
JOCRSAL OF ORG~SOSIEfALLIC CHEYISTRY 

PREP_ARXTIOS OF SOME DERIV_ATI1?ES OF DISILAXE, 

TRISIL_lSE _ASD TETRX5LL_ASE 

During the course of other work it became necti_;ary to prepare a number of methyl 

derk-atix-ts of dkiIane. triGIanc and tetraiilane containing the silicon-hydrogen bond. 

We report here the synthesis of some of these and related compounds -After our 

inve4gation had bcyn completed, \Viberg rrf rzb.J have brie@- described a few similar 

compoun& prepared b>- a method different from ourzi. 

FormuIa~ and .;omt- phy_;ical properties for the hydride-s prepared in this study are 

given in Table 1;. and thcw for intmnrdiate compound.z: in Table 2. 
Alu! of these hydrides esct-pt r,r,_ e-irim~th~ldi~ilane (I I I> wxc prepared from the 

correqondin~ halrd~~ (mot;tl:\- chioridr+) b\- reduction with lithium aluminum 

hydride_ Compound (III) ~~a~ prepared from the corrccponding ethoside, because the 

Iatter can caAy be prepared in a pure state a+ ri-ported prc\-iuuslysva_ r.z-Dirncthvi- 

diShme (11-j WPS aL;o obtained from the cthosidc a~ wr-ell ~5 from the chIorid&3. 

The thrtr halide, Cbloropentam~thvIdi~iIane”. r,s-difluorotetrameth~ldi.iilnnc’ and 

I.3-dichIorc~he~3mcthr_It~~iIant-’, which xere employ-ed for the ~ynthe& of penta- 

methyIdi-iiIane (I), I.r,3.r-tc-t~meth~-Idicilane (II) and r.r,n,3,3.3-hesnmeth?-ltri- 

silanc C\?I), respectit-eI-, were made a~-ailable a~ reported prex-iowl_\-. r.r.~.~-Terra- 

chIorodimcth~-IdiG!nne ;ti a starting material for hvdridz (IV) U-~S obtained in a 

i-easonab!~- ourc state from the “disilane fractionz”, from which r.r,z-trichIorotri- 

mcth!.fdi&tne, another main component of the fraction, had previoul;l~- been removed 

through photochemica! chlorination. The fn~ttr chlorination of r,r,a-trichlorotri- 

methy!disifane reIari\-e to that of I,I,_,_ 3 ?-tctrachlorodimethvldiAme is the b,ak of a 

method for purification of the latter compound_ Other chlorides, x-chlorohcpta- 
methvltrkiiane [XI\-j, z-chloroheptameth-ltriiilane (ST) and r,~-dichloroocta- 

methvItctrasilane (_X\‘I) Eed for the sxnthe& of 1.1 .‘.3.3,3,3-heptameth~lt~~ilane 

07. X.1.1 .2.3,3.3-heptameth~It~ilane (VI) and I.I.z.~ _.~.~.~.~-octameth_vltet~ilane 

(VIIE:I. repectix-eiy, were prepared b)- cleax-a,ae reaction of the corresponding phenxi- 

substituted methvIpolysilanes b_v hydrogen chloride in the presence of anhydrous 
-- 

- Pnxio-Usi_l”. we assign~V the I-3-dichioro structtxe to the dichIorohexameth~itrisilane on 
the basis of the obserx~ation that the dodecamethyipentasilane prepared from it was of linear 
structure. Unequivocal evidence for the proppstxi structure has now been aEorded from the SXR 
spectra of tkis com_pound and rhe correspondmg hydride ~-II)_ See EXPERIUESTAL. 
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PHISIC_IL PROPERTIES OF XIE~HYLFOLYS!I_~SES WITH 5-H BoSa 

H(CH,),SiSi(CH=), 
H(CH.J2SiSi(CH,),Ha 
H,(CH,)SiSi$ZH,),H 
H,(!ZH,)SiSi(CH,)H, 

r H(C.h,)=SiSx(CH,),Si(CH,), 
(CH,),SiSi(CHJ)HSi(CH,), 
W(CH,)ISiSi(CH,),Si[CH,),He 

(VIII) i-IiCH,),Si:Si(CH,!2:2Si(CH,),H 

a These compounds have recently been obkncd also by \Yiberg cl a1.l through different 
rsxtions. 

