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Synthesis and Characterization of Silicon-Based Group 14
Dendrimers S{ (CH2).Sn[(CH2)4sMPh3]3}4 (M = Ge, Sn)
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The catalytic hydrogermylation of Si(GHCH,), with PheGeH yielded Si(CHCH,GePh), (1). In
contrast, Sn(CHCH,), and Sn(CHCH=CH,), reacted with P¥GeH under the same conditions,
forming PhGe(CH).GePh (2) and PhGe(CH)sGePh (3), respectively, whereas the reaction of
Sn(CHCH,CH=CH,), and PhGeH afforded the expected tin-based metallodendrimer Sn)(cH
GePh]4 (4). The reactions of Si[(CE.SnBr]s with the Grignard reagents RMgBr (R CH=CH,,
CH,CH=CH,, (CH2)2CH=CH2)) produced SI[(CIQDzsn(CH=CH2)3]4 (5), SI[(CHz)zsn(CFbCH=CH2)3]4
(6), and Si[(CH),Sn(CHCH,CH=CH,)3]4 (7). While hydrogermylation 06 and6 with PhsGeH resulted
in the formation of2 and 3, respectively, compound reacted with P§GeH, providing the expected
second-generation Si/Ge/Sn heterometallodendrin{€¢C8kL).Sn[(CH:)sGePh]s} 4 (8). Correspondingly,
hydrostannylation of7 with PhsSnH yielded Si(CH,).Sn[(CH,)4sSnPh]s}4 (9). All compounds were
characterized by multinuclear NMR studiésl(13C, 119Sn), mass spectrometry (MALDI-TOF, El), and
elemental analyses.

Introduction dendrimers have been described in the literatuoaly few
reports concerning the synthesis of main group metal based
"endrimers are known so far.

A further challenge was the synthesis of heterometallic den-
drimers, which were suggested to improve specific chemical
and physical properties of the homometallic dendrinietsw-
ever, preparative methods for the synthesis of metallodendrimers
containing different metals, in particular main group metals, are
hardly developed? The only examples reported up to now are
silicon-based dendrimers with alternating direct bonded silicon
and germanium ators as well as peripherally substituted
carbosilane dendrimers containing lithium and organotin frag-
mentst?

In the past decade, dendrimers attracted enormous attentio
due to their unique chemical properties arising from their special
and well-defined architectuteand their potential application
in catalysis2 medicine3 material science$,or host guest
chemistry? Metallodendrimer%srepresent a new class of den-
drimers in which metal ions or metal complexes either are
connected to outer functional groups of the pure organic
dendrimer, thus forming the surface of the basic framework,
or, in favorable cases, are part of the interior of the dendrimer.
Within a short time, metallodendrimers took over an important
role in the development of quite new materials useful in electro-,
photo-, and magnetochemistry. In contrast to the preparation
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Recently, we succeeded in the sythesis of the tin analdyjues  Si(CH.CH,GePhs); (1). A stirred solution containing

of the organosilicoff-*and organogermaniti#®9hdendrimers Si(CH=CH,),4 (0.39 g, 2.89 mmol) and 5 drops of a solution of

already known. In the meantime, we developed a method to H2PtCk (0.1 M) in isopropanol was treated with f&eH (4.40 g,

synthesize the firsall-tin dendrimer by the divergetttas well 14.43 mmol) at 45C. After stirring the reaction mixture for 24 h

as by the Convergeﬁ?troute and Consequenﬂy prepared a series at this temperature it was cooled to room temperature. The addition

of novel tin-based dendrimets.In this paper we describe a of pentane (25 mL).caused t.he precipitation ofawhite'solid, yvhich

simple method for the synthesis of hybrid metallodendrimers Was separated, redissolved in toluene (5 mL), and again precipitated

of group 14 elements, resulting in the isolation of the first PY adding pentane (25 mL). The precipitate was separated, washed
Si/Ge/Sn heterotrimetallic dendrimer several times with a mixture of pentane/diethyl ether (1:1), and

