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I. INTRODUCTION

The subject of this review article is organometallic-
substituted acetylenes which contain the elements of
the third, fourth, and fifth main groups where an alky-
nyl group or triple-bonded carbon atom is attached
directly adjacent to the metal atom. Organometallic
compounds containing acetylenic groupings further
removed from the central metal atom are not reported
in this paper. The lesser known polyacetylenic organo-
metallic compounds are also reviewed consistent with
the basic premise that at least one acetylenic grouping
be located adjacent to the central metal atom. No
prior review of the organometallic acetylides of the
group ITI-V elements has been published.

Although one of the first organometallic alkynyl com-
pounds of the above-mentioned elements was reported
as early as 1923 (241), most of the research has been
conducted within the last 15 years. This development
parallels the investigations of the third, fourth, and
fifth group elements containing vinyl compounds
which also have been reviewed recently (256). The
methods employed for the preparation of these two
classes of compounds are very similar; however, as
might be expected, their physical and chemical proper-
ties often differ considerably. Thus, triethynylboron
and triethynylaluminum so far have been isolated only
in their complexed form, whereas the trivinyl com-
pounds of these two elements are known in their free
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form. The tetravinyl compounds of groups IV and V
are distillable liquids; the corresponding tetraethynyl
compounds are crystalline solids. Tetraethynyllead
and triethynylbismuth have not yet been prepared.
Comparatively, the chemistry of the vinyl compounds
has been the subject of many varied types of investi-
gations, whereas most of the chemistry on alkynyl
compounds has been limited to that of the more pre-
parative type.

A large number of the publications in this field are of
Russian origin. In this review, if the corresponding
translation was available, the page number was put in
parenthesis after the original reference. In general,
patents are only referred to if the compounds mentioned
are described and identified or if a reaction is described
in detail. This review includes all references through
the 1965 Chemsical Abstracts.

A. GENERAL PREPARATIVE METHODS

The syntheses of group III-V organometallic
alkynes are accomplished most frequently by one of
two methods: (1) the reaction of alkali acetylides with
metal or organometallic halides, and (2) the corre-
sponding reaction of acetylenic Grignard compounds
with these same halides. Almost every compound
listed in this review could be prepared by one of these
two methods by selection of the proper conditions.
There are, however, a number of other synthetic routes
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which are less flexible and therefore much more specific
and are applicable only to certain elements of these
three main groups. These latter methods will be dis-
cussed in some detail at the beginning of each section
dealing with the three main groups. The methods of
synthesis referred to in the tables are described in
section ITTA1-6. The preparation of alkali acetylides
and acetylenic Grignard reagents has been reviewed
earlier (257).

B. PRECAUTIONS

In general, acetylene and acetylenic compounds are
potentially hazardous. It is therefore necessary to
consider the proper precautions which should be taken
while working with such compounds (68).

1. Acetylenic Starting Materials

Information on the proper techniques for the safe
handling of acetylene is amply available (127, 150).
It should be kept in mind that free acetylene is often
generated during reactions as a result of metalation or
decomposition reactions. If low-boiling acetylenic
compounds are expected, distillation into a condensing
trap is frequently applied. The use of liquid air or
liquid nitrogen, however, can result in the condensa-
tion of acetylene which, as a liquid, is highly explosive
(127).

The temperature of the condensing bath should be
above the boiling point of acetylene to avoid serious
accidents. Of the halogen acetylenes, iodoacetylenes
in particular should be handled with great caution (150).
Monosodium acetylide can be handled with reason-
able safety, whereas disodium acetylide reacts almost
explosively with water. The preparation of alkali
haloacetylides has been reported recently (230-234)
and these substances are very explosive. Their isola-
tion from solution is not advisable. Many heavy
metal acetylides are explosive (127). Acetylenic Gri-
gnard compounds until recently had not been considered
to be overly hazardous. A serious explosion took place
in early 1966 during the preparation of an acetylenic
Grignard solution #a an alkylmagnesium iodide (258).

2. Organometallic Acetylene Compounds

Some of the ethynylaluminum complexes have been
reported to be explosive under certain conditions (27).
Tetrakischloroethynylsilane, Si(C=CCl),, which is
reported to detonate on friction, is stated to be ther-
mally stable (231). Tetraethynylgermane, tetraethy-
nyltin, and alkynyllead compounds have been reported
to explode on rapid heating (29, 78, 249). Tetra-
ethynylgermane is also reported to be sensitive to
friction (117). A highly explosive material was also
obtained from bis(triethyltin)acetylene and tin tetra-
chloride (8). The triethynyl compounds of the fifth
main group elements are very explosive on strong fric-

tion (237). Triethynylphosphine gradually turns black
on standing. On one occasion such a black product
exploded spontaneously. The fact that many of the
compounds prepared have not been reported to be
explosive does not necessarily mean that they are harm-
less and until completely characterized they should not
be considered to be other than potentially hazardous.
In addition to the explosive properties of these com-
pounds, in general, it should not be overlooked that
many organometallic compounds of the three main
groups in question are highly toxic. Organothallium
compounds, alkyl compounds of tin and lead, and com-
pounds of the fifth main group, particularly the volatile
members, should be treated with particular caution.
Virtually nothing is known as yet about the toxicity
of organometallic alkynyl compounds; however, until
information is obtained to the contrary, it can be as-
sumed that the toxicity will be at least of the same
order of magnitude as the parent compounds.

C. SPECTROSCOPY OF ORGANOMETALLIC ACETYLIDES

Detailed studies of the vibrational spectrum exist
only for the following ethynylsilanes: H,SiC=CH
(34), (CH3)sSiC=CH (22), (CHj;);SiC=CBr, (CHj;)s-
SiC=CI (23), and (CH;).Si(C=CH). (24). The
Raman spectrum of some symmetrically substituted
acetylenes is also reported: ClSiC=CSiCl;, (CHs)s-
SiC=CSi(CHj);, and (CH;0):81C=CSi(OCHs,); (91).

The C=C stretching vibration of organic substituted
alkynes is observed at 2120 e¢m~—1 This band shifts
in all organometallic ethynyl compounds to lower
frequencies and can be found between 2000 and 2060
em~! In the case of (CH;);8iC=CH it has been cal-
culated that this shift is caused partially by dative
7 bonding (239). With decreasing electronegativity
of the elements from silicon to lead the effect of this
interaction becomes less significant and the mass of
metal atom together with the force constants of the
metal-carbon bonds are considered to be the predomi-
nant causes for the frequency shifts (42, 228, 239).

The intensity of the C=C stretching vibration in-
creases considerably with the number of ethynyl groups
attached to the metal atom. This fact has been estab-
lished for compounds of the type R._,Si(C=CH),
and can be used to determine the number of acetylenic
bonds in these compounds (204). For alkynylsilanes
of the type R;SiC=CC(CH;).R’ it has been found that
the change of R’ does not influence the position of the
absorption bands. The integral intensities, however,
depend on the organic substituent on the silicon atom,
R’ and R (209). The C=C and =CH stretching
vibrations of the alkynyl compounds are listed in many
papers. Only a few reports discuss nmr and ultraviolet
data in detail although the following may be useful:
Al, nmr (30); Ge, infrared (115); Sn, infrared,
nmr, and ultraviolet (103); Pb, infrared, nmr, and ul-
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traviolet (109); P, infrared, nmr, and ultraviolet
(25); and As, infrared, and nmr (9).

The C=C and =CH stretching vibrations of tri-
and tetraethynyl compounds are reported in Table I.

TaBLE I
Str, em™!

Compound CmC =CH Ref
B(C=CH);-C;H;N 2060 6
Al(C=CH);-C H;0; 2000 3320 27
Si(C=CH), 2062 3306 29
Ge(C=CH), 2059 3303 29
Sn(C=CH), 2050 3200 78
P(C=CH); 2054 3291 237
As(C=CH); 2045 3291 237
Sb(C=CH); 2025 3291 237

Organometallic diacetylides and some triacetylides
are reported to have two bands in the 2050-2200-
em~! region. The bands are approximately 50-100
em~! apart and the lower frequency can probably be
assigned to MC=C stretch.

II. ArLryYNYL COMPOUNDS OF THE
Tuirp MAIN GrRouP ELEMENTS

Surprisingly little has been reported about the syn-
thesis and chemistry of the group III acetylenic com-
pounds. Indium and thallium derivatives are unknown
and only one report has appeared in the literature de-
seribing alkynylgallium compounds (35).

A. ALKYNYLBORON COMPOUNDS

Some of the work done in this field has been con-
sidered in a recent Russian review article on unsaturated
organoboron compounds (229).

1. Preparative Methods

Two methods are used for the synthesis of alkynyl-
boranes: (a) reaction of boron halides (preferably
boron trifluoride) or organoboron halides (RBX,,
R:BX) with alkali acetylides or acetylenic Grignard
compounds; (b) reaction of alkyl aryl borates B(OR);
with acetylenic Grignard compounds. Usually methods
a and b are carried out in the presence of a complexing
agent, most frequently pyridine, since the substances
prepared are more (or sometimes only) stable in the com-
plexed form.

2. Trialkynylboranes, B(C=CR); (Table II)

Experiments designed to prepare pure trialkynyl-
boranes, under a variety of conditions, led only to
polymeric products. Trialkynylboranes are, however,
stable in the form of coordination complexes with
amines, and ethers (6). Triethynylborane-pyridine
and tris(phenylethynyl)borane-pyridine were obtained
by the reaction of a boron trifluoride-pyridine complex
with sodium acetylide or phenylethynylsodium in
pyridine. An attempt to synthesize triethynylborane
from trimethyl borate and sodium acetylide resulted in

TasLe II
TRIALKYNYLBORANES, B(C=CR);
Yield,

Compound Mp, °C % Ref
B(CECH):'CsHsN 153 cee 6
B(C=CH)s- (C:H;)2:.NH 105-108 75 6
B(C=CH);- (CH;):N 219 e 6
B(C=CCqHj;)s- C:H;N 210-230, dec e 6, 94
BC=CCqH;);- (CH;):NH 210-220, dec s 94
B(C=CC¢H;)s-NH; 210-220, dec el 94
B(C=CCqH;);-THF 85-110, poly- - 94

merizes

the formation of sodium ethynyltrimethoxyborate,
NaB(OCH;);C=CH, a complex soluble in tetrahydro-
furan (6). The tris(phenylethynyl)borane-tetrahy-
drofuran complex can be prepared from sodium or am-
monium tetra(phenylethynyl)borate by adding to a
tetrahydrofuran solution an ether solution of hy-
drogen chloride at —5°.

THF
Na[B(C=CC¢H;s)] + HCl —>

B(C=CCsH;s);- THF 4+ C:Hs=CH + NaCl

3. Dialkynylorganoboranes, RB(C=CR), (Table IIT)

Four compounds of this type have been prepared
thus far, only one of which was isolated in an uncom-

TasLE ITI
DIALKYNYLORGANOBORANES, RB(C=CR).
Yield,

Compound Mp, °C % Ref
CGH5B(CECCGH5)2 84—85 “ee 100
CeH;B(C=CH).-C;:H;N 120 15 47
CeHsB(CECCHs)z . CsHsN 158 39 47
CeHsB(CECCeH5 )2 . CsHsN 139 46 47

plexed form. It is interesting to note that tris(phenyl-
ethynyl)borane exists only in complexed form, whereas
phenyl(diphenylethynyl)borane can be isolated as a
crystalline substance melting at 84° (100). Besides
their melting points and some more or less general
infrared assignments, little is known about the physical
and chemical properties of these compounds. This is
also true for the next group of acetylenic boranes.

4. Monoalkynylorganoboranes, R:BC=CE (Table IV)

The majority of compounds reported in this section
are pyridine coordination complexes of diarylalkynyl-
boranes. Diphenyl(phenylethynyl)borane is the only
one which has been prepared as an uncomplexed com-
pound (100). Only one dialkylalkynylborane, Bu,-
BC=CC(CH;)=CH,, is known. This compound ig-
nites spontaneously in air, exhibiting the same sensi-
tivity toward oxygen as most alkylboranes (132).
Several dibutylalkynyl borates have been synthesized
and the chemistry of dibutylacetylene borate has been
studied in greater detail than of any other alkynylboron
compound. It is interesting to note that free radical
species may be added to the carbon—carbon triple bond
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TaBLE IV
MONOALKYNYLORGANOBORANES

A. R:BC=CR'-Pyridine

Compound Mp, °C Yield, % Ref
(CeH;);BC=CH - pyr 150 41 223
(CsH;)BC=CCH; pyr 170 48 223
(CeHs)zBCECCGHs -pyr 158 68 223
(CeH;):BC=CCeHBr-p - pyr 165 7 223
(CsHs)zBCECCHzcqu «pyre 205 48 223
(0-CH;sCeH4)(CeHs ) BC=CH - pyr 137 27 47
(m-CH;CeH,)(CeH; ) BC=CH - pyr 117 32 47
(p-CHCsH4)(CeH; ) BC=CH - pyr 128 50 47
(p-CH;CeH,)(p-CH:OCsH,)BC=CH - pyr 153 38 47
(0-CH;CeH,4)(CsHs) BC=CCHji- pyr 138 20 47
(m-CHsCeHg)(CeHs)BCECCHs pyr 145 38 47
(p-CH;3CeH4)(CeH; ) BC=CCHjs- pyr 138 47 47
(p-CH306H4)@-CH:OCGHOBCECCHs ‘pyr 160 35 47
(0-CH3CsH,)(CsH ) BC=CC:H; - pyr 141 50 47
(m—CHaCeHg)(CeHs)BCECCeH5 ‘pyr 125 89 47
(p-CH;3CeH,)(CeHs ) BC=CCH; - pyr 145 63 47
(p-CH;CeH,4)(p-CH3;0CH, ) BC=CCsHs; - pyr 160 46 47
(CeH;)BC=CCH=CH, pyr 130 41 47
(C¢H;).BC=CC(CH;)=CH:-pyr 130 70 47
(CeHs )2BCECC(05H7 )=CH2 . pyr" 163 60 47
(CeH;):BC=CC(CeH,; =CH:- pyr* 139 70 47
(CeHs)zBCECC (09H15)=CH2 . pyl'd 154 60 47
(C¢H;):BC=CSi(CH;); pyr 130 41 223
(CsH;).BC=CCH_,Si(CHj;)s - pyr 178 55 223
(C¢H;5):BC=CSCsH; - pyr 158 44 223
(CeH5)BC=CB(CsHs).- pyr 170 27 223
B. R;BC=CR
Compound Mp, °C Bp (mm) np da20 Yield, % Ref
(CeH;):BC=CCeHs 108-110 100
(C4sH0)(CeH:;) BC=CH Dec on 113
distillation
(C4H,0)(CsH)BC=CH? 75(0.1) 1.50957 113
(C4H,);.BC=CC(CH;)=CH, 22-25(0.1) 1.4509 cee 132
(CsH,,0).BC=CH 30-32 (0.3) 1.4180¢ v 58-63 111,112
(CsH,0).,BC=CCH; 103 (10) 1.4212 0.8582 . 250
(C:H0);BC=CC.Hs-n 85-90(0.1) 1.4357¢ v 39 111,112
(CsH;0).BC=CCH=CH. 109-110 (10) 1.4370 0.8614 250

¢ Anthranyl. ° Cyclopentenyl. ¢ Cyclohexenyl.

without cleavage of the carbon-boron bond (112).
The addition of (a) bromotrichloromethane to di-
butylacetylene borate yields dibutyl-3,3,3-trichlorobro-
mopropene-1 borate; (b) hydrogen bromide yields
dibutyl-2,2-bromoethylene borate; and (c¢) bromine
yields dibutyl-1,2-dibromoethylene borate. The addi-
tion reaction of thiols results in the corresponding 1:1
adducts

RSH + HC=CB(0C:H;); —> RSCH=CHB(OC:H,):

Diels—Alder-type reactions (111) and additions of
diazo compounds have also been described (112).
The sensitivity of dibutylacetylene borate toward
bases does not under normal circumstances allow addi-
tion of nucleophilic reagents.

6. Bis(dialkylboron)acetylenes, R:BC=CBR,

The synthesis and properties of bis(dialkylboron)-
acetylenes are the subject of a single paper (54). They
are described as thermally unstable liquids, similar in

4 2-Methyl-6,6-dimethylcyclohexenyl.

¢ 2,5-Dimethylphenyl. 7 24.3°. ¢ 26°.

this respect to the mixed alkylboron compounds.
They are, however, distillable at lower temperatures
under vacuum. Hydrolysis of bis(dialkylboron)acety-
lenes can be achieved by shaking with water

R:BC=CBR; + 2HOH —> 2R:BOH 4 C;H.

Bis(dialkylboron)acetylenes, thus far prepared, ignite
on contact with air. Attempts to slowly react this
type of acetylene compound with oxygen and isolate
bis(dialkoxyborane)acetylene as a possible intermediate
were not successful. The stabilization of these acety-
lenic boron compounds with organic nitrogen com-
pounds did not lead to positive results. The pyridine
complex of bis(diphenylboron)acetylene was defined
by another group of research workers as a solid melting
at 170° (223) (Table V).

6. Tetra(phenylethynyl)borates, MB(C=CC¢Hs5),

The sodium, ammonium, and magnesium salts
of the hypothetical tetra(phenylethynyl)boric acid,
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TaBLe V
Bi1s(DIALKYLBORON )ACETYLENES, R:BC=CBR:
Mp, Bp, °C
Compound °C (mm) Ref

(’L'-CsH'])zBCECB(CsH-;-’L')z

(n—CsH'])zBCECB(CsH']-‘n)z
(#-C4H,)BC=CB(CiHy-1): 78-79 (1) 54
(n-CsH),BC=CB(CsHs-n): 08-100 (1) 54
(CGH5)2BCECB(CGH5)2 -CsH:N 170 e 223

55-56 (1) 54
70-75 (1) 54

HB(C=CCsHj;): have been prepared and described (92—
94, 155) (Table VIA).

