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REACTIONS OF SOME UNSATURATED FLUOROCARBON DERIVATIVES
WITH ORGANO COMPOUNDS OF ARSENIC, SILICON, GERMANIUM.AND TIN

ABSTRACT

Hexafluoroacetone readily adds to primary and
secondary arsines to form arsino-1,1,1,3,3,3~-hexafluoro-
propanols and to tetramethyldiarsine to form a moderately
stable 1:1 complex at 20°. Trimethylarsine affords a
1:1 complex with hexafluoroacetone at 0° although the
complex is completely dissociated at 20°. Trimethylsi-
lane, trimethylgermane, and trimethyltin hydride react
with hexéfluoroacetone to form 1,1,1,3,3,3,~hexafluoro-
propoxy derivatives and to dialkyltin dihydrides to form
the bis(hexafluoropropoxy) derivatives. Addition of a
second mole of hexafluoroacetone to form 1l:1 complexes
with propoxygermane and propoxysilane occurs at 20%in
the. presence of excess hexafluoroacetone. The analogous
1:1 tin complex can be isolated and is stable at 25°.
Dimethylbis(1,1,1,3, 3, 3~hexafluoropropoxy)tin gives a

- stable complex containing two moles of hexafluoroacetone.
The structures of the arsine- and Group IV- hexafluoro-
acetone complexes and some of their reactions are
discussed.

- The fluorocyclooléfins, perfluorocyclobutene: and

1,2-dichlorotetrafluorocyclobutene react with secondary

. arsines to give arsinocyclobutene derivatives. Per-
fluorocyclobutene affords the 1:1 adduct when heated
with trimethylsilane and trimethylgermane. Trimethyltin
hydride adds to perfluorocyclobutene at 20°to form the
1:1 adduct which subsequently slowly decomposes to
trimethyltin fluoride.- The reaction-—of Group IV hydrides
with 1,2-dichlorotetrafluorocyclobutene - affords a number
of products the nature of which varies with the Gtroup v
metal or metalloid. Thus the reaction of the dichloro-
cyclobutene with triethyltin hydride gives only triethyl-
tin chloride, with trimethylsilane chlorotrimethylsi- '
lane and l-chlorotetrafluorocyclobutyl-2-trimethylsilane
are obtained,and with trimethylgermane reaction gives a

variety of cyclobutenyl and cyclobutylgermanes as well
as chlorotrimethylgermane. . The configuration and con-
formation of the cyclobutyl derivatives of the Group IV

. elements are established from an:analysis of their
4 n.m.r. spectra.



. - Hexafluorobut-2-yne adds quantitatively to tin
hydrides at 20° to afford the 1,1,1,4,4,4-hexafluoro-
Abutenyl derivatives. Hexamethylditin, tetrakis(tri=-
fluoromethyl)diarsine, trimethylsilane and triethyl-
germane add to hexafluorobut-2-yne on ultraviolet
irradiation to give 1:1 adducts. The 1l:1 trimethyl-
silane-hexafluorobut-2~yne adduct also forms at 235°,
Trimethyltin hydride and 1,1,l-trifluoropropyne react
slowly at 20° to afford the 1:1 adduct. A study of the
isomer distribution of the 1:1 acetylene adducts indi-
cates in all cases a predominant formation of the trans
isomer. Trimethylsilane catalyzes the conversion of
trans-1,1,1,4,4,4-hexafluorobutenyltrimethylsilane to
the cis-isomer and trimethyltin hydride catalyzes the
conversion of cis-1,l,l-trifluoropropenyl-3-trimethyltin
to the trans-isomer. The diadducts, (CHg3)3SiCHCF3-
-CH(CF3)Si(CH3)3 and ((CH3)3Sn)2CHCH2CF3, aré also
obtained simultaneously with the formation of the re-
spective 1:1 adducts although they are not formed by
addition of the hydrides to the 1:1 adducts.
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ABSTRACT

'Hexafluoroacetone readily adds to primary and secondary ar-
sines to form arsino—l,1;1,3,3}3—hexafluoropropénols and to tet-
ramethyldiarsine to form a moderately stable 1:1 complex at 20°.
-Trimethylarsine affoerds a 1:1 complex with ﬁexafluoroacetone at
0° although the complex is completely dissociated at 20?. Tri-
methylsilane, trimethylgermane, and trimethyltin hydride react
with hexafluoroacetone to form 1,1,1,3,3,3-hexafluoeropropoxy der-
ivatives and té dialkyltin dihydrides to form the bis(hexafluoro-
.prépoxy)’derivatives.k Addition of a second mole of hexafluoro-
acetone to form 1:i:complexes with propoxygermane and'propoxysilane
occurs at 20° in the presence of excess hexafluoroacetone. The
anaiogous 1:1 tin complex can be isolated and is stable at 25°.
Diméthylbis(l,1,l,3,3,3—hexafluoropropoxy)tin gives a stable comp-

lex containing two méles.of hexafluoroaqetone.h'The»structures of
the arsine- and Group.IV—;héxafluorbaceﬁone complexes and soeme of
their réactions are discussédi | :

The fluorocyclodlefins, perf@uonocyclobutehé‘and 1,24diéhloro-
tetrafluorocyclobutene'?eact with secondarylarsines to give arsino-
cyclobutene derivativés. Perfluorbcyciobutepe affords the 1:1 ad-
duct when heated with trihethylSilané oTd tfimgtnylgermane. Tri-
methyltin'hydride adds to pepfluorocyclobuten?lat 20° to form the
lfl adduct which subsequently-s}owly decomposés to trimethyltin
fluoride. The reacfion of.Grou@ IV hydrides with‘1,2*dichloro—
tetrafluorocyclobutene affords a number of products the nature of
which varies with the Group IV metal.or metalloid. Thﬁs the reac-
tion of the dichlorocyclobutene with trieﬁhyltin hydride gives
only triethyltin chloride, with trimethylsilane chlorotrimethylsil-

~ane and l—chiorotetrafluorocyclobuty1—2-trimethylsilane are obtained

'



ii

and with trimethylgermane reaction gives a variety of cyclobutenyl-
and cyclobutylgermanes as well as chlorotrimethylgermane. The con-
figuration and conformation of the-éyclobutyl derivatives of the
Group IV elements are established from an analysis of their'lH ,
n.m.r. spectra. | N
‘Hexafluorobut-2-yne adds quantitatively'to tin hydrides at ZOQ
to afford the 1,1,1,4,4h,4-hexafluorobutenyl derivatives. Hexa-
methylditin, tetrakis(trifluoromethyljdiarsine, trimethylsilane
and triethylgermane add to hexafluorobut-2-yne on ultraviolet ir-
radiation to give 1:1 adducts. The l:l trimethy1silane—hexafluoro-
but—é—yne adduct also forms at 2350. Trimethyltin hydride and 1,1,1-
trifluoroﬁropyne react élowly at 20° to afford the 1:1 adduct. A ‘
study of the ‘isomer distribution of the 1:1 acetylene adducts ind-
icates in ail cases'é predominant formation of the trans-isomer..
Trimethylsilane catalyzes the conversion of trans-1,1,1,4,4,4-hexa-
fluerobutenyltrimethylsilane to the cis-isomer and trimethyltin hy-
dride catalyéés tﬁe conversion of gig-l,l,l—trifluofopropenyl—3-
trimethyltin to the trans-isemer. The diadducts, (CH3)3SiCHCF3—.
CH(CF3)Si(CH3)3 and ((CHB)BSn)2CHCH20F3, are also obtained simult-
aneously with the formation of the respective 1:1 adducts although

they are not formed by addition of the hydrides to the 1:1 adducts.
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GENERAL INTRODUCTION

The spudy Of the reactions of unsaturatéd organic compounds,

partlcularly oleflns, with organometalllc compounds was greatly

o st1muﬂated by the large demands made for stable polymeric mat-

erials, such‘as synthetic rubber, during World War 1I. The ad-
dition of organometallic compounds to olefins was discovered
mofe than thirty-fjve years agol’2 but the greatest commercial
impetus was supplied by Ziegler and coworkers in 19503 who found
that ethylene could be polymerized by lithium alkyls,

LiCoHg + n C2Hu-—'> Li[CH2CH2’]nC2H5
and in 1952" these same worker s disgﬁvered an‘analogous poly--
merization of.ethylene by trialkylaluminum compounds.

2]

The_super1or high temperature properties of organosili-

AlR +nCH) —> AILCH CH

conesS and the unexpected high stability of ferrocene6 led to
an interest in the incorporation of organometallic compounds
into polymeric méterials; The high thermal stability and gen-
eral inertness of fluorocarbons relative to their hydrocarbon
.analogues led to their application as refigerants in 1928 and
later‘to their use as propellants in the agrosol industry. The
large production of fluorocarbons for these two basic applica-
tions necessarily led. to the develdpment of by~products7. The
use of fluorodlefins as intermediates for polymeric materials
such as resins, elastomers and plastics has become an impertant-
oﬁtletlfor fluorocarbon chemicals.

The commercial availability of fluorodlefins and fluoro-
acetylenes has allowed for numerous invesﬁigations of the reac-
tions of these fluorocarbons_with ofganometallic compounds.

There is a considerable commercial interest in the reaction



products as intermediates for polymer formation, particularly
fluoroorganosilicones which might be expected to combine the ther-
mal stabillty of 51loxanes with the r651stance to solvents of

8,9, lO

fluorocarbons. The reactions oft fluoroolefins with s1lanés

11,12 1h4 transition metals!3 have been of recent

tin hydrides
interest.
The initial iﬁterest in fluorocarbons was due to'their high

thermal‘stability and general inertness. However, thg high el-
ectronegativity 6f-fluorine does not always result in. an overall
‘decrease in activity,:and substitution of fluoroalky!l groups for
alkyl groups can give rise to anlextremely reactive molecule.
The first shaptef Qf tﬁis thesisvis‘qoncerﬁed with ene such mol-
ecule, hexafluoroacetone} A recent 1“eview“L substantially COij
ers the reactions of perfluoroketones with orgaﬁic compounds,
but little infqrmatioﬁ is available regarding the reactians of
perfluoroketones with organometallic compounds chér than Grig-
nard reagents. | l |

" The second chapter of this thesis involves the investigation .
of the reactiqﬁs of some cyclicifluoroalefins,“perfluorodyclobut—
ene, l,2—dishiorotetrafluorocyclobutene, and l,2—dichiorohexa—
fluoroCyclopentene; Thermobhemisal data concerning the chlor-
ination of fluorodlefins--the enthalpy of chlerination of per-
fluorocyclobutene (al = -37.4 kcal/mole) is 20 kcal/mole greater
than that of tstrafluoroethylene (aH = -57.3 Rcal/maie)ls-—dem-
ahstrates that perfluorocyclabuteﬁe should be a partiCularly
interesting 1ntermed1ate for the formation of v1ny1 derivatives.

The preparation of such v1ny1 silanes from cyclic fluorodlefins

has been well investigated in a U.S. patent



3

The third chapter of this thesis deals predominantly with
some reactioens of hexafluorobut—Z—yng. Wﬁéreas,the effect of
the trifluoromethyl groups on the carbonyl group in hexafluord—
acetone. enhances its reactivity, the indﬁctive effect of the tri-
fluorométhyl groups on the triple bond in hexéfluorobut-2—yne
makes it more sqsceptible to nucieophilic'attack but less sus-
‘ceptible to electrophilic attack than its hydfogen analogue,
but-2-yne. There has been considerable interest in the reactions

13, 16

of hexafluorobut-2-yne with transition metal compounds



CHAPTER 1
HEXAFLUOROACETONE
INTRODUCT ION
A large number of completeiy fluorinated Ketones have been

- 17,18,19,20

prepared in recent years Hexafluoroacetone was

prepared for the first time by Fukuhara and Bigel_ow17 in 1941.
The strong electron withdrawal exerted by polyfluoroalkyl groups
alphd to a carbonyl group is obvious from the ease of addition

Ll

of HX molecules to the functional group Thus the eguilibrium

.reaction

_ Rf2C=O + HX - ‘——-*szcOHX
lies far, and often completely, to the right. The reaction con-
ditions necessary.for the addition of a weak nucleophile such as
water are extremely @ild; quantitative additiénvtéking place.at

S 1
room temperatur618’19’2 .

: At'low'temperatures addition of min-
eral acids (X = F,vCl;_Br, I) to perflﬁoroéycigbutanoﬁé22 gives
high yields oft(-haloalcohols. A number of othef acids have
been added to similar fluorinated ketones to give 1:1 adductsz3’2u,
The formation of hemiketals (X = OR) with fluerinated ketones has
been investigated.fairly extensively by Simmons and WileyZS.

| Previous work on the reactions of'flﬁorinated ketones with
Group V compounds has been largely confined to the addition of

2ly, 25

the ketones to the N-H bonds of ammo'nia2 , amines , amidesZ?
vand ureasz7. .It was found that primary amides and primary ureas
will form 1:1 adducts with fluorinated ketones but secondary
amides, secondary ureas, thioamides and sulphonamides are un-
reactive27. Some work has been done on the reactions of fluor-
inated ketones with trialkyl phosphite521’28,wand ip was found

that the products vary with the ketone as is shown by the following



examples:
H_) ——> C_H, Cl + (C_H_0) _P(0)OC(EF _C1)=CF

‘ 2)2 253 25 2572 2 2
Addition of these ketones:to the phesphltes QccurSVunder very mild

(C1CF_.) .CO + P(CC

‘conditions, for examplé the highly reactive perfludrocyclobutan-i,2f
dione adds to trimethyl phosphfte at —700; ‘Additien of perfluoro-
cyclobutanone to phosphiﬁe occurs in the same-manner as addition

to amines

PH, + (CF,) ;00 —> (CF,) ;C(OH)PH,, + [( 2)3COH PH

The ratlo of the monoadduct to the diadduct varies with the ratio
‘of the reactants
»The onlyﬁpreViously reported reaction involv%ngja‘Groué v
coﬁpound and a fluerinated Retone is the addition of’perflaoro—
cyclobutanone to d1 -n- buty131lane29
| (n- CMH9)281H + 2 2)3c:o —> (n- cuH ) sll—ecn CFz)ﬂz
Note that the direction of addition is dlfferent from acid and

29

‘Group V addlt;on in that no OH group is foermed. Parshall also

found that p%rfluorocyclobutanone reacts with both beron trichlor-
ide and phenyldichlorbborane in a'sfmilar ménner:

A C6H5B912 2)3
BCly + (CF ) 3C0 —> B[ OCCL( crz)—"}]g

+ (C CcO —> C6H5B OCCl(CF2)

3 2

bome reactions of hexafluoroacetone with Group v and Group \Y
organometalllc.compounds have ‘been studied in the present 1nvest-_
igation; and the results are presented inﬂthe'following_discuasion

and experimental sections.



EXPERIMENTAL

A, Apparatus‘and Techniques

The following descripticn willthVerlthe‘apparatus and gen-
epa} techﬁiqdes used fo? the.experiMental work described in’tﬁis
thesis'in all,three chapters,iHexaflucthcetcne,‘Cycldbutenes, and
Fluoroalkynes. |

‘Reactants'andlpfoducts were'manipulated ﬁsing_stahdard vacuum
techniques. Excepﬂ Where otherwiSe_indicated; volatile materials
were purified byltrap-to4trap distillation'using suitable low
temperature‘bathsdto cool the traps.. Reactions were carried out
in thlck walled Pyrex tubes. For reactions, 1n1t1ated by ultra—
violet. 1rrad1at10n the Pyrex Carlus tube containing the reactants
.was placed 30 to 4O cm from the 1light source. . Pyrex effectlvely
abserbs any ultrav1olet radlatlon below 3000 A Wﬁere necessary
~non- volatlle materlals were. manlpulated in an. 1nert atmosphere
'chamber' 'Molecular welghts.were measuredvby Regnault s method
except whe:*e otherw1se 1nd1cated

For the preparatlon of the volatile. hydrldes (arsines,:ger—
manes .and tin: hydrldes) the experlmental set up: described by Jolly
Land Drake3o was used with little or no modlflcatlon

“An Aerograph model A-90- P was used for v.p.c. analysis.

The chromatographlc columns were of two 51zes,-5' 4" and 10"

X %“. The flow rates_normally varied from 2 to 15 cc/min. with

either helium or nitrdgen as thetcarrier gas.c Separations-Were

made w;th-the injector approximately ZSo'above; and the detector
35° above, the cOIumn temperature. - o

Infrared spectra reported in cm = were run on a P.E. 21
instrument, those reported in microns were run. on .a calibrated

. , 1 ‘ _ '
P.E. 137. The 19F-a‘nd H n.m.r. spectra were obtained with a



Varian H.R. 60 (at‘Séu4 Mc/s) and A460 specprometers;‘ Unless
potherWise indicated 19F spectra are reported in p.p.m. relative
to external trlfluoroacetlc ac1d and lH spectra in p.p.m. rel-
ative to external tetramethyls1lane references (negative values
to low f;eld srde). M;croanalyses.were carried out'by;Dr. Alfred
eBernhardt WMﬁlheim,hGerﬁahy (arsenic;and:siifcon compOUHds) and
'hby the Schwartzkopf Mlcroanalytlcal Laboratory, WOod51de 77, N.Y.,.
_U,S.A. (tin and germanlum compounds) l_Mrcroanalyseswln‘whlch

Vonly'the carbon and hydrogen are reported were;carried out by
Mrs. C. Jenklns, Department of Chemlstry, Unlver31ty of British
Columbla | | » o ' o h

' B. Reactlon of Ar31nes w1th Hexafluoroacetone

"V(L) Synthe31s of Startlng Materlals

The hexafluoroacetone (H F AL) was klndly supplled by Gen-
eral.QhemicaI Divisioh Allled Chemlcal Corporatlon U"S.A.' nd
h was'purified by trapeto—trapvdlstrllatlono(mol._w ,:Eound: 166;
.'Calc: 166) . | -

(a) Tetramethyldiarsine--The didrsine (cacodyl) *was prepared

by the reduction of dimethylarsinic'acid with excess hypophos-

31

phorous acid in 2.5N hydrochloric acid The diarsine was dist-

illed under reduced pressure, b.p. 7L° (46 mm). Its purity was

1

checked by H'n.m.r; which showed~only one - peak‘at'—lnl3 p.p.m.

' The following vapour pressure data were obtalned for ‘the dlar51ne.
1 30

T°K p cm a - log p T X 10 K
292 0.25 -0.602 3.42
309.5 1.25 +0.096 3,23
326.6 2.6 0.415 3.06 -
336.8 3.9 0.591 . 2.97
350.8 6.8 0.832 2.85
361.5 9.95 0.998 2.77
37h 15. 1 1.178 2.67
377.1 16.75 1.223 2.65



T°K ‘ pcm ' log p . _%,x lOBfDK !
388.3 23.65 1.373 2.57
394.8 - | 28.7 - S Y 2.53
Bo2.L, . 35.65 . ! 1.551 2.9
hi1.2 - R o - 1.657 2.43
188 o g5lks 1783 2.3

»_A iinear'plot»offleg»p against %twas obtained for the whole range.
This was used tq_givet' | | |
| - .p,p{‘i 158.1 + 0.2° 2
=9.05 kcal/mole
Trouton's const. = 22 1l e.u.

)

(b) Dlmethylars1ne--Chlorod1methylars1ne was prepared by the
31 33

reductlon of dimethylarsinic acid with hypophosphorous acid
’The chlorodlmethylar51ne'was dissolved in hydrochlorlc acid and
-Ewas redUced‘by an alcoholic zinC“selﬁtion‘to‘preduce'dimethylars;’
,ihé3“. The dlmethylar31ne ‘was purlfled by f1rst sealing it off
:1n a Carlus tube with- sodlum hydrox1de and then repeatlng this
~procedure w1th phosphorus pentox1de The identity and purlty
was establlshed by its 1nfrared spectrum whlch showed a strong
 As- H absorptlon at h /A(and by its molecular weight of - 10?.5
(Calc: '106 0). The/lH n.m.r. speetrum showed_two sets pf peaks;
one, a doublet, centered-at —0;87.p.p.m. (J = 6.7 cps) and the
other, a‘septet, centered at -2.29 p.p.m. (J = 6.8 cps)'bf’rela?
‘tiVe'intensities 1*5'9 (Calc. 1:6.0). |

(c) Methylar31ne——D1chloromethylarsine was prepared by the

35

reductlon-of‘methylarsonlc,ac1d by - sulphur‘dloxide . Dichloro-

methylarsineéwas reduced to the corresponding hydride by_the same

3631

:fprocedure used to reduce chlorodimethylarsine to dimethylarsin
* Methylarsine was purified:in the same manner described for dimethyl-

- - — — >
da beiling point of‘lTOQ has been reported?




arsine. Its infrared spectrum showed a strong, broad As-H ab-
sorption at u.?€/4. ItS 1H n.m.f.'spectrum showed a triplet at
-0.78 p.p.m. (J = 7:2 cpé) and a quartet at -1.83 p.p.m: (J = 7.1

cps) of relative intensities.2:3.1 (Calé. 2:3.0).

(d) Trimetnylérsine¥~Trimethy1ar$inenwas recovered from the

38

thermal'decomposition of cacodyl” . It was purified by,trap-to--

trap distillation and identified by its infrared spectruﬁ and
molecular weight of 123 (Calc: 120). The lH n.m.r. spectrum
showed only one peak at -0.7L p.p.m.é

(2) Reaction with H.F.A.

(a) Dimethylarsine--Dimethy1arsine (2.9:9) and the kétone'
’(3;9 g).were left at 20° for Qne day although a vigorous exother-
mic reaction took place immediately on mixing.x Dimethylarsine
(0.2 g) which went through a f?8o trap was reEOVeFed. A fraction

(0.1 g)vwﬁich went through a'~23o trap and condgnSed in a -780

trap was identified as 1,1,1,3,3;3-hexafluorepropan-2-ol (Found: '

C, 21.L; H, 1.3; F, 67.2 %; mol. wt., 172. Calc. for C;H,F O
C, 21.4; H, 1.2; F, 67.9 %; mol. wt., 168); InfrarediSpectfum
(vapour): 366l w, 2990 w, 1426 w, 1380 s, 1273 vs, 1248 s,
1207 vs, 1112 vs, 892 m, 735 w, 685 m_cm"1{  ‘

| The main productl(6.5‘9)'whith'Was’recoygréd erm_afJZBO
trap wés identified as 2—dimethyIaréinohéXafluoropropan—Z-o1

(Found: C, 22.1; H, 2.7; As, 27.8; F, L42.1 %. Calc. for C_H_AsF

57

6

O:

C, 22.1; H, 2.6; As, 27.6; F, 41.9 %). Infrared spectrum (vapour):

3635 m, 3020 w, 2950 w, 1428 w, 1379 m, 1269 vs,_1228lm (sh),
1205 vs, 1138 m, 1107 s, 943 m, 873 m, 851 m, 750 m, 708 m cm-l.
N.m.r. spectra: the lH n.m,r. spectrum showed two peaks, one at

-1.16 p.p.m. (-CH,) and the other at -3.52 p.p.m. (-OH). The

3)

% Chemical shifts relative to benzene and water have been reporte

d

39
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additiop of a large excess of H.Eﬁgf;§hifped'the peaks to -1.20
p.p.m. and -3.45 p.p;m.apThe.%?Fbﬁ;ﬁ;}. éﬁéctrum_éhowed one peak
at -6.63 p.p.m. Addiﬁion of excess H.F.A. didﬁnoﬁ produce any
further produdt peaks.

The following vapour pressure data were obtained for the arsine:

o : 1 30 -1
T K P cm log p T X 100 K
31k 2.28 S 0.357 3.19
335 ' 6.94 0.8L1 2.99
346 11.86 1.07 2.89
351 - 15.41 1.18 2.85
371.2 30.75 1.1i86 2.70
379.1 - Lh2.56° 1.628 2.6
388 " 56.32 S 1.7h2 2.
395.6° - 7L.54 1.855 2.53.
1

A linear plot of log.p against T was obtained to give an extrap-
olated boiling peint of 124 t 0.5°,

(b).MethylarSine--Methylarsine (L.8 g) and H.F.A. (3.3 g) were

left at 20° for three hours. Methylarsine (3.3 g) which went
through a —789:£fap was recovered. The reaction produdt; hexa-
fiuoro-2—méthylarsinobropan—Z—ol (4.4 g), was recovered from a
—7867trap (Found: C, 18.4; H, 1.8; As, 28.9; F, LLh.4 %; mol. wt.,
251. Calc. for CuHsAsFéO: C, 18.6; H, 1.9; As, 29.1; F, U44.1 %;
mol. wt., 258. Infrared spectrum (vapour): 3620 w, 2955 w,

2925 vw, 2145 m, 1424 w, 1377 w, 1277 vs, 1230 m (sh), 1206 vs,
1143 m, 1106 s, 953 m, 882 m, 843 w, 74l m, 700 m em . N.m.r.
spectra: the lH n.m.r. spectrum showed three peaks, a singlet at

_f.QZ p;p;m. (-CH3) and -3.62 p.p.m. (-OH) and a multiplet at

-3.6 p.p.m. (As-H) (J(As—CH3)-(As—H)—

The following vapour pressure data were obtained for the
methylarsinopropanol:
TOK ' p cm log p % X 1030}(-1
314 6.5 0.813 | 3.19
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7°K b cm log p. 1 x 10307}
321.6 10.3 1.013 3.11
331 161, 1.218 3.03
3L 2845 Uhsh 2.91
352 38.3 1.58L -~ 2.95
360.8 50.0 .. 1.700 2.77
367 57.25 - 1.758 2073

Slight decomposition of the compound occurred, consequently the

extrapolated boiling peint of 117 * 2°

Ags.ﬁot'verykacoorate.

~In a.seoond'oXpefimeni methylarsine (3;5.Q)4and ékcess'kétone
(16.9Vg) were“lofﬁnoﬁ.209‘for-oné'oéy. H.F,A;j(6,2,g) which went
through a —?8?'trap waofrzcovered..'The;methylarsinOpfopanol'(h.?’g)
of known infraféd spectrum was produced.

(c) Methylarsinohexafluoropropan-2—ol—?The'aréindpropanol

(4. g) and_H.F.A. (6.5 g) were left at 20° for 20 days. H.F.A.
(3.6 g) was feco&ered. A fraction (0.5 g) which stopped in a
_780_trap wastﬁdentified as:1,1,1,3,3,3?hexafluoropropanol by
its infrared.opecﬁrum. “An ?nvoiotilo colourless solid (6.8 g)
which was extremely]air sensitive and:which was not:identified

Was also produced.

(a) TrimethylérSinej4It'was;fodndtﬁhat:mixtures'of'the Retooe
and“trimethylaroine;coufd notonJSepérat@ﬂ by trap-to-trap distil- .
lation. The’mixture'répeatodly stopped in a tnép cooled to -6&6,

' thus_showing‘lowor volatility than either Componentoseparately |
(H.F.A. goes through“a.—96o trap and tfimothylarsine goes.through
é -78° trap). | |

N.m.r. spectra: At 20°. the 1H n.m.r. spectrum of trimethyl-
afoine showed'ooezpeak at —O.?h p.p.m. At'ZOOIa selution of tri-
methylarsing‘in excess H.F.A. gave oniy a single unsplit pook_at

—O.hu‘p.p.ml, and at 20° the 19

F n.m.r., spectrum also showed only
one peak. At 0° the same solution showed a broad methyl peak (Jx

0.5 cps). The solution solidified between -5 and —10?.
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(e) Chlorod1methylars1ne——The chloroarsine (3.2 g) and H.F.A.
(6.1 g) were 1mm15c1ble at 20 .and temperatures up‘to 100°. The
reactants were then heated to IZOO’fof three hours, 200° for 15,.
hours and ZSOo'fof five;hours without result. Recovery of both
reactants was'nearly quahtitative (3.1 g and 6.1 g).