PHYSICAL PROPERTIES OF SOME SE\\- ORGASOPOLYSII..ISES AS ISTERXEDI.ATES 

FOR FREPAR_ATIOS OF NYDRIDES 

[IS) CsHJ(CHJ):SiSi(CH,)=OC,Hj Illj20 I _5030 0.9199 
tS) C,H,(CH,!,SiSiiCH,),Cl r 19;20 1-5’2’5 0.9% 
(Si) C,HS(CH,),SiSi(CH,)ZSi(CH,), ‘4’!‘3 I _=j’O_+ OS;@ 

(SII) (CH,),SiSi(CH,)(C,H,)Si(CH,), 133:=9 x.5236 o.Y6S3 
(SIII) 59.5r6o.o= 
(SIV) 

(‘sHj(CH,)=SilSi(C~=)=~=S~(CH,)=C=~~~ 
Cl(CH,),SiSijCHj),Si(CH,i, 8+/21 1 -4i3-l o.SSor 

(S\‘) IC‘H,)JSiSi(C~I,);Cl)S~(CH,!, so.5_:20 l.mliZi oSi766 

(SVi) ~i(CH,j~Si~‘;i(Cf~,j,~ZSi~C~i,I,~i 9S’5 1.506~ 0.9736 

_____ . . ______.__ ____..._.__ __._.~._. . ~._.------- .--~- ._~__ 
a McIting point. 

aluminum chloride. It has been established that the cIllorodep!ltn~Iation reaction 

affords a VC~J- convenient method gencraII\- applicabk to the preparation of meth?;I- 

chloropoly&anes, escept in those instances where a silicon atom in the phenyl- 

meth\-lpolysilane bears more than one phenyl group_ 
I-Phenylheptameth~-ltrisilane (XI], ~-phtn\-lhcptameth~-lt~silane (XII) and 

r,q-diphen~loc~amerhyItetrasilane (-XIII) were synthesized by condensation of the 

appropriate chlorosiianes with sodium-potassium alloy_ I-Chloro-2-phenyltetra- 

mcthyldisilane (S), an intermediate for compounds (XI) and (XIII), was first prc-- 
pared in three steps from I.2-dichllorotetrameth_vldisilane (nameI>-, ethanolysis to 

1,-r-diethosvteiramethvldisilane. partial phen>-lation to I-ethos--z-phenyltetra- 

methyldisilane and ethosvl-chlorine exchange with acetvl chloride) because we feared 

that the desired product kould not be obtained in high yield b>- direct partial phenyla- 

tion because of complesities associated with the partial alkylation of chlorosilanes 

with organomagnesium bromides. Later, howe\-er, we found that the direct partial 
phenvlation of the I.z-dichiorodisiiane with phenvimagnesium chloride in tetra- 

hydrofuran took place x-ec- satisfactoril>- to give compound (S) in much higher 
ol-era11 yield. 



Reaction Charts I and 2 show the reactions employed for synthesis of chlorides 
(XX%? and (XVI), and (XA3, respecti%-ely. 

RE_XTIOS CHART 1 

IIEXCTIOS CHXRT 2 

Boiling points reported here are uncorrected. All procedures wing sodium-potassium 
a&x- and aIso lithium aluminum hvdride were performed in an os-gen-free, dr> 
nitrogen atmosphere. 

Chioropent~~eth~idkiiane. r.~-difluorotetrameth~ldil~eand 1.3~dichlorohesa- 
methykrii!ane were prepared from hesamethyidisiiane or oc:ameth~ltrkiIane b>- 
demethyiation with concentrated srrlfuric acid, foliowed by treatment with ammonium 
&Ioride or fiuoride, z reporzd previou+--‘e*. Cnequix-ocal evidence for structure of 

r.3tiicNorohesamethyItrSlane has been afforded by its SMR spectrum. Only two 

-s~afs were obtained: one at 0.25 pp m in 6 ~aIue. asssignable to the internal -Si(CH&- 
aid the other at o-53 ppm, assignabie to the txo identical terminal CI(CH&Si- 
grOupS 

(r]r ~--Efho_~~-~-~herrl&fr~~~t~~h~~~~s~~~~~~ (IX) 

