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INTRODUCTION

During the course of studies on the reactions of hexafluoro-z-butyne with
organometallic substances!—3 it was found! that (CH,},SnC(CF,)=C(CF,;)Sn(CH,),.
from (CH,),Sn-Sn(CH,), and CF;C=CCF;, decomposes on heating to give, amongst
other products, the hexafluorobutenvl compound, (CH,;),SnC(CF;)=C(CF;)H. Since
CF,C=CCF, had been found to add to the M-H bond of transition metal?.5 and
Group V hydrides® it was to be expected that the butenyltin compound would also
be produced from trimethvltin hydride and the butyme. Since the reactions of Group
IV hydrides with fluoroacetvlenes had not been studied, the present investigation was
undertaken.

EXPERIMENTAL

Hexafluoro-z-butvne, tetraethvigermane, and trimethyvlsilane were obtained
from Peninsular ChemResearch, Inc. Triethvlgermane was prepared in low vield by
reducing bromotriethvigermane, from tetraethylgermane and bromine at 100° in a
sealed tube, with sodium borohydride®. Tin hydrides were prepared by the reduction
of the appropriate tin chloride with lithium aluminium hydride?. The tin chlorides
were the gift of M & T Chemicals. Trifluoropropyne was prepared from 1,1,1-trifluoro-
2,2,3,3.3-pentachloropropane as described by Finnegan and NorrisS.

Volatile reagents and products were manipulated in a standard vacuum system.
Reactions were carried out in sealed Pyrex tubes. Infrared spectra were recorded on
a Perkin-Elmer Model 21 spectrophotometer (NaCi optics). Fluorine and *H NMR
spectra were obtained using Varian H.R.60 and A6o instruments. Chemical shifts are
reported in ppm relative to external tetramethylsilane (*H spectra) and external
trifluoracetic acid (**°F spectra). Analvtical data for new compounds are given in
Table 1.

() Reaction of hexafiuoro-z-butvne with tin hvdrides

The reaction with trimethyltin hydride is described as an example. Trimethyltin
hydride (2.9 g) and the butyne (6.9 g) reacted exothermically immediately on mixing
well below 20°. Unreacted butyne (4.1 g} was recovered and the reaction product
(5.9 g}, which condensed in a trap at —78°, was identified as the known compound
(1,1,1,4,4.4-hexafluorobutenyljtrimethyitin, b.p. 124° (751 mm) by means of its
infrared and *H NMR spectra’.
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(2) Reactiors of hexafisoro-z-butyne with triethvigermane

The germane (1.2 g) and the butyne (4.1 g} did not react in the dark at 20°.
However, when the reactants were irradiated with UV light for 7 davs only 3.8g
of the butyne could be recovered. The involatile fraction (2.4g) was identified as
(x.1,1,4.4.4-hexafluorobutenyijtriethylgermane. The new germane was heated to 220°
for 45 b and there was little or no change in the original isomer distribution although
considerable decomposition, had occurred.

(3} Reaction of hexafluoro-2-butyne wiik trimethvisilane

The silane (2.1 g) and excess butyne (1r.rxg) were irradiated for 1z days.
Unnzacted butine (7.45 g) was recovered. The main product (1,1,1,4,4,4-hexafluoro-
butenyl)trimethylsilane (5.1 g, 73% vield) went through a trap at —23°. The fraction
which condensed at —23° (2.0 g} contained 7 components by VPC analysis (5” Ucon
Polar at 110°). The main component, approximately 659, was collected and identified
as r,I,1,4.4.4hexafluoro-z,3-bis{trimethylsilyl)butane. Infrared spectrum ({strong
bands, liquid film): 1367, 12835, 1293, 1146, 1071, S44 cm~1. NMR data: 'H spectrum
showed a broad singiet at o.10 ppm, {Si(CH,),. and a multiplet at —1.60 ppm of
relative area 1:8.8 (calcd. x:9.0). The '8F spectrum showed doublets at —21.8 (J = 13
cps) and —23.6 ppm (J = 12 cps) of equal intensity. The results of this experiment
and other runs using trimethvlsilane are summarized in Table 5.