then carefully dried in vacuum, givingj as white solid (3.65 g,
93%). Mp: 111°C. 'H NMR (400.13 MHz, CDCJ): o 0.68-
0.80 (m, 8H, SiCH), 1.22-1.34 (m, 8H, GeCh), 7.28-7.40 (m,
General Comments.All manipulations involving air-sensitive ~ 36H, Ph-HP¥@me$y 7 40-7 45 (m, 24H, PRHo™M9), 13C{1H} NMR
compounds were carried out in dry, oxygen-free solvents and under(100.61 MHz, CDGCJ): 6 4.30 (SiCh), 6.70 (GeCH), 128.18
an inert atmosphere of nitrogen using standard Schlenk techniques(Ph—C™%9), 128.85 (PR-Cr9, 134.98 (Ph-Co™9), 137.01
Melting points were measured in sealed capillaries with"atBu ~ (Ph—C"*9). MS MALDI-TOF (IAA, THF): 1379.80 (calcd 1379.30)
510 melting point determination apparatus and are uncorrected.[M + NaJ*, 1419.8 [M+ Na+ K]* (calcd 1418.30). Anal. Calcd
Elemental analyses were performed on a Perkin-Elmer Series Il for CsoH76Ge;Si (1355.93): C, 70.87; H, 5.65. Found: C, 70.73;
CHNS/O analyzer 2400. The NMR spectra were recorded on Bruker H, 5.57.
ARX 200 (H, 200.13 MHz;%3C, 50.32 MHz) and ARX 400, Attempted  Hydrogermylation ~ of ~ Sn(CH=CHy)a.
400.13 MHz;13C, 100.64 MHz119Sn, 149.21 MHz) spectrometers ~ Sn(CH=CH,)4 (0.45 g, 1.98 mmol) was dropped slowly to a stirred
at ambient temperature. Chemical shifts are reported in ppm andmixture of PhGeH (3.02 g, 9.92 mmol) and AIBN (0.08 g, 5 mol
referenced to théH and 13C residues of the deuterated solvents %, 0.50 mmol). Stirring of the reaction mixture at 46 for 24 h
(*H and®3C) and to (CH),Sn (19Sn), respectively. IR spectra were — and subsequent workup as in the casé afforded PhGe(CH),-
obtained by using a Nicolet Magna System 750 spectrometer. MassGePh (2) as white powder (0.52 g, 0.82 mmoljd NMR (400.13
spectra (El, 70 eV) were recorded on a Varian MAT 311 AI/AMD MHz, CDCk): 6 1.72 (s, 4H, GeCl), 7.32-7.42 (m, 18H,
instrument. Only characteristic fragments containing the isotopes Ph—HPa@me, 7.44-7.49 (m, 12H, PRH°™). 3C{1H} NMR
of the highest abundance are listed. Relative intensities are given(100.61 MHz, CDCJ): 6 8.32 (GeCH), 36.80 (PR-C¥?), 128.23
in parentheses. (Ph—Cmed, 128.94 (Ph-Cra9, 135.06 (Ph-Coth9), EI MS (185
Matrix-assisted laser desorption ionization time-of-flight (MALDI-  °C, m/z(%)): 636.2 (4) [M]", 608.1 (13.5) [M— C;H,]*, 305.2
TOF) mass spectrometry was performed in the reflectron mode on (100) [HGe(GHs)s]*, 227.1 (8.8) [HGe(6Hs)] *, 151.1 (7.8) [HGe-
an Applied Biosystems Voyager-Elite mass spectrometer equipped(CsHs). Anal. Calcd for GgHz/Ge, (635.87): C, 71.78; H, 5.39.
with a nitrogen laser emitting at 337 nm. Acceleration voltage was Found: C, 71.39; H, 5.43.
set to 20 and 25 kV, respectively, with positive or negative  Attempted Hydrogermylation of Sn(CHCH=CH,)s. The
ionization. The mass spectrometer was externally calibrated with reaction of Sn(CHCH=CH,), (0.38 g, 1.34 mmol), PjseH (2.05
a mixture of three peptidesransIndolacrylicacid (IAA, used as g, 6.70 mmol), and AIBN (0.06 g, 5 mol %, 0.34 mmol) under the
purchased) served as MALDI matrix in concentrations of 0.2 and conditions described above affordecsBB(CHy):GePh (3)*° as a
10 mM in THF/CHCN (3:1), respectively. Sample solutions were  White powder (0.32 g, 0.5 mmol). EI MS (188, m/z (%)): 650.1
prepared with an approximate concentration of 1 mM in THF or (0.3) [M]*, 606.9 (0.3) [M— C3zHe]*, 573.1 (0.4) [M— C¢Hs] ",

Experimental Section

CH,Cl,. Solutions containing 2 mM COONa, KCI, or Agl were

531 (0.3) [M— CsHg — CeHs]*, 454 (0.3) [M— CsHg — 2CHs]*,

used as ionization agents. Sonication was applied to speed up377 (1.5) [M— CsHg — 3GHs]*, 305.1 (100) [HGe(gHs)3] *, 227.1

mixing. One microliter of the sample was mixed withIL of the
matrix solution, and L of the resulting mixture was deposited
on a stainless-steel flat plate and allowed to dry at room temperature.

