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The multistep synthesis of the novel diphosphine reference liganél PhP(0-CsH4CH,CsHs-0)PPh, has been
streamlined and can be prepared ocaa20 g scale. It forms metallacycles with a variety of metal fragments.
The resulting, and very rigid, boaboat conformation forces a protondldy of the bridging methylene in close
proximity to the metal, which in turn renders these protons.dd1Hexo diastereotopic. The NMR spectra of
[LoMCI;] [M = Pd,9; M = Pt, 10] and of the organometallic derived compoundsHd(PPH)], 11, and [L,Pd-
(Ch)(52-CHyPh)], 12, consist of a pair of doublets, with theekd, coupled to the P of the metallacycle. The
CH,—metal close proximity drives the electrophilic metalation of the bridging methylene by;RbGbrm

[L* 5RN(CIp(MeCN)], 13, [L*» = PhP(0-CeH4CHCGsH4-0)PPR]. A significant example, which shows how the
coordination number of the metal can affect thgdHHendo resonance separation, is provided by the couple
[L2oNi(C2oHa)], 14, and [LNI(CO),], 15. In order to show that the metallacycle size is crucial for the bridging
methylene to function as a spectroscopic probe, we complexed the same [fdf@gdent to L, 6, and L5, 17,

[L'2 = PhPO@-CeH2(4,6BUz)CH,(4,6BU,)CeH,-0)OPPh], to give [L.Fe(CO}], 19, and [L;Fe(CO}], 18,

respectively. In compled7 the diastereotopic nature of these protons and hence the spectroscopic information

was lost because of the presence of a 10-membered metallacycle. Crysta dateclinic, space groufPl, a
=11.987(1) Ab=15.990(2) Ac=10.872(1) Ao = 91.42(1}, B = 111.01(2}, y = 99.86(2}, V = 1908.2(5)
A3, Z =2, andR = 0.053;11is monoclinic, space group2/c, a= 39.071(5) Ab = 13.657(4) Ac = 19.848(5)
A, p=92.45(2), V= 10581(5) B, Z = 8, andR = 0.047;12is triclinic, space group1, a = 11.289(1) Ab

=18.769(2) Ac=11.077(1) Ao = 91.20(1}, B = 111.27(1), y = 105.26(13, V = 2107.7(4) B, Z = 2, and
R = 0.039;13 s orthorhombic, space grolRP;2:2;, a = 15.346(2) Ab = 18.188(3) A,c = 12.072(2) AV =

3369.5(9) B, Z = 4, andR = 0.042.

oligomeric calixpjarenes® (ii) The eight-membered derived

The bidentate bisphosphine derivatives in their achiral and Metallacycle has a very rigid conformation and, in spite of the
chiral form are the ligands “par excellence” in coordination, rather large ring size, a narrow-FP bite. (iii) The rigid boat
organometallic chemistry, and catalys®. They have been ~ Poat conformation, observed for all the complexes so far
proposed in a variety of forms. This report deals with a identified, forces thendohydrogen of the bridging methylene

diphosphine having the following particular skeleton:

There are a number of features associated with this type of
skeleton: (i) It is the monomeric fragment of the cyclic

to approach the metal and consequently can favor the observed
metalation of the methylene group. Further, this type of

HH intramolecular C-H activation in diphosphine complexes, as
elucidated by Shaw Milstein,® and others, can be promising
O PPh2 in driving the intermolecular hydrocarbon activatir(iv) The
O PPh, metal complexation by the reference ligand affords a confor-
mationally rigid metallacycle which easily differentiates the
L2 = [Ph2P-(0-CgHy4-CHp-CgHy-0)-PPh] prochiral methylene protons (in the free ligand). Emeloone

is affected by the proximity to the metal and by other electronic

(2) (a) For a comprehensive review on chiral phosphorus ligands see:

* To whom correspondence should be addressed. Brunner, H.; Zettimaier, WHandbook of Enantioselect Catalysis
® Abstract published idvance ACS Abstractuly 1, 1997. VCH: Weinheim, Germany, 1993; Vols. I, Il. (b) Pietrusiewicz, K.
(1) (a) McAuliffe, C. A. Phosphorus, Arsenic, Antimony and Bismuth M.; Zablocka, M.Chem. Re. 1994 94, 1375. (c) Herrmann, W.;

Ligands. InComprehensie Coordination ChemistryWilkinson, G., Kohlpaintner, C. W.Angew. Chem., Int. Ed. Engl993 32, 1524
Gillard, R. D., McCleverty, J. A., Eds.; Pergamon: Oxford, U.K., 1987 and references therein.
Vol. 2, p 989. (b)Homogeneous Catalysis with Metal Phosphine  (3) (a) Gutsche, C. DCalixarenes The Royal Society of Chemistry:
Complexes Pignolet, L. H., Ed.; Plenum: New York, 1983. (c) Cambridge, U.K., 1989. (b)Calixarenes, A Versatile Class of
Puddephatt, R. Them Soc. Re 1983 12, 99. (d) Levason, WThe Macrocyclic CompoundsVicens, J., Bamer, V., Eds.; Kluwer:
Chemistry of Organophosphorus Compounidartley, F. R., Patai, Dordrecht, The Netherlands, 1991.
S., Eds.; Wiley: New York, 1990; Vol. 1; p 617. Stelzer, O.; Langhans, (4) Empsall, H. D.; Hyde, E. M.; Markham, R.; McDonald, W. S.; Norton,
K.-P. Ibid., p 191. (e) Cotton, F. A.; Hong, BRrogr. Inorg. Chem. M. C.; Shaw, B. L.; Weeks, Bl. Chem. Soc., Chem. Comm#877,
1992 40, 179. (f) Mayer, H. A.; Kaska, W. CChem. Re. 1994 94, 589. Crocker, C.; Errington, R. J.; Markham, R.; Moulton, C. J.; Shaw,
1239. B. L. J. Chem. Soc., Dalton Tran$982 387.
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and magnetic field affects and thus functions as a very sensitive(colorless when hot, red on cooling) (lit. bp: $1011°C/0.01 mmHg,
NMR spectroscopic probe for the metal environment. In this or 175-180°C/14-17 mmHg, or 177C/12 mmHg) to give2 (70%).
context we will show how enlargement to a 10-membered No®% 1.637 (lit.: np?>° 1.6417 ornp®® 1.6406). *H-NMR (CCl,
metallacycle causes the loss in conformation control and, 1MS): 0 4.06 (s, 2H, €), 6.70-7.91 (m, 9H, ArH). Mass El: m/z

. : 294 (calcd: 294.13).
consequently, loss of the ability of Gitb act as a spectroscopic . 3 . .
probe in NMR analyses. Preparation of 38 A solution of peracetic acfdwas prepared by

. . . slowly adding 30% HO, (77 mL) to acetic anhydride (308 mL) at O
Herein we report an improved and scaled up synthesis of theec " The mixture was kept cold in an ice-water bath until it became
reference ligand along with its use in the complexation of a homogeneous and then left to stand overnight at room temperature. A

variety of metal fragments. In particular we have focused on solution of2 (57.0 g, 100 mmol) dissolved in acetic acid (60 mL) was
the complexation of Pdghnd its organometallic derivatization  added dropwise ove2 h to theperacetic acid solution at IT. The
and the electrophilic metalation of the bridging methylene by mixture slowly turned from orange to yellow and was allowed to stand
RhCk. Further we show how a change in the coordination at room temperature for 4 days. The reaction mixture (which now
number of the metal can affect the chemical shift of ¢émelo contains the iodoso compound) was cooled t6@0and to this stirred
proton, exemplified with some Riderivatives, and how  Selution was added dropwise 969,30, (77 mL). The mixture
enlarging the metallacycle to a 10-membered ring results in loss b(_acame dark and after standing for 12 h gt room temperature was diluted
. S with of cold water (200 mL), extracted with toluene (200 mL), treated
of the spectroscopic probe ensured by the bridging methylene.

