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Abstract: Reactions of stable silylenes 1 and 2 with a variety of halogenated organic compounds have
been studied. Depending on the nature of the halocarbon, the products can be disilanes, LSiX—LSIR, or
monosilanes, LSIXR, or a mixture of both types of products. Hexachloroethane reacts with the silylenes to
give mainly the dichlorodisilane, LSiX—LSiX. The experimental results are rationalized in terms of several
related free-radical chain mechanisms.

The chemistry of room-temperature stable silylenes, of which Scheme 1. Reaction of 3 with Chloromethanes

1—4 are the best known, has been investigated in numerous tBu FHz
studies since their discovery 11 years agbThese silylenes ju CHClz  (NN)SI™ SINN)
are potent Lewis bases, acting as donors in the formation of ©: Nei = (NN)S o I ]
many transition metal and lanthanide complexes. They are N \1 H\C _cl
oxidized by chalcogens, form complexes with boranes and 3 ) NS SINN)

carbenes, and take part in many insertion reactions, for instance tBu

into Si—Cl, C—Li, and O—H bonds34 b

Scheme 2. Reaction of 4 with Chloromethanes
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Two other groups have looked at the reaction of stable

In 2002, we described the reaction qf stable sinIenpith silylenes with halocarbons. The team of Lappert and GeRrhus
several halogenated hydrocarbons, which proceeded in UNpPrecioind that addition of stable silylend to chloroform and

edented fashion to yield disilane produefEhe reaction ofl  \othviene chioride resulted in the formation of the double
with trichloromethane is shown in eq 1 as an example. With insertion product (Scheme 1).

other halocarbons a 1:1 adduct and a 1:2 product were obtained, Kira and co-worker®” have studied the reaction of dialkyl-

as shown in eq 2 for bromobenzene. silylene4 with a variety of haloalkanes. With carbon tetrachlo-
Bu B B ri_de or chl_oroform_, the silyl_ene _abst_racted chlorine atoms to
h|l lll COlLH |~|1 yleld t_he dichlorosilane, whlle wnh o_hchloromethane a double

[ >Si: CHCly | N i_Si/ ] 0 insertion product was obtained, similar to that of Gehrhus and

N

N/ c/ pW Lappert (Scheme 2). Kira proposed that the reaction proceeds
|

lBu lB Bu through a more conventional aeithase complex intermediate,
! with a chlorine atom donating a lone pair of electrons to silicon.
}Bu tBu tBu tBu
N '|\‘ 'L feHs ,!l (2) Gehrhus, B.; Lappert, M. K. Organomet. Chen2001, 617, 209.
N CeHsBr N _/C6H5 A s (3) Hill, N. J.; West, R.J. Organomet. Chen2004 689, 4165.
| /S|: | /SI\ + /SI—SI\ | @ (4) Gaspar, P. P.; West, R. [fhe Chemistry of Organosilicon Compounds
'i‘ N Br ,\‘, Br/ 'il Rappoport. Z., Apeloig, Y., Eds.; Wiley: New York 1998; Vol. 2, Chapter
| 43, part 3.
tBu tBu tBu tBu (5) Moser, D. F.; Bosse, T.; Olson, J.; Moser, J. L.; Guzei, |. A.; West].R.
Am. Chem. So002, 124, 4186.
P - ) . (6) Ishida, S.; lwamoto, T.; Kabuto, C.; Kira, NChem. Lett2001, 1102. A
University of Wisconsin. more complicated product was obtained in a reactiod efith chloro-
§ Universitd Frankfurt. methylcyclopropane.
(1) Haaf, M.; Schmedake, T. A.; West, Rcc. Chem. Ref00Q 33, 704. (7) Ishida, S.; lwamoto, T.; Kabuto, C.; Kira, Msilicon Chem2003 2, 137.
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Table 1. Yields of Products from Reaction of Silylenes with

Halocarbons

Scheme 3. Halophilic Mechanism for Disilane Formation
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PhBr 67 (L53) 33 (15h) tBu tBu
p-CFsCeH4Br 85 (164 15 (16h)
p-t-BuCsH4Br 80 (179 20 17b) Scheme 4. Stepwise Mechanism for Disilane Formation
p-CH3OCsH4Br >08 (18) tBu 1B
Phi >98 (19 l I e
2-Br-CyoH72 >98 (20) M R M 1
9-Br-CpiHgP >98 (21) | S o < N—g;; —> [ SR —
CsFsCl >98 (22) ] T N\tB rlq
CeF<Br >98 (23) Bu ! tBu
CeFsl >98 (24) —
ol B. Saturated Silylen&, 05 25 tBu—N\ /N_tBu t|Bu tBu
4 > ¢ R
CHCly ~98 (26) B Va [N\S/i_Si/N]
CH,CI >98 (2 ossice—x — L/
PhCHCI ~08 523 N R N \'Iﬂ
n-BuCl 30 293 70 (29b) Bu Bu tBu
i-Prcl 50 303) 50 (30b)
E‘P':E’F‘Br 50 8139 gg g;)b) In this mechanism, a halogen atom binds to the vacant orbital
-BuCl 67 339 33 (33b) of the silylene silicon, followed by insertion to give the stable
PhBr 3334 67 (34b :1 product. The disilane product then arises from insertion o
1:1 product. The disil product th f t f

another silylene silicon into the SKX bond.

We had previously considered, and rejected, this mechanism
on several grounds. First, silyledeshows essentially no Lewis
acid behavior, even to bases as strong as pyridine. Thus the
first step of the mechanism seemed unlikely. And indeed,
theoretical calculations show that the activation barrier for the
first step is about 50 kcal mol. This is inconsistent with the
rapid rate for the reaction, which takes place promptly at room
temperature for many halocarbons.

a 2-Bromonaphthalené.9-Bromofluorene.

We have now extended this study to include reactions of the
saturated silyleng, as well asl, with a variety of halogenated
organic compounds. The results of these experiments are
displayed in Table 1. As seen from the table, many halogenated
organic compounds react withand?2 to give the disilane as
the predominant product. Other halocarbons react to give the
simple insertion product LSi(X)R, (LSt silylene), and for still i ) ) .
others a mixture of both types of compounds is formed. The ~S€cond, in the reaction af with bromobenzene, which
results of these reactions will be discussed in greater detail afterProduces both the 1:1 and 2:1 products, we were able to separate

a brief consideration of the reaction mechanism leading to the the 1:1 compound and treat it with additional silyleheNo
disilanes. reaction took place, even under forcing conditions, showing that

the pathway in Scheme 4 cannot be correct.

We then considered the possibility that the reaction might

From our early results, it appeared that halocarbons that couldfollow a radical rather than a polar pathway. A careful study of
provide a stable anion after removal of halogen were most likely the minor products in the reaction of carefully purified trichlo-
to yield the disilane product. Partly for this reason we initially romethane withl showed that GCH—CHCL, was formed in
proposed, though we no longer favor, a halophilic mechanism 1.3% Yield. We interpret this as a radical coupling product,
for the reaction leading to the disilanes (Schemé B).this indicating thasCClH radical was present at some point in the
mechanism, electron donation from a silicon lone pair into an réaction.
antibonding orbital of the halogen takes place to give a weak Of the several possible radical pathways, we favor the radical
acid—base complex. Next, a second silylene molecule donateschain mechanism outlined in Scheme 5. The initiation step is
its electron pair into the vacant p orbital of the (now more the reaction of silylene with halocarbon to give a halosilyl radical
electrophilic) silylene silicon. A simple 1,3 shift would then and a carbon radical. (This might be preceded by a single-
lead to the disilane product. electron transfer from the silylene to the halocar)irReaction

The mechanism of Scheme 3 was strongly criticized by Su, of the carbon-centered radical with a second silylene molecule
partly on the basis that the first step, complexation between theto give a organosilylene radical represents the first propagation
silylene as a donor atom and a chlorine atom, is strongly
endothermic. Su proposed instead a two-step mechanism il- (§) Su. M--D.J. Am. Chem. So€003 125 1714.

. . . (9) Su, M.-D.Chem. Phys. LetR003 374, 385.
lustrated in Scheme 4, based on density functional calculdtfons. (10) Mikami, T.; Narasaka, KAdv. Free Radical Cheml99g 2, 45.

Reaction Mechanism

J. AM. CHEM. SOC. = VOL. 127, NO. 42, 2005 14731
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Scheme 5. Radical Chain Mechanism for Reaction of Silylenes
To Yield 2:1 and 1:1 Products?

tBu tBu
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N N N N
[ Nei—R + ] Ssip —— | Nsi— 8 ]
N/ N N/ \; N
l lB 1 4B Figure 1. Molecular structure oR6. Thermal ellipsoids are shown at
Bu u Bu u the 30% probability level. Selected bond distances (&) and angles (deg):
tBu tBu tBu tBu Si(1)-Si(2), 2.3732(9); Si(EFN(1), 1.7200(18), Si(tyN(2), 1.700(2);
,L ,L ,L }? ,!, Si(2)-N(3), 1.712(2); Si(2yN(4), 1.720(2); Si(2)-CI(3), 2.1161(10);
[ Ssi—s( ] RX [)ga_sK ] + R Si(1)-C(1), 2.025(3); CI(3) Si(2)-Si(1), 106.64(4); C(1)Si(1)-Si(2),
N AR N X/ \hll 108.75(9); N(2)-Si(1)—N(1), 96.61(10); N(3)-Si(2)—N(4), 96.26(12).
lBu {Bu lBu tBu
tBu tlBu
N_ . X N R
e Ngi”
[ si—R —— || s * R
v v
tBu tBu

aEquations are shown fdr but apply equally td®.

step. In a second propagation step, the resulting silyl radical
reacts with another silylene molecule to give a disilanyl radical.
Abstraction of halogen from the starting halo compound yields
the 2:1 product and a carbon radical, continuing the radical
chain.