CH,=CHBr, CH,=CHCH,Br, CH,=CHCH,CH,Br, PhGeH,
Si(CH=CH,)4, Sn(CH=CH,)s, and Sn(CHCH=CH,), were
used as purchased. f8mH}!® Sn(CHCH,CH=CH,)4° and
Si(CH,CH,SnB)4'32 were prepared according to published pro-
cedures.
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1999 99, 845.
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(18) Van der Kerk, G. J. M.; Noltes, J. G.; Luijten, J. G. A.Appl.
Chem.1957, 7, 366.

(19) Petersen, D. J.; Robbins, M. D.; Hansen, J1.ROrganomet. Chem.
1974 73, 237.

(10) [HGe(GHs)2]™, 151.1 (2) [HGe(@Hs)]. Anal. Calcd for
CsgH36Ge (649.92): C, 72.07; H, 5.58. Found: C, 78.63; H, 8.72.
Sn[(CH,)4sGePhs]4 (4). To a stirred mixture of PiseH (3.36 g,
11.01 mmol) and AIBN (0.10 g, 5 mol %, 0.61 mmol) kept at 45
°C was added freshly distilled Sn(GEH,CH=CH,), (0.75 g, 2.21
mmol). Stirring of the reaction mixture for 24 h and workup in
analogy withl afforded4 as white solid (3.15 g, 91%). Mp: 121

°C.H NMR (400.13 MHz, CDGJ): ¢ 0.51-0.70 (m, 8H, SnCh),
1.31-1.54 (m, 24H, SnChCH,CH,CH,Ge), 7.3+7.38 (m, 36H,
Ph—Hmewpay 7 45-7.52 (m, 24H, PhHot9), 13C{1H} NMR
(100.61 MHz, CDGJ): 6 8.43 (SICH,, |1J(13C117118n) = 296.25/
310.23 Hz), 13.66 (SnCHH,CH,CH,, [*J(*3C'°Sn) = not
detected), 29.77 (SNnGBH,CH,, [2J(1B3CH1711Sn) = 54.84 Hz),
30.86 (SNCHCHy, [2J(*3C19Sn) = 19. 36 Hz), 128.13 (PhC™e9),
128.79 (Ph-Cra9, 134.94 (PhR-Cot9), 137.36 (Ph-CPs9). 1195n-
{H} NMR (149.21 MHz, CDCJ): 6 —11.80. MS MALDI-TOF
(IAA, THF): 1582.73 [M+ Na]* (calcd 1581.82), 1406.89 [M
2CeHs] ™. Anal. Calcd for GgHgGeSn (1558.75): C, 67.81; H,
5.95. Found: C, 67.68; H, 5.83.

Si[(CHJ),SN(CH=CH)3]4 (5). To a solution of Si[(CH),SnBg]4
(4.1 g, 2.61 mmol) in THF (50 mL) was added a solution of
CH,=CHMgBr in THF (47.9 mL, 0.85 M, 40.72 mmol) at® in
the course of 1 h. The brown reaction mixture was stirred &C75
for 4 h and then at room temperature for 12 h. The resulting mixture
was carefully hydrolyzed at €C and filtered off from precipitated

(20) Gilman, H.; Gerow, C. WJ. Am. Chem. S0d.957, 79, 342.
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magnesium salt (D4-frit). The residue was extracted three times Ph—Hoth9), 13C{1H} NMR (100.61 MHz, CDCJ): 6 0.47 (SiCH),
with diethyl ether (20 mL). The combined organic phases were 6.44 (SICHCH,), 8.29 (SICH,CH,CH,CH,, |1J(*3C11711%5nY) =

washed once with a saturated aqueous solution of K50 mL)

