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1. Computational details

All calculations were performed on an SGI Altix 450 sever using Gaussian 03

package'®!) at B3LYP/6-31++G(d,p) level. All the structures obtained were verified,

by examination of their Hessian matrix, as minima (all frequencies real) or transition
states (one imaginary frequency). Zero-point vibrational energies were incorporated
into total energies. At every transition state, the transition vector was animated with
the GaussView program, and if necessary, the intrinsic reaction coordinates (IRC)

were computed to connect the corresponding minima.

2. Kohn-Sham HOMO and LUMO and their energy levels for the insertion via

transition state A

Chlorosilane HOMO LUMO
2a
-5.713 eV -1.731 eV
2b

-6.061 eV

-1.965 eV

S2




o

2¢
-5.934 eV -1.979 eV
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-5.394 eV -1.211eV
2e

&

-5.684 eV

-1.803 eV
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3a

-5.537 eV

-1.330 eV

3b

-5.881 eV

-1.573 eV

3c

-5.787 eV

-1.492 eV
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3d

-5.394 eV -1.211 eV

3e

-5.518 eV -1.467 eV

3. Activation parameters for the insertion of silylene 1 into YMe,Si-Cl (3a-3e)

Table S1. Activation Parameters of the Insertion of Silylene 1 into 3a-3e Calculated at
the B3LYP/6-31++G(d,p) + ZPE level

Y TS AG™ AH™ AS?®
Haw G e 7s as
e
IR
Me(3d) A=B 21.6 8.9 -42.6
o 5 M0 v

a. kcal mol”', at 298 K.
b. cal mol™ K'l, at 298 K.
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4. A plot of AG7 +.5(Y) for the insertions of 3a - 3e vs. those of 2a - 2e.

AG*55 (3, Y) (kcal/mol)

. SiHs
7 Me
] ]
1 H
5 ]
E = Cl
T TTT I T TTT I T TTT I TTTT I T T TT I TTTT
- il -4 -2 i . 4

AG*p g (2, ) (kcal/mol)

Figure S1. A plot of AG”5.s(Y) for the insertions of 3a-3e vs. those of 2a - 2e.
The linear relationship obeys the following equation: AG”5.g(3, Y) = 0.764AG" 5.5(2,
Y) — 2.29 (correlation coefficient = 0.976).

5. Imaginary frequency and Cartesian coordinates of calculated transition

structures
Table S2. Imaginary frequency
) A 1731
2a A=B 181i 3a B o4i
A 851 A 125i
2
b B 1561 3b B -1701
5 A 271 3 A 113i
¢ B 149i ¢ B -169i
A 2001 )
2d B 1761 3d A=B 1871
A 1971 A 1771
2e B 154i 3d B -172i
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Table S3. Cartesian coordinates of calculated transition structures (A)

