent iritb tbo proposed structure. 
The it spectrum showed sbsorptloo beads St 7.57-6.65 (m, C-C Sk). 9.39 (I, W-C rtr). 
10.31 (I, C-N str), 13.99u (I, CP3 dof). 

i, Ehotolvsiq 

The orsriao (1.006, 3.60 molss) uss reslod. in vseuo, in s 3OCml silica 6lsss tube with 
the bottom third blackened to provoat furthor pbotolyair of products, sad irrsdisted 
uitb ultrrviolet 1iKbt (SO0 Y Henovis lsmp) St s distmee of 18” for 100 hr. tbo 
volstiles were frsctionsted by trap-to-trsp coodoasstioa to live: 

1) -196. trap: A trsce frsctioo rhowa by ir spectroscopy to be rilicoa tetrsfluoride. 

2) -76’ trap: A frsctioo (0.966, 3.66.molor; 96% tocovory, shown by moloculsr mi6bt. 
6lc saelysir (2m dinoayl pbtbslste st 20.1 sad ir spectcorcopy to be aachso8ed 
perfluoro-(3,6-dibydro-2-methyl-2H_1,2-oxsxioe7. 

In l rimiler experiment tbo oxsxino (1008, 3.60 ~1007 usm irrsdisted for 1 wotb end 
the volrtile msttet frsctionnted in the system to live: 

1) -196’ trxp: A trsce frsction identified by ir spectroscopy ns silicon tetrrfluoride. 

2) -16’ tree: A fraction (0.696. 3.40 Imoles; 69% recovery) ahowa by molecular wailbt, 
6lc snslyris (2m diaonyl phtbslste et 60’) sad ir spectroscopy to be uncben6ed‘ 
perf1uoro-(3,6-dibydro-2-metby1-2~-1,2-oxnzioe). 

IO the resctioa tub0 there remsioed s hi8h-boilin yellow liquid, (0.267 shw by ir 
SPectrorcopy to contsio the 6roup EN (4.45~. C-C (5.4lu7, C=C (5.7lu). end C-F 
(7.1%9.62u). Glc soslyria (31 silicoor oil St 80.) showed the presence of at lesrt 
Oi6bt components; decvsition of some of the cosumuods took plsce on the column and 
none were iroletod or identified. 

_Posctions of the Iromeric Wrturer of 4- l d 5-UethoxvLMItsfluOrO-2- 
trifluotometbyX-3.6-dihydro-2~-l,2-oxsxioor --. 

A) With Bromine 

A mixture of the ethers (0.306. 1.09 moles) end exceaa bromine (1.606. 10 roles) 
reeled. in vscuo. in s lOa1 Pyrex tube uss bested st 60. ubilst bein idredistod with 
soft ultraviolet li6bt frcm l 300 U Krr filled lsmp for 6br. Tbe eXCesS bCaiOe (1.256. 
7.60 moles; 76% recovery) uss vented to the system 1eWiOlJ behind in the tube l 

colourlesr oil (0.468. 1.08 wles; 96% recovery7 shown to bo sn isowric mlxturos of 
4,5-dibromo-4- ~thoxy-3.3,5.6,6-~ntsfluoro-2-trifluoraethyl-tetrsbJdro-l,2-oxsxino 
(20%) and 4,5-dibr~-S-rtboxy-3.3,4,6.6-pontsfluoro-2-tr~fluo~thyI 
-tetrebpdro-1,2-oxrrine (80%). ( yound : C, 16.9; If, 0.6; Y, 2.9%; h, 433. 

C ii3y88r2uC2 requires C. 16.6, Ii. 0.7; N, 3.2%; g. 4337, bp 164’/762arp, 
pg2 1.4054. Altbou8b the ori6iosl onssturnted ethers could not be sepsrstod by 6lC 
the bromineted ethers showed two peaks in the ratio 1:4 when subjected to 6lC snxlysis 
(2m dinonyl phtbrlste st lOO*) but insufficient utevisl wns l veilsble for their 
sepsrstion by prepsrstive 81~. Abe 1~ end 19k’ nmr spectra were complex but 
consistent with the proposed structurer. AlthouKb n moleculer ion uss not obtained frcm 
the msss spectrum other features of the frs6meotrtioa psttero (rucb ss P-79 sad P-61) 
peaks supported the su66ested structure. Tha ir spectrum #homed sbsorptioo bands at 
3.37 (m. C-H str). 6.62, 6.90 (m. C-H def), 7.66-6.89 (s. C-F rtr), 9.30 (s. Y-C mtr), 
10.37 (1. C-N ate), 13.16~ (a, CP3 def). 
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B) With Potarriuu Pluorido 

A mixture of the others (0.506, 1.15 wlos), potarrium fluoride (O.SOg, 8.62 mler) 
and diuthvlforumido (lml) were aLaken in a sealed tub. at 60. for Shr. Aftor cooling, 
the tube & opooed aod the contoots poured into excoes water (1011). The lower layer 
uas separated. warhod with water, dried (UgSD4) and rhown by glc analysis (2m dioonyl 
phthalate at 60-j. it and nmr spectroscopy to be an unchanged nixturo of 4- and 
Srrthoxypeatafluoro-2-trifluoromothyl-3.6-dihydro-2~-1.2-oxarine (0.451, 1.04 mroles; 
90% recovery). 

We thank Dr it B Banks of UMIST for usrful discursioor and Buidaoce. 
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