. . , . - with activated carbon until the solution was colorless, and then treated
This has been shown using both and L'; derived species. with a large excess of NaCl. Filtration yield&as a white powder

(73%). Mp: 245°C (lit.. 244—245°C). H NMR (DMSO-dg): ¢
H H 4.23 (s, 2H, ®ly), 7.35 (d t, 2H, ArH,), 7.52 (dt, 2H, ArHp) 7.72
(dd, 2H, ArHy), 8.22 (dd, 2H, ArH,). Anal. Calcd for GsH1Cll:
C, 47.52; H, 3.07. Found: C, 48.01; H, 2.99.
Preparation of 48 A mixture of 3 (45.4 g, 138 mmol), water (200
mL), ethanol (200 mL), and KI (excess) was refluxed for 15 min. The
O—PPh, off-white precipitate was collected by filtration and dried in a desiccator
over CaC]} for 2 days (99%). MP: 198199°C (lit.: 184.5-185.5
or 177-178°C). H NMR (DMSO-dg): 6 4.23 (s, 2H, Ely), 7.35 (d
L'5, [PhoP-O-(0-CgHo(4,6Bu'y)-CH,-(4,6But,)CgHa-0)-O-PPhy) t, 2H, Ar-H,), 7.52 (d t, 2H, ArHp), 7.72 (d d, 2H, ArH,), 8.22 (d d,
2H, Ar-H,). Anal. Calcd for GsHiolo: C, 37.17; H, 2.40; |, 60.43.
Found: C, 36.89; H, 2.37; |, 59.30.
Preparation of 5.0 4 (49.2 g, 120 mmol) was heated under &

-0—PPh,

In preliminary studies we showed how the bridging methylene
Klfl\sz]ze bls-?henmato antlfgr: preé:urior ot ba?tﬁefuszd as ?nl 210 °C for 15 min. After cooling, the resulting violet liquid was
Sp‘?c roscopic Pr,o, An oraer o support the fun amen a, dissolved in CHCI, (150 mL) and washed with an aqueous solution
assumption on the rigidity of the metallacycle conformation in Na:S:0s The organic layer was then dried (Mg§QOthe solvent

a variety Qf complexes derived frompLX-ray _analyses have  removed, and then the solid recrystallized in diethyl ether (69%).
been carried out on the key complexes. This allowed, among mMp: 78°C (lit.: 79°C). H NMR (CD,Cl,): & = 4.13 (s, 2H, &),

other things, the establishment of a structural solid state 6.95 (m, 4H, ArH), 7.27 (m, 2H, ArH), 7.85 (m, 2H, ArH). Anal.

solution relationship. Calcd for GsHiol2: C, 37.17; H, 2.40; 1, 60.43. Found: C, 36.89; H,
2.28; 1, 61.20. Mass ElmVz 420 (calcd: 420.04).
Experimental Section Preparation of Ph,P(0-CeH4CH2CsH4-0)PPh,, Lo, 6. Bu'Li (1.6

G | p q Al i ied out und M in hexane, 29.8 mL, 47.6 mmol) was added dropwise to a stirred
eneral Frocedure. reactions were carried out under an suspension o6 (10.0 g, 23.8 mmol) in pentane (80 mL) at room

atmosphere of purified nitrogen. Solvents were dried and distilled i . :
before use by standard methods. Infrared spectra were recorded Withtemperature. After 2 h, freshly distilled chlorodiphenylphosphine (10.50

. a1 " g, 47.6 mmol) was added to the chilled®@©) yellow suspension. The
a Perkin-Elmer 883 spectrophotometbﬂ,' P, and™C NMR spectra mixture turned orange. After 5 days at room temperature, the mixture
were measured on a 200-AC Bruker instrument at 298 K, unless

fied. C 4% and 16 iall labl was hydrolyzed with an aqueous saturated solution of@®H The
Spi(;:elsar'atio%mogog? (Za;]mino?)rheeﬁglr)npmhgﬁ;ﬁnéti\;lea(5% 4g, 270 aqueous layer was eliminated, and the pale yellow suspension in the
. : - - Y organic layer was collected by filtration and washed with a minimum
mmol) was dissolved of in a mixture of 32% HCI (109 mL) and water ganic ‘ayer w y itratl W W nim

; - of cold methanol. The white solid was dri@dvacuofor 8 h (73%).
(60 mL) and the mixture cooled at®. A solution of NaNQ (20.5 . o~ 1 LS
g) in water (85 mL) was added in small volumes 6f2 mL (the Mp: 128-129°C. “HNMR (CDCOCD): 0 = 4.45 (brd t, 2 H.Jew

. \ = 2.0 Hz, (H,), 6.87-7.36 (M, 28 H, ArH). 3P{'H} NMR (CDs-
temperature was not allowed to rise above°@). After 30 min a COCDy): o = —11.5 (s). Anal. Calcd for GHsPy: C, 82.82; H
solution of KI (46.0 g) in water (50 mL) was added dropwise withthe £ o, "F0nd: C 82.15: H. 5.63. ' Y
concomitant evolution of Ngas (again, the temperature was not allowed Preparation of’ LzNiC,|2 ’7_11 A mixture of NiCh6H,0 (0.81 g
to rise above 10C). The mixture was warmed to room temperature 2.8 mmol) and b, 6 (1.5 g: 2.8 mmol), in ethanol was refluxed fo} 3

Zggetgﬁg }g;seorcwggtl(lj:I:fs:\\tlgcsicae:gethcszsrggﬁi ?];tae)/recrov(\)/!g%(et(;"\a/vlijtﬁpf(;"/h' The mixture was allowed to cool to room temperature and the khaki
. . o . 0
NaOH solution. A small amount of N&,Os (ca. 0.5 g) was added “microcrystalline powder collected by filtration and dried (75%). Anal.

until the crude reaction mixture was a pale red color. This mixture Caled for GrHaClNiPz: C, 66.71; H, 4.54; Cl, 10.65. Found: C,

was steam distilled in order to eliminate final traces of unreacted amine. 66.32; H, 4.32; Cl, 9.95terr: 3.30u5 (298 K).
The aqueous layer was eliminated, the organic residue distilled (Vigreux
8 cm), and the fraction (bp: 125126 °C, ~1072 Torr) collected

(8) Collette, J.; McGreer, D.; Crawford, R.; Chubb, F.; Sandin, R].B.
Am. Chem. Sod 956 78, 3819.

(9) For an excellent review wich contains valuable information on the

(5) (a) Milstein, D. Frontiers in Bond Activation by Electron-Rich Metal preparation of organic peracids and precautions necessary in their use,
Complexes. IrStereoselecte Reactions of Metal-Actated Molecules see: Swern, DOrganic ReactionsWiley: New York, 1953; Vol.
Werner, H., Sundermeyer, J., Eds.; Vieweg: Braunschweig/Wiesbaden, VII, p 378.
Germany, 1995; pp 167115. (b) Gozin, M.; Weisman, A.; Ben-David, (10) (Bickelhaupt, F.; Jongsma, C.; de Koe, P.; Lourens, R.; Mast, N. R.;

Y.; Milstein, D. Nature 1993 364, 699. (c) Gozin, M.; Aizenberg, van Mourik, G. L.; Vermeer, H.; Weustink, R. J. NMetrahedronl976

M.; Liou, S.-Y.; Weisman, A.; Ben-David, Y.; Milstein, DNature 32, 1921.

1994 370, 42. (11) Following the procedure by: Colquhoum, H. M.; Holton, J.; Thomp-
(6) Lesueur, W.; Corazza, F.; Floriani, C.; Chiesi-Villa, A.; Guastini, C. son, D. J.; Twigg, M. VNew pathways for organic synthesis, practical

Angew. Chem., Int. Ed. Engl989 28, 66. applications of transitions metal®lenum: New York, 1984; Chapter
(7) Seidel, FBer. 1928 61, 2267. 9.
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Preparation of LoNiBr,, 8. A mixture of NiBr,»3H,O (0.762 g,
2.79 mmol) and k, 6 (1.5 g, 2.8 mmol), in ethanol was refluxed for 3

Lesueur et al.

(CeDe): 0 3.49 (d, 1H,Ju = 14.4 Hz,CHy), 6.60-7.47 (m, 33H,
Ar-H, CHs, CHy). 3P{*H} NMR (CeDe): 6 22.7 (s). Anal. Calcd

h. The mixture was allowed to cool at room temperature and the deepfor CsgHsaNiP,: C, 75.15; H, 5.50. Found: C, 74.87; H, 5.42. IR

green microcrystalline powder collected by filtration and dried (70%).
Anal. Calcd for GH3oBr2NiP2: C, 58.85; H, 4.00. Found: C, 58.89;
H, 3.95. uerr: 3.40ug (298 K).

