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INTRCDUCTION

It has been established!-? that cyclobutenyl derivatives such as (CH,),As-
-

C CFCF, CF can be obtamed by reacting the fluorooiefin CF=CFCF,CF. with
suitable arsenicals as follows

T i : —:
(CH,),AsH -+ CF=CFCF,CF, — (CH,),AsC=CFCF,CF, + HF (0
{CH,}aAS-AS{CH,), -+ CF-:CECF,CF, —— (CHj)sAsC ~CFCF,CF, + FAs(CH,). (2)
(CH,)aASMgBr -+ CF=CFCF,CF, —— (CH,).AsC=CFCF,CF, -+ MgBrF (3)

It seemed desirable to try- to prepare similar derivatives of other metals and metalloids
since at the time of starting this investigation only two silicon containing analogues
had been reporteds.i.

CF,=CFCl + CH,-CCISi(CH,); ——— (CH,),SiCCICFCICF,CH, —2

(CH,),SiC=CFCF,CH. (1)

= 5%, (CH,)CLSIC--CFCF,CF, + HF ()

{(CH,)CLSiH + CF=CFCF,CF,

Haluska' also claimed to have obtained compound> of the type (CH,)Cl,Si-

C_-CCICF.:CF._,_CI‘.: from (CH)Cl1,SiH and CIC-.CCICI:.:CI:.:CI‘2 and stated that the
mechanism of reaction appeared to be the addition of the silane across the double
bond with subsequent elimination of hydrogen halide. Recently Stone and co-
workers® have found that carbonylmetal anions react with certain fluoroolefins in
a manner analogous to the arsinomagnesium bromide in eqn. (3), e.g-

(CO)sMn~ + CF=CFCF,CF, — - (CO),MnC=CFCF,CF, + F- %)

The present paper is concerned with attempts to prepare perhalocyclobutenyl
derivatives of silicon, germanium, and tin, the corresponding compounds of carbon

° Presented in part at the 3rd International Syvmposium on Fluorine Chemistry, Munich,
Germany, Sept., 1965.
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being well known®. In preliminary experiments it was found that hexamethylditin
and perfluorocyclobutene do not react at temperatures up to 100° (¢f. eqn. 2) and that
trimethyltin towards lithium and the same olefin vield an intractable gum (¢f. eqn. 6)%.
Therefore, in view of Haluska's success (eqn. 5)%, the reactions of trialkyl derivatives
R,MH (M = Si, Ge, Sn) with the cyvclic fluoroolefins éX:CXCF.zCF.l (X = ForCl
were investigated.

Unsuccessful attempts to prepare cyclobutenylgermanes by allowing triethyl-
(3.3,3-trifluoropropynyi)germane to react with fluoroolefins have been describeds.

RESULTS

The reaction of trimethvisilane, -germane and -tin hyvdride with perfluoro-
cvclobutene can be represented by the following equation (3I = Si, Ge, Sn).

(CH,),MH -+ CF=CFCF,CF, — (CH,);MCFCFHCF,CF, )

Triethvltin hydride reacts similarly, and the conditions are summarized in
Table z. It is seen that both tin compounds are unstable. The addition product from
trimethyvltin hyvdride is obtained in g2 °;, vield after four days at 20° and the remaining
tin is present as trimethyltin fluoride. The addition reaction, which can be followed by

TABLE I e
DATA FOR THE REACTION RyMH + CF=CFCF,CF, — Ry \CFCFHCF.CF,
Compound Reaclion Reaction Yizid (4] B.p. °C)

R M tzmp. {°C) timez {davs)

CH; st 250 2 ~ S0 112 {756 mm}
CH; Ge 230 3 So 115 (752 mm)
CH; Sm 20 K 92 decomposes

C.H; Sn 20 oo 3 decomposes

NMR, is slow at 20°, being approximately 3°, complete after thirty minutes. The
addition product slowly decomposes to trimethvitin fluoride and 1-H-pentafluoro-
cyclobutene, a reaction which is about 41 ¢, complete after 10 days at 20°.

