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13 AgLSTRACT

Dimethylchlorotin carboxylates, (CH3)2CISnOOCu, R = CH CF3, C2F5, C4Fy, CF,Cl,
CH2C1, CHC12, CC13, CHZBr, CH2 , are prepared by heating trimethyltin chloride with an

excess of the appropriate acid at 100°. These compounds have been studied by 14 and
F nmr, infrared, and Mossbauer spectroscopy. Based on this spectral data, in the
solid state or in methylene chloride or chloroform, penta-coordinate tin is present.
The solids are polymeric with bridging carboxylate units. In solution, the non-
fluorinated carboxylate-containing compounds are very likely chelatc monomers,

while the remaining compounds retain polymeric character.

Mixed phosphorus chloride fluorides undergo ready reaction with sodium azide to
provide an excellent route to new azide-containing compounds, including F, PN
FoP(0)N4, FP(O) (N )2, and FP(S) (N;),. In addition, the previously reported EZP(C "

is easily prepared by this method. TF;yPX5 has particularly limited stabiliity.

Hexafluoroisopropylideniminolithium reacts with disulfur dichloride to give
bis(hexafiuvoroisopropvlidenimino)disulfide which undergoes two different types of
reactions with chlorine to yileld bis(2-chlorchexafluoroisopropylimino)sulfur(IV) and
chloro(hexafluoroisopropylidenimino)sulfur(I1). The latter gives new sulfur(Ill)
compounds with reactants that contain active hydrogen or with silver salts.
(CF3)2C=NSC1 is readily converted to (CF3)2CF=NSF2 by fluorinating agents.
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chlorodifluoramine

difluorodiazine

vis(trifluoromethyl) sulfoxide

s bis(trifluoromethyl) sulfide

dimethylchlorotin carboxylates

trimethyltin chloride

. fluorophosphorus azides

hexafluoroisopropylicdeniminolithium

bis(hexafluoroisopropylidenimino) disulfide

bis(2-chlorohexafluoroisoprooylimino)sulfur{IV)

chloro(hexafluoroisoproprlidenimino)sulfur(1I)

throush-space coupling in 19F nar

- sulfur diimide

rearranged deriv=tives of sulfur tetrafluoride,
trifluoromethylsulfur trifluoride and bis-
(trifluorormethyl)sul*ar difluoride

insertion of sulfur dioxide and carbon dioxide

difluoroaminocarbonyl pseudohalides

tetrafluorourea

chlorocartonyl fluorosultate
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13. Abstract Continued

Long range spin-spin coupling of fluorine on terminal CF4 groups separated by
ten bonds is observed in the 19F nmr of the new sulfur diimide (CF3)2CFN-S-NC(CF3)2N=C(CF3)2.

Isoclation of six extensively rearranged products (I~VI) from reactions of
sulfur tetrafluoride with hexafluorcisopropylideniminolithium demonstrates that
- simple, metathecical reactions do not occur., A possible mechanism is proposed.
Similar vea:ranged products (VII-IX) form from the lithium salt with CF4SF3 and

. (CF3)28F2. Long range coupling of nuclei separated by 10 o bonds 1is observed in

W

the 19F nmr spectrum of (III).

(CF3)2C=NS(O)0L1 and (CF3)2C=NC(O)0L1 which result from insertion reactions of
502 and CO2 with (CF3)2C=NL1, react with S0Cl, and COClp, respectively, to prepare
the herétofore unisolable intermediates, (CF3)2C(C1)NSO and (CF3)2C(C1)NCO.

Improved ylelds of NF,C(0)Cl are obtained by short term (4-6 hr) photolysis
of NZFA with oxalyl chloride. Reactions of NFZC(O)CI with AgCN, AgNCS, AgNCO,
Hg(SCF3)2 and Hg(ON(CF3)2)2 give the new difluorcaminocarbonyl pseudohalides:

3 ,NFZC(O)CN, NFZC(O)NCS, NFZC(O)NCO, NF2C(O)SCF3, and NFZC(O)ON(CF3)2. With excess
r of either Ag,0 at 0° or HgO at -78%, NF,C(0)Cl is converted to (NF2)200 and o, in
: *nearly quantitative yield. Chlorocarbonyl fluorosulfate results when NFZC(O)Cl is
mixed with §,0¢F, or BrOSO,F.
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CELCRODIFLUORANMINE ANZ DIFLUCRCLTAZLNZ

by

Lean M Zstorswski® Ronald A, Le Marco® and Jean'ne M. Siiecve®

‘hecked by Max Lustig#

Chlorodifluorazine hzs been pirepared by resction of difluoramine

with boron trichloridex. phoagene2 or hyirogen chIOriﬂeaz tr.uting a .

nixture of sodium azide and gsdium ctloride with fluortre}: repztion '
- of crlori{ne trifluoride with ammornium (1u0rideu; r-action of chlorine

ard difluoramine in the preserce of potassaium fluoridn5; a~d photolysie

of tetrafluorchydrazine ard svlfinyl chlor100.6

Difluorodiagire hes teen prepared ty the thermal decorforition of

~ . 8
fluorine gzide', ele~troiysis of savonium hydrorer fluoride reaction

v

of nitrogen trifivoride wvith mercury vapcr in asn ¢lectric dx::kzrgo9

dehydrofluoranrtion of difluornminelo, trest~cat of a2 #olutior of

f N,Nedifluorourea with a concentroted potaasium hydroxide solutianll

-
-

L]

reaction of eodius azide end fluoripole. decrapoeition of H:F‘szflllb.

and reaction of tetrafluorohydrezire and excess aluminum chloriZe at -78'1“v
However., each of thess methods suffers from ore or more dissdv:ntages

4,2 2,14
including low * 29,13,12,1 2.3 3'“'7.

: : ure of a very hazardcus rengcntl'z's‘lo

>r erratic yields, terderncy to eixjiode

(difluoramire 1z extremely shock
E 13

, sensitive as a solid), and indirect mettod of preperation ”,

The followirtg are convenient methods for the preparation of
‘ chlorodiflucreeine and difluorodiszine in reproducibly good yields by
the reaction nf difluoramidoflucrosulfate with 20dium chicride are the

Fhotolyeis of tetrafluorohydrazine aad tromipe.

(*) Department of Cheaistry, Oriversity of Ideho, Moscow. Idato 3:343

(#) Department of Chemiatry, Memplils State University, Memphis, Teap. 38111
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CAUTION, Care should be exerciaed i{n btandling tetrafluorokydrasine,
chlorodifluoraaine and difluerodiazine since N~halogen coapounds are
krown to exhibit explosive propertisa, Any apparatus used should be clean
and free of organic scterisls, Liquid nitrogen should ba uased for cone
densing reagents.
PRCCEDURE

In the following procedures a standard glsss vacuus line with highe
vacuum stopcocka (lubricated with KeleF 90 greuac') 18 used. Due to the
reactivity of many of the compounds with mercury, &£ is convenient to
uee a null point preesure device, avch as c'Baoth-Crolorlé pressure gauge
or spiral gauge. A mercury mspometer covered with Kel-F 3 o0il1* can be
used.
A. CHLGRCDIFLUCRAMINE

2T, ¢ 250, amBece  2AF1OSLF + N F
NF; 030, F + NaCl SHCK, MhCY + NeOSOF

Difluoremidoflucrosulfate 4s prepared by the photolysie of tetra-

fluorohydratine and svlfur trioxide (55% yiold)17 or essentially

quantitatively by the reaction of Ny F, and peroxocdiaulfuryl diflueride

(Se 0 F2). 18

A 300 ml Pyrex glease vessel fitted with & Teflon stopcock ‘und
containiog a Teflon.costed stirring bae ia charged with exceass resgent

grade sodium chloride (0,052 mole). After evacuation on the vecuum line,

3 a1l of dry acetonitrsle followed by difluoramidofluorosulfate (0.010 mole!,

are diestilled into *he vegsel which {is at =195*, fhe mixture is varmed to

room temperatures and is atirreda with a magnetic stirring devicea for two

hr (behind a anfety satleld), The volatile compounds are vamoved tader static

(*) Minvesots Mining and Manutscturing Company
(**) Fiecher ani Porter Co., Warminster, Pa.
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veciuaum from the renction veseel Lell at «28° (to petain nceto~itrile) teo

G trup at «195°, Then as tho.lntter warpa from <195°, the muaterial ie
serarated t- pasging through trars At =135 snd 195°, The fir:tt trap
cortsnins acetonitrile snd amnll nmounts of unrescted starting material
w.ile the trep At =195° will Krve pure chlorodifluorsaina (5,N094  mole,
b) 00”).19 UF; C1 pasrcem thke trap nt -135° &lowly unter goodl vacuum,
altroush c-lorolifloramire ear be stored for laag prrieds in Pyrex at
-19¢°_  for re-~ons of s fet:,

it ie muggested t. ¢ eonly casl) smounte

(<701 mols) be ratained,

B, DT-iUCRCRTAZING
. kv )
N ¥y . By cacowad Ny ©9

devorert grede broTine s use!l witliout further purific-ti~n. It

can be ntor«<d unier st tic vactum for lorz prriols a\ room te~perature

in cn oriinary lyrex tube aquipped with a Tiflon® rto-cock. Yrtrafluoroe

hydtrozine®® $2 used without further purification,
Fhotolyrir 48 carricd out in cn 850 ml Pyrex vesiel cquipre: 4 with a
water-cooled gu-rt2 prot-, Trs ultrnviolet light souvce iy a LSCew Arapt**

with a Vicor filter**®, To reince the dangers fro= a prossjtle =x~lonion

or eve !amage frem ultroviolet radiaticn, the re-ctio: vessel s-cw= in

Fizure is ¢c:rtoined in a woodva tox,

vme thotelreis tulb is connect<«d to the vncuuz line via a'13,30

etanierd *n>rr foint £nd is evsecuatei. Bromine (0.004% zole) ari tctrnfluoroe

hydrazice (1,702 gole) .re condersei into the cold finger (A) at -1095°¢,

The mixture exrarnds into tre bulbt ar {1 warms to root tewperrture. "he

lamp is ti-red on o-ly after the Vvcor iilter is in :1 ce, the cold tap
water is p-es:ing t-roush the water jecke:, sni the reagents are at rooa

texpersture., Thotolvsis time for an 950-ul tuld is adbout SO0 min,

{*) “ircter nnd iorter Co., darsineterr, Ea,

(** ~ip rolucts ard Cremicals, Allentcwn, Pa,

(.oo}

‘- movise L-€7¢.35 mnd filter 7010, isrovia lami Division, Ingelhard
Yaurovia, Inc., Znaclrard, N. J.
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After the photolysis is sompleted, the resction mixture is trams-
fer-ed under dynamic vacaum to a trap at -195°., The small amount ef
nitrogen formed in the reaction 4s expelled by the pumping aystem, The
mixture is allowed to varm alovly to room temperature (en empty Dewar
cooled to =195 with liquid nitrogen is convenlent) and a trapstoetrap
separation is perforsed using traps at «140 and +«195°, The first Arap
containa N;O, and Bry. The photolysis vessel ccntaina a white solid,
probably (NO), SiF¢ .,

Difluorodiasine contaminated with SiF, and RFy; is held at -~195°,
This mixture is pessed through & scdium fluoride trap to remove SiF, by
the formation of Nay 3iF; . Difluorcdissine may bs separated from
nitrogen trifluoride by gae chromatogrphy using a 25 ft x 0.25 4n.
sluminum or copper column packed with 20% FCel3* on acid~washed
Chromosord P. A helium flow rate of 0.5 ce/sec is used and tho column
12 held at =63°, Ritrogen trifluoride, gzggg-difluorodt-tino and cie-
difluorodiszine elute in that erder. The yield is 70% difluorodiasine

(93% trama), |

With a S5~1, buld, uaing 0.015 sole bremine and 0,009 mole tetra-~
fluorohydrasine, the same yield reaults after 90 min of photolysias,

Although diflucrodiasine can be stored for long periods in Pyrex
glags at <195° or in metal at room temperature, for ressons of sxfety,
it is suggested that only smasll amounts ( 0.0l mole) be retained.
PROPERTIES

Chlorodifluoranine 1is & white solid at -19%°, & colorless liquid

at -18t°, and boils at =67°. The vapor preassurs curve is givem by the

~-9%0
L

an e 7.478, Tha infrared spectrum consiats of the
T

equastioun log P

{*) Viroesota Vining and Manufacturing Coarany.
The checker repcrts esubstantislly identicel reeults vairng perfluorotri-

tertisrytutylacine on Cbromoasord P,

Y

L

K

i il

il
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the following peaks: 1853 w, 1755 w, 169% w, 1372 w, 926 s, 855 a8, 746 m,

694 o cn'l.1 The 19! nor shows a broad triplat centered at -141.%5 ppa

relative to an internal reference of CC), F,

I T

Cie-difluorndiazine s » colorless liquid at -195° with a bdoiling

point o0: =105.7°., The vepor pressure curve follows the equation log P :

na 3
32%2&9 « 7.67%, The infrorcd spectrum conaists of the following %
peaks: 1538 w, 1513 w, 954 s, 904 a, 883 a, 738 vo ca”1.20 Tne 1% par t

shovws & broed tripylet centered at =136.1 ppm relative to an internal 3
reference of CC1,F.
Trans-difluorodiactine is a white eo0lid melting at -172° and boiling

at -111.4*, The vapor pressure curve is given ¥y the equation log P-.

- -2:2 + 7.470. The infrered spectrum is a strong band at 995 °..1.30

The 19? nor gives & brosd triplet centered at «94.4 ppw relative to an

ol v L

internal referervce of CCl,F,
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BIS (TRIFLUOROMETHYL) SULFOXIDE

By

Dennis T. Sauey and Jean'ne M. Shreeve*

Bis(trifluoromethyl) sulfoxide has been previouwsly pr!patadlby the elemental
fluorination of bis{triflucromethyl sulfide at -78° iﬁ hexafluoroethane followed
by subsequent hydrolysis of the bis(trifluoromethyl})sulfur diflvoride. This
method suffers from the fact ihat elemental flunrine must be used, a solvent is
needed and yields are lov,
% Oxidution of bis(trifluoromethyl' sulfide with commercially obtainable chlorine
| nonofluoride in the absence cf solvent yields bil(crlfluo%ouethyl)sulfdr difluoride

in » 902 yield.2'3 Pure bis(trifluoromethyl sulfur ditluoride {s veaistant to

- —-————

I

hydrulysis and {s atable storage in Pyrex at 25° for extended periocds of time.
Reaction of bis(trifluorcb~.nyl)aulfdr difluoride with achydrous HCl in & clean

Pyrex bulb results in the formation of bio(trifluorometnyl) sulfoxide in good

RUTERSRERIE ST D T G
.

yleld. 7his preparative method has been extended resuiuing in the preparstion

Of CF3$(0)CyFg, CF,S(0M=CF, and C,FS(0IC,F, .23

e

S

GENERAL PROCEDURES

B o

: ’ ; CPySCl  + AgO(():CF3 —— c1rjsot:)c173 |

: 0 hy :
CF JSOCCF TGRSRy v 0, ]

B CF.SCF, + 2 ClP AN 25—; CF,SF,CF, + Cl | ) i

= 373 0he, 223 -’ ll

) Pyrex
% CFySF,CFy ¢+ HCI T lcr35c12cv3) + 2 HF
E G HF  + 510, ——— 2H0 4+ SiF,

(CFJSC1,CFqa) 4 B0 ———3 CF,S(O)CFy  + 2 HCI

* Department of Chemiatry, Lnivevrsity of Idatwo, Moscow, Idaho 83543

12




70

Bis(trafluoropzthyl) sulfide vas prepared by the photolysis of t+ifluoro-
methylsulfenyltrtfiuoroacetute.a Uther preparat{ve methods.5'6 have been
At(ticult to reprcduce or produce the momogulfide in small vield. Oxidation of
bis(rrifluoromretinyl) sulfide wath chlorine monofluciide proceeds smoathlY as
the metal reactor cuontaining the mixiure Ss slowiy verred from -78 to 25°
over 10 hours. Nou cleavage procducts ace formed and the.beotted bis(trt fluoro=
mzthyl)sulfur M “1uoride 18 {solated tn > 90% yteld. The reaction of the
sulfur diflucride vtth'nnhydrnus HC1 to produ~e Yis(triflurromethvl) sulfoxida
is presumed to proceed threugh the bis(trifluoronethyl)sulfu: dichloride
interwediate., Since HF {s produced when HCl reacts with bis(titflucromethyl)-
sulfur difluoride {n Pyrex, water is formed which results {n hydraivsis of the
bln(irlfiuoromet&yl)sqlfur dichioride intermediate. Aftempts to {sclate the
sulfur dichleride intermediaze by rea:tion of lIC! and bis(eriflucromelhyl)sul fur
difluoride in che presence of NaP in a nickel bomb resulted {n the form.tion of

bis(trifluoaromethyl) sulfide and chlorine jusntitatively.

<\° :
CF,S0CCY,
Procedure: Ten mmoles of trifluoromethvlsulfenyl chlorlde' (CFJSC1) is reactad
A .
with excess silver trifluc-oscetate av 25°C for 10 minuzes in a cne-liter
Pyrex vessel to produce trifluormethyisulfenyl crifluorcacetate (CF,SO%CPJ)

0
quantitatively. CF3SOCCF3 may be freed from trace amounts of CF3SCI by passage

thzough a -78°C (acetone) slush bath which retaine the pure CFJSOEC?3.

Properties: Tri{ifluoromethylsulfenyl trifluoroacetate is a colorless liquic at
25°C. The 'F NMR reaonances occur at 47.3 ppm (CFqS) and 6.5 ppm (C¥ €(0,0)
vich nu coupling cbserved hetween the trifluoromethyl grcups.h The in‘iarec

spectrum vonsists of bands at 1835 (m), 1805 (w,sh), 1317 (w), 1246 (w-3),

-1
1202 (vs), 1190 (s,sh), 1120 (m-s), 1069 is), 835 (w), 765 (w-m) and 727 (w) cm

‘Poninsular ChemRerearch
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crser
Procedure: Ten mmoles of trifluoromethylsulfeayl trifluoroacetate are photo-
lyzed for 3/4 hour through Pyrex with a Hanovis "'Utility" Ultraviolet Quarte
Lamp (140 watt) producing bis(trifluoromethyl) sulfide and CO2 quantitacively,
Pure bis(triflucromethyl) sulfide {s retained in a ~170°C slush bath (dfethyl
ether) vhile CO, slovly sublimes into a ~183" bdath during trap~to-trap

distillstion.

Properties: Bis(tcifluoromethyl) sulfide exists as a colorless gas at room
temperature and condenses to & cclorleas liquid., The vapor preasure of bis-

(erifluoremethyl) sulfide is given by the equation lo; P__ = 7,82 - 1239,1/T

from vhich the %.p. is calculsated as -22.2'.5 The 19,, NMR consista of a

il

singie resonance st 38.6 ppm. The infrared spectrum *ontains bands at 1220 (s),

f 1198 (ve), 1160 (s3, 1078 (va), 758 (n), and 475 (w) = L.

o, %, o

LLERLAS £ .

* ,
Procedure: Reaction of bis(trifluoromethyl) sulfida with chlorine monofluoride ]

] {8 carcvied out {n a 7% wl stafnless steel Hoke bomt. The bomb is evacusted and

in a typical preparation, 10 mmoles of bis(trifluoromethyl) sulfide and 22 wmoleas i
of chlorine monofluori:e are added at -183°C. The wessel {s then wairmed to
«78°C and slowly allowe! to varm to 25°C aver & 10 hou' period. The jproduct
wixture {s first separaied by fractional condensation. The bis(trifluorcmethyl)-
sulfur difluoride (CF,SPZCP:,') 1s vetsined in & -98° sluah bath while any

unreacted CFJSCFT C1? a1d Cl_ pass into a -183° bath. The CFSSP CF. may bhe

2 273
further purified by gas (hromstography utilieing a 17 lt. 20% Kel-P Vil (3 Co.)
on Chromasorb-P coiunn. Iinal purification gives CFP4S¥,CP4 tn > 90L vield

based on the amount cf maworulfide used.

.Ourk Mshoning Company
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Propercies: Bis(trifluoromethyl)sulfur difluoride is a coloriess gas at 25°C e

which condenses to a colorless liquid. A boiling point of 21°C is calculated

from a Clausive-Clapeyron plot according to the equation 1og Pugy = 8.00 - 1307/%.
19? NMR resonances at 58.0 (CP3) and 14.2 ppm (SFZ) integrate to the proper

6:2 ratio with J e 19.5 cps. The infrared spectrum contains bands at 1281

SF -CP
2 73 -
(ve), 1260 (), 1215 (m-s), 1144 (w), 1081 (vs), 766 (m), 677 (s) and 507 (w) cm 1.

