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Abstract

The new a,w-[phosphanyl(organyI)]l:Jorane MezPCHzB(NMcz)z (8) was obtained in good yield by the reaction ofCIB(NMez)z with
LiCH zPMe z. Compound 8 forms the transit ion metal complexes [(CO)sCr{MezPCH zB(NMez)z)] (9),
[(MeCsH4)Mll(CO}z{MezPCH zB(NMez)2}J (10), alld f(C0)4Fe{MezPCHzB(NMLz)z}J (11), which were isolated as highly volatile
liquids in highyields. Complex 11 easily underwent exchange reactions of the MezN substituents which led to derivatives with threefold
coordinated boron such as [(CO)4Fe{MezPCHzB(OMe)z}J (13), and [(CO).jFe{Mc2PCHzB(NMez)C1)) (14), or to a compound with
tetrafold coordinated boron, [(CO)4Fe{Me zPCHzBClz(N~~1ez)}] (15). Li[{CO)4Fe(MezPCH 2BH3)] (16). cis.trans
[{(CO)4Fe(MezPCH2BHz)},.l (17), and [(CO)4Fe{Mezrx::H2BH.' ..4,6-Me3CsHzN))] (lS\ were obtained from 13 by corresponding
substitution of the MeO groups. The addition of HSiPh3 to the iron center was achieved by photolysis of 13. giving
(CO)3FeH(SiPh~){Me 2PCHzB(OMe)2)] (19). [(CO)SCr{Me2PCHzB(OMe)2J] (12), the chromium analogue of 13, was obtained from
the reaction of [(CO)sCr{MezPCH2B(NMe2)z)] (9) with MeOH. The structure of compound 19 was determined by single crystal X-ray
diffraction. © 1997 Elsevier Science SA

1, Introduction

Only few ex. w-lphosphanyl(organyI)Jboranl:s of the
type RzP(CR')IlBR'; were reported till now. Examples
include EtzP(CH z)z B[OiCHz)z](l) [I] andthedimeric
(MezPCHzBMe~)2 (2) [2], both showing a saturated
organic bridge between boron and phosphorus, and the
ethylene bridged compounds MezPCMe=CMeBMez(3)
[3] and E-Ph,PCH=CHBMes, (Mes = 2,4.6
MC 3C 6H z) (4) [4]. An a:w-[phosphanyl
(organylllborane with an aromatic spacer between phos
phorus and boron was obtained from the reaction of
Lil'Mes, with BBr3• which gave not the borylphos
phane MeszPBBrz (Sa), but led to Mes(H)P[2
(BrzBCH2)4,6-MezC6Hz] (Sb) by 1.2-addition of one
CH moiety of an o-Megroup to the phosphorus-boron
double bond in the intermediate Sa [5]. The compound
o-PhzPCHZC6H4BtBuz (6) [6] exhibits a similar or
ganic backbone. but now with phosphorus in the benzyl
position. Generally, these compounds show inter- or
intramolecular formation of bonds between phosphorus
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and the electron-deficient boron. Exceptions, because of
electronic or steric reasons, are compounds I and 4,
respectively (Fig. 1).

The chemistry of a. w-[phosphanyl(organyJ)Jsilanes
as bidentate ligands in transition metal complexes is
well established [7.8]. Especially the chelate assisted
hydrosilylation gives access to a large number of new
transition metal siIyl complexes. Due to the diagonal
relationship between silicon and boron, a similar reac
tivity for the corresponding a, w-[phos
phanyllorganylljboranes might be expected. Information
about these compounds as ligands to transition metals,
however, is restricted to [Rh(CO)CI
{MezP(CMe)z BMez}2] (7) [9] as the only example,
which was obtained by the reaction of 3 with
[{Rh(CO)2CI}2]' On the basis of IR and 31P NMR
spectra, a dative bond from the rhodium center to boron
was suggested, but it was not possible to support this
assumption by II B NMR or structural data.

We have started to investigate the properties of suit
able a,w-[phosphanyl(organyI)]boranes as ligands in
transition metal complexes. since the possible formation
of an intramolecular metal-boron bond, which might be
favored by chelating assistance, is of special interest.
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Fig. 1.

Thus far, stable complexes with two center-two elec
tron bonds between the transition metal and boron are
known mainly for the catecholbory! ligand [10-21]
(Cat= 1,2-02C6H 4) and for some diborane(4)yl [22]
and borylene [23] ligands. The oxidative addition of a
boron-hydrogen or boron-boron bond, respectively, to
the metal center already led to several boryl complexes
of early [15], middle [20-22] and late [11,12,16] transi
tion metals, hence, the intended intramolecular forma
tion of a metal-boron bond may be achieved in a
similar manner. A suitable ligand for thispurpose should
provide a threefold coordinated phosphorus atom to
coordinate at the metal center, and reactive groups at
the boron atom,

This paper describes the synthesis and characteriza
tionof Me2PCB2B(NMe)2 (8), which waschosen as a
model ligand for our investigations, and first results
about the reactivity of 8 towards various transition
metal complexes.

2. Experimental section

2.I, General considerations

All manipulations were carried out by standard
Schlenk techniques under N2• PMe3 was a generous gift
from Hoechst, Knapsack. All other reagents were pur
chased from commercial suppliers and used without
further purification. Solvents anddeuterated solvents for
NMR experiments were dried ana purified by standard
methods, [MeC sH 4Mn(CO)2(THF)] [24] ,
[(CO)sCr(THF)] [25], LiCH 2PMe 2 [26], and
CIB(NMe2) 2 [27] were prepared by literature proce
dures. A Heraeus TQ 15~ ! 'righ pressure mercury lamp
was used for the irradiation.