TaBLe VI
ALKYNYLBORATES, M [B(R),(C=CR)sn]
Yield,
Compound Mp, °C % Ref
A. Tetra(phenylethynyl)borates, M [B(C=CCeHs )]
Na[B(C=CCsH;)] 300 detonates Lo 92
Crystallizes
with solvent
of erystzn from
Et.0, H,0,
THF, CH,0H
NH[B(C=CC:Hjs)4] 160-225 dec 93, 155
Mg[B(CECCeH5)4]2'6H20 Soluble in boil- 93, 223
ing H:0
Removal of H,O
of crystzn results
in decompn
B. Sodium Trialkylalkynylborates, Na[B(Rs)C=CR']
Na[B(CH;)sC=CCHjs] 163 68 14
Na[B(CH;);C=CC:Hs] 166 65 14
Na[B(CHa)aCECCsHsl 146 dec 78 14
Na[B(C:H;){C=CCHj] 89 89 14
Na[B(C:H;)C=CC.Hj] 65 87 14
NE[B(Csz)SCECCeHsl 129 98 14
Na[B(CaH'])sCECCHs] 120 95 14
Na[B(C:I1);C=CC.H;] 134 97 14
Na[B(CsH:)sC=CC:Hs] 177 77 14

7. Trialkylalkynylborates, M (R:BC=CR’)

Alkali trialkylborates and substituted acetylenes
yield alkali trialkylalkynylborates as follows

Na(R:BH) + HC=CR’ —> Na(R;BC=CR’) + H;

With acetylene, the disodium salt is formed, Na:(Rs-
BC=CBR3). In contrast to the reactions of the cor-
responding alanates, Na(R;AlH), hydrogen formation
is hindered in polar solvents like ether or tetrahydro-
furan. Dilution with benzene or hexane produces
the salts in crystalline form. Alkali trialkylalkynyl-
borates react with dialkychloroboranes in polar sol-
vents to form c¢is-1,2-bis(dialkylboryl)alkenes in 70-
809, yield (14)

Na(R;BC=CR’) 4+ R’;:BCl —> R(R:B)C=C(R:B)R’ + NaCl

Decomposition with water results in pure cis-alkenes.

No other compounds of this type are reported (Table
VIB).

8. Alkynylborazines

Thus far, homologs of B-triethynylborazines are the
only alkynylborazines that have been prepared and
characterized. These compounds have been synthe-
sized by reacting B-trichloroborazine with alkynyl
Grignard reagents. Catalytic reduction of the B-
triethynylborazines using palladium black yielded the
corresponding substituted ethylborazines. Hydroly-
sis of these ethynylborazines yielded the parent acety-
lene, amine, and boric acid (238) (Table VII).

Tasre VII
B-TRIETHYNYLBORAZINES
Ri’l
RCEC\ /N\B/CECR
|
R'/N\B/N\R’
C=CR
Yield,
Compound Mp, °C % Ref
B:(C=CCqH;):N;H; 139-140 64 238
Bs(CECCeHs)sNa(CHs)a 217-218 81 238
B3 (C=CCeH;);N3(CeHs)s 240-242 83 238
Bs(C=CCH;):N;H, 100-102 24 238
B3(C=CCH;);N:(CH;)s 187-189 82 238

B. ALKYNYLALUMINUM COMPOUNDS

There is even less information on acetylenic aluminum
compounds available in the literature than on boron
compounds. The patents published in this field are
concerned with the preparation of acetylenic aluminum
compounds by more or less conventional methods and
do not reveal much of interest about the properties of
these compounds. In one patent the possible use of
alkynylaluminum compounds as polymerization cata-
lysts is indicated (128).

1. Preparative Methods

The reaction of aluminum halides and organoalumi-
num halides with sodium acetylides is generally used
for the preparation of alkynylaluminum compounds.
Alkynylaluminum compounds can also be obtained
from the reaction of trialkyl- or triarylaluminum with
the acidic hydrogen of phenylacetylene or monoalkyl-
acetylenes

RC=CH + R’;Al — RC=CAIR’; +~ R'H
This metalation reaction was first observed in 1962

(132) and more recently has been reported in some
detail (124, 125).
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2.  Trialkynylaluminum Compounds,
AlWC=CR); (Table VIII)

Coordination complexes of triethynylaluminum with
tetrahydrofuran, dioxane, trimethylamine, and pyri-

TasLe VIII
TriALKYNYLALUMINUM ComMpPoUNDs, AI(C=CR);
Yield,
Compound Mp, °C % Ref
Al(C=CH);-dioxane 165-170 dec 67.6 27
60-80 (0.01
mm) subl
Al(C=CH);- THF No data Quant 27
Al(C=CH); - N(CH;); 144-146 dec 43 27
70 (0.01) subl
(caution)
Al(C=CH), - 2pyr No data e 27
Al(C=CCH;);-THF 85-95 (0.01) 72.5 27
subl with
dec
Al(C=CCH-n);-dioxane 62-63 68 27
Al(C=CC:H;);- N(CH;); 176-178 63 27

dine have been prepared (27). Some of these com-
plexes can be sublimed although suitable precautions
should be taken as explosions are possible. It is not
known whether the preparation of uncomplexed tri-
ethynylaluminum has been attempted. The tris-
(propynyl)-, tris(hexynyl)-, and tris(phenylethynyl)-
aluminum compounds are also known in their com-
plexed form. Tris(hexynyl)aluminum could not be
stabilized with pyridine (27); however, the correspond-
ing dioxane complex is a solid melting at 62°.

3. Complex Alkali-Aluminum Acetylides,
MAIWC=CR), (Table IX)

A number of these alkali-aluminum acetylide com-
plexes have been reported. Alkali aluminum hydrides,

TasLe IX
ArLxaLl ALuMINUM ACETYLIDES, M [Al(R,)(C=CR)s_a]
Yield,

Compound Mp, °C % Ref
Li[Al{C=CH),] - THF .. 27
Na[Al(C=CH),] - dioxane .. 27
Li [Al(CECCsHa]A .. 27
Na[Al(C=CCH¢n )] 190 81 247
Na[Al(C=CC¢Hs)i) No data .. 247
Na [H:AI{C=CCHy-n)-] vee 60 247
Na[H;AlIC=CCHy-n] 175-180 57 247

dec
190-191 60 247
173-174 58 247
123-124 90 247
108-110 .. 247
120-125 .. 247

Na[(CH;):Al(C=CC:H; )] - THF
Na[C:H;Al(C=CCsHs)s]

Na [ (CzHa )2A1(CECCBH5)2]
Na[(CH:)CHCH;Al(C=CC:Hs)s|
Na{[(CH;).CHCH:|:AIC=CCqH;}

for example, react with acetylenes to form alkali alumi-
num alkynyl compounds of varying composition de-
pending probably on the reaction temperature. So-

dium aluminum hydride and n-hexyne-1 in refluxing
xylene react to form sodium tetrakis-n-hexynyl-1-
aluminum.

NaAlH; 4+ HC=CCH; —> NaAl(C=CCH,), (81% yield)

In refluxing tetrahydrofuran only one hydrogen
atom is replaced by a hexynyl group resulting in the
formation of NaAlHy(C=CC.H,), 57% yield A
redistribution reaction occurs between sodium alumi-
num hydride and sodium tetrahexynylaluminum in
refluxing xylene

NaAlH, + NaAl(C=CC.H,); —>
NaAlH(C=CH;): (60% yield)

Sodium tetraalkylaluminum compounds react with
acetylenes to yield mixed complexes (246)

refluxing xylene
NaAl(CH;),-CH:0 + CH:C=CH —8—>»
NaAl(CH;)z( CECCeHs)z ‘ C4Hso

tetrahydronaphthalene
NaAl(CzH5)4 + CsHDCECH

200°
NaAlC 2H5( C=CCH, %

These complex acetylides react with carbonyl com-
pounds to form acetylenic alcohols in good yields (245).
MAI(C=CR): + R,C=0 —> R.C(OH)C=CR
With carbon dioxide, carboxylic acids can be obtained.
4. Diorganoacetylides of Aluminum,
R,AIC=CR (Table X)

Dimethyl(phenylethynyl)aluminum is a crystalline
solid, melting at 100-106° with decomposition. The

TaBLe X
MonoaLrYNYLALUMINUM CompoUNDs, R,AIC=CR
Mp, Bp, °C Yield,
Compound °C (mm) A Ref

(CH3):A1C=CCsHs 100-106 73 125
(CHg):2AIC=CCrHy® 190 dec L. 124
(C:Hy)2A1C=CCH; 50 (0.001) 50 5,13,20
(C:Hs)2:A1C=CC:Hs 76 (0.07) 45-90 30, 147,

242, 243

82-85 (10-3) 35 30
80-82 (10-9) 12 30

(C:Hs5)2A1C=CC(CHs)==CH:
(C2eHs)2A1C=CCeHs

dec
(C2Hs)2A1C=CCeH¢? 73-77 (10-%) 18 30
(CsHs)2:A1C=CCuHs-n 86-87 dec ... 36
(CeHs)2A1C=CCsHs 142-144 86 36,125

¢ CypHy = naphthyl. ® CgHs = cylcohexenyl.

corresponding diethyl compound is a thermally un-
stable liquid which ignites in contact with air. The
other diethyl(alkynyl)aluminum compounds are also
sensitive to oxidation but can be distilled under high
vacuum (30). In a similar manner to the complex
aluminum acetylides, diethyl(alkynyl)aluminum com-
pounds react with carbonyl groups and can therefore
be used to synthesize acetylenic alcohols

(C:Hi)2A1C=CR’
_—

R:C=0 R:C(OH)C=CR/’
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C. ALKYNYLGALLIUM COMPOUNDS

Triethylgallium undergoes metalation reactions with
acetylenes

Gﬁ(02H5)3 + HC=CR' —> Gﬁ(02H5)QCECR

Three gallium compounds have been obtained by
this method: (a) diethylethynylgallium, (C.H;).Ga-
C=CH,; (b) diethyl(1-hexynyl)gallium, (C.H;):GaC=
CCH,; and (¢) tris(1-hexynyl)gallium, Ga(C=CCy
Hy)s. All three of these compounds are unstable in
air and have been identified mainly by indirect methods
(35).

III. ArLxyYNYL COMPOUNDS OF THE
FourTe MAIN GRouP ELEMENTS

A large number of the group IV containing metal
organic alkynyl compounds has been prepared. Of
these, more than 609 are silicon derivatives.

A. PREPARATIVE METHODS
1. Synthesis with Alkali Acetylides

a. In Liquid Ammonia

Although liquid ammonia is an excellent solvent for
sodium acetylides, its use is limited to the synthesis
of tin- and lead-containing organic acetylenes. Silicon
and germanium halides, in general, undergo a fast
ammonolysis and thus are not capable of forming acety-
lenic derivatives in this medium. The only products
obtained from the reaction of sodium acetylide and
organotin and organolead halides were disubstituted
acetylenes of the type ReMC=CMR; (8). Based on
this result and a number of experimental observations,
a metalation reaction as explanation was excluded and
the formation of an intermediate complex, Na[RsM-
(C=CH);], was suggested which in turn decomposes
upon removal of the ammonia at room temperature (8).
Two more recent papers report the successful prepara-
tion of triphenylethynyltin and triphenylethynyllead
as a result of the rapid addition of the corresponding
metal organic iodides to a liquid ammonia-sodium
acetylide solution. Yields of 70 and 509, were
reported using a reaction time of but a few minutes
(103, 109). The corresponding diacetylenes were
prepared in an analogous manner. Disubstituted
products were also isolated from these reactions. The
authors of the foregoing papers prefer to explain the
formation of these compounds by means of a mechanism
utilizing fast metalation of the monosubstituted acety-
lenes. Disodium diacetylide and disodium triacetylide
were applied to yield the corresponding disubstituted
acetylenes. One author reports the reaction of sodium
chloroacetylide with triphenyltin chloride (230)

(CeH;):8nCl 4+ NaC=CCl —> (C¢H;):8nC=CCl (80% yield)

Sodium acetylides and sodium diacetylides also react

with dialkyltin, which when followed by alkylation
yield mixed alkylalkynyltin derivatives (254)

(C:Hs):8n 4 NaC=CR — (C:H;):8nNa(C=CR)
(Csz)zSDN&(CECR) + CzH5BI‘ —_
(CzHa)sSHCECR + NaBr

b. In Organic Solvents

The reaction of sodium acetylides in organic solvents
is more versatile (151). The tetrachlorides of silicon and
germanium as well as the organosubstituted chlorosil-
anes do not react with sodium acetylide in benzene,
diethyl ether, or a mixture of both (70). This dif-
ficulty has been overcome by using pyridine (19) and
tetrahydrofuran (29). Lithium chloroacetylide when
reacted with tetrachlorosilane yielded tetrakischloro-
ethynylsilane (231)

SiCls 4~ 4LiC=CCl —> 8i(C=CCl), + 4LiCl

Complexes of sodium acetylide with boron or aluminum
organic compounds are reported to react readily with
organochlorosilanes (79, 80). These complexes are
soluble in many organic solvents and it is assumed
that the reactivity of sodium acetylide toward chloro-
silanes is simply enhanced by increased solubility.
This same patent, however, claims that trimethyl-
ethynylsilane can be obtained in good yield by adding
trimethylchlorosilane to a suspension of the sodium
acetylide—triethylaluminum complex, NaC=CH - Al-
(C2Hjs)3, in paraffin oil at 85°.

Another interesting modification is the use of bis-
trimethylsilicon sulfate in diethyl ether instead of the
chloride. This method is reported to give good yields
of trimethylethynylsilane (221).

The formation of higher substituted by-products
has been reported in only two instances

.
(C:H,0)SiCL + NaC=CH 225 (C,E;0):8i(C=CH), +
HC=CSi(0C:H; ),C=CSi(0C;H; »,C=CH (19)

tetrahydrofuran

(CiH,).GeCl; - NaC=CH —8—»
(CiHo)Ge(C=CH): + HC=C0Ge(CH,),C=CGe(CiH,):C=CH
(29)

The formation of the above by-products can be re-
pressed to some extent by adding the sodium acetylide
to the halide solution (19). A metalation reaction in
these cases is likely but has not definitely been estab-
lished. Tin halides react smoothly with sodium
acetylide in diethyl ether to produce the corresponding
ethynyltin derivatives, including tetraethynyltin, in
high yields (78).

Alkali metal alkynyl compounds, preferably the
lithium salts (LiC=CR), also have been used to syn-
thesize group IV alkynyl compounds (44, 46, 57, 64,
66, 67). Rubidium hexachloroplumbate reacts with
alkynyllithium to yield tetraalkynyllead compounds
(66, 67).
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The interaction of trialkyltin hydroxide (RsSnOH) or
trialkyltin oxides, (RsSnOSnRs) with sodium acetylides
and disodium acetylide also results in the formation
of various alkynyltin compounds (205, 220).

2. Synthesis with Acetylenic Grignard Compounds

The use of acetylenic Grignard reagents, easily pre-
pared and soluble in many organic solvents, is still the
preferred method for the synthesis of organometallic
alkynyl compounds. The di-Grignard of acetylene,
the so-called Iotsich reagent (BrMgC=CMgBr), has
been known for more than 60 years (127). About
50 years after the first preparation of this compound,
the reagent was applied for the first time for the syn-
thesis of organometallic acetylene derivatives (39, 146,
137). Thesolubility of the di-Grignard in diethyl ether
is limited, and chloroform, being a better solvent, is
recommended (8). The preparation of ethynylmagne-
sium bromide (HC=CMgBr) was difficult because of
facile disproportionation into the di-Grignard. In 1956
an elegant method was published which made this
reagent readily available (82). Since then many group
IV ethynyl derivatives of the type R+, M(C=CH),
have been synthesized with this reagent. Monosub-
stituted acetylenes readily form Grignard compounds
by simply reacting ethylmagnesium bromide with the
appropriate acetylene in diethyl ether. These Grignard
reagents react with organometallic halides without
difficulty. The use of catalytic amounts of cuprous
chloride or mercuric chloride is often recommended.
The use of silicon fluorides instead of chlorides is some-
times advantageous, particularly, in the case of tri-
phenylfluorosilane (141).

Acetylenic Grignard compounds also react with
polyalkylsiloxanes (88, 195, 214)

(RSI0). + BrMgC=CR’ —> R,Si(OH)C=CR’

The reaction products in these cases are acetylenic
silanols, whereas, similar reactions with dialkyltin
oxides yield dialkynyldialkyltin compounds (208, 219)

THF
R:8n0 4+ BrMgC=CR’ —> R:Sn(C=CR').

3. Reaction of Organometallic
Amines with Acetylenes

It is somewhat surprising that this reaction, which
can be described as R,M(NR), + nHC=CR’' —
R.M(C=CR’), + nHNR,;, has only been utilized
twice for the preparation of alkynyl organometallic
compounds. The organometallic amines of group IV
are known to be reactive toward compounds with
acidic hydrogens. The silylamines, although particu-
larly well known, have not been reacted with organo-
acetylenes, no alkynylsilicon compounds prepared via
this route thus far having been reported. Tributyl-
(phenylethynyl) germane has been prepared by reacting
tributyl(diethylamino)germane with phenylacetylene

at 150° (153). Organotin amines are reported to react
nearly quantitatively under mild conditions with
acetylenes (100).

4. Syntheses Using Haloacetylenes

Although the organometallic alkali metal compounds
of group IV are well known and relatively easy to pre-
pare, the synthesis of trialkyl(aryl)alkynyl derivatives
from the corresponding organometallic alkyl compounds
and haloacetylenes has been used for only a relatively
small number of tin and lead compounds (8, 102, 134,
249, 251, 252, 254, 255).

5. Syntheses of Organotin Acetylides from Organotin
Oxides and Organotin Hydroxides

The reaction of organotin oxides and hydroxides
with acetylenic compounds offers a simple and con-
venient method for the preparation of numerous alky-
nyltin compounds, often in very good yields. The reac-
tion of trialkyltin hydroxides probably involves an
electrophilic attack by the acetylenic hydrogen on the
oxygen atom of the organotin hydroxide since the reac-
tion rate increases with increasing acidity of the hydro-
carbon (205)

RsSnOH + HC=CR’ —> RsSnC=CR’ + Hi0

Trialkyltin oxides react with acetylene at 8-12 atm
to give trialkyltin acetylide (205)
RsSn0O8nR; 4+ 2HC=CH — 2R;SnC=CH + H,0

Triethyltin acetylide reacts with triethyltin oxide to
yield bis(triethyltin) acetylene.

2(02H5)3SHCECH + [(02H5)3SH]2O —_
2(02H5)sSnCECSD(CzH5)3 + Hzo

The same reaction with triethyltin hydroxide proceeds
rapidly to form acetylene and the corresponding organo-
tin oxide. Diacetylene and monosubstituted diacetyl-
enes react similarly (220). It is often advantageous
to remove the water formed during the reaction by
azeotropic techniques with benzene, toluene, or by other
means (126, 210, 213). Triethyltin chloride, potas-
sium hydroxide, and phenylacetylene when reacted at
100-110° for 2 hr are reported to yield triethyl(phenyl-
ethynyl)tin in 809 yield (216).