CF4S(0)CF,

Procedure: Four mmoles of bis(trifluoremethyl)sulfur difluoride react with

16 mmoles anhydrous HCI. {n & clean one~-liter Pyrex vessel for 24 Lrs to zive
bis(trifluoromethyl) sulfexide in 702 yield.- The bis(trifluoromethyl) sulfoxiie

is purified by fractional condensation. The desired sulfoxide is retaimed in

e L b HLe et e o bt 0t R e el 2l ]

a -78°C slush bath while any unreacted HCl and CP3SF2C?3 pass {iato a -183°
bath. Further purification by gas chromatography, utilizing a 17 ft 202 Kel-F
on Chromasorb-P <olumn, enables isolation of pure CPJS(O)CPJ. When this
reaction is carried out in a =etal bomb, ao sulfoxide is forwmed. The products §§

{so0laraed vere {dentified as CP3SCF3. Cl2 and unreacted HC),

Properties: Bis(trifluorsmathyl) sulfoxide is & colorless 1liquid at 25°. A
normdl botling point of 37.3°C is calculated from a Cleusius-Clepeyron plot
according to the equation log P g = 7.66 -~ 1483/T. Conformational spectral
properties include a molecular foun in the mass spectrum (2.1%) and a single

19? resonance at 64.5 ppm. The infrared spectrum contains bands at 1244 (ve)

1191, 1187 (doublet, 8), 1121 (m-s), 1105 (vs), 752 (v) and 468 (w) n-l.

.Hltheson
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Preparation and Spectral Studies of Dimethylchiorotin Carboxylstes

by

Charlene Shiow=chyn Wang and Jean'ae M. Shreaeave

Suszary

Dimethyleblorotin earboxylatcs, (CHy); C1SmOOCR; R = CHy, CFy, C; ¥y, C;F,,,
crCl, CH;Cl, CHCly , CCly, CRyBr, CHy I, are prepared by heating trhotgyl-
tin chloride with an excess of the appropriate acid at 100°. These come
pounds have baen studied by 1§ ena 1 aar, iafrered, and MBasdauer
spactrossopy, Based on this spectral data, in the s11id state or in
methylene chloride or chlornform, penta=ccordinate tin is preceat. The
e0lids sre polymeric with drildgiprg cardoxylate units. In solution, the
nonfluorinated cardboxylate-conteining Gonpouédc are very likely chelate
monomers, while the ressining compounds retain polymeric character.

* Iatroduction
T Plalkylehlorotin cartoxylates (Ry C1Sa00CR') have been prepared by a

veriety of methods including ¢he reactions of dialkyltin dichlorides with

cerboxylic acide or salts of thess ccidl.l Recently we reportadz the ayn-
theses of diorganochlorotin cerboxylates in high yield via tre resctiuvna

of triorganotin chlorides with carbdoxylic aecids which invoave the rather
3

unexpected dierlacement of methane

(CHy )yS5nC1 + RCOzB (CHy )3 8aCL0s CR + CH,

i e

RsCEy, CFy, Caly, C?,, CFiC1l, CEyCl, CHCl,, CCl,, CHsBr, &
Ch 1

This is particularly interesting when the dislkylchlorotin product is

7’

WS AIGITE T149 COMI 0 L0t s o g

compared with the trimethylailyl perfluorcecetste obtained in 30% yield
from the analogous reaction with trimethylchlorosilene and CF,:OOH“ with

tydrogen chloride as the only other product,
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Some of the structural aspects of organetin cempounds havs besn reviewed

by Okawara sad Hun.s Extensive work oa the i{nfrared as well as mwclesr

sagnetic resonsnce sad RLaman epactra snd X-ray data confira that wost compowmda

ey

of tha type 138ncozl‘ occur as polymsric solids (pentacocordinated tim) with

pianar trimethyl and bridging carbexylate groupa.b'u In solution, or im the

1iquid phase, the compounds are momomeric. Formation of the polymeric atrue-~

L L

ture 15 {xpeded by steric Rdadrance of bulky alkyl grouwps sod also doss mot
. ] occur with thio- or dithio-acatates. Thus, 1ttr33ncuc vas found o exist a8
a monomaric liquid at 25° rather than as & tive-coordinate polymer. Infrared

spactral studies of halogen-substituted tribityl tin acatates also indicata

et MR i o it bl e

four coordinate sctructures in aoluuon.u In contrast, the structure of

compounds of the type nzcxsucozl' L vought to be fiwe coordinate and

monomerie in solution, psssumably with chelats tarboxylate .rcm;u.16

R |- bk e LatR B
T AT VTR L | S

R = Czﬂs. n-CJﬂ7. 4

“‘*W*'W-mw“
o

0 R'e Cll3

¥We heve now prepared ten compounds of this type vhere R is wothyl and R' 18
a variety of haloalkyl groups and hawe attempted through available spectral

techniques (vibratiomal, nass, nar snd MBsshbauwst) to sstablish the stiuveture

of these watartala. U report oar _eoncluntou below.

18
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Experimental

Preparacion of Dimethylehlorotin Carboxylates

A standard Pyrex glass high vacuum system was used for manipulating volatils
materials and for separating tha volatile products. All of the dimethyl-
chlorotin carboxylates are prepared by sealing the reactants in a thiek
valled Pyrex tube. E.G,, trimethyltin chloride (3.94 mmol) and an excesa of
trifluoroscetic acid {19.i mmol) vhen heat(d at 100° for several hours fors
msethane (3.94 mrol) quaantitativaly as seasured by PVT techuiques. The

oxgess acid 13 removed under vacuum with concomittant heatimg vhen required.
Esgsentially 100X coanversion to the dimeth ylchlordtin crifluoroacatate

(3.94 mmol) accurs. With the axception of the dimathylch)orotin nonchalo~
acetates (~ 60X yield based on the smount of trimechyltin chloride converted),

all preparations are essentially quantitative. Lewer ylelds are due ia part
to the necessity for subiiming the product from the resction vassel.

Preparation of Trimethyltin Acetate

An excese of glacisl acetic acid is added to a pyridine solution of tri-
me thylein chloride (2.5 mmol/cc). After stirving for several uinutes, a
white solid precipitated from solution. Pure trimethyltin acetate

(1.9 mmol) was obtained by crystallization from water.

Methods

Elemental analyses of dimethylchlorotin perfluorocarboxylates and chloro-
difluoroscetate vere pecrformed by =2]ller Mikrosnalytischas Laboratorium,
Gbtcingen, Cerwany. Other compouris weace analywad by Bervsrd Schecter of
this department. Some chlorine analyses were determined by usiag Volhard's
method, The elemental analyses and melting point date are givea in Table I.
Melting points of the solid compounds wers determined by using a Thomas

licovar capillary melting point apparatus.

-\
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%, TALLE 1. Elemental Analysis of Dimethylchlorotin Carboxylatus (Ch3)28n01(0én)
3
§
E R m.p., °C c 1l c1 Sn F
i
4 CF, 114 16.21 2.13 12,12 .11 19.4
§ (16,197 (2.02)  (11,93)  (19.94)  (19.18)
j c,Fs 103-204.5 17.26 1.90 10.41* 17.81 27.1
{ (17.28) (1.73)  (10.721) (3.1 (27.3D)
C4F) 115 18.24 1.54 8.96"  29.51 33.0
(18.13) (1.51) (8.9%) (29.59)  (33.49)
: CF,C1 128-129 15.2 1.94 22.49 17.49 12.1 :
i (15.31) (1.9%)  (22.6%)  (37.8)  (17.11) 4
L 9
P . i
i Cily 187-188 --- —- - - —--
; CH,Cl 129-130 17.52 2.93

(17.29) (2.90)

cicl, 130-131.5 15.60 2.52 :
1

(15.18) (2.26)

é cc1, 194 14.05 1.76

(11.35) (1.74)

ot e bt Al

CHzBr 114-117 15.04 2.55
(14.90) (2.50)
Cuzl 127-128 13.55 2.60
ot (13.00) (2.18)

+

( ) calculated pcrcentage
determined by Volhard method
#% literature x86-18€17
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Infrared spectra were recorded by uwsing a Perkin Elmer Model 621 gratimg
spectrophotometer with s range of 40CQ«250 cl'l. Spectra were calibrated
from known pesks of a polystyrene film, S8pectra of solids were odtained
with pressed KBr discs or with aujol mulls, Spectra of liquids or solu=
tions in CHC1l, or CH;Cly st several concentrations up to about 0.2 M

were recorded from compenssted KBr cells, High remolutisn 19? nar spestra
were obtained with a Varian RA-100 spectrometer operatiang at 94,1 aHs and
IH ne: epactra were recorded with an A-60 amr spectromeier. Ds-ueotono
or CACl, was used aw & asolvent and tetramethylsilsne and/or trichloro=
fluorsmethane as iateraal references. Tha M¥ssdauer spectra were deter-

mined at the Uaivevsity of British Columbie by using sppuratus describded

previouolyolo Tia(IV, oxide was used as the reference and the apectra

[ ]
were recorded at =196 ,

Reagentae

CFyCO B, C2F,CO; H, C,P?CQH and CHy BrCOy H were obtained from ildrich
Chemical Co.§ CFpClCO3 B from Plerce Chenical Co,j CHRyICO B from Eastmang
CHyCO; H and CByC1CO R from J. T. Baker Chemical Co.s snd CRC1;CO: B and

CClyCOH H fros Matheson, Coleman and Bell. Trimethyltin chloride was

purchased from Alfa Inorganics.

Results and Discussion

The reacticns of trialkyltin chlorides with metal carboxylatss have been
used to prepare trislkyltin carboxylutclol However, we find that teierganotin
chlorides react with carboxylic acids to give diorgsnochlorotin carbozylnteoz

and alkane, Cleavage of the tin-carbon bond {n tetraorganotin compouads
18, 19 but

has been uesed to prepare substituted organotin compounds,

o sl ot ummh..ummmww
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Jdealkylation or dephenylation of triorganotin chloridecs occurs omly in
a few cases .20 However, in the reac.iom of totraorganéotnnnancn with

hydrogen halides at higher cemperature or for long periods at low

temsparature, diorganotin dihalides are formed. 21-24
ReSn  + WX —  RySaX + RA

Recently Aubke g_t__ai.zs reported that the reactions of HSO4R (R = F, CFy,
Cl, Me, Et) with tyinthyltin chloride yield MesSn(SO3jR)9 and methane and
hydrogen chloride. They suggest the stepvise replacement of chloride dy the
acid anion followed by production of mathane. However, under the conditions
usad in the present study, no HCl {s obtained and a maximum of one mole of
mathane per mcle of triorgeanotin chloride is produced regardless of the
acid:tin compound ratio.

Triorganotin halides, i{n which the halopen atom sufficiently increases
the acceptor strength of the molecule, have the tendency to interact with
donor molecules to form crigonal bipyramidal adducts. The existence and
structure (1) of five-coordinated tin addition compaunds, (Cll3)3SnCl‘826-28

where B is (CH4),50, ?h3P0 or CH3C((»H(CH3)2 » have been based on nnr

spin-spin coupling values (an . ) and infrared studles.
bt ™ 1

Gy
cl
Sl/
- Sn
!\C“s
B

o 3

H.C
3

(n

29
The 1:2 molecular complexes of SnCl, and aromatic acids have been

{solated. For these compounds, MBssbauer studies have been used to lend
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swport to the structure in which the carbouyl oxygen coordinates directly
to the tin atom. Therefors, the resctiom of trimathyltin chloride vith
carboxylic acids may occur via an adduct intermsdiate, such as II. Such an
intermadiate would favor formaticm of CH, rather thm HCl. The Su-CL
R
OmC-0OH
CHj3
5 Cl,
| cl
(11)

bond enetrgy in (CM3)35aCl ie about 85 kcal/mole, while that of the Sn=C

bond in (CHj3)48a e sdout 53 kea1. ¥ Therefore, the Sn-C bond in

(CH4) 3SnCl 18 expected to be vesker than tha Su-Cl boud and formation

. 3
t of CR, is not wexpected. Plitynnon snd Lustig 1n a reaction of another
stroug acid, difluerodithiophosphoric acid, with crimathyltia chloride
also orserve quantitative formatiom of mthane. This 1s also rwm without

4 base. 4

Hovever, we have fownd in the presence of pyridine, trimethyltin chloride
reacts with acetic acid to form trimsthyltin acetate. Ansalogously, slkyltin §
chlorides form orgamostanayl nmnuoon vith arseanic acids in the presence
of triethylamine according to

%

n(Cylg)4NRC1 + R4-n8n(OAs (0)R)) 1

bl L'y

__uSI'\Cl.u + nﬂw(O)Ri + na(Cs)yN

In these casea, the reactions could ariss from nucleophilic attack by
the acid anion at the pasitive tin cemter which wauld cand to weaksn the
Sun~Cl bond particularly vhen accompenied by the stroag driving force

provided by the formation of the quatetniziy ammoniwmm chloride salt,
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There is a marhed differance in the by aviuy of (CH3)3SnCl towards acids
compared with that of (Cll3)3$1C13*¢ whare HC1 ana nok CHy fe tnvariably
formed. Again this is to be expected wheo it 18 noted that the bond encrgy

for S1-C > S1-Cl while Sn-C <« Sn-Cl.

Nuclear Magnotic Resonance Spectra
fhe ‘qF amr of some¢ dimethylchlorotin carboxylates are liated {n
Table 2. The cliemical shifts and coupling constants are in agreement with

those reported for aimilar ct.'al;nml\ds.32

The chemical shifts are essentially
independeat of the solvent used. No coupling between li-F or Sn-F {3 observed.
Methyl:in derivativea are pacticularly suitadble ‘or l" anr studies
because tie proton~tin coupling constants age deterained vasily. 1In recent
years, many nmr studies have been carried out on trirethvitin carboxvlatcs6

and dimethyltin dlccctu:¢|,33 but none of the diccthylchlorotin carhoxylates

has been etamined. Table ) includes the proton cherical shif:a and proton-tin

coupling cinastants for disethylchlorbtin carboxylates deterwined during this
work.
The observed chemical ghit:s can be explained as a function of the
. screening cnatants of the sudstituents while the counling constant values
reflert the diffcrences in ths state of hybrid:zatlonJ' 4 and the coordina-
35

tior nunber of the tin, Tiere is a systematic decrease in the scieening

coastant of che Cil3 protons when oethyl groups are successively displaced

ny the more electromegative chlorine atoms or acetyl proups on tin. 28, 34, 3-38

The “n=CHcoipling corstents, Jyyn and 1 , incren-e
1 Sn-C¥H, 119?:-CH,
it :nervesing e¢l-ctronecctivioy of the gubmatituents ~nd wit! the
b

cooriination nuater of tir. For *-e trigethvitin carboxvl:tes,

r
o~

e feme s vm—— s e - o &




TABL &

le-;

il
-

Chicl

Cli, ifr

i

U.Zzl

a D.-acetone for solvent.

h
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Proton iMi! Spectra of Disethylchlorotin Carhboxylates, (°"3’25“°1°8k

& )
CHh.,-Sn

3
1 1.0752

1.160%

1.1752
1.205°

i
1.192°2

b

1.265
1.209°,

1.28%°

1.100?

| 1.230°
1.083°
1.185°
1.1507
1.250"
5.117‘
1.250°
1.113°
1.250°

! a

1.200

1.260"

]

1
! 502
cunx 3-n

1.975
2.185
i33
4.210
6.550

6.060

3.891

3.990

3.687

3.320

\

Ji19 |

Sn-Ci4
86
75
20
77.5
91
77

92

TMS used as internal ceference

|
b ’t'.u(:l, foql molvent. Recglibrated wigh GCHCl\B = 7.35

\

‘

26

J

117

Sn- C“:
83

72.3
86.5
74

37
7.5
88
73.5
31
73.2
84
73.8
84
69.5
84
7n

86
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TNl 3, Proton (M Spectra of Dimethylchlorotin Carboxylates, (Cll-’)ZSnCmCR
U

g Sciiy-sn i "ogcu“x:hn | Jllgsnfcu3 J117Sn_cu3 |
Cily ; 1.0752 1,975 86 83
1.16QY 2,185 75 72.3
wi L 1.175% a.§33 20 86.5
1.205° 4.210 77.5 74
Cnel 1.192° 6.550 - 91 37
1.265° 6.060 77 7% 3
cory 1.2098 , 92 88
1.28%° | 77 73.5
Cli i 1.1n0? 3.991 88 31
| Y1230 3.990 75.8 73.2
Ci, L 1.083% 3.687 . 88 . 84
1.185° 3.320 TR 73.8
CF 1.1507% GE] 84
1.250" 72.3 69.5
C,l, 11178 ) 88 R4 Z
1.250° 14 71 ;
. 3
Cqf 5 1.1132 an 86 :
1,250" '_ 74.5 71 1
CCLF, } 1.2002 , 92 88 %
1.260" 05 72 i

a D -acetone for solvent. TMS used as internal ceference

h
b ey, for solvent. Recalibrated witi Scicy, ~ 703
: 3 1]

L Qi
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J oceurs around 59 Hs, thus in the viciuvity observed for foure
1195 nech,

"coordiratcd aystema, e.g., tetramethyltin, J = S4.,0 Hez and trimerthyle

tir chloride, J s S8,5 Rs. Therefore, thece corboxylates exist cl'

6.7

motcmers ir norpoler &olventa, In establinrhed five-coordinntéd tin '

-

corpounis, &uch ge the pyridine adduct of trimethyltin chloridc.35'39

or triv:cthyltzin chloride in D; O, the 8n-CHycoupling increases to 67.0 and
70.7 Lz, rrspectively. For dimethyltin diacetste, wtich contnins sixe-
cooriinated tin bazed on COO- vibration frequencies in the jnfrared

33 gre 3129

srectrum, 118 SneCHy coupling constsant 1s 82.5 Hz, Thus, the nag~

nitude of the coupling constant can dbe used az s diagnoetic tool 4a._

predicting tre coordination pumber of tinm in the dim.thylchloroth
derivativas,
)
Si~ce the 11‘Sn-CH, couplirs constente for these new dimethylehloro-

tin carboxylates fall in the range 73«77 in CHCl, solution, the atructure

is one in which the tin atoa 4is five-cqordinntegK;s w-s sugzested for
p ,

PR R ¥ S |

R SniCl)0p CCFI,:l (R = Et, pePr, n=Bu)s while in Dgx -acetone (J "

M9, _cny

-

PRI TR,

8¢ Hz), the tin must be sixecoordinnted reculting from the cocrdination

sl Lt

of tze cardonyl oxygen of scetone.

The linear relationship between ttre degree of u-character in tha tin

ortitnls directed towsrd carbon and the coupling const-nte h-ve been

34

Q
ctudierd 4n Antail by Holmes and Kaesz” and van 4der Kolona“. Interpolation

)
{rom the funttion}.

relatiog J to tre apparent s-character 6f the

19%4.ch,

t\.-
N

h . o o o 7 e e e
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tin-atom orbital in the Sn-C bond indicates 39" s-character for tre J value
of 77 Hz in CHCl4 solution and 433 s-character for 88 Hz in Dg-scetone
solution which suppotrts the sbove penta- and h;x.~c00td1n§teu nodels for the
dimethylchliorotin carboxylates.

