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STRUClURRS OF ORGANO-TR4?JSITION METAL COMPLEXES 

ANNUAL SURVEY COVERING THEYRAR1976" 

Michael I. Bruce 

De~tment of PhysicaZ and Imrganic chemistry, Universi@ of AdeZuidz, 
AdeZuide, South Australia, 5007. 

IRTRODUCTION 

This survey consists of two sections comprising a collection of 

briefly annotated diagrams ordered according to ligand structural type, 

and a molecular formula index of structure determinations published 

during the year under review. During 1976, some 450 structures of 

organo-transition metal complexes were determined by diffraction methods, 

considerably more than appeared during the previous year. 

In addition to conventional organometallics, i.e. those compounds 

containing at least one metal-to-carbon bond (apart from cyan0 complexes), 

I have also summarised data pertaining to other complexes of interest to 

many organometallic chemists. These include hydride and borohydride 

derivatives, nitrosyla, dinitrogen, aryldiazo and related complexes, and 

binary metal-tertiary phosphine complexes. 

This is the last compilation in this series, and it is of interest 

to note that about 2475 complexes have featured in the eleven articles 

which survey the years 1968-1976 Cl]. This represents nearly 83% of just 

over 3000 structure determinations of organo-transition metal complexes 

which have been published since the study of Fe2(CO)9 reported in 1939 by 

Evens and Powell [2]. Readers will appreciate the difficulty of preparing 

*Annual survey 1975: M-1. Bruce, J.Orga?zn?etaZ%c Chwn., 126 (1977) I-149. 
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an arti&:of this type to.be &mpetitive in publication time with other 

r&kited li&.ngs, such as those-appearing in The Chemical_Society's reports 

on &@xxetaZZic chemistry and MoZecuIur S&ucWes by Difj%actio?z Methods. 

when the last relevant issues of many journals appear in most southern 

hemisphere libraries during.the second half of April! 

REVIEWSAXDOT~PAPERSOFGENFXAL STRtJCXUF&AL INTEREST 

Further volumes in the Chemical Society's Specialist Periodical 

Report MoZecuZur Stmcc&e by Diffraction Methods cover the period 

April 1973 - Harch 1975 (for X-ray studies), and to September 1975 (neutron 

diffraction) or Augnst 1975 (electron diffraction) [S]. The latest volume 

in MoZecuze? Strucees mtd D~ensbzs now extends coverage to mid-1975 [4]. 

Following the diskussion of twist angle calcul-tions mentioned last 

year, another paper presents a more systematic set of ddinitions. and 

concludes that twist angles should only be used when it is appropriate to 

do so, carefully considering which definition is the most useful, and 

defining it precisely in context [5]. 

A volume in the htogress in Inor~a& Chertisirey series contains 

several review papers presented at a symposium held during the 167th 

National Heeting of the Anerican Chenkil Society at Los Angeles in April 

1934, to honour Professors F-A. Cotton and L.F. Dahl, some of which are 

of relevance to this survey. Cotton presents some new observations in the 

old field of metal carbonyl studies, with particular relevance to his 

studies of iron carbonyls and their reaction products, and the occurrence 

of unsymmetrical bridging, and semi-bridging, carbonyl groups 163. In a 

survey of seven and eight-coordinate molybdenum compounds, Lippard includes . 

a discussion of the synthesis and structure of molybdenum isocyanide 

complexes- 171. The versatility of sulphur as a ligand in oqanometallic 

cluster ccmplexes is the subject of an article by Vergamini and Rubas [8], 

who describe the structures of FeiS2(SEt)i<CaHs)2, Fe2<CN)2<SEt)2(CsHS)2 <I), 

Fe&(C5H5)k (II) and the .{[FekS,(CgHg)4]2Ag]S+ cation (III). Only the 

first of these complexes has been reported previously. - 
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@_F(>Fe@ 
S 
I 

Et 

(II) Fe,S6(C5H5& 

(III) ([Fe4S6(C5H5)4]aAg}3i 

C5H5 groups ohitted 

The structures of, and bonding in, 4f a?d 5f organometallic canpounds 

(organolanthanides and -&tinides) has been reviewed [9]. In this 

excellent summary, it is shown that the bond lengt-hs in isostructural 

complexes show changes which correlate with changes in atomic radii. Ground 
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state geonretries of&n reflect a delicate ba.&ce between energjr released by 

increasing coordination number, and energy lost by. intramolecular repulsion, 

as shown by the bonding modes found in DR(CsHs)a (B = C,H,, C,,H, or C5H5, 

for example). 

Phase transitions in organometallic molecules have been related to 

staggered-eclipsed transformations in the case of NnRe(CO)IO [lo], 

order-disorder transitions in Ni(CgHg)R [ll], and to structural changes in 

ferroc~es f12J. 

A paper descri5ing the 

summarises data pMtaining to 

structure of Ru3H(CO)I~(C=NNe2) usefully 

the location of hydrogen atoms in cluster 

complexes. Generalisations relating to structural data of various types 

of hydrido-bridged metal-metal bonds arising from these comparisons 

include (a') metal-metal 

uz-hydride or us-hydride 

three u2-hydrido ligands 

as containing protonated 

respectiveljl; (c) where 

bond distances +increased by single, unsupported 

ligvlds; (b) complexes containing one, two or 

bridging one metal-metal bond can be looked upon 

single, double or triple metal-metal bonds, 

other bridging ligands are present, the effects 

of a p2-hydride ligand -Mot 

of the effect of the bridging 

ELXTRM DII??ZRACTION I?HSULTS 

essily be determined unless some knowledge 

ligand is also ava&ble [133. 

Organo-transition metal complexes studied by electron diffraction 

methods included: 

co (CgEsl2 The average structure which has eclipsed rings (Dgh), is 

canpared with those of other first-row metallocenes. -The larger C-C 

vibrational amplitude than was found for Fe(C5H5)2 and Ni(C5H5)2, and 

Predicted from a molecular force field, confirms the presence of a dynamic 

J&n-Teller effect. 332.6-H bonds are bent towards the metal by 2.1" from 

the ring plane, Distances: Co-C, 2.ll9<3); c-c, Z-429(2); C-H, l_lll<8);1 

E141. __ _ 

lx mi31 (CgPg) The half-sandwich structure was confirmed, with the hydrogen 
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atans lying in the plane of the CS ring. The Ni-N-0 group is linear. 

Distances: Hi-C, 2.128(S); Ni-N, 1.58(l); [15]. 

co (GezizJ (CO) 4 The Co-Ge bond [2.416(4);] is shorter than the sum of 

covalent radii, but considerably longer than that in Co(GeCl3)(CO)3- The 

difference between Co-C(ax) ;md Co-C&q) is very small 1161. 

Re(!B3)(CO/5 (M = C, S-i OF Gel All three complexes contain almost 

identical Re(CO)a groups, with equatorial CO groups bent towards the MHa 

group by between 4-7O. The Re-M bonds are 2.308(17) (M = C), 2.562(12) (Si) 

and 2.628(6); (Gel, respectively [17]. 

NEUTRON DIFFRACTION RRSUITS 

An earlier neutron diffraction study of HW2(CO)9(NO) revealed CO-NO 

disorder. The related complex HW~<CO)~(NO)[P<OMe)~l w~2s studied by X-ray 

and neutron diffraction and revealed a slightly asymmetric W-H-W bond. 

Comparisons with data for other complexes leads to the suggestion that in 

these systems it is the W-W overlap distance which remains constant, 

rather than the W-H bond length [18]. 

Electronic St_rztcties from Co.&ined X-Fag-iZeut%z-t E-fyf?action .lib.&es The neutron 

diffraction study of Cr(CO)S reported in 1975 Cl91 has been complemented by 

an X-ray study carried out at 74R 1203. All C&-C-O bonds were considered 

to be equivalent. The final atomic charges are: Cr, 0.15; c, 0.09; 

0, -0.12, which are small values which contrast with quantum chemical 

calculations, but agree with theelectroneutralityprinciple. The electron 

density around chromium is not spherically symmetrical, with about 25% of 

the d electrons in eg symmetry orbitals, and 75% in tzg orbitals. The 

electron density maps allow direct 'kkualisation" of the classical 

a-bonding, n-backbonding schane, with incomplete occupation of the CO 

'R * orbitals, and a net transfer of 0.3 e per Co group. 

Related to the above study are careful determinations of the 

structure of [Ni(CSHS)]2C2H2 at 78K and 298K [21]. The acetylene is &s-bent, 
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with a C-C distance-of 1.34l<$)i. Electron density maps are in agreement with 

a lineer Hiai bond, with a double maximum along the axis, and with the 

metal-acetylene interaction concartrated in the v* region of the acetylene. 
: 

In addition, the C-G bond appears bent with sp2 IS hybrid orbitals pointing 

at an angle with the bond axis. 

TRENDS IN 1976 

The large numbers of complexes whose structures are determined by 

X-ray diffraction methods as a routine method of characterisation, 

confirm the power of this method of elucidating stereochemistries of 

molecular arrays. The rapid advances in areas such as metal cluster 

che=h=try. the reactions and interconversions of metallo-borane and 

-carborane derivatives, and the stabilization of ne= and unusual 

intermediates, have been largely due to the increasing application of 

molecular structure determination by diffraction methods. 

During the year, a variety of ligands and complexes of note were 

reported, and some of these vhicb more than usually interested this 

reviewer were: the increasing number of transition metal complexes in 

vhich an alkali metal interacts with ligands and transition metals, 

including the fascinating phenylnickel-dinitrogen derivative 

[Ph(NaOEt2)2<Ph2Ni)2N2NaLi6(OEt)~OEt2]2; phosphoro- and arseno-benzene 

<PhE=EPh, E=P or As) complexes; tbe first CosSi cluster to be confirmed; 

the series of unusual derivatives obtained from (~-C,aS)~(CO).(EPhC12) 

<E=P or Ls) and Fep(CO)S; and the ever-increasing numbers of polynuclear 

carbonyl and carbide-carbonyl complexes of the Group VIII metals. Indeed, 

it is true to say that few, if any, of the studies of cluster complex 

chemistry, vould have been resolved without the help of the crystallographer. 

Diagrams used in this sumey have been drawn using the published 
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representation of the mole&le as a basis.* Crganic ligands have been 

arranged in order of increasing number of carbon atoms attached to the 

metal atom, and denoted by then symbol. Where two or more different 

groups are present, the complex will be found under the highest n number. 

Thus, diagrams for Mn(CO)2<Ph2C'C'O)(C~HS) and ZrC12(~3-CI~H~)(s5-C13E19) are 

in the n5 section. Within each section, further ordering has usually 

been on the basis of Periodic Group. Appropriate notes in each section draw 

attention to any unusual features noted in the structure, to the origin of 

the complex if not self-evident, and to any structural comparisons, if made. 

Reference numbers in square brackets [ ] refer to the list at the end of this 

article. The headings differ slightly from those used in the 1975 survey; 

n '-Lead.5 

<a> 

(b) 

<cl 

Cd) 

(4 

(f) 

(k?) 

W 

(3 

<j> 

<k) 

Simple carbonyls 

Carbonyl hydrides and halides 

Carbonyls containing N-donor ligands 

Carbonyls containing P- or As-donor ligands 

Carbonyls containing S-donor ligands 

Carbonyls containing anionic ligands 

Thiocarbonyls 

Isocyanide complexes 

Carbanes and carbyne complexes 

Alkyls, aryls and acyls 

Complexes containing chelating nl-ligands 

(a) en')-Ligands (Metallocycles) 

(b) Olefin complexes 

* 
I am grateful for the tireless efforts of the Elsevier draughtsman, who has 

struggled over the last few years to convert my often ambiguous dravings 

into the finished diagrams. 
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cc) Al’kyne compleies 

(cl) Olefin (or-alkyne) halides 

Ce) Complexes containing other three-mea5ered 

&5igmrds 

(a) (I-l++)-Lig=ds 

r-8 

(b) n3-Allylk 

(a) 

ib) 

(cl- 

(d) 

(d 

(n4rt3)-Ligands 

Z+L&qnds 

qli-Diane ccnnplexes 

+-Trimethylenemethane 

q4-Cyclobutadiene 

I-P-LCp!! 

(a) Cyclopentadienyls 

(b) Cyclopentadienyls containing halide or anionic ligands 

(c) Cyclopmtadienyl containing other hydrocarbon ligands 

(da) Cyclopentadieoyl containing CO, CNR, PR3 or NO ligands 

(e) Cyclopentadienyl-dinitrogen complexes 

(f) Substituted ferrocenes 

(.g) Other +ligands 

ri~-_G7&rzZ 

(a) Armes 

(b) Other +ligands 
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AZkaZi-Metd Derfvati~ves 

sizver Clmlp~ss 

(a) Complexes containing transition-metal-Main Group metal bonds 

(b) Binuclear transition metal complexes 

<c> Binuclear caaplexes containing bridging hydrocarbon ligands 

(d) Binuclaar complexes containing other bridging ligands 

PoZyhedraZ cZuster comptexes 

(a) Polyhedral metal carbonyl clusters 

(b) Polyhedral clusters containing n-hydrocarbon groups 

(c) Polyhedral clusters containing Main Group elements. 

(d) Polyhedral metalloborane complexes 

(e) Polyhedral metallocarborane ccmplaes 

Hydride ad Borohydride Compkxes 

B~?ZZFY T?%?~&Etion Met&-Tertkz Phosphine ConpZezzes 

ABBREVIATIONS 

acac acetylacetonate 

apo acetophenoneoxime 

biim 2,2'-biimidazole dianion 

cod cycloocta-l,S-diene 

G-y cyclohexyl 

diars 1,2-bis(dimethylarsino)benzene 

diop 2,3~-isopropylidene-2,3~ihydroxy-1,4-bis(diph~ylphosphine)-- 

butane 
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dm dimethyl~lyoximate 

&II+ l,2-bi~<dimethylphosphino)ethane 

dmt 1,3_dinethyltriazenido 

dppe 1,2-bis(dipheaylphosphino)etbane 

dPpm bis(diphenylphosphlno)methane 

dtt 1,3-di(p-tolyi)triaze&do 

en 1,2-diaminoethane 

fn fumarcnitrile 

iIlH imidazole 

kin l-methylimidazole 

QES nesityl 

=a3 N((=2CH2hpb2)3 

Ad norbornadiene (bicyclo[2.2.l]heptadiene) 

=pZ?o 

"P3 

oePE2 

pb= 

pit 

PP3 

N[~H2CIi2P<O)ph21(~2~2ppb2)2 

H<CE2CH2pph213 

octaethylporphyrin 

1,10-phaeothrolioe 

picoline 

p<CH2CQppb2)3 

PY pyridine 

[4-Xpy I 4-X-substituted pyridine] 

32 pyrazolyl 

SacSac dithioacetylacetonate 

salen etbane-1,2-salicplidentiinato 

salophen N,N'-o-phauylenebis(saYcylaldiniaato) 

tcm tetracyanoquirmdimethan 

thf tetrahydrofuran 

aed N,N,N*,N'-tetrameJhylethylenediamiue fl,2_bis(dimethylamino)ethanel 

to1 to1y1 

QP meso-tetraphmylporphin 

trap tropolonato 
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TARULATEU STRUCTURAL DATA (T_ARLES 1 ANTI 2) (pages 417 and 425) 

Some structural data of general interest has bean collected in 

Tables 1 (metal-metal bond lengths) and 2 (parameters of coordinated NO), 

and supplements similar compilations in previous articles [ll- 

SUMMARYTABLES 3 ANU 4 (pages 426 and 474) 

These Tables list most complexes whose structures have been 

reported during 1976, together with a few appearing in late 1975. The 

arrangement (in columns) is as follows: 

1. 

2. 

3. 

l?eference mm3221, referring to the structural diagram in the 

preceding section. 

MoZecuZm forimZa, arranged in order of increasing C and H content. 

Other elements follow in alphabetical order of symbol. Ionic 

complexes are listed under the relevant ion, e.g. Na2Fe(C0)4.1.SCkH602 

appears as C~FeOr,2-.ZNa+.l.5C4H802, anfl molecules of solvation, if 

present, are listed last. 

StructuraZ formuZu, listed as far as is practicable, with metal atoms 

first, followed by attached ligand in order of increasing degree of 

electron donation. ~bus, for some commonly found groups, the order 

is: M,H,M' (Main Group or Transition Metal) 

X (monodentate anionic ligancl), R (o-slkyl, aryl, etc.) 

nl-ligands. ER, (E = N. P, As, Sb), SR2, acac (21x3 anionic 

bidentates), NO 

n2-ligands (ok&in, alkyne) 

n3-ligands (allyl, enyl) 

q4-lig2mis (diene, cyclo-diene) 

$-ligands (dienyl, cyclo-dienyl) 

n6-ligands (triene, arene) 

n7-ligands (cycle-trienyl) 

ns-ligands (cycle-tetraene) 

Beferences p_ 484 



_- 
Of neces-sity, this ordericannot be foIltied in al.J .cases,-paiticularly 

-with clustet complexes.~ 

4-a 

9-11 

12 

crystrl aata , comprising cq&~Z Czrz58, sgace groq?, z ana wdt cezt 

dfmm&ons (in~anddegrees). 
- 

Number of in&ersity dais (obsmed reflections) used in structural 

refinement, and lovest R value reported (as Z). Many reports quote 

both conventional (R) and weighted (R.J values: both are listed 

vhere given. 

Miiscst&rneuz~ rates, often relating to lo& temperature determinations, 

etc Here the absolute tmuperature at which data was collected, or 

cell constants determined, is listed. Other abbreviations used: 

CD Cell data only given 

ED Electron diffraction study 

ND Neutron dtifraction study 

SD Structural diagram only, which may be accompanied 

by some bond parameters. 

Other coILTIlle.nts aregiventi appropriate footnotes- 

Refererse xw&er, relating to the list of references at the end of 

the Survey. 

Several structures which were noted after completion of the main part 

of this article are listed in an Appendix at the end of the section on tertiary 

phospbine complexes. 

The following complexes are more correctly located in the sections 

indicated: (135) and (323) in Carbenes; (322) in Chelating nl-ligands; 

(334) and (335) in Dienes; (392) in Three-membered rings; and although 

complexes (393). (394). (395) and (406) contain metal-metal bonds, they are 

strictly complexes containing metal sequences rather than closed clusters. 
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T1 

V 

Cr 

177, 178, 179, 281, 282, 185, Z86, 187, 188, 298, 199, 200, 201, 

245, 315, 410, 443, 470, 471. 

1, 143, 180, 183, 184, 254. 

MIl 

2, 7, 20, 35, 36, 52, 53, 255, 256, 257, 258, 259, 260, 261, 272, 

273, 274, 316, 392. 

25, 26, 37, 38, 39, 59, 61, 163, 225, 226, 227, 227~,228,229,230,283, 

284, 269, 290, 291, 308, 322, 324, 352, 393, 394, 395, 396, 397, 398, 

429. 

Fe 

co 

Ni 

cu 

P 

Zr 

Nb 

MO 

3, 73, 14, 15, 16, 27, 40, 47, 98, 99, 108, 109, 110, 140, 752; 153, 

L%i, 164, 165, 166, 167, 168, 269, 171, 173, 220, 211, 231, 232; 

233, 234, 235, 236, 247, 248, 249, 250, 251, 252, 266, 275, 292, 

293, 294, 370, 324, 325, 326, 327, 328, 329, 330, 331, 33% 333, 

334, 335, 336, 337, 338, 339, 340, 341, 346, 353, 354, 355, 356, 

367, 379, 397, 398, 400, 401, 402, 403, 404, 405, 406, 407, 416, 

430, 431, 432, 446, 447, 498, 478, 479. 

4, 28, 29, 30, 49, 64, 65, 66, 67, 68, 174, 212, 242, 264, 277, 

278, 295, 311, 344, 345, 369, 390, 407, 408, 409, 410, 471, 412, 413, 

417, 420, 421, 132, 434, 444, 450, 451, 452, 453, 454, 458, 464, 483. 

33, 34, 72, 73, 74, 75, 91, 111, 112, 738, 146, 147, 161, 172, 175, 

244, 276, 279, 280, 348, 349, 391, 415, 422, 456, 485. 

130, 357, 358. 

192. 

189, 190, 191, 203, 204, 207, 246. 

271. 

12, 22, 22, 23, 45, 144, 208, 215, 216, 217, 218, 219, 220, 227, 

223, 265, 267, 268, 282, 300, 305, 306, 317, 318, 320, 322, 445, 

457, 459, 460, 472, 473, 474, 475. 

