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General Introduction

Today, in the field of organic chemistry as well as material science, group 14

organometallic compounds, especially organosilanes play an important role. For

synthetic chemists, various selective transformations of organosilicon reagents have

been useful and attractive in the construction of complex molecules.1 On the other

hand, organosilicon polymers containing silicon-silicon bonds in which sigma elec­

trons delocalize have been of great interest in material science because of their

unique chemical and physical properties.2 Furthermore, the chemistry of silicon has

been extendeq. to germanium chemistry due to its close proximity to silicon in the

periodic table. Therefore, the development of new methods for the selective fonna­

tion of silicon---earbon and silicon-silicon bonds has become more and more desir­

able. From this point of view, transition metal catalyzed reactions provide a new

pathway to many organosilicon and related organogennanium compounds. In the

coordination sphere of transition metals, the formation and cleavage of silicon-ele­

ment bonds occur under mild conditions.

Over the past two decades, considerable attention has been focused on the pal­

ladium-catalyzed addition of Si-Si bonds to unsaturated compounds, Le., bis­

silylation, which forms two silicon--carbon bonds simultaneously.3 The reaction is

considered to proceed through the mechanism shown in Scheme 1 for acetylene. The

steps included are: (1) oxidative addition of the Si-Si bond to palladium(O), fonning

bis(organosilyl)palladium(II), (2) formation of a 1t-complex with acetylene, (3) in­

sertion of the acetylene into one of the palladium-silicon bonds, and (4) reductive

elimination of the bis-silylated product.

In early investigations, reactive disilanes bearing electron-withdrawing groups

or strained cyclic disilanes were required to obtain bis-silylated products in high

yields. Since the calculated heat of reaction for the formation of

bis(organosilyl)alkenes from substituted disilanes and acetylenes is ca. -40 kcal/

mol,4 even peralkylated (non-activated) disilanes should give products if a kineti­

cally favored reaction pathway is developed. In spite of many efforts, however, it

was difficult to activate Si-Si bonds of such disilanes using conventional palladium­

phosphine catalysts. Moreover, bis-silylation of alkenes was hardly achieved.
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Scheme 1.

('
51

51, /51
Pd
Ln

51-51

During the last five years, much progress has been made in many aspects of this

field. In 1991, Ito and co-workers developed a novel palladium-isonitrile catalyst

that was active in the bis-silylation of terminal acetylenes with unreactive disilanes.5

Tanaka, et al. also reported independently, that a palladium-phosphite catalyst was

also effective for bis-silylation of terminal acetylenes.6 This palladium-isonitrile

catalyst, furthermore, possessed high activity for intramolecular bis-silylation of alk­

enes.7 In addition to the development of these highly active catalysts, several mecha­

nistic details of bis-silylation were clarified by the synthesis and isolation of the

bis(organosilyl)palladium(II) complexes suggested as intermediates. In 1992, Fink,

et aI. reported the first fully characterized bis(organosilyl)palladium(II) complex that

reacted with dimethyl acetylenedicarboxylate to give the corresponding bis-silylated

0lefin.8 In 1994, Murakami, Ito and co-workers also demonstrated a mechanistic

model of catalytic bis-silylation of acetylenes using an isolable

bis(organosilyl)palladium(II) complex.9 Though these bis(organosilyl)palladium(lI)

complexes were too stable to act as catalysts of bis-silylation themselves, they evi­

denced some important steps of the catalytic cycle of bis-silylation.

Transition metal catalyzed disilane metathesis also seemed very attractive for

the selective formation of silicon-silicon bonds. ~o the author's best knowledge,

however, only a few examples of metathesis have been reported. In 1976, Tamao,

2



Hayashi and Kumada found that the metathesis reaction of 1,1,2,2-tetrarnethyl-l,2­

disilacyclopentane proceeded at high temperature in the presence of a palladium­

phosphine catalyst to give a cyclic dimer in 39% yield. lO Although Ando and co­

workers also reponed metathesis dimerization of highly strained cyclic disilanes in

high yield,11 no higher cyclic oligomer than the cyclic dimer was obtained in these

investigations.

The silicon-silicon a-bond activation, which is commonly involved as a cru­

cial step for the bis-silylation as well as metathesis, has not been extensively studied

for synthetic applications due to the lack of highly active transition metal catalyst.

Similarly, the activation of the silicon~germanium a-bond has not been investigated

and palladium- and platinum-organogermanium complexes have not been fully

characterized so far. Hence, the author wishes to describe his efforts investigating

reactions involving the activation of silicon-silicon and -germanium a-bonds by

biser-alkyl isocyanide)palladium(O) complexes.

Chapter 1 describes intramolecular bis-silylation of carbon-carbon triple

bonds leading to stereoselective synthesis of 1,2,4-triols. Various terminal and inter­

nal alkynes tethered to disilanyl groups underwent the intramolecular bis-silylation

in the presence of t-alkyl isocyanide-palladium complex to give exocyclic 1,2­

oxasiiolanes in high yields. 1,2,4-Triols were obtained by stereoselective hydrogena­

tion of the C-C double bonds and subsequent stereospecific oxidative transformation

of the Si~C bonds into hydroxy groups.

Intramolecular
bls-silylatlon

;>
cal. Pd{OAc)2

)('/..NC

syn
hydrogenation

;>

3

oxidation 0

====::>:> HR>--C.1.H
R2



Chapter 2 deals with the synthesis and reactions of cyclic

bis(organosilyl)palladium complexes. 4- to 7- Membered cyclic bis(organosilyl)­

palladium complexes were synthesized by two different methods. The fIrst, by oxi­

dative addition of cyclic disilanes onto bisel-butyl isocyanide)palladium(O) complex

and the second, by intramolecular metathesis of the two Si-Si a-bonds of

bis(disilane)s by palladium(O) complex.

C~J
Pd (0)

51 oxidative addition

("/Pd
I

('-Si Pd (O)

I-Si Intramolecular metathesis

The reactivities of the cyclic bis(organosiIyl)palladium complexes toward cy­

clic disilanes, phosphines, and alkynes were also examined. Furthermore, new cata­

lytic bis-silylation involving the cyclic bis(organosiIyl)palladium intermediates gen­

erated by the intramolecular metathesis was developed.

Chapter 3 describes the reactions of bis(disilanyl)dithiane and

bis(silylgermyl)dithiane with isonitrile complexes of platinum(O) and palladium(O).

Tetrakis(organosilyl)platinum(IV) and bis(organogermyl)bis(organosilyl)­

platinum(IV) complexes were obtained by double oxidative addition of Si-Si and Si­

Ge a-bonds onto a platinum(O) complex, respectively. Bis(t-butyl

isocyanide)palladium(O) also mediated intramolecular Si-Ge a-bond metathesis to

afford a cyclic bis(organogennyl)palladium(II) complex, whose structure was deter­

mined by a X-ray diffraction study.

(
s M-SI

XM-SJ
double oxidative addition

M= Si, Ge

4



Chapter 4 is concerned with palladium-catalyzed oligomerization of cyclic

disilanes through 5i-5i a-bond metathesis. Cyclic oligomers up to the 40-membered

octamer were isolated by the ring-enlargement oligomerization of 1,1,2,2,­

tetramethy1-1 ,2-disilacyclopentane.

cat.
(t-BuNC)2Pd (0)..,

cyclooJigomerlzation
( SifSi))

Si-\-Si 1-7

Reactions with the dimer, trimer, and tetramer in the presence of a stoichiomet­

ric and catalytic amount of bis(t-butyl isocyanide)palladium(O) complex revealed

that this oligomerization proceeded by a reversible mechanism between the mono­

mer and oligomers. Funhennore, new macrocyclic organosilicon compounds were

synthesized from the cyclic oligomers by the elaboration of the 5i-5i linkages of the

oligomers.

5



References and Notes

(1) (a) The chemistry oforganic silicon compounds; Patai, S.; Rappoport, Z. Eds.;

Wiley & Sons: Chinchester, 1989. (b) Bois, M.; Skrydstrup, T. Chern. Rev.

1995,95, 1253. (c) Masse, C. E.; Panek, J. S. Chem. Rev. 1995,95, 1293. (d)

Langkopf, E.; Schinzer, D. Chem. Rev. 1995,95, 1375.

(2) (a) Silicon-Based Polymer Science: A Comprehensive Resource; Zeigler, J. M.,

Gordon Fearon, F. W., Eds.; American Chemical Society: Washignton, DC,

1990. (b) West, R. In The chemistry of organic silicon compounds; Patai, S.;

Rappoport, Z. Eds.; Wiley & Sons: Chinchester, 1989; Chapter 19. For genna­

nium-containing polymers, see: (c) Trefonas, P.; West, R. J. Po/ym. Sci.,

Polym. Chem. Ed. 1985,23, 2099. (d) Miller, R. D.; Sooriyakumaran, R. J.

Po/ym. Sci., Polym. Chem. Ed. 1987, 25, 111. (e) Meyer, G.; Wohrle, D.

Makrorno/. Chern. 1974,175, 714.

(3) (a) Tilley, T. D. In The Si/icon-Heteroatom Bond; Patai, S.; Rappoport, Z.

Eds.; Wiley & Sons: Chinchester, 1991; Chapter 9. (b) Murai, S.; Chatani, N.J.

Synth. Org. Chern., lpn. 1993,51,421. (c) Horn, K. A. Chern. Rev. 1995,95,

1317. (d) Sharma, H. K.; Pannell, K. H. Chem. Rev. 1995, 95,1351.

(4) (a) Pitzer, K. S. l. Arn. Chern. Soc. 1948, 70, 2140. (b) Vedeneyev, V. I.;

Gurvich, L. Y.; Kondrat'yev, Y. N.; Medvedev, V. A.; Frankevich, Y. E. Bond

Energies, Ionization Potentials and Elector Affinities; Edward Arnold: Lon­

don, 1966.

(5) Ito, Y.; Suginome, M.; Murakami, M. J. Org. Chem. 1991,56, 1948.

(6) Yamashita, H.; Catellani, M.; Tanaka, M. Chem. Lett. 1991,241.

(7) (a) Murakami, M.; Andersson, P. G.; Suginome, M.; Ito, Y. J. Am. Chern. Soc.

1991,113,3987. (b) Murakami, M.; Suginome, M.; Fujimoto, K.; Nakamura,

H.; Andersson, P. G.; Ito, Y.J. Am. Chem. Soc. 1993, 115, 6487. (c) Suginome,

M.; Matsumoto, A.; Nagata, K.; Ito, Y.1. Organomet. Chem. 1995,499, Cl.

(8) Pan, Y.; Mague, J. T.; Fink, M. J. Organometallics 1992,11,3495.

(9) Murakami, M.; Yoshida, T.; Ito, Y. Organometallics 1994, 13,2900.

(10) Tamao, K.; Hayashi, T.; Kumada, M. l. Organomet. Chern. 1976,114, C19.

(11) (a) Kusukawa, T.; Kabe, Y.; Ando, W. Chem. Lett. 1993,985. (b) Kusukawa,

T.; Kabe, Y.; Nestler, B.; Ando, W. Organomerallics 1995,14,2556.

6



Chapter 1

Stereoselective Synthesis of 1,2,4-Triols via Intramolecular

Bis-Silylation of Carbon-Carbon Triple Bonds

Followed by Hydrogenation

Abstract: A new strategy for the stereoselective synthesis of 1,2,4-triols

has been developed. An alkyne tethered to a disilanyl group, upon treat­

ment with palladium acetate and t-alkyl isocyanide, furnished an exocyclic

bis-silylated olefin. Subsequent hydrogenation took place selectively from

the less-hindered side of the ring, producing cis-disubstituted oxasilolane.

Oxidation of the two C-Si bonds of the hydrogenated oxasilolane led to the

stereo- and regio-defined synthesis of I,2,4-triol.

Introduction

The development of new synthetic strategies for stereoselective construction of

polyol skeletons has been an active area of research in recent years. Stereoselective

formation of C-Si bonds is one of the promising approaches to the polyol synthesis,1

since oxidation of C-Si bonds gives rise to hydroxyl groups with retention of stereo 8

chemistry.2 In the previous reports, Ito and co-workers have been studying bis­

silylation of unsaturated organic molecules,3,4 and developed a highly efficient cata­

lyst system, palladium(ll) acetate / t-alkyl isocyanide, for the inter- and/or intramo­

lecular bis-silylation of C-C triple3c,f and double3d,e,g,h bonds. Intramolecular

regioselective bis-silylation reaction of an alkyne tethered to a disilanyl group 1 pro­

duces an exocyclic olefin 2, which is derived from syn addition of the two silicon

atoms across the triple bond. The following syn addition of hydrogen to the C-C

double bond of2 would stereoselectively create two asymmetric centers each having

7



a silicon atom, which constitute a potential precursor for a vicinal dial unit. Herein,

the author reports the details of the stereoselective synthesis of 1,2,4-triols by in­

tramolecular bis-silylation ofC~C triple bonds and subsequent hydrogenation as en­

visioned in Scheme 1.

Scheme 1.

Si-SJ-)

R-C=C

1

intramolecular
bis-silylation

2

syn
hydrogenation

>
oxidation HOKJOH
====:» OH

R

3

Results and Discussion

Synthesis of Alkynes Tethered to Disilanyl Groups 1. Alkynes tethered to

disiianyI groups through silyI ether linkage 1 were readily prepared in good yield by

the reaction of acetylenic alcohols with chlorodisilanes in the presence of amines in

tetrahydrofuran (TIlF) or in NN-dimethylformamide (Dill). An alkyne linked to a

disilanyl group through a carbon chain Ih was prepared by the reaction of an acety­

lenic Grignard reagent with a chlorodisilane in TIIP.

Intramolecular Bis-Silylation of C-C Triple Bonds. A mixture of a disilanyl

alkyne 1, palladiurn(II) acetate (0.007-0.02 equiv), and 1,1,3,3-tetramethylbutyl

isocyanide (0.1-0.3 equiv) in toluene was heated under the conditions specified in

Table 1. The Si-Si linkage added intramolecularly to the C-C triple bond and, ex­

cept entry 15, this addition was totally exo and syn,5 as is the case with an intermo­

lecular variant,3c,4 to afford a bis-silylated exocyclic olefin 2 in good yield. Al­

though the catalyst is porentially effective for the intermolecular bis-silylation of ter­

minal alkynes,3c those la-e reacted only intramolecularly giving the corresponding

8



Table 1. Intramolecular Bis-Silylation of 1

Sf-Sf-) ~NC
$1 51....

cat. Pd(OAc)2 f \. I 0
C=C..

R1' ~R1_C=C
- R2 R2

entry 1 conditions product 2 yield, %

Me2 Me2
Me3Si-Si-O 80°C Me'Si~ 911

H-C_C-.J 6h 2a1a
H

Me2 Me2
PhMe2Si-Si-O

80°C PhM~:>==<; 562 H-C-C~ 2.5 h
1b 2bMe Me

Me2 Me2

3
PhMe2Si-Si-O 60°C PhMe,Si>==<::1 96JEt 13 h 2cH-C C 1c

H Et
Ph2 Ph2

PhMe2Si-Si-O 70°C PhMe,Si~ 994
JEt 12 h

H-C=C 1d H Et 2d

Me2 Me2
PhMe2Si-Si-O

50°C PhMe'Si~5
H-C_Cr1e 23 h 2e 75

H

Me2 Me2PhMe2Si-Si-O 80°C
PhMe,Si>==<:J6

Me-C c-.J 1 h 2f 94
1f

Me

Me2 Me2
Me3Si-Si-O 111°C Me3Si Si ....7
Ph-C=CJ

2h
Ph>==<..J

2g 85
19

Me2 Me2
Me3Si-SiJ 111°C Me'Si>==<] 85

8
1h 1 h 2hPh-C_C Ph

9



Table 1. (continued)

entry 1 conditions product 2 yield. %

Me2 Me2
Me3Si-Si-O 80°C Me3Si Si, 81

9
rc=c-.J 2h :;>==<J11 2J

Me2 Me2
Me3Si-Si-O 80°C Me3Si Si..

10
Et02C-C=C) Et02C>===<J

97
1J 3h 2)

Me2 Me2
PhMe2Si-Si-O 70°C PhM"'Si~ 9311 JEt 15 h

Et-C_C 1k 2k
Et Et

Me2 Me2

12
PhMe2Si-Si-O 100°C PhM"'Si~ 97J PrJ 6h

Et-C=C 11 21
Et Prj

Me2 Me2
13

PhMe2Si-Si-O 70°C
PhMe2Si~

j-Ph 8h 82
Et-C-C 1m 2m

Et Ph

Me2 Me2
Me3Si-Si-O Me3Si Si ...

14 nsu-c-c-< 60 0e nBu>=\J 96
1n 9h 20

OH HO
.Me2 Me2

Me3Si-Si-)
l00 0 e Me3Si Si-O

15

H>==<J
lOh 20 7JB

H-C=C 10

a A mixlure of (2)- and (E)- isomers (88 : 12)

cyclic 1,2-oxasilolanes 2a--e (entries 1-5). Furthennore, the high activity of the

present catalyst system, combined with an advantage of intramolecular reaction, ren­

dered it possible to insert an internal C-C triple bond into Si-Si linkage (entries 6-

10



14). In comparison with terminal alkynes, intermolecular bis-silylation of internal

alkynes is scarce.4 The internal C-C triple bonds in conjugation with an ester or an

olefin underwent the chemoselective bis-silylation (entries 9, 10). The intramolecu­

lar bis-silylations of alkynes 1 bearing various substituents in the tether worked as

well, affording the corresponding oxasilolanes 2 with an asymmetric center in the

ring. It may be remarked that a propargylic hydroxyl group does not encumber the

desired bis-silylation (entry 14). Reaction employing a terminal alkyne tethered to a

disilanyl group by a chain of 4 atoms produced a mixture of (2)- and (E)-isomers (88

: 12) of 6-membered adducts (entry 15). However, bis-silylation failed to proceed

with an internal alkyne tethered to a disilanyl group by a chain of 4 atoms.

Hydrogenation of the Bis-Silylated Products 2. Catalytic hydrogenation of

the 1,2-oxasilolanes 2b and 2c having asymmetric centers on 4- and 5-positions of

the rings, respectively, was carried out using Pd on carbon under an atmospheric

pressure of hydrogen in AcOEt at room temperature (Scheme 2). In both cases, addi­

tion of hydrogen to the C-C double bond occurred from the less-hindered side of the

ring to give cis-disubstituted oxasilolanes with fair diastereoselection.6

Scheme 2.

Me2 Me2
Ph-Si Si,

H>==<;J
Me

2b

AcOEt

H2 / Pd-C..
AcOEt

Me2 Me2

Ph-S~ +

Me

3b 97%

Me2 Me2
Ph-Si Si,

'-\.lEt
3c 94%

Me2 Me2
Ph-Si Si,

'''''y
Me

cis: trans = 89 : 11

Me2 Me2
Ph-Si Si ...

+ '''''U
Et

cis : trans = 89 : 11

Next, a 1,2-oxasilolane 2p prepared from an internal alkyne3c was hydroge­

nated, stereospecific formation of 3p being expected from a syn hydrogenation

mechanism. However, catalytic hydrogenation of the tetra-substituted olefin 2p was

slower than that of tri-substituted olefins 2b and 2c, and produced 1: 1 mixture of 3p

11



and an unexpected isomer 3p' (Scheme 3). It may be presumed that double bond

migration of 2p takes place prior to, or in competition with, direct hydrogenation and

that hydrogenation of the resulting endocyclic olefin 4 proceeds non­

stereoselectively affording a mixture of 3p and its stereoisomer 3p l. An analogous

double bond migration to an endocyclic olefin 5 was observed when 2a was treated

with Pd on carbon in the presence of cyclohexene. This result supports the involve­

ment of double bond migration in the catalytic hydrogenation process.

Scheme 3.

Me2 direct syn Me2

Me3Sit=<:J
hydrogenation MeaSi Si ......

Mr--<J 3pMe 2p H2/Pd~C

double bond

~ H2/Pd-Cmigration

[ Me,

]
Me2

Me3Si~ Me3SiXJ; .. 0

MeMe 4 3p'

Me2 o IPd-C Me2
MeaSi Si .... MeaSi Si-..

H>===cJ
~

'----02a THF
5 84%

Stereospecific syn hydrogenation of tetra-substituted olefins 2f,k-m could be

achieved by means of diimide reduction (Table 2). Diimide, generated in situ by acid

treatment of potassium azodicarboxylate, reduced 2f to give the syn-hydrogenated

product 3f exclusively, presumably by a cyclic mechanism.? In the diimide reduc­

tion of 2k-m having an asymmetric center in the oxasilolane ring, syn addition of

hydrogen to the C-C double bond took place preferentially from the less-hindered

side of the ring like the catalytic hydrogenation using Pd on carbon.6 Of note was

that two asymmetric centers were stereoselectively created in 3k-m at once.

Diimide reduction was also conducted with the acyclic substrate alkene 6 pre­

pared by ring opening reaction of the oxasilolane 2m with phenyllithium (Scheme 4).

In marked contrast to the cyclic substrate 2m, the acyclic 6 resulted in poor selectiv-
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ity together with poor yield, suggesting the advantages of the cyclic system of the

oxasilolane.

Table 2. Hydrogenation of Tetra~substitutedGlefins with Diimide

5;>=60
• HN=NH· 5>-0~

EtCH

2 3

cis: trans a
entry 2 major producl (yield, %)

MS2 Me2

2f
Ph-Si Si .....

Me>-D
(99 )

3f

Me2 Me2
Ph-SI SI ..... 85 : 15

2 2k KAEt S Et
(97)

3k

Me2 Me2
88: 12Ph-SI Si.....

3 21

~Et S P~
(98 )

31

Me2 Me2
Ph-SI SI .....

92: 84 2m
~Et S Ph (99 )

3m

a Referring La lhe relationship belween the 3- and 5-substiLUenLS

of the 1,2-oxasilolane.

Scheme 4.

Me;! Me;!
Ph-51 51 .....

Et~Ph
2m

PhU
Me2 Me2

Ph-5i 51-Ph
'>==( OH

Et' '----\

6 99% Ph

13

Isomers ratio
a ca. 6 :4



As previously reported in Ito's paper,3d,e the intramolecular bis-silylation of

alkenes also stereoselectively furnishes oxasilolanes and the alkene having an allylic

substituent leads to the trans-3,4-disubstituted oxasilolane. On the other hand, the

present intramolecular bis-silylation of an alkyne bearing a propargylic substituent

followed by hydrogenation gave rise to the corresponding cis-3,4-disubsrituted

oxasilolane (Scheme 5). Thus, the present stereoselective synthesis of oxasilolanes

gives synthetically useful features complementary to the intramolecular bis­

silylation of alkenes.3d,e

Scheme 5.

OH

~
Me(Ref. 3d,e)

Bls-Silylation

Me

Si Si,
\ ..II( -"9
y<s~

Me

1). Bis·Si1ylation

2) Hydrogenation..~ OH

~
Me

Oxidation of the Hydrogenated Products 3 into 1,2,4-Triols. The

oxasilolanes 3b,f,k-m, bearing dimethylphenylsilyl groups feasible for the oxidative

transfonnation into hydroxyl groups,2d,e were subjected to the oxidation procedure

(Table 3). The Ph-Si bonds of3b,f,k,1 were cleaved by treatment with trifluoroacetic

add2e and subsequent hydrogen peroxide oxidation in the presence of fluoride

anion2c afforded the corresponding 1,2,4-triols with retention of stereochemistry.

With 3m, the Ph-Si bond was cleaved by treatment with potassium t-butoxide in

dimethyl sulfoxide (DMSO)8 to prevent Friedel-Crafts type migration of the phenyl

group on the silicon (entry 5).2d,9 The 1,2,4-triols thus produced were acetylated to

allow an isolation affording the triacetates 7 in moderate to good yield.
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Table 3. Synthesis of 1,2,4-Triols by Oxidation of Oxasilolanes 3

SAÅr...Åqil)oi

   3

1) CF3C02H

2) KHFz KF
  H202, KHC03

HO OH             AepOR-OH =,,
           cat. DMAP

AcO OAc R-OAc
   7

entry 3 Producia yield, elo

1

  Me2 Me2
ph-SiwSiNo

      Me 3b

  OAc OAc

AcO Me 7b

97

2

3

4

5

  Me2 Me2
ph :hf:iÅr-...Åq.J]lsiSiNo

        3f

  Me2 Me2
Ph-Si Si  EtÅr-•-Åq11)fiil,,

        3k
  Me2 Me2
Ph-Si Si.

Et

 Etws/ prt

  Me2 Me2
Ph-,S

          Ph       3m

    OAc OAc
MevlvJ
 Ac6

        7f

   OAc OAc
Et-y.VXEt
Ac6

        7k
    OAc OAc
Et vlvkx pri

 Ac6

        71
   OAc OAc
Et vLvA"Nph
Ac6

       7m

86

57

56

78b

a A rnixture of stereoisomers of 3 was oxidized and the produced major isomer is shown.

b Oxidation: 1) KOBu'1DMSO. 2) TBAF, KHC03, H202•
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Conclusion

    A carbon-carbon uiple bond was stereoselectively transformed to a vicinal diol

unit through the intramoiecular bis-silylation, hydrogenation, and oxidation. This

procedure, creating two asymmetric cen!ers, provides a novel method for

stereoselective synthesis of 1,2,4-niols. Of note is that the present method offers a

new synthetic means complementary to the intramolecular bis-silylation of carbon-

carbon double bonds.3d,e

Experimental Section

    General and Materials. Column chromatography was performed with silica

gel (Wakogel C-200). IH and 13C NMR spectra were acquired in chloroform-d un-

less otherwise noted. Carbon chemical shifts were recorded relative to chloroform-d

(6 77.0). Where appropriate, NMR data only for the major stereoisomer were de-

scribed. IR spectra were recorded with a Hitachi 270-30 spectrometer. Toluene was

distilled from LiAIH4, THF from sodium diphenylkery1, DMF, AcOEt and DMSO

from CaH2, and methanol from magnesium methoxide. Unless otherwise noted,

materials were obtained from commercial sources. 2-Methylbut-3-yn-1-ol was pre-

pared by the reaction of a propargylic titanium re4gent with forrnaldehyde.10 Hept-

5-en-1-yn-4-ol was prepared by zinc mediated reaction of propargyl bromide with

crotonaldehyde.1 1 4-Phenylbut-3-yn-1-ol and hex-5-en-3-yn-1-ol were prepared us-

ing Sonogashira procedure.12 Ethyl 5-hydroxypent-2-ynoate was prepaied by the

reaction of a lithium acetylide with oxirane.13

    Preparation ofDisilanyl Alkynes 1. The following describes the general pro-

cedure for the synthesis of disilanyl alkynes la--c,e-g,i-k,n,o. To a mixture of an

acetylenic alcohol (4.3 mmol), Et3N (6.4 mmol), and a catalytic amount of 4-

(dimethylamino)pyridine in THF (10 rnL) at room temperature vvas added a

chlorodisilane (4.3 mmol). Progress of the reaction was monitored by GC and/or

TLC and, after completion, the mixture was diluted with hexane (10 mL). Filtration

to remove salts and Kugelrohr distillation of the fi1trate afforded 1.
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    Disilanyl alkynes ld,[,m were prepared according to the fol]owing procedure.

To a mixture of an acetylenic alcohol (5.7 mmol) and a chlorodisilane (5,7 mmol) in

DMF (3.5 rnL) at room temperarure was added imidazole (1 1.4 mmol). The mixture

was stirred at room temperature and, after completion, subjected to column chrorna-

togtaphy to afford 1.

    A disilanyl alkyne lh was prepared as follows. To a solution of (5-phenyl-4-

pentynyl)rnagnesium chloride (18.5 mmol) in THF (19 mL) at O OC was added

chloropentamethyldisilane (3.3 g, 20 mmol). The mixture was stirred at roorn tem-

perature for 2 h and at 50 OC for 1.5 h, cooled, and then slowly poured into aqueous

HCI (1 N) at O OC. Extraction with ether followed by Kugeirohr distillation afforded

lh (1.5 g, 309o).

    (Z)-2,2-Dimethyt-3-[(trimethylsilyl)methyleneJ-1,2-oxasilolane (2a). A

toluene solution (3.5 mL) of Pd(OAc)2 (6.6 mg, 29 pmol), 1,1,3,3-tetrarnethylbutyl

isocyanide (62 rng, O,45 mmol), and 4-[(pentamethyldisilanyl)oxy]-1-butyne (la,

542 mg, 2.7 mmol) was heated at 80 OC for 6 h. Kugelrohr disti11ation [130-140 OC

(20 rnmHg)] of the cooled reaction mixture afforded 2a (493 mg, 919o). IR (neat)

2964, 2908, 2868, 1252, 1068, 1030 cm-1; IH NMR 6 O,11 (s,9 H), O,32 (s, 6 H), 2.65

(dt,J= 2.2, 6.5 Hz, 2 H), 3.94 (t, J= 6.5 Hz, 2 H), 6.57 (g J= 2.2 Hz, 1 H); 13C NMR

6-O.18, O.30, 43.67, 64.83, 141,70, 159.81. Anal. Calcd for CgH2oOSi2: C, 53.93; H,

10.06. Found: C, 53.72; H, 10.18.

    The following reactions for the synthesis of2 were carried out according to the

preceding procedure for 2a under the conditions specified in Table 1.

     (Z)-3-[(Dimethylphenylsilyl)methylene]-2,2,4-trimethyl-1,2-oxasilelane

(2b). IR (neat) 2968, 1252, 1114, 1036, 850 cm-1; iH NMR 5 O.10 (s, 3 H), O.13 (s,

3 H), O,40 (s, 6 H), 1,07 (d, J= 6.8 Hz, 3 H), 2.57-2.78 (rn, 1 H), 3.47 (dd, 1=7.8, 9.2

Hz, 1 H), 4.09 (dd,J= 6.6, 9.2 Hz, 1 H), 6.59 (d,J= 2.3 Hz, 1 H), 7.32-7.40 (m, 3 H),

7.50-7.59 (m, 2 H); 13C NMR 6 "63, -O.49, O.70, 1.00, 16.74, 46.29, 72.01, 128.33,

129.62, 134.70, 137.71, 139.39, 167.21. Anal. Calcd for ClsH240Si2: C, 65.15; H,

8.75. Found: C, 65.10; H, 8.95.

     (Z)-3-[(Dimethylphenylsilyl)methylene]-5-ethyl-2,2-dimethyn-1,2-
oxasilolane (2c). IR (neat) 2968, 1252, 1111, 836 cm-1; IH NMR 6 O.11 (s, 6 H),

038 (s, 3 H), O.39 (s, 3 H), O.94 (t,J=7.4 Hz, 3 H), 1.36-1.74 (m, 2 H), 2.43 (ddd,J

= 2.4, 8.0, 15.0 Hz, 1 H), 2.73 (ddd, J•= 1.8,•5.2, 15.0 Hz, 1 H), 3.82-3.98 (m, 1 H),

6,68 (dd, J = 1.8, 2.4 Hz, 1 H), 7.28-7.65 (m, 5 H); 13C NMR 5 -1.29, -1.12, O.24,
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 O.55, 9.86, 30.61, 49.26, 76.76, 127.78, 129.08, 134.15, 138.83, 139.27, 162.85.

 Anal• Calcd for Ci6H260Si2: C, 66.14; H, 902. Found: C, 66,14; H, 9.22.

     (Z)-3-f(Dimethylphenylsilyl)methylene]-5-ethyl-2,2-diphenyl-1,2-
 oxasilolane (2d). IR (neat) 3076, 2968, 1432, 1252, 11 18, 840 cm'1; IH NMR5 O.Ol

 (s, 3 H), O,02 (s, 3 H), 094 (t, J= 7.4 Hz, 3 H), 1.45-1,85 (m, 2 H), 2.64 (ddd, J = 2.5,

 8.4, 15.5 Hz, 1 H), 2.93 (ddd,J = 1.7, 5.3, 15.5 Hz, 1 H), 4,05-4,22 (m, 1 H), 6.92 (dd,

 J= 1.7, 2.5 Hz, 1 H), 7.19-7.69 (m, 15 H); 13C NMR 6 -1.71, -1.59, 9.87, 30.81,

 49.99, 77.55, 127.64, 127,83, 128,78, 130.35, 133.22, 133.77, 135.63, 135.76,

 138.96, 142.89, 158.12, Anal. Calcd for C26H3oOSi2: C, 75.31; H, 7.29. Found: C,

 75.46; H, 7.37.

     (Z)-3-((Dimethylphenylsilyl)methylene]-2,2-dimethyl-5-(1-propenyl)-1,2-

oxasilolane (2e). IR (neat) 2968, 1438, 1254, 1116, 842 cm'1; IH NMR6 O.09 (s, 3

H), O.1O (s, 3 H), O,36 (s, 3 H), O.37 (s, 3 H), 1.69 (dd,1= 1.4, 6.4 Hz, 3 H), 2.53 (ddd,

1= Z6, 8,6, 15,4 Hz, 1 H), 2.69 (ddd, J= 1.6, 52, 15.4 Hz, 1 H), 4.27-4.41 (m, 1 H),

5.49 (ddd, J= 1.4, 6.8, 15.2 Hz, 1 H), 5.70 (dq,J= 15.2, 6,4 Hz, 1 H), 6.66 (dd, 1=

 1.6, 2.6 Hz, 1 H), 7.30-7.66 (m, 5 H); 13C NMR 5 -1.30, -1.12, -O.29, O.41, 17.69,

50.33,76D6, 127.04, 127.83, 129.15, 13350, 134.20, 138.77, 139.51, 162.39, Anat

Calcd for C17H260Si2: C, 67,49; H, 8.66. Found: C, 67.23; H, 8.76.

     (Z)-3-rl-(Dimethylphenylsi:yl)ethylidene]-2,2-dimethyl-1,2-oxasilolane

(20. IR (neat) 2964, 1435, 1252, 1066, 1036, 934, 810 cm"1; IH NMR 6O.16 (s,6H),

O.40 (s, 6 H), 1.83 (t, J= 1,4 Hz, 3 H), 2.63 (tq,J= 6.6, 1.4 Hz, 2 H), 3.99 (t,J= 6.6

Hz, 2 H), 7.29-7.54 (m, 5 H); 13C NMR 6 -1.11, O.56, 21.39, 36.11, 64.17, 12735,

12899, 134.17, 138.69, 146,21, 153.30, Anal. Calcd for CisH240Si2: C, 65.15; H,

8.75. Found: C, 65.10; H, 8.97,

     (Z)-2,2-Dirpethyl-3-[phenyl(trimethylsilyl)methylenel-1,2-oxasilolane

(2g). IR (neat) 3064, 2964, 2868, 1252, 1088, 1030 cm-1; IH NMR S O.06 (s, 9 H),

O.42 (s, 6 H), 2.30 (t, J= 6.6 Hz, 2 H), 3.82 (t, J= 6,6 Hz, 2 H), 6.87--6.92 (m, 2 H),

7,12-7.21 (m, 1 H), 7.26-7.35 (m, 2 H); 13C NMR 6 -O,Ol, O,69, 37,71, 64.64,

12s.36, 126.69, 128.36, 146.77, 153.30, 156.57. AnaL Calcd for ClsH240Si2: C,

65.15; H, 8,75, Found: C, 65.13; H, 8.93.

    (Z)-1,1-Dimethyl-2-rphenyl(trimethylsilyl)methylene]silolane (2h). IR

(neat) 2948, 1598, 1250 cm'1; IH NMR 5 O.04 (s, 9 H), O.33 (s, 6 H), O.70 (t, J= 7.0

Hz, 2 H), 1.53 (quintet,J=7.0 Hz, 2 H), 1.99 (t,J=7.0 Hz, 2H), 6.826.89 (m,2 H),

7.09m7.18 (m, 1 H), 7,23-7,32 (m,2 H); 13C NMR 6 -O.27, O.63, 15.86, 23.69, 39.54,
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124.73, 126.87, 128.00, 147.52, l54.93, 157.81. Anal. Calcd for Ci6H26Si2: C,

70.00; H, 9.54. Found: C, 70.09; H, 9.76,

   (Z)-2,2-Dimethyl-3-[1-(trimethytsilyl)prop-2-enylene]-1,2-oxasilolane (2i).

IR (neat) 2964, 1616, 1252, 1032 cm'1; IH NMR6 O,16 (s, 9 H), O.35 (s,6H), 2.66

(dt,1= 1.4, 6,5 Hz, 2 H), 3.92 (t, J= 65 Hz, 2 H), 4.93 (dd,J= 2.0, 18.0 Hz, 1 H),

5.14 (dd,J= 2.0, 11,6 Hz, 1 H), 6.42 (ddt,J= 11.6, 18.0, 1.4 Hz, 1 H); 13C NMR 6

O.70, O.92, 37.03, 64.49, 114.83, 14053, 151.97, 152.92. Anal. Calcd for

CnH220Si2: C, 58.34; H, 9.79. Found: C, 58.08; H, 10.00.

   (Z)-3-[(Ethoxycarbonyl)(trimethylsilyl)methylenel-2,2-dimethyl-1,2-
oxasilo:ane (2j). IR (neat) 2968, 1716, 1254, 1200, 1094, 1032, 864 cmtl; IH NMR

6 O.19 (s, 9 H), O.37 (s, 6 H), 1.32 (t, J= 7.2 Hz, 3 H), 2.69 (t, 1= 6.5 Hz, 2 H), 3.95

(t, J= 6.5 Hz, 2 H), 4.22 (q,f= 7.2 Hz, 2 H); 13C NMR s 10.05, 10.64, 22.75, 43.56,

62.49, 66.22, 137.78, 147.41, 159.49. Anal, Calcd for C12H2403Si2: C, 52.89; H,

8.88. Found: C, 53.04; H, 9.17.

   (Z)-3-(1-(Dimethylphenylsilyl)propylidenel-5-ethyl-2,2-dimethyl-1,2-
oxasilolane (2k). IR (neat) 2972, 1432, 1252, 1i12, 832 cm-i; iH NMR 6 O.05 (s, 3

H),O.07 (s, 3 H), O.40 (s, 6 H), 090 (t,J=7.6 Hz, 3 H), O.94 (t,J=72 Hz, 3 H), 1.3 8-

1.72 (m, 2 H), 2.16-2.40 (m, 3 H), 2.83 (dd,J= 5.5, 16.0 Hz, 1 H), 3.80-3.95 (m, 1

H), 728-7.56 (m, 5 H); 13C NMR (C6D6) 5 -1.39, -1.31, O.29, O.58, 9.42, 12.75,

2755, 30.64, 40.21, 75.46, l27.30, 128.36, 133.82, 138.37, 151.25, 154.09. Anal.

Calcd for ClsH3oOSi2: C, 67.85; H, 9.49. Found: C, 67.65; H, 9,65.

   (Z)-3-[1-(Dimethylphenylsilyl)propylidene]-5-isopropyl-2,2-dimethyE-1,2-

oxasilolane (21). IR (neat) 2968, 1472, 1432, 1252, 1112, 864, 810 cmtl; IH NMR s

O.04 (s, 3 H), O.05 (s, 3 H), O.38 (s, 6 H), O.89 (d,J= 6,4 Hz, 3 H), e.90 (t, J=7.4 Hz,

3 H), O.95 (d,J= 6,8 Hz, 3 H), 1.56-1.78 (m, 1 H), 2.28 (q,J= 7.4 Hz, 2 H), 2.34 (dd,

J= 8.4, 16.0 Hz, 1 H), 2.76 (dd,J=5.8, 16,O Hz, 1 H), 3.65 (ddd,J= 5.8, 6.8, 8,4Hz,

1 H), 7.27-7,63 (m, 5 H); 13C NMR 5 -O.56, -O.48, O.96, 1.05, 13.50, 18.06, 18.65,

28.15, 34.49, 37.51, 80.13, 127.69, 128.97, 134.48, 139.20, 152.02, 154.07. Anal.

Calcd for ClgH320Si2: C, 68.60; H, 9.70, Found: C, 68.S8; H, 9,94.

   (Z)-3-[1-(Dimethylphenylsilyl)propylidene]-2,2-dimethyl-5-phenyl-1,2-

Oxasilolane (2m). IR (neat) 2972, 1456, 1432, 1252, 1058, 1032, 864, 808 cmtl; IH

NMR5 O.15 (s, 3 H), O.16 (s, 3 H), O.42 (s, 3 H), O.43 (s, 3 H), O.89 (t, J= 7.6 Hz, 3

H), 2.28 (q, J=7.6 Hz, 2 H), 2.48 (dd,J= 9.7, 16.0 Hz, 1 H), 3.18 (dd, J= 5.2, 16.0

Hz, 1 H), 4,94 (dd, 1=5.2, 9.7 Hz, 1 H), 7.20-7.6 (m, 1O H); 13C NMR 6 -O.70, -O.48,
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O.88, O.99, 13.49, 28.26, 44.07, 76.65, 125.39, 127.15, 127.77, 128.30, 129.09,

134.53, 138.91, 144.72, 152.94, 153.35. Anal. Calcd for C22H3oOSi2: C, 72.07; H,

8.25. Found: C, 71.83; H, 8.22.

     (Z)-4-Hydroxy-2,2-dimethyl-3-[1-(trimethylsilyl)pentylidene]-12-oxasilo-

lane (2n). lk (neaE) 3432, 2968, 2880, 1252, 1092, 1064, 952, 858, 828, 788 cm'1;

IH NMR 6 O.15 (s,9H), O.32 (s, 3 H), O.41 (s, 3 H), O.91 (t, J=7.1 Hz, 3 H), 1.lzF

1.58 (m, 5 H), 2.22-2.56 (m, 2H), 3.81 (dd,1=2.9, 11.0 Hz, 1 H), 4.06 (d, 1= 11.0

Hz, 1 H), 4.76 (d, J= 2.9 Hz, 1 H); 13C NMR 6 O.54, 1,18, 1.89, 13.95, 23.14, 33.37,

34.85, 71.82, 72.20, 152.30, 160.00. Anal. Calcd for Ci3H2s02Si2: C, 57.29; H,

10.35. Found: C, 57.13; H, 10.60.

     (Z)-2,2-Dimethyl-3-[(trimethylsilyl)methylene]perhydro-12-oxasilin (2o).

IR (neat) 2968, 2928, 1434, 1252, 824 cm-1; IH NMR6 O.11 (s, 9 H), O.29 (s, 6 H),

1.68-1.81 (m, 2 H), 2.49-2.59 (m, 2 H), 3.92 (t, J= 5,3 Hz, 2 H), 6.19 (t, J= 1.7 Hz,

1 H); 13C NMR 6 O.59, O.65, 30.69, 4421, 64.77, 142.35, 159.88. (E)-2,2-Dimethyl-

3-[(trimethylsilyl)methylene]perhydro-1,2-oxasilin. IH NMR 6 O.07 (s, 9 H), O. 19

(s, 6 H), 1.73-1.85 (m, 2 H), 2.43-2.51 (rn, 2 H), 3.86 (t, J = 5.7 Hz, 2 H), 6. 10 (s, 1

H). Anal. Calcd for CIOH220Si2: C, 56.01; H, 10.34. Found: C, 55.80; H, 10.55.

    cis-3-[(Dimethylphenylsilyl)methyl]-2,2,4-trimethyl-1,2-oxasilelane (3b).

Palladium on carbon (59o wlw, 115 mg) was activated by stirTing in AcOEt (2 mL)

under an atmospheric pressure ofhydrogen at room temperature for 1O h, to which 2b

(300 mg, 1.1 mmol) was added. The mixture was stirred at room temperature for 7 h,

fiItered through Celite, and concentrated to give 3b (293 mg, 979o) as a mixture of

diastereomers. IR (neat) 2968, 1252, 1114, 1030, 982, 832 crn'1; IH NMR (major

isomer) 6 O.06 (s, 3 H), O.08 (s, 3 H), O.31 (s, 6 H), O.74-1.04 (m, 2 H), O.95 (d, 1 =7.1

Hz, 3 H), 1.1O-1.22 (m, 1 H), 2.03-2.23 (m, 1 H), 3.62 (dd,J= 4.1, 9.2 Hz, 1 H), 3.76

(dd, 1 = 4.6, 9.2 Hz, 1 H), 7.32-7.44 (m, 3 H), 7.46-7.58 (m, 2 H); (minor isomer) 6

3.24 (dd, H-5), 3.97 (dd, H-5);9 13C NMR (major isomer) 6 -2,82, -2.63, -1.58, -O,26,

10.36, 14.35, 24.17, 38.78, 7221, 127.76, 128.98, 133.64, 139.14. Anal. Calcd for

ClsH260Si2: C, 64.68; H, 9,41. Found: C, 64.76; H, 9.64.

    cis-3-[(Dimethylphenylsilyl)methyll-5-ethyl-2,2-dimethyl-1,2-oxasilolane

(3c). Byaprocedure similar to that used to reduce 2b (room temperature,5 h), the

title compound was obtained from 2c as a mixture ofdiastereomers (949o). IR (neat)

2968, 1252, 1114, 830 cm'1; IH NMR (major isomer) 6 O.04 (s, 3 H), O.09 (s, 3 H),

O.29 (s, 3 H), O.30 (s, 3 H), O.70-1.90 (m, 9 H), 2.00-2,22 (m, 1 H), 3.60-3.78 (m, 1
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H), 7.30-7.66 (m, 5 H); (minor isomer) 6 3.8".02 (m, H-5); i3C NMR (major iso-

rner) 6 -2.75, -2.65, -2.31, -O.94, 9.85, 16.01, 20.72, 3e56, 42.59, 78,23, 127.73,

128.91, 133.58, 139.29, AnaL Calcd forC16H2sOSi2: C, 65.68; H, 9.65. Found: C,

65,57I H, 9.76,

    (3S*)-3-[(IR')-1-(Dimethylphenylsilyl)ethyl]-22-dimethyl-12-oxasilolane

(3D. To a mixture ofpotassium azodicarboxylate (1.40 g, 7.2 mmol) and 2f (2oo mg,

O.72 mmol) in ethanol (4 mL) at O OC was added over 20 rnin AcOH (2.17 g, 36

mmol) in EtOH (1 mL). The mixture was gradually warTned to room temperature

overnight with stirTing, then diluted with saturated aqueous NaHC03, and extracted

with ether. The organic layer was washed with saturated aqueous NaHC03, dned

over K2C03, and concentrated to afford 3f (200 mg, 99%). IR (neat) 2968, 2868,

1430, 1252, 1112, 1042, 814 cm-1; IH NMR S O.IS (s, 3 H), O.22 (s, 3 H), O,30 (s, 3

H), O.33 (s, 3 H), O.88-1.10 (m, 5 H), 1.3tL158 (m, 1 H), 1.82-1.96 (m, 1 H), 3.57

(ddd, J = 4.3, 9.3, 11.8 Hz, 1 H), 3.89-4.03 (m, 1 H), 7.32-7.40 (m, 3 H), 7.48-7.59

(m, 2 H); l3C NMR 5 -3.74, -3.68, -2.65, O.63, 17.58, 20.31, 30.47, 33.69, 66.55,

127.68, 128.75, 133.76, 139.32. Anal. Calcd for ClsH260Si2: C, 64.68; H, 9.41.

Found: C, 64.79; H, 9.63.

    (3S',5S")-3-[(IR')-1-(Dimethyiphenylsilyl)propyl]-5-ethyl-2,2-dimethyl-

1,2-oxasilolane (3k). By a procedure similar to that used to reduce 2f (-40 OC, 8 h),

the title compound was obtained from 2k as a mixture of diastereomers (979o). IR

(neat) 2968, 1252, 1114, 830 cmtl; IH NMR (major isomer) fi O.11 (s, 3 H), O.24 (s,

3 H), O.32 (s, 3 H), O.35 (s, 3 H), O.72-O.88 (m, 6 H), O.90-1.65 (m, 7 H), 1.92 (ddd,

J=3.9, 6.8, 12.3 Hz, 1 H), 3,57-3,73 (m, 1 H), 7.28-7.60 (m,5 H); (minor isomer) 5

3,82-3.98 (rn, H-5); 13C NMR (m aj or isomer) 6-250, -2.35, -2.13, O.72, 9.70, 12.87,

26.04, 27.76, 28.62, 30.65, 39.12, 78.53, 127.60, 128.56, 133.64, 140.24. AnaL

Calcd for ClsH320Si2: C, 67A3; H, 10.06. Found: C, 67.41; H, 10.24.