Preparation of L,PdCl,, 9. An equimolar mixture of [PdGt
(PhCN}Y]*? (2.00 g, 5.22 mmol) and 4.6 (2.80 g, 5.20 mmol), was
refluxed fo 3 h in benzene (100 mL) and then cooled to room
temperature. The pale yellow solid was filtered out, washed with
benzene and ether, and drigu vacuo for 4 h (88%). *H NMR
(CDZCIz): 03.84 (d, 1H,J4-n = 14 Hz, G‘|2), 6.56 (brd d, 1H, =
14 Hz, CHy), 6.70-7.68 (m, 28H, ArH). 3P{*H} NMR (CD,Cly,
ppm): 6 23.4 (s). Anal. Calcd for §Hsz,ClL.P.Pd: C, 62.25; H, 4.24;
Cl, 9.93. Found: C, 61.93; H, 4.32; Cl, 9.72.

Preparation of L,PtCl;, 10. A solution of K;PtCl, (1.54 g, 3.72
mmol) in the minimum amount of water/ethanol (1:2) was added to a
solution of Ly, 6 (2.00 g, 3.72 mmol), in CkCl> (30 mL). The mixture
was refluxed for 12 h. After the mixture was cooled to room
temperature, the pale yellow solid was collected by filtration and dried
in vacuo (78%). 'H NMR (CD,Cly): 6 3.44 (d, 1H,Jun = 14 Hz,
CHy), 6.46 (brd d, 1HJun = 14 Hz,CH,), 6.52-6.61 (m, 2H, ArH),
6.79-6.86 (M, 2H, ArH), 7.18-7.62 (m, 24H, ArH). 3P{*H} NMR
(CD2C|2): 9 3.55 (t,thfp = 3.686 HZ) Anal. Calcd for §H30C|2P2-

Pt: C, 55.37; H, 3.77; Cl, 8.84. Found: C, 54.89; H, 3.84; Cl, 8.42.

Preparation of [L ,Pd(PPhg)], 11. A mixture of L,PdC}, 9 (0.53
g, 0.73 mmol), and PRKO0.50 g, 1.9 mmol) in DMSO (15 mL) was

(Nujol): »(CzHy), 1520 cn1™.

Preparation of [LoNi(COy)], 15. To a yellow suspension of
[L2oNi(CoH4)], 14, in degassed methanol (30 mL) at room temperature
was bubbled CO. The color quickly became colorless followed by
precipitation of a white solid. The solid was collected by filtration
and driedin vacuofor 2 h togive 15 as a pale gray powder (45%).
IH-NMR (CD,Cly): 6 3.42 (d, 1H,Jun = 13.4 Hz,CH,), 5.91 (d, 1H,

Jun = 13.4 Hz,CH,), 6.43 (brd t, 2H, ArH), 6.81 (brd t, 2H, ArH),
7.19+ 7.39 (brd s, 24H, AH). 31P{1H} NMR (CD:Cly): 6 24.8 (s).
Anal. Calcd for GoHaoNiOP,: C, 71.92; H, 4.64. Found: C, 71.46;
H, 4.70. IR (KBr/Nujol): »(CO), 1991 (s), 1925 (s) cnh.

Preparation of Ph,PO(0-CsH2(4,6BU2)CH,(4,6BuU;)CsH2-0)-
OPPh,, L', 17. To an-hexane (70 mL) solution of6 (3.40 g, 8.0
mmol) was added a solution of Bii (1.6 M, 16 mmol) inn-hexane.
After 30 min, 2 equiv of freshly distilled CIPBK3.0 mL, 16 mmol)
was added at room temperature. After 13 h, the solid was removed by
filtration and the filtrate evaporated to dryness. The resulting white
solid was driedn vacuo(84%). 'H NMR (CD,Cl,): ¢ 1.08 (s, 18H,
p-BuY), 1.26 (s, 18Hp-BWY), 4.09 (brd t, 2H, E;), 6.59 (2s, 2H, Ar-

H), 7.15 (2s, 2H, AH), 7.29-7.46 (m, 20 H, P-Ar-H).3P{1H} NMR
(CDClp): 6 113.5 (s). Anal. Calcd for EHeO.P,: C, 80.27; H,
7.88. Found: C, 79.91; H, 7.98.

Preparation of [L',Fe(CO)], 18. Ligand17(L';) (2.4 g, 3.0 mmol)

was added at-30 °C to a yellow n-hexane (50 mL) solution of

heated until the solution became clear orange. To this was added[Fe(CO)(CgH14)2]** (1.08 g, 3.0 mmol) and cyclooctene (1 mL). The

N2H4-H2O (0.15 mL, 3.0 mmol). A vigorous evolution of gas was
observed, and the color turned yellow. The solution was immediately
cooled in an ice-water bath, resulting in yellow crystals. These crystals
were filtered out, washed with ethanol{fee), and then drieth vacuo

for 4 h (64%). 'H NMR (CeDe): ¢ 3.08 (d, 1H,Ju = 14 Hz,CHy),

6.15 (d, 1H,Jun = 14 Hz,CH,), 6.37-7.48 (m, 39H, ArH), 7.92 (brd

s, 4H, ArH). 3P{*H} NMR (CsDe): 0 6.78 (s), 23.94 (s). Anal. Calcd
for CssHasPsPd: C, 72.97; H, 5.01. Found: C, 72.58; H, 5.21.

Preparation of [L ,Pd(Cl)(?-CH2Ph)], 12. A mixture of [L,Pd-
(PPh)], 11 (0.39 g, 0.43 mmol), and freshly distilled benzyl chloride
(0.05 mL, 0.43 mmol) in toluene (15 mL) was heated at80for 10
min. The color turned from yellow to orange red. Cooling to room
temperature and standing at’@ for 12 h yielded red crystals df2
(80%). H NMR (CD.Cl,): ¢ 2.80 (brd s, 1HCH, benzy), 3.25 (d,
1H, Juw = 15 Hz,CHy), 4.00 (brd s, 1HCH; benzy), 6.20-8.00 (m,
34H, ArH and GHy). *P{H} NMR (CsDe): 6 9.58 (s), 27.71 (s).
Anal. Calcd forl2-C;Hg, CsiHasCIP,Pd: C, 71.08; H, 5.26; Cl, 4.11.
Found: C, 71.58; H, 5.37; Cl, 3.80.

Preparation of [L*;Rh(Cl)2(MeCN)], 13 [L*, = PhyP(o-
CeH4CHC¢H4-0)PPH]. A red ethanolic solution of RhgRH,O (0.23
g, 0.93 mmol) was added to a solution af b (0.50 g, 0.93 mmol), in
ethanol/acetonitrile (1:1), which was then refluxed for 30 min. To this
hot mixture was added an aqueous solution of formaldehyde (36.5%,
2 mL). This mixture was refluxed fo4 h and then cooled slowly to
room temperature to give a murky yellow solution. The solution was
filtered and the filtrate kept at room temperature overnight. The deep
yellow crystals were collected and washed with@182.6%). IR
(KBr/Nujol): »(CN), 1969 cm*. H NMR (CD;OD): 6 6.5-6.8 (m,
5H), 7.1-7.8 (m, 20H), 7.9-8.1 (m, 4H). 31P{*H} NMR (CDsOD): ¢
60.3 (d,Jrn—p = 145 Hz), 54.60 (dJrr—p = 143 Hz). Anal. Calcd for
CagH3.CLNP,Rh: C, 62.42; H, 4.30; N, 1.87. Found: C, 63.14; H,
4.52; N, 1.67.