() Tetrame hyldlar51ne——Pre11m1nary studies on a mixture of

the diarsine anc'H.F.A;.1ndlcated phat,they react to produce a
nonﬁolatile liquid which is unstable to‘air..'The'infrared Spec;
tram of a solution-of,diarsine (0.65 g) and H.F.A, (O.é g) showed
thelfollowing‘absorﬁtion bands: 3.35 w, 3.45 w, 3.57 w, 5.5 vw,
5.87 vw, ?,l‘m, 8.05 vs, 8.5 vs, 9.05 vs, 10.25 m,‘10.65 m, 11.15 m,
11.78 m, 12.13 m, 12.63 vw, 13.36 w, 13.57 w, 13.8.w,‘1u,12*%/¢.
N,m,r.;spectra:tbthe yH n.m.r, spectrﬁm cf the diarsine consists
of.oae:peak at -1.13fp.p.m.a A ﬁixtufe cf the’diarsine‘and excess
H.F.A. (2:7 by»voluﬁej resulta\in two'peaks.of.equal area at -0.71
~p:p m. and -0. 93 p.p.m. ln a 1: 1 molar mlxture the two peaks are
sh1fted downfleld to -1. 07 p.p.m. and -1.30 p.p.m,,.the high field
peak being a multlplet (JQ}O.S.cps). The 19F_h.m.r3'spec£rum of
the diarsine in exCeSsvH.F:A. shows two peaks, one at %1ﬁ36 p.p.m.

(excess H.F.A.) and anothef at -7.9L p.p.m. -

(3) Reactions of the Diarsine-H.F.A. Adduct

(a) With Water--The diarsine (3.1 g) and H.F.A. (9.7 g) were

left at 20° for a few hours. The excess ketone was removed and’
water was added to thevremaiﬁing liquid. Tetramethyldiarsine
(3}0 9); of kndwﬁ‘lH n}m.r. spectTum, Was'reCOveredtfrom a»—23O
trap. |

(b) With Hexafluorobut—2-yne——Tetramethyldiafsine (2.8 g) and

% A chemical shift of -1.11 p.p.m., relative to internal tetra-
methylsilane, for a chloroform. solutlon has been reportedu
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H.F.A. (5.2 g) were left at 20° for a few hours. The excess ketone
(2.9 g) was reCovefed‘and hexafluorobut—2-yne (13.7 g) was added

to the femaining l:l‘adduct.: The volatiles (13.0 g) were recov-
ered and added to water to remeVe H.F.A. as a hydrate. Hexaflueroe‘
but-2-yne (11,529) which went through a —780 trap-was recovered.
The involatile reactionsproduct (5.1.9) which remained_in thevreac-
tion tube was identified as a miiturevof‘gis- aad trans-2,3-bis-
(dimethylarsino)ﬁeXafluorobut-E-ehe; b.p. 9loi(é2hmmf (lit."990

L1 . ‘ 1 L1

(17 mm)) " ,by means of its known ‘infrared and F n.m.r. spectra .
The 9F n.m.r. spectrum consisted.of~peak5'at_-2h;3¥and -26.3 p.p.m.
of relative intensities 10:1 (Qis:trans).

(c) With Hexafluorobut-2-yne in the Presehée of Excess H.F.A."~

_;Tetfamethyldiafsine (3.5 g) and H.F.A: (10 g)”were left.at'ZOO
for two hours and then'hexafluerobut-2-yne (7;5‘9).Wa§.added;

| The reaction proddct;isolated tw0‘days‘latef was,ﬁdentifaed as a
mixture'ef cis- and'Lgag§-2,3—bis(dimethylarsipe)hexaflderobut-24
ene, b.p.'980 (15 mm) (iitlﬁ99oz(l?'mm))ul,'which‘fhe lgF n.m.r.

spectrum showed to be 94% cis-isomer.

C. Reaction of Group IV Hydrides with Hexafluoroacetone

(1) Synthe51s of Starting Materlals

Trimethylsilane was purchased from Penlnsular Chemresearch"
Iaef, Qa1nsv1lle, Florlda, and was used without further purifi-
catidh. Its purfty'was checked by its infrared spectrum and mol;
?ecular weight of Th.7 Calc '7u 1). -

(a) Trlmethylqermane-—Tetramethylgermane was .prepared by the

2
reaction -of methylmagnes1um 1od1de and - germanlum tetrachlorldeu .
Tetramethy]germane was sealed in a Carlus tube with 0. 05 mole ex-
cess bromine and left at 20° for 8. days, to glve trlmethylgerm-

43 . '

aniumvbromide_ . ;-The germanium brom1de'wa5gd;ssolved in lM‘
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hydrobromic acid and reduced by sodium borohydride to trimethyl-
germane . Trimethylgermane which went through a —780 trap was
pﬁrified by trap-to-trap distillation. Its purity was checked
byL;ts'ihffared‘spectrum (Ge-H at u.z/() and ;ﬁs;molecular weight
of 118 (Calc: 118.6). o

(b) Trimethyltin Hydride and Dimethyltin Dihydride--Trimeth-
yltin chloride was prepared by the aifectYaddition of stannic
.chloride to tetramethyltin without the use of d seolvent. Di-
methyltin dichloride (purchased from M & T‘Chemicals) and tri-
methyltin chloride were then respectively 'reduced by lithium al-
uminum hydride in n-butyl ethequJf“The”hydrides'were purified by
trap-to-trapLdEStilIétion. ‘The‘pufity‘of_tfimethyltin hydride
was checkéd_by its infrared spedﬁrum'and its mQIecu;ar weight of
163 (Calc: 164.7). Dibutyltin dihydride was similarly prepared.

(2) Reactions with H.F.A.

(a) Trimethylsilane--Trimethylsilane (2.2 g) and H.F.A. (9.0 g)
were heated at 1u50 for 5§ days. H.F.A. (3.2 g) which went through
av-96o trap was recovered. The main fraction (5.9 g) which went
through a —230 trap and condensed in a ;96o'trap1WaS'identified
as 1,1,1,3,3,3-hexafluoropropoxytrimethylsilane, b.p. 869 (757 mm),

(Found: 'C, 29.7; H, L.3; F, 47.2 %. “Calc. for C HIOF6051: C, 30.0;

H, L.2; F, 47.5 %). Infrared spectrum (vapour):'6300u m, 2950 w,
1808 vw, 1589 vw, 1420 vw, 1378 s, 1307 vs, 1270 s, 1232 vs, 1212 vs,
1172 s, 1111 s, 1071 s, 879 s, 849 s, 758 m, 720 w, 685 m cm™l.
N.m.r.:spectra: the 1H n.m.r. spectrum showed two peaks,]oné, a
siﬁgleé_at 0.16 p,p:m. (—CHB) and the other, a septet,‘ai'-3.90
p.p.m. (-CH) (J = 6.0 cps). The’lgF“n.m.r. spectrum showed one

peak, a doublet, at -0.65p.p.m. (J = 6 cps).

Some less volatile material (2.0 g) was also isolated from a
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1
—230 trap. N.m.r. spectra: the H n.m.r. spectrum of this mater-

ial showed methyl absorptlons at 0.02 and 0.14 p. p m. and septets
at -3. 95 and -4.49 p p.m. (J = 6.0 cps). It was found that this
spectrumAcould be duplicated by the additioﬁ of‘H.F.A. to excess
1,1,1,3,3,3-hexafluoropropoxytrimethylsilane. Upon addition of
excess H.F.A, the 1H n.m.r. spectrum showed only one methy!l ab-
sorption at 0.08 p.p.m. and one downfield septét at -4.L5 p.p.m.
= 5.8 cps) and the lgF n.m.r. spectrum showed three peaks,
the central one being due to H.F.A. and the other two, of equal
area; being situated at 5.09 and -2.51 p.p.m. from internal H.F.A.
Other experiments which were‘fo11owed by lH n;m.r; spectra
indicated that trimethylsilane”and H.F.A. react slowly but comp-
letely (17 hours) at 20°

(b) Trimethylgérmane--The germane (6.35vg) and H.F.A. (2.3 g)

were left at 20? for 15 hours. Trimethylgermane (L4.80 g) which
went through a ~780 trap was recovered. The product, 1,1,1,3,3,3-
" hexafluoropropoxytrimethylgermane (3.81 g), b.p. 117O (758 mm),
condensed in a -780 tfap (Found: C, 25.3; H, 3.6 %. Calc. for
C6H10F6GeO C, 25;&;'H, 3.7 %). Infrared spectrum (vapour):

3015 w, 2920 w, 1418 w, 1374 s, 1304 vs, 1275 s, 1217 vs, 1153 s,
1106 s, 8L m, 868 m, 827 s, 760 s, 685 m cm_l. N.m.r. spectra:
the 1H n.m.r. spectrum showed a singlet at -0.25 p.p.m. (—CHB);

and a septet at -3.96 p.p.m. (-CH) ( = 6.1 cps), of relative in-

J
tensity 1:8.9 (Calc: 1:9.0). The gF n.m.r. spectrum showed a
doublet at -1.65 p.p.m. (J=6 cps); A 2:1 molar propoxygermane-
H.F.A. solution gave a lH ﬁ.m.r.'spectrum with methyl peaks at
-0.43 and -0.27 p.p.m. and also septets at -4.74 and -3.98 p.p.m.

The 1H n.m.r. spectrum of the propoxygermane in excess H.F.A.

shows only one methyl peak at -0.27 p.p.m. and one septet at -4.56
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1
p.p.m. (J = 6.1 cps). The 9F n.m.r. spectrum shows three peaks,

the central one being H.F.A.-and the other two, of equai inten-
sity, situated at 3.4 p.p.m. and -2.9 p.p.m. from internal H.F.A.
The low field peak is a multiplet (J = 6 and 2.5 cps).

(c) Trimethyltin Hydride--Trimethyltin hydride (5.0 g) and

H.F.A. (3.6 Q) reacted immediately on mixing. Trimethyltin hy;‘
dride (1.2 g) which went through a 4u60 trap was recovered. The
‘reaction product, 1,l,I,3;3,3;hexafluoroprgpoxytrimethyltin

(7.3 g), b.p;“?éo (58 mm), condensed in a —uéo trap (Found: C,
21.3; H, 3.1 %; mol. wt,. (benzené), 66lL.. Calc. for C6H10F608n:
C, 21.8; H, 3.0 %; mol. wt, 331). ~Infrared spectrum (vapour):

- 3020 w, 2910 vw, 1374 s, 1300 vs, 1275 s, 1210 vs, . 116l s, 1101 s,
893 m, 859 m, 766 m, 7Lé6 m, 683 m cm_l. N.m.r. sbectra: the 1H
n.m.r, spectrum showed a singlet at -0.38 p.p.m. (—CH3) and a
septet at -L4.14 p.p.m. (-CH) (J = 6.1 cps). The 19F n.m.r. spec-
trum showed a doqblet at -1.7 p.p.m. (J%&6 cps).

(d) HeXafluordpropoxytrimethyltin——The addition of H.F.A. to

the propoxytin compound gave an exothermic reaction. The ekcess
H.F.A, was removed by pumping and the‘remainingvmaterial'Was id-
entified as'a 1:1 propoxytin-H.F.A. cemplex, m.p. 230.(F§udd: C,
21.9; H, 2.2; F, U5.5; sn, 23.8 %.. Ca}ct for'CngoFléozsn: c,
21.7; H, 2.0; F, 46.0; sn, 23.9 %). Iﬁfrared spectrum (liquid
filﬁ): 3005 w, 2935 w, 1373 s, 1353 m, 1308 s, 1289 s, 1220 vs (b),
1110 s, 1101 w (sh), 970 s, 898 m, 882 w, 783 m, 747 w, 725 w,

718 m, 684 m, 667 w cm_l. 3N;m.r. speétra: the 1H n.m.r. spec-
trum of the complex in H.F.A. shows a éinglep at -0.27 p.p.m.~
(_CH3) and a septet at -4.58 p.p.m. (-CH) (J = 6.1 cps); of rel-

ative intensity 1:8.5 (Calc. 1:9.0). The 19

F n.m.r. spectrum
shows broad peaks of equal intensity of Lt and -3.1 p.p.m: from

internal H.F.A. reférence. The lH n.m.r, spectrum ¢f a mixture
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of the complex and the uncomplexed species (l,l,1,3,3,3-hexa—
fluoropropox?trimethyltin) shows only oné methyl peak at -0.47
p.p.m..but ﬁwo downfield septets, one at —u.l3 p.p.m. and the
other aﬁ -u.8h p.p.ﬁ. The'lgF n.m.r. spectrum of the same mix-
ture shows three peaks, é.well—éefined doublet at -1.45 p.p.m.

and broad peaks at 2.9 and ~-4.75 p.p.m.

'(e)-Dimethyltin‘Dihydride--Dimethyltinfdihydride (1.64 g)
and H.F.A; (L.43 4g) feacted immediately on mixing. No volatiles
" were recovered. The product, bis(1,1,1,3,3,3-hexafluoropropan-
oxy)dimethyltin, was purified by distillation, b.p. 92° (25 mm),
(Found: C, éo.l;'H, 1.7 %. Calc. for CgHgF) 0 Sn: C, 19.9; H,
1.7.%). Infrared spectrum (ligquid film): 2915 w, 1374 m, 1292 s,
1265 m, 1213 vs (b), 1189 vs, 1145 m, 1098 s, 892 m, 855 m, 790 m,
' 7&? m, 685 m cm-l. N.m.r. spectra: the by n.m.r. spectrum .shows
a singlet at -0.85 p.p.m. (—CHB) and a‘septet at -4.57 p.p.m.
(-CH) (J = 6.2 cps) of relative intensity 1:3.05 (Calc. 1:3.0).

19

The F n.m.r. spectrum of a 60% solution in carbon tetrdchloride

shows a doublet at -2.07 p.p.m. (J&6 cps).

- (D) Bis(prgpanqu)dimetgyitinffThg bis(propanoxy)dimethyltin

_wf(O.houu.g) and H.FJA. were réapted at 200. The excess H.F.A. was
rehoved by pumﬁing and ' a 1:2 éompléx'(O;é?SQTg)'éf_Bis(pnopanbxy)-
 dimethyl¢in42H.F?A. resulted:(Found: C, 20.8; H, 1.5; H.F.A.,

sn: cjﬁab;ég"ﬁ,'l}o; H.F.A., LO.7 %).

40.2 %. Calc. for C O

18210,
Infrared spectrum (liquid film): very similar to the uncomplexed
species with the addition of three bands: 970 s, 1024 w, 718 w_c:m-1
Rapid hydrolysié bf the compound caused broadening in CF stretching
region making it difficult to assign bands.

N.m.r. spectra: "the 1H n.m(r. spectrum shows ‘a singlet at

-1.03 p.p.m. (—CHB) and a septet at -,.88 p.p.m. (J = 6.0 cps) of
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relative intensity 1:2.9 (Calc. 1:3.0). . The 19F n.m.r. showed

two broad peaks of equal intensity at 4.36 and -2.94 p.p.m. with
‘respect to internal H.F.A. _VariousAmixtures of the uncomplexeq

speqies? bis(l,1,l,3,3,3—hexaflu0r§pro§oxy)dimethyltin, and the

1;2 éomplex showed three methyl! peaks in the lH n.m.,r. spectrum.
For example: an approxiﬁate 1:1 molar mik£ure of .the abeve-men-
tioned species showéd peaks at -0;80, -0.92 and -1.05.p.p.m. of

relative intensities-2:5:2'respeCtively. | |

(g) Dibutyltin Dihydride-+-Dibutyltin dihydride (3.3 g) and

H.F.A. (12.4 g) reaéted immediatély upon mixing."H;F.A. (4.1 g)
was récovered. The involatile fraction‘(ll;S g) was distilled at
lO_B'mm and at approximately~SOQ'1035'of‘H.F.A.'occurred. The
H.F.A. was identified;b&lits infrared'spectrum and melecular
weight of 165 (Calc: 166). The main fraction”which distilled at
?60 '(lO—3 mm) was identified'as'bis(l,l,1,3;3,3-hexafluoroprop—

" oxy)dibutyltin (Feund: C, 30.0; H, 3.6; Sn, 21.6; F, 38.9 %.
Calc. for CluH20F12OZSn: C, 29.6; H, 3.5; sn, 20.9; F, LO0.2 %).
Infrared. spectrum (liquid film): 2950 's, 2860 m, 1467 m, 1417 w,
1372 s, 1284 vs, 1257 's, 1207 vs, 1185 vs, 1131'3?_1092,V$’
ldéS'w, 958 w, 891 s, 855 s, 7&8 s, 68l s cmfl, ‘Béfore distil-"

A -1
lation there was a strong band at 970 cm

(h) Trimethyltin Chloride--A solution of trimethyltin chloride

, 4 o} , . . , A
~and excess H.F.A. was' immiscible at 20 . The reactants were still
immiscible at 120° and heating at this temperature>for'12 hours
resulted in no change.

(3) Reaction of 1,1,1,3,3,3-Hexafluoropropoxytrimethyltin and
1,1,1-Trifluoroacetone

An excess of the propoxytin in trifluoroaCetohe showed only

three peaks in the lH n.m.r. spectrum, two, at -0.27 and -4.05
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P.p.Mm., belonging to the unchanged proepexytin and one, at -2.11
19

p.p.m., belonglng te the ketone. The F n.m.r. spectrum of the
prepoxytin in excess trlfluoroacetone shewed only oene peak, a
well-defined doublet at -2.8 p.p.m. (Jx6 cps) from internal tri-
fluoroacetone referenée.

(L4) Reaction of .the 1:1 Propoxytrimethyltin-H.F.A. Cemplex and
Trimethyltin Hydride ‘

When excess 1: 1 complex was sealed 1n a lH‘n.m.ﬁ. tube wjth
trlmethyltln hydrlde the 1H n.m.r. spectrum showed that within
two minutes after mixing at 20° ﬁhe reaction was virtually comp;
lete. The trimethyltinfhydride‘peaks disaﬁpéared and the spectrum
showed two sets of septets indicéting the presence.éf uncompleXéd

1,1,1,3,3,3-hexafluoeropropoxytrimethyltin.
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DISéUSSION
A. Arsines
(1) Results

Hexafluoroacetone reacts vigerously with dimethylarsine to
give the expected aréinopropanol; b.p. 12)4O (760 mm), in good
yield.

(CH3) pASH + (CF3) 500 —3 (CH3) pAsC(CF3) p0H

The structure of the product is shewn by the O-H infrared absorp-
tion é£ 366l cm—1 and by its lH n.m.r. spectrum of only two sharp
peaks, the methyl absorption at -1.16 p.p.m. and the OH absorp-
tion at -3.52 p.p.m.

Methylarsine also reacts very readily Qith hexafluoroacetone.
With excess arsine the product, in high yield, isfheXafluQro-Z-
methylarsinopropanf2—ol, b.p. 117O (760 mm). Reduction of the
ﬁetone to 1,i,I,3,3,3fﬁexafluoropro§anol, a compound which has
begn prepared by the reduction of hexafluoroacetone by lithium_
aluminum hydride21 and a Grignard feageniéuu§also occurs to a
small extent (2.5%).:‘ |

JAsH, 3AsHC(CF3)2 5

The>stracture_of’thé'main reaction proeduct is shown by the O-H

CH.ASH. + (CF}) ,CO —> CH OH + (CF;) ,CHOH

- = L -1 : _
and As-H infrared abserptiens at 3620 and 2145 cm  respectively
1 ‘ .
and by its H n.m.r. spectrum of three peaks, the methyl absorp-
tion at -1.22 p.p.m. and the 0-H and As-H absorptions overlapping

= 7.5 cps. This observed value
(AS)CHB—(AS)H v P

of the coupling constant is of the same order of magnitude as

at —3.6 p.p.m. with J

J, for methylarsine and dimeth larsine.
(AS)CHy- (As)H Y rmethy

Further reactioﬁ of the remaining As-H bond with hexafluoro-

acetone is much slower since even in the presence of excess ketone
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the 1:1 product can be‘isoiated in 47% yield after one day at
20°. Nevertheless the 1:1 adduct eventually reacts completely
with the ketone to give an unidentified, unstable, colourless
solid which is insdiuble in the ketone. A considerable amount of
1,1,1,3,3,3—hexafiuoropropanol is also obtained. Adams anq,Pal-
meru7’u8 found that phenylarsine reacts with aldehydes in three
diffefeﬁt ways. Applying these results to the reaction of 'methyl-

arsine and‘hexafluoroacetOne the following eqUatioﬁs are obtained.

CH,ASH,, + 2 (CF3)2CO _ CHBASEOH(CF3),2]2 o (a)
. ’ | __C@E» ,
2CH3ASH2 + u(CF3)2CO —_— CHB As: O:ASCH3+2(.CF3)QCHOH (b)
‘ (CF:«)').C-,
xCH3A5H2 + X (CF3)2CO —> (CH3‘AS)X + X (‘QFB)ZCHOH (c.)‘

' Equation (c) can be eliminated sfﬁce.(CHéAs)x which is a red sélid
or ye116W'liquid is not formed. The_stochiometfy of the réaétion
of the kétone to the métnylarsinopropéﬁol is l:I, ﬁhus if appéars
probable that stepwise addition of hexafluoreacetone to methle
arsine occurs to give the reaction product formed in equation (a).
Perfluorecyclobutanone adds to phesphine to_give a l:2 ad-
duct which is réported té be a crystalline~matéria129. The yieid
of hexafluéroprépanol based on equation (b) is 35%. Thus, it is
possible that the preduct of reaction (a) decomposes slowly ac-

~ cording to the following equation,

2 CH ASEOH(CF Z]—> cH A Mscl, + 2 (CF,) CoH
3 ' 3312 BS\C 0/53' 3’2
| (Fak

There is some experimental evidence for this propesed decomp-
osition since formation of the crystalline solid and hexafluoro-
propanol ‘occurs even after complete removal of hexafluoroacetone.

These crystals oxidize immediateiy in air.
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Trimethylarsine forms an adduct with hexafluoreacetone which
solidifies at approximately -50 but appeafs to be completely dis-
sociated at 20o even under high acetone pressures. The lH n.m.r.
spectrum of a trimethylarsine-ketone solution has a sharp methyl
abserption at 200; however at 0° the methyl peak is broad and can
be resolved as a multiplet with J=®0.5 cps.

(CHy) 4As + (CF3) ,CO 2. (CH3)3A3°(CF3)2CO
Chlorodimethylarsine dees not form such an adduct with hexafluero-
acetone and is immiscible with the ketone at 100°,

Hexafluorocacetone and tetramethyldiarsine react te give a
compound in which there are twe sets of inequivalent méthyl groups
and in which the triflueromethyl groups afe equivalent as shown by
n.m.r. spectroscopy. The chemical shifts in hexafluoereacetene
are markedly dependent on concentration. Continual pﬁmping on a
hexafluoroacetone-diarsine solutien results in the gradual loss
of the ketone and the appearance of thé uncomplexed diarsine.

This is readily shown in the lH,n.m.r.'spectrum of such a solu-
tien which shows the single diarsine peak as well as those assigned
to the complex. This lH n.m.r, spectrgm can be duplicated with a
ketone-diarsine solution cdntaining excess diarsine (such a solu-
tion also shdws no carbonyl absorption in the infrared spectrum).
These results indicate that the compound dissociates to some ex-
tent at 20°.

(CHg) pAsAS(CHy) 5 + (CF5) €O === (CH3)'L\LA52-(C§F3)2CO
The addition of water;to.ihe 1:1 adduct gives quantitative recov-
‘ery of the diarsine.

(Cﬁ3)uA§2f(CF CO +)(H20 —_— (CH3)hAs2 + (CF3)2CO'xHZQ

32
Whereas hexafluorebut-2-yne reacts with the diarsine to dive an

approximate 1:1 mixture of the cis- and trans- butene , hexa-
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fluorobut-2-yne reacts with ﬁhe 1:1 adduct to give 90% cis;isomer.
(CH3)MA52°(CF3)2CO + CFBCECCF3 —_—
(CHy) JASCCF4=CCF4As (CHy) 5 + (CF4) 5CO

The infrared spectrum of this reaction product is almest identical
wifh the previously described 2,3-dimethylarsinohexafluorobut-2-
ene)‘Ll except that the double bond‘absorption at 6.%/{is.much_
stronger indicating a predominance of the gié-isbmer;' The 19F~
n.m.r. spectrum shows ﬁhat the -24.3 p.p.mﬁiﬁ% very much enhanced
and therefore this peak is assigned te the éii—isomerr. The.isomer
distribution as determined by tﬁe relative intensities of the

‘peaks in the 19

F n.m.r. spectrum is approximately 90% cis-isomer.
When ‘the butyne is reacted with the 1:1 adduct in the presence of
excess hexafluoeroacetone the reactioéon is even mere stereospecific

resulting in a product which is 94% cis-isomer."

(2) Proposed Mechanigsms and Structures

The additien of hexafluordacetone to primary and secondary
"arsines is analogous to the reaction of polyfluoroketones with

_ 29 .
2h, 25 and phosphine . The formation of the O-H

secondary amines
bond can be explained on the basis of nucieophilic attack by the
arsenic loene pair on the carbonyl carbon of the hexafluoroacetone
to form a four cedrdinated intermediate

+ -
RZ%SC(Q )(CF3)2

. ‘ H ' ‘_

followed by As-H cleavage to form an OH bond by either an inter-
or intramolecular mechanism. Thus the slow reaction at 20° bet-
ween hexafluoroacetone and 1,1,1,3,3,3-hexafluoromethylarsino-
propanol can be explained on the bésis of a decrease in the av-

ailability of the arsenic lone pair'due to the electronegative

groeup —C(CF3)2OH. The inertness of chlerodimethylarsine towards



hexafluoroacetone, however, must be partially due to the As-Cl
bond strength since the difference in the first ionization pot-
entials of methylarsine (9.7?¢.v.) (which reacts rapidly with
hexafluoroacetone) and chlorodimethylarsine (9.9 e.v.) is only
0.2 e.v.ug
On the basis of the theory that nucleophilic attack by the
arsenic lone paif occurs on the carbonyl carbon, it is propoesed
that the trimethylarsine-hexafluoeroacetone complex has the struc-
ture (CHB)BESC(CF3)26.. This wbuld explain the very small quﬁid
range (it appears Lﬁat the complex may be almost complefely dis-

sociated on melting) since it appears reasonable to assume that

this monomer would be susceptible te dimerization, trimerization,.

etc. _ : CF
AN
/

x (CHB)BXsc(CFB)zé s <C H3)3As\o C>AS(CH3>3 +
~ e,

-C(CF3)2O-§ATC(CF3)20+—>AfC(CF3)20—4§ASC(CF3)20——>AS- etc.

(CH3)3 (CH3)3 (CH3)3 (éH3)3

The similarity between the dimer and the propoesed product from
methylarsine-hexafluoroacetone reaction (Qquation (b)) is to be
noted. |

To account fér the almest stereospecific reaction of the
diarsine—hexaflubroaéetone adduct with hexafluerobut-2-yne, the
liberation of the diarsine when treated with water, the absence
of any carbonyl stretching frequency in the infrared spectrum,
and the n.m.r. spectra, the foellowing structure appears mest prob-

able for the complex, (CH3)2AsAs(CH3)2

(c ‘f_z)z(': - C,)
(CHaols — Aslchsl

o G§D =)

‘(CfB)ZCO:
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In this structure ore arsenic atom is acting as a donor being four
Coérdihated, and the other as an acceptor being five-codrdinated
if the lone pair is thought of eoccupying one site. Trivalent

arsenic dees act as an electron acceptor in the species ASClh and
AsFL}ﬂ)and since the positive charge on the arsenic atom will
promote delocalization of the lone pair on the adjacent arsenic
atom, it is probable that the negative chargé on the oxygen will
be stabilized by donation to the arsenic atom. In the extreme

case of complete delocalization of charge the proposed structure

can be theught as having an arsenic-arseric double bond.