    (3S',5R")-3-[(IR')-1-(Dimethylphenylsilyl)propyl]-5-isopropyl-2,2-dim-

ethy}-1,2-oxasilolane (31). By a procedure similar to that used to reduce 2f (-40 OC,

2 d), the title compound was obtained from 2t as a mixture of diastereomers (989e).

IR (neat) 2968, 1252, 11 14, 1044, 834 cm-1; iH NMR (major isomer) 6 O.12 (s, 3 H),

O,27 (s, 3 H), 034 (s, 3 H), O.38 (s, 3 H), O,73 (d, 1= 6.7 Hz, 3 H), O.85 (d,J= 6.2 Hz,

3 H), O.86 (t,J=7.2 Hz, 3 H), O.92-1.68 (m, 6H), 1.82 (ddd,J= 4.1, 6.9, 12.2 Hz, 1

H), 3.49 (ddd, J= 4.1, 6.1, 10.9 Hz, 1 H),7,29-7.65 (m, 5 H); (minor isomer) 6 3.62

(ddd, H-5); 13C NMR (rn ajor isomer) 6 -2.61, -2.45, -2.27, O.72, 12.88, 17.51, 18.72,
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 26.04, 27.86, 28.44, 34.25, 36.09, 82.25, 127.60, 128.55, 133.64, 140.24. Anal.

 Calcd for CigH340Si2: C, 68.19; H, 10.20, Found: C, 68.15; H, 10,41.

      (3S",5R")-3-I(IR')-1-(Dimethylphenylsilyl)propyl]-2,2-dimethyl-5-phe-

 nyl-1,2-oxasitolane (3m). By aprocedure sirnilar to that used to reduce 2f(-40 OC, 2

 d), the title compound was obtained from 2m as a mixture of diastereomers (999e).

 IR (neat) 2968, 1252, 1112, 1046, 864, 838, 7oo cm'1; IH NMR (major isomer) 6

 O.31 (s, 3 H), O.385 (s, 3 H), O.391 (s, 3 H), O.40 (s, 3 H), O.89 (t, J= 7.4 Hz, 3 H),

 1D4-1.29 (m, 1 H), 1.30-1.70 (m, 4 H), 2.33 (ddd,1= 1.6, 4.2, 11.5 Hz, 1 H), 4.84

 (dd, J = 4,2, 10.8, 1 H), 7.15-7.64 (m, 10 H); (minor isomer) 6 5.11 (dd, H-5); 13C

 NMR (major isomer) 6 -2.71, •-2.05, -1.70, O.71, 13.04, 26.12, 27.72, 29.67, 42.77,

 78.77, 125.19, 126.97, 127,66, 128.17, 128,67, 133.68, 139.73, 144.44. AnaL Calcd

 for C22H320Si2: C, 71.68; H, 8.75. Found: C, 71.55; H, 8.71.

     3-[1-(Trimethylsily})ethyl]-2,2-dimethyl-12-oxasilolane (3p and 3p'). The

 oxasilolane 2p3C was hydrogenated by a procedure similar to that used to reduce 2b,

 Filtration through Celite followed by preparative GC afforded a mixtuTe of 3p and

 3p' (ca. 1:1, 339o). 13C NMR S -2.68, -2.26, -2.02, -1.68, -O.16, O.69, 14.25, 17.32,

 18.58, 20.56, 27.03, 3055, 31.74, 33.65, 66.26, 66.63.

     3-[(Trimethylsilyl)methyl]-2,2-dimethyl-A3-1,2-oxasilolene (5). A mixture

of 2a (100 mg, O.50 mmol), cyclohexene (3.0 mL) and Pd on carbon (59o wlw, 75

rng) in 1 HF (20 mL) was stirred at 70 OC for 30 h. Filtration through Celite followed

by Kugelrohr distillation afforded 5 (84 mg, 849o). IR (neat) 2964, 1252, 1096, 856

cm-i; iH NMR 6 O.02 (s, 9 H), O.22 (s, 6 H), 1.65-1.71 (m, 2H), 4.52q.58 (m, 2 H),

623-6.28 (m, 1 H); 13C NMR 6 -1.27, O.19, 20.26, 71,76, 137.69, 139.62, Anal.

Calcd for CgH2oOSi2: C, 53.93; H, 10.06. Found: C, 53.71; H, 10.09.

     (Z)-3,4-Bis(dimethylphenylsilyl)-1-phenylhex-3-en-1-ol (6). To a solution

of 2m (106 mg, O.29 mmol) in ether (O.9 mL) at O OC was added PhLi (2.0 M in ether

/ cyclohexane, O.43 mmol). The mixture was stirred at O OC for 15 min and at room

temperature for 3.5 h, diluted with water, and extracted with ether, Evaporation of

volati]es afforded 6 (127 mg, 999o). IH NMR 5 O,29 (s, 3 H), O.33 (s, 3 H), O,47 (s, 6

H), O.99 (d,1=7.4 Hz, 3 H), 2.13 (br s, 1 H), 2.21-2.45 (rn, 1 H), 2.58-2.80 (m, 1 H),

2.80 (dd, J= 4. 1, 13.6 Hz, 1 H), 3.06 (dd, J= 9.6, 13.6 Hz, 1 H), 4.74 (dd, J= 4.1, 9.6

Hz, 1 H), 7.27-7.80 (m, 15 H); i3C NMR 6 O.72, 1.14, 1.61, 1,82, 14.88, 2751,

43.74, 73,42, 125.50, 127.28, 127.67, 127.81, 128.30, 128.64, 128,81, 133.88,

134.01, 140,37, 140.97, 144.35, 148.04, 160.72.
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    (2R*PS*)-3-Methylbutan-1,2,4-triol Triacetate (7b). A mixture of3b (cis :

trans = 89 : 11, 1oo mg, O.36 mmol) and trifluoroacetic acid (818 mg, 7.2mrnol) was

simed at room temperature for 11 h. After removal of trifluoroacetic acid under

reduced pressure, KHZF2 (112 mg, 1.4 mmol), MeOH (O.7 mL), KF (42 mg, O.72

rnrnol), 'IHF (O.7 mL), H202 (309o in water, O.43 mL), and KHC03 (287 mg, 2.9

mmol) were added to the mixture, which was stirred at room ternperature for 29 h.

Aqueous Na2S203 was added and then volatile compounds were thoroughly re-

moved by evaporation. THF (2 mL), Et3N (545 mg, 5,4 mmol), acetic anhydnde

(367 mg, 3.59 mmol), and a catalytic amount of 4-(dimethylamino)pyridine were

added and the mixture was stirred for 10 h. Colurnn chromatography (hexane : ether

=2 : 1 - 1 : 1) afforded 7b (84mg, 959o), whose minor stereoisomer was found to be

identical with an authentic sarnple.3d IR (neat) 2984, 1740, 1374, 1232, 1040 cm-1;

IH NMR 6 O.99 (d, J=7.0 Hz, 3 H), 2.05 (s, 3 H), 2.e6 (s, 3 H), 2.07 (s, 3 H), 2.10--

2,30 (m, 1 H), 3.94 (dd,J=5.9, 11.2 Hz, l H), 4.00 (dd, J = 6.9, 11,2 Hz, 1 H), 4.09

(dd,J=7.2, 11,8 Hz, 1 H), 4.27 (dd,J=3.9, 11.8 Hz, 1 H),5.18 (ddd,J=3,9, 4.6, 7,2

Hz, 1 H); 13C NMR 6 11.71, 20.69, 20.78, 33.77, 63.52, 6S.23, 71.15, 170.27,

170.60, 170,84. Anal. Calcd for ClIHIs06: C, 53.65; H, 7.37. Found: C, 53.44; H,

7,43.

    (3R",4S*)-1,3,4-Pentantriol Triacetate (70. By a procedure sirnilar to that

used to prepare 7b, the title compound was obtained from 3f (869o). IR (neat) 2996,

1740, 1438, 1378, 1236, 1052 cm-l; IH NMR 5 1.20 (d, J= 6.4 Hz, 3 H), 1.83-1.99

(m, 2 H), 2.03 (s, 6 H), 2.05 (s, 3 H), 3.994.20 (m, 2 H), 4.98-5.12 (m, 2 H); i3C

NMR 6 15.02, 20.81, 20.85, 21,04, 28.49, 60.41, 70.45, 71.29, 170.23, 170.34,

170.90. Anal. Calcd for ClIHIs06: C, 53,65; H, 7.37. Found: C, 53.36; H, 7.52.

    (3S*,4R",6R*)-3,4,6-OctantrioR Triacetate (7k). By a procedure similar to

that used to prepare 7b, the title compound was obtained from 3k (579o). IR (neat)

2980, 2948, 1744, 1374, 1240, 1024 cm-1; IH NMR 6O.85 (t,J=7.4 Hz, 3 H), O.87

(t, J= 7.4 Hz, 3 H), 1.47-1.66 (m, 4 H), 1,70-192 (m, 2 H), 2.01 (s, 6 H), 2.02 (s, 3

H), 4.74--4.96 (m, 2 H), 4.98-5.12 (m, 1 H); 13C NMR 6 9.24, 9.81, 20.86, 20.93,

21.09, 22.34, 26.27, 32.83, 70.81, 72.29, 7522, 170.31, 170.49, 170.56. AnaL Calcd

fOr C14H2406: C, 58.32; H, 8.39. Found: C, 58.35; H, 857.

    (3S',5R*,6S*)-2-Methyloctan-3,5,6-triol Triacetate (7I). By a procedure

similar to that used to prepare 7b, the title compound was obtained from 3E (569o). IR

(neat) 2976, 1740, 1468, 1438, 1374, 1240, 1024 cm-1; IH NMR 6 O.80-1.05 (m, 9
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 H), 1.48-1.62 (m, 2H), 1.75-1.92 (m, 3H), 2.01 (s, 3 H), 2.03 (s, 6 H), 4.70-4.82 (m,

 1 H), 4.8Y.96 (m, 1 H), 5.04 (ddd, J = 3.3, 5.4, 7.4 Hz, 1 H); 13C NMR 5 9.87,

 17.09, 18.40, 20.90, 20.96, 21.06, 22.34, 30,74, 71.16, 75.18, 7523, 170.30, 170.59.

 Anal• Calcd for ClsH2606: C, 59.58; H, 8.67. Found: C, 59.41; H, 8.96.

     (IS'PR*,4S")-1-Phenylhexan-IP,4-triol Triacetate (7rn). A mixture of3m

 (1oo mg, O,27 mmol) and potassium t-butoxide (32 mg, O.29 mmol) in DMSO (1 mL)

 was stirred at room temperature for 1 h. The mixture was diluted with phosphate

buffer solution (pH 7), extracted with ether, washed with water, dried over Na2S04,

and evaporated. To the residual oil were added tetrabutylammonium fiuoride (1 M in

THF, 1.1 rnL, 1.1 mmol), MeOH (1 mL), H202 (309e in water, O.33 mL) and KHC03

(54 rng, O.54 mrnol), and the mixture was stirred at 40 OC for 12 h. Aqueous

Na2S203 was added and then volatiIe cornpounds were thoroughly removed by

evaporation, The residue was acetylated by a procedure similar to that used for 7b to

give 7m (71 mg, 789e). rR (neat) 2984, 1740, 1374, 1248, 1024 cm'1; IH NMR 6

O.82 (t, J= 7.4 Hz, 3 H), 1.40-153 (m, 2 H), 1.98 (s, 3 H), 2.00-2.15 (m, 1 H), 2.06

(s, 3 H), 2.07 (s, 3 H), 2.29 (ddd,J= 5.9, 9.5, 14.4 Hz, 1 H), 4.80 (dg J= 9.5, 3.1 Hz,

1 H), 4.93 (ddd, J= 3.1, 5,2, 8.3 Hz, 1 H), 5.78 (dd, J= 5.9, 8.1 Hz, 1 H), 7.25-7.40

(m, 5 H); 13C NMR 6 9.72, 20.85, 20.90, 21.17, 22,83, 3523, 70.84, 73.24, 74.96,

126.55, 128.31, 128.63, 139.23, 16992, 170.17, 170.54. Anal. Calcd for CisH2406:

C, 64.27; H, 7.19. Found: C, 63,99; H,730.
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Chapter 2

      Reactions of Si-Si 6-Bonds vvith
Bis(t-alkyl isocyanide)palladium(O) Complexes.

         Synthesis and Reactions of
 Cyclic Bis(organosilyl)palladium Complexes

Abstract: Four- to seven-membered cyclic bis(organosilyl)palladium(ll)

complexes were synthesized by oxidative addition of cyclic disilanes onto

bis(t-butyl isocyanide)palladium(O) as well as by intramolecular metathe-

sis of the two Si-Si bonds of bis(disilane)s with the palladium(O) complex.

The 4-mernbered bis(organosilyl)bis(t-butyl isocyanide)palladium com-

plex prepared from 2,2-bis(1,1,2,2-tetramethyl-2-phenyldisilanyl)-1,3-

dithiane was characterized by a single-crystal X-ray method, which

showed an unusually short cross-ring Si-Si distance in the 4-membered

ring. The reactivities of the cyclic bis(organosilyl)bis(t-butyl

isocyanide)palladium complexes toward phosphines, cyclic disilanes, and

alkynes were also examined. Cyclic organosilicon compounds were syn-

thesized by bis-si]ylation of alkynes with cyclic bis(organosilyl)palladium

intermediates generated by the intramolecular metathesis. The bis-

silylation was a!so applicable for electron-deficient alkenes: a,P-unsatur-

ated ketones gave 7-mernbered 1,4-bis-silylation adducts, whereas the cor-

responding ester and nitrile gave 5-membered 1,2-adducts in high yields.
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Introduction

     The intriguing chemical and physical propenies of the Si-Si a-bond are due to

its high-lying HOMO and low-lying LUMO, which should be compared with those

of a carbon-carbon double bond. The MO interaction with low valent transition

metal complexes has made possib]e sorne synthetic uses of disilanes. Especially,

palladium-catalyzed bis-silylation of unsaturated organic compounds,1 e.g.,

alkynes,2,3 alkenes,2i,4,5 dienes,2g,hjk,6 isocyanides,7 and a,frunsaturated ketones8

provided a convenient method for fofination ofcarbon-silicon bonds. [he reactions

commonly involve an oxidative addition of the Si-Si bond onto palladium, which is

crucially important in the catalytic cycles. The relevant interaction of the Si-Si g-

bond with palladium cornplexes could lead to metathesis, i.e., disproponionation re-

action of the Si-Si u-bond,2C,9"ii Cyclooligomerization of cyclic disilanes through

Si-Si u-bond metathesis has been reported, though the mechanistic details sti11 re-

main to be understood.2c,10,11

     Recently, generation and isolation, as well as synthetic application of

bis(organosilyl)palladium complexes, have been reported by some research

groups.21,12-14 Ito and co-workers have also found a new catalytic system, t-alkyl

isocyanide-Pd(OAc)2, for use as a highly active catalyst for bis-silylations of

alkynes and alkenes.3,4,15 The synthetic usefulness of intramolecular bis-silylation

of alkenes has been demonstrated by stereoselective synthesis of polyols.

    In such catalysis, they presumed that bis(t•-alkyl isocyanide)palladium(O) com-

plexes might be responsible for the primary active species, onto which Si-Si bond

would undergo oxidative addition to form bis(organosilyl)bis(t-alkyl
isocyanide)palladiurn(II) complexes, In this chapter, the author describes the palla-

dium-catalyzed bis-sily]ation, focusing on preparation and reactions of cyclic

bis(organosilyl)bis(t-alkyl isocyanide)palladiumal) complexes (Scheme 1).16

Scheme 1.

Cg'i.b'i,:i21r,i2-l.

         Addition

   si(si)   Pd(O)

Metathesis

si-si

si-si
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Results and Discussion

     Generation of Cyclic Bis(organosiEyl)bis(t-alkyl isocyanide)palladium(ll)

Complexes: Oxidative Addition of Si-Si Bonds onto Bis(t-alkyl
isocyanide)palladium(O). It has been well documented that disilanes bearing elec-

tronegative substituents on silicon atoms as well as strained cyclic disi!anes may

readily undergo oxidative addition onto palladium(O). Though synthesis of
bis(organosilyl)palladium complexes has been achieved by use of hydrodisilanes13

as well as fluorodisilanes21 with low valent phosphine-palladiurn complexes,i7 isola-

tion and characterization of the cyclic transition metal complexes from cyclic

disilanes have never been reported.18,19

     1,1,2,2-Tetramethyl-1,2-disilacyclopentane (la), which has been known as a

strained, reactive cyclic disilane, was reacted with bis(t-butyl
isocyanide)palladium(O) (2) at room temperature in benzene. Monitoring of the reac-

tion by IH NMR spectroscopy revealed a rapid conversion (5 minutes) to 6-mem-

bered bis(organosilyl)palladium complex 3a (eq 1). The complex was isolated in

859o yield as colorless crystals. In this reaction, t-buty1 isocyanide was a ligand of

choice on palladium(O). Use of tetrakis(triphenylphosphine)pal!adium(O) did not

give any complexes corresponding to 3a in the reaction with la, even at high tem-

perature. The much-strained 4-mernbered cyclic disilane lb also gave the corre-

sponding 5-membered bis(organosilyl)palladium complex 3b in high yield (eq 2).

But, 1,1,2,2-tetramethyl-1,2-disilacyclohexane (lc) did not react at all under the

sarne reaction conditions, presumably because of the lack of ring strain. However,

substitution of the two methyl groups on the silicon atom (in lc)-by two methoxy

groups (in ld) resulted in clean formation of 7-membered bis(organosilyl)palladium

complex 3d (eq 3).

Åq]]])gilMgi

la

 1eq.
  Pd(CNBub2 (2)

 benzene r.t.

{ quant (iH NMR)

 8501e Åqisolated)

     Me2
          CNBut    siÅqsi)Pd(cNBut

     Me23a

(1)
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lb

SiBui2

1
SiBui2

leq. 2

benzene r.t.

{ quant (iH NMR)
 73o!. (isolated)

     Bu,2
          CNBut      siO(sÅrPdx/cNBu,

     But2
        3b

(2)

()])

ld

SiMe2
l

si(OMe)2

leq 2

benzene r,t.

quant. (iH NMR)

S(/Me2

 Pd(CNBub2
 t
siÅqoMe)2

3d

(3)

   Bicyclic clisilane le was also reactive toward 2, producing the corresponding

bis(organosilyl)palladium complex 3e in nearly quantitative yield (eq 4).

      SiMe2
 Me2sK

7A
le

leq, 2

benzene r.t.

 quant ('H NMR)

 7701. (isolated)

Bu'NC. CNBut
 !
7d""siMe2

3e

(4)
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    Generation of Cyclic Bis(organosityl)bis(t-alkyl isocyanide)palladium(H)

Complexes: Intramolecular Metathesis of Si-Si Bonds onto Bis(t-alkyl
isocyanide)palladium(O). Bis(t-butyl isecyanide)palladium(O) (2) also mediated si-

multaneous activation of two Si-Si bonds oriented appropriately in a molecule.

Thus, the reaction of bis(disilanyl)dithiane 4a with 2 was monitored by IH NMR,

resulting in quantitative formation of 4-rnembered cyclic bis(organosilyl)palladium

complex 5a and sym-tetramethyldiphenyldisilane (6) (eq 5). The metathesis reaction

completed within 5 minutes to afford 5a, which was isolated as a crystalline solid in

high yield on addition of pentane to the reaction mixturc. It is noted that

tetrakis(triphenylphosphine)palladium(O) failed to afford the complex corresponding

to 5a, The structure of5a was established by a single-crystal X-ray diffraction study.

The crystal structure is shown in Figure 1, together with selected bond distances and

angles. The two silicon, two isocyano carbon, and palladium atoms are nearly on the

same plane. The two isocyanide ligands coordinate to palladium with a relatively

1arge angle (C-Pd-C = 105.9(2)O). The unusual short cross-ring Si-Si distance

(2.613(2) A) may suggest a possibility of covalently bonded Si-Si in the 4-mem-

bered ring.2021

Åq
   Me2Me2
S Si-SiPh
Å~

S Si-SiPh
   Me2Me2
 4a

leq 2

benzene r.t,

5 min
quant (iH NMR)

Åq

    Me2
          CNButs sisÅrÅqsi)Pd(cNBut'

    Me2
   5a (8501.)

SiMe2Ph
1 (s)SiMe2Ph

6

    Reactions of some other bis(disilanyl)alkanes with 2 were examined. The suc-

cess of the intramolecular metathesis depended on the tethers connecting the two

disilanyr groups (Scheme 2). Bis(disilanyl)methane 4b conceivably underwent the

intramolecular rnetathesis to give sym-tetramethyldiphenyldisilane, although the ex-

pected 4-membered bis(organosilyl)palladium complex 5b could not be detected by

IH NMR spectroscopy. 1,2-Bis(disilanyl)ethane 4c and 1,3-bis(clisilanyl)propane

4d gave the corresponding cyclic bis(organosilyl)palladium complex 5c and 3a, re-

spectively, the reaction of the latter being much slower. No reaction took place with

1,4-bis(disilanyl)butane 4e, which had a longer tether.
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C20

CIO

C2S

Figure 1. Crystal structure of 5a. The therrnal elipsoids are drawn at the 509e prob-

ability level. Hydrogen atoms have been omitted for clarity. Selected bond distances

(A) andangles (deg) are as follows: Pd(1)-Si(2) = 2.336 (1), Pd(1 År-Si(3) = 2.356 (1),

Pd(1)-C(16) = 2.053 (5), Pd(1)-C(17) = 2,053 (4), Si(2)-Si(3) = 2.613 (2), N(6År--

C(16) = 1.151 (6), N(7)-C(17) = 1,146 (6); Si(2]FPd(1År-Si(3) = 67.68 (4), Si(2)-

Pd(1)-C(16) = 92.0 (1), C(16FPd(1)-C(17) = 105,9 (2), Si(3)-Pd(1År.C(17) = 94.4

(1), Pd(IFSi(2FC(8) = 103,O (1), Pd(IFSi(3ÅrC(8) = 102.3 (1), Si(2FC(8FSi(3) =

85.1 (1), Pd(1)-C(16)-N(6) = 171.3 (4), Pd(1)-C(17)-N(7) = 173.8 (4), C(16)-

N(6)-C(18) = 175.8 (4), C(17)-N(7)-C(22) = 177.5 (4).
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Scheme 2.

 Me2
Si+-SiMe2Ph

Åq

 Si-SiMe2Ph
 Me2

   4b

Me2
Si-SiMe2Ph

Sl-SiMe2Ph
Me2
 4C

   Me2
   Si-SiMe2PhÅqc

    Sl-SiMe2Ph
    Me2
     4d

     Me2
     Si-SiMe2Ph

     Si-SiMe2Ph
     Me2
     4e

  Seq. 2

benzene r.t.

  leq. 2

benzene r.t.

  leq. 2

benzene r.t.

  {eq. 2

benzene r.t.

  llliie2

Åq Å~.Pd(

  ilisie2

     5b

CNBut

CNBut

llliÅí2 !cNBut

 iPdx

Si CNBut
Me2
 5c (72el.)

Åq(

Me2
Si CNBut xl  Pd
 IX     CNButsi

Me2

+

+

+

3a (590/o by iH NMRÅr

No Reaction

6

6

6

    e-Bis(disilanyl)benzene 4f also underwent the intramelecular rnetathesis very

rapidiy to give Sf in high yield (eq 6). Ethylene glycel derived bis(clisilanylether) 7a

underwent intramoleculaf rnetathesis to give 7-mefnberecE bis(eTganosilyl)palladiurn

cemplex ga in geed yield (eq 7). This may suggest, by cernparisen with iesults foT

4e, that the oxygen substituent and phenyl groups en the silicon atom favor the in-
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tramolecular metathesis. Accordingly, reaction of tartrate-derived.7b proceeded

smoothly to give 8b in high yield (eq 8). Similarly, bis(disilanyl ether)s with longer

tethers (7c, d) gave the corresponding cyclic complexes and sym-tetramethyl-

diphenyldisilane (6), although the reactions were too sluggish to obtain the com-

plexes in reasonable yields (Chart 1).

      Me2
      Si-SiMe2Ph

      Si-SiMe2Ph
      Me2
      4f

leq. 2

benzene r.t.
5 min

{ quant (iH NMRÅr

 560!. (isolatedÅr

7
"

l

Me2
    CNButsi N! Pd
 'xsi    CNButMe2

5f

+ 6 (6)

  Ph2
O--Sj.siMe2Ph

o-si-•SiMe2Ph
  Ph2

  7a

leq. 2

benzene-ag
 r.L

{ qvant (fH NMR)
 730!o (isolatedÅr

o--•Elli/h2 cNBut

   )Pd(

      CNButo -" Eill'l h2

   8a

+ 6 (7)

          Ph2
[,tg,2g:'::::('g.--gl'.'gl.Mgi,Pii-l/kiiigr;:g'q,,,2,.,

          Ph2 fquant Åq'M NMR)
      7b }95ele (iselated)

:',g,2gl'iii[[( o-ssgh2 cNBut

   )Pd(

O--EBIh2 CNBut

8b

+ 6 (BÅr
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Chart 1.

Åq
  Ph2
O-Si-siMe2Ph

o-si-SiMe2Ph
  Ph2
 7c

Me

Me

ÅrÅq
  Ph2
O'Si••-siMe2Ph

o-si-SiMe2Ph
  Ph2
  7d

    Reactions of Cyclic Bis(organosilyl)palladium Complexes with Disitanes.

Reversibirity ofthe oxidative addition of the Si-Si bonds onto palladium(O) was con-

firmed by exchange reaction with disilane in benzene-d6. Addition of 1 equivalent of

5-membered disilane la to bis(organosilyl)palladium complex 3e afforded 6-mem-

bered 3a and disilane le in quantitative yield, as indicated by IH NMR (Scheme 3).

Scheme 3,

Åq)giIMg2,

  la

+

ButNc. /CNBut
     ed -- siMe2

 Me2Si

 7'L Z
 C6D6

 r.t.-5ooC

 quanL

   3e

    Me2
    Si CNButÅq si)Pd(cNBut +

    Me2

      3a

 Me2Si/

7L

SiMe2

le

71
"

lb

SiBui2

1
SiBui2

       C6D6

       r.t.
       quant

""

ix

iBU2

Si CNBut x/  Pd
 1Å~si     CNBut
iBU2

3b

+ la
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    Moreover, when 4-membered disilane lb was added to 3a in benzene-d6,

disilane exchange reaction occurred rapidly to give 5-mernbered complex 3b along

with dissociated la. These results indicate that the disilane exchange proceeded via

reversible oxidative addition/reductive elimination process with predominant disso-

ciation of less-strained cyclic disilanes. The reversibility was also evidenced by reac-

tion of 3a with bis(disilanyl)dithiane 4g, giving 5a via intramolecular metathesis

reaction (eq 9).

Åq[
   Me2
s si-siMe3

s si-siMe3
Me2

4g

    Me2
          CNBut    siÅq si)Pd(cNBut

    Me23a

        Me2
Åq gÅrÅqgi},,(C,:,B:,'.

         Me2
   5a 750!o (tH NMR)

 C6D6

 r.t. 18h

Åq3)g/:Mg:

la

(9)

  SiMe3
+l
  SiMe3

     VVith Phosphines. One of the two t-butyl isocyanide ligands of the compiex 5a

was selectively replaced by PPh3 te give bis(organosilyl)complex 9, having both

isocyanide and phosphine as ligands (eq 10), PTesumabry, steric congestion on the

palladium disfavored further ligand exchange. In contrast, Me2PhP replaced the two

isocyanides to give bis(organosilyl)bis(phosphine)palladium complex 10 in good

yield, this complex has not been otherwise accessible (eq 1 1).

    Similarly, bis(organosilyl)(dppe)palladium complexes 11 was synthesized by

replacement of the two isocyanides of 3b with bis(diphenylphosphino)ethane (dppe)

(eq 12). The structure of 11 was confirmed by a single-crystal X-ray analysis (Figure

2).
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5a
 PPh3

benzene r.t.

Åq
   Me2
SÅrÅqS, i )pd(PPh3

S Si CNBut
    Me2
   9 (840!o)

(1O)

5a
 PMe2Ph

benzene r.t.

Åq
   Me2
SxSixlpd(PMe2Ph

    Si PMe2Phs
    Me2
   10 (8401.)

(11)

f
"

Bu i2

Si CNBut x/  Pd
  IXsi      CNBut
But2

3b

   if-'N
Ph2P PPh2

 benzene r.t.

7
ix

Bu'2 Ph2
gNl.pd(:)

Bu,2 Ph2

" (9101o)

(12)

    Unlike 4- and 5-membered bis(organosilyl)bis(t-butyl isocyanide)palladium

comprexes, addition of bis(diphenylphosphino)ethane to a benzene-d6 solution of 6-

membered complex 3a resulted in reductive elimination of disilane la (459o by IH

NMR) with an unidentified palladium complex having a dppe ligand.

    Catalytic Bis-Sily!ation of Alkynes and Alkenes via Intramotecu:ar Met-

athesis of Si-Si Bonds. A stoichiometric reaction of 4-membered
bis(organosilyl)palladiumal) compiex 5a with terminal and internal alkynes took

place smoothly at room temperature, giving the corresponding spiro-

disilacyclopentene derivatives in high yields, except for the reaction with

diphenylacetylene, which was carried out in toluene at 900C (Table 1). However, the

bis-silylation reactions with dialkylacetylenes have all failed.
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CIO
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Si4
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C19

C26
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C43
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C36

  C39
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Figure 2. Crystal structure of 11. Hydrogen atoms have been omitted for clarity.

Selected bond distances (A) and angres (deg) are as follows: Pd(1)-Si(4) =2.375 (4),

Pd(1)-Si(5) = 2.368 (4), Pd(1)-P(2) = 2,365 (4), Pd(1År--P(3) = 2.364 (4); Si(4År-

Pd(1)-Si(5) = 80.9 (2), P(2)-Pd(IFSi(5) = 98.0 (2), P(3FPd(1)-Si(4) = 98.6 (2),

P(2FPd(IFP(3) = 83.9 (2), Pd(1)-Si(4)-C(6) = 1 13.1 (5), Pd(1ÅrSi(5FC(7) = 1 13.6

(5), Si(4)-C(6)-C(7) = 116.8 (10), Si(5)-C(7)-C(6) = 115.0 (10).
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Table 1. Stoichiometric Reaction of 5a with Alkynes

5a +

R

m

R'

1)benzene
or toluene

2) silica gel

Åq
   Me2
gxgi'M:,

  Me2

entry alkyne conditions products (yield / el.)

1

2

3

4

   Ph !!!!

Me3Si =

Meo2c -
   Ph E!!

H

H

C02Me

Ph

benzene, r.t., 5 min

toluene, r.t,, 3,5 h

benzene, r.t., 5 min

toluene, 900C, 12 h

12a (98)

13 (90)

 14 (99År

 15 (96)

   Bis(disilanyl)alkanes were subjected to the reaction with phenylacetylene in

the presence of a catalytic amount of pal!adium-isonitrile catalyst, which was gener-

ated in-situ from Pd(OAc)2 and 1,1,3,3-tetramethylbutyl isocyanide (eq 13: Table 2).

The reaction with bis(disilanyl)methane 4b afforded 5-membered cyclic product 12b

only in low yield together with acyclic products 16b and 17b (769o in total, entry 1).

  Me2
(j61I:l:!i::-t:ilid8',/ili/,2,'g",

     (:',i,l)(:h+(',ll;E,:fiili,.Sil,h12HPI(s•,//,ei,:,Sil,,e:2ph

                                      SiMe2Ph

        t'--"-'-//"--"'j v

(13År
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Table 2. Palladium-Catalytcd Reaction of Bis(disilanyl)alkanesa with

Phenylacetylene at 90eCb

entry substrate (4) 12 (Oloyield)C t6 17 (eloyield)C

1

2d

3

4

5

6

7

8

b

h

i

j

a

c

d

e

4

67

91

97

91

39

o

o

48

18

o

o

o

15

50

38

28

Åq3

o

o

o

30

33

49

a List of bis(disilanyl)alkanes used in the reaction:

    Me2 4b (Rl.R2.H) Me2
,R ,i x.c(S,i i:gll:ii: r,E(,,Rlit:'--,,M,,e,i,R,,2i--...i2))(H2c)ni,ii:gl1:i::

    Me2 a(Rl,R2.s(cH2)3s) Me2

4c (n = 2)

 d(n-3)
 e(n=4)

b All reactions used Pd(OAc)2 ÅqO.02 eq,År, 1 ,1 ,3,3-tetrametylbuty1 isocyanide (O.3 eq.),

 and phenylacetylene (3 eq.) unless otherwise noted. Clsoiated yield.
d Pd(OAc)2 (O.I eq.), 1 ,1 ,3,3-tetrametylbutyl isocyanide (1 .5 eq.) were used.

    The formation of 12b may suggest that a cyclic bis(organosilyl)palladium(ID

intermediate A is generated by concerted metathesis or stepwise metathesis via inter-

mediate B, which undergoes a bis-silylation reaction with phenylacetylene. On the

other hand, bis-silylation with intermediate B may lead to the formation of acyclic

16b and 17b (Scherne 4).
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Scheme 4.

Metathesis
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,
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'
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   si si     x/
      Pd
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Åqsi

si

si-si

s'

     si

    As shown in Table 2, introduction of substituents at the methylene tether of 4b

favored the formation of the cyclic intermediate A thTough the Si-Si metathesis, i.e.,

methyl substituted 4h gave 12h in 679o yield (entry 2). Selective bis-silylation of

phenyacetylene with intermediate A was canied out in the reactions of phenoxy-

substituted 4i, phenylthio-substituted 4j and trimethylenedithio•-substituted 4a to

provide exclusively the corresponding 5-membered cyclic products 12i, 12j, and

12a, respectively, in high yields (entries 3-5).

    On the other hand, bis(disilanyl)alkanes 4c, 4d, and 4e tethered by C2, C3, and

C4 chains preferred the bis-silylation with phenylacetylene via intermediate B (en-

uies 6-8), although 1 ,2-bis(disilanyl)ethane 4c competitively underwent the reaction

Via intermediate A, leading to the 6-mernbered 1-phenyl-3,6-disila-1-cyclohexene

12c (399o). As expected, the bis-silylation product 16c once formed was reacted with

Phenylacetylene under the same reaction conditions to afford selectively acyclic

diene 17c.
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    The cataiytic bis-silylation with 4g also proceeded in the presence of a catalytic

amount of isolated 5a without an excess of t-butyl isocyanide (Table 3).3,4 Not only

terminal alkynes, but also conjugated ynone fumished the respective bis-silylation

products in moderate to high yields. internal alkyne, however, provided the corre-

sponding products 15 only in low yield.

Table 3. Catalytic Bis-Silylation of Alkynes in the presence of 5a

4g +

Rl

R2

O.02 eq.
       Me2

Åq :ÅrÅqZii.Pd(g",:il

    toluene

Åq
    Me2
s si
SXSl

   Me2

Rl

R2

entry alkyne conditions products (yield / o/o)

1

2

3

4

5

Ph H

Me3Si - H
n-Hex Eii H

800C, 2h

nBu coMe

Ph .-- Ph

1IOOC, 12h

11OOC, 1h

900C, 11h

11OOC, 67h

12a (93)

 13 (96)

19 (97)

20 (78)

15(13)

     IH NMR study of the stoichiomenic bis-silylation of phenylacetylene with 5a

reveared a rapid formation of bis(t-butyl isocyanide)(spiro-disila-
cyclopentene)pal]adium(O) 18, which is spectroscopically identifTied by comparison

with the palladium complex formed in the reaction of 12a with bis(t-butyl

isocyanide)palladium(O) (2). It is notable that the oxidative metathesis of 4g onto 18

is involved as a rate determining step, regenerating 5a with 12a (Scheme 5).
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Scheme 5.
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H

    Furthermore, the catalytic bis-silylation with bis(disilanyl)dithiane 4g was

successfully app]ied to some electron-deficient olefins. (x,P-Unsaturated ester and

ninile provided 1,2-bis-silylation adducts 21 (eq 14), whereas the corTesponding ke-

tones gave 1,4-adducts 22 (eq 15).22 It may be remarked that no products derived

from insertion of the alkenes into the Si-Si bonds of the starting 4g and

hexamethyldisilane produced in the reaction were detectable, This indicates the in-

tramolecular metathesis of the Si-Si o-bonds of 4g by bis(t-butyl
isocyanide)palladium(O) was a highly favorable process giving reactive, cyclic

bis(organosilyl)palladium cornplexes.

Åq
   Me2
s si---siMe3
Å~

s si-siMe3
   Me2

4g

.fE  O.02 eq, 5a

  toluene
   goec

        Me2
Åq gxgii)rE ,,,,

       Me2
21a; E = C02Me (8801o)
 bi E= CN (8601.År
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4g +

    CORI
)iz

R2

 O,02 eq, 5a

  toluene
   900C

        Me2               RlÅq ,xg'1t

        Me2           R2
22a; Ri=Me, R2=H
 b; Ri=R2=Me (990!o)
 c; Ri=Ph, R2=H

(15)

(960!o)

(8201e)

Conclusion

    The author found that 4- to 7-membered cyclic bis(organosilyl)bis(t-butyl

isocyanide)palladium(II) complexes were formed by the reaction of bis(t-buty1

isocyanide)palladium(O) with cyclic disilanes or acyclic bis(disilane)s. Especially,

intramolecular metathesis of bis(disilanyl)methane derivatives made possible the

synthesis of 4-membered bis(organosilyl)palladium complexes, which were other-

wise difficlllt to synthesize. New synthetic access to cyclic organosilicon com-

pounds was demonstrated by bis-silylation of alkynes and alkenes with the cyclic

bis(organosilyl)palladium complex.
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Experimental Section

    General. All reactions were carr'ied out under a dry nitrogen or an argon atmo-

sphere. Solvents were purified by distiIlation from appropriate drying agents under

argon. IH, i3C, 29Si, and 31P NMR spectra were recorded on a Varian VXR-2oo.

proton chemical shifts are referenced to internal residual solvent protons: CDC13,

7.25; C6D6, 7.20; CD2Cl2, 5.35, Carbon chemical shifts aie referenced te thecarbon

signal of the deuterated solvents: CDC13, 77.0; C6D6, !28.0; CD2C12, 53.8. Silicon

and phosphorous chemical shifts are referenced to the signals of tetramethylsilane

andphosphoric acid (859e), respectively. Melting point were uncorrected. IR spec-

tra were recorded with a Hitachi 270-30 spectrometer. Electron impact mass spectra

(MS) were recorded with a JEOL LMS-D300 spectrometer.

    Starting Materials. Compounds la,23 b,24 c,23 e,25 and 4c,26 were prepared

by the methods reported in the literature. Compound ld was prepared from 2,2-

dimethyl-1,1-diphenyl-1,2-disilacyclohexane by the reaction with HCI gas in the

presence of a catalytic amount of AIC13 folrowed by treatment with rnethanol in the

presence of triethylamine. Compound 4b was prepared from 4a by reduction with Ca

in liquid ammonia.27 Cornpound 4d was prepared by the reaction of

dimethylphenylsilyllithium with 3-(chlorodimethylsilyl)-1-(1,1,2,2-tetramethyl-2-

phenyldisilanyl)propane, which was synthesized by platinum-catalyzed

hydrosilylation of 3-(1,1,2,2-tetramethyl-2-phenyldisilanyl)propene with

chlorodimethylsilane. Compound 4e was prepared by the reaction of 1-chloro-

1,1,2,2-tetramethy-2-phenyldisilane with 1,4-butanediylbis(magnesium bromide).

Compound 4f was prepared by the reaction of dimethylphenylsilyllithium with 1,2--

bis(chlorodimethylsilyl)benzene.28 Compounds 7a and 7b were prepared from the

Corresponding alcohols and 1-chloro-2,2-dimethyl-1,1,2-triphenyldisilane in the

Presence of triethylarnine. Compound 4h was prepared from 4j by the reaction with

lithium naphthalenide followed by treatment with iodomethane.29 Procedures for

PrepaTation of 2, 4a, 4g, 4i, and 4j are described below.

    Preparation of Bis(t-butyl isocyanide)palladium(O) (2). The procedure re-

POrted by Otsuka et.al.30 was followed with s!ight modification. To a pentane solu-

tiOn Of Pd(C3Hs)(CsHs) (1 17 mg, O.55 mmol) was added t-butyl isocyanide (183 mg,

2•2 mmol) at -1OOC under argon. After 30 min,, removal of supernatant liquid gave 2
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as orange solid, which was washed twice with pentane, dried in vacuo, and used for

further reaction in the same flask. Complex 2 was obtained nearly quantitatively,

though the yield was not determined for the each reactron.

    Synthesis of Complex 3a. To a benzene (1 mL) solution of bis(t-buryl

isocyanide)palladlum(O) (2), prepared from Pd(CsHs)(C3Hs) (106 mg, O.5 mmol)

and t-butyl isocyanide (166 mg, 2.0 mrnol), was added la (79 mg, O.5 mmol) at room

temperature under an argon atmosphere. After 10 min., evaporation of the solvent

followed by washing with cold 2-propanol afforded spectroscopically pure 3a (184

mg, 859e ) as a crystalline solid. 3a: mp 79-810C (dec.); IH NMR (C6D6) S O.83 (s,

12 H), 1,oo (s, 18 H), 1.24-1.33 (m, 4 H), 2.47-2.51 (rn, 2 H); 13C NMR (C6D6) 6

7.1, 22.3, 22.8, 29.7, 55.8, 1475 (br); 29Si NMR (C6D6) 5 -O.4; IR (C6H6) 2168,

2148 cm-1. Anal. Calcd for C17H36N2PdSi2: C, 47.37; H, 8.42; N, 6.50. Found: C,

47.14; H, 8.59; N, 6.38.

    Synthesis of Complex 3b. To a benzene (O.5 mL) solution of bis(t-butyl

isocyanide)palladium(O) (2), prepared from Pd(CsHs)(C3Hs) (21 mg, O.1 mmol) and

t-butyl isocyanide (33 mg, O,4 mmol), was added lb (36 mg, O.1 mmol) at room

temperature under an argon atmosphere. After 30 min,, evaporation of the solvent

fo11owed by recrystallization from 2-propanol afforded 3b (46 mg, 739o) as colorless

crystals. 3b: mp 142.0-143.5 (dec.); IH NMR (C6D6) 6 1.oo (s, 18 H), 1.11 (d, J :

6.5 Hz, 12 H), 1,18 (dd,J= 13.7,7,O Hz,4H), 1.27 (d,J= 6.5 Hz, 12 H), 1.44 (dd,J

= 13.7, 6.4 Hz, 4 H), 2.04--2.26 (m, 4 H), 7.3{Y7.42 (m, 2 H), 7.80-7.85 (m, 2 H); 13C

NMR (CDC13) 6 26,5, 27D, 27A, 30.4, 33.2, 56,2, 126,4, 131.2, 145,9 (br), 157.5;

29Si NMR (CDC13) s 37.3; IR (C6H6) 2152 cm-1. Anal. Calcd for C32H42N2PdSi2:

C, 60.68; H, 9.23; N, 4.42. Found: C, 60.70; H, 9.44; N, 4.32.

    Synthesis Qf Complex 3d. To a benzene (O,5 mL) solution of bis(t-butyl

isocyanide)palladium(O) (2), prepared from Pd(CsHs)(C3Hs) (21 mg, O.1 mmol) and

t-buty] isocyanide (33 mg, O.4 mmol), was added ld (20 mg, O.1 mmol) at room

temperature under an argon atmosphere. After 30 min, evaporation of the solvent

gave spectroscopically pure 3d (46 mg, 96 9o). 3d: IH NMR (C6D6) 5 O.72 (s, 6 H),

1.01 (s, 18 H), 1.30--1.38 (m, 2 H), 1.58-1.66 (m,2 H), 2.04-2.20 (m, 2 H), 2.22-2.36

(m, 2 H), 3.76 (s, 6 H); 13C NMR (C6D6) 6 6.3, 19.9, 21.0, 25.6, 26.8, 30.0, 50.3,

55.8, 147.0 (br); 29Si NMR (C6D6) 6 3.4, 43.3; IR (CcsH6) 2176, 2160 cm'i.

    Synthesis of Complex 3e. To a benzene (1 mL) solution of bis(t-butyl

isocyanide)palladium(O) (2), prepared from Pd(CsHs)(C3Hs) (42 mg, O.2 mmol) and
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t-butyl isocyanide (67 mg, O.8 mmol), was added le (59 mg, O.2 mmol) at room

temperature under an argon atmosphere. The reaction mixture was stood for lh to

precipitate crystalline 3econtaining 1 equiv of benzene (1OO mg, 779o). 3e: mp 160-

165 (dec.); IH NMR (CD2C12) 5 O.25 (s, 12 H), 1,51 (s, 18 H), 3.45 (br s, 2 H), 7,04-

7.o8 (m, 8 H); 13C NMR (CD2C12) 6 5.9 (br), 30.3, 485 (br), 57.0, 123.9, 125.9,

139.8, 143.7 (br); 29Si NMR (CD2Cl2) 6 -i35; IR (KBr) 2176, 2156 cm'1. Anal.

Calcd for C2sH4oN2PdSi2'C6H6: C, 63.28; H, 7.18; N, 4.34. Found: C, 63.47; H,

7,26; N, 4.25.

    2,2-Bis(1,1,2,2-tetramethyl-2-phenyldisilanyl)-1,3-dithiane (4a). To a THF

(20 mL) solution of 2-(1,1,2,2-rerramethyl-2-phenyldisilanyl)-1,3-dithiane, prepared

quantitatively from 1,3-dithiane (1 g, 8.3 mmol), n-butyllithium (8.3 mmol), and 1-

chloro-1,1 ,2,2,-tetramethyl-2-phenyldisilane (1 .9 g, 8.3 mmol) in ether, was added n-

butyllithium (8.3 mrnol) at -150C. The mixture was stirred at •-15eC for 15 min. and

at OOC for 45 min., and then treated with 1-ch!oro-1,1,2,2-tetramethyl-2-

phenyldisilane (1.9 g, 8.3 mmol) in THF (10 rnL). After stirring at room temperature

for 2h, saturated aqueous NH4Cl (20 mL) was added to the solution. Extractive

work-up followed by column chromatography on silica gel (hexane) afforded 4a (3.4

g, 819o from 1,3-dithiane). 4a: mp. 50.5-515 eC. IH NMR(C6D6) 6O.30 (s, 12 H),

O.65 (s, 12H), 1.3`Fl.46 (m, 2 H), 2.1O-2.16 (m, 4 H), 7,16-7.28 (rn, 6 H), 7.56-7.62

(m,4 H); 13C NMR (CDC13) 6-1.S, -O,7, 23.2, 23.7, 27.0, 127.5, 128.1, 134.3, 140.5;

IR (KBr) 2904, 1430, 1250 cm"1. Anal. Calcd for C24H4oS2Si4: C, 57.08; H, 7.98.

Found: C, 56.95; H, 8.04.

    2,2-Bis(pentamethyldisiianyl)-1,3-dithiane (4g). By the procedure similar to

that used for 4a, the title compound was prepared in 809e yield from 1,3-dithiane. 4g:

iH NMR (C6D6) 6 O.35 (s, 18 H), O,39 (s, 12H), 1.441,56 (m, 2 H), 2.25-2.32 (m, 4

H); i3C NMR (C6D6) 6 -O.6, O,3, 23.3, 24,2, 27.1. AnaL Calcd for Ci4H36S2Sin: C,

44.14; H, 9.53. Found: C, 44.01; H, 9.61.