5, 41, 44, 54, 88, 89, 100, 156, 157, 170, 237, 238, 239, 240, 25-3, 262, 

263, 342, 362, 368, 374, 380, 381, 362, 383, 425, 449, 480, 481, 482. 

18, 19, 31, 32, 55, 56, 69, 70, 101, 116, 117, 731, 132, 136, 145, 

Ru 

Ial 

References p. 484 

STRUCTURES ORDERXD BY TRANSITION METAL 
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158;156, k3, 243, 346, 347, 357, 370, 372, 414, 426, 4&, 455;484. 

Pd 51, 57, 58, 76, 77, 78, 92, 93, 94, 95, 742, 148, 143, 150, 151, 

162, 312, 313, kO> 465, 466. 

Ag 224, 281, 359. 

Or 214. 

Nd 269. 

Yb 193, 194. 

Hz 202, 205, 206. 

W 24, 46, 209, 222, 224, 302, 302, 303, 304, 307, 319, 461. 

Re 8, 9, 43, 60, 62, 63, 285, 286, 287, 288, 309, 322, 323, 361, 364, 

365, 366, 399, 433, 457, 476, 477. 

OS .17, 48, 343, 372, 373, 375, 376, 377, 378, 384, 385, 386, 387, 388, 

389. 

Ir 6, 42, 50, 71, 90, 102, 133, 134, 135, 237, 141, 160, 296, 297, 

358, 359, 436,. 437, 438, 439, 462, 463. 

Pt 10, 71, 79, 80, 81, 82, 83, 84, 85, 86, 96, 97, 103, 104, 205, :06, 

107, 123, 714, 115, 1.7.8, 779, 120, 121, 122, 123, 124, 125, 126, 

127, 128, 129, 139, 154, 298, 299, 314, 351, 363, 418, 419, 440, 

442, 44.2, 467, 468. 

Au Sia, 87, 427, 428, 469. 

u 176, 195, 196, 197, 270, 424. 

ql-LICANDS 

<a) Sixip2.s carkvyZ.s 

(I) From V(CO)6 + thf; axial V-C-O from V(CO)6 coordinates to planar 

V<thf), to give first M-O-C-M bridge: V-O<CO) 2.079, V-O(thf) 2.170; 

1383. (2) Direct visualisation of classical o,v bonding scheme from 

charge density distribution at -196" [20]. (3) Distorted tetrahedral 

Fe, vith 3 C-Fe-C ca. 105O, one of 129.7O; Na coordinated by 2 dioxan, 

4 0 from 4 different Fe(CO)+ groups to give polymeric network; Na(2) 

interacts vith 0 from 2'dioxan, and at long range with C-Fe-C, 

resembling allyl, to give N&[Fe(C0)4]2 "cluster"; distortion of 
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(II [Whf 41 b’(CO&l 2 

Na 
Na : 
I \ i 1 

I 0;’ ‘; 

“\ ,c1° 

O--- 

cIFeh_o 
‘. 

. . ‘. 
_I’ \ 

NG 
‘. 
Na 

(3) [Fecco),J*- 

Na salt. 
dioxansolvate 

: 

OC 
\ /co I 

OC 
_A=, 

I co 

s 
(2). Cr(C016 

Oc co 
oc-&o’ 

\ 
C 
0 

(4 j [CotCO>,]- 

The loose cluster ( Na+lz[Fe(COL]z- 
in NaaFe(CO& 

Fe (CO) 4 results from ion-pairing, since with isolated Na + in 

[Na(cryptate)l2[Fe(CO)41, the carbonyl tinion has regular tetrahedral 

geometry C32‘1. (4) F~OUI Co<siMe~)<CO)t+ + PMe2<SiMeg); tetrahedral 

anion, Co-CO 1.72 [303. 

(5) Bidentate dtt, planar strained RUN3 ring, with small difference 

in Ru-N 2.149, 2.179<3)& from kPWlS H; Ru-H 1.6 [389,3901. 
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(5) RuH (dtt)(CO)(PPh& 

H&/co. 

8’ 
‘P 

P=PPh3 
(6) frH tCO>,( PPh312 

(6) Distorted TBP with axial H,P; equatorial ligands bend toward 

2; H located, gives Ir-H l-64(5); 13453. 

PEPMePh2 

(7) CrI(CQJ$PMePh2&fNO) 

Ph Ph 

18) [Re2Cl&O&]- 

(9) [ReBr(CO&~zPzPh, 

Cl - Pt -co 

I 
Cl 

Ph,P- Pt-Cl 

I 
CI 

(10) CPtC13(COfj- (17) cis-PtC12(CO)(PPh3) 

(7) From [Cr(CO)2(NO)(C@.e6)]+ + I -, followed by addition of PMePh2; 

CO group bent tcwards I [307]_ (8) Fron ReCl(CO)5 + oepH2; first 

structure of ationic lLe tarbonyl halide 1371. (9) From 

P2% + [%Br(CO)3(thf)]2; retains P-P bond, with P2 ligand bridging 

2 coordination polyhedra sharing comn edge 13Y]. (10) pt--CO l-82(1); 

Pt-k 2.292 <av.;(cis co), 2.289X (trans co); paper compares Pt-CIbondaina 

variety of complexes [ZZ]. (II) Accurate determination, distances 



reflect electronic CLL 

to PI. 2.276(f) (Lmzm 

influence of CO ligand: Pt-Cl 2_343(2).(trcms 

to CO); Pt-P 2.282(2); Pt-C 1.858(7)ii 12101. 

(c) carbonyzs con?5aining ??-hr zigan& 

@J----$3$-i- 
OX 
/pAx 

0 0 

Et 

(12) Mo(CO&(NO) [HB(pz&-j 
0 

I 
C 

Ph 

I NIFeHN I MN 

N' 'N 
N- 

I N’ 
-------N 

(16) Fe(CO)(pyI (tppl 

Et 

I H Et 
Et 

-Et 

329 

4 
C 

I 
.>Feq" 

N 

(13) Fe(CO)(C,2H,,N4) 

(15) 

L = PY 

H2"' 

\ 
NH2 

(14) 

L = N2H4 

Fe(CO)L(C22H22N4 i 

Me Me 

(17) Os(CO)(py)(Me,oep) Planar Fe(C22H&4) group 
as found in (131, (141, (15) 

References p. 484 



(18) Rh(CO&[Bu%(Nmes&] (19) [Rh(C0)2]4(Biim)2 

(1.8) CO-NO disorder; pa rings shov twisted skewing relative to MO-B 

axis 1791. (73)(14)(15) Comparison of macrocyclic Fe carbonyl complex 

vith and vithout axial ligands; displacement of Fe from Nb plane 

reflects combiued effects of (i) strong Fe-CO bond, (ii) steric 

interactions within the macrocycle, with benaenoid rings tipped out of 

plane towards CO side; actual displacements: 0.29 (73), 0.11 (14), 

-O.OSii (15) [260]. (16) Linear Fe-CO contrasted with bent CO found 

for other carbonylated haemoproteins (see Appendix) [384]. (17) From 

reductive methylation of Os(CO)(py) (oep) + Na anthracenide + MeI; 

porphodimethene ligand folded 38.1° along line joining saturated C 

atoms; OS 0.18d above NQ plane, tuiards CO [367]. (18) Square planar 

- Rh, N-8h-N 70", N-S-N 92.1"; long N-S bond in ligand [272]. (29) Biim 

bridges 3 l?h, vhile 2 Rh bridge 2 Biim; ligand rotated towards end Rh 

to give N-C "'-CT angles of 131, 116"; Rh-8h distance short, indicates 

metal-metal interaction [see also (XX)] [US]. 

(20) By isomerisation of S-bonded Cr(CO>,(SPEiKep) above 2S"; Cr-P 

2.344; (401. (21) Gives detailed geometry of phosphatriazaadamantane 

cage, and confimw P-bonded ligand [SO]. (22) Non-planar MoPa ring, 

with PPP 85.O(l)O;_ other parameters unexceptional [lOS]. (23) Puckered 

7-membered &elate ring, AS-MO-AS 89.6(2)“ [193]. (24) Pronounced 

steric hindrance gives distorted octahedral geometry; long W-P at 

2,686(4)x, P-W-CO 175.6' [1603, <25)(26) Slightly distorted 



(20) Cr(CO)SIPMe,(SH)] (21) MoKO&[P(CH,I&] (22) MoV.ZO),[ButP(PMe2)2] 

OC 
Co But 

\/ 
I 

oc-w --p\ 

/\ 
/ 

BUf 

OC 
But 

co 
(24) wcco,,c Pm;> 

(23) Mo(CO&(blf,afarS) 

octahedra, Mn-C do not differ significantly from fat- and 

mer-&fn(CO)J(PB3)2Br; Efn-CO l-780(13) (25), 1.839x(17) (26) 13321. 

(27) TBP with axial P; Fe-P 2.364(l), Fe-C(ax), l-768(4), Fe-C(eq) 

1.786(8)ii [177]. (28) Mon011~ric pammagnetic CoL 5 derivative; 

distorted SP C3181. (29) Nearly regular TBP, with CO-N 2.06(2)i 

[See (34), and isoelectronic NO complex (447)I C3621. (30) SF, with 

apical P(OMe)3 (CO expected to occupy this position); comparison.9 

with (464) 13553. (31) Ligand tridentate, Rh approximately square 

planar [310]. (32) Ligand bidentate, fourth coordination position 

occupied by H20, which G-bonds to 0 in chelate chain; contains 

14-tiered ring [310]. (33) Only small distortions from 

tetrahedral geometry [cf. (24) j; Ni-? 2.291(5)x is normal E1601. 
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532 

_pP 
\I. 

P- 

P 

I OC. ,P 
pAn-cO 

I 

Me 

Me 

0 0 x 0 

co Ph2P,,,PPh2 

AC0 
OC 

(26) trans 

{ Mn fCO&[PcOMe)2Ph]d}+ 

?z P(OMe12Ph 

(27) Fe(CO),(B”:P) (28) Co(COI&O,(PPh&] 

Me 

129) [Co(CO)(np,I]* 

+ 

(30) Co[PhPKH,CH,CH,PPh,)21 [P(OMeJ] 

rT’J-aPh 
Ph,P -Rh 2 

I 

g 

(311 { Rh(COI [OKH2CH2PPbj2]Jt (32) Rh 
i 

c O/O> 
S 

I 

7Ii-J 

Ph2P---sm 

2 
C 

(CO) (OH,) [:(CH2CH20CH2CH2PPn2&,j+ 

BUf 

\- 
eLL-- P 

/ 
Ed 

CO 

/ 
Ni-CO 

\ 

co 
C 
0 

(33) Ni(CO&(PBuJ) (34) Ni(CO)(nIQ 
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(34) Distorted tetrahedral, N does not coordinate, with Ni-N 

3.25(l).% [see also (29) and isoelectronic NO complex (4611 13621. 

(35) CrKO)+(CH,Ph)Et] 

P’-b 
P 

CO s;--___,?x 
,c--- 1 ‘co 

Me-N, 
Me g 

(37) Mn(C0)3(2Ph31(SCNMe,) 

oc/ ‘co 

\ 

Et 

C 
0 

(36) Cr(C0&[EtS(CH2 $SEt] 

(381 MnKO),(PPh,)(S,CNMe,) (39) [MntCO),(PPti,)(MeSCNMe2)]+ 

(35) From Cr(CO)B[CPh(OEt)] + EtSCEi2Ph; Cr-S 2.459(2)i [133]. 

(38) Cr-CO (c&z to S) l-887(3), Cr-CO (&pm to S) 1.831(3)x [731. 

(37) Nearly planar thiocarboxamide group; see (39) for effects of 

S-methylation on r-interactions of C with other atoms 12661. 

(38) Eeference 12671. (39) S-methylated (37): complex n 

interaction of C with 3 adjacent atoms ; methyl&ion reduces C-S, 

increases Mn-C H interactions; carbenoid C(SMe)(NMe2) ligand [266]. 

(49) From Fez(CO)g + 1,3dithiacyclohexane; TBP vith apical S; trends 
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(40) 

. . 

OC I 
'Fe-CQ 

oc’ I 
s 

Fe(CO),(C&&) 

(411 Ru(mbt),(PY),(CO), 

Oc 
142) [Ir(S2CPPh,) (COI( PPh&]+ 

in Fe-CO distances vith N- and S-bonded ligands discussed [481. 

(41) From Rug(GO)lz + mercaptobenzothiazole, then py'; ligand 

coordinated via exocyclic S only [288]. (42) Originally thought to 

+ 
be n-CSg complex, nw shw to contain Ph3P -CSz- ligand; TBP has one 

aldal Ir-S (2.379), one equatorial Ir-S (2.312); leads to possible 

reformulation of [RuCl2(CS2)(PPh$3]+ and related complexes [395]. 

(f) ctrteo?yls cfmtiting an%zic Zigo3z& 

(43) Isomxphous with %fn compound previously determined 13531. 

(44) Obtained dtiing attempted isolation of Ru(C0)2(S02>(PPh3)2 13441. 

PPh3 
t 

*c 1 PPh3 

-_R~/o-~Me 

&’ 
---6 *c I 0 

I 

.Ru 
0=’ 

HO.,/ 

I 

'0'1 
, 0 

PPh3 PPh3 

(43) Re(OAc)(dO&(PPh3& (44) RLI(SO~)(CO)~(PP~~)~ 
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Me 
S 

oc =\ /c” 
oc7w,-co 

c 
ti 

N 
\ 
CY 

PPh (OEt 1-2 

I ,PPh(OEt), 

IEtO&Ph:‘r\C 
hN 

iii 
N 

‘toi -p 

(47) {FeCI(CNto,-p~[PPh10Et)2~~}~ 

(461 WCCO,,CCS, (CNCy) 
Ar 

/ 

PPh3 

I 
NX-0s’ 

do 
p-tol- 

1 

‘x20 

PPh, 

(48) [Os(CO)(1~0)(PPh3),(CN to@)]+ 

N 
p/c! 

Ar-NsC- 

PI PPh(OEt), .A!-= 4_NO&6H$ 

(49) [ Co(CN~H,N02,,rPPh(OEt)21a) 

Me-N-C-Pd-CZN-Me 
I c 
i 
I 

Me 

PPh2 

I 
Ph2P 

\’ II- -CC--N -Me 
/- 

Ph2P 

I 

c _ 

PPh2 

(50) [ir(CNMeI(dppe121* 

N =C-AU-CsN-Me 

(51a) Au(CN)(CNMe) (51) [Pd(CNMe)4](tcnq), 

References p. 484 



,336 

(45) No unusual structural features; Cl_* to 0; paper compares 

other Ho0 complexes [51]. (46) w-C(G) 1.944, W-C(C0) 2.0645, 

W-C(cNCy) 2.158%; correlation of C-S bonds with v(CS) 19.51. 

(47) Long Fe-P,multiple Fe-C bon& show isocyanide to be a better 

rr-acceptor than phosphonite; latter have ~zr configuration, In 

contrast to I3 NMR data 13711. (48) TBP, apical PPh3 groups: CO,NO 

not distinguished, but X1 probably N, on basis of distances: OS-Xl 

l-67(2), OS-X2 1.84<3);i [368]. (49) Slightly distorted TBP, double 

bond character in Co-C [l.SO(av.)A]; Co-C-N(Ar) bent CQ. 8"; 

distortions around P correlate with Co-P ir interaction; see also (d7) 

E3591. (50) TBP, with linear axial MeNC; comparison with corresponding 

CO, NO systems; stereochemical nonrigidity discussed [394]_ 

(51) Square planar Pd, no stacking interactions between cations and 

anicns; Pd-C 1.984~(av.) [57]. (5&z) Weak Au... Au interactions, with 

each Au bcnded to six other Au in regular he_xagon to give centralAu7 

sheet, Au...Au 3.52 - 3.7s; C-Au-C 176(2)", Au-C(CN) 2.01(5), 

Au-C<CXKe) 1.98(5);i [23]_ 

See also: 80, 81, 214, 219, 31.2, 313, 391. 

<i) CarEeze mu3 cczrbyrz cmpZeazs 

(5.2) Allenylidene complex from Cr(CO)~[C(OEt)CECPh(NMep)] + BF3; 

heterocumulene almost Unear; distances Cr-C 2.015(15), C-C 1.236 and 

1.372(U) show contribution from mesomeric structure 

- /Ph 
(OC)sCr-CzC-Cn+ti [163]. (53) From LIwm + Cr(CO)G, 

2 

followed by alkylaiion, via CO insertion into carbene complex [97]. 

(54) Neutral tetra-carbene complex, ligands essentially planar ti 

propellor-like arrangement, with planes inclined ca. 43" to 

equatorial plane [309]. (55) Tridentate fused-ring ligand from 
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0 
co ph 

\ 
C / 

oc 
_+c =C==TNMe2 

\ 
oc C 

0 

(52) Cr(CO)SEC:C:CPh(NMe2j! 

(54) RuClp[=wEt] 
4 

Cl’ 

Et 

\ 
0 

(531 Cr[C(OEt)[~(OH)=~]}tco,, 
I I 

Ph 
PhJp,Ph 

Ph 

(56) RhCl (PhCONCS)&PPh& 

Ph+O 
Ct 

‘Pd/ 

C-pPh2 

CL’ ‘P _) 

ph2 

(57) PdCi2[PhCOCHPPh2(CH,&PPh21 

’ 0 
N.,// 

7 
OEt 

(55) RhCl (PPh,),(EtOCONCS), 

PPh3 iigands above and below Rh omitted 
(58) 

Ph 
\ 

P NH 
I / 

CI- Pt-C 
I 
Cl ‘0 

/ 
Et 

P -. PEt3 
cis-ptCl*[CCcN~Ph)(oE~)](PEt3) 
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338. 

3EiOCONCS on Rh. essentially planar; Rb-C(carbene) l-9$. with large 

trons influence on R&Cl (2.468); ste also (56) 13761. (56) 2 PhCONCS 

condense on Rh via Zfragment oxidative-addition to give nearly planar 

tridentate bicyclic ligand bonded via S, C and 0; bonding C of ligand 

is tertiary carbene, &r%ns infLuence gives long Rh-Cl 2.455(2)i; Rh-S 

is short, indicating multiple bonding [391,392]. (57) Square planar 

?d, ylid ligand confirmed [330]. (58) From PtC12(CNPh)(PEtS) + EtOH 

by 1,2-addition; short Pt-C 1.962(18)& carbene has lower trons 

influence than u-vinyl on Pt-Cl [159]. 

See also: 135, 140, 227a, 323, 327. 

(5q) Decarbonylates al-times more slowly than acetyl complex; 

S-in?anS-CO groups in organic ligand 1433. (60) Electron diffraction 

study: Re-C 2.308(17)g [17]. (61) Angles: C&T-OC-Mn-CO 96.5O, 

c-k-acyl-Xn-acyl 81.2O [US). (62) Enol tautomer of metallo 

(59) Mn(COCOMeXCO)5 

(62) ke(CMeOMeXCO), 

Me 

Me 

Me 

Oc 1 
\/ 

CO 

OC 
/‘;‘lc 

0 

5 

(60) ReMe(COlg 

? 

I Ph 

OC. 
oc - Mn~,%,r 

I 
0 

$ 

(61) [cis-Mn(COMe)(COPh)(CO&]- 

CF3 

/CF2 

i- F3C 

v 

co CO 

- I/ 

F,C 
OC 

/r\ 

0 CO 

Cf:C(CF,&]CKZFslZF2 (CO& 
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Me Me 

(64) L = Meim 

(65) I- =py 

COMe (L)(dmg), 

Me 

‘Me 

(66) Cobaloxime 

acetylacetone; He-C 2.16i(av.) [46]. (63) From NaRe(CO)S + 

(CF3)2C=C=C(CF3)2 [1X?]. (64)(65) co-c 2.009(7), 1.998(S)& 

respectively; discussion of c?is influence of ligands on Co-C bond 

length in 12 related complexes 11231. (66) Bridged cobalo-xime, 

with chiral ester groups pointing in opposite directions [cf. (SS)] 

[236]. (67) From addition tcne to allylcobaloxime; mechanistic 

consequences of observed Ph trwzs to Co discussed 12921. (68) Chiral. 

with comparatively rigid bridge; structure contrasted with bridged but 

not intramolecularly alkylated cobaloxime; see also (66) [325]. 