2.2. Spectroscopic studies

IH, 11 B, I3C, and 31P NMR data were obtained on a
Varian Unity 500 in CDCl3 as solvent with TMS as
internal, and BF3. OElz, and H3P04 (85%) as external
standards. IR spectra were recorded on a Perkin-Elmer
FrIR 1720 X spectrometer in CHCI 3 solutions. Mass
spectra were recorded on a Finnigan MAT 95 (70 eV)
and elemental analyses (C, H, N) were obtained from a
Carlo-Erba elemental analyzer, Model 1106.

2.3. Synthesis of Me2 PCHzB(NMe2 )2 (8)
I

A solution of 4.95 g (36.94 mmol) (Me2N)zBCI in
50 ml cf hexane was added dropwise to 3.03 g (36.94
mmol) LiCH 2PMe2 dissolved in 100 m1 of THF, at
-78°e. The reaction mixture was warmed up to room
temperature and stirred for 16 h. After removal of the
solvent, the pure compound was distilJed at 4 Torr and
55°C as a colorless oil. Yield: 4.10 g, 70%. 1H NMR: 8

z ) (20.95 (d, J pH = 3.05 Hz, 2H, PCHzB , 1.03 J~' JpH =
2.37 Hz. 6H, PCH3), 2.66 (s, 12H, NCH 3) , B NMR:
<5 8 31.05. 13C NMR: <5 l6.69 (d, 'Jpe = 13.5 Hz,
PCH3), 18.30 (br, PCH2B), 40.5 (s, NCH3). 31 p NMR:
op -48.8. MS mlz (relative intensity) = 174 (34%,
M+), 130 (7%, M+-NMe2), 111 (28%, M+-PMe2),
10\) (100%, M+-CH 2PMe2 ) , 56 (40%, M+
CHaPMez-NMez), 44 (73%, NMe2), Anal. Calcd. for
C7H!oBN2P (I74.04): C, 48.31; H, 11.58; N, 16.10.
Found: C, 48.37; H, 11.72; N, 15.44.

A solution of 1.20 g (5.45 rnmol) [Cr(CO)6] in 100
ml of THF was irradiated at room temperature for 4 h.
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To the resulting mixture, 0.95 g (5.45 mmol) of 8 were
added. After stirring for 16h, the solvent was removed
and the pure compound was distilled at 10-4 Torr and
130°C as a colorless oil. Yield: 1.40 g, 70%. I H NMR:

2 ) 2S 1.44 (d, JI'H = 7.63 Hz, 6H, PCH 3 ' 1.46 (d, J pH =
9.16 Hz,2H,PCH 2B), 2.64 (s, 12H, NCH 3). lin NMR:
8B 32.67. "c NMR: 8 19.22 (d, 1Jpc '=' 25.0 Hz,
PCH 3), 20.00 (br, PCH 2B), 40.70(s, NCH3) 217.69 (d,
2Jpc = 14.0 Hz, 4C, crC0cq) , 222.11 (d, 2Jpc = 8.03
Hz, lC, crC0ax) ' 31 P NMR: 81' 16.81. IR.: 2060.7(s),
1976.3(w), 193I.1(vs). MS m/z (relative intensity) =
282 (1%, M+-3CO), 286 (7%, M+-B(NMe2)2)' 240
(t %, M+-B{NMe2)2-CO), 210 (18%, M+
B(NMe2)2-2CO-2H), 184(4%, M+-B(NMez)2-3CO),
156 (8%, M+-B(NMe2)2-4CO), 128 (29%, M+
B(NMe2)2-5CO), 77 (10%, PMe3), 44 (18%, NMez).
Anal. Calcd. for Cl2HzoBN20SPCr (366.08): C, 39.37;
H, 5.51; N, 7.65. Found: C, 39.14; H, 5.90; N, 8.08.

2.5. Synthesis of {(MeCsH4)Mn(CO)iMe2PCH2B

(NMez)2fJ (10)

A solution of l.18 g (5.40 m mol)
[(MeCsH4)Mn(CO)3] in 100 ml of THF was irradiated
at room temperature for 4 h, subsequently, 0.94 g (5.40
mmol) 8 were added to the dark red reaction mixture
which was stirred for 16 h. A gradual lightening was
observed until the solution became yellow. After re
moval of the solvent, the product was distilled at 10-4

Torr and 120°C as a yellow oil. Yield: 1.73 g, 88%. IH
NMR: 8 1.35 (br, 6H, PCH3) , 1.92 (s, 3H, CpCH3) ,

2.20 (br, 2H, PCH2B), 2.65 (5, 12H, NCH 3) , 4.28 (d,
3JpH = 18.01 CSH4). II B NMR: Sa 31.03. 13C NMR: 8
14.07 (s, CpCH 3) , 21.68 (d, IJ pC = 27.4 Hz, PCH 3),

22.00 (br, PCHzB), 40.74 (s, NCH 3) , 81.97, 82.30,
98.19 (C,H4) 233.12 (CO). 31p NMR: 81' 57.18. IR:
1931.~(s), 1845.1(s). MS m/: (relative intensity) = 364
(3%, M+), 308 (2%, M+-2CO), 288 (l %, M+
MeCsH4), 229 (3%, M-2CO-MeCsH4), 190 (8%,
M+-MezPCHzB(NMez)z), 162 (25%, M+
MezPCHzB(NMez)z-CO), 134 (100%, MnMeC5H4),
99 (7%, B(NMez)2)' 79 (30%. MeCsH4), 55 (32%,
Mo). Anal. Calcd. for C1sH27BNz0;2PMn (364.12): C,
49.48; H, 7.47; N, 7.69. Found: C, 49.26; H, 7.18; N,
7.33.

