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Trialkylstannyl esters of tris (2-hydroxyalkyl)amines, 
N(CH2CHROSnAlk,), (9-11) (R = H, Me; Alk = Et, Bu), re- 
act with X3GeC(R1)(RZ)COOR3 (12-17) (X = C1 or Br; R1, R' 
= H, Me, Ph, SiMe3, COOEt; R3 = Me, Et) to give esters of 
a-germatranylcarboxylic acids, N(CHzCHR0)3GeC(R1)(R2)- 
COOR3 (1-8), in high yields. The synthesis of esters 12-17 
is reported. Esters of a-germatranyldiphenylacetic acid 24 
and 25 can be obtained by treatment of diphenylketene with 
Et,SnOMe to give in situ Et3SnC(Ph,)COOMe (23), followed 

by reaction with GeC14 to give in situ Cl3GeC(Phz)COOMe 
(22) and further reactions with 9 or 11, respectively. Reduc- 
tion of germatrane 6 with LiAlH, in diethyl ether leads to 
cleavage of the germanium-carbon bond with subsequent 
formation of (2-hydroxyethy1)trimethylsilane. The crystal 
structures of 3, 6, and 7 are reported. 1-Acyloxygermatranes 
26 and 27 are obtained by treatment of l-methoxyger- 
matrane (28) with diphenyl- and dichloroacetic acid, respec- 
tively. 

Interest continues in metallatranes N(CH2CHAlk)3M -Y 
(M = Si, Ge), having been reported some years ago for the 
first time; the main focus has been the nature of the trans- 
annular M-N bond[']. However, theoretical aspects of the 
research on metallatranes did not render synthetic ap- 
proaches to a second-order problem. Moreover, many sila- 
tranes and germatranes show biological activity, which 
makes them interesting for medicinal chemistry and phar- 
r n a c o I ~ g y ~ ~ - ~ ] .  

So far, functionalizcd silatranes and germatrane~[~-"I, 
e.g. metallatranes with a functional group (e.g. C=O, C=C) 
in the p position to the metal atom, have not been studied 
in detail. Similar compounds belong to a more general class 
of a,x-conjugated systems, with characteristic features of 
the relatively labile metal-carbon bond and (e.g. in the case 
of p-0x0 derivatives) with the ability to undergo isomeric 
transformations under catalytic conditions or on heat- 
i11g[12-141. Whereas the synthesis and reactivity of 1-aIIylsi1- 
atranes were subject of numerous investigations, there is al- 
most no information available on the chemistry of l-allyl- 
gerniatrane: only cleavage reactions of the Ge-C bond in 
1 -allylgermatrane were reported" l]. Our investigations in- 
cluded reactions at the C=C bond of I-allylmetallatranes 
which occur with retention of the "atrane" skeleton and the 
metal-carbon bond, e.g. the cyclopropanation of l-allyl- 
metallatranes (M = Si, Ge)[lo~'l]. 

In this paper we rcport on the synthehis and properties 
of the series of esters of a-germatranylcarboxylic acids 1-8, 

starting from trihalogenogermanium dcrivatives 12- 17, 
and tris(2-trialky1stannoxyalkyl)amines 9- 11. Other or- 
ganotin reagents, e.g. Et?SnOMe, were also used in the syn- 
thesis of I-acyloxygermatranes 26 and 27. In addition, the 
crystal structures of compounds 3, 6, and 7 are discussed 
in comparison. 

We have recently described the synthesis of the first of p- 
0x0 derivatives of metallatranes: silatranylacetaldehyde and 
3,7,1O-trimethylsilatranylacetaldehyde, N(CH2CHR0)3Si- 
CH2CH0 (R = H, Me)[6]. The compounds are air-stable 
and undergo no rearrangement (as a result of migration of 
the silatranyl group) to the corresponding 0-silyl enol~[~~].  

This has provided a basis for extended studies which are 
presented here. Derivatives of carboxylic acid esters seem to 
be easily available among P-oxogermatranes. We were inter- 
ested in developing synthetic routes to a-germatranylcar- 
boxylic acid esters which have not been reported previously. 
It was essenlial that those systems had to be synthesized, 
which comprise substituents with different steric and elec- 
tronic properties at the a position to the carbonyl group (as 
well as to the metallatrane fragment), thus influencing the 
stability, rcactivity, and ability to undergo isomeric trans- 
formations. 

Results and Discussion 
Esters of a-Germatranylcarboxylic Acids 1-8 

A general synthetic route to metallatranes (Si, Ge) is the 
transesterification reaction, i.e. the interaction of or- 
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ganometal (Si, Ge) triesters with trialkan~lamines~~]. The 
reaction of organotrihalogenosilanes and -germancs with 
organotin derivatives of tris(2-hydroxyalky1)amines (“or- 
ganotin route”) has been used less frequently[’5,’h]. 

At the same time, the use of the readily available and very 
reactive organotin reagents often facilitates the synthesis of 
complex structures, since these reagents are “soft” and ef- 
fective for the transfer of functionalized organic fragments. 
In our opinion, this method will become more important 
in cases when the starting materials and the final products 
contain bonds and groups which are sensitive towards reac- 
tions with nucleophilic or electrophilic reagents and 
towards heating[171. 

This method is used in the present work for the synthesis 
of esters of a-germatranylcarboxylic acids 1 -8 (Equation 
1). 

X3GeC(R’)(Rz)COOR3 + N(CbCHROSnAIk3)3 - “ R ~  (I) 

I 
-3AlkgSnX 

12-17 9-11 

+ 
2 fMe  
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H 
Me 
H 
H 
H 
H 
Me 
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11 
H 
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Me 
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R‘ RJ Alk X 
H Me 
H Me 
Ph Me 
Ph Me 
Ph Et 
SiMez Me 
Me Me 
COOEi Et 

Et 
nBu 
kt 

I1 Me c1 
Ph Me CI 
SiMe, Me Cl 
Ph bi Br 
Me Me Br 
COOLt Ft Br 

These reactions proceed smoothly after mixing the re- 
agents under mild conditions, followed by keeping the reac- 
tion mixture for several hours at room temperature. Aftcr 
addition of n-pentane or n-hexane the resulting germatranes 
precipitate and can easily be separated by filtration. Ana- 
lytically pure samples are obtained by washing the precipi- 
tates with n-pentane or n-hexane, recrystallization from 
benzene or toluene, followed by drying in vacuo at 1-3 
Torr: compounds 1-8 are thus obtained in excellent yields 

Trialkyltin halides are formed as by-products of the 
transmetallation reaction and can be recovered almost 
quantitatively and further used for the preparation of trial- 
kyltin methoxides. The latter are useful for the preparation 
of trialkylstannyl esters of trialkanolamines 9-11 as well as 
(vide infra) for the synthesis of esters of a-trichlorogermyl- 
carboxylic acids 12-14. 