(69) Confirms structure; Eh-Me 2.090(4)k; B atom above macrocyclic 

plane; H bond from Me to F not confirmed [147]. (70) Unusual Rh-Me 

2.031(6); in SP complex, with 4N forming basal plane; explained using 

d s2 for Bh-C, dsp' hybrids for Bh-N bonds [342]. (73) No s 

interaction between Ir and Ph; Ir-Br 2.625(3)x shows tran~ influence 

of H, not located but probably in vacant coordination site i217]. 

(72) First acyl-Ni complex, Ni-C 1.84, long C-Me 1.57i 1561. 

(73) From CO + Ni-Me complex; S-coordinate Ni in distorted TBP 13661. 

(74) From NiC12 + nasg + NaBPhq _ in BuOH; transfer of Ph from B to Ni; 

no unusual structural features, except angle at ring C bonded to Ni 

[113.5(15)O], attributed to some multiple Ni-C bond character [377]. 

(75) Insertion of CH(COzEt) into Ni-N distorts porphin core so that 

pyrrole containing N-C inclined toward Ni; Ni-C 1.905(4)i [374,375]. 

(76) C-bonded AcCH2C02Et. from keto-ester and Na2PdClb. then 
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(67) CoR (imH)(dmg), 

R = 3.3,4.4-(CN&-2-Ph-cyclcpentyl 

PY 

58) Cobaloxime 

Et 

(69) RhMeI [C2(do)(doBF2)] 

Et Et 

Me 0 
\c// 

- I 
Me3P Ni PM:3 

Cl 

(72) trans -NiCI(COMe)(PMe3)2 

(70) RhMe(oep) 

(73) [Ni(COMe)(np3fl* 

(71) IrHBrPh(CO)(PEt3)2 

(74) [NiPh(m53)]* 

Ph 

Ph 

Ph 

(75j Ni[tppHC(C02Et)] 

2-Xi?py [ 2731. (771 Substituted acetic acid, dimetic via H-bonds to 

I I 
second ilecie; from Pd[CH$(O)O](PPh3)2 + acacH [2831- (78) umJsually 



Me 

(76) Pd(CHAcC02Et12(2-Mepy12 

CH2 
/ 

..04 
_..H- 0 .*- 

(79) PtMe(CO)[HB(Pz5] 

8 disordered C, N 

(77) Pd(CHzC02H)(acac)(PPh3) 

Cl 

fSI 
\ 

C=CHz 
pY Hc’ 

MeO$ --\~~CH-C02Me 

CI’ \ 

(RI 

PY 

(78) PdCl[CH(COzMe)CHK02Me~CCCI:CH2]~py~2 

(80) PtMe(CNBu’)[HB(pz&] 

Q disorderded C, N 

Ph3P 

\ ,C’ 

C/S 

Me’ 
N* H2LcH 

\\ 
CH2 

(81) PtCI(CH2CH:CH2)(CNMe)(PPh3) 

(83) trans-Pt(CCI=CH~)2(PMeZPh)2 

Me 

‘0 

(82) (PtCI,[CH,C(OMe.),]}z 

stable, from corresponding n3-butenyl halide + py; 2 chiral centres have 

opposite configuration. with 2 H being mutually fzons [199]. 

(79) Flattened PtN4B boat; C,N of uncoordinated pz disordered; fluxioMl 

in solution [Sl]. (80) Similar to CO complex, with bidentate HB(pz)3 
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Et 
Et / 

‘P 

S-C-N-$&~ 

Et +Et 
CL 

Et 

Et.;_Et 

\ 
,CsC--F;t-N-C-S 

Et 
IP\Et 
Et 

(84) 

cc 

p*‘s PMe,Ph 
Pt(CH:CHCH,0Me)2(PMe,Ph), (86) [Pt(NCS)(PEt,),]zP-C,H,(C~C);! 

Me 

Cl 

(8% [AuCKH&PEt,] 
2 

ligand , non-coordinated pz on equatorial B position; PtN4B ring in boat 

form; Pt-Xe 2.12, Pt-CN 1.857, two Pt-N 2.082 (&ram to Me), 2.00611 

(tiars to B&C) f1581. (81) u-Ally1 has large thermal motion; long 

Pt-P kPc7n.s to allyl, 2.359(4);i; ally1 pararseters: PVC 2.14(2), 

C-C 1.32(S), C=C 1;24(6);1 [261]. (82) From [PtC12(C$H4)12 + 

CQ=C(OXe)2. complex formulated as o-bonded mitterion 1541. 

(83). C=C l-316(7), C-Cl l-809(6) [cf..CH2=CHCl. 1.72!3(7)~1; explains 

lability of (83), which on heating gives C2H2 + PtCl(CCl=CH2)(PPh3)2 

[229], (84) Hydrazine reduction of Pt(C+CH20Me)2(PMe2Ph)2 by cis 

addition gives 2 stereochemistry sham 12741. (85) From 

Uris-PtC12(PPh3)2 f 2-methylbut-3-yu-2-01 iu presence of aqueous NH3: 

Pt-C 2.024C6Ii 13701. (86) Square planar Pt, with Pt-C 1.921(12), 

O.OsH shorter than Pt-C single bond 13381. (87) From gold(I) complex 

by addition of Clp; contains short Au-Au bond [2.597(5)& compared to 

distances of_ 2.6%2-98; in cluster coapouuds.2.8~;t in metallic gold 

CllOl. 
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See also: 192, 193, 194, 195, 796, 197, 204, 205, 206, 207, 222, 232, 

233, 235, 237, 238, 239, 264, 302, 303, 304, 309. 

(k) Ccq2exe.s cmttining ch.e’Zating ~~~-ligands 

Me 

Ph3P 

PPh3 

(88) RruH[CH:CMeC(t))OB”](PPh.)3 Me 

I I 
(90) IrCikC6H3MeO),P(OC6HeMeg<_d -Pit), 

(89) [RuH[CH2PMe(CH2)ZPMe21(dmpef12 

(91) NiBr(C H N f 16 31 2 

(88) From RuH2(PPh3)~ + butyl methacrylate via vinylic C-H bond 

cleavage; Ru has distorted octahedral geometry, with mer-RuP3; 

Ru-C(sp') 2.061(1O)i; Ru-H not refined [397]. (89) Supposed 

Ru(dmpe)z; Ru-C 2.203(6), Ru-H l-47(7)& 6-membered ring with 'para' 

Ru atoms 12761. (90) Ready metallation in reaction 

Ir$lp[P(O-o-tol)3]3 + y-picoline; short Ir-P, Ir-C, long Ir-Cl, may 

reflect relative -ire- influences of y-picoline and P(OR)3 13271. 

(91) Contains unusual metallated ligand, formed from non-metallated 

NiEr2 complex + tolyl Grignard; metallztion occurs at an i-propyl 

methyl group 11791. (92) Salophen bridge twists sal out of CSH4 

plane, lengthens Pda bonds; no metal-metal bond, H-bonding with OH 

groups [337]. (93) Pd-C 1.981(6)x; 80% Br - 20% Cl in position 

trans to Pd-C; Pd also interacts weakly with H from NBu4 + , in axial 
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HN 

\ 
Ph 

(02) [Pd (&ol] (salophen) 
2 

(93) [PmNHPh 1-f 

Me 

k,.___-Pd-Cl 

(94) PdCiK,H,CMe:NNHPhl(PEt3)2 (95) ~dCl(P~FCsH,~HCH:CMeC6H,PPh2) 

Me Me _ 

(97) [bt(CH2CMe2CH2b5ut2)Clf2 

position of SP, vith Pd-H 2.86; [134]. (94) Non-chelated aryl by 

addition of PEt3 to chelate complex; Pd-C 2.008(5)& Pd coordination 

non-plamr, and ligand distorted, by Pd... Me interaction C2_92<8)~1 

c1343. (95) C&elate ql-allyi; severe steric strain causes Pd, Cl, P, 

P to deviate significantly from planarity; contains fused 5:7 chelate 

rings-13521. (96) Prototypical cyclometallated complex, vith square 

planar *t. planar chelate ring, free Ph twisted 39" out of plane: 
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R-C l-94(2), PtCl 2.33 (trmzs N). 2.46: (tMns C) [263]. (97) From 

PtC12(PhCN)2 i- PB&CH2CMe3) [298]. 

See also: 215, 290, 321. 

\2-LICANDS 

(a) (ZnI)-ligmrds (MetaZzOqcZesl 

“0 
(98) Fe(CO)L(CgHgOp) 

Me 
\ 

0 0 

0 Oc, 7 
Fe b -co 

‘53 
)/- 0 4 

Me 

(99) FeCCO& [C, H6(C02Me),] 

(98) Metallocycle derived from Fe(CO)s + MeCzCzMe; axial CO slightly 

tilted toward ferrole ring [88]. (99) From Fe(CO)~(n--CH2=CHC02Me) + 

CH2=CHCO2Me/W; long Fe-C from electron-withdrawing C02Me groups, which 

are mutually trmzs: apical CO groups bend towards organic fragment [981. 

(100) From RuHp(CO)(PPh3)3 + HC2CO2Me, with trimerisation of alkyae to 

give methylenemetallocyclohexadiene and coordinated ester group [383]. 

(101) From [HhCl(cod)lp + C2(CF3)2, then acac; Rh(cod)(acac) + C2(CF3)2 

gives acac-C2(CF3)2 adduct [188]. (102) From Ir(CaHI4)2(acac) -4 

allene, then pyridine; for allene, C=C 1.32 (free), 1.42 (coordinated); 

C6HaIr = 3,4-dimethyleneiridocyclopentane [214]. (103)(104) From 

Pt(cod)p + butadiene, probably via octadienediyl complex similar to 

(154); vinyl groups are on opposite sides of metallocyclic ring [82]. 

(105) Some disorder of 2 central C in ring, puckering relieves 

crowding of H 12321. (10.6) Platinalactone from CO + hydroxyacetylene 

complex; &elate ring has envelope conformation, with nearly planar 

Pt-CO-C-C; tetrahedrally distorted Pt [360]. (107) Rom Pt(C2H4)(PPh3)2+ 
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Me CF3 

(102) Ir(C3H,)(C6H8)(acac)(py) (103) ~~[cH!cH:cH,)cH,cH,~H(CH:CH,~(C,~-I,,) / 
-:I\ CNBu' / 

Pt 

\ 
CNE3ut 

Ph 

Me / 
'P I 

Me' 
\I 

Me,,/! a 

Me' 
\ I. 
Ph 

I I 
(104) Pt[CH(CH:CH,)CH,CH,CH(CH:CH,)](CNBut), (105) Pt(C,H,)i,(PMe,Ph)2 

1,1.2,2-tetracyano-Sethoxycyclobutane, Pt inserts into (NC)$.Z-C(CN), 

bond [369]_ 

See also: 162, 200, 202, 202, 234, 2dl* 222, 243, 325, 326, 333, 337, 

339, 343. 





Fe(a)2 plane, vith CO&e bent avay from PPh3 12.791,- <I111 Trigod 

planar Ni, with weak Ni-olefZn bond; Ni-?? 1.91, C=C 1.37(av.)~~i; 

Li<&ed)2 cation contain-tetrahedral Li 1331. (122) slightly 

distorted planar trigousl Ni; 4 asymmetric C have same absolute 

configuration, &it cell'contains SSSS and RR!! molecules 12031. 

(113) Coordinated methylpheaylcyclobutenedione;~steric crwding 

gives distorted non-piaaar geometry vith Pt-C 2.00(2) (ph), z-12(2) (Me), 

Pt-P 2.271, 2.309(4)i 13721. 

See also: 213, 225, 252, 335. 

PPh3 

/ 

PPh3 

/ 

(114) PtK2Ph& (115) Pt(HC,C6H,oOH)(PPh3)2 

(i14) Tetrahedral Pt, with dihedral between 2 PtCC planes 82O; Ph 

zings beat back 3.536, CsC X.280(6)& reacts with PIfe3 to give (351) 13061. 

(115) . Alkyae cis-bent.smtrical.ly bonded to Pt; 2 mlecules in 

asstric un%t vith equatorial or axial C2H groups, CCCy 139.4(12). 

146.8(14)', respectively; 

See also: 2G8; 209, 217. 

(d) Otefin am? a- ha&?es 

CsC 1_31s<av.) [365]. 

(116) C% coordinated, transoid geomtry about olefia, tra??.s bridging 

P 12571. (127) CsC not coordinated, -At& -trc;ns bridging P; both 
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p-Rh- 

I 
(116) RhCl[BuSP(CHa)2CHICH(CHZ~*PBU:] (117) trans-RhCI(CO)CBu:P(CHZ)4C~C(CH,,,PBu:l 

Cl H2C&H2 I 
CI- -Cl 

PtC12(C2H4’ ( NC,H,R 1 (120) PtCi_(C2H,)(MeCH:NNMezI 
v 

(118) R=CN 
(119) R= Me 

H2C==CH2 

(122) PtCi2(C2H4)(Me2C:NNMePh: 

(116) and (117) are further exzmples of large ring complexes [257]. 

(fZ8)(119) Complexes show extremes of w(PtN) in series of 11 related 

complexes; corresponding bond lengths similar in both complexes; c=c 

1.323, 1.354; Pt-N 2.051, 2.062& respectively 1471. (IZ0)(lZ2) Bonding 

of hydrazones determined; no comment in paper concerning differing C=C 

bonds of l-71(9), 1.33(S), respectively [36]. (221) 5-coordinate 

olefin coatplex, axial Cl in TBP geometry; some N”‘-N-“C 

delocalisation in hydrazone ligand; olefin C=C 1.46(2)i [55]. 

(123) Zwitterionic; this molecule has C(3)S:C(4)R configuration, 

crystal is racemic with C(3)R:C(4)S form; probably contains N-H-*-Cl 

bonded network 1341. (125?)(126)(127) Correlation of J(PtC) with 

electron donating parer of aryl substituent, and vith C=C dimensions: 

hOoz l-374(18), Dfea l-419(25), H 1.454(X7)& Pt-C=C bond asymmetric 

with Pt-CH2 < Pt-CHAr 11191. (725) Absolute configuration; arene 

rings overlap: C=C 1.360(11), unsymmetrically bonded to Pt, with Pt-C 

References p_ 484 
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Me Me 

H 1 \, 
/ N-“\ /“2”\,, 

Me -. CI-Pt-Cl 
I 
I 

: 

: 

H2C kCH2 

(121) PtCI.&H4)JMeHNN:CMeC~Me~NNHMef 
. 

LNh’ri 
(1.23) PtCf_JC5H9NH3 1 

Ci 

H 
Me 

t 
Ph 

But 

(128) ckPtCI,hf?)-NH,CHMePhl- 

[H.-&:CHOCHMeBut] - 

Et, PH 
h Cl Cl 

Me C )pt’ 
W’ 
c 

‘Cl 

I 

C-Me 
Et’ ’ 

(129) [PtC13{Cz[CMe~OH ‘1,}]- 

Ar = p-to1 

025) PtCI,[Me(0)SC6HqMe][CH2:CHPh] 

Ye 

-Name 

CI 

(126) PtCLJCH2:CHC6H,NMe )(NC5H,Me) 

-N--Me 

(124) PtCI$CHZ:CHPh I( NCSH4 Me) 

0 

(727) FtC12tCH,:CHC,H,N02)(NC,H,CI) 

(130) [c~JCI~C~~~~,N~~] 
2 

2.219, 2.188(9), the longer tzo CP~I 11681. (12L7) Determines absolute 

confieratiym cf whole molecule (Z%‘); amine ?I?i bonds to ether 0, 

proton located from difference map; C=C [1.33(4)x] nidpoint displaced 
, 
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0.382 from coordination plane [176]. (129) AI&me EC l-2&, 

substituents bent back by 18, 23" 1741. (130) Dimeric via Cl bridges, 

quasi-tetrahedral Cu; C=C shows little increase (1.34;), but Aw(C=C) 

is 103 cm-l [SO]. 

<e) CompLexas contin+ag other three-rranbered z+zgs 

Me 

\ 

S --_-___Rh_ 
\,p- 

S 

MekN 
‘Me / 

P 
PPh, 

P =_ PMe2Ph 

Inner coordination of metal in 

(1311 RhCl[SC(NPh)NMe2][SCNMe2](PPh,) [M(0$PMe2Ph)?]+ 

Me Ph 
MelP / 

P-Me 
Me’ ’ 

Ph 

[M (02)(PMe,Ph)q]i (134) ~r(02)(dwm$]+ (136) RhtSO,)(NO)(PPh& 

(132) M = Rh; (133) M =Ir 

Ph2 

(137) ~Ir(S2021(dppe)2] + 

Cl 

(1351 IrCI(C204)(PMe3)3 

Cl 
/ 

Ph,P -Ni 
;-‘_ / 

Me 

H<. =N 
c’ \ 

H’ 
Me 

(138) NiCI(CH2:NMe2)(PPh3) 

Reierences p. 484 
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Ph3P 
\R/PPh3 

(132) Nearly planar thioureido group with C-S l-66(2), Rh-C 1.955(17), 

i&-s 2.419(5)X [314]. (132) o-o 1.43, Rh-0 2.0331 c3241. 

(233) O-O l-485(17), Ir-0 2.037, Z.OSO<lO)~ [323]. (134) In PFs- 

and ClOe- salts, O-O identical within precision of analysis (1.45, 

1.49X, respectively), Chiral cation, TBP geometry with 02, occupying 

one equatorial site. This and related vork indicates O-O bond length 

is.independent of metal and/cr ligands, and does not correlate with 

reversibility of uptake of 02 by these complexes; side-on 02 is in 

peroxo form, with O-O between 1.45-1.50x. Some differences in 

geometries result from different ligands and follow expected trends 

[3861_ (135) From Ir(CsHlk) (PMes)s + CO2; Ir-C bond has carbene 

character 1833. (136) Novel n2-S02 coordination, with S-O 1.48, 

S=O 1.41, F&-S 2.33, Rh-0 2.36; 13361. (137) From n2-S2 complex + 

NaIO&; S-S 2.041, S-O 1.43; [3831. (138) From Ni(PPhs)4 

and [CH2=XMe21Cl; v-complexed iminium cation, p1)re strongly bonded 

than olefin: C-N 1.392, Ni-C 1.884, Ni-N 1.920; 12431. (1%') From 

Pt(PPh3) 3 + P4(C&)4, contains stabilised phosphorobenzene ligand; 

P-P 2.156(7), Pt-P 2.319, 2.364(5)& C&F5 groups on opposite sides of 

"square plane" and almost perpendicular to it, reducing interactions 

with PPh3; two PtP2 planes have dihedral of 20.4O, larger than found 

for similar olefin complexes 13731. 

See also: 37, 39, 207, 392. 

r+LIGANDS 

(a) fnl + n2J-Ligonds 



Me 
I 

Me 

(1401 Fe(CO),[CONMeC(NMe2;CH:CH2] 

(1411 Ir(fn)(CgH,POMe)(Fhen) 

.(I421 [PdCI(C,H,,$ 

353 

(240) Zwitterionic complex by alkylation of n2-CJQ=CBCONMe~ complex to 

/;” 
OEt 

- reaction with HNMe2 gives olefin carbamylate [71]. give CHz=CN-C*<_, 

(IdI) From [Ir(cod)(phen)]++ fn + MeOH; distorted TBP with axial o-C, 

N; in fn, the CN group is bent back from Ir, C=C 1.49(4)i 12821. 

(142) Pron 1,5-cod, with skewed conformation in complex; Pd-Cl 2.527 

(Lrcnzs to o-C>, 2.366 (trrms to C=C) [173]. 

(b) n3-AzZy& 

(143) V octahedral if ally1 considered monodentate, with P fians to 

allyl; ally1 plane inclined 13.6O to V(CO),+ plane 12781. (124) N-bonded 

Cyclohexylethylenediimine ligand, C:N l-283<?), C-C 1.448(7)x [233]_ 

(145) Equal Rh-Br in central Rh2Br2 group contrasts with chloro complex 

studied earlier [107]. (1%) Square-planar Nf, sxo-pinenyl group; 

absolute configuration determined as (S)-PRB, (+)-lJ?,SR-pinenyl [245]. 