Procon nuclear magnetic resonance measurementa ou the dimethylchlorotin
carboxylates also show several other important festures: the chemical shifes
of (CH4)35n protons show very litcle change f{n the deshielding of the methyl
procuns with {acreasing electron withdrawing ability of the R groups. The
inductive effect predominates in the series R = CHy, CHaCl, CliCl~. CCl,4
since there is s regular decrease of the screening constant for RCHO- protons
with increasing nunber of halosubstituaota, Almo, the inductive c¢ffect shows
in the chemical shifts of RCOO- protons in the series CH,Cl, CHyBr, Clyl.,

In this serfes, the tin-proton coupling conatants show sn irregular change,
while they arc essenctially unaffected by increasing the number of chlorine
subgtituents. The anfsotropy effecg must be the main contributing factor

in the serles R = CF5, CF,Cl, CCl,.

infrared Spectra
The coupletely rigorous asgignment of the bands to their respective nor-
mal modes 1s impossible for these cowplex compaunds. Hovever, somc assigneents
can be made by referring to the spectra of the corresponding sodium salts,‘l'“z
the rriucthyltin carboxylates, 6, 8, E’the dimethyltin diacetates.33 and
methvitin chlorides, 43-47 Particularly pertinent to this work‘ta the Paman
spectrum of ((Cuj)zsncl)* (sz) as given for (CHJ)ZSnCL2 in UCl1 solutlon.46
Correnponding peaks can be found in the infrared and Kanman spectra of di-
rethylchlorotin acetate (taken as representative). Many of the remainlng‘

hands may be {dentified by comparing with the spectrum of NaOC(O)CHJ as

sivown in Table 4.
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TABLE &. Infraered and Raman Spectra of

(Cli3) ,SnC102CCRy, (CH4)28nCl, and NaG,CCH,

a ' f
, (cn3)25n08cu3 (CH,) ,SnC1, N.o&m,l
b
IR.'b Raman® Rnn“ w43 IR
(1n 9 HCl)
((CH4)28nC1™)
. Va,cH LAV 022 W 3025 2989
Va,CH 2023w 2930 n 2930 2936
2852vw
Va,C02 15508 1572vw 1578
: 14508 165 v 1443
i a,cliy
i 14708 1432vew 1430
o Sy 14035 1alJwww 1410 1614
F Vs,C0, 1352vow
{ 1210w 1214m
- S%Hy-sn
: 1196vw 1202w 1204 1204
1047Vw 1042 ;
{ CN3 rOCk E
10157 1009
3
T Ye<C 9250vw 954w 924 f
. 815 &h 786 :
4 Sn-CH3 rock <3
794 8 745 E
€00 scissot 685 8 646 : ;
HE |
COO out planc bend 613w 615 ‘i 1
Va,Sn-C 5%6n 57w 57 567 b
Vs, 5n-C 527 w $32vve 518 575
CO0 rock 493 w 500w 4,60

Vsn~C1 124 8 119s 328
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TABLE 4. (con.)
Raman .
217w
200w
19 m

a. For original spectrum in NaCl vegion,sese Okamu“

b. KBr disc

c. Neat solid
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The charscteristic adaorptions due to csrbonyl ssymmetric and Sa-C
nayametric and symmetric stretching frequencies and Sn-Cl vibraiions are
liated ip Tadble 5. The fact that doth asymmatric and ocymmetric etretches
are observed for Sn-C indicates the presence of a nonlinear C-8u«C molety,

Since it is difficult to assign oCOx frequencieas in tha 1k00=1300 ..-1

region in which CeH deformations also sppesr, these are onitted even
though eeparation of aCOp and oCOy 18 used to detect the types of

carboxyl groupa by some nuthou.ha'hg The aC0y frequencies inoreane

geterally with increassing electron withdrawing ability ia the sadatituted
carboxylate groupa, The nujol mull gpestra are wesentially the same
as apectra obtniﬁoa froa semples in KBr disce. In conmparison of solutien

and polid atate spectra, the aSneC' 88a-C* SueCl vidrations do neot

show significsnt changes,

However, the carbonyl vibrations do shift to higher energies for the
nonfluorinated carboxylates (R = CHy, CByC1, CFCl;, >3Cl,, CH Br, CRy I),
e.8., for (CBy)2C1lSn0 CCHy the band for thc seymmetric cubonyl.nhiftc

1 7,10

to 1598 fronm 1550 e¢w™>, For (CH, )y SrO; CCH, 1

with at 1638 on”

aCOg
in CECl, solutiom skifted frox 1570 on-! 1n the 80144, the shift is that
expected when ctanging fvom a monomer’c sster fora 4in solution to a
bridged polymeric apecies (%~coordinate) in the solid. Also, froam the

spin-spin coupling constent, J119 - 58.2’0, for (CHy ), 800s C(CH;)
S!OCB.

in CDCly solution, the tim is four-coerdinmated which indicates a normal
ester., B;cnnn of the analogous infrared shift and the &wlNcoupling
eonstants in the 75 Ha reglos for the nonfluorinated cerdoxylates 4a
CRC3jy, it is likely that a monomeric non-ester acetoxy fora is present,

and tin has a coordinetion aumber of five. Cryoscopic measurements of

molecular weight of (C3 By )3 C1880: CCHy; shows that 4t is mcnozeric in nom-
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TABLE 5. Characteristic Abeorptions of

Dimathylchlorotin Carboxylates (CH3)2500102CR

R Vaco, VaSn~C VaSa~C VSn-C1
, Chi, 15504 576 527 324
? 1548° 575 sas 324
g 1598° 560 523 .
. 15724 577 $32 119
1 CH,C1 15988 580 508 x40
% 1600° 580 $10 338
E 1535 © 580 $30 340
i e, 1624° 580 524 348
: 1643 © Sh8 528 345
16329 586 $28 350
cCly 1635* 583 530 %0
- 1635° 586 535 335
1650 © 568 825 347
CH, Br 1590" 585 s28 340
‘ 1590° 585" 528 340
1620 € 580 527 *
CHy I 1550" 573 503 316
1553° 573 510 316 !
' 1610€ ¢ 573 527 » g
! cr, 1691* $80 szl 345 N
1690° 561 $24 147 |
1662 € 567 526 350
16704 578 526 %7
C,Fy 1686" 586 524 360
1690° 588 525 360
1600 € 570 526 2u8 |
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TABLE §. (com.)

f Yaco, Vasn-€ Vasn-C Vsn-C1
E c4F, 158" 588 325 155
E 1668° 590 24 155
. 168° 568 510 348

16114 581 527 1% |
CF,C1 1688* 545 517 1)
’ 1687° 555 527 340 ;
] 1680 © 564 526 150 '

i a. Kbr discs. b, 3Jujol mull. ¢c. CR Clysolution, d. Raman g’

3

§ % Not observed e. CiCly solution ;
! |
¥ 1 i
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polar solventa (bonnno).lG An infrared rkift for «COr to higher
energy is also otserved (15%0 to 1600 cn'l) auggesting a nonester typa
of scetoxy group. This would support s monomeric chelate structure feor
the new compounds. Preliwminary molecular weight <Zeterminations in CHC),
are inconclusive, although they do point to monomeric atructuresa in
solution, e¢.g., the experimental values excaed thuoretical for monomerisc
epecies by about 25% for (CHy )3 C1Sn0; CCHy I and (CHy)a ClSn0; CACle, dut
they are concentration independent.
All bands in tte solution infrared rpectre change proportionately with
concentration which suggeets that no monomer-polymer equilitrium exists.
For the compoundies which have fluorine-contalning carboxylaste groupa

1t should be noted that easentially no shift occurs in aCO; in going from

80134 to CH:Cly solution with the exception ef the C,F7 compound, This’
sugzests that the strvcture for coapounda with R « CFy, C; ¥y, and CF,Cl

is not greatly different in solution. Nmr data point to five-~coordineted
systems in solution and MBssbauer to five-coordinated tin in the amolidas
(see next section), Molecular weight deteroinstions oa CFyCO; SnCl(CHy)s

in CKCl; wera: 10mg/cc, 9193 30 mg/cc, 927; and 60 mg/cc, Olk. The
formula weight for CF;CO; SaCL(Cly Yy 48 207.5, Based on the experimental
molecular weight, tte compound must be at least trimeric or perhaps
rolymeric in c¢Bloroform molution. Similar results ars ottained for the
CyF, case where experimental molecular wetght values rangingbetween 761 and
1,433 were ottained (sonomeric » 396). This tren ccrnfirms the existence of

theze compounds in the solid state as polymerie structures with bridging

CO0~ groups.

b



M8sevauer Spectra

The 119 MBeabaver iaomer shifts and guadrupole aplittings provide a

good tool for the study ¢f the coordinativm in tin compounds. The isocmer

11

shift of the 98n resopance 18 related to the dansity of Se electrons at

the tin nucleus avd the quadrupole splitting gives a measure of the davia-

ti1on from cudbic symmetry of the electron distridution about the tin atom,

119

In Table 6 are found the Sp MBessbauer data recordocd at B0°K for some of

the dimethylcrlorotin carvoxyvlates, 7The spectrua of each compound was a
well-reaoclved doublet. The isomer shift ( ) vsluea, relative to 8n0p,
fall in the region 1l.34 - 1,45 am’/see and the quadrupole aplittinge ( )
values ip the range 3.58 - 3,96 am/sec. As i8 the case for dislkyltinm
dicarboxylates, no noticeadle Mlssdruer effoct im precent ut amdient

sl

tepnPerature, Although room temperature MYsedasuer effects reportedly

52,5%

reflect the presence of polymzeric structsres « the dicarhoxylates
still doubtlessly are polymeric even though the association is probdadly
wesk, The values for (CHy);C18n0; "R are sliglitly higter than those for
tetraorgandstin compounds and are similar to those of (CH,),SnOnCCH,lo'lh,
E \CB,),SnCh5~ and (CH,),SnSCNS“, which have been snowr to have a polymeric
structure with bridging Cly . or CN or SCX groupa and trigenal bipyramidal
configuration around the tin cton.lz’ 55, 56 The observed values are
quite large and similar to thuse for compounds having trigonsl bipyramidel
structures, e.g., trimethyltin ncotaton.G'?'lo (CB,),SnF,S“ and

(CB,),SnCN.S“ Based on our MBasbauer data, all of thy dimethylchle-otin

carboxylates are pentacocordinste, and very likely polymeric in the solid

state (i.e., 3.6 mm/sec, whereas for tetrascoordinated Ry Sa0iCR' com-

pounds, 243 n/aoc).l1




TABLE 6., Mdssbauer data for (Cily),5aCl0,CR

Coa:ound S(rm/sec)* A(zm/sec)® o (.?.)
ci, 1.34 3.58 2.67
(K3 1.38 3.75 2.72
cucl, 1.45 3.91 2.70

; ccl, 1.45 1.96 2.73

% ' CH,Br 1.39 3.79 2.7

; CF, 1.44 3.85 2.67

é C,Fg 1.45 3.90 2.69

% CyF, 1.40 3.83 2.74
CF,CL 1.42 3.84 2.70

#Values reproducible to 0.03 rm/sec,

L aateillLard

"




Conclusion

Dimethylchlorotin carboxylates can be easily made by the resction of
trimethyltin ohloride with appropriate scids. Theae compounds have bheen
studied by a variety of spedtroscopic methods in ths eclid state and ia

solution which csuse us to argue as followa:

1) Based on J values obtaired on solutions in CHC),; and oa qued-
19¢p-ca,

rupole splitting velues for the solids, ths compounds contain pents-

coordinated tin, The position of aCOy in the infrured spectrs (solid or 3

gy

solution) 1a far removed from the usual organic ester frequency (1740 cl'l)
which suggests bridge or chelate COO= groups in pentacoordinsted compounds,

2) For the nonfluorinated carboxylatas, solution in CHCl, or CHiCly 4s

™

accompanied by a shift to higher frequencies of

oCO, which indicetes a

e

change of struoture. Molecular weighta dcne on our compounds are net con-
vineing but the closely related molecule (Cy By ); C1600y CCRy, for which &

siniler frequency shift occurs, ie monomeric in solution, This is strong

0 e bl ) ittt Wl L

evidence for chelate monomers in solution and for COO-bridged polymerie

strugtures in the aolid,

3) For the fluvorinated carboxylates, aCOy ia essentially sero when solu-

tion in CEZ]l, or CH;Cly occurs which indicates no change in structure,

Molecular weight detarsinations on (CH,);C1Sa0aCCFy point convincingly
to . polymers in solution (c,r, 1is somevhat leas sertain) and thus to

C00- bridged polyme-ic solide, hemce eliminating peniacoordinete chelate

monomers in the solid,
L) Comparison of our MBgsbauer dats with that of compounds of knowm

structvre also astrongly points to a polymeric solid mtste for all of

the dimetrylchlorotin carboxylates,
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: FLUOROPHOSFUORUS AZIDES'

o

Stephen R. O'Neill and Jean'ts M. Shreeve

Abgtract. Mixed vhosphotus chloride fluorides undergo ready reaction

i
g

with sodium azide to provide an §ue11¢nt route to new azxide~containinp

L

eompounds, including KNy, F,P(0)My, FP(O)(Ny),, and FP(S)(N,),. In
addition, the previously reported F,P(S)N, 1s eanily prepared hy thia

method,  F,1'Ny haa particularly limited stabfilicy,

e ne il AL

oy

i Azidobis (trifluoromethyl)phosphine, vhich 1s modestly stable at 0P

uta: Lo | o it

o
and decomposes slowly at 20 , vas prepared somd years ago by reaction

. . 1
chlorobis(trifluoromethyl)phosphine with lithium azide. At 50°, slow

R

dacomposition occurs to give phosphonitriles, ((CFj3) 2"2: Difluorothio-

phosphoryl aeide resulte Trom B-oxo-bis(thiophosphoryl (d{fluoride) with

2
sodium azide. Apparently this compound is atable and can be handled

without difficulty. Alcthough a number of orgamophosphorus azides are
knovwn and found to he fairly stadle, there appear to be no others which
also contain fluorine or a fluorinc-containing species as a ligand.

In our synthesis, nev azides result from P(IIT) and P(V) chloride
fluorides and socdium azide .

PP, + uNayy _Solvent ALLTC S IS S

x® 12 La0,S

X = ]J: E * absent

41
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or hydrazoic acid displaces hydrofluoric acid from a monoaside

600

PP(ON, + RNy —__, FP(OI(N), + WF

The role plaved by the solvent in the former reactions is an important
onc in some cases, but cne wiich {s not clearly understood. 1n other
instances, e.p., with F-P(0)C1l, reaction occurs to pive a 76% vield of
the monoazide without solvent, Mass spectra sre particuiarly useful in
confirming these mono~ and di-azides since a molecula ion is observed

in every case.

Exverinental

Genernl Methods.--A standard Pyrex vacuum aystem equioped with 2 ‘leise
Bourdon tube pauaze was used in all reactiona. Purificocion of the azides
vas obtained either through trap-to-tran fractionation or by fractional
codistillatlon.J ‘lolecular veigiits ware deternined by che method of
Fornault. Infrared spectra were recorded with efther a Perkin-Elner
Model 621 or a Perkin-Limer Yodel 457 spectrophotometer at 15 Torr {n a
cell of S em nath lenpth ulth KBr windows., A liitachi Ferkin-Flmer

Model RfU-AL spectrometer cverating ac an ionizetion potantial of 7N eV
at 25% was used to record rass srectra, Low Cesonance lgF nuclear
aacnetic resonance spectra wvers ohtn!naé at 94.1 miz with a Varian HA-100

kB )
spectrometer. The P nuclear magneti: resonanne spectra werc recorded

at 417.5 nilzx on the latter instrument. For fluoriee, trichlorofluoromethme

was the internal reference in 235X solutions. Por phosphorus, tha extemal

refarence was 85% phosphoric acid. In addition, the di-ostdes wera diluted

to pive 517 moilutions in aéeton!trile. while the mono-azides were run neat.

.

42

.. e teapetn - &t s

[

Ml o, it

o N



rwzsega!{ o e A e e S B

F g‘g;%ﬂ“es—%@g._w_*, o A+ e e aman o ey a e e e e e e

Ultraviolet spectra were obtained on a Perkin-ilmer Model 202
snectromcter on samples at pressures lcas than onclTorr it a 1N ¢m quarte
cell. [lemental enalvscs were perforvnd hy Bellar Mikroanalytiachies

Lahotatorium, C3tc1ng¢n. Gerwmany,

Rcagonts.--Chlorodtfluorophocphine‘. md FzP(O)clS werc prepared by
metiods descrihed in the literature, Sodium azide, obtained from I
and K Laboratories, was purifie? by dissolving the salt In wvater,
acldifving to litmus with UCl and precipitating the azide with acetone.
After the salt was filrered, washed, and dried at 160°. {t appearad
to be frece of hydrolysis products and reacted cleanly with the phosphorus
halides. llydrazoic acid is obtained in 80Z yleld from the reaction of
gaseous ACL with sodium azide at 25° for 24 hr.

Both FP(5)Cl; and F,P(S)Cl area prepared {n relatively high ylelds
by modifyving the method for PSF3.6 Fluorination of SPCly with .aF at
16n° for 0.5 hr. with Sulfolane as loavent givcsluverage yields of 3,
50 and 21N for the mono-, di-, and trifluoride, respectively. These
products are easily separated with traps at -91, -120, and -183°.° Purity

was checked by comparison with published infrared apectta.7

Caution. Althoush ve exnerienced minimal difficulties in handling these
aztdes, they should be trcated as potentially hazardous materials and

prenared in less than 17 smol amounts (much less than this for PF,:j).,

General Preparative Procedure for T(II1) and P(V) Azides.

fssentiallv the same method can bhe emﬁlcycd in the preparation of all of

the new azidea, although the success of the reaction seems to depend

lacrely upon the presence of and tvpe of solvent. In genersl, the
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appropriate P(111) or P(V) coapound is condonsed onto sodium azide which
has been carefully dried after vecrystellization.

a) Azidodifluocophosphine, FzPN1.~~D£fluorochlatophosqhine (5 rmol),
condensed onto sodium azfde (lr) in ona wl of toluene and ailovel to react
for two hrs at 233 aives azidodifluorophosphine (4 wnel). Thc product in> k'
purtfied hy tran-to-trap fractiuvnation and {s retained in a trun at -l2ﬂ°
after passing -730. (If no solvent is usad, a very ninor arount of F2PN,
forma wtch the major products, phosphorus trifluoride and nitrogen. Yhen
CiL.CH 1{s used as a molvont, reaction takes place {mmediately ca warning
to 5% and produces nitrogen and Pty auantictatively Despite the lov
thernal atahility of F.PN,, in the synthesis involving toluene, the rcac-
tion nixture can rvemain at 2$° for more than 24 hrs without a tvace of i »
decorpanition.) Care muat he taken to maintaln anhydrous conditions,
since the hydronlvaia product, M3, can he separated fror the F:PMy only
with great difficulty. The experimentallv deterrined nolecular welght is i
1N9.” (111.0 theor,).

h) i fluorcothiophosphorvl azfile and fluorothicphoanhorvl dlaz}dn,

FoP(SIN, and FP(S)(Nj),. UDifluorothionkhosphorvl chloride or fluorethjo-
phosphoryl dtchloride (10 mmol) i3 condensed onto a sodium azide |

(p)-acetonferile (1 21) slurry at -1810. The reactlon war cosplete on

i
i
|4
13

wamine to 25° and after trop~to-tran purification efther cf the azides

was obtalned ir creater than 87X yield., o reaction eccurs wirigut

acetonitriie, F P(SIN; passes ¢ trap at -61° and stops at -“lo. FP(SY(N3), ir

13 stonped at -&10 after nassaing a tran at -230. F-P(S)Ns hae YHern well
?

characterized after having heen prepared from (PzP(S))to + NaN,.

¢) "ifluorophosphoryl azide, FaP(OIN,,~-Difluoro~hnantorvl chlotide
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(10 mmol) {s condensed onto dry, recrystallized sodium azide (lg), warmed
to and allowved to remain at 25° for 24 hr . Yields of greater than 763
were i{solated froo the trap at -78° having pansed a trap at -20°, Acetonti-
trile {s not useful as a eolvent in this case sinece it cannet be scparated
aasily from the product. The wolecular weight is 127.3 (127.0 theor.)
Anal, Calcd. for F,P(O)N,: P, 29.90; F, 24.40; B, 33.10. PFoumd: F, 29.10;
P, 23.80; N, 33.20.

Yecayse of the possible hazardous nature of these compounds, vapor

pressure data was obtained for only one cowpound, F.P(0)N,. Based on the

followinp daca PTotr' Ky 14,0, 256.7; 24.0, 265.2; 39.5, 273.2; 115.0,
290.7; 126.6, 293.5; 156.5, 298.2; 179.97, 391.5; 218.6, 34.0; 235.1,
307.0; 301.5, 312.5; 310.0, 313.2; 335.0, 316,7; 399.5, )19.0; 411.9,
319,5; 460.0, 21.8; 600.0, 329.07; 659.3, 331.3; 761.5, 335.2; 801.9,
336.2, the boiling ncint $s 62%. From CIaM'lus—Ciapcym equation,

Mlvap e 6.9 kcal/mole and the Trouton'conatant is 20.6 eu. The vanor

preasura~-temperature relationshin is given dy the equation log P'l‘orr =
8.56 ~ (1902/1°K).

d) Fluorophosphoryl diazide, FP(Q)(N,),.-~This corpoud may be
prepared by either of two methods. 1) Difluorophoaphoryl chloride (10 mmrol)
is condensed onto 1lg of sodium azide wvhich has been exposed to the atmos-
phere and thus containa hydrolysis products and alloved to remain at 25°
for 24 hrs. PFluorophosphoryl diazide vesults in greater than 607 yield.

