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Summary: LGeOH It L = HC[(CMe)(NAn], Ar = 2,6- Scheme 1
iPr,CeHs) reacted with iron and manganese complexes te gi Ar Ar
LGe(OH)Fe(COj) (2) and LGe(OH)Mn(Cp)(CQ)(3; Cp = N THE N Fe(CO),
cyclopentadienyl). Compoun@sand 3 were characterized by ( Ge'  + Fey(CO)y - - C Ge
IR, multinuclear NMR, EI-MS, and single-crystal X-ray dif- N 'OH —Fe(CO)s N OH
fraction. ‘Ar ‘Ar
1 Ar= 2,6-iPr2C6H3 2
Introduction Scheme 2

The preparation of compounds with bonds between a transi- Ar Ar
tion metal and silicon, germanium, tin, or lead has provided a =N THF, hv, rt, 3h N, MnCp(CO),
rich chemistry, including synthetic and structural aspects as well C S}e'OH + CpM(CO); —co C ,GevOH
as catalytic applicationsFurthermore, the investigation of the N\A M
reactivity of divalent heavier group 14 elements has prompted ‘ .

1 Ar =2,6-iPr,C¢H,;, Cp = CsH;s 3

a constant interest, due to the wide range of reaction possibili-

ties? The presence of bulky ligands and complexation with

transition metals have greatly increased the stability of otherwise of the electron lone pair, function as Lewis bases toward

unstable species. In this regard, a compound of the compositio
ArGeOHW(CO) was obtained by hydrolysis of ArGeNR
W(CO) (Ar = 2,6-bis((diethylamino)methyl)phenyl; R iPr)3

ncoordinatively unsaturated transition metal®ecently, we

reported the isolation and structural characterization of LGeOH
(1; L = HC[(CMe)(NAN],, Ar = 2,64Pr.CsH3), which may

In some cases such low-valent group 14 compounds, by Virtueeither act as a donor or react at the OH functionality with
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transition metal8.The latter mode of reaction is reminiscent
of a water-gas shift reactidhtHerein, we report the reaction of

1 with iron and manganese carbonyl complexes and their
characterization by IR, mass spectrometry, multinuclear spec-
troscopy, and single-crystal X-ray structural analysis.

Results and Discussion

Compound< and3 were obtained by reaction dfwith the
respective transition-metal fragments. CompoRnehs isolated
after separation of Fe(C@)also a product of the reaction f
and diiron nonacarbonyl, as a light brown powder (Scheme 1).

Compound 3 was prepared by the reaction df with
cyclopentadienylmanganese tricarbonyl with concomitant CO
elimination durig 3 h of UV irradiation in THF at ambient
temperature (Scheme 2). Compour@lsand 3 are air- and
moisture-sensitive2 is soluble in THF, sparingly soluble in
toluene, and insoluble in common organic solvents, wheBeas
is insoluble in the aforementioned solvents and in DMSO as
well. 2 and3 are thermally quite stable, and their mass spectra
show the molecular ion peakssi[’] with proper isotopic patterns
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Figure 2. Thermal ellipsoid plot of3 with ellipsoids at the 50%
probability level. H atoms, except for the OH group, are omitted
for clarity. Selected bond lengths (&) and angles (deg): Ge(1)
Figure 1. Thermal ellipsoid plot o with ellipsoids at the 50% O(1)= 1.816(2), Ge(1yN(2) = 1.970(2), Ge(1yN(1) = 1.963(2),
probability level. H atoms, except for the OH group, are omitted Mn(1)—Ge(1)= 2.345(1), O(2)-C(30) = 1.187(3), O(3)-C(31)

for clarity. Selected bond lengths (A) and angles (deg): Ge(1) = 1.165(4), Mn(1)}-C(30)= 1.744(3), Mn(1}-C(31)= 1.772(3);