At first we were doubtful about this mechanism, because

model density functional theory (DFT) calculations for the first Figure 2. Molecular structure of. Thermal ellipsoids are shown at
t ired tivati f about 40 kcalfhovhich the 30% probability level. Selected bond distances (A) and angles (deg):
step required an activaton energy or abou calmaeynic Si(1)-Si(2), 2.4315((8):; Si(BN(L), 1.734(2); Si(1¥N(2), 1.730(2);

again seemed inconsistent with the rapid rates of the reaction.sj(2)-N(3), 1.736(2); Si(2rN(4), 1.7447(18); Si(1}Cl, 2.1370(9);
More detailed calculations by Joo and McKee, however, now Si(2)-C(21), 1.888(2); N(2)Si(1)-N(1), 93.14(10); N(3) Si(2)—N(4),
show that the activation barrier is much less than originally 92-86(9); CHSi(1)=Si(2), 107.06(3); C(21Si(2)-Si(1), 107.48(7).
thought and thus is not inconsistent with the rapid reaction
ratest?

The mechanism outlined in Scheme 5 could also lead to
the 1:1 products. As shown at the bottom of Scheme 5, the
first silyl radical could abstract a halogen atom from the
halocarbon. This would constitute an alternate propagation
step.

produced, the relative yields may depend on the ratios of
reactants. This is clearly true for the bromobenzenes, as will be
discussed below.

The highly chlorinated alkanes, CCICHCL, and CHCly,
react with bothl and2 to produce exclusively the 1:2 adducts.
Earlier we reported the crystal structure for the disildie
produced froml and CHC}. We have now determined the
crystal structure o6, the corresponding disilane frothand
CHCI; (Figure 1). The StSi bond length is shorter i26 (2.37

Yields of the monosilane and disilane products from the A) thanin6 (2.42 A). This can be explained by the twisting of
reactions ofl and 2 with halocarbons are summarized in the the five-membered rings ir26, which reduces the steric
Table 1A,B. In general the yields are reported for reactions in repulsion between the two halves of the molecule and allows a
which the silylene was added to an equimolar amount of the closer approach of the silicon atoms.
halocarbon in hexane solution. For some of the reactions, the Reaction of CHBg with 1 proceeded smoothly, but gave
results are independent of the ratios of reactants. For exampleentirely the 1:1 adduc®. This difference in product is also
1 reacts with CHGJ to produce the disilané in >98% vyield, explainable in terms of the mechanism of Scheme 3. The crucial
even whertl is added to a 100-fold excess of CHQHowever ~ Second propagation step may be inhibited by the large GHBr

in reactions where the monosilane and disilane products are bothsubstituent on silicon, preventing the approach of a second
silylene molecule. Instead, abstraction of a bromine atom could

(11) Joo, H.; McKee, M. LJ. Phys. Chem2005 109, 3728. take place, leading to the alternate radical chain.

Results and Discussion

14732 J. AM. CHEM. SOC. = VOL. 127, NO. 42, 2005
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C(1O
Ve

Figure 3. Molecular structure oB3b. Selected bond distances (&) and ~ Figure 5. Molecular structure ofi5h. Selected bond distances (A) and

angles (deg): Si(BSi(2), 2.4705(12); Si(EN(1), 1.727(3); Si(1}N(2), angles (deg): Si(}Si(2), 2.4267(9); Si(1yBr, 2.3263(6); Si(1)yN(1),
1.729(3); Si(2rN(3), 1.759(3); Si(2yN(4), 1.750(3); Si(1)-Cl, 1.7359(19); Si(1)N(2), 1.7453(19); Si(2yN(3), 1.7466(18); Si(2yN(4),
2.1278(11); Si(2rC(11), 1.926(4); N(1}Si(1)-N(2), 95.64(14); N(4) 1.7532(19); N(1)Si(1)-N(2), 92.95(9); N(3)Si(2)-N(4), 92.58(9);
Si(2)-N(3), 93.73(14); CFSi(1)-Si(2), 111.03(5); C(1BSi(2)-Si(1), Br—Si(1)-Si(2), 109.35(3); C(21)Si(2)—Si(1), 113.55(8).

110.34(11).

Figure 6. Molecular structure 024. Selected bond distances (A) and angles

(deg): Si(1)-Si(2), 2.4427(18); +Si(2), 2.5720(13); Si(BN(1), 1.737-

(4); Si(1)-N(2), 1.739(4); Si(1}C(11), 1.931(4); Si(2yN(3), 1.728(4);

Figure 4. Molecular structure of5a Thermal ellipsoids are shown atthe  Si(2)-N(4); 1.730(4); +-Si(2)-Si(1), 114.32(6); C(1LHSi(1)-Si(2), 115.92-

30% probability level. Selected bond distances (&) and angles (deg): (15); N(2)-Si(1)~N(1), 93.35(18); N(3)-Si(2)~N(4), 93.07(18).

Si—N(1), 1.716(2); SFN(2), 1.714(2); S#Br, 2.2959(7); S-C(11), 1.863-

g)ilN(Zi—lglzzN%),_ 9,3-08(81_% N(%g'gocgl_l)”\l 11185?%0)?1'1‘(()1%;';_ twisting of the rings in the intermediates franreducing steric

Cgllg’_Si_B'r ios).él(é)z? I=Br, 109.80(7); N(1ySi=Br, 110.326);  ningrance just enough so that some-Si bond formation can
take place in the crucial second propagation step. The crystal

Benzyl chloride also reacts with botrand2 to yield entirely ~ Structure for the disilane produ88b from the reaction ofert-
the 2:1 adducts9 and 28 (Table 1). We obtained the crystal b_utyl chlor_lde Wlch is shgwn in Figure 3. Significant steric
structure of disilan®, the product of reaction of benzyl chloride ~ Nindrance in this molecule is evidenced by the strongly elongated
with 1. The thermal ellipsoid diagram is displayed in Figure 2. Si—Si bond, 2.47 A2
The crystal structure shows that the chlorine atom on silicon  For the aryl halides, the reaction course depends on the nature
(1) and the carbon atom C21 on Si(2) are in a gauche con-of the halogen. No reaction was observed betwken 2 and
formation; this is similar to the structure 6f chlorobenzene, even after heating a mixture of the reactants to
Primary and secondary chlorides and bromides react with bothreflux in toluene. lodobenzene reacted promptly with silylene
silylenes to give mixtures of the 1:1 and 1:2 products. The yields 1, Yielding exclusively the 1:1 monosilane addut,
in Table 1A,B are those obtained under the experimental The bromoaromatic compounds reacted slowly, over several
conditions given but should be regarded as approximate sincehours at room temperature. Bromobenzene yielded a mixture
the relative amounts of the products depend on the ratios of of the 1:1 to 1:2 products with both silylenes, as shown in eq
silylene to halocarbon and on the overall concentration of 3 for the reaction witHL. If a large excess of bromobenzene is
reactants. A large excess of halo compound favors the formationpresent, the product is almost entirely the 1:1 adduct. X-ray
of the 1:1 product, whereas excess silylene yields more of the structures were determined for both the monosilars)(and
disilane. Among these compounds, the results tést-butyl disilane (5b) adducts and are displayed in Figures 4 and 5.
chloride are revealing. With, only the monosilane produd# Disilane 15b also contains a rather long-S8i bond, 2.43 A.
is produced, but witl2, a mixture of the 1:1 and 1:2 products Silylene 2 reacted in a similar fashion with bromobenzene,
is obtained. We rationalize this difference as a result of the yielding a mixture of35aand35h.

C3)

J. AM. CHEM. SOC. = VOL. 127, NO. 42, 2005 14733
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Scheme 6. Radical Chain Mechanism for the Reaction of
Hexachloroethane with Stable Silylenes
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Bromobenzenes with para-substituents,; ©F t-Bu, gave
slightly increased yields of the 1:1 adducts with Para
substitution with the strongly electron releasipgmethoxy

substituent, however, led exclusively to the monosilane product,

18. Reaction ofl with the more hindered bromoaromatics,

2-bromonaphthalene and 9-bromofluorene, also gave only the

1:1 products20 and21. The latter results are again understand-

TBU }Bu fl }Bu TBU
N N N
N cl
Ng, ClC-CCly ] Nd—si” o+ Nei (3)
| ' N 7l
v DGR \
‘ tBu tBu tBu
tBu 36 38
{Bu }Bu }Bu ¥Bu
i) NN N cl
[ Ngi; SCCCh [ >Si—/8i\ j + E s
: of
v AR \
tBu tBu tBu
1B
u 37 39

We rationalize these results in terms of the strong tendency
of the radical CGICCl. to give up a chlorine atom, with
formation of a G=C double bond. The radical chain mechanism
now becomes that shown in Scheme 6. Here also, as in Scheme
5, there is an alternate chain pathway leading to the monosilane
products, shown at the bottom of the scheme.