288.88/302.17 Hz), 13.65 (SNGEH,CH,CH,, [4J(13C119Sn) = not

and three times with a saturated aqueous solution of NaCl (50 mL detected), 29.85 (SNnGBH,CH,CH,, [2J(*3C*°Sn) = 54.84 Hz),

each). Drying of the organic phase over,88, and subsequent
evaporation of the solvents in vacuum (%0mbar) gave5 as
light yellow oil (2.21 g, 90%). IR (KBr, film): »(C=C) 1639 cn1!
(s). "H NMR (200.13 MHz, CDCJ): ¢ 0.75-1.86 (m, 16H,
CH,CH,Sn), 5.70-5.86 (m, 24H, Sn(CHCH)3), 6.20-6.58 (m,
12H, Sn(GH=CHy,)3). 13C{H} NMR (50.32 MHz, CDC}): 6 2.45
(CH,CH,Sn, |2J(13C!19%Sn) = 34.61 Hz), 6.35 (CkSBn,|1J(13CL711%5n)
= 385.01/403.00 Hz), 135.52 (Sn(G#CHy)3, |2J(*3C119Sn) = not
detected), 136.45, (SBH=CH,)s, |1J(13C11711%5n) = 438.42/
458.85 Hz)119Sn{H} NMR (149.21 MHz, CDC)): ¢ —122.75.
El MS (114 °C; m/z (%)): 940.7 (0.7) [M}, 482.9 (23) [M—
2C,H4SN(CH=CHy)3]*, 456 (6) [M — 2C,H4Sn(CH=CH,); —
CH=CH,]*, 428.8 (3) [M— 2CH=CH, — 2C,H,Sn(CH=CH,)3] *,
401.8 (4) [M — 2GH4SN(CH=CH,)3 — 3CH=CH,] ", 347.9 (4)
[M — 2CH;Sn(CH=CH,); — 5CH=CHj]*, 201 (100) [GH4Sn-
(CH=CH,)3]". Anal. Calcd for G,Hs,SiSn, (939.61): C, 40.91;
H, 5.58. Found: C, 40.68; H, 5.51.

Si[(CH,),Sn(CH,CH=CH)3]4 (6). To a solution of Si[(CH),-

SnBr4 (3.8 g, 2.42 mmol) in THF (50 mL) was added a solution

of CH;=CHCH;MgBr in THF (57.2 mL, 0.66 M, 37.75 mmol) at
0 °C. Workup similar to that used for the synthesisbofielded 6
as a yellowish, viscous oil (2.12 g, 79%). IR (KBr, film)r
(C=C) 1622 cn1'(s). 'H NMR (200.13 MHz, CDCJ): ¢ 0.64—
0.97 (m, 16H, CHCH,Sn), 1.84-1.96 (d, 24H, Sn(B,CH=CHy)5,
[2J(*3H1SN) = 61.04 Hz), 4.66-4.93 (m, 24H, Sn(CkCH=
CH,)3), 5.80-6.10 (m, 12H, Sn(CKCH=CHy,)3). 1*C{*H} NMR
(50.32 MHz, CDC}): 6 1.67 (CHCH,Sn, |WJ(1BSCH7AISn) =
305.45/319.35 Hz), 6.690H,CH,Sn, [2J(13C!19Sn) = 34.88 Hz),
15.97 (SnCH,CH=CH,)3, [LJ(13C11711%5n) = 239.51/250.41 Hz),
110.54 (SN(CHCH=CH,)3, |3J(*3C11°Sn) = not detected), 137.01
(SN(CHCH=CH,)3, [2J(*3C*%Sn) = 45.78 Hz). 11°Sn{H}
NMR (149.21 MHz, CDCJ): 6 —34.23. MS MALDI-TOF
(2-(4-hydroxiphenylazo)benzoic acid (HABA), THF): 1131 M
Na]* (calcd 1131). Anal. Calcd for £H-6SiSn, (1107.93): C,
47.70; H, 6.91. Found: C, 47.39; H, 6.73.