(_CF3)QC-———-O_

; |
(( Hg)g/\s =As (CH?,)Q

It appears that the former preposed structure at least presents
-a fairly significant contribution to the molecular orbitals since
the chemical shift of the méﬁﬁ&l pfotons is very sensitive to the
presence of hexafluoroacetone. .The:presence of any localized
charge in the complex would thermodynamically favour extensive
solvolysis by a polar solvent.

B. Group IV Hydrides

(1) Results

The addition of hexafluoroacetone to Group IV hydrides to
giVe 1,1,1,3,3,3-hexafluoroprepoxy derivatives can be represeﬁted
by the following equations (M = Si, Ge, Sn; R = CHB’ neCqu)
(CH3)3NM + (CF3)2CO ff—% (CH3)3MOCH(CF3)2 '

R,SnH

2 2
The reactions with the tin hydrides are vigoreus and exothermic

+2 (CF4) 5C0 4——-&_R25n[§CH(CF3)§] 5

but addition to the silane and germane is much slower. All reac-

tions are quantitative.:
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Trimethylsilane reacts with hexafluoroacetone at 20° to give
1,1,1,3,3,3-hexafluoropropoxytrimethylsilane, b.p. 86° (757 mm).
It is identified by its infrared spectrum which shows ne absorp-
tion in the OH region and a medium to strong absorption at 1070
cm = attributed to the Si-0-C asymmetric stretching vibration,
and by its n.m.r. spectra. The lH n.m.r. spectrum sths the meth-
ine absorptionvas*a septet (J = 6.0 cps) and the 19F n.m.r, spec-
trum shows the trifluoremethyl abserption as a doeublet (JX6 cps).

9,51

Although silanes are known to react with ketones upon heatlng

2
and upon ultraviolet 1rrad1atlon5 to give addition products, for

example A _ 2700 A
. p
C1381H + (CH3)2CO CIBSiOCH(CH )2
112°
~C\Hg) pSiH, + 2CF ,CF jCF ;€O #1555 (n-C)Hy) ,SCOHCF CF Fz)

the addition of hexafluorocacetone to trimethylsilane is the first
reported example of an uncatalyzed additoen at 20°
The reaction of hexaflué}oacetone with excesS‘trimethylger-

mane at 20o results in the quanﬁitative preparation of 1,1,1,3,3,3-
hexafluoropropoxytrimethylgermane, b.p. 117° (758 mm).

(CH.) GeH + (CF_) CO ——> (CH_) GeOCH(CF )

' 33 32 ‘33 32
As in the silane reaction all the spectroscopic evidence clearly
indicates the formation of a Ge-0 bona. The 1H n.m.r. spectrum
of the product shows the methine absorption as a septet (J = 6.1
cps) ana the methyl absorption as a singlet (relative intensity
1:8.9). Its 19F n.m.r, spectrum shows the triflueromethyl absorp-
tion as a doublet (J~6 cps). The infrared absorptions which can
probably be assigned to the CF spretching and CF3 deformation

frequencies of the germane, and the other hexafluoropropoxy der-

ivatives prepared in this investigation, are given in Table I where



they are compared with the correéponding bands of 1,1,1,3,3,3~
hexafluoropropanol. The similarity of the spectra is apparent.

‘Addition of hexafluoroacetone to excess trimethyltin hydride
to form 1,1,1,3,3,3-hexafluoropropoxytrimethyltin, b.p. 760 (58 mm),
occurs quantitatively below room temperature and ig extremely vigj
orous‘and exothermic.

CH ) SnH + (CF ) CO —_—> (CHB)BSnOCH CF3)2

The infrared and n.m.r. spectra clearly indicate that a CH bond
and not an OH bond is formed. Its H n.m.r. spectrum shows the

methine absorption as a septet (J = 6.1 cps) and the 19

Fn.m.r.
spectrum shows the trifluorbmethyl abserptien as a doublet (J=6
cpsj. Kuiviia53 found that tinlhydfides usually reduce ketones
to alcohols, being themselves converted te ditin compounds.' In
the present investigations even the presence of excesslfin hy -
dride gives no trace of the reduction product 1,1,1,3,3,3—hexa-
fluorepropanol, CFBCH(OH)CFB. )
. TABLE 1

INFRARED SPECTRA OF 1,1,1,3,3,3-HEXAFLUOCROPROPOXY DERIVATIVES®
HOCH(CF

Me SiOCH(CF3)2 Me
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3 3GeOCH(CFB)‘Z Me3SnOCH(CF3)2. Assignment
1380 s 1378 s 137 s 137 s CF
stretching
1308 s 1307 vs 1304 vs - 1300 vs "
1273 vs 1270 s 1275 s ¢ 1275 s o "
1207 vs 1232 . 1217 vsP 1210 vs® "
1212
1172 s 1153 s 1164 s , "
1112 vs . 1111 s 1106 s 1101 s : .
685 m 685 m 685 m 683 m ~_ CF
a . -1 - deformation
» Vapour state, values in cm :
Broad

In a similar manner reaction of hexafluorocacetone and di-
: ’ o
alkyltin dihydrides (dimethyl and di-n-butyl) at 20 results in
the'addition of twe moles 'of ketone to give bis(1,1,1,3,3,3-hexa—

fluoropropoxy)dimethyltin, b.p. 920 (25 mm), and bis(1,1,1,3,3,3-
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-3 mm). The bis-

hexafluoropropoxy)di—n—butyltin, b.p. 750 (10
(hexafluoropropoxy)dimethyltin is readily characterized by its
lH n.m.r. spectrﬁm of a septet at —u.57vp.p.m. (J = 6.2 cps) and
a singlet at -0.85 p.p.h.‘(relative intehsity_l:3.05). 1ts F
n.m.r. spectrum shows only the expected doublet (J=6 cps). The
di-n-butyl derivative has anwinfrared spectrum which is almost
identical with that of ‘the Qimethyl'derivétive.

| It was further found that the héxafluorépropoxy derivétives
will.complex with hexafluoroacetone. Thus hexafluofopropoxytri—

methyltin and hexafluoroacetone form a stable 1l:1 complex, m.p.\230.

(CH3)3SnOCH(CF3)2 + (CF CO —> (CHB)BSnOCH(CF * (CF CO

302 302" (CF3)

"W on.mor. spectrum shows the methine‘absorption as a septet

Its
(J = 6.1 cps) and the methYl'absorption’as a singlet (relative

19F n.m.r. spectrum gives broad absorptions

intensity 1:8.5). 1Its
at -3.1 p.p.m. and 4.4 p.p.m. (from internal hexafluoreacetone) of
relative intensity 1:1 indicating-two different types of trifluoro-
methyl groups, the hexafluoropropoky group is at-3.1 p.p.m. and
the complexed hexafluoroacetone is at L.ty p.p.m. The lH n.m.r.
spectrum of a mixture of thé complexed and uncomplexed propoxytin
compound shows two distinct septets (0.69 pip.m. difference) but
only one methyl abéérption.

The lH and 19F n.m.r. data (chemical shifts and coupling
constants).of the complexed an&.uncomplexed hexafluoropropoxy

derivatives are listed in Table II.

TABLE II
]_ .
SOME H AND 19F CHEMICAL SHIFTS AND CCOUPLING CONSTANTSa
‘ b b,c d e complexed
Compound 4 SCH?B gH ’ Jy-F Sﬂpropoxw 8# kegone)
ppm. ppam. cps ppm. ppm.

; f
M63510CH(CF3)2 +O.16_ -3.90 6.0 -0.65 -
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‘ g D comp lexed
Compound 8CH3 : 6Hb’c JH—F BF(propoxy gF ke%one)
' ppm. ppam. cps ppm. ppm.
MeBSiOCH(CFB)z (CF3)2QOQ +0.08 -L.45 5.8  -2.51% . +5.09%
Me 3GeOCH(CF 5 )2 | -0.25 -3.96 6.1  -1.65T -
Me3GeOCH (CFy) 7 (CF) ,CO  -0.27 -h.56 6.1  -2.9 hi +3. D
Me ;SnOCH( CF3)2 | -0.38 4.1y 6.1 -1.7 T -
_ | h h
MeBSnOCH(CFB)2 (CF3)2CO -0.27 -L4L.58 6.1 -3.1 N +4.h
Me25nEeH (CF )*12 | -0.85 -4.57 6.2 ~. -2.07Y -
~ s ‘ h h
Me 5166H (CF :]2 F3)2CO -1.03 * =4.88 6.0 -2.94 +1.36
Spectra run en neat 11qu1ds unless otherwise indicated. Neg-
b ative values of & are downfield.
With respect te external tetramethy1511ane
g Septet. .
From “H spectra
? Doublets for uncemplexed propoxy derivatives, J=6 cps.
With respect to external trifluetrocacetic acid.
g Solution. in hexafluoreacetone.
. With respect to internal heéxaflueroacetone.
3 Doublet, J = 6 cps, split inte septet, J = 2 5 cps.

Solution in CClu.

The hexafluoropropoxy-silane and -germane form:easily dissociated

1:1 complexes with hexaf}uoroacetone at 20°

| (CHB)BMOCH(CF3)2v+ (CF) ,CO === (CH,) JMOCH(CF,) ,* (CF ) ,CO
M= Si, Ge

The formation of these 1:1 complexes is readily shoewn by lH'n;m.f.

and 19F n.m.r. spectra. The 1H h;m.r. spectrum of a 2:1 molar

| heXafluoropropoxytrimethy1germanefhexafluoroacetone solution (Fig-

ure 1) shows distinct septets at -3.98 and -4.74 p:p.m. and methyl

absorptions at -0.25 and'-0.43 p.p.m. These peaks are assighed

to the propoxygermane and its 1:1 hexafluoroacetone complex. In

excess hexafluoroacetone the equilibrium shifts in favour of the

1:1 complex only one septet at -4.56 p.p.m. (J = 6.1 cps) and one

.methyl absorption at -0.27 p.p.m. are present. Hexafluoroprop-

1 ' :
oxytrimethylsilane shows similar H n.m.r. spectra to the germane
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in hexafluoroacetone solutidn (Table 1I).

The 19F n.m.r, spectra of hexafluoropropoxysilane and ~germane
in excess he#afluoroacetone is similar to that of the 1l:1 hexa-
fluoropropoxytrimethyltin-hexafluoroacetone complex in hexafluero-
acetone, each spectrum showing two bread product ﬁeéks, one to the
low field side of Heiaflubroacetone and the other to the high
field side_(See Table 1II). The:lgF n.m.r. low field peak of the
germane-hexafluoroacetone was resolved into tWo:sets of septets
with JH4CF3= 6 cps and JCF3—CF3: 2.5 cps. v

Bis(hexafluoropropoxy)dimethyltin forms a stable 1:2 complex
with hexafluoroacetone at 20O

(CH;) 2SnLSCH CF3);J2 +2 CFB)ZCO —>
(CH.) SnL?CH CF3)éJ2 CFB)ZCO
This 1:2 complex was identified from Hn.m.r. and “7F n.m.r.
spectra. Its Iy n.m.r.speétrum shows a septet -at -4.88 p.p.m.
" (J = 6.0 cps) and a singlet at -1.03 p.p.m. (relative intensity
1:2.9). 1Its 19 n;mlr. spectrum shows broad peaks at -2.94 and
4.36 p.p.m. froﬁ iﬁternai hékafludro&cetoﬁe (relatiVe intensity
1:1). It was also found that mixing bis(hexafluoroﬁropoxy)di-
methyltin with its 1:2 compiex; (CHB)28n[§CH(CF3)é]2-2(CF3)2CO,
yields a new compound which.is apparently in equilibrium with the
reactants. This new compound is believed to be thg'lzl complex,
(CH,) SnE%}ICFB)Zl
(CHy) S [?FH(CF3{£]2 + (C 3)2 [??H(CF3{;]2f2(CF3)ZCC
| ‘—_——__————>___2,(lCH SnECH CF3)5]5 ('CFB)'Z_CVO

Evidence for this coriés from the 'H n.m.r. spectra-of mixtures

CF4) 5CO, formed by the réaction

of the uncomplexed and dicomplexed bispropexytin compound which
show the appearance of a third methy!l peak and also the appear-

ance of another multiplet arouhd -5 p.p.m. Table II1 shows that



 (CH,),GeOCHICF, ), + (CH;);GeO CHICR, )¢ (CF) CO

\‘ \Wi . /\V T™MS
W . NN ), . v@Wﬁ 5‘\'\‘ /\/A"‘\'M"
.'I : | ! l
- -

"Figure~l' H n, MeTs Spectrum of 231 Hexafluopoacetone- 1 1, 1 239 3 3-

Hexafluoropropoxytr1methylgerman@ Nolar Mlxture Curve 2 .

is an Expan51on of the Downfleld Multlplets._'
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the relative intensity of this new methyl peak varies as more of
one reactant is added indicating the establishment of an equilib-
) . a v
rium mixture .
TABLE :I11
1
H CHEMICAL SHIFTS OF (CHB)ESn[§§H(CFBi§]2
AND (CH3)25n[§CH(CF3i§]2»2(CF3)2CO SOLUT1ONS?

Mole ratio of gCHBC (p.p.m.)
Me2SnX2:MegSnX2-2(CF3)2CO?‘MeesnXé~M828nX2'(CF3)2CO'Me2SnX2-2(CF3)2€O
01 L o -1.03
1: 2 -0.78(1)9  -0.90(L)¢ -1.03() ¢
1 1= A -0.80(2)d -0.91(5)d -1.ou(2)d
2:1 - -0.83n® -o.92m® -1.05(2)°
| 1:0 -0.8L - | -

Z Spectra run on neat liquids. Negétive values of § are downfield.
X'= -OCH(CF

)2
g With respec% to external tetramethy151lane. '
The approx1mate relative 1nten51ty of the methyl abserption

for!a given solutien is in parenthesis after the chemical
shift value,

The reaction'erdi—n—butyltin dihxﬁride with éncess hexa-
fluornacetone also gave a complex which decomposes at approeoximately
50° (10-3 Mm) to give hexafluoroacetone and -bis(hexafluoreproepoxy)-
di-n-butyltin. The complex can be identified by its infrared spec-
trum which gives a strongiabsorptipn at 970 c:m_l characteristic of
the complexed hexafiuoroacetoné.

It was found‘“that trifluoreacetone would not complex:with

1,1,1,3,3,3-hexafluoropropoxytrimethyltin at 20° and that hexa-

- fluoroacetone was inert ‘to trimethyltin chloride at 120°.

4 An approximate equilibrium constant of 4.5 ¥ 2 can be calculated
for this reaction if the relative intensities of the methyl ab-
sorption in the *H n.m.r. spectra are used as a measure of the
concentration of the three species (Table I11I).
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To test the reactivity of the 1:1 complex of hexafluoroace-
tone and propoxytrimethyltin the reaction between trimethyltin
hydride and the lfl'complex was followed by lH n.m.r. The res-
ult's shoew that the tin hydride virtually disappeérs within two
minutes with the appearénce of the methine septet due to hexa-
fluorepropoxytrimethyltin,.

(CH3)35nH + (¢H3)35nOCH(CF3)2‘(CFB)ZCO —%}2(CH3)BSnOCH(CF3)2

(2) Proposed Mechanisms and Structures

As described above in the reaction of hexaf luoreacetone with

27, thé prod-

primary and secondary arsines, amineszu’e5 and ureas
ucts canfbe accounted for by postulating nucleophilic attack by
the lene pair on thecarbenyl carbon of the ketone. To account

for the direction of addition of hexafluoroécetone te Group 1V
hydrides a reaction mechanism involving nucleophiiic attack by

the carbeny!l oxygeﬁ.on the central metal or metalloid atom is pes-
tulated. Thus a fiVe-CQardinated intermediate of the type

- + : .
(CH3) HMOC(CF3)2 would be first formed followed by M-H cleavage

3
inducéd{by the carbonyl carbon from the same intermediate (most
likely) or from a second intermediate.

Nucleophilic attack has often been suggested as the reaction

54,55,56,57,58 57,58,59

route for cempounds of silicon , germanium
and‘tinss’éo ; it 15 also found that tin compounds are much more’
reactive to’nucleoﬁhiles than silanes or germénes;which is con-
sistent with the present results, In the present investigaiion
some evidence that a five-coordinated intermediate does occur in
ﬁhe hexafluoeroacetone-hydride reactions cémes from the result
that the ketone forms complexes with the propoxy derivatives.

The complexed hexafluorocacetone is almost certainly bound to the

central metal or metalloid via the carbenyl exygen.
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Compounds with carbonyl groups readily form complexes with
g 01,62,63 6L
3
is established that bonding occurs through the oxygen atom of the

Lewis acids such as SnBr B and (C, H sSnC1l and it
y’ (CyHg) SnCly

carbonyl group. The infrared spectra of the tin complexes isolated
in the present investigation show no carbonyl absorption, the spec-

tra being clear above 1375 cm™ !

except for C-H stretching bands.
Thus the 1:1 propoxy-hexafluoroacetone complexes are concluded to
be five-codrdinated.

In the organometallic fiéld such codrdination is well estab-
lished for tin, the number of stable R3SﬁX’Y (Y = nucleophile)
65,66,67,68. 69

complexes being large Pudovik and coworkers found
that ttiethylphOSphine oxide adds to triethyltin‘iodide to éive a
1:1 adduct which can be distilled in vacuum without décempoSition
and which is presumably similar to the 1:1 prbpqu-hexafluero-
acetone complexes. _
(CoHg) 3PO + (CpHg) 3Sn1 —> (CpHg) 3PO+Sn(CoHg) 31
Recently‘five—coérdinated silicon compounds have also been

70

isolated although most of them inveolve three to four S$i-0

- bonds. The only penta-codrdiriated silicen species isolated con-
taining two or méte Si-C bonds .is a triphényl(bipyridyl)siliConium'
T,

ion, for which the following structure is propésed

5 . o 72373574
There are numerous examples of complexed germanates , but
almost all are six-codrdinated and all these complexes have either

Ge-X (X = halogen), Ge-0 or Ge-N bonds but nofe have Ge-C bonds.
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The formatien of a six-coodrdinated complex (CH ) Sn[??H(CF3 2‘2
2 CF ) CO is expected in view of the many reported six-codrdin-
ated complexes of dialkyltin dlCthFld€S75_76.

In discussing the structure of the 1l:1 complexes it seems

that three alternatives, I-II1I, should be considered,

CH(CFa)y (CH)aM-C O-CH{cR)y
CHy. ?\4 o, o- C(CF) 11
H/ 1 ) CH(CF-.‘ 3 cH(cs--3 3 -
' (CH M - O -0- M_ O O—M-—- 111"
+C(CF3)2 f * (CF3)1 (CH3) )z (C“3)3 n

Structure I assumes almest complete loecalization of the positive
charge since any extensive deloecalization of charge-through the
oxygen of the cemplexed kétone weuld lead to disseciatien. 'The‘
carbonium ion weuldnbe.unstable due to the adjacent, highly el-
ectronegative trifluoromethyl groups, and fer this reasen I is
not favoured. There is some eyidence favouring structure Il and
111 since the propoxy oxygen aépears to be a reiatively good el-
ectronzdonor. The molecular weight of hexafluoreproepoxytrimethyl-
tin in benzene indicates dimer formation. Similar fesuits have
been ebtained for trimethyltin hydroxide in carbon tetrachloride,
chlereferm or beﬁzene77. By analegy with the proposed-structufe
for the tin hydroxide dimer the propoxytin dimer coeuld have the

following structure

(cH,), 5|n _____ 0 CH( )
(C F)zH CO—-—-= 5 n (CH3)3

Structures I and III are supported by the lH n.m.r. spectra

of the complexes which show that the three methyl groeups in a
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given compound have the same chemical shift. However, this does
not exclude II since the difference in chemical shifts expected
for the three methyl groups could be too small to be detected.

It is-alsoe possible that rapid exchange of the methyl groeups from
apical te the equaterial position (assuming a trigonal biﬁyramid

as the structure) occurs.

CH3 O ) ‘CHg\\J_ f
CHy- M (/ (cF = ‘M—*OCH'(C"S)z

CH CH(CF3)a > CHy

The bulk of the n.m.r. evidence sﬁggests that I is not the struc—
ture. Firstly, in Il and. III the resonance due to the proton of
the —CH(CF ) group would be expected to be downfield»from that -
‘in the uncomplexed propoexy der1vat1ve because of the positive charge
on the adjacent oxygen. This\fs found. Secondly, the same proton
in I would be expected to be found upfield from the uncomplexed
compound because of the aegative charge on the4eentral atém which
would.probably be delocalized to some extent by the propexy oxygen.
This is not found. Thirdly, the fluorine resonance due to the
comﬁlexed ketone in Il would be expected to be downfield from that
of hexafluoroacetone because of the greater positive charge on

the carbon atom resulting in an increased paramagnetic contribu-
tion. However, the resonance is in fact upfleld from hexafluore-
acetone. Fourthly, the peaks in the 19F n.m.r. spectrum of the
germanium complex are split into septets J:sZ.S cps) which streng-
ly suggests fluerine-fluorine coupling is present. This could
occur "through space", through six bonds (as in II and 111), or
through eight bonds (as in I). However, if the groups in I are

close enough together to couple "through space" it seems likely
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that they would be close enough togethef for cyclizatien to take
place to give II. The magnitude of the coupling constant appears
to favour coupling "through space" or through six bonds®. The
n.m.r, evidence favours II or IIi and of these two structure II is
favoured over III since if.is thought that II1 would have a rel-
atively high melting peint due to its polymeric structureé. On
the basis of 111 (CHy),Sn[OCH(CF3) ]2 2(CF3)2CO would have four
polymeric chains extending from the tin atem, one for each Sn-0
bond (i.e. a three dimensional rather than a linear polymer),
and it is then expected that tﬂe 1:2 Qispropoxytin—hexafluoro-
acetone complex would héve a higher mélting point than the 1:1
propoxytrimethyltin-hexafluoroacetone complex. However, the 1:2
bispropoexytin-hexafluoroacetone complex melts at approximately 20o
Thus the melting points of the 1:1 ahd 1:2 tin-hexafluoroacetone
coﬁplexes appear to indicate a preference for II rather than III.

It hasvrecently been found that chloral and ether aldehydes
react exothermically and reversibly with methoxytri-n-butyltin
to give 1:1 additien products such as the following78

hH ) SnOCH3 + CCIBCHO = HH ) SnOCH(CClB)OCH3

This 1.1 adduct will take up another mole of chloral to give a
product for which the follewing structure is proposed:

SnOCH(CC1 )OCH(CCIB)OCH

n-CyHg) 4 3 3

This type of structure is disregarded for the hexafluerocacetone-
propoxytin complexes since the expected reaction of tin hydrides
with the lineaf chain structure to‘give the reduced alcohol and
the reduced ditin does not occur.

(CHB)BSnOC(CFB)ZOCH(CF3)2 + (CH3)3SnH _>

(CH3)35n5n(CH3)3 + HOC(CF3)20CH(CF3)2

a Coupling ihrough eight bonds would also involve coupling through
one germanium and two oxygen atoms and thus would be expected
to be negligible.
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As previously stated the only reaction product from trimethyltin
hydride and 1:1 propoxytin-hexafluoroacetone is the propoxytin

derivative.

(CH,) ;SNOCH(CF ) ,* (CF )

These results coupled with the moderate stability of the tri-

CoO + (CH3)3SnH ———>2(CH3)35nOCH(CFBE

methylaréine-hexafluproaCetone and the diarsine-hexafluorocacetone
complexes.seem to indicate thét two criteria are necessary for
stable complex_formationvwith hexafluoroacetone. Firstly, the
molecule must be able to act as a Lewis acid or base with respect
to the oxygén or carbon atom of the carbonyl greup and secondly,
it must be able to stabilize the complex further by delocalizing
the charge produced.dﬁ the carbonyl group (eitﬁer at the oxygen
or carbon atoms) over the complexed molecule.

‘Since trifluofoacetone does not complex with hexafluoroprop-
oxytrimethyltin at 20° it appears that it must be a,éonsiderably
weaker nucleophile than hexafluoroacetone. This can be explained
by a_possible significant coentribution of the tautomeric enol form,
CFBC(OH)=CH;H .

chloride is so inert toward hexafluoroacetone. "Trimethyltin chlor-

It is, however, surprising to find that trimethyltin

ide is a compound which forms numerous complexes with Lewis bases

66,79 and it is difficult to see why the feollowing structure would

_ (CHa)s S;}m—-—q"k
O —C(CFRy)a

One plausible argument is that in the analegous propoxytin-hexa-.

not be stable.

fluoroacetone complex II the empty 2sp3'orbital on the carbonyl.
carbon could be expected to overlap more efficiently with a fil-
led 25p3 orbital on oxygen than with a filled 35p3 orbital on

chlerine in the above structure 1V,
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CHAPTER I1
PERFLUCROCYCLOBUTENE AND 1,2-DICHLOROTETRAFLUOROCYCLOBUTENE
INTRODUCT [ON
The reactlon of nuycleophiles with fluorinated cycloalkenes
has been the ‘subject of 8 number of investigations., In some of

80,81, 82

these reaction.anolves attack at an allylic halogen to

give substitution at the allylic position.-

HG-CHCFZ& 2H506FCFZCH~EH HOH_o céHso)26CF2CH=EH

F2 coH.on> CZHSOH C HSOH

However, if a‘perhalocycloalkene (fluoro and chlero) is used nu-
cleophilic attack takes‘plaég at the vinylic halogen. Dixon83

. studied the addition of lithium-alﬁyl and lithium atyl reagents
to perfluorocyclobutene. Lithium alkyls afforded both moro-

and disubstituted products but only the disubstituted derivative

was obtained from the aryl lithium reaction

éF-CFCFaeFZ + RLi ~——§ éF CRCF EF -h(ﬁ—CRCF &F

. R = alkyl
6F=CFcF EF + C HLI ~—> Cc H &C(C H )CF‘EF
f. 65 65 63 |
The additioh'of Grlgnard reagents to fluorinated cyclobutenes has
~also been studiedsu’ss} "Park and Fontanellisu reacted both-alkyi

and ary! Grignard reagents with perfluorocyclobutene and 1;2-
dichlerotetraflyorocyclobutene. Alkyl Grignard reégents and per-
fluorecyclobuténe géve monosubstituted derivatives in good yield

under mild conditions.
- GFCFCF Ry + RMgX = RE=CFCF OF,

B | R = alkyl

Using stronger reaetion'conditionsfdialkyl derivatives were alSo

formed in comparable yields. | |

CoHgCmCRCR R 5 + CoHgMgBr) =3 CoHLC=C(CoHg)CRoLF,

Reaction of perfluorocyclobutene with phenylmagnesium bromide
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under mild conditions gave both the mono- and diphenyl derivatives.
On reacting l,2-dichlorotetrafluorocyclobutene with alkyl Grig-
.mnards the monosubstituted product was readily formed. However,
further substifution‘was more difficult in this case than for the
perfluoro derivative., If bromine oriiodiné replaced one of the
olefinic fluorine or chlorine atoms a competing reaction involving

exchange of the MgBr group occurred.

EF=CBrCF EF £ C2H5MgBr H 5> éH—CFCF2CF2 + CZH56—CBFCF2&F2
2

The base catalyzed reactlon ‘of alcohols with fluorlnated cy-
cloalkenes to form mono- and dialkoxy derivatives has also been
studied.;JPark and'oow0fker586‘fouﬁo that‘only the dialkoxy der-
ivative could be:obtaiﬁed ffom perfluorocyclobutene. | |

KOH

F=CFCF ,CF +2ROH == ROé=C(OR)CF;&F2

87

. Barr and coworkers fouhdAthat by vépying thefreaction conditions
both mono- and dialkoxy derivatives could. be obtained with the

‘monoalkoxy defivatiVeipredomihating

ROH + EF=CFCF. tF : > Rof=CFCF oF + RO&C(OR)CFzéF2

'Phenol was found to give only the monophenoxy compound

6F—CFCF2CF2v+ 06550H ﬁ;ﬁa céﬂsot-CFCFeépz

Stockel and coworker588 obtained both the mono- and dimethoxy .
derivatives as well as a_methoxyketo derivative from the base

catalyzed reactlon of methanol with perfluorocyclopentene.