O(1)= 1.840(2), Ge(1)N(1) = 1.945(2), Ge(1)N(2) = 1.948(2),
Fe(1)-Ge(1)= 2.330(1), Fe(1}C(30) = 1.772(3), Fe(1)}C(31)
= 1.796(3), Fe(1)}C(32) = 1.795(4), Fe(1)}C(33) = 1.782(3);
O(1)-Ge(1)-N(1) = 98.3(1), O(1}-Ge(1)-N(2) = 98.8(1), N(1y
Ge(1)-N(2) = 93.2(1), O(1y-Ge(1)-Fe(1) = 113.5(1), N(2)-
Ge(1)-Fe(1)= 123.3(1), N(1}-Ge(1)-Fe(1)= 124.3(1), C(30)
Fe(1)-C(33) = 91.6(1), C(30)-Fe(1)-C(32) = 88.6(1), C(33)
Fe(1)-C(32)= 116.9(2), C(30)-Fe(1)-C(31)= 86.8(1), C(33)-
Fe(1)-C(31)= 124.7(2), C(32)-Fe(1)-C(31)= 118.3(1), C(30Y
Fe(1)-Ge(1)= 175.8(1), C(33) Fe(1)-Ge(1)= 85.1(1), C(32)-

O(1)-Ge(1)-N(2) = 93.7(1), O(1yGe(1)-N(1) = 93.4(1), N(1}-
Ge(1y-N(2) = 91.1(1), O(1)Ge(1}-Mn(1) = 119.0(1), N(1)
Ge(1)-Mn(1) = 123.5(1), N(2)-Ge(1)-Mn(1) = 127.4(1), C(30}
Mn(1)—Ge(1)= 87.6(1), C(31)Mn(1)—Ge(1)= 95.0(1); Xa—
Mn(1) = 1.779(3), Xa—Mn(1)—Ge(1)= 128.9(3), Xa—Mn(1)—
C(30)= 123.8(3), Xa—Mn(1)—C(31)= 120.7(3). %a = centroid
of the Cp ring.

that in [ 73-[(u-tBuN)x(SiMeNtBu),]} GeFe(COj] (2.348(1) AP
but is slightly longer in comparison with that inGe(Cl)Fe-

Fe(1)-Ge(1)= 95.2(1), C(31yFe(1)-Ge(1)= 93.0(1). (CON (2.298(2) A: L' = HC[(CMe)(NPh)L)® and is clearly

. . - shortened (2.240(2) A) in [Fe(C@)Ge(OGH.tBu,-2,6-Me-
(_m/z 676 and 584, respectively), followed by_ stepwise elimina- 4)5}].10 Mor(eover,(a)lon)ger ée(g b%fd Eengthzinzz(l.840(2)
tion of CO.3 displays a very sharp OH band in the IR spectrum A) is observed compared with that in LGEOH (1.828(1)%A).

~ 1 . :
(7 3642 cnt). The co~rresp0nd|ng abslorptlon frwas found_ This is in contrast with the shortened €@ bond length found
at lower wavenumbe (3599 (OH) cm?). These values are in in LGe(S)OH (1.751(2) A; L= HC[(CMe)(NAN)],, Ar = 2,6-
agreement with the OH frequency reported for ArGeOH iPRCeHy) 11 ' ’ '

W(CO) (¥ 3645 cm?; Ar = 2,6-bis((diethylami thyl)- ) o
(GO ¥ N ' Is((diethylamino)metny) In 3 both the germanium and the manganese atom reside in

phenyl, R= iPr)2 Moreover, carbonyl absorptions farand3 . 4
were found af 2039, 1956, 1942 e and at 1864, 1846 ct,  the center of a distorted-tetrahedral environment, where ger-
respectively: these are in the expected range for terminal Manium is bonded to #-diketiminato ligand, to a hydroxyl
carbonyl groupg. group, and to a manganese atom, vx_/hlle the coordination sphere
TheIH NMR spectrum of in dg-THF revealed a downfield around the manganese atom comprises two ca_rbonyl groups and
(0 4.24 ppm) resonance of the hydroxyl proton. The CO & cyclopentadienyl ligand (Figure 2). Previously reported
germanium-manganese complexes such ag{fleCsH4)Mn-

resonance in th&C NMR spectrum was found at214.8 ppm, :
a value comparable to that of LGe(Cl)Fe(G@Q) 213.1 ppm¥ (CO)lsGe and [>-MeCsHMn(CO)]sGe have Ge-Mn bond
lengths between 2.236(1) and 2.573(1) A and are in the same