Si[(CH3),Sn(CH,CH,CH=CH))3]s (7). To a solution of

Si[(CH,),SnBr]4 (4.0 g, 2.55 mmol) in THF (50 mL) was added

a solution of CH=CHCH,CH,MgBr in THF (113.7 mL, 0.35 M,

39.78 mmol) at ®C. Workup similar to that used for the synthe-
sis of 5 afforded7 as a yellowish, viscous oil (2.71 g, 83%). IR

(KBr, film): »(C=C) 1639 cm(s). *H NMR (200.13 MHz,
CDCl): ¢ 0.67-0.77 (m, 16H, SiChCH,Sn), 0.95 (t, 24H
SN(CH,CH,CH=CHy)s, [2J(BH171SnY = 45.78/47.93 Hz), 2.20
2.37 (M, 24H, Sn(CbCH,CH=CH,)3), 4.86-5.08 (m, 24H, Sn-
(CHQCH2CH=CH2)3), 5.75-5.99 (m, 12H, Sn(CbCH2CH=
CH,)3). 183C{*H} NMR (50.32 MHz, CDC}): ¢ 1.33 (CHCH,Sn,
[LJ(3C1711Sn) = 305.45/319.62 Hz), 6.64 CH,CH,Sn,
[2J(13C119Sn) = 31. 61 Hz), 8.15 (SrGH,CH,CH=CH,)s,
|LJ(13C17115Nn) = 289.65/303.00 Hz), 30.90 (Sn(GEH,.CH=
CHy)s, |2J(13C119Sn) = 17.71 Hz), 112.97 (Sn(CEH,CH=CH,)s,
[*J(X3C!19Sn) = not detected), 141.93 (Sn(GEH,CH=CH,)s,
[BJ(13CU9SN) = 48.77 Hz). 119Sn{!H} NMR (149.21 MHz,
CDCl): 6 —3.07. MS MALDI-TOF (IAA, THF): 1384.61 [M+
Ag]™ (calcd 1384.19), 1430.43 [Mr 2Na+ Ag]™ (calcd 1430.19).
Anal. Calcd for GgHio0SiSn, (1276.26): C, 52.70; H, 7.90.
Found: C, 52.47; H, 7.69.

SH{ (CH2)2Sn[(CH,)4GePhg]3} 4 (8). In analogy with the synthesis

of 4, PGeH (4.66 g, 15.28 mmol), AIBN (0.13 g, 5 mol %,

0.79 mmol), and’ (1.30 g, 1.02 mmol) were reacted to aff@es
a viscous, white oil (3.60 g, 72%)YH NMR (400.13 MHz,
CDCly): 6 0.53-0.60 (m, 16H, SiCHCH;), 0.60-0.73 (m, 24H,
SnCH,CH,CH,CH,), 1.33-1.60 (m, 72H, SnCKCH,CH,CH,),
7.22-7.42 (m, 108H, PhHmewpay 743-758 (m, 72H,

30.94 (SNCHCH,CH,CH,, |2J(*3C!19Sn) = 18.82 Hz), 128.12
(Ph—Cmetd, 128.78 (Ph-CPa9, 134.90 (Ph-Cot9), 137.29 (Ph

Cirs9), 1195(1H} NMR (149.21 MHz, CDCJ): 6 —7.35. MS
MALDI-TOF (IAA, THF): 4958.20 [M + Na]* (calcd 4958.47),
4783.9 [M — 2CgHs]*. Anal. Calcd for G;H0.Ge2SiSn,

(4935.24): C, 66.20; H, 5.96. Found: C, 65.88; H, 5.71.

S (CH2)2Sn[(CH,)4SnPhy]3} 4 (9). In analogy with the synthesis
of 4, PheSnH (4.95 g, 14.10 mmol), AIBN (0.12 g, 5 mol %, 0.73
mmol), and7 (1.20 g, 0.94 mmol) were reacted to yieddas a
viscous, yellowish oil (3.24 g, 63%)H NMR (400.13 MHz,
CDClg): 6 0.53-0.60 (m, 16H, SiCHCH,), 0.60-0.73 (m, 24H,
SnCI—|2CH2CH2CH2), 1.33-1.60 (m, 72H, SanCH2CH2CH2),
7.22-7.42 (m, 108H, PhHmew@pay 743-758 (m, 72H,
Ph—Hoth9) 13C{1H} NMR (100.61 MHz, CDCJ): 6 0.75 (SiCH),
6.55 (SICHCHz), 8.16 (SICHQCH2CH2CH25nPb, |1J(13C117’1195n)|
=286.92/301.91Hz),10.60 (Sh@EH,CH,CH,SnPHh, |1J(13CH17115n)
= 376.02/393.73 Hz), 31.47 (SnGEH,CH,CH,SnPh,
[2J(2CH%Sn) = 22.07 Hz, |BJ(3CH°Sn) = 57.77 Hz),
31.88 (SNCHCH,CH,CH,SnPh, [2J(13C119Sn) = 18.80 Hz,
[3J(*3C19Sn) = 64.03 Hz), 128.41 (PhCMeta |3J(13C119Gn) =
47.14 Hz), 128.75 (PhCPaa |4J(13C119S5n) = 11.99 Hz), 139.03
(Ph—Cipso, |1J(18C1711%5ny = 458.86/480.11 Hz), 136.97
(Ph—Corthe |23(13C1195n) = 34.88 Hz),'1%Sn{'H} NMR (149.21
MHz, CDCk): 6 —7.24 (S), —99.31 (SReripy.- MS MALDI-
TOF (IAA, THF): 5510.9 [M+ NaJ* (calcd 5511.7), 5621.2 [M
+ Na + Ag]* (calcd 5619.5). Anal. Calcd for f&H»9,SiSne
(5488.44l): C, 59.53; H, 5.36. Found: C, 59.10; H, 5.14.

