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Table I. Reactions of Halosilanes and Organomagnesium Reagents Catalyzed by Cuprous Cyanide®

entry organomagnesium reagent halosilane product T, °C yield,® %
1 (CgH;7),Mg Cl3SiCH;, (CgH;1)5SiCHg 15 85 (96°)
2 CgHﬂMgBr ClaSiCHg (CaHu)sSiCHg 0 90°
3 n-C¢H3sMgBr SiCl, (CigH3s)Si 10 65
4 CegH;MgCl p-CHZCeH,SiCl, p-CH;CsH,Si(CeHs); -10 81
5 c-CgH,MgBr CgH;SiCl, CeH;Si(C¢H,,),0H -30 834

¢ General procedure: The organomagnesium reagent (from 0 to 36% excess) in tetrahydrofuran or ether—tetrahydrofuran was cooled to the
indicated temperature under an inert atmosphere. The CuCN (6% based on Si) was added, followed immediately by the dropwise addition
of the silyl halide at a rate which keeps the reaction temperature at or below the indicated temperature. After the reaction mixture had been
allowed to warm to room temperature, it was carefully hydrolyzed with cooling, followed by ether extraction and distillation or recrystalli-
zation of the product. ®Isolated yield, except where otherwise indicated. °Yield determined by gas chromatography using an internal

standard. ¢Hydrolytic workup.

Table II. Yield of (C3H;;);SiCH; as a Function of Catalyst
in the Reaction of (CgH,;),Mg with C1;SiCH,¢

% yield
with without
example cat. cat. cat.
1 AgCN 80 16
2 (C4Hg):SnCN 89 12
3 BrCN 94 12
4 Hg(CN), 97 12
5 (CH,);SiCN 95 12
6 (CHj)4;SiNCS 69 30
7 Ca(SCN), 73 12
8 AgSCN 79 31
9 (C,Hy),N*SCN- 92 31

2These experiments were done by using several batches of (Cg-
H;7):Mg (molarity range, 0.45-0.78 in the THF /octene solution in
which they were prepared). A reaction without catalyst was per-
formed for each batch under conditions identical with those used
with catalysts. These control reactions were allowed to proceed
slightly longer than those containing catalysts. The catalyst, about
5 mol % with respect to chlorosilane, was added to a stirred solu-
tion of the organomagnesium reagent at 0 °C under argon; then
the CH3SiClg was added in small portions over 2-3 min. After be-
ing stirred for 60-70 min, the reaction mixture was allowed to
warm to room temperature (0.6-3.4 h). Docosane (internal stand-
ard) was added, and the amount of product present was deter-
mined by gas chromatography.

ularly important since the residual catalysts from R,Mg
preparation appear to promote formation of trialkyl-
silanes.® Yields of several representative reactions using
catalytic quantities of CuCN are given in Table I. Earlier
methods of preparation included 48 h at reflux in THF’
(entry 2), high-temperature reactions®® (entries 3 and 5),
or the use of an organolithium reagent? (entry 4). That
cyanide or thiocyanate are the necessary catalysts can be
seen from Table II which shows the yields of methyltri-
octylsilane, derived from dioctylmagnesium and methyl-
trichlorosilane, as a function of catalyst. It is apparent that
these two pseudohalides are the important catalytic ele-
ments. Numerous other anions such as cyanate, iodide,
and fluoride were inactive under these mild conditions. A
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(5) The first step in the preparation of R;Mg is the hydrogenation of
Mg using either Ti or Cr catalysts. The second step is the Zr-catalyzed
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shown that Ti and Ni complexes can catalyze the formation of trialkyl-
silanes from reducing Grignards and halosilanes.® Thus the formation
of considerable (CgH;7)2(CHj3)SiH using unpurified (CgH;7):Mg, and very
little of it using CgH;,MgBr or CgH;,MgCl suggests that one or more of
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tion to trialkylsilane.
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few ions such as azide, nitrate, and phenylacetylide ex-
hibited lesser degrees of catalytic activity. Other ions more
closely related to cyanide such as dicyanamide and sele-
nocyanate were good catalysts. Cuprous cyanide was
generally used in preparative reactions since it is inex-
pensive and nonhygroscopic and generally gave good re-
sults, whether the scale was a few millimoles or several
moles. It is quite possible that some of the other catalysts
would be more useful in some cases. ,

