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The relative reactivities of alkyl-substituted olefins toward CCl, have been
found to decrease with decreasing nucleophilic character of the olefin, i.c., in the order
R,C=CR,; >R ,C=CHR >R ,C=CH, >RCH=CH,. This was the case when dichloro-
carbene was generated via the chloroform + base procedure?, sodium trichloroacetate
decarboxylation?, thermal decomposition of phenyl{(bromodichioromethyl)mercury*
or the PhHgCCl; + Nal reagent®. These studies suggested that electronic, not steric
factors were of prime importance in this obviously electrophilic addition of dichloro-
carbene to the C=C bond of olefins. However, in our investigation of the PAHgCCl, +
Nal system®, some indication that steric factors do play a role in such reactions was
given. Also to be noted in this connection is that A* double bonds of A*- or A*>-
steroids bearing 10 # methyl groups {(e.g.. A>-androstene-3p,178-diol diacetate) are
completely unreactive toward CCl,. In contrast, such compounds are reactive to a
limited extent toward difluorocarbene and such unsaturated steroids without a 10 §#
methyl substituent do undergo CCl, addition at the A® double bond®. The operation
of steric effects clearly is indicated.

With this general background, it is of interest to consider the vety low reac-
tivity of vinylsilanes of type R SiCH=CH , toward CCl, as generated by the CHCI, +
tert-BuOK procedure at- —30°7, and by thermolysis of (trichloromethyl)trichloro-
silane® and phenyl (bromodichloromethyl)mercury®. Table 1 lists results of Cudiin
and Chvalovsky which illustrate this lack of reactivity. It was the object of the present
study to.obtain.an understanding of the factors (electronic, steric, etc.) which are
responsible for this relative inertness of vinylsilanes.

The occurence of z-bonding in vinylsilanes, that is, overlap of the olefinic =
electron cloud with vacant d orbitals of silicon in the ground state (Fig. 1), has been
invoked in the past by a number of different investigators to explain certain anomalies
of vinylsilane reactivity, and spectroscopic investigations (infrared, NMR) have becn
cited in support of such z-bonding!®~ 17, (Note, however, that the vibrational spectra

* For Part XXII1, see r2f. 1. Also Part XVI of the series "Halomethyl-Mectal Compounds™: for Part XV

see ref. 2,
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TABLE } .
RELATIVE RATES 0F CCl,y (via CHCly + tert-BuOK AT — 307 ) ADDITION TO SILYL-SUBSTITUTER oLEFlN§-

Olefin »
1-Heptenc 1.00
Me,5iCH=CH, 0.047
Me,8i08iMe,CH=CH, 0.033
{Me;510),8iMcCH=CH, 0.036
{Me;5:0),8iCH=CH, 0.036

Mc!sicHch:CHz 5.00

R\ =4
R e Gy CH=Z(CH3 B [+]
- R

R

Fig. 1.

of vinyl derivatives of the Group IV elements also have been discussed in terms of
the absence of important n-bonding effects'®). Thus a decrease in the nucleophilicity
of the C=C bond in the R ;8iCH=CH , compounds due to such n-overlap could serve
to cxplain their observed poor reactivity toward dichlorocarbene, and such an
explanation was favored by the Czechoslovak workers’. However, the possibility
that steric effects were in large part responsible for this inertness must also be con-
sidered, since in each case studied the silicon atom to which the vinyl group was
attached had three other, relatively bulky substituents (¢f. Table 1). The absence of
suitable control experiments left open the question as to which factor, C—8i n-
bonding or a steric effect. bore major responsibility for the inertness of vinylic silanes
toward CCl,. An attempt has been made in the present study to answer this question
by mcall;s of an approach involving the comparative organic chemistry of carbon and
silicon'”,