Diethyl germatranylmalonate (8) reacts with traces of 
water upon cleavage of the Ge-C bond, forming 1- 
hydroxygermatrane and diethyl malonate (Equation 2) and 

740 

(9 0 - 95 Yo). 

has not been isolated so far in an analytically pure form. 
Nonetheless, ‘H- and I3C-NMR and EI-MS studies of 8 
unambiguously confirm its structure. Equation 2 shows that 
the polar Ge-C bond in 8 is essentially labile. 

H-C--COOEt 

I 
COOEt 

8 

OH 

In contrast, esters 1-7 are more stable towards hydroly- 
sis. It should also be noted that only the corresponding or- 
ganosilicon @-alcohol is obtained by reduction of ester 6 
with LiAIH4 (Equation 3). 

This observation contrasts with that reported for the 
tetracoordinated analogues, viz. Alk3GeCH2COOAlk, 
which are smoothly converted to the corrcsponding j3-al- 
cohols, Alk3GeCH2CH20H, by reduction with LiA1H,[l81. 

In the course of this study the choice of appropriate syn- 
thetic methods of esters of a-trihalogenogermylcarboxylic 
acids 12- 17 was very important. Some optimized methods 
were found in which ketene, trimethylsilylketene, phenylke- 
tcne trimethylsilyl methyl acetal (21) and GeBr2 . dioxane 
are used as key starting reagents. ‘The syntheses of esters 
12-17 are summarized in Equations 4-7; Equations 4-6 
show that organotin reagents were successfully used for the 
preparation of esters of a-trichlorogermylcarboxylic acids 

Although syntheses of 12-14 and 17 were dcscribed ear- 
lier (see Experimental Section), their detailed ‘H- and I3C- 
NMR data are presented in this work for the first time. 

An effective route to the esters of a-germatranyldiphenyl- 
acetic acid 24 and 25, excluding isolation of the intermedi- 
ate esters of trialkylstannyl- and trichlorogermyldiphenyla- 
cetic acid 23 and 22 is shown in Equation 8. 

12-14. 

1-Acyloxygermatranes 26 and 27 

For a comparative study we synthesized and charac- 
terized 0-substituted esters, 1 -acyloxygermatranes 26 and 
27. These compounds were prepared by the reaction of 1- 
methoxygermatrane (28), which can be synthesized by treat- 
ment of 1-bromogermatrane with triethylmethoxystan- 
nane”], with diphenyl- and dichloroacetic acids under re- 
flux in o-xylene according to Equation 9. 

The new compounds 1-8, 15, 16, 24-27 were charac- 
terized by elemental analyses and by IR, lH-, I3C- and 2ySi- 
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(6)-NMR spectroscopy. Compounds 1, 3,5-8, 25-27 were 
also characterized by mass spectrometry. 

‘H- and 13C-NMR spectra are in accord with the sug- 
gested structures. In the ‘H-NMR spectra of 1, 3, 7, 8, 24, 
26, and 27 the signals of the methylene protons of the ger- 
matrane skeleton appear as a set of two pseudo-triplets at 
6 = 2.72-2.98 (NCH2) and at 6 = 3.69-3.97 (OCH2), for- 
ming an AA’XX‘ spin system ( J  = 5.5-5.8 Hz). The coup- 
ling constants for lhese triplets are independent of the nat- 
ure of the apical &I-oup. This pattern is a general feature of 
the “atrane” framework for a variety of germatraner~2,7,’ ‘1. 
In the ‘H-NMR spectra of 5 and 6 the signals of the meth- 
ylene protons of the (OCH2) groups of the germatrane skel- 

eton appear as doublets of triplets at 6 = 3.68, 3.69 (5) and 
at 6 = 3.72, 3.74 (6). As a consequence of the diastereotopic 
nature of the methylene protons of the COOCH2CH3 group 
two different quadruplets are observed for 5, 8, 15, and 17. 
In the ”C-NMR spectra of 1, 3, 5-8, 24, 26, and 27 the 
signals of the carbon atoms of the “atrane” skeleton appear 
at 6 = 51.7-52.3 (NCH2) and 6 = 56.8-57.5 (OCH2)L2]. 
3,7,1O-Trimethyl-substituted metallatranes 2 and 25 are 
mixtures of two diastereomers which differ in the orien- 
tation of the inethyl groups relative to the Ge-N axis. 4 is 
a mixture of four diastereomers. In the ‘H-NMR spectra 
the signals of the protons of the OCHCH2 groups of the 
“atrane” framework appear as complex multiplets (ABMX3 
spin ~ystem)[~,’~]] .  In this case the composition of mixtures 
can be examined by 13C-NMR spectroscopy as described 
earlier for other 1 -substituted germatrane~[’,~~I. 

In the mass spectra of 1, 3, 5-8, and 25 the peak of 
highest intensity corresponds to the germatranyl ion re- 
sulting from the loss of the apical substituent from the par- 
ent ion. This behavior is analogous to that observed for I-  
allylgermatrane[’’l and is assumed to be a reflection of the 
relative bond strength of the Ge-0 ring bonds. A cluster 
of peaks at m/z = 130 has been attributed to the ion 
GeN(CH&+, which is consistent with the germatrane 
structure. The molecular-ion peak carries a relatively small 
portion of the ion current (4-15%). Only in the case of 1 
a peak resulting from the elimination of a CH20 unit from 
the parent ion is observed. Apart from the principle peaks, 
others with intensities >5% of the base peak are given with- 
out a~s ignrnents [ ’~~~’-~~I .  

Crystal Structures of 3, 6, and 7 

The molecular structures of 3, 6, and 7 are shown in Fig- 
ures 1-4. Table 2 summarizes significant geometrical pa- 
rameters. 