Conclusion

We have found that a wide variety of halogenated organic
compounds react with N-heterocyclic stable silylenes to give
either disilane or monosilane products, or a mixture of both,
depending on the nature of the halocarbon. The results are
explicable in terms of related free-radical chain mechanisms.
Further study of the reaction mechanisms is warranted and
awaits investigation of the reaction kinetics, which we plan to
carry out.

Other reactions of stable silylenes leading to disilane products
have not yet been reported, but it seems likely that these may
be observed in the future.

Experimental Section

Synthesis All manipulations were performed using standard Schlenk
techniques under an atmosphere of nitrogen or argon or handled under
an atmosphere of nitrogen in a glovebox. All solvents were distilled

able because of the large bulk of these substituents, blockings., sodium benzophenone ketyl and used immediatelysQGHand

silicon—silicon bond formation.

The stable carbene with structure analogoug te known
to react with iodopentafluorobenzene reversibly, to form a
halophilic complex in which the divalent carbon atom serves
as an electron donor to the iodine atéhWith 1, however,
pentafluorophenyl iodide, bromide, and chloride all reacted to
yield exclusively the disilanes. In this series we determined the
crystal structure for the iodo compouri24, shown in Figure
6. Once again we find for this molecule a relatively long
Si—Si bond, 2.44 A.

Both 1 and 2 react with hexachloroethane by a strikingly
different pathway, to yield the dimeric dichloro compourdds
and37 (eq 3), along with about 10% of the monomeric dichloro
compounds 38 and 39 (eq 4). X-ray crystal structures were
determined for bott36 and37 and are given in the Supporting
Information.

(12) The range of normal silicersilicon single bond lengths is 2.32.37 A.
See: Sheldrick, W. S. IThe Chemistry of Organic Silicon Compounds
Patai, S., Rappoport, Z., Eds.; Wiley: New York, 1989; Part 1, pp-249
284.

(13) Arduengo, A. J., lll; Kline, M.; Calabrese, J. C.; DavidsonJFAm. Chem.
Soc.1991 113 9704.

(14) Denk, M.; Lennon, R.; Hayashi, R.; West, R.; Belyakov, A. V.; Verne, H.
P.; Haaland, A.; Wagner, M.; Metzler, N. Am. Chem. S0d.994 116,
2691.

(15) Haaf, M.; Schmedake, T. A.; Paradise, B. J.; WesC&n. J. Chem200Q
78, 1526.

14734 J. AM. CHEM. SOC. = VOL. 127, NO. 42, 2005

CHCI; were purchased from Fisher Chemical and distilled from £aH
and stored ove4 A molecular sieves. All other reagents used were
purchased from Aldrich Chemical Co. and were dried over £aH
immediately before use. Both silylene compountisand 2, were
prepared according to literature methdgls.

Instrumentation. *H and *3C NMR spectra were recorded on a
Bruker 300 NMR at room temperature, and chemical shifts are reported
in parts per million downfield from an internal tetramethylsilane (TMS)
standard.?®Si NMR spectra were recorded on a Varian 500 NMR
spectrometer at room temperature. Melting points were performed using
a Mel-Temp apparatus and are uncorrected. Mass spectra were obtained
on a Shimadzu QP 5000. Elemental analyses were performed at
Chemisar Laboratories Inc., Guelph, ON. Crystal structures were
obtained on a Bruker CCD-1000 diffractometer with Ma KL =
0.710 73 A) radiation. The data were refined using the SHELXTL (v.
5.1) program library’

Reaction of 1 with CCl,. A solution of1 (0.199 g, 1.02 mmol) in
10 mL of hexane was added to a solution of £0L157 g, 1.02 mmol)
in 10 mL of hexane. The solution immediately turned bright yellow.
The solution was concentrated in vacuo and refrigeratedl@t°C for

(16) Forl: Moser, D. F.; Guzei, .A.; West, Rain Group Met. Chem2001,
811. For2: Denk, M.; West, RPure Appl. Chem1996 68, 785.

(17) Sheldrick, G. M.Acta Crystallogr 1990 A46, 467. Sheldrick, G. M.
SHELXTL Reference Manual. 5.1; Bruker AXS: Madison WI, 1997.
Sheldrick, G. M. SHELXTL97 University of Gdtingen: Gitingen,
Germany, 1997. Sheldrick, G. MSADABS, a software for empirical
absorption correctionUniversity of Gidtingen, Gdtingen, Germany, 1996.
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24 h, yielding yellow crystals. Successive recrystallizations from hexane
resulted in 0.239 g (86.0%) & Mp 153°C. *H NMR (300 MHz, 298

K, CeDg): 0 5.79 (s, 2H, CH), 5.75 (s, 2H, CH), 1.38 (s, 18H, C@1

1.36 (s, 18H, C(Ch)s). 3C NMR (75 MHz, 298 K, GD¢): 6 116.0

(s, CH), 115.3 (s,CH), 75.3 (s,CCls), 53.7 (s,C(CHs)3), 53.3 (s,
C(CH3)3), 314 (S, CcHg)g), 31.3 (S, CCH3)3) 2°Si NMR (99
MHz, 298 K, GDs): 6 —35.3, —35.5. Anal. Calcd (found) for
C1HaoCLiN4Si: C, 46.15 (46.40); H, 7.38 (7.66); N, 10.25 (10.01).

Reaction of 1 with CH,Cl,. A solution of1 (0.100 g, 0.509 mmol)
in 10 mL of hexane was added to a stirring solution of,CH (0.043
g, 0.510 mmol) in 10 mL of hexane. The solution turned pale yellow
immediately. Partial removal of solvent in vacuo, followed by refrigera-
tion for 24 h at—10 °C, resulted in 0.114 g (94.0%) @f Mp 150°C.

H NMR (300 MHz, 298 K, GDg): ¢ 5.77 (s, 2H, CH), 5.72 (s, 2H,
CH), 3.23 (s, 2H, CkLCI), 1.32 (s, 18H, C(Ch)3), 1.27 (s, 18H,
C(CHg)3). °C NMR (75 MHz, 298 K, GDg): 6 114.9 (s,CH), 114.1
(s,CH), 52.7 (s,C(CH3)3), 52.1 (sC(CH3)3), 36.0 (sCH.CI), 31.0
(S, C(CH3)3), 30.9 (S, CCH3)3) 295i NMR (99 MHz, 298 K, GDG): o
—22.8, —33.6. Anal. Calcd (found) for &£H4,Cl.NsSk: C, 52.80
(53.25); H, 8.86 (9.26); N, 11.73 (11.49).

Reaction of 1 with CHBr;. Bromoform (0.120 mL, 1.34 mmol)
was added to a stirring solution &f(0.250 g, 1.27 mmol) in hexane.
The mixture immediately turned clear brown, but after stirring 20 min
at room temperature, turned deep red. The mixture was stirred 1 h,
and then all solvent was removed in vacuo, yielding a deep red oil.
The oil was distilled under vacuum at 4G and 0.1 Torr, resulting in
0.536 g (94.1%) oB. *H NMR (300 MHz, 298 K, GDg¢): ¢ 5.75 (s,
2H, CH), 5.35 (s, 1H, CHBJ, 1.22 (s, 18H, C(Ch)s). **C NMR (75
MHz, 298 K, GDg): 6 109.9 (s,CH), 84.0 (s,CHBr,), 55.9 (s,
C(CHg)3), 30.9 (s, CCH3)3). 2°Si NMR (99 MHz, 298 K, GDg): 6
—56.4. MS (El)m/z (%): 449.2 (50) (M), 369.0 (67) (M — Br).

Reaction of 1 with Benzyl Chloride.A solution of1 (0.167 g, 0.850
mmol) in 10 mL of hexane was added to a solution of benzyl chloride
(0.108 g, 0.850 mmol) in 10 mL of hexane. The solution immediately
turned yellow, and the solvent was partially removed in vacuo. The
saturated solution was refrigerated -aL0 °C for 14 h, producing
rectangular yellow crystals. Recrystallization from hexane yielded 0.214
g (97.1%) of9. Mp 109 °C. *H NMR (300 MHz, 298 K, GD¢): &
7.30 (d, 2H,Jun = 7.8 Hz), 7.19 (t, 2HJun = 7.8 Hz), 7.04 (t, 1H,

Jun = 7.2 Hz), 5.86 (s, 2H, CH), 5.69 (s, 2H, CH), 2.88 (s, 2H,LH
1.42 (s, 18H, C(Chs), 1.19 (s, 18H, C(Ch)s). *C NMR (75 MHz,
298 K, GDg): 6 138.6 (s), 130.7 (s,), 128.5 (s,), 125.6 (s), 114.8 (s,
CH), 114.2 (sCH), 52.8 (s,C(CHs)s), 52.0 (s,C(CHzs)3), 32.9 (s,CH,),
31.3 (s, CCH3)s), 30.8 (s, CCH3)3). 2°Si NMR (99 MHz, 298 K,
CsDg): 0 —18.0,—32.0. Anal. Calcd (found) for £H47CIN,Siz: C,
62.45 (62.14); H, 9.12 (9.59); N,10.79 (10.80).