6. Miscellaneous Methods

(a) An interesting route to organotin acetylenes is
the decarboxylation of triorganotin salts of acetylene-
mono- and dicarboxylic acids (104).

RsSn0O0CC=CCOO0SnR; —» 2CO; 4+ R;SnC=CS8nRs

(b) Alkynylsilicon and -germanium compounds also
have been obtained from Wurtz—Fittig-type reactions
of the corresponding organometallic halides with
alkali-metals (33).

(¢) Bis(trimethylsilyl)acetylene was formed from
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the interaction of tetrabromoethylene, magnesium,
and trimethylchlorosilane in tetrahydrofuran in 609,
yield (118).

(d) 1,2-Dichloroethane and tetrabromoethane are
reported to react with phenyllithium and triphenyl-
chlorosilane to produce triphenylchloroethynylsilane
and triphenylbromoethynylsilane (46)

) CoHiLi .
(CeH;)$8iC1 ——————> (CeH;):8iC=CCl
CICH:CHiCl

CosLi
(CeHj;)s81C1 —————> (CeH;);81C=CBr
Br:CHCHB:
(e) The tetralithium derivative of propyne has been
reacted with trimethylchlorosilane (240).
(f) Tri-n-butylethynylgermane has been synthe-
sized via dehydrohalogenation of tri-n-butylvinylger-
mane in a three-step reaction (114, 115)

(n-C4H,):GeCH=CH; + Br; —> (n-C:H;);GeCHBrCH,Br

xylene

(n-CsH,);GeCHBrCH,Br + (C;H;);)NH —
(n—C4Hg)3GeCBmCH2 + (02H5)2NH . HBI‘
(n—C4Hg)3GeCBr———CH2 + N&NHz —_
(n-CiH,;)GeC=CH + NaBr + NH;:

Some alkynylsilanes have also been synthesized
through other dehalogenation-type reactions (1, 12).

B. ALKYNYLSILANES
The acetylenic silicon compounds (Tables XI-XIX)

TasLe XI
TETRAALKYNYLSILANES, Si(C=CR),
Yield,

Compound Mp, °C A Method Ref
Si(C=CH), 88-89 e 1b 29
Si(C=CCl), 117.5 73.5 1b 231
Si(CECCeHs)¢ 197 e .. 94
Si(C=CCsH,Cl), 215 dec 57 1b 67
Si(C=CCsH,Br), 254 dec 52 1b 67
Si(C=CCsHu)s 141 44.9 1b 66

represent by far the largest group among the alkynyl
compounds of the eleven elements reviewed in this
paper. A recent book on organosilicon monomers
reviews the synthesis and properties of alkynylsilanes
up to the beginning of 1960 (136). The carbon-
silicon bond in alkynylsilanes has considerable thermal
and chemical stability. This allows alkynylsilanes to
participate in many reactions without cleavage of the
silicon—carbon bond and thus offers additional routes
for the synthesis of new acetylenic silicon compounds.

1. Reactions of Ethynylorganosilanes, R ,Si(C=CH),

A considerable number of ethynylsilanes are known,
in particular of the type RsSiC=CH. Acetylenic
Grignard compounds can be prepared in the well-
known manner (10, 23, 98, 257)

R:8iC=CH 4 C:H:MgBr —> R;SiC=CMgBr (10)

The following reactions of trialkyl- and triarylsilyl-
ethynylmagnesium bromides are reported in the litera-
ture

R;:SiIC=CMgBr +
X, (X = Cl, Br, I) —> R;SiC=CX (23, 160, 161)
CO. —> RSiC=CCOOH (10, 161)
(CH;),C=0 —> R;SiC=CC(OH)(CH;). (10)

CH=CHC(O)H —> RsSiCECC(?gs)(OH)CIIQCI

CH;COCH:Cl —_— RasiCECC(I{(O§‘I)CH=CH2
161

CIC(0)0OC,H; —> RsSiC=CC(0)0C.H; (10)

CH;~CHCH,Br —> R;SiC=CCH,CH=CH:. (161)

(CH;):8iCl —> R;SiC=CSi(CH;); (161)

(CH;)s8iC=CC=CC.H; + RLi —>
(CH;)8iC=CCH=C(C:H;)R

The properties of vinylalkynylsilanes have already been
reviewed (136). A detailed study of the bromination
of such enyne systems has been published (224).

Recently several interesting acetylenic silicon deriva-
tives have been prepared by the aromatization of
diacetylenic derivatives using a mercuric cobalt tetra-
carbonyl reagent (69). The diacetylenic silicon start-
ing material was synthesized from both an acetylenic
Grignard or an acetylenic halide

(a) (CH,)8iC=CMgBr + CuCl; —>
(CH;)s81C=CC=CSi(CH,)s

l[CO(C% :Hg
C=CSi(CH,), C=CSi(CHy);
(CH,),Si Si(CHy), 4 (CHy),Si (==CSi(CH,);
(CHg)4SiC=C C=CSi(CHy);  (CHy),Si Si(CHa)s
Si(CH,) =CSi(CH,),

mp 89-90° solidified and remelted mp 126-129°, 259, yield
118-120°, 209 yield

(b) (CH;):8iC=CBr + CH;C=CH —>
CsH;C=CC=CSi(CH,),

l [cow0),]:Hg
C==CSi(CHy),

C:H; C.H;
(CH,);8iC=C C=CSi(CH,);

CsH5
mp 213-214°

The yields vary between 40 and 809,. The sodium
derivative of trimethylethynylsilane has also been pre-
pared in liquid ammonia (10, 23). It was used in a
similar manner as the Grignard reagents, but gave much
lower yields. Trialkylethynylsilane also has been re-
ported to undergo a Mannich-type reaction (10)

R:8iC=CH 4 CH:0 4 HNEt; —> R:SiC=CCH:NEt,; + H:0



Yield, %

np2

1.4393
1.4429

1.4586
1.5290s

1.4630
1.4580

1.4639
1.4629
.4625

—

.4707
.4670
.4590
.4668
.4600

[ e

1.4863
1.4901

1.4586

1.5112
1.4655

.4720

—

.4730
.5108
.5000
5140
.5027
.5145
.5224
.5182
.5010
.5000
1.4990

T W

53
70.5

A

0.8147
0.8094

0.839

1.0001¢
0.8424
0.8328

0.9675
0.9254
0.9650
0.9690
0.9303
0.9641
0.9226
0.9625
0.9649
0.9252

0.9632

1.0281

0.9450

0.8495
0.8475
0.8556
0.8594
0.8561
0.9471
0.8581
0.8518
0.8583
0.8550
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TaBLe XII
TRIALKYNYLORGANOSILANES, RSi(C=CR");
Compound Mp, °C Bp, °C (mm)
C.H:;08i(C=CH); 39-41(1)
HSi[C=CC(CH;):0H], 163-163.5
CH;Si[C=CC(CH;),0H],3 214
CH,=CHSi[C=CC(CH,;);,0H]; 172.5-173
CH:Sl(CECCeH5)g 126
Tasre XIII
DIALKYNYLDIORGANOSILANES, RsSi(C=CR'),
Compound Mp, °C Bp, °C (mm)
(CH;)8i(C=CH). <50 (65)
(CyH;),81(C=CH). 78-79 (84)
(CsH7)8i(C=CH). el 77.5-78.5 (15)
(CeHs)le(CECH)z 43, 4445 e
(C:H50):81(C=CH ). ce 31-32 (1)
(CH;):81(C=CCyHs): cee 68 (0.15)
(CH;):81(C=CC¢H:s). 80.5-81.5 -
76-78
(CeH;0).81(C=CCsHs): 185 (12)
(EtsSiCH.CH,)(CH;)Si(C=CH), 70-71 (1)
(Et:MeSiCH,CH, )(CH;)Si(C=CH ). e 73-75(1)
(CH;).81[C=CC(CH;):0H]. 80-82 cee
107-108
(CH;):8i[C=CC(CH;):0Ac]2 104 (3)
(CHs):81[C=CC(C:H;).0H]: 128-130(0.5)
(CH;):81[C=CC(C:H;)0Ac]2 e 148-149 (2)
(CHj;),8i[C=CC(CH;)(C:H;)O0H]: 85.5-87 v
(CH;).8i[C=CC(CH;)(C:H;)0Ac]: R 140-145 (4)
(CH;):8i[C=CC(CH,)(C,H,)0H], 147 (4)
(CH;).8i[C=CC(CH;)(CH;)0Ac), 174-176 (3)
(CH;):8i[C=CC(OH)(Me)CH,CHMey] . 141-143 (4)
(CH;):81[C=CC(0Ac)(Me)CH:CHMe;]» e 169-171 (4)
(CH;)81[C=CC(OH )(CH;)C(CH,)]: 64-65 A
(CH;).81[C=CC(C1)(Me)Et] [C=CC(OH )(Me)Et] 101-102 (0.7)
(CH;).81[C=CC(Me)Ety] [C=CC(OH)(Me)Et] ... 93-94 (3)
(CsH;):S81[C=CC(CH;):0H], 76-78 .
(C2H;).8i[C=CC(CH;)(C,H,)0H]. 70-71 e
(CeH;).81[C=CC(CH;)(CsH;)OAc], v 190 (2)
(C3H1)81[C=CC(CH;).0H], 70-71 .
(CeH:):81[C=CC(CH;).:0H]: 123-124
H(C:H;)Si[C=CC(CH;):0H]: 62-63
(CH;)(C,H;)Si[C=CC(CH;),0H]. 80.5-81.5
(CH;)(C3;H+)Si[C=CC(CH;).0H], 78-79
(CH;)(CsH;)Si[C=CC(CHj;):0H]: 129-130 e
(CH;)(CeH;)Si[C=CC(CH;).0Ac]: ... 178-179 (4)
(CH;)(CyoH7)Si[C=CC(CH;).:0H]. 92-93 .
(CH;)(CeH;)Si[C=CC(CH;)(C:H;)OH]. 60
(CH;)(CsH7)Si[C=CC(CH;)(C.H;)O0H]: 50-51 .
(CH;)(C;H7)Si[C=CC(CH;)(C:H;)OAc]: R 156-158 (4)
(CsH5)(CeH;)Si[C=CC(CH;).:0H]. 92-93 e
Cl(CH;)Si[C=CCHsn], .. 148-150 (8)
(MeEt.SiCH.CH:)(Me)Si[C=CC(CH;),0H], A 105 (2)
(EtsSiCH,CH:)(Me)Si[C=CC(CH;):0H]. 44.8-46.3 158 (2)
154-156 (1)
(CH3)81[C=CCH=CH,|, 67-68 (9)
(CH;)S8i[C=CC(CH;)=CHs]» 75 (4)
(C:H;):Si[C=CCH=CH;]» 84-86 (8)
(CeH;).8i[C=CC(CH:)=CHo,]» 105 (6)
(CsH1):8i[C=CCH=CHj;], 82-86 (5)
(C1)Y(H)Si[C=CCH=CH:]. 88-89 (12)
(CH;)(H)Si[C=CCH=CH,]: 60.5-61 (8)
(CoH5)(H)Si [C=CC(CH;)=CHa]a 76 (4)
(CH3)(C:H;)Si[C=CC(CH;)=CH:]. 87 (2)
(CH;3)(C;H7)Si[C=CC(CH;)=CHa;]; 113 (10)

2 §°, & Synthesized from other acetylenic compounds.

Method
1b
2
2
2
1b

Method Yield, %

1b
2
2
2
1b
2
2
1b
1b

o
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60

64

61
45
30

55.

26

35
55

48

47

64

Ref
19

165, 192, 171
165, 171
165,192, 171
64

Ref
10, 29, 24
161
161
29,90

98
10, 163, 19t

191
175

175

173

173

173

173

173

173

175

184

184
163, 191
173

173
163, 191
164
164
164, 166
164, 166
164

164

164

173

173

173

164

39

98
96, 98

138, 140
170
138, 140
170
138, 140
140
136
167,170
170
170
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Compound
HSiC=CH

(Csz )3SiCECH
(C3H7):Si1C=CH
(CsHs )3SlCECH

(C.H;0):81C=CH
(CH,)2(CoH;)8iC=CH
(C:H;):(CH;)SiC=CH
(CH,)(OH)SiC=CH

H(CH=CH):SiC=CH
H(CH;)(C:H;)SiC=CH
H(C:H;)(CeH;)SiC=CH
ClSiC=CBr
ClsSlCECCeHs

Cl(CH;)SiC=CC;Hy
Cl:(CH;)SiC=CCH,
(CHs)sSlCECBr
(CH,)SiC=CI
(CH;):SiC=CCH;,
(CHs)sSlCECCHzN(Csz )z
(CH;)8i1C=CCH(CH,)Cl
(CH;)s8i1C=CCH(C:H;)C1
(CH3;):8iC=CC(CH;),Cl

(CH,)sSiC=CC(CH;)(C,H;)Cl

(CHj;)s8iC=CC(CH;)(C1)C(CHs)s
(CH;):8iC=CCH(Br)CH(CH;)Br
(CH;):8iC=CC(CH;)(Br)CH:Br
(CHs )381050031{7
(CHs)sSiCECCAH9

(CHs )aSiCECCEH9d

(CHa )3SiCECCeHua
(CH;);8iC=CCHs

(CH;):SiC=CCsH Br-m
(CHs)aSlCECCeHgCHs—p
(CHs )3SiCECCGH4CH3-O
(CHa )3SlCECCeHgoCHrp
(CH,;)s8iC=CCH[C(CeH5s)s) CH:C(CsH:)s
(CH,)8iC=CCOOH
(CH;):8iC=CCOOC,H;
(CH;)s81C=CC(CH;);00C(CH:),COOH
(CH;):8iC=CCH,CH(COCH );COOC:Hj,
(CH,)s8iC=CCH(CH;)CH(COCH;)COOC:H,
(CH;)s8iC=CCH(S8iMes),
(CH;):8iC=CCH,CH,CH=CH.
(CH;):8iC=CCH:;CH,CH=CHC:Hs
(CH;):8iC=COC:H;
(CHs)sSlCECOC4H9-’n
(Csz)aSlCECCH;
(C:H;)s81C=CCH-:Cl
(C:H;):SiC=CCH (CHj;)Cl
(C:H;)sSiC=CCH(C:H;)Cl
(CzHa )3810500 (CHs )201
(C:H,);8iC=CC(CH;):CH:Cl
(C:H;)s81C=CC(CH;)CH:0

S — |

(Csz)sSlCECCHz(CHz)ACHI

TasLe XIV
MONOALKYNYLSILANES, R;SiC=CR

Bp, °C (mm)
—22.4

Mp, °C
-90.7

51-52, 53.5 1.

138 (771) 1.
97-97.5(20) 1.
146-149 (0.03) 1.

48.5-49
4546 191(1.9)
91-91.5(52) 1
83.2 (751) 1
112-113 1
47-48 (46) 1
46 (20) 1
—40

92.5 (42)

90 (17)
76-80 (11)
132-135 (26)

168-169
187-188
48 (50)
53 (15)
99-100 (760)
50 (17)
92-95 (34)
45-46 (10)
4647 (5)
32-35 (5)
49 (14)
38-40 (2)
61-62 (8)
41 54-55 (2)
85-86.5 (3)
84-85 (5)
133-134
155
89-89.5 (20)
107-108 (20)
214 (760)
87.5(9)
96 (1.9)
115 (15.5)
74 (2.2)
96 (1.5)

[ T g S —

178

95-97 (7-8) 1.

92.5-96 (25)
178-180 (4) 1

80-85 (19)

44 (10) 1.

57.2 (34)
83-84 (32)
169.5-170.5
72 (6)

64-65 (2)
96.5-98.5 (8)
101-102 (16)
122 (5)

99.5 (6)

93.5-94 (3) 1

[E T

o e e e e e

= e b e b e e

np¥

A

3870¢ 0.707°

4302
4376
6180

.3982
.4082
.4200
.4168
.4138
.5159
.5161
.5240¢

5527

.4612
.5109
.4091

4546

.4512
.4540
.4503
.4415
.4502
.4602
.5342
.5125
.4272¢
.4318¢
.4928
.4940
.5262¢
.5284

55322
5328
5218e
54482

4490¢

.4548
110-111 (10) 1.
52-53 (15) 1.