    Synthesis of Complex 5a. To a benzene (1 mL) solution of bis(t-butyl

isocyanide)palladium(O) (2) (ca. O.5 mrnol) was added 4a (253 mg, O.50 mmol) at

rOom temperature under argon. After 10 min., pentane (4 mL) was added to the

SOIurion to precipitate colorless crystals of 5a, which was washed with MeOH (2 mL

X 3) and dried in vacuo. The complex 5a (214 mg, O.43 mmol, 85 9D) was thermally

Stable under nitrogen but gradually decomposed by exposure to the air. 5a: mp 168-

1700C (dec,); IH NMR (c6D6) s O.84 (s, 18 H), 1.oo (s, 12 H), 1.96-2.09 (m, 2 H),
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2.68-2.76 (m, 4 H); 13C NMR (C6D6) s 3.1, 27.5, 27.8, 30.0, 30.7, 55.9, 147.5 (br);

29Si NMR (C6D6) 6 -21.8; IR (C6H6) 2164, 2144 cm-l. AnaL Calcd for

CisH36N2PdS2Si2: C,42,62; H,7.!5. Found: C, 42.34; H,7.35.

    Synthesis of CoTnplex 5c. To a benzene (1 mL) solution of bis(t-butyl

isocyanide)palladium(O) (2), prepared from Pd(CsHs)(C3Hs) (21 mg, O. 1 mmol) and

t-butyl isocyanide (33 mg, O.4 mmol), was added 4c (42 mg, O.1 mmol) at room

temperature under an argon atmosphere. After 6 h, evaporation of the solvent was

followed by addition of 2-propanol (O.2 rnL) to ppecipitate crystalline 5c (30 mg,

729e), which was washed with cold 2-propanol, 5c: mp 1 15-1200C (dec.); IH NMR

(C6D6) 5 O.76 (s, 12 H), O.89 (s, 18 H), 1.42 (s, 4 H); 13C NMR (C6D6) 5 5.4, 18.7,

29.8, 55.8, 148.2 (br); 29Si NMR (C6D6) 6 36.4; IR (C6H6) 2164, 2144 cm-1. Anal.

Calcd for C16H34N2PdSi2: C, 46.08; H, 8.22; N, 6.72. Found: C, 45.81; H, 8.16; N,

6.68.

    Synthesis of Complex 5L To a benzene (1 mL) solution of bis(t-butyl

isocyanide)palladiurn(O) (2), prepaied from Pd(CsHs)(C3Hs) (21 mg, O.1 mmol) and

t-butyl isocyanide (33 mg, O.4 mrnol), was added 4f (46 mg, O.1 mmol) at room

temperature under an argon atmosphere. After 3.5 h, evaporation of the solvent was

followed by addition of 2-propanol (O.2 rnL) to precipitate crystaliine 5f (26 mg,

569e), which was washed with cold 2-propanol. 5f: mp 1450C (dec.); IH NMR

(C6D6) 6 O.86 (s, 12H), O.93 (s, 18 H), 7.39-7.45 (m, 2 H), 7.8`F7,90 (m, 2 H); 13C

NMR (CD2C12) 65.5, 30.6, 57.0, 127.6, 131.0, 145.5 (br), 158.2; 29Si NMR (C6D6)

6 30.5; IR (C6H6) 2168, 2148 cm'1. Anal, Calcd for C20H34N2PdSi2: C, 51.65; H,

7,37; N, 6.02. Found: C, 51.62; H, 7.66; N, 5.74.

    Synthesis of Complex 8a. To a benzene (O.5 mL) solution of bis(t-butyl

isocyanide)pa]ladium(O) (2), prepared from Pd(CsHs)(C3Hs) (21 mg, O.1 mmol) and

t-butyl isocyanide (33 mg, O.4 mmol), was added 7a (70 mg, O.1 mmol) at room

temperature under an argon atmosphere. After 6 h, evaporation of the solvent was

followed by addition of 2-propanol (O.2 mL) to precipitate crystalline 8a (51 mg,

739o), which was washed with cold 2-propanol. 8a: mp 162.5-164.5eC (dec.); IH

NMR (C6D6) 6 O.67 (s, 18 H), 4.14 (s, 4 H), 7.16-7.32 (m, 12 H),7,98-8.06 (m, 8 H);

13C NMR (CD2C12) 5 29.8, 56.9, 66,7, 127.3, 127,8, 135.3, 143.1 (br), 146.6; IR

(C6H6) 2180, 2170 cm'1. Anal. Calcd for C36H42N202PdSi2: C, 62.01; H, 6.07; N,

4.02. Found: C, 61.76; H, 6,08; N, 390.

    Synthesis of Complex 8b. To a benzene (1 mL) solution of bis(t-butyl
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isocyanide)palladium(O) (2), prepared from Pd(CsHs)(C3Hs) (21 mg, O. 1 mmol) and

t.butyl isocyanide (33 mg, O.4 mmol), was added 7b (84 mg, O.1 mrnol) at room

temperature under an argon atmosphere, After 4 h, evaporation of the solvent was

fol]owed by addition of 2-propanol (O.3 mL) to precipitate crystalline 8b (80 rng,

959o), which was washed with cold 2-propanol. 8b: mp 148-1510C (dec.); IH NMR

(C6D6) 6 O.63 (s, 18 H), O.86 (t, J = 7.2 Hz, 6 H), 3.68-3.94 (m, 4 H), 5.34 (s, 2 H),

7.16-.7.28 (m, 12 H), 8.10-8.16 (m, 8 H); 13C NMR (CD2C12) 5 14.1, 29.8, 57.0,

6o.g, 76.6, 127,3, 127.4, 127.8, 128.5, 135.1, 136.3, 142.7 (br), 143.8, 147,O, 17o.6;

IR (C6H6) 2176, 1740 cm-1. Anal. Calcd for C42HsoN206PdSi2: C, 59,95; H, 5.99;

N, 3.33. Found: C, 60.20; H, 6.06; N, 3.26.

    IH NMR Study of the Reaction of Bis(organosityl)palladium Complex 3e

with Cyciic Disilane la (IIIustrated in Scheme 3). To a benzene-d6 (O.5 mL)

suspension of 3e (O.05 mmol) in an NMR tube was added la (8 mg, O.05 mmol) at

room temperature under an argon atmosphere. The rnixture was heated at 500C to

dissolve 3e. After 6h, IH NMR showed that clean disilane exchange reaction oc-

curred to give bis(organosilyl)palladium complex 3a and disilane le.

    IH NMR Study of the Reaction of Bis(organosilyl)palladium Complex 3a

with Cyclic Disilane lb (IIIustrated in Scheme 3). To a benzene-d6 (O.5 mL)

solution of 3a (43 mg, O.1 mmol) in an NMR tube was added lb (36mg, O.1 mmol)

at room temperature under an argon atmosphere. After 5 min, IH NMR showed that

clean disilane exchange reaction occurred to give bis(organosilyl)palladium complex

3b and disilane la.

    IH NMR Study of the Reaction of Bis(organosilyl)palladium Complex 3a

vvith 4g (Illustrated in eq.9). To a benzene-d6 (O.5 mL) solution of3a (O.05 mmel)

in an NMR tube was added 4g (19 rng, O.05 mmol) at room temperature under an

argon atmosphere. After 18 h, iH NMR showed the formation of 5a, la, and

hexamethyldisilane together with unchanged 3a and 4g. The ratio of 5a, la,

hexamethyldisilane, 3a, 4g was deterrnined to be 3 / 3 / 3 / 1 1 1•

    Synthesis of Complex 9. To a benzene (1 mL) solution of 5a (101 mg, O.2

MMol) was added PPh3 (52 mg, O.2 mrnol) at room temperature under an argon atmo-

Sphere. After 10 min, evaporation of the solvent followed by recrystallization from

benzene-pentane (1 14) gave 9 containing 1/3 equiv of pentane (119 mg, 849o) as

Colorless crystals, g: mp sO.s-s2.oeC; iH NMR (C6D6) 6O.82 (s,9 H), O.83 (s, 12

H), 192-2.04 (m, 2 H), 2.6s-2.73 (m, 4 H), 7.00-7.08 (m, 9 H), 7.56-7.68 (m, 6 H);
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 13C NMR (CD2C12) 6 2,3, 27.6, 28.4, 30.2, 30.5, 56.7, 128.5 (d,1= 10.8 Hz), 129.5,

 134.1 (d, J = 15,4 Hz), 137,O (m), 147.0 (br); 29Si NMR (C6D6) 6 -19.3 (m); 3ip

 NMR (C6D6) 6 16,7 (s); IR (C6H6) 2956, 2152, 1437, 1095 crn'1. Anal. Calcd for

 C3iH42NPPdS2Si2.1/3CsHi2: C, 55,23; H, 6,52; N, 1.97. Found: C, 55.84; H, 6.6s;

 N, 1.85.

    Synthesis of Complex 10. To a benzene (1 mL) solution of 5a (101 mg, O.2

 mmol) was added dimethylphenylphosphine (68 mg, O.48 mmol) at room tempera-

 ture under an argon atmosphere. After 10 min, evaporation of the solvent followed

 by recrystallization from benzene-pentane (1 1 10) gave le (104 mg, 849o) as color•-

 less needles. 10: mp 132.0-134.00C (dec.); IH NMR (C6D6) 5 O.84 (s, 12 H), 1.09 (d,

 J= 4.7 Hz, 12 H), 1.92-2.04 (m, 2 H), 2.62-2,68 (m, 4H), 6.98-7.06 (rn, 6 H), 7.26-

 7.36 (m, 4H); 13C NMR (CD2C12) S 2.7, 17.7 (d,J= 14.3 Hz), 27.5, 28.2, 30.2, 128.7

 (d,J= 8.0 Hz), 129.5, 131.1 (d, 1= 13.8 Hz), 140.3 (m); 29Si NMR (C6D6) 6 -18.8

 (m); 31P NMR (C6D6) 6-18.9 (s); IR (C6H6) 2916, 1438, 1236, 834 cm'1. Anal.

 Calcd for C24H4oP2PdS2Si2: C, 46.70; H, 6.53. Found: C, 47.20; H, 6.57.

    Synthesis of Complex 11. To a benzene (1 mL) solution of 3b (63 mg, O.1

mmol) was added 1,2-bis(diphenylphosphino)ethane (40 mg, O.1 mmol) at room

temperature under an argon atmosphere. After 10 min, evaporation of the solvent

followed by recrystallization from CH2CI2-2-propanol (1 / 3) gave 11 (79 mg, 91 9o)

as colorless crysta]s. 11: mp 1960C (dec.); IH NMR (C6D6) 5 O.83 (dd,J= 13.9, 4.8

Hz, 4 H), O.95 (d, J= 6.3 Hz, 24 H), 1,06-1,22 (m, 4 H), 1.64-1.72 (m, 2 H), 1.78-

1.86 (m, 2 H), 1.96-2.18 (rn, 4 H), 7.10-7.20 (rn, 12 H), 7.32-7.36 (m, 2 H), 7.5zF

7.66 (m, 8 H), 7.78-7.82 (m, 2 H); 13C NMR (CDC13) 6 26.1, 26.8, 27.6, 27.8 (t, J=

18.0 Hz), 32.6 (t, 1= 5.7 Hz), 126.1, 128.5 (m), 130,O, 132.1, 133.5 (m), 134.4 (m),

157.4 (t, 1 = 3,9 Hz); 29Si NMR (CDCI3) 6 39.2 (dd, J = 128, 13 Hz)I 31P NMR

(C6D6) 6 30.8; IR (KBr) 3040, 2952, 1438, 11oo, 742 cm-1. Anal. Calcd for

C4sH64P2PdSi2: C, 66.61; H, 7.45, Found: C, 66.38; H, 7.64.

   Stoichiometric Reaction of the Complex 5a with Phenylacetylene. To a

solution of 5a (13.2 mg, O.026 mmol) in benzene-d6 (O.5 mL) was added

phenylacetylene (3.1 mg, O.030 mmol) at room temperature. After 5 min, the reac-

tion m:xture was subjected to preparative TLC (hexane/ether = 10/ 1) to fumish 12a

(8.6 mg, 98 9o). 12a; mp, 53,5-54.5 OC. IH NMR (CDCI3) 6O.46 (s, 6 H), O.50 (s,

6H), 1.96-2,12 (m, 2 H), 2.68-2.76 (m, 4 H), 6,90 (s, 1 H), 7,20--7.34 (m, 5 H); i3C

NMR (CDC13) 5 -O,8, -O.6, 22.9, 25,6, 28.8, 126.2, 127.2, 128.3, 142.6, 145.4, 163.3; i
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IR (KBr) 2960, 1490, 1252 cm-1. Anal. Calcd for Ci6H24S2Si2: C, 57.08; H, 7.19.

Found: C, 5693; H, 7.28.

    Stoichiometric Reaction of the Complex 5a with Trimethylsilylacetylene.

To a solution of 5a (58 mg, O.11 mmol) in toluene (1 mL) was added
trimethylsilylacetylene (17 mg, O.I7 mmol) at room temperature. After 8 h, the reac-

tion mixture was subjected to column chromatography on silica gel (hexane /ether =

10 1 1) to furnish 13 (33 mg, 90 9o). IH NMR-monitoring showed the reaction com-

pleted within 3.5 h. 13; mp. 53.0-53.5 OC. IH NMR (C6D6) 5 O.14 (s, 9 H), O.46 (s,

6 H), O.54 (s, 6 H), 1.56-1.76 (m, 2 H), 2.2`V2.46 (m, 4 H), 7.59 (s, 1 H); 13C NMR

(CDC13) S -O.8, +-O,6, -O.4, 22.7, 25.7, 28.9, 163.5, 171.7; IR (neat) 2964, 1250, 832

cm'1. Anal. Calcd for C13H2sS2Si3: C, 46.94; H, 8,48. Found: C, 46.99; H, 8.70.

    Stoiehiometric Reaction of the Complex 5a with Dimethyl
Acetylenedicarboxylate. To a solution of 5a (16 mg, O.032 mmol) in benzene-d6

(O.5 mL) was added dimethyl acetylenedicarboxylate (4.5 mg, O.032 mmol) at roorn

ternperature. Within 10 min, bis-silylation completed to form bis(t-butyl

isocyanide)(14)palladiurn(O) complexes, from which 14 was liberated by addition of

dirnethyl acetylenedicarboxylate (9 mg, O.064 mmol). The reaction mixture was

stirred for 2 h, and then subjected to column chromatography on silica gel (CH2C12)

to furnish 14 (12 mg, 99 9o). 14; IH NMR (C6D6) 5 057 (s, 12 H), 1,50-1.60 (m, 2

H), 2.16-2.24 (m, 4 H), 3.42 (s, 6 H); 13C NMR (CDC13) 6 -1.7, 21.8, 25.2, 28.9,

52.0, 156.2, 168.5; IR (neat) 2960, 1726, 1240 cm-1. Anal. Calcd for

C14H2404S2Si2: C, 44.65; H, 6.42. Found: C, 44,48; H, 6,32,

    Stoiehiometric Reaction of the Complex 5a with Diphenylacetylene. To a

solution of 5a (46 mg, O.09 1 mmol) in toluene (1 mL) was added diphenylacetylene

(24 mg, O.14 mmol) at room ternperature, After 12 h at 90 OC, the reaction mixture

was subjected to preparative TLC (hexane ! ether = 10 / 1) to furnish 15 (36 mg, 96

9o). 15; mp. 162-163 OC. IH NMR (C6D6) S O.53 (s, 12 H), 1.64-1,74 (m, 2 H),

2,34--2.40 (m, 4 H), 6.8tF7,02 (m, 10 H); 13C NMR (CDC13) 6-1.2, 22.1, 25.6, 28.8,

125.5, 127.7, 141.4, 158.1; IR (KBr) 2920, 1482, 1248 cm'1. AnaL Calcd for

C22H2sS2Si2: C, 64.03; H, 6.84. Found: C, 63,92; H, 6.87.

    Reaction of 4b and Phenylacetylene Catalyzed by t-Octyl Isocyanide-

Palladium(II) Acetate. To a mixture of palladium(ll) acetate (09 rng, 4 pmol) and

1,1,3,3-tetramethylbutyl isocyanide (8A mg, O.06 rnmol) in toluene (O.3 mL) were

added 4b (80 mg, O.20 mmol) and phenylacetylene (61 rng, O.60 rnmol) under an

51



argon atmosphere. The mixture was stirred at 90eC for 7h, coo1ed to room tempera-

ture, and then subjected to preparative TLC (hexane) to furnish 12b (2 mg, 49e), 16b

(48 mg, 489o), and 17b (34 mg, 289o), 16b and 17b consisted of two and three regio

isorners, respectively, and the isomers could not be separated by preparative GLC nor

by preparative gel permeation chromatography (GPC) from each other.

   12b; IH NMR (CDCI3) 6 -O. 15 (s, 2 H), O.20 (s, 6H), O.30 (s, 6 H), 7.02 (s, 1 H),

7.20-7.40 (rn, 5 H); 13C NMR (CDC13) 5 -2.1, O.4, 1.1, 126.3, 126.9, 128,3, 143.0,

148.5, 165.8. Anal. Calcd for Cl3H2oSi2: C, 67.17; H, 8.67. Found: C, 67.03; H,

8.77.

   16b; IH NMR for the major isorner (CDC13) 6 O.22 (s, 2 H), O.oo (s, 12 H), O.32

(s, 6H), O.33 (s, 6H), 6.63 (s, IH), 7.04-7,10 (m, 2 H), 7.16-7.46 (m, 11 H), 754-

7.60 (m, 2 H). MS (20 eV) mlz 502 (M'). Anal. Calcd for C2gH42Sin: C, 69.25; H,

8.42. Found: C, 68.95; H, 8.37.

   17b; IH NMR for the major isomer (CDC13) 6 -O.30 (s, 2 H), -O.03 (s, 12 H),

O,30 (s, 12 H), 6,57 (s, 2 H), 6.98-7 .06 (m,4 H), 7.1 6-7 .36 (m, 12 H), 7.50-7.60 (m,

4 H). MS (20 eV) mlz 604 (M'). Anal. Calcd for C37H4sSin: C, 73.44; H, 7.99.

Found: C, 73.29; H, 8.16.

   Reaction of 4h and Phenylacetylene Catalyzed by t-Octyl isocyanide-

Palladium(II) Acetate. To amixture ofpalladiumal) acetate (4.5 mg, O.02 mmol)

and 1,1,3,3-tetramethylbutyl isocyanide (42 mg, O.30 mrnol) in toluene (1 mL) were

added 4h (83 mg, O.20 rnmol) and phenylacetylene (61 rng, O.60 mmol) under an

argon atmosphere. The mixture was stirred at 900C for 7h, cooled to room tempera-

ture, and then subjected to preparative TLC (hexane) to furnish 12h (33 mg, 679o)

and 16h (19 mg, 189o).

   12h; IH NMR (CDCI3) 6O.11 (q,1=7,8 Hz, 1 H), O.13 (s, 3H), O.19 (s, 3 H),

O.25 (s, 3 H), O.27 (s, 3 H), 1.11 (d,J= 7.8 Hz, 3 H), 7.01 (s, 1 H), 7.16-7.40 (m, 5 H);

13C NMR (CDC13) 6 -3.2, -25, --05, O.O, 3.4, 8.3, 126.2, 126.9, 128.3, 143.1, 147.7,

165.3; IR (neat) 2960, 1490, 1250, 852, 778 cm-1. Anal. Calcd for C14H22Si2: C,

68.22; H, 9.00. Found: C, 68.40; 9.28.

   16h; IH NMR for major isomer (5oo MHz, CDC13) 6 -O.10 (s, 6H), -O.02 (q, J

= 7.6 Hz, 1 H), O.Ol8 (s, 3H), O.024 (s, 3 H), 025 (s, 3 H), O.28 (s, 3 H), O,31 (s, 3 H),

O.32 (s, 3 H), O.92 (d,J=7.6 Hz, 3 H), 6,55 (s, 1 H), 6.99-7.02 (m, 2 H), 7.11-7.23

(m, 3 H), 7.27-7.32 (m, 6 H),7.40-7.42 (m,2 H), 7.49-7.52 (m, 2 H). MS (20 eV) m/

z516 (M'). Anal. Calcd for C30H44Sin: C, 69.69; H, 8.58. Found: C, 69.55; H, 8.48.
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   Reaction of 4i and Phenylacetyrene Catalyzed by t-Octyl Isocyanide--

paltadium(II) Acetate. By a procedure similar to that used for the reaction of 4b,

reaction of 4i (78 mg, O.16 mmol) with phenylacetylene was carried out to give 12i

(47 rng, 919o).

   12i: IH NMR (CDC13) 6 O,19 (s, 3 H), O.37 (s, 3H), O.38 (s, 3 H), O.41 (s, 3 H),

4.00 (s, 1 H), 6.86-7.00 (m, 3 H), 7,Ol (s, 1 H), 7.2tF7.40 (m, 7 H); 13C NMR

(CDC13) 5 -35, -2.9, -O.2, -O.1, 62.2, 114.6, 119.8, 126.3, 127.3, 128.4, 1292, 142.7,

146.2, 161,6, 164.3; IR (neat) 2968, 1600, 1490, 1238, 858 cm-1. Anal. Calcd for

ClgH240Si2: C, 70.31; H, 7,45, Found: C, 70.22; H, 7.sl,

   Reaction of 4j and Phenylacetylene Catalyzed by t-Octyl Isocyanide-

Palladium(II) Acetate. By a procedure similar to that used for the reaction of 4b,

reaction of 4j (102 mg, O.2 mmol) with phenylacetylene was carried out to give 12j

(66 mg, 97%).

   12j: IH NMR (CDC13) 5 O.20 (s, 3 H), O.30 (s, 3H), O.35 (s, 6 H), 2.02 (s, 1 H),

7.00 (s, 1 H), 7.08-7.40 (m, 10 H); 13C NMR (CDC13) 6 •-2.5, -1.8, O.5, O.8, 13.5,

125.0, 126.2, 127.3, 127.6, 128.4, 128.5, 140.2, 142.5, 147.0, 164.9; M (neat) 3064,

2968, 1586, 1482, 1252, 860 cm'1. Anal. Calcd for CigH24SSi2: C, 67.oo; H, 7.10.

Found: C, 67,05; H, 7.13.

   Reaction of 4a and Phenylacetylene Catalyzed by t-Octyl Isocyanide-

Patladium(II) Acetate. By a procedure similar to that used for the reaction of 4b,

reaction of 4a (202 mg, O.40 mmo}) with phenylacetylene was carried out to give 12a

(123 mg, 919o).

   Reaction of 4c and Phenylacetylene Catalyzed by t-Octyl Isocyanide--

Palladium(II) Acetate. By a procedure sirnilar to that used for the reaction of 4b,

the Teaction of 4c (83 rng, O.20 rnmo!) with phenylacetylene was carTied out to give

12c (19 mg, 399o), 16c (16mg, 159o), and 17c (37 mg, 309o).

   12c; IH NMR (CDC13) s O.13 (s, 6 H), O.I5 (s, 6H), O,8LFO.98 (m,4H), 6.60 (s,

1 H), 7.16-7.34 (m, s H); i3c NMR (CDC13) 6 -2.1, -1.8, 7.0, 8.8, 126.2, 128.1,

145•9, 147.3, 161.8; IR (neat) 2908, 1490, 1250, 832, 776 cm'1. Anal. Calcd for

Ci4H22Si2: C, 68.22; H, 9.00. Found: C, 68.29; H, 8.98.

   16c; !H NMR for major isomer (CDC13) 6 -O.08 (s, 6 H), -O.Ol (s, 6 H), O.32 (s,

6H), O.33 (s, 6H), O.37-o.44 (m, 4 H), 6.5g (s, IH), 7D2-7.08 (m, 2 H), 7.14-7.46

(M, 11 H), 7.56-7.61 (rn,2 H). MS (20 eV) m/z 516 (M'). Anal, Calcd for

C30H44Sia: C, 69.69; H, 8.58. Found: C, 6952; H, 8.64.
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    17c; IH NMR formajor isomer (CDCI3) 6 -O.09 (s, 12 H), O.32 (s, 12 H), O.28-

 O.36 (m, 4H), 6.60 (s, 2 H), 7.02--7.08 (m, 4H), 7.16-7,36 (m, 12 H), 7.5tF7.60 (m,

4 H). MS (20 eV) mlz 618 (M'). Anal. Calcd for C3sHsoSin: C, 73,72; H, 8.14.

Found: C, 73,42; H, 8.35.

    Reaction ef 4d and Phenylacetylene Catalyzed by t-Octyl Isocyanide-

Palladium(II) Acetate. By a procedure sirnilar to that used for the reacrion of 4b,

the reaction of 4d (86 mg, O.20 mmol) with phenylacetylene was carried out to give

16d (53 mg, 509o) and 17d (42 mg, 339o).

    16d; IH NMR for major isomer (CDC13) 6 -O.09 (s, 6 H), O.02 (s, 6 H), O.32 (s,

6H), O.33 (s, 6H), O.43-O.63 (m, 4 H), 1.16--1.34 (m, 2 H), 6.57 (s, 1 H), 7.00-7.06

(m, 2 H), 7.14-7,38 (m, 9 H), 7.39-7 .45 (m,2 H), 7.54-7.60 (m, 2 H). MS (20 eV) m/

z530 (M'). Anal. Calcd for C3IH46Sin: C, 70.11; H, 8.73. Found: C, 70.34; H, 8.88.

   17d; IH NMR formajor isomer (CDC13) 6 -O.06 (s, 12 H), O.32 (s, 12 H), O.43-

O.55 (m,4 H), 1,1 6-1.36 (m,2H), 6.59 (s, 2 H), 7.01-7.07 (m, 4 H), 7.16-736 (m, 12

H), 7,54--7,60 (m, 4 H), MS (20 eV) mlz 632 (M'). Anal. Calcd for C3gHs2Sia: C,

73.98; H, 8.28. Found: C, 74.04; H, 8.51.

   Reaction of 4e and Phenylacetylene Catalyzed by t-Octyl lsocyanide-

Patladium(II) Acetate. By a procedure similar to that used for the reaction of 4b,

the reaction of 4e (89 mg, O.20 mmol) with phenylacetylene was carried out to give

16e (41 mg, 389e) and 17e (64 mg, 499o).

   16e: 1H NMR for major isomer (CDC13) 6 •-O.06 (s, 6 H), O.02 (s, 6 H), O.32 (s,

6H), O.33 (s, 6H), O.38-O,58 (m, 4 H), 1,16-1.28 (m, 4 H), 6.60 (s, IH), 7.04-7.10

(m,2 H), 7.16-7.38 (rn, 9 H), 7.40-7.46 (m, 2 H), 7.56-7.62 (m, 2 H). MS (20 eV) m/

z544 (M'). Anal. Calcd forC32H4sSin: C, 70.51; H, 8.88. Found: C, 70.74; H, 9.16.

   17e; 1H NMR formajor isomer (CDC13) SO,06 (s, 12 H), O.32 (s, 12 H), O.38-

O.46 (m,4 H), 1.14126 (m, 4 H), 6.60 (s, 2 H), 7.0`P7.08 (m, 4 H), 7.16-7.28 (m, 6

H), 7.30-7.36 (m, 6 H), 7.54-7,60 (m, 4 H). MS (20 eV) m/z 646 (M"). Anal. Calcd

for ClaoHs4Sia: C, 7423; H, 8.41. Found: C, 73.94; H, 8.58.

   Reactions of 16c and Phenylacety]ene Catalyzed by t-Octyl lsocyanide-

Palladium(II) Acetate. To a mixture ofpalladium(II) acetate (O.4 mg, 1.8 pmol) and

1,1,3,3-tetramethylbutyl isocyanide (3.7 mg, O,027 mmol) in toluene (O.1 mL) were

added 16c (46 mg, O.09 mmol) and phenylacetylene (14 mg, O.14 mmol) under an

argon atmosphere. The mixture was stirred at 900C for 7h, cooled to room tempera-

ture, and then subjected to preparative ILC (hexane) to furnish 17c (20 mg, 369o)
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and recovered 16c (27 rng, 59%).

    Bis(1,1,2,2-tetramethyl-2-phenyldisilany:)phenoxymethane (4i). To a TH]F

(20 rnL) solution of phenoxy(1,1,2,2-tetramethyl-2-phenyldisilanyl)methane (150

mg, O.5 mmol), prepared from phenoxymethyliithium and 1-chloro-1,1,2,2--
tetramethyl-2-phenyldisilane in 759o yield,31 was added sec-butyllithium (1.1 M in

cyclohexane, O,54 mmol) at -780C. The mixture was allowed to warrn to -250C and

held at the temperature for O.5 h. To the mixture cooled to -400C was added 1-

chloro-1,1,2,2-tetrarnethyl-2-phenyldisilane (114 mg, O.5 mmol). The mixture was

allowed to warm to room temperature over 1.5 h, and then saturated aqueous NH4Cl

was added. Extractive workup followed by purification by preparative 'II.C gave 4i

(78 mg, 32 9o). 4i; IH NMR (CDC13) 6 O.09 (s, 6 H), O,11 (s, 6 H), O,20 (s, 6H), O.23

(s, 6 H), 4.12 (s, 1 H), 6.68-6.74 (m, 2 H), 676-6.86 (m, 1 H), 7.08-7.18 (m, 2 H),

7.21EF7.36 (m, 10 H); 13C NMR (CDC13) 5 -3.9, -3.8, -3.5, -2.9, 62.3, 1146, 119A,

127.7, 128.3, 129.1, 133.9, 139,3, 160.3. Anal, Caicd for C27H4oOSin: C, 65.79; H,

8.18. Found: C, 6557; H, 823.

    Bis(1,1,2,2-tetramethyl-2-phenyldisi:anyl)phenylthiomethane (4j). To a

THF (10 mL) solution of (phenylthio)(1,1,2,2-tetramethyl-2-
phenyldisilanyl)methane (1 g, 3,2 mmol), prepared from (phenylthio)methyl!ithium

and 1-chloro- 1 , 1 ,2,2-tetrarnethyl-2-phenyldisilane, was added n-butyllithium (1 ,6 M

in hexane, 3.1 mmol) at OOC. After 1.5 h, 1-chloro-1,1,2,2-tetramethyl-2-

phenyldisilane was added dropwise, and the mixture was stirred for 16 h at room

temperature. The reaction was quenched by addition of saturated aqueous NH4Cl.

Extractive workup followed by purification by preparative gel permeation chroma-

tography gave 4j (670mg, 42 9o). 4j: IH NMR (CDC13) SO.09 (s, 6H),O.11 (s, 6H),

O•30 (s, 6 H), O.31 (s, 6 H), 1,74 (s, 1 H), 6.8`F6.88 (m, 2 H), 6.98--7.16 (m, 3 H),

7.2`F7.40 (m, 10 H); 13C NMR (CDCI3) 5 -32, -2.9, -2.6, -1.1, 12.4, 1242, 126,1,

127.7, 128.3, 128.4, 138.9, 139.4, 139.7. Anal, Calcd for C27H4oSSin: C, 63.71; H,

792. Found: C, 63.62; H, 7.96.

    IH NMR Study of the Catalytic Cycle ef the Bis-Silylation via Intramo-

lecular Metathesis (Illustrated in Scheme 5), To a benzene-d6 (O.5 mL) solution of

5a (9.5 mg, O.O19 mmol) in an NMR tube was added phenylacetylene (1.9 mg, O.O19

Mmol) at room temperature under an argon atmosphere. IH NMR showed clean

fOrmation of (bis-silylated alkene)palladium cornplex 18 after 1 rnin, To themixture

Was added 4g (7,2 mg, O.O19 mmol). Monitoring the reaction by IH NMR revealed
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 that formation of Sa, hexamethyldisilane, and bis-silylated alkene 12a from 18 and

 4g completed after 3.5h at room ternperature. 18 was identified by comparison with

 the authentic samp]e, which was prepared by mixing isolated 12a with bis(t-butyl

 isocyanide)palladium(O) (2) in benzene-d6 .

    General Procedure for the Catalytic Bis-Silylation of AIkynes vvith 4g in

 the Presence of 5a. To a mixture of4g (152 mg, O.40 mmol) and 5a (4.0 mg, 8.0

 lmiol) in toluene (O.4 mL) was added alkynes (O.60 mmol) under an argon atmo-

 sphere. The mixture was stirred under the conditions listed in Table 3, cooled to

room temperature, and then subjected to preparative 'TI.C (for 12a,13,15,and 19), or

 bulb-to•-bulb distillation (for 20) to furnish the cyclized product.

    19: IH NMR (CDC13) 6 O.34 (s, 6 H), O.36 (s, 6 H), O.88 (t, J= 6.2 Hz, 3 H),

 1.24-1.50 (m, 8 H), 1,96-2.08 (m, 2 H), 2.18-2.28 (m,2 H), 2. 64-2.72 (m, 4 H), 6,40

(t,1= 1.5 Hz, 1 H); 13C NMR (CDC13) 6-1.5, -O.7, 14.1, 22.6, 22.8, 25.7, 28.3, 28.9,

29.1, 31.7, 37.2, 141.8, 166.9; IR (neat) 2932, 1250, 860 cm'1. Anal. Calcd for

Ci6H32S2Si2: C, 55.75; H, 9,36, Found: C, 55.83; H, 9.60.

    20: mp. 46.0-46.5eC. IH NMR (C6D6) 6O.44 (s, 6H), O.51 (s, 6 H), O.81 (g 1

= 7.0 Hz, 3 H), 1.08-1.42 (m, 4 H), 1.56-1.72 (m,2 H), 2.03 (s, 3 H), 2.18-2.38 (m,

6 H); 13C NMR (C6D6) 6 -1.3, -O,6, 14.0, 22.4, 23.1, 25.7, 28.8, 31.4, 32.0, 33.5,

160.0, 160,2, 206.3; IR (neat) 2964, 1682, 1252, 1202, 836 cm-1. Anal. Calcd for

C16H3oOS2Si2: C, 53.57; H, 8.43. Found: C, 53.41; H, 8.66.

   General Procedure for the Catalytic Bis-Silytation of A:kenes with 4g in

the Presence of 5a. To a mixture of 4g (152 mg, O.40 mmol) and 5a (4.0 mg, 8.0

pmol) in toluene (O.4 mL) was added alkenes (O.60 mmol) under an argon atmo-

sphere. The mixtuTe was stirred at 900C for 15h, cooled to room temperature, and

then subjected to preparative TLC (for 21a and 22a-c), or bulb-to-bulb disti11ation

(for 21b) to furnish the cyclized product.

   21a; iH NMR (CDC13) 5 O.23 (s, 3 H), O.31 (s, 3 H), O.37 (s, 3 H), O,50 (s, 3 H),

1.04 (dd,1=7.3, 15.0Hz, 1 H), 1.31 (dd,1= 11.9, 15.0 Hz, 1 H), 1.96-2.06 (m,2H),

2.40 (dd, J= 7.3, 11.9 Hz, 1 H), 2,56-2.80 (m, 4 H), 3.65 (s, 3 H); 13C NMR (C6D6)

6 -3.9, -19, -1.4, -O.6, 12.1, 22,9, 25,6, 28.6, 28.7, 31.3, 50.9, 175.4; M (neat) 2960,

1728, 1252, 1192, 858 cm-1. Anal. Calcd for Ci2H2402S2Si2: C, 44.95; H, 7.55.

Found: C, 44.88; H, 7.77.

   21b; mp. 75.0-76.5 OC. IH NMR (C6D6) 6 O.09 (s, 3 H), O,19 (s, 3 H), O.31 (s,

3 H), O,42 (s, 3H), O.78 (dd,1= 12.0, 14.9 Hz, 1 H), O.92 (dd,J=7.6, 14.9 Hz, 1 H),
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1.38-1.58 (m, 2 H), IJ2 (dd, J = 7.6, 12.0 Hz, 1 H), 2.00-2.30 (m, 4 H); 13C NMR

(C6D6) 6 -4.0, •-2.6, -1.9, -1.5, 11.8, 13.8, 21.7, 25.3, 28.5, 28.7, 122.4; R (neat)

2964, 2220, 1420, 1256, 802 cm-1. Anal. Calcd for CllH21NS2Si2: C, 45.94; H,

7.36; N, 4,87. Found: C, 45.78; H, 7.39; N, 4.70.

   22a; iH NMR (C6D6) 6 O.42 (s, 6 H), O.55 (s, 6 H), 1.40-1.58 (m, 4 H), 1.73 (d

J= 1.1 Hz, 3 H), 2.12-2.38 (m,4 H), 4.64 (tq, J= 6.8, 1.1 Hz, IH); 13C NMR (C6D6)

s -1.8, O.5, 12.8, 22,7, 249, 25.0, 26.9, 103.8, 148,1; M (neat) 2924, 1678, 1252,

1004 cm-1. Anal. Calcd for Cl2H240S2Si2: C, 47.31; H, 7.94. Found: C, 47.26; H,

8.20.

   22b; IH NMR (CDC13) 6 O. 17 (s, 3 H), O.34 (s, 3 H), O,41 (s, 3 H), O.51 (s, 3 H),

1.02 (d,1 =7.7 Hz, 3 H), 1.74 (dd,J= 1,5, 1.1 Hz, 3 H), 1.80-2.16 (m, 3 H), 2,50-2.84

(m, 4 H), 4.40 (dq, J = 5.9, 1.1 Hz, 1 H); i3C NMR (CDC13) 5 -55, -3.4, -O.4, 1.7,

15.7, 16.8, 22.4, 22.6, 24.8, 26.6, 26.8, 113.0, 145.6; M (neat) 2960, 1676, 1252, 832

cm-1. Anal, Calcd for C13H260S2Si2: C, 49.00; H, 8.22. Found: C, 48.70; H, 839.

   22c; IH NMR (CDC13) 6 O,34 (s, 6 H), O.46 (s, 6 H), 175 (d, J=7.4 Hz, 2 H),

1.86-2.10 (m, 2 H), 2.56-2.82 (m, 4 H), 5.71 (t, J= 7.4 Hz, 1 H), 7.20-7.34 (m, 3 H),

7.4CF7.54 (m, 2 H); 13C NMR (CDC13) 6 -2.1, O.1, 13.3, 24.5, 24.7, 26.7, 105.7,

123.9, 127 D, 128,1, 137.6, 148.7; IR (KBr) 2968, 1682, 1254, 1080, 848 cm-1. Anal.

Ca!cd for Ci7H260S2Si2: C, 55.68; H, 7.15. Found: C, 55,41; H, 7.18.

   Single Crystal X-ray Analysis of 5a and 11. Suitable single crystals of 5a

and 11 were grown from benzene-pentane (1/4) and from benzene-ethanol (2/1) at

ambient temperature, respectively. A crystal of 5a coated with silicon grease was

mounted in a thin-walled glass capillary under argon atmosphere, A crystal of 11 was

mounted on a glass fiber using epoxy resin. Data col]ec tion were carried out on a Mac

Science MXC3 diffractmeter with Mo Kct radiation (X = O.70930 A) for 5a and Cu

Kct radiation (A = 1.54178 A) for 11. For 5a, the intensity data were corrected for

Lorentzian polarization and absorption corrections by analytical function (iL = 8.70

cm-1). For 11, the intensity data were corrected for Lorentzian polarization and em-

pirical absorption correction based on azimuthai scans of several reflections. The

structures were solved by direct methods and refined full-mauix least-squares proce-

dure against IF21 (for 5a) and against IFI (for 11) with program package CrystanG

(Mac Science). All non-hydrogen atoms were refined with anisotropic thermal pa-

rameters. AII hydrogen atoms except for that on C(19)in 5a were 1ocated on a differ-

ence electron density map and refined with isotropic thermai parameters calculated
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from those of the bonded atoms. Hydrogen atoms in 11 were partially included in the

refinement at the calculated positions (O.96 A) with isotropic thermal parameters.

Crystal data and intensity collection parameters together with detaiIs of the refine-

ments are summarized in Table 4. Final positional pararneters for5a and 11 are listed

in Table 5 and 9, Tespectively. Anisotropic thermal parameters for 5a and 11 are

given in Table 6 and 10, respectively. Intramolecular bond distances for 5a and 11

are presented in Table 7 and 1 1, respectively. Intramolecular bond angles for 5a and

11 are presented in Table 8 and 12, respectively.
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Table 4. Summary of Crystallographic Data for 5a and 11

compound Sa 11

formula ClsH36N2PdS2Si2 C4sH64P2PdSi2

formula weight 507.2 865.6

crystal system triclinic monoclinic

space group P 1 (no. 2) nl/n (No. 14)

a,A 8.257 (1) 23.312 (6)

b,A 10.829 (3) 18.541 (4)

c,A 15.360 (3) 11.094 (4)

a, deg 94.14 (2)

~,deg 99.72 (2) 97.62 (2)

r,deg 101.92 (2)

cell vol, A3 1316.2 (4) 4753 (2)

Z 2 4

p(calcd), g cm-3 1.28 1.21

F(OOO) 528 1824

crystal size, mm 0.35 x 0.15 x 0.30 0.55 x 0.40 x 0.30

p., cm-1 8.70 45.73

diffractometer Mac Science MXC3 Mac Science MXC3

monochromator graphite graphite

radiation Mo Ko. (A =0.70930 A) CU Ka (A =1.54178 A)

temp, K 293 293

scan type w/2e ro/2e

2Bmax, deg 50 130

refIns measured 4792 8826

independent refIns 4389 7945

refIns used 4135 5348

no. of variables 337 500

R,Rw 0.048,0.048 0.062, 0.086

goodness of fit 1.16 1.68

max Bla in final cycle lAO 3.37

residual electron density -0.64,0.58 -0.59, 1.20

(min, max) (e/A3)
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Table 5. Positional

with

Pararneters and Equivalent

Esd's in Parentheses for 5a

Isotropic Thermal Parameters (A2)

atom

 Pd1
 Si2
 Si3
 S4
 ss
N6
N7
C8
C9

 C 10
 C11
 C 12
 C13
 C 14
 C15
C 16
C17
C18
C 19
C 20
C 21
C 22
C 23
C 24
C25
H 9A
H 9B
H 10A
H IOB
H 11A
H 11B
H 12A
H 12B
H 12C
H 13A
H 13B
H 13C
H 14A
H 14B
H 14C
H 15A
H 15B
H 15C
H 19A
H 19B
H 20A
H 20B
H 20C
H 21A
H21B
H 21C
H 23A

x

 O.O1396(4)
 O.2099(1)
 02371(1)
 O.4711(1)
 O.5587(1)

-O,1973(5)
-O.17"(4)

 O,3936(4)
 O.6267(7)
 O,7644(7)
 O.7058(6)
 O.1260(8)
 O,2824(8)
 O.1669(8)
 O.3294(8)
-O.1312(6)
tO.1129(5)
-O,2711(6)
-O.151(1)
-O.284(1)
-O.442(1)
-O.2462(6)
-O.4I22(8)
-O.268(1)
-O,1230(9)
O.564(7)

 O.673(8)
O.gr8(8)
O.831(8)

 O.783(8)
O.646(7)

 O.204(9)
 O.035(9)
O.115(9)
O.369(9)
O.32(1)
020(1)
O.071(8)
O.249(8)
O. 140(8)

O.397(8)
O.244(8)
O,382(8)

tO,19(1)
-O,05(1)
-O.38(1)
-O.15(1)
-O.34(1)
-O,49(1)
-O.52(1)
-O,39(1)
-O.457(8)

y

 O.06601(3)
 02S95(1)
 O.0819(1)
 O.3602(1)
 O.2038(1)
 O.1558(4)
 -O,2049(3)
 O,2336(3)
 O.2950(6)
 O.2682(6)
 O.1657(6)
 O.3934(6)
 O,3089(8)
 O.1057(7)
-O.0632(5)

 O,1146(4)
-O.1090(4)

 O.2161(5)
 O.227(1)
 O.3466(8)
 O.1328(9)
tO.3267(4)
tO.3173(6)
-O,4273(6)
-03501(6)
O.214(6)
O.351(6)

 O,238(6)
 O.347(6)

O.I52(6)
 O.077(6)
 O.470(7)
O.392(6)
O.386(7)
O.384(7)
O,236(7)
O,302(7)
O.045(6)
O,1ou(6)
O,180(6)
-o.os6(e
tO.138(O
.O.065(O
O.277(8)
O,267(8)
O,304(7)
O.390(8)
O.384(8)
O,175(7)
O.l24(8)
O.051(7)
-0386(D

z

 O.209SO(2)
 O.za613(9)
 O.33067(8)
 O.40326(8)
 O,2S751Åq8)
 O.0412(3)
 O.2527(2)
 O,3I39(3)
 O.4720(4)
 O.4247(4)
 O.3488(4)
 O.2722(6)
 O,1218(5)
 O,4389(4)
 O.3365(5)
 O.1oo8(3)
 O.2325(3)
-O.0322(3)
-O.oo74(5)

 O.oo81(6)
-O.0736(5)
O.ns13(3)

 O.3074(6)
 O.2026(5)
O.3595(5)

 O.486(4)
 O.522(4)
 O,466(4)
 O,408(4)
O.325(4)
O.363(4)
O.264(4)
O.229(5)
O.335(5)
O.128(S)
O.oo5(5)
O.079(5)
O." 1 (4)
O.488(4)
O.450(4)
O,392(4)
O.337(4)
O.302(5)
-O.136(a
-O.070(6)
O.049(6)
O.027(6)
-O.oo1(6)
-O.124(5)
-O.034(O
.O.104(S
O,335(5)

B(eq)

 4.70(3)
 5.17(4)
 4.53(4)
 5.70(4)
 5.93 (4)
 5.9(1)
 5.3(1)

4.3(1)
6.9(2)

 7.4(2)
7.1(2)
8.8(2)

 9.4(2)
 7.4(2)
 7.1(2)
5.7(1)
5.4(1)
6.2(2)
11.2(3)
10.9(3)
10.2(3)
5,4(1)
8.9(2)
8.a2)
7,9(2)
6,87(O)
6,87(O)
7.30(O)
7.30(O)
6.78(O)
6.78(O)
8.67(O)
8.67(O)
8.67(O)
9.34(O)
9.34(O)
9.34(O)
7,oo(O)
7.20(O)
7.20(O)
6.86(O)
6.86(O)
6.86(O)
10.77(O)
10.77(O)
10.42(O)
10,42(O)
10,42(O)
10,19(O)
1O.19(O)
1O.19(O)
8.46(O)
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H23B -0.487(9) -0.306(7) 0.262(5) 8.46(0)
H23C -0.385(8) -0.236(7) 0.359(5) 8.46(0)
H24A -0.157(9) -0.436(7) 0.190(5) 8.55(0)
H24B -0.352(9) -0.406(7) 0.158(5) 8.55(0)
H24C -0.318(9) -0.501(7) 0.224(5) 8.55(0)
H25A -0.027(8) -0.368(6) 0.331(4) 7.74(0)
H25B -0.158(8) -0.433(7) 0.375(4) 7.74(0)
H25C -0.113(8) -0.282(6) 0.409(4) 7.74(0)