—_ —_—

(CH,};SnCFCFHCF,CF, — > CH=CFCF,CF, + (CH,),SnF (s)

The reaction of triethyltin hydride gives only a 39, vield of the addition product
after two months at 20°. The remaining tin is present as triethyvltin fluoride, so ap-
parently the adduct is again unstable with respect to elimination of tin fluoride.

The products from the reaction of 1,2-dichlorotetrafluorocyclobutene with the
Group IV hydrides vary considerably with the Group IV element. The slow reaction
of trimethylsilane with the dichlorocyclobutene is not complete after twelve hours
at xgo°. There are two major silicon containing products, 2-chlorotetrafluorocyclo-
butenyl-r-trimethylsilane (609;) and chlorotrimethylsilane (389;), in addition to
hydrogen chloride and 1-H-2-chlorotetrafiuorocyclobutene.
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REACTION OF GROUP IV HYDRIDES WITH PERHALOCYCLOBUTENES 635

Trimethylgermane and 1,2-dichlorotetrafiuorocyclobutene give a number of
products in a reaction which is 20 9; complete after 36 h at 1go°. VPC analyvsis shows

(e ———

(CH,),SiH + CCl=CCICF,CF, — > (CH,),SiC=CCICF,CF, + HCl
1
+ (CH,),SiCl + CH=CCICF,CF, (o)

the presence of six germanium compounds, with the major components being {2-
chlorotetrafluorocyclobutenyljtrimethylgermane (-~ 369%) and chlorotrimethyl-
germane { ~ 32 °;). These products and the other minor components of the reaction
mixture are shown in egn. (xo) which is set out to show possible means of their
formation.

- Fy

- Fo F,-

T2

b

O
i
(CH,),GeH + Cl-t—tCl — (CHS),Gc—i,__;—H (279,%)

F,.

LEee—"
i

e (10)

i Foa——TF, F. - Fa

[ S -'{_’{ B

(CH;}GeCl (20°,%) = Cl—'j—:—‘—';H (CH:,):,Gc—!,_T‘—CI 140%.%) +~ HCI
i{CHL\,GeH
F,— F, 1 ] F.
3 i 4
: i i !
(CHy},Gor———H ; (CH,}sGe——=.—H (0.5%)

H (i

leis, 394; frans, 82,%)

The approximate vields are given and analytical data were obtained for the compounds
marked by an asterisk. Although the hydrogen chloride and 1-H-2-chlorotetrafluoro-
cvclobutene were identified, no yields were obtained.

Triethyltin hvdride and 1,2-dichlorotetrafluorocyclobutene interact at 100° to
give a quantitative vield of triethyltin chloride. The latter is also obtained when the
hydride reacts with 1,2-dichlorohexafiuorocyclopentene under the same conditions.

(C.H3)ySaH = CIC-CCHCF,)a —» (C.H,),SnCl 4+ CCI=CH(CFa)n (1 = 2, 3} (z1)
DISCUSSION

Structures of the new compounds

Theavailableevidence (see refs. g and 10 and references therein) indicates that a
cvclobutane ring will accommodate a substituent by puckering in such a way as to
minimize non-bonded interactions. From studies of NMR spectra of molecules such
as those shown in Fig. 1 Lambert and Roberts®?® have suggested that they exist
as an equilibrium mixture of conformers with the phenyl group in either the “‘axial”
or “‘equatorial’” position. The *“axial” form of the phenyl methyl compound (A) is
almost planar but the phenyl bromo compound (B) apparently exists in two distinct
non-planar conformations as is shown in Fig. 1. At 30° both equilibria lie in favor

J- Orgaacmetal. Chem., 6 (1966) 633-644
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of the left hand side with the bulky phenyl group in the “equatorial” position.
Cyclobutenes appear to be planar®-16.