2) An excess of hydragoic acid (4 meol) is condensed with d'lnuorophoaphoryl
agide (1 mrol) and held st 60° for one hr., 932 of the latter compound

was conaumed snd a 467 yield of the diazide vas odbtained. In addition,

an unidentified vhite solid coated the wvalls of the vessel. Infrared

e~
o

s s Mg ol & o 8 e e e
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spectra indicate the prescace of‘Sandq attributable to N-H, N3, P=0,
and P-F stretehing frequencies. The tluoropho;photyl diazide 1ls fa0lated
o a trap at =-30° after having passed a trap at -12°. Anal. Caled. for
(M (N ,: F, 12.66; P, 20.66; M, 56.00, Mound: F, 12.70; P, 20.80;
d. 50,.01.

Infrared, mass and amy spactra of theae azides arc reccorded in

Tables 1, 2, and J, vrespectively.

Results and Liscussion

All of the new azides are colorless liquids at 25° and freeze to a
flaea when cooled. They are extremely sensitive to small amounta of
vater (e.g., nmolst alr) and hydroly=e to vield hydrazoic, hydrofluoric
and various phosphoric aclds with: the exception of FaPN3 which ;lves
b-oxu-Lis(difluorophosphine) aa the only phosphorun‘-contalnln: product.
The hwvdrolysis nrolucts werc {dentified Yv coanaring their infrared
sprctra with published daza. The phoiphorua(?) atides are thermally
stablc to at least )ﬁno hut, upon decompos{tion, the major products are
phosphorus trtfiuorido. nhoagohoryl fluoride (or thionhosphoryl fliuortide)
and aftrogen.

Azidodi fluoronhosphine {4 unstable thermally and phiotolytically, and
has on occasion exploded spontaneously at 250. In all cases, the decom-
position products are nitrogen, phosphorus trifluoride and various cvclle
ohioaphonitrilic polymers of the cype (P,Pﬂ)x (x s 6). These polymcrs were
separated hv fractional codistillation and fdentified Sy comparison of
thelr mass and tafrared spectra with thore reported in the literature, 8~10
Azidoditluorophosphine 15 explosively sensitive to sudden chanpes in

pressure, e.g., oxpansion into a vacuum or a sudden surge when boiling,

46
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TASLE 1

LiVCAIG DY Ot LERA, r.m"‘

b P, F.P (), i (0) (), F, (85, FP(S) (3y),
2140 g 2179 8 2175 vs 2195 ws 2175 vs v,
3
1365 a 1330 va Vomy
12630 1268 = 1270 vs, br 1280 s 1262 s v,
s "3
1250
%5 750 sh 911 s 955 vs 925 Vy_p
A15 5, br AN7 4, hr 911 gh Vp_rﬂvm
740 s 177 n 80S & 825 s 825 m vl._.‘_n-"‘y"‘
760 w 173 m
613 00 610 n 660 w
. S70 w 575 em 605 v
430 o 430 a 41S ome 480 vvw
419 sh

Sl e ¥ Niab
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TADLE 2, MASS SPECTRA

Relative Abundance

] m/e “pecles
FPiy RPNy BFSY,  FOIG), PPN
N r 5.7 on 3.6 7.5
42 . 16.2 Y/ 4.1 7.6 40.5
S0 rr 53 3.9
63 L& 6,3
64 ¥t S1.7
3 66 o 100
g 69 Fa' 170 n2 179
. 77 sPu 100
{ an ™) 34,2
! 82 FT3 - 3.6
' 83 PN 5.1
! 85 F-bO 60
; 92 AR B 66,7 17.1 77.4
| a2 ()i 68
: 101 F-"S 17.1
' 1"8 FP(U)N 3 1
P - 111 FalN3 27.9
§ 115 TaT (53N 2,7
J 122 ' (O)Ny 41.9 4
124 FP(ON3 1.8 9.5 i
127 F,P(OIN3 79 ' g
131 P(MINY2 2.1 :
111 P(S)s 7.1 |
1Y% TP(NY2 4,8 3
138 FP(3)Nw T.2 3
142 Tor(SINY 89.1
152 FP(U(ND2 100 .
166 (F"N) 2 .
IR ICEY, 1.8 57.1 !
4
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TASLE 2,

F,P(OIN,
™(0)'N,),

FR(EXN,),

19 31

F and P HUCLEAR MAGNETIC RESONANCE SPECTRA-

19
F (¢%)

37.5
15.5
60.3
2
42.9

38.8

N
P (ppm)

15.3 ¢x
12,6 ¢
-36.3 tr
-65.6 d

Jp_p (H2)

1280
1042
1020
1140

1102
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Fluorothiophosphoryl diazide has exploded at =183° which may bo due to
transforration from a glasa-1ike material to a crystalliné substence at
that terperature. Hosever, traces of hydrazoic aclid may have been
responsible for the observed exnlosions,

Tae nF and ?lP nor data are recorded in Table 1. The ‘QF specetra
consiat of simple doublets centered in the 39 to 74 ¢* vanpe with J

. varving hetween 1020 to 1140 Mz for P(V) aeides and Jl-r is 1280 H= for
F-Px3. The 31? spectra are well resolved triplets or douhblets depeading
on thie presence of two or one fluorine atom(s). It should be noted that
for “ot: l‘)F and 31? cherical ahifes the diazides and thiophosplhorv]l com-
poupds resonatc at lower field than monoazides and phosphorvl compounds,

resoectively,  Srin-spln counlinc interactions also decrease witih numher

. of azide nroups. This would supgeat greater clectron dclocalization from

the nhosoherus and fluorine atoms into the d orbitals of sulfur or
. ’ n
r=ivater of the azide motiety. No P anr data arc avaflahle for F "N-

hecanse, despite prerun checking for thermal stabilfitv, the compoimd

L |

detonitted deatrovine the phosphorus probe. p

™e covalent nature of these azldrs {3 Ae~omutrated bv the c-curence 3
3
) ot tso barids Ln thelr ultraviolet spectra similar to those of tvpical ]
1, 10 1
; alivi aztdes. However, due to inductive effects of the fluorophins- E
shinevy or fluorcthioptosplioryl crounn, there L9 a marke . ahlifr to hieher 3
) I ;

aner,sles,  ur valueg acree well witiv those reported bv Ruff for FSOaia 1,
. .
g
(1, YA me) and CESR30 NG (175, 273 am). These hands arlse {rom o 'x" i;
° . {
el o eep o R trannitiony with the latter occurring at hicher cnerev, f
A v
» 4
ity toanaitions {nvolve charce transfer from ecleetren pairs larie!v localized :

cn the  {treren arom hoaded to the phosnhnrua into antdhonding 1-orh{tals en

. : ] 1"
t otaer o afgroren atons,

o |




any spectral data ((able 2) ave parztcularly helpful {a confirming
tlie exfstonce of these five new azides since &1l fragrent ax 70 eV to pive

a molecular ion with an intensity of at lcaat 285 base, e.g., FaPN,, 2873

FaPOYn, 79%; E.L(3)Ny, 89%; FP(O){}M;)., 100X, snd rr(S)(Ns)z. $17. In
the casa of F.PNy, @ fragment at m/e 1€6 1s very likely attributnble to
(F?PN\2 altchourh this specics is not obaerved when the parent compound
ls decomnosed efther thermally or photolvtically., As would be cxpected,
the heavier fragments ore duye primar{ly to loss of nit.orcen or fluorine.
Comnarison of the fragmentetion pattem for lle‘(s):l3 found {n this work
with that reported at 100 eV 2 shows wery rood agresment.,

Seme band asolgnneﬁts in the infrared spectra (Tabla 1) can he made.
Nowover, hecause of the disagreement in the literature regarding assipn-
ment of Vhegs We have not attempted at this tire to uncquivocally make

these assipaments and work s continuing {n this area. v, should be

reparded as entirelv tentative,
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Yla{hagat ioorotscpropyiidenininaidisuifide, Chiovo(hexafluoro~
twograpyiideniatao)sul furill) and Somr Gerivetives

]
By Sceven U, Metcal? and Jean'ne M. Shreeve

terafluoratscy ropylideniniooltehium vewces vtk 4isulfar dichloridge
L yive bis{arraluvorolsvpropy lsaganteino)dlavuiflge wisvich wirrgees 1vo
dt{lerant types of resctiona with chlorine te¢ ylald bie{? <l lorohexs-
fucrotuepropy lieao)eul fur(lY) and chiovolhaxaflworataopinpy lideninino}~
sulfux{Il). The lattet g'.vae nen sulfur(il) compoupds with veactants
Lhet coagait active hydrogen of wiZh silver saicas. (CFy), CoNSTL n
readliy rvaverted to (C.P,‘r:t?F-SSFZ bty {lantloating agerts.

Toe lizhfun salr ol nexaflusrelsopronylidentuine has decn shown
Cu teast witn compounds fhat contodn gudlile hacpeas (L)1, ¥ U Larre~
Juce the hexaflunrotzapropyl Lleatmire we ey futsct, T-5 e comniu Jde
forwe. wiw wosut often #i1 Rty volstile, vellow liquids otr eublimaol-
woites ., leoenie worh, adven-age hary Lean tame? 2f the Si.r reactistiy
af ‘.‘.THC(qu)Z witr dacuitut drchlorido to pyepare bin(hexat juoraiso-
propylidentiminut disulttdr 3v Jrod yield., The rezccioms of chide diagltcde
ATC weAcEndt txite compliiried then rrose of the slxpler, satureatsd
filvorinote? mixyl Cisulfrces Lo that the tovaer hae three tcact{ve sizes.
Jugt as thermalif toguced chloricatlon of (FhiCF, leads to L4501, o

acating ¢nisring steh C(IF 0 CeNG 5. gives (Tf’)?C~HSC{f Hragever, sten
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the lattear mixture 4is photolyzed through quari:. elewmcantal sulfur is
formed accompanied Ly double bond su’fis snd chlotinalicn to givv bis~
(2-chlotohexnfluoroisopropy11mlno)3ultur(IV),(CF3)2CCLHn5-NCCl(CF3)2.

Although Seel has fluorinated C1,5C1 atepuise to CP SF with KF at 150° © .
1

or with HgFz solely to CP3SF and its diser at 130°, 7 and CrjSiCF, is
readily fluorinated to CF35F, with AgfE., 8 analogous reactions do not
occur with (CFS)ZC-NSCL or ((css):c-n)zs: vwith fluorinating agentcs.

Efther no reactlion ocours or flwrination with concomittane douhle

bond ehift takes plac: co pive high 'ields ot (CFz)?CFN-SF,. 9

(CF3)20-NSC1 teacts:typically with cowpoundls contalning active hydrouen,
€8s Nuz, (Cu]k NH and CHJSH, or with silver salts, e.x., /RCHN, tO

give the mono-subatituted product in each case, R[HH;, R{N(CJS)P,
e o g - .
ktbaClls, and :.f(.h (u.\erg Rf (CFJ)z(..NS) .

!
txperioental Saction

Kemgents.--Hexafluorocscetons, phosphorus oxychloride, and n-butyl lichium
ln hexane vere obtsined ;ro- Alli{ed Cheajcal, MNilshire Cherical and

Alta lavrganic Chemicals. VPractical disul(ut.dichloride ‘(rastman Jrganic)
wac purified by distillation undez an atnosphéra of dry nitrogen. lhe
fraction boiling hetwarn 123-125° (690 Torr) vas retained. Chlorine,
silver cyanide and dimethylexine were received from J.T. daker Co.,

lLaatuan Jrganic and Matheson Co.

General Methods.--Cases and voletilc liquids vare handled in a convent fonal
Pyrex vacuum apparatus undet high vacuum. Infrsred apectra were run on a
Perkin-Elmer 457 spectrometer with a Pyrex gless cell oﬁ S em leagth

equipped with potassius bromide windows. Fluorine 19 amr 3pectra were

obrained on & Varian HA-l00 spectrometer operaiing 2t 94.1 mHz and protom

-
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nmr spectra on a Variaa A~6!) spedtrometer. Trichluro{luwrowethane and
tetramethyleilane vere used as Intermal tefetences. A Hictachi l'erhin-

Llmer RMU<HE wass spectrometer operating at an Loaization potential of

70 eV was used to cobtain nasy spectra. MHolecular welgyhts were detereined

by Kegnault's method in a vesscl fitted with & Fischer-Porter Teflon
atopcuck after measuring pressuves va u iielse-bourdun rube guuge. For

0 (g enployed

VApPOr pressure measuiements, 4 sllogu-Cady apparatus
for compo;nds that react with wercury. Ocherwise, un isoteniscopic
mecthod was enmg loyed.

Elemental analyses were perforwed by Beller Mikroanalytischea Lah-
:oratorium. G8ttiﬁgen. Germany. Sarples which vevre analyzed in house
were fused wizh sodium. Chlorine and sulfur were determined gravi-
metrically as silver chlorlde and bar{ium suifste, and fluorine as
fiuvoride tun with a specific {on electrode. Infrared and uamr spectral
data as well as tgetnodynamic and elénental analyses datg arte ngen in
TnPlcs I-111,

Bis(hexaf;uoroisoprcuyli&enimino)disultide. ({CPy),CoN),5,. in an
tnert atmosphefe box, 6 ml of 2,34 mclar (14 mmol) n-butyl lithium in
hexane was transterved By svyringe to & 1NC ml Pyrex bulb fizted with a
Tetlon atopcocﬁ- Then, 1.31 g (1A macl) of (Cls)QC-KH vnn.conaensed
into th; bulb at -196° and the vesse) wa. al)&ved to wara slowly in a
devar from -194° to 2%° over a period of 8 hr. The hexane was removed
under dvnamic vacuurr. 0.61 g (4.6 wmaol) of SZCIZ and 1.96 ¢ (24 mmol)

of 2-mcthylbutsie were condensec onto the (CP,)zc-NLi in Che vasael at
- 1

-196°. The vessel vas again alluved to vamm slowly to 25° (8 hr.). The

((CFy).CeN).S,was removet fram the vrssel at 23° unday dynmaic vacuum

ani vollected in a U-tvap &C -20°. Traces »f unrescted 52C12-§ere
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i TABLE 11 @
; 14 and Y’F om sPECTRA ;
: |
Compound 19r N (ppm) Ly ek (ppm) (V) f
‘ [(CF,) veNs], 67.7 ---
((CF)) C(CDN],S 76,1 n--
(CF,) .CoN5Cl 60.8  68.4 .
(Cl"._‘)2».,“".\15?‘1((?ﬂ:,)2 65.4 67.1 7.3
E (CFB)ZC--NSNﬂz 68.6 6.7
! (CF,), C=NSC:N 63.1 ---
(CF,) CuNSSN 74.3 7.4
(CF_) CeNSCH 69.3 _l
32 3

g
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removed by shaking with mercury for 0.5 hr. Finsl purlf%cation of
((CF,):C-N)-‘,S2 was affected by fas chromatography using a 22 {t column
concainlng 5% SF-1265 on Chromosorh P. A yield of 4.1 wwol (892) was
obrained.

Bia(2-chlorohexnfluoroicnptopylinino)lul!ur(IV). (C?,)chIRGS-NCCl(Cfs)z.
A quartz veesel (220 wl) which contained 1.89 g (4.8 mmol) of ((CFy),C=N),8,
and 0.507 g (7.2 mmol) of chlorine vas irradiated for 48 hr with a Model
30629 Hanovia ultraviolst lamp. The product vas isolated in a U-trap at
-20° during trop-to;trap distillacion and purified by gas chromatography
using a 22 ft 5% SF=1265 on Chromosorb P column. A yield of 72X (3.5 mmol)
was obtained. [(CF3)2C61N-]28 13 also produced when (CF3)zc-NSCI is
photolyzed.

Chloro(hexafluoroisopropylidentnino)snlfur(II)..(CF3)2C~NSCl. By
standard vacuum sethods, 2.71 g (6.9 =emol) of ((crs)zc-u)zsz and 0,735 g
(10.5 mwol) of chlorine vere condensed into a 100 ml Pyrex bulb fitted
with a Teflon stopcock and heated to 110° for 12 hr in an oi{l bath. Duriag
trap-to-trap distillation the compound stopped in a U-~trap at -78". Aftet
gas chromatography usicg a 1.8 ft 20 Kel~-F on Chromosord P column, 13.0
mmol (94%) of (CF,),C=NSCl vas isolated. (CP,)zc-NSCI is also produced
when the two reactants are photolyzad at 2537 A in a Rayonet "Stinivasan-
Griffin" photochemical reactor. The yield is much lover snd there are
numerous other products.

Dimcthylamlno(hcx-fluototocpropylldontntno)oulfut(ll). (CF3)2C~NSN(CH3)2.
A 100 @l Pyrex bulb containing 0.67 g (2.90 waol) of (CP,)ZC-NSCL and

0.32 g (7.3 mmol) of (CH,),NH wis allowed to stand at 25° for 12 hr. A




e o e

U-trap at -78° retained the compound on trap-to~trap dlut.llhtion. A yield

of 965 k2.8 mmol) was obtained after gas chromatograply employing a 1.5

ft 20X Kel-F on a Chromosorb P column. l
Amino(hexefluoroimopropylidentmino)sulfur(ll), (CP,)zc-NSNHr Starting

materials, 0.288 g (124 eol) of (CFS)ZC-NSCI and 9.052 g (3.10 mmol) of

N{,, vere condensed into & 50 ml Pyrex vessel fitted with a Teflon asinpcock

at -196° and alloved to react at -20° for 1.5 hr. The (CFs)ZC‘NSNHZ

stopped in & U=-trap cooled to -78° during trap-to-trap discillation and was

purified by gas chromatography using a 1.5 fr 20% Kel-F on Chromosotb P

column. A yleld of 0.162 g (0.77 mmol) of product was jisolated (627).
Cyano(hexafluoroisopropylidenimino)sulfur(ll), (CF3)2Cﬂ NSC:N. \Using

standard vacuum techniques, .37 g (1.60 mmol) of (CF,),C™NSC) was con-

denscd onto excess ARCN, which had been dried at 75° under dynamic vacuum, and

was allovwed to react for 6 hr. The compound was gas chromatographed using &

1.5 ft 207 Kel-F on Chromosord P colt;m. after being isolated in a U-trap

at -78° during trap-to-trap distillation. 0,18 g (2.8l umol) of

(CF,) C=NSCIN was Lsﬁlaced {50.5%7). Decomposition occurs at 82°,
Bis(hexafluorofsopropyiidenimine)suifuc {Ii;, ((CFJ)zc-&):S. 'hotolysis

of 0,390 g (1.0 amol) of ((Cl-‘a)zc-}-‘)zsz cortained 1in a 220 ml quartz veasel

{or etght hr gave 0.320 g (0.9 wmol) of (cta)zc-xss-c:(cr,)z (90%) and

32 vellow solid (sulfur). The Haruvia lamp (Modal 30620) was used. The

compound was identified from ite infrared -pectn-.3
Methiyl(hexafluorotsopropylidenimino)disulfide, (CF3)2C-NSSCH3. 0.46 g

of (CF,).C=liSC1 (2 mmcl) and 0.:)96 g of CH3SH (2 mmol) werc (7ndeised into

a 100 ml Pyrex vessel at -196° and the mixture was sllowed to stand at

~78" for 6 hr. After gas chromatogrephic purification wicth a 5.5 ft

b0
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column of 85 SE-30 on Chromosorb P, 0.22 g (0.9 smol) of (CF,) ,C=NSSCH,

was obtainad (45Z). Small smounts of the monosulfide, (CF,),CeNSCH,,

wvere isolated, also (10X yield).

Results and Discussion

Disulfur dichloride reaces readily wich hexafluoroisvpropylidenimino-
lithium to form ((CF,),C"N),5, in high yleld. The use of & solveut
l-methylbutane) grestly increases the yield froa 482 in a neat reaction
to 892. The disulfur dichloride was distilled vnder en atmosphere ot dry

nitrogen to remove any sulfur dichloride which vould react =ith LiN=C(CF,),

to form ((CF3):‘.C-N)?SZ vhich 13 difficult to separate from the disulfide.

E

The latter undergoes reaction with chlorine in at least two different

o s B

) ways dJegending upon the conditions used. Photolysis of a mixture of rne
two matcerials im a quartx vessel with a Hanovia lavp (Model 30620) leads

to the addition of s mole of chlorine per mule of disulfide and 4 double
bond shift giving rise to a sulfur dl:inlde, ((CFJ)?CCIN-)7S. llowevor, 1f
the mixture of disulfide aad chlorine s irvadiated at 2537 A through quartz
using « Srinivasan-Griffin photocheaical reactor, the ault‘ur-sul!\;r bond

i3 severed and the reactive new sulfenyl compound, (CE‘a)zc-NSCI is formed.