In the structures of 3, 6, and 7 the coordination poly- 
hedron of the germanium atom represents a distorted trig- 
onal bipyramid with N and C atoms in the apical positions 
and the three oxygen atoms in equatorial p o ~ i t i o n s [ ~ ~ - ~ ~ 1 .  
The Ge-N distances are in the normal range for “atranes” 
containing an N-Ge-C group (2.19-2.32 How- 
ever, the Ge-C bonds in 3 and 7 are noticeably longer than 
those previously found in germatranes (1.94-1.97 A)[37,381. 

The “atrane” moiety and the ester group in 3 exhibit po- 
bitional disorder (see Figure l ). Similar conformational dis- 
order for the germatrane skeleton were observed ear- 
lier[1’.39,4”]. Refinement of the site-occupation factors for 
both disordered fragments resulted in very close values: 
0.79/0.21 (“atrane” fragment) and 0.75/0.25 (ester frag- 
ment). That is in full agreement with the fact that the only 
short intermolecular contacts observed in the crystal struc- 
ture of 3 were those between the major and minor compo- 
nents of different disordered groups (see Figure 2). 

A research grant for G S. Z. from the HSP-2 Progranzm der 
Hessischen Landesregierung and support from the Fondr der Deut- 
sdien Chemischen Indzlstrre VC‘I for J L. as well as from the Rusjian 
Foundutron for Basic Research under Grunt No 94-03-08418 for 
S. S. K. arc gratefully acknowledged. E. V. A. thanks the Gruduier- 
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Figure I .  Molecular structurc of 3; displacement ellipsoids arc 
shown at 50-Yn probability level; minor components of the disor- 
dered groups are drawn by dashcd circles, hydrogen atoms are omit- 

ted for clarity 

Figure 2. Intermolecular contacts in the crystal structure of 3; 
minor components of the disordered groups are drawn by dashed 
circles; short distances between major and minor components 
of the disordered groups arc shown by thin lines; 
d(O(5)-C(llB)} = djO(SA)-C(lI')} = 2.72 ,A, d(C(10)- 

O(5'B)) = djC(l0C)-0(5')} = 3.02 A 

tenkolleg Metallorganische CIzemie of the Philipps-University of 
Marburg for providing a doctoral fellowship. A. V. C. thanks The 
Royul Snriety and the Univerufy of Durham for financial support. 

Experimental Section 
Solvents were dried by standard methods and distilled prior to 

use. - All melting points are uncorrected. - IR: Zeiss UR-20. - 
NMR: Bruker AC 300 (lH: 300 MHz, 13C: 75 MHz), Bruker AM 
400 (29Si: 80 MHz). Varian VXR-400 (lH: 400 MHz, I3C: 100 

Figure 3. Molecular structure of 6; displacement ellipsoids are 
shown at 50-% probability level 

Figure 4. Molecular structure of 7: displacement ellipsoids are 
shown at 50-% probability level 

MHz); standard: %Me4. - MS: Varian CH-7a (EI, 70 eV); all as- 
signments were made with reference to the most abundant isotopes. 
- Elemental analyses: Microanalytical Laboratory of the Chemis- 
try Department of the Moscow State University and of the Fach- 
bereich Chemie of the Philipps University of Marburg, Heraeus- 
Rapid Analyzer. - Crystal data, details of data collection and 
structure determination for 3, 6, and 7 are presented in Table l141]. 
All non-hydrogen atoms were refined with anisotropic thermal pa- 
rameters. In  the case of compound 3, hydrogen atoms were placed 
in calculated positions [d(C-H) = 0.97 A] and refined using a rid- 
ing model (Uiso were taken as 1.2 ' U,, of the parent C atoms). As 
to the structures of 6 and 7, all hydrogen atoms were found from 
difference Fourier syntheses and refined in an isotropic approxi- 
mation. SHELXTL-Plus software was used to prepare materials 
for 

Tris(Z-trialk~~lstanno~~aIlc)?l)arnines 9 - 11 were prepared accord- 
with use of an excess of trialkyltin ing to a modified 

met hoxides. 
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Formula weight 
Color, habit 
Crystal size [mm] 
Crystal system 

Unit cell dmensions. 
Space grnup 

a iA1 * [A1 
c [A] 
a ["I 
P ["I 
1 ["I 
vrn31 
Z 
p(calcd) [g/cm3] 

F(O00) 
Diffractometer 
'Wl 
Radiation (i. [A]) 
Scan mode 
Scan step (m w) ["I 
Time per step [s] 
8 range ['I 
h d e x  ranges 

II bm-']  

Table 1. Crystal data, data collection, and structure determination 
parameters for 3. 6, and 7 

3 6 7 
mlp1ncai Ionnula L1sH2pev05 c121125GeNOsSi ClIHZIGeNO5 

367 90 364 01 31988 
colorless, block wlorlesr, block colorless, block 
0.45 x 0.28 x 0 10 0.40 X O  18 X 0 12 0.20 x 0.10 x 0.02 
hiclinic monoclinic monoclinic 
P-1 P21:" P2,/n 

Reflections collected 
Independent zeflenions 

Data reduction 
Absorption correction 

Min. and m a .  uansmision 
Solution method 
Refinement method 
DataJre~traints/parameters 
Goodness-of-fir on FZ 
Final R indices I/> 2u((O] 

R indices (all data) 

R,nt 

8.1867(2) 10.95 15(1) 9.3836(2) 
9.2940(2) 9 7080(1) I I .5702(3) 
I 1  5814(2) IS 3539(2) 13 2655(3) 
71.442OiI) 90 90 
74.6830(1) 96.672(1) 109.4YY(I) 
74.8360(1) 90 YO 
787.48(3) I62 1.330) 1357 64(5) 
2 4 4 
1.543 1.491 1.565 
1.967 1980 2.269 
380 760 664 
Siemens SMART Siemens SMART Siemens SMART 
150.0(2) 150 U(2) 150.0(2) 

graphite-mono chroma ti^^ Mo-K, (0 71073) 
w 0 (I) 

0.3 0 3  0 3  
10 10 30 
1.89to27.49 2.171027.52 2331027.49 
-I0 I h 6 10, -14 L h L  14, -12 s h 6 12, 
-1 I S k 6 12, - l l < k < 1 2 .  -145k613, 
-14515 I5 -19 < / 6  14 -1761s 16 
5804 11415 9733 
3566 3710 3110 
0.0405 0.0347 0.0688 
Siemens SAINT (Siemens Analytical X-ray Instrumentr, 1 9 5 )  
einplrical faceinkxed empincal 
(SHELXTL-Plus) (SHELXTL-Plus) (SHELXn-Plus)  
0.360 and 0.570 0.517and0 808 0 562 and 0.626 

direct methuds (SHBLXTL-Plus) 
tbll-matrix least squares on 1;2 (sIm,xn-pius) 