(CH ), MCFCFHCF.CF. (M = 5i, Ge, Sn). These molecules are the products
described in eqgn. (7). Even though an elemental analysis was obtained only for the
germane, the very close similarity of the infrared spectra of these compounds, Table 2,

——
By
H
M
-
F
Br

&)
Fig. 1. Conformational equilibria for cyvclobutanes.

suggests that theyv all have the same structure. The decomposition of the tin compound
to trimethyltin fluoride and 1-H-pentafluorocyclobutene (eqn. 8) is also good sup-
porting evidence for this. The purity of the compounds and probably the presence of
only one isomer is indicated by the single sharp (CH;),M peaks in their 'H NMR
spectra (M = 5i at o.02, Ge at —o0.23, and Sn at —o.25 ppm). The downfield 'H
XNMR spectrum of the germane is shown in Fig. 2 and the spectra of the tin and silicon
analogues are essentially the same. The derived coupling constants from the spectrum

TABLE 2

INFRARED SPECTRA OF THE coMrouUNDs ROMCFCFHCF,CF.2

(CHy) Si  {CHy,Ge  (CHysSn  (C.Hg)ySnd

1368 5 1308 s 1390 5 1360 s
1333 S 1334 S 1329 5 1330 S
1231 m 1232 m 1273 m i275m
1240 Vs 1241 VS 1235 % 1235 m
IIF7 VS 11835 vs II72 WS 1170 vs, broad
1167 vs 1163 m 1150 m
itor m 1100 m I0QL m 1090 m
1037 5 1035 S 1018 5 1020 5
1001 3 1003 S 999 § 1000 $
955 vs 959 vs 549 Vs 950 vs
S3tm S2g9 vs S3om S3om
77ém F7rm 7Szs 7758

¢ Bands associated <with, for example, C—~H stretching and CH4-Si rocking frequencies are
present in the spectra in their usual positions and are not given. The bands listed are presumably

those associated with the —éFCFHCF:CF » group. 2 Approximate frequencies taken from PE 137
instrument.

J- Organcmetal. Chem., 6 (1966} 633644



REACTION OF GROUP IV HYDRIDES WITH PERHALOCYCLOBUTENES 637

S5c¢cps ;l

Fig. 2. 'H NMR spectrum of (CH,)3GeCFCFHCE,CF,.

of Fig. 2 are shown in the figure and are listed in Table 3 together with the derived

constants for the tin and silicon compounds and for (CH});GeCCICCIHCF .CF, (g.z.).
The assignments were made on a first order basis which seems to account correctly
for the observed spacings and intensitites. The *H NMR spectra of A and B (Fig. 1)
are not first order®-10.

In molecules such as (CH,) MCFCFHCF ,CF, it seems reasonable to assume that
the equilibrium will favor the conformer in which the bulky (CH,) M group occupies
an “‘equatorial” position as is shown in Fig. 2. The largest coupling, ~ 50 cps, is
assigned to the geminal H-T interaction. This correlation is well established and in
the related compound (CH,);SnCF,CFH it is 57 cps'l. The coupling of 22 ¢ps is

TABLE 3

Fy—-F,
H-F COUPLING CONSTANTS FOR THE I:I ADDUCTS CH M H

Xz X@

Compound Vicinal  Gemina! Vicinal Through ¢ bonds
r X JH-F3y J(H-F3) Ax-d4x dx-Eg Ax—dx dx-Eg
Si F 22 32 ~ 13 ~ 6 ~ 7 ~ 1.5
Ge F 22 55 13.7 5.5 7-0 Ly
Sn F 22.5 55 12.5 5.0 75 2.5
Ge Cl 12.0 3-0 S.o <1

J- Organometal. Chem., 6 (2966} 633614
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assigned to a vicinal H-F interaction as is the next Iargest couphng of 13 cps. However,

since a coupling of 12 cps is present in (CH,) 3GeCCICClI—ICF CF (Table 3 and Fig. 3)
the 22 cps splitting is assigned to _J{H—-Fz). The magnitude of this interaction mdxcates
that both the hydrogen and fluorine atoms are in ‘‘axial’” pesitions. The vicinal
“‘axial-axial” H-F couplings in fluorinated sugars!? and in cyclobutanes such as A
(Fig. 1) are of the order of 23 cps'®. The vicinal ‘‘axial-equatorial’”” H-F couplings
are considerably less (~ 12 ¢ps).