(147) Ni disordered over 3 sites, giving 2 possible formal structures 

(a) and (b); stereochemistry of NIX8 interaction unresolved [167]. 
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(743) WC0&U=Ph3W+-$) 

5r 

\ ./5”t 
Ni-P-Me 

(145) [RhBr(C3H&& 

Me 

. 6’ 
-. ,’ 

--___- \ 

P Ph 

tie 

(746) Ni5r(C,oH,,)(PMe5u*Ph) 

Me 

(1483 [PdCl CC,f-f&], 
skowing.fiwo orientations of ligand 

I 

Ni 
I 
I 
1 
, 
I 
I 

(a) 

(747) ~I,(C,H,), 

I 

: 
Ni 
I 

I I 
1 
I : 

(2+8) From PdC12(PhCS)2 f 1,3--dimethple~ecycLohexane; tuo 

orientatiqns of 

diagram 11751. 

hydrocarbon found in crystal, sh- superimposed on 

(1499) From PdC12 f 2,6-di-t-butyipyrylium cation, 



But 
0 0 

Bl.8 
I 

855 

Cl 

‘\ I’ 
Pd 

Bu’ 
0 0 

(749) { Pdcf [c~H~(cOBQ] }, 

1 I 
1 

Pd 

\ 
i .s’ 
\ / 
i=d Pd 

Ar=p-MeC6Hq 

(151) [Pd(C,H,l~N3Ar2)I, 

-Me 

I 

8’ 

Me 

(150) [Pd(C,H,)(N,Me,l-j2 

ring opened to give n-allyl-Pd complex [297]. (150) Triazenide 

ligand not completely delocalised, as shown by as-try in N-N, 

ally1 C-C and Pd-C bonds; Pd....Pd separation 2.97i [109-I. 

(151) Approxinzate 

with H conjugation 

equivalent 13311. 

square planar Pd bridged by triazenido groups, 

over whole Ng ligand; allyls stereochemically 

(a) lql f q3)-Ligan& 





(158) 

(160) IrCI(CBH,,)[(+)-diop] 

(159) Rh2(CSH9)2(CBH,2) 

Me 

(161) Ni(C;H,8)(PCy3) 

Me Me 

(162) PdC,(C02Me),(nbd) 

(155) First q4-1,4-diene with alkenes not in a ring system;. 

intermediate between SP and TBP coordination for Fe; this and (109) 

from Fep(CO)q + 2,3_bis(hydroxynethyl)methylenecyclopropane [661. 

(X6)(157) Two complexes have respectively &a or t~mz~ Clp; ~Z?CZW 

influence of olefin on Ru-Cl or Ru-N measured [190]. (158) Quadridentate 

planar bridge betveen %! Rh [25&]. (159) Prom [RhCl(cod)]2 + Na$aHe; 

contains Rh-Rh bond, and CaH9 ligands are q3, and n3 f n4 [2711- 

(260) Distorted TBPj with diop chelating apical and equatorial 
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position; relation to asymmetric induction in reductions catalyskd by. 

Fib-diop systems [3511_ (16:) From Ni-PCys coqlex i 2,4;6_Toctadiene + 

btitadiene; di+nylcyclohexene derivative, Ni not exactly trLgor+l [316]. 

(762) Olefinic C=C in nbd [1.352(4)X] suggests 

density to netallocycle; related to iwklvement 

transfer of electron 

cyc&krimerisation of 2C2(CO$Ie)2 + nbd to give 

of [PdC,(C02Me)4]n in 

C@?2(CO$+e)4 12131. 

ph Ph 
\I p-Ph 

(163) Mh@ZO)(NO)(PPh3)(ex0-MeC5H5? (195) [Fe(C0)3(C,H,PPh3)]’ 

OC 

(1641 [F~(co)~~c~H,N,,~' 

Me-O” 

OC I ‘co Me 

s 
(I 66) Fe(CO$(C7H,,0H I 

Me 

(168) Fe(CO),(C,,H,,O,) (167) [FeiCOJ]2C,oH,4 

(a) mess (b) racemic 
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P 

\ / 
P 

Ru-- 

U 

(169) [FetCO)&~H,, 

P E PMe, Ph 

Cd) 

(4 

(163) Tetrahedral Mn, with linear NO [280]. (164) n4-l(X), 

2(2H)-diazepinium complex; CF$OzH-bonded to both N-H of 

heterocyclic cation; dihedral in C7 ring n4-G+/CCNNC 35.25O [44,45]. 

(165) From attack of PPh3 on cationic dienyl complex, with exo 

phosphine; other parameters similar to other diene-Fe(CO)s complexes 

13=1- (166) Hydrolysis product of qn, syn-l.S-dimethylpentadienyl- 

Fe(C0)3 cation gives racemic mixture of RR and SS, confirms original 

proposals [723. (167) meso and rat forms from Fe(CO)s + 

penta-1,4-dien-3-01; no other structural details [165]. (268) From 

dienyl-Fe(CO)s cation + enamine; contains usual distorted cyclohexadiene 

ring [187]. (169) By ring closure of acyclic bis-[pentadienyl_Fe(CO)3] 

dication with Zn [212]. (170) H not located, but probably in vacant 

octahedral site; fat isomer sterically favoured, but labile in 

solution fXl8]. 

See also: 223, 263, 334, 343. 

n4-TAmeth~Zenemet coq~2.e~ 

(171) Comparison with other n4-C(CHZ)s complexes [181]. 

nWljc20butiG?7e ccqzex 

(172) From NiBrp + the cyclobutadiene; unlike the Cz+Mer, complex 

studied earlier, (172) is a16e complex [234]. 

See also: 212. 
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. . 

ll5-LxANDs 

Br 

(177 1 Fe(C0)3(Cl,H12Br, 1 

(1731 [FE=(c~H~ 2 ) Jl3iCl, 

Br 

(172) NiBr2(CmH32S2) 

Lo 
: 
I 

A 
H __----* 

F-4 

H . 
-___-- 

(174) coK,H,), 

.- ------- . e? - a____-- 

: 

: 

Ni 

(175) Ni(C,0H11)2 

<a) CyckpemkdZe7zgb 
(173) Rom ferrocene -5 BiCl,/C&; octahedral Bi in infinite chain, 



with cations occupying spaces between (BICZ,), chains; Cg rings 
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eclipsed, Fe-C (ring) 1.70 (cf. ferrocene, l-66& 1681. 

(174) Eclipsed rings, with mean Co-C 2.119(3), C-C l-429(2)& dynamic 

Jahn-Teller effect confirmed; EI bent towards Co by 2.1(0.8)O [14]. 

(175) ~5-isodicyclope=tadienyl, paramagnetic; eclipsed C5 rings, CH, 

bridges directed toward Ni; Ni-centroid 1.824(3)i; paper also describes 

NKR measurements of unpaired spin density in series of related 

complexes 12281. 

(b) CyczOpentadienyZs containing haZi&s OF anionic ligands 

(176) U bonded to 2 rings, 1 terminal Cl and 3 bridge Cl.; Li 

approximately octahedral, coordinated to bridging Cl to give discrete 

neutral trinuclear units; it is not clear how far long Li-Cl 

(176) Li(thf 12U2C15[(C5H4 I~CHJ~ (177) TiCI,(yZ,H, I2 (178) Ti(NCS&(C,H,), 

(181) Ti [s~c~(CN)~]~C~H~)~ 

M tS,> K,H,& 
(179) M = Ti ; (180) M = V 
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@,,/I@ 
Me3Si,N,SiMe3 

0 

G 

‘\ 

I O\ Me 

1 Y 
Me 

(186) [TiC~hf)CMe,CO)(C,H,?1 
t 

(184) V [N,(SiMe&](C,H&_, 

(185) TiCI:OC6H4Ci)(CgHg)(C&MePri) 

IN\ 
Me Me 

(189) Zr(S,CNMe2)3(C5HS) 

087) li(OC6H&I)(OC6H3Me2)(C5Hg)(C4H3MePr’) 

P 

(188) Ti(OCOC,H,N0,),(C,H,)2 

(191) ZrCI,(C13H& (190) Zr(trop13K,H,l 



interactions (2.74& hold structure together [249]. (177) Distorted 

tetrahedral Ti, staggered Cs rings; ring normals 130.97O, Ti-Cl 2.364(3)x 

1671. (778) Eciipsed Cp rings, angle between ring normals 133.7" [94]. 

363 

(179)(180) Ss in chair conformation; increase in S-V distances (over 

S-Ti) arises because (i) unpaired electron occupies MO which is 

antibonding with respect to the V-S bonds, (ii) increased 

intramolecular repulsive forces from shorter M-CsHs distances; see 

also (182), (183) [703. (181) Staggered Cp rings (0 21"), angle 

between ring normals 130.7" [94]. (182)(183) Isomorphous complexes, 

distorted tetrahedral, with V-S 2.448(3), Ti-S 2.395(8)A (but covalent 

radii: V 1.22, Ti 1.32;) for same reasons as discussed above for 

(279) and (180); discussion of bonding in these complexes suggests 

Ballhausen-Dahl model incorrect [250]. (184) Coordinated isodiazene 

from V(CsHs)z f Nz(SiMes)z; V=N l-666(6), N-N l-369(9); Cs rings tend 

to l-l3 vith 0.2 difference in V-C bonds, also bent by 6.2" away from 

metal 11781. (185)(187) Confirms stereospecific substitution of OR 

by Cl, and establishes absolute configuration of diastereoisomers: (285) 

m-p. 134O, (187) m-p. 171=' [227]. (286) Paramagnetic complex from 

TiCl(CsHs)2 -!- ZnRloHlq [l-89]. (188) Reference [264]. (289) Pentagonal 

bipyramid, axial CsHs; crowding leads to short S...S and C...S contacts 

[146]. (190) Distorted pentagonal bipyramid, with axial CsHs, 5 

equatorial Zr-0 nearly coplanar [289]. (191) One n3, one n5 fluorenyl 

groups. staggered, to accommodate bulky ligands. which have 10 C....Cl 

distances less than sum of van der Waals radii; ring normals opened 

out by ca. 17" from tetrahedral angle, and increased distance from Zr 

by ce. 0.G 12871. 

(c) Ci&~entadienyZs contcrining other hydiwcmbon Zigan& 

(192)(193) From MC12(CsHs)2 + LiAlMe4; Al tetrahedrai. considered as 

_AlMeq derivatives; (192) Fluxional, bridge and terminal alkyl groups 

exchange [145]. (194) From (193) and py; symmetrical YbMeZYb double 

bridge, with angle at C oa. 86.6O [253]. (195) Reference [185]. 
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M(C,H512Me,AIMe, 

(192) M = Y; (193) M = Yb 

.--_ -0 : ._.* 

c : ,--1___~_C3CH *_ _ / 
I *.--- 0 -__*’ 

(195) U(C2H K,H,), 

(196) UBu(C&H& 

(194) [YbMe(C,H,),12 

Me 

(198) fi(C6H,CH,I: Me,12(C,H,I 

p-_y w 

(199) [Ti(OH)(C5H5)]2C,,H, 

(197) U(Cti,C,H,Me)(C5H5)3 

-U96)<197) Both have unusual geometries, with O-C-C 128O; adjacent 

carbons in (298) have C-C-C angles of 123.3(CS) and 116.3(Cy), 

respectively, vhile C-C bonds are shorter than nonwl; this effect 

ascribed to ionicity of-the alkyd group [2X]. (198) Paramagnetic; 

chelate 5-ring folded -bong Ti-CHz 127.9", vith dihedral between 
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2 bidentate planes 112.4O; approxLma te trans configuration [2621. 

(199) From [TiH(CgHb)(CgH5)]2 + H20; confirms fulvalene structure 

rLor "titanocene", vith p-11 replacing u-OH found here; solvated thf 

H-bonds to one OH [226]. (ZOO) From TiCl(C5H4Me>2 + NaCaPh, with 

oxidative coupling of PhC2 residues to give 

1,3-n2;2,4-n2 -diphenylbutadiene, also obtained from 

(200) [Ti(MeCSH,)2]2C,Phz 

Et Et 
‘ALEt 

/ 

ELA< 

Et ’ ‘Et 

(203) [ZZr(CIAIEt,)(C,H5)2]2C2H4 

(204) 2 molecules of L 

Ph Ph 

Ph 

(C,H&MC4Ph4 
(201) M=Ti; (202) M= Hf 

0 

(206) [Hf MeK5H5)&0 

(205) Hf Me,(CSH,), 

\ 
&__---- -0 

\ 
Me 

(207) ZrMe(COMe)(CSH,), 
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ti 

0 
F 

F 

i 

CF3. 

I 

J=3= 

(209) WCI [C,(CF,)&H3 

(208) P~oO(SC6F5) [C,CCF,J] (C5H5) Fe(COCF,C,H,)(C,H,) 

CF3 ; 
: 

co 
: 
I 

CF3 (272) Co(C4H,)(C5H5) 

(21-l) FG-[C(CF,)~CHC(CF,)CFC:C(CF~)](C~H~) (213) Rh(C,H&C,H&SO,) 

"Ti(CgHg)2" f PhC2C2Ph; Ti-C bonds co?zsistent with o-bonded 

&+rnbered metallocycles [3541. (2171)(202) Metallocycles with 

locksed C-C, C=C bonds; distances: U-c 2.172, 2.141 (Ti), 2.22, 

2.18 (Hf); centroid-M-centroid both 134.5"; staggered Cg rings 13431. 

(203) (204) Zr-C-C(Al) always ca. 76O in these, and .zlso in 

(CgHg)2Zr(Cl)CE2CE(AlEt2)2; note isolated CgHg- syxmetr-kally arranged 

between 2 Zr centres in (204) 12353. <205)(206) Hf-C bond distance 

sensitive to subtle effects; Hf-Me 2.318, 2.382 in (ZOS), 2.2951 in 

(206);.angle of centroid norm&s 132.1, 128.S", respectively; rrearly 

linear Hf-O-Hf 173.9(3)" [102]. (207) Side-on acyl as 3e donor, 

Zr-C&e) 2.197(6), Zr-0 2.290(4), C-O 1.211(S)i, long Zr-Me [2.336(7)iI 

[1211. (208) Obtained with (217) from Mo(SC6F5)(CO)g(C5B5) + 

Cp(CF3)2; x0-0 1.6& suggests NozO system; alkyxbz EC 1.267m);i 

[la. -<209) 16e complex, EC l-2?(2)& CCC l39(2)“: paper als@ 
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describes further reactions vith other alkynes [116]. (210) From 

Fe(C0)2(~1-C5H5)(~5-C5H5) + C2F4 via unusual cleavage of latter 1921. 

(211) Obtained in same reaction as (236) in small yield; fluorinated 

pentadienylidene ligand acts as 5e donor f112]. (272) At -35"; Co-C 

1.964<av.)<C,+), 2.036<av.)(Cs); C-C 1.44(av.)(C4), 1.391i(av.)CC5); 

C4 ligand almost square 1643. .(223) Planar S-bonded CO,, with Rh-S 

2.096<2)& general MO model developed for M-902 complexes [41]. 

(214) Pr(CNCy)(C5H& 

Mp/N\Me 

(216) MoI(CO)[C(CMe:NMe)NMe2](C,H,) 

(215) ~o[CH,(CH,)zAsMe,l(CO),(C,H,) 

(274) Trigonal pyramid, vith Cp centroids forming base; isocyanide 

slightly bent, with Pr-C-N 174.1(1.1)", Pr-C(CN) 2.65x [252]. 

(215) Reductive cyclisation of halopropylarsine-Mo halide complex 

with NaHg; MO-As 2.533(2)i is shorter than previous reports [lOOI_ 

(216) Contains novel n3-imino-dimethylamino-carbene ligand [122]. 

(217) Slow oxidation of CO in this 16e system gives (2G8); alkyne 

CZC 1.298(6)& significantly different from (208) 11531. 

(218) Asymmetric synthesis; absolute configuration at MO is (I-R, 2S, 

3s) 11981. (219) Formed tia vinyl ketone complex by oligomariaation 

of C.$fe2 with MoMe(CO)3<C5N5), followed by addition of ButNC; lactone 
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F F 

(217) Mo(COj[C*(CF,),I(SC,F,)(C,H,) Q-K3 ~(CoCHMeMeKZO&K5H,) 

CNBut 

(219) Mo(CO)(CNBu’)[OCoC,Me,ZMe](C,H,) 

0 

Me 

(221) ~o[C(0)C4Me,C(CF3~b](CO)(CSH5) 

(223 [Mo(dppej(C6Hs)(C-,Hg)]+ 

i=F3 

(220) Mo(COi(N3[C6H3KF3)2 ] )(c~H~) 
2 

Me3P 

(222) W [C(p-tol):C:O](CO)[PMe ](C H 
32 5 5 

1 

ring formed stepvise [186]- (220) Soti a,n bonding of triazenide to 

Mo suggested by %0-N distances of 2.1s, and N-N-N angle 101" [259]. 

(221) From plo(CF~)<CO)~(C~H~) + C+e2 via an olddative reaction after 

insertion of second C2Ele2 into vinyl ketone; contains 8-membered 
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metallocycle, tith ligand bonded to MO via 20, q3 linkage, distorted 

to o-n localised form [186]. (222)' From tolylcarbyne complex + PMe3; 

W-C 2.27(Z), short W-P Z-471(6); [244]. (223) From bis(acetonitrile) 

cation and 1,3-cyclohexadiene 13411. (229 Silver coordinated to 4 I 

,--. 
: cl ‘_ 

; f&jn -- 
‘. _- --_: 

*a _’ 
/ :.I:-’ 

C 
0 Oc 13 

oc ,Mn 
/ ‘,‘., /o 

‘\ c 
‘,\ 

-ph 

(227) Mn(CO),(Ph,C:C:O)(C,H,) 

: 
Me’4 

(226) [Mn(C~O),(C,H,)]2N2 

(227a) Mn(C0)._JC:CHPh)(C5Hg) 



(228) Mn.$CO),(C:CHPh)lC,H,& 

6 

(2291 [Mn(CO&(~H,flaPzH,Ph, 

@ 

(230) meso-[Mn(C0)2(C5H5):Ps2H2Ph2 

(231? I1FetCO),tC,;1,)Ci]~[SbCl~] 
4 

in compressed tetrahedron, with 4 I-Ag-I 111.71(3), 2 angles at 

105,0(6)O [319]. (225) C=C bond lengthened to 1.4s; Mn-CO (1.77) is 

shorter than 3.n present l+n(C0)3(CgH5) (1.8Oi); Mn groups are trans as 

originally suggested 12111. (226) Almost linear Mn-N-N-Mn [176.5(4)O] 

E.533. (227) Contains $-ketene, with C-C-O 145O (out-of-plane 

deformation); Wn-C(Php) 2.17, MIX-C(O) 1.96, C-C 1.35x [241]. 

(227~) From Mn(CO)2(thf)(CgH5) -i HCzPh; phenylvinylidene ligand, 

although MIX-C [1.68(2)1] suggests metalallene formulation [156]. 

(228) Contains phenylvinylidene carbene bridging Mn-Mn bond 11561. 

(229) Similar to (230), structure of meso complex; short Mn-P 

2.2l6(3)it [291:. (230) From Mn(C0)2(thf)(CSHS) + PhAsH2; ?riiso complex 

determined, and epimerisation reactions described [290]. (231) From 

[Fe(C0)2(C5H5)]- + SbC13; 12 edges of Sb,+CL, core 3.175-3.375(5);; 

comparison of bonding with [Fe(CO)2(C5Hs)Cl]+[SbCls]2 described 

earlier shows steric. crowding in both, with steric deactivation of 



(232) n = 3 

(233) n = 4 

[FeKO&((C5H5)~ KH,), 

CY 
I 

(234) Fe[C(:NCy)C(NHCy)CHC(NHBut@CO)(C~H~) 

CF, 

(236) Fe[CF,C(CF,)C:C(C~~](PPh,)(CSH,) 

PW, / 
Ru-PPh3 

,’ 
.--. 

0. 
‘.__:I 

(238) Ru [C:C2Ph(CuCI)] (PPh, )2(CgHg) 

Me 

(235) Fe [C(O)OC,H,MePr’] (CO)(PPh,)(C,H,) 

Me 

Me’ 

(237) RuKO&(C,~H~) 

lone pair, and 6s orbital available for charge donation from bridge 

Cl; diagram shows full coordination only for rear Sb and Cl [U331. 

(232)(233) Two Fe linked by polymethylene chains [184]. 

(234) From FeMe(CO)(CyNC)2(CgHg) + Bu%C; electron delocalisation in 
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(2391 Ru[C,!CO~Me~C,H(Cf~~~PPh3)(C5H5) 

(240) Ru (C6F~N2C&)(Ph2PC6H&H4) 

: 
.-_. 

0 
: ; --Ni-NO 
.__* 

(2441 Ni(NO)(C5H5) 

MC,(C,F,),(PPh,)(C,H,) 

(242) M = Co; (243) M = Rh 

NH-C-CR-C-IiT portion of chelate ligand [296]. (235) Absolute 

configuration determined as (S), with Fe as chiral centre [335]. 