Reaction of 1 withn-BuCl. To a solution ofl (0.066 g, 0.336 mmol)

in 5 mL of hexane was added 0.033 g (0.356 mmol) of 1-chlorobutane.
The mixture was stirred for 12 h at room temperature. NMR spectrum
showed one major product, 1:2 addt6t(90% NMR yield), in addition
to a small amount of unidentified products. The oily mixture was
vacuum distilled at 120C and 0.1 Torr, and the remaining crude solid
was dissolved in a minimum amount of hexane and recrystallized at
—20°C, resulting (0.114 g, 70%) in colorless solif. MS (M*) 484.
H NMR (C¢De): 6 0.92 (t, 3H, CH, J = 7 Hz), 1.10 (br, 6H, Ch),
1.33 (s, 18H, t-Bu), 1.41 (s, 18H, t-Bu), 5.68 (s, 2HCH), 5.85 (s,
2H, CH).13C NMR (CsDg): ¢ 14.0 (CHy), 25.6, 25.8, 26.5 (Ch), 31.1,
31.2 (MeC), 51.8, 52.7 (N-CMey), 114.0, 114.7+CH). 2°Si NMR
(CéDg): 6 —31.5,—13.6. MS (El)m/z (%): 485.1 (55) (M), 449.6
(67) (M™ — CI), 427.3 (86) (M — C4Ho).

Reaction of 1 with n-Hexyl Bromide. To a solution of silylene
(0.126 g, 0.642 mmol) in 10 mL of hexane was added 0.106 g (0.642
mmol) of 1-bromohexane. The mixture was stirred for 12 h at room

and 0.058 g (25%) of the colorless &ilawas isolated. The remaining
crude solid was dissolved in a minimum amount of hexane and
recrystallized at-20 °C, resulting (0.175 g, 49%) in colorless solid
11hb.

(@) For 11a.MS (M*) 360.'H NMR (CgDg): 6 0.85 (t, 3H, CH,
J=7Hz),1.27 (s, 18H, t-Bu), 1.291.63 (m, 10H, CH), 5.77 (s, 2H,
=CH). 3C NMR (CsDg): 6 14.2 (CHy), 22.9, 24.8, 27.1 (Ch), 30.4
(MesC), 31.7, 32.2 (Ch), 52.1 (N-CMe), 113.2 E&C). °Si NMR
(CeDe): 0 —18.8.

(b) For 11b. MS (M*) 556.*H NMR (CgsDg): 6 0.88 (t, 3H, CH,

J =7 Hz), 1.2%-1.65 (br, 10H, CH), 1.35 (s, 18H, t-Bu), 1.44 (s,
18H, t-Bu), 5.68 (s, 2H=CH), 5.87 (s, 2H=CH). 3C NMR (CsDg):
0 14.3 (CH), 23.0, 23.6, 25.8 (Ch), 31.1, 31.2 (MeC), 32.1, 33.3
(CHy), 51.9, 53.1 (N-CMes), 114.3, 114.95C). ?°Si NMR (C¢Dg):
0 —35.8,—12.6. Anal. Calcd for @Hs3sSizN4Br (found): C, 54.99
(54.60); H, 9.58 (9.92); N, 10.04 (9.56).

Reaction of 1 with Isopropyl Chloride. To a solution ofl (0.107
g, 0.545 mmol) in 5 mL of dry hexane was added 0.043 g (0.547 mmol)
of 2-chloropropane. The mixture was stirred for 12 h at room
temperature. The NMR spectrum showed two products, 1:1 ad@act
and 1:2 adduct2b. The ratio ofl2a12bwas determined to be 1:1 by
'H NMR spectrometric analysis. The oily mixture was vacuum distilled
at 120°C and 0.1 Torr, and 0.037 g (25%) of the colorlessl@hwas
isolated. The remaining crude solid was dissolved in a minimum amount
of hexane and recrystallized at20 °C, resulting (0.089 g, 35%) in
colorless solidL2b.

(a) For 12a.MS (M*) 274.'H NMR (CsDg): ¢ 1.14 (d, 6H, CH,
J=8Hz), 1.22 (s, 18H, t-Bu), 1.50 (sep, 1H, HE+= 8 Hz), 5.76(s,
2H, =CH). 13C NMR (CsDe): & 17.7 (CH), 21.5 (CH), 30.9 (MeC),
51.6 (N-CMes), 113.2 E&C). 2°Si NMR (CsDg): 0 —10.2.

(b) For 12b. MS (M) 470.*H NMR (CeDg): ¢ 1.29 (d, 6H, CH,
J=8Hz),1.30 (s, 18H, t-Bu), 1.38 (s, 18H, t-Bu), 1.51 (sep, 1H, CH,
J = 8 Hz), 5.70 (s, 2H=CH), 5.82 (s, 2H=CH). *C NMR (CsD5):

0 18.6 (CH), 22.4 (CH), 31.1, 31.6 (M£), 51.6, 52.8 (N-CMey),
114.3, 114.6 €C). 2°Si NMR (CsDg): ¢ —30.3,—10.1.

Reaction of 1 with Isopropyl Bromide. To a solution of silylene
(0.110 g, 0.560 mmol) in 5 mL of dry hexane was added 0.070 g (0.569
mmol) of 2-bromopropane. The mixture was stirred 2oh atroom
temperature. NMR spectrum showed two products, 1:1 adRacand
1:2 adductl3b, in a 1:1 ratio. The oily mixture was vacuum distilled
at 120°C at 0.1 Torr, and 0.039 g (22%) of the colorlessi8hwas
isolated. The remaining crude solid was dissolved in a minimum amount
of hexane and recrystallized at20 °C, yielding 0.115 g (40%) of
colorless solidL3b.

(a) For 13a.MS (M*) 318.H NMR (C¢Ds): 6 1.15 (d, 6H, CH,
J=17Hz), 1.23 (s, 18H, t-Bu), 1.59 (sep, 1H, CH>= 7 Hz), 5.77 (s,
2H,=CH). 3C NMR (CsD¢): 0 17.8 (CH), 23.1 (CH), 30.9 (MgC),
51.9 (N-CMes), 113.5 (HG=). 29Si NMR (CeDg): 0 —14.1.

(b) For 13b. MS (M*) 514.2H NMR (CeDs): ¢ 1.28 (d, 6H, CH,
J=7Hz),1.30 (s, 18H, t-Bu), 1.41 (s, 18H, t-Bu), 1.46 (sep, 1H, CH,
J=7Hz), 5.71 (s, 2H=CH), 5.86 (s, 2H=CH). 3C NMR (CsDs):

0 18.7 (CH), 22.2 (CH), 31.1, 31.8 (M€), 51.7, 53.1 (N-CMey),
114.6, 114.8 (HE). 2°Si NMR (CgDg): 6 —35.7,—9.7. Anal. Calcd
for CoaHa7SiN4Br (found): C, 53.57 (53.40); H, 9.19 (9.66); N, 10.54
(10.86).

Reaction of 1 with tert-Butyl Chloride. To a solution ofl (0.338
g, 1.72 mmol) in 10 mL of hexane was added-butyl chloride (0.200
g, 2.16 mmol) in 5 mL of hexane. The solution was stirred for 10 h at
room temperature. Solvent was removed in vacuo to yield a colorless
oil, which was vacuum distilled at 58C and 0.1 Torr to give 0.432 g
(87.0%) of14. 'H NMR (300 MHz, 298 K, GDe): 6 5.77 (s, 2H,
CH), 1.27 (s, 18H, C(Ch)3), 1.10 (s, 9H, C(Ch)s). *3C NMR (75
MHz, 298 K, GDg): 0 115.0 (s,CH), 52.7 (s,C(CHs)s), 31.0 (s,

temperature. The solvent was removed in vacuo, and the NMR spectrumC(CHz)3), 29.3 (s,C(CHa)s), 27.2 (s, CCH3)3). 2°Si NMR (99 MHz,

showed two products, the 1:1 addddiaand 1:2 adductlbin a ratio
of 1:1.8. The mixture was vacuum distilled at 120 and 0.1 Torr,

298 K, GDg): 6 —5.5. M. S. (El)m/z (%): 288.6 (60) (M), 253.0
(65) (M* — ClI).
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Reaction of 1 with BromobenzeneA solution of1 (0.320 g, 1.63

(b) For 17b. H NMR (300 MHz, 298 K, GDg): & 8.22 (d, 2H,

mmol) in 10 mL of hexane was added to a solution of bromobenzene Jyy = 8.7 Hz), 7.30 (d, 2HJuy = 8.7 Hz), 5.90 (s, 2H, CH), 5.83 (s,

(0.256 g, 1.63 mmol) in 10 mL of toluene. The mixture was stirred for
5 h and monitored byH NMR until all silylene was consumed. Two
products,15a and 15b, were identified in the NMR spectrum. The
solvent was removed from the mixture, yielding a yellow oil. The oil
was vacuum distilled carefully at 4« and 0.1 Torr. The 1:1 adduct,

2H, CH), 1.42 (s, 18H, C(Ch)), 1.25 (s, 18H, C(CH)3), 1.20 (s, 9H,
C(CHg)s). 3C NMR (75 MHz, 298 K, GDg): 6 153.6 (s), 142.6 (s),
136.9 (s), 134.2 (s), 115.0 (€H), 114.6 (s,CH), 53.1 (5,C(CHa)a),
52.2 (s, C(CHs)s), 34.6 (s, CCHa)s), 31.5 (s, CCHa)3), 31.1 (s,
C(CHa)3), 27.2 (s,C(CHa)3). 2°Si NMR (99 MHz, 298 K, GDg): 0

15a was separated from the 2:1 adduct, and the solid was dissolved in—19.0,—37.3.

a minimum amount of hexane and refrigerated-di0 °C for 24 h.