Thus the adducts are assigned the trans-HF, configuration and the “axial-axial”
HF conformation which is consistent with the assumption that the (CH,)3)M groups
are in an “equatorial” position. The remaining coupling constants listed in Table 3 are

assigned a.nalorrousl\’ to those of (CH,), 2GeCCICCIHCF.CF,.

(CH,) 3GeCClCCIHCF .,CF »- The structure of this molecule (eqn. 10) follows from
its analysis and from its simple 'H NMR spectrum. The downfield region of the latter
is shown in Fig. 3 together with the derived coupling constants (see also Table 3).

/\v/ .J\«J \x//\«/m

a8 26 24 (5)ppm

Fig. 3. *H NMR spectrum of {CH,};GeCCICCIHCF.CF..

If it is agein assumed that the trimethvigermyl group occuples an “equatorial™”
position, the greatest coupling of 12 cps can be assigned to the frans *“‘axial-axial”
H-F coupling, J(H-F,i, on the basis that the greatest H-F coupling will be *"axial-
axial’'!® and that a similar value is found in the compounds described above (Table 3)
Although in compound A (Fig. 1) the analogous coupling constant is 21 cps!® sub-
stitution of a hydrogen for a chlorine {(or fluorinej as in the cyclobutyvigermanes would
be expected to reduce the value considerablyv®3. It has been found for fluorinated
sugars and certain cvclobutanes such as A, that the vicinal “axial-axial” H-F
coupling is two to three times the vicinal “axial-equatorial”” H-F coupling. Thus
J(H-F",) is assigned the value 4 cps which leaves the 8 cps coupling to be assigned to
J(H-F,). The latter should be greater than J{(H-F’}!° and 8 cps seems to be a rea-
sonable value in view of the 2.1 cps found for a similar “‘axial-axial” CH,—F coupling
in A (Fig. )%

It should be emphasized that these assignments are only tentative and that
especially in the case of (CH,)4GeCCICCIHCF.CF, the coupling constants couid be
Interpreted as arising from conformers in an equilibrium of the type illustrated for B
{Fig. 1), and that the hydrogen could possibly be frasns to the trimethylgermyl group?”.

J- Organomeial. Chem., 6 (1966} 633-644



REACTION OF GROUP IV HYDRIDES WITH PERHALOCYCLOBUTENES 639

However,since the latter group is probably more bulky than a chlorine atom the sug-
gested structure is probably correct. The internal consistency of the coupling constants
{Table 3} also supports this conclusion.

{CH,) 3GeCHC HCICF .CF ... Eqn. (10) shows that two isomers of this compound
were obtained. One isomer, possibly with the hydrogen atoms fraus to each other,
was identified by analvsis. The 1H NMR spectrum of each isomer shows the expected
three regions of absorption. In both cases the absorption due to the (CHj),Ge group is
a singlet indicating the purity of the compounds. The difference in chemical shift of
the two multiplets associated with the other hydrogen atoms is ~ 2 ppm in both
compounds indicating that the hyvdrogen atoms are not geminal as they would be

in the isomer (CH,),GeCCICH,CF ,CF,. In this compound the chemical shift difference
would probably be ~ 0.5 ppm?¢. Other isomers would involve a -CFH- group with
J(H-F) ~ 50 cps. The anaiyzed isomer can be assigned the frans structure on the
basis that the methine multiplets of this compound are broader than those of the
other as would be expected for J(H-H)trans > J(H-H)es.