To a suspension of 2.78 g (7.65 rnmol) [FeiCO)9J in
50 ml of THF 1.33 g (7.65 mmol) 8 were added and the
reaction mixture was stirred fer 24 h at room tempera
ture. Meanwhile. the suspension cleared up and turned
to a dark red color. After removal of the volatiles in
high vacuum, the residue was extracted with 50 ml of
hexane and filtered. Again, the volatiles were pumped

off and the product was distilled at 10-4 Torr and
140°C as a yellow oil. Yield: 2.09 g, 80%. I H NMR: 8
1.60 (d, 2J pH = 10.07 Hz, 6H, PCH 3) , 1.64 (d, zJp~ =
14.04 Hz, 2H, PCH 2B), 2.67 (s, 12H, NCH3). IB
NMR: 8a 31.50. I3C NMR: 8 20.62 (d, 'J pC = 32.9
Hz,PCH3), 21.81 (br, PCHzB), 40.74 (s, NCH 3) 214.32
(d, 2JPC = 20.3 Hz, FeCO). 31P NMR: Sp 44.1 6. IR:
2046.0(m), 1968.3(w), 1931.2(s). MS m/z (relative
intensity) =342 (24%, M+), 302 (48%, M+-NMe2 ) ,

243 (33%, M+-B(NMez)z), 167 (19%, Fe(CO)4)' 131
(62%, MezPFe), 99(10%, B(NMez)z), 76(83%, PMe3),
57 (41 %, Fe), 44 (32%, NMez). Anal. Calcd. for
CIJH20BNz04PFe (341.92): C, 38.64; H, 5.90; N, 8.19.
Found: C, 38.21: H, 6.13; N, 8.31.

A total of 5 ml of MeOH was added to a solution of
1.98 g (5.40 mmol) 9 in 50 ml of toluene at DoC. The
mixture was warmed up to room temperature, stirred for
3 h, and filtered. All volatiles were removed in high
vacuum and the product was distilled at 10-4 Torr and
110°C as a colorless liquid. Yield: 1.31 g (71.3%). IH
NMR: 8 0.70 (d, 2J pH = IJ.30 Hz, 2H, PCHzB), 1.07
(d, zI pH =7.94 Hz, 6H, PCH 3), 3.23 (s, 6H, BOCH3).

It B NMR: s, 7.9.20. 13C NMR: 5 18.01 (br, PCHzB),
20.03 (d, 'J pc = 25.2 Hz, PCH3) , 51.27 (s, OCH 3) ,

2 ) (z217.83 (d, Jpc = 14.2 Hz, crC0eq ,222.13 d, Jpc =
8.8Hz,crC0ax) ' 3Ip{1 H}NMR: 81' 12.45. IR: 2059(m),
1974(w), 193I(s). MS: m/z (relative intensity) =340
(12%, M+), 312 (1%, M+-CO), 2840%, M+-2CO),
256(2%, M+-3CO),228 (20%, M+-4CO), 200(100%,
M+-5CO), 148 (3%, M+-Cr(CO)s)' Anal. Calcd. for
ClOH I4B07PCr (340.00): C, 35.33; H, 4.15. Found: C,
34.96; H, 4.19.

A total of 5 ml of MeOH was added to a solution of
3.89g (I 1.40 mmol) 11 in 50 ml of toluene at DoC. The
mixture was warmed up to room temperature, stirred for
3 h, and filtered. All volatiles were removed in high
vacuum, and the product wasdistilled at 10-4 Torrand
100°C as a yellow liquid. Yield: 2.64 g (73.3%). I H
NMR: 5 1.52 (d, 2J pH = 14.25 Hz, 2H, PCHzB), 1.70
(d, 2JpH = 10.18 Hz, 6H, PCH), 3.61 (s, 6H, BOCHJ
lIB NMR: 58 28.00. 13C NMR: 5 18.82 (br, PCH2B),
21.46 (d, l l pc = 32.9 Hz, PCH 3) , 51.90 (s, OCH3) ,

213.83 (d. zJre = 20.3 Hz, FeCOl. 31 p{1 H) NMR: 51'
44.16. IR: 2046(m), I968(s), 1931(s). MS: m/z (rela
tiveintensity)=315 (I %, M+), 287 (10%, M+-CO),
259(9%, M+-2CO), 232 (30%, M'·-3CO), 204(100%,
M+-4CO), 132 (7%, M+-4CO-B(OMe)z), 73 (3%,
B(OMe)2)' Anal. Calcd. for C9H J4B06PFe (315.84): C,
34.23; H, 4.47. Found: C, 33.88; Ii, 4.01.
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2.9. Synthesis of[(CO)otFe{Me2PCH2B(NMe2)Clll (J4)

A solution of 0.21 g (1.75 mmol) of BCI3 in 0.67 ml
of hexane was added to a solution of 0.60 g (I.75
mmol) 11 in 30 ml of toluene at O°C. The mixture was
warmed up to room temperature, stirred for 1 h, and
filtered. Fromthe filtrate, all volatiles were removed in
high vacuum and the compound was obtained as a
yellow solid. Yield: 0.48 g (82.3%). 1H NMR: B 1.26
(d, 2JpH = to.5 Hz, 6H, PCH 3), 1.41 (dil2JpH = 11.50
Hz, 2H, PCH 2B), 2.46 (s, 6H, NCH 3). B NMR: 0B
35.12. BC NMR: B 21.21 (d, IJpe = 31.3 Hz, PCH J) ,

I .
26.50 (br, PCH2B), 39.50 (s, NCH 3), 214.30 (d, J pc =
20.2 Hz, FeCO). 31p{'H} NMR: s, 41.28.1R: 2045(m),
1967(w), 1930(s). Anal. Caled. for C9H 14BCI04NPFe

(333.30): C, 32.43; H, 4.23; N, 4.20. Found: C, 31.97;
H, 4.02; N, 4.15.