Due to the poor solubility 08, analogous measurements could X X
range as found i3 (2.345(1) A)12 Further structural analysis

not be carried out. The molecular structures2adind 3 were A i
determined by single-crystal X-ray analys@sand3, respec- ~ ©f 3 shows that the GeO bond length (1.816(2) A) is
unchanged with respect to that @& and displays an OH

tively, were dissolved in hot toluene, and after the solution was *'' s o - )
cooled to ambient temperature, single crystals were obtained.Cfiéntation pointing toward the transition-metal center, in
2 formed light brown crystals ar@llight orange-yellow crystals. ~ contrast to the case @ where it is pointing toward the 8l-
Both compounds crystallize in the monoclinic space griéy Ge backbone.

n. In 2, a germanium atom binds to a monoanigfitdiketimi-
nato ligand, to a hydroxyl group, and to an irecarbonyl

fragment, generating a four-coordinate germanium center, which 18%8”3%‘(’3‘%225;";”% _ECEaE”g'r'tlﬁﬂgqu_g*Tﬁég:?% A Thome. ALJ
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Stirring was continued for 2 h; the solvent was removed in vacuo,
and the resulting orange-yellow residue was rinsed with pentane

The reactivity of the LGeOH compound with an electron lone (> . 50 mL). Recrystallization 08 was accomplished by gently

pair and an OH moiety was demonstrated by the reaction with heating a toluene solution. From the solution at ambient temperature
transition-metal fragments of manganese and iron, respectively.orange-yellow crystals were obtained on standing overnight.

Experimental Section

General Comments. All experimental manipulations were

Yield: 0.51 g (76%). Mp: 265C dec. IR (KBr pellet): v 3642 s
(OH), 1921 s, 1864 w, 1846 s (CO) cta EI-MS (70 eV;m/z
(%)): 684 (5) M*], 610 (10) Mt — 2CO — OH], 491 (100) M+
— 2CO — Cp — Mn — OH]. Anal. Calcd for GgHs7GeMnN,O3

carried out under an atmosphere of dry nitrogen using standard 684.22): C, 63.14; H, 6.92; N, 4.10. Found: C, 63.25; H, 6.95;
Schlenk techniques. The samples for spectral measurements werg 415"~~~ T Lo T e

prepared in a drybox. The solvents were purified according to
conventional procedures and were freshly distilled prior to use.

Molecular Structure Determination. Data for2 and 3 were
collected on a Stoe IPDS ll-array detector system instrument with

Diiron nonacarbonyl was purchased from Aldrich and manganese : g _
cyclopentadien Itri)(l:arbonpl from Strem Chemicals andg both graphl.te-monochromated Mo K radiation ¢ = -0'71073 A)'
yclop y y : Intensity measurements were performed on a rapidly cooled crystal

compounds were used as received. NMR spectra were recorded o

a Bruker Avance 500 instrument, and fireand®3C chemical shifts
are reported with reference to tetramethylsilane (TMS). Irradiation

was carried out at ambient temperature using a low-pressure
immersion lamp in a quartz reaction tube. IR spectra were recorded
on a Bio-Rad Digilab FTS-7 spectrometer. Mass spectra were

obtained on a Finnigan MAT 8230 spectrometer by EIl techniques.
Melting points were obtained in sealed capillaries on zlBWB

540 instrument. CHN analyses were performed at the Analytical
Laboratory of the Institut fuAnorganische Chemie der Univerdita
Gottingen, Gatingen, Germany.