Preparation of [L,Ni(C;H4)], 141 To a green suspension of
anhydrous [Ni(GH7O);] (1.10 g, 4.29 mmol) in toluene (80 mL) at
room temperature was added, 16 (2.30 g, 4.29 mmol, 1 equiv).
Ethylene was bubbled into this mixture for 5 min and then a hexane
solution of Al(Ety (2 equiv) carefully added. The solution became
first yellow-orange and then orange-red after 3 h. Methanol (150 mL,
O, free) was added. The mixture was filtered and the filtrate kept at
4°C for 12 h, to give green khaki microcrystallidd (67%). 'H NMR

(12) Tsuji, J.Organic synthesis with palladium compoundipringer:
Berlin, Germany; Vol. 10, pp 23.
(13) Wilke, G.; Hermann, GAngew. Chem1962 74, 693.

solution was warmed to room temperature and then was kept in the
freezer for several days. A yellow crystalline solid (87%) was filtered
out and dried.H NMR (CD.Cl,): 6 1.07 (2s, 36H, BY), 4.71 (brd s,

2H, CHy), 6.21 (2s, 2H, AH), 7.17-7.36 (m, 14 H, ArH), 7.54-

7.58 (m, 8 H, ArH). 3P{*H} NMR: 6 172 (s). Anal. Calcd for
CseHeoFeQP: C, 72.10; H, 6.70. Found: C, 72.53; H, 6.62. IR
(KBr/Nujol): »(CO), 2008 (s), 1938 (vs), 1915 (vs) cin

Preparation of [L .Fe(CO)], 19. To a suspension of4.6 (1.2 g,

2.2 mmol), in 60 mL hexanef1 mL of cyclooctene) at-90 °C was
added cold [Fe(CQJCsH14)2]** (0.80 g, 2.2 mmol), and the mixture
was allowed to warm slowly to room temperature (the color became
red-brown atca. —30 °C). This mixture was refluxed at 8 for 3

h. The suspension was filtered at 50 and then washed with 2

(50 mL) and driedn vacuofor 3 h. The crude mixture (0.79 g) was
passed down a column (25 cm, 2 cm diameter) of alumina (neutral,
standard grade), previously washed with benzene, eluting with a mixture
of benzene/diethyl ether (1:1). The yellow fraction was collected and
evaporated to dryness to gid® as a bright yellow solid (45%)H
NMR (CD.Cly): ¢ 3.28 (d, 1H,Juy = 14 Hz,CH;), 5.83 (d, 1H,Jun

= 14 Hz,CHj), 6.31-6.40 (m, 2H, ArH), 6.68-6.76 (m, 2H, ArH),
6.98-7.38 (M, 24H, ArH). 3P{'H} NMR (CDsCOCD3): 6 56.8 (s).
Anal. Calcd for GoHsoFeRBOs: C, 71.02; H, 4.47. Found: C, 71.83;
H, 4.67. IR (KBr/Nujol): »(CO), 1984 (s), 1909 (s), 1890 (s) cin

as forC,, symmetry (2A + B»).

X-ray Crystallography for Complexes 9 and 11-13. Suitable
crystals were mounted in glass capillaries and sealed under nitrogen.
The reduced cells were obtained with the use of TRACGERrystal
data and details associated with data collection are given in Tables 1
and S1. Data were collected at room temperature (295 K) on a single-
crystal diffractometer (Siemens AED f@rand 12 and Rigaku forll
and13). For intensities and background individual reflection profiles
were analyzed The structure amplitudes were obtained after the usual
Lorentz and polarization correctiohs,and the absolute scale was
established by the Wilson meth&t.The crystal quality was tested by

(14) Fleckner, H.; Grevels, F.-W.; Hess, D.Am. Chem. S0d.984 106,
2027.

(15) Lawton, S. L.; Jacobson, R. ARACER (a cell reduction program)
Ames Laboratory, lowa State University of Science and Technology:
Ames, IA, 1965.

(16) Lehmann, M .S.; Larsen, F. Kcta Crystallogr., Sect. A: Cryst. Phys.,
Diffr., Theor. Gen. Crystallogr1974 A30, 580-584.

(17) Data reduction was carried out on an IBM AT personal computer
equipped with an INMOS T800 transputer.

(18) Wilson, A. J. C.Nature 1942 150, 151.
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Table 1. Experimental Data for the X-ray Diffraction Studies on Crystalline Compléxaad 11—-13

complex

9 11 12 13
chem formula G7H30C|2P2Pd'2CH2C|2 C55H45P3Pd'1.5C5D6 C44H37C|P2Pd'C7H8 C39H32C|2N Pth
a(A) 11.987(1) 39.071(5) 11.289(1) 15.346(2)
b (A) 15.990(2) 13.657(4) 18.769(2) 18.188(3)
c(A) 10.872(1) 19.848(5) 11.077(1) 12.072(2)
o (deg) 91.42(1) 90 91.20(1) 90
B (deg) 111.01(2) 92.45(2) 110.27(1) 90
y (deg) 99.86(2) 90 105.26(1) 90
V (A)? 1908.2(5) 10581(4) 2107.7(4) 3369.5(9)
z 2 8 2 4
fw 883.8 1022.5 861.7 750.4
space group P1 (No. 2) C2/c (No. 15) P1 (No. 2) P2,2:2; (No. 19)
t(°C) 22 22 22 22
A (A 1.541 78 0.710 69 1.541 78 0.710 69
Pealca (g CT3) 1.538 1.284 1.358 1.479
 (cmY) 90.18 4.72 52.10 7.80
transmn coeff 0.7441.000 0.957#1.000 0.596-1.000 0.745-1.000
R 0.053 0.047 0.039 0.042 [0.043]
wR2 0.143 0.127 0.103 0.127[0.130]
GOF 1.034 0.828 1.021 0.852

aValues in brackets refer to the “inverted structui@= 3 |AF|/3 |Fo| based on the unique observed dat& = [3w|AF?|%/Sw|F24Y? based
on the unique observed data f@rand 12 and on the unique total data faéd and14. GOF = [SwW|AF?%(NO — NV)]¥2

l.z = [Ph2P-(O—CGH4-CH2-CGH4-O)-PPh2]

Steps a-h are reported in detail in the Experimental Section
a, B, v, 8: numbering scheme for the NMR spectrum

chirality of complex13, which crystallizes in a polar space group, was

tested by inverting all the coordinates ¥, zZ—x, —y, —2) and refining

to convergence once again. The resulttigalues quoted in Table 1

indicated that the original choice should be considered the correct one.
Final atomic coordinates are listed in Tables-S&5 for non-H atoms

and in Tables S6S9 for hydrogens. Thermal parameters are given in

Tables S16-S13, and bond distances and angles, in Tables-S1Z%

1 scans showing that crystal absorption effects could not be neglected.Scheme 1
Weights were applied according to the scheme 1/[0%(F.)? + (aP)j
factors for neutral atoms were taken from ref 21a for nonhydrogen
4 ¢ 3

and on an ENCORE 91 computer. The structures were solved by the | l |
done isotropically and then anisotropically for all non-H atoms except
C) isotropically refined with site occupation factors of 0.5, 0.25, and
isotropically refined with a site occupation factor of 0.5 constraining

fResults and Discussion
crystallization in9 and 11, which were ignored, were located from

The data were corrected for absorption using ABS&Ri@ complexes NH |
2 .~
NeasrNeas
(P = (F¢? + 2F?)/3) with a = 0.1011, 0.0463, 0.0678, and 0.1041 for 1 2 L 10 J
atoms and from ref 22 for H. Among the low-angle reflections no
heavy-atom method starting from three-dimensional Patterson maps L b FPh2 PPha
using the observed reflections. Structure refinements were carried out

for the disordered atoms. Refinements of complek2and 13 were

straightforward. In comple® one of the two CHCI, solvent molecule

0.25, respectively. During the refinement the-Cl bond distances

were constrained to be 1.75(1) A. In complét a GDs solvent

the aromatic rings to be regular hexagons-(C1.39(1) A). The X-ray

analysis revealed the presence of anoth@sCrystallization molecule

difference Fourier maps and introduced in the subsequent refinements

as fixed atom contribution with)’s fixed at 0.08 for9, 11, and13and

9 and12 and a semiempirical meth&tfor complexesl1 and13. The
function minimized during the least-squares refinement Wwag\F?)2.
complexes9 and11—13, respectively. Anomalous scattering correc- 10
tions were included in all structure factor calculatid#s.Scattering 5 r 1

Y e d

g‘O @‘O ‘O @i‘Oi_ O@O

i incti & 1o o o
correction for secondary extinction was deemed necessary. All | cl - :
calculations were carried out on an IBM PS2/80 personal computer
g h

using SHELX92® and based on the unique total data fdrand 13 O O O O O O
and on the unique observed data ®oand12. Refinement was first 5 6
of crystallization was found to be affected by disorder which was solved
by splitting the carbon and chlorine atoms over three positions (A, B,
molecule of crystallization was found to be disordered over two
positions (A, B) rotated each other by about®30They were
with its gravity center on a crystallographic center of symmetry. The
hydrogen atoms, except those related to the solvent molecules o
0.10 A2 for 12. The final difference maps showed no unusual feature,
with no significant peak above the general background. The crystal

The synthesis of our target chelating ligang &, is outlined
in Scheme 1. This stepwise synthesis starts from commercially
availablel and involves classic methodologies for the prepara-
| tion of the intermediate@—>5 leading to the diphosphiné.
Specific reference to the methods applied, along with a detailed
synthesis of each intermediate, has been reported in the
Experimental Section. The present strategy has the advantage
of being easily scaled toa. 20 g of the target diphosphine. It
is worth noting that the last step)(of the sequence (Scheme
1) should in principle allow the generation of a variety of
different substituted diphosphines depending on the dialkyl- or
diarylchlorophosphine used.

