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Several tri- and dl-organo(oxmato)-sllanes and -germanes have been pre- 
pared from corresponding organo-sllazanes or -germazanes The UV spectra 
mdicate that the compounds involve either chelated or non-chelated oxmato 
groups or both dependmg on the number and kmd of organic groups on the 
metal atom The PMR spectra of RR’Si(Ox)a (R = alkyl, R’ = vmyl or phenyl) 
are interpreted m terms of rapid exchanges between the two kinds of oxmato 
groups 

Introduction 

Group IV organometalhc compounds, organotm and organolead com- 
plexes mvolvmg penta- or hexa-coo&mated metals have been extensively stud- 
ied [1 - 51. Penta- or hexa-coordmated s&con or germamum complexes are also 
not uncommon for morganic and monoorganosllicon derivatives [1,3,6 - 81 
However, such coordmation has not well been established for compounds 
havmg two or three carbon atoms bonded to a silicon or germamum atom, some 
di- and txiorganofluorosrhcate anions [9,10] and the so-called trrphenyl 
(bipyr&me)s~comum ion [ 111 bemg notable exceptions Hexa-coordmated 
chelate structures occur m the morgamc derivative, SiAa Cl* HCl (A = acetyl- 
acetonato group) and also for monoaikyl compounds of the type, RWAaCl, but 
the drmethyl- and trialkylsrlyl derivatives have tetracoordmated open-chain 
structures [12]. Penta- or hexa-coordmate transition states have also been m- 
voked for the racemlzatron or tautomermation of organosllanes 113,141. Quite 
recently the preparations of Schiff-base chelates of diphenylgermane were re- 
ported [15]. 

Prevrous papers from our laboratory described some studies on the 
oxinato complexes of organo-tms [16 - 211 and -leads [ZO,Zl] . We recently 
reported the preparation of organo(oxinato)srhmes, (CHs )a Si( Ox) and 
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R:!S~(OX)~ (R = CHs, CsHs ) by the reactron of correspondmg sllazane and 
8-hydroxyqumohne as shown below 1231. On the basis of UV spectra we 
proposed that (Cs H5 )2 Si(Ox)a contains hexacoordmated sihcon whrle the 
other two compounds contam tetracoordmated srhcon. In thy report we de- 
scribe the preparations of analogous organo(oxmato)germanes and some mrxed 
try- or dr-organo(oxmato)sllanes. Structural mformatlon obtained from then- 
UV and PMR spectra 1s also drscussed. 

R, SiNHSrR, f 2 HOx + 2 R,Sl(Ox) f NH, 

[R,SrNH] n +- 2 HOx + RzS~(Ox)B + NH, 

Experimental 

Sturtmg materials 
8-Hydroxyquinoline was of commercral pure grade. 5-Methyl-S-hydroxy- 

quinoline was prepared by a pubhshed method 1241. 
The organosrlazanes shown m Table 1 were prepared by the usual method 

[25], viz., ad&tlon of gaseous dry ammoma to an approprrate solutron of 
organochlorosrlanes Hexamethyldigermazane 1261, hexaphenyldrgermazane 
[ 271, brs(dlethylammo)dimethylgermane* [ 281, and drphenylgermazane [ 291 

TABLE 1 

PROPERTIES AND ANALYTICAL RESULTS OF ORGANOMETALAZANES 

Compoundo B P (°C/mm) Analyss found (calcd ) (%) 
arm p c”C) C H N 

C(‘=~)~(C,$S)S:I 2NH 

CS=3)G3HsS~H13 

C<CH3)CC&s)SflHlq 

[(CH~)#IZH~=CH)SINH:I 3 

L(C2H5 )(CH~=CH)SINHI 3 

t@P-C+iC&&S*HI3 

f(CH2=CH-CH2)$%NHI 3 

[(CH@ZH--cH2 )2S1NHI 4 

r(C6HsCH&SaH13 

~(C~HSCH~)~S*HI~ 

[(%Hs)3GeWH 

137 - 14512 5 

113-1145= 

202 - 204 

59 - 61 5/l 

120 - 12213 

239 - 240 

15312 

69-695 

87 5-89 

165 - 165 5 

153 - 159d 

4b 67 00 
(67 30) 
6165 

(62 17) 
62 18 

(62 17) 
4195 

(42 30) 
48 07 

(48 43) 
74 71 

(74 61) 
57 36 

(57 54) 
57 04 

(57.54) 
74-46 

(74 61) 
74 62 

(74 61) 
69 34 

(69 42) 