(236) From butadienyl complex [analogue of (63)] + NV, PPh3; ligand 

bonded via r13-ally1 group [112,3121.- (237) From dimerisation of 

dimethylfulvene (originally proposed to chelate via Ru-CMep bond) [ZOO]. 

(238) From RuCl(PPhs)2(CsHg) + CuCZPh; acetylide non-linear, vith 

Ru-C-C 173.0(8), C-C-Ph 164.8(11)", and EC 1.242(13)~ [381]. 

(239) Confirn~ unusual mode of addition of C2(CF3)2 to C2<C02Me)2 

complex [326]. (240) Steric crwding gives tilted C5 ring, plane 

inclined 13.9* from RuI.3 plane, free CsFs tvisted out of chelate r&g 

plane by 64.6"; short F...N and F...H contacts, vith long N-N 1.310(7), 

short Ru-C 2.013(6), and different N-C 1.365(S), 1.431(S);, latter to 

C6F5 c3331. (241) Entry deleted. (242)(243) Metallocycles, both 

compounds isomorphous; Cq sicdlar to butadiene, with C-C bonds 1.300, 

1.487 (Co); 1.343, 1.457i (Rh) [387]. (244) Reference 1153. . 
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Me 

Me 

Me Me 

~~45) [TiP+,Me& ],Nz (246) [ZrrfN,K,Me&]2Nz 

(245)(246) Ti complex contains linear Ti-N-N-Ti bridge, Zr complex 

also has linear end-on bonded N 2; Me groups bent away from metal: N-N 

bonds: bridging 1.155, 1.165 (Ti), 1.182(S) (Zr); terminal 

1.116(8)X (Zr); qualitative MO schemes given for both molecules [356, 

357,358]. 

See also: 226. 

<f) Su.bs~~~~l”~d ferrocenes 

(247) But groups staggered, bent out of C5 planes by 7O (CSH3B& and 

9" (CSHQBU~); rings midway between eclipsed and staggered (8 i9? 12561. 

(248) From cleavage of ferrocene by AlC13; CS rings distorted from 

planarity, with Fe-C(CSHS) 2.008(3), 2.050(2)i [222,2231. 

(249) Si-bridged Cs rings tilted 19.2'. vith Fe-C 2.01-2.12, 

C-Si-C 99.1°; exocyclic C-Si bond angled at 40" to ring plane [2481. 

(230) B-form, m-p. 184"; rings almost eclipsed (0 3") [268]. 

(251) From l,l'-(ClHg)2Fc + AlMe3, rearrangement with H transfer 

from one Cg ring to the other, with one Cp C bridging 241, other 

attached to one Al; no Fe-Al bond [294]. 

Complexes 308, 310, 311, 315, 320, 324, 348, 390, 397, 398, 400. 420, 

421, 422, 423, 430, 431 and 432 also contain n5-cyclopentadienyl 

ligands. 

(252) From Fe vapour and cycloheptatriene; open C5 faces are skew to 

each other 11391. (253) From cycloheptatriene + [RuC12(CsHs)In i- 

PrjigBr; similar to (252) 11403. 
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(247) Fe(CsH,& (CgH3 6”; 1 

(248) syn-bis(cyclopentylene)- 
(1,1’)(3,3’) ferrocene 

(250) [Fe(C,H,CO,Me)(C~H~)]* 

(251) [(CgHg)Fe(C5H31AIZMe3CI], 

(249) Fe(C,H,SiPh,C,H, 1 

(252) M=Fe; (253) M = !?U 
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(254) V(C6H,F& 

(2.57) Cr(C013(PhC0,Me) 

(255) [Cr(PhMe&] (tcw 1 

Me 

H2 

Me 

H 

(258) Cr(CO)z(Me,C6H,CH,0CH,CH:CH,) 

i254) Rings parallel, with small boat deformation, with C(F) displaced 

away from V; dihedral between 2F on opposite rings 53O; C-C bonds differ: 

HC-HF l-386, HC-CH l-415(4)& angles at C 123.5. 118.1(3)O, respectively 

1901. (255) 1:l adduct of [Cr(PhMe)z]+ and tcnq radical anion, 

consists of infinite columns of anions and cations; anion columns are 

conducting [1353. (256) Anions and cations stack separately along 

c axis; charge delocalised, with anion interplanar distance 3.16(l): 

11361. (257) Comparison made with Cr(CO)2(CS)(PhC02Me): latter has 

shorter Cr-C(beazene) bonds: 2.209(Z) 1)s 2.226(3)2 [78]. (258) Crystal 

racemic; contains na-benyl ally1 ether ligand via n6-arene C 

$-olefin [138]. (259) Structure determination relates to controversy 



0 e3u 

(259) CrlCO),(C,,H,O,) I 
: 

OH : 

(260) Cr(CO),Q,H,CH Bu:> 
\ ! : ~I----4 I -- 

4 - 

Me 

I 
OMe 

(261) Cr(COLJC14 HlB02) 

(262) ~Ru(C,H,)(C8H,, 1 (263) Ru(C,Me,)(CBHs) 
rire 

(264) Co(C6Fg)2(PhMe] 

over detailed mechanism of solvolysis of benzonorbornenyl sulphonates; 

neither exo substituent causes distortion of norbomene system, C atoms 

of C6 riag are staggered vith respect to the Cr<C0)3 group [164]. 

<ZSG) Molecular strain results in arene &d (CO)3 planes-being 

i&lined at 8.0"; Cr(C0)3 twisted 44.4" from eclipsing alkyl group: 

conformers detected in solution [201]. (267) n6-Tetrasubstituted 

2 
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naphthalene, from Cr(CO)g[CPh(OMe)] + MeCpEt; alkyne incorporated 

into .2,3 positions of naphthalene [183]. (262) From cod + 

[RuCl2(C&)], + Pr%gBr; CB ligand slightly distorted, vith 2 Ru-C 

2.197(av.), 4 Ru-C 2.255(av.), giving tub configuration [143]. 

(263) Highly flUxiOndt; Cs ring Similar to RU(CO)j(CeBB), CgMeg 

planar [230]. (264) From Co vapour + CgFSBr, and toluene; paramagnetic; 

Co-C 1.931(S)& C-Co-C 88.3" [207]. 

See also: 350. 

(b) Other n6--&VZds 

(265) Mo(CO),(CgH1o) (266) Fe(C5HB)(C13HS) 

(265) Ligand requirements make exocyclic C=C bonds to MO asymmetric; 

CO groups staggered with respect to C=C; PMR of this and related less 

strained bicyclic trienes f93]. (266) n6-Fluorenyl, best represented 

+ 
withPe. negative Cg ligand; unusua1 structure arises from preferred 

coordination to end ring [1953. 

s'-LIC4NDS 

Me 

Me 

(267) 

(268) 

CX= Hz01 
(X= NCS) 



cam> <268) .--Para_ae.tiCj fron‘to~=spond+ng rriCarbanyl cation +- 

acetyiacetone C267) -f@.lowed by. SCN- (268) [103l- 

(269). k&n-cation pair; asymmetric.Nd(C@8)2, with'O.d(av.) 

difference betieen N&C in i rings, planes &lined 8.25*; one Cs 

r%ng asyzmetrically bonded (q') to other Nd 11743. (270) Rings 

(269) [Nd(cgHg)(tnf)2][Nd(C,H,,,] 

(271) Nb(CBHs)(CsHBPh)(diars) 

(270) U(C,H,Ph& 
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staggered. Cs not quite eclipsed; Ph tilted 42'= from plane: angles 

at c in c8 ring: Cl?h 13O;CH 140" [399]. (271) CsHg is.n4; 

CsH$h is n5-bicyclo[5_1_0]octadienyl with endo phenyl 13221. 

q-HETEROATOM LIGANDS 

Me 

i 

Me 

(272) Cr(CSH,Me,N), 

(A) Two conformations te) 

Me 

(275) [Fe(C5H5)]2(C2Et2BaMe2Sj 

Et 

Et 

(276) Ni(C2Et2B2Me2S)2 

Ph Ph 

(273) Cr(C0)3~CgH2B~tPh2PF~I 

Me0 

Ph 

(274) Cr(CO& [C5H2Ph3P(OMe)2] 
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~.. 

-.- -.~ :: ._; 

(272) _Z;for&_ stu&e+ (A) &.&tely.ecli&e;I, pa&U& ringsi .- -.-. 
. . 

(D) &'st -F agge_ed Megroups; and boat confornution;'inte~iecular 

contacts Lre important &n..(B)-; H bent -aw& from Cr [141;142]. ‘. 

(273)(2?4) n-PI&&ho&ring planar, with Cr-P 2.681,.2.770& 
- 

respectively; the relative extentsof ylide and a&e forms could 

not.be decided 22651.. (275) Roriz the thiadiborolene and 

CPe(W2(C5D5) 12, triple-decker sandwich coqlex; rotational 

disorder in Cp group [202]. (276) Rom the thiadiborolene and 

Ni<CO)q; IS&d is $ , with electron donating groups (C=C and S) 

occupying approxinately tetrahedral coordination positions [321]. 

(277) Li(thf &CoCCgHq2& 

/Et 
,O \ 

Et 

(278) [Li(OEtal]a[CoPh(CBH,&] 

one CeH,2 omitted 

3 \ 
/ 

0 

\ 
0 . 

0 
6 

t-l 
(279) [NiPh2(C2H4 l]2Na,(tht I5 
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a Li 
(260) Ph[Na.0Et212[Ph2Ni] N NLi6(0Et)4.0Et, 

22 3 2 

several organic groups omitted 

(280) Geomety of Li12Na6Ni4cN212 unit 

(277) Co has TBP geometry; cod has highly distorted boat form; no 

Li-Co bond, but strong ion-pair interaction with equatorial C=C [275]. 

(278) Diagram omits one conventionally-bonded cod; multicentre bonds 

join metals to Ph and cod ligands; 3-centre Li-Co-C(11) has Co-k(ll) 

1.888, Li-Co 2.39, 2.44z 12951. (279) Ph and C2Hq are trigonal about 

Ni [i.e. Ni(O)], vith 2 bridging Na; Na is within ion-pair bonding 

distance of Ph groups; one Na bonds to C$Q of neighbourtig molecule 

to give polymeric chain; one CH of olefiu alao forms weak ioa-pair 



(280) Interactions between 
N,N,Ph, and Li atoms 

(280) lntekaction of Li atoms 
with N2 

(280) Coordination of outer Na atoms 

kh Na; NazNi2 ring formed from 2 3-centre electron-deficient bonds, 

with Na-Ni 2.795, 3.037; Ni-C(Ph) 1.9&2.03; 13791. (280) Contains 

2 (NiPhp>2N2 moieties linked to 2 Na, 2 LiG<OEt)4<0Et2) cages, with 

outer side of-cage containing 2 Ph(NaOEt,), bonded to (NiPh2)2N2 by 

Na-C. Ns-Ni bonds; diagrams show interactions of N2 w&h Ni, Li, and 

Of Ni vith outer Na; Et0 groups arise from ether clearage; N2Ni2 

interaction probably similar to w bridging Co2 or Ni2, with 

xzegative charge on N2 stabilised by interaction with Na + 14011. 

See 2&o: 3, zzz. 
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sILvERcoMPLEx 

(281) Ag(C,,H& NO, 

(281) Norbornadiene d5mer from Ni(CO)b-catalysed photochemical 

dimerisation; symmetrical C=C-Ag bond, extensive Ag-0 (nitrate) 

interaction within crystal such that each Ag interacts with 3 NO3 

groups, and each NO3 with 3 different Ag [137]. 

COMPLEXES CORTAININGMBTAL-METAL BONDS 

Complexes 87, 159 and 228 also contain metal-metal bonds. 

(a) CoqZexes containing *ansi~on metaZ-main poq me-La2 bonds 

(282) MO has capped octahedral geometry, with Cl bridging Sn, MO to 

give irregular TBP geometry about Sn [42]. (283) PPh3 krans to 

Mn-Si [281]. (284) New cell dimensions given; shows "striking 

similarities" but not isomorphous with (287) [49]. (285)(288) Electron 

diffraction studies; equatorial CO bent away from MEI by 4-7O in these 

and (69) [17]. (286) Reference 1491. (287) Re-Si significantly 

longer than in (2881, minimises steric repulsions [49]. 

<289)(290) Distorted tetrahedral Sn, octahedral Mn, with CO groups 

bent towards Sn; ~%~-Sn-%fu 126O [753. (291) Similar to hydride; Sn 

distorted tetrahedral, crowding around Mn(CO)s fragments gives 2 Mn-Sn 

bonds; electronic and steric effects suggested to account for data 

[238]. (292) Short Fe-Si [2.224(9)i]; equatorial CO and Cl staggered, 

CO bent towards Si, ~5th C-Fe-Si CCL. 86O; comparisons tith 
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Ph,P 

oc co 
5 

(283)Mn(SiMe3>(CO),( PPh,) 

(2821 Mo(SnC13)CI(CO13[MeSKH&SMe] 
Re(MH3)(C05) 

(285) M = Si; (288) M = Ge 

/ Me\si_Me 

ME‘ 

Me 

M [SifSiMe&/ (CO& 

(284) M = Mn; (287) M = Re 

(286) Re(SiMe,)(CO), (292) [FeCCO.JJSiCl,)]- 

[Mn (CO),]zSnX, 

(289) X = Cl; (290) X = Br (2911 [Mn (C0&J4SnzBrz 

isoelectronic Co<CeClg) (CO) 4 [ 29 3 _ (293) In one rmlrcule (of 4), 

one of Co sites is occupied by larger group, possibly representing 

-partial occupancy-by-HgCl, from disorder or decomposition; Hg-Fe-Hg 

80.9O [273. (294) Complex zwre correctly regarded as diner, as 



355 

(293) 

Cl 

I 
Hg 

Oc I / Cl 

\&AHg 
oc’I ‘Co 

5 
cis- Fe( HqCl )&CO& 

(294) 

x 
‘-b 

oc 
p;;r<cI 

I p 
x 

P= PPh, 

1rCIX(HgX)(CO)(PPh,), 

(296) X = Br; (297) X = Cl 

Cl 

6 
[Fe(C0)4(HgCI)(HgCI2)]- 

‘43 
Ge 

OC I 
‘co-co 

0= ‘I 

s 
(295) Co(GeH3)(CO14 

(298) (+I-tram-PtCI [SiMePh(CloH,))(PMe,Ph), 

M+PhP -Pt -PMe2Ph 

I 

(299) trans-PtCl[Si(OCH,CH,),N](PMe,Ph), 

monomer interacts with its mirror-image in crystal; Hg-Fe-Hg system 

non-linear [80.3(l)"] 1281. (295) Electron diffraction study; 

equatorial CO bent toward CeHg, with C-Co-Ge 83.8(3)O :16]. 

(296)(297) Oxidative adducts of IrCl(CO)(PPh3)2 f HgX2; IrHgCl 

172.2O; in (297) equatorial Cl site is 15% Br [340]. (2Ssj Coordination 

of silatrane gives complex with no Si-N bond (2.89;); Si becomes 



,q&6-~ I. .- 
-. 

sufficiently anionic for Si-N interaction to be&me repulsive, with 

N lone pair inside cage, and trigonal planar N [255]. (299). Absolute : 

~configuration ($, corresponds to (R)(+)-silsne from which it is 

formed; Si group has high &runs influence, Pt-Cl 2.462(2)i; two 

_ shdrt Pt . ..Ii (2.72, 2.78i) give distorted octahedral geometry [328]. 

3 g 

oc.M/r\M/co I I 
0C-f 

I \,/ ---o I 
0” .“o 
@+I(CO)& 

(300) M=Mo;(301) M=W 

(304 1 W,(CH,Si Me3), 

Et 

Et ‘N-it 
Et -N’ , 

-N Et 
Et \ 

Et 
(302) W,Me,(NEt,), 

Et ,Et 
Et ,Et ‘y 

‘N 
‘c 

LS 
&.s=o;/ 

Q-,y:.0 
~$pq5-ry 

/Et 

Et-N;crhe MeEt 
Et 

(303) W,Me,(O,CNEt,), 

Me 
t 

Et 
(305) Mo2(02CMe),[Et2B(Pz)2]2 

0 
‘Me 

(307) H~~~tCO)~(NO)[P(OMe)~] 

(306) Mo,(02CMe&[HB(P~~12 

Et 

(308) Mn,(N0)3(C5H5)3 

(309) [Li(OEtd]2[Re2Me8] 
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, 

.’ , 0 I . 

t’ ,’ ._ 
L’ . 

‘. 

(310) [IWCO)(CS)(CSH,)], (311) ([Co(COK5H5$}- 

Me 
I Me Me 

E! L F 
i \ I 

Et+ i 

Ph3P-Pd-Pd-Pd-PPh, 
I \ ! 

Me-NZC- Pd -P\d--CN-Me c _-. : 

1 c ke 
L: H= 'H 

Me I 
_ _- 

C 
III 

N 
Me L=MeNC 

6;” 

Y (313) [Pd3KNMe)6(PPh&] 2+ cy P’ ’ 3 
Me 

SiEt3 

(312) [Pdg(CNMe)S]2i (314) [PtH(SiEt,)(PCy,)]:, 

(300)(301) Structures consist of two edge-sharing octahedra 160,611. 

(302) Anti rot-r in solid, 3:2 anti-gauche in solution [205]. 

(303) From W2Me2(NEt2)4 + CO2 [258]. (304) Shorter W-W bond than 

(302) 12771. (305) Reference 12511. (306) Weakly bonded axial 

ligand on one MO; related to formation of axial donor bonds to multiple 

metal-metal bonded species; cf. also (505) [251]. (307) Combined 

X-ray: neutron diffraction study; P<OMe)S derivative did not have 

disorder problems found with nonacarbonyl; asymmetric, bent W-H-W, 

with W-H 1.859, 1.894(6)x, W-H-W 129.4(3)O WI. (308) Reference 

[1571. (309) Eclipsed Me groups, Re-Re quadruple bond [SSI. 

(310) Similar to cik-[Fe(CO)2<CgH5)]2, with bridging CS; Fe-Fe 

significantly shorter than carbonyl [2.482(l) VS. 2.531(2)iI 11311. 

(311) Radical anion, with coplanar Co(CO)nCo perpendicular to CSHS; 

Co-Co bond order ca. 1.5 [91]. (312) Pd-C(ax) 2.049(6) > Pd-C(eq) 
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. 

1.963&i; -&a-C-Pd-C-95.0(6)"; bonding .and fluxional behaviour 

discuaied [1063. (313) Hiagram foreshortens 2 MeNC; equatorial 

ligands displaced to c&are of noleculti; short Pd-Pd bonds [378]. 

(324) F’rim Pt(+Hq)2(PCy.S) + IISLEtS, catalyst for addftion of 

HMRS(M = Si,Ce) tp olefins and alkynes 13801. 

(3%) Ti.JC&H,XC,H&(thf 1 (316) Cr,(C,H,), 

Me*e 
l.&---Tw\ 

OC’d \ o= L =O 
0 c 

0 0 

(3191 W2(C0)6(C,SH,S) 

(325) Prom TiC12(CSHs)2 f RClOHS at -SOa; both types of CS ring 

planar, no H atom (hydride) found; short Ti-C 2.19(2); open structure 

reflected in high reactivity 12701. (326) CS rings contain butadiene, 

pentadienyl fragments; both Cr bond to 2 C of bridging C8 ligands; 

short quadruple Cr-Cr bond 12691. (317)(318) Two isomers differ in 

position of attachment of PEtS; studied in connection with CO 

scrambling studies 12931. (31.9) Structure very similar to MO 

analogue. vith identical metal-metal distance [242]. 

(320) Semi-bridging CO, vith MO-CC 1.936, 2.826(6)x; short Mo-Mo bond; 

fluxional in solution [225]. (321) Terminal CO attacked in reaction 

MllH(CO)S i CH2N2/-850 to give acyl function, and four-membered ring 

c771. (322) Staggered CO groups; MonC 1.835(25)2 [162]. (323) Prom 

Rez(CO)gECPh(OM&] + AlRrs, containa n-carbyne ligand, with Re-C 

2.144(41)i; 120 Re-Re bond [152]. (324) From Mn(CO)2(C=CHPh)(CSHS) + 

Fez(CO)g; viewed as heteroatom analogue of trimethylene-methane, 

although tvo alterpatives are (b) and (cl: short Fe-Mn 2.760(4& bent 
; . 