4511
4368

4420

424

.4305
.4485
.4698
.4642
.4641
.4525
.4725

4580

.4560

0.7862
0.7980

.7435
.7635
.8858
.8898

(== e e i )

.9169
.9161

oo

1.2871

.7581
.9295

o o

.9084
.9090
.9043
.8774
.9015
.9082

[=> e I e v B e i e

.3930
.3820
.765¢
.768¢
.8531
.8616

OO OO ==

0.8961

0.9902
0.9583
0.9204

0.7888
0.8276
0.8268
0.8029
0.9262
0.9043
0.9048
0.8861

0.9663
0.8775

0.8118

Method

2
1b,2

2
2
1b

1b

(]

O NN NS O NN

o

W NN

1b,2

1b, 2
1b, 2
1b, 2
1b, 2

S ==
o T

@

N NN O NG NN &N

Yield,
o

52

4.7
60.3
50

52.
55.5

o

52
46
40
80
90
85
74

68
62

36

34.6
50

95
64.6
60.5
50

83

Ref
34
10, 22, 101,
221,239
139, 160
161
10, 46, 161,
239
19
121,221
129
88, 201

244

161

161

1

2, 122, 136,
142

39

39

23

23

139

85

10

200

194

177,198

177,198

177
224
224
39, 41
39, 41, 140
225
224
33, 139, 145,
248
33
33
33
33
131
10
10
196
193
200
240
38
38
162
162
139
85
200
194
198
160
160

140
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Compound

(C:H;)sSiC=CCH(C.H;)(CH;).CH,
(C:H;),8iC=CCH [Si(CHj;);] (CH;),CH;

(02H5 )3SlCECCGH5

(C:H5)sSiC=CO0C:H;

(Csz )sSiCEC CH200H2004H9

CHs(Csz )2SlCECCHzoCHzoC4H9

02H5 (CHs)leCECC (CH3)200H2004H9
C:H;(CHj;),SiC=CCH(C;H:)OCH,0C:H,
C:H;(C1H;):8iC=CC(CH;)(C:Hs JOCH:0C,H,
C1H;(CHj;):SiC=CC(CHjs)(C:Hs)OCH0C.H,
(CH;)sSiC=CC(CH;)(C:Hs )OCH:0C,H,
(C:H;)SiC=CC(CH;).0CH,0C,H,

(Csz )3810500 (CHs )2OCH2003H7
(C:H;)SiC=CC(CH;).0CH:0C;H-¢
(C:H;)sSiC=CCH(C;H:)OCH:0CH,

(02H5 )3SiCECCH(CaH7 )OCH2004H9
(C:H;)s8i1C=CCOOH
(C:H,):8iC=CCH,CH.COOH
(C:H,)s8iC=CCH,CH:COOR/
(C:H;):8i1C=CCH,.CH(COCH;)(COOH)
(C:H;):Si1C=CCH,CH(COCH;)COOC,Hs
(C:H;):8i1C=CCH (CH;)CH(COCH;)COOH
(C:H;)38i1C=CCH (CH;)CH(COCH;)COOC:Hs
(C:H;)sSiC=CCH(CH;)OCH,CH.COC,H;
(C3H,)sSiC=CC(CHj;);00C(CH.),COOH
(CszO )aSlCECCGHs

(CeH;),81C=CCl

(CeHs )sSlCECBI‘

(CsH;)sSiC=CCH;,

(CeHs )aSiCEC CeHs
(CH,;):(C:H;)SiC=CCH(CH;)C1
(CHy3)2(CsHy)SiC=CC(CH;):Cl
(CH;)(C4H,)SiC=CC(CHs),Cl
(CH,)2(CeH;)SiIC=CCH,Cl
(CH;),(CeH;)SiC=CCH.CH(COCH;)COOC:H;
(CH;)(CH;C00):81C=CC;H,
(CH;)(CH;CO00),SiC=CC.H,
(C:H;0):81C=CCH;
(CH,):8iC=CCH(CH;)SH
(CH;):8i1C=CCH(CH;)(SHgCl)
(CH,):8iC=CCH(CH;)SCN
(CH,):8iC=CCH(CH,)SR/
(CH;):81C=CCH(CH;)SCH,CH,0CH,
(CH;),(C:H;)SiC=CCH(CH;)SH
(CH;)(C:H;)SiC=CCH(CH;)SHgCl
(CH;),(C:H;)SiC=CCH(CH;)SCN
(CH;),(C,H;)SiC=CCH (CH,;)SR/
(CH,)2(CH;)SiC=CCH(CH;)SCH.CH:0CH,
(CH;)SiC=CCHO*
(CH,;)2(C:H;)SiC=CCHO?*
(CH;)(C:H;)8iC=CAc*
(CH;)2(C2H5)SiC=CCOC.Hs*
(CH;,)s8iC=CAc?

(CH,):SiC=CBz*
(CH;);8iC=CCOCH=CH,*
(CH;)s8iC=CCOC=CCH=CH:*
(CH3;):8i1C=CC(CH;).C=CC(CH;),Cl
(CH;)s81C=CC(CH;)(C.H;)C=CC(CHj;).Cl
(CH;);81C=CC(CH;)(C:H;)C=C(CH;)=CH;
(CH,)8iC=CC(CH;),C=CC(CHj)s

TasrE XIV (Continued)

Mp, °C

101-102
111-113
113-114

100-101

132

145

195
172
84
86

190
101
85

Bp, °C (mm)

98-99 (3)
108-109 (3)
133-133.5 (10)
73 (34)
122-123 (1)
90-91 (0.2)
103-104 (1)
116-117 (1)
105-107 (0.5)
106-108 (0.5)
113-114 (0.6)
108-110 (0.6)
98-100 (0. 5)
90-93 (0.5)
104-105 (2)
104-105 (2)
132.2 (3)
78-80 (10)
94-95 (8)
70-78 (3)
155-157 (10)
68-69 (2)

60 (1)

96 (6)

63-65 (14)
141-142 (2)

70 (13)

70-71 (9)
80-81 (8)

118 (6)
149-151 (6)
96-102 (0.3)
102-106 (0.3)
49-50 (0.2)
141-142 (6)
54-55 (8)

80 (2.5)
107-108 (2)
62 (5)

74 (10)

0
60 (1)
121 (2.5)

78-79 (3)
93-94 (6)
90-91 (7)
89-90 (6)
53-54 (4)
56-58 (2)

[ T T S e g S N T T e S S

= e e e

npo

.4520
.4555
.5259
. 4448
.4492
.4432
.4415
.4665
.4370
. 4420
.4410
.4459
.4409
.4321
.4530
.4530
.4682
.4520
.4572
.4410
.4585
.48

.4600
.4600
.4610
. 4898

.4608
.4454
.4476
.5345
.5095

.4490
. 4898
.4664
.4830
.4665
.4418
.4745
.4889
.4529
.4700

.4605
.4666
.4658
. 4732
.4526
.4368

A0

0.8069
0.8180
0.8984
0.8603
0.8834
0.8850
0.8650
0.8520
0.8512
0.8660
0.8636
0.8671
0.8685
0.8715
0.8742
0.8742
0.9639
0.9478
0.9311
0.9408
0.9448
0.9587
0.9222
0.8946
0.8135
0.986¢

0.9057
0.8748
0.8753
1.0409
1.0140

0.8984
0.986¢
0.8650
0.9285
0.8798
0.8431
0.8700
0.9357
0.8650
0.8839

0.9044
0.8982
0.8187
0.8745
0.8245
0.8035

Method

G 0O 00 000000000 00 CGQ OO OO OO G O NNNDN

(==l &)
. 0.

1b, 2

—
o

C O NN GO0 0000000006060 060060 NG NG 66 6o

Yield,
o

65
35
42.3

47
58

45
42

61.3
52.2
63.7
64

Ref

140
140
139
162
188
188
188
188
188
188
188
188
188
188
188
188
160
193
193
193
193
200
200
200
196
235
46
46
2,10, 136,
139
43-45
87
181
181
85
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TaBLE XIV (Continued)

Compound Mp, °C
(CH,)sSiC=CC(CH;)(CMe;)C=CC(CHy); 55
(CH,;)s8iC=CC(CH;).C=CCH,OH .
(CH;)s8iC=CC(CHj;).C=CCH,OR/
(CH;)sS8iC=CC(CH;).C=CCH(CH;)0H
(CH;)s8iC=CC(CH;).C=CCH(CH;)OR/
(CH;):8i1C=CC(CH;).C=CC(CH;).0H
(CH;):S8iC=CC(CH;).C=CC(CH;s),OR/
(CH;):8iC=CC(CH;)(C,H; )C=CC(CH;):0H
(CH;);SlCECC(CHs)(Csz)CECC (CHa)zOR!
CHs(Csz )2SlCECC(CHs)2CECCH(CsH7 )OH
CH,(C:H; ).81C=CC(CH;).C=CC(CH;).0H
(CHas)2(C;H7)SiC=CC(CH,).C=CC(CH;);,0OH
(CH:)z(C4H9)SlCECC(CHs)zCECC(CHs)on
HO(CH;).CC=CSi(Et;)CH,CH:S1(CH3)(C.Hs)

41-42

4445
C=CC(CH,)0H
HO(CH: ),CC=CSi(Bu):.CH:CH:Si(CHy)(C:Hs)

C=CC(CH;);,0H
HO(CH;).CC=CSi(Me);CH:CH:Si(Et). 35.5—

C=CC(CH;).0H
(CH;)s8iC=CC(=CH:)C=C(0OH)C=CSi(CH;)
HOC(CH,;).C=C8i(Et );CH.CH:Si(CH;)(CHCHMe)

@ 25° 524° ¢ Synthesized from other acetylenic compounds.
Table XV). ¢21° » Obtained as 3,5-dinitrobenzoyl hydrazide.
literature.

2. Reactions of Alkynylorganosilanes, Bi—nSi(C=CR),

Many reactions of alkynylsilanes have been studied
and described (136). More recently one class of silanes,
the silicon acetylenic alcohols R¢-,Si(C=CCR,OH).,,
has attracted increasing attention. The tertiary
alcohols so formed react with gaseous hydrogen chloride
or concentrated hydrochloric acid to form the corre-
sponding chlorides in good yields (177, 198)

RSiC=CR:0H + HCl —> R SiC=CCR.Cl + H,0

Thionyl chloride has been reacted with primary,
secondary, and tertiary alcohols (85, 87, 194, 198, 200)

R:SiC=CCR,OH + SOCl, —> R;SiC=CR:Cl 4 80, + HCl

The same alcohols react with butyl vinyl ether to form

acetal derivatives (175, 180, 200)

R:SiC=CCR:0H + CH~=CHOC,H; —>
R:S8iC=CCR,OCH(CH;)0C:H,

Cyanoethylation in the presence of sodium methoxide

results in the formation of the cyanoethyl esters (196,

200)

R;:8iC=CCR0H + CH=CHCN —>
R;8iC=CCR:0CH,CH,CN

These ethers in turn form the corresponding ketones
with ethylmagnesium bromide (196)

R:SiC=CCR,0CH.CH,CN + CszMgBI‘ e
R:SiC=CCR.0CH,CH,C(0)C.H;

Yield,

Bp, °C (mm) np20 d?®  Method % Ref
70-72 (4) ¢ 177
98-99 (2) 1.4736 0.8973 2 41.2 199
133-134 (5) 1.4590 0.8993 ¢ 66.0 199
116 (12) 1.4675 0.8930 2 27.4 199
121-122 (2) 1.4465 0.8670 ¢ 65.7 199
102 (7) .. AN 2 64.8 199
134-135(9) 1.4439 0.8523 ¢ 65.6 199
105 (6) 1.4697 0.8867 2 25 199
122-123 1.4502 0.8786 ¢ 61.2 199
90-92 (3) 1.4995 0.8990 ¢ 181
78-80 (0.2) 1.4683 0.8800 ¢ 181
103-104 (5) 1.4463 0.8531 ¢ 181
104-105 (4) 1.4458 0.8519 ¢ - 181
167-169 (5) e A 2 34 96, 98
163-164 (1) 1.4802 0.9185 45

163-165 (4) 1.4802 0.8980 2 20 96
140 (1) 2 70 96
136 (1) ¢ 15
162-164 (3) 1.4805 0.9086 2 45 98

4 Cyclopentyl. ° Cyclohexyl. ’ Ethylbutylether (seefootnote a,
Report of synthesis of parent compound could not be found in the

Primary silicon acetylenic chlorides react easily with
sodium acetoacetic ester yielding the corresponding
keto esters (193).

R;SiC=CCH:C] + CH;COCHNaCOOC,;H; —>
R:S8iC=CCH.CH(COCH;)COOC.H; + NaCl

From the reaction of the sodium malonic ester with the
chloride the acid was obtained instead of the ester.
It is assumed that the ester was cleaved during the re-
action.

R;:8iC=CCH.C] + NaCH(OOCC:H;); —>
H:0
[R38iC=CCH,CH(OOCC:Hjs),] + NaCl —
R:SiC=CCH,CH,COOH + CO:; 4 2C,H:OH (193)

The silicon acetylenic halides can also be utilized to
synthesize silylacetylenic thiols

R;SiC=CCH(CH;)Cl 4 NaSH —>
R;SiC=CCH(CH,)SH + NaCl

R:SiC=CCH(CH;)SCN + BrMgC,H; —>
R:SiC=CCH(CH;)SH (87)

Primary and secondary alcohols undergo partial or
complete esterification with adipic acid, depending
on the reaction conditions (196).

R:8iC=CCH:0H + HOOC(CH:);COOH —>
R;sSiC=CCH:00C(CH,);COOH + H;0
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TasLe XV

S1LIcON ACETYLENIC ALcoHOLs, RsSiC=C(CR,),0H

Compound
(CH;)sSiC=CCH,0H
(CH;)s8iC=CCH,0OR*
(CH,)3:8iC=CCH(CH;)0OH
(CH;)s8iC=CCH(CH;)OR¢
(CH;):SiC=CCH(CH;)OCH,CH.CN
(CH,):SiC=CCH(C,H;)OH
(CH;)s8iC=CCH(C,H;)OR*
(CH,):8iC=CC(CH;).,0OH

(CH;,)s8iC=CC(CH;),0R®
(CHj,)s8iC=CC(CH,);0CH,CH0C.H;
(CH,)s8iC=CC(C:H;).0H
(CH;)s81C=CC(C,H;);0R*
(CH,):81C=CC(CH;)(C.Hs)OH
(CH;)s81C=CC(CH;)(C,Hs)OR®
(CH,):81C=CCH(C:H,)0OH
(CH;):81C=CCH(C:H7)ORs
(CH;)s8iC=CC(CH;)(C:H,)OH
(CH3):SiC=CC(CHj;)(C:sH,)ORs
(CH;)sSiC=CC(CH;)(CMe;)OH

(CH;)s8iC=CC(CH;)(CMe;)OR®

(CH;):81C=CC(CH,)(CMe;)OCH(OH)CCls
(CH,):81C=CCH:CH,O0H
(CHj)sSiC=CCH:CH;OR*
(CH,);8i1C=CCH,CH(CH;)0H

(CH;);81C=CCH,CH(CH;)OR*
(CH: )i81IC=CCeH,,OH-me

(CH,)s8i1C=CCH(OH)C.H;04
(C,H;):81C=CCH.0H

(Csz)aSiCECCHzoR“
(C:H;);81C=CCH(CH;3)OH
(C;H;):8iC=CCH(CH;)ORs
(C:H;):81C=CCH(CH;)OCH,CH.CN
(Csz)aSiCEC CH (Csz)OH
(C:H;):SiC=CCH(C:H;)OR®
(C:H;):SiC=CCH(C;H:)OH
(C:H;);8iC=CCH(C;H;)OR®
(C:H;)s8iC=CC(CH;).0H
(C:Hj;)sSiC=CC(CH;)0CH,CH,.CN
(C:H;)sSiC=CC(CH;)(C,H;)OH
(C:H:)s8iC=CC(CH;)(C:H;)OR®
(C,Hs)$8iC=CC(CH,)(C.H,)OH
(CgHs)aSlCECC(CHs)(C4H9)ORa
(CzH5)aSiCECCeHwOH-O‘
(CeH;):8iC=CC(CH;).0OH
(CH,):(CH:C1)SiC=CC(CH;).0H
(CH,):(CH.C1)SiC=CC(CH;),OR¢
(CH,):(CH-C1)SiC=CC(CH;)(C.H;)OH
(CH,),(C.H;)8iC=CCH,0H

(CH,)s(C.H;)SiC=CCH(CH;)0H
(CH3):(C.H;)SiC=CCH(C;H:)OH
(CHs)z(Csz)SlCECCH(CaH-] )OR“
(CHj)2(C:H;)SiC=CC(CHs),OH
(CH;),(CeH;)8iC=CC (CH,)(C:Hs)OH

Mp, °C

41-41.8
49-42 5

32

71.5-
72.5

llé.'

Bp, °C (mm)
61 (2)
95 (5)

76 (15)

98 (5)
90 (8)

57.5 (3)
102-103 (8)
80.5 (35)

71 (18)
94-96 (54)
85-86 (3)
120 (14)
133-134 (25)
69-70 (1.5)
95~-96 (1)
123 (7)
145-146 (7)
89 (4)
82-85 (2)
140 (4)
62-63 (3)
64-65 (3)
134-136 (4)
95-97 (2)
92-94 (0.5)
70 (6)

92 (4)
95-97 (2)
84 (2)

153 (3)

108 (3)

127 (24)

92 (3)
100-102 (4)
109-110 (6)
91-94 (1)
120 (25)
110-111 (2)
124 (1)

106 (7)
138-139 (2.5)
97-98 (2)
151-153 (12)
121.8 (27)
140-140.5 (4)
98-102 (2)
135-136 (2)
99-102 (2)
136-138 (2)
161 (22)
236 (5)
82-85 (5)
108-109 (6)
97-98 (5)
78-80 (8)
131-132 (2)
92 (14)
74-75 (2)
143-144 (13)
88-89 (6)
92-95 (4)

np2

Pt it e ek b e et ek b et e e

it ek et et b ek e et

e b e e e e e

bttt e e

L J g Sy g S g S Y

de20
0.8806
0.8683
0.8614
0.8540
0.8689
0.8604
0.8580

.4523
.4378
4442
4320
.4385
. 4452
.4368

0.8541
0.8875
0.8798
0.8435
0.8625
0.8484
0.8643
0.8426
0.8598
0.8414
0.8651
0.8171

.4331
.4452
.4440
.4459
.4401
.4410
.4360
.4374
.4370
.446

.4421
.4348
.4332
.4404
.4656
.4507
.4383
.4748
.4661
.4655
.4451

0.8567
0.8598
1.077

0.8742
0.8617
0.9101
0.8908
0.8925
0.8787

.4908
.4633
.4670
.4492
4605
. 4462
.4590
.4601
.4500
.4600
.4545
. 4557
.4513
.4425
4275
. 4456
.4441
.4822

0.9949
0.8923
0.8932
0.8834
0.8697
0.8715
0.9062
0.8851
0.8736
0.8708
0.8801
0.8638
0.8925
0.8617
0.8618
0.8505
0.8620
0.9195
0.999

0.9592
0.9865
0.8740
0.9996
0.8551
0.8506
.4403 0.8601
.4471 0.8570
.4345 0.8601

.4696
.4564
.4674
.4462
.5335
.4520
.4428

Method

N NTNTNT N NN T ON O ON TN

o .

N o -

(]

NN O N

PO S D RO RO O DO TF BD O D O b O bO OF O hD O -

Yield,
%
40.2
71
60
51.5
44.0
55
41.6

62
66.4
60
22.1
40.13

33.11
30

—
[=2]
Ot =3 W W ot

53

56
48.
69.

