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(Contribution from the Department of Cheralatry, Unlveralty of rtashliigton) 

THE FRfiPAFATION OF DIFLUÜKGAMINOTRIPIJÜlOKETHOXY- 

TETHAPLÜOFOSULJ-,üR(Vl),   CP^ÜSF^P^ 

by 

Leonard C.  Uuncan ana Qoorge H.  Ciciy 

Trlfluoromethyl hj-pofluorlte rea«:t8 wich aulfui tetn- 

fluorlde to fonn CP^OSF ^1'2^ and (CP^O)^?^^2^.    If oxygen^ 

(1) 0. Pass and H. L. Roberts, J. Inorg. Chea., 2, 1016 (I96j). 

(2) Leonard C. IXincan and Oeortje H.  Cady, la print. 

is present t;ho compounds CP,0SP.üSF_,  CP .OSi „ODSF,,, an(: CP,OSFI.CXJSP1 OCiT 

are also fomed.    In this investicatlon CF^CF ind SVu vere 

allowed to react in the presence of ICP. in order to Ic-am whether 

a product containing loth NP   and CF,0 groups  vould be forajd. 

This turned out to be the case.    The reaction Day have proceeded 

by a series of steps such as proposed by 0.  Pass and H. L. Roberts^ 

with an initiation step such as 

CF^OP ♦ SP^ CP 0* •»• SP • * 

and then furoher stops as 

CF^O. + SP4--> CP 0SPlt» 

CF^OSP^. > ^F^-^CF^OSF^NF^ + XFy 



and temlnatlor ..a 

5        2 -»   -;. 

3 2        ^ 
The NF. and OF,!1 cjwup.» were found to be Looa -ed Li cic 

- .2      ■      ' 

positionu with fespect  tic  each other, 

•   ' .' •      • 

SXPEBIKEWTAL 

Reaotlorj). — In J. typlcil reactlor j.J ii-  •>*■ K ,F^;   t.; g. 

of SFÜ, and 3.8.g. oi'C.'-CF we«? held in J 10 oc Kor .1  reactor 

at vooin temperaturo for reven Jiiys,    The tube w..8 t-.3 i openec 

and the volatile prodiH.'.f  were oeparatod tj .fractlc aa    Cvdle- 

tlnation/''    They wert«    in order of decPfMlng veil  lilt/, 

(3)   0. HI   ^idj- and D, !'. Sleg^arth, .twl. CheiQ., j.l, 613 [1^59) 

CfjOF, S1FV  COF^, H2Fk     ?, iX)^,   CPJOOCJJ,  SF^Nl-,.   3  d 

CF,03FhNP    ('>-'l^'').    Al.", the a:ove sulMitaacra except    h    unlc<ntl- 

fled material and the loaet volatile p:.ocuct were lieatifi-Jd    . 

their charaoterJotic Ini'ranui  jpt's -   . 

Fro;><jrtio8 of <...i'luoix)oninourli'lv Uomatho/.; :i ;jwtluoio- 

auIfur(VI^,—Sxperlaentul moasareKonta (:;;( ur   A coleculay 

weight of 2*5.1 oonpared to :. moleoular »eight of. ?M .1 bloviated 

for CP^OSPLUF^.    Dünoit.eo at r...ve teni)eratur«e shcr  ir Table 1 5       4     2       ■■  ■ —• 
ccrreapond to a voitunc  ooefflciont oi' oxfarbion at '     of 2.C:  x 10    , 



;•- 

Taola I 

Dausltieo cf CF.,OSl?,.«:1, 

Temp. 0 0.0 3,8 15.3 

Dena'.ty g/cc      1.32? 1.793 1»770 

27.S 

1.726 

33.3 

1.7^2 

Vapor pr3aDures  ihovm ;.n Table 2 Indicate ;. heat cT vnporlzattlor 

from the Glausluj-Clapoycvn equation  >f b.d" kcal/moj.« , ;   nonaal 

bplllng  30ir).t of 2y.3D,   uri a Trjuton conatiJit cf 22 '   ci .    Tin 

e-xperlmeit^l data fit ths  »xpreesion lo^-w/,,,,, " "---.^ -x: O'+v J767 

Ta'ol8 II 

Vapor Prisjurof   )f (;i,0Sr,i:.' r 5     4   2 

lOy.O . 
Temp VK, 

257.1 
12 r.2 260.0 

1^5.9 262.7 
20^.4 26!M. 
233.1 273.0 
270.0 275. ^ 
297.9 277.5 
324.5 279.7 
363,7 282. U 
390,6 
If25.4 

