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Summary: A new class of arene-centered star molecules
in which two different types of organometallic domains
are sequentially introduced to specifically generate het-
ero-polynuclear compounds is described.

We are interested in methodology development for the
synthesis of metal-rich star and dendritic compounds
which may be used as precursors to new materials.1
Recently, we reported the formation of [H{CtC-p-
C6H4}n]4C (n ) 1, 2, 3) and subsequent reactions with
[Co2(CO)8] to give star molecules with rigid, cluster-
containing arms.2 A number of groups have reported
organometallic compounds of the type 1,3,5-(XCt
C)3C6H3,3-6 with the emphasis on M-C σ-bond forma-
tion, or both alkyne and vinylidene derivatives.3 In this
paper, we describe a new class of arene-centered star
molecules in which two different types of organometallic
domains are introduced stepwise to specifically generate
hetero-polynuclear compounds. Synthetic transforma-
tions are summarized in Scheme 1.

The compound 1,3,5-(Ph2PCtC)3C6H3, 1, was pre-
pared adapting the method of Liu et al.7 by treatment
of 1,3,5-(HCtC)3C6H3

8-10 with nBuLi and Ph2PCl in
THF.11 This tridentate phosphine ligand reacts readily
with [Mo(CO)5(THF)] or [W(CO)5(THF)] (generated in
situ from M(CO)6, M ) Mo or W) to give the trimetallic
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(11) 1: nBuLi (4.00 mmol) was added dropwise to 1,3,5-(HCt
C)3C6H3 (200 mg, 1.33 mol) in THF (20 mL) at 253 K. The reaction
mixture was stirred for 20 min, and then Ph2PCl (878 mg, 4.00 mmol)
was added. After extraction and chromatographic workup, 1 was
recrystallized from CH2Cl2/MeOH (908 mg, 98%; mp 109 °C). IR (CH2-
Cl2, cm-1): 2184 vw, 1577 s, 1479 w. 1H NMR (300 MHz, CDCl3): δ
7.4-8.0 (m). 13C{1H} NMR (75 MHz, CDCl3): δ 88.4 (d, JCP 10.2 Hz,
PCC), 105.5 (d, JCP 2.8 Hz, PCC), 123.7 (s, Carene), 128.8 (d, JCP 7.4 Hz,
CPh

3,5), 129.3 (s, CPh
4), 132.7 (d, JCP 20.7 Hz, CPh

2,6), 134.8 (s, CareneH),
135.7 (d, JCP 5.8 Hz, CPh

ipso). 31P (121 MHz, CDCl3): δ -33.7 (s). MS
(FAB, NBA-matrix): m/z 702 [M]+ (NBA ) 3-nitrobenzyl alcohol).

(12) 2: A THF (40 mL) solution of [Mo(CO)6] (94 mg, 0.20 mmol)
was irradiated for 3 h under a stream of argon. 1 (50 mg, 0.071 mmol)
was added and the reaction mixture stirred for 3 h. Chromatographic
workup and recrystallization from CH2Cl2/MeCN gave light yellow 2
(72 mg, 72%; mp 137 °C). IR (CH2Cl2, cm-1): νCO 2178 vw, 2075 s,
1985 w, 1949 vs. 1H NMR (300 MHz, CDCl3): δ 7.4-7.6 (m, 18H, Ph),
7.7-7.8 (m, 12H, Ph), 7.82 (s, 3H, arene). 13C{1H} NMR (75 MHz,
CDCl3): δ 86.2 (d, JCP 67.5 Hz, PCC), 107.0 (d, JCP 11.8 Hz, PCC),
122.8 (s, Carene), 128.9 (d, JCP 10.4 Hz, CPh

3,5), 130.6 (s, CPh
4), 131.3 (d,

JCP 14.5 Hz, CPh
2,6), 134.6 (d, JCP 45.7 Hz, CPh

ipso), 136.4 (s, CareneH),
205.1 (d, JCP 8.7 Hz, CO), 209.8 (d, JCP 23.8 Hz, CO). 31P (121 MHz,
CDCl3): δ +13.0 (s). MS (FAB, NBA-matrix): m/z 1411 [M]+ with
correct isotopomers.
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derivatives 2 and 3, respectively; conditions for the
formation of 3 are similar to those of 2,12 and satisfac-
tory elemental analytical, spectroscopic, and mass spec-
trometric data were obtained for both 2 and 3. In the
31P NMR spectra, a shift to lower field on going from 1
to 2, or from 1 to 3, is diagnostic of phosphorus-
coordination, and the magnitude of the shift difference
∆δ ) (δcomplex - δligand) is close to that observed on going
from PPh3 to [Mo(CO)5(PPh3)] or [W(CO)5(PPh3)], re-
spectively.13 Furthermore, in the 31P NMR spectrum of
3, satellite peaks were observed with JPW ) 244 Hz.
X-ray quality crystals of 214 were grown by slow
evaporation of an Et2O/MeCN solution. The structure
of 2 is shown in Figure 1, and selected bond distances
and angles are given in the caption. The phosphorus
atoms, central benzene ring, and alkyne units are
essentially coplanar; the three octahedral molybdenum
centers are oriented above the same face of the benzene
core. The structural analysis confirms the lack of steric
crowding around the metal centers and indicates that
reactions of 1 with multinuclear metal carbonyl clusters
should be viable. Indeed, compound 1 reacts with an
excess of [Os3(CO)11(NCMe)]15 to give the nonaosmium
star compound 4,16 which has been characterized by
spectroscopic and mass spectrometric methods; satisfac-
tory elemental analysis was obtained.