Although the mechanism was not studied, several pos-
sibilities can be considered. Since many of the catalysts
used in this work are known reagents!® for the synthesis
of silyl cyanides or silyl isothiocyanates, the intermediacy
of such species is suggested. These silyl pseudohalides are
known to react with Grignard reagents by displacement
of the pseudohalide.!! The possibility that a penta-
coordinate species such as R;SiC1(CN)~ is the active in-
termediate is suggested by the findings of Corriu and co-
workers who have shown that several types of penta-
coordinated silicon anions have greatly enhanced tenden-
cies to undergo nucleophilic substitution.!? Finally, the
possibility exists that complex anions such as RyMgCN-,!3
R,MgSCN-,* or RMg(X)CN- have enhanced nucleophilic
properties. Regardless of mechanistic detail, the use of
CN~ or NCS~ catalysts greatly increases the utility of or-
ganomagnesium reagents for the preparation of tetra-
organosilanes.
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Summary: The (adduct — H,) product negative ion formed
in the reaction of (OC),Fe*~ with (CH,),O was shown to
be the carbene complex (OC),Fe=CHOCH,;"", the prod-
uct of C—-H bond activation followed by a-hydrogen mi-
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Communications

gration and reductive elimination of H,. The reactions of
(OC),Fe"" with CH, and (CH,),C yielded only the C-H bond
activation adduct negative ions.

In our reported results of the gas-phase reactions of
(OC);Mn~ with alkanes and CH;0H, formation of the
product negative ions (OC)sMn(olefin)~ and (OC);Mn-
(H,CO)~, respectively, was rationalized as initial C-H bond
oxidative insertion by the metal center followed by a fast
intramolecular migration of a hydrogen from C; or O to
Mn and reductive elimination of Hy.2 No product neg-
ative ions resulting from competitive migration of a hy-
drogen from C, to the metal (a-hydrogen migration) in the
C-H bond activation intermediate were observed. To
search for a-hydrogen migrations in gas-phase metal-alkyl
negative ion complexes, we have employed the strategy of
condensed-phase investigators using substrates devoid of
Cs—H bonds.® In the present study, we examine the re-
actions of the 13-electron complex (OC),Fe* * with CH,,
(CH,),C, and (CH,),0.

The experiments were carried out in a previously de-
scribed flowing afterglow (FA) apparatus.® A mixture of
(0C)y-4Fe'~ (m/z 112, 140, 168) was generated by disso-
ciative attachment of energetic electrons with Fe(CO); in
a fast flow of helium buffer gas (Py, = 0.9 Torr, 5 = 57 m
571,298 K).6 Both (OC),Fe*~ and (OC);Fe* failed to react
with the three neutral substrates (¢ < 107% cm® molecule™
sh).

When CH, was added to the helium flow containing
(OC)yFe* (m/z 112), a very slow reaction (kyp, = 2.3 X 10713
cm?® molecule™ s71)7 was observed with formation of the
ion signal of the adduct at m/z 128 (eq 1).% Since the

(OC),Fe*- + CH, —» (OC),Fe(CH)*~ (1)
m/z 112 m/z 128

amount of the m/z 128 adduct negative ion was too small
to allow for its characterization by further ion—molecule
reactions, the reaction of (OC),Fe*~ with (CHg),C was
carried out (eq 2).1° The larger rate constant (k,,, = 6.2
(OC),Fe" + (CHy),C —— (OC);Fe(H)(CH,C(CHy);)"
m/z 112 m/z 184

(2)

X 10712 cm® molecule™! s7')7 generated sufficient ion signal
for structure determination of the adduct negative ion at
m/z 184. When D, was added via a gas inlet located 40
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cm downstream of the (CHg),C inlet, we observed con-
version of the m/z 184 adduct into a new adduct ion at
m/z 185, the product of a single H/D exchange (eq 3).1!

(OC),Fe(H)(CH,C(CH,)y)*™ + D, —
m/z 184
(OC),Fe(D)(CH,C(CHy)y)* + HD (3)
m/z 185

This latter result established the presence of one unique
hydrogen in the m/z 184 adduct and is consistent with the
adduct structure being that of the product of C—H bond
oxidative insertion. Further, this result rules out a sig-
nificant equilibrium between the 15-electron hydrido-
neopentyl and the 17-electron dihydrido-neopentylidene
complexes, the product of «-hydrogen migration, since up
to three H/D exchanges could occur in the latter structure.
We suggest that the structure of the adduct in the CH,
reaction (eq 1) is the analogous (OC),Fe(H)(CH,)*™ com-
plex.

The presence of C-H bond activation without a-hy-
drogen migration in the above two examples suggested to
us that an electronegative substituent on the carbene
carbon might stabilize the (OC),Fe(H),(=CHX)*" complex
and allow the a-hydrogen migration step to occur. The
reaction of (OC),Fe’” with (CHj),0 yielded two product
ions, the adduct at m/z 158 and the (adduct - H,) at m/z
156, with Ry = 7.8 X 1071 cm® molecule™ s7! (eq 4).