Reaction of 1 with p-Bromoanisole.A solution of1 (0.174 g, 0.886

Large, colorless, rectangular crystals of the 1:1 adduct were isolated mmol) in 10 mL of hexane was added all at once to a solution of

(0.123 g, 63.9%). The 2:1 adduct was also dissolved in a minimum
amount of hexane and stored in the refrigerator-a0 °C for 24 h.
Small yellow needles oi5b were isolated (0.0872 g, 29.2%).

(a) For 15a.Mp 61—-63 °C. 'H NMR (300 MHz, 298 K, GD¢): ¢
8.00 (m, 2H), 7.10 (m, 3H), 5.90 (s, 2H, CH), 1.16 (s, 18H, C{sH
3C NMR (75 MHz, 298 K, GDg): 6 136.9 (s), 130.4 (s), 127.4 (s),
120.0 (s), 113.0 (s¢H), 52.2 (s,C(CHga)s), 31.46 (s, CCHa3)3). 2°Si
NMR (99 MHz, 298 K, GDg): 6 —28.1. Anal. Calcd (found) for
CieH2sBrN2Si: C, 54.38 (53.97); H, 7.13 (7.63); N, 7.93 (7.92).

(b) For 15b. Mp 118°C dec.*H NMR (300 MHz, 298 K, GDy):
0 8.24 (m, 5H), 5.89 (s, 2H, CH), 5.81 (s, 2H, CH), 1.40 (s, 18H,
C(CHg)3), 1.22 (s, 18H, C(Ch)s). 2*C NMR (75 MHz, 298 K, GDq):
0 135.4 (s), 131.0 (s), 128.1 (s), 115.0 GH), 114.6 (s,CH), 113.5
(s), 53.1 (s,C(CHa)3), 52.4 (s,C(CHg)s), 31.5 (s, CCH3)3), 30.7 (s,
C(CH3)3). 2°Si NMR (99 MHz, 298 K, GD¢): 6 —24.2,—37.6. Anal.
Calcd (found) for GeH4sBrN4Si: C, 56.81 (56.38); H, 8.25 (8.28); N,
10.19 (9.77).

Reaction of 1 with p-(Trifluoromethyl)bromobenzene. A solution
of 1(0.180 g, 0.917 mmol) in 10 mL of hexane was added to a solution
of p-(trifluoromethyl)bromobenzene (0.206 g, 0.918 mmol) in 10 mL
of hexane. The reaction mixture was stirred8d atroom temperature
until all silylene was consumedH NMR revealed the appearance of
the 1:1 adduct]6a(85%), and the 2:1 adductfb (15%). All solvent
was removed in vacuo to yield an oil. The mixture of products was
distilled under vacuum (63C and 0.1 Torr) to yield the 1:1 adduct as

p-bromoanisole (0.166 g, 0.886 mmol) in 5 mL of hexane. After stirring
10 h at room temperature, the solution was bright yellow and all silylene
had been consumed. Hexane was removed in vacuo, and the bright
yellow oil that remained was vacuum distilled at 85 and 0.1 Torr,
to yield solid 18. The solid was dissolved in a minimum amount of
hexane and successive crystallizations-a0 °C resulted in 0.292 g
(87.9%) of18. Mp 102-104°C. *H NMR (300 MHz, 298 K, GDs):
0 7.95 (d, 2H,Jun = 9.0 Hz), 6.75 (d, 2HJuw = 9.0 Hz), 5.92 (s, 2H,
CH), 3.20 (s, 3H, OCh), 1.21 (s, 18H, C(Ch)3). *3C NMR (75 MHz,
298 K, GDe): 0 162.4 (s), 137.2 (s), 116.0 (s), 114.0 (s), 112.9 (s,
CH), 54.5 (S, C(CH3)3), 52.4 (S, @:H3), 30.7 (S, CCH3)3) 29Sij
NMR (99 MHz, 298 K, GDg): 6 —28.0. Anal. Calcd (found) for
Ci7H2BrN2OSi: C, 53.26 (53.74); H, 7.10 (7.40); N, 7.31 (7.34).
Reaction of 1 with lodobenzeneA solution of1 (0.075 g, 0.382
mmol) in 10 mL of hexane was added to a solution of iodobenzene
(0.0779 g, 0.382 mmol) in 10 mL of hexane. The solution was stirred
at room temperature for 10 h, resulting in a bright yellow solution.
The solvent was removed in vacuo to give an oil. The oil was vacuum
distilled at 50°C and 0.1 Torr to yield 0.145 g (95.0%) d9. 'H NMR
(300 MHz, 298 K, GDg): ¢ 7.09 (m, 5H), 5.91 (s, 2H, CH), 1.15 (s,
18H, C(CH)3). *C NMR (75 MHz, 298 K, GD¢): 6 137.2 (s), 131.3
(s), 127.2 (s), 118.8 (s), 113.6 (€H), 52.8 (s,C(CHs)3), 30.5 (s,
C(CHa)3). 2°Si NMR (99 MHz, 298 K, GDg): 6 —40.5. MS (El)m/z
(%): 399.8 (65) (M), 273.2 (83) (M — ).
Reaction of 1 with 2-BromonaphthaleneTo a stirring solution of

a colorless oil (0.085 g, 66.3%). The 2:1 adduct was isolated as a yellow 1 (0.199 g, 1.01 mmol) in 10 mL of hexane was added 0.140 mL (1.01

oil (0.017 g, 9.15%).

(a) For 16a.*H NMR (300 MHz, 298 K, GDe): 6 7.87 (d, 2H,Jun
= 8.4 Hz), 7.32 (d, 2HJuu = 8.4 Hz), 5.84 (s, 2H, CH), 1.15 (s, 18H,
C(CHg)s). 13C NMR (75 MHz, 298 K, GDg): 6 161.1 (s), 137.0 (s),
135.7 (s), 124.7 (s), 113.1 (€H), 69.9 (s,CF3), 52.6 (s,C(CHa)3),
30.6 (s, CCHa)3). 2°Si NMR (99 MHz, 298 K, GDg): ¢ —30.1. MS
(El) m/iz (%): 422.0 (96) (M), 312.3 (60) (M — Br).

(b) For 16b. *H NMR (300 MHz, 298 K, GDg): 6 8.17 (d, 2H,
Juw = 7.5 Hz), 7.35 (d, 2HJuu = 7.5 Hz), 5.86 (s, 2H, CH), 5.76 (s,
2H, CH), 1.34 (s, 18H, C(C#)), 1.29 (s, 18H, C(Ch)3). °C NMR
(75 MHz, 298 K, GD¢): 0 157.6 (s), 137.2 (s), 130.0 (s), 124.6 (s),
115.0 (s,CH), 114.6 (sCH), 70.1 (s,CF3), 53.1 (s,C(CHs)s), 52.2 (s,
C(CHg)s), 31.4 (s, CCH3)s), 29.3 (S, CCH3)3). 2°Si NMR (99 MHz,
298 K, GD¢): 6 — 25.77,—38.77.

Reaction of 1 with p-tert-Butylbromobenzene.A solution of 1
(0.125 g, 0.637 mmol) in 10 mL of hexane was added to a solution of
p-tert-butylbromobenzene (0.136 g, 0.637 mmol) in 10 mL of hexane.
The mixture was stirred for 8 h, arltl NMR showed that all of. was

mmol) of 2-bromonaphthalene. The solution immediately turned bright
yellow, and a'H NMR of the solution revealed all silylene was
consumed an@0 was formed. The solution was concentrated under
vacuum, and the saturated solutior26fwas refrigerated overnight at
—10°C. Successive crystallizations resulted in a total yield of 0.387 g
(95.1%) of20. Mp 159-161°C. *H NMR (300 MHz, 298 K, GDg):

0 8.70 (d, 1H Ju = 8.7 Hz), 8.06 (d, 1HJun = 8.7 Hz), 7.64 (d, 1H,

Jun = 8.1 Hz), 7.58 (d, 1HJuw = 8.1 Hz), 7.27 (m, 3H), 6.03 (s, 2H,
CH), 1.08 (s, 18H, C(CH}s). *C NMR (75 MHz, 298 K, GDg): ¢
137.9 (s), 137.4 (s), 134.0 (s), 133.7(s), 132.4 (s), 129.1 (s), 128.7 (s),
126.5 (s), 126.1(s), 125.6 (s), 113.0 GH), 52.4 (s,C(CHz)3), 30.4

(s, C(CH)3). 2°Si NMR (99 MHz, 298 K, GDg): 6 —29.7. Anal. Calcd
(found) for GgH2/BrN.Si: C, 59.54 (59.22); H, 6.75 (6.99); N, 6.94
(6.95).