IfeC-C 124.S(1.6)" and one Mn-C-0 169.4(1.6)p (because of short 
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Et, P 

(317) Mo&O),(PEt3) (C,5H,8) 

isomer A 

Me*pri f I 

dl0 -MO 

Oc’o’ \C C’ & ‘PEt3 

0 
0 0 

(318) Mo,(CO)~(PE~,)(C,,H,, 1 
isomer i3 

/i 
- Mo=C 

/‘c -0 
0 

OC 
k & 

0 

(322) (C0)5ReMo(C0)4(CPh 1 

0 

(323) Re2(CO),(CPh ) Br 

(320) Mo2(C0)4(C2Et)2(CSH5)2 

(321) MILJCO),~(CH~N~) . 

(a) 
O 7K Oc Ph 

(324) BC,H,) (CO&MnC(CHPh] Fe(CO13 

cPKop4~4c~;~~ cp(co)2y:~_,<; 
0' ‘Fe 0’ 

(CO), 

(b) 

internolecular Fe...C contact) [2093. (325) From Feg<CO)12 

alnnxt planar Fe&+ ring, all bonds have multiple bond order; 

-i- thiophene, 

one CO 



‘- 393 .. -. 

0 -C 
(326) Fe$CO&(C4Ph4) 0 

(327) Fe&O&(C,H,) 

(325) Fe2tCO>,tC, H,) 

Me 

I 

I I 
oc co 

(3291 Fe2(CO),(C,H,,CO) R = Et 

(330) Fe,KOl, (C9H,,COl R = Bit 

(328) Fe,!COg[Me2C:C(0)CM~*(S~ 

F,= 

= co 0 
(333) Fe2(CO~(CgF12CO)(CgHg)2 

(337 1 Fe&O&(c$u~ 1 (332) [Fe(C0)2(SCHCEtCHMe_l& 

0 co 

(3341 [R’CO&],C,,H,, 

Ph Ph 

(335) F&&0)&H4CPh2) 



(336) Fe2(CO)5(PPh3)(C,C,) (337) Fe,KO),tC,Ph,CO ) 
Ph St-oups omitted 

I \ 
c = 

/- \. 

08 O 
(338) Fe,(CO),(C,oH,6) 

0 

‘$- pPha 

Ed 

(341) Fe,(CO&[PPh2CPhC(C02Et)CCBufCO] 

(340) Fe&O) [PPh,C(0)CButCC(CO,EtX(CO,Et)] 

C 
0 

(342) [Ru(mbt)@y)(CO&]a (343) Os,iCO),(C.H6) (345) CoJCO&[CH:CPhC(O)- 
OC:CHCMeCHCMe] 

BUf 

Bu’ / 

(339) Fe,KO)&PPh,)(C,Ph,) (344) co2(co),K&) 



Ph 

Ph 

(3491 [NiNi(CBH,21]2C2Ph2 
(346) 

(C7H,)[Fe(C0)3 3 [Rh(CO$] 

(347) [Rh(PF3)2(PPh3))2C~Ph2 

H 

H H 

(348) [Ni(CSH,)]2C,H, 

/ 
O\O 

7 
Pcj-Pd- CL/AI - cf 

/AI- Cl 
\ 

-Pd Pd- 

\ 
0 

/ 

(350) [PdAi,CI,K,H,)-& 

is gemi-bridging 1651. (326) 

bond bridged b-y semi-bridging 

carbene complex, with unequal 

Butadiene fragment delocalised; Fe-Fe 

Co; see also (339) 13291. (327) Bridging 

Fe-Cccarbene) 1.977, 2.064(3)& this 

results from carbene occupying apical position on one, equatorial on 

other Fe; also gives tvisted Fe(C0)3 groups; I,3-diene is bonded to 2 

Fe atoxis [ll7]. (328) Stable iron erolate from Fez<CO)g + 
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(351) Ptz(C2Ph2)2(PMeB)2 

tetramethylthietanone [120]. (3.89)(330) From Fe2(C0)9 + CH2:CXeCXR 

(R = Et or But, respectively); alkenyne links with CO to give 5 carbon, 

6e donor to Fez(CO)B unit, with CCRCO group intermediate between ally1 

and C=C-C=O; the common C atom belongs to 2 nearly perpendicular 3 

carbon, 3e donors, and bridges the 2 Fe atoms [132]. 

(331)(344) Differ in orientation of M(CO>B groups; shorter Fe-Fe 

gives steric interaction of CO group_s, which rotate by 60"; (331) is 

Hubel's Fe2(C0)7(C2B& [169]. (332) From Fe(CO)S + a thiacyclobutene; 

contains nearly square Fe2S, group; no structural details [170]. 

(333) Ferracyclohexadienone from [Fe(C0)2(C+S)]2 + C2(CFS)2 [92]. 

(334) Product from olefin metathesis reaction using Fe(CO)3(C&) 

and WC&-EtOH-EtAlC12; hydrocarbon has 5 fused rings [246]. 

(335) Transoid Fe(CO),+ groups, with C=C occupying equatorial site in 

TBP; mean Fe-CO(ax) 1.816, Fe-CO(eq) 1.783i; ?W metal-metal bond [286]. 

(336) Butatriene bridging Fep, with C-C distances of 1.358, 1.367, 

1.370(18)& considered to bond as n3-ally1 to each Fe [300]. 

(337) Confirms structure of Hubel's Fe2(C0)7(C2Ph2)2, here obtained 

from Fep(CO)9 + C2Ph2 in thf; Ph groups on each C=C omitted in 

diagram [3343. (338) Derived from azulene + Fea(CO)lz via dimerisation 

of hydrocarbon; comparisons with Feq(C0)1a(C2oHla) studied earlier, 

particularly in relation to bending of Cy rings [364]. (339) Shows 

PPha bonded to ferrole-Fe; butadiene fragment delocalised [see (326)]: 

studied in connection with 13C NMR studies of solution dynamics [fi88]. 

(340)(347) Obtained from Fe2(CO)B(PPh2)<CZCBut) + alkyne; new ligand 
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in (340) formed from CzCBu', PPhz, CO and incoming albe to give 

a-ketophosphine, which cleanly rearranges to analogue of (341) on 

heating; (341) formed from PhC2C02Et, showing that a-C of acetylide 

bonds to C of incoming alkyne which bears most electronegative group 

13201. (3442) From Rug(CO)12 + mercaptobenzothiazole, then py; 

contains distorted SCNRu2 ring 12881. (343) Osmaindenyl system from 

OSZ&~(CO)~ + C8HS; bond distances suggest delocalisation in 5-membered 

ring, localised bonds in 6-membered ring, but distortions also present 

11281. (344) See (331). (345) From 2 alkynes (as a o,s-butenyl 

unit) Inserting into butenolide-C.o2(CO)B complex [240]. (348) From 

LiFe(CO)3(C7H7) f [Bh(CO)2ClJ2; bridging C7 ligand (fluxional) gives 

long Fe-Rh bond [SS]. (397) Similar to CO~<CO)S(C~R~), with PPh3 on 

same side as alkyne; C-C l-369(7);; paper contains discussion of 

fluxional behaviour [385]. (348) Short Ni-Ni, with c&s bent alkyne; 

electron density maps support straight Ni-Ni bond, with double 

maximum along axis, and predominance of bonding between Ni and 

slightly antibonding C2H2 bl orbital (i.e. a*); acetylene affected, 

vith mid-point of C-C not coincident vith geometric mid-point, and 

apparently bent (as with strained 3-membered rings) away from Xi, 

allowing al, bl orbitals to point to Ni-Ni region [2X]. (3499) From 

Ri(cod)2 -I- C2Ph2, long Ni-Ni bond [2.617(2)1], as expected from 

electron deficiency [cf. [Ni(CSHS)2]2C$h2, 2.329(4);]; alkyne has 

C-C 1.386(ll)& C-C-Ph 140.6(4)“ 13153. (350) Lou temperature study 

freezes C& in one of 2 disordered conformations found in room 

tenperature study; diagram also shows perpendicular view of C& 

relative to Pd-Pd bond 1961. (351) From (714) and PMeg; C2Ph2 shows 

different coordination modes, with terminal alkyue having C-C 

3.-26(S)_;, PhXX! 153.'; bridge alkyne has C-C 1.36(5)i 13061. 

(d) BimcZear conpze;zes ccmti:nZ~ othzz- bridging %imA 

(352) From MnH<CO)S + CFI2N2; bent Mn-Mn-Mn sequence vith asymmetric 

briagiog N, m-N 1.964, 1_879<8)i: [ll4]. <353) IJnsymmetrically 



Me 

(352) [Mn (CO& &N2Me (353) Fe2(C:0)6(Me2C:N)(Me2C:NO) 

( PhCHMeNCHC02Et) 

co co 

(354) Fe2(C0)6(NHPj)(ON:CMe2) (356) Fe,(CO),(PhCHMeNCHC02Et) 
2 

cu- N 

Ph,P Me 

(357) RhCuCI(N3Me2)(CO)(PPh3)2 

co 
Cl I 

\ 

I 
Me,P hP- ----Ii----- 

‘I 

PM,Ph 

cu 

N-Me 

(358) IrCu(CO)CI(N,Me2)(PMe2Ph)2 

bridged Fez(CO)G complex from 2-bromo-2-nitrosopropane; new bridging 

ligand not found in nitrosoarene complexes [99]. (354) From 

Fea(CO)12 + 2-nitropropane; larger Fe-N-Fe (77.6") [loll. 

(355)(356) Dimerisatiqn of Et N-d-methylbenzyliminoacetate with 

Fep(CO)q gives kernediate (355) and final product (356); latter is 

diaminosuccinic ester derivative, with N=Cli forming unsymmetrical 

Referencesp.484 



Oc- ,PPh3 ,Me 

p%p 
,Ir----+.J 

I 

>N 

.y 

AgAN 

0’ \ 
to\ 

Me 

Me 

(359) IrA~(CO)(02CCt-?Me,l ( MeN, toi+) ( PPh,), 

a,r bridging group [197]. <357)(358) Contain metal-to&u donor bonds; 

tetragonal pyramIdal Rh or Ir, vith bridging triazenide; MCuN3 

appromtely coplanar [348,349,216]. (359) Ir+Ag donor bond as in 

(357) or (358); isostructural with these, vith bridging triazenide, 

mnodentate carboxylate 13831. 

(36.2) Ru3(COj,o(C4H4N2! 
0 

(3ElJ &?e&O~o]2- (3631 Pt,(COl, ( PCy3& 

(360) *Entry d&eted. (361) Re-Re bon& are non-bridged, E-bridged, 

and 2H-bridged, tauto=ric; 46 e cluster, disordered [see also (39911 

1621. - (362) ROZI pyridazine + Rug<CO)~~; Rug triangle bridged by CO 

on each edge; asynmetric bridges probably doe to packing forces; 
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related to possible intermediate in CO scrambling process [1271. 

(363) Pt-P lengthened, attributed to steric interaction of PCy3 

groups [400]. 

Four-atom dusters: 

(364) H4Re4(CO),, 
H atoms face-bonded 

(365) [H4Re4(CO),,]2- (366) 

(368) NO diagram 
available 

0” 
(367) [HFe4CCO),,]- 

0 
C 

0 
(369) CO,(CO),~ 

0 

(370) [RhJCOll~-j2- 

0 

(371) Rh,(C0)8(dpPm)2 
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(364) CO groups eclipsed with Re-Re edges [contrasts uith Irk( 

and. ~Re~Hg<CO)12]~-], suggests face_bonded H, tonfimed by difference 

Fourier; multiple Re-Re bonds 1871. (365) All CO groups terminal; 

H atom posftions derived from steric arguments, and from computed maps 

of non-bonding interactions CllS]. (366) 3 forms studied, differ in 

-packing and conformations of cation; open-cluster anion is flexible, 

and detailed geometries differ; 64 valence e require breaking of 2 

tetrahedral edges in most electron-rich MQ cluster [lSO]. (367) Fer, 

forms open tetrahedron ('butterfly'); 12 terminal CO, 13th CO acts as 

4 e ligand, interacts with all 4 Fe: H assumed to bridge Fe-Fe hinge 

11131. (368) Prelfminary report shows H bridge four edges, shown by 

longer Ru-Ru bonds (2.93 VS. 2.7& C87]. (369) Further refinement of. 

Vei's &rk, attempted, but close-lying pairs of CO groups not able to 

be refined as separate half-CO groups [ill]. (370) Tetrahedron 

distorts to give one short, one long Rh-Rh bond, latter by electrostatic 

repuls+on between 2 Rh carrying negative charge; this also results in 

asymmetryof bridge CO on these atoms, aud in shorter I&-CO (terminal) 

<by 0.06;i) [84]. (371) P ligand spans 2 Rh, 3 edge-bridging CO [396]. 

Pive-atom clusters: 

oc, y 

oy--~o~o 
5’ 

oc/os-co _ o= A/ \ \ 
CO 

9 \ as-co 
OC co 

3 

(373) [HOs,(CO&]- 

(372) Os&ZO),, 
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(372) TBP o+h) 0s~ slightly distorted toward capped butterfly (C2v); 

bonds to Os(CO)b longer than others; arrangement of CO is preferred 

interstitial packing of 0s~ within 16 CO [180]. (373) Similar to 

16 CO polyhedron found for Osg(CO)16, with one CO missing, assumed to 

be site of Ii; 0s~ forms TBP [149]. 

Six-atom clusters: 

(374) [HRu~(co),J- 

(376) [HOs&Ot,~- (377) H,Os,KO),, 

(CO), 

(378) ~HOs~~CO~,o~02C~Os,~CO)1~~- 

(374) Ii at centre of octahedral Rug (-c-6.4), in 2 crystal 

modifications; all CO te -, 1 [192]. (375) 2 equivalent parallel 

faces exactly equilateral (2.876z), but cluster twisted from 

octahedral symmetry so that remaining bonds alternate long (2.886) and 

short (2.814;) [191]. (376) One triangular face has significantly 

longer edges [2.973i(av.)], CO ligands pushed back from this face, 

suggesting location for face-bonding H [191]. (377) Monocapped SP, 

with 1 H associated with edge, 1 II face-bonded, judged from OS-OS 

distances [191]. (378) From Oss(CO)1s + [HOs3(C0)11]-; delocalisation 

in OqCOs2 group, with C-OS bonded as carbene (OS-C 1.96;); organic 

Reference p. 484 
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ligand formtiZZy CO2 [3023. 

MexMe 
oc,c&~,co 

OC~“yH,Ryo 

oc c 0 cO 

(3791 Fe3Ko)8c9H,2) (380) Ru3H (CO$(C:NMe2) 

Me Et 

\ / 
/c-_-c 

Cd ‘. 
.I: I pc’$&c0 

l&yi ‘;Ru-CO 
\ 

Oc ‘I 
oc c 

““.__ff-_.” , Lc, 

0 5 

(381) R+H (CO)S(C,H,) 
isomerA 

H 

(38l)isomer B 

(37.5) Fros FejCCO) 12 + HC2Me, contains nearly planar 6-membered 

heterocycle; one CO bridges 2 Fe in very unsymmetrical fashion 21821. 

(380) H and C bridged Ru-Ru shorter than other two; dipolar C=NMe2 

ligand acts a~ 3 e donor; extended discussion of bridging El and M-M 

distances [131. (381) Isomer A contains bent al.lenyl ligand which is 

n2 to 2 Ru. n1 to the third; thermal rearrangement via H shift tc 

isomer B, containing a,+ally1 group [155]. (382)(383) General 

isomerism for Rug(CO)s complexes of pentalenes involving edge and 

face bridging by hydrocarbon; equilibrium in solution, edge-bridged is 

fluxional; conversion <382)+(383) requires CO shift as vell 12843. 

(384)(385) Iwo isomers from Os3H2(C0)10 f butadiene; in (384), OS-OS 

bond kwzs to equatorial C=G somewhat longer than others; for (3851, 
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3 

I 

(386) Os,H(COjo(C,H,) 

kiMeS 

edge-bonded face-bonded 
(382) (383) 

Ru3(C0)3[CeHs(SiMe3)31 

E 
I 

“op 
oc I ;os-&o 

oc-,os----‘,, 
0= I 1 ‘\ \ 

C 
0 “02 7 

(384) OzJCO),o(~-cis-C,H~) (385) Os3(CO),,(s-trans-C,H6) 

(CO), 

(387) O~H(CO&(C,H,) 

I : ’ 
oc : : 

>OS----- 
&LLCO 

5 I 
-&~s_co 

I 
C 

6 t,e 
0 

alternative formulation of (387) 

(388) HOs3(CO\o(CHCH26Me2Ph) 

(389) os,CCO&CHC,PhCOCPhCH) (390) [CoCCO~CC,H,,] 
3 

_X.eferences p- 484 
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OS-OS bridged by ditie is substantially longer [129]. (386) From 

-OSJH~(CO)~~ + HCzEt; Et group disordered, acetylenic C bridges 2 OS, 

also bridged~by H-<not.located) [1301_ (387) Planar dienyl complex 

from OS~H~(CO)~~ + 1,3-C~H8; dimznsions also consistent with OS-C u 

bond, with 2 C=C coordinated to other OS (see two forms illustrated) 

13541- (388) For&d by attack of Dfe,Ph at bridging vinyl to give 

dipolar ligand symmetrically bridging OS-OS; OS-H 1.8d<av.>, OS-H-OS 

97(3)O. OS-E-OS plane inclined 110.25O to 0.~3 plane [2211. (389) kom 

HC2Ph + Os3<CO)12: 2 alkynes'linked through CO to -give bicyclic 5:5 

rFtgs, with a,=-ally1 system previously found in Rug systems 12851. 

(3990) Isosceles Co3 cluster, with 2 semi-bridging (edge) CO, one 

face-bonded CO; in solution is exceptionally deformable (fictile), 

with IR dependent on solvent [196]. (391) Slight trigonal 

coztpressicm of Nib tetrahedron (co. 0.341); each C2Ph2 coordinated 

by formal Ni-C u bond to apical Ni, and to 2 basal Ni by 3-centre 

1-1 bonds; hydrogenation catalyst for alkynes to olefins [398]. 

COC),Cr, Ph 

Ph 
,ASTAS< 

OC 
i ,+ Cr(C013 

- ‘dC 

(392) [Cr(C0;&As2Ph2 

C Br 
0 

(396) Mna(CO)g[SnBrMn(~O)512 

(c Mn!COl&X 2 1 
(393) X=C1;(394)X=Br;<395) Xi1 



0 

(397) (C,H,)MnF+(Co)S(PPIi) 

Ph 

(399) @13Re30(C0)S~Z- 

F3C 

OC 
\ ,CF3 

\ /‘\ 

0 

Y= 
OC-Fe- Fe-CO 

/ lp/\ 

OC 
F3 d \CF;O 

(401) FeS(CO)6[P(CF3&1S 

(398) ~(CSHd(cO)2MnP(Ph)Fe(CO~IFe(cO)3 (402) Fe,lNO$[P(CF3)2:2 

(392) From Na~Crp(CO)lo + PhAsC12, or Cr(CO)+sFhLiq + Cr(CO)&sPhCl,; 

contains stabilised arsenobenzene (PhAs=AsPh) ligand, with As-As 

2.371;i [299]. (393)(39G)(395) From Hn2(CO)lo + 1nX; In has distorted 

tetrahedral geometry, Mn-In-bin angle (ea. 125") not affected by X; 

planar InzXS ring, perpendicular to Mn,+ plane [237]. (396) From 

Mn2(CO)10 t SnC17_ in lrylene at 150° 12063. (397) From 

Mn(C0)2(PPhC12)(CgHS) + Fez(CO)S; one CO asymmetrically bridging Mn-Fe, 

with Mn-C -z Fe-C [208]. (398) Another product from above reaction; 

contains 3-centre 4e Mn-P-Fe system bonded to Fe(CO)s; trigonaJ_ planar 

P in stabilised phosphinidene complex [220]. (399) Symmetrical H 

bridges, contrasts with (361) [62]. (400) From le oxidation of 

neutral complex; change in bond lengths for neutral dimer and cation 

respectively: Fe-Fe 3.307, 3.059; S-S 2.023, 1.9871; qualitative - 

_e= 
MO scheme suggests: s-s. [1441. 

:y \. 