8 14 
(8 12) 
6 72 

(6 71) 
6 81 

(6 71) 
8 56 

(8 28) 
5 07 

(9 14) 
692 

(6.71) 
8 93 

(8 85) 
908 

(8 85) 
6 61 

(6 71) 
6 80 

(6 71) 
5 17 

(5 02) 

466 
(4 91) 
1009 

(10 36) 
10 19 

(10 36) 
15 14 

(16 44) 
13 68 

(14 12) 
6 13 

<6 22) 
10 71 

(11 18) 
10 76 

(11.18) 
6 10 

(6 22) 
6 12 

(6 22) 
200 

(2.25) 

oThe degree of polymenzation of the cvclosUazanes were determmed from tbe mass spectra recorded on a 
&tacbl RMU-GE spectrometes at 70 eV ‘Reported b p 128 - 129O/2 - 3 mmHg [24J CReported m,p 
115 - 1160 C241. dReported m P 156 - 2570 C26J 

* I’he zeaction of (CH3)2GeCl2 wzth amrn~m gwes. a nu~ti of CCI(CH3)2Gel3N ad PO~YIWXIC 
compourd of the compostloo. (CH3)2GeN2/3 [301, whleh was consldered to be an unslutable 
startmgmatenal for the reaction Mth 8-hydroxyqumohne 
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were prepared by published methods or by the method analogous to that 
mentioned above for organosrlazanes In the reactions mth S-hydroxyqumo- 
lme, drorganosrlazanes of type [RR’SrNH] n were used without rrgorous separa- 
tion of the oligomeric isomers. 

Preparation of organo(oxrnato)-srlanes and -germanes 
Essentially the same procedures were used to prepare the organo(oxmato)- 

srlanes and -germanes needed for thrs work as were described prevrously 1231. 
Dry toluene was used as the solvent except for the reaction of dlphenyltetra- 
methykhs&tzane, which was heated at 150 - 160” for one h wrthout solvent. The 
yields after repeated crystalhzation or dlsttiatlon of the products were m the 
30 - 50% range 

Dlallylsllazane and dlbenzylsrlaaane reacted wrth S-hydroxyqumohne to 
evolve ammonia, but the correspondmg drorgano(oxmato)srlanes could not be 
Isolated. The PMR spectra of then reactron murture showed the absence of 
methylene protons attached to srhcon atom. Hexaphenyldrgermazane also 
reacted wrth S-hydroxyqumohne, but hexaphenyldigermoxane was always rso- 
lated as the mam product. 

The physical properties and analytrcal data for organo(oxmato)-srlanes 
and -germanes prepared are grven in Table 2 

Physrcal measwements 
The UV spectra of solution were measured on a Hitachi 124 Spectro- 

photometer. Smce organo(oxmato)srlanes and -germanes are sensitive to 
moisture m dilute solutron, the spectra of these compounds were also recorded 
wrth the Nujoi mulls by the hterature method 1311 usmg an Hitachi Two-Wave- 
length Double Beem Spectrophotometer model 356. The results are summa- 
razed m Table 3, m which solutlon spectral data are shown for those com- 

TABLE 2 

PROPERTIES AND ANALYTICAL RESULTS FOR ORGANO(OXINATO)SILANES AND -G%%MANES 

Compound Color0 B p CC/mm) 
ormp eC) 

Analyss. found (calcd ) (46) 
C H N 

(III) <CH3)zW&G)%Ox) 

(IV) (CH~)(C~H~)SWX)~ 

W) <CH3)W-$=CH)SWJx)2 

WI) <C~H~)(CH~=CH)S~<OX)~ 

(VII) (C~H~)(CH~=CE)SP 
(Ox-5-CH312 

<IX) b-CIW&H&?S~<Ox)2 

<X1 <CH&Ge<Ox) 

(XI) WHj)pGe(Ox)2 

<=I) <CgH&Ge(Ox)2 

166 5 - 168 513 

169 - 170 

110 - 112 

101 - 105 

133 - 138 

2605-2625 

120 - 12114 

181- 189 

270 - 272c 

72 97 5 88 
(73 08) (6 13) 
73 62 501 

(73 50) (4 93) 
70 36 4 96 

(70 36) (5 06) 
7120 5 46 

(70 94) <5 41) 

7198 
(7197) 
77 20 

(76 77) 
55 24 

(55 05) 
6106 

(61 44) 
70 05 

(69 95) 