Results and Discussion

The goal of our investigations was to synthesize metalloden-
drimers of the second generation containing different group 14
elements. For that purpose, we started with the synthesis of first-
generation silicon-centered dendrimers having terminal trior-
ganogermanium or triorganotin groups, which in turn could be
further functionalized.

Synthesis of Si/Ge Dendrimers.In analogy with the
synthesis of tetrakis[2-(triphenylstannyl)ethyl]silafeye ob-
tained the corresponding germanium derivative SHCHb-
GePh), (1) by hydrogermylation of tetravinylsilane with
triphenylgermane. In the presence o Ck triphenylgermane
adds cleanly to the olefinic ligands of the educt following the
anti-Markownikow rule, thus affordingy in almost quantitative
yields. The course of the reaction can easily be controlled by
IR spectroscopy. The signal of the vinyl double bond of the
educt decreases continuously and disappears completely after
24 h. To facilitate the mixing of the reactants by stirring despite
the absence of a solvent, the reaction was carried out a€45
that means above the melting point ofsBleH. This hydro-
germylation reaction runs slower than the analogous hydrostan-
nylation of tetravinylsilan¥ (Scheme 1).

Compoundl could be isolated in high purity after workup
with pentane as an air- and moisture-stable white solid that melts
at 166°C without decomposition. It is soluble in tetrahydrofuran,
toluene, and halogenated hydrocarbons but insoluble in alkanes
and diethyl ether. ThéH NMR spectrum shows two multiplet
signals for the ethylene groups at 0.68 to 0.80 (SiGihd 1.22

GePhg
Si X |+ 4 Ph;GeH Si
4

1

Scheme 1

H,PtClg
45°C/24h

4
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Figure 1. MALDI-TOF mass spectrum of tetrakis[4-(triphenylger-
myl)butyl]stannane4).

1300

Scheme 2
GePhs
Sn
m
- H,PICl / AIBN | 7 4
s + 4PhGeH — |
. 45°C/24h m=1,2
GePhs
n=0,1 L Prce” 1
m=1(2),2(3)
AIBN GePhs
sn X |44 PhsGeH ———— Sn
45°C/24h .
4

to 1.34 ppm (GeCh), and thel3C{H} NMR spectrum also

reflects the constitution of the compound, revealing two sharp

Schumann and Aksu

azoisobutyronitrile (AIBN) to give the redistribution products
PhhGeCHCH,GePh (2) and PRGeCHCH,CH,GePh (3)%°
instead of the expected hydrogermylation products tetrakis[2-
(triphenylgermyl)ethyl]stannane and tetrakis[2-(triphenylger-
myl)propyl]stannane (Scheme 2). Variation of the reaction
temperature, use of other solvents, changing the stoichiometry,
or using other catalysts did not result in the formation of even
traces of the desired dendrimétsThe hydrostannylation of
tetravinyl- and tetraallylstannane with $8mH runs in a similar
way 15

In contrast to the results described above and again in analogy
with our earlier investigations on corresponding hydrostanny-
lation reactiong$ tetra(but-3-enyl)stannane reacts with tri-
phenylgermane in the presence of 5 mol % of AIBN, yielding
tetrakis[4-(triphenylgermyl)butyl]stannand) (Scheme 2). The
pure white solid obtained in almost quatitative yields is soluble
in all commonly used organic solvents except alkanes and
diethyl ether. It is stable in air and water and melts at 121

The IH NMR spectrum of4 shows two multiplets for the
butyl chain at 0.5%0.70 (Sn®i,) and 1.3%1.54 ppm
(CH2CH2CH2CHzGeP|'3).