3508/0/255 3449/0/282 2751/0/248 
1.097 1.uw 1.078 
RI - 0.0463, RI = 0.0244, Ri =0.0357, 
wRz=U 1214 wR2=0.0564 wR~=0 .0662  
R I  = 0.0497, R1=0.0355, R I  =00691. 
wRz=O.1279 wR7 -0.0697 wR?=O.O871 

Extinction coefficient 0.002(2) O.OOlS(3) o 11022(4) 
m&andholere.A-3) 1.162 a n d 4 . 6 1 8  0 382snd-C.334 0.443md-0.695 

Table 2. Selected geometrical parameters [A, "1 for 3, 6 and 7 

3 6 7 
Ge-N 2.158(3) 2.2090(14) 2.222(2) 
G d  1.999(4) 1.975(2) 2.006(3) 
GoO(1) 1.803(3) 1.8147(12) 1.809(2) 
Ge-0(2) 1.795(3) 1.8047(12) 1.805(2) 
Gea(3)  1.795(2) 1.8062(12) 1.801(2) 
G-PLLa] 0.19[bl 0.23tbI 0.24Lb1 
C-Ge-N 175.0(2) 175.72(6) 179.02(1 I )  
O(lwe-O(2)  118.28(14) 118.04(6) 118.75(10) 
O ( l H e d l ( 3 )  119.80(13) 118.25(6) 116.50(9) 
0(2we-O(3) 118.54(12) 118.90(6) 119.49(10) 
O ( 1 w e - C  94.2(2) 94.05(6) 96.48(11) 
O(2we-C 100.9(2) 100.65(6) 98.37(11) 
O(3we-C 93.3(2) 97.24(6) 98.14(10) 
O(l&Ge-N 84.18(11) 82.36(5) 82.58(9) 
O(2jGe-N 83.96(12) 83.15(5) 81.87(8) 
O(3We-N 83.45(10) 82.51(5) 82.54(9) 

PL means the plane defined by 0(1), O(2), and O(3) atoms. - 
Cbl Positive sign indicates that the gcrinanium atom is displaced to- 
wards the carbon atom. 

Tris(2-tributylstannoxyeth~~l~umine (10): A solution of tributyl- 
methoxystannane (43.2 g. 0.135 mol) and triethanohmine (6.0 g, 
0.04 mol) in benzene (50 ml) was refluxed for 4 h. The solvent and 
the excess of tributylmethoxystannane (4.8 g; b.p. 117- 120OCY3.5 
Torr) were removed by distillation giving a nonvolatile oil. Yield: 
40.6 g (100%); n g  = 1.4945. - NMR (CDCl,): 'H: 6 = 3.70 (m, 
6H, OCH,), 2.61 (m, 6H, NCH2), 0.8-1.6 (m, 81H, nBu). - "C: 
6 = 64.47 (OCH2), 60.13 (NCHZ), 27.82 (CH,), 27.01 (CHZ), 14.38 

(SnCH2), 13.47 (CH,). - C42Hc)3N03Sn (1016.28): calcd. C 49.64, 
H 9.22. Sn 35.04; found C 49.45, H 9.35, Sn 35.20. 

Tris(Z-triet~i~I.~tann~~~~ethyI)amine (9): Triethylmelhoxystannane 
(50.6 g, 0.214 mol) and triethanolamine (9.7 g, 0.065 mol). Yield: 
49.6 g (98%). - NMR (CDCI,): 'H: 6 = 3.17 (m; OCH2, 6H), 
2.51 (m, 6H, NCH2), 0.8-1.3 (m, 45H, CH,CH,); I3C: 6 = 64.48 
(OCH?). 60.01 (NCH2), 9.66 (SnCH2), 5.49 (CH3). The product 
was used without further purification, but can be purified by distil- 
lation; h.p. 21O-22O0C/1.5 Torr (rel:[l6I l Torr, bath temp. 210°C). 

Trisi2-tri~thylstann~~xy~ropyl)amine (11): Triethylmethoxystan- 
nane (47.4 g, 0.20 mol) and triisopropanolamine (1 1.5 g, 0.06 mol). 
Yield: 49.2 g (98%)). The liquid product was used without further 
purification. 

(Z)-Phenylketene Methyl Trimethylsilvl Acetal (21): A solution 
of methyl phenylamtate (38.8 g, 0.22 mol) in ether (250 ml) was 
treated with a solution of NaN(SiMe3)2 (45.2 g, 0.25 mol) in ether 
(200 ml) at -65"C, and the mixture was stirred for 0.5 h. A solution 
of 26.0 g (30 ml. 0.245 mol) of Me3SiC1 in 30 ml of ether was added 
dropwise at -65°C over a period of 0.5 h. The reaction mixture 
w a s  stirred for 24 h,  the precipitate was filtered off, and the product 
was purilied by distillation. Yield: 45 g (82%); b.p. 88-89W1.5 
Torr (ref.[24] b.p. 88-89W1.5 Torr). ~ NMR (CDCI3): 'H: 8 = 
7.77-7.05 (m, 5H, aromatic H), 4.67 (s. IH, CH=), 3.72 (s, 3H, 
CH3), 0.36 [s, 9H, Si(CH3)3]. - 13C: 6 = 157.80 (COSi), 137.04, 
128.05, 126.31, 123.47 (4 C, aromatic C), 78.70 (CH=), 55.07 
(OCH3), 0.43 [Si(CH3)3]. 

The following compounds were prepared according to literature 
procedures: methyl (trihut~1stani~~l)acetate (18) by reaction of  tri- 
butyltin methoxide with keteneI2? metliyl (trichlorogerm~1l)acetate 
(12) by reaction of ester 18 with germanium 
methyl phenyl( trieth?.lstannyl)acetate (20) by reaction of ketene 
acetal 21 with triethyltin rnetho~ide[~~I; methyl (tributylslannyl) (- 
trimethylsilyl) acetate (19) by reaction of (trimethylsily1)ketene with 
tributyltin metho~ide[~'1. 