However, because of fewer aide reactions snd higher yleld, (CF3)2C-NSC1 o3

i is becter produced by heating the two reactants st 100° for 12 hours.

o

Compounds which contain active hydrogen, such as dimethylamine and

ammonia, or silver psaudohalides, AgCN, easily react to break the 5-C1 o
3 bond to form other substituted sulfenyl compounds, e.§., sulferyl saines,

} (C!‘;,)‘.L'.-.'iti.‘{(cus)2 and (CF,),C=N6NH,, or sulfenyl cyanide, (C‘!3)2(;-SSNC5N.

la che rcaction of (CF,),C~NSC1 with dimethylamiae or armonia, hydrogen

chloride 1 a product which must be consumed by excess base to preclude

1 A Rl i 0 ¢

b1
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addition to the carbon-nitropgen douhle bond. Tha eipht new compounds
are all easily hydrolyzable liquids wich vepot pressured lesa than 25
Tore at 25° and, with the excaption of (CF,)zc-NSN(CHs)z. are all yellow,
The chemistry of ((CFJ )2(2-'}3)2!3»2 and (CP3)2C-NSCI {s analozuus to that
of aome simpler perfluorinated disulfides snd sulfenyl chiorides, o.g.,
C!-'3SSC!-‘3 and CP3$q1. However, there are three points of diffarence. No
reacticn vas foud to occur betwesm ((C'a)zo'mzsz and lig vhen they wvare
photulyzed or thermolysed whareas the j.otolysis of cv,sscr, with Mg

1

forms (Oﬁ&)zug. Unlike with C!,SCl. it ie impossidle to simply

fluorinate the sulfenyl chloride to a sulfenyl fluoride. Instead, the

perfluoroisopropylsulfur difluorids imine, (cr,)zcm -SFZ. rasults

in every case vhen fluorination occurs. Isoclation of perflucroisopropyl-
tdeniminosulfur trifluoride has proved impossible. It fs likely that the
latter does form but spoutaneously umdergoes fluoride fon umigration from
sulfur to carbon with a double bond :'shift from CuN to Ne5, The following
equations show the fluorinations that wers tried in attempts to prepare
the sulfur trifluoride

-232 -
+ F3NO 3 h;—a (cr,)zcrﬂ SF, + NO+ 1/2 c1,

+ 3agp, 220--3 (Cr ), CPNeSF, + WMgF + 1/2 Cl,

(CF,) . CmxSCl + K 1007, |0 reaction
3’2 12 hr

-78°¢
+ 3CiF I—-g;-’ (C?3)2CN-872 + 2C1z

-18° . .
+ 3CSF  TEETed (CF,),CHNSF,  + ((CF,),CoN),8, + CoCl

\T

in the latter reaction, the CaF was activated by forming an adduct with
hexatluoroacetone in acetonitrile and decomposing the adduct at 200° undet

dvnamic vacwen, It is likely that (CF,),CoNSF forms but disproportionates

s~ - L ieo e~ TAE S - e b ks el
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to give ((CPy) zo-u)zsz and (cr,)zc-asrs vhtci\ gubsequentl’ rearranges
to (CPa)zcmrz.
The disulfide alsc - eacts with fluorinaticg agents as shown in the

following

(CF,) CoNSSN=C(CF,), + 6AgP, -slﬁ—» 2(CF,) CFNaSF, + 6AGF
(CF,) CoNSSNeC(CF.), + 6C1F --3-5-.-«) 2(CF.) CPN=3F_+ 3Cl
372 372 2 br 372 2 2

Correlation of the 19? oar chomical shifis or of the fnfrated
strecching frequencies of the C»N moeity with tne substitusnt group
attached to the (CF,),C=NS group can oot be made based on first order
effects, such as alectronegativicy. However, a similer lack of appareat
order 1s observed for compowmds containing the CF,$ woeity, e.3,, CF,SCl,
CP,SNH,, etc.

It is interesting to note that:in the case of (CP,),C=NSCl and
(CF,),C=NSN(CH,) 5, the trifluorcmecthyl groups are magnetically nonequiva~
lent giving rise to two 19? anar resonances in the CF, region for each
compound. Apparcntly the other nev compounds do not behava similarly
because the temperature (about 30°) at which the na: spactra r.x detarainad
is above that of coalescencs, where the cr, groups bacome magnetically
equivalent. An ongoing study involves the determination of coslescance
temperatures and inversion ensrgies. Ruff 12 reported that the CK

groups ia (CF;),CeNF are asgnetically nonequivalent and that the CF,

group trans to the imine fluorine 1is shifted to lower ficld. Bansed on
this, the resonance bands at 50.8 ppm and 65.4 ppm in (CF,),C~NSC1l end

(CP3):C-NSN(CH§)2 are assigned to the CF, group trans to C1 and N(CH,),,

b3
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respectively. No fluorine-hydrogea coupling (s found and the proton nar
spoctra are typical of the functional jroups involved.
The infrarcd spectra of these compounds are reasonably simple, with

CoN stretching frequenszies being lowered only by 135 e~ (1640 to 1608 a‘l)

when the substituent is changed from dimethylamino to cyano. The (=N

stretching frequency ! 1 the (CF,)ZC.NSCI end ((cra)zc'mzsz are the

sane (1630 m'l) which {}llustrates the insensitivity of the bond to subetituents
on the sulfur. The mass spectra are helpful {n confimming the syntheses

of thcse nev compounds since, vith the exception of [(CF;),C(C1)N}.-3

where (.‘(-Cl*) is the highest n'c, all rpectra sho rather intense mole-

cule {on peaks.

acknowleignent .=~Fluorine re-eareh at the Univerrity of Ida o is
euaprerted Yo the ({"ire of “sval Research and t"e lati nxl Scirrce
Foursd-tiorw, Wwe arg inledted to Mr, A A. Ce YMarco for mnss rpeetrs
ered tc e, D, T CTaver arnd Nirs e T, Cwirdell for nuclear mrreetic
reccontnee roaglra,
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THROUGH-SPACE COUPLING IN A NEW SULFUR DXIMIDE

Richard R. Swindall and Jean'ne X. Shraeeve

Departmant of Chemistry, Univeraity of Idaho
Moscov, Idabo 83843

Recently (1) we reported the fsolation of & nev sulfur dii=tde,
(crs)zc-NC(Cra)zl-s-NC(Cl"z)z? obtatned In 27 yield from the intaraction

9 At 25°. 1In the 193 nRr spectrum, coupling be-

of 8.»" with LiN-C(C?a)
tween terminal CF, groups s obsarved whtle the faternal C?3 groups couple
to only the imine C'."3 groups. At 35°, four resonances are observed at
67.6, ';3.6, 80.0 and 142¢. Rased on the structural anslogues listed in

the Table, these 1resonances are assigned as follows:

8z cr Cr44.5 He
v )3 e
(cra)z-c-u-c-u-s-u-c-r(n)
w cr, cry (c)

i i
67.6¢ 73.64 804 142¢
Broad Heptat Complex Heptet

A B c D
bt

A
B
)
=
E
E|
k]
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TARLE

19? HMR (4) OF STRUCTURAL ANALOGURS SHOWING CHARACTERISTIC

RESORANCE REGIONS POR (Y crouys®

A 3 ¢
((cr,) c-u),r(crs) 3 69.1 broad 75.4

. - 3 v
(CP3 IL'NC(::])ZN*&-RCQS:‘)zﬂ"\ ('CI_S)1 66.% broad 3.5

(cr} K nnC(cvj)zu-s-o“ 65.5 bread 7.0

-
s
-
e

i (CPy}  8=HC(CT,) WeC (CE ), 63.8 broad
ol i

S

‘::;)25’”“2 Bz.% o

" , ) ..
(0F ) CFUnSE, LETEIN 3
3 2

-
™

i (CP,) ,CFNagm0' 0 s

.'"-

3)2

o ottt B Sna it ool M * el 2 b A R

(c? zcru-suo’ 81.2 4.6

3) * ‘.'J,.'
b)

(cr.),CrN=sCl 80.1 5.3

=32 2 -

. (C!‘s)2Cl~'N-S-'NCl’((:l'3)2 79.6 4.3
==

- 3
(23)2CFN SFCF3 81.5 4,3

i il . i

& Only resonrances (and their assigrnments) similar te those ¢ cwring in the diimide
are jincluded

b Number of underscores correlates with type of 013 group
_—h B G -




Spin-spin decoupling of resonance A reasolves the coumplax resonance C

into a simple doublet arising ttén coupling with the adjacent F (Jci -p

3
«©)
w 4.5 Hz). Similarly the heptet B collapses to a single narrow xe-

sonance on decoupling resonance A. At 3s° regonance A is structureless,
broadened by coupling to the CF3 g-oups B and C and also by goomett%c
inversion about CeN. Cooling to 10° reau1t§ in increased broadening ot
the rescnance, whereas further cooling to ~40° or heating to 80° sharpeas
the resonance, but again nu fine structure is obaserved. Hngnecic non-
squivalence through inversion about nicroben of the CF3 gro;pl in the
hexafluoréieopropylideninino moiety has been previously encountered (2,4).
The heptet D 18 asséigned to C-F which is split by the geminal CF3 groups

= 4.5 He).

() ' ' '
Examination of mclecular models reveals a highly sterically hindered

Upe
F u?a

system in which no configuration eppears to be free from uafavorable
inter:ction with neighboring CF3 groups or lone electron pairs. In order
for the observed interaction to occur betve;n CFB(A) and CF3(C), it ia
necessary to postulate a paeudq-cyclic configuration byiuging the groups
to within at least 2,.5A of aach other (6-8B). Although severel configur-
ations Qre possible, skeletal flexibility and the existence of several
geometric isoﬁers makes cugigmaert of a most llkely c;nfigqtation difficult,
Since the terminal CP3 groups are separatec by ten asigma bonds and uo
splitting of F(D) by CF3(A) ia obacrved, it scems likely that through-
space coupling is the dominant mecharism with little or ne throi gh-bond
cgntributiPn. Furthermore, if through-~bond coupling was significen: 1t

seens reasonable to pestulate that CF3(B) vhich i8 closer to CP3(C) by

by

i
;
1
]
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tvo signa bohds would add to thc complaxity of the resounances ob.crved
for C and D. The theoreticsl opectrul for CF (c), using the observed
cqupltn; coustants of 4.5 Hz and 1.5 Hz to produce an overlapping doublet
of hcptetn. is io excellent agreement with the expetinentllly obtained
spectrum, Hhe:her the coupling of Cra(A) and CF3(B) is thtough—bond or

through-space can not be inferred.

Experimental

Yluorine 19 nar spectra were obtained with a Varian BA-100 spectro-
meter by using trichlorofluoromethapne as an internal a:aﬁdatd.

SP6 (3 mmol) was condensed onto LiN"C(CF3)2 (9) (12 mmol) at -196°
and varmed slowly to 25°. After 12 hr, the reaction products were se-

parated by low temperature distillation. (CF3)ZCFN-S-NC(CF3)2N-C(CF3)2

was obtained in 2% ;1eld after gas chromatographic purification of the
fraction trapped at -10° by using a S' SE~30 column heated to 50°,

The infrared spevtrum is as followa:. 1732 w, 1318 g, 1260 vs,
1218 vs, 1190 sah, 1095 m, 1075 w, 1012 =, 992 s, 970 gh, 942 v, 740 m,
720 sh, 685 v cn-l. Principal peaks in the mass spectrum correspond to

the ions (relative intensity): M-F (1) H—CF (5); H - N (25);

3 6

C.F HS (7); C.F

3 7 Ns (24); C (5).

+-
3 6 NS (13); CF NS (6); cras (5);

(100), sn* (57).

2 4 4

Anal, Calcd. for C9919N3S C, 19.95; 7, 66.50; N, 7.74; s, 5.82;
Pound, C, 20.05; ¥, 66.4; N, 7.81; §, 5.96,

Fluorine research at the Ynivereity of Idasho ig supported by the
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Contribution from

Department of Chemistry, University of Idaho
Moscow, ldaho 83843

Somo Extensively Rearranged Derivatives of Sulfur Tetrafluoride, Trifluoro-
methylsulfur Trifluoride and Bis(trifluoromethyl)sulfur Difluoride from
Hexafluccoisopropylideniminolithium Reactions

by

Pichard F. Suindelll‘ and Jean'ne M. Shreeve*lb

Abstract.--Isolation of six extensively rearranged products (7-VI) from
rcactions of sulfur tetrafluoride with hexafluoroisopropylideniminolithium
demonstrates that aimple, metathetical reactions do not occur, A possible
mechanism is propos~d. Similer rearranged products (VII-IX) form from the
lichium salt wich CF_SF_ and (CF_)_SF,. Lons range coupling of nuclet
separated by 10 o voflds3is ob-craea 1A the 17F nor spectrum of (III).

Reaction of sulfur tetrafluoride and hexafluoroisopropylideniminollthium

does nut follow the previously predictable petathesis reactions observed with

2,3,4

inorganic chlorides and fluorides, Inscead, the gencration of

(CFJ)GCFN-SF, (1) in situ by the action of LiN-C(CF:;)2 on SF“ results in the

formation of five new comoounds each of which srises directly or indirectly

from attack of the lithium salt on the sulfur difluoride imide. Thus

((:l*‘:‘).‘,Clﬂ!-S‘.I"2 (1)

C° Y CFN=Se 1

O NCR(CF), (11)

SF, LiN = C(C 4 CFNeSeNC (CF ) N=C(CF 1

(CF ) CosNC(CF ) NeSeNC(CF ) N=C(CF ) (V)
32 3 2 32 32

(CF ) CsKRC(CF ) NeC(CF ) v)
32 32 32

[(CF3)2C-N]25-NH (v1)

lsolation of ea h of the new products and subsequent rcaction with the lithiym

qalt {ndicates that each of the products results from & series of irreversible
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steps from reaction with a less highly substituted member. Similarly, .
reactions of CF35F3 and (CFJ)ZSYW with LlS-C(CF3)2 tndica;e that stepwise
substitution and product rearrangement occura, producing snalogucs to
corpueunds formed {rom reaction with SFA'
CFSF + LIN®C(CF,), —> CF,S(F)=NCF(CF,), (VI1)

F_)_SF_+ LiNaC(CF )
( 322 ¢

——3 (CF_) S=NCF(CF ) (VITI)
3, 32 172

(CF3)2SvSC(CF3)2N~C(CF3)2 (1X)
EXOV S IMLNTAL
Miterials.-=8F, (X and K Laboratorics, lnc.) and AgF, (Czark-Mahoning Co.)
wuere used without turther purification, (CFJ)zc-NM was prepared according
to the ilterature mcthod5 and dried over P‘OIO. n-Butyl lithium in hexane
talia Inurganics) was transferred into small glass bottles in an inert
Aatawshicre box for case in handling but cchervise was used as purchased,
CFJSFJG and (CF3)25F27 ware prepared by literature methods.
General Procedures.-~Gases and volatile liquids werc handled in a conventional
Pvrex vacuum apparatus equipped with a Helse Bourdca-tube gauge. Volatile
startinp materials and purified products were measured quantitatively by PVT
techniques.  Reactants and products of lover volatility were weighed. For
nas vhromatographic separations, the columna were constructed of 0.25 in
copper tubing packed with 8 SE-30 (Loenco) on Chromosorb W or 2021 Kel-F
¢il (M Co.) on Chromosourb I'. In most ceses, fractional condensation was
used te effect crude separation prior te gas chromatography. Vapor pressure
studics were carried out by using the method c¢f Kellomag and Cady8 or by an i
taots niscopic mothod.

Intrared pectra ol volatile products were rocorded with a Periin-ilmer .

LO7 wpectrometer by using g 5 roo gas cell equipped with KBr windous.
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Nunvulatile liquide were run neat between NaCl discs. ¥luorine 19 nac
spuitra were obtainied withh & Vacian HA-100 snectrometer by using
trichlorofluoromethanc as an {nternal standard. Maxs spectra were
obtained with a Perhin-timer Hitachi RMU-~-6E mass spectronater at an
lunizatlon potential of 70 eV, Flcemental analyses were performed by

bellor Mikroanalytisches lLabordtorium, Gattlngcn. Germany.

1. Reactions of SFA and Derivatives

Preparation of (CfJ}ZQPS-SFZ (1).--Sulfus tetrafluoride (4 mmol) was con=-

dunsed onte LINYC(CF4), (12 mmol) at ~196° and warmed slowly to 25°.

Afrcr 41 hr, the volatile products were separated by gas chromatography
by using a 5' SE-30 column hested to 30° and (I) was obtained in 22X
vield. Other products isolated were (11) (6Z) and small amounts of
(11t), (1V), and (V). Physical and spectral data for (I) have been

reparted previously.

Reactiun ot (1) and Lixnc(CF3)2.-~(CFJ)2CFN-SF2 (2.64{ mmol) was condensed

—_—— ———

onto LiN=C(CF4), (12 mmol) at -196° snd wermed ranidly to 25°. After

.

20 Lr, the volatile coaprunds were separated by trap-to-trap distillation
and further rurlfied bv gas chromatography by using a 5' SE-30 column

heated to 60°. Major products idencified were (V) (522), (VI) (247),

2,3

(V)Y (9.52), (cr3):c-xs.\'-C(cr3)2

(1.12) and (CF3)?C-NH (0.1 mmol).

Preparation of KCﬁB)ZCFN-S-NCF(CF3)2 }ll).--[(CFJ)ZCON)ZS (22 mmol) wasn

di.tilled into a 75 ml stalnless steel Yoke bomb which contained Agl,
3 p) at -1977 and allowed to warm to 25°, After standing at 25° for

2.0 hr, (rF‘\‘LFNuR-NCF(CF})O (11) was obtatned la almost gquantitative

vieid.. bits(heptafluoroisopropvl)suliur diirmide 1s a celorless 1liquid

«l
w
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with a bofling point of 106.8° vbtained from the equatiuvn log Pr -
ure

8.17 ~ 2013/T. Vapor prcssure data are as followa CT..‘K; P, Torr):
326, 100; 342.7, 200; 348.2, 250 353, 300; 36l1.2, 400; 367.5, SOO: 371.5,
550; 373.0, 600; 375.5, 650; 377.7, 702. The wolar heat of vaporization

{8 9.2 kcal and the Trouton constant {g 24.3 e.u.

The 19F nor spectrum shows a broadened complex resonance at 145.36

assigned to the equivalent isopropyl fluorines and a doublet (Jcrj-r° 4.5 Wz)

at 79.6 ¢ for the CF3 groups. The infrared spectrum measured at 4 Torr is

as followa: 1287 vs, 1263 ve, 1227 s, 1195 w, 1130 m, 1092 m, 1030 s,

995 8, Y58 w, 740 sh, 732 9, 340 v, cm’l. Principal peaks in the mass

spectrum correspond to the ions (relative intensity): nt (1); H-F+ (3);

+
M-Fz (5); (1) M- CF (22); ¢ ?9825 (); 3F6VS (25); C F VS 4);

C2F4NS (25); CzPSN (4); C T a; CF (100) ; sNt (27).

Angl. Caled. for C6F16NZS: C, 18.19; F, 66.80; N, 7.04; s, 8.05;

Found: C, 18.30; F, 66.6; N, 7.02; S, 8.09.

(CF,) ,CFNaSeNCF(CF.). is obtained in 62 vield when SF4 (4 mmol) s

32 372
reacted with (CF})ZC-NLi (11.5 mmol).

Reactlon of (11) and LiN‘C(Cfl)ﬁ.°~(CF3)2CFN-S-NCF(CF3)2 (1 m@0)) was

condenséd onto LlN-C(CF3)2 (6.9 mmol) at -196° and warmed slowly to 25°,
After 20 hr, the volatile materials vere removed and {dentified by Ras
chrumatographic rectention times, infrarted and 19? mar spectra to be
prinariiv (IV) and (V), (CF3)2C-NH and some (IT1}. No (1) or (V1) was

observued.

Preparation of (CFJ)ZCFN-S-NC(CFB),N-C(CFJ)2 (111).-~SF, (3 mmol) was

4

condensed onto LlN-C(CF))2 (12 mmol) at -196° and warmed «lowlv to 25°,

|
|
|
-
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After 12.25 hr, the reaction pro&ucco vere separated by low temperature

3
3

discillacion, (CFs)ZCFN-S-NC(CF NeC(CF,), was obtained in 2% yicld

32’
after gas chromatographic purification of the fracticn trspped at -10°

by using a 5' SE-30 column heated to 50°. Other compounde isolated
were (1), (I1), (V) and (VI).