(OC)sFe + (CH;),0 —= (OC),Fe(C,H0)" (4a)
m/z 112 038 m/z 158

(OC);Fe™™ + (CHy);0 ——> (OC);Fe(C,H,0)*~ + H,
0 m/z 156
(4b)

Assuming that the first step in reaction 4 is C-H bond
oxidative insertion,'? the structures considered most likely
for the m/z 156 product negative ions are the carbene
complex 1 formed by a-hydrogen migration followed by
_CHy_
(OC),Fe(==CHOCH,) *~ (OC)QFe.\_ [o)
1 CHY
2

reductive elimination of Hy'* and the 3-oxametallacyclo-
butane 2'¢ produced by oxidative insertion into a C,-H
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Scheme I
(OC)2Fe(D)(==CHOCH3) *~
m/z 160
] He
i
(OC),FeZZCHOCH;3*~ + Dp «—— [{OC),FeZZCHOCH;*"}*
1, m/z 156 é

D
|
[(OC);Fe—CHDOCH,*~1*

|

D
J

(OC),Fe(H)(D)(==CDOCH;*~]* ~—=—  ((OC),Fe=CDOCH,*"]*
mz 160 J{

|

(OC),FeZCDOCH;*~ + HD
1-dy, m/iz 157

He| D,

(OC),Fe(D)o{—=CDOCHs)*~
m/z 161

bond followed by expulsion of H,. The 17-electron hy-
drido—carbyne structure (OC),Fe(H)(=COCH,)*~ (3) was
considered to be less probable than 1.

To determine the structure of the m/z 156 ions, the
reaction of D, with the mixture of m/z 156 and 158 ions
from reaction 4 was carried out. Only the m/z 156 ions
react yielding two primary negative ion products at m/z
157 (H/D exchange; 23%) and 160 (addition; 77%) and
a secondary ion product at m/z 161 (H/D exchange +
addition). These results are consistent with 1 being the
structure of the (adduct ~ H,) ions at m/z 156. If the
hydrido-carbyne complex 3 were the structure of the m/z
156 ions, must revert to 1 in the collision—addition with
D, because the available evidence shows that 17- and 18-
electron metal complex negative ions do not react with H,
or D, in the gas phase.l” The suggested mechanism of the
D, reactions is shown in Scheme I. Confirmation for the
iron—carbene structure 1 was obtained when the reaction
of (OC),Fe*~ with CD,OCH; formed only (OC),Fe=
CDOCH;" (m/z 157) and (OC)Fe=CHOCD;" (m/z 159).
The absence of reaction of the adduct at m/z 158 (eq 4a)
with Dy is consistent with the 17-electron structure
(OC),Fe(H,)(=CHOCHS,)*" for these ions and rules out the
15-electron structures of the Lewis complex
((OC),Fe(0*(CHj,),))*™ and (OC),Fe(H)(CH,OCHjy)*~
where addition, substitution for the ether molecule, or H/D
exchange could occur.

The results of the reaction of (OC),Fe*~ with (CH,3),0
are the first example of a-hydrogen migration in a gas-
phase transition-metal-alkyl negative ion complex. The
availability of the 15-electron Fischer-type carbene com-
plex (OC),Fe=CHOCHj;'~ for study is the bonus of this
investigation.
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Summary: Terminal alkynes react with oxaiate esters in
the presence of bis(dibenzylideneacetone)palladium or
palladium acetate and 1,4-bis{diphenylphosphino)butane,
at 100 °C and 82 atm of carbon monoxide, to give
trans-o,3-unsaturated esters and diynes. This carbon-
carbon bond cleavage reaction may be proceeding by
oxidative addition of the oxalate ester to palladium.

The palladium complex catalyzed oxidative coupling of
carbon monoxide and alcohols to oxalate esters is a reaction
of considerable interest.?3 It is believed that the oxalate
ester arises by reductive elimination from a palladium
dicarboxylate such as 1.

I
COOR CR
L,Pd LoPd
COOR CX
1 I
o}

2

Another area which has been the subject of numerous
studies in recent years is the palladium? and cobalt? cat-
alyzed double carbonylation of halides to a-keto acids,
esters, and amides. Investigations by Yamamoto and co-
workers* indicate that the a-dicarbonyl compound is
formed by reductive elimination from a acylmetal car-
boxylic acid, ester or amide (2, X = OH, OR, NR,). It
seemed conceivable to us that, under appropriate condi-
tions, one could attain oxidative addition of the carbon—
carbon bond of oxalate esters to palladium resulting in the
generation of 1, i.e. the reverse of the above processes. This
communication describes the interesting palladium-cata-
lyzed reaction of alkynes and oxalate esters.

No reaction occurs when a mixture of phenylacetylene
(3, Ar = Ph) and diethy! oxalate (4, R = C,H;) in 1,2-di-
methoxyethane (DME) is treated with a catalytic quantity
of bis(dibenzylideneacetone)palladium(0) and 82 atm of
carbon monoxide, at 100 °C for 3 days. However, the
presence of 1,4-bis(diphenylphosphino)butane (dppb) re-
sults in the generation of trans-methyl cinnamate (5, Ar

AAFC==CH + C|:OOR Pd(dba)a or Pd(OAc);
rC=
COOR dppb . DME or CHaCOCH,CH(CH3),
3 82 atm ot CO, 100 °C, 3 days
4

2Ar

NN + (ArC=C-);

6

COOR
5
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