Methyl Piieiiyl~tvichlorogern~yl~clcetate (14): GeC14 (5.3 g, 25 
mmol) was added to methyl phenyl(triethy1stannyl)acetate (8.0 g, 
23 mmol) dropwise with stirring. The reaction mixture was heated 
for 1 h at 80°C; 14 was purified by distillation. Yield: 4.5 g (60%) 
M; b.p. 131 -133"C/2.5 Torr, m.p. 7 2 ~ 7 3 ° C  b.p. 
11  5- 11 8 W 1  Torr, m.p. 72-73°C). - IR (benzene solution): ij = 

1740 cm-' (C=O). - NMR (CDCl,): 'H: 6 = 7.5-7.3 (m, 5H, 
aromatic H), 4.48 (s, IH, GeCH), 3.85 (s, 3H, OCH,). - I3C: 8 = 

167.48 (C=O), 129.33, 129.13, 129.09, 128.86 (4 C, aromatic C), 
55.78 (GeCH), 53.35 (OCH3). 

Methyl (Trichlorogermyl) !trimet~~ylsilyl)acet~i~e (13) was pre- 
pared according to the procedure for 14: 3.8 g (18 nimol) of GeC14 
and 6.8 g (16 mmol) of methyl (tributylstannyl)(trimethylsilyl)ace- 
tate. Yield: 1.8 g (60%); b.p. 85-90°C/1.5 Torr (ref.[28]: b.p. 
83-85W1.5 Torr). - IR (thin film): ij = 1710 cm-' (C=O). - 
NMR (CDCI3): 'H: 6 = 3.73 (s, 3H, OCH3), 2.87 (s, lH,  GeCH), 
0.29 [s, 9H, Si(CH&]. - I3C: 6 = 168.41 (C=O), 52.61 (OCH,), 
44.88 (GeCH), -0.94 [Si(CH3)3]. 

Synthesis of Tribromogermyl Derivatives 15-17 and 26 

Ethyl Phen~1j~ribr~~mogerm~l)acetate (15): A mixturc of  ethyl 2- 
bromo-2-phenylacetate (10.7 g, 44 mmol) and GeBr2 . dioxane[2y1 
(9.6 g, 30 mmol) was refluxed for 4 h. The product was purified by 
distillation. Yield: 1.7 g (12%); b.p. 183-185"Cll Torr; ng = 

1.5933. - IR (thin film): [si2]==gv = 1710-1740 cm-l (C=O). - 
NMR (CDCI,): 'H: 6 = 7.50-7.35 (m, 5H, aromatic H), 4.61 (s, 
lH,  GeCH), 4.29, 4.34 (2 q, J =  7 Hz, 2H, OCH2), 1.37 (t, J = 7 
Hz, 3H, CH,). - 6 = 167.51 (C=O), 130.18, 129.48, 129.05, 
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128.81 (4 C, aromatic C). 62.25 (OCH2). 58.85 (GeCH), 14.18 
(CH,). - CloHIIBr,GeO2 (475.50): calcd. C 25.26. H 2.33; found 
C 25.21, H 2.18. 

Methyl Diiizethyl(tribrot?zo~ernzvl)acetnte (16) was obtaincd ac- 
cording to the procedure for 15 from methyl 2-brorno-2,2-dimethyl- 
acetate (6.3 g, 35 mmol) and GeBrz . dioxane (7.2 g, 22 mmol). 
Yield: 4.0 g (45%); b.p. 93-94"C/4 Torr; ng' = 1.5512. - TR (thin 
film): P = 1715 cm-' (C=O). - NMR (L'DCI,): 'H: 6 = 3.76 (s, 
3H, OCH,). 1.49 [s, 6H, GeC(CH&]. - I3C: 6 = 172.00 (C=O), 
52.94 (OCH,), 52.48 (GeC), 20.61 (CH3). ~~ C5H9Br3GeO2 
(475.50): calcd. C 14.53, H 2.19; found C 14.01. H 2.18. 

Diethyl (TribromogerinyI~rnalonu~e (17) was obtained according 
to the procedure for 15: 14.8 g (61 mmol) of diethyl bromomalonate 
and GeBr2 . dioxane (1  1.3 g, 35 mmol). Yield: 3.5 g (21Yo): b.p. 
130- 135"C/3 Torr (ref.[30] 105- 1 10°C/l .5 Torr). ~- NMR (CDCI3): 
'H: 6 = 4.34 (s, 1 H, GeCH), 4.25, 4.26 (2 q. J = 7 Hz, 4H, OCH2), 

(OCH2), 57.70 (GeCH), 13.90 (CH,). 
1.29 (t. J =  7 Hz, 6H, CH?). - "C: 6 = 163.61 (C-0). 63.02 

Synthesis of Esters of a-Germatrcin~~lcarbo~ylic A d s  1-8 
Methyl Gevmutran?ilphen~kiertute (3): A solution of methyl 

(trichlorogermy1)phenylacetate (14) (4.7 g, 14 mmol) in 15 ml of 
CHC13 was added dropwise lo a solution of tris(2-triethylstannoxy- 
ethy1)amine (9: 12.1 g. 16 mmol) in 6 ml of CHCI?. The reaction 
mixture was stirred for 4 h, then n-pentane (15 ml) was added and 
the precipitate was filtered off, washed with cold n-pcntane (5 X 5 
ml) and dried in vacuo (1 Torr) for 2 h. Yield: 4.8 g (93%); m.p. 
198-200°C (after recrystallization from toluene or benzene). - IR 
(nujol): P = 1705 cm-' (C=O). - NMR (CDCI?): IH: 6 = 

7.5-7.05 (m, 5H, aromatic H): 3.7 (s, 1H. GeCH), 3.69 (1, 6H, 

(C=O), 136.83, 129.62, 127.66, 125.52 (4 C, aromatic C ) ,  57.11 
(OCHJ. 52.17 (NCH2), 51.78 (OCH3), 47.94 (GeCH). - MS (70 
ev): rnlz (%): 369 (15) [M'], 252 (5), 220 (100) [A, A = M '  - 

OCHZ), 3.62 (s, 3H, OCH?), 2.72 (t, 6H, NCH2). ~~ I3C: F 173.71 

C6H5CHCOOCH31, 190 (3) [A - CHZO], 160 (13) [A - 2 CHZO], 
146 (7) [A - CHZO - CHZCHZO], 130 (3) [A - 3 CHZO], 118 
(21). 91 (7), 90 (8), 86 ( S ) ,  70 (6). 56 (23). 42 (6). - CI5H2,GeNOs 
(367.93): calcd. C 48.97, H 5.75. N 3.81; found C 48.77, H 5.84, 
N 3.63. 