Table 6. Anisotropic ThennaI Parameters CA2) with Esd's in Parentheses for Sa

The temperature factor is of the fonn:

exp[-2n2CU a*2h2+U b*2k2+U c*2P+2U a*b*hk+2U a*c*hl+2U b*c*kl)]
11 22 33 12 13 23

atom ull u22 u33 u12 u13 u23

Pdl 0.058(1) 0.0507(2) 0.0623(2) 0.0044(1) 0.0036(2) 0.0170(2)
5i2 0.057(1) 0.0556(7) 0.0767(8) 0.0060(5) 0.0030(5) 0.0288(6)
5i3 0.060(1) 0.0491(6) 0.0577(7) 0.0100(5) 0.0090(5) 0.D174(5)
54 0.074(1) 0.0562(6) 0.0778(8) 0.0116(5) 0.0062(6) 0.0033(5)
55 0.068(1) 0.0826(8) 0.0718(8) 0.0210(6) 0.0239(6) 0.0195(6)
N6 0.076(2) 0.078(2) 0.061(2) 0.018(2) 0.003(2) 0.013(2)
N7 0.071(2) 0.047(2) 0.077(2) 0.004(2) 0.014(2) 0.007(2)
C8 0.054(2) 0.047(2) 0.058(2) 0.010(2) 0.011(2) 0.012(2)
C9 0.087(4) 0.096(4) 0.068(3) 0.018(3) -0.012(3) 0.006(3)
CIO 0.064(3) 0.106(4) 0.101(4) 0.019(3) -0.006(3) 0.023(4)
Cll 0.063(3) 0.100(4) 0.105(4) 0.034(3) 0.018(3) 0.027(3)
C 12 0.083(4) 0.061(3) 0.176(7) 0.027(3) -0.013(4) 0.008(4)
C13 0.088(4) 0.155(6) 0.096(5) -0.016(4) -0.001(3) 0.076(5)
C 14 0.086(4) 0.119(5) 0.066(3) 0.006(3) 0.024(3) 0.021(3)
C 15 0.093(4) 0.063(3) 0.107(5) 0.025(3) 0.007(3) 0.033(3)
C 16 0.069(3) 0.068(3) 0.070(3) 0.003(2) -0.001(2) 0.015(2)
C 17 0.064(3) 0.058(3) 0.074(3) 0.007(2) 0.006(2) 0.011(2)
C 18 0.095(3) 0.078(3) 0.055(3) 0.027(2) 0.005(2) 0.019(2)
C 19 0.126(6) 0.21(1) 0.080(5) 0.031(6) 0.029(4) 0.049(5)
C20 0.181(8) 0.102(5) 0.124(6) 0.056(5) 0.026(6) 0.019(4)
C21 0.108(5) 0.154(7) 0.102(6) 0'(X)O(5) -0.025(4) 0.047(5)
C22 0.074(3) 0.043(2) 0.079(3) 0.008(2) 0.010(2) 0.011(2)
C23 0.094(4) 0.090(4) 0.156(7) 0.023(3) 0.051(4) 0.058(4)
C24 0.136(6) 0.057(3) 0.117(5) 0.006(3) 0.009(4) -0.006(3)
C25 0.115(5) 0.080(4) 0.094(4) 0.027(3) -0.005(4) 0.017(3)

61



Table 7. Intramolecular Distances CA) with Esd's in Parentheses for Sa

atom alom distance atom atom distance

Pd1 - Si2 2.336(1) Pd1 - Si3 2.356(1)

Pdl - C 16 2.053(5) Pdl - C 17 2.053(4)

Si2 • Si3 2.613(2) Si2 -C 8 1.933(4)
Si2 -C 12 1.875(7) Si2 - C 13 1.878(8)

Si3 - C 8 1.931(4) 5i3 - C 14 1.868(7)
Si3 - C 15 1.884(7) N6 - C 16 1.151(6)
N6 - C 18 1.451(6) N7 - C 17 1.146(6)
N7 -C22 1.460(5) 54 -C 8 1.801(4)
S4 -C 9 1.813(6) 55 -C8 1.803(4)
S5 - C 11 1.824(6) C9 -C 10 1.512(9)
CIO - C 11 1.492(8) C 18 - C 21 1.514(8)
C 18 - C 19 1.52(1) C 18 -C 20 1.53(1)
C22 -C25 1.509(8) C22 -C 23 1.512(9)
C22 - C24 1.528(8)

Table 8. Intramolecular Angles (deg) with Esd's in Parentheses for Sa

atom atom atom angle atom atom atom angle

Si2 - Pdl - 5i3 67.68(4) Si2 - Pdl - C 16 92.0(1)
Si2 - Pdl -C 17 161.9(1) Si3 - Pdl - C 16 159.7(1)
Si3 - Pd1 - C 17 94.4(1) C 16 • Pdl -C 17 105.9(2)
Pdl - Si2 - C 8 103.0(1) Pdl - Si2 -C 12 111.6(2)
Pdl - Si2 - C 13 115.5(2) C8 - Si2 -C 12 108.5(3)
C8 - Si2 - C 13 111.8(2) C 12 - Si2 - C 13 106.4(4)
Pdl - Si3 -C 8 102.3(1) Pdl - Si3 - C 14 111.4(2)
Pdl - 5i3 - C 15 114.1(2) C8 -Si3 - C 14 109.5(2)
C8 - 5i3 - C 15 114.0(2) C 14 -Si3 - C 15 105.6(3)
C8 - S 4 -C9 100.3(2) C8 - S 5 - C 11 101.1(2)
C 16 - N 6 -"C 18 175.8(4) C17 -N7 -C 22 177.5(4)
Pdl - C 16 -N 6 171.3(4) Pdl -CI7-N7 173.8(4)
54 -C8 - S 5 1I1.8(2) 5i2 - C 8 - 5 4 114.4(2)
5i2 • C 8 - 55 108.3(2) 5i3 -C 8 - S 4 119.9(2)
Si3 - C 8 - S 5 114.1(2) Si2 -C8 - Si3 85.1(1)
S4 -C 9 - C 10 113.3(4) 55 -C11 -CIO 113.8(5)
C9 -C 10 - C 11 114.4(4) N6 - C 18 - C 19 106.7(5)
N6 - C 18 -C20 106.0(5) N6 • C 18 - C 21 108.2(5)
N7 - C22 -C23 107.6(4) N7 -C22 -C24 106.7(4)
N7 - C 22 - C 25 107.8(4) C 19 - C 18 - C 20 111.9(6)
C 20 - C 18 - C 21 112.3(6) C21 • C 18 - C 19 111.4(5)
C23 -C22 - C 24 112.2(5) C24 -C22 -C25 111.0(5)
C25 -C 22 - C23 111.2(5)
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Table 9. Positional Parameters and Equivalent Isotropic Thermal Parameters CA2)

with Esd's in Parentheses for 11

atom x/a y!b z/c U(iso)

Pdl 0.40305(3) 0.20789(4) 0.67018(8) 0.050
P2 0.47591(13) 0.21691(17) 0.54147(32) 0.061
P3 0.38076(13) 0.09818(16) 0.56585(32) 0.060
Si4 0.33990(14) 0.19628(18) 0.82038(33) 0.060
Si5 0.40981(13) 0.32675(17) 0.74893(31) 0.057
C6 0.3369(5) 0.2803(7) 0.9161(12) 0.066
C7 0.3647(5) 0.3422(7) 0.8782(12) 0.064
C8 0.3616(6) 0.4071(8) 0.9397(14) 0.081
C9 0.3341(8) 0.4126(12) 1.0391(19) 0.106
C 10 0.3095(7) 0.3526(14) 1.0801(15) 0.113
Cll 0.3092(7) 0.2870(9) 1.0207(15) 0.089
C 12 0.2625(6) 0.1752(9) 0.7450(16) 0.087
C 13 0.2144(10) 0.1516(23) 0.8260(33) 0.212
C 14 0.17314 0.20862 0.86974 0.787
C 15 0.18064 0.08772 0.76034 0.473
C 16 0.3612(7) 0.1177(8) 0.9244(14) 0.083
C 17 0.4229(10) 0.1106(12) 0.9844(19) 0.118
C 18 0.4281(12) 0.0399(14) 1.0642(24) 0.156
C 19 0.4486(14) 0.1762(17) 1.0526(27) 0.177
C20 0.4855(8) 0.3592(13) 0.8064(17) 0.115
C21 0.5219(11) 0.3354(32) 0.9204(35) 0.286
C22 0.57928 0.37140 0.89641 0.386
C23 0.51618 0.39170 1.02151 0.342
C24 0.3866(6) 0.3938(7) 0.6241(13) 0.070
C25 0.3366(8) 0.3762(8) 0.5243(15) 0.089
C26 0.2799(8) 0.3669(1 I) 0.5802(17) 0.108
C27 0.3304(10) 0.4353(10) 0.4199(17) 0.114
C28 0.4606(6) 0.1468(8) 0.4222(14) 0.080
C29 0.4418(6) 0.0786(7) 0.4814(14) 0.078
C30 0.4919(6) 0.2962(7) 0.4546(15) 0.077
C31 0.5355(7) 0.3445(9) 0.5023(17) 0.093
C32 0.5414(10) 0.4085(10) 0.4384(25) 0.124
C33 0.5061(14) 0.4261(14) 0.3367(28) 0.147
C34 0.4636(12) 0.3796(13) 0.2893(20) 0.131
C35 0.4555(8) 0.3151(11) 0.3495(19) 0.106
C36 0.5465(6) 0.1857(7) 0.6164(14) 0.070
C37 0.5515(7) 0.1635(9) 0.7333(16) 0.087
C 38 0.6044(9) 0.1365(10) 0.7946(21) 0.107
C 39 0.6515(8) 0.1345(10) 0.7311(28) 0.117
C40 0.6464(8) 0.1584(12) 0.6095(26) 0.124
C41 0.5948(6) 0.1846(10) 0.5530(18) 0.089
C42 0.3224(5) 0.1106(7) 0.4425(13) 0.071
C43 0.2926(6) 0.1754(8) 0.4342(15) 0.080
C44 0.2483(9) 0.1873(13) 0.3393(23) 0.122
C45 0.2369(9) 0.1370(15) 0.2466(22) 0.129
C46 0.2659(10) 0.0742(13) 0.2544(19) 0.121
C47 0.3093(8) 0.0596(10) 0.3501(16) 0.099
C48 0.3662(5) 0.0110(7) 0.6320(13) 0.068
C49 0.3114(6) -0.0186(8) 0.6216(14) 0.077
C 50 0.3023(9) -0.0821 (1 0) 0.6819(20) 0.105
C 51 0.3462(11) -0.1164(10) 0.7496(21) 0.119
C52 0.3997(9) -0.0870(11) 0.7632(18) 0.109
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C 53 0.4116(7) -0.0245(8) 0.7058(17) 0.088
H8 0.37923 0.44952 0.91108 0.08(4)
H9 0.33147 0.45780 1.08018 0.08(4)
HlO 0.29148 0.35542 1.15292 0.11(5)
Hll 0.29084 0.24507 1.04927 0.11(6)
H 12A 0.26517 0.13669 0.68811 0.06(4)
H 12B 0.24757 0.21739 0.70151 0.14(8)
H 16A 0.35204 0.07450 0.87819 0.09(5)
H 16B 0.33744 0.12020 0.98849 0.06(3)
H2O 0.48249 0.41062 0.81341 0.3(2)
H24A 0.42001 0.40258 0.58397 0.11(6)
H24B 0.37631 0.43757 0.66197 0.3(2)
H28A 0.49442 0.13853 0.38333 0.07(4)
H28B 0.42962 0.16273 0.36243 0.09(5)
H29A 0.43037 0.04248 0.42092 0.14(8)
H29B 0.47387 0.06078 0.53662 0.07(4)
H31 0.56013 0.33230 0.57585 0.10(6)
H32 0.57149 0.44128 0.47066 0.10(5)
H33 0.51118 0.47115 0.29704 0.16(9)
H35 0.42474 0.28331 0.31728 0.08(5)
H37 0.51795 0.16585 0.77510 0.2(1)
H 38 0.60803 0.12022 0.87738 0.2(1)
H39 0.68779 0.11640 0.77071 0.14(8)
H40 0.68020 0.15696 0.56853 0.13(7)
H41 0.59118 0.19952 0.46946 0.5(4)
H43 0.30207 0.21137 0.49584 0.08(4)
H44 0.22609 0.23098 0.33558 0.14(7)
H45 0.20746 0.14586 0.17908 0.17(9)
H46 0.25683 0.03944 0.19056 0.14(7)
H47 0.33016 0.01488 0.35378 0.09(5)
H49 0.28011 0.00481 0.57146 0.07(4)
H50 0.26414 -0.10228 0.67501 0.13(7)
H 51 0.33940 -0.16040 0.79101 0.12(6)
H52 0.43075 -0.11108 0.81280 0.13(7)
H53 0.44986 -0.00451 0.71439 0.07(4)

T=exp[-27t2U), U=U(iso) or [U(ll)+U(22)+U(33)]/3

Table 10. Anisotropic Thermal Parameters (AZ) with Esd's in Parentheses for 11
The temperature factor is of the form:

exp[-21CZ(U'la*2hz+U22b*2P+U33c*2P+2UIZa*b*hk+2U13a*c*h1+2U23b*c*kl)]

atom Ull U22 U33 U12 UB U23

Pdt 0.0326(5) 0.0526(5) 0.0637(6) -0.0018(3) 0.0041(3) -0.0030(3)
P2 0.041(1) 0.063(2) 0.077(2) -0.004(1) 0.011(1) -0.005(1)
P3 0.041(1) 0.054(2) 0.082(2) -0.003(1 ) 0.004(1) -0.010(1)
Si4 0.040{2) 0.069(2) 0.068(2) -0.004(1) 0.005(1) 0.001(1)
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SiS 0.043(2) 0.057(2) 0.070(2) -0.004(1) 0.003(1) -0.006(1)
C6 0.040(6) 0.086(9) 0.071(8) 0.009(5) 0.011(5) -0.014(6)
C7 0.041(6) 0.081(8) 0.069(7) 0.002(6) 0.000(5) -0.021(6)
C8 0.060(8) 0.092(10) 0.088(10) 0.001(7) 0.001(7) -0.032(8)
C9 0.07(1) 0.13(1) 0.12(1) 0.00(1) 0.00(1) -0.06(1)
C 10 0.06(1) 0.19(2) 0.08(1) 0.00(1) 0.01(1) -0.06(1)
C 11 0.052(8) 0.119(13) 0.092(10) -0.006(8) 0.017(7) -0.022(9)
C 12 0.061(9) 0.095(11) 0.102(11) -0.017(8) -0.001(8) 0.011(9)
C 13 0.06(1) 0.32(4) 0.26(4) -0.06(2) -0.02(2) -0.09(3)
C 14 0.25(6) 0.31(7) 1.76(36) 0.13(5) 0.42(13) 0.57(14)
CIS 033(8) 0.45(9) 0.62(12) -0.20(7) 0.32(9) -0.21(9)
C 16 0.078(9) 0.087(10) 0.081(9) 0.010(8) 0.010(8) 0.022(8)
C 17 0.11(2) 0.13(2) 0.11(1) 0.01(1) -0.02(1) 0.04(1)
C 18 0.15(2) 0.14(2) 0.17(2) 0.03(2) -0.02(2) 0.07(2)
C 19 0.20(3) 0.15(2) 0.17(3) 0.03(2) -0.09(2) 0.01(2)
C20 0.Q1(1) 0.17(2) 0.10(1) -0.05(1) 0.01(1) -0.05(1)
C21 0.06(1) 0.53(7) 0.26(4) -0.05(3) -0.05(2) -0.12(5)
C22 0.20(4) 0.69(13) 0.25(5) -0.18(7) -0.07(4) -0.02(7)
C23 0.19(4) 0.71(12) 0.12(2) 0.12(6) -0.02(2) -0.12(5)
C24 0.076(9) 0.065(7) 0.068(7) 0.002(6) -0.001(7) -0.001(6)
C25 0.10(1) 0.07(1 ) 0.09(1 ) 0.02(1) 0.00(1) 0.01(1)
C26 0.08(1) 0.13(2) 0.11(1) 0.G1(1) 0.01(1) -0.01(1)
C27 0.14(2) 0.10(1) 0.1 0(1) 0.03(1) 0.01(1) 0.02(1)
C28 0.064(8) 0.088(9) 0.087(10) -0.009(7) 0.017(8) -0.027(8)
C29 0.059(8) 0.076(8) 0.096(10) -0.007(6) 0.019(7) -0.030(8)
C30 0.057(8) 0.072(8) 0.100(10) -0.007(6) 0.033(8) -0.008(7)
C31 0.07(1) 0.08(1) 0.12(1) -0.01 (1) 0.03(1) 0.00(1)
C32 0.11(2) 0.08(1) 0.18(2) ·0.02(1) 0.05(2) 0.Ql(1)
C33 0.14(2) 0.12(2) 0.17(2) 0.01(2) 0.05(2) 0.06(2)
C34 0.15(2) 0.13(2) 0.11(2) 0.03(2) 0.04(1) 0.05(1)
C35 0.09(1) 0.12(1) 0.11(1) -0.G1 (1) 0.01(1) 0.03(1)
C36 0.051(7) 0.066(7) 0.091(10) -0.003(6) 0.007(6) -0.001(6)
C37 0.069(9) 0.089(10) 0.101(11) -0.006(8) -0.005(8) 0.023(9)
C38 0.09(1) 0.10(1) 0.13(2) 0.01(1) -0.02(1) 0.01(1)
C39 0.06(1 ) 0.09(1) 0.19(2) 0.01(1) -0.03(1) 0.00(1)
C40 0.052(9) 0.130(16) 0.186(23) 0.014(10) 0.006(12) -0.029(16)
C41 0.052(8) 0.101(10) 0.110(12) 0.002(7) 0.008(8) -0.019(9)
C42 0.048(7) 0.069(8) 0.092(9) -0.008(6) 0.001(6) -0.002(6)
C43 0.065(9) 0.082(9) 0.089(10) 0.001(7) 0.002(7) -0.002(8)
C44 0.08(1) 0.13(2) 0.15(2) 0.03(1) -0.03(1) 0.03(1)
C45 0.10(1) 0.17(2) 0.12(2) -0.02(1) -0.06(1) 0.03(1)
C46 0.12(2) 0.12(2) 0.11(1) -0.03(1) -0.05(1) -0.02(1)
C47 0.09(1) 0.09(1) 0.11(1) -0.02(1) -0.01 (1) -0.02(1)
C48 0.053(7) 0.059(6) 0.090(9) -0.007(5) 0.001(6) -0.004(6)
C49 0.052(7) 0.076(8) 0.102(10) -0.012(6) 0.000(7) 0.010(7)
C50 0.08(1) 0.09(1) 0.14(2) -0.01(1) 0.00(1) 0.02(1)
C 51 0.13(2) 0.08(1 ) 0.14(2) -0.03(1) 0.00(1) 0.02(1)
C52 0.11(1) 0.10(1) 0.11(1) 0.Q3(1) 0.00(1) 0.03(1)
C53 0.072(9) 0.070(8) 0.118(12) -0.002(7) -0.006(9) 0.004(8)

65



Table 11. Intramolecular Distances (A) with Esd's in Parentheses for 11

atom atom distance atom atom distance

Pdl - P 2 2.365(4) Pdl - P 3 2.364(4)

Pdl - Si4 2.375(4) Pdl - Si5 2.368(4)
P2 -C 30 1.823(15) P2 -C 36 1.836(14)
P2 - C 28 1.855(16) P3 -C42 1.812(14)
P3 - C48 1.825(13) P3 -C29 1.840(15)
Si4 - C 6 1.891(14) Si4 - C 12 1.926(16)
Si4 - C 16 1.884(16) Si5 -C7 1.908(13)
Si5 - C 20 1.893(19) Si5 -C24 1.886(14)
ClO -C9 1.36(4) ClO - C 11 1.38(3)
C 39 - C 38 1.38(4) C39 -C40 1.41(5)
C 32 - C 31 1.40(3) C32 - C 33 1.34(4)
C 30 - C 31 1.41(3) C30 -C 35 1.39(3)
C36 - C 37 1.35(3) C36 - C41 1.40(3)
C9 -C8 1.35(3) C6 -C 7 1.410(19)
C6 - C 11 1,41 (3) C7 -C 8 1.39(3)
C42 - C43 1.38(2) C42 -C47 1.40(3)
C48 - C49 1.381(19) C48 -C 53 1.41(3)
C 37 - C 38 1,42(3) C41 -C40 1.37(3)
C25 - C 24 1.53(3) C25 -C26 1.54(3)
C25 -C 27 1.59(3) C 12 -C 13 1.59(4)
C28 - C 29 1.52(3) C49 -C 50 1.38(3)
C 16 - C 17 1.51 (3) C43 -C44 1.39(3)
C20 - C 21 1,49(5) C 18 -C 17 1.58(4)
C47 -C46 1.39(3) C52 -C 53 1.37(3)
C52 - C 51 1.35(4) C50 - C 51 1.35(4)
C44 -C45 1.39(4) C33 -C 34 1.36(4)
C34 -C 35 1,40(4) C 17 - C 19 1.51(4)
C46 - C 45 1.34(4) C13 -C 14 1.55(4)
C13 - C 15 1.55(4) C22 - C 21 1.55(4)
C21 - C 23 1.55(5)

Table 12. Intramolecular Angles (deg) with Esd's in Parentheses for 11

atom atom atom angle atom atom atom angle

P2 - Pdl -P3 83.9(2) P2 - Pdl - Si4 172.5(2)
P2 - Pdl - Si5 98.0(2) P3 - Pdl - Si4 98.6(2)
P3 - Pdl - Si5 168.8(2) Si4 - Pdl - Si5 80.9(2)
Pdl -P2 - C 30 126.1(5) Pdl - P2 -C 36 112.1(5)
Pd1 -P2 - C 28 107.2(5) C 30 - P2 -C 36 105.1(7)
C30 -P2 - C 28 102.8(7) C 36 - P 2 - C 28 100.2(7)
Pdl - P 3 - C42 110.8(5) Pdl - P 3 -C48 127.3(5)
Pdl - P 3 - C 29 106.5(5) C42 -P 3 -C48 104.8(6)
C42 - P 3 - C29 101.2(7) C48 -P 3 -C29 103.1(7)
Pdl - Si4 -C6 113.1(5) Pdl - Si4 -C 12 110.3(6)
Pdl - Si4 - C 16 111.2(6) C6 - Si4 -C 12 108.0(7)
C6 - Si4 - C 16 108.6(7) C 12 - Si4 -C 16 105.4(8)
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Pd1 - SiS -C7 113.6(5) Pdl - Si5 -C20 115.7(8)
Pd1 - SiS - C 24 110.1 (5) C7 - SiS -C 20 106.3(7)
C7 - Si5 - C 24 108.7(6) C20 - Si5 - C 24 101.6(9)
C9 - C 10 - C 11 122.4(17) C38 - C 39 - C 40 120.5(20)
C31 - C 32 -C 33 122.7(22) P2 - C 30 - C 31 120.2(13)
P2 -C 30 -C 35 120.1(13) C 31 - C 30 - C 35 119.0(15)
P2 -C 36 -C 37 119.2(12) P2 -C36 -C41 120.5(13)
C37 -C 36 - C 41 120.3(15) ClO -C 9 -C8 118.7(19)
Si4 -C 6 -C 7 116.8(10) Si4 -C6 - C 11 126.2(11)
C7 -C 6 - C 11 117.0(13) Si5 - C 7 -C 6 115.0(10)
Si5 -C7 -C8 124.6(11) C6 -C7 -C 8 120.2(12)
P3 -C 42 -C43 118.7(11) P3 - C 42 - C 47 122.4(12)
C43 -C42 - C47 118.6(14) P3 - C 48 - C 49 122.5(11)
P3 -C48 - C 53 118.8(10) C49 - C 48 - C 53 118.5(13)
C9 -C 8 -C7 121.8(16) C36 - C 37 - C 38 121.7(16)
C36 - C 41 - C40 119.3(19) C24 -C25 -C26 110.1(14)
C24 - C 25 - C 27 111.6(14) C26 - C 25 - C 27 111.8(16)
Si4 - C 12 -C 13 120.1(16) P2 -C28 -C29 108.4(11)
C48 -C49 - C 50 119.8(15) C39 - C 38 - C 37 117.7(21)
P3 -C 29 - C 28 110.1(10) Si4 -C16 -C17 119.8(13)
C42 - C43 -C44 120.2(16) CIO -Cll -C6 119.8(16)
Si5 - C 20 - C 21 126.2(21) C42 - C 47 - C 46 119.5(17)
C32 - C 31 -C 30 117.7(18) C 53 - C 52 - C 51 122.1(19)
C49 - C 50 - C 51 121.2(18) C48 - C 53 - C 52 118.8(16)
C52 - C 51 - C 50 119.5(19) SiS -C24 -C25 120.5(10)
C39 -C40 - C 41 120.5(19) C43 - C 44 - C 45 120.3(21)
C32 - C 33 - C 34 120.2(24) C33 - C 34 - C 35 119.5(23)
C30 - C 35 -C 34 120.8(19) C 16 - C 17 - C 18 108.5(18)
C 16 - C 17 - C 19 116.3(20) C 18 - C 17 - C 19 113.1(20)
C47 -C46 - C45 121.8(21) CM - C 45 • C 46 119.3(22)
C 12 - C 13 - C 14 120.2(28) C 12 - C 13 - C 15 107.3(23)
C 14 - C 13 - CIS 111.7(14) C20 - C 21 - C 22 97.7(27)
C 20 - C 21 -C 23 108.7(33) C22 - C 21 - C 23 89.6(26)
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Chapter 3

Double Oxidative Addition of the Si-Si and Si-Ge a-Bonds
onto Isonitrile-Platinum(O) Complexes

Leading to the Formation of Tetrakis(organosilyl)- and
Bis(organogermyl)bis(organosilyl)platinum(IV) Complexes

Abstract: Tetrakis(organosilyl)bis(t-butyl isocyanide)platinum(IV)

complex was prepared by the reaction of 2,2-bis(disilanyl)dithiane with

Pt3(CNBul)6 through double oxidative addition of the two Si-Si bonds

onto the platinum atom. On the other hand, the reaction of

hexamethyldisilane with Pt3(CNBul)6 or Pt3(CNAd)6 (Ad = 1­

adamantyl) gave only the corresponding bis(trimethylsilyl)bis(t-alkyl

isocyanide)platinum(II) , which did not undergo further oxidative addi­

tion with hexamethyldisilane. Also, two Si-Ge bonds of 2,2­

bis(silylgennyl)dithiane reacted with Pd(CNBu1h and Pt3(CNBut)6 to

give bis(organogermyl)bis(t-butyl isocyanide)palladium(II) and

bis(organogermyl)bis(organosilyl)bis(t-butyl isocyanide)platinum(IV)

complexes, respectively, the latter being accompanied by the fonnation

of a tetrakis(organogermyl)platinum(IV) complex. X-Ray diffraction

studies of the tetrakis(organosilyl)~ and' tetrakis(organogermyl)­

platinum(IV) complexes revealed octahedral structures, in which two

isocyanide ligands occupied apical positions in a trans fashion. A crystal

structure of the bis(organogermyl)palladium(II) complex was also estab­

lished by an X-ray analysis.

Introduction

In chapter 2, the author described that bis(t-alkyl isocyanide)palladium(O)

complexes mediated intramolecular metathesis of two Si-Si bonds oriented appro­

priately in a molecule to give cyclic bis(organosilyl)palladium(II) complexes) For

71



the metathesis, the author presumed involvement of 5-centered intermediate or tran-

sition state, in which the four silicon atoms are equally coordinated with the palla--

dium atom. The author, in this chapter, describes isolation of tetrakis(organosilyl)-

bis(t-butyl isocyanide)platinum(IV) complex, which may be relevant to the interme-

diate proposed for the palladium-mediated metathesis, in the reaction of 2,2-

bis(disilanyl)dithiane with Pt3(CNBut)6. Also, the author found that two Si-6e

bonds of 2,2-bis(silylgermyl)dithiane reacted sirnilarly with isonitrile-palladium(O)

and -platinum(O) complexes to give bis(organogermyl)bis(t-butyl isocyanide)-

palladium(II) and bis(organogermyl)bis(organosilyl)bis(t-butyl isocyanide)-

platinumaV) complexes, respectively, the latter being accompanied by the forrnation

of a tetrakis(organogeiTnyl)platinumaV) cornplex.

Results and Discussion

     2,2-Bis(disilanyl)dithiane 1, which gave 4-membered bis(organosilyl)-

palIadium(II) 2 in the reaction with Pd(CNBut)2, was stirred for 24 h in benzene

under reflux in the presence of stoichiomenic amount of Pt3(CNBut)6 (Scheme 1).

The reaction was monitored by IH NMR, revealing that the staning 1 was gradually

consumed and new signals simirar to those for 2 appeared. The reaction mixture was

chromatographed on silica gel to afford tetrakis(organosilyl)bis(t-butyl

isocyanide)platinum(IV) complex 3 in 279o yield.

     Scheme 1.
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           3

72



C38

C14

C13

C26

 cas

C32

C33

C42

Figure 1. Crystal structure of3. The thermal elipsoids are drawn at the 309e prob-

ability level. Hydrogen atoms are omitted for clarity. Selected bond distances and

angles are follows: Pt(1}Si(2) = 2.493(7), Pt(IFSi(3) = 2.457(6), Pt(IFSi(4) =

2.482(7), Pt(1)-Si(5) n 2.470(7), Pt(1)-C(10) = 1.94(3), Pt(1)-C(11) = 1.896(1);

Si(2)-Pt(1)-Si(3) = 68.6(2), Si(2)-Pt(1)-Si(4) = 99.5(3), Si(3)-Pt(1)-Si(5) =

93.0(3), Si(4)-Pt(1)-Si(5) - 98.8(3), Si(2)-Pt(1)-C(10) = 89.2(6), Si(2)-Pt(1)--

C(11) - 92.5(2).
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     The forrnation of 3 may arise from double oxidative addition of two Si-Si

 bonds of 1 onto the platinum(O) complex. No cornplex corresponding to 3 forrned

 when 1 was reacted with a Pt(PPh3)2(CH2=CH2) complex at 50eC to 80eC. 'Ihe

 crystal srmcture is shown in Figure 1 with selected bond distances and angles. In the

 octahedral complex, two isocyanide Iigands occupied apical positions and the four

 silyl ligands lay at the vgrtices of a distorted square with the platinum atom at the

 center. Interestingly, the trans orientation ofthe isocyanide ligands is contrasted with

 the cis coordination of the phosphine ligands in the closely related tetrakis-

 (organosilyl)platinum(IV) complex vvhich was recently reported by Tanaka et al.2

     The author found that a reaction of Pt3(CNAd)6 (Ad = 1-adaniantyl) with an

 excess (30 equiv) of hexamethyldisilane in benzene at 800C gave bis(trimethylsilyl)-

 bis(1-adamantyl isocyanide)platinumal) complex 4 in high yield (eq 1).3 This result

indicates that the formation of the platinum(IV) complex in the reaction of

bis(disilanyl)dithiane 1 may be driven by the appropriate orientation of the two Si-Si

bonds in 1 for a simultaneous interaction with the platinum atom.

                   30 eq
                   Me3Si-SiMe3
     Pt3(CNAd)6 - (Me3Si)2Pt(CNAd)2 O
                     benzene

                     800C 4 (9301.)
     Next, the reactions of bis(silylgerrnyl)dithiane with palladium-- and platinum-

isoninile cornplexes are remarked, since the activation of Si-Ge bonds by transition

metal complexes has been scarcely studied, A reaction of 2,2-
bis[dimethyl(dimethylphenylsilyl)germyl]dithiane (5) with Pd(CNBut)2 gave 4-

membered bis(organogermyl)palladium(II) 6 quantitatively (eq2). Though aforma-

tion of a similar 4-membeTed bis(organogermyl)(phosphine)palladiurn(H) complex

was reported in the reaction of highly strained digermirane with Pd(PPh3)4, the X-ray

structural analysis has not been achieved due to instability of the complex toward the

irradiation.4 In contrast, addition ofpentane into the reaction mixture gave crystals

       Me2 Me2
Åq gxg,e'gii,h

       Me2 Me2

       5

-BE,!sg!Ely2g(cNBub2 q gÅrÅq2eg;pd,!,C,",B:i+
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C24B

Figure 2. Crystal Structure of6. (Molecule A, top and Molecule B, bottom) The

thermal elipsoids are drawn at the 309o probability level, Hydrogen atoms are omit-

ted for clarity.
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of complex 6 sBitable for X-ray structure analysis reveaJing two crystaJlographically

independent rnolecules as shown in Figure 2. The structure was similar to that of the

silicon analog 2, in which two isocyanides coordinated with relatively large angle

(C(8A)-Pd(IA)-C(9A) = 109,9(18), C(8B)-Pd(IB)-C(9B) = 104.0(14)) .

    As expected, the reaction of the bis(organogermyl)palladium(II) complex 6

thus isolated with phenylacetylene proceeded immediately at room ternperature to

obtain bis-germylated cyclic olefin 7 in high yield (eq 3).

Åq
    Me2
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.. ,, (
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    Me2

CNBut

CNBut

     6
Furtherrnore,

+

Ph

H

    rt

  benzene

        Me2
Åqgx8,ej(:h

       Me2

      7 (890/e)

(3)

               bis(silylgermane) 5 gave bis(organosilyl)bis(organogermyl)-

platinumaV) complex 8 in 309o yield in the reaction with Pt3(CNBub6 (Scherne 2).

It is remarked that tetrakis(organogermyl)platinumaV) complex 9 was also obtained

as a by-product, but in low yield (1 1 9o) (Figure 3).

Seheme 2.

Åq
   Me2Me2
s Ge-siph
Å~

s Ge•siph
   Me2 Me2

  5

   800C
 O,33eq.
 Pt3(CNBub6

            L       Me2
ÅqgxG,e,.xpt((glM,g2,:,h

        Me2L s
           +
            L        Me2              Me2
Åqcgx2:.xRÅq2xgs,År

        Me2 L Me2 g

L = CNBut

    The formation of the platinum(IV) complexes in the reaction of bis(disilane) 1

and bis(silylgermane) 5 with the platinum(OÅr-isonitrile complex may be suggestive

of involvement of the corresponding palladium complexes in the palladium-medi-

ated intramolecular metathesis of the Si-Si and Si-Ge bonds.

76



C18

Ge2'

 C14'

Clst

Figure 3. Crystal structure of 9. The thermal elipsoids are drawn at the 509o prob-

ability level. Hydrogen atoms are omitted for clarity. Selected bond distances and

angles are follows: Pt(1)Ge(2) = 2.506(2), Pt(1)-Ge(3) = 2.489(3), Pt(1År-C(7) =

1.98(3), N(6)-C(7) = 1,14(3); Ge(2)-Pt(1)Ge(3) = 72.7(1), Ge(2År.Pt(1År-Ge(3') =

107,3(1), Ge(2FPt(1År--C(7) = 90,7(7), Ge(2)-Pt(1År--C(7') = 89.3(7), Ge(3)-Pt(1År-

C(7) = 90.8(7), Ge(3)-Pt(IFC(7`) = 89.2(7), Pt(1)--Ge(2)-C(8) = 94.9(5), Pt(1År

Ge(3)-C(8) = 95.6(6), Ge(2)-C(8)-Ge(3) = 94.5(7).
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Experimental Section

    General and Materials. All reactions were carTied out under a dry or an argon

atmosphere. Solvents were purified by distillation from appropriate drying agents

under argon. iH, i3C, and 29Si NMR spectra were recorded on a Varian VXR•-2oo.

Proton chemical shifts are referenced to internal residual solvent protons: CDCI3,

7.25; C6D6, 7.20. Carbon chemical shifts are referenced to the carbon signal of the

deuterated solvents: CDC13, 77.0; C6D6, 128.0. Silicon chemical shifts are refer-

enced to the signals of tetramethylsilane. Meltingpoint were uncorrected. IR spectra

were recorded with a Hitachi 270-30 spectrometer. Complexes Pt3(CNBut)6,

Pt3(CNAd)65 and Pd(CNBut)26 were prepared as previously described.
Chlorodimethyl (dimethylphenylsilyl)germ ane was prepared by chlorodephenylation

of dimethylphenyl(dimethylphenylsilyl)germane, which was synthesized by the re-

action of dimethylphenylgerrnyllithium7 with chlorodimethylphenylsilane, pro-

moted by dry HCI gas in the presence of a catalytic amount of AIC13 at OeC.

    Reaction of Bis(disilanyl)dithiane with Pt3(CNBub6. To a benzene (1 mL)

solution of Pt3(CNBub6 (14 mg, e.O17 mmol) and t-buty1 isocyartide (8.3 mg, O.1

mmol) was added 1 (25 rng, O.05 mmol) at room temperature under argon. The

mixture was stirred at refiux temperature for 24h, cooled to room temperature, and

then subjected to preparative TLC (CH2C12 : hexane = 60 : 40) to furnish 3 (1 1.5 mg,

27 9o). The complex 3 was air and thermally stable.

    3: mp 166.0-167,OOC (dec,); iH NMR (CDC13) 5 O.46 (s, 31pt-H = 12.1 Hz, 12

H), O.53 (s, 3Jpt-H = 12D Hz, 12 H), 1.46 (s, 18 H), 1.88-2.oo (m, 2 H), 2.52-2.58

(m, 4 H), 7.20-7.3Q (m, 6 H), 7.40-7.48 (m, 4 H); 13C NMR (CDC13) 6 1,4 (br), 5.1

(2JR.c = 28.3 Hz), 26.2, 28.9, 29.9, 33.5 (2Jpt.c = 103.6 Hz), 58.1 (3Jpt.c = 11.0

Hz), 117.2 (br), 126.8, 127.0, 133.6, 149.0 (2Jpt-c = 20.6 Hz); 29Si NMR (CDC13) 6

-29.6 (br IJpt-si = 383 Hz), -30.1 (11m-si = 461 Hz); IR (KBr) 2900, 2172, 1232, 8oo

cm'l. Anal. Calcd for C34HssN2PtS2Sin: C, 47.13; H, 6.75; N, 3.23. Found: C,

47.01; H, 6.88; N, 3.21.

    Reaction of Hexamethyldisilane vvith Pt3(CNAd)6. To a benzene (3 mL)

solution of Pt3(CNAd)6 (23 mg, O.033 mmol) was added hexamethyldisilane (146

mg, 1.0 mmol) at room temperature under argon. After 8h at reflux temperature,

evaporation of the solvent followed by washing with pentane afforded spectroscopi-
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cally pure 4 (61.5 mg, 939o) as a crystalline solid, 4: mp 155.0-158.00C (dec,); IH

NMR (C6D6) 6 O.95 (s, 3Jpt-H = 16.3 Hz, 18 H), 1.22 (br, 12 H), 1.62 (br, 6 H), 1.84

(br, 12 H); 13C NMR (C6D6) 6 7.7 (2JR.c = 45.9 Hz), 28.9, 35,2, 43,O, 57.9 (3JR.c

= 15.6 Hz), 146.4 (br); IR (KBr) 2940, 2144, 822 cm'1. Anal. Calcd for

C2sH4sN2PtSi2: C, 50,65; H, 7.29; N, 4.22. Found: C, 50.65; H, 7.34; N, 4.25.

    2,2-Bis[dimethyl(dimethylphenylsilyl)germyl]-1,3-dithiane (5). To a 'IUF

(25 mL) solution of2-[dirnethyl(dimethylphenylsilyl)germyl]-1,3-dithiane, prepared

quantitatively from 1,3--dithiane (O.32 g, 2.7 rnmol), n-butyllithium (2.7 mrnol), and

chlorodimethyl(dimethylphenylsilyl)germane (O.73 g, 2.7 mmol) in ether, was added

n-butyllithium (2.7 mmol) at -150C. The mixture was stirred at -150C for 15 min. and

at OOC for 45 min., and then treated with chlorodimethyl-
(dimethylphenylsilyl)germane (O.73 g, 2.7 mmol) in TTHF (10 mL). After stirring at

room temperature for 3.5 h, saturated aqueous NH4Cl (20 mL) was added to the

solution. Extractive work-up followed by medium-pressure liquid chromatography

(hexane/EtOAc = 19! 1) afforded5 (O.74g, 479o from 1,3dithiane). 5: IH NMR

(CDC13) 6 O.26 (s, 12 H), O.57 (s, 12 H), 1.7ZFI.89 (m, 2 H), 2.3tF2.44 (m, 4 H),

7.28-7,37 (m, 6 H), 7.45-7.54 (m, 4 H); 13C NMR (CDCI3) 6 •-1.6, -1.1, 24.8, 28.3,

29.2, 127.6, 128.5, 134.1, 139.6; IR (neat) 2968, 1430, 1246, 1108 cm-1. Anal. Calcd

for C24H4oGe2S2Si2: C, 48.52; H, 6.79. Found: C, 48.30; H, 6.86.

    Synthesis of Complex 6. To a benzene (O.25 mL) solution of bis(t-buty1

isocyanide)palladium(O), prepared from Pd(CsHs)(C3Hs) (21 mg, O.1 mmol) and t-

butyl isocyanide (33 mg, O.4 mmol), was added 5 (65.3 mg, O.11 mmol) at room

temperature under argon. After 10 min., pentane (1 mL) was added to the solution to

precipitate colorless crystals of 6, which was washed twice with 2-propanol (O.5 mL)

and dried in vacuo. The complex 6 (49.4mg, O.083 mmol, 83 9o) was thermally

stable under nitrogen but gradually decomposed by exposure to the air. 6: mp 158.5-

1600C (dec.); IH NMR (C6D6) 6 O.90 (s, 18 H), 1.09 (s, 12 H), 2.00-2.14 (m, 2 H),

2.67-2.78 (m, 4 H); 13C NMR (C6D6) 6 2.1, 28.0, 29.9, 31.0, 35.8, 56.0, 146.6 (br);

IR (C6H6) 2146 cm'1. Anal. Calcd for ClsH36Ge2N2PdS2: C, 36.26; H, 6.09; N,

4.70. Found: C, 36,02; H, 6.17; N, 4.49.

    Stoichiometric Reaction ofthe Complex 6 with Phenylacetylene. To a solu-

tion of6 (18.5 mg, 31 pmol) in benzene-d6 (O.6 mL) was addedphenylacetylene (6.3

mg, 62 pmol) at room temperature, The reaction mixture was immediateiy subjected

to preparative TLC (hexane / ether = 19 / 1) to furnish 7 (11.8 mg, 89 9o). 7; mp.
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52.0-55.0°C. IH NMR (CDCI3) 00.58 (s, 6 H), 0.63 (s, 6 H), 2.01-2.14 (m, 2 H),

2.65-2.76 (m, 4 H), 7.06 (s, 1H), 7.16-7.34 (m, 5 H); l3C NMR (CDCI3) 0 -0.8, -0.6,

25.9, 26.6, 30.1, 126.3, 127.1, 128.4, 142.3, 142.5, 161.3; IR (neat) 2916, 1490,

1424, 1236,814 em-I. Anal. Calcd for CI6H24Ge2S2: C, 44.93; H, 5.61. Found: C,

45.14; H, 5.68.

Reaction of 5 with Pt3(CNBu/)6. To a benzene (4 mL) solution of

Pt3(CNBu()6 (28 mg, 0.034 romol) and t-butyl isocyanide (17 mg, 0.2 mmol) was

added 5 (59 mg, 0.1 mmol) at room temperature under argon. The mixture was

stirred at reflux temperature for 24h, cooled to room temperature, and then subjected

to preparative TLC (CH2CI2 : hexane =60: 40) to furnish 8 (29 mg, 30%) and 9 (5.4

mg, 11 %). The complex 8 and 9 were air and thermally stable.

8: mp 181.0-182.0°C (dec.); IH NMR (CDC13) 00.53 (s, 3JPt_H = 13.5 Hz, 12

H), 0.54 (s, 3jpt_H =8.8 Hz, 12 H), 1.48 (s, 18 H), 1.88-2.00 (m, 2 H), 2.46-2.54 (m,

4 H), 7.20-7.30 (m, 6 H), 7.38-7.44 (m, 4 H); l3C NMR (CDCI3) 0 -0.4 (br), 5.3

(2Jpt-C =33.0 Hz), 26.4, 29.5, 30.0,44.6 (2jPt-C =85.7 Hz), 58.3 (3jPt-C =11.3 Hz),

117.1 (br), 127.0,127.1,133.5, 148.3 (2JPt-C = 23.5 Hz); 29Si NMR (CDCI3) 0 -26.3

(lJpt-Si = 515 Hz); IR (KBr) 2904, 2172, 1194,798 cm·1. Anal. Calcd for

C34HS8Ge2N2PtS2Si2: C, 42.74; H, 6.12; N, 2.93. Found: C, 42.69; H, 6.19; N,

2.95.

9: mp more than 300°C; IH NMR (CDCI3) 00.74 (s, 3JPt_H = 12.1 Hz, 24 H),

1.61 (s, 18 H), 1.92-2.04 (m, 4 H), 2.48-2.56 (m, 8 H). Anal. Calcd for

C26HS4Ge4N2PtS4: C, 30.97; H, 5.40; N, 2.78. Found: C, 31.26; H, 5.41; N, 2.87.

Single Crystal X-ray Analysis of 3. Suitable single crystals of 3 was grown

from chloroform-2-propanol at ambient temperature. A crystal of3 was mounted on

a glass fiber using epoxy resin. Data collection were carried out on a Mac Science

MXC3 diffractmeter with Cu Ka radiation (,). = 1.54178 A). The intensity data were

corrected for Lorentzian polarization and absorption corrections by analytical func­

tion (j.J. = 86.375 em-I). The structures were solved by direct methods and refined

full-matrix least-squares procedure against IFI with program package CrystanG (Mac

Science). All non-hydrogen atoms were refined with anisotropic thermal parameters.

Hydrogen atoms were not included in the refinement. Crystal data and intensity

collection parameters together with details of the refinements are summarized in

Table 1. Final positional parameters are listed in Table 3. Anisotropic thermal param­

eters are given in Table 4. Intramolecular bond distances are presented in Table 5.
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Intrarnolecular bond angles are presented in Table 6,

     Single Crystal X-ray Analysis of 6. Suitable single crystals of6 was grown

from benzene-pentane (1/4) at ambient temperature. A crystal of 6 was coated with

silicon grease was mounted in a thin-walled glass capillary under an argon atmo-

sphere. Data collection were cairied out on a Mac Science MXC3 diffractmeter with

Cu Kct radiation (A = 1.54178 A). The intensity data were corrected for Lorentzian

polarization and absorption corrections by analytical function (Ii = 96.629 cmti). The

structures were solved by direct methods and refined full-manix least-squares proce-

dure against IFI with program package CrystanG (Mac Science). All non-hydrogen

atoms were refined with anisotropic thermal paTameters, Hydrogen atoms were not

included in the refinement. Crystal data and intensity collection parameters together

with details of the refinements are summarized in Table 1. Final positional param-

eters are ljsted in Table 7. Anisotropic thermal parameters are given in Table 8. In-

tramolecular bond distances are presented in Table 9. Intramolecular bond angles are

presented in Table 10.