2.10. Synthesis of [(CO)otFe{Me2 /,CH2BCliNHMe2 )J]
(IS)

A solution of 0.37 g (10.16 mmol) HCI in 16.66 ml
of Et,O was added to a solution of 0.87 g (2.54 mmol)
11 in-30 ml of toluene at O°C. The mixture was warmed
up to room temperature, stirred for 1 h, concentrated to
15 rnl, and filtered. The compound was obtained by
removing all volatiles from the filtrate as a white solid.
Yield: 0.84 g (89.4%). I H NMR: 8 1.61 (br, 2H,
PCH 2B), 1.79 (br, 6H, PCH 3), 2.81 (s, 6H, NCH ,),
5.63 (s, IH, NH). lIB NMR: 0B 7.17. 13C NMR:' 0
21.78 (d, IJ pe = 32.8 Hz, PCH3), 30.30 (br, PCH 2B),
39.30 (s, NCH 3), 195.10 (d, IJpe = 18.9 Hz, FeCD).
31 p[IH} NMR: s, 36.23. IR: 2045(m), 1965(m),
1927(s). Anal. Caled. for C9HIsBCI204NPFe (369.76):
C, 29.23; H, 4.139; N, 3.79. Found: C, 28.93; H, 4.59; N,
3.12.

2.Jl. Synthesis of uucoi, Fe(Me2 PCH2 BH3)} (J6)

A solution of 2.62 g (8.30 rnmol) 13 in 15 ml of
hexane was added to a suspension of 0.32 g (8.30
mmol) Li[AIH 4 ] in 40 ml of Et20 at -78°C. The
mixture waswarmed up to roomtemperature, stirred for
4 h, and concentrated to 25 mI. A white solid was
obtained from this solution at - 30°C, which was re
crystallized from a mixture of 60 ml Et20 and 30 ml of
hexane at - 30°C. Yield: 1.73 g (79.0%). 1H NMR (all
NMR spectra were recorded in C4DgO as solvent): B
0.32 (q, 'J 8H = 85 Hz, 3H, BH), 0.98 (br, 2H, PCH2B),
1.53 (d, 2JpH= 10.37 Hz, 6H, PCH). II B NMR: 08
- 33.86 (q, IJ8H = 85 Hz). l3 C NMR: 8 18.36 (d,
IJ pc = 33.5 Hz, PCH3) , 19.50 (br, PCH 2B), 216.61 (d,
2Jpe = 19.8 FeCD). 31p(lH) NMR: s, 43..37. IR
(C4HgO): VBH2237(s), 2082(s); vco 203I(m), 1950(w),
1918(s). Anal. Calcd. for C7H IIBLi04PFe (263.73): C,
31.88; H, 4.20. Found: C, 31.85; H, 4.05.

2.12. Synthesis of cis,trafls-[{(CO)otFe(Me2 PCH2
BH2)}21 (17)

A solution of 1.95 g (7.40 mrnol) 16 in 50 ml of
Et,O was cooled to -78°C and 12.13 ml (7040 mmol)
of a 0.61 M solution of HCI in Et20 was added
dropwise. The mixture was stirred for 2 h, and warmed
to room temperature. After removal of all volatiles in
high vacuum, the remaining solid was extracted with 50
ml of toluene, and filtered. The compound was isolated
as a white precipitate from the filtrate at - 30°C. Yield:
1.58 g (83.3%). Isomer 1 (70%); 1H{II B} NMR: 8 0040
(br, 2H, ~-BH), 1.01 (d, 2J pH= 10.00 Hz, 6H, PCH 3) ,

1.07 (d, •J pH= 14.00 Hz, 2H, PCH2B), 3.94 (br, 2H.
terminal BH). II B NMR: 8B 20.46 (br). 13C NMR: 813
20.94 (d, IJpc = 32.3 Hz, PCH J) , 21.40 (br, PCH,B),
214.07 (d, 2t« = 20.8 Hz, FeeO}. 31 p{1 H} NMR: s,
40.42. Isomer 2 (30%); I H( II B} NMR: 8 0.54 (br, 2H.
~-BH), 1.02 (d, 2J pH:= 10.00 Hz, 6H. PCB3), 1.09 (d,
-JpH= 14.00 Hz, 2H, PCH,B), 4.03 (br, 2H, terminal
BH). "n NMR: 8D 20.46 (br), 13C NMR: 8 21.14 (d,
IJ pC= 32.3 Hz, PCH,). 21.60 (br, PCH,B). 213.87 (d,
, .1 JI •
-Jpe == 20.8 Hz, FeCO). . p(lH} NMR: s, 40.59. IR
(C7Hs): VBH(!) 2586(w), VBH!h) 1605(s); vco 2048(m),
1973(w), 1935(s). MS: m/z (relative intensity) = 372
(I %, M+-Fe(CO)3)' 344(22%, M+-Fe(CO)3-CO), 316
(18%, M+-Fe(CO)3-2CO), 288 (75%, M+-Fe(CO)3
3CO). 260 (100%, M+-Fe(CO)3-4CO). Anal. Caled.
for CI4H20B20SP2Fe2 (511.57): C, 32.87; H, 3.94.
Found: C, 32.57; H. 4.20.