& = oot

48

1.2
50

43
22.5
67.8

64.5
54.8

Ref

84

84
200
200
200
194
194
10
190
196
190
196, 197
196
175
175
172
172
172
172
172
172
172,175

172,175
179

217

217

85

217

85

217
144

212
84

189

189

200

200

200

194

194

180

180

139, 190
196, 197
172

172, 186
172

172

144

144

183

183

183

84, 189

87

180
180
189
172
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TaBLE XV (Continued)

Compound
(CH;)2(C,H;)SiC=CC(CH;)(C.H;)ORs
(CH;).HSiC=CCH(C;H;)OH
(CH;):HSiC=CCH(C;:H1)OR®
(CH;)(C:H5;):8iC=CC(CH;);.0H
(CH;)(C:H;),81C=CCH(C;H.)OH
(CH;3){C,H;):8iC=CCH(C;H7)OR¢«
(CH;)(C:H;):81C=CC(CH;)(CH.C1)OH
(CH;)(C:H;):SiC=CC(CH;)CH:0

O ——

(C:H;),HSiC=CCH(C;H:)OH
(C:H;),HSiC=CCH(C;H)OR®
(Csz)z(CsH-])SlCECC(CHa)(Csz)OH
(n-CsH1),HSiC=CCH(C;H,)OH

(n-CsH'] )2HSiCECCH(CsH7 JORs
(#-CsH7);HSiC=CCH(C;H+)OH
(#-CsH7);HSiC=CCH(C:H)OR®
(CH;):(OH)S8iC=CC(CH;);:0H
(CH;3)(C,H;)HSiC=CC(CH,),OH
(CHa)(CsH-;)HSiCECC(CHs)on
(CH;)(C:H;)HSiC=CCH(C;H:)OH
(CHs)(C,H;)HSiC=CCH(C;H;)OR*
(CH3)(C:H7)HSiIC=CCH(C;H,)OH
(CH,4)(C:H7)HSiC=CCH(C;H,)OR®
(Et:SiCH,CH;)(CH;)(C,H;)SiC=CC(CH,).0H
(Et3SiCH,CH; )(CH;)(C:H;)SiC=CC(CHj,).OR¢
(Ets81CH,CH:)(CH;)(Cs;H1)SiC=CC(CH;).0H
(EtsSiCH.CH; )(CH;)(C:H;)SiC=CC(CH;).0H
(n—PI‘sSlCHzCHz)(Cﬂs)(‘n-03H7)SlcECC (CHa)zOH
(n-Praschchz)(CHs)(n-03H7)SlcECC(CH3)2OR“
(Bu;sSiCH,CH:)(CH;)(CsH,)SiC=CC(CH;).0H
(C:H;)81C=CC(CH3),C=CC(CHj;)[C(CH3)s] OH
(C:H;)s81C=CC(CH;)(NHCH;3)CH,0H
(C.H;):8iC=CC(CH,)[NHCH(CH,):] CH.0OH
(CH;)(C:H;):81C=CC(CH;)[N(CHs).] CH:OH
(CH;)(C:H;).8iC=CC(CH;)[N(C:H;).] CH,OH
(CH,)(C:H;)HSiC=CC(CH;)[C(CH;);] OH
(CH;)(C:H;)HS8iC=CC(CH;);,0OCH(CH3)0C:H,
(CHs)(C:H;)[CeH5(CHs):8i0] 8iC=CC(CH,)[C(CHj;);] OH

s Butyl vinyl ether derivative obtained from the following reaction:
¢ 3-Hydroxycyclohexyl.

b Derived from other acetylenic compounds.

In the case of tertiary alcohols the reaction resulted
in the dehydration and formation of a vinylalkynyl-
silane

R:SiC=CC(CH;);,0H —> R;SiC=CC(CH;)=CH, + H,0

The esterification of tertiary alcohols can be accom-
plished through the interaction of the magnesium alco-
holate and adipyl chloride. The dehydration of organo-
silicon acetylenic alcohols with potassium hydrogen
sulfate or phosphorus pentoxide leads to vinylalkynyl-
silanes (97, 144, 167, 170, 199, 224).

KHSO.
RsSiC=CC(R) CH;)OH ——> R;SiC=CC(R)=CH.

Another interesting synthetic route to vinylalkynyl-
silanes is the reaction of alkyllithium compounds with
trimethylsilyldiacetylene (89).

Mp, °C

43-44

Yield,

Bp, °C (mm) np® dy20 Method % Ref
120-122 (2) 1.4289 0.8626 b 172
65-66 (4) 1.4486 0.8635 2 180
136-137 (19) 1.4383 0.8701 b 180
79 (6) 1.4522 0.8614 2 190
89-90 (3) 1.4498 0.8600 2 180
144-146 (12) 1.4460 0.8680 b ... 180
85-86 (1.5) 1.4690 0.9721 2 72.5 129
73.5 (1) 1.4541 0.8765 b 78.5 129
85-86 (4) 1.4530 0.8660 2 180
143-144 (13) 1.4454 0.8745 b 180
98-100 (4) 1.4514 0.8491 2 189
104-105 (3) 1.4550 0.8615 2 180
159-161 (12) 1.4471 0.8750 b 180
101-103 (4) 1.4533 0.8600 2 180
156-159 (12) 1.4470 0.8753 b ... 180
110 (6) 1.4533 ... 88
82.5 (18) 1.4510 0.8605 2 65 144
86 (12) 1.4515 0.8568 2 66 144
71-72 (4) 1.4518 0.8641 2 180
137-138 (14) 1.4418 0.8690 b 180
80-82 (3) 1.4532 0.8642 2 180
141-142 (12) 1.4660 0.8765 b ... 180
130-132 (2) 1.4681 0.8748 2 50.2 95
147-150 (3) 1.4590 0.8716 b 60 95
138-140 (2) 1.4684 0.8716 2 45 222
155-157 (4) 1.4660 0,8712 2 45 222
175-177 (3) 1.5095 0.9330 2 41 222
157-159 (5) 1.4650 0.8636 2 55.9 95
161-163 (2) 1.4582 0.8606 b 55.5 95
190-192 (2) 1.4620 0.8588 2 48 95
7475 (7) 1.4694¢ 0.8866 2 ... 184
109 (3) 1.4685 0.8986 b 30 129
96 (1.5) 1.4665 0.8896 b 61.5 129
98-99 (2) 1.4620 0.8794 b 86.2 129
95-96 (3) 1.4632 0.8850 b 78.9 129
87-88 (2.5) 1.4590 0.8710 b 90 129
90-95 (1.5) 1.4570 0.8670 b 86.1 129
69 (2) 1.4603 0.8768 2 26 176
119 (4) 1.4422 0.8725 2 ... 176
106 (0.18) 1.5124 0.9842 2 176

(CR:)OH + CH~=CHOCH; — (CR;)OCH(CH,)OCH,.
4 2-Furyl. ¢ 2-Hydroxycyclohexyl.

Numerous other acetylenic silicon compounds have
been synthesized. Their physical properties are listed
in the Tables XI-XIX. In spite of the large number of
alkynyl compounds prepared, there is very little in-
formation on actual or potential uses. The prepara-
tion of polymeric materials with preservation of the
triple bond is mentioned in two notes (89, 90). One
patent claims that some compounds showed herbicidal
activity (10).

C. ALKYNYLGERMANES

The synthesis of acetylenic germanium compounds
(Table XX) and their physical properties are the sub-
ject of most publications in this field. From the limited
amount of information available on the chemical
properties of these compounds, however, it can be
assumed that they are very similar to the properties
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TasLe XVI
SiLicoN VINYLACETYLENES, RsSiC=CC(R)=CR,
Yield,
Compound Mp, °C Bp, °C (mm) np® de20 Method % Ref
Cl;8iC=CCH=CH, o 76-80 (11) 1.5240¢ - 2 ... 140
(CH;)s8iC=CCH=CH, cee 52-53 (80) 1.4510 0.7714 2 ... 138, 140,
224
(CH;)sSiC=CCH=CH(CHj;) . 46.5-49 (20) 1.4600 0.7811 2 51 224
(CH;)5SiC=CCH=C(C,H: ), . 63-64 1.4680 0.8034 b 37 158
(CH;):SiC=CCH=C(C;H;)(C:H) . 72-74 (3) 1.4686 0.8076 b 42 158
(CH;):SiC=CCH=C(C;H;)(CsH:~) . 42-3 (0.7) 1.4681 0.8073 b 32 158
(CH3)sSiC=CCH=C(C,;H:(C4H,) ... 72-73 (2) 1.4687 0.8138 b 38 158
(CH,)s8iC=CC(CH;)=CH, . 32 (15) 1.4465 0.7854 b 167
32-34 (15) 1.4510 0.7854 b ..o 224
31 (12) 1.4445 0.7736 b 29 196
(CH;)sSiC=CCH=CH[N(CHjs).] . 63-64 (2) 1.5272  0.8541 2 40 135
(CH;)s8iC=CCH=CH|[N(C,H;).] A 67-69 (2) 1.5218 0.8642 2 135
(C,H;):8i1C=CCH=CH. S 74-76 (20) 1.4695 0.8145 2 138, 140,
224
(C:H;):8iC=CC(CH;)=CH(CHjs) . 115-116 (20) . s e .. Lo 21
(C2H;):81C=CC(CH;3)=CH, . 130 (755) 1.4515 0.7867 ... e 21
(C:H;0):8iC=CCH=CH. - 78-79 (7) 1.4352  0.9407 2 140
(CsH1)sS1IC=CCH=CH, . 87-89 (7) 1.4700 0.8173 2 138
(CsHy)sSiC=CCH=CH, ces 108-110 (8) 1.4700 0.8201 2 138, 140
(CeH;);81C=CCH=CH, 91 e e e 2 L. 224
93 141
(p-ClCeH,)sSiC=CCH=CH, 107-108 e e e 2 ... 140
(CH;);HSiC=CC(CH;)=CH. . 130 (755) 1.4515 0.7867 2 80 144
(CH;),CsHSiC=CCH=CH, ... 83-84(6.5) 1.5391 0.9229 2 140
(CHj)o(CsHCH,)SiC=CCH=CH, ... 111-112 11)  1.5301 0.9185 2 140
(CHa):(p-CH:CeH,)SiC=CCH=CH. e 112-113.5 (10) 1.5368 0.9147 2 140
(CHa)2(a-CxH+)SiC=CCH=CH, . 146-147 .5 1.6029 1.0116 2 140
(CH;)(C,H;5)(H)SIC=CCH=CH, o 63-63.5 (79) 1.4640 0.7872 2 ... 136,154
(CH:)(CoH;5)(H)SiC=CC(CH;)=CH. e 141 (750) 1.4581 0.7948 2 95 144
(CH;)(C;:H+)(H)SiC=CC(CH;)=CH, Cel 56 (9) 1.4590 0.8007 2 75 144
[(CoH;)sSiCH,CH,] (CH;)(CsHx)SiC=CC(CH;)=CH; ... 131-132 (4) 1.4691 0.8379 2 82 222
[(C:Hs)sSiCH,CH,] (CH)(CiH,)SiC=CC(CH;)=CH. ... 132-134 (6) 1.4612 0.8287 2 80 222
[(C:H;):SiCH,CH,] (CH;3)(CeH;)SiC=CC(CH;)=CH, . 162-164 (5) 1.5160 0.90-4 2 83 222
[(C3Hy)sSiCH:CH,] (CH3)(CsH1)SiC=CC(CH;)—CH: ... 140-142 (3) 1.4730 0.8397 2 88 222
(CH;):(OH )SiC=CCH=CH, o 56-57 (10) 1.4800 0.8943 2 42.5 88,195
(CHj;):(OR)SiC=CCH=CHy* S 111-113 (26) 1.4511 0.8819 2 32.9 88,195
(CH;)[0(CH;)HCOC;H,]SiC=CCH=CH. e 71.5-73 (8) 1.4504 0.8846 2 56.4 88,195
(CHjs):(C1)SiC=CCH=CH, Ce 53-54 (26) 1.4694 0.9570 2 53.4 88,195
(CeH;).(OH)SiC=CCH=CH, . 6061 (12) 1.4875 0.9134 2 50 88, 195,
L. T5-T6 (4) 1.4815  0.9075 20.5 20174
(C2H;)(OR)SiIC=CCH=CH,* .. 90-91 (9) 1.4558 0.8816 2 61.4 88,195
(1-C3Hy)2(OH )SiC=CCH=CH. e 86 (10) 1.4848 0.8900 2 88
(CH;)(C,H;)(OH)SiC=CCH=CH, ... 62 (4.5) 1.4740 0.8008 2 41 88214
(H)(C;H;)(OH)SiC=CCH=CH, ... 6465 (22) 1.4715 0.8960 2  23.2 88,195
[(CH;)s8i0] (CH;).8iC=CCH=CH, 52 (16) 1.4424 0.8381 2 39.2 88
s Temperature 25°. ® Synthesized from other acetylenic compounds ¢ Acetal derivative (see footnote in Table XV).
of the corresponding silicon compounds. The acid 1. Reactions of
cleavage of substituted (phenylethynyl)triethylger- Ethynylorganogermanes, Ry .Ge(C=CH),
manes has been investigated. Trialkylethynylgermanes have been reacted with
- alkylmagnesium bromides
XC:HC=CGe(C;Hs)s + ROH —> RiGeC=CH + R’MgBr —> RyGeC=CMgBr + R'H
XCeH,C=CH + (C:H;);GeOR These acetylenic Grignard compounds can be used

to synthesize alkynylgermanes (116)
It is assumed that the reaction involves the carbonium g Gec=cMgBr +

ion Ar—C+=C(H)Ge(C:H;); as an intermediate. %OCH CH—CH %aGegzchOCH(unstable)
; i r = —> RiGeC=CCH H
The effect of the substituents X has been studied and RCHO 2 RiGeC—CCOH/OHR’

discussed (33). CH;COCH; —> R;GeO=CC(CH,),0H
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TasLe XVII
BissILicoN ACETYLENES, R:SiC=CSiR;
Yield,

Compound Mp, °C Bp, °C (mm) np dy20 Method %% Ref
Cl138iC=CSsiCl; 173-174 6f 12
C1(CH;).8iC=CSi(CH;).Cl ... 113 (65) a ... 39
HO(CH;).S1C=CSi(CH;);,0H 118-120 e Ce ce 2 50 39, 88, 201
C1{CH;).8iC=CSi(CH;)Cl: v 112-116 (0.5) 1.4413 0.9950 a 88
HO(CHj;):S8iC=CSi(CHjs)s 112, subl .. 2 88

90 (10)
HO(CH;)(C.H;)SiC=CSi(CHj;); 112 e . . 2 ... 88
(CH,):SiC=CSi(CHa)s 26 133-139 1.4259°  0.763 2,6c 30 39,40, 118,
136.6 1.4190 0.7516 120
1.4260 0.7703
(C4H,)sSiC==CSi(C:Hy)s e 216-218 (22) 1.4597 0.8276 2 142
(CeH3)381C=CSi(CsHs)s 156 230240 (10—9) 1b, 2 8, 46, 142
155
(CeH13)S8IC=CSi(CeHi3)s e 303-305 (3) 1.4602 0.8354 2 142
s Synthesized from other acetylenic compounds, ? 25°,
TasLe XVIII
StuicoN D1acETYLENES, RsSiC=CC=CR
Yield,

Compound Mp, °C Bp, °C (mm) np A Method %% Ref
(CH;)s81C==CC=CH 40 (30) 1.466 0.7970 2 25.4 159
(CH;);8iC=CC=CCH; 36 (2) 1.4872 0.8195 2 v 157
(CH,)s8iC=CC=CC,H; 41.5 (1.5) 1.4868 0.8120 2 77 157
(CHj;)s81C=CC=CC;H- e 66 (2) 1.4865 0.8197 2 62.7 157
(CH,)s8iC=CC=CCH(C:H;)0OH 67 85 (3) - e 2 68 86
(CH;)(C,H;)SiC=CC=CCH(C.H;)OH 38 110 (4) 1.4900 0.8874 2 56.5 86
(CH3):81C=CC=CSi(CHs); 106 . 2 159, 169

180-200°

The bromination of tetraethynylgermane yields tetra-
kis(1,2-dibromovinyl)germane (29, 117)

Ge(C=CH), + 4Br; —> Ge(CBr=CHBr),

Diphenyldiethynylgermane forms with diazomethane
the dipyrazolyl compound

(CeHs)Ge(C=CHNHN=CH), (29)
S — |

Organogermanes add to trialkylethynylgermanes (123)
R:GeC=CH + HGeR;' —> R;GeCH=CHGeR,'

2. Reactions of Germanium Acetylenic
Alcohols, Ry ,Ge(C=CCRy0H),

These alcohols undergo the same transformations
as the silicon-containing alcohols. The corresponding
chlorides are formed with hydrogen chloride or phos-
phorus pentachloride (181, 183, 187). Interaction
with vinyl butyl ether yields the acetal derivatives
(174, 178, 183, 187), with acrylonitrile the cyanoethyl
esters (187), and with acetic acid the corresponding
acetate (168). Triethylchlorosilane condenses in the
presence of pyridine with germanium acetylenic alco-
hols (187)

pyridine

RsGeC=CC(CH;);0H + CISi(C:H;)s
RsGeC=CC(CH;);08i(C:H;);

The reaction of an alcohol of this type with triethyl-
ethoxygermane has also been reported (152)

R3;GeC=CCH,0H + R:GeOC:H; ———> R;GeC=CCH,0GeR,

The dehydration of a tertiary alcohol with phosphorus
oxychloride resulted in the formation of a vinylethynyl-
germane (116).