We have compared relative rates of addition of dichlorocarbene as generated
by thermolysis of phenyl{bromodichloromethyl)mercury* to vinyl derivatives of
carbon. silicon and germanium with k., for CCl, addition to allyl derivatives of these
clements, The results are given in Table 2. The general procedure of our previous
study of olefin reactivities toward dichlorocarbene® was used. Each olefin in Table 2
was allowed to compete with an equimolar amount of a reference olefin for a deficiency
of phenyl{bromodichloromethyl)mercury. Upon completion of the reaction, the
amounts of gem-dichlorocyclopropane produced from the olefin under investigation
and the reference olefin were determined by gas-liquid partition chromatography
(GLPC), and the relative rate for each olefin was calculated by the method of Doering

* The PhHgCClLBr 1. olefin reaction invalves the following mechunism?®:
&y (vlaw
PhHgCCl,Re e=—==z PhHgBr+ CCl,
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TABLE 2

RELATIVE REACTIVITIES OF GROUP IV-SUBSTITUTED OQLEFINS TOWARD PHENYl.(BR(‘-‘MOD!(‘HLORO.\!FTH\"l._)<
MERCURY-DERIVED DICHLOROCARBENE

Olefin Kyer Temp. (°C)
1-Heptene 1.00 80
CCl,=CHCl 0.14 30
C;H4(CH;),CCH=CH, 0.043 80
C3H,(CH,),SiCH=CH, 0069 80
(CH ,),SICH=CH, 0048 80
{C,H;)3GeCH=CH, 0.064 80
(CH,);CCH,CH=CH, 0.78 71
{CH,);8iCH,CH=CH, 42 7

(CH,),GeCH ,CH=CH, 57 71

and Henderson®. Separate experiments established the reliability of this procedure.
The gem-dichlorocyclopropanes produced by CCl, addition to the olefins listed in
Table 2 were fully characterized in separate experinicnts and have been the subject
of a previous paper from these Laboratories’!. The competition reactions which
provided these data were carried out at 80° with the vinyl derivatives. at 71 with the
allyl derivatives. In the case of the vinyl compounds the reference olefin uscd was
trichloroethylene ; for the allyl compounds cyclohexene was used. but for convenicnce.
all k.., values were calculated with respect to k.., (1-heptene) = 1. A separate competi-
tion experiment with 1-heptene and trichlorocthylene was required for this purpose,
and the results of a competition of Me,EtSICH=CH, and 1-heptenc for mercurial-
derived CCl, [k(Me,EtSiCH=CH ,)/k(1-heptene) =0.07] demonstrated the validity
of these calculations. To obtain k., of the olefins in Table 2 rs. cyclohexcne, the
reference olelin of our previous study®, the k,, values of Table 2 should be multiplicd
by 0.236. Thus we find, for instance, that Me,EtSiCH=CH, is only 0.016 times as
reactive as cyclohexene.

The relative reactivitics listed in Table 2 now make possible an assessment of
the factors which affect the reactivity of vinylsilanes toward dichlorocarbene. In the
case of the allyl compounds, where the quaternary center is separated from the C=(
bond undergoing attack by CCIl, by a methylene group, it is apparent that steric
factors are not very important. This is shown by the fact that Me,CCH ,CH=CH, is
only slightly less reactive toward CCl, than is 1-heptene (c¢f. Table 2). Thus, as a
first approximation, we can ascribe the consequences of replacing the tert-butyl
group by a trimethylsilyl group and then by a trimethylgermyl group in the allyl
derivatives to the operation of electronic factors. It has been shown that the order
of increasing (+ 1) inductive effect for Me;M'"Y groups is Me,C < Me,Si< Me,-
Ge??~2% and our observed k,., values for the Group 1V allyltrimethyl compounds
provide further confirmation for this.