To a stirred and estemafly cooled ether solution containing 0-43 mole of phen_vI- 
magnesiul~ bromide wzzs added over a j-min period go g (043 moie) of I.z-diethosy- 
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tetramethyldisilane3 (which was easily obtained from ethanolysis of ~,+d.ichlorotetra- 
methyIdisilane) dissolved in IOO ml of ether. After stirring for an additional 15 min 
in the cold, the reaction mixture was heated to reflus over a 15-h period. The organic 
la_ver was separated from the magnesium salt and distilled to give 70 g (66 % yield) 
of compound (IS). (Found: C. 60.15; H, 9.57; Si, 1-3_56_ CrpH,,OSi, c&cd_: C, 60-39; 
H. 930; Si, 23.55 ?A.) 

(2) rCJlloro-2-phe-lr_vitetra~~;eth~ldisila~~e (S) 

(a) Reaction of (IX) with acet$ chloride. -4 mixture of 65 g (0.27 mole) of com- 
pound (IS) with 320 g (.+z mole) of acetyl chloride was heated to reflus over a 7-h 
period. Fractional distillation gave 36 g (Sg 7:; yield) of compound (X). (Found: Cl, 
r5.+% Ci,,H,CISi, calcd.: Cl. 15.49 96.) 

(b) Partial pheqvlation of I,- p-dichlorotetranretJwldisi.?ane with ~hen~lmapzsi~r~,r 
chloride. To g6 g (0.5 mole) of I ,A.ichlorotetrameth&iisilane was added a tetrahydro- 
furan solution containing about 0.5 mole of phenylmagnesium chloride with stirring 
and estemal cooling. The misture was heated to refhrs for 4 h, and then the solvent 
was distilled off. The product was extracted with dry ether from the residual mass and 
submitted to fractional distillation to @x-e Sa g (70 y; yield) of compound (X), b-p. 
103’ at 9 mm, nF 1.5230, dy o.gS53. (Found: Cl, 15.30. Cn,H,,CISi, calcd.: Cl, 
I~_qy"&) 

(3) r-PJ~e~~~iJ~e~itr?~~et?~~ltyisila~~e (SI) 

_-In allo\- was prepared from go g (3.3 g-atom) of potassium and IO g (0.43 g-atom) of 
sodium-in loo ml of sylene. To the stirred mixture was added dropwise a solution of 
53 g (0.13 mole) of compound (Sj and 216 g (.L? mole) of (CH,),SiCl in zoo ml of 
sylene at So” over a 3-h period. -After addition was completed the reaction mixture 
1~s heated at rro-130’ with continuous skin g for an additional 15 h. The organic 
layer was decanted and the salt was washed with five portions of petroleum ether_ 
The- were combined and fractionall>- distilled to give 7S g of hexamethyldisilane and 

30 g WJA _ vieId) of r-phenx-Iheptameth>-ltrisilane. (Found : C, 5g.03 ; I-I. 10.55 ; Si, 
3o.Q C,,H&i, calcd.: C, $256; H, 9.S3; 5, 3r.k pi_) Residue, 21 g_ 

To an alIo>- prepared froin IOO g (2.6 g-atomsj of potassium and IO g (0.4 g-atomj of 
sodium in 400 ml of sxlene was added a mixture of 51 g (o-27 mole) of C,H,(CH,)SiCl, 
with 216 g (z moles) of (CH,),SiCl in zoo ml of sylene. After 20-h reaction at 11o-13o~. 
the misture was decomposed by adding 400 ml of an ethanol-acetic acid misture (I : I) 
and then water. The organic layer was separated, washed, dried and fractionally 
cWilled to give 69 g of hesamethyldisilane and 23 g (a- ‘13 yb yield) of compound (XII). 
(Found: C. 3S_55; H. 10~35; Si, 3r.So. C,,H,,Si, calcd.: C. sS.56; H. 923; Si,31.6r 36.) 

Compound (S), S3 g (o-36 mole), was allowed to react with a dispersed alloy, prepared 
from 1.5 g (0.065 g-atom) of sodium and 14-5 g (0.37 g-atom) of potassium in 150 ml 
of sylene, at So” over a 23-h period. At this point the reaction mixture was worked up 
in a similar manner to that described above. Distillation gave 39 g (56 “,L yield) of 
a substance which boiled at about 195” under 3 mm and solidified in the condenser. 