POCIL
RiGeC=CC(CH;:0H —> R:GeC=CC(CH,)—CH,

D. ALKYNYLTIN COMPOUNDS

Many acetylenic tin compounds (Table XXI), indeed
most of those reported, have been synthesized during
the past 10 years. The thermal and chemical stability
of the carbon-tin bond in alkynyltin compounds is
considerably lower than the corresponding silicon and
germanium compounds. Most reactions which have
been tried result in the cleavage of the tin-carbon bond.
Triphenylpropynyltin, however, has been hydrogenated
in the presence of Raney nickel (103)

[H]
(CeHs )3SHCECCH3 —_ (CSH5)3SDCH20H2CH3

An attempt to hydrogenate trialkyl(vinylethynyl)tin
was not successful (251). Triethyl(vinylethynyl)tin
reacts with diazomethane to yield 3-(triethylstannyl-
ethynyl)-A2-pyrazoline, which upon heating gives
(triethylstannylethynyl)cyclopropane (253)

R:SnC=CH + CH:N; —>
R:SnC=CCHCH,N=NCH, —> R,SnC=CCHCH.CH
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Tasre XIX
RsSiIC=CXC=CSiR; aND RC=CSi(R:)XSi(R.)C=CR
Bp, °C Yield,
Compound Mp, °C (mm) np¥ du0 Method 9 Ref

(CH,;);:8iCC=CCH;0CH,C=CS8i(CH;)s .. 121 (13) 1.4605 e a 90 15
CL,CCH[OC(CH;).C=CSi(CHs)]. 2627 86-88 (4) 1.4568 1.0021 a A 179
(CH_:)4[CO:(CH,),C=CSi(C.Hjs)sl> 131 198 (2) - - a 18 196
S[CH(CH;)C=CSi(CH,)]: - 115-116 (8) 1.4945 0.8924 a 30 87
0.S[CH(CH;)C=CSi(CHj)s]2 60 e e - o 80.2 87
S[CH(CH,)C=CSi(CH,)(C:Hs)]: v 113 (2) 1.5085 0.9187 a 39 87
0.S[CH(CH,;)C=CSi(CH;)(C:Hj)]2 79 Lo ... .. a 78.5 87
HC=CSi(C,H;);CH,CH;:Si(C.H;),C=CH . 89-91 (3) 1.4600 0.8418 2 98
HC=CSi(C,;H;),CH.CH:Si(CH;)(CH,CHMe;)C=CH ce. 102-104 (3) 1.4620 0.8519 2 98
p-CeH[Si(CH;),C=CH], 52 80-82 (2) e o 2 98
p-CeH,[S1(C:H;),C=CH]. ... 152-154 (4) 1.5180 0.9432 2 98
[(HC=C)s8i],0 19-20 e .. 2 235
[CH;(CH;).C=CSi(CH;)(0OH)].0 a 39
[CH3(CH;);C=CSi(CH;)(OH)],0 .. e . a v 39
[(CH,=CHC=C)(CHj;).8i].0 98.5-100.5 (12) 1.4730 0.8911 a 33.3 195

85-87 (5) 1.4721 0.8909 e 214

74 (1) 0.4730 0.8911 .. 88
[(CHe=CHC=C)(C,H;):Si] .0 A 109-110 (4) 1.4931 0.9120 a ... 88
p-CeHy[Si(CH;),C=CC(CH;3)=CH,]. 4647 158-160 (0.013) 1.5310 0.9592 a 60 97
p-CeH4[Si(C:H;),C=CC(CH;)=CH:], 138-160 (0.013) 1.5335 ... a 60 97
p-CeH,4[Si(CH;),C=CC(CH;)=CHC;H|; 145-147 (0.013) 1.5260 0.9189 a 60 97
p~CeH4[Si(C,H;),C=CC(CH;)=CHC;H:], 150-152 (0.013) 1.5230 0.9294 a 70 97
(CH,),81[08i(CH;),C=CCH=CH,]. 99 (8) 1.4616 0.9192 a 23.5 88
H(CH;)Si[08Si(CH;).C=CCH=—CH:], 80 (1.5) 1.4629 0.9107 a 35.8 88
[(C:H;):81C=CC(CH;)CH0H].NCH; 170 (2) 1.4775 0.9131 a 58 129
[(C,H;)s8iC=CC(CH;)CH.0H],NC,H; 147 (1) 1.4800 0.9159 a 27 129
[(CH3)(C:H3)s81C=CC(CH3)CH.0H].NC:H; v 145 (2) 1.4795 0.9208 a 60 129
p-CeH4[Si(CH;),C=CC(CH;);0H]. 100-103 .. a 43 97,

98

p-CeH [Si(C:H;),C=CC(CH;)(C,H;)OH]. 158-160 (0.013) 1.5226 a 50 97
p-CeH4[Si(CH;),C=CC(CH;)(C:H,)OH]. 170-172 (0.013) 1.5125 a 49 97
p-CeH,[8i(C.H;),C=CC(CH;)(C:H,)O0H]; 182-184 (0.013) 1.5130 a 97
p-CeH,[SiMe,C=CC(C.H;);0H]. 158-160 (0.013) 1.5230 a 98

¢ Synthesized from other acetylenic compounds.

Bis(trialkyltin)diacetylenes react with triaryltin hal-

ides to form bis(triaryltin)diacetylenes in good yields

(65)

(CH,)s8nC=CC=CSn(CH;); + 2(C¢H;);SnCl —>
(CsH;):SnC=CC=CSn(CeHs); + 2(CH;)sSnCl

This interesting method can also be used to prepare
other organometallic diacetylenes

(CH;);8nC=0CC=C8n(CH,); + 2(CsH;):AsCl —>
(CeH5)2AsC=CC=CAs(CsH;); + 2(CH;),SnCl.

E. ALKYNYLLEAD COMPOUNDS

No reactions of acetylenic lead compounds (Table
XXII) are reported. Many of these compounds
hydrolyze rapidly. Some are reported to be light sensi-
tive (55). Disubstituted lead diacetylides exhibit
improved hydrolytic stability (63).

IV. AikyNYL COMPOUNDS OF THE
Firra Grourp ELEMENTS

Although the nitrogen compounds are not included
in this review, one recent publication which deals with
the synthesis and properties of acetylenic amines

should be noted (31). Organophosphorus compounds
are generally not thought of as metal organic com-
pounds; however, the similarity of the properties of
phosphorus and arsenic acetylenic compounds justifies
their discussion here.

A. PREPARATIVE METHODS

The reaction of acetylenic Grignard reagents with
halides and organo-substituted group V element halides
is the most frequently used method for the synthesis
of the corresponding alkynyl compounds. Trialkynyl-
phosphines have been obtained from the interaction of
bisalkynylmercury compounds with phosphorus tri-
bromide (28)

3(RC=C);Hg + 2PBr; —> 2(RC=C);P + 3HgBr:
The corresponding diacetylenes were prepared in a
similar manner (62)
3(RC=CC=C):Hg + 2PI, —> 2(RC=CC=C),P + 3Hgl,

This method could probably be extended to other ele-
ments of this group as well as those of the fourth
group elements. A similar reaction between bis(di-
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Compound

Ge(C=CH),
Ge(C=CCeHj)y
Ge(C=CCsHBr-p),
Ge(C=CCeHy1)s

CH:Ge[C=CC(CH;),0H]:
C:H:Ge[C=CC:Hs]s
CeH:Ge[C=CCHils
CH;Ge[C=CC(CH;)(C:H5)OH]3s
CH;Ge[C=CC(C:H;)>.0H];
CyH;Ge[C=CC(CH:;).0H];
C:H;Ge[C=CC(C:H;)(CH;3)OH];

(C4H9)2GG(CECH)2
(CsH;):Ge(C=CH),
(C:Hs)(CeHs)Ge(C=CH).
(CyH5):Ge(C=CCHy):
(C:H;5)Ge(C=CCeHs):

(¢-C3H7):Ge(C=CCHs)2
(CeH;):Ge(C=CC;H),
(CsHs)zGe(CECCsH5)2

(CHj;):Ge[C=CC(CHjs);0H];
(CH3):Ge[C=CC(CHs):0Ac];
(CHjs):Ge[C=CC(CH3;)(C.H;)OH],
(CH;):Ge[C=CC(CH;)(C:Hs)OAc].
(C:H;):Ge[C=CC(CHj3).:0H].
(02H5 )2Ge[CECC(CH3)2OAC] 2
(C:H;):Ge[C=CC(CH:)(C:H;)OH];

(C:H;):GeC=CH
(CgHg)aGeCECH
(CsHs)sGeCECH
(C:H;):GeC=CC(CHj;).Cl
(C:H;):GeC=CC(CH;)(C,H;)Cl
(C:H;):GeC=CC(CH;)=CH:
(Csz)sGeCECCeHs

(Csz )sGeCECCsHQCHrp
(Csz)aGeCECCechHrO
(C:H;):GeC=CC¢H.CHsm
(Csz)sGGCECCgHKCAH [ (] )-p
(C:H;):GeC=CCsH3(CHs-0){(CHsp)
(C:H;)sGeC=CCeH,(CHs2,4,6)s
(C:H;)sGeC=CCH,0CH;-0
(C,H;)sGeC=CCsHOCH-m
(C2H5);GeC=CCH,OCHsp
(C;Hs)sGeC=CCeH.Cl-0
(Csz)sGGCECCsH4Cl-’WL
(Csz);GeCECCJ‘LCl-p
(CgHs)aGeCECCGHAiBT'O
(CgHs)aGeCECCeHgBI‘-'m
(C;Hs)sGeC=CCsHBr-p
(C:H;):GeC=CCsH;F-p
(CyH:);GeC=CCsH.l-p
(C:H:)sGeC=CCH.CFs+m
(n-C3sH1):GeC=CC:H;
(n-CiH)sGeC=CC;H+

{(n~CsH, ):GeC=CCH,
(n-CAHQ)IGeCECCJ{s

TasLe XX
ALKYNYLGERMANIUM COMPOUNDS
Mp, °C Bp, °C (mm)
A. Ge(C=CR)
90-91, 94
187-188
266
146
B. RGe(C=CR)s
208
71-72.5
108-109
165-167
146-147
171
152-153
C. RzGe(CECR)z
ca. 46 (0.5)
49 e
No data
98 (0.15)
139-140 (0.01)
191-193 (2)
205 (2)
o 136 (0.01)
82.5- -
83.5
97 ..
54 142-143 (7)
82-83 .
43-44
56-57
31-32
45-47
D. R:GeC=CR
71 (65)
106 (2.5)
65-67 (2)
70-71 (2)
97 (23)
115 (1.5)
139-140 (2)
147 (5.8)
119 (1.9)
115 (1.2)
147 (1.9)
132 (1.8)
128 (0.2)
138 (2)
140 (2)
135 (1.2)
138 (2.8)
128 (1.2)
118 (0.9)
138 (1.5)
116 (0.3)
139 (1.5)
106 (1.6)
160 (1.8)
112 (2.6)
147-149 (4)
117 (0.5)
131-132 (0.7)
150 (1.4)

153 (2)

np®

1.4729¢
1.5982¢
1.5935¢
1.5840%
1.5702

1.4485
.4581

—

.4533
.4560
.4792
.53604
5391°
.53754
.533098
.53364
.52904
.52914
.53304
.53008
.53904
. 54504
. 54514
.54308
. 54669
.55704
.55804
.56124
.51884
58824
.48984
.5274b
.4645
.4648
.5195
1.5110%

e e e e T S St g U U Gy W S oy U U Y

da20

0.981e
1.129¢

1.188

1.0241
0.9602
1.0484
1.0600
1.0068

0.9425
0.9381
1.0078

Method

ib,2
ib
1b
1b

[l )
oo

[ VRNV S ]

Yield,

%

49

31.

48

52.

63

72.

40
67
58

50

48,

47.

w -

91

Ref

29,117
16
67

168
89

64

182
182
182
182

29
29
90
71
71
64
64
71
64

168
168
178
178
178, 182
178
178

99, 115
99,115
29
181
185
116,226
33
64
33
33
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TaBLE XX (Continued)

Yield,
Compound Mp, °C Bp, °C (mm) np¥® A0 Method %% Ref
(n-C4H,);GeC=CC(CHj3;),Cl 95-96 (0.3) 1.4810 1.0295 ¢ ... 187
(n-C4H,);GeC=CC(CH;)(C.H;)Cl 105-106 (13) 1.4840 0.9995 ¢ ... 187
(n-C4H,);GeC=CCH.CH=CH, 95 (0.2) 1.4723 0.9582 ¢ ... 116
(n-C4H,):GeC=CC(CH;)(C.H;)C=CC(CH;)=CH, e 115-116 (1) 1.4800 0.9805 2 32.5 184
(CeH11)sGeC=CH; 102 .. 1b 66 64
(CeH;)sGeC=CCsH; 89 e cee v 1b 82 64
(CeH;);GeC=C(CH,);Ge(C,H:s)s Ces 140 (0.8) 1.4815 1.0780 2 Lo 117
(C3H;);GeC=CCH:0Ge(C.Hs); 173 (15) 1.4789 1.1351 ¢ ... 152
(C:H;)1GeC=CCH=CH, 62-63 (5) 1.4850 1.0333 2 72 226
(C:H;);GeC=CCH=CH(CHs;) cel 78-79 (5) 1.4950 1.0173 2 80 226
(CH;);GeC=(CH,),0H 30 72-73 (7) v v 2 45 99, 168
(CHi4);GeC=CC(CH,)(C,H;)OH v 67-69 (4) 1.4355 1.0150 2 .. 178, 143
(CH;):GeC=CC(CH;)(C:H;)ORe 123-124 (12) 1.431 0.9640 ¢ ... 178
(C:H;);GeC=CCH,0H 94 (3) 1.4681 1.1172 . ... 99,116
1.4825 11,1172

107-108 1.4733 1.1100 2 ... 174

112 (9) 1.4822 1.1150 ... 67 32
(C:H;);GeC=CCH:0OR* 146-148 1.4519 1.1130 ¢ ... 174
(C2H;)3;GeC=CCH(C;H,)OH 106 (1) 1.4722  1.0355 e ... 99,116

110-111 1.4660 1.0106 2 174
(C2H;);GeC=CCH(C;H)OR* 152-153 1.4600 1.0230 ¢ 174
(C;H:)sGeC=CC(CH,)>0H 80 (1) 1.4686 1.0183 2 99

90-92 (5) 1.4670 1.0670 2 178
(CyH5s);GeC=CC(CH;);ORe 138-139 (13) 1.4598 1.0100 ¢ ... 178
(C2Hs):GeC=CC(CH3;)(C,H;)OH 95-97 (3) 1.4690 1.0350 2 42.5 178
(C:H;);GeC=CC(CH;)(C:H;)OR* 141-143 (12) 1.4610 0.9960 ¢ 60.5 178
(CsH5):GeC=CC(C;H;).0H 105-107 (2) 1.4713 1.0380 2 178
(C,H;5)3GeC=CC(C;H;):0R* 151-153 (14) 1.4658 1.0200 ¢ ... 178
(CH,);GeC=CC(CH;).0H 107-108 (0.3) 1.4705 0.9960 2 36.6 187
(CH;);GeC=CC(CH;),0R* 126-127 (1) 1.4625 0.9595 ¢ ... 187
(CH4):GeC=CC(CH;);0CH,CH,.CN 132-133 (0.1) 1.4795 1.0304 ¢ 52.2 187
(CH,)sGeC=CC(CH;):081(C.Hs)s 150-151 (2) 1.4590 0.9083 ¢ 28 187
(C4H,);GeC=CC(CH;)(C;H;)0OH 115-116 (3) 1.4785 0.9905 2 187
(CsH,):GeC=CC(CH;)(C,H;)OR* 144-145 (0.2) 1.4505 0.9415 ¢ 187
(C:Hs)sGeC=CC(CH;).C=CC(CH;).0H 99-100 (3) 1.4700 1.0005 ¢ ... 181
(C:H;);GeC=CC(CH;),C=CC(CH;);OR* 152-154 (3) 1.4680 1.0140 ¢ 40.5 181
(C:H;);GeC=CC(CHj3)(C;H;)C=CC(CHj;),OH 105-107 (3) 1.4740 1.,0027 ¢ 62 185
(C:H;);GeC=CC(CH,)(C.H;)C=CC(CH;)(C:H;)OH 111 (3) 1.4770 1.0040 ¢ ... 185
(C:H5):GeC=CC(CH;)(C,H;)C=CC(CH;)(C:H;)ORe 158-160 (3) 1.4710 1.0020 ¢ 41 185
(CaH 4 )sGeC=CC(CH,)(C:H;)C=CC(CH;).0H 125-126 (5) 1.4917 1.0038 ¢ 27 184
(C4H,):GeC=CC(CH;)(C;H;)C=CC(CHj;);0(CH,).CN . 103-104 (0.3) 1.4962 1.0267 ¢ 38.2 184

E. RsGeC=CGeRs
(CyH5);GeC=CGe(C:Hs)s 50 (14) v e 1b, 2 .. 53
(CsHu)aGeCECGe(CeHu)s 158 . . 1b,2 ... 83
(CeHs):GeC=CGe(CeHs)s 127 e e e 1b,2 ... 53,29
HC=C(C:H;),GeC=CGe(C.H;).C=CH 130 (0.5) e cee 1b 53 29
F. R;GeC=CC=CR

(C:H;)sGeC=CC=CC:H; 118 (5) 1.5116 1.0320 2 ... 99,116
(CoHs)sGeCECCECGe(CeHs )a 204 e 1b 59

s Temperature 21°, °® Temperature 19°,
(see footnote b, Table XV).

alkyltin)diacetylide and organo-substituted arsenic ha-
lides has already been mentioned (65).

Dialkylphosphorus acetylides can also be obtained
from metalated acetylenes and dialkyl(ethylthio)-
or dialkylethoxyphosphines in liquid ammonia (236)

R'C=CNa + C;HPR; —> R'C=CPR; + C:H:;SNa

¢ Synthesized from other acetylene compound. ¢ Temperature 25°. ¢ Acetal derivative

The esters of alkynylphosphonic acids (RO).P(0)-
C=CR and their preparation will be discussed sepa-
rately.

B. ALKYNYLPHOSPHINES

Many alkynylphosphines (Table XXIII) have been
reported and their chemical behavior investigated.



Compound

Sn(C=CH)
Sn(C=CCHa:).

Sn(C=CC¢Hs)s
Sn(C=CCeHun )
Sn(CECaHgCl)g
Sn(C=CCsHBr),

n-C4H ¢Sn(C=CC¢H;)s
Csﬁssn(CECCeHs)s

(C;H;):8n(C=CH).
(CSH'])QSH(CECH)Q
(CgHs)zSn(CECH)z
(CHs)zSH(CECCeHs)z
(Csz )2SH(CECCH3)2
(Csz)zSH(CECCsH'I)z
(Csz)zSH(CECC4H9)2
(C2H;),8n(C=CCHs).
(CsH1):8n(C=C(CsHr),
(CsH1):8n0(C=CC:Hj,),
(C:H1):80(C=CC:H;),

(CiH;):8n(C=CC;Hy),
(C4H,):8n(C=CC:H,).
(CsH,),8n(C=CCeHs),
(CeHs)Sn(C==CCH,),
(CeHs)zSH(CECCJ‘Is)z
(C2Hj;):8n(C=CCH=CHa,):
(ClH'l )2SH(CECCH=CH2 )2
(C4H9)2SH(CECCH=CH2)2

(CH;):SnC=CH

(Csz)aSHCECH

(CsH+)s8nC=CH

(CsH,);:SnC=CH

(CsHs)sSHCECH

(CH;);:8nC=CBr
(CeHs)aSHCECCl
(CeH;);8nC=CBr
(CHj;)s8nC=CCH;
(CHs)sSnCECCH(CHs)z
(CHs)aSHCECCsH-]
(CHs)aSnCECC4Hg
(CHs)sSDCECCGHs

(CHa )aSDOEC CsH-]b
(CH;)sSnC=CCiH¢
(Csz)sSHCECCHs
(Csz)sSHCECCH(CH;)z
(Csz)sSHCECCHCHchz
——

TasBLE XXI
ALKYNYLTIN COMPOUNDS

Mp, °C Bp, °C (mm)
A. Sn(C=CR).