2.13. Synthesis of [(CO)4Fe{Me2PCH2BH2(2,4,6
Me3CsH2N)J] (I8)

To a solution of 1.02 g (2.00 mmol) 17 in 20 ml of
toluene 0.48 g (4.00 mrnol) 2,4.6-Me3CsH2N were
added at room temperature. The mixture was stirred for
5 h, filtered, and cooled to - 30°C. The product was
obtained as a crystalline, colorless solid. Yield: 1.30 g
(86.2%). 'H{IIB) NMR: 8 1.12 (d/tr, 2J pH = 12.82 Hz,
3J IlII = 6.71 Hz, 2H, PCH 2 B), }.49 (s, 3H, p-CH3 of
2,4,6-Me3CsH2N), 1.65 (d, J pH = 10.38 Hz, 6H,
PCH 3), 2.27 (s, 6H, o-CH 3 ?f2,4,6-Me3CsH2N), 2.85
(dytr, 2H, JpH= 6.71 Hz, 1ml = 6.71 Hz, BH), 5.96
(s,2H,CHof2,4,6-Me3CsH2N).I'BNMR: 88 -13.60
(br), 13C NMR: 0 18.82 (br, PCH2B), 19.32 (d, IJpe =
32.9Hz,PCB3)' 19.90 (s, p-CH3 of2,4,6-Me3CsH2N),
23.69 (s, o-CH3 of2,4,6-Me3CsH2N), 125.94 (s, C2 of
2,4,6-Me3CsH2NCH 3) , 130.00 (s, C3 of 2,4,6
Me3CsH2N), 157.03 (s, Cl of 2,4,6-Me3CsH,N),
215'.91 (d, 2Jpc=20.3 Hz, FeCO). 3Ip(lH} NMR: s,
42.11. IR: V 2H 2370(w), BDH 1180(m), vco 204O(m),
1962(m), 1923(s). MS: m/z (relative intensity) =376
(0.5%, M+-H), 349 0%, M+-CO), 321 (3%, M+
2CO), 293 (10%, M+-3CO), 265 (17%, M+-4CO).
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Anal. Calcd, for ClsH21BN04PFe (376.97): C, 47.79;
H, 5.62; N, 3.72. Found. C, 47.37; H, 5.53; N, 3.52.

2.14. Synthesis of [(CO)3FeH(SiPhJ)/MezPCHzB
(OMe)zJJ (19)

A solution of 3.16 g (ID.OO mmol) 13 and 2.61 g
00,00 rnmol) HSiPh~ in 250 ml of hexane was irradi
ated for 3 h at room temperature. The mixture was
concentrated to 100 ml and cooled to - 30DC. After 24
h, the precipitate was collected, and recrystallization
from a hexane/toluene mixture (to:l) gave the product
as a white solid. Yield: 5.21 g (95.0%). I H NMR: 5

( 2 z-9.55 d, JpH = 29.74 Hz, IH, FeH), 0.81 (d, JpH =
12.81 Hz, 2H, PCHzB), 1.10 (d, 2JpH =9.10 Hz, 6H,
PCH 3) , 3.:n (s, 6H, BOCH3), 7.25 (br,9R 0- and p-H
SiPh 3), 8.05 (br, 6H, m-H SiPh3) . "a NMR: DB 28.70.
13C NMR: 0 18.95 (br, PCH 2B), 21.08 (d, I J pe =29.1
Hz, PCH 3) , 51.45 (s, OCH3) , 136.00 (br, 0-, m-, p-C
SiPh3) . ]43,00(s, ipso-C SiPh3) , 212.44 (d, 2Jpc = 20.3
Hz, FeCO). 3I p{' H} NMR: s, 18.97. IR: 2035(w),
1980(s), 1963(vs). MS: m/z (relative intensity) =520
(i%, M+-CO), 492 (3%, M+-2CO), 464 (20%, M+
3CO), 259 (60%, SiPh;), 204(38%, M+-3CO-SiPh3) ,

182 (100%, SiPhz)' Anal. Calcd. for CZ6H30B05SiPFe
(548,24): C, 56.98; H, 5.52. Found: C, 56.58; H, 5.42.

Empirical formula
Fw
Crystal system
Space group
a {.~}

b(.4.)

c(A)
a (0)

fJ (0)
'Y (O)

V (A.J)
dc• led (g cm- »
Z
F(OOO)
p, (MoKQ) (em- I )

T(K)
Scanmode
Sean range (0)
Tota! no. of data
No.of unique observed
Datil I> 1.0u{/}
No. of variables
R,N ..
Weighting factor, W

GOF
Max, rcsid. density (e A-3)

436
0.028, 0.035
11'= l/u 2(Fo)