CH.O0~
~ CF= CFCF_CF dF + CHBOH ——3——+ éF C(OCH,)CF CF2CF2
2
+ CH.ob=c(ocH.) (EF.). + CH OC=CFC (O)CF_tF

With‘l,2—dichlorotetraf1uorocyclobﬁtene only the monoalkoxy der-
ivative was obtained under normal reaction condition589. How-
ever, if stronger'reactioﬁ conditions were used in an attempt to
replace the second vinylic chlorine it was found that the aliylic

fluorines were attacked.
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02H506=CC1CF2&F‘ +-2CH OH CH_U—Q'C H OC—CClC OCH AEF

This reaction is similar to nucleephilic displacement on other re-

80 81,82,90,91

lated_cyclobutenés re e.g: |
5c1=CHcF2&c1 +2C H oH £l KOH 501=CHCF26(002H5)2

Rapp ahdeQWOFkérsgz studled thewbase catalyzed reaction éf
_thiols with ﬁeffluorécyélobuténe. The ﬁono- and bismercapto-

cyclobutene derivatives and.a.diadduct (a cycloﬁutane) were iso-
;lated: | ”

RSH + 6F=CECF2&F ———————ﬁ> R56=CFCF25F2

+ RSC=C(SR)CF ,CF, + RSEFCH(SR)CF.CF
: : : 272 :. 27 2
The 1,2-bismer¢aptécyclobutane was rather unstable and decomp-
oéed‘during Qistiilatigﬁ'tg the l,2-bismercaptotetrafluorocyclo-
butene. MeréaptoderiVétivés of_fluorocycloélkenes have also been
prepared from the reaction of l,2-dich16roperfluord€ycloalkenes

93

with cuprous mercaptldes

| 015255T_8F2) +/CuSR —> Rsé*—_gﬁ_-EF o)

| n=2,3o0r b R = CgHg or Cg SCH |

The reaction of prlmary and secondary amines with perfluoro-

cyclobutene was studled by Pruett and coworkersgu, The results
can be represented by the folldwin§ equation |

2 RNH + dF_EFE?—&F =—> RNH,F + R2N —CFCF2 5

' R‘='alky1

95

Mill and coworkers

96

and Parker’~ studied the addition of
“amines to 1,2-disubstituted hexafluorocyclopéntene. Mill et.
al.95 reacted one sﬁCh cyclopentene with ammofiia and aniline to

get mono- and diamino dehivétives

2)3 + NHB —> NH é C CONH,) (CF ) 5 |
C¥C=C(CONH ) ( éF2)3 + CyHgNH, —> ¢, SNHé— CONH2)(dF2)3
g C6H5NH¢-C CONH,,) C (

c16;cﬁcoNH‘)7&F

NC6HS CF26F2
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The reaction ofﬂprimary‘amines with 1,2-dichlerohexafluorocyclo-

pentene gave only the disubstituted product9

c15-c01 EF + RNH, — RNH6=CC1C(NR CF‘EF
97

Knunyants reacted triethylphosphlte w1th perfluorocyclobutene
and obtained a monosubstltuted pentafluorocyclobutene containing

a five chrdinated phosphorus atom.

2 5 3P -+ CF=CFCF aF C2HSO)3P(F)5=CFCF23F2

Cullen and Hotaul reacted tetramethyldiarsine with perfluoro-

cyclobutene and obtalned 1- dlmethylar51nopentafluorocyclobutene
6F:EFEF;EF2 + (cHy ) AsAs(CH3)2 —> .
(CH ) ASF + (CH 2A§5§EFEF;EF2

The l,2jdichlorotetrafluofocyclobutene and l,2-dichlorohexafluoro—
cyclopentehe react analogously with the diarsine?a.

The oniy published work regarding the reaction of Group IV
organometallic compounds with fluorocycloalkenes is described in
a U.S. patent. ,ﬁal@sgas reaCtéd some chlorosilanes with a var-
iety of 1 2-dichidréberfiuorocycloalkenes and-i—chlorofluoro—

cycloalkenes and obta1ned 1- 511y1cyclealkene derlvatlves

CH3C1251H + c16 =CC1( EF —_— CH301251b =CC1( 6F

”'CH3C1251H + Fé—CFCF EF —> CH3012515-CFCF26F2

In the present investigation afs%udy of the reactions of.
some arsines and Groeup IV hydridés with some fluorocydloalkenes

was undertaken and the results of these reactions are presented

and discussed in the following section.
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EXPERIMENTAL
~The general eXpe;Imental technique and apparatus have been
pfeyiously:described in Chapter I, page 6.

A. Arsines

(1) Stariing Materials
Perfluorécyclobqﬁené,v1,2-dichlbrotetréfluorocyclobutene; and

1;Z—diéhlorohékafluofpcyclopentene were purchased from Peninsuiar

Chemresearch'lnc.,-P1O; Box 3597, Gainesyille, Florida.»’They

were used without further purification. VThe preparation of meth-

-ylarsine and dimethylarsine is described iHLChapter I, page 8.

The methylphenylarsiﬁe’Was a gift from coworker D. S. Dawson.

(2) Reactions with the Cyclobufenes and the Cyclopentene

(a) Reaction of Methylphenylarsine and Pérfluoroéyclobutene——

-Methy lphenylarsine (3.7 g) and“perfluorocyclobutene (5.2,g)>were
“heated for 17 hours atllOOO.. Perfluoroéyclobutene (3.3 Q) was
recovered. ThefinV§latiie productﬂlﬁmethylpheqylarsinopentaf;uor—f'
oqulobutenev(2.0 g, 30%) was purified by distillatien, b.p. 1ou°
(15 mm), 580-(10—3 mﬁ)‘(Found:' C, Lh2.8; H,'Z;i; As, 2h.L; F, 30.8%;
Calc. for CjjHgAsFg: C, 42.6; H, 2.65 As, 2lj.2; F, 30.6 %). Infra-
red spectrum (riquid:fiim): 3090 m; 3055 m, 2940 w, 1659 5, 158l w,
14,88 m, 4Ll m, 1&20 w, 1389 s, 1373 m, 1333 w, 1303 w (sh), 1293

" (shj, 12?& vs, 1205 s, 1115 vs, 1079 m, 1069 w (sh), 1024 m,

1001 m, 947 s, 853 m, 810 s, 735 s, 692 s, 646 mcm ', N.m.r.

spectra: the 19

F n.m.r. spectrum showed multiplets at 27.5, 33.7,
and 39.7 p.pwm. of relative intensities 1:2:2.

(b) Reaction of Dimethylarsine and 1,2-Dichlorotetrafluoro-
-cyclobutene-- ' :

Dimethylarsine (2.4 g) and 1,2-dichlorotetrafluorocyclebutene
(6.9 g) were heated at 100° fer S days. Hydrogen chloride (0.85 g,

100%) of}molecular weight 36.5 (Calc: 36.5), which went through a
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-96° trap, was isolated. Unreacted butene (2.6 g) was recovered

and the reaction préduct, l—chloré-E—dimethylarsinotetrafluoro-
98

cy.clobutene (5.8 ¢; 97%), of known infrared spectrum »condensed
in a -230 trap

(c) Reaction of 1- Chloro 2- dlmethylars1notetrafluorocyclo—
butene and D1methylar51ne—- .

. Dlmethylar51ne (2. 1 g) and thevdlmethylarsinocyclobutene (8.0 g)
were heated at luO for'3 days. A’volatile fraction was obtained
which contalned no As H absorptlon and which when condensed into
Can’ aqueOus silver nltrate solutlon formed a precipitate which later
turned the characterlst1c mauve colour of silver chloride. Un-
reacted dlmethylar51nocyclobutene (L.9 g) was recovered in a -230
trap. The'involatile reaction preduct remaining in the Carius
’tubé,wasidiéifiléﬁ in a niﬁrogen atmbsphere'te give l,2-bis(di¥
methylafsino)ietrafluorocyclobutene, b.p. 120° (h? mm), (3.5 g,
52%) (FéUnd: ‘C,'28,7;'H, 3.4 As, LL.8; F, 23.0 %, mol. wt, (cam-
phor), 320. Calc. for CéHi2AsFu: C, 28.6; H, 3.6; As, Ll.6; F,
23.2_%; mol. Wt., 336). This bisarsinocyclobutene sloWiy oxid-
ized in air. | |

~ Infrared spectrum (liquid film):l 3000 m, 2920 m, 2810 w, -
2105 w, 1913 w, 1420 s, 1329 m, 1300 vs, 1263 s, 1246 m, 1225 vs,
1154 vs, 1130°s, 108k vs, 897 s, 859 s, 845 s, 803 s em” !

(d) Reaction of Dlmethylar51ne and 1, 2 Dichlorohexaf luore-
cyclopentene--

Dimethylarsine (2.3 g) and the cyclopénﬁene (7.9 g) were heated at
100° for 2 days. A mixture df dimethylarsine and hydrogen chlor-
ide (1.3 g) was obtained which could not be separated by trap-to-
trap distillation. Unreacted dicﬁlbrohexafluorocyclopentene (5.0 g)
stoppéd in a —uéo trap. The reaction product which‘remained in

the Carius ﬁube was identified as l-chloro-2-dimethylarsinohexa-

fluorocyclopentene (3.9 g, 55%) by its known infrared spectrum98.
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(e) Reaction of Dimethylarsine énd Perfluoropropene--Dimeth-

ylarsine (1.8 g) and perfluoropropene (11.0 g) were heated at 100°
for 5 days. Unreacted perflubropfopene (9.3 g)’which went through
a fého trap was recovered. The remaining materiai (3.6 g) which
condensed in a -64° trap was purified by v.p.c. (5' Ucon Polar
column at llOO). The reaction product, 2rH-1l-dimethylarsinohexa- -
fluorepropane had a boiling point of llO-lllb (739 mm) (Found: C,

23.4; H, 2.8; As, 29.4; F, LL.3 %. Calc. for C_H_AsF

57
H, 2.7; As, 29.3; F, 4.5 %). Infrared spectrum (vapeur): 3090 w,

v C, 23.2;
6 y 23

3030_w, 142 w, 1381 s;“1290 S, 1212 vs, 1178 vs, llOS s, 1077 s
1005 w, 980 vw, 937 w, 904 w, 878 w, 854 m, 791 w, 717 m, 678 m cmf{
‘The reaction proeduct, 2-H-1-dimethylarsinohexafluoropropane,
was héated at ISOO‘for.2l‘hQurs,' The Carius tube showed no-signs
of -etching and the récovered'érsenic compound which stopped in a
56u0 trap showed nobtface of.&Qﬁble'bond'absorption in the infra-

red spectrum. L ‘ ' o v

(f) Reaction of the DimethylarsineheXafluorqgropané and Bromine

--The arsinopropane (1.0 g), bromine (2.3 g) and carboen ‘tetrachlor-
ide (128 g)‘were left to react at room temperature for 3 weeks.
MéthyL bromide (0.7 g) Which.went'through a‘—96o trap was prod-
uced and was identified by iﬁs knoewn infrafed spectrum. Tﬁe‘re_
mainingivdfatile‘material’(3;2 g) was édded'to mercury to remove:
the exéess“bfomine, " The carbon‘tetrachloridevwas removéd by a
;780 trap‘ahd 2—Hfl—bromohexaflﬁoroﬁropane was identified by'its
knOwn-ihfrared spectrﬁmg? and its molecular weight of 227 (Calc: 231.-

1 o f e
(3) H n.g.r. Studies of‘Dimethylarsine'and_the.Fluorecyclobutenes

(a)'Dimethylarsine and Perflﬁoroqyclobutene——Excess cyclo-
butene and dimethylahéine were sealed in an n.m.r. tube. The lH

n.m.r, spectrum:within‘30vminutes after mixing showed the appearance
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of a second me€thyl peak at -1.00 p.p.m. (the methyl absorption Qf
.(CH3)2ASH is a doublet at -0.69 p.p.m.) which was approximately

' 0.5% the intensity of the dimethylérsiné‘peaks.t After 2l hbﬁfé
the reaction was one third complete;.no downfield proton was pres-
ent and a third abserption in the methyl region at -0.8L p.p.m;
represented approximately 1.5% of_the total methyl absorptioﬁ int-
ensity. After L days the reaction was 85% complete with the third
methyl abserption representing 3% of the“ptoduct, l-dimethylars--

inopentafluorocyclobutené,‘peak.area.

(b) Dimethylarsine and 1,2-Dichlorotetrafluorocyclobutene--
The 1H n.m.r. study of this reaction showed that it was substan-
tially Sléwer at 20° being only 19% complete after 6 days and 36%
complete after 12 days. The methyl absorptien of the product,
l-chloro—2—dimethylarsinotetrafluorocyclebutene, was_at -1.11 p.p.m.
and after 12 days the methyl absorption of dimethylarsine was a
singlet at -0.81 p.p.m_.
B. Group 1V derides
(1) Starting Material's

The preparation of trimethylgermane and the tin hydrides is

described in Chapter I, pages 13-14.-

(2) Reactions with the Cyclobutenes and Cyclopentene

(a) Reaction of Trimethylsilaﬁe and 1,2—Dichlorotetfafluoro4
cyclobutene --

Trimethylsilane (2;h gixandithe butene (11.5 g) were héated at .
190° for 12 hours. A nonFcondehsibleiQas was prodgced and ident-
ified as hydregen from fts molecular weight of 3 (Calc: Z.C),
Tfapfto—trap distillatien gave the foilewing fractions: hydroéén
chloride (O.3h g) which went through a -136° ﬁrap and which was |
identified by its molecular weight of 36;5 (Calc: 36.5); a mix-

ture of trimethylsilane and tetramethylsilane (0.3 g; mol. wt. 82
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which condensed in a -136o trap and which was identified by its
infrared spectrﬁm. This latter fraction céuld'notvbe separated
into its separate components by further trap-to-trap distillation.
A -78% fraction (8.5 g) consisting of unreacted cyclobutene and
chloretrimethylsilane could not be separated by distiilation;

the entire fraction beiled between 60° and 700. This fréction
was added to an aqueous solution of silver:nitraﬁe and silver
chleride (1.8 g) was produced. Pure 1,2-dichlorotetrafluorocy-
clobutene was found te be unaffected by an aqueous silver niﬁrate
solution. The main reaction product, l-chlore-3,3,4,4-tetrafluor-
ocyclobutenyltrimethylsilane (L.5 g, 60%) condensed in a —23O trap
and was purified by‘distillation, b.p. 132o (762 mm) (Found; C,
36.1; H, 3.9; Cl, 15.5; F, 32.7 %. Calc. for C7H10C1Fu51: C, 36.1;
H, 3.9; Cl, 15.2; F, 32.7 %). Infrared spectrum (liquid film):
2972 m, 2905 w, 1576 s, 1419 m, 133L vs, 1256 m (sh), 1242 vs,
1174 w (sh), 1154 w>(sh),,1132 m (sh), 1116 vs, 1013 w, 948 w,

848 vs, 809 s, 764 m, 715 m, 626 mcm L.

(b) Reaction of Trimethylsilane and Perfluerocyclobutene--

Terethylsilane (7.3 g) and perfluOrocyclobutene'(5.5 g) were
heated at 2560 for lj days. A non—condehsible gas was ﬁrodqced
which was identified as hydrogéh by its molecular weigh£ of 2.1
(Célc:'2.0). Slightly impure trimethylsilanéwésgg g) was recov-
ered. A second fréétién (S.S g) which cendensed in a -64° trap
was distilled at 756 mm, fhe main portien coming off at 112°,
Infrared spectrum ef 112° fraction'(liquid film): 2995 m, -
2925 w, 1398 s, 1333 s, 1281 m, 1240 vs, 1177 vs, 1167 m, 110k m,
1037 s, 1001 s, 956 vs, 858 s, 831 m, 776 m, 766 w (sh), 700 w cm_{

1

N.m.r. spectra: the "H n.m.r. spectrum had a singlet at 0.02

p.p.m:L(-CH3) and a peak at -4.93 p.p.m. which was a doublet (J =
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52 cps) split into further peaks.

This fraction (b.p. 112° (756 mm)) could not be purified by
v.p.c.:(S' diﬁonyl'bhthalate at ?OO) because of rapid hydrélysis
of the cémpound.‘ Although molecular weight measurements (Found:
237, 240; Calc. for C7H10F651: 236) were satisfactory for 1,2,3,
3,4,4-hexafluorecyclobutyltrimethylsilane, the elemental micro-,
analysis was net satisfactory.

A third fractien (1.3 g) which condensed in a -230 trap was
Qhown_to_contain a mipimum of 5 cempenents by v.p.c. (5' dinenyl
phthalate at 100°) none of thCh were identified.

(c) Reaction of Trimethylgermane and Perfluorocyclobutene--

The germane (.20 g) and the cyclobutene (9.36 g) were heated at
230O for‘3 dayé. Unreacted perfluerocyclobutene (8.05 g), which
wentjthféugh a —780 trap, was reco&ered. A second fraction (2.46 g)
which condensed in a f7801ﬁrap_was identified as 1,2,3,3,4,4-hexa-
fluorocyclobutyltrimethylgermane, b.p. 118° (752 mm) (Found: C,

29.7; H, 3.8 %. Calc. for.C FeGe: C, 29.9; H, 3.6 %). Infra—'

7t10
red spectrum (vapour): 3000 w, 2930 w, 1424 w, 1398 s, 133} s,

1282 m, 1241 vs, 1185 vs, 1163 m, 1100.m, 1035 s, 1003 s, 959 vs,

1
1. N.m.r. spectra: ‘the H

829 vs, 771 m, 753 w (sh), 714 w cm”
n.m.r. spectrum showed a singlet at -0.25 p.p.m. (-CH3) and a

peak at -5.01 p.p.m. which was a doublet (J = 55 cps) split into
further peaks. The rgiépivé intensity of the methyl peak to the

multiplet was 1:9.3 (dalc. 1:9,0).

(d) Reaction of Trimethylgermane and 1,2-Dichloerotetrafluoro-
cyclobutene ~-- :

The germane (3.4 g) and the dichlorobutene (6.62 g) were heated
at 1900 for 36 hours:: The more volatile fraction which went
through a -46° trap showed a Ge-H infrared abserptien and was

transferred te a Carius tube and heated at 2‘30O for 3 days. A
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fraction (1.3 g) which condensed in a -héo trap could not;be fur-
ther separated by trap-to-trap distillation. The —u6o fractien
also could not be separated by atmospheric distillation and was
separated by v.p.c. (10" silicone cdlumn at 1?00). The v.p.c.
spectrum showed 6 components.

- The first component (20% by weight) was found to be chloro-
trimethylgermane as identified by its infrared spectrum and its
boiling point of 102° (1lit. value 102°) (Found: C, 23.9; H,

5.9 .%. Calc. for C,H,ClGe: C, 23.5; H, 5.9°%).

39
. , , 1
The second component (0.5% by weight) had the follewing H

n.éﬁr. aﬁdtinfrared spectra. Infrared spectrum (CClu solution):
301§ w, 2930 w, 1865 vw, 1825 vw, 1743 vw, 1420 w, 1333 s, 1261 s,
1168.s,vll30 m, 1117 vs, 1091 m, 903 w, 871 W, 833 s cm_l. N.m.r.
spectra: " the H n.m.r. spectfum of av20%-solution in carbon tetra-
chloride showed a singlet at --0.33 p.p.m. (—CHB) and a triplet

at -6.79 p.p.m. (J = 9.5 cps) of relative intensity 1:8.9 (Calc.
for (CHs)4Gef=CHCF,CFy:  1:9.0).

The third component (L0% by weight) was identified as 1-
chlorotetrafluorocyclobutenyl—ZFtrimethyigermane, b.p. 78° (SQ mm)
(F@und::.C, 29.9, H, 3.7 %. Calc. for C7H9C1FuGe: C, 30.3; H,

3.3 %). Infrared spectrum (liquid film): 3005 w, 2925 w, 2825 vw,
1822 vw, 1576;3, 1419 m, 1380 w; 1358 w (sh), 1333 vs, 1241 vs,
1170 w (sh), 1145 w {sh), 1112 vs, 847 s, 834 m (sh), 810 m, 772 m.
ém_;. N;m.r} spectra: ﬁhe 1H n.m.r. ;pectrum_showed‘a_single

3)' X
The fourth compenent (4% by weight) had the fellewing "H

peak at -0.21 p.p.m. (-CH

n.m.r. and infrared spectra. Infrared spectrum (liquid film):
3017 w, 2950 w, 1420 w, 1354 s, 1282 m, 1261 m, 1201 s, 116k s,
1135 s, 1099 m, 1050 m, 1010 m, 954 m, 832 s, 771l m Cm-l. N.m.r.
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spectra: the H n.m.r. spectrum of a 30% solution in carboen tet-

rachloride showed a singlet at-=-0.31 p.p.m. (-CH,) and multiplets

3
at -2.3 and -4.05 p.p.m. of relative intensity 9:0.9:1 (Calc. for

(CH3)3GeCH-CHQ1CF2¢F2: 9:1:1). |

- The fifth component (8% by weight) was identified as l-chloro-
3,3,h,-tetrafluorocyclobutyl-2-trimethylgermane, b.p. 80-82° (50
mm) (Found: C, 30.3; H, 3.8; Ge, 25.6; F, 27.4; C1, 12.4 %. Calc.
for C7HllClFuGe:_ C, 30.1; H, 4.0; Ge, 26.0; F, 27.2; Cl, 12.7 %).
Infrared spectrum (liquid film): 3004 w, 2930 w, 1416 w, 1351 s,
1279 m, 1244 m, 1213 s,'1163.w, 1134 s, 1082 s, 1059 w, 1025 w,

1

949 m, 831 s, 817 m, 769 w em™ L. 'N.m.r. spectra: its “H n.m.r.

spectrum showgd a singlet at -0.29 p.p.m. (-CH3) and mulfiplets
at -2.57 and —h.56 p.p.m, of relative intensity 9:1:0.9 (Calc.:
9:1:1). |
The sixth compenent (27% by weight), b.p. 86° (50 mm), had

the fdllowing lH n.m.r. and infrared spectra. Infrared spectrum
(CClu solutioen): '3608 W, 2930 w, 2827 vw, 1419 w; 1356 s, 1276 m,
1250 w, 1245 s, 1219 s, 1179 s, 1145 m, 1124 s, 1105 m, 1073 m,
1030 m, 959 m, 875 s, 836 s, 690 vw em™ . N.m.r. spectra: the

H n.m.r. spectrum of a 20% solution in carben tetrachloridenyl
showed a singlet at -0.49 p.p.m. (-CH3) and a septet at —u.Sﬁ

p.p.m. (J = 4 cps) of relative intensity 1:9.2 (Calc. for

(CH3)30e6c1001HCF2¢F2: '1:9.0).

The material which was heated at 2300 for 3 days could not
_be separated By vacuum or high pressure distillations. A frac-
tion (0.22 g) which went through a -78° trap,was added te an
aqueous solution of silver nitrate and a curdy precipitate ap-
peared. The -78° fraction (3.02 g) which went through a -L6°

trap was shown by infrared analysis to contain two absorptions in
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the double bond region at 6.{/M (016§EETEF;bF2) and 6.%/(; A
v.p.c. analysis of the —uéo fraction (5.5 g) showed five comp--
onents; the sixth component which was present in the 190° reac-
tion was absent in this case. Components 1,2,3,4 and 5 were in
ratio 5:1:10:1:2 respectively by weight.

(e) Reaction of Trimethyltin Hydride and Perfluorocyclobutene

--Trimethyltin hydride (2.4 g) and the cyclobutene (3.3 g) were
- left at Toemuteﬁperatﬁre for l} days. The reactioﬁ mixture turned
cloudy almost immediately and at the end of lj days a soelid (0.2 g)
was produced. Unreacted perfluorecyclobutene (1.1 g) with a
trace of l—H—pentafluorOcyclobﬁtene;‘which went through a —M@O
pgap,_was-recovered. The main reactien product, 1,2,3,3,4,4-hexa-
fluorocyclobutyltrimethyltin (u.u'g), condensed in a —uéo trap.
Infrared spectrum (liquid film): 2985 vw, 2950 m, 1390 s, 1329 s,
1273 m, 1235 s, -1172 Vs,\iISO'm, 1091 m, 1056 vw, 1018 s, 999 s,
949 vs, 830 m, 782 s, 769 m, %QBIW'cm_l. N.m.r. spectra: its by
'n;m.rw spectrum’showeq a singlet at <0.28 p.p.m. (—CH3) and a_doub;
let at -5.10 p.p.m. (J = 55 cps) ‘which was further split into many
peaks.. 'lH n.m.r. spectrum analysis alse showed that a mixture of
trimethyltin hydride and perfiuorocyclobutene was only 0.13% reac-
ted after 30 minutes. o

- The cyclobutyltrimethyltin (1.025 g) was vacuum seéled and
lef£ at 20° for 10 days. Pentafluerocyclobuténe-(O.2d}§) was
produced and identified by its molecular weight of 14l (mass spec.)
and 142 (vapour) (Calc: 14l). Undecomposed 1,2,3,3,u,h—hexa-
fluorecyclobutyltrimethyltin (0.557 g) was recovered. The remain-
ing ihvelatile:solid was identified as tfimethyltin flueride, m.p.
>320° (1lit. value decomposes>360°) (Found: C, 20.0; H, S.Q %.

Calc. for C3H9F8n: C, 19.7; H, 4.9 %).
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(f) Reaction of Triethyltin Hydride and Perfluorocyclobutene

--Triethyltin hydride (8.1 g) and the cyclobutene (1L.5 g) were
left at 20° for 2 months. The solﬁtiOn went cloudy immediately
and after one day there was considerable precipitate.. The frac-
tion (13.4 g) which went through a --23O bafﬁ could net be separ-
ated any further by trap-to-trap distillatien and its infrared
spectrum showed twe absorptions in the deuble bond regien at 5.@/%
(CF=CFCFCF,) and 5.9 4. A second fraction (0.4 g) which conden-
sed in a -23° trap was identified as 1,2,3,3,l,4-hexafluorocyclo-
butyltriethyltin by infrared analysis and had decomposed completely
within one week"to triethyltin fluoeride, m.p. 255-2570.(a'samp1e
prepared from triethyltin chleride in aqueous KF and recrystal-
lized from etﬁanol gave the same melting point) (Found: C, 32.0;
H, 5.9 %. Calc. for C6H15F8ﬁ: C, 32.7; H, 6.7 %). Triethyltin
fluoride (8.8 g) was recovered from the oeriginal reaction.

(g) Reaction of Triethyltin Hydride and 1,2-Dichlorotetra-
fluorecyclobutene

Triethyltin hydride (2.9 g) and the cyclobutene (11.0 g) were
heated at 100° for one day. The volatile fractien (10.9 g) cen-

tained no triethyltin group and had twe infrared abserptiens in

the double bond region at 6.%/4 (éCl=CClCF;&F2) and 6.%/4. The
involatile fractioen wgs identified as triethyltin chloeride (3.1 g,
91%) by its known infrared spectrum and v.p.c. analysis (5' Ucon
Polar at 1759) with a reteﬁtion time of 23 min. 15 sec. ((C2H5)38nC1:
23 min. hO sec.).