Reaction of trinzethvitis fivdride with 3,3,3-(rtffuoropropyne
The hydride (5.75 g) and the propyne (4.65 g) were left at 207 (1 day). Unreacted

N

‘H’_‘\&:az/‘Sn(CH3)3

/23:::\ UUU‘G‘"SC% VL
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\Hl/ 'Sn(CH3)3 H,

Fig. 1. Downfeld 'H NMR spectrum of the 1:1 adduct (CH,),;SnH-CF,C=CH.
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propyne (2.35g) and trimethyltin hydride (1.7 g) were recovered by trap-to-trap
distillation. The monoadduct (3,3,3-trifluoropropenyl)jtrimethyltin (3.9 g) condensed
in a trap at —46°. The least volatile liquid was the diadduct, 1,1,1-trifluoro-3,3-bis-
(trimethyltin)-propane (2.4 g) Infrared data (strong bands, liquid films) : monoadduct:
1278, 1215, 1117, 77I cm}; diadduct: 1259, 1213, 1133, 1078, 761 cm—!. *H NMR
data: monoadduct: the down field region is shown in Fig. 1, in addition there are
singlets at 0.00 and —o0.05 ppm [Sn(CH,),}; diadduct: singlet at —o0.20 ppm [Sn-
(CH,);!, and a doublet (J = 8.0 cps) of quartets (J = rx0.5 cps) at —=.58 ppm (CH.).
The relative area of CH; to CH, is 1:10 (caled. 1:q).

The monoadduct distilled unchanged in isomer distribution. The isomers could
not be separated by VPC using column of Ucon Polar, silicone, or Apiezon J.

In another experiment the tin hydride (z.0g) and the propyne were left for
4 days at 20° to give monoadduct (1.1 g) and diadduct (1.0 g).

Reaction of trimzthyltin hydride with (3,3.3-trifluoropropenyl)irimethyliin

The hydride (2.2 g) and the moncadduct (1.6 g, 13% cis-isomer by NMR) were
left at 20° for 2 days. The monoadduct (1.6 g 8% cis-isomer by NMR) and trimethyltin
hydride (2.0 g) were recovered. An involatile fraction (0.2 g) showed only weak C-F
absorption in its infrared spectrum.

DISCUSSION

Addition of tin hvdrides
The results of the present investigation can be represented by the following
equations (R = CH,, C.H;, n-C,H,)

R,SnH -+ CF,C=CCFy — R,SnC{CF;)=C(CF;)H (I)
(CyH,)aSnH, + CFyC=CCF; — (C,H,)sSniC(CFy)=C(CE,H3, (II)
(CH,),SnH + HC=CCF,; — (CH,),SnCH=CHCF, (III} = H,C=C{CFy)Sn{CH,), (IV} =

[(CH,),Sn1,CHCH,CF, (V)

The quantitative reactions producing (I} and (II) are exothermic and occur
below 20° in the presence of excess butyne. The reaction of trimethvitin hydride with
the propyne is much slower being incomplete after 4 days at 20°. Analytical data for
compounds (I)-(V}) are given in Table 1. The similarity of (I) and {II) is shown by the
infrared spectral data in Table 2. The bands listed are probably due to C-F stretching
with the exception of the bands near 850 cin~! which may be due to C-H out-of-plane
deformations®. Bands of similar intensity and position are also present in the spectra
of other hyvdride adducts of the butyne3-3. One difference does arise in the presence
of weak C=C stretching frequencies in the Group V hydride adducts® and their
absence in (I) and (II}). In fact the presence of the double bond in (I} and (II) is best
established by the down field proton in the *H NMR spectrum of these compounds,
and the chemical shifts and coupling constants for this proton are given in Table 3.
Data for some related compounds are also listed. The assignments of the geometry of
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TABLE ]
ANALYTICAL DATA FOR NEW COMPOUNDS®
Compound B.p. Caled. Found
2 C{ram)_
C H M F C H ¥ F
(CH ), SIC(CF;) =C(CF))H 98 356 1.2 483 353 4.2 379
I(CHY),SiC(CF ) H- b 79(38) 35.7 065 368 387 65 369
{C.Hy GeCfCFs)—-ClCF ‘H §2(26) 37-2 5.0 37.8 4.7
(C.H,}.SnC{CF,} =C(CF,) 36(24) 325 43 322 309 325 $.© 320 309
(CHg),SnC(CF,) =C{CF,)H 72{1073) 22.4 6.2 26.2  25.2 220 6.3 26,4 25.7
(CeH,1.Sn C{CF,)= C(CE})H - 63{10-7} 344 3-6 21.2 0.8 342 33 20.3 40.5
{CH,),5nH-CF,C=CH 1z 27.8 4.3 27.6 4.2
(CH4),Sa  .CHCH.CF, 105(29) 25.5 3.0 25.4 36