     Single Crystal X-ray Analysis of 9. Suitable single crystals of 9 was grown

from dichloromethane-2-propanol at ambient temperature. A crystal of 9 was

mounted on a glass fiber using epoxy resin. Data collection were carried out on a

Mac Science MÅrÅqC3 diffractmeter with Cu Kct radiation (a = 1.54178 A). The inten-

sity data were corrected for Lorentzian po!arization and absorption corrections by

analytical function (st = 121.96 cm'1). The stmctures were solved by direct methods

and refined full-matrix least-squares procedure against IFI with program package

CrystanG (Mac Science). AII non-hydrogen atoms were refined with anisotropic

thermal parameters. All hydrogen atorns were included in the refinement at the cal-

culatedpositions (O.96 A) with isotropic thermal parameters. Crystal data and inten-

sity collection parameters together with details of the refinements are summarized in

Table 2, Final positional parameters are listed in Table 1 1. Anisotropic thermal pa-

rameters are given in Table 12. Intramolecular bond distances are presented in Table

13. Intramolecular bond angles are presented in Table 14.
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   Table 1.

compound

formula

formula weight

crystal system

space group

a,A

b, A

c, A

q deg

P, deg

7, deg

ceLl vol, A3

z
p(calcd), g cm'3

F(OOO)

crystal size, mm

i2, cm-1

diffractometer

rnenochromator

radiation

temp, K

scan type

2emax, deg

reflns measured

independent refins

reflns used

no. of variables

R,Rw
goodness of fit

max 6/u in final cycle

residual electron density

 Åqmin, max) (e/A3)

Summary of Crysta11ographic Data for 3 and 6

3

C34HssN2P62Sin

866,4

monoclinic

P21/c (No. 14)

19.298 (8)

17.196 (8)

12.552 (6)

95.82 (3)

41an Åq3)

4

1.39

1768

O.40 Å~ O.40 x O.20

86.375

Mac Science MXC3

graphite

Cu Ka (A= 1.54178 A)

293

to/2e

130

7683

6671

5399

385

O,103, O.135

6.04

O.53

-5.48, 5.19

    82

6,
C;sH36Ge2N2PdS2

596.2

triclinic

Pl (No, 1)

8.263 (4)

10.936 (e

15.431 (8)

94.57 (4)

1oo,06 (4)

102.40 (4)

1331 (1)

2

1 .49

am
030 Å~ O.55 Å~ O.70

96.63

Mac Science MXC3

graphite

Cu Ka (a= 1.s417s A)

293

tone

130

4939

44M
3694

448

O,067, O. 09 1

1,67

O,48



Tab:e 2. Summary of Crystallographic Data for 9

comp6und

formnla

formula weight

crysial system

space group

a,A

-b,A

c, A

a, deg

P, deg

7, deg

cell vol, A3 -

Z
p(calcd), g cm-3

F(OOO)

crystal size, mm

I•t, cm'1

diffractometer

monochromator

radiation

temp, K

scan type

2emax, deg

reflns measured

independent reflns

reflns used

no. of variabtes

R,R}v

goodness of fit

max 6/o in final cycle

residual electron density

  (rnin, max) (e/A3)

9

C26Hs4Ge4N2PtS4

1oo8.5

rnonoclinic

nl/a ovo. 14)

13.os1 (6)

16.809 (9)

9.563 (4)

111.38 (3)

1955 (2)

2

1.713

988

O.50 Å~ O.40 Å~ O.40

121.96

. Mac Science MXC3

graphite

Cu Ka (A= 1.54178 A)

293

corae

130

3610

32cn

2860

196

O.080, O.093

6.28

4.98, 2.86

     83



Table 3. Positional Parameters and Equivalent Isotropic Thermal Parameters

    with Esd's in Parentheses for 3

(A2)

atom xla y/b z/c U(iso)

Rl
Si2
Si3
Si4
Si5

S6
S7
N8
N9
C10
C 11
C 12
C13
C 14
Cl5
C 16
C 17
C18
C 19
C 20
C21
C 22
C 23
C 24
C25
C26
C 27
C28
C29
C 30
C31
C32
C 33
C 34
C 35
C36
C 37
C38
C 39
C 40
C41
C 42
C 43

O.23681(4)
O.2474(3)
O.1561(3)
O.3292(3)
O.1952(3)
O.l687(4)
O.0888(3)
O.13l9(9)
O.3473(9)
O.1695(9)
O.30696
O.1633(9)
O.1730(17)
O.1059(16)
O,1oo7(17)
O,2445(15)
O.3242(12)
O,e620(12)
O.1870(16)
O.2914(15)
O.3942(13)
e.1l03(16)
O.I754(16)
O.3901(12)
03817(17)
e.425(2)
O.472(3)
O,4910(17)
O.4449(l3)
O.2573(15)
O.251O(17)
O.301(2)
O.350(2)
O.3527(19)
O,3071(14)
O.0790(12)
OD099(18)
O.099(2)
O.079(3)
O.3999(14)
O.463(2)
O.377(3)
O.408(4)

-O.oo217(4)
 O.O02S(3)
 O.0932(3)
-O.0988(4)
O.ce19(4)
O, 1"5(3)

 O.oo26(3)
-O.1367(9)
O.1251(11)

-O.0855(13)
 O.07420
O,0616(11)
O,co80(18)

 O.Otl76(22)
-O.0258(20)
-O,0937(14)
 O.0583(17)
O.oo18(17)
O.1971(13)

-O.1967(17)
-O.0719(17)
-O.0314(21)
O.1292(15)

-O.1l60(13)
-O.1829(20)
-O.192(4)
-O.142(5)
-O.0721(29)
-O.0626(19)
-O.O045(l1)
-O.080I(16)
-O.099(2)
-O.ou3(3)
O.0304(25)
O,0467(16)

O,1985(13)
-O.1653(22)
-O.241(3)
-O.248(2)
O.1832(16)
O. 153(3)
O,229(4)
O.234(5)

 O.17S96(6)
 O.3754(5)
 O.2409(5)
O.1501(6)

tO.O138(5)
O.48oo(5)
O.4067(6)
O.1819(l2)
O.1615(17)
O.1798(14)
O.168oo
O.39e4(16)
O.6111(19)
O.6222(21)
O.sc73(20
Opa64(19)
O.4333(20)
O.1815(22)
O,23S9(21)
O,1055(32)
O.0530(19)

-O.0575(23)
-O,0429(20)
O.2780(19)
O.3434(31)
O."3(5)
O.457(4)
O.3951(30)
O.3039(22)

-O.1169(18)
-O.1685(21)
-O.245(2År

-O.269(2)
-O,2208(35)
-O.1437(21)
O.1881(20)
O.1812(53)
O.292(4)
O.088(4)
O,1488(23)
O.132(8)
O.054(5)
O.237(6)

O.036
O.048
O.047
O,055
O.051
O.070
O.066
O.045
O.064
O.044
O.048
O.048
O.092
O.091
O.088
O.088
O.074
O.083
O.082
O.115
O.078
O.092
O.084
O.068
O,127
O.168
O.189
O,128
o,ogn
O,057
O.088
O.098
O.108
O.115
O.075
O.067
O.196
O.210
O.205
O.079
O.362
O.291
O.327

T=exp[-2n2U], U=U(iso) or [U(1 1)+U(22)+U(33)]B
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Table 4. Anisotropic Thermal Parameters (A2) with Esd's in Parentheses for 3

         The temperature factor is of the form:

  exp[-2n2(U.a*2h2+Uzab*2k2+U33c*2fl+2U,2a*b*hk+2U,3a*c*ht+2Uesb"c"kt)]

atom ull u22 u33 u12 u13 u23

Ptl

sn
SB
Si4
sfi

S6
S7
N8
N9
C10
C11
C 12
C 13
C14
C 15
C 16
C17
C18
C 19
C 20
C 21
C 22
C 23
C24
C 25
C 26
C Z7
C 28
C 29
C30
C31
C32
C33
C 34
C35
C36
C37
C38
C39
C40
C41
C42
C 43

O.03as(6)
O.036(3)
O.04S(3)
O.043(3)
O.055(3)
O.097(5)
O.042(3)
O.06(1)
O.05(1)
O.ca(1)
O.05(1)
O.ou(1)

O.14(3)
O.09(2)
O.10(2)
O.13(2)
O.05(1)
O.05(1)
O.13(2)
O.08(2)
O.07(2)
O.08(2)
O.13(2)
O,07(2)
O.10(2)
O.13(4)
O.15(5)
O.08(2)
O.05(1)
O.08(2)

O,13(3)
O.14(3)
O.13(3)
O.09(3)
O.08(2)
O.06(1)
O.07(2)
O.18(4)
O.29(6)
O.07(2)
O.12(4)
O.24(6)
O.4(1)

O.0430(6)
O.067(4)
O,053(3)
O.055(3)
O.06or3)
O.058(3)
O.080(4)
O.oo(1)
O.06(1)
O.07(1)
O.05(1)
O,06(1)
O.10(2)
O.14(3)
O.10(2)
O,07(2)
O.11(2)
O.12(2)
O.05(1)
O.07(2)
O.11(2)
O.14(2)
O,06(2)
O,07(1)
O.12(3)

023(6)
034(10)
O.21(5)
O.13(2)

e.o6o)
O.08(2)
O.11(2)
O.15(4)
O.12(3)
O.08(2)
O.06(1)
O.10(3)
021(5)
O.14(4)
O.08(2)
O.l1(4)

035(8)
03(1)

o.e3as(6)
O.ca1(3)
O.043(3)
O.067(4)
O.038(3)
O,OS5(4)
OD74(4)
O.ca(1)
O,08(1)
O.02(1)
O,ou(1)
O.05(1)
O.ca(1)

OD5(2)
OD7(2)
O.06(1)
O,06(2)
o.og(2)
O.07(2)
O.19(4)
O.05(1)

OD6(2)
O.06(2)
O.07Åq2)

O.15(3)
O.14(4)
O.07(2)
O.09(3)
O.07(2)
O.03(1)
O.06(2)
O.05(2)
O.ca(2)
O.13(3)
O.06(2)
O.08(2)
O.42(9)
O.24(5)
O.18(4)
O,08(2)
O.84(17)
O.28(7)

03(1)

O.ooZ3(3)
O.oo9(2)
O.O16(2)
O.OIO(3)
-O,O04(3)

O.oo6(3)
.O.oo1(2)
-O.Ol(1)
-O.02(1)
O.oo(1)
O.oo(1)
O.Ol(1)

O.Ol(2)
O.02(2)

O.oo(2)
O.05(2)
O.Ol(1)
O.03(1)
O.Ol(1)
O.oo(1)
O.ou(1)
-O.03(2)
O.02(2)
O.03(1)
O.08(2)
O.13(4)
O.17(6)
O.OS(3)
O.02(2)
-O.Ol(1)

O.Ol(2)
O.Ol(2)
O.05(3)
O.Ol(2)
O.oo(1)
-O.03(1)
.O.02(2)
-O.13(4)
.O.IS(4)

-O.03(1)
-O.02(3)
-O.za(6)
.O.3(1)

O.oo31(4)
O.O04(2)
O.co6(2)
O.O14(3)
O.oo56)
O.O13(3)
O.O13(3)
O.oo(1)
O.Ol(1)

-O.Ol(1)

Ooo(1)
O.oo(1)

O.Ol(2)
O.03(1)
O.02(2)
O.on(2)
O.Ol(1)
O.oo(1)
O.03(2)
O.02(2)
O.03(1)
tO.02(1)
O.Ol(2)
O.03(1)
O.07(2)
O,09(4)
O,ca(3)

tO.02(2)
rO.Ol(1)

O.oo(1)
tO.02(2)
-O.Ol(2)

O.oo(2)
O.03Åq2)

O,02(1)
O.02(1)
O.05(3)
LO.op(4)

O.10(4)
O.Ol(])
O.22(7)
-O.14(5)
O.1(1)

O.OO07(3)
n.oo3(3)
O.oo1(3)
-O,co3(3)
O.O09(3)
o.o13e)
O.O04(3)
O.Ol(1)
O.oo(1)
O.Ol(1)
O.OlÅq1)

-O.Ol(1)
-O.Ol(1)

O.co(2)
O,02(2)
O.ou(1)
O.02Åq1)

O.oo(2)
-O.Ol(1)
-e.os(2)

O.Ol(1)
O,02(2)
O.03(1)
O.02(1)
O.08(2)
O.10(4)
o.og(s)

-O.Ol(3År

-O.03(2)

O,oo(1)
-O.03(1)
-O,Ol(2)
-O.ee(2)

O,02(3)
O.Ol(1)
O.oo(1)
-O.Ol(4)

O.19(4)
-O.10(3)

O.oo(2)
O.ca(6)
O.25(7)
-O.2(1)
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Table 5. Intramolecular Distances (A) with Esd's in Parentheses for 3

atom atom distancc atorn atom distance

Rl
Ptl

Rl
Si2
Si2
Si3
Si4
Si4
Si5

S6
S7
C
C
N8

13
10

C 24
C 26
C 29
C 30
C31
C 33
C36
C 36
C40

- Si2
- Si4

-C 10
-C 12
-C 17
-C 18
-C 24
-C 20
-C23
-C 12
-C 12
-C 14
-N8
-C 36
-C25
-C27
-C28
-C31
-C 32
-C 34
-C 37
-C 39
-C41

2,493(D
2.482(7)
1,94(3)
l.94(2)
1.85(3)
1.89(3)
1.9l(3)
1.90(4)
1.91(3)
1.8l(3)
1.79(2)
1,58(5)
1,14(3)
1.48(3)
1.43(5)
1.25(9)
l.39(5)
1.45(4)
1.46(5)
1.39(7)
1.45(5)
1.52(6)
1.36(6)

Ptl
Pt1
Pr1
Si2
Si3
Si3
Si4
Si5
Si5
S6
S7
C IS
C11
N9
C 26
C 28
C 24
C 30
C 33
C 35
C36
C40
C 40

- Si3
- sis

-C 11
-C 16
-C 12
-C 19
-C21
-C 30
-C22
-C 13
-C 15
-C 14
-N9
-C 40
-C25
-C27
-C29
-C 35
-C 32
-C 34
-C 38
-C42
-C43

2.4S7(O
2.470(7)
1.896(1)
188(3)
1.95(3)
1.89(3)
1.89(3)
1.90(3)
1.91(4)
1.82(3)
1.82(4)
1.57(5)
1.179(19)
1.45(4)
1."(7)
1.50(9)
1.41(4)
1.37(4)
1.40(6)
1.40(5)
1.51(6)
1.46(8)
1.41(9)

Tab]e 6. Intramolecular Angles (deg) with Esd's in Parentheses for 3

atom atom atom angle atom atom atom angle

Si2
Si2
Si2
Si3
Si3
Si4
sis
C 10
Ptl

Cl2
C 16
C 12
Pt1
C 12
C 18
Rl
C24
C21
Pt1

- Ptl

- Ptl
- Ptl

- Ptl

-Pt1
- Ptl
- Ptl

-Ptl
h Si2
- Si2
- Si2

-S7
-Si3
- Si3
- Si3

-Si4
t Si4
- Si4
- Si5

- Si3
- Si5

-C 11
- Si5

-C ll
-C 10
-C 10
-C 11
-C 16
-C 16
-C 17
tC l5
-C 18
-C 18
-C 19
-C21
-C21
-C 20
-C23

 68.6(2)
]61.6(3)
 92.5(2)
 93,O(3)
 92,O(2)
 90.0(7)
 89.7(ol
175.9(6)
116.3(8)
11O.4(11)
109.4(13)
103.8(13)
118.4(10)
llO.4(Sl)
107.0(13)
116.9(9)
100,7(11)
106.7(14)
112.6(8)

Si2
Si2
Si3
Si3
Si4
Si4
Si5
Pt1
Pt1

c
C
Ptl
Ptl

C
Ptl
Ptl

12
12

12

C 24
Ptl
Ptl

-Ml -Si4
-Ptl -C10
-Ptl -Si4
•- Ptl -C IO
-Hl -Si5
-p Ptl -C ;1
-Ptl -Cll
-Si2 -C12
-Si2 -C17
-Si2 -C17
-S6 -C 13
ny- Si3 -C 12

-Si3 -C19
-Si3 -C19
-Si4 -C24
-Si4 -C20
-Si4 -C20
-Si5 -C30
-Si5 -C22

99.5(3)
 89.2(6)
168.0(3)
92.1(ol
98,8(3)

 86.0(2)
89.8(2)

 97,4(D
113.1(9)
109,6(11)
102,1(12)
 98.5(7)
114.1(10)
107.7(11)
112,5(8)
111.9(10)
107.2(14)
1 16.8(9)

1IZ5(10)
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C 30
C 23
nl
C11
Si2
S6
S7
S7
Si4
C 24
C26
C 24
Si5
C 30
C 32
C30
N8
N8
N9
C 37
C 38
C42

- Si5
- sis

-C 11
-N9
-C 12
-C 12
-C 12
-C i5
-C 24
-C 25
-C 27
-C 29
-C 30
tC31
-C 33
-C 35
-C 36
-C 36
-C40
-C 36
-C 36
-C 40

-C 23
-C 22
-N9
-C40
-S7
-S7
-Si3
-C 14
-C 25
-C 26
-C 28
-C28
-C31
-C 32
-cy
-C 34
-C 37
-C 39
-C42
-C 38
-C 39
-C41

103.1(11)
I050(14)
175.7(10)
l75.4(21)
113,8(11)
111.g(11)
1os.8(10)
111.0(22)
120.6(20)
1 19.7(35)
133.4(50)
121,O(31)
119.1(20)
117.2(27)
122,O(34)
1232(28)
110,5(22)
107.8(25)
107.4(31)
113.5(34)
115.I(30)
107.0(50)

C 30
Ptl
C 10
Si2
Si2
S6
S6
c
Si4
C
c
c
Si5
c
C
c
N8
N9
N9
c

IS

2S
29
29

33
33
31

 37
C41
C 42

- Si5

-C 10
-N8
-C 12
-C 12
-C 12
-C 13
-C 14
-C 24
-C 26
-C 28
-C 24
-C 30
-C 32
-C 34
-C 30
-C 36
-C40
-C 40
-C 36
-C 40
-C40

-C22
tN8
-C 36
-S6
t Si3
- Si3

-C 14
-C 13
-C29
-C 27
-C27
-C 25
tC 35
.C 31
-C 35
-C 35
-C 38
-C41
-C 43
-C 39
-C43
-C43

105.7(13)
177.4(18)
175.3(20)
118.4(1 1)
91,8(9)

111.9(11)
111.0(19)
113,O(24)
118.3(19)
I 13.6(53)
110.8(36)
121.1(25)
121,3(17)
119.4(31)
118,4(35)
119.6(25)
105.7(24)
113.7(29)
111.7(39)
104.2(3S)
108.8(53)
107.9(45)

Table 7. Positional Parameters and Equivalent Isotropic Thermal Parameters (A2)

    with Esd's in Parentheses fer 6

atom x/a yfo alc U(iso)

Pd1A
Pd1B
Ge2A
Ge2B
Ge3A
Ge3B
S4A
S 4B
S 5A
S5B
N6A
N 6B
N7A
N 7B
C 8A
C8B
C 9A
C 9B
C 10A
C 10B
ClrA
C11B
C 12A
C12B

O.8656(3)
O.845oo
1.09S3(7)
O.6128(7)
1.0682(7)
O.6456(7)
1.4236(15)
O.3788(15)
1.3362(17)
O,2857(16)
O.679(S
1 .027(4)

O.6S3(S
i.050(5)
O.738(ol
O,968(3)
O.720(5)
O.987(6)
1264(3)
O.456(4)
1.211(6)
O.679(7)
1,032(5)
O.519(ot

O.7422(2)
O.609oo
e.7ss6(s)
O.5935(4)
O.9405(5)
O.4096(5)
O,8879(12)
O.311O(11)
1,on21(10)
O.4654(14)
O.476(3)
O.877(3)
O,819(4)
0518(3)
O.562(4)
O.777(2)
O.803(3)
O.575(3)
O.918(3)
O,442(2)
O.612(3)
O.552(8)
O.784(3)
O.742(5)

O.5637(1)
O.14600
O.6866(3)
O.0203(3)
O.5757(3)
O,1309(4)
O.6111(8)

-O.ou96(8)
O.7568(7)
O.oo29(9)
O.609(2)
O.112(2)
O.397(2)
O.314(2)
O.S87(4)
O.123(1)
O.454(2)
O,255(3)
O.672(2)
O.044(2)
O.697(3)
-O.086(3)
O.807(3)
O.024(4)

O.054
O.057
O.053
O,054
O,060
O.063
O.070
O.072
O,CKS9

O,083
O.066
O.059
O,069
O,072
O.105
O.039
O.OS8
O.071
O,053
O,05 1

O.079
O.166
O.077
O,110
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C 13A
C 13B
C 14A
C 14B
C 15A
C 15B
C 16A
C 16B
C 17A
C l7B
C 18A
C 18B
C 19A
C 19B
C 20A
C 20B
C21A
C21B
C 22A
C 22B
C 23A
C 23B
C 24A
C 24B
C 25A
C 25B

1.140("
O,726(D
O.990(O
O,550(8)
1.574(3)
O.228(a
1.628(S
O.074("
1,496(a
O.130(9)
O,625(4)
1.116(O
O.743(8)
O.980(5)
O.587(6)
l.275(6)
O.441(7)
1.108(11)
O,581(6)
1.1 14(6)

O.690(8)
1.122(7)
0399(12)
1,302(S)
O.S18(11)
O.991(8)

O.991(4)
O.270(5)
1.083(5)
O.364(9)
O.857(2)
O,386(5)
O.966(4)
O.4 12(6)

O.993(4)
O.525(ol
O,354(3)
1.ooS(4)
O.330(5)
1,025(4)
O.258(3)
O.988(5)
O.346(ol
t.105(5)
O.888(4)
O,470(S
O.890(8)
O.328(4)
O.801(12)
O.546(4)
O.988(a
O.455(6)

O.472(3)
O,op8(3)
O.643(4)
O.M6(4)
O.706(2)
-O.113(3)
O.787(3)

tO.os8(4)
O.834(2)
O.O15(5)
O.635(2)
O.086(3)
O.702(4)
-O.O04(3)
O.544(3)
O.os2(4)
O,661(4)
O.153(4)
O.323(2)
O.391(3)
O.as3(4)
O.340(3)
O.289(9)
O.429(2)
O.352(3)
O.458(3)

O.089
O.086
O.108
O.195
O.053
O.083
O.074
O.129
O,074
O.155
O.052
O.071
O.112
O.080
O,081
O.104
O.116
O.152
O,072
O.080
O.145
O.097
O.261
O.077
O.175
O.121

T=exp[-2rt'U], U=U(iso) or [U(11)+U(22)+U(33)]rs

Table 8. Anisotropic Thermal Parameters (A2) with Esd's in Parentheses for 6

        The temperature factor is of the form:

 exp[-2n2(U.a"2h2+Unb*2k2+U,,c*2P+2U,,a*b*hk+2U,,a'c*hl+2U.b*c*kl)]

atom Ul1 U22 U33 U12 U13 U23

Pd1A
PdlB
Ge2A
Ge U3
Ge3B
S4B
S4A
S5B
S5A
N 6A
N 6B
N 7A
N 7B
C 8A
C 8B
C 9A
C 9B
C 10A

O.064(2)
O.057(2)
O.056(3)
O.069(3)
O.06or3)
O.078(7)
O,064(6)
O,074(7)
O.090(8)
O.09(2)
O.06(1)
O.07(2)
O.08(2)
O.IO(3)
O.05(1)
O.05(2)
O.09(2)
O,03(1)

O.037(1)
O.053(2)
O.ca8(2)
O.04or2)
O,047(3)
O.058(6)
O.074(7)
O.097(8)
O.043(5)
O.05(2)
O.05(2)

O.07(2)
O.08(2)
O.04(2)

O.03(1)
O.06(2)
O.ca(1)
O.08(2)

O.ou9(2)

o.osq2)
O.ca5(2)
O,042(2)
O.071(3)
O,066(7)
O,06or6)

O,061(6)
O.059(6)

OD5(1)
O.06(2)
O,05(2)
O.ooÅq1)

O.15(4)
O.03(1)
O.05(2)
O.07(2)
O.ca(1)

O.ooS(1)
O.O17(1)
O.O17(2)
O.O15(2)
O.oo7(2)
O.021(5)
O.020(5)
O.044(6)
O.O12(5)
O,03(2)
O,Ol(1)
O.Ol(2)

O.ou(2)
-O.ou(2)

O.02(1)
O.02(1)
O.03(1)
O.ou(1)

-O,oo9(1)

O.O04(1)
-O.oo2Åq2)

O.oo7(2)
tO,oo7(2)
O.O09(5)
O.O17(4)
O,021(5)
O.O12(5)
O,on(1)
O.ca(1)

O.02(2)
O.Ol(1)
-O.03(3)

O.Ol(1)
-O,Ol(1)

O.on(2)
O.Ol(1)

O.O17(1)
O.OIS(1)
O.O18(2)
O.O16(2)
O.032(2)
O.oo1(5)
O.O19(5)
O.028(6)
O.oo3(4)
O,02(1)
O.Ol(1)
O.ca(1År

O.Ol(1)
O.os(2)
O.OlÅq1)

O.OlÅq1)

O.02(1)
O.oo(1)
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C 10B
C11A
C;IB
C 12A
C 12B
C 13A
C 13B
C 14A
C 14B
C 15A
C 15B
C 16A
C 16B
C 17A
C 17B
C 18A
C 18B
C 19A
C 19B
C 20A
C 20B
C21A
C21B
C 22A
C 22B
C 23A
C 23B
C 24A
C 24B
C 25A
C 25B

O.08(2)
O.13(3)
O.10(4)
O.09(2)
O.08(3)

O.06(2)
O.09(3)
O.07(2)
e.12(4)
O.05(1)
O.08(3)

O.07(2)
O.09(3)
O.11(3)
O.17(5)
O,05(1)
O.09(3)
O.13(4)
O.07(2)
O.10(3)

O.07(2)
O.08(3)
O.26(8)
O.11(3)
O,08(2)
O,08(3)
O.13(3)
O.12(6)
O.07(2)
O.3(1)

O.12(4)

O.02(1)
O.02(1)
O.31(8)
O.06(2)

O.12(4)
O.12(3)
O.06(2)
O.07(2)
O.34(10)
O.ca(1)
O.08(3)

O.07(2)
O.15(5)
O.06(2)

O.12(4)

o.e3m
O.05(2)
O.06(3)
O.09(3)
O,03(1)
e,og(3)
O.12(4)
O.10(4)
O.06(2)
O.09(3)
O.25(7)
O.05(2)
O.31(13)
O.10(2)
O.1 (O)

O.18(4)

O.05(1)
O.08(2)
O.05(2)

O.07(2)
O,11(4)
O.08(3)
O.08(3)
O.16(5)
O.09(3)
O.06(1)
O,07(3)
O.07(2)
O,12(4)
O.03(1)
O.15(5)
O.06(2)
O.06(2)

O.13(4)
O.07(2)
O.09(3)
O.14(4)

O.12(4)
O,06(2}
O.03(1)
O.06(2)
O,07(3)
O.09(3)
O.31(13)
O.05(1)
O.1(O)
O.ca(2)

-O.Ol(1)
 O.Ol(1)
 O.op(5)
-O.Ol(2)
O.07(3)
-O.03(2)

O.03(2)
O.03(2)
O.08(5)

O.ou(1)
O.Ol(2)
O.02(2)
O.07(3)
O.04(2)
O.11(4)
O.oo(1)

O.02(2)
O.02(3)

O.03(2)
-O.Ol(2)

O.02(2)
O.on(3)
O.08(4)

O.05(2)
O.02(2)
O.05(3)
O.03(2)

tO.08(6)
O.oo(2)
O.1(1)
O.02(3)

rO.ca(1)
-O.op(2)

 O.04(2)
O.ou(2)
D.02(2)
O.oo(2)
n.on(2)
O.Ol(3)
O.05(3)
O.Ol(1)

O.02(2)
-O.03(2)
O.os(3)

-O.Ol(2)
-O.Ol(4)
O.oo(1)
-O.Ol(2)
-O.05(3)
O.Ol (2)

O.oo(2)
O.OS(2)
O.oo(3)
-O.oo(3)

O,02(1)
-O.Ol(2)
O.os(2)
O.oo(2)
-O.08(7)
TO.03(1)
o.oro)

O.05(2)

O.02(1)
O.02(1)
O.07(3)
O-ca(1)
O.02(3)
O.07(2)
O,Ol(2)
O,02(3)
O.13(5)
O.Ol(1)

-O.02(2)
O.02(2)
O.ou(3)
O.oo(1)
O.oo(3)
LO.Ol(1)
O.03(1)
O.co(2)
O.03(2)
-O.Ol(2)

O.08(3)

Ooo(3)
O.oo(2)
O.03(1)
O.oo(2)
O.05(3)
O.oo(2)
O.17(11)
O.03(2)
o.oro)
O.04(2)

Table 9. Intramolecular Distances (A) with Esd's in Parentheses for 6

atom atom distance atom atom distance

Pd1A
Pd1B
Pd1A
Pd1B
Ge2A
Ge2A
Ge2B
Ge3B
Ge3B
Ge3A
S4B
S4A
S 5B
S5A
N6A
N 7B
C
c
N6B
c

18A
18A

18B

-Ge2A
-Ge2B
-C9A
-C 8B
-C 10A
-C 12A
-C1IB
-C 13B
-C 14B
-C 13A
-C 15B
-C 10A
- C 17B
-C 10A
-C 18A
-C 22B
- C 20A
-C19A
-C18B
-C 19B

2.409(6)
2,446(S)
2.13(4)
1 .99(3)

2.06(4)
2.04 (4)

1.87(5)
1,86(6)
2.12(7)
1,88(5)
1.83(6)
1.82(4)
l.86(8)
1.73(4)
1.43(5)
1.39(6)
1 .62(6)

1.38(8)
1.55(6)
1,68(7)

Pd1A
Pd1B
Pd1A
Pd1B
Ge2A
Ge2B
Ge2B
Ge3B
Ge3A
Ge3A
S4B
S4A
S5B
S5A
N 6A
N 7B
C 18A
C 9A
N 6B
C 18B

- Ge3A
-Ge3B
-C8A
-C 9B
-C 11A
-C 12B
-C 10B
-C 10B
-C 10A
-C 14A
-C 10B
-C ISA
-C 10B
-C 17A
-C8A
•- C 9.B

-C21A
tN 7A
-C 8B
-C 20B

2.410(of
2.401(e
2,11(5)
1.98(5)
2,Ol(4)
1.95(6)
1.98(3)
1.98(4)
2.07(3)
2.09(6)
1,88(3)
1.84(4)
1.76(4)
1.81(5)
1.08(6)
1 .25(6)

1.63(7)
1.01(6)
1.14(5)
1,46(7)
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C 18B
C 22B
C 15A
C 22A
C 22A
C 17A

-C21B
'r C 25B

•C 16A
- C 23A
- C 25A
-C 16A

1.47(7)
1.57(8)
1,59(S)
1.41(8)
1.38(8)
1.48(6)

N 7A -C 22A
C22B -C24B
C ISB -C 16B
C 22A -C 24A
C 7B -C 16B

1.52(6)
1.58(7)
1.61(8)
1.57(11)
1.65(9)

Table le. Intramolecu]ar Angles (deg) with Esd's in Parentheses for 6

atom atom atom angle atom atom atom angle

Ge2B
Ge2B
Ge3B
Ge2A
Ge2A
Ge3A
Pd1A
Pd1A
C 10A
Pd1B
Pd1B
C 12B
Pd1B
Pd1B
C 13B
Pd1A
Pd1A
C 14A
C 15B
C 17B
Ge2A
Ge2A
Ge3A
C 18A
N6A
N6A
C 20A
Pd1A
N 6B
N 6B
C 19B
Pd1B
N7B
C 25B
Pd1A
S 4B
N7A
C 23A
C 24A
C 15B
C 15A
Ge2B
Ge3B
S4B

- Pd1B
- Pd1B
-Pd1B
- PdlA
- Pd1A
- Pd1A
-Ge2A
-Ge2A
-Ge2A
-Ge2B
-Ge2B
-Ge2B
-Ge3B
- Ge3B
-Ge3B
- Ge3A
-Ge3A
-Ge3A
-S4B
.S5B
-C 10A
•- C 10A
-C 10A
-N6A
-C 18A
-C 18A
-C i8A
-C9A
tC 18B
-C18B
.C 18B
-C 8B
- C 22B
-C 22B
-C8A
-C 15B
-C 22A
- C 22A
-C 22A
-C 16B
-C 16A
-C 10B
-C 10B
.C IOB

-Ge3B
-C 9B
-C9B
-Ge3A
-C8A
-C8A
-C 1OA
-C 12A
-C 12A
-C 12B
-C 10B
-C 10B
-C 13B
-C 14B
-C 10B
- C l3A
-C 10A
-C 10A
.. C 1OB

-C 10B
-Ge3A
-S5A
-S5A
-C8A
-C 20A
-C 19A
-C 19A
-N 7A
LC 19B
-C21B
-C21B
-N6B
- C 25B
-C24B
.N6A
-C 16B
-C 24A
-C 24A
-C25A
-C 17B
-C 17A
-S4B
-S4B
.. S 5B

 69.6(2)
162.5(12)

 93.2(12)
 70.2(2)
 92.8(16)
163.0(16)
102.4(9)
1l3.5(l2)
1os.8(14)
111.7(16)

 98.9(10)
112.5(18)
l15.0(17)
l15,8(24)
ilS.7(18)
118.1(14)
101.9(10)
 99.9(19)
 95.3(19)
111.8(25)
 84.3(12)
121.7(17)
1 14.2(17)
169.8Åq47)

1en,9(29)
1I1.1(35)
114,8(36)
170.2(38)
1Q35(3l)
107.6(38)
103.1(40)
l74.2(26)
113.1(42)
1 16,4Åq37)

171.3(49)
i 1 7,5(37År

I02.0(54)
1 l4.5(57)

92.8(6e}
1l4,5(47)
118,O(31}
11S.5(17)
111.I(15)
109,7(18)

Ge2B -PdlB -C8B
Ge3B -PdlB -C8B
C8B -PdlB -C9B
Ge2A -PdlA -C9A
Ge3A -PdlA -C9A
C9A -PdlA -C8A
PdlA -Ge2A -CllA
C IOA -Ge2A -C 11A
C 11A -Ge2A -C 12A
PdlB -Ge2B -C11B
C 12B -Ge2B -C llB
C IIB -Ge2B -C IOB
PdlB -Ge3B -C10B
C 13B -Ge3B -C 14B
C 14B -Ge3B -C IOB
PdlA -Ge3A -Cl4A
C 14A -Ge3A -C l3A
C IOA -Ge3A -C l3A
C IOA -S 4A -C l5A
C 10A -S 5A -C 17A
Ge2A -C 10A -S 4A
Ge3A -C10A -S4A
S4A -C leA -S 5A
C 22B -N 7B -C 9B
N 6A -C 18A -C 21A
C 20A -C l8A -C 21A
C21A -C 18A -C 19A
C18B -N 6B -C 8B
tsT 6B -C l8B -C 20B
C 19B -C 18B -C 20B
C20B -C 18B -C21B
C9A -N 7A -C 22A
N 7B -C 22B -C 24B
Pd lB -C 9B -N 7B
S4A -C 15A -C 16A
N 7A -C 22A -C 23A
N 7A -C 22A -C 25A
C 23A -C 22A -C 25A
S5B -C 17B -C 16B
S 5A -C 17A, -C 16A
Ge2B -CaOB-Ge3B
Ge2B -C 10B -S 5B
Ge3B -C10B -S5B

93.3(D
162.6(D
1ou.O(14)
157.3(10)
87.1(10)

1on9(18)
119.2(12)
1102(15)
104,2(16)
llO,3(17)
114.8(os)
107.5(26)
1oo.2(8)
103.5(29)
106.9(21)
llO.2(l4)
1l1.7(21)
ll3.l(IS)
97.3(14)

1ou,7(17)
113,2(17)
1ou2(15År
114.1(17)
169,9(41År
107.I(34)
1ou.6(35)
113,7(41)
172.0(35)
107.1(35)
11l.1(37)
ln.8(49)
160.2(44)
1co.1(38)
161.8(33)
1 14.7(n)
len.S(43)
114.9(34)
l25.7Åq53)
iel.4(39)
ieg.6(2cs)

88.5( 14)

i17.3(15)
l13.2Åq17)
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Table 11. Positional PaJurneters and Equivalent Isotropic Thermal Pararneters

•with Esd's in Parentheses for 9

(A2)

atom xta y/b zlc U(iso)

Rl
Ge2
Ge3
S4
S5
N6
C7
C8
C9
C 10
C11
C 12
C 13
C 14
C 15
C16
C 17
C 18
C19
H 9A
H 9B
H 10A
H 10B
H 11A
H 11B
H 12A
H 12B
H 12C
H 13A
H 13B
H 13C
H 14A
H 14B
H 14C
H 15A
H 15B
H 15C
H 17A
H 17B
H 17C
H 18A
H 18B
H 18C
H I9A
H 19B
H 19C

1.ooOOO
1.18268(16)
1.1234a16)
1.3418(5)
1.3399(5)
1.0774(14)
1.ou59(18)
l .2622(1 3)

1 .460(2)

1.5258(19)
1,4596(18)
1,139(2)
1.103(2)
i.244(2)
1.192(2)
1.116(2)
1.201(7)
1.168(6)
1.023(S
1,50683
1.43383
1.5`va28
1.59228
1 .43626
l.50706
1.18702
1.16682
1 .06752
1.15015
1.02845
1.11165
1.31386
l.19196
1.25146
1,26237
1.17597
1.13777
1.22717
1.25927
1.17297
1.19411
1.11521
1.22821
1.04950
O.98440
O.97480

o.ooooo
-O.O0472(13)
 O.09540(13)
 O,1461(3)
 O.oo22(4)
-O.1347(1O)
-O.0868(12)
 O,0592(12)
 O.op8(2)
 O.0470(20)
-O.0235(18)
 O.082(2)
O.211(1)

-e,1op(2)
 O.057(2)
-O.197(2)
-O.239(4)
-O.l63(3)
-0245(3)
 O.13762
 O.06292
O.08111

 O,02841
-O.05503
-O.05503
 O.11867
 O,02917
O,08657
O.24781
O.22411
O.21941

-O.11051
-O.13701
-O.13581
O.05490
O.11130
O.036SO

-O.28096
-O.20206
-O.25996
-O.20560
-O.13150
tO.13040
-O.28760
-O.26740
-O,21 130

1.ooOOO
O.96992(22)
1.18382(23År
1.1334(9)
1,3180(6)
1.2402(19)
1,1508(26)
1.1571(19)
1.116(4)
1.2534(42)
1,2778(31)
1.395(3)
l.137(4)
O.962(3)
O.798(3)
1.348(3)
1.313(8)
l.494(S)
1.3"(8)
l.09731
1.03171
1.33973
1 .24363
1.18778
1.35948
1,46604
1 .42554
1.39984
1 .20752
1.12532
1.04252
O,95043
O.87903
1.05353
O.78682
O.81102
O.70792
138551
132181
1.21311
1.56633
1.51693
1.49513
1.41604
1.24604
1,37114

O.028
O.ou2
O.041
O,083
O.065
O,060
O.074
O.042
O.115
O.113
O,081
O.094
O.085
O,078
O.090
O.079
O.420
O,186
O.191
O,3(2)
O.Ol(4)
O.08(8)
O.07(7)
O.1(1)
O.06(6)
O.3(2)
O.2(2)
O,06(6)
O.09(9)
O.2(2)
O.2(2)
O.09(9)
O.09(8)
O.09(9)
O.06(6)
O.08(8)
O.1(1)
O.6(8)
O.1(1)
O.2(2)
O.3(3)
O.1(1)
O.1(1)
O.1(1)
O.4(3)
O.1(2)

T=exp[-2n2U], U =U(iso) or [U(11)+U(22)+UÅq33)]/3
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Table 12. Anisotropic Thennal Parameters (A2) with Esd's in Parentheses for 9

The temperature factor is of the form:

exp[-2n2(U a*2h2+U b*2k2+U c*2P+2U a*b*hk+2U a*c*hl+2U b*c*kl)]
11 22 33 12 13 23

alDm ull u22 u33 u12 u13 u23

Ptl 0.0184(5) 0.032A(5) 0.0255(5) 0.0009(4) 0.0067(3) -0.0024(4)
Ge2 0.029(1) 0.050(1) 0.037(1} 0.003(1) 0.016(1) -0.003(1)
Ge3 0.031(1) 0.043(1) 0.038(1) -0.004(1) 0.009(1) -0.014(1)
S4 0.062(3) 0.046(3) 0.114(5) -0.017(3) 0.046(4) -0.006(3)
S5 0.050(3} 0.076(4) 0.053(3) 0.007(3) -0.001(2) 0.006(3)
N6 0.06(1 ) 0.05(1) 0.05(1) 0.01(1) 0.03(1) 0.02(1)
C7 0.07(1) 0.05(1) 0.07(1) 0.02(1) 0.06(1) 0.01(1)
CS 0.019(8) 0.066(12) 0.033(9) -0.014(8) 0.001(7) -0.003(8)
C9 0.05(1) 0.09(2) 0.17(3) -0.02(2) 0.06(2) -0.01(2)
ClO 0.03(1} 0.12(2) 0.16(3) -0.01(1) 0.03(2} -0.06(2)
Cll 0.03(1) 0.12(2) 0.07(2) 0.01(1) -0.02(1) 0.00(2)
C 12 0.09(2) 0.12(3) 0.05(1 ) -0.02(2) 0.03(1) -0.04(2)
Cl3 0.07(2) 0.03(1 ) 0.13(3) 0.00(1) 0.01(2) -0.02(1)
C 14 0.06(1) 0.08(2) 0.08(2) 0.02(1) 0.02(1) -0.03(1)
CIS 0.07(2) 0.11 (2) 0.07(2) 0.02(2) 0.05(1) 0.03(2)
C 16 0.08(2) 0.07(2) 0.07(2) 0.02(1) 0.03(1) 0.04(1)
C17 0.5(1) 0.3(1) 0.3(1) 0.4(1) 0.3(1) 0.3(1)
C 18 0.26(6) 0.13(4) 0.10(3} -0.02(5) -0.01(4) 0.06(3)
C 19 0.17(5) 0.11(3 ) 0.23(6) -0.05(4) 0.02(5) 0.10(4)

Table 13. Intramolecular Distances CA) with Esd's in Parentheses for 9

atom atom distance atom alDm distance

Ptl - Ge2 2.506(2) Ptl wGe2 2.506(2)
Ptl -C7 1.98(3) Ge2 - C 14 1.94(3)
Ge2 -C8 2.020(18) Ge2 - C 15 1.98(3)
Ge3 -C8 2.014(16) Ge3 - C 13 1.99(3)
Ge3 - C 12 1.97(3) 54 - C 8 1.85(2)
54 -C9 1.80(3) 55 -c 8 1.783(19)
55 - C 11 1.79(3) N6 -C7 1.14(3)
N6 - C 16 1.42(4) C 16 -C 17 1.45(9)
C 19 - C 16 1.45(7) C 18 -C 16 1.43(6)
C 10 -C9 1.54(5) ClO - C 11 1.53(5)
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Table 14. Intramolecular Angles (deg) with Esd's in Parentheses for 9

atom atom atom angle atorn atom atom angle

Oe2 -Ptl -Ge2'
Ge2 -Ptl -Ge3'
Ge2 -Ptl -C7'
Ge3 -Ptl -C7
C7 -Ptl -C7t
Ptl -Ge2 -C8
C14 -Ge2 -C8
C8 -Ge2 -C15
Ptl -Ge3 -C8
C8 -Ge3 -C 13
C 13 -Ge3 -C 12
C8 -S5 -C ll
Ptl -C7 -N6
Ge2 -C8 -S4
Ge3 -C8 -S4
S4 -C8 -S5
S4 -C9 -C IO
N6 -C 16 -C 19
N6 -C 16 -C 17
C19 -C 16 -C 17

180.0
107.3(1)
89.3(7)
90,8(7)

180.0
94.9(5)

115.4(10)
106.8(10)
95.6(ol

108.8(10)
107.5(15)
102.2(11)
176.5(20)
116.1(9)
110.4(10)
111.1(9)
113,6(23)
108.9(32)
107.0(34)
1 14.7(42)

Ge2 -Ptl •-Ge3
Ge2 -Ptl -C7
Ge3 -Ptl -Ge3'
Ge3 -Ptl -C7
Ptl -Ge2 -C14
Ptl -Ge2 -C15
C 14 -Ge2 -C 15
Ptl -Ge3 -C12
Ptl -Ge3 -C13
C8 -Ge3 -C 12
C8 -S4 -C9
C7 -N6 -C 16
Ge2 -C8 -Ge3
Ge2 -C8 -S5
Ge3 -C8 -S5
C9 -C IO -C ll
S5 -C 11 -C 10
N6 -C 16 -C 18
C19 -C 16 -C 18
C18 -C 16 -C 17

72.7(1)
90.7(D

180.0
89,2(D

1 17.2(8)

115.4(8)
1oo.6(12)
116,7(10)
117.9(10)
1oo.4(11)
1O1.4(12)
177.9(22)
94.5(D

1152(11)
107,9(9)
113,O(24)
115,5(21)
109.8(29)
109.9(42)
1 os.5(")

93



References and Notes

(1) (a) Suginome. M.; Oike; H.; Ito; Y. Organometallics 1994, 13, 4148. (b)

Suginome, M.; Oike, H.; Shuff, P. H.; Ito, Y. Bull. Chern. Soc. lpn., in press.

(2) Shimada, S.; Tanaka, M.; Honda, K. l. Am. Chern. Soc. 1995, 117, 8289.

(3) Pt3(CNBut)6 similarly gave a complex corresponding to 4, but high solubility

in most organic solvents made its isolation difficult.

(4) Tsumuraya, T.; Ando, W. Organometallics 1989; 8,2286.

(5) Green, M.; Howard, J. A. K.; Murray, M.; Spencer, J. L.; Stone, F. G. A. l.

Chem. Soc., Dalton 1977, 1534.

(6) Otsuka, S.; Nakamura, A.; Tatsuno, Y. J. Am. Chem. Soc. 1969, 91, 6994.

(7) Kumada, M.; Sakamoto, S.; Ishikawa, M. l. Organomet. Chem. 1969,17,235.

94



Chapter 4

         Synthesis of Organosilicon Macrocycles.
Palladium-Catalyzed Ring-Enlargement Oligomerization of
       Cyclic Disilanes via Si-Si 6-Bond Metathesis

Abstract: Bis(t-alkyl isocyanide)palladium(O) complexes catalyzed a

ring-enlargement oligomerization of 1,1,2,2-tetramethyl-1,2-

disilacyclopentane through Si-Si o-bond metathesis to give cyclic oli-

gomers up to the 40-membered octamer, The cyclic structure of the tet-

ramer was established by a single-crystal X-ray diffraction method,

which showed that the four Si-Si bonds of the tetramer were in a close to

parallel arrangement. Reactivities of the dimer, trimer, and tetramer in

the presence of bis(t-butyl isocyanide)palladium(O) revealed that the

present Si-Si u-bond metathesis proceeded reversibly, in which the -

Me2Si(CH2)3SiMe2- unit of the disilacyclopentane was successively in-

serted into the Si-Si bond of the oligomer to give higher oligomers. in-

termediary 6-membered bis(organosilyl)bis(t-alkyl isocyanide)-

palladium complex, which arose from oxidative addition of the

disilacyclopentane onto bis(t-alkyl isocyanide)palladium(O), was iso-

lated and characterized by single-crystal X-ray method. The insertion of

the -Me2Si(CH2)3SiMe2- unit also occurred with linear disilanes and

digermane to give linear oligomers. The cyclic trirner and tetrarner re-

acted with 2,6-diisopropylphenyl,isocyanide in the presence of Pd(OAc)2

to afford l8-membered triimine and 24-membered-ring tetraimine, re-

spectively, in which the isocyanides were inserted into all the SiSi link-

ages. Oxidation of the cyclic oligomers with trimethylamine oxide gave

the corresponding cyclic oligo(disiloxane)s in quantitative yields. Unex-

pected polyrnerization of the disilacyclopentane occurred in the presence

of the (n5-cyclopentadienyl)(n3-allyl)palladium(II) catalyst to give

poly(Me2Si(CH2)3SiMe2) with high molecular weights.
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Introduction

Much attention has been focused on the design and synthesis of organic

macrocycles containing heteroatoms and functional groups as functional molecules.!

Introduction of electropositive elements such as Group 14 metals instead of electro­

negative elements into organic macrocycles with appropriate arrangement may lead

to the development of new functional molecules. Especially, in view of the intrigu­

ing chemical and physical properties of Si-Si a-bonds,2 an efficient synthesis of

macrocycles with regularly arranged Si-Si bonds may be desired. Palladium-cata­

lyzed Si-Si a-bond metathesis of cyclic disilanes seemed to provide a convenient

method for preparation of macrocycles containing Si-Si bonds in the ring. However,

palladium(O)-phosphine catalyst has been successfully applied only to

cyclodimerization of cyclic 4- and 5-membered disilanes through the Si-Si a-bond

metathesis.3- 5

In chapter 2, the author described a selective intramolecular Si-Si a-bond met­

athesis of some bis(disilanyl)methanes catalyzed by bis(t-butyl

isocyanide)palladium(O). The use of t-alkyl isocyanide ligands on palladium was

crucially important for the activation of the Si-Si bonds.6 Based on this activation,

the author found that a catalytic amount of bis(t-butyl isocyanide)palladium(O) in­

duced intermolecular Si-Si a-bond metathesis of 1, 1,2,2-tetramethyl-l ,2­

disilacyclopentane to lead to ring-enlargement oligomerization that gave

macrocycles with regularly arranged Si-Si bonds.? In this chapter, it is described full

details of the oligomerization of the disilacyclopemane, in which cyclic

bis(organosilyl)bis(t-alkyl isocyanide)palladium(ll) complex is involved as an inter­

mediate. The author also presents the synthesis of linear oligo- and poly(disilanes)

by palladium-catalyzed reactions of the 5-membered cyclic disilane. The cyclic oli­

gomers thus prepared were further elaborated by insertion reactions and oxidation of

the Si-Si linkages to give new functionalized organosilicon macrocyc1es.