(19) Ugozzoli, F. ABSORB, a Program fdf, Absorption Correction.
Comput. Chem1987, 11, 109.

(20) North, A. C. T.; Phillips, D. C.; Mathews, F. 3cta Crystallogr.,
Sect. A: Cryst. Phys., Diffr., Theor. Gen. Crystallo®68 A24, 351.

(21) (a) International Tables for X-ray CrystallographKynoch Press:
Birmingham, England, 1974; Vol. IV, p 99. (bhid., p 149.

(22) Stewart, R. F.; Davidson, E. R.; Simpson, WJTChem. Physl965
42, 3175.

(23) Sheldrick, G. M.SHELXL92 Gamma Test: Program for Crystal
Structure Refinementniversity of Gdtingen: Gitingen, Germany,
1992. (24) See paragraph at the end regarding Supporting Information.
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Scheme 2
NiClp6H,0 EtoH
| o
2:6Hz H\C/H M,x
NiBry 3H,0 EtoH 6 e
-PPh,
PdCI,(PhCN
[PAClx( )2 oo PPh,
KoPtCly LoMCI
H,0, EtOH, CH,Cl, (LMCla)
M=Ni,X=Cl, 7
M= Ni, X = Br, 8
M=Pd, X =Cl,9
M=Pt X=Cl, 10

Ligand 6 has been characterized as reported in the Experi-
mental Section. [1t8'P{1H} NMR spectrum shows a singlet at
—11.5 ppm, while the bridging methylene appears as a triplet
at 4.45 ppmJp-n, 2.0 Hz) in the'H NMR. It has been engaged
in the complexation of some metal fragments which can be
considered as prototypes in organometallic chemistry. Their
syntheses are reported in Scheme 2.

Although complexes/ and 8 are useful starting materials,

Lesueur et al.

€23 c24

c10
Figure 1. ORTEP drawing of comple® (30% probability ellipsoids).

Table 2. Selected Bond Distances (&) and Angles (deg) for
Complex9

their paramagnetism did not allow an inspection of the ligand’s Pgi:gllz %%‘;‘i((ll)) Z;gi,l% 1'23‘&%
NMR characteristics when bound a metal. The magnetic  py1_p> 2.268(1) P2C41 1.833(4)
moment suggests a typical tetrahedral coordination geometry. pi1-c1 1.823(5) P2C51 1.814(5)
The NMR spectra 08 and10 are, on the contrary, particularly

significant. Due to the rather narrow-FP bite angle and the (P:|12_—P|gdlI—PPzz 122‘3((3 ngFii:%il 1%'3((2
constantly rigid conformation of the metallacycle, we assume  cj>—pg1—p1 84_'6(1) C+P1-C21 105:8(2)
that our compounds are exclusivetdis, not only in the solid Cl1—-Pd1-P2 91.0(1) PdtP2-C51 114.1(2)
state ¢ide infra) but also in solutior®®> In the case o, the Cl1-Pd1-P1 170.7(1) Pd1P2-C41 116.1(2)
31p{1H} NMR spectrum shows a singlet for the two phosphorus ~ Cl1—Pd1-CI2 89.5(1) PdiP2-C13 112.3(2)
atoms at 23.4 ppm, in agreement with a variety of {ZRICL] Egi:gi:ggi Eég% g‘gﬁ%:ggi 183'3%
complexeg® while in the case ofl0 the signal is a 1:4:1 Pd1-P1-C1 107_'0(1) C13P2-Ca1 102:6(2)

multiplet at 3.55 ppm, with dpp = 3.686 Hz. Such values
should be compared with those of other Bt&liphosphine

The distortion is mainly indicated by the Ct2d-P2 bond

metallacycles containing a bidentate phosphorus ligand in which @ngle [165.8(1)] (Table 2) and the tetrahedral displacements
the two PPh fragments are bridged by an aliphatic chain of Of the atoms from the mean coordination plane: Pd1, 0.018(1);
variable lengtt?’ Both values seem to be affected, without Cl1, 0.145(2); CI2-0.271(2); P1, 0.149(2); P2;0.265(2) A.

showing a regular trend, by the size of the metallacycle, unlike The chelating behavior of the ligand results in an eight-

previous observations for the smaller metallacyéfe§he H
NMR spectrum for botl® and 10 shows clearly differentiated
exo and endo protons of the bridging methylene. The two
protons become, in fact, diastereotopic on complexation. The
endoproton (complex9) gives rise to a doublet of triplets at
6.45 ppm, due both to the geminal and phosphorus coupling
(Iun, 14 Hz; ey, 3.0 Hz), while in the case of0 the endo

membered chelation ring which assumes a distdrtest—boat
conformation (Figure 5a), the P1, C1, C8, and C13 atoms
defining the basal plane (maximum displacement 0.007(5) A
for C8). The angle formed by the almost paralleHIB13 and
P1—-C1 bonds is 8.7(3) This feature of the metallacycle could
be described, considering the €C6—C7—C8 [-67.1(6¥] and
P1-Pd1-P2-C13 [-30.2(2f], by the torsion angles which

proton (646 ppm) appears as a broad doublet due to the bare|ﬁhou|d be equal to zero in a nondistortemht—boat conforma-

detectable PH coupling. Theexoproton is a doublet at 3.84
ppm @n-n, 14 Hz, 9) and 3.44 Ju_n, 14 Hz, 10). The
difference in chemical shift between the pair of doublets arising
from the —CH,— moiety in the complexed form of the ligand

is particularly sensitive to the nature of the metal, its coordina-
tion number, or in general its chemical environment. One of
the explanations which can be invoked may be the geometrical
proximity, i.e., a long-range interaction between ¢émeloproton

and the metal. The X-ray analysis @fs particularly informa-

tion. It is worth noting that the value of the first torsion angle
is comparable with those in complexg$ and 12 (vide infra)
(—80.4(8) and—74.6(5Y, respectively), while the value of the
latter indicates a deformation larger than that in compleiXes
and12 where the P+ Pd1-P2-C13 torsion angle is 2.7(2) and
—3.9(1Y, respectively. The conformation of the metallacycle
is such as to orient the H71 hydrogen atom almost perpendicular
to the coordination plane (PaH71, 2.46 A), the angle between
the Pd1--H71 line and the normal to the plane being 19.1(3)

tive in this sense. The metal has the distorted square planarThe P%--P2 bite distance is 3.385(2) A. The phenyl rings of

geometry shown in Figure 1.

(25) In all the metallacycles derived from the same skeleton, regardless of
the nature of the donor atom@\,?° and Pcis compounds have been
exclusively obtained.

(26) (a) Meek, D. W.; Nicpon, P. E.; Imhof Meek, \J. Am. Chem. Soc.
197Q 92, 5351. b)Phosphorus-31 NMR Spectroscopy in Stereochem-
ical Analysis Verkade, J. G., Quin, L. D., Eds.; VCH: Weinheim,
Germany, 1987.

(27) Lindner, E.; Fawzi, R.; Mayer, H. A.; Eichele, K.; Hiller, W.
Organometallics1992 10, 1033.