RecryTtallizations twice from 95 yb aqueous ethanol gase white needle-like crystals. 
(Found: C. 62.1~; H, s-71 ; Si, 39-2S_ C,H,,Si, calcd. : C, 6z.q; H. SS6; Si. “g-05 %.) 

(6) I-C~~~o~~ra~~~~~yi~~~~~ (_XY Fq 

In a 1-1 three-necked flask. provided with an air-tight stirrer, a gas-inIet tube the stem 
of which estended into the liquid near]>- to the bottom of the flask, and a reflus 

condwer was placed a misture of 27 g (0.1 mole) of compound (.X1), 2 g of anh>-drous 
alumiuum chloride and 500 ml of chloroform- Into the stirred misture was passed 
gradnaIl>- dry hydrogen chloride at room temperature over a 16-h period. _At this 
point the contents of the flask were flash-distilled (init+- at ordin+* pressure, 
later in ruc~o). Fractional ditiliation of the distillate gave 12 g (53 9; >-i&d) of com- 
pound (Xl\*)_ (Found: Ci. I ~_To_ C,H,,ClSi, calcd. : Cl, 15.$5);).) 

b> -3_Chiorol;zP;anrz~~7~i~~~~ (-XX’) 

TG compound waj prepared from compound (XII) is e2;sentiall>- the same manner 
as above in -76 :& \-ie!d. (Found: Cl. 15.66. C,H,,ClSi,r calcd.: Cl, 15.76 P&_) 

(S) r,~-Dic~~ofooctrln:~~l;~llrtrilsilrl~~n= (XI ?I) 

En qwte a Gn&ir manner to that dc5cribec-d abox-c this compound was obtained from 
compound [-XIII) in 76”; _ xicid. (Found: Cl. 23-1s. C,H,,Cl.& ca1cd.z CI, 23.3600.) 

19) ~l,:f~~?~?zr~~!~j~i~~z~~:~ (ij 

To a stirred 5;EEpen-iion of 3.5 g (0.09 rno!ks) of Iithium aluminum hydride in 150 ml 
of drv ether WZG added dropwi-isc 2S g co.17 mok) of cIlloropent,unctI~\-Idi~iIane di+ 
soi\;zd in 50 ml of ether_ During the addition. 3 acntie r&us of ether was obsemed to 
take place. The renction mis~:m KLS then heated to refius for x2 h to complctc the 
reaction. The contents oi the iist were placed in a S-rxxhfet apparatus in which the 
pidlitt wa5 separated from in0,b -=anic salt. The ether estract thus obtained N-S 
fractionall\- disrilttld to _$--, ZE s (?tc; >-i&l) of the hydride (I). (Found: C. _~s_So; 
H, 12.51; $i, e_zS_ C,H,,%, calccf.: C, 45.37; H, rz.19; Si, qz.+j “.>.) 

ilro} r~r,_3.~-T~.‘uilI~~i:\.!~i~i!~ixz (II) 

To 6 g (0.16 mole) of lithium aluminum hydride in 200 ml of di-x-bittyl c2t!Wi was 

added differentia&- at room temperature 31 g (0.~ mo!e\ of ~,2-di~-luorotc~rametl~~l- 
di&zae over a 3o-min period. The reaction fcok placv -ro x-igorouA- that it ‘\\;a~ ncces- 

, 

sac- tc? cocd intermittentl\- the tixA with ice water. _-!ftcr addition UX=Z completed, the 

mixture \\z heated to IOO-1.70’ for 4 h and then submitted to distillation under re- 
duced presure. Rcdi&l!n&n of the distillate gave 20 g iSj “j yield) of compound 
(11). (Found: C. _II_OT; I-I. rr.SG; Si, ~7_16. C,H,,Si, ca!cd.: C. 40.60; H, 11.92; 

si, 47-4s “,.) 