Results and Discussion

Ring-Enlargement Oligomerization of Cyclic Disilanes. 1,1,2,2­

Tetramethyl-l,2-disilacyclopentane (la) was reacted in the presence of 1 mol% of (t­

BuNChPd(O) (2a) in C6D6 under argon in an NMR sample tube fitted with a rubber
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Åq]]]lgi I:gi

la

 O.Oleq.
 (RNC)2Pd (2aÅr

   C6D6

Åqc]]
Me2
si

si

Me2

Me2
si

si

Me2
3an

[År

n-1

(1)

Table 1. Oligomerization of la in the presence of (RNC)2Pd(O) (2) in benzene-d6

entry cataiyst2 isocyanide ILMmep(?.)c')
ratio of oligomers 3a. O/e

n=2 3 4 5 6 7

   total
s yieldef.

1

2a

3b

4

5

6

7

8

2a

2a

2a

2b

2c

2d

2e

2f

t-BuNC

t-BuNC

t-BuNC

teNC

-NC
i-PrNC

 2,6-XyNC
      t-Bu

t-Bu QNc
      OTBS

6, 50

6, 80

6, 80

6, 80

4, 80

6, 50

6r 50

6, 50

9"
26 41

32 "

10 24

8I 19

50 40

91

1OO

9

o

30 12

z
IB

7

6

5

4

o

26 15 10

o

10

o

o

o

o

8 6

66

53

41

62

27

50

46

46

a Addition of t-BuNC O equiv based on 2a) . bAddition of t-BuNC (2 equiv based on 2a).

septum (eq 1; Table 1, entry 1), Though no reaction took place at room temperature,

heating the mixture at 500C resulted in slow conversion of la into a mixture of oligo-

meric products, which included the literature--known cyclic dimer 3a2. After 6 days

at this temperature, the oligomeric products were subjected to gel permeation chro•-

matography to separate and isolate the cyclic oligomers 3an up to 30 membered

hexamer, The cyclic structure of the tetramer 3a4 was established by single-crystai

X-ray diffraction, which showed that the four Si-Si bonds in the ring were in a nearly
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C18

C15

C17

 Sil'

C8'

Cll

C15

C7

 C4

  C18
SilO'

C7i

C4'

C13'

Cl1

Figure 1. Crysta] structure of the tetramer 3a4. (side view, top and top view, bottom)

The thermal elipsoids are drawn at the 309o probability level. Hydrogen atoms are

omitted for clarity,
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paralIel arrangement (Figure 1). The oligomerization was significantly retarded by

addition of a small amount (1 or 2 equiv based on palladium) of t-butyl isocyanide,

although the reaction at 800C gave the cyclic oligomers in nearly the same disnibu-

tion (entries 2, 3). Among the various isocyanide exarnined, t-alkyl isocyanides ex-

cept for 1,1,2,2-tetrarnethylpropyl isocyanide (in catalyst 2c), which might be tco

bulky for the reaction to proceed, were the ligand of choice giving higher oligomers

(entries 4, 5). Use of sec-alkyl isocyanide as well as aryl isocyanides resulted in

formation of the oligomers only up to the tetramer 3a4 (entries 6-8).

    The yields of the oligomers were largely improved by carrying out the reaction

in a sealed tube under higher concentration (see experirnental section). Thus, in the

presence of 2a, a mixture ofoligorners 3an were obtained in 939o total yield, consist-

ing of the dimer 3a2 (3%), trirner 3a3 (329o), tetramer 3a4 (349o), pentamer 3as

(149o), hexamer 3a6 (69o), heptamer 3a7 (39o), and octamer 3as (19o) (Scheme 1).

Scheme 1.

Åq]]]igiIM:;

la

O.Ol eq.

(t-BuNC)2Pd (2a)

 benzene
 sealed tube
 soec
 total 93el.

    Me
Åq)gl År

n

    Unlike the reaction of la, the cyclic disilanes lb-g showed much lower

reactivities. 1,2-Disilacyclopentane lb gave dimer 3b2 (509o yield, 3:3:2:2 mixture

of 4 regio- 'and stereoisorners) and trimer 3b3 (99o yield, many isorners), while lc

gave only dimer 3c2 under the condition identical with that employed for la (eqs 2,

3). Other cyclic disilanes ld-g listed in Chart 1 failed to give oligorners.
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Åqc)

lb

Si MePh O•Ol eq. 2a

Si Me2 benzene
       50 eC/87 h

Åqci si-si

si-si

    3b2
5ool. (4 isomers)

Cstsi-sigt])]]7

   Nsi Si
`i"X..))L

     3b3

(2År

901o (many isomers)

Åq]))

lc

Si Et2
1
Si Me2

O.Ol eq. 2a

 benzene
so ec /sd

Åq)gg•ii.i[År

1201o (2 isomers)

(3)

Chart 1

Ph2S
/'-"'-"•Si Me2

vsi Me2

ld

())g•l::i

le (Ri = R2 = Me)

lf (Ri = Me, R2 = OMe)

 MeMg,f

lg

SiMe2
t
SiMe2

    Mechanistic Interpretation. Treatment of the isolated oligomer 3a2, 3a3, or

3a4 under the reaction conditions employed for the oligomerization of la revealed

that the present ring-enlargement oligomerization was reversible (Scheme 2). Thus,

the reaction staning with the dimer 3a2 afforded a mixture of oligomers in a distribu-

tion almost identical to that of the Teaction with la. Deoligomerization of the dimer

followed by oligornerization of the resultant la may be presumed. The cyclic trimer

3a3 and tetrarner 3a4 underwent the deoligornerization and oligomerization only to

the (n-1)mer and (n+1)mer, respectively, to a lesser extent. These findngs imply that
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the cyclooligomerization did not proceed by g-bond metathesis between the two oli-

gomers produced, but between the 5-membered cyclic disilane la and the oligomers.

Scheme 2.

   Me2Me2
Åq3)gl:gl11År

   Me2Me2
    3a2
   (dimer)

CIgP-2M,p2")

Me2Si      SiMe2
   ltMe2Si      SiMe2
   v
   (tr9iiil2,rÅr

Mty.t,ie-?iSPiill,Iil)..,

Mes.,.'-,s.i,(!ll)S2

     3a4
   Åqtetramer)

 O.Ol eq. 2a

 benzene
  soec

 O.Oleq 2a

 benzene
  500C

 O.Oleq. 2a

 benzene
  soec

1OO

   Me2
Åqc])g]

   Me23an n-1

2345678 n

234567B n

2345678 n
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    Concerning the intermedia:y pal]adium species, we found that 2a reacted with

la at room temperature to give 6-membered cyclic bis(organosilyl)bis(t-butyl

isocyanide)palladium(ID complex 4a (eq 4). This very rapid, quantitative formation

of 4a may also be involved in the catalytic cycle of the oligomerization. A structure

of the corresponding adamantyl isocyanide cornplex 4b was determined by a single-

crystal X-ray diffraction study (Figure 2). In the square planer complex, the angle

Pd(1)-Si(2)-C(17) (År1250) was relatively large for sp3 hybridization on the Si at-

orns.

cgil'M:i

la

               benzene
+ (RNC)2Pd .                r.t t1 min

2a (R - t-Bu)
 b (R = 1-adamantyl)

    Me2
    Si CNRÅqsi'Pd(cNR

    Me2
 4a (R - t-Bu)

(4)

b (R = 1-adamantyl)

    The reaction of the dimer 3a2 with 2 equiv of 2a at room temperature was also

noteworthy, it slowly gave the complex 4a in quantitative yield (eq 5), while the

tetramer 3a4 failed to give 4a. Presurnably, the arrangernent of the Si-Si bonds of the

dimer was rnore appropriate than that of the tetramer for intramolecular metathesis of

the Si-Si bonds in the ring (see chapter 2), which resulted in deoligomerization giv-

ing the (n-1)mer and 4a.

    Me2Me2 .
Åq)])gl:g'I[lÅr

    Me2 Me2

  3a2 (dimer)

+ 2a
 benzene

 r.t. / 5h

 quant

4a (5)

    A schematic illustration is presented for the ring-enlargement oligomerization

of la (Scheme 3). Oxidative addition of la onto 2a affords 6-membered

bis(organosilyl)palladium complex 4, which may react with the Si-Si bond of la or

the oligomers via five centered activation, to give higher cyclic oligomers. Though
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C18

Cl6h

C9'

C16

Figure 2. Crystal srructure of 4b. One of the two orientations of the disordered

C(18) is shown. The thermal elipsoids are drawn at the 30% probability level. Hy-

drogen atoms are omitted for clarity. Selected bond distances (A) and angles (deg)

are as follows: Pd(1)-Si(2) = 2.358(5), Pd(1)-C(4) = 2.059(16), Si(2)-Pd(1)-Si(2') =

85.8(2), Si(2)-Pd(1)-C(4') = 88.3(5), C(4)-Pd(1)-C(4') = 97.6(6), Pd(1)-Si(2)-

C(17) = 126.3(9).
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the cycle is reversible, the rnonomer la is completely consumed to produce higher

oligomers, since the oligomers higher than the cyclic uimer hardty undergo

deoligomerization by intramolecular metathesis.

Scheme 3.

cgstsIet)

   Me2 Me2
(higher oligome rs)

   Me MeÅq II.iplIdlt',!•I[ )

    Me2 Me2

PdOL2

 (2)

 Si Me2

 SiMe2
(1a)

    Me
   siÅq     PdL2
   si
   (Xf2

MMeel!/ll'.I[ ) oaoroiigomers)

    Oligomerization of la vvith Linear Disilanes. Cross oligomerization of la

with any linear disilanes according to the mechanism shown in Scheme 3 may ex-

pand synthetic utilities of the present metathesis. We found that linear disilanes 5

underwent insertion of la to give acyclic cross-oljgomerization products 6 along

with the cyclic oligomers 3an derived from the ring-enlargement oligomerization of

la (eq 6). In the reaction of hexarnethyldisilane (5a) with 1 equiv of la, uis(disilane)

6a2 (n = 2) was detected by mass spectroscopy, though it could not be separated from

the cyclic oligomers 3an because of their low polarity. Use of the disilanes 5b-d

bearing ph' enyl or isopropoxy group made isolation of the oligomeric, 1inear products
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6n possible (Table 2), In the cases vvith 5b and 5d, insertion of la into the Si-Si

bonds of the linear disilanes occurred preferentiaily over the ring-enlargernent oli-

gomerization of la (entries 1, 3).

   RisRRi32-siMe3iitiilliiilliLISeoalit25ta,eeqiaRisRRii ?vlti2Msei2nSiMe3+3a.(n=2-?g)

  5a ÅqRiR2R3=Me,År 6an (detected by MASS)
   b(RiR2R3 ta PhMe2) bn (n=1-7)
   c(RtR2R3=Ph2Me} Cn (n=1-5År
   d (R" R2R3 -(i- PrO)PhMe) dn Åqn =1-6)

Tabte Z. Cross Oligomerization of la with Linear Disilanes

Linear OIigomers 6. t Ol.yielda

entry 5 time (d) n=1 2 3 4 5 6 7

Total Selectivityb

Yielda 6n:3an

lc

2c

3d

b

c

d

2

6

3

30 20 9 4 1.4 O.5 02
33 13 5 O.9 O.3

22 20 12 6 3 1.4

65

52

64

67 :33

46 : 54

66:34

alsolated yields based on the Iinear disilanes 5. bRatios of the yields based on 1a, C2.0

equiv of la was used. d2,5 equiv ot 1a was used

    Noteworthy was that insertion of la into 1,1,2,2-tetramethyl-1,2-

diphenyldigermane (7) also took place to give a mixture of oligomers 8n (n = 1-6)

bearing the dimethylphenylgermyl groups at the both ends (eq 7).

            O.02 eq, 2a
phGMee2..-MGeell,he:9t-9S!;211.r).eqia phMe,Ge

            benzene
            5o ec

7 8n (n

Me2 Me2
si si

= 1-6,

GeMe2Ph + 3a. (7)

n.

6501e)
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    Polymerization of 1,1,2,2-Tetramethyl-1,2-disilacyclopentane (la). Of

particular interest is that unlike bis(t-butyl isocyanide)palladium(O) (2a), (n5-

cyclopetadienyl)(n3-allyl)palladium(II) catalyst induced polymerization of la to

give polymers 9 with very high molecular weights (5 1 9o, Mn År 5oo OOO), which were

accompanied only by the cyclic dimer 3a2 (37%) (eq 8). No other oligomers were

found. A separate experiment indicated that 3a2 once isolated remained intact in the

polymerization condition employing the Cp(allyl)Pd catalyst. A similar polymeriza+-

tion has also been reported by Suzuki's8 and Tanaka's9 group, who carried out the

reaction of la in the presence of palladium-phosphine complexes. The mechanistic

discrepancy between the polymerization and the ring-enlargement oligomerization is

not reasonably explained at this moment. It may be relevant to the mechanism that a

stoichiometric reaction of (n5-cyclopetadienyl)(n3-alIyl)palladiurn(ll) with la gave

a ring-opening product 10 (eq 9).

           O,Ol eq.
Åq]])]gilM:i-ll,$ll!lli:ili•P -iaiiliiid,

la

Me2
si si

Me2

         n

    9
Mn År soo,ooo
   51 Olo

+

    Me2 Me2
Åq])gI:gll[År

    Me2 Me2
      3a2
     (dimer)
      370!o

(8)

  Åq]])gll:gi.cp(,llyl)pdme',nz/e,ne, cp-Xvl2Mseie-x.-. (g)

    Synthesis of Cyclic Organosilicon Compounds via Insertion Reactions

svith Si-Si Linkages of the Cyclic Oligomers. The cyclic oligomers thus far pre-

pared, which contain Si-Si linkages in the ring, were further elaborated by virtue of

the high but controllable reactivities of Si-Si toward transition metal complex cata-

lysts, as demonstrated by insertion reactions of unsaturated molecules into the Si-Si

bonds. Thus, in the presence of Pd(OAc)2 catalyst, 2,6-diisopropylphenyl

isocyanide inserted into all the Si-Si bonds of the uimer and tetramer to give 18•-

membered triimine 11a and 24-membered tetraimine 11b, respectively (eqs 10,
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11).10 Single-crysta1 X-ray diffraction studies of 11a and 11b showed planar tri-

angle and Iozenge shapes, respectively, with their each side occupied by the -

Me2Si(CH2)3SiMe2- unit (Figures 3, 4).

CsM+,e-2t,Yip,År

Me2Si Si Me2
    llMe2Si SiMe2
   `Åq•Å~..,,i!)

3a3

    Pri

    Prl
  PdÅqOAc)2
  toluene
  reflux

  6ool.

         NR
,li/iiiii.g/f,?,,6iIMf,le211.llil,k(io,

       v
lla (R = 2,6Diisopropylphenyl)

geie-2g9;')

Meii-Eit)i 9iMe2

MÅqliiÅrsM,-,s.ig21Il]2

3a4

   Pri

    PrJ
Pd(OAc)2
toluene
 reflux

 6701o

         NR
  .(StiS,isMie;26i"'""g9Åqil,ill).,,

RN=C, /C=NR (")
  Mes./,.,g,.s.iev2

         NR
11b (R - 2,6-Diisopropylphenyl)

    Unexpectedly, reaction of the trimer with phenylacetylene in the presence of a

palladium catalyst prepared from Pd(OAc)2 and 1,1,2,2-tetramethylbutyl isocyanide

did not give the corresponding cyclic trienes, but resulted in formation of cyclic

monoene 12a and dienes 12b, in which the one or two Si-Si linkages remained un-

changed (eq 12).11 The isolated cyclic 12b failed to undergo further insenion of

phenylacetylene.
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C41

 C36
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  C39

 Si17

 C20
Sil

  C2

C23
C46

C47

C54

Si13

  C12

C9
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Figure 3. Crystal str'ucture of 11a. The thermal elipsoids are

probability level. Hydrogen atoms are omitted forclarity.

drawn at the 309o
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             C32

              C16
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Figure 4. Crystal structure 11b. The thermal elipsOids are drawn at the 309o

ability level. Hydrogen atoms are omitted for clarity,
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 3a3
(trimer)

Ph-C:C-H
.ÅrÅqAÅrÅq NC

 Pd(OAC)2
  toluene
  retlux

.s

:i//,,,:/)ig(i:',

f2a (42o/.)

  (Årgie-2g92fN)

   Me2Si          SiMe2
Ph'HI(l. )IPh'H (12)

   Me2Si SiMe2
      v
     12b (2ool.)

   The cyclic oligomers also underwent insenion of oxygen atoms by oxidation of

the Si-Si Iinkages with trimethylamine oxide in refluxing benzene.12 The reactions

of the trimer and tetramer cleanly proceeded without ring-opening, affording

tri(disiloxane) 13a and tetra(disiloxane) 13b, respectively, in quantitative yield (eqs

13, 14).

 3a3
(trimer)

 Me3NO

 benzene
  reflux
  quant

slEt]iiiiie;2LOxgPs,tinlk,ll,

  OX . .O
  Meli!$l SiMe2
     ("N.-•])S

      13a

(t3)

  3a4
(tetramer)

 Me3NO

 benzene
  reflux
  quant

Mgetite]oxg9{il/lll)Me,

MeiÅrfi,,-,o-s.iQ21S2

13b

(14)
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Conclusion

    Oligomeric- as well as polymeric organosilicon compounds with regularly ar-

ranged Si--Si linkages were synthesized from 1,1,2,2-tetramethyl-1,2-
disilacyclopentane in the presence of palladium catalyst. Especially, ring-enlarge-

ment oligomerization of the cyclic disilane gave cyclic oligomers up to 40-mem-

bered octamer. Bis(t-alkyl isocyanide)palladium(O) complexes, which gives a cyclic

bis(organosilyl)palladium intermediate on reaction with 1,2-disilacyclopentanes,

were essential for the ring-enlargement oligomerization and the cross-oligomeriza-

tion with linear disilanes.

Experimental Section

     General. All reactions were canried out under a dry nitrogen or an argon atmo-

sphere. Solvents were purified by disti11ation from appropriate drying agents under

argon. IH, 13C, and 29Si spectra were recorded on a Varian VXR-200. Proton

chemical shifts (ppm) are referenced to internal residual solvent protons: CDC13,

7.25; C6D6, 7,20, Carbon chemical shifts (ppm) are referenced to the carbon signal

of the deuterated solvents: CDC13, 77.0; C6D6, 128.0. Silicon chemical shifts are

referenced to the signals of tetramethylsilane, IR spectra were recorded with a

Hitachi 270-30 spectroineter. Electron impactmass spectra (MS) were recorded with

a JEOL LMS-D300 spectrometer. Fast atom bombardment mass spectra (FABMS)

were recorded with a JEOL JMS-SX102A spectrometer. Preparative gel permeation

chromatography was performed with JAI LC-908 (Japan Analytical Industry Co.,

Ltd,) equipped with JAIGEL-IH and -2H columns.

     Preparation of Bis(isonitrile)palladium(O) (2). The procedure reported by

Otsuka et.al,13 was followed with slight modification. To a pentane solution of (n5-

cyclopentadienyl)(n3-allyl)palladium(ll) (1 17 mg, O.55 mmol) was added the corre-

sponding isoninile (2.2 mmol) at -10eC under argon. After 10 min., removal of

supernatant liquid gave bis(isonitrile)palladium(O) 2 as orange selid, which was

washed twice with pentane, dried in vacuo, and used for further reaction. Complex 2

was obtained nearIy quantitatively, though the yield was n,ot determined for the each

reactlon.

    Oligomerization of 1,1,2,2-Tetramethyl-1,2-disilacyclopentane (la) in the
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 presence of 2, a) Genera] Precedure for the Reactions in an NMR Sample Tube.

 A mixture of bis(t- alkyl isocyanide)pal]adium(O) 2 (5 lmiol) and 1,1,2,2-tetramethyl-

 1,2-disilacyclopentane (la) (79 rng, O.5 mmol) in benzene-d6 (O.6 mL) was heated at

 500C-800C under argon for the period described in Table 1. The cooled mixture vvas

 passed through a short column of silica gel (hexane) to remove the palladium cata-

 lyst. Evaporation of the resulting colorless solution gave a mixtuTe of oligomers 3an,

 which was subjected to preparative gel perrneation chromatography to separate each

 oligomer. b) Procedllre for the Reaction in a Sealed Tube. A mixture of la (158

mg, 1.0 mmol) and 2 (freshly prepared O.5 M solution in benzene, 20 #L, 10 lmiol)

 was heated at 500C under argon in a sealed tube for 90h. 'Ihe cooled mixture was

passed through a short column of silica gel (hexane) to remove the palladium cata-

lyst. Evaporation of the resulting colorless solution gave a rnixture of oligomers 3an,

which was subjected to preparative gel permeation chrornatography to separate

dimer 3a2 (4 mg, 3 9o), trirner 3a3 (51 mg, 32 9o), tetrarner 3a4 (53 mg, 34 9o),

pentamer 3as (22 mg, 14 9e), hexamer 3a6 (10 mg, 6 9o), heptamer 3a7 (4 mg, 3 9o),

and octamer 3as (2 mg, 1 9o).

    1,1,2,2,6,6,7,7-Octamethyl-1,2,6,7-tetrasilacyclodecane (3a2): mp 71.0-

72.0 eC; IH NMR (C6D6) 6 O.14 (s, 24 H), O.80-O.88 (m, 8 H), 1.52-1.70 (m, 4 H);

13C NMR (C6D6) 5 -2.7, 20.3, 21.5; IR (KBr) 2916, 1248, 796 cm-1; MS (20 eV) m/

z 316 (M'). Anal. Calcd for C14H36Sin: C, 53.08; H, 11.45. Found: C, 52.80; H,

11.51.

    1,1,2,2,6,6,7,7,11,11,12,12-Dodecamethyl-1,2,6,7,11,12-
hexasilacyclopentadecane (3a3): mp 34.5-35.00C; IH NMR (C6D6) 5 O.17 (s, 36

H), O.81-O.91 (m, 12 H), 1.50-1.66 (m, 6 H); 13C NMR (C6D6) 5 -3.2, 21,1, 21.6; IR

(neat) 2956, 1246, 800 cm'1; MS (20 eV) m/z 474 (M'). Anal. Calcd for C21Hs4Sis:

C, 53.08; H, 11.45. Found: C, 52.81; H, 11.62.

    1,1,2,2,6,6,7,7,11,11,12,12,16,16,17,17-Hexadecamethyl-
1,2,6,7,11,12,16,17-octasilacycloeicosane (3a4): mp 94.5-95.5 OC; IH NMR

(C6D6) 5 O.19 (s, 48 H), O.81-O.91 (m, 16 H), 1.51-1.67 (m, 8 H); 13C NMR (C6D6)

6 -3.6, 20.6, 20.9; IR (KBr) 2912, 1246, 828 cm-1; MS (20 eV) mlz 632 (M"). Anal.

calcd for C2sH72Sis: C, 53.08; H, 11.45. Found: C, 53.03; H, 11.53.

    1,1,2,2,6,6,7,7,11,11,12,12,16,16,17,17,21,21,22,22-Eicosamethyl-

IJ,6,7,11,12,16,17,21,22-decasilacyclopentacosane (3as): iH NMR (C6D6) 6 O.21

(s, 60 H), O.83-O.92 (m, 20 H), 1.53--1.69 (m, 10 H); 13C NMR (C6D6) 6-3.5, 20.5,
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20.7; IR (neat) 2956, 1246, 792 cm'1; MS (20 eV) m/z 790 (M'). Anal. Ca}cd. for

C3sHgoSilo: C, 53.08; H, 11.45, Found: C, 52.80; H, 11.60.

    1,1,2,2,6,6,7,7,11,11,12,12,16,16,17,17,21,21,22,22,26,26,27,27-

Tetracosamethyl-1,2,6,7,11,12,16,17,21,22,26,27-dodecasilacyclotriacontane

(3a6): mp 46.ou7.0 OC; IH NMR (C6D6) 5 O.22 (s, 72 H), O.84-O.94 (m, 24 H),

1.5`Fl.71 (rn, 12 H); 13C NMR (C6D6) 6 -3.5, 20.5, 20.7; IR (neat) 2956, 1246, 790

cm'1; FABMS m!z 948 (M'). Anal. Calcd. for C42HlosSi12: C, 53D8; H, 11.45.

Found: C, 53.09; H, 1158.

    1,1,2,2,6,6,7,7,11,11,12,12,16,16,17,17,21,21,22,22,2626,27,27PIPI,32,32-

Octacosamethyt-1,2,6,7,11,12,16,17,21,22,26,27,31,32-
tetradecasilacyclopentatriacontane (3a7): IH NMR (C6D6) 5 O.22 (s, 84 H), O.8`F

O.93 (m, 28 H), 153-1.72 (m, 14 H); 13C NMR (C6D6) 5 -35, 20.5, 20.7; IR (neat)

2956, 1246, 792 cm"1; FABMS m/z 1107 (M').

    1,122,6fi,7,7,11,11,n,12,16,16,17,172121ptM2616272731313232P6P63737-

Dotriacontamethyl-1,2,6,7,11,12,16,17,21,22,26,27,31,32,36,37-
hexadecasilacyclotetracontane (3as): IH NMR (C6D6) 5 O.23 (s, 96 H), O.85-O.93

(m, 32 H), 1.541.72 (m, 16 H); 13C NMR (C6D6) 6 -3.4, 20.5, 20.7; IR (neat) 2956,

1245, 792 cm-1; FABMS m/z 1266 (M").

    Oligomerization of 1,2,2-Trimethyl-1-phenyl-1,2-disilacyclopentane (lb)

in the Presence of2a. A mixture of lb (220 mg, 1Dmmol) and2a (freshly prepared

O.25 M solution in benzene, 40 pL, 10 pmol) was stirred at 500C under argon in a

sealed tube for 87h. The cooled mixture was passed through a short colurnn of silica

gel (hexane!ether = 10!1) to remove the palladium catalyst. Evaporation of the re-

sulting co]orless solution gave a rnixture of oligomers 3bn, which was subjected to

preparative gel permeation chromatography to separate dimers 3b2 (a mixture of 4

isomers, 110 mg, 50 9o), trimers 3b3 (a mixture of many isomers, 19 mg, 9 9o), and

lb (78 mg, 35 9e recovered). Recrystallization of the dimers from ethanol gave the

one of four isomers, which was deterrnined to be (IR*,6S*)-1,2,2,6,7,7-hexamethyl-

1,6-diphenyl-1,2,6,7-tetrasilacyclodecane by single-crystal X-ray method (see Fig-

ure 4).

    3b2: IH NMR for the (IR*,6S*) isomer (CDC13) 6 -O.02 (s, 6 H), O.10 (s, 6 H),

O.35 (s, 6 H), O.741.26 (m, 8 H), 1.6ZFI.80 (m, 4 H), 7.30-7.36 (m, 6 H), 7.4CF7.48

(m, 4 H); MS (23 eV) mlz 440 (M+), Elementa1 analysisi was carried out for the

mixture of the isomers. Anal Calcd for C24H4oSin: C, 65,38; H, 9.14. Found: C,
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 65.44; H, 9.37.

     3b3: MS (23 eV) mlz 660 (M'); Anal Calcd for C36H6oSi6: C, 65.38; H, 9.14.

 Found: C, 65.44; H,9.32.

     Oligomerization of1,1-Diethyl-2J-dimethyl-1,2-disilacyclopentane (lc) in

 the Presence of 2a. A mixture of lc (186 mg, 1.0 mmol) and 2a (fteshly prepared

 O.25 M solution in benzene, 40 pL, 10 sunol) was stirred at 500C under argon in a

 sealed tube for 8 days. The cooled mixture was passed through a short column of

 silica gel (hexane) to remove the palladium catalyst. Afterevaporation of the result-

 ing colorless solution, the residue was subjected to preparative gel permeation chro-

 matography to furnish dimer 3c2 (a mixture of two isomers, 23 mg, 12 9o). 3c2: IH

 NMR (C6D6) 6 O.15 (s, 12 H for the minor isorner), O.20 (s, 12 H for the major

 isomer), O.60-O.78 (m, 8 H for both isomers), O.82--O.94 (m, 8 H for both isomers),

 1.05 (t,J=7.4 Hz, 12H for themajor isomeT), 1.06 (t,J=7.7 Hz, 12H for the minor

 isomer), 1,56-1.74 (m,4 H for both isomers); MS (23 eV) m/z 372 (M'). Anal Caicd

 for ClsH44Sin: C, 57.98; H, 11.89. Found: C, 57.80; H, 12.10.

     General Procedure for the Reactions of Isolated Oligomers 3a2, 3a3, and

3a4. The oligomer 3an (79 mg, O.50 mmol of -Me2Si(CH2)3SiMe2- unit), 2a

 (freshly prepared O. 1 M solution in benzene, 50 pL, 5 l.Lmol), and benzene (O,2 mL)

was stirred at 500C under argon for 40h. The cooled mixture was passed through a

shorl column of silica gel (hexane) to remove the palladiuni catalyst. Evaporation of

the resulting colorless solution gave a mixture of oligomers, which was subjected to

preparative ge] permeation chromatography to separate into each oligomer.

     Preparation ofBis(organosilyl)palladium-isocyanide complex 4b. To a

benzene (1 mL) solution of 2b (O.2 mmol) was added la (32 mg, O.2 mmol) at room

temperature undeT an argon atmospheTe. After 30 min., evaporation of the solvent

followed by recrysta11ization from benzenelpentane (1/4) afforded 4b (1 14 mg, 979o

) as acrystalline solid. 4b: mp 218eC (dec,); IH NMR (C6D6) 6O.79 (s, 12 H), 1.16-

1.25 (m, 4 H), 1.26 (br, 12 H), 1,66 (br, 6H), 1.80 (br, 12 H), 2.28-2.42 (m, 2 H); 13C

NMR (C6D6) 57.1, 22.3, 22.8, 28,8, 35.3, 43D, 56.1, 146,7i 29Si NMR (C6D6) 6-O,3;

IR (benzene) 2146 cm-1. Anal Ca]cd for C2gH4sN2PdSi2: C, 59.31; H, 8.24; N, 4.77.

Found: C, 59.15; H, 8,37; N, 4.74.

    Stoichiometric Reaction of Cyclic Dimer 3a2 with 2a. To a benzene-d6 (O.3

mL) solution of 2a (O.05 mmol) in an NMR sarnple tube was added a benzene-d6 (O.3

mL) solution of 3a2 (7.9 mg, O.025 mmol) at room temperature under an argon atmo-
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 sphere, After 5 h at room temperature, IH NMR showed quantitative formation of

 4a.

     Reaction ofHexamethyldisilane (5a) with la in the Presence of2a. A mix-

 ture of 5a (37 mg, O.25 mmol), la (40 mg, O.25 mmol), and 2a (freshly prepared O.1

 M solution in benzene, 50 pL, 5 lmiol) in benzene (O.4 mL) was heated at 50 OC for

 20h. The cooled mixture was passed through a short column of silica gel (hexane).

 After evaporation of the solvent, the residue was subjected to preparative GPC to

 give five fractions. The third fraction was analyzed by mass spectroscopy, which

revealed the existence of 6az (mlz 462) along with cyclic tetramer 3a4 (m/z 632) .

    Reaction of Pentamethylphenyldisilane (5b) with la in the Presence of2a.

A mixture of5b (83 mg, O.4 mmol), la (158 rng, 1.0 mmol), and 2a (freshly prepared

O,1 M solution in benzene, 100 pL, 10 pmol) in benzene (O.4 mL) was heated in

sealed tube at 50 OC for 90h. Preparative 'ILC (hexane) afforded mixtures of6bn and

cyclic oligomers 3an (n = 2-6, 29 mg, O.l8 mmol of -Me2Si(CH2)3SiMe2- unit).

The mixture of 6bn was subjected to preparative gel permeation chromatography to

give 6bl (30 mg, 20 9o), 6b2 (28 mg, 13 9o), 6b3 (22 mg, 8 9o), 6b4 (16 mg, 5 9o), 6bs

(8 mg, 2 9o), 6b6 (4 mg, 1 9o), and 6b7 (3 mg, O.6 9o). Elemental analyses were

carried out for 6bl, 6b2 and 6b3,

    6bl; IH NMR (CDC13) 6 -O.Ol (s, 6 H), O.03 (s, 15 H), O.34 (s, 6 H), 056-O.70

(m, 4 H), 1.24-1.40 (m, 2 H), 7.30-7.36 (m, 3 H), 7.42-7.48 (m, 2 H); 13C NMR

(CDC13) 6 -4.3, -4.0, -3.6, -2.0, 19.8, 127.7, 128.2, 133.7, 139.8; MS (23 eV) m/z 366

(M'). Anal Calcd for ClsH3sSi4: C, 58.94; H, 10.44. Found: C, 59.00; H, 10.35.

    6b2; IH NMR (CDC13) 6 -O,Ol (s, 6 H), O.O1 (s, 6 H), O.02 (s, 6 H), O.04 (s, 6 H),

O,05 (s, 9 H), O,34 (s, 6 H), O.56K).70 (m, 8 H), 1.22-1.44 (m, 4 H), 7.30-7.36 (rn, 3

H),7.42-7.48 (m,2 HÅr; 13C NMR (CDC13) 6 -4.2, -4.0, -3,8, -3.6, -2.0, 19.78, 19.81,

199, 20,1, 20.2, 127.7, 128.2, 133.7, 139.8; MS (23 eV) mlz 524 (M"). Anal Calcd

for C2sHs6Si6: C, 57.17; H, 10.75. Found: C, 57.35; H, 10.97.

    6b3; IH NMR (CDC13) 5 -O.O1 (s, 6H), O.OO (s, 6 H), O.O17 (s, 6 H), O.022 (s, 12

H), O.03 (s, 6 H), O.05 (s, 9 H), O.34 (s, 6 H), O.56-O.70 (m, 12 H), 1.2`Fl.46 (m, 6 H),

7.30-7.36 (m, 3 H), 7.42-7.48 (m, 2 H); 13C NMR (CDC13) 6 -4.2, -4.0, -3.8, -3.6, •-

2D, 19.79, 19.85, 19.91, 20.1, 20.2, 127.7, 128,2, 133,7, 139.8; MS (23 eV) mlz 682

(M'). Anal Calcd for C32H74Sis: C, 56.22; H, 10.91. Found: C, 56.12; H, 11.11.

    6b4; IH NMR (CDC13) 6 -O.Ol (s, 6 H), O.Ol (s, 6 H), O.02 (s, 30 H), O.03 (s, 6

H), O.05 (s, 9 H), 034 (s, 6 H), O.56-O.70 (m, 16 H), 1.22-1.48 (m, 8 H), 7.30-736
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(m, 3 H), 7.42-7.48 (m, 2 H); 13C NMR (CDC13) 6 -4.2, -4.0, -3.8, -3.6, -2.0, 19.76,

19.85, 19,90, 20.1, 20,2, 127.7, 128.2, 133.7, 139.8.

   6bs; IH NMR (CDC13) S -O.02 (s, 6 H), O.oo (s, 6 H), O.02 (s, 42 H), O.03 (s, 6

H), O.05 (s,9 H), O.33 (s, 6 H), O.56-O.70 (m, 20 H), 1.22--1.46 (m, 10 H), 7.30-7.36

(rn, 3 H), 7.42-7.48 (m, 2 H); 13C NMR (CDC13) 6 +-4.2, -4.0, -3,8, -3.6, -2.0, 19.75,

19.85, 19.89, 20.1, 20.2, 127.7, 128.2, 133.7, 139.8.

   6b6; IH NMR (CDC13) S -O.02 (s, 6 H), O.oo (s, 6 H), O.02 (s, 60 H), O.04 (s, 9

H), O.33 (s, 6 H), O.56-O.70 (m, 24 H), 1.24-1.46 (m, 12 H), 7.30-7,36 (m, 3 H),

7.42-7.48 (m, 2 H); 13C NMR (CDC13) 6 -42, -4.0, -3.8, -3.6, -2.0, 19.8, 19.9, 20.2,

127.7, 128.2, 133.7, 139.8.

   6b7; IH NMR (CDC13) 5 -O.02 (s, 6 H), O.OO (s, 6 H), O.02 (s, 72 H), O.04 (s, 9

H), O.33 (s, 6 H), O.56-O,70 (m, 28 H), 1.241,48 (m, 14 H), 7.30-7.36 (m, 3 H),

7.42-7.48 (m, 2 H),

   Reaction of 1,2,2,2-Tetramethyl-1,1-diphenyldisitane (5c) with la in the

Presence of 2a. By a procedure similar to that used for the synthesis of 6b, reaction

of 5c (135 rng, O.50 mmol) with la (158 mg, 1.0 mmol) in the presence of 2a (10

pmol) was carried out to give 6cl (71 mg, 33 9o), 6c2 (39 mg, 13 9e), 6c3 (18 mg, 5.0

9o), 6c4 (4.2 mg, O.9 9o), and 6cs (1.4 rng, O.3 9o).

   6cl: IH NMR (C6D6) 6 O.05 (s, 6 H), O.1 1 (s, 9 H), O.22 (s, 6 H), O.65 (s, 3 H),

058-O.71 (m, 2 H), O.78-O.94 (m, 2 H), 1.36-1.52 (m, 2 H), 7.15-7.30 (m, 6 H),

7.55-7.65 (m,4H)] 13C NMR (CDC13) 6 -4.5, -4.3, -3.5, -2.0, 19.7, 19.8, 20.1, 127.8,

128.6, 134.8, 137.6; MS (23 eV) mlz 428 (M+). Anal Calcd for C23H4oSin: C, 64.41;

H, 9.40. Found: C, 64,04; H, 9.39.

   6c2: IH NMR (C6D6) 5 O.12 (s, 6 H), O.14 (s, 6 H), O.15 (s, 6 H), O. 16 (s, 9 H),

O.24 (s, 6 H), O.66 (s, 3 H), O.68K).92 (m, 8 H), 1.42--1.64 (m, 4 H),7,15-7.32 (m, 6

H), 7.55-7.65 (m, 4 H); 13C NMR (CDC13) s -4.5, -4.2, -3.91, -3.86, -3.5, -2.0, 19.7,

19.9, 20,1, 127.8, 128,7, 134,8, 137.6. Ana! Calcd for C3cJ{ssSig: C, 61.35; H, 9.95.

Found: C, 61.31; H, 10,1!.

   6c3: IH NMR (C6D6) 5 O.12 (s, 6 H), O.15 (s, 6 H), O.16 (s, 15 H), O.20 (s, 12

H), O.24 (s, 6 H), O.66 (s, 3 H), O.76-092 (m, 12 H), 1.46-1.68 (m, 6 H), 7.15-7.30

(m, 6 H), 7.55-7,65 (m, 4 H); 13C NMR (CDC13) 6 -4.5, -4.2, -3.9, -3.8, -3.5, -2,O,

19.7, 19.8, 19.9, 20.1, 20.2, 127.8, 128.6, 134.8, 137.6. Anal Calcd for C37H76Sis:

C, 59.60; H, 10.27. Found: C, 59.72; H, 10.49,

   6e4: IH NMR (C6D6) 5 O.13 (s, 6 H), O.15 (s, 6 H), O.17 (s, 15 H), O.210 (s, 6
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H), O.213 (s, 18 H),O.25 (s, 6 H), O.67 (s, 3 H), O.78-O.94 (m, 16 H), 1.48-1.7 1 (m, 8

H), 7.15-7.30 (m, 6 H), 7.55-7.65 (m, 4 H).

   6cs: IH NMR (C6D6) 6 O.l3 (s, 6 H), O.15 (s, 6 H), O.17 (s, 12 H), O.21 (s, 9 H),

O,22 (br s, 30 H), O.25 (s, 6 H), O.67 (s, 3 H), O.79-093 (m, 20 H), 1.47-1,68 (m, 10

H), 7.15-7.31 (m, 6 H), 7.53-7.65 (m, 4 H).

   Reaction of 1-Isopropoxy-1,2,22-tetramethyl-1-phenyldisilane (5d) with

la in the Presence of 2a. By a procedure similar to that used for the synthesis of 6b,

reaction of5d (126 mg, O.50 mmol) with la (228 mg, 1.3 mmol) in the presence of 2a

(13 pmol) was carried out to give 6dl (18mg, 22 9o), 6d2 (33 mg, 20 9o), 6d3 (30 mg,

12 9o), 6d4 (20 mg, 6 9o), 6ds (11 mg, 3 9o), and 6d6 (6.6 mg, 1.4 9e).

   6dl: IH NMR (C6D6) 5 O.11 (s, 6 H), O.14 (s, 9 H), O.21 (s, 6 H), 057 (s, 3 H),

O.67-O.88 (m, 4 H), 1.15 (d, J= 6.1 Hz, 6 H), 1 .42-1.62 (m, 2 H), 3.96 (septet, J= 6. 1

Hz, 1 H), 7.18-7.33 (rn, 3 H), 7.65-7.72 (m, 2 H); 13C NMR (CDC13) 5 -4.3, -3.8, -

2.0, -1.2, 19.7, 19.8, 19.9, 25.9, 26.0, 66.2, 127.7, 128.9, 133.6, 1395. Anal Caicd

for C2oH420Sin: C, 58.46; H, 10.30. Found: C, 58.59; H, 10.57.

   6d2: IH NMR (C6D6) 5 O.14 (s, 6 H), O.16 (s, 9 H), O.17 (s, 6 H), O.18 (s, 6 H),

O.23 (s, 6 H), O.58 (s, 3 H), O.72-O.92 (rn, 8 H), 1.15 (d,J= 6.1 Hz, 6 H), 1.46-1.66

(m, 4 H), 3.98 (septet, J= 6.1 Hz, 1 H), 7.20-7.35 (m, 3 H), 7.66--7.73 (m, 2 H); 13C

NMR (CDC13) 6 -42, -3.9, -3,84, -3.75, -2.0, -1.2, 19.7, 19.9, 20.1, 20.2, 25.9, 66.2,

127.7, 128.9, 133,6, 139.5. Anal Calcd for C27H6oOSi6: C, 56.92; H, 10.62. Found:

C, 56.66; H, 10.43.

   6d3: IH NMR (C6D6) 5 O.15 (s, 6 H), O.16 (s, 9 H), O,17 (s, 6 H), O.19 (s, 6 H),

O.198 (s, 6 H), 0200 (s, 6 H), O.23 (s, 6H), O.58 (s, 3 H), O.73-O.92 (m, 12 H), 1.16 (d,

1= 6.1 Hz, 6 H), 1.46-1.69 (m, 6 H), 3.94 (septet, J = 6.1 Hz, 1 H), 7.15-7.35 (m, 3

H), 7.65-7 .74 (rn, 2 H); l3C NMR (CDC13) S -4.2, -3.82, •-3.75, -2.0, •- 12, 19.6, 19.8,

19,9, 20.1, 20.2, 25.90, 25.94, 66,2, 127.7, 128.9, 133.6, 139.5. Anal Calcd for

C34H7sOSis: C, 56.12; H, 10.80. Found: C; 5625; H, 10.93.

   6d4: IH NMR (C6D6) 6 O.15 (s, 6 H), O.17 (s, 9 H), O.18 (s, 6 H), O.19 (s, 6 H),

O.20 (s, 6 H), O,21 (br s, 18 H), 023 (s, 6 H), O.58 (s, 3 H), O.76K)92 (rn, 16 H), 1.16

(d, J= 6. 1 Hz, 6 H), 1.46-1.70 (m, 8 H), 3,90 (septet, J= 6.1 Hz, 1 H), 7,15-7 .34 (m,

3 H),7.65-7.72 (m, 2 H); 13C NMR (CDC13) 5 -4.2, -3.9, -3.8, -2.0, -1.3, 19.6, 19.8,

19.9, 20.1, 20.2, 25.89, 25.94, 66,2, 127.7, 128.9, 133.6, 139.5. Anal Calcd for

C41Hg60Silo: C, 55.58; H, 10.92. Found: C, 55.61; H, IJI.19.

   6ds: IH NMR (C6D6) 6 O.15 (s, 6 H), O.17 (s, 9 H), O.18 (s, 6 H), 020 (s, 6 H),
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0.21 (s, 6 H), 0.22 (s, 30 H), 0.58 (s, 3 H), 0.72-0.93 (m, 20 H), 1.16 (d, J = 6.1 Hz, 6

H), 1.45-1.71 (m, 10 H), 3.97 (septet,] =6.1 Hz, 1H), 7.15-7.36 (m, 3H), 7.65-7.74

(m, 2 H); l3C NMR (CDC13) 0 -4.2, -3.8, -2.0, -1.2, 19.6, 19.8, 20.2, 25.9, 66.2,

127.7, 128.9, 133.6, 139.5.

6d6: IH NMR (C6D6) 45 0.16 (s, 6 H), 0.17 (s, 9 H), 0.18 (s, 6 H), 0.19 (s, 6 H),

0.20 (s, 6 H), 0.21 (br s, 42 H), 0.23 (s, 6H), 0.58 (s, 3 H), 0.74-0.94 (m, 24 H), 1.16

(d,] =6.1 Hz, 6H), 1.47-1.72 (m, 12H), 3.96 (septet,] =6.1 Hz, 1H), 7.15-7.32 (m,

3 H), 7.66-7.73 (m, 2 H).

Reaction of 1,1,2,2-Tetramethyl-l,2-diphenyldigermane (7) with la in the

Presence of23. By a procedure similar to that used for the synthesis of 6b, reaction

of 7 (180 mg, 0.50 mmol) with la (158 mg, 1.0 mmol) in the presence of 2a (10

llffiOl) was carried out to give 81 (67 mg, 26 %), 82 (63 mg, 19 %),83 (50 mg, 11 %),

84 (35 mg, 7.2 %), 8s (10 mg, 1.7 %), and 86 (5.1 mg, 0.8 %).

81: IH NMR (C6D6)O 0.12 (s, 12 H), 0.48 (s, 12 H), 0.64-0.75 (m, 4 H), 1.27­

1.46 (m, 2 H), 7.18-7.35 (m, 6 H), 7.43-7.59 (m, 4 H); BC NMR (CDCl3) 0 -4.1, ­

3.4, 19.6,20.2, 127.6, 127.9, 133.5, 142.5; MS (23 eV) mlz 518 (M+). Anal Calcd for

C23H40Ge2Si2: C, 53.34; H, 7.78. Found: C, 53.22; H, 7.93.

82: IH NMR (C6D6) 00.13 (s, 12 H), 0.18 (s, 12 H), 0.51 (s, 12 H), 0.66--0.81

(m, 8 H), 1.35-1.59 (m, 4 H), 7.19-7.36 (m, 6 H), 7.47-7.58 (m, 4 H); BC NMR

(CDCl3) 0-4.1, -3.9, -3.3,19.7,20.0,20.4,127.6,127.9,133.5,142.5; MS (23 eV) mJ

z 676 (M+). Anal Calcd for C30HS8Ge2Si4: C, 53.28; H, 8.64. Found: C, 53.00; H,

8.91.

83: 1H NMR (C6D6) 0 0.16 (s, 12 H), 0.18 (s, 24 H), 0.52 (s, 12 H), 0.70-0.88

(m, 12 H), 1.41-1.67 (m, 6 H), 7.21-7.34 (m, 6 H), 7.50-7.59 (m, 4 H); l3C NMR

(CDCl3) 0 ~4.1, -3.9, -3.3,19.7,19.8,20.0,20.1,20.4,127.6,127.9,133.5, 142.6; MS

(23 eV) mlz 834 (M+). Anal Ca1cd for C37H76Ge2Si6: C, 53.24; H, 9.18. Found: C,

53.11; H, 9.43.

84: IH NMR (C6D6) 0 0.16 (s, 12 H), 0.18 (s, 24 H), 0.21 (s, 12 H), 0.52 (s, 12

H), 0.70-0.91 (m, 16 H), 1.41-1.69 (m, 8 H), 7.15-7.32 (m, 6H), 7.46-7.54 (m, 4 H).

85: IH NMR (C6D6) 0 0.17 (s, 12 H), 0.19 (s, 24 H), 0.22 (s, 24 H), 0.52 (s, 12

H), 0.72-0.93 (m, 20 H), 1.44-1.75 (m, 10 H), 7.19-7.35 (m, 6 H), 7.48-7.56 (m, 4

H).