Esters 1, 2, 4-8 were obtained according to the procedure for 3. 

MctJid Cermatranylacctate (1): 1.44 g (5.7 mniol) of methyl 
(trichlorogermy1)acetate (12) and 6.9 g (5.7 mmol) of tris(2-triethyl- 
stannoxyet1iyl)aniine (9). Yield: 1.6 g (9696); m.p. 163- 164°C. - 
IR (uujol): = 1714 cm-' (C=O). - NMR (CDCl3): 'H: F = 3.82 

2H, GeCH,). - 13C: 6 = 172.99 (C=O). 56.83 (OCH?), 51.70 
(NCH2), 51.60 (OCH,), 26.67 (GeC). - MS (70 eV): nil2 (96): 293 

(t. 6H, OCHZ), 3.67 (s, 3H, OCH3), 2.86 (t. 6H> NCIIZ). 2.18 (s, 

(7) [M'], 263 (12) [M+ - CHPO], 262 (10) [ M i  - OCH31, 250 (13) 
[M+ - CHZCHO], 220 (100) [A = M' - CHZCOOCH31, 190 (53) 
[A - CHZO], 160 (51) [A - 2 CH201, 146 (13) [A - CHZO - 
CH,CH,O], 130 (8) [A - 3 CH201, 91 (7), 89 (7), 86 (21), 70 (9), 
56 (41), 44 (8), 43 (8); 42 (19), 41 (5). - C9HI7GeNO5 (291.83): 
calcd. C 37.04, H 5.87. Ge 24.87; found C 36.91, H 6.16, Ge 24.87. 

Metliyl (.3.7,1O-Triniethylgrvinutrun~l~acrtute (2): 1.2 g (4.75 
mmol) of methyl (trichlorogermy1)acetate (12) and 3.89 g (4.75 
mmol) of tris(2-triethy1stannoxypropyl)amine (11). Yield: 1.55 g 
(98%); m.p. 179-180°C. - 1K (nujol): C = 1720 cm-' (C=O). - 
NMR (CDCI,): 'H: 6 = 3.62, 3.61 (2 s, 3H, OCH,), 2.18, 2.16 (2 
S, 2H. GeCH2), ABMX, system of OCH(CH3)CHZ group protons. 
- "C: 6 = 173.51. 173.39 (C=O), 65.77, 65.58. 64.11, 63.45, 62.51, 

27.12 (GeCH2), 23.43, 20.90, 20.60, 20.52 (CH,), 2 diastereomers. 
62.45, 62.02, 59.13 (OCH, NCH2). 51.24. 51.23 (OCH,), 27.31, 

- CI2H&eNO5 (333.91): calcd. C 43.17, H 6.94, Ge 21.74; found 
C 43.13, H 7.1 1, Ge 21.62. 

Methyl Pkenyi(3,7,10-trime~h~lgurwr~ttrun~yljac~etnte (4): 3.6 g (1 1 
mmol) of methyl phenyl(trichlorogermy1)acetate (14) and 9.0 g (12 
mmol) of tris(2-triethy1stannoxypropyl)amine (11). Yield: 4.2 g 
(93%); m.p. 153-156°C. - IR (nujol): G = 1720 cn1-l (C=O). - 
NMR (CDC13): 'H: 6 = 7.6-7.05 (m, 5H, aromatic H), 3.75. 3.76, 
3.77, 3.78 (4 s. lH,  GeCH), 3.67, 3.66, 3.65, 3.64 (4 s, 3H, OCH), 
ABMX, system of OCH(CH,)CH2 group protons. - "C: 6 = 

173.45, 173.42 (C=O), 136.94, 136.93, 136.93, 136.91, 129.81, 
129.77, 129.68, 129.62, 127.20, 127.18, 127.11, 127.09, 125.07, 
125.05, 125.03, 125.01 (aromatic C), 65.89, 65.88, 64.15, 64.07, 
63.59, 63.57, 62.16, 62.13, (OCH). 65.47. 65.44, 62.64, 62.56, 62.41, 

47.84, 47.70 (GeCH), 23.04,23.13,20.66,20.65,20.45,20.44,20.41, 
20.40 (CH,), 4 diastereomers. - CI8H2,GeNO5 (410.01): calcd. C 
52.73, H 6.64, N 3.42: found C 52.20, H 6.86, N 3.32. 

Ethyl Grrmut r~ in~~~hen~~luce tu t e  (5):  1.2 g (2.5 nmiol) of ethyl 
phenyl(tribromogermy1)acetate (15) and 2.8 g (2.8 mmol) of tris(2- 
tributy1stannoxyethyl)amine (10). Yield: 0.9 g (%YO): m.p. 
194-198°C. - I R  (nujol): 0 = 1705 c m - ~ '  (C=O). - NMR 
(CDCI?): IH: 6 = 7.55-7.05 (m, 5H. aromatic H), 3.7 (s, IH, 

62.26, 59.39, 59.21 (NCH2), 51.37, 51.35 (OCH,), 47.96. 47.90, 

GeCH), 3.69 (t, 6H, OCHP), 4.15, 4.1 1 (2 q, J = 7 Hz, 2H, OCH,), 
2.76 (1, 6H, NCH2), 1.23 (t, J = 7 Hz. 3H. CH,). - I3C: 6 = 172.69 
(C=O), 136.83, 129.54, 127.57. 125.41 (4 C. aromatic C). 60.15 
(OCH,CH,), 57.03 (OCH2), 52.15 (NCH2), 48.17 (GeCH), 14.27 
(CH,). - MS (70 eV); rnlz (%): 383 (12) [M'] , 266 (7). 220 (100) 
[A, A = M+ - ChHSCHCOOCH,], 190 (3) [A CHZO]; 160 (10) 
[A - 2 CHZO], 146 (8) [A - CHZO - CHZCHZO], 130 (3) [A - 3 
<:HzO], 118 (171, 91 (61, 90 (51, 70 (6). 56 (23). 42 (5 ) .  - 
ClhH2?GeN05 (383.08): calcd. C 50.12. H 6.05, N 3.66; found C 
49.85, H 6.06, N 3.66. 