Reaction of 1 with 9-Bromofluorene.To a suspension of 9-bro-
mofluorene (0.258 g, 1.05 mmol) in 5 mL of hexane was added a
solution of 0.207 g ofl (1.05 mmol) in 10 mL of hexane. The mixture
was stirred 14 h at room temperature, ahtiNMR of an aliquot of

consumed. The spectrum revealed the presence of both the 1:1 adducthe yellow solution revealed that all the silylene had been consumed.

173 and the 2:1 adduct7b, in a 4:1 ratio. The 1:1 adduct was vacuum
distilled from the 2:1 adduct (6%5C, 0.1 Torr) to yield a colorless oll
(0.0613 g, 70.9%). The 2:1 adduct was isolated as a pale yellow oil
(0.020, 15.0%).

(a) For 17a.*H NMR (300 MHz, 298 K, GDe): 6 8.04 (d, 2H,Jun
= 8.4 Hz), 7.31 (d, 2HJuu = 8.4 Hz), 5.92 (s, 2H, CH), 1.19 (s, 18H,
C(CHg)3), 1.14 (s, 9H, C(CH)3). 13C NMR (75 MHz, 298 K, GDe):
0 154.2 (s), 135.6 (s), 125.2 (s), 124.4 (s), 113.0QH), 52.5 (s,
C(CH3)3), 31.2 (S, CcHg)g) 30.7 (S, CCH3)3), 29.3 (S,C(CH3)3). 29Gj
NMR (99 MHz, 298 K, GDg): 6 —27.9. MS (EA)m/z (%): 408.0
(65) (M*), 393.2 (86) (M — CHs), 329.3 (100) (M — Br).
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The solvent was removed to concentrate the solution, which was then
refrigerated at-10 °C overnight. Successive crystallizations resulted
in 0.403 g (86.9%) oR1. Mp 127-129°C. 'H NMR (300 MHz, 298
K, C¢De): 0 7.99 (br, 2H), 7.71 (m, 2H), 7.25 (m, 4H), 5.77 (s, 2H,
CH), 4.41 (s, 1H), 0.97 (s, 18H, C(GH). °C NMR (75 MHz, 298 K,
CsDe): 0 143.1 (s), 141.5 (s), 141.2 (s), 126.9 (s), 126.6 (s), 126.3 (S),
120.1 (s), 114.0 (sCH), 47.2 (s,C(CHs)s), 30.3 (s, CCH3)3). 2°Si
NMR (99 MHz, 298 K, GDg): ¢ —28.4. Anal. Calcd (found) for
Ca3H29BIN:SI: C, 62.57 (62.75); H, 6.62 (6.58); N, 6.35 (5.98).
Reaction of 1 with Chloropentafluorobenzene A solution of 1
(0.236 g, 1.20 mmol) in 10 mL of hexane was added to a solution of
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chloropentafluorobenzene (0.245 g, 1.20 mmol) in 10 mL of hexane.
The mixture was brought to reflux for 36 h after which all silylene

Reaction of 2 with CH,Cl,. A pale red solution of (0.280 g, 1.41
mmol) in 10 mL of hexane was added all at once to a solution of

had been consumed. The solvent was removed in vacuo from the brightCH,Cl, (0.100 mL, 1.56 mmol) in 10 mL of hexane at room

orange solution 022, yielding bright orange oil. The oil was vacuum
distilled at 50°C and 0.1 Torr, yielding 0.279 g (78.2%) @. H
NMR (300 MHz, 298 K, GDg): 0 5.81 (s, 2H, CH), 5.74 (s, 2H, CH),
1.32 (s, 18H, C(Ch)s), 1.15 (s, 18H, C(Ch)3). *3C NMR (75 MHz,
298 K, GDg): 0 159.2 (s), 158.6 (s), 146.0 (s), 132.5 (s), 115.0 (s,
CH), 114.5 (s, CH), 52.7 (s, C(GMH), 52.1 (s, C(CH)3), 31.0 (s,
C(CHg)3), 30.5 (s, C(CH)3). 2°Si NMR (99 MHz, 298 K, GDg): o
—32.6,—36.4. MS (El)rm/z (%): 595.2 (71) (M), 559.1 (84) (M —

Cl).

Reaction of 1 with Bromopentafluorobenzene A solution of 1
(0.160 g, 0.815 mmol) in 10 mL of hexane was added to a solution
containing bromopentafluorobenzene (0.201 g, 0.815 mmol) in 10 mL
of hexane. The mixture immediately turned bright orange, and the
solvent was removed in vacuo to yield a bright orange oil. The oil was
vacuum distilled at 68C and 0.1 Torr to yield 0.198 g (76%) of pure
23.'H NMR (300 MHz, 298 K, GDg): ¢ 5.83 (s, 2H, CH), 5.74 (s,
2H, CH), 1.34 (s, 18H, C(Ch)), 1.15 (s, 18H, C(Ch)3). 3C NMR
(75 MHz, 298 K, GDe): 0 164.2 (s), 150.1 (s), 143.2 (s), 134.4 (s),
115.2 (s,CH), 114.8 (s,CH), 53.0 (s,C(CHzs)s), 52.2 (s,C(CHa)s),

31.1 (s, CCHa)s), 30.8 (s, CCHa)3). 2°Si NMR (99 MHz, 298 K,
CsDg): 0 —36.5,—39.5. MS (El)m/z (%): 638.8 (75) (M), 559.0
(100) (M™ — Br).

Reaction of 1 with lodopentafluorobenzeneA solution of1 (0.157
g, 0.769 mmol) in 10 mL of hexane was added to a solution containing
iodopentafluorobenzene (0.228 g, 0.769 mmol) in 10 mL of hexane.
The solution immediately turned bright orange. It was concentrated

temperature. After 15 mirtH NMR of the colorless mixture revealed
that all silylene was consumed. Solvent was removed in vacuo, and
the resulting saturated solution was refrigerated-&0 °C for 24 h.
Successive crystallizations resulted in 0.316 g (92.9%) of colorless
crystals of27. Mp 145-146 °C. *H NMR (300 MHz, 298 K, GDe):
0 3.22 (s, 2H, CHCI), 2.89 (m, 4H, CH), 2.74 (m, 4H, CH), 1.34 (s,
18H, C(CH)3), 1.23 (s, 18H, C(CH3). 13C NMR (75 MHz, 298 K,
CsDg): 0 52.3 (s5,C(CHs)s), 51.7 (s,C(CHg)s), 44.2 (s,CH>), 44.0 (s,
CHg), 37.9 (S,CHQC'), 30.0 (S, CCH3)3), 29.8 (S, CCH3)3) 295i NMR
(99 MHz, 298 K, GDg): 6 —20.5,—24.4. Anal. Calcd (found) for
C21H46CluNsSiz: C, 52.36 (51.90); H, 9.62 (10.01); N, 11.63 (11.14).
Reaction of 2 with Benzyl Chloride. To a solution of2 (0.061 g,
0.307 mmol) in 10 mL of hexane was added 0.040 g (0.316 mmol) of
benzyl chloride. The mixture was stirred for 30 min at room temper-
ature. The solvent was removed in vacuo, and the NMR spectrum
showed a product, the 1:2 add@& The mixture was vacuum distilled
at 120°C and 0.1 Torr. The remaining crude solid was dissolved in a
minimum amount of hexane and recrystallized-&20 °C, yielding
0.113 g (70%) of colorless solig8. MS (M*) 522.'H NMR (CsDg):
0 1.18 (s, 9H, t-Bu), 1.22 (s, 9H, t-Bu), 1.26 (s, 9H, t-Bu), 1.37 (s, 9H,
t-Bu), 2.73-3.01 (m, 10H, CH)), 7.04-7.09 (m, 1H, phenyl ring
protons), 7.187.24 (m, 2H, phenyl ring protons), 7.43.47 (m, 2H,
phenyl ring protons):3C NMR (CeDe): 6 29.4, 29.5, 29.6, 30.4 (M€),
31.8,42.3,42.7, 45.2, 50.5 (GH51.1, 51.9, 54.8, 56.3 (NCMe3),
125.0, 127.5, 130.7, 139.0 (phenyl ring carbogi NMR (CsDe): 6
—36.6,—5.1. HRMS. Exact mass calcd (found) fog85:SiN4Cl: m/z

under vacuum and the saturated hexane solution was stored for 15 h ap22.3341 (522.3331).