86: IH NMR (C6D6) 00.17 (s, 12 H), 0.19 (s, 24 H), 0.22 (hr 5,36 H), 0.53 (s,

12 H), 0.78-0.93 (m, 24 H), 1.46-1.72 (m, 12 H), 7.16-7.33 (m, 6 H), 7.47-7.58 (m,
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4 H).

    Polymerization of la in the Presence ofCp(n-allyl)Pd. A mixture of la (158

rng, 1.0 mrnol) and (n5-cyclopentadienyl)(n3-allyl)palladium(ll) (2 mg, 10 lmiol)

was stirred at 50eC under argon for 40 h. The cooled gummy mixture was dissolved

into CHCI3 and passed through a filter to remove the palladium catalyst. Evaporation

of the resulting colorless solution and separation by preparative gel perrneation chro-

matography gave the cyclic dimer 3 (n = 2, 51 mg, 37 9o) and polymers 9 (80 mg, 51

9o). GPC analysis of the polymer showed its molecular weights År 5oo,Ooo (polysty-

rene standard). Spectral data for the polymers: IH NMR (C6D6) 6 O.25 (s, 12n H),

O.850.96 (rn, 4n H), 1.56--1.74 (m, 2n H); 13C NMR (C6D6) 5 -3.6, 20.5, 20.7; IZR

(neat) 2960, 1246, 788 cm-1.

    Stoichiometric Reaction of la with Cp(x-allyl)Pd. A mixture of la (32 mg,

O.2 mmol) and (n5-cyclopentadienyl)(n3-allyl)palladium(n) (42 mg, O.2 mmol) was

stirred at room temperature under argon for 4h. The mixture was passed through a

short colurnn of silica gel (hexane). Evaporation of the resulting colorless solution

gave crude material, which was further purified by preparative HPLC to give pure 10

(30 mg, 579o). 10: IH NMR (C6D6) for major positional isomer, i.e., 1-(2,4-

cyclopentadienyl)-1,1,2,2-tetramethyl-2-(2-propenyl)disilane; 6 -O.09 (s, 6 H), O.Ol

(s, 6 H), O.50-O.64 (m, 4 H), 128-1.45 (m, 2 H), 150 (dt, J= 8.2, 1.2 Hz, 2 H), 3.34

(br, 1 H), 4.89-5.02 (m, 2 H), 5.70-5.94 (m, 1 H), 6.46-6.74 (br, 4 H); 13C NMR

(C6D6) for the major positional isomer 5 -3.9, -3.6, 18.9, 19.6, 20.2, 23.5, 51.4, 113.1,

130.6, 133.3, 135.3. HRMS calcd for ClsH2sSi2: 264.1729. Found: 264.1744.

    Synthesis of Cyclic Triimine 11a. A mixture of the trimer 3a3 (79 mg, O.17

mmol), 2,6-diisopropylphenylisocyanide (140 mg, O.75 mrnol), and Pd(OAc)2 (2.2

mg, O.Ol mmol) in toluene (O.5 mL) was heated under reflux for 26 h. The cooled

mixture was passed through a short column of Et3N-pretreated Florisil (hexane) to

remove the palladium catalyst. Crystallization from dry EtOH afforded niimine 11a

(103 mg, 60 9o) as yellow crystals. 11a; mp 156.0-157.0 OC (sealed tube); IH NMR

(toluene-ds, 1000C) 6 O.44 (s, 36 H), 1.28-156 (rn, 12H), 1,50 (d,1= 6.6 Hz, 36 H),

1.7tF2.00 (m, 6 H), 3.08-3.30 (m, 6 H), 7.2`P7.46 (m, 9 H); IR (KBr) 3068, 2968,

1544, 1252, 830 cm-i; FABMS m/z 1036 (M'). Anal. Calcd. for C6oHlosN3Si6: C,

69.49; H, 10.21; N, 4,05, Found: C, 69.39; H, 10.48; N, 3.86.

    Synthesis of Cyclic Tetraimine 11b. A mixture 6f the tetramer 3a4 (63 mg,

O.1 mmol), 2,6-diisopropylphenylisocyanide (112 mg, O.6 mrnol), and Pd(OAc)2
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(4.5 mg, O.02 mmol) in toluene (O.5 mL) was heated under reflux for 36 h. The

cooled mixture was passed through a short column of Et3N-pretreated Florisil (hex-

ane) to remove the palladium catalyst. Crystallization from dry EtOH afforded

tetraimine 11b (92 mg, 67 9o) as yellow crystals. 11b; mp 150.0-151.0 OC (sealed

tube); IH NMR (toluene-ds, 900C) 6 O.49 (s, 48 H), 1.20-1.45 (m, 16H), 1.51 (br s,

48 H), 1,76-1.98 (m, 8 H), 3.10-3.30 (m, 8 H), 725-7.46 (rn, 12 H); IR (KBr) 3072,

2972, 1540, 1258, 1250, 1138, 928 cm'1; FABMS nzlz 1381 (M'). Anal. Calcd. for

CsoH14oN4Sis: C, 69,49; H, 10.21; N, 4.05. Found: C, 69.48; H, 10.44; N, 3.91.

   Palladium-Catalyzed Reaction ofthe Cyclic Trimer with Phenylacetylene.

To a mixture of Pd(OAc)2 (2.2 mg, O.Ol mmol) and 1,1,3,3-tetramethylbutyl

isocyanide (21 mg, O.15 mmol) was added nimer 3a3 (79 mg, O.17 mmol) and

phenylacetylene (77 mg, O.75 mmol) under a nitrogen atmosphere, The mixture was

stirred under reflux for 26 h, cooled to room temperature, and then subjected to pre-

parative TLC (hexane) to furnish 12b (23 mg, 209o) and another fraction containing

12a. The crude fraction was further purified by preparative GPC to give pure 12a (40

mg, 42%).

   IZa: IH NMR (CDC13) 6 O.Ol (s, 12 H), O.04 (s, 6 H), O05 (s, 6 H), O,10 (s, 6

H), O, 18 (s, 6 H), O.600.86 (m, 12 H), 1.2`Fl.52 (m, 6 H), 6.42 (s, 1 H), 6,98-7.04

(m, 2 H), 7.14-7,30 (m, 3 H); 13C NIVlk (CDC13) 5 --3.9, -3.8, •-3.7, -O.5, 19.2, 19.3,

20.5, 20.6, 20.7, 21.1, 212, 22.1, 125,5, 126.3, 127.7, 148.7, 151.1, 164.1; IR (neat)

3064, 2960, 1490, 1248, 832 crn'1. Anal. Calcd. for C2gH6oSig: C, 60.34; H, 10.48.

Found: C, 60.10; H, 10,55.

   12b (mixture ofthree isomers); IH NMR (CDC13) 6 O.Ol-O.21 (many singlets,

36 H), O.64-O.90 (m, 12 H), 1.26-1.56 (m, 6 H), 6.41-6.44 (three singlets, 2H), 6.96-

7,04 (m,4H),7.14-7.30 (m, 6H); IR (neat) 3080, 2960, 1490, 1250, 832 cm-1. Anal.

Calcd, for C37H66Si6: C, 65.41; H, 979. Found: C, 6521; H, 10,06.

   Synthesis of Compound 13a. A mixture of the nimer 3a3 (79 mg, O. 17 mmol)

and trimethylamine oxide (38 mg, O,5 mmol) in benzene (3 mL) was heated under

reflux for 46 h. The reaction rnixture was cooled to roorn temperature and then sub-

jected to column chromatography on silica gel (hexane) to furnish tri(disiloxane) 13a

(87 mg, quantitative). 13a; IH NMR (C6D6) 6 O.20 (s, 36 H), O.82-O.92 (m, 12H),

158-1.78 (m, 6 H); 13C NMR (C6D6) 6 O.76, 17.7, 23,2; IR (KBr) 2964, 1412, 1254,

1070 cm'll MS (23eV) m/z 522 (M'). Anal. Calcd. for C21Hs403Si6: C, 48.21; H,

10.40. Found: C, 48,14; H, 10.60.
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    Synthesis of Compound 13b. By a procedure similar to that used for the syn-

thesis of 13a, reaction of the tetramer 3a4 (79 mg, O.125 mmol) with trimethylamine

oxide (45 mg, O.60 mmol) was carried out to give tetra(disiloxane) 13b (87 mg, quan-

titative). 13b; IH NMR (C6D6) 6 O.21 (s, 48 H), O,85D.95 (m, 16H), 1.56-1.75 (m,

8 H); 13C NMR (C6D6) 5 O.77, 17.8, 23.3; IR (KBr) 2968, 1414, 1256, 1064 cm'1;

MS (23eV) m/z 696 (M'). Anal. Calcd, for C2sH7204Sis: C, 48.21; H, 10.40.

Found: C, 48.50; H, 10.66.

     Single Crystal X-ray Analysis of 3a4. Suitable single cTystai of 3a4 was

grown from CHC13. A crystal of 3a4 was mounted on a glass fiber using epoxy resin.

Data collection was carried out on a Mac Science MXC3 diffractmeter with Mo Kct

radiation (a = O.70930 A). The intensity data were corrected for Lorentzian polariza-

tion and absorption corrections by analytical function (pt = 2,27 cm"1). The structure

was solved by direct method and refined full-manix least-squares procedure against

IF21 with program package CrystanG (Mac Science). All non-hydrogen atoms were

refined with anisotropic thermal pararneters. All hydrogen atoms were 1ocated on a

difference electron density map and refined with isotropic thermal pararneters calcu-

lated from those of the bonded atoms. Crystal data and intensity collection param-

eters together with details of the refinements are summarized in Table 3. Final posi-

tional parameters are listed in Table 5. Anisotropic thermai parameters are given in

Table 6. Intramolecular and intermolecular bond distances are presented in Table 7

and 8, respectively. Intramolecular and intermolecular bond angles are presented in

Table 9 and 10, respectively.

     Single Crystal X-ray Analysis of4b. Suitable single crystal of4b was grown

from benzene-pentane (411). A crystal of 4b coated with silicon grease was mounted

in a thin-walled glass capillary under an argon atmosphere. Data collection was car-

ried out on a Mac Science MXC3 diffractmeter with Cu Kor radiation (X = 1.54178

A). The intensity data were corrected for Lorentzian polarization. The stmcture was

solved by direct method and refined full-manix least-squares procedure against IFi

with program package CrystanG (Mac Science). AII non-hydrogen atoms were re-

fined with anisotropic therrnal parameters. All hydrogen atoms except for that on

C(18) were included in the refinement at the caiculated positions (O.96 A) with iso-

tropic thermal parameters, The disordered C(18) was refined with occupation factor

of O.5. Crystal data and intensity collection parameters ' together with details of the

refinements are summarized in Table 3. Final positional parameters are listed in
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Table 11. Anisotropic thermal parameters are given in Table 12. Intramolecular

bond distances are presented in Table 13. Intramolecular bond angles are presented in

Table 14.

Single Crystal X-ray Analysis of lla. Suitable single crystal of 11a was

grown from benzene-ethanol(l/5). A crystal of 11a was mounted on a glass fiber

using epoxy resin. Data collection was carried out on a Mac Science MXC3

diffractmeter with Cu Ka. radiation (A = 1.54178 A). The intensity data were cor­

rected for Lorentzian polarization and absorption corrections by analytical function

(p. =12.94 em-I). The structure was solved by direct method and refmed full-matrix

least-squares procedure against 1]<2, with program package CrystanG (Mac Science).

All non-hydrogen atoms were refined with anisotropic thermal parameters. All hy­

drogen atoms except for those on C(21) and C(53) were located on a difference elec­

tron density map and refined with isotropic thermal parameters calculated from those

of the bonded atoms. Crystal data and intensity collection parameters together with

details of the refinements are summarized in Table 4. Final positional parameters are

listed in Table 15. Anisotropic thermal parameters are given in Table 16. Intramo­

lecular bond distances are presented in Table 17. Intramolecular bond angles are

presented in Table 18.

Single Crystal X-ray Analysis of lIb. Suitable single crystal of lIb was

grown from benzene-ethanol (l/5). A crystal of lIb was mounted on a glass fiber

using epoxy resin. Data collection was carried out on a Mac Science MXC3

diffractmeter with Cu Ka. radiation (I.. = 1.54178 A). The intensity data were cor­

rected for Lorentzian polarization and absorption corrections by analytical function

(p. = 12.81 cm- I). The structure was solved by direct method and refined full-matrix

least-squares procedure against IPI with program package CrystanG (Mac Science).

All non-hydrogen atoms were refined with anisotropic thermal parameters. All hy­

drogen atoms except for those on C(30) and C(31) were located on a difference elec­

tron density map and refined with isotropic thermal parameters calculated from those

of the bonded atoms. Crystal data and intensity collection parameters together with

details of the refinements are summarized in Table 4. Final positional parameters are

listed in Table 19. Anisotropic thermal parameters are given in Table 20. Intramo­

lecular and intermolecular bond distances are presented in Table 21 and 22, respec­

tively. Intramolecular and intermolecular bond angles are presented in Table 23 and

24, respectively.
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     Table 3.

compound

formula

formula weight

crystal system

space group

a,A

b,A

c, A

oc deg

B, deg

7, deg

cell vol, A3

Z
p(calcd), g cm-3

F(OOO)

crystal size, mm

    -1", cm

diffractometer

monochromator

radiation

temp, K

scan type

2emax, deg

reflns measured

independent reflns

reflns used

no. of var'iables

R,Rw
goodness ef fit

max 6/6 in fmal cycle

residual eEectron density

  (min, max) (elA3)

Summary of Crystallographic Data for 3a4 and 4b

              3a4 4b
              C2sH72Sis C2gH4sN2PdSi2
              633,6 587,3
              monocLinic monoclinic
              C2/c (No, 15) calc (No. 15)

              21,7oo (8) 22,761 (7)
               13,598 (6) 11.268 (3)
               15.336 (9) 14.379 (6)

               107,88 (4) 121.26 (2)

4307 (3)

4

O.98

1408

050 Å~ O.50 Å~ O.30

2.27

Mac Science MXC3

graphite

Mo Ka (X= O.7lo73 A)

293

to/2e

50

5432

49S3

3417 (FÅr3cs(F))

277

O.065, O.071

1,99

1.91

-O.65, O,86

       123

3152 (2)

4

1.24

1240

O.60 Å~ O.30 Å~ O.35

57.239

Mac Science MXC3

graphite

Cu Ka (a = 1.54178 A)

293

to/2e

130

2999

2641

2380

182

O.081, O.108

257

O.43

-325, 2.58



      Table 4.

 compound

 formula

formula weight

crystal system

space group

a, A

b, A

c, A

o,deg

P, deg

x deg

cell vol, A3

z
ptcalcd), g crn-3

F(OOO)

crystal size, mm

P. cm-l

diffractometer

monochromator

radiation

temp, K

scan type

2emax, deg

reflns measured

independent reflns

reflns used

no, ef variables

R,R,v

goodness of fit

rnax 6/o in final cycEe

residual electron density

  (min, max) (elA3)

Summary of CrystaIIographic Data for 11a and 11b

              11a 11b
              C6oHlosN3Si6 CsoH14oN4Sis

              1037.0 1380.0
              orthorhornbic monocEnic
              Pna21 ovo. 33) nl/a ovo, 14)

              18.862 (4) 18.603 (4)
              26.369 (4) 13.669 (3)
              13,889 (3) 18.345 (3)

                                     94.28 (2)

6908 (2)

4

1.oo

2280

O.SO Å~ O.4S Å~ O.40

12.94

Mac Science MXC3

graphite

Cu Kct (A= 1.54178 A)

293

to12e

130

6477

S9on

5730

940

O.040, O.039

l .22

O.98

-O.15, O.19

4652 (2)

2

O.99

1520

O.25 Å~ O.35 Å~ O.40

12.81

Mac Science MXC3

graphite

Cu Kct (X= 1.54178 A)

293

tone

130

85en

77os

7046

629

O.068, O.047

1.90

O.90

-026, O,38
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Table 5. Positional Parameters and Equivalent Isotropic Thermal

       with Esd's in Parentheses for 3a4

atom

Si1
Si5
Si6
SilO
C2
C3
C4
C7
C8
C9
C11
C 12
C 13
C 14
C 15
C 16
C 17
C18
H7A
H4A
H 4B
H3A
H 7B
H2A
H 18A
H 2B
H 15A
H 14A
H 14B
H 14C
H 18B
H9A
H 15B
H 3B
H 15C
H 16A
H 16B
H 11A
H 12A
H 11B
H 13A
H 18C
H 11C
H 12B
H 16C
H 13B
H 13C
H 8A
H 12C
H 17A
H 17B
H9B
H 8B
H 17C

   x

O.O1430 (4)
-O.22017 (4)
-020339 (4)
O.oo230 (5)
O.0525 (2)
-O.l120 (2)
-O.1450 (2)
-O.1179 (2)
-O.0938 (2)
O.0241 (2)
O.0586 (2)
-O,0739 (2)
-O.2504 (3)
-02839 (2)
-O,2256 (2)
-O.2585 (2)
O.0886 (3)

-O.pa99 (2)
-O.108 (2)
-O.155 (2)
-O.114 (2)
-O.101 (2)
-O.090 (2)
-O,066 (2)
-O.048 (2)
-O.027 (2)
-O.202 (2)
-O.293 (2)
-O.271 (2)
-O.319 (2)
-O.ouS (2)
O.oo1 (2)
-O.214 (2)
-O,147 (2)
-O.274 (2)
-0255 (2)
-0251 (2)
O.083 (2)
-O.114 (2)
O.045 (2)
-O.246 (2)
-O.093 (2)
O.084 (2)

tO.074 (2)
-O.31O (2)
-0216 (2)
-O.290 (2)
-O.118 (2)
-O.060 (2)
O.107 (3)
O,111 (3)
-O.024 (2)
-O.098 (2)
O.079 Åq3)

   y

-O.14832 (7)
-O.42978 (ol
-O.439os (6)
-O.71126 (8)
-O.2688 (3)
-02987 (2)
-O.3938 (2)
-OA711 (3)
tO.S698 (3)
-O.5953 (3)
-O.1267 (4)
-O.oo72 (3)
-O.5510 (3)
-O.3348 (3)
-O.3193 (3)
-O.5380 (4)
-O,7355 (5)
-O.8150 (4)
-O.486 (3)
-O.392 (3)
-O.450 (3)
-O.3oo (3)
-O.415 (3)
-O.264 (3)
-O.872 (4)
-O.326 (3)
-O.265 (3)
-O.336 (3)
-O.276 (3)
-O.356 (3)
-O.832 (3)
-O.526 (3)
-O.327 (3)
.O.244 (3)
-O.303 (3)
-O.540 (4)
-O.S96 (3)
-O.174 (3)
-O.060 (3)
-O,108 (3)
-O.553 (4)
-O.797 (4)
-O.074 (3)
-O.032 (3)
-O,536 (3)
-O.607 (3)
-O,571 (3)
-O,621 (3)
O,O17 (3)
-O.670 (4)
-O.781 (4)
-O,591 (3)
-O,571 (3År

-O.728 (4)

   z

tO.33044 (bl
tO.36580 (O
-O.20678 (6)
-O.17l94 (7)
-O.37gn (2)
-O.3511 (2)

•-
O.39Sl (2)

-O.14lO (3)
-O.l758 (4)
-O.1301 (3)
-O,3698 (3)
-O.3777 (3)
-O,4208 (3)
-O,4l5l (3)
-O,1641 (3)
-O.1870 (3)
-O.0964 (4)
-O.1554 (4)
-OD81 (3)
-O.454 (3)
-O.381 (2)
-O.292 (3)
-O.145 (3)
-O."7 (3)
-O.189 (3)
-O.366 (3)
-O,176 (3)
-O.479 (3)

•-
O.386 (3)

-O.400 (3)
-O.086 (3)
-O.152 (3)
-O.103 (3)
-O.365 (2)
-O.195 (3)
-O.133 (3)
-O,209 (3)
-O.353 (3)
-O.367 (3)
-O."1 (3)
tO.470 (3)
-O.197 (3)
eO.339 (3)
-O.433 (3)
-O.227 (3)
-O,388 (3)
-O.411 (3)
-O.160 (3)
-O.347 (3)
-O.096 (4)
-O.120 (4)
-O.052 Åq3)

-O.2" (3)
-O,pa5 (4)

Parameters

B(ecl)

420 (3)
3.9S (3)
4.08 (3)
5.75 (4)
4.7 (1)

420 (9)
4.34 (9)
5.3 (1)
6.8 (1)
6.9 (1)
6.2 (l)
6,O (1)
6,7 (1)
6.1 (1)
6.7 (1)
6.8 (1)
8.9 (2)

72 (2)
S21 (O)
4.14 (O)
4.14 (O)
4.03 (O)
5,21 (O)
4.48 (O)
6.82 (O)
4,48 (O)
6,43 (O)
5.94 (O)
5.94 (O)
5.94 (O)
6.82 (O)
6.69 (O)
6.43 (O)
4.03 (O)
6.43 (O)
6.48 (O)
6.48 (O)
5.91 (O)
5.84 (O)
5.91 (O)
6,40 (O)
6.82 (O)
591 (O)
5.84 (O)
6,48 (O)
6.40 (O)
6.40 (O)
6.77 (O)
S.84 (O)
8.77 (O)
8.77 (O)
6.69 (O)
6.77 ÅqO)

8.77 (O)

(A2)
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Table 6. Anisotropic Thermal Paraineters (A2) with Esd's in Parentheses for 3a4

        The temperature factor is of the form:

 exp[-2z2(Una*2h2+Uzb*2ne+U33c*2P+2U,,a"b*hk+2U,,a*c*hl+2Ucob*c'kl)]

atom

Sil

Si5
Si6
si:o

C2
C3
C4
C7
C8
C9
Cll
C 12
C 13
C 14
CIS
C 16
C 17
C 18

 ull

O.0410 (4)
O.0516 (4)
O.0529 (4)
O.0685 (6)
O,053 (2)
O.052 (2)
O.056 (2)

OP62 (2)
O.077 (3)
O.072 (2)
O.062 (2)
O.065 (2)
O.113 (3)
O.062 (2)
O,099 (3)
O.094 (3)
O.081 (3)
O.090 (3År

 u22

O,0636 Åq6)

O.0478 Åq6)

O,0497 (6)
o.o7o2 a)
O.063 (2)
O.058 (2)
O.054 (2)
O.068 (2)
O.074 (3)
O.085 (3)
O,097 (3)
O.069 (2)
O.068 (2)
O.079 (3)
O.075 (3)

O.092 (3)
O.140 (6)
O.080 (3)

 u33

O.0505 (9)
O.0453 (9)
O.0486 (9)
O.076 (1)
O.057 (2)
O.Ckl6 (2)

O.051 (2)
O,064 (2)
O.op4 (3)
O.097 (3)
O.074 (3)
O.082 (3)
O.064 (3)
O.079 (3)
O.073 (3)
O.070 (3)
O.101 (4)
O,103 (4)

 u12

-O.O049 (4)

D.O061 (4)
tO.OOOI (4)
TO.oo82 (5)
-O.oo6 (2)

e.oo6 (1)
O.O04 (2)
O.O04 (2)
O.OIO (2)
O,oo2 (2)
-O.Ol2 (2)

O.Ooo (2)
-O.e28 (2)

O.OIO (2)
O,O14 (2)
-O.028 (2)

-O.O12 (3)

-O.OIO (2)

 u13

O.O144 Åq4)

O.O144 (4)
O.O194 (4)
O.0347 (5)
O.021 (2)
O.O19 (1)
O.022 (2)
O.O15 (2)
O.oo7 (2)
OD26 (2)
O.033 (2)
O.O15 (2)
O.031 (2)
O.O;4 (2)
O.031 (2)
O.040 (2)
O.O13 (3)
O.049 Åq3)

 u23

O.oo30 (4)
D.OO04 (4)
O.OO03 (4)
O.oo59 (6)
-O.oo2 (2)
O.oo1 (2)
-O,oo3 (2)
O.O12 (2)
O.oo6 (3)
-O.oo2 (2)
-O.OOO (2)
O.Ol6 (2)
-O,O14 (2)

O,O13 (2)
-O.OIO (2)

O.oo1 (2)
O.oo7 (4)
O.oo1 (3)

Table 7. Intramolecular Distances (A) with Esd's in Parentheses for 3a4

atom

Si1
Si1
Sil
sis
Si5
Si5
Si5
Si6
Si6

 atom

-C12
tC2
tC11
-C14
-C13
-C4
- Si6

-C7
-C16

distance

1,874 (4)
1.882 (4)
1,882 (5)
1.873 (4)
1.876 (4)
1,886 (4)
2.356 (1)
1.869 (4)
1.879 (5)

atorn

Si6
SilO
SilO
SilO
C2
C3
C7
C8

 atom

-C15
-C9
-C18
-C17
-C3
-C4
-C8
.C9

distance

1 .880 (5)
1.858 (5)
1.874 (5)
1.903 (5)
1.531 (5)
1530 (4)
1589 (6)
1.5oo (6)

Table 8. Intermolecular Distances (A) with Esd's in Parentheses for 3a4

atom

Sil -

atom adc

Sil (2)

distance

2.352 (2)

atom atom adc

SilO -SilO (2)

distance

2.366 (2)
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Table 9. Intramolecular Angles (deg) with Esd's in Parentheses for 3a4

atom

C 12
C l2
C2
C 14
C 14
C 14
C 13
C 13
C4
C7
C7
C7

atom

-Sil
-Sil
- Sil
- Si5
- Si5
- Si5
- Si5
. Si5
- Si5
- Si6
-Si6
-Si6

atom

-C2
-C 11
-C ll
-C 13
-C4
- Si6

-C4
-Si6
- Si6
-C 16
-C 15
- Si5

angle

108.6 (2)
108.1 (2)
108,8 (2)
108.1 (2)
108.1 (2)
108.5 (2)
109.2 (2)
109.7 (2)
113.0 (1)
109.0 (2År

109.2 (2)
112.6(1)

atom

C16
C16
C15
C9
C9
C18
C3
C4
C3
C8
C9
C8

atom

- Si6
- Si6
- Si6
- SilO
- SilO
- SilO

-C2
-C3
-C4
-C7
tC8
-C9

atom

tC 15
- Si5
- Si5

-C 18
-C 17
-C 17
- Sil

-C2
- Si5
- Si6

-C7
- SilO

angle

108,6 (2)
107,7 (1)
109.6 (1)
109.2 (2)
1ca.7 (2)
!08.0 (3)
115.6 (2)
115.0 (3)
11S.8 (3)
112.7 (2)
115.2 (3)
114.1 (3)

Table 10. Intermolecular Angles (deg) with Esd's in Parentheses for 3a4

atom

C12
C2
C11

atom

tSil
- Sil

- Sil

adc atom adc

(
(
(

1)

1)

1)

-Sil
-Si1
tSil

(
(
(

2)
2)
2)

angie

109.5 (2)
110.7 (1)
111.1 (1)

atom

C9
C18
C 17

atom adc

- SilO
- SilO
- SilO

( 1)
( I)
( 1)

atom adc

- SilO
- SilO
- SilO

(
(
(

2)
2)
2)

angle

115.3 (2)
107.3 (2År

110.1 (2)

Table 11. Positional Parameters and Equivalent Isotropic Thermal Parameters (A2)

   with Esd's in Parentheses for 4b

atom

Pd1
Si2

N3
C4
C5
C6
C7
C8
C9
C 10
C11
C 12
C13
C 14
C15
C 16

x/a

O.5ooOO
O.5624(2)
O,4105(6)
O.4424(8)
O.3684(7)
O,35oo(17)
O.56oo(17)
O.6568(12)
O.3483(14)
O.4126(11)
O.3067(17)
O,2607(15)
O.3051(12)
O.3672(13)
02445(15)
O.305(2)

yfo

O.21886(11)
O.3721(4)
O.0321(10)
O.0985(13)
-O.pa79(12)
-O.1548(22)
O.3492(25)
O.3504(28)
-O.2740(17)
-O.0862(22)
-O2425(25)
-O.os91(24)
O.O170(19)
-O.1710(22)
-O.1782(32)
-O.1ou(3)

zlc

O.25000
O.3742(3År
O.0608(10)
O.1283(l3)
-O.03os(11)
O.O129(22)
O.S020(21)
O.4220(26)
-O.1340(26)
-O.0772(21)
-O.0866(24)
-O.2121(23)
-O.1130(23)
-O.1750(21)
-O,1619(36)
-O.257(2)

U(iso)

O.045
O.065
O.060
O.066
O.052
O.127
O.137
O.l36
O.106
O.114
O.123
O.117
O.107
O.122
O.165
O.150
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C17
Cl8
H6A
H6B
H7A
H 7B
H 7C
H 8A
H 8B
H 8C
H9A
H9B
H 10A
H 10B
H11
H12
H 13A
H 13B
H 14
H 15A
H 15B
H 16A
H 16B
H 17A
H 17B

0549(2)
O,525(O
O,32278
O.39098
058538
O.57978
O.51308
O,68215
O.66235
O.67305
O.32270
O.38950
O.45259
O.42679
029399
021830
O.31832
027942
O.39233
O.22479
O.21239
O.31853
O.27803
O.59163
O.51523

O.S36(2)
O.575(4)
-O,13141
-O,19331
O,41158
O.27388
O.35108
O,41277
O.35517
O.27457
-O.32885
-O.31195
-O.12792
-O.O1852
-O.31253
-O.O3193
O,Ogn02
O,04452
-O.19644
-O.15056
-023016
-O.03226
-O.15146
O.57529
O.56239

O,347(2)
O.242(9)
O.04323
O.06823
O.552S5
O,S3425
O.48435
O,47258
O,36038
O,45648
-O.19247
-O.07867
-O,023oo
-O.1O120
-O.06306
-O.26477
tO.13942
tO.08142
-O.20825
-O.l2083
-021843
-027660
-O.32020
O.3945S
O.36395

O.163
O.217
O.2(1)
O.1(1)
O.12(8)
O.6(6)
O.1(1)
O.10(7)
O.5(4)
O.6(5)
O.3(3)
O.11(8)
O.11(9)
O.12(9)
O.08(6)
O.2(2)
O.09(6)
O.2(2)
O.2(2)
O,3(2)
O,3Åq2)

O,3(3)
O.12(8)
O.13(9)
o,q6)

T=exp[-2n2U], U=U(iso) or [U(1 1)+U(22)+U(33)]13

Table 12. Anisotropic Thermal Parameters (A2) with Esd's in Parentheses for 4b

        The temperature factor is of the forrn:

 exp[-2n2(U,,a'2h2+Unb*2k2+U,3c'2R+2Ui2a*b*hk+2Ui3a*c*hl+2U2,b*c*kl)]

atom

Pd1
Si2

N3
C4
C5
C6
C7
C8
C9
C10
C11
C12
C13
C 14
C 15
C16
C17
C18

ul1

O.0369(9)
O.055(2)
O.052(6)
O.059(8)
O.038(6)
O.13(2)
O.l4(2)
O.06(1)
O.08(1)

O.07(1)
O.11(2)
O.10(2)
O.08(1)
O.09(1)

O,08(2)
O.19(3)
O.24(4)
O.3(2)

u22

O.0317(9)
O.044(2)
O,044(6)
O.04or7)
O.ca1(6)
O.09(1)
O.11(2)
O.IS(2)

O.06(1)
O.10Åq1)

O.08(1)

O,09(2)
O.07(1)

O.10(2)
O.12(2)
O.10(2)
O.ou(1)
O.1(O)

u33

O.0396(9)
O.OS5(2)
O.048(6)
O.057(8)
O.ou5(7)
O.co(2)
O.08(1)
O.12(2)
O.11(2)
O.11(2)
O.10(2)
O.09(2)
O.11(2)

O.10(2)
O.19(3)
O.07(1)
O.08(2)
O.1 (O)

u12

o.oooo
.O.Oll(2)
rO.oo7(S)
O.oo1(6)
-O.O04(5)
-O.05(2)

O,03(2)
-O.05(1)

O.oo(1)
-O.ce(1)

-O.ca(2)

O,05(2)
O.02(1)
-O.on(1)

tO.ca(2)
-O.05(2)
-O.02(2)
-O.1(1)

u13

O.oo89(6)
O.021(2)
O.O12(5)
O.023(7)
O.co9(5)
O.05(2)
O.os(1)
O.ou(1)
O.03(1)
O.05(1)
O.05(2)

O.03(1)
-O.Ol(1)
O,osÅq1)

O.os(2)
O.ou(2)
O.Ol(2)
O.1(1)

u23

o.oooo
-O.O12(2)

O.Oll(S)
O.oo1(6)
O.O12(5)
O.ce(1)
.O.ou(1)
O.CF7(2)

O.on(1)
-O.ca(1)

O.02(1)
O,02(1)
.O.03(1)

-O.on(1)

O.07(2)
-OM(1)
O.Ol(1)
o.oro)
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Table 13. Intramolecular Distances (A) with Esd's in Parentheses for4b

atom atem distance atom atom distance

Pdl -Si2
Si2 -C7
Si2 -C 17
N3 -C5
C5 -C IO
C6 -C ll
C9 -C 14
Cll -C 15
C12 -C 15
C 14 -C 16
C 17' -C 18

2.358(S
188(3)
1.89(3)
1.466(19)
1.53(3)
159(4)
1.46(4)
1.4S(5)
156(5)
1.50(5)
1.38(ll)

Pdl -C4
Si2 -C8
N3 -C4
C5 -C6
C5 -C 13
C9 -C ll
C 10 -C 14
C 12 -C 13
C 12 -C 16
C17 -C18

2.059(16)
1.90(3)
1.14(2)
1.51(3)
1 .50(3)
1.47(5)
1.56(4)
1.58(4)
1.49(5)
1.56(12)

Table 14. Intrarnolecular Angles (deg) with Esd's in Parentheses for 4b

atom atom atom

Si2 -Pdl -Si2'
Si2 -Pdl -C4'
Pdl -Si2 -C8
Pdl -Si2 -C7
C7 -Si2 -C17
C4 -N3 -C5
N3 -C5 -C6
N3 -C5 -C 13
C6 -C5 -C 13
C5 -C6 -C ll
C5 -C IO -C 14
C6 -C ll -C 15
C 13 -C 12 -C 15
C 15 -- C l2 -C 16
C9 -C 14 -C IO
C10 -C 14 -C 16
C 12 -C 16 -C 14
Si2' -C 17' -C 18

angle

85.8(2)
88.3(S

107.6(10)
I09,1(9)
1ou.7(14)
176.7(15)
108,1(15)
108.7(14)
l10.9(17)
107,3(21)
106.8(17)
105,6(26)
105,1(25)
111.4(25)
108.5(22)
108.0(21)
111.9(23)
117.8(28)

atom atom atom

Si2 -Pdl -C4
C4 -Pdl -C4'
Pdl -Si2 -C17
C7 -Si2 -C8
C8 -Si2 -C17
Pdl -C4 -N3
N3 -C5 -C IO
C6 -C5 -C IO
C IO -C5 -C 13
Cll -C9 -C14
C6 -C ll -C9
C9 -C ll -C 15
C13 -C 12 -C 16
C5 -C 13 -C 12
C9 -C 14 -C 16
C11 -C 15 -C 12
Si2 -C 17 -C 18
C 17 -C 18 -C 17'

angle

173.7(S
97.6(e

126.3(9)
103.3(14)
103.6(17)
179.9
107.1(14)
110.0(17)
tll.9(17)
113,O(20)
108.6(25)
112.8(27)
1os.7(23År

108.4(18)
111.0(25)
111.4(26)
116.0(27)
116,5(70)
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Table 15.
Positional Parameters and Equivalent Isotropic Thermal Pararneters (A2)

   with Esd's in Parentheses for 11a

atom

Sil
Si5
Si7
Sill
Si13
Si17
N31
N 32
N 33
C2
C3
C4
C6
C8
C9
C 10
C 12
C 14
C15
C 16
C l8
C 19
C20
C21
C 22
C23
C 24
C25
C26
C27
C28
C 29
C30
C 34
C35
C 36
C 37
C 38
C 39
C40
C 41
C 42
C43
C"
C 45
C 46
C 47
C 48
C 49
C 50
C51
C 52

x

-O.04l77 (5)
O.15898 (5)
O.17742 (5)
O.37317 (5)
O.32419 (5)
O.oo899 (5)
O.oo53 (2)
02374 (1)
O.3918 (2)
O.O060 (2)
O.OS24 (2)
O,oo37 (2)
O.l975 (2)
O.1940 (2)
O.2684 (2)
O.os02 (2)
O.3679 (2)
O.2566 (3)
02155 (2)
O. 1576 (3)
O.0224 (2)
-O,1059 (3)
-O.0910 (3)
O.1159 (3)
O.2349 (3)
O.0820 (2)
O.2321 (2)
O.4032 (3)
O.4336 (3)
O.2792 (4)
O.3950 (3)
O.0592 (4)
O.1526 (4)
O.M03 (2)
O.OIOI (2)
O.0442 (3)
O.1022 (4)
O.1287 (3)
O.0988 (2)

-O.OS53 (3)
-O.0640 (5)
-O.1201 (4)
O.12as (3)
O.2048 (5)
O.0834 (6)
O.2736 (2)
O.2384 (2)
O,2770 (3)
O.3448 (3)
O.3794 (2)
O.3441 (2)
O. 1628 (3)

y

O.O197600
O.17235 (5)
O.27821 (5)
O.14644 (5)
O.02556 (5)
-O.05880 (S
-O.0441 (1)
O.25oo (1)
O.0822 (1)
O.0795 (1)
O.1018 (1)
O, l492 (2)
O.2387 (1)
O.2351 (2)
O.2130 (2)
O.1723 (2)
O.0876 (1)
O,0341 (2)
-OD139 (2)
-O,O043 (2)
-O.0313 (l)
O,0329 (2)

-O.O049 (2)
O.1768 (2)
O. 1272 (2)
O.2965 (2)
O,3367 (2)
O.1238 (2)
O.1987 (2)
-O,oo13 (2)
-O,Ol74 (2)
-O.08an (3)
-O.1103 (3)
-O.0833 (1)
-O.1318 (2)
-O.168S (2)
-O.IS69 (2)
-O.1093 (2)
-O,0708 (2)
-O.l430 (2)
-O.1976 (2)
-O.1252 (4)
-O.O166 (2)
-O.O141 (4)

 O.O142 (4)
 O.2974 (1)
 O.3382 (1)
 O.3832 (2)
 O.3873 (2)
 e.3463 (2)
 O,3oo7 (1)
 O.3337 (2)

z

e,38046 ("
-O.48921 (D
.O.35031 (a
.O.16122 (D
-O.121ca (8)
-O,34947 (D
-O.5123 (2)
-O.5351 (2)
O.oo53 (2)
-O.3484 (3)
tO.4287 (3)
-O.3979 (3)
-O.4634 (2)
-O.2451 (3)
-O.2428 (3)
-O.1668 (3)
tO.0805 (3)
-O,2185 (4)
-O.2447 (4)
-O.3198 (4)
-O.4263 (2)
-O.4784 (5)
-O.2734 (5)
-O.6098 (4)
-O.4929 (5)
-03560 (4)
-O.3323 (3)
-02815 (3)
-O.1224 (S)
-O.Ol50 (5)
-O.1628 (6)
-O,2370 (5)
-O.4031 (6)
-O.5653 (3)
-O.5644 (3)
-O.6209 (4År
-O.6762 (4)
-O.6774 (4)
-O.6223 (3)
-O.S077 (4)
-O.4758 (6)
-O.5632 (7)
-O.6275 (4)
-O.6543 (9)
-O.6935 (8)
-O.5426 (2)
-O,S865 (3)
tO.5969 (3)
-O.5666 (4)
-O.52S4 (3)
-O.5132 (2)
-O.6230 (4)

B(eq)

4.58 (4)
422 (4)
3.83 (4)
4.80 (4)
5.24 (4)
4.56 (4)
4.59 (8)
4.27 (8)
4.66 (8)
5,5 (1)
5.0 (1)
5.5 (1)
3.78 (8)
4.5 (1)
5.2 (1)
5,l (1)
4.34 (9)
7,3 (2)
6,1 (1)
7.4 (2)
3,94 (9)
7,7 (2)
7,8 (2)

72 (2)
6.9 (2)
5.4 (1)
S2 (1)
65 (1)
7.6 (2)
8.7 (2)
9.2 (2)
9,7 (2)

11.1 (3)
5.0 (1)
5.6 (1)
8.1 (2)
9.2 (2)

 8.2 (2)
6,O (1)

 6.5 (1)
11.1 (3)
11,2 (3)
 7.2 (2)
13,O (4)
12.2 Åq3)

 4.27 (9)
 5.1 (1)
 6.1 (1)
 6.8 (1)
 6.1 (1)
 4.7 (1)
 6.8 (1)
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1

C 53
C 54
C 55
C 56
C 57
C 58
C 59
c oo
C61
C 62
C63
C64
C65
C 66
C 67
C 68
C69
H 48
H 3A
H9A
H 24A
H 62
H 3B
H 24B
H 67
H 49
H 8A
H 52
H 26A
H 60
H 40
H 21A
H 24C
H8B
H 19A
H4A
H50
H 26B
H 4B
H61
H2A
H 19B
H 69A
H 19C
H S7A
H 23A
H 26C
H 2B
H 43
H 36
H41A
H 25A
H 55
H 28A
H 14A
H 38
H21B
H 69B
H 22A
H 10A
H 22B

O.1590 (6)
O.1159 (4)
e.38ou (2)
O.4036 (3)
O,4428 (3)
O.4293 (2)
O,5040 (2)
O.5398 (2)
O.5038 (3)
O,43 17 (3)
O.3915 (2)
O.5431 (2)
O,5511 (4)
O.6142 (4)
O.3122 (2)
O.2778 (4)
O.2903 (4)
O.253 (3)
O.090 (2)
O.297 (3)
0284 (3)
O.408 (3)
O.O19 (2)
0230 (2)
O.297 (3)
O.361 (3)
O.185 (2)
O.138 (3)
O.486 (3)
O,587 (3)
-O.ou9 (3)
O.144 (3)
O.217 (2)
O.166 (2)
-O.139 (3)
O,062 (2)
OA30 (3)
O,423 (3)
O,125 (3)
O,536 (3)
-O.025 (3)
-O.136 (3)
O,236 (4)
-O.080 (3)
O.485 (3)
O,052 (3)
O.439 (3)
O.034 (2)
O.125 (3)
O.O18 (3)

-O.068 (4)
O,456 (3)
O,338 (2)
O.378 (3)
O.221 (3)
O.166 (3)
O.105 (3)
O,293 (5)
O.276 (3)
O,242 (2)
O.2S7 (3)

O.3257 (5)
O.3783 (2)
O.2548 (2)
O.2180 (2)
O.2682 (3)
O.1209 Åq1)
O,1216 (2)
O.1576 (2)
O,1907 (2)
O.1891 (2)
O.1542 (2)
O.0849 (2)
O.0344 (3)
O.1042 (4)
O.1519 (2)
O.2039 (3)
O,1151 (4)
O,410 (2)
O.076 (2)
O.234 (2)
O.329 (2)
O.210 (2)
O.11O (2)
O.360 (2)
O.137 (2)
O.420 (2)
O.2S4 (2)
O.303 (2)
O.185 (2)
O.162 (2)

-O.128 (2)
O.189 (2)
O.350 (2)
O.209 (2)
O.053 (2)
O.176 (2)
O.353 (2)
O.214 Åq2)

O.140 (2)
0216 (2)
O.oo9 (2)
-O.O03 (2)
O.110 (3)
O,ou5 (2)
O,287 (2)
O,267 (2)
O.219 (2)
O.071 (2)
-O.oo6 (2)
-0202 (2)
-O.213 (3)
O.115 (2)
O.237 (2)
-O.051 (3)
O.057 (2)
-O.101 (2)
O.148 (3)
O.140 (3)
O.138 (2)
O.144 (2)
O.121 (2)
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-O.7302 (6)
tO.5926 (6)
-O.4697 (3)
-O.5491 (5)
-O.4044 (5)
O.0559 (2)
O.0488 (3)
O.1ou5 (3)
O.1629 (3)
O.1682 (3)
O.1153 (3)

-O.O141 (4)
O,0356 (6)

tO.0512 (6)
O,1244 (3)
O.1340 (7)
O.2028 (6)
-O.622 (4)
-O.450 (3)
0239 (4)
-O.330 (3)
O.211 (4)
-O.490 (3)
-O.385 (4)
O.072 (4)
-O.571 (4)
-O.186 (3)
-O.588 (4)
-O.122 (4)
O.1oo (4)

-O.448 (4)
-O,645 (4)
-O.271 (4)
-O.245 (3)
-O.461 (4)
tO.382 (3)
-O,498 (4)
-O.057 (S)
-O.343 (4)
O.203 (4)
-0330 (4)
-e.490 (4)
O.203 (5)
-O.541 (5)
-O."3 (4)
-O.356 (4)
-O.169 (4)
-O.290 (4)
-O.560 (5)
-O.620 (4)
-O,535 (6)
-O,283 (4)
-O.433 (4)
-O.178 (5)
-O.202 (5)
-O.722 (5)
-O.624 (4)
O.261 (8)

-O.534 (4)
-O.185 (3)

•-
O.419 (4)

15.0 (5)
9.0 (2)
5.6 (1)
7.8 (2)

 8.2 (2)
4.49 Åq9)

5.2 (1)
6.0 (1)
6.6 (1)
6.1 (1)

 5.1 (1)
6.6 (1)

10.0 (2)
10.6 (3)

6,4 (1)
11.2 (3)
10.6 (3)
 6.06 (O)
 s.oo (o)
 523 (O)
 5.19 (O)
 6.12 (O)
 5,oo (O)
 5.19 (O)
 6.40 (O)
 6.80 (O)
 4.Sl (O)
 6,83 (O)
 7.62 (O)
 6.oo (O)
 6.52 (O)
 7.25 (O)
 5.19 (O)
 4.51 (O)
 7.72 (O)
 5.46 (O)
 6.09 (O)
 7.62 (O)
 S.46 (O)
 6.56 (O)
 5,51 (O)
 7.72 (O)
10.60 (O)
 7.72 (O)
 8.25 (O)
 5.46 (O)
 7.62 (O)
 5.Sl (O)
 7.24 (O)
 8.12 (O)
11.13 (O)

 6.50 (O)
 5.56 (O)
 9.17 (O)
 7.27 (O)
 8.21 (O)
 7.25 (O)
10.oo (O)

 6.87 (O)
 5.08 (O)
 6.87 (O)



H 66A
H 15A
H 54A
H 28B
H 65A
H 15B
H 20A
H 14B
H 37
H 27A
H 29A
H 9B
H 25B
H 44A
H 20B
H S6A
H 27B
H S6B
H 65B
H 44B
H 45A
H 22C
H 57B
H 44C
H 45B
H 30A
H 23B
H 23C
H 29B
H64
H 45C
H 25C
H 10B
H 42A
H41B
H 2ec
H 66B
H41C
H 54B
H 57C
H 16A
H 28C
H 16B
H 65C
H asC
H 29C
H 53A
H 30B
H 30C
H 56C
H 42B
H osA
H 27C
H 42C
H 53B
H 69C
H 54C
H 68B
H ssC

O.oo1 (4)
O.195 (3)
O.129 (4)
O.422 (4)
O.568 (4)
O.248 (3)

-O.127 (3)
O.274 (3)
O.131 (4)
O.M3 (4)
O.oo2 (4)
O.284 (2)
O.411 (3)
O.214 (5)

-O.064 (3)
O.428 (3)
O.299 (4)
O,360 (3)
O.586 (4)
O,232 (S)
O.092 (5)
O.224 (3)
O.433 (4)
O.201 (4)
O.oo7 (5)
O.186 (4)
O.072 (2)
O.069 (3)
O,or1 (3)
O.S12 (3)
O.caO (5)
O,373 (3)
O.266 (2)
-O.107 (4)
-O.O17 (4)
-O.109 (3)
O.633 (4)