The magnitudes of thg(13C!1711%5n) coupling constants
observed for the methylene group resonances ini6g'H}
NMR spectrum of4 allow the assignment of the signals
according to the generally established sefids> 3] > ||
> [4]], but in this connection it is worth noting that tA¥Sn
coupling signals of the Cigroup, at a distance of four bonds
from the tin atom and bonded to the germanium atom, could
not be detected:d (ppm) 8.43 (SEH,, |LJ(*3C1711%n) =

37(13¢117/11 =
resonances at 4.30 and 6.70 ppm for the silicon- and germanium-296'25/310'23 Hz), 29.77 (SNGEH CH;, [2)(**C Sn) =

27(13¢11 =
bonded ethylene groups, respectively. In the MALDI-TOF mass 54.84 Hz), 30.86 (SnCiCH:, | :3( ig:cli%nx __19' 36 Hz), and
spectrum appear signalsraz 1379.8 (caled 1379.3) and 1419.8  13-66 (SNCHCHCHCH,Ge, |*)( n) = not detected).

(calcd 1418.3), corresponding to the molecular ionsifNila]™
and [M + Na + K]*. No significant fragmentation was

The 119Sn{'H} NMR spectrum shows only one signal at
—11.80 ppm, improving the uniformity of the dendrons and their

observed. The attempts to grow dendrimers of the secondProposed empirical formula.

generation via functionalization of the outer triphenylgermanium

groups of1 failed. Bromination ofl did not afford isolable
uniform products.

Synthesis of Sn/Ge DendrimersTetravinyl- and tetraallyl-
stannane react with BGeH in the presence of 5 mol % of

The MALDI-TOF mass spectrum confirms the constitution
of the molecule according to a signalratz = 1582.73 for [M
+ NaJ*. The absence of signals for molecules being only
partially hydrogermylated proves the structural uniformity of
the compound. The signal a¥z = 1406.89 corresponds to a

)
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Figure 2. 119Sn{'H} NMR spectra of compounds, 6, and7 in CDCls.
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Figure 3. 13C{1H} NMR spectrum of tetrak{®2-[tris{ 4-(triphenylgermyl)butyistannyl]ethy} silane @) in CDCl.

Scheme 3 Scheme 4
12 BrMg
. SnBrs S Sn(\f/)/\> si{wsn[@"‘vwm | }
Si " T Si n s _ HoPtCl / AIBN *la
4 s Snfﬁn\/ ] +12 PhyMH
- 12 MgBr, n=0(5) 3 45°C /24 h
n=1(6) ) PhaM R
n=2(7) n=0,1, M=Ge, Sn m=1,2; M=Ge, Sn

fragment formed by the loss of two phenyl groups by-&e
bond cleavage (Figure 1). AIBN s Msepha
Until now, we did not succeed in preparing dendrimers of +12 PhyGeH 4G /241 {V " }
the second generation via substitution of the 12 germanium /
bonded phenyl groups by, for example, bromine. s.J[v
Synthesis of Si/Sn/Ge DendrimersTo grow dendrimers of N
the second generation containing three different group 14 + 12 PhsSnH . {'VS"MS"%}
elements, we used the divergent route and started with tetrakis-
[2-(tribromostannyl)ethyl]silan&® which was converted to 9
tetrakis[2-(trivinylstannyl)ethyl]silane 5§, tetrakis[2-(triallyl-
stannyl)ethyl]silane®), and tetrakis[2-(tributenylstannyl)ethyl]-
silane {7) by reaction with the appropriate Grignard reagents in
THF (Scheme 3).