2 Microanalivses by Schwarzkopf Microanalytical Laboratory, Woodside, N.Y. and Alfred Bernhardt
Mikroanalivtisches Laboratorium, Miltheim { Rubr), West Germ:m\- & Mel. wt. -l - 310, found 307 {Rast).

TABLE 2
SOME CHARACTERISTIC INFRARED ABSORPTION OF THE IL,I.I,4,4,4-HEXAFLUOROBUTIENYL DERIV-
ATIVES MC{CF,)=C(CF,)H®=

M
iCH,,Si 1354s 1300m 1257vs I13Ivs b
{CL.H;)Ge 13415 1293m I257Vs 1132vs S50m°
iCH,),Sn 13235 12gim I2535\vs 1130vs S;ome
(C.Hs},Sn 13235 12g2m I255vs 1130vs S5o0me
{C Hy:Sn 1330s I295m I1255vsS II43Vs S5o0m*
{C;H,).Snd 13295 I2g3m I255\s 1139vs Ssom¢
2 Values in cm~t 2 Hidden } {CH,1,51 rocking absorption at 339 cm™t. C-H (of C=CH)
out-of-plane deformation. ¢ {C,H,}.Sn CiCF,)=C{CFyH ..

the products in Table 3 are based on the now fairly well established results that J,

and J,” are of the order of S.0 cps and that J; { ~ 2 cps} is usually greater than J,

{== 1 cps}i®-5. In a recent analysis of the spectrum of 3,3,3-trifluoropropene, J,, J,and

J . were found to be —6.25, —0.03, and —z.22 cps respectively!. "However, as is

seen in Table 3, J; for the compound (CH,} , NC(CI,j=C{CFH is less than the usual

vaiue.” Thus on the basis of their NJMR spectra the compounds (1) are almost com-
Ietely frans-isomers”.

Because of the broadness of the peaks in the 'H NMR spectrum of (II} the
isomer distribution cannot be assigned with “ertaint\' however, it seems that a
trans-trans configuration of the two fluorocarbon groups is most likely in view of the
infrared and N)MR data (Tables 2 and 3).

The reaction products from trimethyltin hydride and 3,3,3-trifluoropropyne are
structurally more interesting; both 1:1 and 1:2 adducts are obtained. The 1:1 adduct
could be present as the cis- and frans-isomers of (III) and the gem-compound (IV).
The down field region of the 1H N)MR spectrum of the 1:1 adduct is shown in Fig. 1.

* In this paper compounds of the type R"RC=CRR"’ are designated cis- or frans- isomers
on the basis of the orientation cf the groups R. R is either CF5y or H. whichever is appropriate.
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TABLE 3

1H NMR DATA FOR HEXAFLUOROBUTENYL DERIVATIVES®

J3
CF. H
3\c_c/ ) )
v N\ !
M &8 J. Js & J Js trans-Isomer
%)e
(CH,);Si —5-72 S.o < 0.6 —6.38 8.8 2.5 1004, S4-92¢
(C.Hg)3Ge —5.82 S.o < —6.59 S.o 2.5 928
(CHy)4Sn —6.57 7-5 2.3 100/
(CaH;)aSn —6.61 7-5 2.5 >q8f&
(CyH,).Sn —6.64 7.0 1.5 .
{CH,),As —5-48 83 <1 —6.50 S.3 2.0 S6z
(CH,)(C4Hg)As —5.40 S.5 <1 —6.36 8.5 2.0 9284
(CF,).As —6.93 7.5 1.5 100%-F
{CH,).N —3.16 9.1 <1 —3.62 9.1 <1 868.¢
(CO);Mn 9.6 2.3 ~ 1008k
(CO)sRe 9.1 2.5 ~ L00HE

e J values in cps. & Chemical shift of olefinic proton. ¢ From 1H NMR spectrum unless as in f.
¢ UV reaction. ¢ Dark reaction at 235° (see Table 5). f Estimated from VPC of compounds; NMR
gives ~ 100°,. 3 Dark reactior T < 20°. # {C;H4).Sn C(CF3)=C(CF;)H.,. f Ref. 3.7 Dark reaction
at 2102. & Reif. 4 and 5.