(h) Reaction of Triethyltin Hydride and 1,2-Dichlorohexafluer-
ocyclopentene

Triethyltin hydride (3.4 g) and the cyclepentene (12.5 g) were
heated at 100° for one day. Triethyltin chleride (3.7 g, 93%) was
produced as identified by its infrared spectrum. The v.p.c. anal-

ysis showed only one component (5' Ucen Polar at 1900).
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DISCUSSION
A. Arsines
(1).Resuits
In the p}esent investigation it was found that the reaction
of arsines with fluorocyclébutenes and fluoroecyclopentenes can
be represented‘by the general equation:

R.AsH + CX=CX(C —— R.ASC=CX(CF.) + H
AsH + CX=CX(CF,) - R,ASC=CX(CF,) | + HX

2
X=Cl, F; n=2, 3
Thus dimethylarsine and 1l,2-dichlorotetrafluorocyclobutene af-

ford l-chloro-2-dimethylarsinotetrafluorocyclobutene and hydro-

gen chleride both in quantitative yield at 100°,

. ! .
(CHy) pASH + CCI=CCICF ,CF, —— (CH,) ASC=CCICFCF, + HCI
‘This reaction product is identical with that from cacodyl and 1,2-

98

dichiorocyclobuteneg

(CHy) As, éCl=CCICF2¢F2'———+ (cH3)2A56=001CF2EF2 + (CHy) yAsCl
The reaction of dimethylarsine with 1,2-dichlorohexafluoro-
cyclopentene to give the expected product, l-chlore-2-dimethyl-
arsinohexafluorocyclopentefie, is 55% complete after two days at

o
100

(CH3)2A5H + éCl=CC1CF2CF2CF2 — (CH3)2Asé=CCICF2CF2CF2+~HCl
As in the case of the cyclobutenegderivative,this same arsino—.
cyclopentene has also been obtained by the reaction of cacodyl

98

and 1,2-dichlorohexafluorocyclopentene

(CHy) ) Asy + CC1=CCICF ,CF ,CFp —

(CH3)2ASC=CC1CF2CF2CF2 +‘(CH3)2AsCl
A study was made of the rates of reaction of dimethylarsine

— _
with éX=CXCF2CF2 (X = C1,F) by mixing the reactants in an n.m.r.

tube. The l-dimethylarsinopentafluorocyclobutene has previoeusly

been quantitatively obtained by the reaction of dimethylarsine

“and perfludrocyclobufene after seven days at 20o IOO;
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LFy — (CH3)2A55=CFCF23F2 + HF

It was found that the reaction with.perfluorocytlobutenevis.con—

(CH,) AsH + EF=CFCF

siderabiy faster at 20° than the reactionvwith 1,2-dichlorotetra-
fluorocycloebutene. 'Thus, whereas the former reaction is 35% comp-
lete éfter one day and 85% complete after four days, the latter
reaction is only 35% cdmplete after twelve days.

Under more forcing COnditions (luOo) a second mole of di-
methylarsine reacts with l-chloro-2-dimethylarsinotetrafluoro
cyclobuterle to give the 1,2-bis(dimethylarsinoe)cyclobutene der-
ivative, b.p. 126O (L4L7:mm) .

(CH3) pASH + (CH3)2As62661cF26F2 _

<CH3)2Asé=c(As(CH3)2)6Fé¢F2 + HC1
The product, l,2—bis(dimethylarsino)tetfafluorocyclobutene, is
videntﬁfied by microanalysis.and molecular weight. The arsine,
giveé only a very weak ébsorption at 6;2/¢(in,the‘double’boﬂd
fegion of the spectrum. On the basis of this weak infrared ab-
sorptien the symmetrical 1,2—bis(dimethylarsino) derivative is
favoured over the 1,3- or l,4-bis(dimethylarsino) derivatives
since theée latter two compounds would be expected:to have a
streng infrared abserptien in the double bond region similar to

98

l-chloro—2—dimethylarsinotetréfluorocyclobutene -An interesting
result of this reaction is the low yield of bis(dimethylarsine)
derivative (52% basedLonvdimethylarsine) and the overall 2:1.2,
dimethylarsine-dimethylarsinecyclobutene, stochiometry of the
reaction.v After'taking.into écéount the yield of the bis(di-
methylarsino)cyclobutene thé fémaihing material is approximately
four parts diméthylarsine to one part.dimethylarsinocyclobutene.
It thus abpears that the allylic flﬁorines are attacked and from

89

‘the results of Park and cowerkers ’, who found that alcoholé attack
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the allylic fluoerines of 1-alkoxy=2-chlorotetrafluoroeyclobutene
to form a trialkoxy |

ROH + ROé-CClCFZdF2 Rot =CCIC(OR) oLF2

derivative,. the fellowing reaction is postulated as a possible

side reaction.

2 (CHj) pAsH + (cHB)eAs¢=c(As(CH3)ZxcpeéFé —

(cH3)2Asé=C(As(CH3)2)0326(As(CH3)2)2 + 2 HC1
No reaction occurs between methylphenylarsine and perfluoro-
cyclobitene after one day at 203 and the reaction is only 30-50%
COmﬁlete after seventeen hours at 100°.
(CgHg)CHy AsH + EF=CFCF LF, — (CyHg)CH, asé= =CFCF ,LF, + HF

27 2
The reaction product, l—methylphenylarsinopentafluorocyclobutene,

b.p. lqho (15 mm), is fdentified by its ;9Fen.m.r. spectrum which
shows peaks at 27.5, '33.7 and 39.7 p.p.m. (relative intensity
1:2:2). This is in'agreement with the 19F n.m.r. spectrum of
(CH,),
(relative 1nten$ity 1:2:2

AsC= EFEF—EF which shows peaks at 28.9, 33.7 and 39.l p.p.m.
)100. The methylphenylarsino derivative
has a strong absorption in its infrared spectrum at 1659 cm
which is assigned to the double bond. This compares favourably
With a strong absoretioh at 1695 cm_.1 for l-dimethylarsihopenta-
fiuorocyclobuteneul.

At 100° the reaction of dimethylarsine with the noen-cyclic
fluoroolefin, hexafluoropropene, gives a quantttative yield of
the addition product, 2-H—2fd1methy1arsinohexaflﬁoropropane, b.p.
110° (739 mm). o

(CH3)2ASH + CF2=CFCF3-———+ (CH3)2AsCF2CFHCF3
The infrared spectrum of this reaction product shows no indication
of a double bond, Even upon'heating to 180° this 1:1 adduct was.

stable. The structure of the arsine is verified by its reaction
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with excess bromine to afford 2—H-l-bromohexafluoropfopane and
methyl bromide.

(2) Proposed Mechanlsms

Miller and coworker5101 postulated the following mechanism

for methoxy addition'to.fluoroethylenes.

_ rate . =
' CHBO * C‘Ck controlling .CH3oi9—Ct
F F H
V. D fast A -
CH_OH + CH,0-C-C- ====» CH,0-C-C- + CH.O
3 377 A 377N 3

A similar mechanism is favoured as the rate-determining step for

reaction of arsines with fluorocyclodlefins, e.g.

(CHy) pAsH + c1é=cc1cr 8F, — Cl é CIC (]ZF
2

(c H3)1As H

Thls could be followed by intramolecular As-H cleavage to form

3 2

the addition product, (CH AséClCClHCF éF followed by rap1d
elimination of hydrogen chloride. |

| N |
B)ZASC =CC1CF CF + HC1

Thus, the faster reaction of dlmeihylar51ne with perfluorocyclo-‘

(CH. )éAséClcciHCF &F ———> (CH

butene compared with l,2*dlchlqrotetraf1uorocyclobutene.can be
exﬁlained'byvindhgtiVe effects, the fluerine having greater elec-
tron withdrawing:pbwér.than.the chlorineband leaving the vinyllic
- Cafbpn more suscépfible to nucleophilic attack. Also thg rel-
atively_slow reaction of méthylphenylarsine\with perfluorocyclo-
butene can be explained by the decrease iﬁ_availability of the
:arsenic'lone pair due to the inductive and possible‘resonance
effects of the phenyl group, thus making methylphenylarsine a
weaker/ﬁucleobhile than dimethylarsine.

This«proposed‘mechanism iﬂVélvfng.addEtion followed by el-
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imination is analogous to the mechanism postuléted for the reac-

8L

tion of perfluorocyclobutene with aminesgu,>Grignard reagents ,

8
alcohols f and thiolsgz, e.g.

CF= CFCF2CF2 + RMgX —b [XMgéFCF (R)CF, éF —

CF= C(R)CFZCFZ + MgXF

However, although Park and Fontanelli favour addltion followed

" by elimination for the reaction of Grignard reagents with perfluer-

ocyclobutene, Park and cboworkerssé’89 have postulated a substitution
mechanism‘for the base catalyzed reaction of alcoehols with per-
\fluorocyclobutene eitherbby.direct'substitution(SN2)'at the vinylic
position or substitution at an allylic position followed by rear-

rangement.

ROH + CF=CFCF_CF 954&1. FC]

SCF, (RO)CFCF2CF =CF + NaF + HZ0
_____
(RO)CFCFECF =CF —» RO)C CFCF2CF2
Possibly the best corroboratlng evidence is the addition of a
second mole of thiol to the l-mercaptopentafluorocyclobutene to

give a 1 2—dimefCaptocyclobutane92

'RSH + RSC= CFCF2CF2 —_— RséHCF(SR)CF2CF2

This additien product decomposed on distillation to glve hydrogen
fluoride and the butene derivative.

RSCHCF (SR)CF ,CF , —— RSC= =C(SR)CF CF, + HF
The existence of any appreciable concentration of addition prod—
uct frem.the cyclobutene-arsine reactions does not occur as test-
ified by thé absence of any measupéblé CHF or CHCl proton in the
lH n.m.r. spectra of the respective cyclobutene-arsine ﬁixtures.
The reaction of alcoholslor, amineslo2 and th101592 with

non-cyclic fluorinated ethylenes gives the l:1 addition products,

e.g

C2 SSH + CFZCFCI'———* C HSSCF CFC1H

In this investigation the addition of dimethylarsine to hexafluor-
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opropene also only gives the 1:1 adduct and even after heating at»
180° for twenty-one hours there is no sign of hydrogen fluoride

or the - propene derivative. This is corroborated by thermo;
chemical data concérning the chlorination of fluoroSlefinsls. The
enthalpy of chlorination of perfluorocyclobutene is 20 kcal/mole
more than for pérfluoroethylene and IO.kcal/mole more than for

perflueropropene.

B. Group l! Hydrides
(1) Results‘

" The reaction of trimethyl—siiane, -germane, énd -tin hydride
.with,perfﬁuorocyclobutene'can bé represented-by“the following
equation. . o E . o .

)BMH + éFéCFCFgaFZ ——f+'(CH3)3M6FCFHCF2&F2

‘M = 5i, Ge, Sn

'(CHB
Thus perfluorocyclobutene and trimethylgermane give the addition
product,_l-H-ﬁeXafluoroCycdobutyl+2—trimethylgermane,b,p. 1189‘

(752 mm), in quantitative yield after three days at 2300.

.((;HB)Vl‘BGeH + @C—FEEFE _— (CH3)3.Ge6F¢,<CF5 HCF ,CF, .

The infrared épectrum of £his addition pfoduct»shows no - -absorp-
tion in the double bond fegion and shows strong.CF absorptions
~at 1398, 133h,v12u1'and 1185'cm_1g Thé structure is bCSt_ShOWﬁ,
by thé 1H n.m.r. spéétrumiwhfch shows two absorptions, a sirgle
.méthyl péak'at_-O;ZS p;p.m; and the methine multiplet at -5.01
pP.p.M. With JHF =55 cps and JHF': 22 cps, of relative intensity

, g , & _ ‘ o -
1;9.3._ The single methyl absorption;agd the methine multiplet
indicate‘that fhereai$ on1y’on; isﬁmer.present.' The comfigur-
afibnland"coﬁforma;ioﬁ of ih;s isqmer.and,its H n.m.r. spéctrum
are - discussed in detail on page 71. -

Table IV gives a list of the hexafluorocyclobutyl derivatives
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prepared in this investigation‘with the reaction conditipns under
Whiéh they were formed and their respéctive yields. Their boiling
points, pertinent 1H n.m.r. data and the infrared absorption bands
in the CF stretching region are also given. The similafity of
their spectra.is readily apparent.

The addition product from.the‘trimethylsi1ane-perfluorocyclo—
butene reaction could not be analyzed, being very sensitive to
air., . However molecufar.wéight measurements indicated purity of
the addition product and the iﬁfrared and:LH'n;m.T. spectra con-
rfihm'its-structure (see Table '1V).

‘ o TABLE 1V

DATA CONCERNING HEXAFLUOROBUTYL DERIVATIVES

Ch—Ch

 RyMCF—CFH

(1) Reaction Conditions of Formation, b.p., and some "M n.m.r. data

Compound  Rx. RX. ' Jyp J (ppm. )
Yield b.p. ;1.*.&-}1?@
‘R M Temp. Time (Cps) '~ methine

0]

L days ~60% 112° (756 mm) 22 52  -4.93
CH Ge 230° 3 days 1002 118° (752 mm) 22 55 -5.01

mCH3 Si 250

3 ,
CH3 ' Sn 20° L days  92% decomposes ° 22,5 55 -5. 10
C2H5 Sn 20° 60 days 3% ~decomposes - - =
(2) Infréred Spectra (Principal Absorptioens) '
a b a a,c
R,M CHB, Si ‘CH3f Ge _ CHB, S# | 'C2H5’ Sn
1398 s 1398 s 1390 s- 1390 s
1333 s 1334 s 1329 s 1330 s
1281 m 1282 m 1273 m 1275 m
1240 vs Lo 12l vs. - 1235 vs . . 1235 s
1177 vs . 1185 vs 1172 vs 1170 vs
1037.s .. - . 1035s .. .. 1018.s ° . .. 1020 s
1001 s © 1003 s : 999 s 1000 s
956 vs . 959 vs. 949 vs .. 950 vs

a Liquid film b Vapour ¢ Approximate (values taken from PE 137)
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The addition preduct from trimethyltin hydride and perfluoro-
cyclobutene is obtained in 92% yield after four days at 20° with
‘the remaining tin being present as trimethyltin fluoride. The

lH n.m.r.

structure of this 1l:1 adduct is again best shown by its
spectrum of a methyl absorption (singlet) at -0.28 p.p.m. and a
-multiplet at —S.IO'p.p.m. Table IV shows that the infrared spec-
trum is very simi}gr to its silicon and'gefmanium analogues. The
addition reaction is slow at 20° being épproximately 3% complete
after thirty minutes. The addition product is unstable at 200_
'.deéomﬁeéing.tovtrimethyltin flueride and l1-H-pentafluorocyclobut-
ene. The deCompgsition |

(CH )'.S'ﬁCFCFHC‘FZéF2 — + C¢H=CFCF_CF. + (CH,) ySnF

3 27 2 3

is about ué%/;omplete after ten days. The pentafluorocyclobutene
is identified~by its melecular weight (vapour and mass spectrom-
eter) énd infrared spectrum which showé.a-doublé bond abserption
at 5.94, C-H stretch at 3.1 x4 and =C-H out of plane bending at
11.74¢. The ébsence of 1,2,3,4,4-pentafluorocyclobut-1l-ene is

consistent with the results obtained for the dehydrofluorination

of 1,2,353,h,h-hexafluorocyclobutanelo3’lou,
e yre— \
ErncrrcF 6F, BN, Cr=chcr &F. + HF
2~ 2 ROH 272

The reaction of perfluorocyclebutene and triethyltiﬁ hydride
after two months at 26° gives only a 3% yield of the addition prod-
uct Which can be identified by its infrared speq}rum (see Table 1V).
The ;emaining tin is present as triethyltin fluoride. Thus, like
the'trimethyltin-ﬁerfluorocyclobutene adduct, the triethyltin ad-
duct is unstable with respect to eliminatien of tin fluoride.

The products from the reactions of Group IV hydrides with
l,2—dichiorotetrafluorocyClobutene vary considerably with var-

iations in the Group IV element. The slow reaction of trimethyl-
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silane with 1,2-dichlorotetrafluorocyclobutene still gives a
trace of unreacted trimethylsilane after twelve hours at 190°.
There are two major reaction products, l-chlorotetrafluo%oéyclo-
butény1-2—trimethylsilane (60%), b.p. 132O (762 mm), and chloro-
trimethylsilane (38%) and two minor products, hydrogen chloride

and l-H-2-chlorotetrafluorocyclobutene,.

(CHy) 3SiH + é91=CC1CF2C'3F2 — (C 3)381&601“_2_&2

. N -
+ HCl + (CH3)381C1 + CH=CCICFCF,

The butenyltrimethylsilane has a strong absorption in its infra-

red spectrum.at 1576 cm”

-which. is assigned to the double bond.
The infrared spectrum qf‘the fraction containing unreacted 1,2-
dichlorotetrafluorocyclobutene shows two absorptions in the double
-bond regiop, the one at 6.%/u being attributed to 1-H-2-chlorotet-
rafluorocyélobutene

The reaction between trimethylgermane and l,2-dichlorotetra-
-fluorocyclobutene gives a relatively large number of products.

The reaction is 20% complete after thirty-six hours at 1900. V.p.c.

v analysis'ofvthe reaCtion'products shows .the presehce of six ger-

?1 u »0. ?oul s. CFé—C% - | |

| (2 (1)t 2 1211
CCH),GeC=CH T eHGeC=CCl

- CE—CE CE~(
R (VA T
(CH3);Ge CH-CHCI (CH,);Ge CCI=CHCI

The ma jor component (36 mole %) is l-chlorotetrafluorocyclobut-

IT)

¢+

ényltrimethylgermane (III), b.p. 78° (50 mm) which is identified



62

by analysis, by its 1H n.m.r. spectrum of only one sharp peak at
-0.21 p.p.m. and by the strong double bond infrared absorption at

1576 c,m_l

which occurs at the same frequency as that of analogous
silane derivative. Chlorotrimethylgermane (1) (32 mole %) is the
second largesﬁ component.

The least volatile component (21%) is identified as 1,2-di-
chloro—3,3;h,u—tetraf1uérocyclobutyltrimethylgermane (VI), b.p.
86° (50 mm), by its Iq n.m.r. spectrum of a singlet at -0.49 p.p.m.
(-CHB),and'a septet at -L4.54 p.p.m. (relative intensity 1:9.2),
The 1H.-n.m‘.r. spectrum of this molecule is discussed in detail on
page 6h (see Figure 2).

Two minor peaks (3.5 and 7%) are identified as cis and trans
isemers of l-chloro-3,3,Lh,4-tetrafluerocycloebutyl-2-trimethylger-

mane (IV, V) by their 1H n.m.r. spectra. The 1

H n.m.r. spectrum
of the trans isomer, which was analyzed, shows a methyl absorp-
tion at -0.29 p.p.m. (sipélet) and unresolved multiplets at -2.57
and -4.56 p.p.m; (relative intensity 9.0:1.0:0.9) which are as-
signed to the methine absorptions. It is assigned fhe £3§Q§ con;
figuration because of the broadness of the methine multiplets, i.e.
JHHtrans>>JHHcis. Again the 1H n.,m,r. spectralof these isomers
are discussed in more detail on page 68. The H n.m.r. spectra
assigned to the cis isomer shows a methyl absorption at -0.31 ﬁpm.
and methine absorptions at -2.3 and -4.05 p.p.m. (relative inten-
sity 9.0:0.9:1.0).

The smallest componeﬁt (0.5%) is identified as 1-H-tetrafluor-
ocyclobuteny1—2—trimethflgermane'(II) by its infrared and 1H n.m.r.
spectra. Its infrared spectrum shows no double bond absofption,
however, 1-H-2-dimethylarsinotetrafluorocyclobutene shows only

-1 100

a weak abserptien at 1545 ¢m The strong te very 5trong
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C-F stretching absorptions in the}infrared spectrum of the germane
occur at 1333, 1261, 1168 and 1117 cm-l and are in very good ag-
reement with those of the arsine which occur at 1330, 1265, 1160
and lth‘cmfl. TheﬁlH n.m.r, spectrum of the germane shows a
methyl absorption at -0.33 p.p.m. and a methine absorption, a
triplet, at -6.79 p.p.m. (J = 9.5 cps). Tﬁis agrees with the lH
n.m.r. spectrum of the arsino derivative where the methine ab-
_sorption at -6.80 p.p.m. is also a triplet (J.= 10 cps )100
When trimethylgermane and l1,2-dichlorocyclobutene are heated
atv2300'f@r-three days, no trace of trimethylgermane remains. Hy-
drogenvchloride is recovered as a reactien product. V.p.c. anal-
ysis of the reaction products shows énly-five germanium compon-
ents with no trace of 1,2—dichlore-3,3,&,h—tetrafluorqcyclobut—
yltrimethylgermane (VI) and a nine-fold increase in the 1-H-tet-
rafluorocyclobutenyl-2—trimethylgermaﬁe (I1) (5 mole %).
Tﬂe reaction of triethyltin;hydfide with 1,2-dichlorotetra-

o
fluerocyclobutene and. 1,2-dichlorohexafluorocyclopentene at 100

gives quahtiﬁative yields of triethyltin chleride.

(CoHg) 4SnH +.Clé=CCI(CF2)n-———+ oHig) 4SnCL + ici= CH(CF2)
| n=2, 3

The volatile fraction from the cyclobutene reaction shows two ab-
sorptions in the double boend region of the infrared spectra which
are a331gned to the 1-H- cyclobutene and 1,2-dichlorocyclobutene.

(2) H N.M.R. Spectra

Roberts and coworkerslo5 have studied the'19F and 1H n.m.r.

spectra of 1,1-difluero-2,2-dichloro-3-phenyl-3-methylcycloebutane,

CF2CC1 C C6H5 bH and find that thé'two fluorine atoms are

inequivalent and that there are four very distinct vicinal H-F

coupling constants.  These results togethef’with those of other
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-worker5106’107

led Roberts to suggest that when a large substituent
is attached to one offthe carbon atoms of the cyclobutane ring

then the ring is locked in a non-planar'conformation. If it is
assumed that a cyclobutane ring is non?pianar then substltuents
would occupy at least partial "axial" or partial "equatorial™ pos-
-itions similar to those of'cyclohexané. Roberts and coworkerslo5
suggest that the degree of puckering ‘may be considerable since
iﬁe chemical shifts of the geminal fluorine atoms of 1,1-difluor-
dcyclqbutanes»differ by 7-15 p.p.m. which is to be compared with
-a-difference of 15.5 p.p.m. for 1,1-difluorocyclohexane when it
undefgoes-slowfring iﬁvebsion at '800',

| The:srmplest-lH n.m.r. speétrum obtained in the present in-
~vestigation is that of 1,2-dichloroe3,3,u’h_tetrafluorécyclobut-
.yfiriﬁethylgefmane (Figure 2). 1f the cyclobutane ring is puck-
ered this compound can have one of four structures, VII, VIII, IX

4

or X.
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VII and IX are almost certain.to pe favoured since the bulky tri-
methylgermyl group would be in an "equaterial" position. It will
be assumed in further discussions of the lH n.m.r. spectra of
other cyclebutanes prepared in this investigation thai the tri-
methyl-silyl-germyl and'-stannyl groups occupy “equatorial® pos-
itions. | | |

To distinguish between isomers VII and IX a quantitative study

106 was able to

of the coupling‘constants is necessary. Phillips
assign coupling constants for l-phenyl-3,3,4,h-tetrafluerocyclo-
-butane on a first-order basis since there is no measurable coup-
ling between the vicinal fluorines. Figurer2 gives an.assignment
of the coupling constants for l,2-dichloro—3,3,u,u—tétrafluoro-
cyclobutyltrimethylgermane on a first-order basis. The fact that
first-order assignments’correctly account for the spacings and
~intensities in the 1H n.m.r. spectrum ef thévgermane appears to
indicate that second erder effects are small.
The assigned vicinal "axial-axial" H-F coupling of 12 cps is
justified frem the assignment of 20.5 cps for the same coupling

105

in 1,1-diflueoro-2-dichlere-3-phenyl-3-methylcycloebutane and

electronegativity effects. Abraham and Cavalli108 have studied
extenéively the dependence of vicinal H-F coupling in ethanes
on the electronegativities of the remaining substituents and have

found.that'as the electronegativities of the substituents increase

the vicinal H-F coupling decreases,'e.g;

CHBCHF2 ' JHF(vicinal) = 20.8 cps
CHBCCIF2 JHF(Vicinal) = 15.0 cps
CH,CF4 Jup(vicinal) =  12.7 cps
CH201CF3" JHf(vicinal) = 8.41 cps
In view of these results the assigned value of JHF of 12 cps (Fig-

3



4 ppm 3

o
-

Figure 2: H _n.m.f. Spectrum of 1l,2~Dichlorotetrafluorocyclobutyltrimethylgermane
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ufé 2)'appears reasbﬁable.
Hall and Mansvil-lelo9 find that for fluorinated sugars the
vicinal "axial-axial™ H-F coupling is two to three times that of
vicinal "axial-equatorial™ H-F coupling. Thus Jyp., is assigned
‘a value of Y4 cps. The assigned value of the same goupling con-
stant for 1l,1-difluero-2,2-dichloro-3-phenyl-3-methylcyclobutane
105

. - X : : Ly 1
is 9.4 cps , and in view of Abraham's and Cavalli's 08 results

the decrease from 9.4 to I cps for J on going from the 1,1-di-

HF
fluerocycloebutane to the germane does.iot.appear_unreasonable.
The~8 cps'couplbhg.assigned to the "axial-axial"™ H-F coupling,
JHF s Seems te be reasonable in view of the value of 2.1 cps for
Maxial-axial® C?B-F coﬁpling in 1?1—diflu6no¥2,2-dichloro—3-phen-
y1—3—methylcyclobutanelos. |

The H—f COupliﬁg censtants for ViCinal."equétorial H -equator-
ial F" and 'equatorial H -axial F" conformatlons in 1,1-difluoro-
i2 2-dichloro- 3 phenyl 3- methylcyclobutane are 1. 8 and 13.7 cps
_ p_espect;_velylo5 Because of the- 1ncrease of the electronegat1v—
j;igs-oﬁ phe~subst1;gent§_these coupl;ngﬁconstants qogld be.ex;
pggtedipo'be‘of‘the‘érder of 1 and 8 cps for the germaniuh der-
ivative. If the germaniﬁm derivative is assigned structure IX
this would mean that JHFu and JHF ‘must be éSSignéa values of,lg
and L4 cps;whrch appears*to'bervery unreasonable. Thus on the
basis of the coupling constants 1,2—dichlor073,3,u,u—tetraf1uoroj
cyclobutyltr1methylgermane is assigned the ELQQE configuration.

The major isomer of l-chloro-3,3,4,4- tetrafluorocyclobutyl—

2-trimethylgermane is also assi%ned the trans configuration,
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The downfield proton at ;h,56 ﬁ}p{m. is'assigned.to,H@_since this
prcton.is expected to:be moremﬁeshielﬂed than_Hﬁc 'The resolution
of the 1H n.m.r., spectrum of the chlorocyclobutylgenmane is not
sufficient to measure coupling constents. However, the width of
the spectrum of Hﬁ allows for an approximate assignment of 8 cps
for'JH“ 6 if it is assumed that the remaining coupling constants
are approximately equal to the coupling constants assigned to the
1,2-dlchlorocyclobutylgermane (Figure 2). This coupling, JHmﬂs
8 cps, is the order expected for vicinalaxidl-axial®™ proton coup-

lln9110

ThefiH.n.m.r. spectra of . the moncchlorocyclobutylgermane iso-

mers show that there is ne l-chloro-3,3, u Ly~ tetrafluorocyclobutyl-
- 1- trimethylgermane formed since the difference in chemical shift
between. "axial" and."equatorial" geminal protons is expected to
-be of the order.of_O.S_p.p.m.;OS'whereas the measured difference
_1n'the pelevant‘spectra is approkimately 2 p.p.m.
The_configuration;of.the groﬁﬁ v hydridevpeffluorocyclo—

butene adducts is given below (see also Figures 3 and 4).

‘F1= S)Ge)Sh.