({CH ) MC==CCICF.CF, (M = Si, Ge). The structures of these compounds
(eqns. g and 10) follow from their analyvsis and from comparison of their infrared
spectra with those of related arsenic derivatives (Table 4). It is seen that there is a
very good correlation in a large number of bands and that the C=Cstretching frequen-

TABLE +

e
INFRARED DATA FOR
R—. . -l

B = (CHypoAsd R = (CHy){CeH,)Asd

R = {CHySi R = (CHgUe

iz s I3To s 1370 Vs 1375 s
PeIgm glgm Pg20 3 322w
1334 vs 1333 vs P32novs 1320 vs
1232 WS 1241 vs 1235 Vs 1249 vs
11y w ishy prro w ish} 1172w oishs 1iny w {shy
11353 woish? 1143w ishil 1150 m s} 1150 m {sh)
trEo vs rrrzvs 1115 v 1121 WS
s45vs NESa] 855 5 855 s

S09 S Stom N10 s S1om

< Bands associated with for example. C-H stretching and CH,-Si rocking frequencies were
present in the expected regions and are not listed. ¥ From ref. 1.

cv is almost constant at 15376 cm™! indicating very little difference in the electronic
effects of the groups in the x-position. The ¥F NMR spectrum of the germanium
compound shows two bands of equal intensity at <-r70.1 and +113.3 ppm in good
agreement with the arsines which show bands at ~ 108 and ~ x4 ppm*.

(CH 3)3GeC=CHCF ,CF ,. The infrared spectrum of this germane (eqn. 10) shows
no double bond absorption, however, the corresponding arsine!® has only a weak
absorption at 1535 cm™! and the C-F stretching bands of the germane occur at 1333,
1261, 1168, and 1117 cm~tin good agreement with the 1330, 1263, 1160, and 1704 cm™!
bands of the arsine. The 'H XMR spectrum of the germane shows a sharp singlet

J. Organometal. Chem., 6 (1966) 633-644
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due to the (CH,),Ge group, indicating the purity of the compound, and a downfield
triplet (/ = 10.5 cps) at —6.79 ppm In good agreement with the arsine which shows a
triplet at —6.68 ppm (J = 10 cps).

The reactions

The addition of the hydrides of silicon, germanium, and tin to olefins is well
known: (refs. 16 and 17 and references therein, refs. 18—21) and the generally accepted
mechanism seems to involve free radical attack on the olefin. However, it has been
suggested!? that some of the thermally initiated additions of silanes may go by some
other path, and recently it has been found®® that the hyvdrostannation of acrylonitrile
proceeds partly via a polar mechanism. Unfortunately little can be said about the
mechanism of the addition reactions described by eqns. (7) and (zo} since any of a
number of possible mechanisms could give rise to the moderately well substantiated
ess-addition. In one case apparently both cis- and Zrans-adducts are formed (eqn. 10).

Clark and coworkers® obtained dimethyltin difluoride from the reaction of
dimethyltin dihydride with either 1,2-diffuoroethylene or trifiuoroethyvlene. There is
some evidence that these reactions proceed by addition followed by elimination
although the addition products were not identified.

(CH,).SnH, + CF,-CFH — - [{CH,).Sn(C.F;H,).. —CFH- CFH = (CH,).SnF. (12)

Similar reactions involving, for example, trimethyltin hydride and (fuorovinyvljtin
compounds have recently been reported®:. In the present investigation it has been
found that the interaction of trimethvitin hydride with hexafluorocvclobutene can be
represented by thesum of eqns. (7) and (8). Thus an intermediate is formed in this case.
The elimination reaction (eqn. 3) is of interest in that if the cyclobutane intermediate
has the configuration and conformation indicated (Fig. 2}, then the type of four-center
intermediate proposed for the unimolecular S-halo elimination from silvl com-
pounds>-*, c.g. (I}, would be unlikels-.

