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The reaction of [CpFe(CO),], with NH,Se,P(OR), yields a novel P—Se cleavage activity nor the formation of similar clusters.
reagent Cp(CO),FeP(Se)(OR),, which has demonstrated coordina- This shows that the lability of the-PSe bonds of the dsep

tion properties at the Se center to form heterometallic clusters as ligands is probably due to the electromeric effect of the
well as reactivity at the Se site toward C-based electrophiles. alkoxyl groups, which places these ligands in unique

positions vis-avis other ligands to coordinate as well as
undergo P-Se bond cleavage.

Organophosphorus compounds such as phosphor-1,1- N the Se-transfer reactions forming clusters as discussed
diselenolates [(RQPSQ_, dsep] have shown coordination above],' the Cleavage of the-PSe bond of dsep is believed
ability via Se donor atoms, as well as Se transfer activity, in 10 generate the (R@}Se moiety, which could not be
their reactions with metal ions such as|wg|, and Zﬁ, identified in these reactions. In our pursuit to |dent|fy the
leading to the formation of Se-centered clusters, namely, [M (ROXPSe moiety, it was envisaged that Fp dimers;Rep
(us-Se) SeP(OPr)}¢ (M = Cu, Ag), [Mix(us-Se)fisX) s (CO),, well-known to generate iron carbonyl radicadither
{SeP(OPry}e (M = Cu, Ag; X = Br, 1), [Agio(u1o thermally or photolytically might entrap the (R@®)Se moiety
SefSeP(OEtY} ¢, and [ZnusSe)SeP(OPr)}d.l The from [(ROLPSe ] and lead to the formation of Cp(C&eP-
cleavage of PSe bonds of diselenophosphate ligands (S€)(OR} 1. The Fp dimer Cge;(CO), has the propensity
obviously occurs during their reactions with salts of these to cleave even stronger+C, C—H, C-0, and P-O bonds
metals. In all of the above-mentioned clusters, the origin of of organophosphorus compounds such as bis(diphenylphos-
the centralu,-Se moiety i = 4, 8, 9, and 10) is the dsep phino)methanfand tetraethyl diphosphifeAnother reason
ligand itself, although the precise mechanism of Se transferto pursue the synthesis of compoumhdvas the fact that,
at the centers of cubanes or other polyhedra is not yet well- Surprisingly, there is no report to date of its formation, even
understood. In contrast, the related organophosphorus comthough O and S analogues bf namely, Cp(COJFeP(E)-
pounds containingPSe bonds, such as diselenophosphinates (OR) (E = O, S), have been known for decadédt may
(R.PSe") 22 diselenophosphonates [R(OR)PSE° and trise- be noted that dsep ligands have been known for almost 40

lenophosphonates (RP38,2 have exhibited neither the years!? but their coordination chemistry remained ignored
because of their sensitivity to air until cluster chemistry was
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diselenophosphatésThese salts are easier to handle than
the previously known alkali-metal sat$Furthermore, the
related compounds Cp(C&eP(E)R (E=S, Se; R= CF;,

Ph) have been known since 19%3.

In this Communication, we report the synthesis and
structure of the metalloreageht It is prepared easily. We
have studied its reactivity toward C-based electrophiles as
well as its coordination ability toward metal ions, which
generate polymetallic complexes with the Eggp(CO}Fe]
fragment acting as a flag at the terminal position. We note
that while there are reports of reactivity at the E center of
the P=E moiety of Cp(CO)FeP(O)(ORy or Cp(CO)FeP-
(E)R: (E = S, Se; R= CF;, Ph}! toward protonation or
alkylation, there is no reported coordination chemistry
involving E donor atom&?

The reaction of the Fp dimer @pe,(CO), (0.81 g, 2.30
mmol), with diisopropyl diselenophosphate (1.12 g, 3.35
mmol) in refluxing toluene at 110C for 4 h, yields
compounds of composition Cp(CEeP(Se)(@r), (1; 0.58
0, 48% yield), characterized by analytical data, NMR, IR,
and X-ray crystallograph{?4The 3P NMR spectrum ofl
exhibits one signal with a pair of satellites due’t8—""Se
coupling (p-se = 712.9 Hz), and thé’Se NMR spectrum
shows a doublet due t6Se—3P coupling {sep = 713.3
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(12) Unlike Klaui's anionic, tripodal ligand, [CpQd°(O)(OEt)} 3] ~, which
has been used as metalloligands through the O atoms, the metal-
loreagent ofl is the neutral one.