The assigments given for frans-(I1I) and for (IV) are based on the similarity of the
spectra to those of the known compounds érans-(CH,) ,AsCH=CHCF; and (CH,),AsC-
(CF,)=CH.3. The remaining peaks in the spectrum are presumably due to the cis-
1somer of (III), although the coupling constants involved are not obvious. The
presence of this cis-isomer can be inferred from the results that the mixture analyzes
for the r:1 adduct, and that in the !H NMR spectrum the ratio of the overall area
of the down field peaks to the area of the two up field [Sn(CH,),: peaks is 2:9.2 {the
calculated ratio being 2:9.0}. On this basis the 1:x adduct consists of 659 trans-(1II),
13°%, eis-(I11), and 229, (IV).

The 1:2 adduct (V} is i1dentified by its 'H NMR spectrum of one Sn(CH,),
absorption and a methvlene absorption consisting of two quartets with J{H-H)
{(vicinal) = 8.0 cps and J(CF;-H) (geminal) = x0.5 cps. The relative intensity of the
methyvlene absorption to the methyl is 1:10 as expected. The methine absorption
was not seen. The alternative structure, (CH;);SnCH(CF;)CH,Sn(CH;),;, would be
expected to show two Sn{CHj;), absorptions and the absorption of the CH, group
would be expected to appear as two quartets with J(H-H) ~ 8 cps and J(CF,-H)
~ 2 cps.

As described above the tin hydride-hexafluoro-z-butyne adducts (I) and (II)
have predominantly the #rans-configuration. This results is in agreement with the
direction of addition to the butyne found for amines, arsines, and transition metal
hvdrides3-3. The reaction of tin hvdrides with other disubstituted acetylenes has been

J- Organometal. Chem., 6 (1966) 117-125



122 W. R. CULLEN, G. E. STYAN

little investigated but the results obtained from the reaction (R = alkyl)!
R,SnH + C.H,00CC=CCOOGC,H; — C.H;00CC(SnR,)=CHCOOC,H,

indicate that the {rans-isomer is again the major product (frans/cis ~ g:1). Since a
general rule of frans-nucleophilic additicn to alkines has been postulated whenever
mobile protons are available!*.13 it is tempting to state that the mechanism of the
hyvdride additions involves nucleophilic attack. However, it has recently been found
that an amine such as aziridine can add to diethyl acetylenedicarboxylate to give a
predominantly cis-product#.15, Thus it seems unwise to speculate on the mechanism
of the hvdride additions on the basis of the cis-frans-isomer distribution of the
products. This is especially true if, as has been found by Fulton'®, cfs- frans-isomeriza-
tion of the products can be catalyvzed by tin hydride. In the present Investigation it
seemns that trimethyltin hyvdride catalyses the isomerization of c¢is- and frans-(III).

It has been pointed out!! that it seems unlikels- that the mechanism of the non-
terminal addition of tin hydrides to RC =CH involves free radical attack as has been
suggested for additions to olefins®*~*>. It has recently been demonstrated that tin
hydrides can act In a nucleophilic® or electrophilic®! manner and some evidence that
the additions to alkynes involve some degree of nucleophilic attack comes from the
result that trimethyvitin hydride reacts faster with hexafluoro-z-butyne than with
1,1,1-trifluoropropine. Haszeldine®= has shown that the butyvne is more susceptible
to nucleorhilic attack than the propine. Further support for this suggestion is shown
in Table ¢. Since nucleophiiic attack by the hvdride to give the non-terminal adduct
could involve an intermediate of tvpe {VI} or in the limit, (VIIj,

=C= H,C=—=CR (T

the amount of non-terminal addition would be dependent on how well the group R’
could stabilize the partial {or fullj} negative charge in the non-terminal carbon atom.