(28) Garrou, P. E.Chem. Re. 1981, 81, 229.

the ligand6 adopt a conformation which results in a pair of
hydrogen atoms (H36, H52) of different rings capping the metal
(Pd1:++H36, 2.77; Pd%:-H52, 2.89 A) on the opposite side with
respect to H71. The plane through Pd1, H36, and H52 forms
a dihedral angle of 82°9with the coordination plane. In spite

of different coordination geometries in complex@sl1, and

12 the mutual orientation of the G2C6 (Phl) and C8-C13
(Ph2) aromatic rings does not vary remarkably, as indicated by
the values of the dihedral angle between Ph1 and Ph2 [81.4(2),
76.6(2), and 77.8(2)for 9, 11, and 12, respectively] and the
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Table 3. Selected Bond Distances (&) and Angles (deg) for

Complex11

Pd1-P1 2.328(2) P2C13 1.845(5)
Pd1-P2 2.324(2) P2C41 1.838(5)
Pd1-P3 2.289(2) P2C51 1.831(6)
P1-C1 1.854(6) P3C61 1.819(8)
P1-C21 1.824(6) P3C71 1.838(6)
P1-C31 1.828(7) P3C81 1.845(6)

P2-Pd1-P3 122.6(1) PdiP2-C13 113.0(2)

P1-Pd1-P3 125.7(1) C41P2-C51 101.2(3)

P1-Pd1-P2 111.6(1) C13P2-C51 103.9(3)

Pd1-P1-C31 113.6(2) C13P2-C41 102.4(2)

Pd1-P1-C21 114.8(2) PdiP3-C81 120.7(3)

Pd1-P1-C1 122.0(2) Pd+P3-C71 118.6(2)

C21-P1-C31 101.5(3) Pd1P3-C61 109.2(2)

C1-P1-C31 102.0(3) C71P3-C81 100.0(3)

C1-P1-C21 100.0(3) C61P3-C81 103.1(3)

Pd1-P2-C51 119.7(2) C61P3-C71 102.9(3)

Pd1-P2-C41 114.5(2)

Scheme 4
€35 Cl
i ) S H H \ _CH,
Figure 2. ORTEP drawing of complek1 (30% probability ellipsoids). ol Pd
tol /
Scheme 3 11 + PhCH,CI ﬁ» C} —PPh,
PPh °C, -PPhs
H M Pd * PPh,
C
1) PPhs, DMSO /
9 — -~ —P [LPd(Cl)(n-CH,Ph)], 12
2)N2H4 Ph,
Phy PdZ1:--H71 line with the normal to the co-ordination plane being

41.6. No other intramolecular PeH contacts shorter than
3.02 A are observed. The PiP2 bite distance [3.847(2) A]
is rather wide, due to the trigonal coordination of the metal. In
the IH NMR spectrum ofl1, the resonances @ndoandexo
protons A = 3.07 ppm) are clearly separated and give rise to
two distinct pairs of doubletsJ{—y = 14 Hz), though the
coupling of theendoone can be missed because of the rather
' broad shape of the peaks. The+Ei---M interaction mentioned
above is structurally or spectroscopically detectable only when
the C-H bond is kept in a fixed position close to the metal,
reflecting the rigid overall conformation of the molecdfe.

Complex11 can be a particularly useful source of Pd(0) for
making Pd-C bondsvia oxidative addition reaction®. One
of them is reported in Scheme 4.

The reaction with benzyl chloride led to the synthesis of a
n?-monobenzyl derivativé® The 31P{'H} NMR spectrum
displays two singlets at 9.6 and 27.7 ppm, while tHeNMR
spectrum of the bridging methylene shows a doublet for the
Hexo at 3.25 ppm, with the resonances of thgddoverlapping

[LoPd(PPh3)], 11

C5—-C6—C8—C9 torsion angle [40.1(6), 45.4(7), and 40.8(4)
for 9, 11, and12, respectively] which reflects the bending and
the twisting of the two rings. Similar structural parameters have
been observed in the structure 1.2

Complex9 has been engaged in a number of transformations
demonstrating its utility as a starting material. Reduction with
hydrazine in the presence of PRiave the tricoordinated Pd
derivative 11 (Scheme 3§°

The3P{*H} NMR spectrum oflL1 shows two singlets at 23.9
and 6.8 ppm for the phosphorus set, the first one belonging to
the bidentate phosphine. It may be that the hydrogens from
the bridging methylene play a particular role, protecting the
coordinative unsaturation of the metal, as suggested by the
structure ofl1, shown in Figure 2.

Palladium is trigonally coordinated to the phosphorus donor
atoms and the out-of-plane distance from tg@Bne is 0.046(1)
A. The Pd-P1 [2.328(2) A] and PeP2 [2.324(2) A] bond
distances are in good agreement with the values reported in the(33) (@) Crabtree, R, H.. Hamilton, D. Gdb. Organomet, Chen9oa
literature for Pd(0)yPPh bonds e.g. 2.316(5) A in [Pd- 28, 299. (b) Crabtree, R. HAngew. Chzgm”%m' Ed. Engl993 32,
(PPhy)3].31:32 They are significantly longer than those observed 789 and references therein. (c) Brookhart, M.; Green, M. LJH.
in the Pd(ll) square planar compléx The eight-membered Organomet. Chenl983 250, 395. (d) Brookhart, M.; Green, M. L.
chelate ring assumes lat-boat conformation (Figure 5b); '("3 Wong, L. L. Prog. Inorg. Chem1988 36, 1. (e) Kretz, C. M.;

. allo, E.; Solari, E.; Floriani, C.; Chiesi-Villa, A.; Rizzoli, Q. Am.

the angle between the PT1 and C8-C13 bonds defining the Chem. Soc1994 116, 10775,
basal plane [26.4(48) is remarkably wider than that found in
9. The Pd:-H71 contact is 2.61 A, the angle between the

(34) (a) Canty, A. J. IlComprehensie Organometallic Chemistry;lAbel,
E. W., Stone, F. G. A., Wilkinson, G., Eds.; Pergamon: Oxford, U.K.,
1995; Vol. 9, Chapter 5. (b) Stille, J. K. Ithe Chemistry of the Metal-
Carbon BondHartley, F. R., Patai, S., Eds.; Wiley: New York, 1985;
Vol. 2, p 625.

(35) (a) Dryden, N. H.; Legzdins, P.; Trotter, J.; Yee, V@ganometallics

(29) Floriani, C.; Chiesi-Villa, A.; Rizzoli, C. Unpublished results.
(30) (a) Malatesta, L.; Angoletta, M. Chem. Sod 952 1186. (b) Coulson,

D. R. Inorg. Synth.1972 13, 21. (c) Dobinson, G. C.; Mason, R.;
Robertson, G. B.; Ugo, R.; Conti, F.; Morelli, D.; Cenini, S.; Bonati,
F. J. Chem. Soc., Chem. Commu967, 739. (d) Clemmit, A. F,;
Glockling, F.J. Chem. Soc. A969 2163.

(31) Sergienko, V. S.; Porai-Koshits, M. &Zh. Strukt. Khim 1987, 28,
103.

(32) Orpen, A. G.; Brammer, L.; Allen, F. H.; Kennard, O.; Watson, D.
G.; Taylor, R.J. Chem. Soc., Dalton Tran$989 S1.

1991 10, 2857. (b) Solan, G. A.; Cozzi, P. G.; Floriani, C.; Chiesi-
Villa, A.; Rizzoli, C. Organometallicsl994 13, 2572. (c) Pellecchia,
C.; Grassi, A.; Immirzi, AJ. Am. Chem. S0d.993 115 1160. (d)
Kalinin, V. N.; Cherepanov, I. A.; Moiseev, S. K.; Batsanov, A. S.;
Struchkov, Yu. T.Mendelee Commun.1991, 77. (e) Jordan, R. F;
LaPointe, R. E.; Baenziger, N.; Hinch, G. Drganometallics199Q

9, 1539. (f) Canty, A. J.; Traill, P. R.; Skelton, B. W.; White, A. H.
J. Organomet. Chenl992 433 213.
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64 65 Scheme 5
cea@@l :% 2)cse A
C
€62 C61 €54 = - C'Me
. RhCl32H,0 + 6 —MECN_ -\ P\ N*

HCI

€55 RR
PhyP”” & el

[L*2Rh(Cl)2(MeCN)], 13
*5 = [PhaP-(0-CgHy-CH-CgHg-0)-PPhy]

of the respective van der Waals radii. The conformation of the
chelation ring is close to that observedlih (Figure 5¢). The
angle formed by the PAC1 and C8-C13 bonds defining the
basal plane is 18.2(2) The value of the P1-P2 bite distance
[3.638(2) A] is intermediate between those observe@ and