285.2 
286.3 

P 1 on 
45;'.Ü 

T.;rai   0i; 
i-i 3,; 

4M.  .6 289.•'! 
52".e 2M.; 
1><'.'>1 2:3.: 
39'>-9 2:4.:: 

CL!M.5 2:5.' 
6üi-.5 .■?:7.:. 

6i<:..2 2S.'3.; 
(760.0) {"<2.!- 

The infrarec npeitrmn <>r  CP,0SFj,MP„  13 8lr>\n. In 

Table III. 



Taö: o i:: 

IrXrarsd ipocvrim er Cl .»." '^ 

Frequency, cm.'        Aaol^naent Frequency,  cn."        A: nlEnt.ar.t 

1271 V8 CP s^P J 

H/. VE CF str 

981    e 

(O    J, H. Sinoia,    Fla; r Lre>h«BiPj cy, •- Pi'-'i 8,  Inc., 

New Ycrk,   /ol.  II,   1950, p. 456. 

(5) NP, hae NF Stretch li th; ■ Kction,    II    K, rflleoi   a» d 3, R. 

Polo, J. Cnen. Pliys.   gO, i71C {19'J>. 

(6) SFj-Cl and SP^Ex have  ne&un abeorpt        .     dl» • 9£ '>r. 

The compo'ind Ir colcrles«• end elovOy reu   .i i IM glt 8 it r«>om 

temperature ferting (>c); iFg,    The tna^'u ,a. for n! ; og« n wao 

carried out ty *elgMnf  tu.  v( litlloa c*   • • th<   re      loi   of 

thl? muterJal with nolter poti aaluri.    Fm.;il:    i Urogwn ' .l<. 

Thooretlcal:    nitrogen 5.i:$,    The an4lya;...t loj   J'luo In«   v.aa 

carried out l>y comparirg tl 3 .integmtod 1       i     i n    •    r« .Knanct- 

areia cf 8iim:)les cortalnlf^, ki4>wn welghtn -»t* Cl -0S1 . 'P.5 and 

CC1,P.    Foun.lt    23,W^ CF fluorine.    ThaocMtical     ,r-.2-.' c* 

fluorine,    The Intefr.'tc;   F^^ n.m.r. reao-.Vvrjce ai-eaa of a pure 

sait.ple of thci cempound Irdlci  ed tiu.t for ovejrj  ;• fli or .ie atoma 

bound to carton; there were 2,01 Unind to   »liresen   . nd  4.03 



bound to sulAir. The total fluorine founct: fl.l.',    Tl-eoret.'.cal: 

69,8^. Tb- F^ n.m.r. spectruw of CP^OSF^NP at 56.4 Po !• 

shown In Pig. 2. The 3P portion of the spectrum correepondea to 

the ci'-structure ^.i which the P19 n.m.r. Bpcctrain 

wap 'hat of an AgDCDC^Y^ system having the two Y atoms attached to 

r *rocen. The spin couplings J NP-3P 
'\? 

. J NP-SP,., J 
B "«'-Sf 

• JCH- CP-SP v 
JCP-SP , a'ld JCP-SP ware estimated froir both kO and 56*4 He 

B C 
spectra (s.ie table V). These coupling valuet wert; ther used to 

eetlaate tae position of the S-P resonance lines, «U e theore- 

tical specirum was caloulated for an A EC BioCel. It was found 

that the computed spectrum was In fair acreenent 

with the S?^ portion o^ the experimental tpectrum *hon the spin 

coupling constants and chemical shlf-.s shown In Table V were 

used. The "spike" at lower field than the MF rouonance--«ae 

not Identified. 