We now consider the vinyl derivatives of carbon and silicon listed in Table 2.
Me,EtCCH=CH, is only 0.04 times as reactive toward electrophilic attack by di-
chlorocarbene as 1-heptene, and this must be ascribed to very severe steric hindrance
by the three alkyl substituents on the carbon atom attached to the C=C bond.
Molecular modeis confirm this; the C-H bonds of the Mc,EtC group drastically
reduce the accessibility of the C=C bond system to attacking CCl,. Electronic effects
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266 D. SEYFERTH, H., DERTOUZOS.

clearly are not impertant., if only inductive effects weee aperative in determining the:
dilference in k, 4 between Me,EVCCH=CH; and Me,EtSiCH=CH;, to the exclusion
of n-bonding and steric effects, then we should expect the latter to be ca. five times
mare reactive toward CCl, than the former. However, the covalent radius of silicon:
iz 1.17 A, while that of carbon is (177 A. The consequence of this increase in size should.
be that the three alkyl substituents on the silicon atom shaould provide less bindrance
to CCl,y approach te the C=C bond. This is shown by inspection of molecular models:
due to the longer S5i~C bond {(comyprarcd o the C—C bond), the ethy]l and methyl
hydrogens of the Me,E1Si group do not shield the C=C bond as effectively as do those
of the Me,ELC group. It is not possible to assess this steric factor quantitatively, and
we can only say that on the basis of steric factors alone, Me, EtSiCH=CH should
be more reactive than Me  E{CCH=CH,. Considering both the + I and steric effects
in these olefins, we catimate that &, . (Me EtSICH=CH ;) /&, (Me,ESCCH=CH )} 5 10.
In our competition study we found this ratio to be 1.6, a fact which suggcsts that stilt
another factor must be considered, one that serves to decrease the reactivity of the
vinylsilicon compound. We suggest, in apreement with Cudlin and Chvalovsky’,
that C—Si =-bonding provides a reasonable and adequale explanation for this
observation. However, even in the absence of such a x-bonding eflect we would
expect Me,EtSiCH=CH, to be tess reactive than !-heptene, due lo the operation
of steric factors. We thus suggest that the very low reactivity of R S5iCH=CH, com-
pounds relatice (o 1-keptene is a resull of both the sterle factor associated with the
threc R groups on silicon and a very significant decrease in the nucleophilicity
of the C= bond due to C~+8i & overlap as shown in Fig. 1. The relative importance
ol thege effects cannot be asscesed. The steric effect would be eliminnted in H;51CH=
CH;, but since CCY, readily undergoes inserfion inte $i~-H bonds {(at a rate com-
parable 1o its addition to the C=C bond of cyclohexenc)? . caperiments with this
olcfin are not feasible.

Little changs in reactivity towrrd diclilorocarbene was observed on going
from Me E1SiCH=CH; to E1,8iCH=CH; 10 Et,GeCH=CH,. 1t iz perhaps note-
worlhy that k., [Ge)/k, . (5i) for the respective vimyl and allyl derivatives are virtually
identical. This could be taken as an indication that the changes in the sieric factors
amd the n-bonding cffecis on going from vinvlsilicon 1o vinylgermaniuvm compounds
are nct of great importance gnd (hat the inductive effect plays the major role. How-
ever. the interplay of these three facte o5 need not beas simple as that. it may, however,
be noted that the increase in covalent radius on going from sitican (1,17 A) to germa-
nium (£.22 A) is not lnrge, ond thar C~+M"Y z-bonding apparently is less important
in the case of organagermanium compounds than it is in organosilicen compounds®®.

Attemnpts to include allyl- and vinyltin compounds in this study were not
successful, sinee the PhHgCCI,Br+allyl- or vinyltin reection is complicated by
clenvage of allyl and vinyd groups from tin by the PhHgBr fosmed in the CCL; extru-
sion step*!.

This investigntion also included o study of selative renctivities of viny! dersy-
ntives of carbon, silicon and germanium toward difluorocarbene as generated by
the Me,SnCF 5 4 Mal reagent in 1,2-dimethoxycthane at 80°27, since it was of interest
to exnmine the effect of n decrease in the sieric requirements od the anacking carbene.
Table 3 ghows the k., values obtaioed. The fact that, with respect (o the reference
elefin, Me,BEICCH=CH; is three limes more renctive toward CF ; than doward CCl,

F thegaeenieter!. Che, 1 (1R 20)-270
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TABLE 3

RELATIVE REACTIVITIES OF VINYLSILICON AND -CARBON COMPOUNDS TOWARD DIFLUOROCARBENE, 1IN DME
AT 80°

Olefin k.
1-Heptene 1.0
Me,EtCCH=CH, 0.12
Me,EtSiCH=CH, 0.26
Et,SiCH=CH, 0.15

can be ascribed to the smaller size of the former. Note, however, that for the Me,Et-
MCH=CH, compounds the k,.,(Si)/k.(C) ratios for CF, (2.2) and CCl, (1.6) differ
much less;; this again can be rationalized in terms of the operation of n-bonding effects
in the vinylsilane.