The infrared spectrum is as follows: 1732 v, 1318 s, 1260 vs,
1218 ve, 1190 sh, 1095 m, 1075 w, 1012 m, 992 8, 970 sh, 942 w, 740 m,
720 sh, 685 w cm—l. Principal pesks in the mass spectrum correspond
to the fons (relativs intensity): M-r* (1); ﬁ-C?B* (5); M - C3F6N+ (25);
CF ) NoS* (5)5 CgFNY (2705 CoPNas® (6); Cugh, st (5); cfy ™ (12); j

* (D + ; * 5y + : + (6); cF.st (5):
CyF NST ()5 € F ST (20)5 CyPit (5); € F ST (13); CP NST (6); CFysT (8);

cF,* (100), ssto(sm.
Anal. Caled. for C9P19N35: C, 19.95; P, 66.50;: N, 7.74; S, 5.82;

Found, C, 20.05; F, 66.4; N, 7.8B1; S, 5.96.

Reaction of ([Il) and LiN-C(CF3)2.--GCFS)ZC?N'S-NC(CF3)ZN-C(CF3)2 (0.3 smol)

was condensed onto LLN~C(CF3)2 (2.4 wmol) act -196° and warmed slowly to

25°. After 10 hr, the volatile compuunds were removed and identified by
. :
their infrared spectra as (V) (0.27 mmol), (CFa)ZCQNH (trace) and (1V)

(trace), No (I), (11) or (V1) was observed.

Preparation of (C}'3)2C-NC(C?3)ZN-SONC(CF3)2N-C(CF3)2 (IV).--After removal

———— s

of the volatile compounds observed in the preparation of (I1I1), the "dry"
s0lid resi{due in the reaction vessel was hested at 100° under dynamic
vacuun and a nonvolatile, bright yallow liquid was collected in a vessel

fitted with a rubber septum to facilitate gas chromatographic separation.

L 1

The liquid was injected onto a 5' SE-30 column heated to &0° and pure
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(CF C-NC(CF3)2N-S-NC(CP3)2N-C(¢F3)2 was obtained in yields as high as

3)2
51X. Bis{2-(hexafluoroisopropylimino)hexatluoroisopropylleulfur diimide

is hydrolytically atable with a boiling point of 197° at 200 Torr.

The 19? amr shows & broad singlet at 66.5¢ which im furchar brosdened

a8 the temperature is lowered to 10°. At 70° this becomes a sharp singlet.
A second resonance at 73.50 1is a sharp singlet of area equal to the first
and {s esscntially unaffected by temperaturs changes. The infrared
spectrum (liquid, NaCl discs) is as follows: 1735 m, 1320 vs, 1160-

1235 va, 1073 s, 1010 a, 985 3, 960 s, 938 m, 791 v, 768 w, 736 s, 740 &,
690 s cm-l. Principal peaks in the mass spectrum correspond to the ions.

(relative intensity): M - Cts* (1); M- C3P6N+ (9); M - C6F12N2+ (%)
C,FNC,F T (10005 ¢ F % (15); P’ () CFN® (633 CPeNs* (11
C,FNST (2); CF ' (2); CF,S* (1); CRNY (9); CFy* (90): s (9),

Anal. Caled. for chFZAXQ
Found, C, 20.98; F, 65.2; N, 8,18; S,.k.SS.

3
S: C, 20.90; F, 66.40; N, 8.14; S, 4.65;

Reaction of (IV) and LiN.C(CFB)z-‘-(CF312C-NC(CF3)2N'S“NC(CF3)2N.C(CF3)2

(0.59 mmol) was injacted into a vessel containing LiN=C(CF,), (3 mmol)
which had been heated to 70° under dynamic vacuum to rewove excess
(cra)zc-NH. The vessel was warmed slowly from ~196° to 25°. After
standing for 1.25 hr at 25°, the only volatile product obtained was (V)
(0.58 mmol) identified by its {nfrared spectrum. Chlorine (0.9 mmol)
was added to the reaction vessel and after three hours the only volatile
praduct observed was (CFS)ZC-NCI (0.9 mmol). No volatile sulfur-

containing product was obtained.

e b1 e B4 ki
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Preparation of (CF,),C=NC(CF )2N-L(Cr.l) (V) .-~ Sulfur tetrafluoride

(0.96 mmol) ves condenscd onto LiN«=C(CP (2.4 wmol) at .~196° and

3)2
allowed to varm rapidly to 25°. After 0.3 hr the volatile products were
removed an! separated by gas chromatography by uaing a 5' SE-30 column
i at~ 50°. Pure (Cl'l)zC-NC(C?s)zll-C(CP:,)z was obtained in 39% yield from
' . the mixture containing (1), (I1), (IV) and (VI). 2,2-[Bis(hexafluoro-
isopropyliderimina)] hexatluoropropane ia & colorless liquid having a

boilfug poimt of 109° from the equation log P « 7.76 - 1857/T. Vapor

Torr
pressure data are a3 followa (T, °K; P, Torx): 314.5, 71; 321.S, 93;
327.5, 118; 335.5, 162; 344.7, 231; 351.5, 292; 358.3, 36.8; 363.0, 425;
3€8.3, 5105 375.0, 620. The molar heat of vaporization is 8.4 kcal. and
tie Trouton con:tant is 22.0 e.u.

The 19? Nt spectiun shows & broad resonance at 68.19 assigned to
the four termizal er groups. Thirtesn peake centered at 75.49 are

assigned to the CF, gruups om the cenger carbon atom (J = 6.2 Hs).

3 . CFJ-CP:;
The peak arez tatio s 2:1. The iarared spectrum (5 Torr) is as follows:

i 1775 m, 1320 ve, .65 vs, 1245 va, 1232 vs (sh), 1212 vs, 1190 ®, 1050 v,
10%0 =, 1000 g, 960 w, 760\\:, 40w, 722 u, 690 & cn_l. Principal peaks in i

the mass spectrus correspond to the jeas (relative tnnmity): u-r (1);

o+ a 3

- . + . + .

cE NC,7 * ()5 CF “Cz’s (5); ¢ r, (2 crzm () cr3 (100). C3N2 1);
crz" 2,.
Anal Calcd. for CF. Nt C, 22.60; F, 71.51; N, 5.8¢; Found, C, 22.48; 1

¥, 71.4; N, 6.27.

Resctico of (V: and L‘lli-ﬂc(CPJ)2 -*l(CPz)ZC-N)ZC(CPﬁ-‘ (1.3 mmol) and

l.i.‘l-(.‘(CF':,)2 (8 umol) d.¢ sot reect sftrer & hr at 25°.

o




Preparation of (CP_) CaNS(=NH)N<C(CF ) ~(V1).—-(CF ) CFN~SF, (2.64 an01)
32 32 32 2

was condensed onto Lxx-C(cr3)2 (12 smol) at -196° and varned vapidly to

25°. After 20 hr, the products were separsted by lov temperature distilla-

tion and the contents of the vwarmest trap (-40°) further purified by gas
chromatography using & 5' SE-30 coluan at 60°. Bia(hexafluoroisopropyl-
tdeniniro)sulfurimine was obtained in 24% yield and is a colorless,
readily sublimsble, crystalline solid which melts at 38.5°,

The 19? nmr spectrum is a singlet at 80.30. Thae Y nwr gpectrun ig
a broad singlet at 6.67. The infrared spesctrum is as follows: 3460 m,

1490 m, 1290 s, 1255 vs, 1240 vs, 1218 sh, 1185 s, 1020 w, 960 s, 815 w,

724 5, 710 8, 5S40 w cmﬂl. Principal peaks in the mass spectrum correspond

.
to the ions (relative intensity): M - NH* (M % - o) 06F12N (2)3

+ M- + P M - + . + . + .
M cr3 (25); M - CF, (1); M C3F6 (19).CSF9N (2).C3F6N5ml (%);

e g st (1) * (D) Y s + (2 * 9y
CLFNSY (D)3 CFgNysT ()5 CoFgNT (D) CoF NS (2); CP,SNH" (9);
¢, F " (30); cr,t (1003 PN D) s\et (25); snt (35).
Anul. Calcd. for C6HF12NJS: c, 19.20; ¥, 0.27; F, 60.79; N, 11.20;
¢, 8.54. Found, C, 18.96; H, 0.48; F, 60.9; N, 11.21; 5, 8.37.

((CFs),C-N],SNH s also obtained in much lowcr yields when SF, and

L:N<C(CF race.
3)2 reac

11. leactlons of CF}SF

3

treparation of C¥3S¥-NCF(CF3)2 (VII).--CFJSF3 (7 emol) was condensed

onto LtNaC(CF3), (4.8 mmol) at ~196° and warmed sluwly to 25°.  Afcer

24 hr the products we.a separated by trap-

at --3°, -78° and ~184°, LUnreacted CF:‘SF3 and a small amouat of CFJgF

{(f1om aydrolysts of cFJSFJ) wvere tecovered from the bath at «123°. Pure

to~trap distillation using baths

s omttenin, ot Nl
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CFJSFN-CP(C13)2 vas obtatned in 60X yield, after purification by gas
chromatography of the product wvhich stopped in the brth at -78%, by
using a 2.5' Kel«F column at 30°. A nonvolaetile yellow liquid, whick
stopped at -48° and subsequently slowly solidified at 23°, could not
be purified by gas chromatography.
N-heptafluoroisopropyl~S-trifluoromethyl~monof luorosulfurimide is

8 colorlces liquid with s boiling point of 62.9° obtetpat *--w the
equation log pTorr » 7.84 ~ 14R& /7T, vBpOTr Ppressure dota_ntn as follows
(T, °K; P, Torr): 301, 200; 306.S, 250; 310.7, 300; 314.7, 350; 318.2,
400; 321, 450; 324, 500; 327, 530; 328.7, €00; 332.7, 693. The molar
heat of vaporisation is 7.95 kcel and the Trouton constant is 23.6 ¢.u.
The 19¢ rar spacerul {e discussed in a later section of the paper.
Th2 infrared spectrum is as follows: 1315 a, 1295 ¢, 1270 vs, 1255 vs,
1198 ¢, 1132 ve, 1094 o, 1018 m, 988 vs, 160 w, 722 u, 678 w, 542 v,
468 w, 450 m cm'l. Principal peaks in the mass spec'rum correspond to
the ions (relative intensity): M - ;P* (1); M= 3rt ()i M~ CF3+ (12);
CyFNST (@5 cpgss’ s CyFgnst (s FNsT a2, e rNs @)
cr, st (@ crysT (905 ¢t (5 Gt (21 cryt 005 s (8
cr,* (3); nsta).
Anal. caled. for CQFLINS' C. 15.8¢, F, 6%.0: N, 4,62; S, 10.54;

Pound C, 15.94; F, 69.3; N, 4.66; S, 1..66,

I1I. Reactions of (CF3)25P2

Preparation of (CF3)2S-NCF(CF3)2 (?III).-~(073)2SP2 (5 anl) wvas con-

densed onto LiN-C(CF3)9 (7.2 wmuol) at -195° and waroed slowly to 25°.
After 18.5 hr the products wevz separsted by trap-to~trap dlstillation

using baths at -40°, -78° gr.) -184° (Cf3)38-NCF(C13)2 which stopped in

Y
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a bath at -40" was cbtained pure in 71X yield after purification by gae
chrc  .ography using a 7' Kel-P column at 25°. Other praducts obsarved
in the separation included small amounta of [(CF3)2C-N]2 nnq
(CF,),S=NC(CFq) N=C(CRy), (IX).
N-heptafluoroisopropyl=§,S-bis(trifiuoromethyl)-sulfuriaide {s a
colorlesse liquid with a boiling point of 89.1'obtained from the equatiom,
log PTorr « 7.40 - 1640/T. Vapor presasure data ara as follows (T, °K;
P, Torr): 314.2, 150; 321.7, 200; 328,0, 250; 333.2, 300; 337.7, 350;
342.2, 400; 345.5, 450; 349.7, 500; 352.0, 550; 353.0, 600;
357.7, 650; 359.7, 695. The molar heat of vaporization is 7.5 kcal. and
the Trouton constant is 20.7 e.u.
The 19? nmr specttum coutains resonances at 138, 81.2 and 64P in the
ratio of 1:6:6, respectively. The resonance at 138§, assigned to the
ieopropyl fluorine, is en ovaflappin; heptet of hepteta from splitting

by two CF_ groups on carboa (J @ 4,7 Hz) and two CF_ groups on

3 F-CF4C 3

sulfur (JF-CF g " 1.6 Hz). The resonance st 81.2¢ is aseigned to the
3

CF3 groups on carbon and is an overlapping doublet of hep:iats aplit by

the isopropyl fluorine (J CF.C-F « 4,7 Hz) and the remaining CF3 groups
3
(JCFJC-CFJS e 1.4 H1). At 648, the CF3 groups on aulfur are split by

the isopropyl fluorine (J = 1.6 Hz) and the remaining two CF
cras-r 3

groups (J = 1AHz). The infrared spectrum is as followy: 1322 m,

CF35-CF3C
1300 m, 1262 va, 1212 s, 1138 va, 1089 ve, 990 m, 760 w, 732 m, 700 v,

and 455 m, cm.l. Principal pasaks in the wmass epectrum correspond to the

fons (relstive intensity): MY (17); M - F¥ (10); M - cr (10). r‘* (18);

- ¢p + - . . s
M LFS (10); M CZFG (10); C3 6NS (32); C3F5N$ (73 C F (15),

chs* (45); ¢k NST (8); crys” (8); CFY (100); nst Q.

80
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Anal. Calcd. for CSFIJu" 'Cy 17.00; F, 69.9: N, 13.968; S, 9.08;

Found: €, 16.41; F, 70.0; N, 4.12; 8, 3.89.

Preparation of (6?3)2S-NC(C?3)2N-C(C!3)2 (IX).--(CIs)ZS-NCI(CFs)2

(1.35 mmol) was condensed onto LINSC(CP,), (4.8 mmoles) at -196° and
warmed alowly to 25°. After 18 hr, cthe product which stopped in a bath
at ~30° was puritied by gas chromatography using a S' SE-30 column heated

to 50°*. Pure (CFJ)ZS-NC(CFJ)ZN-C(CPS)2 was obtained in 82X yileld.

2,4,4,6-tetrakie(trifluoromathyl)-2-thia-3,5~diane~2,5-parfluoro-
heptadiene is & colorleas liquid with an extrapolatead doiling point of

136.6°.  The equation log P = 8.21 ~ 2183/T holds for temperatures

Torr
below 100°. Above this tsmperature, the compound decoaposes to C?asn-c(cra)z

and an unidentified solid. Vapor pressure data to 100° are as follows

i das i

(T, *K; P, Torr): 330.0, 40; 341.2, 65; 348,0, 90; 334.0, 111; 360.0, 140;

365.0, 170; 369.0, 198; 373.0, 232. The molar heat of vaporization 18

9.8 kcal. and the Trouton constant {s 23.9 e.u.

The lg? nar shows single shxrp resonances at 73.19, and 62.7¢ and

e s, i il i b

a broad resonance of 63,80, Peaks are in the ratto 1:1:1. Ths i1esonance

at 73.10 1s assigned to the internal CF_ groups, the resconance at 62.78

k]

- assigneu to the CF_ groups on eulfur, and the broadened resonance at

3
63.89 assigned to the CP, groups adjacent to the imine moiaty. The

k. M,

infrared spectrum is as follows: 1730 w, 1322 m, 1285 a, 125% vs, 1232 s,

1218 s, 1168 a, 1128 ¢, 1085 ¢, 998 m, 970 w, 935 m, 754 w, 735 m, and

690 m cm L. Principal peaks in the mase spectrum correspond to the ions

+ + + :
(reiative fntensity): M - CZF6NS (15); C‘F9NS (&5} chGNS (22); 3

Fast (15); CLEN" (22); CyF xst (2);

+
NS (45); CyFy oF,

‘+ .
C4F85 (15); C3F6

81
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+ . + . - . + N . + . + .
3.~4s (6); Cz?s (15); czvzus 9); CFBS “n; CF2NS (20); crzs (9);
c.r ¥ (25 cr* 1005 erst (1 P a2y cr2+ as). Dr-c,r. (1)

C2F

Anal. Calcd. for CsPlastz C, 19.30; P, 68.6; N, 5.63; S5, 6.43;

Found: C, 19.65; F, 68.5; N, 6.08; S, 6.69.

RUSULTS AND:DISCUSSION

Many examples of the prsparation and reections of the general class
of conpounds sulfur difluoride imides (n—u-srz) and sulfur 4imides
(R-N=S=N-R) have been reported recen:ly,m'n('"d refarences theric)
and the chemistry of the former is covered in a review ci sul.ur-nitrogen~

24
fluorine compounda. The principal methoy for preparicy K«SF, ccapeusde

4
atilizes reactions of nitrogen-containing species witt 194 and the sulfur
diflvoride inide ao formed may undergo further reecrion o form sulfur
dimides,

B; reacting SF& with the lithium salt of Lesallunrc.ecoprepylideninins
in varying stolchiometrien six compouads %n isciabls yirlus sre farmed,
includiny three new sulfur dim! les which arise froo the 41 @ilu génciation
ol u sulfur difluoride imide “Anternedtmtc”—-45F3)3553-€F2- (1,

(I) has been prepared in high yie d by zhe ranc fon o f

Cst , oY
+ o = lee e LR 7 CTNeSY
SF“ (CF})ZC ] T}/? .50,

-

but tl more highly substituted memere (1) - (¥I) Luve 0Ol been pre-
viousl: ‘epo-ted. Compounds () a1d (73] are Ceaszily tmsiated wher the
ratio ! LiN-C(CP3)2 to SF, i leas than 4ii, oul acither 1s obraried

-

if SF 1is the limiting reagent. With the evcepricen 27 (vid, aach
4

3
?
|
|
|
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higher member of the series can be madec from reaction of its antecedent

and the lithi?m salt, with none of the lower members being produccd.?

Thus, adding ﬁure (rn to‘(CFa)zc-NLi results in the Eornation of (1I1),-

(1V) and (V) with no (I) or (VI) being observed. Sulfurdiimides have

. 2
béen shown to react with polar organic molecules to cleave the N=§ bondn,-1

which explains the formation of (.58 mmol of (V) as the only volatile

product observed when 0.59 mmol of (IV) reacts with LiN-C(CF3)2
|
CFy CF, !
(CF_) _CaNC CN=C(CF.) ;
2 cFyNesan/CEy 302
: [ C(CF_) _N=C(CF )
\' + . emme- ————p (W) +|s=N 32 32
' . Li
(CF)C =N '
32 i - -

The  atom on the lithium salt i8 the nucleophilic site and the S=N bond

| . ~
is presumed to have bfoken and new S=N bonds formed to produce (V) and a
proposced lithium salt which was not isolated.

The mechanism of formation of products (I), (II) and (V1) is difficult

H
_to deduce. Vhether a simple metathetical reaction occurs between F and the

(Cﬁ))qC-N moiety to form a transient intermediate which rearranges by

{luoride Longmigration to é more electropositive center cannot be demon-

strated without igolating the postulated intermediate, i.e.,

83
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{ur1>2crn-srz + an-c(crj)z' =¥ [(CF) CPNeSF=NaC(CL ), | ---9
' [A]
(CF3)2CFH-S430F(CF3)2
Tte formation of CF3(F)S-NCF(CF3)2 (VIT) (discussed later in this
section) and the recently reported synthesis of a previously unknown
armlnnsul furmonofluoride {mide (-X=SF—SR2)25 c'uld argue for the existence
ot [A] even though the posuibility of structural rearrangement of these
imides {8 not likely. Further implicit evidence for this, or some
similar intermediate, arises from the fotmation of [(CFa)zc-les-NH (VI).
None of this new sulfurimine is observed In reaction of (II), (111), (1V)
or (V) with the lith{um salt, therefore, the precursor to the product
probably arises from reaction of SFa or (I). Since rcaction of (I)
results in greater yields of (V1) than does reaction of SFA it scenms
reasonable to postulate an intermediate {(\) ;hlch can efther rearrange
to form (1I) and subsequently (111), (IV) and (V) or which can itself

undergo reaction with the lithium salt to form a precursor to (VI). Thus

LiN=C(CF3) (11) LIN=C{CF3); (111), (V)
(=g ---:——-—- —g CFN=SF-NaC(CF.)_ }—" """ 77777777 - »
(CF,) ,CP=SF, 3 [(CF,) ,CPN=SF-N=C(CF,), }—" )
(1) (A) L1X=C(CF,),
N=C (CF.)
((crj)zcrn-s’ 32
‘u-cccp3)2
(1)
HeC(CF), j
(CF ) C=NC(CF_) N=S LiN«C(CF,)
[ 3 -’ 3 2 \-C(CF ) (,-.._----2-2
) 3’2
2)
LiN=C(CF,) N=C(CF.),
--=mmn-d-s LiN-S: 3 v oW
N=C(CF,),
(&)

84
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Addition ot (CF3)2C-NH to the eolid residue xemaining after pulling

of{ the volatiles regults in the formaticn of (VI) in yields as high as 24X.
(3) + (CFq)gCuNH  ——-moeee- ? ((CP3)2C-N]S-NH + LiN-C(CF3)2

Some of (V1) 1s usually observed in the volatf{le products ﬁcfore addition

of (CF3)2C-NH. In the preparation of LLN-C(CF3)2, foimed by adding excess

(CPB)ZC-NH to n-Buli, slightly more than 2 1l:1 uptake of parent {mine is

observed which {8 not recovered even after pumping on che solid for

several hours. When the lithtum salt i{s heated to 70° nader dynamic

vacuum excess (CF3)2C-NH is pulled off the solid snd tubsequent reaction

with SF, produces very little (VI) until (CF.),CoMH 1: addad to the solid.