150
139
174 dec
130
161
170 s
B. RSn(C=CR)x
70 s
105 .
C. R:Sn(C=CR).
. 32-35 (0.1)
79 (2)
No data
96 (0.2)
62 (1)
66 (0.1)
101 (0.15)
oil
96 (0.15)
109-110 (0.15)
0il
135 (.09) with
polymeriza-
tion
99 (0.1)
114 (0.15)
oil
e 0il
71-72 .-
96 (1)
102 (1)
. 108 (1)
D. R&éSnC=CR
co. 95-96
98, 58 (150)
49-50 (15)
60 (15)
57-58 (11)
67 (2)
91 (10)
98-99 (2.5)
85-90 (0.1)
100-101 (3)
34 .
35-36
. 67-68 (14)
80-81 .
104-105 e
25-26 (0.2)
50 (10)
172 (760)
82 (12)
68 (0.3)
107 (1.5)
87-88 (2)
68-70 (3)
68-70 (3)
40 (1)
91.5 (10)
76-77 (1)

1

npHN

.4785
.5668¢
.4977
.4969
.4888
.5919
.4881
.4899
.5991
.5991

4884

.4827
.5878
.6048
5428
.5343
.5188

.4626
.4770
.4770
.4780
.4780
.4765

4767

.5175
.4676

5720
4866
4778
5041

1

—

—
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2

.1819

.2332
.225
.118
.143
137

.249
.063

2267
11840
1352

.3602
.2458
.2455
.1545
.1555
.1038

.1034

.7396
.2076

3324
2273
1478
2155

Method

1b
1b

1b, 2
1b
1b
1b

—
o

NN NNNDNNNW

WD NN NN

w N

[T A

M O Dwoww
oW

TN
©

Yield
%

34.5
65
65
65
63

66
65

65

80

70

80
75
50

95
40

20...
20

93

Ref

79
103, 108

56
66
67
67

64
64

79
219
90
102
219
71
71
71
71
71
71,219

71
71
71
71
71
219
219
219

103
220
220
205
79

220
205
220

205
52

103
255
230
103
103
134
83

83

83

103
134
102
103
133
134
253
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Compound

CH3(C:H;):SnC=CCHCH,CH;
—

(Csz)sSnCECCsHst
(C2H;):8nC=CCH,OCH;
(C:H;):8nC=CCH=CHOCH:;
{C:H;):SnC=CCN
(CoH;):8nC=CC:H;

(C3H7)sSnC=CC¢Hs
(C:H,;):SnC=CCH;

(CsHa )aSnCECCHs

(CeH;5)sSnC=CCH.0OH
(CeH;)sSnC=CC:H;

(CeH:):SnC=CCeHBr-p
(CeH):SnC=CC:H¢

(CeHs)sSnCECCH'zCMHQb
(p-CleHDsSIICECCsHa

[ 1,4(CH3)206H4] SnC=CeH;
(CeH;):SnC=CCH (002H5)2
(CzHa)sSnCECCHzoCHa

(CzHa )sSHCECC (CHS)zOCHﬂ

(Csz )3SHCEC CH20H200H=CH2
(C:Hy)SnC=CCH,ORs

(C:H;):SnC=CCH,CH,0OR?
(C:H;):8nC=CCH(CH;)OR¢
(C:H;):8nC=CC(CHj;).0R¢
(C2H;):8nC=CCH,08n(C.Hs)s

(CzHa )3SHCECCH20HzosD(CzH5 )3
(C.H;):8nC=CCH(CH;)O8n(C:Hs)s

(C:H;)s8nC=CC(CH3);08n(C:Hs)s
(C:H7)s$SnC=CCH(CH;)O8n(CsH)s
(CsH7):8nC=CC(CHj3),08n(CsH3);
(C4H9)3SDC—CCH(CH3)OSD(C4H9)3
(CsH4)sSnC=CC(CH;),08n(CsH,)s

(CH,;)sSnC=CCH=CH,
(CH;)sSnC=C(CH;)=CH,

(CHs)SSHCEC CH=CH:CH,
(C:H;);8nC=CCH=CH,

(C:H;)sSnC=CCH=CHN(C:H5;),
(C:H;)sSnC=CCH=CHOC:H,
(CzHa )aSHCECC (CHs )=—‘CH2

WenzeL E. Davipsonn aAxD Marcowm C. HENRY

TaBLE XXI (Continued)

Mp, °C

i .

74-75
43
66-68
62

128

64
105-106
150

132

106
58-60

Bp, °C (mm)
83-85 (1.5-2)
0il
119 (0.18)
138 (13)

126 (15)
120-122 (2)

151 (1)
150 (1)
184 (1-2)

62-63 (0.55)
58-59 (0.4)
107.5-108 (2)
105 (0.32)
142 (5)
111-112 (0.3)

120 (2)
104 (0.45)
112 (1.5)

102 (0.37)
160 (5)
124-125 (1)
134-135 (1)
138 (2)
111-112 (0.5)
113-114 (0.5)
165 (1)

172 (4)

200 (3)

198 (2)

E. RsSnC_CC(R )=CR.

46 .5-47 (10)
47-48 (10)
49 (10)
4042 (5)
57-58 (5)
40-42 (5)
65-67 (10)
78 (3)
89.5-90 (10)

89.5-90 (10)
90-91 (10)

53 (1)
125-126 (1.5)
107-108 (0.5)
97-97.5 (10)
97-97.5 (10)

— =

— [ e T I R e R S T S e

— =

o Y S

—_

nn®

.4948
.5469

.5558

.5388
.5270
.5315

.4878
. 4759
.4925
.4754
4775
.4749

L4722
.4697
.4670
.4680
.5145
.5128
.5086
.5005
.5039
.4987
.4970
.4925
.4875
.4890

. 5067
.5067
.5058
.5013
.4958

5088

.5085
.5098

.5092
.5100
.5073
.5470
.5098
.5040
.5040

—

—

—_

e b b b e b e e e e e e e

—

—

— e e e e

a2

1737
.339

.2462

1811
1317

.2404
.1669
.1993
.1474
.1363
.1290

.1075
1176
.0727
.1010
3541
3751
.3412
.2969
.3313
.3006
.2139
.2073
.1558
1277

.3066
.3103
.3072

2499
2771
2180
2181

.2230
.2183
.2165

648

.1760
.2043
.2043

Method

Ov Ot Ov Ov v

TN

2,4

Yield,
%

90

82
83
75

74...

89.5
85

80..

80

36
7
66
70

434

23

25
18
80

37
30
44

30, 85

87..

73.”

w
e
RS =

Ref
253

253

126

126

126

208, 213

215,216

126, 134

51,83, 105

220

104, 126

208

101,103

52

103

51,83, 101

103, 104,
126

103

102

103

103

51

51

81

206

218

206

202, 205

211

202, 203

205, 211

202, 205

211, 220

205, 211,

220

220

213

213

220

213

213

220

220

220

220

130
251
134
103
251
102
251
205
130, 251,
252
249
134
208
220
220
134
249, 251
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Compound

(C;H;)sSnC=CCH=CHCH;

(C4H;):8nC=CCH=CH,
(CiH,)sSnC=CCH=CH;

(CeH;)sSnC=CCH=CH,

(CeH;)sSnC=CC(CH;)=CH,

(CHa)sSHCECSH(CHs)a

(C:H;)s8nC=C8n(C,H;)s

(C3H1);:SnC=C8n(C;H);

(C4H,)sSnC=C8n(CH,):

C aHa)aSHCECSH(CeHs)a

(p-ClCeH4)sSnC=C8n(CsH.Cl-p)s
[1,2(CH3)2CGH4] 3SHCECSD[CeHs-l,z-(CHg)zl 3
(1,4(CHq):CsHal sSnC=CSn[CsHy1 4-(CHy )]s
(CsH:CH:)s8nC=C8n(CH,CsH:);
(Csz)sSHCECSH(CHs)z
(C2H;):SnC=CSi(CH3);

(CeH;)sSnC=C(CH,);C==CS8n(CsH;)s
(CeH;5)s8nC=(CH;)C=S8n(CsH;):
(CeHs)3SHCECC$HACECSII(CGH5 )3
(CeHs)aSHCEC(CMHg)CECSH(CsHs)z"

(CsH1):8nC=CC=CH
(CeH;):SnC=CC=CH
(Csz )asn05005002H5
(C¢Hs)sSnC=CC=CCH;
(C¢H;)sSnC=CC=CC:H;
{C:H;):SnC=CC=CH

(CH3)sSnC=CC=CS8n(CH3):
(CzHa )3SHCECCECSH(02H5)3
(CAHg)aSHCCECSH(C4H9)3
(CeH;)sSnC=CC=CSn(CsH;):

(p-ClCeH,)s8nC=CC=C8n(CsH:Cl-p)s
(p-CH;sCsH4)sSnC=CC=CSn(C:H,CH;s-p)s
(CeH11)s8nC=CC=CSn(CeH1)s
(CeH13):8nC=CC=CSn(CeH3-n)s
(n-CsHi17):SnC=CC=C8n(CsH,7-n);
(CeH5)sSnC=CC=CC=CSn(CeH:):

s Temperature 18°.

b 1-Cyclopentenyl.
/ 9-Anthranyl.

¢ 1-Cyclohexenyl.
¢ Acetal derivative (see footnote b, Table XV).

TasLe XXI (Continued)

Mp,°C  Bp, °C (mm)
107-108 (10)
104-105 (10)
100-101 (3)
135-136 (3.5)

... 110 (1.5)

58 .

58-50

58

106

64

F. R;SnC=CSnR;

58 102 (23)
63 (1)
57.5-  97-98 (16)
59
136-137 (3)
123 (0.05)
136-137 (0.1)
178-179 (3)
188-189 (6)
158-159 (0.08)
L. 204 (3)
140- .
142.5
153
152
191
143
149
94 .
59 (1.5)
107 (9)

R;SnC=CXC=CSnR;
105
148
205
225

H. R:$SnC=CC=CR

103 (1)
99 dec ..
100-10? (1)
. 0il
68-88 A
60 (1)
67-68 (2)
I. Rssn(CEC)zsnRs
140 .
156 (0.5)
el 0il
245 dec
204
208
210
0il
e 0il
170 dec

—

—

nD®

.5102
5112
.4938
.4955
.4520

.5089
.5005
.5040
.4935
. 4888

.4710
.4805

.5110
.5293
.5262

.5273

.5483
.5116¢

.4946
.4905

e

4

.1924
.2183
.1391
.0928
.1004

.5202

.2461

.401

.1162
. 1456

.1343
L2127
.2626

.2801

3646

Method

N Ot B>

2,4

4, 5, 6a

1a, 2, 6a

5, 6a

la, 6a

la, 2
la, 2
la, 2
la, 2

[\ N O3 G

la

la
la

la
5
la

la
la
la
la
la
2

Yield,
o

87.5
58

81
66
77

s
52.5(20)

94

37.5

80

40
50
15
37

30

40
60
50

76.5
46.4
71
40

94
94
84
76
87
30

* Temperature 22°.

95

Ref
134
249
205
205
208
102
103
208
102
103

220
255
104

104, 205
51

104

205

220

104

205

104

8
103
51
51
51
51
220
220

103
103
103
103

220
103, 108
210
103, 108
103, 108
220
210

64
220
64
108, 108
59
65
65
65
65
65
108

4 Synthesized from other acetylene compounds. ¢ A%-Pyrazoline.
* 9,10-Substituted anthracene.
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TaBLE XXII
ALKYNYLLEAD COMPOUNDS
Yield,
Compound Mp, °C Bp, °C (mm) np a0 Method % Ref

A. Pb(C=CR),
Pb(C=CC:H,Br), 155 e 1b 22 67
Ph(C=CCeHu s 94 v 1b 22.5 66

B. R#PHC=CR
(CH;);PbC=CCH; 65.5 (16) 1a 27 7
(CH,);PbC=CC,H; 54 (4) la 11 7
(CsHs):PbC=CH 110 (2.5) 1a, 1b 30 108, 109
(C:H;))PbC=CCH, 81 (1.5) la,1b 40 108, 109
(CeH;):PbC=CC:H; 105 (3) 1a, 1b 64 108,109
(CoH;5)sPbC=CC;H* 95 (1.5) 1a, 1b 30 108
(CeH;)sPhC=CCeH; 66 (1) cee e 1a, 1b 42 108, 109
(C:H;5)sPbC=CCH=CH, 114-114.5 (6) 1.5602 1.5564 4 249
(C:H;)sPhC=CC(CH;=CH: - 93-94 (3) 1.5849 1.5462 4 e 249
(Ce¢Hs);PbC=CH .. 0il e la, 1b 50 109

B. RPHC=CR
(CeH;);PbC=CBr 95 . la 28 109
(CeH5):PbC=CCH;, 65 0il la, b 50 108, 109
(CeHs)st05002H5 64 18., b 53 108, 109
(CsHs):PbC=C;H; 56 la,b 52 108, 109
(CeHs)stCECC,f)H-]“ 50 la, b 41 108, 109
(CeHs )sPbC=CC¢H,® 84 v 1a, b 53 108, 109

C. RstCECPbRs
(CeH;):PbC=CPb(C:Hs)s 135-140 1la v 8,109
(0.05) dec
(CeHs)anCECPb(CcHa)a 138.5 P la e 8, 109
136 v cee ce
(p-CH;CsH4)yPbC=CPb(CsH.CHsp); 130 Moisture sensitive e 1a e 55
(0-CHCeH,4)sPbC=CPb(CsH.CHs-0); 121 Moisture sensitive e 1a ... 55
(CeHs;CH:CH,);PbC=CPh(CH:CH:CsH;)s 62 Light and moisture sensitive la v 55
(CeH11 ):PbC=CPb(CsH1, )s 136 Light and moisture sensitive la e 55
D. R/PbC=CC=CR
(CeH11)s)PbC=CC=CH A 115 (4) dec v e 1a, b 90 63, 108
(CeHun )sPbC=CC=CC;H; 68 175 (760) dec e v 1a, b 80 108
(CeH11 )sPbC=CC=CC;H+n e 140 (4) dec . e la, b 66 108
(CeH;)sPbC=CC=CH 93 (dec) . e ... la, b 30 109
(CeH11)sPbC=CC=CCH¢n .. 150 (4) dec e e 1a, b 54 108
(CsH;):PbC=CC=CCH; 55 . .. la, b 42 108, 109
(CeHs)anCECCECCeH5 81 e e 1&, b 55 108, 109
E. RPb(C=C),PbR;

(C2H;):PbC=CC=CPb(C,Hs); 80 . e 1a 83 63
(CeHs)stCECCECPb(CeHs)a 187 la, b 40 59, 108, 109
(CeHu)anCECCECPb(CeHu)a 138 la 13 63
(C:H;);PhC=CC=CC=CPb(C.H;); 110 dec la 70 63
(CeH;)sPhC=CC=CC=CPh(CsH;); 150 dec 1a 65 63
(CeH11 )sPbC=CC=CC=CPb(CeHu)s 148 dec 1a 52 63

¢ Cyclopentenyl. % Cyclohexenyl.

1. Reactions of Dialkylethynylphosphine, R.PC=CH
Dibutylethynylphosphine interacts with lithium
amide in liquid ammonia to give the expected cor-
responding lithium compound in high yield (236). This
compound can be reacted with alkyl halides and ketones
RT
—> R,PC=CR’

R,PC=CH + LiNH, —> R,PC=CLi
R’R”’CO
R,PC=CC(OH)R'R"’

An attempt to achieve a Mannich reaction with di-
butylethynylphosphine was not successful, acetylene

and N,N-diethylaminomethylphosphine oxide being
the only reaction products detected. It has been sug-
gested that the reaction involves the intermediate
formation of a quaternary phosphonium hydroxide
R,PC=CH + CH,0 4+ HN(C,H;), —>
/CECH
R:P+
N
CH:N(C.Hs), |2

The free-radical addition of ethanethiol to dialkyl-
ethynylphosphine in the presence of azobisisobutyro-
nitrile or ultraviolet irradiation proceeds smoothly

20H-



Compound

P(C=CH);
P(C=CC:H:;)s
P(CECCechl)a
P (CECCGH4C Ha )a
P(C=CC:Hy)s®

CeHsP(CECCMH9)2a

(Csz )2PCECH

(n-CsH1),PC=CH
(n-C4H,).PC=CH
(n-CsHu)zPCECH
(CeHa)zPCECH

(02H5 )2PCECCH3
(Csz)zPCECCGHE
(C:H;).,PC=CCeH¢
(‘n—C4H9)2PCECCHs
(n-C4H9)2PCECC'zH5
(n-C4H,).PC=CCeH;
(n—CgH9)2P050802H5
(n-CH,),PC=CC(CH;).0H
(n-C4H,):PC=CC¢H,,0H*
(n-C4H,),PC=CCH=CH,
(CsH;):PC=CCHj;

(Celis )2PCECCsH5
(CsH;).:PC=CCH,C1.Hys
(CeHs )2PCECC (CHa)zOH
(CeH;)PC=CCsH:¢
(CeH;).PC=CCeH¢
(CeH;).PC=CC-Hn*
(CeH;):PC=CCH=C(C:Hj;):
(CGHE )2PCECC (CsHs )2OH
(CGH5)2PCECCUH30H!
(CeH;),PC=CR?
(CsHu)zPCECCeHs

(CsHsCEC )3PO
(CsHscEC )sPS
(CHsCsH4CEC )3PO
(CH;HHC=C):PS
(CHaCeH4CEC )sPSe
(CH,C=C):PS

(CH:C=C).P(CH;)S

(CsH;C=C),P(CH;)S
(CHaCEC )2P(06H5)S
(CeHsCEC )2P(CGH5)S

CHC=CP(CHj;):S
CsHsCECP(CHs)zs
CsH;C=CP(C:H;):0

CsH QCECP(02H5 )20"
HC=CP(CsH;):0
CH;C=CP(CH;).0
CH:CECP(CeHs)zs
CeHsCECP (C sHE)zO
CeHsCECP (CeHs)zS
HO(CHs)zCCECP(CeHs)zO
HO(CHa)zCCECP(CoHs )2S

ORGANOMETALLIC ACETYLENES oF MaIN Groups ITI-V

TasLe XXIII

ALKYNYLPHOSPHORUS COMPOUNDS

Mp, °C

36-37
92, 91
192 dec
125

250

193

35

25

33
43, 44
178
76

42

60

143
133
202
74

126

138.4-138.