TABLE +
DISTRIBUTION OF ISOMERS FOR THE rREacTioN 338nH — HC:=CR’— Ry;SnCH=CHR’ + H.C-
=CRSall,

i il Tersninal addict Non-termiinal Ref.
icis and trais} add:ct

CH, CN o 100 11
C.Hj CXN o oo 1
n-C;H, CN o 100 It

"Hy COOCH, o St Ir, 26
CLH; COOCH, 42 53 i, 2o
n-C,yH. CGOCH, 60 31 LE, 26
C.H, CH.OH 75 >3 11
CH, CF, 8 22
CH, CH, 90 2 27
C.Hg C,;H, preponderant trace 11

CH, CgHj preponderant trace 11, 19
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The order found, CN > COOR > CH.OH ~ CF; > CH; ~ C4H;, is what might be
expected since the first two groups not only are electronegative!® but can delocalize
the negative charge through resonance. The CF; group is similar in that it is electro-
negative and can delocalize the charge through hyperconjugation as in C=C=CF.F—".

The 2:1 adduct is also produced when the propyne reacts with trimethyltin
hydride. It may be significant that this is not produced when the 1:1 adduct mixture
is treated with trimethyltin hydride, although the proportion of the 1:2 adduct in the
final reaction product depends on the initial trimethvltin hvdride-propyne ratio. This
suggests that an intermeidate in the formation of the 1:1 adduct is stable enough to
react with a second molecule of trimethyvltin hyvdride e.g.,

ICF,C=CH 7 .
CF,C=CH + HSn(CH,); — ! -~ i — CF3CH=CH = Sn(CH,),
P H—Sn(CH,), |
_ [ H—Sn(CHy); ! _
CFyCH=CH = HSn(CH,); — | S { — CF,CH,—CHSn(CH,),
| CFyCH=CH

CF,CH,-CHSn(CH,); + Sn(CH;); —» CF3;CH.~CH Sn(CH,), .

This mechanism makes the not unreasonable assumption that nucleophilic attack is
also responsible for terminal addition to the propyne. It should be peinted out that
electrophilic attack by the tin leads to non-terminal addition.

Addition of trimethvistlane and tricthvigermane

The butyne and triethvlgermane do not react in the dark at 20°, however, on
ultraviolet Irradiation the frans-adduct is formed in good vield (Tables 1, 2, 3).
Ultraviolet irradiation of trimethvlsilane and the butyvne affords both the #frans-1:1
adduct and a 1:2 adduct which can be formulated as 1,1,1,4,4,4-hexafluoro-2,3-bis-
(trimethylsilyl)butane.

(CHy}3SiH -+ CFyC=CCFy — {CH,),SiC{CF ) ~ CHCF, - (CH,j,SiCH(CF,}CHI{CF,)Si(CH,),

The structure of the 1:2 adduct i1s best established by its NMR spectra. The proton
spectrum shows a single broad (CH,};Si signal and a downfield multiplet of the ex-
pected relative intensity (9:1). The *F spectrum shows two broad doublets of equal
intensity which can be explained on the basis of a 1:1 mixture of the sizeso- and racemic
D,L-1somers of the following structures:

(CHa)5
Si CFy
H CFa H CF5y
CF3 ’ H (CHaKSi
Si Si
(CHa) (CH3)a

* Note added in proof. It has recently been found (A. J. LEUSINK AND J. \W. MarsyaxN, Rec.
Trav. Ckem.. 83 (1965) 1123) that non-terminal addition of tin hydride to strongly electrophilic
acetylenes such as HC=CCOOCH, involves nucleophilic attack of the organotin hydride hydrogen.
However, terminal addition seems to involve a free radical mechanism. The hydrostannation of
acrylonitrile appears to be similar (A. J. LEUSINK AXD J. G. NoLTES, Tetrakedron letters, (1066) 335).