2a-A(B)
Si —0. 88523100 0.00134600  —0. 59639400
Si 1. 89294200 0.00178800  —0. 73134300
H 1.80947500  -1.25821300 —1.49945200
H 1. 80911000 1. 26554300  —1. 49322100
Cl 0. 86955400  —0. 00323300 1. 24549200
C —-1.91008100 1.49965800  —0. 00111800
H —1. 35148300 2.43800300  —-0.07434700
H —2. 78916000 1.59169900  -0. 65549000
H —2. 27527600 1. 38357600 1. 02620200
C -1.91075500  —1.49918000  —0. 00789400
H —-2.79005900 —1.58768200 —0. 66244800
H —-1. 35268500  —2.43747400  —0. 08563400
H —2.27561300 —1. 38768000 1. 02005400
H 3. 25032700 0.00045200 -0. 10663200
2b-A
Si —-1. 71407800 0. 00000000  -0. 62959500
C —-2. 72020900 1.49473900 0. 00492000
H -2. 16463000 2.43441400 -0.07328100
H -3. 60798800 1. 58994000  -0. 63832700
H -3. 07653300 1. 37569900 1. 03448800
C —-2.72021000 —1.49473800 0. 00492200
H -3.60798200 —1.58994600 —0. 63833200
H -2. 16462800 —2.43441300 -0. 07327000
H -3.07654200 —1. 37569400 1. 03448600
Si 1. 13916300  -0. 00000100  -0. 66444400
Cl 0. 15045200 0. 00000100 1. 24681000
H 0. 99713300 1.28607900  —1. 35627100
0.99713300 —1.28608100  —1. 35626900
Cl 3. 16692200 0. 00000000  —0. 06302900
2b-B
Si —1. 23478800 0. 54605800 —0.46111200
Si 1.39614800  -0. 72491000  —0. 48883100
H 1. 05419400 -0.98313600 —1.89608300
Cl —0. 08694600  —1. 44808700 0. 90862400
C —1.82324700 1. 58460100 1. 02966100
H —0. 98763100 2. 02679700 1. 58037200
—2. 42864300 2. 41488700 0. 63545900
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H —2. 45628200 1. 02383800 1.72725700
C -2.82277400  -0.39021000  -0.97232700
H —3. 48346300 0. 33065900  —1. 47728600
H -2.62189700 —-1.19685700  —1.68427800
H -3.37818400  -0.79765200  —0. 11926900
H 2.47314000 -1.66287600  —0. 09536100
Cl 2. 28964400 1. 10584700  —0. 06836500
2¢c-A
01
Si 1. 45245100 0. 02802700  -0. 68533900
Si -1. 64592500 0. 02750200  -0. 62800400
—-1. 43273500 1.32789600  —1. 27255200
H -1.43774200 -1.20915000 -1.38910100
Cl -0.61363400  -0. 05854500 1. 21966800
C 2.42322300  -1.47640300  -0.00447900
H 1. 89786600  -2.42322700 -0. 16385800
H 3.36557400  -1.53236400  -0. 57211800
H 2.69113100  -1. 38920200 1. 05481400
C 2. 41148900 1. 48070200 0. 11407200
H 3. 34806000 1. 59535100  —0. 45437000
H 1. 87420700 2.43121700 0. 03791000
H 2. 68948000 1..30899300 1. 16034500
F -3. 20707800 0.00917300 0. 15624100
2¢-B
01
Si —-1. 08613300 0.43758200  —0. 44281900
Si 1.74435900 -0.07911900 —0. 48881500
H 1.51217000  -0.45921200 —1.89133900
Cl 0. 54870500  —1. 23697200 0. 88636000
C —-1. 91291800 1. 25865200 1. 06979800
H —-1. 20599900 1. 86208500 1. 64705100
H —-2. 68844900 1. 94175600 0. 69120200
H —-2. 40750900 0. 54492400 1. 73884300
C —-2.38889000  -0.85084700  -0.98811500
H -3.21216300  -0. 30438300  —-1.47277200
H -1.99454500  -1.55906000 -1.72345000
H -2.82052400 -1.41000100  -0. 14969400
H 3.07325700  -0. 58234100  -0. 07310800
F 1.89016100 1.50327300  —0. 14245200
2d-A
Si 1.27241400  0.00009300 0. 59329400
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Si —1. 48083100 0.00012300  -0. 75030000
—-1. 36989400 1.26277200  -1. 51648000
H -1.36991100 -1.26226200 -1.51691600
Cl —-0. 41426500  -0. 00022200 1. 25309500
C 2.30383500 —-1.50251700  —0. 01838400
H 1. 74207000  -2.43921800 -0. 08978100
H 3.17519800  —1.59300500  —0. 68277100
H 2.67900900 —1.39233000 1. 00606000
C 2.30379400 1.50255200  -0. 01791500
H 3. 17510800 1.59332000  -0. 68232800
H 1. 74197600 2.43924900  —-0. 08894900
H 2.67904100 1. 39202600 1. 00646600
C -3. 22608200 0. 00000600 —-0.01167800
H —-3. 94615800 0.00017300 -0.84101600
H —-3.41769800  —-0. 88765200 0. 60046400
H -3.41767500 0. 88743400 0. 60080400
2d-B
Si -0. 98320100 0.47733500  -0. 41982600
Si 1.69180000  -0.30746100  -0.47399200
H 1. 44031400 -0. 72889500 -1.87010200
Cl 0.22528200 -1. 23255600 0. 96274400
C —-1. 87753500 1. 39515400 0. 99950900
H —-1. 17886100 1.93067900 1. 64990800
H -2. 54725400 2. 14429300 0. 55303900
H —-2. 49239600 0. 72782300 1. 61526700
C -2.33961000 -0.66102800 -1. 13667000
H -3.04167900  -0. 03640500 -1.70770700
H -1.93063500 -1.40461500 -1. 82802200
H -2.91499000  -1. 17900900  -0. 36028800
H 2. 78453800  —1.20798500 0. 00703800
C 2. 33477800 1. 43247800  —0. 14737000
H 3. 42350700 1. 43675700  —0. 28442500
H 1. 86901100 2.16586100  -0. 80864400
H 2. 13245900 1. 72709300 0. 88794400
2e-A
Si 1.72198400  0.00012700 0. 58465600
Si ~1.05027900  0.00019100 0. 81939600
-0.91464400  1.25278200  -1. 60059600
H -0.91466400  -1.25202700  ~1.60119900
cl 0. 05906600  ~0.00028900 1. 21574800
2.73092900  -1.50035300  0.03107900
2. 17653200  -2.43913100  —0. 06439300
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H 3.63042900 —1.58681300  —0. 59552000
H 3. 06228500  —1. 38863600 1.07039200
C 2. 73090800 1. 50035800 0. 03172400
H 3. 63037800 1.58713200  -0. 59487600
H 2. 17647900 2.43916200 0. 06330000
H 3. 06231500 1. 38818000 1.07097100
Si —-3. 26953500  —0. 00000600 0. 02918200
H —-3. 54613200 1. 20796500 0. 85409500
H —4. 21414900 0.00024500  -1. 12548200
-3.54611700  -1. 20834700 0. 85355600