H.C—CH,

R Si-- (1
Thus the elimination is probablyv either bimolecular or involves a carbene intermediate
which rearranges to give the olefin.
F,——F, Fa.—— F, F,—— F,

(CHaipS2————H —— [CHy)SaF = o H ——s Heooodi F {13)

A similar mechanism has been proposed to explain the thermal decomposition of some
fluorvalkylsilanes®!.2%.2%, and is certainlv very likely for the tin compound since
«-fluorine abstraction by tin occurs very easily2s.

The addition-elimination mechanism also seems likely for the tin hydride
reductions described by eqn. (11}, and for the silane and germane reactions of eqns.
(9) 2nd (x0).

J. Organcmzetal. Chem., 6 (1966} 633-644
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EXPERIMEXNTAL

Hexafluorocvclobutene, 1,2-dichlorotetrafiuorocyclobutene, and trimethyl-
silane were obtained from Peninsular ChemResearch Inc. Tin hydrides were prepared
from the appropriate chloride by reduction with lithium aluminium hydride®.
Trimethylgermane was obtained by reducing trimethylgermanium bromide (from
tetramethylgermane and bromine®) with sodium borohydride®. Volatile reagents and
products were manipulated in a vacuum system using standard techniques. Reactions
were done In sealed Pyrex tubes.

Infrared spectra were run on a Perkin-Elmer Model 21 instrument (NaCl
optics) and NMR spectra on Varian A6o, HR60, and HA 100 spectrometers. Chemical
shifts are reported in parts per miilion (ppm} from external tetramethylsilane (*H
spectra) and external trichlorofluoromethane (®F spectra), positive values being to
higher field. Analyses were done by the Schwarzkopf Microanalytical Laboratory,
Woodside, X.Y. and by the Microanalyvtical Laboratory, Universitvy of British
Columbia.

Reactions of hexafluorocyclobutene

(@) With trismcthylgermane. The germane (.20 g) and the cyclobutene {9.36 g)
were heated at 230° (3 days) to give (1,2,3,3,4.4-hexafluorocvclobutyl)trimethyl-
germane, b.p. 118° {752 mm) (2.46 g; 86 9 vield). (Found: C, 2q9.7; H, 3.8. C;H  FsGe
caled.: C, 2g.9; H, 3.69,.) Infrared spectrum: Table 2. TH X)MR spectrum: Fig. 2
and Table 3.

(b) 3 ith trimethyitia hvdride. \Vhen the tin hydride (2.4 g} and the cyclobutene
(3-3 ) were left at 20° for 4 days a small amount of white solid (0.2 g} was produced.
Perfluorocyclobutene (1.1 g) which contained a trace of 1-H-pentafluorocyclobutene
was recovered. The main reaction product was a colorless liquid which condensed in a
trap at —46°, and which was identified as (1,2,3,3,4,4-hexafluorocyclobutyl)trimethyl-
tin (1.4 g; 949, vield), by means of its infrared and XMR spectra (Tables 2 and 3).

The cvelobutvitrimethyitin compound {1.025 g) was left at 20° (10 daxs) to give
1-H-pentafluorocyclobutene (0.20 g), identified by its molecular weight of 144 (mass
spec.) (caled.: 134) and known infrared spectrum3®®; unchanged tin compound
(0.557 ¢); and an involatile solid which was identified as trimethyltin fluoride, m.p.
> 3z0°. {Found: C, 20.0; H, 5.c. C;H FSn calcd.: C, 19.7; H, 4.9%.)

{c) With trimethvisilane. Trimethylsilane (7.3 g) and the butene (5.5 g) were
heated to 230° (4 davs). Hyvdrogen was produced of molecular weight 2.1 (caled.: 2.0)
and trap-to-trap distillation gave slightly impure trimethylsilane (5.9 g) and a fraction
(5.5 g) which condensed in a trap at —64° and which on distillation in an atmosphere
of nitrogen gave a main cut b.p. 112° (756 mm). This was identified as (1,2.3.3.4.4~
hexafluorocyclobutyvljtrimethylsilane by its molecular weight of 237 (caled.: 236) and
infrared and NMR spectra {Tables 2 and 3). The compound was unstable to airand a
satisfactory analysis was not obtained.