Fe Fe Fe-----_-_--Fe 
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Et 

-0c 
Oc \ A F 

;“\ /T 
/CO 

OC P-PI-I co 
I 
Fh 

(4033 Fe&O)6[CHCPh:NEta](PPh2) 

Ph 

/Ph 

OC 
\ / 

OC-,Fe,co 

(404) Fe3(CO$Ph2pc4(CF3,,I (PPh2) / - 

Oc 

(406) Fe2(SbPh2)Ph(C0)7(SOPh3) 

(407) FeCo(AsMe2)(C0$ 

I 
Ph 

(405) Fe,(AsPh&‘CO& 

Me 

Et Et 
I/ 

EtHN 
\ 

0 

B-Bi- 

(408) Co,(COCOMe)(CO& (409) Co,(COBBi-,NEt3)(CO). & 

(410) Co3[COTiCL(C5HS)](C0& 
2 

(401) Long Fe-Fe 2.82& folded FezI? unit 118.9O, related to strong 

electron tithdrawing power of CFs; comparison with (402) 1763. 



40s 

c 
0 

(411) Co+ [CoKOlJ(COg 

b 
(413) ~co8ctcolJ *- 

(402) J?e2P2 

(401) (809; 

Fteferencesp.484 

Ph- 

(412) [CO&(CO{~]‘- 

b 6 
(414) [Rh15c2K0)28]- 

Ph 

(41.5) NiBtCO),(PPh), 

2Ph groups omitted 

ring planar, vith more acute Fe-P-Fe angle <77O) than for 

electronic effects not yet resolved [31]. (403) From 



Fep(CO)&(PPh2)(CrCPh) + NEta; contains 1,3-dipolar Iigand ai bridging 

one centre, 3s ligand 13131. (404) From octacarbonyl complex, contains 

ferra&obutene (FeCk) ring, and dlmerised phosphinoalkyne as 

trcms-butadiene u- and a-bonded to 3 Fe atoms [339]. (405) From 

Pe2(CO)g + iXn(CO)2(AsPhC12)(CgHS) + other Fe-Pin-As clusters 12391. 

(406) From FeS(C0)12 -f- SbPha; contains Sb-Fe-Sb-Fe chain, with Ph 

migration from Sb to Fe; one Fe distorted octahedral, the other TBP 

i3611. (407) Bond distances in F&n(As%e2)(CO)a, [FeCo(CO)s]- and this 

compIex determined by arrangement of CO groups rather than other 

factors 1631, (408) From LiCoS(CO)Ia + EeCOBr [85]. (409) Similar 

to diloro coPpIex described earlier 1166:. (470) Ron Cog<CO)g + 

TiC12(&HS)2; Ti geometry almost the same as in TiC12(CSHS)2 12191. 

(411) From NaCo(CO)4 + SiIq; first CoaSi cluster structurdily 

characterised [126]. (412) Paramagnetic, distorted octahedron, with 

L2 Co-Co in 3 sets: one 2.96(l) (stretched), 6 2.53 (CO-bridged), 

5 2.75@.); Co-C l-84-1.94ii [161]. (413) Tetragonal antiprism 

elongated along one of 2-fold s-try axes; 9 terminal CO, 9 

edge-bridging CO, some of latter markedly asymmetric; different 

skeleton from isoelectronic khgC(CO)Ig [161]. (414) Metal atom 

framework is centred tetracapped pentagonal prism with bases and two 

side faces capped; 2 Rh _..I& too long to be bonding (3.3G); central 

Xh coordinates to 12 external Ph, and to 2 C, i.e. true metal bonding: 

structure rationalised by condensation and isomerisation of parent 

[Rh&(CO)1S]2- cluster; 14 terninal CO, 14 bridge CO (2 bridge 

connections per i(h) [317]. (475) Completely bonding Nia cube, with 

face-bridging-P; first electron-precise metal cube, analogue of cubane; 

Pa forms non-bonding octahedron, interpenetrated by Nia 13631. 

PiYLy7reh~aZ rrii~ZZo~o2up2e cmpkres 

(416) Shorter Fe-B than in [Fe(CO)qB7HL2]-; H bridges Fe-B with 

apparent Fe-H 1.55 [24]. (417) Borane formally n3; analogue of 

with basal BH replaced by Co(CaHa) [35]. 
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i-l H 

(416) [F~(cO),B,H, ]- (417) 2&H,)Co] B,Hs 

(e) PoZyhzcZraZ me-talloc~bo~~~ cO~~SS 

Nine-vertex polyhedra: 

(418)(419) From Pt(stilbene)(PMe$2 + cZOSO-~.~--R~C~B~Q <R = E Or *)s 

structure of B-form of (419); latter has shorter Pt-B, longer Pt-P 

(418) 1.1-(Me3P)~-1,6,8-PtC2~~H~ (419) l,l-(Me,P),6,8-Me,-1,6.8-PtC,6,H, 

(420) 1,8-[(~H~)co];5.6-c,B,H, 

(421) 1,7-@=,y)Co];5,6-C, B,H, (422) 7,8,9r(CSH,)Ni];l-CB,H. 

References n. 484 
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'. 

bonds [59]. (420)&Z) -B&b g-vertex tricapped.trigonal prisms; 

thermal interconversion may result from opposing tendencies of Co-Co 

.bond formation, a& H . ..H repulsion of adjacent CsH5 rings [205]. 

<422) One of several isomers from nido-CB$ig i NI(C~HS)~ + NaHg 

(compo*md III); electron-rich cluster, 2 e accomnmdated by elongation 

of an Ki-B bond to give kumnbered open face, distorted monocapped 

square antiprism [171,172]. (823) Entry de.Ieted. 

12-vertex polyhedra: 

(424) First 

(424) [UCI,Q3,H,,12]2- 

actinide metallocar3orane complex; U has distorted 

tetrahedral geometry, n5-carborane; centroid normals at 137", Cl-U-Cl 

90.3(5)O, IT-B(C) 2.7d(av.) [26J. (425) By olddative addition of 

7,9-C2BgH12- to RuHC1(PPh3)3; reversibly eliminates H2 on heating in 

vacU* [X7]. (426) Rh-El 1.54(9$ , asynmetry in R&P bonds 

f2.357<3), 2.3Gl<l)~J probably results from strong packing interaction 

13461. (42;) 18 e slipped structure, Au associated vith 3 B of 

pentagonal f&e .@51. (428) 20 e structure, also slipped (as expected); 

in both, Au position similar, vith slip the result of lengthetig B-C 

bonds, bending C2B3 plane [25]. 
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(425) 2,1,7-~Ph3P12RuH21C2BgH11 

Et 
Et\,/ 

(427) 3+Et,NCS,)Au]-1,2-C,B9H,, 

Other complexes: 

(CO13 

‘Mn 
(CO13 

(429) [MWO),],C4H3EtBPh 

Ph3P 

\Th/,,,, 

(426) RhH (PPh3)&B9H,, ) 

(428) No diagram available 

.Me 

~C,H,)Fe]BC,Me,BBH8 

(430) isomer (I) (brown) 



;, <429). ContaFns cenrra3_ barole ligarxd, strtrcture related to (275) [X94], 

(430)(&31) !fVO Of 4 iSOIIletS flZOF Me4Cyg8%~'+NsC1O%8/NaC585+ p&12; 

IA-ve&x pckphedsa, oeither has predicted CikSO StlX$ctufe, with i?i- 

and b-umbered opeu faces; (430) has 2 6-coordfn&e vertices (both 

Fe); open face‘bs 3 C; (431) has 3 6-coordinate vertices (2 Fe, 1 B), 

vith open face having 2 C f2041. (432) From Co(G0)2<C$@ f 

Fe(Me$$3$+)~; 2 pertSgoual bipyramG?s fzzsed at co-n Fe, with 

addStiouA. BH cappiug triaugular faces on both polyhedra 

_ simulxmeonsly; cluster is 2 e deficient [X24,1253. 

t~Cgffg}Fe~=C~Me,B8B8 

(431) isomer ffIf (green) (432) M~~,C,B,H,FGCG(C,H,) 

BYDFXDE AXiI 

(4331 

H-Re-IS 

("34) 

DIstorted octahedral Re, K partially located, with I&-% 1.572, 

ICiT;~ axial P beat towards H, vith P-Re-F 143O f408,4091. 

Reference [407f. (435) Linear %-Rh-N-N, PRY ligauds bent 

towards E; paper s- ses structura2 data for M-N2 complexes; some 

disorder, l&-N .L_970(4), %-N 1.074(7)& latter distance is less than 

X2, b&t anisotropic thensal stot*o= correction gives fength of 1.18; 

f402f: (4361 $mstructural with Os(CO)3(PPh$2; 2 types of nzolecule, 

disordered %Os in both, arraugeataut differs for different site 

sysmotries; 8; not located, but occupies sites left statistically 

rmocctipied by NO3 j4033. (437) H not located, Assumed to be ~II 
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Ph3P 

H \ “‘._Re 
H.” 

/ 

‘2 q&Q 

Ph,P Ph2 A Ph, 

(433) ReH,(NO)(PPh,& (434) CoH[P(C,H,PPh,$] 

Ph 
Ph\p/_ Ph 

0 I 
0' 

N' 
x0/ Ii- 

/o-.N,o 

I 
0' 

ph?\Ph 
Ph 

(436) IrH (NO,?,(PPh& 

Ph 
Ph,P, ,S\ /PPh3 

HjIr~~~IrzHpph 

PSP Ph 
3 

(439) [Ir2H2Cl: SPh$(PPh,), ]+ 

2 

P- 
Pb 

(437) Ii-H (dppe12 

PhPBu; 

I 
H-Rh-e_N_N 

I 
PhPBu; 

(435) RhH(N2)(PPhBu;$ 

P 

P E PPh3 

(438) [Ir2H,(PPh3$1+ 

FCY3 

/ 
3’Pt.___H 

I 
PCY3 

(440) t/-am-PtH(S,CH )(PCy,), 

!=h 
Ph / 

‘P to1 

Ph’ 

\ / 

N/-N 

_P: FL-tOI 

H=- 
\ 
,P- Ph 

Ph I 
Pi-l 

Me 

‘5’ 
l-0-l 

(441) FtH [N,(tol-p12] (PPh,? (4431 [Ti(13H312(salen)]2 (444) Co(H2BH2)(P3) 

6 = C&,,(PPhA 

axial position of TBP 14061. (438) Multiple Ir-Ir bond, bridged by 

H 14101. (439) 2 Ir bridged by Cl, 2 SPh; terminal H not located, 

but in free coordination site trans to Cl [411]. (440) H not located; 

References p. 404 
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m-onodentate HCSp from PtH2(pcy3)2 + cS2 [404]. (441) H not located, 

bans to monodentate triazenide group [GOi]. (442) See (314). 

See aXsot 5, 6, 73, 88, 89, 170, 425, 426. 

(443) BH3 coordinates to salen N, with Ti-E titeraction [l.g5(l5)2] 
I 

forsing electron deficient i-B-E-TI rings, tith 7-coordinate Ti(IV); 

amine-borane is donor [412]. (444) Very distorted SP, tith P at apex; 

Co-is-at centre of BP3 tetrahedron, constrained p3 ligand allows much 

closer approach of B&, to Co than found in CoH(H2BH2)(PCy3)2 [414]. 

(445) From halogenation of Mo(C0)2(HO)[HB(Meqpz)3] in PriOZ; 

si&+ficant multiple bond character for Ma-0 from Pp(0)-d,,(Mo) 

bonding; formal coordinative unsaturation results in NMR deshielding 

of C,H 14181. (446) NO disordered between 2 orientations to 

mini&se intemlecular packing contacts; long Fe-N&u) bond 14241. 

(447)(451)(456) Comparison betueen complexes shows Fe TBP, and Co 

and Xi tetrahedral, with N not coordinated; structures rationalised 

(445) 

MoCI(OPr’)(NO) [H4(3.5-Me2-4C1C3N2\] 

N 

0 

centrai coordination polyhedron 

(447) [Fe(NO)(ups I]’ 

Mk 

(4461 Fe(NOl(Meim)(tpp) 

(451) M=Co’; (456) M=Ni* 



b 
(448) [FdNOXPP3)]+ 

P=PPh, KH,), 

oc1oTJ 

Br 

Et 

(449) [RuBr,(NO)(Et,SO)] 
2 

Ph,P\F/PPh3 

ON No 
(450) [Co(NO$(PPh3)2]+ 

Ph 

I 

Ph+O 

'-2 
I 
5H2 

N 

r-7 
Ph2P z 

'do' 

PPh2 

I 

0 

(452) [Co(NO$(nppo)If 

Me 

p~P(qPh), 

(453) [Co(NO)(OC103)(en)2]+ (454) Co(NO12(sac+ (455) RhBr2[P(OPh?&NOj 

by simple MO approach 14211. (448) TBP, linear NO; Fe 0.2gi above 

plane [423]. (449) From oxidation of RI.&~,(NO)(SE~~)~ [417]. 

(&50) Enables comparison with Rh,Ir complexes to be made; cobalt 

+ 
coordination is flattened tetrahedral, nearly SP, i.e. more NO 

character, hence lack of reactivity to CO [4201. (452) Distorted 

tetrahedral Co, ligand bidentate via 2-P; linear NO group [422]. 

(453) Disorder in NO gives two 0 positions 14151. (454) Tetrahedral 

Co, bent NO; correlation of O-M-O and N-M-N angles for 13 iM(RO),1" 

complexes, interpretation in terms of 'attracto' and 'repulse' 

conformers 14161. (455) SP, with apical non-linear NO; long Rh-N 

2.04(4)i [cf. Ir-N 1.94(2); in IrC12(NO)(PPh$$., but note high R 

value] 14191. (456) Entry deleted. 



P z PMe,Ph 

(457) MoC~~(~-N,)ReClCPM~~Ph~]~ (458) Mg(thf $[Co(PMe3)3N2]2 

Ph2 
Pi 

‘=hz 

‘i’ 
_N*N---H . . .._..__ F 

P’72 b 
MO-> 

/ ‘f= 

(459) [MSF ( N2H.2) (&We;] + 

i 
HO 

, 
,’ 

.’ 

,H’ 

Y i 
Y 

L 

(46Oi EVoi( N2H~8H,,)(dppe$] I 

(457) Linear ReN$foN2Re chain [426]. (458) Long N-N l-18& with bent 

Mg-N-N(Co) l58", modified N-N bond 14251. 

See &o: 226, 245, 246, 435. 

(459) Linear HO-N-N precludes protonation of N1 i.e. ql-hydrazido 

liganh-present; N-N l-333(24)& bond order c(z. 1.6; II-bond 

N-E . ..F-BF3 as shown [429]. (460) Protonation of N2C$I17 gives 

N-alkylhydrazfdo complex. vith Mo=N=N multiple bond system indicated 

by bond distances [431]. (461) From W(N2)2(dppe)2 + thf, with 



Cl 

(462) [IrCl(N2Pn)(PMePha)~]+ 

ring-opening of furan to give w-diazo-butanol, originally thought to 

be tetrahydropyridazo ligand [430]. (462) Complex prepared with ArN2 

having geometry intermediate between singly and doubly bent, using 

other ligands of appropriate bulk; highly distorted. 

5-coordinate Ir: Ir-N l-835(8), N-N l-241(11), N-C 1.421(11)& 

Ir-N-N 155.2(7)", N-N-C 118.8(8)O [428]. (ri63) Aryldiazo group bridges 

non-bonding Ir... Ir atoms; N=N-Ar 14b(4)"; no details of NO group 

parameters [427]. 

BINARY TBANSITION METAL-TERTIARY PBOSPHINE COMPLEXES 

(464) Comparison with (30); TBP, with phosphite in axial and 

equatorial positions; changes in geometry of 2 complexes rationalised 

in terms of ligand bite; correlation of .T(PP) with structure in 

non-fluxional 5-coordinate Co(I) complexes [355]. (485) Tetrahedral 

Pd, with equal Pd-P 2_443(5)ii [4351. (&6)<467) Distances: a 2.70, 

2.77; b 2.83, 2.83; c 2.6, 2.5; M-P 2.285, 2.25ti; P-M-P 176.6, 177O 

respectively; substituents eclipsed, and o-B interaction may be 

attractive (cf. strong deshielding by Pt) 14331. (468) Only 2 P in 

each ligand coordinated to Pt in axially-distorted tetrahedron; 

P-Pt-P 97_0(3)O, with Pt-P 2.287(8& similar to other determinations 

[4361. (469) Disordered centrosymmetrit, P-Au-P 180°, Au-P 2.316; 

[432]. 

References p. 484 



416 
_ 

Me 

Pz PPh3 

(465) Pd (PPh& 

$+-y--~Y$2 
-M- 

/ *’ H---c/ 
’ ‘Me 

f*+;““_H~ 
\ 

H2 But 

C 
H2 

M(PBu;Ph& 

(466) M = Pd; (467) M = Pt 

(468) Pt[(Pt12PcH2$CMe]2 

P-Au-P 

Pz PMePh, 

(469) [Au(PMeP\)21f 
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426.. : 
-. 

.T#BLE 3. .~Rf%Ji+E@LLKS 

YO. mm 

._ 

10 

616 

b28 

b2b 

402 

= For=~~Iared as "[FefU3)1,<EgC1)~13[Fe(CD)3<HgCl)C11". 

2.~8 _ _ CH.Ge059E rreCG~3)(03)5 

285 C$i305PeSi . sesia3xca5 

244 C,Ei5WXO S'<HO)CC5E5) 

n P21ln 4 

0 

n 

H P21fe 

.n ‘cc 

I Qlc 

Pi 

n 

n PZlfP 

pi 

Tet Pb2fm 

PbCZ 4 

P2,/b 4 

2 

4 

32 

2 

2 

n.g. 

1 

6 
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a b c a 9 T DATA R R' SUTES !tEFEREXCE 

.- 

14.949 (8) 8.892<7) 18.232(10) 

10.989(6) 6.899(6) 6.3596) 325 6.8 23 

11.108(6) l5_462(l2) l5.443<9) 95.87 (5) 1557 8.0 9.2 24 

105.5(3) 2358 4.2 4.4 22 

8.3786(9) 

26.410(7) 

36.81(l) 

11.848(3) 

8.3900(l) 

14.X3(5) 

7.294(1) 

10.690(5) 

2G.6068(22) 10.0656(11) 105.346(S) 

ll.248(5) 20.163(6) 102.35(l) 

11.181(2) 20.369(5) 95.28(3) 

X3.524(4) X.624(3) 123.87(2) 94.01(2) 

10.482(l) 11.528(l) 77.32(2) 

9.877<3) 15.537(4) 115.36~2~ 

7.492(l) 8_147(2) 81.x3(2) 73.49(2) 

l.2.283(6) 

1486 2.2 

2020 

2647 

90.91(7) 2917 

846 

5.8 6.1 

7.1 7.2 

5.9 7.1 

8.7 

1644 8.7 12.6 

84.77(2) 2156 5.19 4.75 

1175 6.1 7.8 

ED 16 

25 

26 

27 

28 

29 

30 

31 

32 

ELI 17 

En 17 

ED 15 

References P. 484 
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323 C5.S~~Cl3XFC Pr~3CC5Eizr) 
E 

n ‘P23fC 4 

417 C+13%fo CO(W,)(C~R~)~ 0 Pcra 4 

I.20 cgl,,cx,a*Pt ~~-Ptcl*(c,a,)(~e:~~e,) Y P2, 2 

B ~C130,seZ-.C3~5,?+_E~o loepa31caenc13l~~61-~20 x P2,h 4 

2 e.=e5 QCCS, 0 m 4 

I 2qo,o.cl,s3,0,s2f Iv(t.m,lwKO),l Tri pi 1 

108 CiQFeh,S 

20 C,H+Y?5K 

23.3 C?a,%= 

282 cgi,,CIl+o3SgLai~Cl~ 

427 C7921~9=2 

B~(SO~)WZB~)CC~B~) 0 Pm 4 

~5(sncl3~cl~co~3~ZrmS~~*~~~elCE~C1~ Tri Pi 2 

3-(Et2Ncs,)-3.1.2--~C2B9HL2 H P21fc 4 

= G&SO = 2.5-dihydrothio&ene-l-oxide_ 

59 C,E,xuO, ?kld(cGaace) (co1 5 n P211” 4 

164 C&,FeS203+.~F302- fFe<m) 3Cc5H,?i2)loacF3p Tri Pi 2 



429 

10.022(2) 15.121(3) 14.501(l) 96.82(l) 1701 6.9 33 

8.52165) 7-569(S) l5.073<16) 102.45<7) 2554 4.4 4.4 34 

l2.014(21) 9.635(17) 7.588C14) 736 5.3 35 

En 17 

6.652<7) ll.961<8) 7.143(7) 98.8 a66 6.5 36 

18.140(3) lY.847(3) l.3.625(2) 111.64(Z) 2197 9.1 10.3 37 

lL505C4~ 10.916(3) 6.203(2) 0. 2.9 743 19 

9.467<2) 10.3x2(2) ii.i28(3) 83.29(z) 109.56(3) 117.26(2) 329h 6.3 38 

7.997 10.086 Y-534 124.64 

6.882(4) l3.290(6) l3.224(4) L-X.60(3) 1579 8.5 

7.230(2) 8.420(t) 14.124(3> 696 2.9 

9.835(3) 11.068(3) 9.006(2) 92.04(2) n9.28(2) 96.36(2) 2192 8.6 

7.3710(6) Il.O368(9) 21.1564(17) 93.22(4) 1962 4.0 

39 

40 

41 

42 

25 

S-320(3) 6.340(3) 29.971(U) 1199.48(3) 775 i.7 3.6 43 

10.8x22(7) 9.403(6) 6.690(O) 94.72(7) 78.16(5) 103.59(5) 3385 3.7 4.3 44.45 

References p_ 484 



LIB 

286 

IL9 

l30 

45 

226 

82 

l21 

72 

51 

309 

418 

303 

301 

n 

Tri 

u 

0 

x 

I 

0 

0 

Tti 

Tri 

1I 

Tri 

0 

4 

4 

4 

4 

2 

2 

a 

2 

2 

4 

b 

1 

1 

2 

2 

0 PnEa 4 

H. PZ+a 2 

0 PIza 4 



6.264CL) 

UAW32 

6.972<4) 

4.986(l) 

S-442(4) 

6.068C4) 

7.193 

8.004(2) 

8.460(3) 

7.912(i) 

16.62(l) 

7.730(2) 

8.343(4) 

S-716(2) 

9.44(2) 

L7-7.SLac4) 

l3.418<6) 

21.670(l) 

i-873(6) 

10.670(9) 

17.032 

10.344(31 

8_300(3) 

l5.821(9) 

l2.02a) 

14.978(7) 

10.436(3) 

9.785(4) 

10.59(2) 

La.03cc6) 

9_77LC2) 

l3.400(5) 

10.107(l) 

8.112(3) 

l5.087(10) 

19.643 

LO.l35(3) 

11.700(4) 

10.718(S) 

6.306(6) 

14.389(4) 

7.551(2) 

l5.329(8) 

9.52(2) 

x5.05(2) L2.32(1) 18.35(2) 

9.090(9) 10.804<10) 7.593(6) 

10.462<2) 9.044(2) 7.672<3) 

96-18<2? 