2e-B
Si 1. 06838300 0.61021000 0. 37427200
Si —-1. 26004500  -0. 95143800 0. 44955900
H —0. 92444700 —1. 25705700 1. 86004600
Cl 0.46761000  -1.48640200 -0. 87802500
C 1. 71762300 1.63216800  —1. 10236300
H 0. 92414900 1. 88369900  —1.81240100
H 2. 12046100 2.57794000  -0. 71232000
H 2. 52744700 1. 12468700  —1. 64008500
C 2.66020000 -0. 00881200 1. 22771200
H 3. 11466000 0. 84340300 1. 75322300
H 2.45609000 -0. 78112600 1.97571700
H 3.40111100  —-0.39131300 0. 51571800
H -2. 06366400 -2.12212800 -0. 02904600
Si —-2. 48941000 1. 00817600 0. 05810900
H -3. 94039100 0.72564100  -0. 14701800
H —-2. 32331000 1.90903700 1. 22653200
—-1. 97340400 1. 67864900  -1. 16319800

3a-A
Si ~1. 11673300 0.00000300  ~0. 62001100
C -2.28466700  1.49739600  —0. 38665900
i ~1. 73679800  2.43960000  ~0.28490300
i -2.91484300  1.58191400  -1.28369700
i -2.95132500  1.38278000  0.47647300
C -2.28466300  -1.49739500  ~0. 38667300
i -2.91483600  -1.58190800  ~1.28371300
i -1. 73679200 2. 43959800  —0. 28492400
i -2.95132300  ~1.38278800  0.47645800
Si 1.60003700 0. 00000200 0. 11264800
Cl -0. 09321200  -0. 00000500 1. 63908700
1.91092100  -1.62679000  -0. 78648100
1. 54650300 —-1.60011900 -1.81572600
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H 2.99003500 —-1.82864100 —0. 77823400
H 1. 41858200  -2.45652200 —-0. 26858700
C 1. 91092400 1.62679100  -0. 78648200
H 2.99003900 1. 82863900  -0. 77823900
H 1. 54650300 1.60012200 -1.81572700
H 1. 41859000 2.45652600 0. 26858700
H 2.59891900 0. 00000300 1. 22577500
3a-B