An attempt was made to measure the relative reactivities of Me, EICCH=CH ,
and Me,EtSiCH=CH, toward the much larger dibromocarbene as generated from
phenyl(tribromomethyl)mercury. However, control experiments showed that the
resulting gem-dibromocyclopropanes appeared to undergo partial decomposition
under the conditions of reaction and/or analysis, and for this reason no meaningful
data could be obtained.

In summary, the results of this assessment of the relative reactivities of anal-
ogous vinyl derivatives of carbon, silicon, and germanium appear to provide further
chemical evidence in support of that derived largely from spectroscopic studies that
C—MU n-bonding contributes to the ground state description of vinylsilanes and
(fess clearly) vinylgermanes. It should be noted, however, that such a conclusion was
only justified when the appropriate control experiments involving analogous com-
pounds of carbon had been made.

EXPERIMENTAL

General comments

All reactions were carried out under an atmosphere of prepurified nitrogen.
Benzene was distilled from calcium hydride, DME from potassium immediately
before use.

For the quantitative GLPC analyses in this study an F &M Model 700 gas chro-
matograph was used; the column packing was either 159, General Electric Co.
XE-60 on “romosorb P or 209, General Electric Co. SE-30 on Chromosorb W,
with a 60-250° temperature program, generally 10°/min.

All the gem-dichlorocyclopropanes?! and gem-difluorocyclopropanes?” were
fully characterized and have been reported by us previously.

Competition reactions using phenyl{bromodichloromethyl)mercury

The general procedure was as follows. Phenyl(bromodichloromethyl)-
mercury?® (5 mmoles), the olefin under investigation and the reference olefin (25
mmoles each) and 10 ml of benzene were charged into a 50 ml, threc-necked Nask
equipped with a reflux condenser topped with a nitrogen inlet tube, a thermomcter
and a magnetic strirring assembly. The flask was immersed in an oil bath maintained
at 80° +0.5° and stirred for 4 h. The reaction mixture then was allowed to cool to

J. Organometal. Chem., 11 (1968) 263270
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TABLE 4

COMPETITION REACTIONS WiTH PHENYL{RROMODIC HH)R(WIEYHYL)MI:R( URY

Olefin "a CClyadduet  Yield of CCly  Total yield kyfkes Kulkoiy

with olefin “a™  adduct with (") (averag
(%) reference olefin L
(%)
Vinyl derivatives; reference olefin is trichloroethylene
Me,EtCCH=CH, 21.0 (2227 72.4 (72.0) 93.4 (94.2) 0.29 (0.31}) 0.30
Me,EtSiCH=CH, 26.9 (26.4) 54.9 (55.1) 81.8 (31.5) 0.47 (0.48} 0475 ¢
Et,SiCH=CH, 18.2 (18.1;208) 564 (63.3:550) 74.6(81.4:758) 0.32(0.29;038) 033
Et,GeCH=CH, 25.1 (22.2; 21.3) 536 (56.0;69.5) 78.7(78.2:90.8) 047 (0.40;044) 044
n-C;H,,CH=CH, 76.6 (17.2) i1.2(11.1) 87.8 (88.3) 6.84 (6.95) 6.90

Allyl derivatives: reference olefin is cyclohexene

Me,CCH,CH=CH, 105 (13.2: 13.6) 680 (67.2; 640) 785 (804:77.6) 0.15(0.19;0.21) 0.8
Mc,SiCH,CH=CH, 39.8(42.2;414) 393(42.7:424) 791 (84.9:838) 104 (098:097) 10
Mc.GcCH CHﬂCH, 50.6 (50.0) 384 (36.3) 89.0 (86.3) 132 (137) 1.35