Methjd Gertnatriinyl( tr imet l~~ls i l~l~acetate  (6): 1.6 g (5 mmol) of 
methyl (trichlorogermyl)(trimethylsilyl)acetate (13) and 4.2 g (6 
nimol) of tris(2-triethylstannoxyethy1)amine (9). Yield: 1.7 g (93%); 
m.p. 158-160°C. - IR (nujol): it = 1690 cm-' (C=O). - NMR 

2.77 (t, 6H, NCH2). 1.98 (s, 1H, GeCH), -0.10 [s, 9H, Si(CH&]. 

(OCHJ, 32.98 (GeCH), -0.38 [Si(CH,),]. - 2ySi: 6 = 2.85. - MS 
(70 eV), rdz (YO): 365 (4) [M'], 350 (37) [ M i  - CH,]. 318 (9), 252 
(18) [M' - C5HySiO], 220 (100) [A, A = M t  - (CH3),SiCH- 

(CDCII): 'H: 6 = 3.72, 3.74 (2 t, 6H, OCHP), 3.59 (s, 3H. OCH3), 

~~ I3C: 6 = 174.25 (C=O),  56.89 (OCHZ), 52.11 (NCHZ), 51.27 

COOCH31. 190 (24) [A - CH201, 160 (20) [A - 2 CHZO], 146 (12) 
[A - CI120 - CH2CI1201, 130 (3) [A - 3 CHZO], 99 (51, 86 (4), 
73 (9) [Si(CH,),]. 70 (6). 59 (lo), 56 (17), 5 5  (7). 42 (7). - 
CI,H,,GeNOsSi (364.01): calcd. C 39.60, H 6.92; N 3.85; found C 
39.42, H 6.99, N 3.62. 

Methyl G e r n z i ~ t r u t ~ ~ l ~ i t ~ ~ ~ / ~ z ~ ~ l a c e / u t e  (7): 3.4 g (8.2 mmol) of 
methyl dimethyl(tribromogermy1)acetate (16) and 6.9 g (9 mmol) 
of tris(2-triethylstannoxyethyl)amine (9). Yield: 2.5 g (95%); m.p. 
161-163°C. - IR (nujol): it = 1690 cni-' (C=O). - NMR 
(CDCI;): 'H: 6 = 3.70 (t, 6H. OCH2), 3.62 (s, 3H, OCH3), 2.73 (t, 

57.1 1 (OCHZ), 52.36 (NCH2), 51.66 (OCH,), 40.63 (GeC), 22.02 
(CH?). - MS (70 eV); nzlz (Yn): 321 (7) [M'], 252 (X), 220 (100) 

6H, NCHZ). 1.35 (s, 6H, CH3). - "C NMR: F = 178.26 (C=O), 

[A, -4 = M+ - (CHj)ZCCOOCH,], 190 (18) [A - CHPO], 160 (27) 
[A - 2 CHZO]. 146 (10) [A - CH20 - CHZCH201: 130 (4) [A - 
3 CHZO], - 118 (6), 86 (5), 70 (9), 56 (29), 42 (14), 41 (8). 
CI1HZ1GeNOj (319.88): calcd. C 41.30. H 6.62. N 4.38; found C 
40.82; H 6.49, N 4.34. 

Diethyl Gerinatr~iri~Ini~Ioiiate (8): 2.9 g (6.2 mmol) of diethyl tri- 
bromogermylmalonate (17) and 6.6 g (6.8 mmol) of tris(2-tributyl- 
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stannoxyethy1)amine (10). According to NMR spectra a mixture 
of diethyl gerinatranylmalonate (8; 90%) and 1 -hydroxygermatrane 
(lo%, was obtained. 

8: IR (nujol): V = 1735 cm-' (C=O). - NMR (CDCI,): lH: 6 = 

4.22, 4.21 (2 q, J =  7 Hz, 4H, OCH,), 3.82 (t, 6H, OCH,), 3.53 (s, 
lH,  GeCH), 2.86 (t, 6H, NCH?), 1.25 (t, J = 7 Hz, 6H, CH3). - 
I3C: 6 = 164.10 (C=O), 60.62 (OCH,CH,), 57.14 (OCH,). 52.22 
(NCH,) 48.51 (GeCH), 14.24 (C.H,). - MS (70 eV); N J / Z  (YO): 379 
(0.63) [M+]. 

l-HL'drosL',qermatrane: NMR (CDC13): 'H: 6 = 3.87 (t, OCH2, 
6H), 2.92 (t, NCH?. 6H), 1.64 (br. s, OH? 1H) [ref.[3']: 'H: F = 3.87 
(t, 6H, OCH?). 2.91 (t, 6H, NCH,), 1.68 (br. s, l H ,  OH)]. - I3C: 
6 = 56.88 (OCH2), 52.02 (NCH2) [ref.["]: 13C: 6 = 57.01 (OCH,), 
52.15 (NCH,)]. 

A solution of 8 in CDCI, (not dried prior to usc) was stored in 
a NMR tube for 2 weeks. The 'H- and I3C-NMR data showed 
complete hydrolysis of germatrane 8 resulting in the formation of 
1-hydroxygermatrane and diethyl nialonate. 

Synthesis OJ Methyl Ger~~ntruizyldiphenyl~cetutes 24 and 25 
Melzyl Germutran~~ldiphen~~lacetate (24): Triethyltin niethoxide 

(3.35 g, 14.2 mmol) was added dropwise at room temp. to di- 
phenylketene (2.75 g. 14.2 mmol). The reaction mixture was stirred 
for 18 h and the product, Et3SnC(Ph2)COOMe (23), was formed 
[lR (thin film): C = 1730 cm-' (C=O)], which was added to GeCI4 
(3.2 g. 15 mmol). This mixture was allowed to stir for 1 h. The 
excess of GeCI4 and formed Et3SnCl were removed by distillation 
[Et,SnCl, 3.42 g, 99%, b.p. 92-93"ClIO Torr, n$ = 1.5138 (ref.["]: 
b.p. 210°C. n$? = 1.5130)]. A solution of the residue, 
Cl3GeC(Ph,)C0OMe (22) [IR (thin film): 5 = 1725 cn-I (C=O)], 
in 4 in1 of CHC13 was added to tris(2-triethylstannoxyethy1)ainine 
(9) (10.84 g: 14.2 mmol). After a period of 3 h, CHC13 was removed 
in vacuo and n-hexane (10 ml) was added. The uppcr layer (a solu- 
tion of Et,SnCl in n-hexanc) was separated and the oily layer was 
dried at 1 Torr for 3 h. Yield: 5.86 g (93"/0). 24 crystallized in 1 
month. Rccrystallizatioii from CHC1,ln-hexane gave a product with 
m.p. 194-195°C. - IR (nujol): 5 = 1725 em-' (C=O).- NMR 
(CDCl3): IH: 6 = 7.3-7.1 (m. 5H, aromatic H), 3.76 (s, 3H, 
OCH?), 3.75 (t, 6H, OCH,), 2.79 (t, 6H, NCHZ). - I3C: 6 = 175.47 
(C=O); 142.66, 130.62: 127.55, 125.52 (4 C, aromatic C),  57.63 
(OCH,), 52.21 (NCH,), 51.56 (OCH3). - C2111Z5GeN05 (444.02): 
calcd. C 56.62, H 5.66, Ge 16.61; found C 56.56, H 5.72, Ge 16.24. 