01

Si 1. 36839400 0. 37704400  -0. 40570000
C 2.50967900  -0.96070500  -1. 15483400
H 1.98029900 -1.60511500  —1. 86388800
H 3.31277100  -0. 45482300  —1. 70959600
H 2.98060300  -1.59004600  -0. 39018700
C 2. 41327400 1..09880200 1. 02488900
H 3. 20686000 1. 72225600 0. 58888600
H 1. 82402000 1. 73944400 1. 68856700
H 2. 89649900 0. 31927500 1. 62620000
Si —1. 38838700 0.11829500  -0. 50689300
Cl -0. 08119000  -1. 10868500 0. 93700000
C -1. 64876400 1.94711000  —0. 12067200
H —-1. 10348300 2.57564800  -0. 82858900
H —-2. 71926400 2.18529100  -0. 15607600
H —-1. 28817600 2. 18519100 0. 88562700
H —-1. 18717900  -0.27770900 -1.92171000
C -2.98562500  -0. 76398200 0. 01666100
H -3.81202900  -0. 38544300 -0. 60002800
H -2.92327900  -1.84637700 -0. 13513200
H —-3.23889700  —-0. 58204500 1. 06697400
3b-A

Si —-1. 81953800 0. 00000000 0. 46661400
C -2.87826700 —1.49819300  —0. 07003900
H -2.32039200  —-2.43905400  -0. 03078100
H —-3.71593200  —1. 58854200 0. 63663700
H -3. 30608500  —1.38343300 —1.07288300
C —-2. 87826600 1.49819400  -0. 07004000
H —-3. 71593200 1. 58854300 0. 63663600
H —-2. 32039000 2.43905500  -0.03078100
H -3. 30608400 1. 38343400  —1. 07288400
Si 0. 99592000 0. 00000000 0. 40994600
Cl -0. 20770800 0. 00000000  —1.45340700
C 1..06073900 1. 64757600 1. 31127100
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H 0.43114700 1. 62931300 2.20317200
H 2.09799300 1. 86586700 1. 58604200
H 0. 71184400 2.45192100 0. 65603700
C 1. 06073900  -1.64757500 1. 31127200
H 2.09799300 —1. 86586600 1. 58604300
H 0.43114700 -1.62931300 2.20317300
H 0.71184500 -2.45192100 0. 65603800
Cl 2. 88675700 0. 00000000  —0.61265600
3b-B
Si 1. 62388300 0. 24767600 0. 48696600
C 2.47228100 1. 58145000  -0.58477200
H 1. 75840900 2.32353400  —0. 95466400
H 3. 19425900 2.11241400 0. 05297100
H 3. 02763300 1. 16447500 —1.43317000
C 2.98377800  —1.08837100 0.67060100
H 3.73985700  —0. 70480100 1. 37126200
H 2.59741100 -2.02231300 1. 09084200
H 3.49431800  —1.31044400 —0. 27415600
Si —-1. 18844300  -0.27162900 0. 15967100
Cl 0.30526900  —0.90284600 —1. 37662900
C -1.17593800  -1. 20603100 1. 79179000
H -0. 80806100  -0. 57174300 2.59967800
H -2.19224500  -1.55076100 2.01999800
H -0. 52266500  -2. 08187600 1. 72076000
C -2.69775700  -0.84672500  -0. 81582900
H -3.60947300  -0.60643900  -0. 25672600
H —-2.76213100  -0.36194900 -1. 79406900
H —-2.66544900 -1.93143900 -0.97084100
Cl —-1. 53128100 1.79900900 0. 28277300
3c-A
Si 1. 49258200 0. 00000000  -0. 57339300
C 2.59823800  -1.49350200 -0. 11666600