603 
(6 04) 
5 43 

<5 64) 
5.71 

(5 77) 
4 58 

<4 64) 
4 36 

(4 31) 

5 21 
(5 01) 
6 78d 

(6 86) 
8 04 

(7 82) 
7 37 

(7 52) 

7 28 

(6 99) 
542e 

(5 60) 
5 54 

(5 35) 
7 12 

<7 16) 
5 46 

(5 44) 

=Y yellow, C colourles or wbte b5-Methyloxmato =Reported 140° decomp [32J d% SI 6 77<6 87) 
e% SI 5 6103 60) 
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pounds which gave the same spectra 111 solution and m the solid state The PMR 
spectra were measured on a JEOL model JNM-3H-60 and a JNM-PS-100 spec- 
trometer, operating at 60 and 100 MHz, respectively. The concentration was 5 
to 6% w/w, Chemical shifts shown 111 Table 3, were measured relative to TMS as 
internal standard The assignments shown m Table 3 were performed m the 
same procedure as used for other organometal oxmates [Zl] . 

Results and discussion 

Preparation 
Organo-tm and -lead oxinates were prepared by the reaction of corre- 

spondmg organometal hahde and Shydroxyqumohne m an alkaline protic solu- 
tion [16,17,22] _ Huber and Kaiser applied this method to the preparation of 
drphenyldi(oxmato)germane 1323, but the elemental analyses of the product 
were satisfactory only for nitrogen, and the product was thermally unstable 
above 140”. The compound prepared from diphenylgermazane gave good ele- 
mental analyses, and was of superior thermal stability (Table 2). Hahdes were 
also found to be less satisfactory startmg materials m the preparation of 
organo(oxmato)sllanes [23], probably because of the difficulty of removmg 
traces of hydrochloric acid, wl-nch acts as a catalyst for the hydrolysis or 
thermal decomposition of the products 

UV spectra and structures 
For the UV spectra of organo-tm and -lead oxmates it 1s known that the 

charactenstlc band (L, band) at ca. 320 nm of 8-hydroxyqumohne shifts to 
longer wave-length, viz. 360 to 410 nm on chelation to tm or lead atom 
[l’i - 20,33,34]. On thus criterion, the UV spectral data for organo(oxmato) 
sllanes shown m Table 3 indicate that tnorgano- and dimethyl(oxmato)silanes, 
(I) - (III), are not chelated, that the mixed diorgano compounds, (IV) - (VII), 
contam both chelated and non-chelated oxmato groups, and that the diary1 
compounds, (VIII) and (IX), have two chelated oxmato groups Thus the coor- 
dination number of these oxmatosilanes would be four for the first group of 
oxinatosilanes, five for the second, and six for the last group. 

With the organo(oxmato)germanes, (X) - (XII), the characteristic band 1s 
observed at wave-lengths close to those of the correspondmg organo(oxmato)- 
silanes. This indicates that both trimethyl(oxmato)germane, (X), and drmethyl- 
di(oxmato)germane, (XI), are non-chelated, with a coordmation number of 
four, and diphenyldi(oxmato)germane, (XII), 1s chelated, with a coordmation 
number of six 

The above results suggest that the number and kznd of organic groups on 
the silicon or germanium atom play an important role m complex formation. It 
may be possible to mterpret the results m terms of the electron-donating and 
-attracting properties of the organic groups, or Taft’s u* values. Similar in- 
fluence of organic groups on coordmation has not been observed for organotm 
oxinates, all of which have been reported to have a chelate structure. 

PMR spectra 
Klanberg and Muetterties observed in the lg F NMR spectra of (C,Hg)a- 