Methyl Diphenyli 3,7, IO-trirneihylgertnatrcin~~l)acefate (25) was 
obtained according to the procedure as described for 24: tricthyl- 
methoxystannane (2.44 g, 10.3 mmol), diphenylkctcnc (2.0 g, 10.3 
mmol), GeCI4 (2.36 g, 11 nimol). and tris(2-triethylstannoxyprop- 
y1)amine (11, 8.44 g, 10.3 mmol). Yield: 4.8 g (96%): m.p. 
188-192°C. - IR (nujol): 0 = 1710 cm-' (C=O). - NMR 
(CDCI3): 'H: 6 = 7.3-7.1 (m, 5H, aromatic H), 3.7 (s, 3H, OCH?), 
ABMX, system of OCH(CH3)CH2 group protons. - 13C: 1st 
(mdjor) diastereomer: 6 = 175.58 (C=O), 142.56, 130.46, 127.45, 
125.54 (4 C ,  aromatic C), 66.40, 64.25, 64.24 (OCH), 65.55, 63.34. 
62.13 (NCH2). 51.96 (OCH3), 22.95, 20.88, 20.78 (CH,): 2nd 
(minor) diastereomer: 6 = 141.85, 130.33. 127.18, 125.37 (4 C, aro- 
matic C),  62.56 (OCH), 60.06 (NCH,), 20.47 (CH,). - MS (70 eV); 
W ~ Z  (Yo): 487 (8) [Mf], 262 (100) [A = Mt - (Ph)2CCOOCH3]. 
194 [(Ph),CCO] (43). 174 (11) [A - 2 CH,CHO], 166 (32), 165 
(23), 160 (5) [A - CH3CHO - CHPCH(CH3)OI. 130 (7) [A - 3 
CH3CHO)], 105 (5)? 100 (3, 70 (13), 42 (9), 41 (7). - 

CZ4H3,GeNOj (486.10): calcd. C 59.30, H 6.43, Ge 14.93; found C 
59.14, H 6.52, Ge 14.87. 

Reaction of Gerwiatrane 6 with LiAlH,: A suspension of LiAlH, 
(0.1 g, 2.5 mmol) in Et20  (15 ml) was refluxed for 0.5 h, then 
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cooled to room temp. and germatrane 6 (0.2 g, 0.55 mmol) was 
added. The resulting mixture was stirred for I6 h at room temp. 
After the addition of wet EtrO and then water. the ethereal layer 
was separated and dried with anhydrous MgS04, ether was re- 
moved by distillation. Yield of (2-hydroxyethy1)triinethylsilane: 0.05 
g (98%); n g  = 1.4271 n g  = 1.4231). - NMR (CDCl3): 
'H: 6 = 3.87 (t: J = 8.1 Hz, 2H, OCH,). 3.15 (s, l H ,  OH), 0.90 (t, 
J = 8.1 HZ, 2H, SiCH:), ~ 0.05 [s, 9H, Si(CH,);] 'H: 6 = 

Hz, 2H, SiCH?), 0.01 [s. 9H, Si(CH3)3]}. - "C: 6 = 60.08 (OCH,), 
22.19 (SiCH2), -1.42 [Si(CH,),] {ref.[34! "C: 6 = 59.40 (OCH,), 
21.90 (SiCH,), -1.50 [Si(CH,),]]. 

3.65 (t, J =  8.2 Hz. 2H. OCH2), 3.12 (s ,  lH,  OH). 0.90 (t, J =  8.2 

Synthesis of I -4cj~losy~ermarruiies 26 and 27 
l-~Uiphenylucetos~)gcr~nc~trane (26): A mixture of l-methoxy- 

germatrane (28; 0.5 g, 2 mmol) and diphenylacetic acid (0.42 g, 2 
nimol) in o-xylene (20 ml) was refluxed for 4 h. Methanol formed 
and o-xylene were removed in vacuo. The residual solid was recrys- 
tallized from CHC13/n-pentane and dried in vacuo. Yield: 0.8 g 
(93%); m.p. 202°C. - NMR (CDCl,): 'H: 6 = 7.3-7.1 (m, 10H, 
aromatic H). 5.0 (s, IH, CH), 3.88 (1, 6H. OCH), 2.82 (t, 6H, 

(4 C, aromatic C), 58.38 (CH). 57.33 (OCH2, 52.16 (NCH,). - 
CZOHZ3GeN05 (430.0): calcd. C 55.87. H 5.39, N 3.26; found C 
55.98, 13 5.06, N 3.17. 

I - (  Dichk~~roaceto.~y)Rer/izatrarie (27) was prepared analogously 
to the procedure for 26: 1-methoxygermatrane (28; 0.3 g, 1.2 mmol) 
and dichloroacetic acid (0.16 g, 1.2 mmol). Yield: 0.35 g (88%); 
m.p. 207-208°C. - NMR (CDCl?): 'H: 6 = 5.89 (s, lH,  CH). 3.97 

(CH), 57.50 (OCHJ, 51.84 (NCH2). - C8Hl,CI2GeNO, 1346.49): 
calcd. C 27.72, H 3.78, N 4.04; found C 27.29, H 3.55, N 3.99. - 
MS (70 eV); mlz ('YO): 225 (33) [M+ - CzHC102 - CH20], 220 

(lX), 86 (100). 

NCHZ). - "C: 6 = 173.25 (CzO), 140.24, 129.00, 218.19, 126.54 

(t, 6H, OCH,), 2.98 (t, 6H, NCH?). - I3C: 6 = 170.0 (C=O), 66.12 
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