H 2.04621100 -2.43867600 —-0. 11655800
H 3.38088500  -1.57577300  —0. 88509100
H 3.10037400  —1. 37794600 0. 85099100
C 2. 59823800 1. 49350200  -0. 11666400
H 3. 38088500 1.57577500  —0. 88508900
H 2. 04621200 2.43867700  -0. 11655400
H 3. 10037500 1. 37794500 0. 85099300
Si -1. 34000200 0. 00000000  —0. 19079200
Cl 0. 05283900 0. 00000000 1. 51886100
C -1. 49336400 1. 64492400 -1.07517500
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H —-1. 07602500 1. 59464000  -2. 08309600
H —-2. 55396700 1.91742700  -1. 12417800
H —0. 96859900 2.43406900  —-0. 52806000
C —-1.49336300 —1.64492400 -1.07517400
H -2.55396600 —-1.91742600  -1. 12418000
H -1. 07602300 —1.59464100 -2. 08309500
H —-0. 96860000  —-2.43406900  —0. 52805800
F —-2. 68340500 0. 00000000 0. 77244500
3¢c-B
Si 1. 50425100 0.16701500  -0. 50795000
C 2.49045000 -1.46676900  —0. 58058700
H 1.86057900  -2.31188700  -0. 87446800
H 3. 26544000 -1.35507800  -1.35322200
H 2.99803100 -1.70785200 0. 36083700
C 2.70363200 1. 35212000 0. 39774400
H 3. 50499100 1.62183900  —0. 30567900
H 2. 21843600 2. 28268600 0. 70843700
H 3. 17687300 0. 89053900 1. 27259900
Si -1. 31033000 0.07407500  -0. 23156300
Cl 0.02438700  -0.40297000 1. 50004200
C -1. 44413100 1. 89642200  —0. 66456800
H -1. 09243700 2.05974000 -1. 68620900
H —-2. 48626900 2. 22823100  -0.57817900
H -0. 82979800 2.50760300 0. 00318600
C -2.90884000  -0. 48198700 0. 58923100
H -3. 74284000 -0. 35336200 -0.11131300
H -2.87012500  -1.53709700 0. 87651800
H -3. 12188900 0. 10974600 1. 48628900
F —-1.22857100 —-0.97317600  —1. 48858300
3d-A(B)
Si -1. 46410500 0. 00000000  —0. 51869600
C —-2. 58815400 1. 49820400  -0. 12472700
H —-2. 03388200 2.44213500  —-0. 11360900
H -3. 34789800 1.57495400  -0. 91555000
H —-3. 11411900 1. 38915900 0. 83154900
C -2.58815700  —1.49820300  —0. 12472400
H —-3.34790000 —1.57495400  —0. 91554800
H -2.03388700 —2.44213500 —0. 11360200
H -3.11412400  -1. 38915400 0. 83155100
Si 1. 32953700 0. 00000000  -0. 24702000
Cl -0. 15692400 0. 00000000 1. 55179400
C 1. 44609100 -1.62345700  -1. 20462400
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H 0.95007200  —-1.55022400 -2.17522600
H 2.50209100 —-1.88781800 1. 34777600
H 0.97615600  —2.43949400 -0. 64551900
C 1. 44608900 1.62345800  —1. 20462100
H 2. 50209000 1. 88781900  —1. 34777400
H 0. 95007000 1. 55022700  —-2. 17522300
H 0. 97615600 2.43949400  -0. 64551300
C 2. 82606200 0. 00000000 0. 92551900
H 2. 84281500  —0. 88544800 1. 56991400
H 3. 74961300 0. 00000000 0. 33100300
H 2. 84281500 0. 88544700 1. 56991300
3e-A