Whereas the El mass spectruméxhibits the molecular
ion peak atm/z 940.07, the EI mass spectra®énd?7 show an
extensive fragmentation of the molecules according to the
. L . fragility of the allyl- and butenyltin units. However, the MALDI-

5 6, and7 were isolated in yields of 80 to 90% as light TOF mass spectra éfand7 reveal the corresponding ion peaks

yellow, fairly air- and water-stable oils. TheliH NMR spectra atmiz 1131 [M + Na]* (calcd 1131) andn/z 1384.61 [M+
show the characteristic resonances of the protons of theAg]+ (calcd 1384.19), respectively '

respective vinyl group as two multiplets in the regions between

5.70 and 6.585), 4.60 and 6.104), and 4.86 and 5.99 HZY. and6 with PhGeH and PESnH, res . . :

. T . , respectively, did not result in
The 13C{1H} NMR spectra display dl_stlngwshable signals f_or the formation of the expected dendrimer§(&H,),Sn[(CHy).-
all carbon atoms. Except for the slgnals of the appropriate GePhjs}s and S{(CH2),Sn[(CH).SNPh]s} s (n = 2, 3), but

terminal methylene group, all other signals shd%n coupling - 2 )
satellites. Position and intensity of the signals as well as the ?gﬂi??nggcés (EFZE)QZG ;ghrfanspecii\sze)lg/ SIrEB():CRIt?QSV F:Ei;s
n - ’ 3 . ]

magnitude of the tin coupling constants allow a clear assignment. . . . . . .

. X with PhGeH and PkSnH in the desired way, forming tetrakis-
The 1195 1H} NMR spectra of5, 6, and7 (Figure 2) display e 8 y 9
only one resonance signal, thus confirming the uniform structure (21) Aksu, Y. Ph.D. Thesis, Technische Univeisigerlin, Berlin,
of the appropriate dendritic molecules. Germany, 2005.

The hydrogermylation as well as the hydrostannylatiod of
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to the chemical shift value of the corresponding tin atord in
. sn . (—11.8 ppm). Thé®Sn chemical shift of the peripheral tin atom
c ' ° in 9 (—99.31 ppm) is in accordance to that in{®@H,).Sn-
ounts 3 3
4

[(CH2)4SnPh]3} 4 (—98.88 ppm})-®
The perfect monodisperse nature of both compounds was
[M]* = 4935.47 confirmed by their MALDI-TOF mass spectra, displaying
1500 [M+Na]* = 4658.20 signals for the molecular ions augmented by sodiunmét
4958.20 for8 and 5510.9 fo®. In the case 08, there are also

fragmentation peaks corresponding to the successive loss of two

2000-

1000- phenyl groups from the germanium atom. Significant peaks
attributable to impurities or defect structures were not detected
(Figure 4).
500
4'1500 111600 ‘{700 :1800 2900 :.5000 I51 00 l5200 I5300 C on Cl u Si on
Mass (m/z)
Figure 4. MALDI-TOF mass spectrum of ${CH,),Sn[(CHb)s- Novel first-generation silicon- and tin-centered dendrimers
GePhJz}4 (8). carrying peripheral triphenylgermanium and trivinyl-, triallyl-,

and tributenyltin groups have been prepared by hydrogermy-

{2-[tris{ 4-(triphenylgermyl)butyistannyl]ethy} silane @) and lation of Si(CH=CH)s and Sn(CHCH,CH=CH,)s and by
tetrakig 2-[tris{ 4-(triphenylstannyl)but¥istannyl]ethy} silane @), metathetical reactions of Si(GBH,SnBr)4 with the Grignard
respectively, which were isolated as air-stable viscous oils reagents RMgBr (R= CH=CH,, CH,CH=CH,, CH,CH,CH=
(Scheme 4). In spite of all efforts, we were not successful in CHy). *H, 3C, and*'°Sn NMR spectroscopic as well as MALDI-
crystallizing these products, until now. TOF mass spectrometric investigations evidenced that all

The absence of the resonances belonging to the vinyl part of synthetic steps proceed efficiently without steric hindrance and
the starting material and the appearance of five multiplets for competitive reactions. It could be demonstrated that only the
the protons of the SiB,CH,, SNCGH,, SNCH(CHy)3, PhHNe@-para first-generation dendrimer with peripheral tributenyltin groups
and PR groups with an intensity ratio 4:6:18:27:18 in the could be hydrometalated to give{8CH,),Sn[(CH.)sGePh]s} 4
IH NMR spectra of8 and9 reflect the complete hydrometala- and S{(CHy).Sn[(CH,)4SnPh]s} 4 as the first metallodendrimers
tion of 7. Further proofs for the clear formation &f and9 of the second generation containing different group 14 elements.
are their3C{*H} NMR spectra, which are almost identical
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