1.243
0.34

2.15. Synthesis of [(CO)JFeH(SiPh ,l){MezPCH2B
touaa)J(20)

A solution of 1.09 g (2.00 mmol) 19 in 50 ml of a
hexane/toluene mixture (10: I) was cooled to -78DC

and 0.8] ml of a 2.48 M solution of BCIJ in hexane
was added dropwise. The mixture was warmed to room
temperature, concentrated to 25 ml and cooled to
- 30DC. The product was isolated as a white solid.
Yield: 0,87 g (78.7%). IH NMR: 0 -9.55 (d, 2JpH =
29.90 Hz, tH. FeH), 0.95 (d, zJpH ~ 8.83 Hz, 6H,
PCH3) , 1.12 (d, 2J pH =9.05 Hz, 2H, PCH 2B), 3,28 (s,
3H, BOCH3) , 7.15 (br, 9H, Q- and p-H SiPh3) , 7.88
(br,6H, m-H SiPh3) . liB NMR: 0B 38.87. BC NMR: 8
21.00 (d, IJpc :=; 27.5 Hz, PCH 3) , 21.40 (br, PCH 2B),
54.90 (s, OCH3), 136.30 (br, 0-, m-, p-C· SiPh3) ,

143.00 (s, ipso-C SiPh3) , 212.12 (d, zJpc =20.3 Hz,
FeCO), Jlp{IH} NMR: op 19.19. IR: veo 2036(w),
I977(m), I960(s). MS: m/z (relative intensity) = 259
(40%, SiPh;), 232 (10%, M+-CO-C1-SiPh3) , 204
o1%, M+-2CO-CI-SiPh 3), 182 (100%, SiPh 2) . Anal.
Calcd. for CZ5H27B04SiPCIFe (552.66): C, 54.33; H,
4.92. Found: C, 53.9i; H,4.93.

2.16. Structure determination of 19

A white crystal of approx. dimensions 0.70X 0.55 X
0.50 mm was studied on an ENRAF-NONJUS CAD4
diffractometer with graphite-monochromized Mo Ka

radiation (A ~ 0.71073 A). Crystal data and parameters
of datacollection and structure refinement are compiled
in Table I. The structure was solved by the Patterson
method and the remaining atom positions resulted from
subsequent cycles of refinement and difference fourier
syntheses [28]. In the final least-squares full-matrix
refinement, all non-hydrogen atoms were refined with
anisotropic thermal displacement parameters, and hy
drogen atoms with isotropic displacement parameters.
An empirical absorption correction was applied (I/J
scans) [29].

3. Results and discussion

3.1. Synthesis and reactions of thefree ligand

We chose Me2PCHzB(NMez)z (8) as a first model
ligand for our investigations for several reasons: (i) this
compound is readily available, (ii) the NMe2-groups at
boron should prevent the molecule from dimerization,
and (Hi) several methods are known to substitute the
NMez-groups by more reactive ligands.

Reaction of MezPCH2Li with CIB(NMez)2 in THF
at iow temperatures gave the product 8 as a colorless
air-sensitive liquid in high yield. The 31P NMR signal at
S = -48.8 ppm is shifted downfield by 13 ppm in
comparison with PMe3 [30] which is in accordance with
the electron withdrawing character of the neighbouring
boron atom. Thisshiftand the I JB NMR signal at 31.05
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ppm clearly indicate a coordination number of three for
each of these atoms, thus, excluding any bonding inter
actions between phosphorus and boron as to be ex
pected due to 7T-backbonding from the nitrogen atoms
to the boron center.

LiCH2PMe2 + CIB(NMe
2

)2

We investigated exchange reactions of the NMe2
substituents of 8 in order to generate a variety of such
ligands, but in contrast to the behavior of known
alkylfdiaminolboranes, all attempts to introduce
methoxy or chlorine substituents at the boron atom of 8
by reactions with MeOH, BCI3 or HCI, respectively, led
to mixtures of several species which exhibited high field
shifted liB NMR signals in the characteristic region of
fourfold coordinated boron between 7.15 and - 17.17
ppm showing no splitting or broadening due to boron
phosphorus interact ions. A possible decomposition of
the expected derivati ves of 8 is not very likely, since
recently, we obtained very similar compounds of the
type o-Ph 2PC6H4CH2BX2 (X = NMe2, OMe, CI, H)
[31], which proved to be very stable under these condi
tions.

3.2. Synthesis of the phosphane complexes

The transition metal phosphane complexes 9, 10, and
11 were obtained by reactions of [(CO)5Cr(THF)],
[(MeC5H4 )Mn(CO)iTHF)], and [Fe2(CO)9], respec
tively, with 8 at room temperature and isolated by
distillation as yellow or colorle ss oils in yields between
70 and 88% (Eq. (2)) , The chromium and manganese
THF complexes were generated in situ by irradiation of
the corresponding carbonyl compounds in THF [24,25].
The composition of compound s 9, 10, and 11 is proved
by elemental analyses and mass spectra. Their structure
in solution could be deduced unambiguously from their
NMR and lR spectra. The complexes show in solution
11B NMR signals in the range of 31.03 to 32.67 ppm,

Table 2
II B NMR, 31P NMR, and IR data

Compound 15 II B (ppm) 15 31P (ppm) vco (em I )