Si —-1. 85313700 0. 00000000 0. 41100500
C -2.90689000  -1.49698900 -0. 14416500
H -2.35631100  —2. 44085500  —0. 08023100
H -3.76967800 -1.57661000 0. 53279100
H —-3.29540200 —1.38509800 —1. 16364200
C -2.90689000 1.49698900  —0. 14416600
H -3. 76967800 1. 57661000 0. 53279100
H —2. 35631100 2. 44085500  -0. 08023100
H -3. 29540200 1.38509800  —1. 16364200
Si 0. 97160300 0. 00000000 0. 50534000
Cl —0. 24296800 0. 00000000 -1.47161600
C 0. 95766500 1. 62007700 1. 48382300
H 0.29765100 1. 54842800 2. 35181500
H 1. 97737000 1. 85864900 1. 81339200
H 0.61207400 2. 44836200 0. 85684600
C 0.95766500 —1.62007700 1. 48382300
H 1.97737000  —1. 85864800 1. 81339200
H 0.29765100 —1. 54842800 2. 35181500
H 0.61207400 —2. 44836200 0. 85684600
Si 3. 03025000 0. 00000000  -0.69079000
H 3. 16642300 1.20622000  —1. 55359200
H 4. 17486400 0. 00000000 0. 26905600
H 3.16642400  —1. 20622000 -1. 55359200
3e-B

Si 1. 52041700 0. 35459500 0. 38287200
C 2.52719700 1. 44455700  -0. 82062300
H 1. 88535000 2.07455800  —1.44358200
H 3. 16590100 2.11273900  —0. 22599000
H 3. 18031700 0.85152700 —1.47219500
C 2. 81439600 —0. 88159500 1. 05719500
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H 3.47872400  —0. 33994500 1. 74527300
H 2.35505800  —1.69850300 1. 62244100
H 3.43636300  —1.31005400 0. 26209800
Si —-1. 19822600  -0. 31784200 0. 14485500
Cl 0.46337100  —1.10155800  —1. 27814000
C -1.17310400  -1. 25197000 1. 78952000
H -0. 71950500  -0. 66406400 2. 59050300
H —-2.20261500  -1. 51209800 2. 06578600
H -0. 61321000  -2. 18827100 1. 69025100
C —2. 58468500  -1.11458000  —0. 88933300
H —-3. 54930500  -0.90247000  -0. 40937300
H —2.62401500  -0. 71200000  -1.90682200
H —2. 47035500  -2.20202100  —0. 95899900
Si —1. 58731000 1.99868400 0. 22890900
H —3. 01555100 2.35822700  —0. 03302100
H -1. 21497900 2. 49073200 1. 58093300

-0. 76063200 2.69353300 0. 79238000

6. Dependence of activation parameters of the insertion of silylene 1 into 2a-2e

on the theoretical methods

Table S4. Activation Parameters for the Insertion of 1 into 2a-2e at Various
Calculation Methods®

B3LYP MP2 BMK

Y TS AG™ AS™ AG™ AS™ AG™® AS™®

H(2a) A=B 15.3 396 105  -13.1 42 111
A 1.1 37.9 72 164

Cl2b) B 15.7 -36.9 101 -12.7 5.2 -10.7
A 9.8 372 43 2.1

F(2e) B 15.6 383 9.9 114 4.8 -10.4

A 17.5 _40.6 128  -16.8 6.2 114

Me(2d) B 17.1 -39.9 112 -114 49 74

, A 17.2 39.6 128  -15.8 6.6 124
SiHs(2¢) B 14.2 409 79 144 0.7 8.7

a. at 6-31++G(d,p) +ZPE. b. kcal mol™, at 298 K. . cal mol” K™', at 298 K.
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Figure S2. A plot of AG A.g(Y) calculated at MP2/6-31++G(d,p) +ZPE level vs.
AG"Ap(Y) calculated at B3LYP/6-31++G(d,p) +ZPE level. The least square linear
line is:  AG7a-s(Y, MP2) = 1.16AG” s.5(Y, B3LYP) +1.02, correlation coefficient =
0.973.
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