Table V 

P^ Spin Coupllnc Conetante cind Cieralcdl Shift! 

for CP-jOSF^NP,, NMR Spectrum 

"Typea" fluorine 
atoms 

J,cp8 

ppm, 
dlfferenc«j for 
the two " -ypes' 
of P atoflii» 

ppm, 
compared to 
the CP, eroup 

H-Hr_^6 

B - A                           160.0 2.60 

B - C    .   .                  U9.2 •   2^.27 

•.  A.-'C ..   '                   i^'O- ••" " 2Q-.66- • 

':'':-:x '- h..-, ; •.;•;.•• :i.p:. • 
*           • 

••.            •      *              ■'             I..'"       •     * 

".    ••• X - "C-.- •"                   12.3 
.     .     .     *             ■.    .       • . ■      ■ .* 

/  .:     • •-     .Inpurity"   "•  *• 0 '•.' 

•    ':'        •        * 

''■Y'rß^'. ,•••   : .•.:•. «22,.3. '■.*'•  .» * •«   : 

..        Vlfr; A ■;.■•■ .'.    •■.."'■21 6 •.. .  "     ' 

".•■   Y.-- c.:' •;.         '.";•• :2U " 
• 

Mltrogen - Y             > .' ; '110 

.109.4 

.1*03.0 

•123.7■ 

•130.0" 



; ■ 

The pioxlmitj of the oaleulated v.nd exptrliueatci spectra  luclcutes 

tliat the projoaec1 strAiCviuta Ja   orrect.    ^ oo^iarlBor  of 4;hc- 

CP - SF and NP - .'P cou^lli^j ojr otanta witl    .nose cf r-elatod 

compounds supports a structuie k.lth a F,CO :üid an ffP   <;roiip 

attached to the ealfur atom cf the SPi. jrot.p 

ZAV.e VI 

r ^ Cviuplintj Constanta of S-P coupeundt 

Oor^ounc 

(7) cy,sp. 

(oi«;(cP5o)2SF4^i.- 

(n.^nsjCP-SP^Mi» l3?. 

NP SP,.^^ 

PS0/F2^10^ 

rype" llacrlne 
Coup.Mig 

;' SP. 

.3P,  - SPB 

CP • - 's? " 

JP,  - SP 

.NP,,- - SPA 

'**.l-- .S'PB  • 

IP; SP 

.1 , CpB 

22.^ 

t.* 

.y.9, 

••'y.p;.* 
,..  > 

22*. 
•    •• 

?:.    . 

19 Il; 

.•    • •. 

f.i. 

V6 

(7)    ■-. I. Men;l.ll, S,    M^'i/lUlAnson,  i. i,   Cady und D, F.  ^ore, Jr., 

J. Inorg. Cheio., \t. Wl (lyC-i). 

(6)    A. L, Lo^othetle, 0.  N, Suuson, R. J.  .^oda, J.,  Iiorg.   :hci.i., 

*> 173 (1963). 

(9)    ThcBo vaLuea  vere obi:.'.iii2d fz-o.« tho SFictrom of this wOmpcund 

r-eported by 0. H. Caiy, D„ P. Eetfers,  Zt., and B, '-'Ittle, 

Proceedings Chem. Soo,,   )!>-6 P«b. (lbC\j). 



a 

(10)    N« Luatiß and Q. H.  Cady, J.  Inorg. Chera., i, >cJ3 (1^63). 

The respoctlve CF -SF coupling ccnttanta In Cl* OSP^NI^ 

are of a maßnltude that might be expected fcr a CP, croup bound 

through oxygen. Interacting with sulfur fluorines at ^0° and 1Ö0. 

The observed NP-SP coupling constants f.ro aJso within the range 

that might be expected for a MF   group bo\.nc   directly to sulfur. 

The els structure of the compound Is In accord with the reported 

structures of other derivatives of SF^ foxwed by direct oxidation 

of SF^ cl8-(PS0JgSP^115 cla-^SO^SPjj1^ and cls-(CF30)2SPll>
(2) 

(11) Jean'ne M. Shreeve and 0, H. Cady, J.  Amer.  Chem. Soc, 

3^.  H^l (1961). 

(12) C.  I. Kerrlll and 0. H.  Cady, J.  Amer.   Chem.  Soc, 85, 

90^  (1963). 
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