“ Rc'iullq of dupln..m, and triplicate runs are given in parentheses,

room temperature, an accurately weighed quantity of an internal standard (usually
cthylbenzene)} was added, and all volatiles were trap-to-trap distilled {0.03 mm, bath
at 1007} into a receiver at — 78°. Response factors of the reaction products relative to
the internal standard had been determined in separate experiments. GLPC analysis
of thedistillate followed. All reactions were carried out in duplicate, some in triplicate.
The relative rates were calculated using the equation®

krcl = km/krc( = PE\/P ef X Orcffo

where k, = rate constant of the olefin undcr investigation, k. = rate constant of the
reference olefin, P, and P..=mmoles of products derived from the olefin under
investigation and the reference olefin, respectively, and 0, and O, =initial mmoles
of the olefin under investigation and the reference olefin, respectively. The results of
these experiments are given in Table 4.

Competition experiments using the Me SnCF,+ Nal rmlqcnr
Five mmoles each of trimethyl{trifluoromethyl)tin?® and sodium iodidide

TARBLE 5

COMPETITION REACTIONS \Mtu nu Mc,'snu Vi N.al nrnowr"

efin " ()lr'lm i -dt'ru i 1. I Drﬂunm 2 -n- Tatal koike kykeer

diftunrocyelopropane,  amylevclopropane,  vield lurerage)
yield (%)) vield () { ";‘;l

Me,EtCCH=CH, 60 (6.6) 51.4 (55.0) 574 (61 0) oI17{0.121) 012

Me ESICH=CH, 126 (12.8) 530 (51.0) 05.6 (638} 0.248 (0.263) 0.26

L BiCH l‘“‘H; 69 ((.7) 47.4 (460.9) 543(%16) 0.146 (0.144) 0.15

» R:r{crrnu: nicﬁn was 1-hepiene. * Results of duplicate runs are given in purcnthcscs.

I Organimietal Chor 11 {1908) 163270



VINYL DERIVATIVES OF METALS. XXIV 269

[powdered and dried at 110" {0.01 mm) for 24 h], 25 mmoles each of the olefin under
investigation and the reference olefin and 10 ml of DME (distilled from potassium
directly into the reaction flask) were used. The reaction mixture was heated with
stirring under nitrogen for 20 h at 80° 4-0.5°. The further operations were as described
in the experiment above. The results are given in Table 5.
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SUMMARY

Vinyl derivatives of silicon are known to be very unreactive toward dichloro-
carbene. A study of the rclative reactivitics ol selected vinyl and allyl derivatives ot
carbon, silicon and germanium toward PhHgCCl,Br-derived dichlorocarbene gave
results which are rationalized in terms of a decreasc in the nucleophilicity of the C=C
bond of vinylsilanes, caused by m-overlap between the filled olcfinic 7 orbital and
vacant silicon d orbitals, contributing significantly to this lack of reactivity. However.
it is suggested that steric hindrance to CCl, attack at the C=C bond in vinylsilanes by
the three other substituents on silicon also is of importance.

REFERENCES

D. SEYFERTH AND L. G. VAUGHAN, J. Orgarvomerad. Chenr, S (1966) 380,

D. SEYEERTH AND J. HELEIS, J. Organomeial. Chem. |1 (1968) 253,

W. van L. DoEriNG anp W. AL HENDERSON, J. A Chem. Soc. o S0 {TY3R) 5273

1. SEYFERTH AND J. M. BURLITCH, J. Am. Chem. Soc, 86 (1964) 2730,

. SEYFERTH, M. E. GOrpON, J. Y.-P. Mut ann X Mo Burbiness Jooame Chonas Soc 89 0n 7 vas

L. H. Knox. E. VELARDE, S, BERGER, D. CUADRIELIO, P WL Laspis axp AL D Uross o e Cirern

Soc., 85 (1963) 185].