—10°C. Successive crystallizations resulted in 0.241 g (91.3%Yof
Mp 111—113°C. *H NMR (300 MHz, 298 K, GD¢): 6 5.86 (s, CH),
5.74 (s, CH), 1.36 (s, 18H, C(G}), 1.15 (s, 18H, C(Ch)3). 13C NMR
(75 MHz, 298 K, GDg): 0 165.1 (s), 154.4 (s), 146.3 (s), 132.5 (s),
116.6 (s,CH), 115.7 (s,CH), 53.4 (5,C(CH3)s), 52.2 (s,C(CHs)a),
31.3 (s, CCHg3)3), 30.5 (s, CCH3)3). 2°Si NMR (99 MHz, 298 K,
CsDe): 0 —22.7,—38.0. Anal. Calcd (found) for £HaoFsIN4Si: C,
45.48 (45.22); H, 5.87 (6.06); N, 8.16 (7.65).

Reaction of 2 with CCl,. A 5 mL aliquot of a 0.28 M solution of
CCls (1.40 mmol) in hexane was added to a pale red solutio of
(0.280 g, 1.41 mmol) in 10 mL of hexane. The mixture immediately
turned colorless and after 1 B4 NMR revealed all silylene had re-
acted to produce5. The solution was concentrated in vacuo and
refrigerated at-=10 °C for 24 h. Successive crystallizations resulted
in 0.298 g (76.8%) of colorless crystals 5. Mp 155-156 °C. 'H
NMR (300 MHz, 298 K, GDe): 6 3.15 (m, 4H, CH), 2.92 (m,
4H, CHp), 1.42 (s, 18H, C(CH)s), 1.35 (s, C(CH)s). 13C NMR (75
MHz, 298 K, GDg): 6 93.1 (s,CClg), 53.0 (s,C(CHs)s), 52.8 (s,
C(CHg)s), 45.1 (s,CHy), 43.7 (s,CHy), 30.5 (s, CCH3)3), 30.0 (s,
C(CHg)3). 2°Si NMR (99 MHz, 298 K, GDg): 6 —25.5,—26.7. Anal.
Calcd (found) for GiH4ClaN4Sk: C, 45.81 (45.37); H, 8.05 (8.45);
N, 10.18 (9.80).

Reaction of 2 with CHCI5. A pale red solution o2 (0.101 g, 0.504
mmol) in 10 mL of hexane was added to 5 mL of 0.101 M solution of
chloroform (0.505 mmol). The solution became colorless after 2 min,
and'H NMR revealed all silylene had been consumed. Solvent was
removed in vacuo, yielding a saturated solution 2§ that was
refrigerated for 15 h. Successive crystallizations resulted in 0.118 g
(90.8%) of colorless crystals @6. Mp 151-152°C. 'H NMR (300
MHz, 298 K, GDeg): 6 5.59 (s, 1H, CHGJ), 3.13 (m, 4H, CH), 2.80
(m, 4H, CH), 1.38 (s, 18H, C(CH)s), 1.28 (s, 18H, C(Chs). °C
NMR (75 MHz, 298 K, GDg): ¢ 67.4 (s,CHCI,), 52.5 (s,C(CHa)s),
51.9 (s,C(CHg)3), 44.7 (s,CH2), 43.9 (S,CH>), 30.1 (s, CCH3)3), 29.6
(s, C(CH3)3). 2°Si NMR (99 MHz, 298 K, GDe): 0 —25.6, —37.7.
Anal. Calcd (found) for @GHasClsN4Si: C, 48.87 (48.65); H, 8.79
(9.14); N, 10.85 (10.37).

Reaction of 2 with n-Butyl Chloride. To a solution of2 (0.070 g,
0.353 mmol) in 10 mL of hexane was added 0.036 g (0.389 mmol) of
1-chlorobutane. The mixture was stirred for 12 h at room temperature.
The solvent was removed in vacuo, and the NMR spectrum showed
two products, the 1:1 addu2aand 1:2 adduc29b, in a ratio of 3:7.

The oily mixture was vacuum distilled at 12€ and 0.1 Torr, and
0.020 g (20%) of29a was isolated as a colorless oil. The remaining
crude solid was dissolved in a minimum amount of hexane and recrys-
tallized at—20 °C, yielding 0.095 g, (55%) of colorless sol&9b.

(a) For 29a.MS (M*) 290.1H NMR (CsDe): 6 0.87 (t, 3H, CH,

J=7Hz), 1.21 (s, 18H, t-Bu), 1.171.33 (m, 6H, CH), 2.71-2.86
(m, 4H, CH). 3C NMR (GsDg): 6 13.9 (CH), 24.0, 25.9, 26.1 (Ch),
29.2 (MeC), 43.0 (CH), 51.3 (\-CMe). 2°Si NMR (CsDe): 6 —11.4.
HRMS. Exact mass calcd (found) forE13;SiN.Cl: m/z 290.1945
(290.1940). Anal. Calcd (found) for,@Hs:SiNCI: C, 57.79 (57.69);
H, 10.74 (10.44); N, 9.63 (9.60).

(b) For 29b. MS (M*) 488.1H NMR (CsDs): 6 0.97 (t, 3H, CH,
J=7Hz), 1.35 (s, 18H, t-Bu), 1.36 (s, 18H, t-Bu), 1:19.40 (m, 6H,
CHy), 2.82-3.02 (m, 8H, CH). 3C NMR (C¢Dg): ¢ 14.1 (CH), 26.1,
26.3, 26.7 (CH), 29.9, 30.7 (MeC), 44.2 (CH), 51.5, 52.3 (N-CMey).
29Si NMR (CgDg): 0 —22.2,—12.4. HRMS. Exact mass calcd (found)
for Co4Hs3SibN4Cl: mVz 488.3497 (488.3514). Anal. Calcd (found) for
CaHs3SiN4Cl: C, 58.91 (58.81); H, 10.92 (10.87); N, 11.45 (11.10).

Reaction of 2 with Isopropyl Chloride. To a solution of2 (0.117
g, 0.590 mmol) in 10 mL of hexane was added 0.046 g (0.590 mmol)
of 2-chloropropane. The mixture was stirred ®h atroom temper-
ature. The solvent was removed in vacuo, and the NMR spectrum
showed two products, the 1:1 add@@aand 1:2 adducBObin a ratio
of 1:1. The oily mixture was vacuum distilled at 120 and 0.1 Torr,
and 0.065 g (40%) of the colorless 8Dawas isolated. The remaining
crude solid was dissolved in a minimum amount of hexane and
recrystallized at-20 °C, resulting in 0.107 g (38%) of colorless solid
30b.

(a) For 30a.MS (M*) 276.1H NMR (CsD¢): 6 1.16 (d, 6H, CH,

J =7 Hz), 1.18 (s, 18H, t-Bu), 1.49 (sep, 1H, HC= 7 Hz), 2.7+
2.89 (M, 4H, CH). 13C NMR (CsDe): 0 17.9 (CHy), 20.5 (CH), 29.7
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(MesC), 43.5 (CH), 51.1 (N-CMes). 2°Si NMR (CgsDg): 6 —8.0.
HRMS. Exact mass calcd (found) for4E26SiN.CI [M*]: m/z276.1789
(276.1784). Anal. Calcd (found) for:€H,eSiN.Cl: C, 52.87 (52.80);
H, 9.71 (9.70); N, 7.71 (7.60).

(b) For 30b. MS (M*) 474.1H NMR (CsDe): 6 1.29 (d, 6H, CH,
J=7Hz), 1.33 (s, 18H, t-Bu), 1.36 (s, 18H, t-Bu), 1.43 (sep, 1H, CH,
J =7 Hz), 2.88-2.97 (m, 8H, CH). 3C NMR (CsD¢): ¢ 19.5 (CH),
21.8 (CH), 29.9, 30.1 (M£), 44.3, 44.8 (Ch), 51.4, 52.6(N-CMes).
295i NMR (CgDg): 6 —20.5,—8.3. HRMS. Exact mass calcd (found)
for Ca3Hs1SiN4Cl: m/z474.3341 (474.3336). Anal. Calcd (found) for
Co3Hs1SbN4Br: C, 53.15 (52.99); H, 9.89 (9.80); N, 10.78 (10.70).

Reaction of 2 with n-Hexyl Bromide. To a solution of2 (0.068 g,
0.343 mmol) in 10 mL of hexane was added 0.057 g (0.345 mmol) of

1-bromohexane. The mixture was stirred for 12 h at room temperature.

(b) For 33b. MS (M*) 474.*H NMR (C¢De): 0 1.29 (d, 6H, CH,
J=7Hz), 1.33 (s, 18H, t-Bu), 1.36 (s, 18H, t-Bu), 1.43 (sep, 1H, CH,
J =7 Hz), 2.88-2.97 (m, 8H, CH). 13°C NMR (CsD¢): ¢ 19.5 (CH),

21.8 (CH), 29.9, 30.1 (M£), 44.3, 44.8 (Ch), 51.4, 52.6(N-CMey).
29S5i NMR (CgDg): 6 —20.5,—8.3. HRMS. Exact mass calcd (found)
for CoaHs1SbN4Cl: m/z474.3341 (474.3336). Anal. Caled (found) for
Ca3Hs:1SiN4Br: C, 53.15 (52.99); H, 9.89 (9.80); N, 10.78 (10.70).