Iuv an entirely analogous serics of r.nctlons.(CF3)2SF2, and I.iN-C(CFJ)2
react to produce the monosubstituted rearranged compound (CF3)25-NCF(CF3)2
(VIIl) which in turn reacts readily with tha iithiwun salt to form the
disubstituted derivativa (CF3)ZS-NC(CP3)2N-C(CF3)2 (1X). VUnlike (1V),
(VIL1) does not undergo ‘urther reaction with LiN-J(CF3)2 and {8 thermally
less stable, decomposing above 100° ;o CF3§N-C(CFJ)2 and an unidentifies
yellow solid.

Mct athesie reactious of CF3SF3 and ltN-C(CF3)2 ware not as predictable
as were the above sulfur (IV! reactions. The poncsubstituted product
CFJSF=NCF(CF3)2 vas readily c:tained in ressonable yields when excess
CFJSFJ was used, but vields diopped to s'cost zero when CFBSF3 was the
limiting reagent. Instead, a :onvolati,e, ye!low liquid was formed which
could not be purified by gas chromutography and which slowly solidified at
19

25°. Numerous rcsonances wecre (bserve! in the F nmr of the neat liquid
but none which could be reasonaily assfigned to higher humologucs of the

parcnt. When CF3SF-N-6F(C?3)2 end L:N-C(CF,))2 ware reacted in varying

-

], L™

i
&
E
;
i
%




68

nroporticns, l(or varving times, with or withoo: seivent flLe rsme intrac-
table vellow mixture recurred. In one attemptwd pas chromatographic

purification, a very small aaount of comroumd was obtained with a CsN

- -1 ) <18
ban'l at 1732 cm in the {nfrared, aud four s nar tvesonances in the

expected reglons feor the disubstitated derfvacivs. Insufficient ceapound

was isolated for charactervisetion.
Ar Interesting example of throvgh-space covpilng of temote {luorine

19
nuclel s obgserved in the P amr speatrum of (CF}}ZCFN=S- NC(CFj)’Nnc(CFJ)Z'
On

‘ : 4
the basls of structural ansalogues che asa'enments ste given in Fig. 1.3

Resonances occur at 142, 80, 71.7 and 67.69 {n tho ratio of 1:6:6:6.

ot Jo2 Hz —

Jug, 5 Ha
¢ ¥ C 3 /CF3
Ccr - G - N =« O w N - Cc - N = C
3 . N CF
CF CY 3

- Jsl.5 h2

CFQ Multiplicity

A . ;] C
80¢ 7y.o0 67.60
(1) Cooplex (1) Heptet (1) very broad
. (11) Doublet when (44) Singlet when at 10°
C dacoupled € decoupled (41) sharper at
. +30° and
, -40°*

[+] P ey o
Fig & 1‘? aar of {ﬁ?;),ﬂvﬁusnuf\ﬁv}jzdnC(u"Y;z

- -

The resondnce at 142¢ is asssigred to the {sopropyl fivorine and is n

hepiet dua to opliteing from the 6 vicinal fluorine ntome (JF CF = .5 Hz).
, ~CF,

A complex resonance at 809 assigned to che (A) CFS siroups (see Fig., i) le

resnlvad into a sinple doublet wher () {2 ducouaind (JC? e " 4.5 R,
3-

86 '
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(C) alusu couples with (B) splitting <he latter into a heptet
(J(B)-(C) = 2 Hs) vhich becomes a singlet at 73.6@ vhen (C) is decouplsd.
The broadening of (C) arises not only from coupling to (A) and (B) but

also from inversion about the C-N single bond adjacent to the imine
2,3,26,27,28,29,30

moiety. Cooling the sample results in a very broad

nmr signal for (C) at 10°, which is conaiderably sharpened by lovering
the temperature to -40°, Heating to 80° also produces a sharper resonance
for (C).

Coupling of the remote 19? nuclei by bonding electrons through ten

sigma bonds is probably negligible, the dominant coupling contributions

more llkely arising from non-bonded electron interaction. Through space
coupling {s dependent on molecular éeomotry, thus the geometry of the i
molccule must allow for & configuration in which the terminal CF3 groups i
are within at least 2.5 A of esch other.n’”'33 ;
The 19P amr of CFJS(F)-NC(F)(CF3)2 shows resonances &t 145.2, 81.5,
72.9 and 11.19 in the ratio of 1:6:3:1 respectively., The follewing inter-

actions are observed. (Coupling constants in Hz)

1,53
2.5 ~3F CF
i 6.q 3

CF,. - SaN~C-~-C(CPF

2.5 4 Pé—~4.]

‘the resonance at 145.2¢ assigned to the isopropyl fluorine and the
S-F resonance at 11.1¢ are complex multiplets each being split by all
the ocher {luorine atoms in the molecule. The rosonance at 81.50 s
assigned to the CF3 groups attached to carbon gnd at ~45° is 8 doublet

of doublets from splittiug by the single flunrine atoms on csarhon and

B
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sulfur. At 72.99, the vesonance assigned to cr3 attached to S e

split into a triplet from equal coupling to the two single fluorines.
The uncxpactedly large coupling of the isopropyl fluorine Fo CP3—S could
indicate non-bonded electron interaction but, if this is the case, the

molccular geometry {s such that the remota CF_ groups do not coupli

3
significantly through epace., Examination of molecular models renders

this latter contingency unlikely. On the premisa that through-boqd apin
spin coupling is the predoninant mechenism and from comparison of coupling
constants in structural analogues, the isopropyl fluorine is assumed to
couple to the two Cé3 gToups on carbon more strongly than doas the S-F,

however, this asuignment (e not unequivocal. Decoupling experiments were

{nconclusive.
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Insertion of 505 anc C0z into (CPJ)ZC-NLi

By Richard P. Swindell* and Jean'ne M. Shreeve?¥
Contridbution from
Department of Chemistry, University of ldaho

Moscow, Idaho 83843

Rccently1 we rveported the facile introduction of the hexafluoro-

Isopropylidenimino group into a series of compounds from reaction of

S e i

Li.\‘-C(CFB)2 with inorganic halides. On the basis of these results and
results rrom reaction of SF& with L1N~C(CFq)72 wve proposed that the
reiactions proceed in an irreversible series of steps although it was

' not possible to {solate intermediates for other than the SF6 reactions.

When LiN-C(CF3)2 reacts with SDCI2 or C0C12. even with the co-

Lud Bl

reactants in large excess, the major products observed are

? (cr})2C~uC(CF3)2NSO or (CF3)2C-NC(CF3)ZNCO with no trace of the )
symmotrical sulfoxide [(CF3)ZC-N]250. or substituted urea ((CF3)2C-N]2CO.
In an attampt to prepare the lstter compounds and further substantiate
the stepwise mechanism a different svnthetic technique was devised which
might eliminate the formation of the postulated but unisolated inter-
mediate (CF3)2CCIN-E=O (where E = S or C).

ve have observed that SO2 and CO2 insert quantitatively into
Lixsc(urj), giving new lithium salcs which are stable in glass at 25°

for (xtended periodes. Reaction of thess with SOC‘I.2 or COCl1, were

expect.d to form {nterrediates which, if stable to loss of SC, or COV

2

respectively, would react further to form the symmetrical compounds.

> :!L" A }‘ellok’
¥ A r.d P Sloan Youndation Fellow
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O the other hand, 1{f the intermédiates wove unstable, they should react

furthar giving rise to rearranged compoundas. Thus for SOCIZ:

Qe LIN=C(CF,)y |
SN= > N» L )
LIOSN=C(CF ) + SOClz--QICIQOQh C(CF,),) (A) 22, 1icF,) coN] S0 + S0,

OR

LINSC(CF.). sone .
(B) OSNCCL(CF,), + SO, 112, OSNC(CF ) NeC(CF ),

Experimental Section

Insertion of S0, into (CF3),C-HL1

S0, (10mmol) was condensed onto (CF3)2C-NL1 (7.2 mmol) ar -196° and

allowed to warm slowly to 25°. after 2 hr excess 502 (2.7 mmol) was removad

under vacuum leaving a finely divided cream colored solid(l).

Reaction of (1) and SOCl2

SUCl, (6.45 mmol) w:s condensed onto I(2.7 mmol) at -196° and warmed
slowly to 25°.  After 12 hr the produgts were separated'by gas chromatography
uslng a 2 {t 20% Kel-F on Chromosorb P column to give (CFB)ZC(CI)N-S-U
(73 yleld) and (CP)2C=NC(CF3)2.\'-S-O1 (16% yield).

(crj):CCINSO {s a colétless liquid with a boiling point of 90.2°

obtained from the equation log Pt e 8,26 - 1954/T. The molar heat of
orr

vaporization 18 8.94 kcal and the Trouton constant is 24.6 eu. The 19 nmr
spectrun shows a singlet at 76.33. The infrared spectrum is as follovs:
1328 n, 1282 vs, 1248 vs, 1198 m, 965 m, 932 m, 752 w, 725 = cm-l. Principal
peaks in the mass spectrum correspond to the ions (relative intensity):
w0, a1t (259), CF N (2), CFgNCLY(37), -CF,*(100), C,F NSO(1D),
soca*(26), cF.T (9, sc1t@s), s0,*(33), cr,ty), sot(7y.

Anal, Caled for CSCIFéNS: C, 14.54; Cl1, 14.33; F, 46.1; N, 5.67;
S, 12.92; Found C, 14.56; Cl, 14.03; F, 45.8; N, 5.71; §, 12.96.
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teact.

(CF3)2C01NSO is also formed vher 11 and SOCl2

lnsertion of CO

2 in (CF3)2C-NL1

et

co, (10 mmol) and 5 ml of 2-methylbutane were condensed onto
(CF;),C=NL1 (7 mmol) at -196° and allowed to warm slowly to 25°. A
vigorous exothermic reaction occurred while still cold winich results

in u detonation when no 2-methylbutane 1¢ used. The latter acts as a

heat sink. After 1 hr excess CO

2
under vacuum leaving & finely divided cream colored solid (II).

(2.8 mmol) and hear sink were removed

Reaction of (II) + COCIZ

CUCIZ (8 umol) was condensed onto II (3.8 mmol) at -196° and warmed
slowly to 25°. After 8 hr the nroducts were separated by gas chroma-
tography using a 2 ft 20X Kel-F on Chromasorb P column to give
(CF ) ,CCIN=C=0 (507 yleld) and (CF3)2C-NC(CF3)2N~C-01 (9% yield).

(CF ) CCINCO {a a colorless 1iqaid with a boiling point of 50.3°

= 7.81 - )594/T.

The molar heat
cr

obtained from the equation log Pto
of vaporization {s 7.35 kgal and the Trouton constant is 22.7 eu.’

The }QF rnr spectrun shows a singlet at 77.4%. The infrared spectrum {is
as 1ollows: 2275 vs, 1520 m, 1292 vs, 1248 vs, 1190 m, 1028 s, 962 s,

932 s, 755 m, 722 & cm-l. Principal peaks in the mass spectrum -orrespond

3 (100),

on' 9y, cr3*(s1), cr N (sTY,

+

to the lons (relative intensity): ﬂ-F+(7), M=Cl (34), M~CF
w-cin,c17(26), creavee’ (3D, CF,xcot (70), cF,
"
C a9y,

£y (")

Anal. Caled for CQCIF N: C, 21.12; Cl, 15.60; F, 50.03; N, 6.17;
o

Feund C, 21.00; Cl, 15.42; F, 50.3; N, 6.23.

l(f})ﬁCCIYCO is also formed when 11 and [CIC(O)]2 or SOCI2 react.




e

Results and Discussion

The syanthesis of (cra)zccxuso ad (0?3)2C01lcu indicates t. it theee
products wvare indesd the postulated intermediates in tha formation of
(CFJ)zc'NC(°’3)2NS° and (C?B)ZC-NC(CP3)ZNCO since reaction of the inter-
mediates with LiN-C(cra): gives the latter compounds.

No trace of ((c13)2c-xlzso ov ((CPB)QC-llch was oboerved in the
sbove ‘redctions. Ths producta obtained indicsate that the nroposed inter-
mediates (cr3)2c-ugogc1 and (crj)zc-n303c1 are short livaed since so, and >
Co2 are eliminsted at temperatures 2 low as -30°, The migration of E

chloride and formation of SO2 os 002 can ba rattonalized fron the pseudo

six membered ring.

(CP,) ;0N
rﬂH -0 EeSorcC
{* -~/
=B
o’ ~N
Howevar, 1f this {ntermediate dods form, & competing mechanisa is
probably oparative slso since reactiom of SOCi2 and 11 gives primarily
(CP3)2CC1NSO with (CFJ)2CCINCD as a winor product. Reactinn of COCl
with I gives traces of these compounds alsov but lictle resction cccurs
after 12 hrs ac 25°. The formation of these products indicates that
nucleophilic attack st the electron deficient double dbond may occur.
&+ oo,
cr) ¢ ?&0 L
€r),0 37
o] ety

0

but the lack of reactivity batween ODClz and I 1{e puszling. Isotopi: -

leballing experimants would be of help in resolving this preblem.
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SOME CREMISTRY OF DIFLUOROAMINOCARBONYL CHLORIDE., A NEW ROUTE TO
PERFLUOROUREA .

by

Kennett J. Utightl‘ and Jean'ne M. thecvn"lb

Abgtract. Iaprovad yields of l?2C(O)cl are obdtained by short term (4~6 hr)

photolyeis of n214 wvith oxalyl zhlortde. Reactiona of NPZC(O)CI with AgCN,

AgNCS, AgNCO, Bg(SC?3)2 aod !3(0!(673)2)2 give ths new d4fluorosminocarbonyl
pseudohal ides: N?zc(O)Cl, N12C(O)HCS. nrzc(o)nco. grzc(O)SCFa. and NFZC(O)ON(CF,)
Victh excess of either A;zo at 0° or HgO &t -78°. N?ZC(O)CI ie converted to
(urz):co and CO2 in nearly quantitltizo yield. Chlorocarbonyl fluorosulfate

tasults when NFZC(O)CI {s mixed wvith 82067 or BroSo.F.

2 2

This work concerns s modified preparation 2.3

of dttluoroanin?carbonyl
chloride, NF,C(0)C1, and some of its chemistry ou which s preliminary report
has recently lpp!lttd.‘ It is nov poasible to prepare the compound in amounts
vhich sake otudying ite chemtstry feasible. Only with AgHCS and Rg(ON(CF.),),
does NFZC(O)CI undergo metsthetical reactions at or below 25°. With AgCN,
AgNCO and Hg(SCPJ)z. higher tempsratures, longer reasction times and, in some
casen, recvcling of unreacted N720(0)01 is necessary to ensure yields greater
than 502. 1t {u likely that perfluorcurea srises vis decarboxylation of an

unsteble oymmetrical anhydride intermediate formed when NTZC(O)CI reacts with

either HgO or Agzo. This provides a facile, much less hatardous route to

Jb
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(NF:)?CO than the original method of pvrolyzing KOCN._,FS.Z'S Reactions of g
Nsz(O)Cl with several otlier silver, mercury and alkali éetal salts which do %
not result in new compounds are also described. %
Surprisingly, both peroxydisulfuryl difluoride, 8206!‘2 and bromine fluoro- g
sulfate, nr0502P form chlorocarbonyl fluorosulfate, ClC(O)OSOzF.6 at 25° é
with Ncm(o)Cl. Other methods for preparing ClC(O)OSOzF. as vell as some of 3
ite reaction chemistry, sre detailled below. 4
Experimental ,
Caut {on.-=-Nfitrogen-fluorine-containing compounds are strong oxidizing agents ‘%
and should be handled with proper shielding and other safety precautions, i
Although we experienced no difficulty in handling these materials, it should %

be reported cthac the Gerwman analyst was injured when a sarple of HFZC(O)NCO
exploded in his hand. These difluoroaminocarbonyl compounds are very sensi-

tive to hydrolysis end can dbe handled successfully only under highlv anhydrous

RPN T W TR NIy WP

conditiona,

ORI N

Starting materials,--tost reagents used are svailable {rom standard chemical

10

pupply houses. AgNCO,’ ug(ou(cr3)2)2.7'8 Hg(SCP3)2.8‘9 (CF4) ,NOR,

Hg(USOZP)z.11 5206F2.12 nrosozr,‘3 and (CF3)ZC-NLI.14 were aynthesized via

e st = < s b

literature methods,

Prepagation of Difluoroaminocarbonyl Chioride, NF,C(0)C1. !

kBl Wl o il b 1

There are two methoda availsble for the synthesias of NFZC(O)CI: 1) chlortnation
of Ncm(O)F with AIZCIG:Z and 2) photolyaio of a mixture of Cl(CO)2C1 and
N2F4.3 The former method requires first the preparstion of NPZC(O)P (15% yield);

then its subsequent conversion to NFZC(O)CL which occurs in rather high yield

(76%) when mmoi amounts arc used. However, when the conversion reaction is scaled




—

e

up by 16-fold, none of the carbonyl chloridea is obtained. Therefore, we have

modified the latter method to increase the couvarsion of 51(00)201 from 20 to 40X

thus making it a method by which preparative amounts of erc(O)CI can be realiszed.
In a typical preparation, 112 torr (30 mmol) of CI(CO)ZCI is placed in a

S 1. Pyrex bulb equipped with s watar-cooled quarte fingar. An additional 168

torr (45 mmol) of NP, Lo added to the bulb. The mixture is irradiated for 6 hr

with a Pyrex-fl{ltered, medium pressure, 457 watt ultraviolet lamp (Hanovia

L-679A36, Engelhard Hanovia, Inc,) and & crude separation is effected by frac-

tional condensation. "Approximately 182 of the complex product mixture is not

condensable at -183° (r%). The (raction stopped 82 ~183° consists of ~37 mmol

of highly volatile material, mostly NZFA' uzrz. FCoCl, SiFa. and NFZCI. The

trap at -139° contains ~10 smol of a nearly equal mixture of NFZC(O)CI and

coc12 plus othar ainor impurities. The trap at -108° contains ~31 mmol of 3 simi-

lar mixture. The fractions at -108° and -139° are recombined and sepazated by

gas chromatography using a 19 fr x 0.25 in o.d. aluminum colunn packed with

202 Kel-F-) oil on Chromasorb P, Two mol sawples can dbe successfully separ-

ated without flooding the column, NFZC(O)CI elutes before phosgene. Great

care must be taker to keep the column and collection syatem completely anhy-

drous,

Reactions of NF_C(0)Cl with Pseudohalide Sslts.~-A similar method {3 used

for the preparation of all the new difluoroaminocarbonyl pseudohalides. A
mecasured amount of NFZC(O)CI 1e condensed into a reaction vessel containing
an excems of the dry ailver or sercury salt., The reaction is allowved to pro-
ceed at a suitable temperature for an appropriate length of time depending
upon the veactivity of the sslt. The volatile products sre removed, separa-

ted by fractional condensation, and any unreacted N72C(0)Cl is racycled to

94
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the vecgel for additional reaction, Both Pyrex flaskf with Teflon valves
and stainless steel Hoke bhombe can be used succesgsfully (see Table 1). All

react cxtrenmely repidly with water by the following general reaction

vhere X = CN, NCO, NCS, (CF3)2NO, CF.S

3

At 250, thesre compounds are colorless, with the exception of yellow NPZC(O)NCS,
volatile liquids which are stable in glass and in contact with mercury (excapt
Ncm(O)SCFj). NFZC(O)NCS oxhibits gome thermal {natability at 25° ¢o form

& yellow polymeric material. The rate of decomposition becomeas very rapid

above 60°.