(13) Spectroscopic data fdr. Elem anal. Calcd for GHisFeQPSe: C,

38.55; H, 4.73. Found: C, 39.17; H, 4.961 NMR (CDCls): ¢ 1.30

(12H, t,%34-n + “Ju—p = 6 Hz, CHg), 4.90 (7H, m, & + Cp). 31P-

{*H} NMR (CDCl): 6 165.7 (P, s, P(®r), Jp-se = 712.9 Hz).13C

NMR (CDCls): ¢ 211.4 (d,2Jp—c = 30 Hz, CO), 87.9 (Cp), 71.2 (d,

2Jp_c = 15 Hz, OCH), 23.8 (Ch). ’Se NMR (CDC}): 6 199.6 (d,

Jp_se = 713.3 Hz). IR (CHCI,, »(CO), cnTl): 2039 and 1991.

Spectroscopic data f&. Elem anal. Calcd for GH,.BF4FeQ,PSe

0.5H,0: C, 32.59; H, 4.49. Found: C, 32.43; H, 4.3% NMR

(acetoneds): 0 1.42 (12H, d, ®l3), 2.50 (3H, d,%Jp_n = 12.1 Hz,

SeCH), 4.92 (2H, m, O@®), 5.72 (5H, s, Cp).3P{*H} NMR

(CDCly): 6 183.2 (P, s, P(®r), Jp-se = 425.6 Hz).”’Se NMR

(CDClg): 6 311.2 (dJp-se= 420.2 Hz). IR (KBr,»(CO), cn1?): 2056

and 2012. Spectroscopic data &iElem anal. Calcd for §Hs¢CdCh-

Fe;021PsSey: C, 30.33; H, 3.85. Found: C, 29.62; H, 4.0BL NMR

(acetoneds): 0 1.42 (36H, d, ®i3), 4.93 (6H, m, OEI—), 5.5 (15H,

s, Cp).3P{1H} NMR (acetoneds): 6 176.2 (3P, sJp-se= 600 Hz).

13C NMR (acetonedg): 6 210.2 (CO), 88.9 (Cp), 75.1 (OCH), 23.5

(CHg). IR (KBr, v, cm™1): 3444 (HO), 2043 and 1993 (CO), 1095

(ClOq). Spectroscopic data fet. Elem anal. Calcd for gHssHgsle-

FeP,0sSe: C, 14.37; H, 1.76. Found: C, 14.39; H, 1.851 NMR

(DMSO-dg): ¢ 1.28 (24H, d, ©3), 4.79 (4H, m, OGi—), 5.48 (10H,

s, Cp).3P{1H} NMR (DMSO-dg): 6 183.2 (2P, sJp_se= 549.9 Hz,

2Jp-ng = 57.3 Hz).”’Se NMR (DMSO¢): ¢ 271.2 (d,Jp-se= 556.3

Hz). IR (KBr, »(CO), cnTY): 2052 and 2011.

Crystal structure data fdr. CisH;9FeQPSe,M, = 405.06, orthor-

hombic,Pbca a = 8.613(1) A,b = 27.093(1) Ac = 29.486(1) AV

=6880.2(4) B, Z = 16, pcaica = 1.564 Mg n73, u(Mo Ko)) = 3.093

mm-1, R1 = 0.0425, wR2= 0.0856 [ > 20(l)]. Crystal structure

data for3: C3gHsgCdChFe;021PsSes, M, = 1544.50, monoclinicP2:/

c,a=16.192(4) Ab = 14.729(3) A,c = 25.366(6) A 8 = 95.59-

(1)°, V=6021(2) B, Z = 4, peaica= 1.704 Mg n73, u(Mo Ka) =

3.105 mm?, R1 = 0.0444, wR2= 0.1078 | > 20(I)]. Crystal

structure data fos: CyeHzgHgsleFeP,0sSePMeOH,M, = 2205.34,

tetragonaI,P4/§2)/an a = 20.5872(9) A,c = 26.0086(17) AV =

11023.3(10) A, Z = 8, pcaica= 2.658 Mg n13, u(Mo Ko) = 13.617

mm~1, R1= 0.0264, wR2= 0.0706 [ > 20(l)].

(14)
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Figure 1. Structure of compound. Only one of the two independent
molecules is depicted (H atoms are omitted). Selected bond lengths (A)
and angles (deg): FeP1l 2.215(1), SetP1 2.128(1), G-P1 1.600(3),
1.593(3); SexP1-Fel 117.8(1), ©P1-Fel 104.2(1), 106.6(1), ©P1—

Sel 111.7(1), 110.8(1), GP1-02 104.8(2).