-O.106 (4)
O.064 (4)
O.463 (3)
O.178 (3)
O.418 (4)
O.125 (3)
O,493 (4)
O.652 (4)
O,O18 (4)
O,186 (6)
O.120 (4)
O.178 (4)

 O.439 (3)
-O.129 (4)
 O,293 (5)
 O.250 (4)
O.170 (4)
O.I86 (6)
O.314 (4)
O,116 (3)

 O.219 (4)
 O.245 (5)

O.132 (3)
-O.026 (2)
O.407 (3)

-O.O17 (3)
O,OIO (3)

-O.038 (2År

O,O19 (3)
O.049 (2)

-O.188 (2)
O.032 (2)
-O.094 (3)
O.I96 (2)
O.IS9 (2)
O.O18 (4)
O.oo1 (2)
O.186 (2)

-O.OOO (3)
O.205 (2)
O.pa5 (3)

-O.032 (4)
O.oo3 (4)
O.oo8 (2)
0291 (3)

-O.020 (3)
O.049 (4)

-O.1 19 (3)

O.320 (2)
O,308 (2)

-O,ooO (3)
O.081 (2)
O.O18 (4)
O.099 (2)
O.182 (2)
-O.080 (3)
-O.207 (3)
-O.037 (2)
O.079 (3)
-O,203 (3)
O.367 (3)
O.229 (2)
O.OIO (2)

-O.O04 (3)
O,027 (2)
O.ce2 (3)
O.ooS (3)
-O.113 (3)
O.351 (5)

-O.128 (3)
O,118 (3)

 O.233 (2)
-O.154 (3År

 O.216 (4)
 O.e25 (3)
"129 (3)

 O.295 (4)
 O.119 (3)
 O.386 (3)
 O,191 (3)
 O.224 (3)
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-O.088 (6)
-O.181 (4)
-O.628 (5)
tO.113 (5År

-O.O18 (6)
-0272 (4)
-O,263 (4)
O.273 (4)
-O.707 (5)
-O.025 (4)
-O.2oo (5)
-O.315 (4)
-O.326 (4)
-O.649 (7)
-O.220 (5)
-O.524 (4)
O.036 (5)
0593 (4)
O.1oo (6)
-O,oo8 (8)
-O.759 (7)
dO.S04 (4)
-O,357 (5)
-O.741 (7)
-O.696 (7)
-O.348 (6)
-O.412 (4)
-O.297 (4)
-O,199 (5)
-O.073 (4)
-O.677 (8)
-O.309 (4)
-O.109 (4)
-O.579 (6)
-O,450 (6)
-O.285 (4)
-O.103 (6)
-O.430 (6)
-O.612 (5)
-O.378 (4)
-O.376 (4)
-O.223 (5)
-0286 (4)

 O.058 (5)
 O,O19 (6År

-O.2" (5)
-O.7oo (8)
-O.425 (7)
-O.464 (6)
-O.586 (5)
-O.619 (6)

 O,184 (7)
 O.O18 (5)

-p
O.527 (5)

-O.735 (8)
 O,263 Åq8)
-O.509 (5)

 O.138 (6)
 O.096 (6)

10.63 (O)
6.06 (O)

 899 (O)
9.17 (O)
9.97 (O)
6.06 (O)

 7.76 (O)
 727 (O)
 9.21 (O)
 8.68 (O)
 9.66 (O)

5.23 (O)
6.50 (O)

12.96 (O)
 7.76 (O)

7,77 (O)
 8,68 (O)
 7.77 (O)
 997 (O)
12.96 (O)
1223 (O)
 6.87 (O)
 8.25 (O)
12.96 (O)
12.23 (O)
11.1O (O)
 5.46 (O)
 5.46 (O)
 9.66 (O)
 6.59 (O)
12.23 (O)
 6.50 (O)
 5.08 (O)
11.15 (O)
11.13 (O)
 7.76 (O)
10.63 (O)
11,13 (O)

 8.99 (O)
 8,25 (O)
 7.47 (O)
 9.17 (O)
 7.47 (O)
 9,97 (O)
10,63 (O)

 9.66 (O)
15,os (O)
11.1O (O)
11.1O (O)

 7.77 (O)
11.15 (O)
11.17 (O)

 8.68 (O)
11.15 (O)

 15,CH5 (O)
10.oo (O)

 8.99 (O)
 11.17 (O)
 11.17 (O)



Table 16. Anisotropic Therma! Parameters (A2) with Esd's in Parentheses for 11a

         The temperature factor is of the forrn:

  exp[-2sc2(U.a*2h2+Uzab'2k2+U,,c"2P+2Una"b*hk+2Ui3a'c'ht+2Uasb*c*kl)]

atom

Sil

sfi
Si7
Sil1
Si13
Si17

N31
N 32
N 33
C2
C3
C4
C6
C8
C9
C 10
C 12
C14
C15
C16
C 18
C19
C 20
C 21
C 22
C 23
C 24
C 25
C 26
C 27
C 28
C 29
C 30
C34
C 35
C36
C 37
C38
C 39
C40
C41
C42
C43
C"
C45
C46
C 47
C48
C 49
C50
C51

ul1

O.0535 (9)
O.0515 (9)
O.OS37 (9)
O,0667 (9)
O.0656 (9)
O,0578 (9)
O.056 (2)
O.058 (2)
O.062 (2)
O.069 (2)
O.066 (2)
O.075 (2)
O.048 (2)
O.066 (2)
O,067 (2)
O,075 (2)
O.052 (2)
O,099 (3)

O,074 (2)
O.095 (3)
O.053 (2)
O.076 (3)
O.103 (4)
O.le8 (4)

O.073 (3)
O.066 (2)
O.082 (3)
O.079 (3)
O.114 (4)
O.132 (5)

O.101 (4)
O.105 (4)
O.136 (5)
O.071 (2)
O.082 (3}
O.134 (4)
O,138 (5)

O.121 (4)
e.076 (2)
O.091 (3)
O.194 (8)
O.086 (4)

O.099 (3)
O.131 (6)
O,188 (8)
O.066 (2)
O.086 (3)
O.105 (4)
O.104 (4)
O,077 (3)
O,063 (2)

u22

O.0440 (4)
O.Ckl26 (4)

O.0440 (4)
O.0574 (4)
O,0550 (4)
O.OS42 (4)
O.057 (2)
O.ou8 (1)
O.054 (1)
O.049 (2)
O.046 (2)
O.047 (2)
O,044 (1)
O,054 (2)
O.070 (2)
O.060 (2)
O.056 (2)
O.068 (3)
O.064 (2)
O.077 (3)
O.045 (2)
O.076 (3)
O.078 (3)
O.086 (3)
O.ou9 (2)
O.069 (2)
O.058 (2)
O.093 (3)
O.074 (3)
O.1oo (4)

O,086 (4)
O.ISI (6)
O.155 (6)
O.064 (2)
O.068 (2)
O.075 (3)
O.100 (4)

O,097 (4)
O,086 (3)
O.069 (2)
O.080 (4)
O.154 (6)
O.091 (3)

O.149 (8)
O.120 (6)
O.049 (2)
O.OS3 (2)
O.056 (2)
O.064 (2)
O.068 (2)
O.062 (2)

u33

O076 (1)
O.066 (1)
O.ou8 (1)
O.058 (1)
O.078 (1)
O.061 (1)

O.061 (2)
O.OS6 (2)
O.061 (2)
O.091 (3)
O.078 (3)
O.085 (3)
O,052 (2}
O,OSI (2)
O,062 (2)
O.OS8 (2)
O.056 (2)
O.109 (4)
O.092 (3)
O.111 (4)
O.052 (2)
O.140 (5)
O.113 (4)
O.081 (3)

O,139 (4)
O.072 (3)
O.056 (2)
O.075 (3)
O.101 (4)
O.098 (4)

O.161 (6)

O.111 (S)
O.130 (5)
O.055 (2)
O,064 (2)
O.099 (4)

e.112 (4)
O.094 (4)
O,067 (3)
O,087 (3)

O.149 (7)
O.184 (8)
O.084 (3)
O.21 (1)

O.156 (7)
O.047 (2)
O.054 (2)
O.069 (3)
O.090 (3)
O.086 (3)
O.056 (2)

u12

-O.oo29 (4)

-Onc14 (4)
O.OO02 (4)
-O.O092 (5)
-O.OI08 (5)
TO.oo18 (4)
O.OCK) (1)
-O.oo3 (1)
-O.O04 (1)
iO,oo6 (2)
-O.Ol1 (2)
-O.O12 (2)
O.oo1 (1)
.O.oo1 (2)
-O.oo1 (2)

O.oo2 (2)
-O.oo3 (2)

n.026 (2)
-O.Oll (2)
-O.025 (2)
-O.oo7 (1)

O.023 (2)
-O.oo1 (3)
.O.031 (3)
O.oo9 (2)
O.oo9 (2)

-O,O12 (2)
tO.oo8 (2)

O.038 (3)
-O.on7 (4)
O.oo8 (3)

O.oo6 (4)
O.085 (5)

O,oo2 (2)
O.oo2 (2)
.O.Ol1 (3)

O.OCUI (4)

-Ooe7 (3)
LO.oo5 (2)

.O.O13 (2)

-O.O14 (4)

O.O16 (4)
uo.o17 (3)

-O.044 (6)
-O.030 (6)
.O.oo5 (2)
-O.oo3 (2)
-O,oo2 (2)
-O.024 (2)
-O.O18 (2)

.O.OIO (2)

u13

O.OI09 (5)
O.oo28 (4)
-O.OO06 (4)
tO.O16S (S)
.O.0224 Åq5)

-O.O135 (4)

-O.oo7 (1)

O.oo5 (1)
-O.O13 (1)
O.022 (2)
O.O09 (2)
O.O16 (2)
-O,oo1 (1)
-O.OOO (2)
-O,OCUI (2)

-O,O09 (2)
-O.O12 (2)
-O.OS3 (3)

-O.031 (2)
-O.052 (3)
O.OOO (2)

O.O12 (3)
O.ou2 (3)

n.O18 (2)
O.O15 (3)
O.oo1 (2)
O.co6 (2)
O.oo6 (2)
-O.036 (3)
-O,O14 (3)
-O.Oas (4)

O.Oll (3)
-O.070 (4)
-O.OIO (2)
.O.oo6 (2)
O.O12 (3)

 O.040 (4)
O.036 (3)

 O.oo8 (2)
-O.oo3 (2)

 O,056 (6)
-O.024 (4)
O.O17 (3)

 O.066 (6)
-O.Ol8 (7)

 O.O12 (2)
 O,oo2 (2)
.O.O12 (2)
 O.023 (3)
 O,020 (2)
 O.O14 (2)

u23

O.OO06 (5)
O.oo52 (5)
O.oo21 (4)
O.OlIS (5)
O.oo58 (5)
O.O047 (5)
O.co7 (1)
O.OOO (1)
O.oo8 (1)
-O.Oll (2)
-O.OOS (2)
-O.O12 (2)
O.oo3 (1)
O.oo5 (2)
O.021 (2)
O.O12 (2)
O.OIO (2)
O.O14 (2)
-O.oo2 (2)

O,Ol6 (3)

n.oo7 (1)
O.oo5 (3)

O.oo6 (3)
-O.oo1 (3)

.O,oo2 (2)

O.oo1 (2)
-O,oo5 (2)

O.O12 (2)
 O.030 Åq3)

O.O18 Åq3)

-O.038 (4)

 O.067 (4)
-O.062 (5)
-O.O12 (2)
-O.Ol9 (2)

n.035 (3)
TO.ca3 (3)
-O.031 (3)
-O.022 (2)
-O.Ol6 (2)

 O.O04 (4)
 O.oo6 (6)
e.O16 (3)
O.M8 (7)

 O.028 (6)
e.oo1 (1)

 O.OCkl (2)

 O.OIO (2)
 O.oo6 (2)
tO.OOO (2)

n.oo1 (2)
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C52
C53
C 54
C 55
C56
C 57
C58
C 59
C 60
C61
C62
C 63
C64
C 65
C 66
C 67
C 68
C69

O.102 (3)
O.19 (1)

O.102 (4)
O.OM (2)
O.086 (3)
O,077 (3)
O.068 (2)
O.068 (2)
O.076 (2)
O,;02 (4)
O.1ou (4)
O.078 (2)
O,063 (2)
O.128 (5)
O.097 (4)
O.082 (3)
O.109 (5)
O.099 (4)

O.072 (3)
O,27 (2)

O.1oo (4)

O,070 (2)
O,087 (3)
O.i 14 (4)

O.054 (2)
O.070 (2)
O,081 (3)
O.071 (2)
O,068 (2)
O.OS9 (2)

Onv8 (3)
O.101 (4)

O.163 a)
O.090 (3)
O,122 (6)
O.194 (8)

o.os6 e)
O.109 (6)
O,139 (6)
O.087 (3)
O.122 (4)
O.122 Åq5)

o.o4g e)
O.OS9 (2)
O.071 (3)
O.076 (3)
O.060 (3)
O.055 (2)
O.090 (3)
O.149 (6)

O,1" (7)
O.071 (3)

O.193 (9)

O.11O (5)

O.oo6 (2)
O.ce1 (8)
O.O16 (3)
-O.oo1 (2)

O.OIO (3)
-O.oo2 (3)

-O,oo7 (2)

O.oo6 (2)
-O.O15 (2)

TO.OlO (2)

O.oo6 (2)
O.oo1 (2)
O.oo3 (2)
O.032 (4)
-O.O12 (4)

O.oo8 (2)
O.043 (4)

-O.el1 (5)

O.on2 (2)
O.ou1 (6)
-O.028 (4)

O.OIO (2)
O.027 (3)
-O.O16 (3)

.O.O18 (2)
TO.O19 (2)

-O.029 (2)

-O.039 (2)
-O.O17 (2)

-O.Ol2 (2)

n.Ol1 (2)
e.oo1 (5)
O.021 (4)

e.oo8 (2)
n.on1 (5)
O.O04 (4)

O.Oi4 (2År

-O.064 (8)

O.024 (4)
O.oo6 (2)
e.oo8 Åq3)

O.Ol1 (4)
O.O12 (2)
O,O13 (2)
O.oo7 (2)
O.oo2 (2År

O.OOO Åq2)

O.oo6 (2)
n,oo8 (3)
4.oo2 (4)
-O.oo5 (5)
O.oo2 (2År
-O.O12 Åq5År

O.058 (6)

Table 17. Intramolecular Distances (A) with Esd's in Parentheses for 11a

atom

Sil
Sil
Sil
Si1
Si5
Si5
Si5
Si5
Si7
Si7
Si7
Si7
Si11
Sill
Sil1
Sill
Si13
Si13
Si13
Si13
Si17
Si17
Si17
Si17
N31
N31
N 32
N 32
N 33
N 33
C2

atom

-C 19
-C20
-C2
-C 18
-C 22
-C21
-C4
-C6
-C23
-C24
-C8
.c6
-C25
-C 26
-C 10
-C 12
-C28
-C 27
-C 14
-C 12
-C 30
-C 29
-C 16
-C 18
-C 18
-C 34
-C6
-C46
-C 12
-C 58
-C3

distance

1.853 (6)
1.869 (6)
1.870 (4)
1.919 (3)
l.862 (5)
1.866 (6)
1.870 (4)
1.927 (3)
1.866 (4)
1.872 (4)
1.878 (4)
1.923 Åq3)

1.862 (5)
1.867 (6)
1.883 (4)
1.917 (4)
1.843 (7)
1 .846 (7)

1.868 (6)
1.919 (4)
1.849 (8)
1.859 (7)
1.859 (6)
1.936 (3)
1,283 (4)
1.430 (5)
1.283 (4)
1.428 (4)
1.282 (4)
1.428 (4)
1.534 (6)

atom

C34
C 34
C 35
C 35
C36
C 37
C 38
C39
C 40
C 40
C43
C43
C46
C46
C 47
C 47
C48
C 49
C50
C SI
C 52
C 52
C 55
C55
C58
C58
C 59
C 59
c (so

C61
C 62

atom

-C 39
-C 35
-C 36
-C 40
-C 37
-C 38
-C 39
-C 43
tC 41
-C 42
-C 45
-c"
-C51
-C 47
-C 48
-C 52
-C 49
-C 50
tC 51
-C 55
tC 53
-C 54
-C 57
-C 56
LC63
-C S9
.C60
.C64
-C61
-C62
-C 63

distance

1,396 (6)
1 .4oo (5)

1.4ou (7)
1 .493 (6)

1371 (9)
1.352 (9)
1.391 (7)
1.524 (7)
1.517 (g)
1.519 (9)
1.47 (1)
152 (1)
1 .393 (5)

1.403 (5)
1.399 (6)
1.518 (6)
1.351 (8)
1386 (7)
1.384 (6)
1.517 (6)
1.50 (1)
1.530 (8)
1.527 (7)
1,532 (8)
1.4oo (5)
1,4 12 (5)
1.398 (6)
1,497 (6)
1,372 (7)
1,362 (7)
1 .4oo (6)
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C3
C8
C9
C 14
C15

-C4
-C9
-C 10
-C 15
-C 16

1.533 (6)
1.520 (6)
1.521 (6)
1.530 (7)
1.532 (8)

C 63
C64
C64
C 67
C 67

-C 67
-C 65
-C 66
-C69
tC68

1.503 (6)
1.5oo (9)
1.525 (9)
1.52 (1)
1.S2 (1)

Table 18. Intramolecular Angles (deg) with Esd's in Parentheses for 11a

atom

C19
C19
C19
C 20
C20
C2
C22
C 22
C 22
C21
C 21
C4
C23
C23
C23
C 24
C 24
C8
C25
C25
C2S
C 26
C 26
c lo
C28
C28
C28
C 27
C 27
C 14
C 30
C30
C 30
C 29
C29
C 16
C 18
C6
C 12
C3
C4
C3
N32
N 32

atom atom

-Sil -C20
-Sil -C2
-Sil -C18
-Sil -C2
-Sil -C18
-Sil -C18
-Si5 -C2!
-Si5 -C4
-Si5 -C6
-Si5 -C4
-SiS -C6
-Si5 -C6
-Si7 -C24
-Si7 -C8
-Si7 -C6
tSi7 -C8
-Si7 -C6
•- Si7 -C6
-Sil1 -C 26
-Sil1 -C 10
-Sil1 -C 12
-Sil1 -C 10
-Sill -C 12
- Sill -C 12
-Si13 -C27
-Si13 -C 14
-Si13 -C 12
-Si13 -C 14
-Si13 -C 12
-Si13 -C 12
-Si17 -C29
-Sil7 -C 16
-Si17 -C 18
-• Si17 -C 16
-Si17 -C 18
-Si17 -C 18
-N 31 -C 34
-N 32 -C 46
-N 33 -C 58
-C2 -Sil
-C3 -C2
-C4 -Si5
-C6 -Si7
-C6 -Si5

angle

109,O (3)
109.4 (2)
107,4 (2)
110.0 (2)
109.4 (2)
111,5 (2)
110,S (3)
108.4 (2)
107.2 (2)
11O.O (2)
105.9 (2)
114.8 (2)
109.0 (2)
11O.5 (2)
107.2 (2)
107.6 (2)
116.6 (2)
105.9 (2)
108.0 (3)
111.2 (2)
106.3 (2)
108.2 (2)
117.4 (2)
105.6 (2)
110.3 (3)
11O.1 (3)
107.8 (2)
108.0 (3)
106.7 (2)
113,8 (2)
107.0 (4)
109,4 (3)
117.4 (3)
109.6 (3)
107.3 (2)
106.0 (2)
123.7 (3)
1 22,7 (3)

123,4 (3)
1l5.1 (3)
113.5 (3)
114,3 (3)
128,5 (2)
106.8 (2)

atom atorn atorn

Sil -C18 -Si17
C39 -C 34 -C 35
C 39 -C 34 -N 31
C 35 -C 34 -N 3!
C 34 -C 35 -C 36
C 34 -C 35 -C 40
C36 -C 35 -C 40
C37 -C 36 -C 35
C38 -C 37 -C 36
C 37 -C 38 -C 39
C38 -C 39 -C 34
C38 -C 39 -C 43
C34 -C 39 -C 43
C 35 -C 40 -C 41
C35 -C 40 -C 42
C41 -C 40 -C 42
C45 -C 43 -C 44
C45 -C 43 -C 39
C44 -C 43 -C 39
C 51 -C 46 -C 47
C51 -C 46 -N 32
C47 -C 46 -N 32
C48 -C 47 -C 46
C48 -C 47 -C 52
C46 -C 47 -C 52
C49 -C 48 -C 47
C48 -C 49 -C 50
C51 -C 50 -C 49
C 50 -C 51 -C 46
C 50 -C 51 -C 55
C46 -C 51 -C 55
C 53 -C 52 -C 47
C53 -C52 -CM
C47 -C 52 -C 54
C51 -C 55 -C 57
C51 -C 55 -C 56
C57 -C 55 -C 56
C63 -C 58 -C 59
C63 -C 58 -N 33
C 59 -C 58 -N 33
C 60 -C 59 -C 58
C60 -C 59 -C 64
C 58 -C 59 -C 64
C61 -C 60 -C 59

angle

123,4 (2)
122.8 (4)
119,1 (3)
117,8 (3)
116.1 (4)
121.5 (4)
122.4 (4)
121.5 (5)
170.7 (6)
121.4 (5)
117.4 (4)
121,2 (4)
1213 (4)
1IS.6 (S)
1oo.6 (5)
11O.8 (6)
111.1 (7)
11O.9 (6)
112.6 (5)
122.0 (3)
119.3 (3)
1185 (3)
116.6 (4)
121.4 (4)
122.0 (3)
121.9 (4)
120.8 (4)
120.0 (4)
118.5 (4)
121.6 (3)
119.9 (3)
112.7 (6)
110.7 (6)
113.0 (4)
113.6 (4)
110,3 (4)
110.7 (4)
122,8 (3)
119.1 (3)
118.0 (3)
116.8 (4)
121.6 (4)
121,6 (3)
121,4 (4)
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Si7
C9
C8
C9
N33
N 33
Sill
C 15
C 14
C 15
N31
N31

-C6
-C8
-C9
-C 10
-C 12
-C 12
-C 12
-C 14
-C IS
-C 16
-C 18
-C 18

- Si5
- Si7

tC 10
-Sil1
- Sill
- Si13
- Si13
-Si13
-C 16
- Si17
- Sil

- Si17

124.7 (2År
113.7 (3)
114.8 (3)
114.8 (3)
128.0 (3)
1oo.3 (2)
122.6 (2)
114.6 (3)
112.7 (4)
116.5 (4)
109.6 (2)
127.0 (2)

C 62
C61
C62
C 62
C 58
C 59
C59
C65
C 63
C63
C69

-C61
-C62
-C63
-C63
-C 63
-C64
-C64
-C64
-C 67
tC 67
-C 67

-C 60
-C 63
-C 58
-C 67
-C 67
-C 65
-C 66
-C 66
-C 69
-c os
-C 68

120.4 (4)
122.2 (4)
116.4 (4)
121.4 (4)
122.1 (4)
110.7 (5)
114.5 (5)
11 1.2 (5)

110.9 (4)
113.3 (5)
113.4 (ol

Table 19. Positional Parameters and Equivalent Isotropic Thermal Parameters (A2)

       with Esd's in Parentheses for 11b

atorn

Si1
Si5
Si7
Sil1
N21
N22
C2
C3
C4
C6
C8
C9
C 10
C12
C13
C l4
C 15
C 16
C 17
C18
Cl9
C 20
C23
C 24
C25
C 26
C 27
C28
C29
C 30

x

-O.16159 (4)
-O.23719 (4)
-O,148pa (4)
O.ce848 (4)

••
O.l932 (1)
O. 1251 (1)

O.1468 (2)
-O.1963 (2)
-O.1776 (2)
-O.1918 (1)
-O.1pa8 (2)
-O.0630 (2)
-O.0316 (2)
O.1029 (1)
-O.2564 (2)
-O.1420 (3)
tO,3280 (2)
-O.2458 (2)
-O.2210 (2)
-O.0812 (2)
O.0754 (2)
-O.0296 (2)
-O.;619 (1)
LO .2016 (1)
-O.i701 (2)
-O.1022 (2)
-O.oo52 (2)
-O.0944 (2)
-O.2768 (2)
-O,2942 (3)

y

-O.60110 (6)
-O.50670 (S
-O.43030 (5)
-O.33321 (O
-O.6234 (2)
-O.2179 (2)
-O.6161 (2)
-O.SS71 (2)
-O.5689 (2)
-O.53oo (2)
-O.4723 (2)
-O,3914 (2)
-O,4251 (2)
-O,3026 (2)
-O.6282 (3)
-O,4719 (3)
-O.5639 (4)
-O.37S3 (3)
tO,34 16 (3)

-O,3693 (3)
-O.3888 (3)
-O.23os (3)
-O.6708 (2)
-O.6811 (2)
-O.7322 (2)
-O.7709 (3)
-O,7632 (3)
-O.7139 (2)
-O.6386 (2)
-O.6060 (6)

z

-O.30091 (4)
-O.oo819 (4)
O.14932 (4)
O.40717 (4)
O.co76 (1)
O,3246 (1)
-O.1996 (2)
-O.1535 (1)
-O.0713 (2)
O.0873 (1)
O.2391 (1)
Oos19 (1)
O.3575 (2)
O.344O(l)
-O.3333 (2)
-O.3258 (2)
-O.Ol18 (2)
-O.0336 (2)
O.1668 (2)
O.oo52 (2)
O,4907 (2)
O.4346 (2)
O.1613 (1)
O2226 (1)
O.2819 (2)
O.281O (2)
O.22oo (2)
O.1587 (2)
O,2242 (2)
O.2998 (4)

B(eq)

5.35 (2)
5.1O (2)
4.66 (2)
S.30 (2)
4.41 (6)
4.39 (6)
5.99 (9)
5.96 (9)
6.16 (9)
4.10 (7)
5.28 (9)

5M (8)
S.62 (9)
4.18 (7)
73 (1)
8.9 (2)
8.6 (1)
8.5 (1)
7,4 (1)
7,O (1)
8.9 (1)
7.9 (1)
4.33 (7)
5.07 (8)
7.8 Åq1)

98 (1År
8.9 (1)
6.07 (9)
6.5 (1)

14.5 (3)
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C31
C 32
C33
C 34
C 35
C 36
C37
C38
C39
C 40
C41
C 42
C 43
c an
C 45
C 46
H44
H 8A
H 10A
H 16A
H2A
H4A
H4B
H 29
H 25
H9A
H 10B
H 16B
H3A
H41
H 37
H 13A
H ISA
H 20A
H 3B
H 26
H 8B
H32
H 46A
H 19A
H 2B
H 46B
H 20B
H 43A
H !9B
H39
H l9C
H38
H 18A
H 45A
H 13B
H 45B
H 18B
H 17A
H 18C
H 14A
H27
H43B
H 13C
H 17B
H9B

-O,3306 (2)
-O.0528 (2)
-O,0292 (3)
O.OI08 (4)
O.co50 (1)
O.1240 (2)
O,0948 (2)
O.0409 (2)
O.O150 (2)
O.ou13 (1)
O,1857 (2)
O.1829 (3)
O.2580 (3)
O.O142 (2)
O.osou (3)

-O,0650 (2)
O.O17 (2)

-O.140 (1)
-O.Oca (2)
-O,274 (2)
-O,149 (2)
-O,129 (2)
-O.177 (2)
-O,281 (2)
-O,196 (2)
-O.024 (2)
-O.070 (1)
-O.274 (2)
-O.193 (2)
O.t87 (2)
O.118 (2)
-O.288 (2)
-O.353 (2)
-O.062 (2)
-O.247 (2)
-O.082 (2)
-O.072 (2)
-O.085 (2)
-O.074 (2)
O.108 (2)
-O.101 (2)
-O.078 (2)
tO.055 (2)
O.299 (2)
O.oo1 (2)
-O,024 (2)
O,046 (2)
O.023 (2)
mo.os6 (2)
O.042 (2)

-O.263 (2)
O.11O (2)

-O.an7 (2)
-O.204 (2)
-O,103 (2)
-O.138 (2)
-O.022 (2)
e,265 (2)

-O.268 (2)
-O.249 (2)
-O.092 (2)

tO.7080 (5)
-O.7048 (4)
-O.8056 (5)
-O.6390 (4)
-O.1292 (2)
-O.0873 (2)
O.oo13 (3)
O.0465 (3)
O.oo63 (2)
-O.0817 (2)
-O.1363 (2)
-O.1213 (4)
-O,1038 (4)
-O.1240 (2)
-O,0902 (4)
-O.1oo6 (4)
-O.194 (2)
-O.5oo (2)
-O.484 (2)
-O.374 (3)
-O.683 (2)
-O.547 (2)
-O.633 (2)
-O.571 (2)
-O.735 (2)
-O.372 (2)
-O.433 (2)
-O.342 (3)
-O,483 (2)
-O.212 (2)
O.030 (2)
-O.581 (2)
-O.561 (3)
-0255 (2)
-O.578 (2)
-O.8on (3)
-O.527 (2)
-O.683 (2)
-O.032 (3)
-O.347 (3)
-O.596 (2)
-O.1ua (3)
-O.203 (3)
-O.l42 (3)
-O.456 (3)
O.ouO (2)

-O,399 (3)
O.106 (2)
-O,324 (2)
-O.117 (3)
-O.628 (2)
TO.102 (3)
-O.405 (3)
-0287 (2)
-O.334 (2)
-O.464 (3)
-O.787 (3)
-O.112 (4)
-O.692 (2)
-O.366 (3)
-O.330 (2)
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O. 1916 (5)
O.0908 (2)
O.0632 (3)
O.1047 (4)
O.3493 (1)
O.4151 (1)
O.4362 (2)
O.3943 (2)
O.3292 (2)
O.3050 (1)
O.4S93 (2)
O.5422 (2)
OA350 (3)
O.2316 (2)
O.1728 (2)
O,2I12 (2)
O,235 (2)
O.269 Åq1)

O.355 (2)
-O.080 (2)
O.189 (2)
-O.osO (2)
-O.os1 (2)
O.203 (2)
O.327 (2)
O.2Sl (2)
O.388 (2)
-O.oo7 (2)
O.168 (2)
O.451 (2)
O.480 (2)
-O.317 (2)
-O.056 (2)
O.467 (2)
-O.168 (2)
O.322 (2)
O.232 (2)
O.048 (2)
O.206 (2)
O.515 (2)

tO.186 (2)
O.166 Åq2)

O.394 (2)
O.466 (2)
O.478 (2)
0298 (2)
O.525 (2)
O.413 (2)
O.120 (2)
O.125 (2)
-O,385 (2)
O.185 (2)
O.088 (2)
O.190 (2)
O.050 (2)

-O.376 (2)
0219 (2)
O.385 (2)

-O.3' 18 (2)
O,201 (2)
O.286 (2)

14.0 (2)
8.3 (1)

13.0 (2)
12.6 (2)
4.30 (7)
5.36 (8)
7.1 (1)
7.9 (1)
6.6 (1)
4.80 (7)
6,9 (1)

12.2 (2)
11.5 (2)
5.55 (8)

10.2 (2)
9.1 (1)

 5.57 (O)
 5.29 (O)
 5.63 (O)
 8.58 (O)
 5.99 (O)
 6.16 (O)
 6.16 (O)
 6.42 (O)
 7.74 (O)
 5.46 (O)
 5,63 (O)
 8,58 (O)
 5.96 (O)
 6.92 (O)
 7.11 (O)
 7.68 (O)
 8.68 (O)
 7.82 (O)
 5.96 (O)
 9.74 (O)
 5.29 (O)
 8.22 (O)
 9.20 (O)
 8,94 (O)
 5.99 (O)
 9.20 (O)
 7,82 (O)
11.M (O)
 8.94 (O)
 6.60 (O)
 8.94 (O)
 7.91 (O)
 7.ou (O)
1O.21 (O)

 7.68 (O)
10.21 (O)

 7,04 (O)
 7,36 (O)
 7.on (O)
 8,83 (O)
 8.89 (O)
11.54 (O)

 7.68 (O)
 7,36 (O)
 5.46 (O)



H ISB
H 14B
H 20C
H 34A
H 17C
H 34B
H 33A
H 33B
H 34C
H 33C
H 16C
H 14C
H 15C
H 43C
H 46C
H 45C
H 42A
H 30A
H 42B
H 42C
H 31A
H 31B
H 30B

-O,352 (2)
tO.179 (2)
O,oo1 (2)
O,039 (2)

-O.245 (2)
O.oo3 (2)

-O.oo7 Åq2)

-O.076 (2)
O.039 (3)
O.oo7 (3)

-O.201 (2)
-O.1oo (2)
-O.321 (2)
O.259 (2)

-O.092 (2)
O,052 (2)
O.229 (2)

-O.334 (3)
O.202 (2)
O.147 (3)

-O.327 (2)
-O.361 (3)
-O.273 (3)

O.536 (3)
-O.436 (3)
-O.I82 (2)
-O.627 (3)
-O.326 (3)
O.578 (3)
-O.795 (3)
-O.854 (3)
-O.678 (4)
O.811 (5)
O.343 (3)
O.4S3 (3)
O,631 (3)
-O.030 (3)
O.127 (3)
-O.022 (3)
-O.170 (3)
t0576 (4)
-O.055 (3)
tO.IS4 (4)
tO,756 (4)
-O.693 (5)
-O.587 (6)

O.e22 (2)
-O.3op (2)
O.462 (2)
O.062 (2)
O.130 (2)
O.127 (2)
O,O16 (2)
O.052 (2)
O.125 (3)
O.op3 (3)

-O.036 (2)
tO,3oo (2)
-O,oo7 (2)
O.456 (2)
O.254 (2)
O.167 (2)
O.558 (2)
O.290 (3)
O.546 (3)
O.550 (3)
O.252 (2)
O,l91 (4)
O.318 (4År

 8.68 (O)
 8.83 (O)
 7.82 (O)
12.40 (O)
 7.36 (O)
12.40 (O)
12.86 (O)
12,86 (O)
12,40 (O)
12.86 (O)
 8.S8 (O)
 8.83 (O)
 8.68 (O)
11.54 (O)
 9.20 (O)
10.21 (O)
12.22 (O)
14,40 (O)
12,22 (O)
12,22 (O)
13.99 (O)
13.99 (O)
14AO (O)

Table 20. Anisotropic Thermal Parameters (A2) vvith Esd's in Parentheses for 11b
       The tempeTature factor is of the form:

exp[-2n2(Uiia*2h2+U22b*2k2+U33c*2R+2U,2a'b"hk+2U,,a*c*hl+2U. b"c"kl)]

atom ull u22 u33 u12 u13 u23

Sil

sfi
Si7

Sill

N21
N 22
C2
C3
C4
C6
C8
C9
C10
C12
C 13

C14
C 15

C16
C17
C18
C19

e.0828 (7)
O.0786 (5)
O,0708 (5)
O,0805 (5)
O.062 (1)
O.060 (1)
O.094 (2)
O.099 (2)
O.099 (2)
O.054 (2)
O.079 (2)
O.084 Åq2)

O.081 (2)
O.062 (2)
O.080 (2)
O,152 (4)
O,083 (3)
O.162 (4)
O.109 (3)
O.099 (3)
O.143 (4)

O.0648 (6)
O.0618 (6)
O.0525 (5)
O.0776 (6)
O.050 (1)
O.058 (1 )

O.076 (2)
O,074 (2)
O,081 (2)

O.051 (2)
O.062 (2)

O.068 (2)
O.07S (2)
O.057 (2)
O.120 (3)

O,072 (2)
O.149 (4)
O.074 (3)
O.081 (3)
O.088 (3)
O.136 (3)

O.0549 (3)
O.OS19 (3)
O.0532 (3)
O.0429 (3)
O.055 (1)
O.ou8 (1)
O.056 (2)
O.052 (2)
O.053 (2)
O.051 (1)
O.058 (2)

O.054 (2)
O.057 (2)
O.039 (1)
O.090 (2)
O.113 (3)
O.093 (3)
O.084 (2)

O.088 (2)
O.081 (2)

O.057 (2)

O.oo98 (4)
O.O092 (4År

O.oo60 (4)
O.02S8 (4)
O.oo2 (1)
-O.oo2 (1)

O.O18 (2)
O.022 (2)
O.O18 Åq2)

Ooo2 (1)
-O.O17 (2)

-O.021 (2)

-O,022 (2)
-O.oo3 Åq1)

O.020(2)
O.O19 (2)

tO,oo9 (3)

O.036 (2)
O.021 (2)
LO.024 (2)

.O.056 (3)

O.Ooo6 (3)
-O.oo76 (3)

O,OO02 (3)
O.co23 (3)
-O.OOO (1)

O.oo19 (9)
O.oo1 (2)
O.oo1 (2)
O.oo2 (2)
O.oo2 (1)
-O,oo3 (1)

n.oo6 (1)
O,oo3 (1)
-O.oo8 (1)
tO.oo6 (2)
O.022 (3)
-O.ce8 (2)

-O.Oas (3)

-O.oo3 (2)

O,oo5 (2)
-O,O19 (2)

O,oo63 (4)
-O.O045 (4)
-O.oo52 (3)

O.oo20 (4)
TO.oo2 (1)
O,oo5 (1)
LO.co3 (2)
-O.O04 (2)

O.co2 (2)
-O.oo2 (1)
LO.O04 (1)

O.oo1 (2)
O.oo6 (2)
O.O04 (1)
O.oo1 (2)
O.O14 (2)

O.oo5 {3)
O.oo6 (2)

-OM8 (2)
O.O09 (2)
O.027 (2)
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C20
cp
C 24
C 25
C26
C27
C28
C 29
C 30
C31
C 32
C33
C 34
C 35
C36
C 37
C 38
C39
C 40
C41
C 42
C 43

C"
C 45
C46

O.101 (3)
O.062 (2)
O.073 (2)
O.120 (3)
O.132 (3)
O.101 (3)
O.073 (2)
O.072 (2)
O,120 (4)
O.084 (3)
O,083 (3)
O.153 (5)
O.186 (6)
O.060 (2)
O,080 (2)
O.117 (3)
O.120 (3)
O.089 (2)
O.062 (2)
O.106 (3)
O.204 (6)
O.090 (3)
O.e78 (2)
O.146 (4)

O.097 (3)

O.110(3)
O.ca3 (1)
O.048 (2)
O.092 (2)
O.147 (4)
O.144 (3)
O.086 (2)
O.085 (2)
e.es9 (7)
O.161 (S)
O.150 (4)
O.202 (6)

O.IM (4)
O.053 (2)
O.069 (2)
O.084 (2)
O.083 (3)
O.073 (2)
O,057 (2)
O.090 (2)
O.181 (6)
O.194 (5)
O065 (2)
O.178 (4)
O.131 (4)

O.092 (2)
O.060 (2)
O.072 (2)
O.087 (2)
O.094 (3)
O.096 (2)
O.072 (2)
o,oge (2)
O.171 (6)
O.284 (7)
O.083 (2)
O.143 (4)

O.177 (6)
O.050 (1)
O054 (2)
O.069 (2)
O.1oo (3)
O.090 (2)
O.063 (2)
O.063 (2)
O.073 (2)
O.150 (4)
O.066 (2)
O,066 (2)
O,116 (3)

-O.031 (2)

O.oo3 (1)
O.oo6 (1)
O.033 (2)
O.074 (3)
O.060 (2)
O.ca6 (2)
O.O09 (2)
O.062 (5)
O.O15 (4)
O.044 (3)
tO.024 (S)

O.oo9 (4)
-O.oo8 (1)

-O.O14 (2)

n.O13 (2)
O.O13 (2)
O.O15 (2)
.O.oo2 (1)

-O.O18 (2)

.O.049 (4)

.O.oo2 (4)
O.oo2 (2)

-O.024 (4)
O.OIO (3)

O,045 (2)
O.co7 (1)
O.O17 (1)
O.041 (2)
O.030 (2)
O.028 (2)
O.O14 (2)
O.024 (2)
O.032 (4)
-O.oo7 (4)
O,026 (2)
O.067 (4)
O.114 (5)
O.OIO (1)
O.oo6 (1)
O.oo8 (2)
O.O19 (2)
O.OIO (2)
O.oo7 (1)

-O.021 (2)
-O.035 (3)
-O.O19 (3)
-O.O14 (1)
O.O15 (2)
-O.033 (2)

O.029 (2)
O.oo2 (1)
O.OIO (1)
O.034 (2)
O.059 (2)
O. 047 C2)

O.O19 (2)
O.O13 (2)

D.oo4 (4)
n.os8 (4)
O.024 (2)
-O.071 (4)
O.O13 (4)
O.oo1 (1)
-O.oo1 (1)

O.023 (2)
e.oM (2)
-O.oo6 (2)
O.oo2 (1)
O.oo5 (2)
O.O15 (3)
O.OSO (4)
O.oo1 (2)
TO.O12 (3)
-O.oo5 (3)

Table 21. Intramolecular Distances (A) with Esd's in Parentheses for 11b

atom atom distance atom atom distance

Sil
Sil
Sil
Si5
Si5
Si5
Si5
Si7
Si7
Si7
Si7
Sill
Si11
Sil1
Sill
N 21
N21
N 22
N 22
C2
C3
C8
C9
C 23

-C l3
-C 14
-C2
-C 15
-C 16
-C4
-C6
-C 17
-C 18
-C8
-C6
-C 20
-C 19
-C 10
-C 12
-C6
-C 23
-C l2
-C 35
-C3
-C4
-C9
-C 10
-C 28

l.856 (4)
1.867 (4)
1 .870 (3)

1.858 (4)
1.860 (4)
1.867 (3)
1.915 (2)
1.853 (4)
1,859 (4)
1,875 (3)
1.9i4 (2)
1.862 (4)
1,867 (4)
1,872 (3)
1.917 (2)
1.286 (3)
1.422 (3)
l.289 (3)
1.424 (3)
1.527 (4)
1.530 (4)
1,535 (4)
1,535 (4)
1.392 (4)

C23
C 24
C 24
C25
C 26
C 27
C28
C 29
C 29
C 32
C 32
C 3S
C 35
C 36
C 36
C 37
C38
C 39
C 40
C4r
C41
C"C"

-C 24
-C 25
-C 29
-C 26
-C27
-C28
-C 32
-C 31
-C 30
-C 34
-C 33
-C 40
-C 36
-C 37
-C41
-C 38
-C 39
-C40
-c"
-C 43
-C42
-C45
-C46

1.398 (4)
1.386 (4)
1.S17 (4)
1.370 (6)
1.361 (6)
1.386 (5)
1.S19 (5)
1.473 (7)
1.514 (8)
1.493 (8)
l.543 (8)
1.399 (3)
1.407 (3)
1 .393 (5)
1.511 (4)
1.365 (5)
1.369 (5)
1.384 (4)
1.516 (4)
1,515 (6)
1,540 (5)
1,502 (6)
1,516 (5)
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Table 22. Intermolecular Distances (A) with Esd's in Parentheses for 11b

atom atom adc distance

Sil -C 12 ( 2) 1,918 (2)

Table 23. Intramolecular Angles (deg) with Esd's in Parentheses for 11b

atom atom alom

C 13 -Sil -C 14
C13 -Sil -C2
C14 -Sil -C2
C 15 -Si5 -C 16
C15 -Si5 -C4
CIS -Si5 -C6
C16 -Si5 -C4
Cl6 -Si5 -C6
C4 -Si5 -C6
Ci7 -Si7 -C18
C17 -Si7 -C8
C17 -Si7 -C6
C18 -Si7 -C8
C18 -Si7 -C6
C8 -Si7 -C6
C20 -Sill -C 19
C20 -Sill -C 10
C 20 -Sill -C 12
C19 -Sill -C IO
C 19 -Sill -C 12
C 10 -Sill -C 12
C6 -N 21 -C 23
C 12 -N 22 -C 35
C3 -C2 t-Sil
C2 -C3 -C4
C3 -C4 -Si5
N21 -C6 -Si7
N21 -C6 -Si5
Si7 -C6 -Si5
C9 -C8 -Si7
C8 -C9 -C IO
C9 -C IO -Sill
N22 -C12 -Sill
C28 -C 23 -C 24
C 28 -C 23 -N 21

angle

108.0 (2)
111.3 (2)
1op,2 (2)
1op.6 (2)
111.5 (2)
107.4 (1)
109,2 (2)
114.6(1)
1on4 (1)
109.1 (2)
108.9 (1)
1072 (1År
109.7 (1)
105.8 (1)
1l6.0 (1)
109.2 (2)
107.4 (1)
li7.3 (1)
l1O.6 (2)
105.7 (2)
106.5 (1)
124.0 (2)
122.3 (2)
116.3 (2)
112.8 (2)
117.4 (2)
129.2 (2)
1os.8 (2)
124.0 (1)
113.6 (2)
112.9 (2)
114.3 (2)
128.6 (2)
121.2 (2)
118.7 (2)

atom

C 24
C 25
C 25
C23
C 26
C 27
C 26
C 27
C 27
C 23
C31
C31
C30
C34
C34
C 28
C 40
C 40
C 36
C 37
C 37
C 35
C 38
C37
C38
C39
C 39
C 35
C 36
C 36
C 43
C 45
C 45
C 40

atom

-C23
-C 24
-CM
-C 24
-C25
-C26
-C 27
-C28
-C28
-C 28
-C 29
-C29
-C 29
-C 32
-C 32
-C 32
-C 35
-C 35
-C 35
-C 36
-C 36
-C 36
-C 37
-C 38
-C 39
-C 40
-C 40
-C 40
-C41
-C41
-C41
-c"
tC44
-C"

atom

-N 21
-C 23
-C 29
-C 29
-CM
-C 25
-C28
-C23
-C 32
-C 32
-C 30
-C24
-C24
-C28
-C 33
-C 33
tC 36
-N22
-N22
-C 35
tC41
-C41
-C 36
-C 39
-C40
-C 35
-C44
-C"
-C43
-C 42
-C 42
-C 40
tC 46
-C 46

angle

119.9 (2)
117.6 (2)
121.0 (3)
121.3 (2)
121.4 Åq3)

120.2 Åq4)

l20.8 (3)
118.6 (3)
120.8 Åq3)

120.6 (2)
112.1 (4)
11O.2 (3)
113.0 (3)
110.8 (4)
110.7 (4)
111.7 (4)
121.4 (2)
119.4 (2)
119.0 (2)
117.4 (2)
122.2 Åq2)

120.4 (2)
121.5 (3)
120.4 (3)
121.2 (3År
l18.I (2)
120.9 (2)
;20.9 (2)
111.5 (3)
113,O (3)
110.3 (4)
1105 (3)
111.4 (3)
113.9 (3)
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Table 24. Intermolecular Angles (deg) with Esd's in Parentheses for 11b

atom atom adc atom adc

C13 -Sil (1)
C 14 -Sil (1)
C2 -Sil (1)

-C 12 (2)
-C 12 (2)
-C 12 (2)

angle

1os.7 (1)
114.8 (2)
1os,8 (1)

atom

N 22
Sill

 atom adc

-C12 (1)
-C 12 (1)

atom

- Sil

- Sil

adc

(2)
(2)

angle

107.3 (2)
IM.O (1)

Figure 4. Crystal Srmcture of (IR*,6S")-Isomer of 3b2

Cll C14

C13

C14-

C13'

Clr

Ctystal Data for (IR',6S')-3b2: crystal size O.45 Å~ O.50 Å~ O.55 mm; monoclinic,
space group P211c (no. 14), Z= 2; a = 7.686, b = 27.867, c = 6.829 A; p = 110.430; V
= 1371 A3, pcalcd = 1.07 g/cm3; max. 2e= 135e (Cu Kor,a= 1.54178 A, graphite

monochromator, tu/2oScan, T= 293 K); 2585 refiections measured, 2285 indepen-
dent, 2108 included in the refinement, Lorentzian polarization; direct method,
anisotropical refinement for non-hydrogen atoms by full-matrix least-squares against

IFI with program package CrystanG (Mac Science), 147 parameters; R = O.080, Rw =

O.122. All hydrogen atoms were included in the refinernent at the calculated posi-
tions (O.96 A) with isotropic therrnal parameters,
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