Reacticng with saits which did not produce new compounds,

In mest cases, the C-K bond of the NPZC(O)CI is cleaved with concomitant loss
and/or destruction of the N72 group. In some cases, especially whera consi-
derable heating is required to produc; reaction, the solid seems to catalyze
the decomposition of NF2C(O)CI to yield the self-fluorination product Ncm(O)P.
Compounds treacted with NPzC(O)Cl, reaction temperature¢(s) and volatile pro-
ducts are as follows:
8) CF,CO,Ag; ~78 to 25%; (CF,0),0.
b) AgBr or KBr; >100°; Br,, NF,C(O)F, NF,C(O)NCO.
¢) Agli 28°%; 1,, NF,C(O)F, NF,C(O)NCO.
d) AgC10,; 25°; hydrolysie producte of NF,C(0)CL.
¢) AgO: 25% coz. NF3. SiPa. noncondensable gas.
£) Ag,Si 25°; NF,C(O)PF, WP,C(0)NCO, COS.
g) NaOCH

[
3 -106"; (CHJO)ZCO. trace NzP‘.

49y
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h) NaN, or KN, 80"; co,, 4X NF2C(O)N3.

0 o . N ™
1) |lg(osozl-‘)2. 106; °°2- No0, erc(C)F. 505, Sik,. FCOCI, NF,080,F.

, .
NMR Spectra of NFEC(Q)K Compounds .--The “9F nmr spectra consist of broadened

i
H
‘
£
£
4
£
£
F

resonances for the fluorine bonded to nitrogen but no coupliny between fluore
) 1
ine and nitrogen is observed. High rerolution 9! nmr Wpectra were obtained

with a Varian Model HA-100 spectromerar operating at 94.1 MHz with an internal

reference of CC13F.

Compound N-F, ¢ Cc-P, ¢ JNF-CF’ He
N?ZC(O)CN -30.8 s - -
NPZC(O)NCO -35.4 8 - -
NFZC(O)NCS =36.0 =8 - -
NFZC(O)SCF3 -37.4 s 40.7 ¢ 3.6
NFZC(O)ON(CF3)2 -3.,8 s 68.4 3 -

Infrared data for NFaC(g)x !oupound|=-~1ha infrared spectra, recorded with a

Perkin-Elmer Model 621 gre.ing spectrometeér using a 5 ca cn’l equipped with KBr
windows, for these five ne» 1V,C(0)X compounds are: NF,CI0 CN, 2?43.. 1805vs,
1796vs, 1151s, 988vs, 89w, 6Sva, 687m, 481w, 470w; NF,C.0)1CO, 2281vvs,
2220m,8h, 1835vs, :81l4s,sh, 180.1,8h, 1443, 1415m,sh, 1i37a 1093w, 988s,
820mw, 774m, 6l3mw; N?zc(O)NCS - 2035a,8h, 1570vs,br, 19588 3h, 1816s, 1240ms,
12063, 949ww, 896m, 688e, 86ims, T33m; N72C(0)8013 ~ 1956va, 1816ns, 1787ms,
11978, 1145w, 11208, 1C64m, 93Bm, 04s, 765m; NTZC(O)ON(CPJj: - )885s, 1384w,
1322vs, 1270vas, 1238vs, 12:ls, 1181u, 1158a, 1060s, 10l3m, ¢tlms, 360mw,sh,

885w, 794w, 7l6m, 713a, €59v, el

Preparation of Porfluorqggggu_£§24:a£2.-~Zn a typical preraraifon of perfluoro-~

urea, | mmol of NFZC(7)01 ian cond need into a 65 ml Pyrex flan: containing

15.6 mwl of dry, -nused yellow ‘20 and the rcaciion proceeds {sr 2.5 hr at

Y]
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<78°, The volatile products (1.12 wmol) are (NP,),C0, CO, and traces of

N?zc(o)F and HNPz. In a twvo stage purificatior, the products are separated
first by fractional condensation in tiaps at =110 or -1180'(N?20(0)C1),
at -138° ((urz)zco contaminated with hydrolysis product HNPz). and at -i83°
(CO2 and Ncm(O)P). Final purification of perfluorourea ir attained by re-
moval of HNF2 using SA molecular sievea (30/60 granular, Wilkins Instrument
and Research, Inc,), The sfeveas are carefully predried by strong heating under
dynamic vacuum. The best results are obtained by condenaing the perfluoro=
urea—difluoramine mlxture onto the sieves at -1830, warming the flask to
25° over a § min perfod, and then immedistely removing the volatile material,.
The yield of (NP2)2CO is > 952. Contact times longer than 10 min result in
poor recovery of (NPZ)ZCO aa well as tha formation of aoma2 noncondenssble gas.
Silver(l) oxide way also ba used to prepure‘(ﬂ?z)zco but longer reaction
time and higher temperature are required, In a typical preparation, 0.5 mmol
HFZC(O)CI is allowed to react with 11 mmol of dry Agzo in g8 65 ml Pyrex flank.
After Z1 hr at 0°, the volatile products were fractionated with trapa Qt -183
(0,36 mmol o, and NF,C(0)F), -138 (0.21 mmaol of nearly pure (N?ZDZCO). -120
and -110°. The latter two traps are @ssentially empry. The yileld of (NFz)ch
18 ~82%.

Spectral properties of (!!alagg.o-lnfrargg bands appear at 1866s, 18%9s,
1806w,sh, 1151m, 975ns, 93lvs, 847m,tr, 721m,br, 472w, 3Jlm and 25iw, cn-l.

The ultraviolet upectrum was recorded on a Parkin~Elmer Model 202 spectrophoto-
meter using a sample at 0.7 torr in & 10 cm quartez cell, 1In the range from
190-390 nm, one broad absorption was obgerved with a maximum at 202 am.

The 19? nmt spectrum wae obtained on a 20 mole~% solution in CF013 as a aingle

broad resonance at -33.4¢ (vs -30.8 ppm with external reference). The mass

1ye
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spectrun which was recorded at 70 ev shows no molecular ion but tragments of
hvdrolysis producta are present. The base peak ia NF?+ and the spectrum
. ‘ .
includes (m/e, species, relative Xage): 18, H20+, 25.3; 20, HF , 7.0; 28,
+

co”, §,%, 61.3; 30, Mo', 6.4; 32, 0%, 10.7; 33, NFY, 49.6: 3, wNF, 20.6;

+ + o+ + .+
42, NCo', 14.6; 43, HNCO , 6.0; 44, CO, , 78,2; 47, COF , 22.3; 52, NF,

100; 53, uNe,*, 29.8; 61, FnCot, 52.8; 63, Feo.¥, 6.7; 66, cor.t, 4.5; 69,

2 "
+

Cr,’, 7.9; 80, F

k", xcot, S4.6; 113, F,NCONF', trace.

2

Proparation of Chlorocarbonyl Fluorosulfate.~-Thare are four methods by which

this compound can be prepared but the first two are impractical on the prepara-~
tive scale. Method four {s the most useful. 1) NF,C(0)C1 + S40¢F,, in
equimolar amounts (0.5 mmol), are held i{n a Pyrex tube for 10 hr at 25° and give
equial quantities of NFZOSOZPlb and ClC(O)OSOzP. 2) NFZC(O)CI + BrOSOzF,

fu equimolar amounts (0.5 mmol), are held in a Pyrex tube for 1 hr at 28° and
react according to NFZC(O)CI + Br0§02P-——-—-+ ClC(O)OSOzF + NZF6 + Btz.

3) Broso,F (1 mmol) + COCl, (7.3 wmol), after 16 hr at -65°, gave C1C(0)0SO,F
(0.54 mmol, 54% yield) and BrCl. 4) The thermal reaction betweeg'(CQCI)2

and 5206F2 glves yields oé cxc(a)osnzy which are superior to thosc obtained

via photolysis, but each method has an advantage. a) In a typical thermal
reaction, 2.1 mmol each of (COCl)2 and SZOGFZ are haated slowly to 43° for 30 hr
in a 150 ml Pyrex glass tube, The products are separated by use of traps at
-1337 (1.3 mnol coC1,, €O, and c1,), -95% (0.1 mmol 5,05F,), ~78° (2.46 mmol
frpure CIC(0)0SOF, 58% yield), and at -47° (rrace C1(C0),080,F). Carbon
monuxide formed passed a trap at -183°,

Vhen equimolar amounts of (COCl)z and S2O6F2 are thermolyzed, the

C1COSOLF which 1s trapped 1s contaminated with unreacted 3206Fq from which

'y 3



it cannot be easily separated by fractional condensation. The best procedure
is to use an excess of (COCI)2 (30-502) and, since it cannot be separated
efficiently from the product by fractional condensation, to destroy the un-
reacted (COCI)2 in the product mixture by photolysis through Pyrex.

b) In a typical photochemical preparation, 1.0 mmol each of (COCI)2 and

6
actor equipped with sixteen 2l-watt 3000A uv lamps. Fractional condensation

820 F2 are irradiated through Pyrex for 4.5 hr in a Srinivasan~Criffin re-

of the products gives in a trap at ~183° (1.33 amol COCl, and C1,), at -78°
(0.74 mmol C1C(0)0SO,F, ~37% yield), and at -47° (trace C1C(0)0S0,F).
Chlorocarbunyl fluorosulfate of good purity was then obtained by allow-
Iny, the product {rom a) or b) to slowly pass a trap at -47° and to stop in a
trap at -64°. Final purification was achieved by gas chromatography using

a3 ft x 0.25 {n 20% FS-1265 on ...akrom Tee-Six column at 25°.

Properties of Chlorocarbonyl Fluoro?ulfate.—~CIC(O)OSOZF is a colorless, dense
liquid with a vapor pressure of about 100 torr ax 25°. 1t dissolves readily

in halocarbon greases to give a characteristic brown viscous mess which makes
handling 4t In gear with Teflon or metal valves necessary. A plass is formed
when ClC(O)OSOzF 1s cooled, An experimental mclecular welght of 161.8 (162.5)
was obtained. Anal. Calcd. for CIC(O)OSOZF: C1, 21.81; F, 11.7; S, 19.73.

Found: Ct, 21.55; ¥, 11.5; S, 19.97. infrared spectral bands occur at 1830s,

1

1492s, 1257s, 1016vs, 87lm, 841s, 782m, 657w, and 277, cm ', The '°F nuclear

mapiviic resanance spectrum consists of a single peak at -44.74. I[n the mass

) : +
spectrum no rwlecular ion occurs, hut 4 fragment M~Cl {s observed.

Reacs icns of Chlorocarbonvl Flh.-rosulfate.--The following reactants and condi-

tions were usel and producets formed. TIunvariahly, t>: C-D bond is broken.
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a) iy (N, diluent); o, ce,, GOC1,, COFCL, COF,, HNCO, S0,F,, NH6+ salt.

h) '(un3)2uu; 25°; €0,, €0Cl,, SO,F,, SiF,, white solld.

(%]

) (CF,),C=NLi: -18°%; cocl,, unidentifi{ed isocvanate.
e) KF; 50“; N reactlion,
f) cuF; 50% cocl,, €0,, COF,, SO,F,, COCIF.

. o .
#)  AgFai 25°; €O,. COF,, COCLF, S1F,, S,0.F,.

tesults und discussion

Oxalyl chloride when photolyzed with an excess of NZFL through Pyrex glass
for several hours 1s more than 40% conmverted to NFZC(O)CI and, while large
quantities of other vovlatile products are forwed, preliminary trap-to-trap
separation followed by gas chromatography permitas good separation of the

| NFL,C(0)CLl.  Phosgene is the most difficultly separated contaminant.
250
", F +  (Cocly;———3 WF,L(0)CL, X,F,, rcocl, cocl,
" Pyrex - -
hv

te
&

Hitvher eneryy radiation allows generation of a higher concentratién of -C(0)Cl
radicals but no NF2C(0§C1 can be isolated under these conditions probably due
to chotolveic decomposition of the product. In Pyrex glass, there Is no
vvidenee of decomposition of NFZC(C)Cl below 180° at which temperature, after
! bhr, traces of NFZC(O)F and CO begin to appear. At 2&00, complete degra-
Jdativr occurs to produce €0,, SIF,, N,F,, €OCl,, COCIF and Cl,. At inter-
medlate temperatures, the decomposition appears to proceed initially via a

selr=luoringtion reaction

}Nr,C(U)Cl—-—"~————$2NF2C(0)F + NF2C(O)NC0 + Co + 2012

. 145
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" “dydrolysis occura very readily with only traces of moisture making anhydrous
NF,C(0)CL 4 H,0 ———>HNF, + HCl + CO,

conditions an absolute necessity,

Nifluoroaminocarbonyl chloride is completely consumed after 40 min upon
contact with carefully dried AgSCN at 25°, the major product betinp xPZC(O)NCS
(945 vield). Some NFZC(O)F and COF2 are also formed, the respective amounts
increasce with reaction time and at tl:c expense of the RFZC(O)NCS. This com-
pound !s a faintly yellow liquid which freezes to a white solid and which
at 25" commences to decompose slowly to o yellow polvmeric material., Decompo-
sitioa bocomes appreciable above 60° and precludes the determination of a nor-
mal boiling point although the vapor pressure is about 29 turr at 25°,

Recveling of difluoroaminocarbonyl chloride is necessary after initial
contact with AgCN, Hg(SCF3)2, and Hg(ON(CF3)2)2 at various tempcratures for
several hours {n order to completely consume the NFZC(O)CI. Althcugh pre-
vention ~f the hvdrolysis of these compounds is difficult, it 1is imperative
with NF2C(0)CN because of one of the hydrolysis producta, KCN, s {mpossible
to rermove by fractional condensation and attempts to remove it with 4\ mo=~
leculir sieves or gas chromatography were unsuccessful,

For the mercury salt reactlons, temperature control as well as temperature
range ar¢ importunt since altering the temperature by a few degrees can cause
the reaction to proceed to an entirely different set of products. When
SFZC(O)Cl was treat2d with mercurv(II) bis(crifluoromethyl)nitroxide,
Hg(ON(CFi)z)z, at 00. ((CF3)2E~'O)2C017 and N2F6 were the only volatile products.

After lowering the reactfon temperature to —780. NFZC(O)ON(CF3)2 was obtained

’ t4b
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in 19% vield but ((CF3)2N0)2CO was by far the major component (71%). How-

ever, at -95°, the yleld of ((CF;),N0),CO falls to ~25%, and NF,C(0)ON(CF,),

2 :
Increases to 69,5% after a single recycle to utilize the SFZC(O)CI complctely,
While qther examples of displacement of *NF, by (CF3)2N0- or Hg(ON(CF3)2)2
are not.known. Hg(ON(CF3)2)2 can, at low temperatures, cause i, or X (F, C1, Br,
1) to be dlsplaced or replaced in a variety of organic and inorganic mater-
ials. Altnough NF2C(0)ON(CF3)2 is stable at least to its boiling point (36.80),
whether or not it is stable to further attack by Hg(ON(CF3)2)2 at 25 or 0°
is unknown, This would be helpful in understanding the production of
((CF’)ZNO)zco.

An 'lternate synthesis of HFZC(O)ON(CF3)2 {s provided not unexpectedly
by the reaction between NFZC(U)F and (CF3):NOH at =50 to -78° in the presence
of uvxcess drv CsF for several hours, Some ((CF3)2NO)2CO is formed alse which
makes this reaction analogous to that of (CF3)2NOH with C()F2 or C0C1217 using
the same conditions where the majority of product is the mono or disubsti-
tuted carbonyl depending on the relative amounts of reactanty,

Reactlon temperatures in eoxcess of 659 result in the productflon of large
amounts of Scm(O)F. SiFa, COF2 and CO2 at the expense of ?:F2C(0)SCF3 in the
reaction of (CF3S\2Hg with NF2C(O)CI. After 5 hr contact of NF2C(0)C1 with

Hg (SCT,), at 65° and a single crecycle of the unreacted NF (0)C1l, an 80%
372 2

vield of .\'F,C(O)SCF3 fs realized. Ln order to free SFZC(O)SCF3 from the

snnll quantity of CFBSSCF3 formed in the reaction, gas chrem:toaraphic se-
paration is necessary.

Photolysis o~ thermolysis of ﬂF2C(O)UN(CF3)2 does not result in decar-
hovel,tion to form an unsvmmetrical hvdrazine but rather, e.g., after 9 hr

az 1407, all lias been converted to FC(O)ON(CF,),, CFoN=CF,, CF,NCO, SIF,,
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‘ |
NO, (CFI) NH and noncondensable gases, "2 and CO. No attack wss observed
bv photolysls th&ough a Vycor filter whlle irradiation tﬂrough quaréz produced
apptoxlmately the same products as thermal decomposition although at a faster
rate, . \
Molecular ions are not observed in the mass spectra for any of the

Vo,
NFZC(O)X compounds and fragments arising from hydrolysis products are preseut

. ' )
in all spectra, For compounds in which the CF3 molety occurs, the CF3+ ion

is the base peak whereas in NFZC(O)Cﬁ. and NF2C(0)NCS. M--NFZ+ té thz base
\ . ) .

peak.,

\ - \
Although perfluérOurea. (&Fz)zco does result from the pyrolysis at 95°

of KOCNQPS,Xthiu method is involved, hazardous and the yield is low. 2 We
find that while both Agzo and yellow g0 w111 convert N?ZC(O)CI to (NF 2CO
probably through an anhydride 1ntérned1ate which rapidly decarboxvldtes, the

product is formed at lower tcmperature and nearly quantitatively with HgO.

1
¥
» Y

HgO i \
NP,C(O*CIJ——————~9 QNF,C(0)O(O)CNF.) ——e—p (NF,),,CO  + CO
e : -78° 2 2 ' 272 \ 2

\

Dif luoroaminocarbonyl chloride withh an excess of Agzo gives (N?,)ZCO in

yields exceeding 802 whép the rea§tion 1s carried out at 0° for 20 hr whereas
(NF2)7C0 is produced essentially quantitatively at -78° after 2-1'hr uith1
yeﬂlow Hg0. The amount of NFZC(O)F formed at the expense of the (NFZ)ZCO
may be reduced by limiting the contact time of (NF,),CO with the solid.
Tetrafluorpurea ic extremely water sensitive, even more so than NFQC(O)CI
or NFZC(O)F. and can be handled succcsufu11§ only under "bone-dry" conditions.
The reactivity of HgO is greatly reduced after one reaction gnd for greatest
efﬁtciency should be fresh fof each reaction, | ‘ |

| Perfluorourea appcars to be thermally stable in Pvrex to 80" where self-

)

\
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fluorination begins to produce NP C(O)P and noncondeasable products (V by

miss apecrrum). At 140° » the rate of thermal decomposttnon becomes apprcriable
L] . \
aiv! the tiest trace of LIFA appearc. The qunnttt» ~ xr,rfn)ﬁ Tt igben at

1600, wnttl finally at 180° the cohdensable pyrolvsis products consist of

Fos tnr and “2’4‘ When cquinolnr amounts of (NFﬂ),Co and FNO are com-

'bined in a 95 Pl Monel bomb at 25 and at -78° , the ptudULtﬁ are NZF,. COFZ,

N0 and some uFZC(O)F with no evidence for a nitrite as i« obgerved for the
analozous reaction between (CFS),CO and Fﬂn.ls
Chloro:arbonyl'fluorosuifatu can be preparcd in fair yields by photoly-

\ sis or thernolvsis of a mixture of SZOGFZ and (CNCl)., which supeests combinat fon

of FSO,0¢+ anc¢ «C(0)Cl raudicals. 1t undefgoes slow Liydrolys:is
| \
c1c\(o)oaozr +  Hy0 ———> HC1 + CO, + HOSU,Y
i
: \

CiC(0)0SO,F is s.able in Pyrex glass up to 100° ‘where it siowly cormences to

iiv: traces of C(Il,, CO, and noncondensable gas. At 160", thermal decompo-

sitior is complet: : ' ' \
: ﬁ
160° :
LLC(O)OSOQ.-———————»CO, +  COCl, +  S&F, =+ 50
$i0 ) -
2

Athough not the beat preparaiive methods, the more intercsting chemically are

:he reactions of NF.C(O)Cl with szoﬂrz and with BrOSO,F where, in each case,

the production of C;G(O)OSOZF is not the one predicted bisced on the previous

| .

' : i
chemistry of S,0.F, ov' BroSO,F where chlorine would invartably he attacked or,
as above witﬁ Hg(OH(C?3)2, at warmer temperatures, both the C-N and C-Cl

bonds would be severel,

The unexpected reaction behavior of ClC(O)OSOzF in which the C-0 bond 1is

RS
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anrvarent s the weakest mas avise tren the extreme seab!liey of the flnoro-
b bare el el o nut waitever the anse, this fact preclodes its uzs a8 a

svathiet e reaeeal caer the comditioas teied here,
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