The assigned coupling consténts fer all three lil-adducts_are com-
piled innTable VQ The-;H.n;m,r. spectrum of all three adducts
.show ‘the efesence of only one isomer. Tﬁe.geminal coﬁpling con;
stants?;%ﬁi, are readily.aséigned from,resnlts obtained by other
workeré. .Hall and Mansville!99 find that geminal H-F coupling

inléome~fluorinated sugars (six-membered. saturated ring,systems),
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22.Scps o=
13,7
e
1.7 -1 17
S
| : I l MWM
5.5 5 . 45 ppm &

Figure 3: H Nem.T. Spectrum of l—H-Héxafluorbcyc1o_buty1.-2—trim.ethy1ger‘man‘e_



F~ " 75cps _ ' ‘ : -

55 cps

Figu’r“'é')_l.:_ H nemer. Spectrum of l-H~Hexafluorocyclobutyl-2-trimethyltin
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‘with remaining substituents of_éomparable eiectronégativity'to
that of the -CF,- and —CFM(CHB)B- groﬁps,_varies from 51.9 to
53.1 cps. 111

Clark and coworkers’ assign a value of 57 cps for
the geminal HF'cdupling,in 1,1,2,2—tetrafluor9ethyltrimethyltin,

2772
of 52 (silane), 55 (germane) and 55 cps (tin) are correct.

(CHB)BSnCF CF, H. These results indicate that the Jyp assignments

TABLE V=
"H-F COUPLING CONSTANTS OF THE 1:1 FLUOROCYCLOBUTENE-HYDRIDE ADDUCTSa

B a8
(CHY,M CX—CXH

f : . b
Cempound ‘Vicinalb Geminalb -Vicinalb Through l} bonds
‘M X JHE& jaﬁb Ax-Ax  Ax-Eq JAx-Ax  _Ax-Eq
si . F 22 52 - ~13 ~b 7 ~l1,

Ge ‘Fg - 22 .55 13.7 5.5 7.0 S W
~Ge C1°- - - 12 .o 8.0 €1
2 From H n.m.r. spectra
b eps
bc:Figure 3
-4 Figure
€ Figure 5

When

the ;H n.m.r. spectrum of 1,2-dichlero-3,3,4,-tetrafluoro-

cyclobutyltrimethylgermane is compared with that of the perfluoro-

cyclobutene-hydride adducts (Table V) it is readily seen.that the

_coupling*9f 22j22f5 cps. can be assigned to JHEx'

Hall and Mans-

vi11e!%? find that the viciha1¢“axial-akiél"’HF-coupling in fluor-

inated sugars vafies'frqm-23;h.to,25.uucps. - The vicinal "axlial-

equatorial™ H-F coupling is considerably less (8.0 to 11.7 cps).

~Thus_thegadduct5'are assigned the trans HE, configuration and the

"axial-axial"™ HF, conformation. The remaining coupling constants

of the perfluoroéyclobutene_adducts'are assigned in an analogous
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manner tovthe coupling constants-that were assigned to 1,2-di-
, chlorofB,3,4,hrtetraf1udrocyclobutyltrimethylgermane (Figure.2).

(3) Proposed Mechanisms
1

The H»n;m.r. spectra of the 1:1 pérfluorocycIOBUtene—hydride
adducts indi¢ate that they have a trans "axial-axial" H-F con-
figuration such as would be formed by cis addition of the tri-

vmethylrslléng, -germane aﬂd trimethyltin hydride across the double

bond. It appears on this basis that a four-centre mechanism is

most reasonable,with.a:tr&hsition state as follows:

F/( '\Fb M= Si, Ge, Sn
| | i
(CH), M ----H

A free radicél-mechanism could also account for the cis ad-
dition, viz,.
(a) (CH3 3IVIH + 6F CFCF. & : 3)31\/[ S+ dFHCFCF EFZ

(b) FHC.SFCF2 F2 + 3)3MH "——*’CFHCF(.( H3)3)CF2CF2 + Hf

In equation (b) (CHB)BB%{ would~at£ack the pseudo "equatorial"

position and the hydrogen would be in a pseudo "axial®™ position to
give a trans "axial-axial" H-F configuration. However, the rad-
ical mechanism does not eXplain the quantitaiive yvield of the ger-
 mane or tin derivétiVes (the latter subsequently slowly dec-
omposes after ferming) "since ‘it seéms that additional products
would be formed by the following reactions:
CFH-CFCF,CF, + CHB)BMH — WF + (CHy) jM-
o CH3)3M _— CH3)3MM CH3)3
(CH3)3M-
- The stability of the 1:1 perfluorocyclobutene-silane and

+ (CHy) M ——> (CHy))M - ete.
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-germane adducts at 250 and. 230° respectively agrees with the
results obtained by Haluska8 who found that heatihg to‘350.—600o
was necesSary te eliminate hydrogen flueride from 1-H-hexafluore-

cydlobuty1-2-dichloromebhylsiiane.

paN
- CHyS1(CI 6ECFHCF2CF2 = HF + CHS1(CLy)

The decompbslt1on of the 1:1 perfluorocyclobutene-tin adducts to

I
c=CFcé;EF2

tin fluorides is to be ekpected in view of the results of related
studies. Clark. and c'oworker,s12 obtained dimethyltin difluoride
from the reactions of trifluoroethylene and*l,2—difluoroethyléne
with dimethyltin dihydride. ‘ |

2
SnH + CFH=CFH —

(c) 3)25nH + CF
(d) (cC 3)2 |(cHy) 2sn@FHCFH2£}--CH =CHF + (CH,) ,SnF,

These workers obtained some eV1dence that the reactions proceed, as

—CFH-——»L.CH3)2SHCF CFHéaf—* CFH=CFH + (CHB)ZSnF2

indicated, by addition followed by elimination although the ad-
ditien products could noet. be isolated and conclusively identified.
They found,_héweVer,‘that‘the additigﬁ products, (CH3)2Sn(H)CF2CF2H
and (CH3)28n(CFECF2H)2’ ffom;the reaction of.tetrafluoroethylengb
Aand'dimethyltih dihydride are stable with respect to the eiim-
+dination of tin fluorides. -Thermochemicai data obtained by Swarts11
indicate that it requires approximately 10 kcal/mole more energy

to break a C-F bend in the —CFZ— group tﬁan the C-F bond in the
-CFH- groeup. Thus the stabi}lty of compounds such as (CHB)éSn—
(CFZCFzH)2 and (CH3)2SQ(H)Cf2CF2H and the instabilfty of (CH3)25n
(CFHCFHZ)é'and (CHé)ZSn(H)CFHCFH2 would be éxpeCted. . However the

instability of (CH3)2Sn(CF CFH,), to form tin fluoride and the

2 2'2

olefin, CFH=CFH, is unexpected. Clark. and coworkers12 do not com-
mitthemselves as to the direcﬁion of addition (the postulated in-
termediate (CH3)28n(CF2CFH2)2 is *the author's choeice based on
dipole moments), but regardless of whether the intermediate ad-

dition product is (CHaq),Sn(CFHCF,H)», or (CH,).Sn(CF.,CFH,), or
32 o) 3 oLEHo)

2
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whether an additien product is actually formed the reaction prod-
uct CFH=CFH and not CF2=CH2 (equation c) appears to have no ther-
-modyﬁamic basis.

. The dehydrochlorination of chlbroalkylsilanes has been ex-

114,115,116 __,

‘tensively inveétigatedllB. Bases such as quinoline
alyze this elimination. Substitution of alkyl groups fer chlorine
on the silane leads to a lower yield of the vinyl derivative, e.g.
CH,=CHC1 + HSiCl3 ———a»CH2=CHSiC13 (60%)
CH2=CHCI\+ HSiClz(CzHS) ———a»CH2=CHSiC1(C2H5) (27%)
The reaction of polyfluorodlefins containing chlerine has also
been.investigated. ‘The addition of trichlorosilane to trifluoro-
chloreethylene resulted in saturated as well as vinyl derivatives
HSiCl3 + CF,=CFCl — CF2HCC1FSiC13 + CFClHCF281C13 + CF2=CFSiCl3
These same reactants under different.conditionsvare reported to
glve no vinyl derivative as well as other proeduct var1at10ns9
C5§1H + CFCl= CFg-iL_» CHFCICF281C13 + SlClu + CHZFCF251C13
Although Haszeldlne and Young9 proposed.a chain of radical reac-
tions to account for CH2FCF281C13 and SlClh their presence can
also be explairied by an ellmlhatlon followed by an addltlon reac-
tion. |
CHFCICF281C13 —_— SiClu‘+ CHF=CF

Cl3SlH + CHFCF2 ———a-C1351CF2CF2H

However, somewhat anomalous results are reperted for 1,1,2-tri-

2

fluoro-2—chlofoethyl—l—trichlorosilane when it is heated to 250° 9.

.Flporotrichlerosilane and chloro-1,2-difluerocethylene are the
ma jor products.
CHFCICF,S1Cly —— CljSiF + CHF=CFC1

This appears to be inconsistent in view of the thermodynamic stab-

ility of the —CFZ— gl“oupg112 and the absenceiofSiF eliminated prod-
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ucts in the results“of bther workersllB.

On the basis of these previous investigd;ions'the reaction
of trimethylsilane with.l,Zfdlchlprotetrafluerocyélobutehe in
the present investigation is thought to be an e&dlflon followed
by competing eliminatien reactions. |

Hy) jSIH + GET—EEEE%"EF — (CH3 451EC1-CHCICF CF,
3)351¢c1CHc1CF LF, — (CH 3)3SiCL + EET:EEEF_&F
+ HC1 + slézEETEF_EF

The dehydrochlorlnation of chloroalkylgermanes in the pres-

ence of base or aluminum trichloride has been observed 7
HGeClB + CHCl—CHCl 80 ClCHgCHClGeCl3

CICH CHClGeCl —iﬁﬂl—* CH=CC1GeCl

| € '3 CofipN | 3 o

4Competing elimination products similar to some results obtained

-from'the-chloroalkyléllahes reactions described above has also
118 ’ '

been observed for chloroalkylgermanes .

ClCHECHZGeCI —-H——» GeClh + CHZ—CHGeCl3

It is also to- be noted that the formation of germanlum.tetraehlor—
ide in this reaction involves 1,2 elimination. No examples of
fluoroolefins reacting with germanes have been published at pres-
ent.’ ' _ | :

| The'prodﬁdt férmatlon.of £he 1 2—d1chlero£etraf1uorocyclo-
| butene trimethylgermane reactlon indicates the following reac-

tion scheme'

le) (CHy)yGeH+ éCl—CClCFZCFa (CH3) 3GeCEICCIHCF ACF,
(£) (CH3)3GeCCICHCICF CFp — (CH3)3GeC1 + €C1=CHCF ,LF,

(g) (cn3)36é501CH01CF26F2 — HC1 +.(CH3)3Geé—CC1CF26F2
'(h)'(CH3)3GeH,+.601=CHCF2&F2 —— (CH3) 3GeCHCHCICF ,CF
(1) (CH) 4GeCHCHCICFLF ) —— HCL -+ (CHy) 4GeC=CHCF LF

The complete absence”of‘thevorlginal,l:l adduct (equation (e))
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from.the thermal reaction at,23Oo and its presence in the thermal
réaction at 190° appear to indicate its fermation followéd by
decomposition according to (f) and (g). Egquations (h) aﬁd (i) are
merely repetitions of (e) and (g) to accoeunt fer the‘broduct fermL
ation. The";H;p.m.r,'reSults'(page 6ly) indicate that 1,2-di-
chloro—3,3,&,MQtetrafluorocyclobutyltrimethylgermane has a.trans
configuration which would invelve a cis additien of the germane
to the double bond. A four centre mechanism. accounts foer this
cis additien and is favoureﬁ-in,the present investigation. . The
apparent presence of both 913; and ngg§-isomefs fer 1l-chloro-
.3,3,u,h—tetrafluorecycIObutyl—Z-téimethylgermane'caninét be ex- .
-plained on the basis of a four-Cenﬁre mechanism. However, it is
pessible that é secondary.reactien betWeen.trimethylgermane and |
1,2-dichloro+3,3;u,h-£étfafluorocyclobutyitrfmethylgermane to
form the cis- and Ezggé—chiorocyclobutylgermane derivative without
the intermediate fdrmatiéﬁ of l-H*2-chlorotetrafluorocyclobutene

may occur.

(CH. ) .GeH +'(CH3)3GeéC1CHC1CF CF, ——>

2
CH ) GeCl + (CH )BGeCHCHCICF éF

3)3

By analogy with. the reactlons descrlbed above it appears
reasonable te assume that additioen followed. by elimination also
accounts for the formation of tin chlorides from the l1,2-dichlero-
cyclobutene and -pentene reactions with tin hydride. There are no
known examples of dehydrochlerinatien of 'Ehloroalkylfin comp-
ounds but the possible elimination of tin bromides from bromo-
fluoroalkyltin compounds has been reportedlz{

(C 3)2SnH + CFZCFBr — (C 3)3 (CH3)25nBr2 +”CFH?CF2
Although the additien products could not be isolated there.was

SnBr +

evidence suggesting their presence.
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" 'CHAPTER III
FLUORGACETYLENES
INTRODUCTION
The fldoroacetylénes, l,1,1-trifluerepropyne and hexafluero-
but-2-yne were first prepared abou£ fifteen years ago;. the butyne
by dechlorination of 2,3-dich1orohexafluorobut-2—ene with zinc119

CF CC1=CC1CF3 + Zn Egﬁgaﬁ*jCFBC:CCF3 + ZnCl2

3
and the pr§pyne by the dehydrohalogeﬁation of 1,1,1-trifluoro-3-~
halopropenelzo. The butyne is now cbmmercially available and the
propyne 1s more ceonveniently prepared from the commercially avail-
able‘l,l,l-trifluorotriéhloreprobene as followsl

CF,CC1=CCl, + Zn —__.>_c')r3czc2r;01 or (CF4C=C),2n CF3CzCH

3
Haszeldine122 studied the additioh of.ﬁydrogeﬁ halides to

—
Hy0

hexafluerobut-2-yne and 1,1,1-trifluoropropyne.  Addition te 1,1,1-
trifluoroproepyne was found to be anti Markovnikov.

_ CFBCECH,+ HX —— CF ;CH=CXH

Investigation of the reactions of Group VI coempounds with these

fluorcacetylenes has been mainly restricted to alcohols. Has-

zeldine122 added methane and ethanol in the presence of the reé—

pective alkoxides to hexafluerobut-2-yne and 1l,1,l-trifluocreprop-

yne. RO™ : '
CFBC:—‘CCFB + ROH —=— CFBC(OR)=CHCF
RO~

CFBCECH + ROH ———» CFBCH=CHOR

Chaney123 obtained beth the mone- and diadducts frem.the additioen

3

of ethanol and glyoxal to hexafluoroﬁﬁt—Z—yne.' There are two ex-
amples of the reaction of sulphur or sulphur compounds to the

butyne. Krespan and coworkerslzu reacted hot sulphur vapour and
hexaflueroebut-2-yne and obtained as one of the products a disul-

phide group across the triple bond.
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CF3C CCF3 + S-——~+'CF3C— CF )=~ S- -5

~The- other reported example is the x—ray catalyzed addltlon of hy-

drogen sulphide to hexafluorobut 2-yne to.give the mono- adduct125
By ‘comparison, studies of the_reactions,of hexafluorobut-2-

-yne-with.Group V compounds have been relatively numerous.. Has-

122
zeldine reacted secondary amines with 1,1,1l-trifluoropropyne
i

and hexafluorobut-2-yhe and obtained the monoadducts.

CF,C=CCF, + (C H NH —— CF_CH=C(CF_)N(C_H
3CFCCR3 + (G, 3OHECICRINICHS) 5
‘ 112£3C=CH + 2 5 NH ———4-CF3CH=CHN ZHS)
Krespan reacted the butyne with red phosphorus at 200° in the

presence of iodine and obtained a cycllc olefinic compound.

'P'C,c%\
. CF3C§CCF3 + P —> Il ‘

| PSVC “CHR 13

-The monoadduct, 2, 3 bis(diphenylphosphino)hexafluorobut -2-ene was

ebtained when tetraphenyldiphosphlne and hexafluorobut 2- yne were‘

heated-to.130o 126. The butyne adds to diphenylphosphine at. 20

-te give the monoadduct126
(CgHg) oPH + CF, 3

_ o C;CCFB'——b (06H5)2P(‘CF3)C=CHCF,
Cullen and.Hota found that a reaction.between tetramethyldiar-
sine and5hexafluorobut-Z-yne~oécurs rapidly and quantitatively
at room:temperaturg. '
| (CHy) pAs-As(CH) 5 + CF4CECCF3 ——» (CHy) pASC(CF3) =CCR)ASCH,)
 The butyhe does not react with tetrakis(trifluoromethyl)diarsine
even whéﬁ heated to.100°.

- A .number of secoﬁdary”arsines have been reacted with hexa-
fluorobut-2-yne by Cullen»andrcéworkers}gé, :Dimethylarsine and

the butyne react immediately on mixing to give 2-dimetnyiarsin0h

1,1,1,4,4,-hexafluorobut-2-ene, phenylmethylarsine adds slowly to
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the butyne at 20°, and bis(trifluoromethyl)arsine requires heating

to give the arsinobutene.

' 200°
+ CF,CaCCF, —— =
(CF )ZAsH 3 aCC 3 3)2As CFB)C C(CFB)H
Dimethylarsine reacts readily with 1,1,1- trlfluoropropyne to give
an isomeric mixture of buteneleé.
(CH3)2AsH + HCzCCF3 — (CHB)ZASC(CF3)=CH2 + (CH3)2ASCH=CHCI°:3

Upon ultfaviolet irradiation or heating hexafluorobut-z—yne will
add to chlorodimethylarsine but little or no reaction occurs with
various other chlo’roarsines127
(CHS)zAsCT +: CF 4C2CCF; ——> (CH,) ,ASC(CF 1)=CCICF
(C6H5)2ASC1 + CFBC§CCF3 ———» no reaction
The reaction between hexafluorobut-2-yne and transition metal
edmpounds, in particular transition metal carbqnyls, has been
investigated by two groups of workers, Wilkﬂéon and coworkerslz&129
reacted the butyne with a number of transition metal carbonyls
and transition metal carbonyl eyclopentadienyl compounds and ob-

tained a variety of products, e.g.

CF3céccp3‘+ <i;:}--wm(co) — _\
' 3

ca. CR,

Fe (CO)

found that hexafluorobut-Z—yne will add

2-CF3§:ECCF3 + Fe(co)S —_

i Stene and coworkerslBO’16
to'ﬁanéaneae'pentadarbbnyl hydride and rhenium pentacarbonyl hy-
drlde to give the respective butenes.
(CO)5MH + CF3C CCF3 ——e (CO)SMC (CF ) =CHCF
M = Mn Re

3

In the following experimental and discu351on sections the
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reaction of hexafluorobut-2-yne and 1,1,1-trifluoropropyne iwith

some Group IV and Group V organometallic compounds is described.



EXPERIMENTAL
The general experimental technique and apparatus has been
.previeusly described in Chapter I, page 6.

A. Group 1V Hydrides

(1) Starting Materials
Hexafluorobut-2—yne was purchased from Peninsular Chemresearch,
and its purity was checked by its infrared spectrum. The 1,1,1-

trifluorepropyne was a gift from coworker M. Woollends.

- (a) Triethylgermane—-Bromotriethyléermane was prepared by
heating tetraethflgermehe (0.1 mole excess) and bromine at 100°"
for one day. After removal df3the volatile material the result-
ing brdmotriethylgermane and tetraethylgermane mixture was used
for the preparation ef triethylgermane.’ This'mixture‘was dis-.
solved in 1M hydrobromic acid and reduced by sodium borohydrideuu.
The work-up necessitated repeated extractions with diethyllether
and then drying over calcium chioride for two days. Triethylger-
mane was purified py distillation, b.p. 120-125° (lit. value 12~
125°) (12% yield) and its purity was checked by its infrared spec-
tI‘Lim.‘ »

(b) Tin Hydrides--The preparation of trimethyltin hydride has

been previously described in Chapter I, page 1}. Triethyltin hy -
dride was similarly prepared in diethy!l ‘ether and purified by
trap-to-trap distillation and its purity checked by its infrared .
spectrum. Dibutyltin dihydride was also similarly'prepared from
the corresponding dichloride in diethyl etheri The solvent was
distilled off and the remaining liquid was taken as dibutyltin
dihydride. Tributyliin hydride was prepared by the addition of
ammonium chloride to e'solution.of-tributyltin sodium in liquid

131

ammonia Tributyltin chloride was added to sodium—liquid am-
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monia solutien for the preparationvof’tributyltin sodium. Tri-
butyltin hydridé was purified by distillation, b.p. ?50 (2 mm)
(1it. value 65-67° (0.6 mm))? and its purity checked'by its in-
fréred spectrum. “ |

(2) Reactions with Fluoroacetylenes

(a) Reactien of Trimethylsilane and Excess Hexafluoerobut-2-yne

—FTriméthylsilane_(2.l g) and hexafluérobut-2-yne (11.1 g) were
irradiated with ultraviolet lighttfor‘ll days. Unreacted butyne
(T.MSHQ) which went.through.a_--96O trap was recovered. The main
product, 1,1;1,l4,h,kL-hexafluorobutenyltrimethylsilane (5.1 g, 73%),
b.p. 97#980 (754 mm), which went through a -23° trap and condensed
in a -96° trap (Found: C, 35.3; H, L.2; F, h7}9 %. Calc. for |

CoH)oFSi 'c,'35;6; H, 4.2; F, 4L8.3 %). Infrared spectrum (liquid
film): 2995 w, 2912 w, 1421 w, 1354 s; 1300 m, 1257 vs, 1141 vs,
ou8 m, 883>m, 8u9_S, 771 m, 693 m, 659 W, 6ulim cm_l. N.m.r. spec-
tra: theilH n.m. r. spectrum showed a broad methylvabsorption at
0.10 p. p m. and an oleflnlc proton absorptlon at -6.38 p.p.m. as
a quartet of quartets (J 8 8 and 2. 5 cps) of relative 1nten51ty
179.0 (Calc. 1:9.0). |

A —23o fraction (2.0 g) had 7 componentélaccording to v.p.c.

analysis (5' Ucoen Polar at 110%). The-main component, approx--
imétely'65% by weight, was collected and identified as a hexa-
fluorobutenebis(triﬁethylsilane),_b;p. ?90'(38‘mm) (Found:__é,
38.7; H, 6.5; F, 36.9 %; mol. wt. (camphor), 307. Calc. for
C,oH 2OF651 ' C, 38.7; H, 6.5; F, 36.8 %; mol. wt., 310). Infra-'
red spectrum (liquid film):'v2988 m, 2920 m, 1423 m, 1367 s, 133Sim,
1285 s, .1259 s, 1239 m, 1181 w (sh), 1165 w (sh), 1146 s, 1071 s,

The Sn-H infrared abserptions and the boiling goints of some
tin hydrides are tabulated in a recent review! '



83

1028 m, 886 m, 84ly s, 777 m, 762 w, 74l m, 693 h cm-l. N.m.r. spec-
trat the lH n.m.r. spectrum showed a broad methyl absorption at
0.10 p.p.m. and a methine multiplet at -1.66 p.p.m. of relative
intensity 1:8.8‘(Ca1c. 1:9.0). The 19g n.m.r. spectrum showed
doublets at -21.8 p.p.h. (J = 13 cps) and -23.6.p.p.m. (J = 12 cps)

of equal intensity.

(b) Reaction of Excess Trimethylsilane with HeXafluorobup—Z—yne
--The silane (3.5 g)Aand the butyne (2.1 g) were irradiated for 11
dayg. Unreacted trimethy}silane'(Z.l g) which went through a -78°
trap was recovered. The moenoadduct, 1,l,i,h,h,u-hexafluorobut-
.enYltrimé%hylsilane (1.4 g); and the diaaduct‘(2.0 g) were prod-
uced and identified 5& their infrared spectra.

A second experiment of excess trimethylsilane (7}76vg) and
hexafluerobut-2-yne (L4.06 g) produced the.monoaddugt (3.52 g) and
the diadduct (2.02 g) after 7 dayslirradiétion'with'ultravioiet
light. |

(c) Reaction of Trimetﬁylsilane and the Monoadduct—-Trimeth-

ylsilane 3 55 g) and 1,1, 1 Su,l, u hexafluorobutenyltr1methyl51lane
(1.85 g) were irradiated for ll»days. ‘Unreacted. trlmethy151lane
(3.5 g) ‘and monoaddgct (1.65 g) Wefe;recovered. S@me‘dladduct
(0.25 g)AWas‘produced-and identified by its infrared'speétrum.

(d) Thermal Reaction of Trimethylsilane and Excess Hexafluoro-
but-2-yne--

Trimethylsilane (O.82'g) and the butyne (6.26 g)‘were heaﬁed at
’235? for 7 hours. 'Uﬁreacted butyne (L.06 g) which went through a
—789 trap-wés recevered . Thenmonoadduct (1. 73 g) was produced

as 1dent1f1ed by its infrared and H n.m.r. spectra. N.m.r. specr.;

1

/ .
tra: the "H n;m.r,'Spectnum showed methyl absorptions at 0.16 and
0.10 p.p.m. (rélatibe intensity 1:15.6) and olefinic proton mul- .

tiplets at -5}72p.p.m. (J'= 8.3 and <€ 0.6 cps) and -6.32 p.p.m.
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(J = 8,6 and 2.5 cps).

A -23°‘fracti0ﬁb(1.29 g) was found tovcontain ninelcompon—
ents by v.p.c. analysis (10' silicone at 18005. Nene of these
was identified.

(e) Thermal Reaction of Excess Trimethylsilane and Hexafluoro-
but- 2-yne-- .

Trimethylsilane (5. 70 g) and the butyne (2.77 g) Were heated at
235° for 7 hours. An unidentified fraction (0.1 g) which con-
-teined C-F bands and which went through a —96o,trap was produced.
A -96° fractien (4. 16 g) which went through a —?8-0 trap was found
to contain a mlxture of tetramethy1311ane and tr1methy151lane ﬁid—'
entified by 1nfrared and H n.m.r. spectra) along with a small am-
-ount of impurity{ The‘mixture was analyzed quaﬁtitatively by ¥H
A.m.r. to contain trimethylsilane (2.2 g),and tetramethylsilane -
A(fTB"g). The butenyltrimethylsilane (gi§:££§g§, 1:10 by 1"H_n.m.r.
analysis) (2;9u_g)ywas recovered in a e780 trap and identified by
its infrared ehdllH n.m.r. spectra. The diéddUct, the butenebis-
trimethylsilane (1.27 g), was also produced. The diadduct was
heated aﬁl2350 for. 7 hours and was recovered guantitatively afﬁer
this period of heating. | . |

(f) Thermal Reaction of Trimethylsilane and Trans-1,1, l S, b, k-
Hexafluorobutenyltrlmethy131lane-— v

Trimethy151lane (3.34 g) and the buteny131lane (3.02 g) were heated
at 235°'f0r 7 houre. Unreacted £rimethylsilane (3.34 g) was re;
covered. The recovered monoaddﬁct (2.95 g) was in a cis-trans
ratio of 1:6.1 from 'H n.m.r. analysis. |

The cis 33323 ratio of the monoadduct was unchanged after
3 days of ultrav1olet 1rrad1at10n with or without the presence of
either tr1methy1511ane or hexafluorobut—2—yne. After l days heat-

ing at 2350 a cis-trans ratio of 1:6 of the moneadduct was unchanged.



.'85

Similarly after 20 hours at 235°'the transﬂmonoadduct from the
ultraviolet reaction was less than 15% converted to the cis-isomer.