Hz). This coupling constant suggests that the title compound
contains a P-Se partial double bond. Figure 1 displays the
structure of compound in which the Fe center is bound to
the P atom of the selenophosphito moiety. The geometry
around the P center is distorted tetrahedral, with-BeFe
being the largest. The S bond distance of 2.128 A is
indicative of a partial double bond. Therefore, the observed
selenophosphito fragment ih clearly suggests that-FSe
bond cleavage occurs in the thermal reaction of [CpFefcO)
with phosphor-1,1-diselenolates. Very few reports focus on
the P-Se bond activation. Complexes of the typans
M(PhSe)[P(O)(OPh)[PEt], (M = Pd, Pt), which were
produced from the reaction of PhSeP(O)(QEtth M(PEb)s
and likely to proceed via the oxidative addition of a®e
bond to Pdand P complexes, are two notable examples.
Scheme 1 shows the reactions bfwith the C-based
electrophile, (MgO)BF,, and the metal salt such as'Cahd
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COMMUNICATION

Figure 2. Structure of catior8 with isopropyl groups omitted for clarity.
Selected bond lengths (A) and angles (deg): €8& 2.590(1)2.603(1),
Cd1-0301 2.307(4), SeP (ave) 2.173(2), FeP (ave) 2.205(2); SeCd1—
Se 110.69(3)118.11(3), SeCd1-0301 98.89(12)110.31(12), Cd+
Se-P (ave) 104.45(4), SeP—Fe (ave) 112.0(1).

Hgl, in methanol or acetone solvents forming Se-methylated
compound?2 and heterometallic cluster8 and 4. Each
successfully used as the metalloligand. All of the com-
pounds are well characteriz&étThe IR spectra reveal the
characteristic peaks for two CO groups in the vicinity of
2000 cnt! in each case’’P NMR spectra reveal a shift in
the signal fromd 165.7 ppm inl (Jp-se = 712.9 Hz) tod
176.2-183.2 ppm in compound®—4 (6, ppm; Jp-se Hz:
183.2, 425.62; 176.2, 600.03; 183.2, 549.94). Further,
with Se being the site of coordination or alkylation, itSe
NMR spectrum is significantly affected. For example, the
signal atd 199.6 ppm Jp-se = 713.3 Hz) in1 shifts to low
field atd 311.2 ppm Jp-se = 420.2 Hz) in2 and atd 271.2
ppm Jp-se= 556.3 Hz) in4. The 3P NMR spectra reveal
that the reduction in the-PSe coupling constant occurs in
the order2 > 4 > 3. Thus, methylation at Se and binding to
Hg affect the environment at Se to the largest extent in this
series of compounds.

Figures 2 and 3 depict the structures of catiBres well
as of nonionic compound. The structural feature fa3 is

that the Cd atom is surrounded trigonally by three Se atoms

and the fourth coordination site is occupied by aOH
molecule. Thus, the coordination geometry around Cd in
is distorted, or flattened tetrahedral. The €8¢ bond
distances range from 2.589(1) to 2.602(1) A. The Elgster

4 has each terminal Hg atom in an extremely distorted
trigonal geometry and slightly distorted tetrahedral for the

Figure 3. Structure of compound with H atoms omitted. Selected bond
lengths (A) and angles (deg): HgBel 2.486(1), Hgt13 2.612(1), Hgt

11 3.087(1), Hg2-11 2.812(1), Hg2-12 2.762(1), SetP1 2.208(2), Fet
P1 2.185(2); SetHgl—I13 153.72(3), SexHgl—I1 93.00(3), I+-Hgl—

13 107.45(2), 12A-Hg2—12 116.23(3), 12-Hg2—I1 106.49(2), 12-Hg2—
I1A 110.67(2), 11A-Hg2—11 105.87(3), Hg2-11—Hgl 79.84(2), Hgt+
Sel-P1 98.25(6), SetP1-Fel 112.57(10).

terminal Hg atoms is occupied by two iodo groups and one
Se atom from the Cp(C@heP(Se)(OR)unit, the central Hg
atom is tetracoordinated by four iodo ligands. Interestingly,
the cluster4 exhibits a closer:--zr contact between two Cp
rings, and the close rapport with two Cp rings (3.555 A)
may be one of the factors for the observed severe distortion
revealed in the terminal Hg centers. Furthermore, the Se
P—Fe angle contracts from 117.8n 1 to ~112°, after
coordination to a metal center.

Thus, Cp(COYeP(Se)(OR)1, which can be considered
as a dialkoxyselenophosphido (or dialkylselenophosphito)
derivative of Cp(COye, is realized for the first time
obtained via a simple preparative metiédCompounds
similar to 1 and 2 with replacement of R by Et and Pr, as
well as the utilization ofL as the metalloligand to generate
heterometallic clusters with group 11 metals, also have been
prepared. They will be reported soon.
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central Hg atom. Whereas the coordination sphere of th(':‘(16) One of the reviewers suggested characterizing species other than the

(15) Han, L.-B.; Choi, N.; Tanaka, M. Am. Chem. Sod996 118 7000.
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SeP(OR) moiety existing in this reaction. Whether the FpSe species
might float around will be discussed in the subsequent full article.