Preparation of LGe(OH)Fe(CO), (2). A flask was charged with
1(1.99 g, 3.93 mmol) and RECO) (1.42 g, 3.93 mmol) in THF
(40 mL). The solution was stirred overnight at ambient temperature.
The byproduct was removed by filtration over Celite, resulting in
a clear pale brown filtrate. From the resulting solution the volatiles
were removed, giving a pale brown solid. Recrystallization of the

crude product was attained by gently heating a solution of toluene

and?2 (20 mL) and keeping it at ambient temperatiZeseparates
as pale brown crystals. Yield: 2.17 g (72%). Mp: 2%1dec. IR
(KBr pellet): # 3599 s (OH), 2039 s, 1956 s, 1942 s (CO)¢ém
IH NMR (500.13 MHz,ds-THF, 25°C, TMS): 6 7.19-7.29 (m,
6H; m, p Ar H), 5.69 (s, 1H;y-CH), 4.24 (s, 1H; ®), 3.67 (sept,
2H, 34—y = 6.8 Hz; (H(CHz),), 3.07 (sept, 2H3Jy—n = 6.8 Hz;
CH(CHy),), 1.93 (s, 6H; €i3), 1.34 (d, 6H2J4—y = 6.8 Hz; CH-
(CHa),), 1.31 (d, 6H,3J4—y = 6.8 Hz; CH(OH3),), 1.24 (d, 6H,
3J4—n = 6.8 Hz; CH(OH3),), 1.16 ppm (d, 6H3Jy—y = 6.8 Hz;
CH(CHa)). 3C NMR (125.75 MHz,dg-THF, 25°C, TMS): ¢
214.8 CO), 169.0 CN), 147.1, 145.0, 140.0, 129.5, 125.8, 125.4
@i, 0, m, p Ar), 101.6 §-CH), 29.9 CHj3), 28.8 CH(CHs)), 25.6
(CH(CH)2), 25.0 (CHCHs)z), 24.8 (CHCHa)2), 24.8 (CHCH3),),
24.4 ppm (CHCHz3),). EI-MS (70 eV;m/z (%)): 676 (5) MT],
592 (20) M+ — 3COQ], 564 (70) M™ — 4CO], 491 (100) M+ —
4CO — Fe— OH]. Anal. Calcd for GsH4,FeGeNOs (675.13): C,
58.71; H, 6.27; N, 4.15. Found: C, 58.91; H, 6.20; N, 4.12.
Preparation of LGe(OH)Mn(CO),Cp (3). Compoundl (0.50
g, 0.98 mmol) and CpMn(CQ@)0.20 g, 0.98 mmol) were dissolved
in THF (30 mL), and the mixture was irradiated 8 h with UV
light, during which time the initial yellow solution became orange.

rl‘Jsing o scans. The structures were solved by direct methods

(SHELXS-97}2 and refined with all data by full-matrix least squares
onF214The hydrogen atoms of structur2and3 of the OH groups
were localized from the difference electron density maps and refined
isotropically, whereas the hydrogen atoms of i€ bonds were
placed in idealized positions and refined isotropically with a riding
model. The non-hydrogen atoms were refined anisotropically.
Crystal data for2: Cs3HiFeGeNOs, My, = 675.13, monoclinic,
space grouP2,/n, a = 16.004(1) Ap = 9.874(1) Ac=20.379(1)

A, B =96.42(1}, V= 3200(1) B, Z = 4, pcaca= 1.401 g cn3,
F(000) = 1408,41 = 0.710 73 A, T = 133(2) K, u(Mo Ka) =
1.435 mm?. Of the 19288 measured reflections, 5445 were
independentR(int) = 0.0614). The final refinements converged at
R1 = 0.0501 forl > 20(l) andwR2 = 0.0643 for all data. The
final difference Fourier synthesis gave a minimum/maximum
residual electron density af0.348/0.254 e A3. Crystal data for

3. CgeH47GeMnN,Os, My, = 683.29, monoclinic, space groi2/

n, a = 10.705(1) A,b = 20.487(1) A,c = 15.160(1) A8 =
98.02(1}, V = 3292(1) B, Z = 4, pcaca= 1.378 g cm3, F(000)
=1432,A=0.710 73 AT = 133(2) K,u(Mo Ka)) = 1.334 mntZ.

Of the 31 533 measured reflections, 5672 were indepen&éint)

= 0.0791). The final refinements convergedrdt= 0.0610 forl

> 20(1) andwR2 = 0.0632 for all data. The final difference Fourier
synthesis gave a minimum/maximum residual electron density of
+0.406/0.413 e A3,
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