8 31.05 - 48.80
9 32.67 16.81 2060, 1976, 1931

10 31.03 57.18 1919,1 845
11 31.50 44.16 2046. 1968. 1931
12 29.20 12.45 2059. 1974. 1931
13 28.00 44.16 2046. 1968, 1931
14 35.12 41.28 2045.1967.1 930
15 7.17 36.23 2045.1965,1927
16 - 33.86 43.37 2031,1950,1 918
17 20.46 40.42; 40.59 (70:30) 2048, 1973. 1935
18 -1 3.60 42.11 2040, 1962, 1923
19 28.70 18.97 2035, 1980. 1963
20 31.50 44.16 2046,1968,1931

thus, being almost unchanged with respect to the free
ligand 8. Compounds 9, 10, and 11 exhibit 31P NMR
signals of 16.81, 57.18, and 44.16 ppm, respectively.
The comparison with trialkylphosphanes coordinated to
(CO)5Cr, CpMn(CO)2' and (CO)4Fe moieties [32-34]
reveals, that the slight downfield shift of the 31P NMR
signal of the free ligand obtains also for the metal-bound
Me2PCH 2B(NMe 2 )2 ' The transition metal centers
themselves, however, are not affected as shown by the
IR data (Table 2) which show no significant difference
in compari son to the corresponding PMe3 derivatives
[32,34,35]. Compound 9 shows in solution three IR
bands in the carbonyl region as to be expected for an
octahedral [M(CO)5L] complex [36]. In the l3 C NMR
spectrum, two doublets due to a 2JPC coupling in a 4:1
ratio for the equatori al and the axial CO ligands are
present. The IR and NMR spectra of 10 also meet the
expectations, showing two CO bands in the IR and one
doublet in the 13C NMR spectrum for the equivalent CO
ligands. The phosphane ligand in compound 11 adopts
an axial position as shown by three IR bands. On the
NMR time scale, however, we find a fast exchange
between equatorial and axial positions, due to Berry
pseudo-rotation which is often documented for trigonal
bipyramid al complexes, resulting in one doublet for the
carbon atoms of the CO ligands in the l3 C NMR
spectrum [36].

MLn-1

[ML,,] +

Me

Me:::':P »<>; B
" " NMe- ,2
NMe

2

8

~

-L

Me

Me 2:- P »<>; B r'''NMe

I ~ 2
NMe

2

9,10,11
(2)

9 10 11

MLn-1 Cr(CO)s (MeCsH4)Mn(COh Fe(CO)4
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3.3. Reactions of lite metal coordinated ligand

In contrast to the failed exchange reactions of the
Me2N substituents of free Me2PCH2B(NMe2)2 (8), the
metal coordinated phosphane, however, underwent
cleanly various substitution reactions, and ligands such
as H, Cl, and MeO were introduced at boron. These
substituents affect the "a NMR shifts of the new
compounds, but show no influence on other spectro
scopical data (Table I); especially IR and 31P NMR

data are in the usual range for complexes of the type
{(R3P)M(CO),,] (M = Cr, n = 5; M = Fe, n == 4)
[32,34,35].

The reactions of 9 and 11 with an excess of MeOH
gave [(CO)sCr{Me2PCH2B(OMe)2)] (12), and
[(CO)4Fe{Me2PCH2B(OMe)2)] (13), respectively,
which were isolated as high volatile liquids in yields
> 70% (Eq. (3» . The methoxy groups at boron cause
slight high field shifts of the II B NMR signals of about
3 ppm with respect to the starting compounds.

+2 MeOH
)0

-2 HNMe2

Me
'. /'...

Me.::p/ 'f'
""'OMe

I \OMe
MLn•1

12,13
(3)

9 11 12 13

Mln.l Cr(CO)6 Fe(CO). Cr(CO)s Fe(CO).

The introduction of chlorine C'.l the boion atom of 11
was achieved by either treatment with one equivalent of
BCl 3, or by addition of an excess of HCl (Eq, (4» . The
first reaction led to substitution of one dimethylamino
group giving [(CO)4Fe{Me2PCH2B(NMe2)Cl)] (14) as
a yellow solid. An excess of HCl, however, gave the
dichloroborane compound, which added the free HNMe2
under formation of white , solid
[(CO)4Fe{Me2 PCH2BCI2-(HNMe2)}] (IS). These com
pounds show characteristic II B NMR signals for tri
and tetrafold coordinated boron atoms, respectively, at
5 == 35.12 and 0 =7.17. Both products show significant
decomposition in solution at room temperature after
thirty minutes.

The diboranelti) derivative [{(CO)4Fe(Me2PCH2
BHz)}z] (17) was obtained in a two step reaction from
[(CO)4Fe{Mcz PCH 2B(OMe)z)] (13) by treatment with
Li[AIH4] and HCI, subsequently (Eq. (4» . Li[AIH4]
converts 13 into the corresponding lithium borate Li
[(CO)4Fe(Me2PCH2BH3)J (16), which was isolated as
a white solid and characterized by NMR methods.
Reaction of the isolated lithium salt with oneequivalent
HCl, being added as a solution indiethylether at - 78°C,
gave the diboranelo) 17. The isolated compound shows
to sets of signals in a ratio of 70:30 in I H, l3C, and31P

NMR spectra, which are temperature independent up to
90°C. This double set of signals is due to a cis, trans
position of the -{CH2P(Me2)}Fe(CO)4 moieties with
respect to the central B2H4 unit [37J. A characteristic
liB NMR shift at S = 20.46 is found forthisdiboraneui)
derivative. The presence of bridging and terminal hy
drogen atoms can be deduced from ! H NMR and IR
spectra. NMR signals in the region of S = 0.5 and
S =4.0 as well as IR bands at 2586 ern- I and 1605
em-I are to be expected for the terminal and bridging
hydrogen atoms, respectively [38]. A 2D-1H-II B
HMQC experiment shows crosspeaks between the sig
nals of both kinds of hydrogen atoms of each isomer
and the "n NMR resonance, thus, giving another evi
dence for theexistence of the BzH4 unit in solution. On
the addition of collidine (collidine= 2,4,6-Me3CsH2N)
the hydrogen bridges were cleaved, and the correspond
ing borane adduct [(CO)4Fe{Me2PCH2BH2(2,4,6
Me3CsH2N)}] (18) was formed. The compound was
isolated as a white solid almost quantitatively. It shows
a high field shifted II B NMR signal at S = - 13.60 and
a doublet of triplets for the boron bound hydrogen
atoms in the I H{ II B} NMR spectrum due to a 3J
coupling to phosphorus anda 3J coupling to theprotons
of the methylene unit between boron and phosphorus.
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3.4. Addition of HSiPh j to the iron censer