177
180 dec
162 dec

198.2-198.

38.2-38.8
91.3-91.6
67.8-68.4
129.6-130

77.5-78.2
92.4-93.2
42-43

68
94
88
102
113, 111.5
162
127

Bp, °C (mm)
A. P(C=CR);
52 (30)

B. RP(C=CR),

C. R:PC=CR
128 (760)
66-67 (77)

55 (11)
85 (10)
65 (0.35)

165 (760)
105 (0.8)
120 (2)
66-67 (1)
58 (0.25)
105-108 (0.001)
78 (0.001)
91 (0.03)
105 (0.001)
92 (3)

143 (0.1)

D. (RC=C)PX

E. R/(RC=C)PX

F. R%H(RC=C)PX

160 (0.6)
140 (0.3)

= e e e

np¥®

.4808
.4770
.4765
.4759

.4867
.4848
.5570
.5265
.4871
.5000
.5110

dy20

0.8602

WO NONNRDNDNONDNDNDNDNNNDNNDNRNNN N,

>

<« -

N

N Q

NN NN

QNN RN NN

Yield,
%o

57.4
90

89

95
85
90
35

77
50

97

Ref

237
28, 56
61

61

28

28

25
236
236
236
236
25

25

25

25
236
236
236
236
236
236
106
25
25, 28, 77
25
25, 28
25

25

25

25

28

28

28

77

28
17
61
61
61
17

17
17
17
17

18
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Compound
C;H,C=CP(CH;).04
C:H/C=CP(CeHs)84¢
CsHC=CP(C:H;),0?
CeH QCECP (CsHs )2Sb
CH;,C=CP(C:H;),0°
(CeHa )2C=CHCECP(CGH5 )2
CsH;C=CP(CsH1 %S
CH,C=CP(CL)O
CH=CHC=CP(CL)0O
CeHaCECP(Clz)O

(CH;,C=CC=C);P
(CH;C=CC=C):PO
(CszCEC c=C )3P
(CeHsCEC CEC )3P
CHsCECCECP (Csz )2
HC=CC=CP(CsH:):
CH;C=CC=CP(CeH;).
CH;C=CC=CP(C:H;):0
CH;C=CC=CP(C:H;).S
n-C;H,C=CC=CP(CeH; ).
n-CsH;C=CC=CP(C¢H;).0
CeHsCECCECP(CeHs)z
CeHsCECCECP(CeHs )20
CsH5CECCECP(CeH5 )2S
CH;C=CC=CC=CP(C¢H:):

(n-CH,;)ePC=CP(CH¢n),
(CeHs)zPCECP(CeI‘Is)z

(CsHs )zP(O)CECP(O)(CeHs )2
(CeH;)P(S)C=CP(S)(CeHs):

[(CsHs)2(CH;3 )PC=CP(CsHs),|1
[(CsHs)2(CoH5 )PC=CP(CsH;)2] I

HO(0)P(C=CCeH;):
Cl{O)P(C=CCsH;).

CeH:0(0)P(C=CCHs):
p-ClCeH,O(P)(C=CCsHs).
m-NO:CeH,0(0)P(C=CCsHs)2
p-NO:CeH,0(0)P(C=CC:Hs):
CeHsNH(O )P (CECCGH5 )z
p-CH;CH.NH(O)P(C=CC¢H,),
(2,4-CL,.CH;NH)(0)P(C=CCsH:).
p-ClCeH,NH (0)P(C=C:H;).
p-BrCeI‘LNH (O )P (CEC CQH5 )2
p-CHsOCeHgNH(O )P (CECCGH6 )2

(HO):(0)PC=CCqH;
(HO)(0)PC=CC:H,Cl-0
(CH30)(0)PC==C(CH:)0C:Hs
(C:H;0):(0)PC=CCH;

(C:H:0)(0)PC=CCHqsn
(CszOz) (O )PCECC5H11%
(Cszo)z (O )PCEC Celen
(Cszo )2(O)PCECCGH5

WeNzZEL E. DAvipsouN AND Marcorm C. HENRY

TasLE XXIII (Continued)

Mp, °C Bp, °C (mm) np¥ da20
130
93
120
120
114
136
156 - v ...
56-57 (1.5) 1.4912 1.3953
61-65 (2.5) 1.5150 1.3784
121-124 (0.5) 1.5938 1.3630
G. [R(C=C)l:P(X)
117 Lo
85 dec
71
127 dec .
85 (1)
52 o
61
84
71
44
64
75
131
89
131 Co
H. R,PC=CPR.
33 e
86 193 (3 X 107%)
I. R.PX)C=CP(X)R:
164-163 e
186
157.5 el
J. R,PC=CPR;-R'X
156 e
128 ve.
K. RP(O)(C=CR').
146-147 e
Undistillable
greenish
oil
83-84
96-97
105-106.5
103-104
179-179.5
176-177
121.5-122
140-142
143-145
132-133 e
L. R.P(O)C=CR’
142 Cee
142 e e e
206 (4) 1.5212 1.1504
91-91.5 (3) 1.4472 1.0717
95 (0.5) 1.4450%
115-116 (4) 1.4460°¢ 1.0734
115 (0.6) 1.4478%
125 (0.4) 1.4481™
128 (0.4) 1.4470m
139 (0.2) 1

.5310
154.5 (2)

Method

E RS I S B G- R -]

WO W OO O QW S e o,

la, 2

L]

LTSRS WSS LSS IS LS Y

6f

6f

I

87

90
84

68
95

50
68
98
55
98

50
94
97
98

83
92.5
37
68.3
50
73
50
45
67

Ref
25
25
25
25
25
25
7
107
107
107

62
62
62
62
25
25
25
25
25
25
25
25
25
25
25

236
48, 49

48, 49
48, 49

49
49

37
37

227



ORGANOMETALLIC ACETYLENES

or Main Groups ITI-V 99

TasLE XXIII (Continued)

Yield,

Compound Mp, °C Bp, °C (mm) np2 a4 Method A Ref
(C2H;:0):(0)PC=CC(CH;).0H 133 (0.4) 1.45007 Ce 4 68 227
(C2H;50)(0)PC=C(CH,);0CsH: 190 (3) 1.5050 1.1091 6f 75 4
(CH;0)(0)PC=CCH=CH. 110-112 (3.5) 1.4740 1.1358 J 21.5 107
(C2H;0):(0)PC=CCH=CH: 107-108 (2.5) 1.4696 1.0630 v 48 72,74
(CeH50)(0)PC=CCH=CHCH; 112-115 (2) 1.4790 1.0610 J cee 74
(C:H;0):(0)PC=CC(CH;)=CH. 110-111 (3) 1.4696 1.0549 v v 74

90 (0.4) 1.4630% 4 227
(C3:H70):(0)PC=CCH; 127-128 (4) 1.4478 1.0279 7 60.2 148
(n-C4H,,0):(0)PC=CCH,; 152-153 (6) 1.4498 1.0029 ) 67.3 148
(1-C4H0):(0)PC=CC:H; 159-161 (1) 1.5090 1.0423 6f e 3
(CsH50):(0)PC=CCH; 155 (1) 1.5312 1.11500 ©f ces 3
(C:H;0):(0)PC=CN(C-Hs). 145-147 (1) 1.4680 1.0538 g 44 76

M. R.,P(0)C=CC=CR’
(CoH;0,)(0)PC=CC=CCH; 134.5-136.5 1.4930 1.0753 J 73
(1.5)

(CsH;0):(0)PC=CC=CC:H; 130-131 (0.5) 1.4897 1.0215 J 73

¢ 9-Anthryl. ?® Cyclohexenyl-1.
thesized from other acetylenic compounds.
2R;P. 7 Arbuzov reaction. *24°. !26°,

¢ p-Hydroxycyclohexyl.

m22°. "25°,
R,PCH=CSC,H; + C.H:SC.H; 4+ H.S

The ionic addition of sodium ethanethiolate, however,
does not proceed under the conditions used. Bis-
(dibutylphosphinyl)acetylene is formed in high yield.
Similar to the cleavage of bis(triphenylsilyl)acetylene
(46), bisdibutylphosphinylacetylene reacts with phenyl-
lithium to form dibutylethynylphosphine (236)

th
R:PC=CPR, + CsHLLi e?';; R;PC=CH + R.PC.H;
2

Both products are formed in high yields.

2. Reactions of Alkynylphosphines

Bisdiphenylethynylphosphine has been thoroughly
investigated (49). In addition it is the earliest re-
ported alkynylphosphine in the literature. The com-
pound has good thermal and hydrolytic stability and is
not sensitive toward oxygen. Silver ions do not cleave
the phosphorus—carbon bond. The dioxide is formed
through oxidation with hydrogen peroxide in high yield
and the reaction with sulfur gives the corresponding
sulfide

(CeH;)P(O)C=CP(O)CeHs): (CeHs)P(S)C=CP(8)(CeHs)

A large number of oxides and sulfides of alkynylphos-
phorus compounds have been prepared (25, 61) and a
selenium derivative is also known, (HsCCsH.C=C),PSe
61).

The oxides and sulfides can also be prepared from
acetylenic Grignards and the corresponding phosphorus
halogen oxides or sulfides (17, 18, 28). Contrary
to bisdiphenylphosphinylacetylene, its analogous oxide
and sulfide cleave readily with boiling alcoholic potas-
sium hydroxide. Phosphonium salts are formed with
methyl and ethyl iodide.

4 Cyclopentenyl-1.
b 1-Hydroxyanthrafuschone (Fr).

~ ° Cycloheptenyl-1. / 1-Hydroxyfluorenyl-1. ¢Syn-
* Redistribution reaction, 3R:Hg + 2PI; — 3Hgl; 4-

C. ALKYNYLPHOSPHONIC ACIDS

AND THEIR ESTERS

Alkynylphosphonic acids and dialkynylphosphinic
acids can be synthesized by dehydrohalogenation of
halostyrylphosphonic acids

CsHy(C1)C=C(H)P(O )} OH), 12H> CeH;C=CP(O)}OH), (11)

KOH
[CeHs(Cly=C(H)}.P(0)OH —> (C:H;C=C).P(0)0OH (37)

The corresponding esters undergo the same reaction
(3). These compounds have been transformed into
the chlorides with phosphorus pentachloride (107)

PCl1
(CeHsC=C),P(0)OH > (CeH;C=C)P(0)Cl

PClL
CH;C=CP(0O)OC:Hs), i CH,C=CP(0)Cl.

Phosphonic acid esters can be synthesized from tri-
alkylphosphites and alkyl halides. This reaction,
known as the Arbuzov rearrangement, takes place with
a number of alkynyl bromides (72, 73) and alkyldi-
acetylene bromides (74)

R’'C=CBr + (RO)P —» R’'C=CP(0O)OR); + RBr

Another method is the nucleophilic substitution of
alkynyl bromides by sodium diethylphosphite (227).
Some nucleophilic addition reactions of alkynylphos-
phonic acid esters are reported (148). Dialkyl(2-propy-
nyl)phosphites undergo a thermal rearrangement in
the presence of organic base to form the l-propynyl-
phosphonic acid ester (149). It is assumed that the

&

HC=C —
™~ o= P/C_CCH“
— —
(RO)zP\,(; /CH-z (RO)Q‘P\ 2 N
I 11 I
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Compound
As(C=CH);
As(C=CCHj;),
As(C=CCeH:;)s
CsHaAS(CECCHs)z
CeHsAS (CEC CsHa )2
(CeH;):AsC=CH
(CeH;5):AsC=CCH;
(CsHs )2ASCECC‘J}I5
(CeHa )2ASCECC(5H5
(CGH5)2A.‘SCECC(5H9
(CsH5)2ASCECCOOH
(CsHs)zASCECC(OH)(CHz )4CH2

— ]

(CsHa )gAS CECC <CGH5)2OH
(0-010}17 )2ASCEC I‘I
(a-CwH7 )zASCECCs}L
CeH,
/
HN AsC=CC:H;
AN
C:H,
(CsH5 )2AS(O )CECCHs
(CeHa )zAS(OH )QCECCHg
(CeH5 )2AS (O )CEC C2H5
(CeHa )2AS (OH )2CEC 02H5
(CeH;)As(0 )CEC(E (OH )(CEQ_‘CHz

(CeH;):As(0)C=CC(C¢H;).0H

CeH,

HN As(OH),C=CCsH;
CeH,
CsH,

HN As(C1)(OH)C=CCqH;
CsH,

(Csz )2ASCECAS (Csz)z

(CeHu )2ASCECAS(CGH11 )2

(CsHs )2ASCECAS(05H5 )2
(a-CiyH7)2AsC=CAs(CyHr-a )2
(a-CwH-] )2AS (O )CEC (O )AS (CwH-;-a )2
(Csz )zASCEC CECCHs
(CeH5)2AsC=CC=CH
(CeHs)zASCECCECCHs

(CeHs )2ASCEC CECCaH'j
(CeH;):AsC=CC=CC:H;
(CeHs):AsC=CC=CC=CCH;
(CsH5 )zASCECCECAS (CsHs )2
(a-CwH-; )2ASCECCECAS(C]0H7-C¢ )2
[(CeHs):As T(CH,;)C=CH]|TsO~
[(CeH;):As +(CH;)C=CCH;| TsO -

[(CsH5)2As+(CH3)C=CC(CsH;).0H]I -

[(C:H:):As*(CH;3)C=CC=CCH,|I-
[(C:H;);As *C=CC=CCHj;|Br~
[(Csz)aAS +C£CC£CC$H5]Br_
[(CeHs):As *(CH;)C=CAs(C:Hs):)] ~
[(CeHu)zAS +(CH3)CECAS(CGH11)2] I-

WenzeL E. DavipsonN aND Marcoum C. HENRY

Tasre XXIV
ALKYNYLARSENIC COMPOUNDS

Mp °C Bp, °C (mm)

49-50
131
127 .
. 75 (0.01)
63 .
23 140 (1.5)

128 (1)
.. 110 (0.01)
43 168 (3)

105
68
130
80
205

260 dec

150 dec

148

139 (8)
72 e
105
232
218.5 dec ...
70 (0.5)
55 ca.
60
40
63
125
114 dec
218 dec
159
170
260 dec
137 dec
160
170-180 dec
68
133

¢ Synthesized from other acetylene compounds.

np [ 7 Method
2

[l
k=2
[ 3]

|/ & N NDNNNN
k=2
(]

= o—Q
k=2

Ao
N o

f e a —
o

2

1b

(]

YRR

Yield,
%
62.6
92
85
63
85
86
92

70
87
87

95
95
95
95
90

90

Ref
237

o ©
[=)

o © COCOCOT'COCOCOCOCO

o
~N g

156

© OO OO

156

156

50
50
48,50

o Ot
(== el

oo



ORGANOMETALLIC ACETYLENES OF MAIN Groups III-V 101
TaBLe XXV
ALKYNYLANTIMONY COMPOUNDS
Yield,

Compound Mp, °C Bp (mm) np¥ 420 Method % Ref
Sh(C=CH): 71-72 2 63.1 237
Sb(CECCGH5)3 159 dec lb, 2 56
p-CHaCﬁH4Sb(CECCQH5)2 159 lb, 2 57
a-CH:Sb(C=CC¢H5): 157 ce. 1b, 2 57
(CH;):SbC=CH 86—88 (388) 1b . 58
(C:H;):.SbC=CH 87 (79) 1b 35.5 58
(+-CsHy):SbC=CH 68 (15) 1b 42.6 58
(t-C4H,):ShC=CH 72 (10) 1b 45.6 58
(CH;)sSbC=C8b(CHjs): 116 (17) 1s 40 58
(C:H;).SbC=C8b(C,H;): 118 (1) 1b, 2 50.3 58
(4-CgH7)2:ShC=CS8h(C;Hs-7 ), 121 (1) 1b 27.5 58
(t-C4H9)2SbCECSb(C4H9-t)2 85.5 . 1b 26.9 58
(CsHs)zstECSb(CeHs)z 110.5 la, 2 48
(p-CICeH,)sShC=CSb(CeH.Cl-p). 149 la 57
(p-CHscsH4SbCECSb(CeH4CHs—p)2 121 la 57
(CsH5):ShC=CS8b(CeHj; )2 154 dec la Co 59
[(CH;3)sSb+*C=CS8Sb(CHj;):]1~ 110 dec a . 58
[(i-CsH7)2Sb +(CH;)C=CSb(C;H-7).] 1~ 108 dec a - 58
[CHs(Csz)2SbCECSb(CzH5)2CHs]Iz 114 dec a e 58

s Synthesized from other acetylene compounds.
TaBLE XXVI
ALKYLBISMUTH COMPOUNDS
Yield,

Compound Mp, °C Bp (mm) np% di2 Method % Ref
(p-CH;CsH,),BiC=CH 90-91 1b, 2 43.2 60
(CsHs)zBiCECCeHs 101 la 75.3 60
(p-CH;CsH,):BiC=CCsHs 91 1la 83.2 60
(p-CICeH,),BiC=CCH; 140 dec 1la 82.2 60
(CsH;):BiC=CBi(CsHs): 145, 133 dec la . 48, 60
(p—CHsCng)zBiCECBi(CeHgCHs-p)2 125 dec la 56 60
(p-CICeH4):BiC=CBi(CeH,Cl-p). 135 dec la, b 52.6 60

rearrangement of the ester I proceeds via a five-center
transition state to allenylphosphonic ester II and
finally a prototropic isomeric conversion to III.

D. ALKYNYL COMPOUNDS OF ARSENIC, ANTIMONY,
AND BISMUTH (TABLES XXIV-XXVI)

Only a few papers have been published on the synthe-
sis and properties of acetylenic derivatives of these

elements.
decreases from As to Bi.

The strength of the metal-acetylene bond
The oxides of alkynylarsines

are still relatively stable and can often be prepared
(9, 50). The antimony and bismuth compounds are
so0 sensitive toward oxidation that it has not been pos-
sible to isolate any oxidation products containing acety-
lenic bonds (58). Bis(dialkylantimony) acetylide adds
sulfur in ethereal solution. The sulfide, however,
could not be isolated. The addition of alkyl halides
leads to “onium’ salt formation in the cases of alkynyl-
arsines and alkynylantimony compounds (9, 50, 58).
Bis(diethylantimony)acetylide and the isopropyl deriva-
tive are able to add 2 molar equiv of methyl iodide

g
[RébCEC§bRg:|(2I 2=

These salts are stable in moist air (58). Bismuth com-
pounds did not undergo any of these reactions without
decomposition (60).
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