(II) 1,r,2-Ttinmh_vZi~~ (IIIj 

Thk h$-ide was prepared in ej~rntially the me manner z compound (II) escept 
that 40 g (o-17 mole} of I,r.2-~~ethos~~~eth~l~il~~~3 was allowed to react with 
12 g (o-32 mole) of lithium ahuninum hydride in 200 ml of di-n-butyl ether at XIO-I~O~ 
ox-er a x5-h period Fractionation gave 9 g (51 :A _ Geld) of compound (III)_ (Found: Si, 
53-55 C,H,&& calcd.: Si, 53.S6 :j&_) 
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(a) Fronr the chhidc. To 16 g (0-e mole) of lithium aluminum hydride suspended 
in 350 mI of di-?r-but?1 ether was added 50 g io.za moie) of I,r,2,z-tetrachlorodimethyl- 
disilane [Lvhich was obtained by fractional distillation from the “disilane fraction*“, 
and had b-p. 157-15s”. chlorine contant 62.19 (calcd. 6a.zS y&)f_ After 5-h reaction 
under reflus the misture was fractionally distilled to give g g (-17 % yield) of r+di- 
meth?-Idisilane (found: Si, 62+0_ C,H,,,Si, calcd.: Si. 62.23 ::;) along with IO g of 
unidentified substance which boiIed below room temperature. 

(b) Eionr the stkoxide. The procedure was the same as that for hydride (III) escept 
that 35 g (0.13 mole) of I.r,~.~-tetraethosydimethyklisilane2~3 was allowed to react 
with S g (o_zr mole) of lithium aluminum hvdride in 250 ml of di-+butyI ether over a 

10-h period. Fractionation gave 4 g (35 ‘?A >Geld) of the hydride (I\J_ 

(13) 1.1 .2.~.3,~,3-Hz~taa~t~~~t~isilant: (V) 

In accordance with the procedure for preparation of compound (I), IO g (0.0-1 mole) 
of Cl(CHJSiSi(CH,)&i(CH,), and 1-5 g (O-O+ mole) of LiAlH, were allowed to react 
in ether solution over a x5-h period. The product weighed 5-5 g (73 “;b leld). (Found : 
C, 44-33; H. 1z.0~; Si, H_OZ. &H&i, calcd.: C, ++_13; H. 11.64; Si, 4.423 ‘?&_) 

The reaction of 26 g (0.1~ mole) of (CH,),SiSi(CH.JKl)Si(CH,). with 11 g (0.11 mole) 

of Li_AlH, in ISO ml of ether gax-e 16 g (70 o o yield) of the product. (Found: C, 44.36; 
H, 1r.61; Si, ++og. CyH,,Si, calcd.: C, ++_13; H. 11.64; Si, 44.23 :.A.) 

(5) r,r,~.1,3.3-H~_~a~JzPf~~lfrisi~~zizr: (1’11) 

This compound was obtained from the reaction of 3-o g (0.0s mole) of CI(CH.J2SiSi- 
(CH&Si(CH,)&i with 5 g (0.13 mole) of LiAlH, in 120 ml of ether, in s..+:; yield 
(7-s g)_ (Found: C. qo__l3; H. II&; 5, 47-5~. C,H,,Si, caicd.: C, +o.S3; H, II+; 

Si. 47-75 Oi)_) The SMR ~pcctrum of this hydride is reproduced in Fig. I. Both the 
septet (a) and doub!et (b) Ggnals at 3.73 and 0.17 in 5 value, respecti\-ely, are as- 
Ggnable to each of t!rc two identical terminal H(CH,),Si- structures, and the kq$t. 
peak (c) at 0.17 is a&gnnble to rhe inrernal -(CH,),Si- structure. The areas of (a), 
(b) and (c) are apprtkmately in the ratio x:6:3. as expected. 
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Fig. I. XXI3 spectrum oi x,x * _ ._._,3,3-helameth?-ltrisil2~e (k-11). 



(16) z~,2,2,33,44Uctad.~&~w (VIII) 

In a.ccord.ance with the procedure for preparation of (I), tti hydride was obtained in 

72 y0 yieId from the reaction of r&ichlorooctamethyltetrasilane (I+ g. o-04 mole) 
with LiAiH, (3.5 g, OAXJZ mole) in 150 ml of ether. (Found: Si, q~_go_ C&I&i, c&d. : 

Si. q&S “,;;.) 
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Eight methb-1 derivatil-es of disilane, trisikne and tetrasilane. containing the silicon- 
hylrogen bond, have been prepared from the reaction of appropriate halogen- or 
ethosykubstituted poi~-silanes with lithium aluminum h>-dride. Preparation of 

scver4 new organopoIysIIancs CL? intcrnwdiates for synthesis of these hydrides is also 
dcxiiid. 
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