€10 11 The conformation of the metallacycle allows the H71
Figure 3. ORTEP drawing of complex2 (30% probability ellipsoids). Rydmgen to approach the palladium metal at a distance of 2.77

Table 4. Selected Bond Distances (&) and Angles (deg) for The question arising at this stage is the following: Can we

Complex12 force the bridging methylene to play, besides its role as a
Pd1-CI1 2.541(2) P+C21 1.833(5) spectroscopic probe, a chemical role? It is well-known that
e gggg% P 1-328&8 intramolecular G-H bond activation can be the intermediate
Pd1-C61 5 408(6) PG4l 1:838( 4) stepin th'e mtermqlgcular hydrocgrbon actlvaﬁomhe reaction
Pd1—C67 2.113(6) P2C51 1.822(3) to test this possibility concerr@with RhCk shown in Scheme
P1-C1 1.838(4) 5. Itreports an electrophilic attatky Rh(lll) on the bridging

Co1 Pdl C67 36.42) PdiP1-C21 114.7(1) m?l'tﬂi)gliggétion was carried out in acetonitrile which functions
P2-Pd1-C67 90.2(1) Pd+P1-C1 120.2(1) : , -
P2—Pd1-C61 109.1(1) C21P1-C31 102.2(2) as a base in case of HCI formation. The electrophilic attack of
P1-Pd1-C67 161.9(1) C+P1-C31 102.3(2) Rh(lll) on the bridging methylene is assisted by the close
Ei:gg}:ggl iggggg gi_lPPlz—_CCzE)ll ﬂgg% pro;qﬂmy, Tnpgsac\jl by tr;ﬁ rigid Pc;aib%a'i }::o(r;;orénatlo? ofltge
Cl1—-Pd1-C67 89.9(1) PdtP2-Cal 112.5(1) Eai%ggzﬁfélatid ﬁ\eﬂigheyirgli}j: azndeep&yellovf r(;?/set);ls The
Cl1-Pd1-C61 103.1(1) PdtP2-C13 115.4(1) o : :
Cl1l—Pd1—P2 124.1(1) C44+P2—C51 104.1(2) acetonitrile molecule is only loosely bonded to the metal and
Cl1-Pd1-P1 92.6(1) C13P2-C51 105.6(2) is lost under vacuum (see Experimental Section). NMR spectra
Pd1-P1-C31 110.7(1) C13P2-C41 101.9(2) have been recorded on the desolvated form. The metalated

carbon appears as a doublet in ##@ NMR spectrum at 57.28
those of the aromatic protons. Thgé-bonding mode of the ppm, with a correspondindkn-c coupling constant of 22.4 HZ.
benzyl group has been revealed by tHeNMR spectrum with  |n the31P{*H} NMR spectrum we observe two doublets at 60.3
the presence of a pair of unresolved doublets for the two ppm Qrn-p = 145 Hz) and 54.6 Jan-p = 134 Hz). Such
heterotopic benzylic protons (see Experimental Sectian)d coupling constants are in accordance with the presence of a five-
confirmed by an X-ray analysis df2 (Figure 3). coordinate Rh in the desolvated fofh.The exoproton of the

The structure consists of the packingl@and toluene solvent  bridging methylene is not particularly informative since it falls
molecules of crystallization in the molar ratio of 1/1. Selected in the crowded aromatic region, between 7.1 and 7.8 ppm. The
bond distances and angles are listed in Table 4. The range ofX-ray analysis ofl3 has been carried out on its solvated form
the palladium-carbon distances suggests a met&nzyl,?- (Figure 4, Table 5).
bonding mode involving the C61 and C67 carbon atoms {Pd1 The metal shows a slightly distorted octahedral coordination
C67, 2.113(6) A; Pd+C61, 2.408(6)], the PdiC62, 2.729(6),  provided by the P1, P2, and C7 atoms frémtwo chlorine
and Pd-C66, 3.315(6) A, being too long to be considered as atoms, and the nitrogen atom of an acetonitrile molecule. This
interactions. The presence of /#-interaction instead of a  distortion is mainly due to the trischelating nature of the ligand
o-bond is supported by the value of the @67 distance,  which displays dac arrangement around the metal (FRh—
though significantly longer than those observed for-Rd P2, 97.7(19). The resulting two five-membered chelate rings
o-bonds [mean value 2.064(14) &Jand by the value of the  are nearly perpendicular to each other [dihedral angle between
Pd1-C67-C61 angle [83.0(4] which differs remarkably from  their mean planes, 84.1¢]) one (Rh1,P2,C13,C8,C7) which
the tetrahedral one. The PdP2 [2.259(1) A] bond distance s planar and the other (Rh1,P1,C1,C6,C7) folded by 350(2)
is close to those observed in compl@xwhile the Pdi-P1 along the P4:-C7 line. This folding is probably due to the3sp
[2.383(1) A] as well as the PdiCI1 [2.541(2) A] bond character of the C7 carbon atom and fhe arrangement of
distances are remarkably longer. This lengthening could be
attributed to intraligand steric hindrance rather than to electronic (37) (a) Shilov, A. E.The Actiation of Saturated Hydrocarbons by
effects, as indicated by the PACI1 [3.560(2) A] and C67 Transition Metal ComplexesReidel: Dordrecht, The Netherlands.

] 1984. (b) Labinger, J. A.; Herring, A. M.; Bercaw, J. &dv. Chem.
CI1 [3.301(5) A] contacts which nearly correspond to the sum Ser.1992 No. 230 221. Luinstra, G. A.; Labinger, J. A.; Bercaw, J.

E.J. Am. Chem. S0d.993 115 3004. (c) Periana, RSciencel993

(36) (a) Geib, S. J.; Rheingold, A. |Acta Crystallogr. Sect. @987, 43, 259 340.
1427. (b) Osakada, K.; Ozawa, Y.; Yamamoto, A.Chem. Soc., (38) Mann, B. E.; Taylor, B. F13-C NMR Data of Organometallic
Dalton Trans.1991, 759. (c) Osakada, K.; Ozawa, Y.; Yamamoto, CompoundsAcademic: New York, 1981; p 44.

A. Bull. Chem. Soc. Jpri99], 64, 2002. (d) Reger, D. L.; Garza, D. (39) Pregosin, P. R.; Kunz, R. W. NMR Basic Principles and Progress
G.; Lebioda, L.Organometallics1991, 10, 902. Springer: Berlin, 1979; Vol. 16.
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Ca4

c35 Figure 5. SCHAKAL drawing showing the conformation of the
chelation rings in complexe (a), 11 (b), 12 (c), and13 (d).
Scheme 6
C34

H H A/\v
of Ni
Figure 4. ORTEP drawing of complex3 (30% probability ellipsoids). 6 + Ni(acac), " AEt O _PP{
2) CyHyg, toluene

Table 5. Selected Bond Distances (A) and Angles (deg) for

PPh
Complex13 :
14

Rh1-Cl1 2.419(2) P+C1 1.807(9) .