(g) Reaction of Triethylgermane and Hexafluorobut-2-yne--Tri-

étnylgermane (1.2 g)vaﬁd the butyne (4.1 g) were irradiated for
one week. Unreacted heXafluorobﬁtyne (2.8 g) was the only vol-
atile fraction. The involéfile fraction (2.4 g) was distilled
to give l,1;l,u,u,u—hexafluorobutenyltriethylgermane, b;p; 82°
(26 mm) (Found: C, 37.8; H, 4.7 %. Célc. for CloHiéGeFéz cC,
37.2; H, 5.0 %). Infrared spectrum (liquid film): 2930 m, 1466 w,
1435 w; 1383 w, 1369 w, 1341 s, 1293 m, 125?.vs, 1142 vs, 1020 w (sh),
1010 m, 973 w, 880 w, 850 w, 720.w, 706 m cm™ Y. N.m.r. spectra?. |
the 'y n.m.r. spectrum showed a peak at 40.87 pP.p.m. (-C2H§) and
multiplets at -5.82 p.p.m. (quartet, J =8 and L1 cps) and -6.59
p.p.m. (J = 8.0 and 2.5 cps). The relative intensity of‘the ethyl
peak to the downfield peaks is 1f15;9v(Calc. 1:15.0) and the rel-
ative intensity of the two downfield multiplets is 1:11.

After heating this isomeric mixture of the butenylgermane
for L5 hours at é20°'there was little or no change in the isomef

distributien although considerable decomposition had occurred.

(h) Reaction of Trimethyltin Hydride and Hexafluorobut-2-yne

—-Trimeihyltin hydride (2.9 g) and the butyﬁe (6.9 g) gave an ex-
othermic feaction immediately on mixing. Unreacted butyne (u.l'g)
which went through a -78o trap was recovered. The reaction prod¥
uct (5.9 g) which condensed in a —780 trap was identified.as the
known cempound, 1,1,1,h4,l4,j-hexafluorobutenyltrimethyltin, b.p.
tho (751 mm), by means of its infrared and Iy n.h,r. spectra

(see also (2)(&) page ). N.m.r. spectra: the lH n.m.r.‘spec-‘
trum showed a peak at -0.15 p.p.m. (—CHj) and a multiplet at -6.57

p.p.m. (J = 7.5 and 2.3 cps) of relative intensity 1:8.8 (Calc.
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1:9.0), and alse ‘showed that only one isomer was present.

(1) Reaction of Triethyltin Hydride and Hexafluorobut 2-yne--

Triethyltin hydride (5.7 ¢) and the butyne 8.25 g) gave an im-
mediate éxothermic reaction on mixing. Unreacted butyne (3.3 g)
was recovered. The remaining fraction (10.3 g) was identified as
1,1,1,u,h,u—hexafluorQbutenyltriethyltin, b.p. 860 (Qh mm) (Found:
'c, 32.5; H, L4.0; Sn, 32.0; F, 30.9 %. Calc. for C;yH,¢FgSn: C,
32.5; H, 4.3; Sn, 32.2; F, 30.9 %). Infrared spectrum (liquid
£ilm): 2930'm, 2900 w (sh), 2860 w (sh), 2820 w (sh), 1469 m,
145k m, 1382 m, 1368 w (sh), 1352 w, 1326 s, 1290 m, 1253 vs,
1190 w (sh), 1137:vs, 1005 m, 961 m, 8L8 m, 717 w, 675 m ¢m
N.m.r. spectra: the lH n.m.r. spectrum showed peaks at -1.01 and
-1.05 p,p.m. 2 5) and a multiplet at -6.61 p.p.m.. (J ='7.5_and
2.4 cps). The relative intensity of the ethyl absorption to the
| muliiplet_is 1:1L (Calc. 1:15). | |

The cis-trans iéomer rét;@ is 1:50 frem v.p.c. analysis (5'
Ucon Polar at 150 ).

(3) Reactlon of Tr1buty1t1n Hydr1de and Hexafluorobut 24yie--

Tributyltin hydrlde (7:1 g) "and the butyne (8.85 g) gave a v1g—
brous exothermic reaction immediately on mixing. Unreacted but-
yne (5.0 g) was recovered. The involatile fractionv(ll.o g)VWas
identified as»l,l,l,u,u,u—hexafluor@butenyltrimethyltin;.b.p. 72O
(}0—3 mm) (Found: C, ué.O;rH, 6.3; Sn, 26.4;- F, 25.7 %; mol. wt.,
238. Calc. for C, H,gF,Sn: C, W42o.4; H, 6.2; Sn, 26.2; F, 25.2 %;
mol. wt., 253) . ‘Infrared spectrum (liquid film): -2982 s, 2917 s,
2870 m, 1470 m, 1426 w, 1382 m, 1356 w;.1330 s,. 1295 m, 1255 vs,
1ihly vs, 1075 m, 1048 w, 1024 w, 1001 w, 962 w, 881 m, 850 h, 717 W,
674 m, 636 m cm_l. N.m.r. spectra: the lH n.m.r. spectrum showed

19

a multiplet at -6.60 p.p.m. (J = 7.5 and 2.3 cps) and the 'F n.m.r.
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spéctrum_showed a peak at -10.9 p.p.m. and a broad double£ at -11.3
p.p.m. (J~7 cps). |

The gié-igggE isomer ratio is 1112 from v.p.c. analysis (5'
Ucon Polar at 10505. |

(k) Reaction of Dibutyltin Dihydride and Hexafluorobut-2-yne--

‘The d;hydridé (3.1 g) and hexafluorébutyne (16.8 g) reacted im-
mediately'on mixing. Unreacted‘butYne (13.7 g) was recovered as
the only volatile fractiéﬁ. "The involatile fraction (6.2 g)
gave a white éoljd oﬁ standing indicating the presence of impur-
ity in the bis(l,l,1,u,u,uehexaflﬁéfobutenyl)dibutyltin, b.p. 63°
(10'_3 mm).‘ An analytical sample was obtalned by v.p.c. (5' Ucon
Polar at 160°) (Feund: C, 34.2; H, 3.3; Sn, 20.3; F, L40.5 %. |
Calc. for c16H20F1u5n: C, 3Lh.4; H, 3.6 Sn{ 21.2; F, 40.8 %);
Infrared spectrum (liquid film): 2981 m, 2915 m, 2875 m, 1u68_m;
thS w, 1382 m, 1358 w, 1329 s, 1295 m; 1255 vs, 1139'vs,‘1078 m,
1048 w, 1025 w, 998 w, 960 w, 920 w, 883 m, 718 w, 670 m cm -l
N.m.r. spectra. th H n.m.r spectrum shows a downfleld ole-
finic proton at -6.6L p.p.m. {J = 7 and ~ 1.5 cps).: The rel-“
ativé intensity of thisvmultiplet to the upfield butyl peaks is
1:9.4 (Calc. 1:9.0). " |

(1) Reaction.of Tr1methy1t1n Hydride and Excess- 1, 1,1- Trl—
fluoropropyne --

Trimethyltin hydride (5.75 g) and the propyﬁé (L.65 g) were left .
at 20° for one day. Unreacted propyne (2.35 g) which went through
a —960 trap was recovered. Unreacted trimethyltin hydride (1.7 g)
o - o
which went through a -L46 trap condensed in a -96 trap. The
monoadduct; l,1,1-trifluoropropenyltrimethyltin (3.9 g), b.p. 1290
o
(756 mm), condensed in a -46 trap (Found: C, 27.6; H, 4.2 %.

Calc. for C,H .F C, 27.8; H, 4.3 %). Infrared spectrum (liquid

6"11" 3" |
film): 3005 w, 2932 w, 1619 w, 1356 w, 1313 m, 1278 vs, 1215 s,
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1203 m (sh), 1183'w, 1151 Q (sh), 1117 vs, 985 m, 968 Qw,'838 W,

771 s, 719 w, 689 w en !, F.m.r. sﬁectra: the 1H n.m.r. spec-
 trum (Figure S)Aéh0wed-metnyl_absorption at 0.00 and -O;OS\p.p.m.
and'two'discerﬁible doanield'olef;n.prthn paﬁteths; thé trans
‘i§®@¢f showed absqrptiqns‘gt 45,82 (Hﬂ) and -6;81‘p.p.m. (He) with
JﬁH - ig.é_cps, JHﬁéFB(Qeminal) = 5,3‘cps; and JHdCF3(ViCiﬁal)>=

1.9 cps; the ise isomer shewed absorptions at -5.48 and -6.18 p.p.m:
Wig?'JHH = 1.5 gngHCFB_% 2.3 and <1 cps. The relative intensity °
of the methy!l absorptions to the downfield olefini; absorptions

is 4.6:1 (Calc. L.5:1). The isomer distribution by " n.m.r.

- spectrum of the ménoadduct did-not change aftér'distiilation, Al-
though three different éolumﬁs‘were ﬁsed; th Ucon Polar; 10' sil-
icone, and'lOf_Apiezon J, the'isomers could not be separated by
V.p.C. | _ _
| An involatile fraction (2.h‘g), b.p. 108° (29 mm), analyzed
as‘phe diadduct, 1,1,1—trifluoro-3,3;bis(trimethyltin)propane»
(Found:. 'C;v25.u; H, 4.6 %. Calc. for C9H21F38n2 ' C,.25.5; H, 5.0%).
Infrared spectrum (liquid film): 3000 m, 2930 m, 1447 m, 1385_w,

1362 m, 1311 m, 1279 w,‘lzsq’s, 1213 s, 1193 w (sh), 1133 s, 1110 m,
1078 s, 1050 w, 1022 m, 893 m, 828 m, 812 w, 761 s, 714 m, 677 w cm'%
N.m.r. spectra: the 1H n.m.r..spéctrpm showed a peak at -0.20 p.p.m.
(—CHB) and a multiplet at ;2.58 p.p.m. (-CH,) (J = 8.0 and 10.5 cps).
The relative intensity of fhe'methyiene'absérptiOn te the methyl
~absdrption was 1:10 (Calc. 1:9). - |

(m) Reaction of Excess Trimethyltin Hydride and 1,1,1- Trl—
fluoropropyne——

Trimethyltin hydride (2.0 g) and trifluorepropyne (1.05 g) were
left at 20° for Ly days. Unreacted acetylene (0.5 g) and unreac-
ted.triﬁethyltin hydride (Q.u g) were recovered. 'The moneadduct

(1.1 g) and the diadduct (1.0 g) were produced'aﬁd identified by
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"their infrared spectfa.

(n) Reaction of Trimethyltin Hydrlde and 1,1,1- Trlfluor@—
prqpenyltrlmethxjtln--u‘

‘The hydr;de:(2.2 g) and the monoédﬁucﬁ (1.6 Q) Were left at\20®
~ for 2 days. The monoadduct (1.6 g), 8% cis isomer by’lH n.m,f.
analysig;—énd'trimethyitin hydride.(2.0 g) were reéovered.v An
invelatile fraction (O 2 g) showed bnly‘Qeak C-F absorptions in
the 1nfrared spectrum | | : |

(o) Reactlon of Dlmetnylamlne and l 1,1- Trlfluoropropyne-- .

Dimeﬂhylamlne‘(l 2 g) and the, propyne (6.0 g) gave a vigorous
exothermic reaction immediately on’ m1x1ng ' Unreacted'pfbpyne
M.L g) which went through'a'—Qé trap was recoveréd.” A ;96o
'fractfén'(Z.l g) which could not be further-separatéd waé ident-
ified aS‘the'l:l'addddt, b.p5“118o‘(759‘mm)'(qund: "C, 43.0; H,
5.7 F, L41.05;"N, 10.3 %. ‘Calc. for CSHS 3 C, 43.2; H, 5;@;.F,
41.0; N, 10.1 %). Infrared spectrum (liquid film): 2915 m, 2820 w,
1736 w, 1660 ys,‘1u88 W, luu7*m;';362»s, 1307 s, 1258 s, 1229_5,
1154 vw (sh), 1102 w, 1076 vs;_géo s, 888:s, 845 m, 739 m, 678 s
cm-l. N.m,rl;épectra:“ the 1H n.m’r. spectrum showed a peak at’
-2.29 p.p;m;’(#CHB)'and multiplets of'qual'intensity at*=3,66 and
-6.17 p;p;m.*(JﬁH HCF3
relative iﬁtensity'of:the“olefinic multiplets to the methy1 aij

13.0 cps and-J, = 6,5 and 1.5 cps);" The'
sorption is 173 (Calc. 1:3).

.An'involatile fraction (0.9 g) which remained in the Carius
tube had phe'same.genéral infrared spectrum as the decomposition
produét_from the distillation of the 1:1 adduct--the recovery of
the 1:1 adduct waé“approximately_25% upon distillation.

B. Metal-Metal Bonds

(1) Starting Materials

(a) Hexaethyldigermane--Bromotriethylgermane and sedium were
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heated at 290" in a Carius tube for one day . Distillation of

the inveolatile quuid-gave a 35% yield of hexaethyldigermane, b.p{
80° (0.5 mm) (1it. vaiue 69-72° (0.1 mm))'34,

(b) Heiamethylditin-—Tetramethyltin was prepareﬁ by adding
stanniCmchlofide to an excess of methylmagnesium iodide in di-n-
butyl ether, stéhnic.bromide Wasipfepared'by'dropping ahéarbon

135

tetrachloride-bromine.solution onte finely divided tin °°, and

~

tfiméthyltin.brbﬁidé was pré§argd by fhe"additibn of tetramethyl-
tfn.(3 molés)‘to.stanniC”brdmide (lvmole)136. 'The'trimethyltin
bromide Qas added tO'a*sodium‘liquid_ammoﬁia solutien and the
'résulting:hexéméthyiditin was purified’ by distillatien;’b.p, 1220
(132 mm) (lit. vélué‘182o (756 mm)137'énd its purity checked by
its infrared spectfum.

Hexabutyldipin was purchased‘from Columbia Organic Cﬁemicals
andfﬁts purity checked by microahalysis (Foundt 'C, U49.5; H,EQ,};
Sn, M0.0'%;:'Calc. for CéuHSuSnzz Cc, 49.7; H, 9.3; Sn, 40.9 %).

“The tetrakis(Lrifluor@methyl)diérsine was a gift from W. R.

Cullen.

-

(2) Reactioné-with'Hexafluofobu€}2—yne

(a)\Hexamethylditin-—The‘ditih_(S.E'g) and the butyne (8.0 g)

were immiSCiﬁre at’ 20°. Heating at lOOO‘for 2 dayS‘fésulted in'
considerable teaction W?ﬁh”unréaCted butyne: (6.5 g)'being.feéov—
ered."Thé*remgining“liqdid3ShOWed'dnly”Weék”ClF:abSSrﬁtiéns_id'
_thevinfrafed'spectrum. The'remaining solid in the Carius tube
was’ extracted with ether ‘and recrystallized from acetic acid. The
~solid was fdentified'asftrimethyltiﬁ fluoride (0.5 9) by its inQ
frared spectrum and,X—réy péWder’photegraph;'

When the ditin cempound (6.2 g) and the acetylefie (6:1 g) were

irradiated with ultraviolet light for 2 days one ligquid phase was
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produced. Unreacted hexafluorobut-Z-yne (3.0 g) was fecovered.
The involatile colourless ligquid residue'(9}3’g) distilled at
10#3 mﬁ with some decomposition. A-fraction Boiling atk29—300
_(_10‘-3 mm) was identified as hexamethylditin. A fraetien boiling
at‘SBO.(lO-B mm) was identified as the expected 1:1 adduct hexa-
fluoro-2,3- bls(trlmethylstannyl)but 2-ene (Found: C, 2h.7; H, 3.8;
F, 23.0; Sn, 48.4 %. Calc. for C10H18F68n2: C, 24.5; H, 3.7; F,
23.3; Sn, L48.5 %). Infrared spectrum {(liquid film): 2960 m, 2885 m,
1685 m, 1308 w, 1261 m, "1235 vs, 1185 m, 1130 vs, 1015 m, 847 w,
767 s;-692 w, 642 m-cmfl. N.m.r. spectfé: the 1H n.m.r. spectrum
of a 25% solution in acetone showed a broad absofptidn'aL -0.34
p-P.m. (J~0.8 cps). The 9% n.m.r. spectrum showed only one
broad peak at -21.8 p.p.m. | o

Qualitative base hydroly31s of the 1:1 adduct (70o'for u'déys)
gave only a trace of a mixture of cis-: and nggg 1,1, 1 ,Lsli, h-hexa-
fluorebutene of known infrared spectrum. A sample of the 1:1 ad-
duct was heated atflSQ for 18 hours. The decomp051t19n_prod—
ucte'were worked up‘by'trép—tdftfap.dispiilatieh;” A —780 frac-
tion (0.35 g) which went througﬁjai-u6o_trap contaiﬁed mostly tet-
ramethyltin as identified byjiteimolecuiar‘weight of 181 (Calc:
,179) and its v.p.c. retention time (Apiezen J at lOOO; (CH3)uSn,
17 min. 50 sec.; eample; 17 min;fSS‘see.).f,V.p.C. analysis of a
-U46° fraction .(1.25 g) (Apiezon J at lZOQ)'shqwed 5 coemponents.
The first eomponent was an unideneified fluorocarboﬁ,taﬁd the
third component, the main“decemposftﬁon'ﬁroduct (~1.0 g), was
identified as 1,1,1,4,4,4-hexafluorobutenyltrimethyltin (Found:

C, 25.8; H, 3.0; Sn, 36.0; F, 35.1 %. Calc. for C Fesn: C,

7H10
25.7; H, 3.1; Sn, 36.3; F, 34.9 %). Infrared spectrum (liquid
film): 2990 w, 2900 w, 1731 vw, 1L17 w, 1392 vw, 1351 vw, 1328 s,

C e L )
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1291 m, 1255 vs, 1227 vw (sh), 1210 vw (sh), 1200 vw (sh), 1140 vs,
. . -1 ‘ ) ,
919 vw, 879 m, 849 m, 782 s, 728 w, 634 s cm .

(b) Hexabutylditin--The ditin (11.5 g) and the butyne (15.0 g)

were irradiated with ultraviolet light for 5 days. The volatile
fraction (13.4 g) contained a number of fluorocarbons and was
not further separated. 'The_involatile_fraction (12.L4 g) was

distilled at 1073

mmAénd'gaVe a small amount of material which
came oVep at 61f63o and Was‘identified as bis(1,1,1,4,4,-hexa~
fluofobutehyi)di—n-butyltin (Found:' "C, 34.0; H, 3.4; F, Ll.4 %.
Calc. for CjgHpgF pSn: C, 3l4.l4s H, 3.6; F, 0.8 %). A large por-
tion of the remaining involatiles distilled at 70-100° (107> mm).
The infrared.speCtra of various cuts showed a steady increase in
C-H intensity and a decrease in'C—F'intensity-With'decreasing vol-
atility. The infrared spectra were somewhat similar to the tin
hydridé—hexafluorobut-2—yne adducts. |
In a second experiment after irradiation‘for 28 hours dist-
illation of the involatiles at 10_3 mm resulted in the'fcrmétion'
of tributyltin fluoride in the still pot.  The fluoride was ident-
ified by comparisoﬁ of i'ts melting point with thaﬁ.of an authentic
sample prepared from tributyltin chloride and an aqueous solution
of potassium fluoride. . A fraction which boiled at 63-65° (1072 mm)
was analyzed byvv;p.c.'(UCOn'Polar at luO?) and foudd‘to contain
9 compenents. The main_componént, the last peak (SO% by weight),
had a downfield‘Quartet (J~8 cps) at -5.88 p.p.m. in its lH n.m.r.
.spectrum. The infrared spectrum of this cempenent wés almost id-
entical with that of the reaction product obtained from dibutyl-
tin dihydride ahd'héxafluorobut-2—yne with a slight difference
in the CF region and»the appeérance of two weak:bands'at,5.77 and

6.10 L. The 4 n.m.r: spectrum of the. first u;éomponents also

showed the presencé of downfield prbtons as guartets (J~8 cps).
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(c) Tetrakis(trifluorémethyl)diarsine-—The diarsine (1.4 g)

and hexafLuorobup—Z-yne (1,7 éj were irradiated for L days and the
l:lradduct, 2,3;b£s(bisrrifluoromethylarsino)hexafluorobut~2—eﬁe
(0;6 g) was obtained (Found: C, 16.4; F, 58.0; As, 25.7 %. Calc.
for CgAs,F g: ' C, 16.3; F,.58.2;~As, 25.5 %). Infrared spectrum’
liquid film): 1329 w, 1314 w, 1253 vs, 1191 s, 1173 vs, 115l vs,
1132 s, 1120 vs, 1070 vs, 870 w, 808 w, 731 s, 711 w, 657 m cm -
On measurihg the vapour pressure of the eompqund as a func-

tion of temperature the following data were obtained for the

arsinobutene:

TOK P cm log p % X lOB(DK !
297 - 0.30 ” -0.52. 3.37

311 0.758 -0.12 : 3.21
- 325 1.529 © o +0.18 3.08

339 2.789 +0. 40 2.95

353 5.280 +0.72 ' 2.83

360 6.922 - +0.8L 2.78

A linear plot of log-b-against % was obtained for this narrow
range. Thié was used to give |

b.p. = 156° % 2o

'Lv = 10.3 t 0. S kcal/mole

Trouten's const. = 2u - 1, 5 e.u.
ISome decomposition was taking‘place on the mercury surface at
higher temperatures, thus only a narrow range of pressures.were
recorded. | ) |

Qualitative base hydrolysis of the adduct at 100° gave only

trans-1, 1 1 u L,h-hexafluorobut- 2 ene.

(d) Hexaethyld;germane——The digermane (2.4 g) and hexafluero-

but-2-yne (7.6 g) were irradiated for 2 days. Unreacted butyne
(7.6 g) was recovered. The remaining liquid showed no C-F ab-

sorptions in the infrared.



oL

- DISCUSSIOCN

A. Group 1V Hydrides
(1) Results

‘The reaction of hexafluerobut-2-yne with tin hydrides to
give the hexafluorobutenyltin compounds can be represented by the
géheral equation
-%nH + CFBCECCF3-———» —S:nC(CF3)=CHCF3
The addition occurs spontaneously and quantitatively below room
temperature. Thus hexafluorobut-2-yne adds to trimethyltin hy-
dride to give 1,l,1,u,h,héhexafluorobﬁtenyltrimethyltin,'b.p. 12uo'
(751 mm). The product is best identified by its‘lH n;ﬁ.r. spec-
trqm of two sets of peéks,*the methyl absorption, a sihgieﬂiaf —0;15
p.p.m., and an olefinic proton at -6.57 p.p.m. (relativé ihtensity
1:8.8). 1Its 1H n.m.r. s$pectrum also shows that only the trans-iso-
mer is presént.' The quartet of quartets at -6.57 p.p.m.,’with
coupling constants 2.3 and 7.5 cps arises because of the trans

configuratioen; 7.5 cps is the geminal CF_-H coupling and 2.3 cps

3
is the vicinal cis CFB-H coupling. These assignments follow from
the results of previous‘investigations. Wilford and‘StOne16 for
(CO)SReC(CF3)=CHCF3 assign coupling of 9.1 cps for geminallCFB—H
and 2;S'cps for vicinal cis CF3-H. Cullen126 feund that for di-
methylarsino—l,l,1,u;u,u-hexafluorobuténe the geminal_CthH'coup-
ling for both cis- and trans-isomers is 8.3 cps aﬁd that the vic-
inal CF3-H coupling for the trans- and cis-isomers is 2 and <1 cps
respectively. 1In all cases of butyne addition to Group'lvxhydrides
to give the hexaflﬁofobutenyl derivatives the nggg—isomeripre?
dominates.’ Table VI lists the products obtained in this invest-

1 . .
igatien and gives the pertinent H n.m.r. data, the isemer dist-

ribution and the beiling points of these hexafluorebuteny! compounds,
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The isomer distributien was anaiyzed either by v-p C. . er by 1H
"'n.m.r. spectroscopy. In the latter case the trans-isomer is dist-

inguished from the cis-isomer by the relatlvely large vicinal CF3—H

coupling.
TABLE VI
DATA CONCERNING HEXAFLUOROBUTENYL . DERIVATIVES
CF, CF, cr? JB\.“H
\:C:C/ J C_C/ /\\T’
/ \ ' \\
J \ / / y, |
X Vo~~H* X CFY
(cps) (cps) |
X &y 3, SN Jy  Trans b.p.
(CH,) 451 5.72 8 £0.6 -6.38 8.8 2.5 100> 98°(754 mm)
(CoHg)jGe  -5.82 8.0 €1 -6.59 8.0 2.5 927" 82°(26 mm)
CoHg) 450 - - - -6.61 7.5 2.5  98%° 86°( 2l mm)
(n-CyHg)sSn - - - =660 7.5 2.3 9275 72°(1073mm)
(n-CyHg),sn® - - - -6.6L 7 1.5 - 63°(10 m)
G - - - -6.57 7.5 2.3 1002 12L°(751 mm)
(CH) As™®® 5.8 8.3 < 650 8.3 2.0  8ex”
g Chemical shift of olefin proton.
, Iy n.m.r. determination
‘ g V. p.C. determlnatlon

Some characteristic absorptions fer the hexafluerobutenyl
derivatives which are-attributed to C-F‘stfetching modes and an
olefinic C-H deformation mode are given in Table Vii. fThe sim-
ilafity of‘tﬁe spectra is readily apparent. Bellamyl38 gives a
fange of 790-840 cm_1 for the strong CH out-of-plane deformatien
band in the infrared spectrum. Hewever in the spectra of the

hexafluorobutenyl derivatives there are only very weak absorptions

in this region‘(790-8u0 cm_l); consequently, the‘medium absorption
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-at 849-850 cm_l is assigbed‘to the CH out-of-plane deformation
vibration. Strong'absorptions,fn the 1000-1400 cm“l region are
characteristic of fluoerocarboen derivatives and can be assigned to
~C-F strétching vibrationslB. An interesting observation is that
these trans hexafluorobutenyl derivatives do not give a double
bond -abserption in the infrared spectra. This appears to indicate
that the dipele moment of the C-H bend is the same as that of the
M-C (M = Si, Ge, Sn) bond and thét the electronegativities of Si,
Ge and Sn are almost identical. The electronegativities of these
th;ee elements has been calculated te be very similar in a number
»of‘investigationsl39.

TABLE VII
SOME CHARACTERISTIC INFRARED ABSORPTIONS OF

THE 1,1,1,L,l4,4-HEXAFLUOROBUTENYL DERIVATIVES °
XC(CF ;) =CHCF ,

X | .~ C-F stretching
(CH3)351 135) s ;1300 m 1257 vs 1141 vs ;?
(C Hg) 4Ge 1341 s 1293 m 1257 vs 1142 vs 850 m°©
(CHj) 35n 1328 s 1291 m 1255 vs 1lhO”ys 849 m©
(CoHg) 450 1328 s 1292 m 1255 vs 1139 vs 850 m°©
(C)Hy) 55n 1330 s 1295 m 1255 vs 1143 vs 850 m*©
(Cqu)gsnd' 1329 s 1295 m 1255 vs 1139.vs 850 m©

. L§quié £ilm. o | . 1

Hidden by (CH.)_.Si recking absorption at 849 cm
3'%6HH(5C22?%(Ci ?=8§EFO§ plane deformation.
9’2 3 3’2

A reaction between tr}ethylgermaﬁe and hexafluorobut-2-yne
does not occur in the dark avtr2Oo but gives the 1:1 adduct, 1,1,1,
h,4,h-hexafluorebutenyltriethylgermane, b.p. 82° (26 mm), upon

ultraviolet irradiatien. The«product‘is identified by its infrared
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spectrum (Table VII) and its lH n.m.r, spectrum (Table VI). The

reaction of trimethylsilane and-hexafluerobut-2-yne under the

influence of ultravieolet light afferds both the i:l adduct, 1,1,1,
" L,h4,h-hexafluorobutenyltrimethylsilane, b.p. 980 (754 mm), and

the 1:2 adduct, 1,l,i,u,u;u-hexafluorobutene-2,3—bis(trimethyl—

silane), b.p. 790 (38 mm).