A third fraction from the original reaction (1.3 g) which condensed in a trap at
—23% was found to contain at least 5 components by VPC (5 ft. dinonyl phthalate
column at 100%), none of which were identified.

J- Organometal. Chem., 6 (1966} 633-644
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Reactions of 1,2-dichlorotetrafluorocvclobutere.

(@) With trimethylsilane. The silane (2.4 g) and the butene (11.5 g) were heated
at 19o° (12 h) to give hydrogen of molecular weight 3 (caled.: 2.0}; hydrogen chloride
(0.34 8), molecular weight 36.5 (calcd.: 36.5); a mixture of trimethylsilane and
tetramethyvlsilane (0.3 g; mol. wt., 82) of known infrared spectrum; and a mixture
of unreacted cyclobutene and chlorotrimethyvlsilane (8.5 g) which distilled in the
range 60—70° (760 mm) and which gave 1.8 g of silver chloride on being added to
aqueous silver nitrate. (Pure cyclobutene does not react with aqueous silver nitrate.)
The main reaction product, (z-chloro-3,3,4,4-tetrafluorocyclobutenyljtrimethylsilane
{4.5 g; 609, vield) condensed in a trap at —23° and was purified by distillation, b.p.
132° (760 mm). (Found: C, 36.x; H, 3.9; Cl, 15.5; F, 32.7. C.H,,CIFSi calcd.: C,
36.1; H, 3.9; Cl, 15.2; F, 32.7 9;.) Infrared spectrum: Table .4

(0} With triethyvitin hvdride. After 2.9 g of the tin hydride and 11.0 g of the
cyclobutene were heated at 100 for one day, the volatile fraction (10.9 g) contained
no triethyltin compounds but did contain a mixture of unchanged butene and
1-H-2-chlorotetrafiuorocyclobutene of known infrared spectra. The invclatile liquid
left in the tube was identified as triethyItin chloride (3.1 g, 91 ;) of known infrared
spectrum and retention time on a 35 ft. Ucon Polar VPC column at 175°.

(¢} With trimethvigermane. The germane (3.4 g) and the cyclobutene (6.62 gj
were heated at 1go” (36 h). The more volatile fraction which did not condense in a
trap at —16° showed Ge-H infrared absorption and was further heated at 230°
(3 days). The fraction which condensed at —46° (1.3 g) could not be separated further
by trap-to-trap distillation or distillation at atmospheric pressure. However, separation
was achieved by VPC (zo ft. silicone column at 160°) into 6 components as follows
(in order of elution, percentages were determined from the area of the peak on the
chromatogramy):

(£) (20 %) identified as chlorotrimethylgermane, b.p. x02° (1it.3® 1027) of known
infrared spectrum. (Found: C, 23.9; H, 5.9. CZH,CIGe caled.: C, 23.5; H, 35.9°,.)

(22} (0.5 %) identified as (3,3,4,4-tetrafluorocyclobutenyl)trimethyvigermane by
means of 1ts infrared and *H NMR spectrum. The latter (CCl, solution) consisted of a
singlet at —90.33 ppm {(CH;);Ge’ and a triplet at —6.79 ppm (J = 9.5 cps) of relative
area, singlet to triplet, S.9:1 {caled.: 9:1). Infrared spectrum (CCl, solution, main
bands only}: 1333 s, 1261 s, 1168 s, 1130 m, III7 vs, 109X 1, 833 s, cm™L.