Irradiation experiments were carried out with the
dib oranefti) derivative [{ (C 0)4 Fe(M e 2

PCH 2BH z)}2] (17) and the corresponding collidine
adduct [(CO)4re{Me2PCH zBHi2,4,6-Me3CsH2 N)}]
(18), respectively, to examine, if these compounds un
dergo an oxidative addition of the boron-hydrogen
bond to the iron center under displacement (If a CO
ligand. All these experiments, however, which were
carried out in inert solvents like hexane at temperatures
between - 30°C and 20°C led to decomposition of the
starting materials within few minutes. It was not possi
ble to characterize any products by multinuclear NMR
or IR methods from the reaction mixtures.

(4)

[(CO)4Fe{Me2PCHzB(OMe)2}] (13) was reacted with
HSiPh 3 under similar conditions to check, if phosphane
complexes of the type [(CO)4Fe{MezPCHzBXz)] are
available for oxidative additions of suitable element
hydrogen bonds at all. A silane was chosen for this
reaction, because various examples for the photochemi
cally induced formation of ironsilyl complexes are
known [39], and due to the diagonal relatio "hip, the
chemistry of boron and silicon show many ...."larities.

Irradiation of 13 in the presence of HSiPh3led under
e lim in atio n of CO to [(CO)3FeH
(SiPh3){Me2PCHzB(OMe)2)] (19) (Eq. (5», which was
obtained as a white crystalline product in 95% yield.
The 31 P NMR signal at 8 = 19.97, the characteristic
zl i 'n coupling constant of 29.74 Hz and the veo bands
in HIe IR spectrum at 203S(w), 1980{s)." and 1963(vs)
em- 1 compare to the data of corresponding complexes

Since the irradiation experiments with compounds 17 of the type mer-[(CO)3FeH(SiR3)(PR3)]' shewing a cis
and 18 gave' nosati sfacto ry re suits, position of phosphorus and hydrogen [39].

Me »<>: Me... »<: Me... ./""0....

Me~p B''''OMe Me-:p........ 'e.... otlt:;; Me":p/ ........ B....CI

OC", I \OMe HSiPh•• hv OC""
o

, I .....H \OMi) BCI. OC..... I .....H \Me

oc/r-CO ~ oc"';T~co ~ .oc.;.::r~co (5)

co SiPha SiPh.

13 19
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Fig. 2. Platen plot of 19; ellipsoids with 50%probability.

Table 3
Selected bond distances (A) andangles (0)for 19

The X-ray structure determination of 19 reveals that
the compound adopts a mer-geometry alsoin the crystal
(Fig. 2). The complex shows a distorted octahedral
coordinated iron center with a P-Fe-Si angle of
172.96(2)° (Table 3). The Fe-P and Fe-Si distances are
2.2299(5) Aand 2.3600(5) A, respectively. The boron
atom is trigonal planarcoordinated with B-O distances
of about 1.35 A and the phosphorus atom exhibits a
distorted tetrahednl coordination. Reaction of 19 with
one equivalent BCl3 led to exchange of one boron
bound methoxy group (Eq. (5» under formation of
[(Ph3Si)(CO)3HFe{Me2PCH2B(OMe)CI}] (20) which
was isolated in 80% yieldas a white crystalline product.
The compound shows a characteristic low field shift of
the JJB NMR signal to 8 = 38.87; all otherspectroscop
ical data, however, show no significant change.

4. Conclusions

We reported the synthesis of a, w-[phos
phanyl(organyl)]borane Me2PCH 2B(NMe2)2 (8) and its
reactions with various transition metal complexes, giv
ing the new compounds [(CO)sCr
{Me2rcu2B(NMez)2}) (9), [(MeCsH4)Mn(CO)2
{M e 2PCH 2B(NM e Z) 2}] (10) and
[(CO)"Fe{Me2PCH2B-(NMe2)2}J (In In contrast to
the uncoordinated Me2PCH 2B(NMe2)2' the Me2N
groups of 11 were exchanged by methoxy, chlorine, and
hydrogen substituents, respectively, thus, providing a
number of reactive groups at boron. Besides, the oxida
tive addition of HSiPh 3 to the iron center of
[(CO)4Fe{Me2PCHzB(OMe)2)] (l3) gave compounds
like [(CO)3FeH(SiPh3){Me2rca, B(OMe)2)] (l9).

Even if the intramolecular formation of a Loron
metal bond was not achieved yet, these results demon
strate the possibility of (1) introducing an a, w-[phos
phanyltorganylljborane as a phosphorus bound ligand to
transition metals and (2) substitution of both the ligands
at boron and the metal center. Especially the photo
chemically induced synthesis of 19 in almost quantita
tive yields shows, that further investigations with lig
ands of the type R2P(CRII,)IIBX2 (R =alkyl or aryl;
III = 1, 2; 11 ~ 1: X == H, NR2; OR) are worth to be
pursued. In particular, similarligands with two or three
carbon atoms between phosphorus andboron are SUbject
of our further studies,
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