3

3 3)CH(CF3)Si(CH3)3

The 1:1 adduct is identified by its infrared spectrum (Table VII)

. I, NN
(CH3)381H +»CF3C=CCT3 (CH3)351C(CF3)—CHCF

+ (CH3) SICH(CF
and its»lH n.m.r; spectrum (Table VI). The 1:2 adduct is ident-
ified by its 1H n.m.f. spectrum of a broad methy! absorption at

~0.10 p.p.m. and a multiplbfvaﬂ‘-l.éé p.p.m. (relative intensity |
9.Q:1), and by'its 19f n.ﬁ;r. spectrum of broad doublets of equal
intensity at -21.8 p.p.m. (J = 13 cps) and -23.6 p.p.m. (J = 12

~cps). The 19

F n.m.r. spectrum can be explained on the basis of a
- 1:1 mixture of the meso- and racemic d,1 iscmers of the following

structures.

Si

meso - d, 1

The coupling of 12 and 13 cps can be aSsigned to the geminal CF3~H

3;CF3 and

CF_-H couplings. The two skew conformations. shown above would

3

coupling and the broadening assigned to the vicinal CF



probably be the highest populated conformations ef each structure
because of steric consideratiéns. If the diadduct were the un-
symmetrical 2, 2-bis(trimethylsilyl)butane, ((CH3)381)2C(CF3)CHZCﬁy
then the 19F n.m.r. spectra would consist of a bread singlet and
a triplet. This is not found.

The ratio of the lgl adduct, 1,1,1,4,h,h4-hexafluorobutenyl-
trimethylsilahe, to‘the 1:2 adduct in the product can be varied
by varying the ratio of the reactants as shown in Table VIII. It
is readily seen that the ratio of the 1:1 adduet‘to the 1:2 adduct
decreases as the ratio of'trimethylsilane to butyne increases. To
check if the diadduct forms by the addition of butyne to the 1l:1
adduct a mixture of the two reactants were irradiated. It is
found that additien of trimethylsilane te the 1:1 adduct gives
only a low yield_of the diadduct (Table VIII). _

(CHy) gSiH + (CH,) 3S1C(CF4)=CHCF i’)“)_.

3
0 [ ;
The addition of trimethylsilane to hexafluorobut-2-yne to

CH Si(CF,)CH
(CHy) 351 (CF3)CH| 5
give the mono- and diadduct also occurs upon heating. The results
of this reaction are also tabulated in Table VIII.
TABLE VIII
FORMATION OF 1:1 AND 1:2 TRIMETHYLSILANE-BUTYNE ADDUCTS

(1) Reaction of Trimethylsilane and Hexafluorobut-2-yne

millimoles reactént reaction - millimoles product _

(CH3)3SiH CFBCECCF3 .conditions 1:1 adduct(cis:trans)a 1:2 adduct
28 69 B (11 days) 21.6 (0:1) .2
L7 13 " ‘ 5.9 (0:1) 6.5
105 25 o L 15.0 (0:1) - 6.5
11 39 235 (7 hr.) , 7.3 (1:15) -
N 17 1" 12.5 (1:10) h.l

(2) Reaction of Trimethylsilane and the 1:1 Adduct

(CH3) SiH 1:1 adduct
h8p ?;9 (trans);ABV (llldays) 7.0 (0:1) 0.8
L5 12.8 (trans) '235° (7 hr.) 12.5 (1:6) -

a
1H n.m.r. analysis.
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The reaction of exces§lbutyne with trimethylsilane gives a frac-
tien of low volatility which contains nine components (v.p.c.
analysis) and its infrared'gﬁéétrﬁﬁ indicates that little or no
'diadductjis formed. EXCéss-trimethylsilang and the butyne when
heated to 235° give a 26% yielé_pf 1:1 adduct, an 18% yield of
diadductland‘a Lu% yield of tetramethylsilane.

3)=CHCF3

+ (CH3)uSi?+ ((CH3)3SiC(CF3)H)

SiH + CF.CZCCF

A .
(053)3 3 —_— (CH3)351C(CF

3

_ 2
In view of the high yield of'tetramethylsflane and the low yield

of the diaddﬁcﬁ it was thought that the diadduct might slewly dec-
1§ompose at 2359.' However, after Seven.hours at 2350-the diadduct
is quan£itative1yvrecovered.‘»The 1:1 adduct from the'irradiated‘
reacpioﬁs is 100% trans-isomer whereas the 1:1 adduct from the
thérmal reactiens has a gig—isoméf.coﬁcentration which varies frem
6 to 1L%. ”

Although ne measurabie additien of trimethylsilane to the
trans 1:1 adduct occurs after seven hours at 235o it is found

that the cis-isomer concentratioen increases to 14%.

kjé\ . H CENASE
cu),SiH /c:c\ — =
CHAS ~er o CH)S . § i
| =N e |

+(CH3)3_S;H’ -+ -/C:C\‘ |
(CH3‘>3S( CF3
However, if the ngﬂg 1:1 adduct s heated aloné;hthen conversion
to the giE—iéémer;doesbnot occur. -The 1:1 adduct is also unaf-
fected by ultravielet light evén in the presence of trimethy!l-
silane or hexafluorqbut-2—yne.d'

It was originally thought that because of the polarity of the
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tin hydride bend (Sn-H) and the polarity of the acetylenic carbon
hydregen bend (CEC—;) that the reactibn of 1,1,1-trifluoropropyne
with trimethyltin hydride might'produce hydrogen and the propyn-
yltinyderivative, (CH3)35nC CCFB, but this does not occur. The
reactien between trimethyltin hydride and ‘the propyne at 20° is
similar to the trimethylsilane-hexafluerobut-2-yne reaction des-
cribed above in that both 1:1 and 1:2 adducts are produced.

(CH

) ,SnH + HC=CCF ————b-(CHB)BSnCH=CHCF3
CHCH CF

3 3
3)BSnC(CF3)=CH2 + ((CH3)3 n) oCF 5

+ (CH
The 1:1 adduct is identified by its 'H n.m.r. spectrum of

3

methyl absorptions at -0.05 and 0.00 p.p.m., four downfield quart-
ets, two centred at -5.82 p.p.m. and two centred at -6.81 p.p.m.,
which are éssigned to the trans-isomer, and a doublet at -5.48
p.p.m. and two quartets at -6.18 p.p.m. which arévassigned te the
ise-isomer. The relative intensity of thé downfield absorptions
to the methyl abserptiens is 2:9.2. Figure 5 shows the 1H n.m.r.
spectrum and -the assignments of the chemical shifts and coupling
constants for the trans- and iso-isomers. It appears that ther
rémaining downfield olefinic peaks may be assigned to the Qig—
isomer if JHH is of the same order as the chemical shift”between
these protons. This situation would give large second erder ef-
fects. On the basis of the lH n.m.r. spectrum the 1:1 adduct an-
alyzes to be 65% trans-, 13% cis- and 22% iso-iseomer. This isomer
distribution does not measuréhly alter after distillation of the
1:1 adduct.

Figure 6- gives the 1H n.m.r. spectrum of the 1:1 dimethylar-
sine-1,1,1-trifluoropropyne adductsl26. A comparison of Figure 5
with Figure 6 shows the similarity of the spectra of the resp-

ective trans-isomers. The H-H coupling constant of the iso-arsine
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isomer is negligible whereas that of the iso—tiﬂ:isomer is 1.5 cps
but beyond this the similarity of the respective iso-isomers is
readily apparent,

The 1:2 adduct, ((CH3)3SH)2CHCH26F3’ is identified by its 1H
-n.m.r. spectrum of one methyl absorption at -0.20 p.p.m. and a
methylene abserption at -2.58 p.p.m. consisting of two quartets

with vicinal H-H couplihg of 8.0 cps and geminal CF_-H coupling

_ 3
of IQ.S'cps. The rélative‘intensity of the methylene abserption
to the methyl absorption is 1:10. The meth}ne absorption is prob-
ably obscurred by the tin methyl sih@’bands‘since it would be ex-
pected to be at higher field than thé methylene absoerption. The

SnCH(CF ) would be ex-

3 3 373’

pected to show two methyl absorptions and the methylene absorp-

l1,2-trimethyltin adduct, (CH3) )CH2Sn(CH

tion would be expected to show two quartets with J H“‘B cps and

H
JCFBana cps.
The ratio of monoadduct to diadduct varies with the trimethyl-
tin hydride—propyne ratie as indicated in Table IX. |

| TABLE IX

REACTION OF TRIMETHYLTIN HYDRIDE AND 1,1, 1-TRIFLUOROPROPYNE

millimoles reactants reaction millimoles products
" ratioe ratio

(CH3)BSHH CFBCECH conditions 1:1 adduct 1:2 adduct
35 19 1:1.4 20°(1 day) 15 5.7 2.6:1
12 11 1:0.9 20°(}4 days) h.2 2.l 1.8:1

The diadduct is not produced when trimethyltin hydride and the
1:1 adduct are left for two days at 20° although the cis-isomer

concentration of the 1:1 adduct decreases from 13 to 8%.

(CH3)3 N Cg H ,CH (C Hz)s Sn Ch
C=C] - 02 e Sl T Neme!
H/ Ny +(CH3>3SHH >(CH5)3Sn/ " ( 3)3 n H/C' C\ .
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- The isomer distribution of the 1:1 adduct from the reaction .
of dimethylamine and 1,1,1-trifluoropropyne ié strikingly differ-
ent from the isomer distribution of the 1:1 adduct obtained from
the reaction of the same acetylene with dimethylarsine or tri-
methyltin hydride, The 1:1 adduct, 3-dimethylamino-1,1,1-tri-
fluoropropene, b.p. 118° (759 mm), is obtained in 57% yield from
the reaction of the amine and the propyne.
| CFBCECH + (CH3)2NH ———-"CF3CH@=CP{XN(CH3)2
This 1:1 adduct can be assigned the trans configuration from a
comparison of its‘lH n.m.r. spectrum with Figure 6. Two quartets
at -6.17 p.p.m. with Jyyg = 13 cps and Jop g = 1.5 cps can be as-
signed t§ Hy and the overlapping quartets at -3.66 p.p.m. with
Jep.y = 6.5 cps can be assigned to'Hﬁ. The relative intensity of
the olefinic protons to the methyl peak is 1:3. 1Its infrared spec-
trum shows strong bands at 960 and 1307 Cmi which can be assigned
to the trans —HC:CH-."out-of—plane" and ™n-plane™ bending vib-.

33

rations respectivelyl The‘lH n.m.r. spectrum shows no signs

of any other isomer. The Ezggg—1—diméthylamino—3,3,3-trif1uoro—
.propene‘is unstable to distillation (760 mm); although fhe isomer
‘distribution in the undecomposed distillate remains unchanged._'

(2) Proposed Mechanism of Hydride-Fluoroacetylene Reactions

(a) Tin Hydridesf—Fultonluo found that tin hydrides add trans
to phenylacetylene_io give the cis-isomer which rearranges on |

warming to the more stable.trahs-isomer.
- _ LN~
(cus)san + HCECCHy o————> c=2C

N
(CH), A CeHs

H

\ /C‘ Hs
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The presence of any iso-isomer was not observed by Fulten. The

reaction‘of trimethyltin hydride and methylacetylene is reported

to give all three isomers, trans-, cis- and isopropenyltrimethyl-
tin in a ratio of 68:28:u1u1.

(CHq) 3SnH + HCZCCHy — (CHy) 3SnCH=CHCH, + (CH,) 3SnC(CH;)=CH,

3 3
In the present investigation the reaction of tin hydrides with hexa-
fluorobut-2-yne produces almost completely trans-isomer (Table VI).
A four-centre mechanism, as shown, would not account for predom-
inance of the trans-isomer. -
C ‘ CF3CE%ECCF3
RySnH + CF,C2CCFy — v
3 - R_Sn~--1
| 3
The speed of this reaction is also against such a mechanism since
the orientation necessary for a four-centre addition is not ex-
pected to allow a-reaction to be complete within seconds.
There appear to be two reasonable mechanisms involving either
hydride nucleophilic attack or tin electrophilic attack on the
acetylene. A general rule of trans nucleophilic addition to al-

12 143

kynes has been postuiated Burnelle has also calculated
that a trans distertion of the alkyne is to be expected on the
approach of an electrophile, thus leading_té,&zggE electrophilic -
additions. Thefépeéd of the tin hydride-hexafluorobut-2-yne reac-
tion in which the acetyleﬁe carbon atoms have the highly electron
withdrawing -CF3 groups attached, and the slowness of the tin hy-
dride-methylacetylene reaction which is only 30% complete after

141

eighteen hours at 100° indicate nucleophilic attack. Has-

12 '
zeldine 2 found that hexafluorebut-2-yne is very susceptible to
nucleophilic attack but requires catalysts to react with electro-

philic reagents.

The reaction of 1,1,1-trifluoropropyne and trimethyltin hydride
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is 80% complete after four days at 20° and gives predominantly
the trans 1l:1 adduct. The major product can be explained by the
follewing four-centre addition. |

| CF.C==CH CF M
C=CH + (CHy) ySnH —0 307 Ne=c

3 SO
H Sn(CH3)3

However, an alternate mechanism to account for trans-1,1,1-tri-

CF3

fluoropropenyl-3—trimethy1tin invelves trans nucleophilic addition
to give the cis-isomer followed by isomerization. 'FultonluO des-
cribes the trimethyltin hydride catalyzed isomerization of Eli‘g‘
styryltrimethyltin te the trans-isomer. In the present invest-
igation tﬁere was tin hydride remaining in the propyne-trimethyl-
tin hydride reaction consequently a similar result might be ant-
'icipafed, Indeed it is found trimethyltin hydride does catalyze
the isomerizatioﬁ of Eig-l,l,l-trifluoropropenyl—3—triméthyltin

to the nggg—iSOmer.\ Haszgldine;22 found that both electrophilic
and nucleophilic reageﬁts add‘reaaily to 1,1,1-trifluoropropyne;
electrophiles attack at the central carbon and nucleophiles attack
at the terminal acetylenic carbon. On this basis electrophilic
attack by the tin atom of trimethyltin hydride and nucleophilic

attack by the hydride group on trimethyltin hydride would give

the iso-isemer, viz. _ H .
. ) B AN (5;_ /H
nucleophilic attack: (: L = —_— /}:__C:
=CE , 3 H = \
CF,C=CH + (CH,),SnH —— . |
"3 3’3 L\Sn (VHS)B Cf’3 H N

. ‘ L
/ 9 H ) oo + (CH, ), Sn
‘\CHB)’ SnxL]l"' C-:C e 33 QC—_—C/ + H
2 L NI » N
CF, H CF, “H
electrophilic attack:
CF3CECH + (CHB)BSHH —_— 3 C_—__C\H s | \C:C\ + I__I

(CH,)

33
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Cho . CR
Se=cl o+ (CHYLS

AN
CH)S  OH

c=C
In both the reaction schemes described above a second trimethyltin

\F4 -1 33

(C Fg)gqn/

hydfide molecule might not be involved, the reaction mechanism
prbbably.beiﬁg more concerted than is indicated. Cullen and Daw-
sonl.6 observed that the reaction of 1l,1,1-trifluoropropyne and
Qimethylarsihé gives a 30% yield of the iso-isemer, the remaining
1:1 adduct (70%) being a mixture of éig— and trans-3-dimethylar-
:sino—l,i,lJtrifluorépropene. -Since the mechanism of fermatioen of
the 1:1 arsine—éropyne adduct probably invelves nucleophilic at-
tack by the‘arsenic.lone pair it appears_that nucleophilic attack

can occur at the central carboen atom of l,1,l-trifluoropropyne.

| . CF
(CHy) yASH + CF,CZCH — e= c
' : (CH ) AsH “H
/&
o) Az CtC\H —— (CH,) ,ASC(CF,)=CH,  (iso isomer, 30%)

s.a\H

Thus, from the arsine- propyne results a similar nucleophilic at-

tack would explaln the formatlon of trans-1,1,1-trifluorepropenyl-

trimethyltin.
(CH,),SnH + CF_CzCH —— C C\H _
3°3 3 (CHq) 2SnfH
) 3'3
CF e CF ,Sn(CH,)
Bocl,  |——  e=c] 3’3

H C> H H
CH
Ysn ( 3)3J

The reaction of 1,1,I1l-trifluoropropyne and trimethyltin hy-
dride also gives a considerable yield of the diadduct, 1,1,1-tri-

fluoro—3,3—bis(trimethylstannyl)propane. Since the tin hydride

does not add to the 1:1 adduct at 20° in the dark it seems that
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the mechanism to form the diadduct is concerted. If the postul-
rated intermediate for the formatioen of the 1l:1 adduct, CF3CH=6H,

has a finite lifetime then it seems probable that a second tri-

methyltin hydride molecule could be attacked.

-
CHISCH,).
- S - (I i
CF.CH=CH - 4 ©
250 +(CH.LSH CRCH=CH
B uff(CHil\% | i B )
=i 33
&
- | CRCH,~ C\%—!.)‘SH(CFLJ CF;CH CHSN(CH,),),
tSalCH.), 1 N

Hasze_ldine122 obtained seme 2,2-dialkoxybutane from the base cat-
alyzed reaction of hexafluorebut-2-yne and alcohols at 0° and ob-
served that a second mole of alcohol does not add to the mono-
alkoxybutene under the same conditions, |

(b) Silanes and Germanes--The ultravielet initiated reactions

of trimethylsilane and triethylgermane with hexafluerobut-2-yne
also afford the 1:1 adduct of predominantly trans configuration
(Table VI).: This might be expected since acetylene is trans bent
in its first singlet excited stételu3. However, a rather bewild-
eriﬁg point is that above 3000 K there does not appear to be any
ultraviolet absorptien by hexafluorobut-2-yne. Nevertheless in
thick-walled Pyrex tubes, which de not transmit any significant
amount of light below 3000 E, the reactions do proceed upon ir-
radiatioen to give the 1:1 trans addition products. Assuming that
the butyne does absorb some radiation to give a singlet excited
state it seems probable that onAcollision the excited butyne could
fall to a lewer lying triplet state and combine with a trimethyl-

silane or triethylgermane molecule to give a radical intermédiate.
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e Y _ *
CF3C:CCF3 EL—*'CFBC:CCFB <:E%
~N

oL
v —

CF,C=CCF
3 3

—— |

+ (CH3)331H —

L0
CH)SHy ~CR
This intermediate could then form the 1l:1 adduct by intramolecular
or intermolecular proton abstraction,
In the thermal reaction of trimethylsilane and hexafluorobut-
2-yne, since trimethylsilane catalyzes the isomerization of the
~trans 1:1 adduct to the cis-isomer, the isomer distribution of the
l:l adduct changés with the concentration of trimethylsilane
and duration of heating. It seems probable that the initial reac-
tion involves a trans nucleophilic additioen similar te that pos-
tulated for the formation of the 1:1 tin hydride-butyne adducts.
However a radical mechanism cannet be disregarded especially in
view of the high yield of tetramethylsilane (4L%) in the bﬁtyne—_
_excess trimethylsilane reaction.
The symmetrical butene-2,3-bistrimethylsilane is obtained
from the trimethylsilane-hexafluerobut-2-yne reaction both en
heating and irradiatien. If the silane-hexafluorobut-2-yne rad-

ical intermediate, (CHB)BSi(H)C(CF3)=éCF postulated above has

)
a finite lifetime then it seems probableBthat another silicon
atom on a second trimethylsilane molecule could be attacked.
< 5 s,
C=C + (CH,SH —— t=C_
C(CH)LSeH CF (CH)Si- CF,

This second intermediate could then afford the diadduct by intra-
molecular proton transfer. Another possibility which would ac-

count for the diadduct formatiom would invelve energy transfer
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by the butyne to the 1:1 adduct as follows:

te
<

(CH,) .SiC(CF.,)=CHCF., + CF CECCF3°———-+

3 3

;CEBCECCFB + (CH3)3 3

The excited 1:1 adduct could add to a second silane molecule,.

3)3 3

R

)=CHCF.

SiC(CF 3

It is necessary to postulate the excited 1:1" adduct before as-
suming addition since the experfmental results of this invest-
igation have established that the 1:1 adduct dees noet add appre-
ciably to trimethylsilane upon irradiation.

(CH3)381H + (CHB) SiC(CF3)=CHCF3 jﬁla little reaction

3
The main reaction preduct from the thermal reaction of trimethyl-
silane and hexafluoroebut-2-yne is tetramethylsilane. This sug-
gests the presence of the radical (CH3)3Si- and this radical, if
fermed, could afford the diadduct on attack of the 1:1 adduct.

3
Sl(CHBB

(CH,),Si* + (CH SiC(CF_)=CHCF_, —— (CH SiC(CF_ )CHCF
3’3 3)3 3) 3 (CHy) 5S1C 3)i

A concerted mechanism involving nucleophilic attack on the acetyl-
ene would probably afford the 2,2-bistrimethylsilane, ((CHB)BSi) -

2

C(CF3)CHZCF3, since the unsymmetrical dialkoxybutene, CFBC(O®2CH2C%,

was obtained from the base-catalyzed reaction of hexafluerobut-2-
yne and alcoh01122.

Benkeser and co‘w/dorkers”‘uL found that a diadduct, in addition
to the monoadduct, feorms when trichlorosilane is reacted with t-
butylacetylene in the presence of benzoyl peroxide. It was also
found that trichlorosilane adds to the cis 1:1 t-butylacetylene-
silane adduct in the presence of benzoyl perexide but noet to the
trans 1:1 adduct. In the present investigation, hewever, it was
found that although trimethylsilane catalyzes the conversion of

trans- to cis-isomer it does not add even to the cis-butenylsilane.

B, Metal-Metal Bonds
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(1) Results
Hexafluorobut—Z-yne and tetrakis(trifluoeromethyl)diarsine
react on ultraviolet irradiation to give the 1:1 adduct, 2,3-bis-
(bistrifldoromethylarsino)hexafluorobut-2-ene, b.p. 156° (760 mm).
=C(CF,)A4CF
3) ( ,3) g _92

The absence of any absorptien in the C=C stretching region ind-

(CF3)2ASAS(CF3)2 + CFBCECCFB — (CF3)2ASC(CF

icates that the product is mainly the trans-isomer. The product

is identified by elemental .analysis. It has been reported that
tetrakis(triflﬁor@methyl)diaréine and the Butyne do not react at
lOOol+1although the butyne does react with tetramethyldiarsine at
20° to give an approximate 1:1 mixture of the cis- and trans-isomers

of (CHB)ZASC(CF y=C(CF )AS(CH3)2. Qualitative base hydrolysis of

3 3

2,3-bis(bistrifluoromethylarsino)hexafluorobut-2-ene gives tri-

fluoromethane and only trans-1,1,1,4,4,4-hexafluorobut-2-ene.

= OH .

CHF. + CF _CH=CHCF trans
3+ CF 3 (irans)

The butyne and hexamethylditin react on ultraviolet irradiation
to give a 1:1 adduct, hexafluoro-2,3-bis{(triméthylstannyl)but-2-
ene, b.p. 53° (10_3:mm), which is rather unstable in air.

C F =CC > > ( =
(CH,) ;Snsnf H3)3 + CF C2CCF, — (CHB)BSnC(CFB) c(CFB)Sn(cHB)B

The adduct is identified by elemental analysis. The lH n.m.r.
spectrum of this ditin adduct coensists of a single methyl peak

which is split into a multiplet with J~0.8 cps. This splitting
1

is assigned to CF_-CH, interaction. Its F n.m.r. spectrum con-

373

sists of only one bread peak indicating the presence of only one

19

~isomer. The broadness of the single line in the F n.m.r. spec-

trum is probably a cohéequence of weak CH3-CF
130

coupling which is

3

expected to be of the order of 1 cps The absence of any C=C

stretching frequency in the infrared spectrum suggests that the
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ditin adduct is the trans-isomer, The use of infrared spectra
for assigning structures of this type appears to be_feliable since
the compound, (CH3)2AssC(CF3)=c(cF3)sAs(cHB)g,'which without doubt
has the cis-structure, has a streng band at 1535 cm—l 1&5. The

1:1 mixture of‘(CHB)gAsC(CF )=C(CF3)AS(CH3)2 has a weak band at

3
1570 cm™ ! ul, and when.its pfeparation is carried out with the
1:1 complex, (CH3)uAs-(QF3)2CO; the yield §f gl§-isomer ié very
mﬁch increased with a Cbrrgsponding increase in the intensity of
the 1570 cm™ ! band (see Chapter I, page 23).

" The 1:1 ditin adduct is not obtained on heating hexamethyldi-
tin and the butyne; trimethyltin fluoride was the only tin con-
taining reaction product isolated from this reaction.

_ PN
(CHB)BSnSn(CH ). + CF.C=CCF_, —> (CHB)BSnF

3'3 3 3
The 1:1 ditin adduct does decompose on heating to tetramethyltin,
hexamethylditin, 1,1,1,l,L, -hexafluorobutenyltrimethyltin,. and
-numerous other unidentified liquids and solids,
. _ A
(CH3)35nC(CF3)-C(CF3)Sn(CH3)3 = (CH3)uSn

+ (CH3)6Sn2 +‘(CH3)3SnC(CF3)=CHCF

Base hydrolysis of the ditin adduct gives a cis-trans mixture of

3

1,1,1,4,,4-hexafluorobutene; thus, it does not appear that there
is retention of configuration upen hydroelysis.

~Although fhere is a reaction between hexabutylditin and hexa-
flﬁorobut—2-yne on ultravielet irradiation, it is rather comp-
licated. The only product that was identified is dibptylbis(l,l,l,
Iy, L4, h-hexafluorobutenyl)tin, (Cqu)2Sn(C(CF3)=C(CF3)H)2, b.p. 60-
63°

formed from dibutyltin dihydride and the butyne (page 95), al-

(10™3 mm). This has the same boiling point as the diadduct

though the infrared spectrum shows seme slight differences in the

'C#C stretching region which are probably due to a difference in
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‘ 1
isomer distribution, Its H n.m.r. spectrum shows a downfield

quartet, J~8 cps, typical of the group —C(CF3)=C(CF3)H, Other

fractions isolated from the reaction suggest the presence of other
compounds of the e (C,H n(C(CF,)=C(CF . If it 1s as-
sumed, and it appears reasonable, that the 1:1 adduct is origin-
aily formed followed by decompositien then the presence of the
§ompound with n = 3 could be expected in view of the results from

the thermal decomposition of (CHB)BSnC(CFB):C(CF }Sn(CH

‘ 3 33
It was found that hexaethyldigermane is stable to hexafluoro-

-but-2-yne on ultraviolet irradiation. This is expected in view

- of the increasing M-M bond strength in the compounds R3MMR3 as

the group is ascended.

(2) Proposed Mechanism of Metal-Metal Addition to Hexafluorobut-2-yne
' 1 122

Tin hydrides, tetramethylarsine and amines add vigorously
to’hexéfluorobut—Z—yne at 200, and in these reactions the most
probable mechgnism invelves nucleophilic attack on the acetylenic
'catbohs of the butyne. For the reactions invelving the irrad-
iatien of the butyne and tetrakis(trifluoromethyl)diarsine or

the ditin compounds the same mechanism is very unlikely. Tetra-
kis(trifluoromethyl)diarsine is probably a weak nucleophile be-.
caise of the inductive effect of the trifluoromethyl groups énd
it is unlikely that any nucleophilic character can be attributed
to the tin atems of the ditin compounds. The predominant form-
ation of the trans-isomer for the addition of hexafluerebut-2-yne
to hexamethylditin and the diarsine is consistent with the trans
addition of trimethylsilane and triethylgefmane to the butyne on
irradiation and therefore a mechanism involVing a similar inter-

mediate

M 3%
=CC B——» = i ingl
CFBC CCF3 CFBC CCF3 (excited singlet)
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Cl—_a\ .

(CH,) ,5nSn(CH,) ., + CF.C=CCF. —s C=C

3’3 3’3 3 3 ’ N
C H3)3Sn ? Sh CH

followed by intramelecular trimethyltin transfer is proposed.

N A \ 4
CFC\ B C=C
. \ J/ \
- CE
(CHz),Sn (< 5\ (CHy) S CFhy
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