(si5) (4095) identified as (z-chloro-3,3,4,4-tetrafluorocvclobutenvl}trimethyl
germane, b.p. 78° (50 mm)j. (Found: C, 29.g; H, 3.7. C;HyCIF,Ge calcd.: C, 30.3; H,
3.3%.)*H NMR spectrum a singlet at —o.21 ppm [{CH,),Ge . ®F NMR spectrum: two
multiplets of equal intensity at +110.1 and +-115.3 ppm. Infrared spectrum: Table 4.

(52} (4°5) identified as an isomer of (z2-chloro-3,3,4,4-tetrafluorocyclobutyl)-
trimethylgermane by means of its *H N)MR spectrum (CCl, solution) of a singlet at
—o.31 ppm {(CH;);Ge! and multiplets at —2.3 and 4.05 ppm of relative area g:0.9:1
(caled. o:x:1). Infrared spectrum (liquid film, main bands onlyj: 1354 s, 1282 m,
1261 m, I20L s, 1164 s, 1135 5, 1099 m, 1050 M, I0I0 m, 954 m, $32 5, 77I m, cm™.

(v) (89%) identified as an isomer of (z-chloro-3,3,4,4-tetrafluorocyclobutyl)-
trimethylgermane, b.p. 80-82° (50 mm). (Found: C, 30.3; H, 3.8; Cl, 12.4; F, 27.4;
Ge, 25.6. C;H,,CIF Ge caled.: C, 30.1; H, 3.0; Cl, 12.7; F, 27.2; Ge, 26,0 %,.) tH NMR
spectrum: a singlet at —o0.29 ppm {(CH,),Gel and multiplets at —2.57 and —4.56
ppm of relative area 9:1:0.g {calcd.: 9:1:1).

J- Organomeial. Chem., 6 (1966} 633544
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(#?) (279) a solid, m.p. ~ 23°, identified as (1,2-dichloro-3,3,4,4-tetrafiuoro-
cyclobutyl)trimethylgermane, b.p. 86° (50 mmy}, by means of analysis and its NMR
and infrared spectra. (Found: C, 26.1; H, 3.23. C,H,,Cl,F,Ge calcd.: C, 26.8; H,
3-19°;.) Infrared spectrum (CCl, solution, main bands only): 1356 s, 1276 m, 1245 s,
1219 s, I¥79 S, II45 m, II24s, I105 m, 1073 m, 1030 m, g59 m, 875 s, 863 s, cm™1. 1H
NMR spectrum (CCl, solution): singlet at —o.49 ppm [(CH,),Ge} and a septet at
—4.60 ppm (J = .4 cps) of relative intensity 1:9.2 (caled.: 1:9g) (see Fig. 3).

The material which was heated at 230° for 3 dayvs contained hydrogen chloride,
unreacted dichlorocyclobutene, 1-H-2-chlorotetrafluorocyclobutene of known Infrared
spectra, and again a fraction which condensed at —46°. VPC examination showed that
except for component (vi) the same compounds were present as described above in the
ratio (£): (22): (#2): (fv) 1 (v) = 5:1:10:1:2.

ACKNOWLEDGEMEXTS

The authors are grateful to the National Research Council of Canada for
financial support. They also wish to thank Dr. L. D. HavrL for assistance in obtaining
and interpreting the NMR spectra and M & T Chemical, Inc. for gifts of tin compounds.

SUMMARY

The compounds (CH:,) sMH (M = S1, Ge, Sn) react with FC—CFCF .CF, to give
the 1:1 adducts (CH,), \ICI‘ CIFHCF, CL ». The tin compound decomposes at 20° to
(CH,);SnF and HC= CFCF.CF,. The main products from the interaction of (CH;Q MH

(M = Si, Ge) with CIC=CCICF, CF are (CH,);MCland (CHy), MC=CCICF, .CF,, other
minor product> have been obtained from the germane reaction. (C,H;),S SnH and

CLC=CCUCF ) (1 = 2, 3) vield (C.H,),SnCl and HC—CCYHCF ). The structures of

the new compounds are discussed.
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