§iFs_ two line signals which are consistent with a pentacoordinate species of 
trigonal bipyramidal geometry, having two pheny1 groups in equatorial posi- 
tions [IO]. We aIs0 expected for the PMR spectra of the mixed diorganodi- 
(oxinato)siIanes, RRSi(Ox),, the appearance of two kinds of proton signals 
due to the chelated and the nonchelated oxinato Iigands. The features in the 
oxinato 2- and $-proton signal realon, 6 9 to 8, for all the oxmatosilanes and 
-germanes were analogous to those of Shydroxyqumolines or organtin and 
-lead oxinates [21] which contain only one kmd of oxinato ligands. In the 6 8 
to 7 region the multlplets due to the oxmato 3-, 5-, 6- and ?-protons are more 
complicated for the compounds with &con - phenyl bonds. Accordingly low 
temperature PMR spectra were measured for the compound (VII), but no 
appreciable signal sphttmg was observed between +23” and -6O”, the hmlt of 
solubfity, although considerable up-field shifts were observed for the 2-oxmato 
and &ethyl protons. This spectroscopic equivalence of the two oxmato hgands 
m RR’Sl( Ox) a can be explained by postulatmg that the chelated and non- 
chelated oxinato groups are rapidly exchangmg, probably mtramolecularly, 
even at -60”) so that the PMR data shown in Table 3 are arrthmetac means for 
both types of oxinato hgands. Analogous spectroscopic equrvalence of hgands 
has been found for the ls F NMR spectra of the system, RSlFs- + F, at low 
temperatures [lo] _ As for the up-field shifts of 2-oxinato and S&ethyl protons 
of (VII) at lower temperatures, it seems probable that these shifts are the result 
of anisotropic shieldmg by the non-chelating oxmato hgand, which has less 
rotational freedom_ 

Acknowledgements 

The authors are grateful to Dr. Y. Kawasaln [21] for valuable discussions 
and to Mr. K. Nakagawa for some of the preparative work, 

References 

1 I R_ Beatie Quart. Rev. Chem Sot . 17 (1963) 382. 
2 R C Poller. J Organometal Chem 3 (1965) 321 
3 M Glelen and N Sprecher OrganometaL Chem Rev. 1 (1966) 456 
4 R Okawara and M. Wada, Advan Organometal Chem 5 (1967) 137. 
5 Y K Ho and J J Zuckennan J Organometal Chem , 49 (1973) 1 
6 R Muller Organometal Chem Rev, 1 (1966) 359 
7 J N Esponto. 3-E. Lloyd and M E Kenney Inorg Chem . 5 (1966) 1979 
8 F-P. Boer and J W. Burley. J_ _4mer_ Chem Sot .91 <1969) 4134 
9 J J Moscony and A G MacDmrnnd. Chem Commun . (1965) 307 

10 F. Klanberg and E L Muetteties Inorg Chem .7 (1968) 155 
11 J Y. Corey and R West. J Amer Chem- Sac ,85 (1963) 4034 
12 R West J_Amer Chem.Soc ,80 <1958)3246 
13 L Ii Sommer Stereochemtzy Mechamsm and Sdxon, McGraw-HI11 New York 1965 
14 J F_ Klebe Accounts Chem Res .3 (1970) 299. 
15 F Ma-o, T Pzzzmo, V Roman0 and A Giovenco Inorg. Nucl Chem. Lett .9 (1973) 639 
16 T- Tanaka, M. Komura, Y. Kawasaki and R Okawata, J. OrganometaL Chem_, lc1964) 484. 
17 -M Wada. K Kawakamx and R. Okawara, J Organometal Chem .4 (1965) 159. 
18 K Kawakw and R Okawara. J. Organometal- Chem .6 (1966) 249. 
19 M Komura and R Okawara, Inorg NucI Chem- L&t, 2 <1966) 93. 
20 K Kawakami, Y Kawasaki and R Okawara. Bull Chem. Sot Japan. 40 (1967) 2693 
2% Y.Kawas&.&#tg,Magn-Re§onane e. 2 -7% X65, 
22 Y Kawasala J, OrganometaL Chem-. 9 <1967) 549 
23 M Wada and R Okawcza. Inorg NucL Chem I&t 5 (1969) 355 
24 E Noeltmg and E. Trautmann. Ber De&.- Chem Ges .23 <1890) 3654 
25 R_ Fes&enden an+ J-S_ Fessenden, Chem. Rev.. 61%196X) 36’1. 



341 

26 I Rmdsch and M Scimudt Angew Chem .65 <1964> 229 
27 R H H&umuth and H.H. Slsler Inorg Chem .8 (1969) 996 
28 C H Yoder and J.J Zuckerman J Amer Chem. Sac. 88 (1966) 2170 
29 C A. Emus and C L Brown. J Amer Chem. SOc , 62 (1939) 3690 
30 M Sclmudt pnvate commumcation 
31 R R Lee, E Gnswold and J. Klemberg. Inox Cbem .3 (1964) 1278 
32 F Hub-s and R. Kasser Z Naturforscb B. 20 (1965) 1011 
33 L Roncu~~, G. Famgba and R Barblen, J Grsmometal Cbem .1 <X964) 427. 
34 G Faragha L Roncuccl and R Barblen, Chmuca, 8 (1965) 3 