Rh1-CI2 2.473(3) P1C21 1.827(8) H H N'.C_ O MR INICHA

Rh1-P1 2.265(2) P£C31 1.825(9) c % ' co

Rh1-P2 2.252(2) P2C13 1.828(9) _rén

Rh1-N1 2.107(6) P2C41 1.853(8)

Rh1-C7 2.108(7) P2C51 1.831(9) PPh,
N1-Rh1-C7 90.5(3) Rh+P1-C31 119.9(3) 15
P2-Rh1-C7 86.3(2) RhiP1-C21 121.2(3) LNICOY]
P2-Rh1-N1 87.3(2) RhtP1-C1 100.9(3) (LNi(CO),
P1-Rh1-C7 81.4(2) C21P1-C31 100.8(4)
P1-Rh1-N1 170.1(2) C+P1-C31 106.6(4) complex,14. It has been obtained as a green-yellow crystalline
P1-Rh1-P2 97.7(1)  CxP1-C21 106.2(4) solid. Its relatively high stability depends on the steric
Cl2-Rh1-C7 176.8(2) RhiP2-C51 123.0(3) protection of the diphosphine ligand which provides a type of
Cl2—Rh1-N1 86.3(2) Rhi-P2-C41 113.7(3) X Th Sisn] P 5
Cl2—Rh1-P2 94.3(1) Rh1P2-C13 103.2(3) protective cage. e easy displacement oHLby carbon
Cl2—Rh1-P1 101.6(1) C44P2—C51 99.4(4) monoxide led to the tetracoordinate Ni@icarbonyl derivative
Cl1-Rh1-C7 88.5(2) C13-P2-C51 110.5(4) 1542 Let us now compare the spectroscopic properties of the
Cl1-Rh1-N1 86.5(2) Cl13-pP2-C41 106.1(4) ligand in the two cases. Th8P{'H} NMR spectrum shows
g:i:gﬂigi 1;%28)) ﬁ;‘_*c'\éll:gg% gg'gg%) for 14 and 15 singlets at 22.7 (Dg) and 24.8 (CRCl,) ppm,
Cl—Rh1-CI2 90.'5(1) ’ respectively. ThéH NMR spectrum shows a doublet for the

Hexo in 14 at 3.49 ppm, while the Kqo overlaps with the

the ligand (Figure 5d). Other peculiar features are the-C1l ethylene protons in the aromatic region (6-6050 ppm). In
C6—C7—-C8 torsion angle{93.3(97], the P:-P2 bite distance  the case ofL5, Hengoappears as a doublet at 5.91 ppm, while
[3.403(2) A], and the dihedral angle between the aromatic rings the Hs,, remains almost unchanged at 3.42 ppm. In the X-ray
of the ligand [113.0(3). The two Rh-P bond lengths [Rh analysis ofL5* we observed the usual structural feature of the
P1, 2.265(2); RhP2, 2.252(2) A], as well as the RIC7 metal-bonded ligan6, including the metallacycle conformation.
[2.108(7) A] bond distance are in agreement with the values These results show how the methylene protons are sensitive to
observed in the Milstein complé and metalated Rh(lll)  the metal environment. In the meantime we found, however,
species® The relatively highransinfluence of the methylenic  that they are only slightly sensitive to the solvent used for the
carbon is shown by the lengthening of R@I2 [2.473(3) A] NMR spectrum. In all the cases so far reported, we assumed
with respect to RECI1 [2.419(2) A]. that the eight-membered metallacycle conformation does not

In order to better define the spectroscopic and, eventually, change significantly because of the presence of the transition
the steric properties of our novel chelating phosphine, we metal and thanks to its siZe. In order to prove the consequence

explored its binding ability in some nickel and iron complexes. of the ring size on the spectroscopic behavior of the bridging
The reaction in Scheme 6 shows the synthesis of tw® Ni

derivatives with different coordination number at the metal.  (41) (a) Chatt, J.; Hart, F. A.; Watson, H. BR. Chem. Soc1962 2537.

The conventional reduction of [Ni(acat)n the presence of (ltg?AreStav M.; Nobile, C. F.; Sacco, Anorg. Chim. Actal975 12,
CoH4'%4 afforded the very reactive monoethylerii(0) (42) Cenini, S.; Ratcliff, B.; Ugo, RGazz. Chim. Ital1974 104, 1161.
(43) Crystal data fol5: CzgH3oNiO2P,-CD,Clp, M = 738.3, triclinic, space
(40) Sharp, P. R. IlComprehensie Organometallic Chemistry ;lAbel, groupP1, a = 13.157(5) Ab = 14.087(6) A,c = 11.123(4) Ao =

E. W., Stone, F. G. A, Wilkinson, G., Eds.; Pergamon: Oxford, U.K., 112.00(3y, f = 106.59(4), y = 94.13(4¥, Z = 2, R= 0.045 WR2
1995; Vol. 8, Chapter 2. = 0.112).
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Scheme 7 the phosphorus at 56.8 (s) ppm. In both complexes the local
symmetry of iron isCy,, with the phosphorus occupying two
equatorial site4? which thus gives rise to CO IR-active

H\ /H /H

C

stretching bands 24+ B, at 2008, 1938, 1915 cm (complex

-OH 1)BuLi -0-PPh; 18) and 1984, 1909, 1890 crh (complex19).
2) CIPPh, .
OH 0—PPh, Concluding Remarks

The use of the specifically designed liga@avith a variety

16

H\
c

[Fe(CO)s(CeH14)2] , of organometallic fragments served to emphasize some of its
H H -CgH14 7.1 structural, chemical, and spectroscopic properties. Among them
ol Pf‘z Co we should mention the following: (1) The steric hindrance along
/ \ with the weak interaction of the metal with teadohydrogen
0 FeTeo of the bridging methylene provides a protective cavity for
bp’h'z\co reactive, that is coordinatively unsaturated, metal centers. (2)
o/ The close geometrical proximity between téedohydrogen

from the bridging methylene and the metal favors metalation,
which can play a very peculiar role in thebond metathesis

[L2Fe(CO)]. 18 reaction with hydrocarbons, thus promoting intermolecular

L', = [PhaP-O-(0-CgHa(4,6But)-CHa-(4,6Bu')CgHp-0)-0-PPhy] activation. (3) The rigid conformation of the eight-membered
metallacycle allowed the differentiation of tlexo and endo
Scheme 8 protons. The latter one is able to serve as a spectroscopic probe
H H for structural correlations, particularly considering the changes
) Ph, CO in chemical shift _and the magnitude of_th]e_H_ coupling
S /F"&L constang® The first argument concerning this structural
\ Fe=CO spectroscopic relationship is based on geometrical constraints
F,/| and postulates a sort of weak interaction between the metal

6 + [Fe(CO)a(CaHia)g) — 2814 Ph, CO center and the Kqoproton. However, this kind of interaction
was not further specified. An agostic type of interaction can
be excluded, because this would result in a high-field shift for
the proton which undergoes the agostic interact6s. This is

. clearly not the case. Instead, the opposite trend was observed,
methylene, we prepared the 10-membered metallacycle using, yownfield shift of the signal assigned te.kh compared to

the phosphite- phosphine bidentate ligark¥ derived from the the free ligand. This phenomenon may be explained in terms

same skeleton (Scheme 7). . 1 of an increased deshielding of tlemdo proton, because the
Ligand17has been reacted with [Fe(CeH14)2] “to afford — t5mation of a metallacycle results in an additional ring current

18 Ligand 17 can display either a bridging or a chelating - hich opposes the external figl##> Additional electron density

bonding modé, the latter one being shown in the proposed j, reases the deshielding and leads to a further downfield shift,
structure ofl8. The chelate bonding mode &%, however, is compared to the electron-poor derivatives.

supported by the X-ray structural determination on the closely

related [L';Mo(CO)).2° The3P{H} NMR spectrum shows a Acknowledgment. We thank the “Fonds National Suisse de
singlet at 172.0 ppm, while that df7 is at 113.5 ppm. The la Recherche Scientifique” (Bern, Switzerland, Grant No. 20-
bridging methylene is a poorly defined triplet at 4.09 ppm in 40268.94) and Ciba Specialty Chemicals (Basel, Switzerland)
the free ligandl7, while the same triplet is displaced to 3.29 for financial support.

pp".‘ m 18 [Jp-y = 11.8 Hz]. According to the geometrical Supporting Information Available: X-ray crystallographic files
flexibility of the 10.'memb.ered metallacycle, the two methylene in CIFpl%rmag for complexe9 and11—13are):/ava3illable (?n tﬁe Internét
protons are not differentiated; thusCH,— cannot serve as @ oy Access information is given on any current masthead page.
spectroscopic probe for the metal environment. This is proved

by the comparison with complet9, where the same [Fe(Cg)  'C9700819

fragment is bonded to ligan@ to form an eight-membered
(44) (a) Casey, C. P.; Whiteker, G. T.; Campana, C. F.; Powell, Indrg.

metallacycle (Scheme 8).' . Chem.199Q 29, 3376. (b) Ittel, S. D.; Tolman, C. A.; Krusic, P. J,;
In the case ofl9, the bridging methylene protons appear as English, A. D.; Jesson, J. fhorg. Chem.1978 17, 3432.

a pair of doublets at 3.28 and 5.83 ppdy(y = 14 Hz) and (45) Lindner, E.Adv. Heterocyclic Chem1986 39, 239.

[LoFe(CO)3], 19