J- Orgenometal. Chem., 6 (1966} 117~125
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The coupling of 12 and 13 cps can be assigned to the geminal CF,-H interaction and
the broadening to the vicinal CF,~CF; and CF,~H interactions. The two skew con-
formations shown would probably be the highest populated conformations of each
structure because of steric considerations.

It is seen from Table 35 that the ratio of the 1:1 adduct to the 1:2z adduct
decreases as the ratio of trimethylsilane to butyne increases, and that on irradiating

TABLE 5

REACTIONS OF SOME SILYL COMPOUXDS

Reactants (mmaoles) Reactior Prodsects (mmoles)

- cond:ilions

{CH,)SiH CF,C=CCF, I1:7 adduct I:2 adduct
{cis:trans)

23 Go Ay, 1T days 21.6{o:1) 4.2
17 13 kv, 11 dayvs 5.9 (0:1) 6.5
105 25 £r, 11 davs 15.9 {o:-1) 6.5
Ir 39 2357, 7h 7-3(1:13) a
37 17 235", 7h 12.5(1:10} s+.0°
138 7-9{transic Ay, 11 davs 7-0{o:1}) 0.8
1S 12.5{fransic 235", Th 12.5 (1:6)

= The icast volatile fraction contained at least g components by VPC analyvsis, however, the
infrared spectrum showed that fitde, if any, 1:2 adduct was present. ® A 339, vield of tetramethyl-
silane was also obtained. ¢ {CH 3 ,SICICEF,) =C(CF,)H.

a2 mixture of the 1:1 adduct and trimethyvisilane onlv a low vield of the 1:2 adduct
is obtained. The same products are obtained from the thermal reaction (235°) of the
silane with the butvne although side reactions become more important. Some cis-
1somer is produced. The high vield of tetramethylsilane obtained in one of the experi-
ments does not result from decomposition of either the x:1 or 1:2 adducts since it was
found that these are stable under the reaction conditions.

Apart from one exception, it seems that silyl hydrides add to alkynes to give
oiefinic products which are predominantly obtained by {rans-addition, in the case of
peroxide catalysis, or cts-addition, in the case of catalysis by transition metals and
their compounds®. In one case the peroxide cataivzed reaction has been found to
vield a diadduct of unknown structure and it was shown that the diadduct resulted
from the addition of the silane to the cis-adduct.

_H
~SiCl,

{CH,4 1,50~
H~

{CH,4;,C

o
c=cZ;i% < msic, — L >C=C + diadduct

The trans-adduct does not even isomerize under the same reaction conditions. It is
suggested that the peroxide-catalyzed reactions involve free radicals.

In the present investigation the thermal addition reactions of trimethyvisilane
are probably also free radical in nature and thus fit into the general pattern of frans-
addition. However, the mechanism of the UV-catalyzed reaction of the butyne with
the silane and germane is not at all certain. Neither the butyne nor the hydrides have
a detectable absorption above 3000 vet the reactions take place in thick-walled
Pymex tubes.

J- Organometal. Chem., 6 {1966) 117-125
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Thermal addition of germanium hydrides to alkynes has been reported!.23
although no information about the geometry of the adducts seems to be available.

ACKNOWLEDGEMEXNTS

The authors are grateful to the National Research Council of Canada for finan-
cial support. They also thank M & T Chemicals Inc. for gifts of tin compounds, and
Dr. D. E. McGREER for helpful discussions.

SUMMARY

Hexafluoro-2-butyne reacts easily with the tin hyvdrides R,SnH (R == alkyl) to
give mainly frans-R,SnC(CF;)=C(CF,;)H. The dihydride, (n-C H,),SnH,, reacts
similarly. (CH,),SiH and (C.H.),GeH add to the butyne on UV irradiation. In the
case of the silane a 1:z adduct, (CH,);SiCHCF,CHCF;Si(CHj;),, is also produced.
Heating (CH,),SiH and CF,C=CCF, vields both 1:1 and 1:z adducts. (CHj),SnH
and CF,C=CH give the non-terminal adducts (CH,) ,SnC(CF;})=CH, and the cis- and
trans-isomers of the terminal adducts.

The mechanism of these reactions is discussed and evidence is presented sug-
gesting that tin hydride additions to alkvnes involve some degree of nucleophilic
attack by the hyvdride.
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