7 (a) J. Cuprin aAND V. Chvalovsky, Collection Czeelt. Chem Comman. 27 (1U62) 165K, (b)) 2N (1963
3088,

8 V.CuvALOVSKY, Main Lecture presented at the Internationitd Symposinm on Organostheon Chemntry,
Prague, September 1965,

9 D. SEYFERTH, J. M. BURLITCH, R, J. Minasz, J. Y.-P. Mun H. DL Simsoss, e A T-H Tremer axn
S. R. Dowb. J. Am. Chem. Sac., 87 (1965} 4259,

10 C. EABORN, Organosilicon Compounds, Butterworths, London, 1960, pp. 9341023 (review).

11 D. SEYFERTH, Pragr. Inorg. Chem.. 3 (1962) 129 {review).

12 1. 1. Eiscid, AND J. T. TRAINOR, J. Org. Chem., 28 (1903) 487.

13 R. SummitT, 1. ). EiscH, 1. T. TrRaiNor aAxD M. T, Roders, J. Phys, Chenn 67 {1963) 2362,

14 J. KNiZEr, M. HorRAK AND V. CHVALOVSKY, Collection Czech. Chem. Convman., 28 (1963) 307

15 J. SCHRAML AND V. CHvALOVSKY, Collection Czech. Chem. Compuo., 31 (1966) S03,0 141

16 G. A. RAZUVAEV. A. N. EGorocnkIN, M. L. KHIDEKEL' aND V. F. Mmmonov, Joeo Akad, Nank XS8R,
Otd. Khim, Nauk, (1964) 928.

17 () J. NAGY, S. FERENCZI-GRESZ AND V. F. MIRONOV, Z. Anarg. Allgem. Chem., 347 (1966) 191

17 (b} V. CHVALOVSKY, Pure Appl. Chem., 13 (1966) 231 (review).

18 L. A. LEITES, [. D. PavLova aND Yu., P. EGorov, Tror. i Eksperim. Kiim. Akad. Nawk Ukr, SSR,
1 (1965) 311; Chem. Abstr., 63 (1965) 13024,

19 D. SEYFERTH. G. SINGH AND R, Suzukr, Pure Appl. Chem., 13 (1966) 159,

fe W HD =

[ SR

J. Grgunomeral. Cheme, 1 (I968) 203 270



270 D. SEYFERTH, H. DERTOUZOS

20 D. SevrerTH, J. Y.-P. Mus aND J. M. BurLiten, J. Am. Chem. Soc., 89 (1967) 4953,

21 D. SeysertH, T, F. JuLa. H. Dertouzos anp M. Pereyre, J. Organomeral. Chem., 11 (1968)

22 R. W. Bort, C. EaBorN aAND D. R. M. WaLTON, J. Organometal. Chem., 2 (1964) 154

23.R. W. BorT; C. EaBorN, K. C. PANDE AND T. W. SWADDLE, J. Chem. Soc., (1962) 1217.

24 D. R. M. WaALTON, J. Organometal. Chem., 3 (1965) 438.

25 (a) D. SeyreErTH AND J. M. BUurLITCH, J. Am. Cheni. Soc., 85 {1963) 2667; {b) D. SEYFERTH, J. M
Burrrren, H. DeErTouzos anp H. D, Siqmons, Jr., J. Organomeral Chem., 7{1967) 405, N

26 J. A. Brprorp, J. R. BoLToN, A. CARRINGTON aND R. H. PRINCE, Trans. Faraday Soc., 59(1963)53

27 (a) . SEYFERTH, J. Y.-P. Mut, M. E. GORDUN AND J, M. BURLITCH, J. Am. Chem. Soc., 87(!965)681 '
(b} D. SEyrerTH, H. DERTOUZOS, R. SUZUKI AND J. Y.-P. Mui, J. Org. Chem., in press.

28 D. SeYFERTH AND J. M. BurLitcH, J. Organometal, Chem., 4 {(1965) 127,

29 H. D. Kagsz, ). R. PuiLeips anp F. G, A. STONE, . Am. Chem. Soc., 82 (1960) 6228.

J. Organometal. Chem., 11 (1968) 263-270