Reaction of 2 with BromobenzeneTo a solution of2 (0.070 g,
0.353 mmol) in 10 mL of hexane was added 0.054 g (0.344 mmol) of
bromobenzene. The mixture was stirred for 12 h at room temperature.
The solvent was removed in vacuo, and the NMR spectrum showed
two products, the 1:1 adduBdaand 1:2 adducB4b in a ratio of 1:2.

The mixture was vacuum distilled at 12@ and 0.1 Torr, and 0.028
g (22%) of the colorless oiB4a was isolated. The remaining crude

The solvent was removed in vacuo, and the NMR spectrum showed solid was dissolved in a minimum amount of hexane and recrystallized

two products, the 1:1 adduBflaand 1:2 adducBlbin a ratio of 1:1.
The oily mixture was vacuum distilled at 12@ and 0.1 Torr, and
0.044 g (35%) of the colorless odla was isolated. The remaining

crude solid was dissolved in a minimum amount of hexane and recrys-

tallized at—20 °C, resulting (0.057 g, 30%) in colorless soBdb.

(a) For 31a.MS (M) 362.'H NMR (CsDs): 0 0.87 (t, 3H, CH,
J =7 Hz), 1.23 (s, 18H, t-Bu), 1.261.23 (br, 10H, CH), 2.74-2.85
(m, 4H, CH). 3C NMR (CsDg): 6 14.2 (CHy), 22.9, 24.0, 26.8 (Ch),
29.1 (MeC), 31.8, 32.5, 43.1 (Cp), 51.6 (N-CMes). 2°Si NMR
(CeDg): 6 —15.6. HRMS. Exact mass calcd (found) fors83,SiN,Br
[M* — Me]: m/z347.1518 (347.1529).

(b) For 31b. MS (M*) 560.*H NMR (CsDg): 6 0.92 (t, 3H, CH,
J = 7 Hz), 1.20-1.24 (br, 10H, CH), 1.31 (s, 18H, t-Bu), 1.47 (s,
18H, t-Bu), 2.82-2.98 (m, 8H, CH). *3C NMR (CsDg): 9 14.3 (CHy),
23.0, 24.8, 27.0 (Ch), 29.1, 29.7, 29.8, 30.0 (M€), 32.2, 33.6, 42.4,
425, 445, 50.7 (Ch, 51.4, 51.8, 54.9, 56.7 (NCMej). 2Sj
NMR (CgDg): 6 —37.6,—0.9. HRMS. Exact mass calcd (found) for
CoHs57SikbN4Br: m'z 560.3305 (560.3289).

Reaction of 2 with Isopropyl Bromide. To a solution of2 (0.151
g, 0.756 mmol) in 10 mL of hexane was added 0.100 g (0.813 mmol)
of 2-bromopropane. The mixture was stirred for 12 h at room

temperature. The solvent was removed in vacuo, and the NMR spectrum

showed a product, 1:2 addig2 (75% NMR yield) in addition to some
unidentified products. The mixture was distilled at TZ0and 0.1 Torr,
and the remaining crude solid was dissolved in a minimum amount of
hexane and recrystallized-aR0 °C, yielding 0.255 g (65%) of colorless
solid 32. MS (M*) 518.2H NMR (CgD¢): 0 1.227 (s, 9H, t-Bu), 1.231
(s, 9H, t-Bu), 1.31 (d, 3H, Ck J = 7 Hz), 1.32 (s, 9H, t-Bu), 1.461
(d, 3H, CH;, J =7 Hz), 1.463 (s, 9H, t-Bu), 1.62 (sep, 1H, CH=

7 Hz), 2.76-3.03 (m, 8H, CH). *C NMR (CsDg): 6 20.0 (CH), 20.3
(CH), 21.6 (CH), 29.5, 29.7, 29.8, 29.9 (M€), 42.4, 42.5, 43.8, 50.9
(CHy), 51.4,51.8, 55.05, 56.2 (NCMes). 2°Si NMR (CeDg): 0 —38.1,
6.0. HRMS. Exact mass calcd (found) fog:B85:SizN4Br: n/z518.2836
(518.2812). Anal. Calcd (found) forgHs:SiN4Br: C, 53.15 (53.03);
H, 9.89 (9.70); N, 10.78 (11.01).

Reaction of 2 with tert-Butyl Chloride. To a solution of2 (0.117
g, 0.590 mmol) in 10 mL of hexane was added 0.046 g (0.590 mmol)
of 2-chloropropane. The mixture was stirred foh atroom temper-
ature. The solvent was removed in vacuo, and the NMR spectrum
showed two products, the 1:1 add@&aand 1:2 adduc83bin a ratio
of 1:1. The oily mixture was vacuum distilled at 120 and 0.1 Torr,
and 0.065 g (40%) of the colorless 8Bawas isolated. The remaining
crude solid was dissolved in a minimum amount of hexane and
recrystallized at-20 °C, yielding 0.107 g (38%) of colorless sol&8b.

(a) For 33a.MS (M™) 276.*H NMR (C¢Dg): 0 1.16 (d, 6H, CH,
J=17Hz), 1.18 (s, 18H, t-Bu), 1.49 (sep, 1H, HC= 7 Hz), 2.7%
2.89 (m, 4H, CH). 3C NMR (GgDg): 6 17.9 (CH), 20.5 (CH), 29.7
(MesC), 43.5 (CH), 51.1 (N-CMejs). 2°Si NMR (GsDg): 0 —8.0.
HRMS. Exact mass calcd (found) fok4El,0SiN,Cl [M *]: mVz276.1789
(276.1784). Anal. Calcd (found) for:@H29SiN,Cl: C, 52.87 (52.80);

H, 9.71 (9.70); N, 7.71 (7.60).
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at —20 °C, resulting (0.097 g, 50%) in colorless soBdb.

(a) For 34a.MS (M*) 354.2H NMR (CsDs): ¢ 1.09 (s, 18H, t-Bu),
2.95 (s, 4H, CH), 7.11-7.17 (m, 3H, phenyl ring protons), 7.95
7.97 (m, 2H, phenyl ring protons)3C NMR (GsDe): ¢ 29.3 (MeC),
43.2 (CH), 51.9 (\-CMe), 127.5, 130.4, 135.0, 139.4 (phenyl ring
carbons)®Si NMR (GsDe): 6 —24.8. HRMS. Exact mass calcd (found)
for Ci6H27SINBr: m/z 354.1128 (354.1129).

(b) For 34b. MS (M*) 552.1H NMR (CsDg): 6 1.22 (s, 18H, t-Bu),
1.38 (s, 18H, t-Bu), 2.843.03 (m, 8H, CH), 7.15-7.21 (m, 3H,
phenyl ring protons), 8.238.27 (m, 2H, phenyl ring protons¥C NMR
(CsDg): 6 30.0, 30.2 (MeC), 44.4, 44.6 (Ch), 51.9, 52.9 (N-CMey),
127.1, 129.9, 137.0, 141.0 (phenyl ring carbo”gi NMR (CsDe): 6
—27.4,—22.8. HRMS. Exact mass calcd (found) fogeB49Si-N4Br:

m/z 552.2679 (552.2662). Anal. Calcd (found) fogsB4sSiN4Br: C,
56.39 (56.47); H, 8.92 (9.27); N, 10.12 (9.88).

Reaction of 1 with Hexachloroethane.To a solution ofl (0.300
g, 1.53 mmol) in 5 mL of dry hexane was added 0.362 g (1.52 mmol)
of hexachloroethane. The mixture was stirred for 30 min at room
temperature. NMR spectrum showed that one major pro@&ctyas
formed in addition to a small amount of the kno\dichloromonosi-
lane. The ratio ofl:dichloro derivative was determined to be 6:1 by
'H NMR spectrometric analysis. Recrystallization from hexane solution
gave pure35 (0.560 g, 79% isolated yield). Tetrachloroethene was
detected by*C NMR. Major product35. MS (M*) 462.'H NMR
(CsDg): 6 1.20-1.46 (br s, 36H, t-Bu), 5.79 (s, 4H4CH). 1°C NMR
(CsDe): 0 30.4-31.4 (MeC), 52.4-53.0 (\-CMes), 114.1 C).
29Si NMR (CsDg): 6 —34.6. HRMS. Exact mass calcd (found) for
CaoHa0SiN4Clo: m/z 462.2169 (462.2149).

Reaction of 2 with Hexachloroethane.To a solution of2 (0.222
g, 1.12 mmol) was added 0.270 g (1.14 mmol) of hexachloroethane.
The mixture was stirred fo2 h atroom temperature. The solvent was
removed in vacuo, and the NMR spectrum showed that one major
product, 36, was formed, in addition to a small amount of the di-
chloro derivative!> The ratio of 36:dichloro derivative was deter-
mined to be 7:1 byH NMR spectrometric analysis. Recrystallization
from hexane gave purg6 (0.419 g, 80% isolated yield). MS (M
466.'H NMR (CgDg): 0 1.38 (s, 36H, t-Bu), 2.812.99 (s, 8H, CH).
13C NMR (GgDg): 6 29.7 (M&C), 43.5 (CH), 52.3 (N-CMe). »Si
NMR (CeDg): 6 —26.5. HRMS. Exact mass calcd (found) for
CooH4SN4Cly: m/z 466.2482 (466.2479).
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