It has previously been demonstrated by Bruce and co-
workers17,18 that one alkyne group adjacent to a PPh2
unit in [(OC)11MnPh2PCtCCtCPPh2Mn(OC)11] (Mn )
Ru3, Os3, Re3H3, or Ru4H4) and related mononuclear
species reacts with [Co2(CO)8] in the expected man-
ner19-21 to yield a {C2Co2(CO)6} cluster unit. In these

(13) Grim, S. O.; Wheatland, D. A.; McFarlane, W. J. Am. Chem.
Soc. 1967, 89, 5573.

(14) Crystal data for 2: C63H33Mo3O15P3.0.5C4H10O, triclinic, P1h (No.
2), a ) 15.487(2) Å, b ) 15.712(5) Å, c ) 16.826(1) Å, R ) 94.93(2)°, â
) 115.609(8)°, γ ) 110.51(2)°, U ) 3318.7(13) Å3, Z ) 2, M ) 1447.74,
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Rw ) 0.0591.
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(22 mg, 0.031 mml) in CH2Cl2 (10 mL) and the solution stirred for 3 h.
After chromatographic workup and recrystallization from hexane, 4
was obtained as a yellow powder (55 mg, 58%, mp 120 °C). IR (CH2-
Cl2, cm-1): νCO 2178 vw, 2055 vs, 2035 vs, 2018 vs, 1988 w, 1980 w,
1961 sh. 1H NMR (300 MHz, CDCl3): δ 7.3-7.6 (m, 18H, Ph), 7.6-7.8
(m, 12H, Ph), 7.83 (s, 3H, arene). 13C{1H} NMR (75 MHz, CDCl3): δ
87.0 (d, JCP 94.7 Hz, PCC), 106.4 (d, JCP 14.9 Hz, PCC), 122.4 (s, Carene),
128.9 (d, JCP 11.6 Hz, CPh

3,5), 130.9 (s, CPh
4), 131.0 (d, JCP 12.7 Hz,

CPh
2,6), 134.4 (d, JCP 62.5 Hz, CPh

ipso), 136.4 (s, CareneH). 31P (121 MHz,
CDCl3): δ -35.0 (s). MS (FAB, NBA-matrix): m/z 3340 [M]+ with
correct isotopomers.
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Scheme 1

Figure 1. Molecular structure of compound 2; H atoms
are omitted. Selected bond distance (Å) and angles (deg):
Mo(1)-P(1) ) 2.5080(8), Mo(2)-P(2) ) 2.4938(8), Mo(3)-
P(3) ) 2.509(1), P(1)-C(11) ) 1.762(3), P(2)-C(21) )
1.764(4), P(3)-C(31) ) 1.760(3), C(11)-C(12) ) 1.200(5),
C(21)-C(22) ) 1.195(5), C(31)-C(32) ) 1.194(5); Mo(1)-
P(1)-C(11) ) 112.7(1), Mo(2)-P(2)-C(21) ) 113.1(1),
Mo(3)-P(3)-C(31) )113.0(2).
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compounds, the PCtCCtCP spacer (as opposed to PCt
CP spacer) appears to be important on steric grounds.17

Despite the fact that the alkyne units in 2 and 3 are
somewhat more hindered, each compound reacts smooth-
ly with an excess of [Co2(CO)8] giving compounds 5 and
6, respectively. These compounds contain inner shells
of three {Co2C2(CO)6} cluster units. The experimental
procedure for 5 is analogous to that for 6.22 The 1H and
13C NMR spectra of 5 and 6 were in accord with
symmetrical products, i.e. in which all three alkyne
functionalities had reacted; to date, we have not ob-

tained X-ray quality crystals of 5 or 6. Preliminary
results indicate that compound 4 also reacts with an
excess of [Co2(CO)8] to give heterometallic star species
similar to 5 and 6; the reaction, however, is very slow,
and full details will be reported in a subsequent paper.

The properties of these novel star systems are cur-
rently under investigation, as is the extension of the
methodology to related heterometallic compounds.
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Crystallographic data are also available in CIF format from
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(22) 6: [Co2(CO)8] (183 mg, 0.54 mmol) was added to a CH2Cl2 (140
mL) solution of 3 (60 mg, 0.036 mmol) and the mixture stirred for 3 h.
Chromatographic workup (silica, CH2Cl2:hexane 1:7) and recrystalli-
zation from CH2Cl2/hexane gave purple crystals of 6 (60 mg, 67%; mp
157 °C). IR (CH2Cl2, cm-1): νCO 2098 w, 2071 s, 2041 w, 1989 vw, 1936
vs. 1H NMR (300 MHz, CDCl3): δ 7.4-7.6 (m, 18H, Ph), 7.70 (s, 3H,
arene), 7.7-7.8 (m, 12H, Ph). 13C{1H} NMR (75 MHz, CDCl3): δ 92.3
(d, JCP 7.9 Hz, PCC), 105.3 (d, JCP 8.3 Hz, PCC), 120.0 (br, Carene), 128.8
(d, JCP 9.6 Hz, CPh

3,5), 130.8 (s, CPh
4), 132.5 (d, JCP 12.1 Hz, CPh

2,6),
138.9 (d, JCP 43.9 Hz, CPh

ipso), 140.4 (s, CareneH), 197.1 (d, JCP 6.6 Hz,
CO), 197.8 (br, CO), 198.8 (d, JCP 23.5 Hz, CO). 31P (121 MHz, CDCl3):
δ -25.4 (pseudo-t, JPW 244.5 Hz ). MS (FAB, NBA-matrix): m/z 2533
[M]+ , 2248 [M - Co2(CO)6]+ with correct isotopomers.
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