W-26-113 

91.85(S) 

97.47(l) 

103.44(3) 116.42(3) 

97.96(3) 

97.69(4) 

97.71(43 

65.08(2) 81.29(2) 

lc6.91(2) 96.59;3) 

94.24(j) 

91.8(2) 123.0(l) 

108.0(l) 

63.37(3) 

73.46(2) 

69.47(3) 

94.5(l) 

1285 5.1 6.2 

IE?Q 1s 

857 5.6 7.5 

us7 8.0 9.8 

1651 5.9 

1196 5.6 

855 4.2 7.8 

d 

1455 5.8 

1050 7.3 

712 3.5 

lll3 5 

2266 4.59 4.72 

l370 4.8 6.4 

698 7.9 

1867 6.0 

f 

431 

46 

4? 

48 

49 

47 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

1147 3.8 62 

602 5.1 63 

681 2.5 1.9 64 

References p. 484 



432 

325 

173 

178 

180 

166 

CdCG.%)z 

TiCSs) CCsW 2 

FeCCO) ?(C79120) 
b 

~<CO~~[EtSCGi~)zSEt~ 

0 

EI 

T?zi 

hi 

w 

0 

H 

0 

0 

n 

x 

H 

r. 

0 Y 

F n 

n 

I! 

0 

4 

4 

Pi 2 

pi 4 

P21lc 4 

Pkca 8 

P2llC 8 

P212121 4 

P21212, 4 

B2/b 16 

P21/c 

P2+i 

P2llC 

P2l/C 

P2lfC 

P21/n 

Y q/c 4 

Tzi ci 4 

I P2+5 4 
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9.960) 22.78(2) xX16(2) 

11.61Cl) 6.40(l) 16.35(l) 

7.745<5) 6.787<3) 9.873(4) 

7_as2<5; l9.478(10) X2.156(9) 

384 6.4 

2056 5.8 

94.05(4) 1435 2.0 3.1 

143_49(2) 3742 3.2 2.3 

m 

I374 3 3.7 

1434 3.21 3.06 

1712 5.3 5.9 

62 

107-S(2) 

96.46(3) 86.79(O) 

90.46(2) 102.58(2) 

65 

66 

67 

14 

68 lo_988 

l2.0732(16) 

17.449 

l5.2272(22) 

7.569 

12.2010(15) 

14.465(l) 

8.03 

98.46 

69 

22.8433(2) 

20.40 

7.958(l) 

7.93 

90.074(l) 1 70 

l3.491(1) 

45.401(a) 

12.748(l) 

X5.246(3) 

7.7E.m 

7.6071(5) 

8.27x2) 

750 2.4 3.0 

102_ca(l) 1163 6.5 

.2791 4.2 3.3 24lK 

2453 4.0 

70 

71 

16.885(8) z7.831(3) 111.91(l) 

l3.657(6) 14_168(5) 8.560(3) 123.4&i(2) 

10.721(10) 9.592<7) 16.440(8) 103.19(6) 

l2.002(5) 10.415<7) 16.X.9(7) 102.47(3) 

11.892(4) 9.280(4) 18.724(S) 

l55.275(6) 7.650(3) 16.855(6) 

14.144(S) X2.223(4) 10.303(4) 

20.261(Z) l2.591(2) 7.422(l) 

m6.17(3) 

110.7OC31 

lOO.o9(2) 

72 

73 

2291 a.4 9.5 

1077 7.0 

74 

1 59 
2487 4.4 5.0 

1470 4.2 

2107 3.7 

2167 6.88 5.09 

75 

75 

76 

10.526(3) 10.620(l) 14.295(7) 93.62(5) 2932 4.6 77 

lG_501<3) il.488m) 10.475(S) 107.82(6) 101.26C6) 101.33(71 2008 3.4 3.5 78 

l2.419(4) 6.527(l) 15.32X4) 91.21(2) 1679 4.3 4.4 66 



. -. 

tfao<ao,~O)C~<P~)3J 

31r6 

46 

350 

53 

9s 

353 

[Pd.UtCl,tC&.>l~ 

I i 
mfC(OEt l[C(OU~(C%2)3SIl(CO), 

Fe<CO)* IG&(~+=)~l 
d 

Tri 

Tri 

H 

M 

N 

H 

T?ci 

H 

n 

0 

?I 

Tri 

x 

E 

Tri 

Pi 

pi 

=1/c 

PZl/C 

Q/c 

u/c 

pi 

CC 

?21/c 

2 

2 

4 

4 

S 

4 

2 

4 

4 

4 

n.g. 

1 

8 

4 

2 
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11.435(5) 

lO.Ol2<?) l?_. 261(S) 

10.012~5) 11.249~5) 

14.357i2) 26.509(2) 

14.416(l) 7.951(l) 

l5.9?9(15) 9.01?<24) 

16.142(6) 16.626(7) 

22.394(3) 14.351(2) 

l3.99?(10) 8.5?9(5) S.ll?(?) 

14.864(19) 8.990(14) 

112.20(S) 102.16(5) 

105.22(10) 118.50(11) 

?6.44(4) 1921 

96.95(9) 1537 

1539 

5.5 65 

8.215(10) i-8 7.0 86 

14.449(3) 10.103(2) l3.860(3) 110.66(l) 7.2 67 

6.848(Z) 32.396(6) ?.361(2) 128.91(Z) 997 

12.756C6) 15.044(9) l3.446(5) 99.62(l) 1672 

4.2 5.9 

2.7 2.6 

88 

89 

l3_85OC6) 7.104(3) ll_lY2(4) lOY.llG?) 

101.59(3) 93.52(6) 

l.20.11(2) 

92.593(3) 

1378 4.7 4.4 

7.3 

90 

11.279(3) 17.593(S) 10.428(l) 91_69(2) 2871 91 

l2.204(3) S-366(4) 11.262(3) 2.8 3.8 

3.1 5.1 

92 

?.4451<3) l3.5?83(?) 11.2691(4) 1754 93 

U.58(1) 8.14(l) ll.Sl(l) 635 5.8 94 

11.645(3) 21.205(6) 6.146(3) 92.10(S) 1862 6.5 95 

9.42(3) 

2O.l9(2) 

9.24<3) 9.56(3) 96 

7.22(l) 22.10(2) 

??.9(5) 96.2(S) 

106.9(S) 

108.1(3) 1699 

754 

7.9 173-c 

7.0 97 

98 

99 

?.5605(9) 25.939(3) 7.4210(?) 82.60(l) 5074 3.71 4.31 

l2.061(10) 9_1l9(?> 8.599(?) 66.81(2) 99.94(3) 10?.08(2) I.363 3.6 5.2 

8.054(4) 1572 

9.062(6) 

9.046(S) 

8.3.528(6) 

3.2.990(l) 

S-992(7) 

9.335(14) 

11.93?(2) 

90.84(S) 90.52CE.I ?6.35(4) 2481 

90.96<4> 90.53(4) 76_24(2) 2385 

1194 

104.35W' 2124 

1291 

96-S(3) 98.3(3) 115.6(Z) 3567 

93.05(2) 96.25(2) 88.38(2) 3884 

4.7 79 

5.0 5.5 
18 

8.9 10.7 hP 

6.9 80 

4.1 3.9 81 

6.4 82 

4.9 83 

6.0 6.9 84 

References p. 484 
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3aa 

l53 

354 

zcs 

267 

zli 

420 

421 

322 

312 

145 

22 

3.50 

a7 

369 

63 

- 

CL 

0 

h-i 

n 

n 

0 

H 

n 

x 

iri 

H 

H 

n 

Tri 

H 

Tri 

367 

352 

365 

209 

327 

61 

0 P21212, 

n 

n 

Tri 

0 

n- 

Y P2,lc 

P2L/C 

ei 

ebca 

?21.Irl 

Phca 

pi 

PZ#= 

F21/n 

Pcah 

c2/c 

a/e 

P2L/C 

pi 

P2If.Z 

p21 

C2fc 

pi 

C2lc 

pi 

2 

2 

8 

1 

4 

2 

8 

4 
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17.2Qm 6.6006(3) 9.3llCS) 800 2.2 298K 

l7.l95(14) 6.498(14) 9.162(S) 914 1.9 77x 3 

21 

7.4525<7) 15.786(l) 2l.OZcG?) 1727 3.33 3.60 100 

l2.OOq5) 9.827(4) 8.580(4) 96.60(l) 2536 9.0 101 

6.965(2) ll_857(4) 15.655C6) 

l20.53(4) 99.29(l) 

118.38(2) 2408 3.6 4.5 102 

8.664(9) 18.997(141 9.623<13) 112.39(S) 3662 6 103 

15.903(5) U-297(2) 3.2.925(2) 104 

15.959(2) 7.846(2) 23.049(3) 102.33r.2) 105 

24_U8(6) 7.803(2) 16.127(4) 111.26(4) 105 

9.488(e)- 11.3l55(8) 14.726(g) 105.2 36 

l2.281(2) U.544(3) 10.388(2) 106 

6.774(3) 7.387(3) 15.494(6) 107 

28.498(l) 9.6882(l) l3.805~1) 109 

8.432(U) l2.751<14) 9.243(S) 

75.95(l) 

97.35(S) 

90.70(4) 

2013 6.0 5.6 

848 5.4 6.4 

1648 5.3 7.1 

1476 6.6 

3249 4.5 5.7 

964 5.0 6.1 

5147 4.8 

1417 5.4 5.0' 

455 8.7 

936 7.8 a.9 e 

2000 9.9 

108 

7.296(9: 8.626(g) 7.945(S) 

111.03(l) 111.l2~11 

102.87(8) 

93_419(2) 

107.51(8) 

91.19(S) 102.53(8) 110 

8.995(4) 11.7cxC3) 17.260(4) 111 

8.842(3) 11.950(5) S-817(3) sr.ao(s) llS.80(4) 112 

24.62(2) 9.20(l) 12.57(l) 113 

9.89X2) 14.607(3) l3.196(5) 96.23C51 114 

lL83OC4) 20.847(6) 16.148(S) 92.x2(4) 115 

9_302<L) l2_828(2> 93.?6<1) 104_76<1) 111.57(l) 

1350 5.7 

1647 4.5 

. 1282 7.6 

2210 5.B 7-l 

2147 2.45 3.5 

3702 2.41 3.45 

1249 6.9 i.0 

116 

l3.858<1) 10.2347(7) 117 

11.9616(10) 97.06Cl) I.3 

l2.094C3) 100.99(31 118 



268 

216 

432 

:_ 

I4olocs)(acac)(c7E7) Y 

PI 

P21lC 

P21 

pi 

= C,H, = I-(yc,rbem,)-2,3-q ‘~4 5-+cyclohexa-t+diene. 
5 

. Ligand = an ininodfmchylaninocarb2ne. 

362 

3f6 

368 

256 

T?A 

Tri 

N 

u 

x 

Y 

I 

K 

n 

I 

T?A 

H 

Tri 

K 

K 

Y 

PI 

pi 

P2Jn 

czrc 

cz/c 

P21lC 

PZ;/n 

PZIIU 

P2JC 

PZl/C 

Pi 

P21la 

Pi 

P2l/f 

P2& 

BZ+z 

i 

1 

4 

4 

2 

4 

2 

2 

2 

2 

8 

4 

4 

4 

4 

4 

2 

4 

1 

4 

4 

4 



U-831(3) 5.4mw 22.874(6) 97.42(5) 3057 4-Y 5.6 119 

8.492(l) 15.737(l) 15.499(l) 125.129(5) 120 

3.2.762(Z) U-634(4) 8.813(3) 100.70(2) 103 

l2.397(1) 7.086(l) 14.051(l) 121 

8.296(4) 7.492(41 X3.945(8) 63.46(3) 122 

9.25(l) ll.77<1) 19.80(l) 

85.95(4) 72.01(3) 

124.4(l) 123 

7.203(4) 14.77(2) 8.830(2) 99.7(l) 124.1 

S-697(3) 8.883(t) 8.131(l) 110.84(2) 105.30(l) 80.46(2) 

6568 3.9 5.7 123ic 

2788 7 

1039 3 

1803 2.5 2.7 

1801 5.1 

1657 6.9 8.1 292K 

2976 3.7 126 

9.272(2) U-727(2) 8.973(l) 103.44(l) l20.53(1) 

89.16(3) 99.28(3) 

94.60 

127 

7.973(4) 10.684(4) 9.191(3) 128 

8.05X2) 14.778(3) 15.356(2) 129 

30.638(6) 9.770(2) U-285(3) 112.82(2) 

2304 6.1 9.1 

2152 5.3 6.4 

2416 3.6 

2473 3.6 129 

20.30(l) 15.54(l) 18.19(2) 137.x3(3) 

14_4W(S) 12_560(4) 8.177(3) 90.3(2) 

1415 3.2 3.2 

2mo 7.7 

130 

l31 

9.354(3) 122.775(5) x3.840(51 92.73x3) 132 

13.35(l) 6.88(l) 15.38(l) 105.6(l) 

1912 6.9 6.5 

2233 1.4 94 

9.70(l) 19.11(l) 9.92(l) 122.9(l) 

10.260(2) l-5.984(4) l9.567(5) 96.48(2) 

U-69 g-l.3 11.26 i16.0 93.2 

97-O(5) 

90.01(l) 

91.75(3) 

97.1 

92.07(S) 

1128 8.2 

3123 3.8 3.8 

133 

134 

a a7 

7.00(2) l5.45(3) 20.50(6) 1754 12.8 135 

l3.380(10) 8.x26(8) 7.505(6) X2.23(8) 96.40(S) 

93.06(6) 

1718 6.2 136 

U-928(6) 8.963(5) 12.084(6) 2090 4.6 7.1 119 

17.554(9) 6.908(4). 11.031(5) 103.10(3) 841 3.3 4.2 137 

6.626(l) l2.140(3) l5.893(4) 98.12 1452 3.2 l38 

439 

Referencesp.484 



252 

262 Cl,~IS~ 

4co C,,E,,Fe,S,*.F&b- 

193 

65 

189 

69 

284 

287 

Fe<C737I<C7Ey) 

BuCC7R7mw9) 

CttC+3X"ezY)2 A. 

3 

b 
CILHHLB = Norbornadiene direr. = Crystal data only. 

’ G(do)(doW2,) P difluoto[3;3'-(~~e~ylened~trilo)bis-(2-penta~on~~to)~borate. 

= Gxrecr~ cell Con.sfa?tS (see ref. 148). 

373 
l 

C15EO150s5 _C36t13cW2 

323 C15H5BrOgRet P.q(as8CCPb)Br 

2uB c,5a5F~,weos ~90(SC6F5)[C2(~3)tl(C5E15) 

387 Cl5%%OJ3 0s3awO)&E,)" 

331 C15=1&-G=3 ~,liCOO~,C~H~f 

227a ClPIl~OZ ti(CO),(C:~b)&R5) 

n 

Ri 

0 

u 

H 

n 

0 

0 

rri 

hi 

If 

H 

Tri 

Tri 

x 

I n 

11 n 

111 n 

n 

=;/c 

221/n 

2i 

Pbcn 

221/n 

221/n 

P21ln 

onaq 

-21 

2i 

221/c 

221/n 

2i 

2i 

4 

4 

1 

4 

4 

4 

4 

2 

2 

4 

4 

2 

2 

0 

H 

0 

cr/c 8 

P2,fC 4 

22&l 4 

P21/C 4 

221/c - 4 

Pbca 8 

221 2 

2i 2 

2ccn 8 
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10.991(1) 8.628(l) 

6.442(l) 17.758(2) 

12.594(l) 

9.899(l) 

112.11(l) 

97.72C2) 

13.2.5OC1) 104.OlC2) 

1951 4.9 139 

2040 3.5 140 

7.307(l) 8.242(2) 

9.421(1~ 10.496C2) 

6.316<2) 

X2.72%2) 102.46C2) 1064 8.6 10.6 238K 

141,142 
909 4.5 3.5 238X 3 

6.486(l) 11.883<2) 14.861(Z) 91.43(2) 2032 3.4 143 

6.711(3> 19.57(9) 7.87C4) 91.2(4) 

6.777(3) l9.849(7) 7.903(3) 91.56(3) 2854 3.3 

17.969(6) 7.988C4) 10.870(4) 663 5.2 145 

17.866(S) 7.973C3) 10.871C3) 1124 7.8 145 

14.38(l) 10.02(l) 9.41(l) 

9.975(2) 14.258C3) 9.627(Z) 

56.3(l) l27.3Cl) 

97.53(2) 110.16(l) 

90.58(l) 

106.6(l) 3083 6.4 123 

92.70(2) c 146 

11.582C2) 16.756C3) 14.016(Z) 7384 7.9 9.0 146 

9_424C4) 17.36(l) 12.40(l) 94_18C5) 2977 3-l 3.8 147 

9.002(2) 9.655(Z) 15.639(3) 83.66(l) 105.65(l) 114.61(l) P 49 

9.l.3lC2) 9.358(Z) 15.931(3) 84.78(2) 105.46(2) 111.99(2) 1149 6.0 7.5 49 

21.98(l) 3.55.76(l) 31.01(Z) 99.30) 

11.355C2) 21.204',4) 17.416C3) 94.15(2) 

21_831(4) 17.584(3) ll.446(2) 96.02(Z) 

11.60(l) 20.68(2) 17.97(2! 95.90(10) 

l3.309 10.839 18.171 

25.130(6) 10.933(4) 13.210(4) 

l34.6 956 

2251 

8.47?(2) 12.056(4) 9.013(3) 

9-569(1X) 1;.231<7) 9.379m 

10.492(2) 33.038(6) 7.475(2) 

92.88(2) 2044 

95.09~1~ 90.96(4) 99.75(1) 2890 

600 

6001 

3042 

287@ 

5.9 149 

5.5 7.8 

6.3 7.5 

c I 150 

5.7 152 

5.0 5.7 153 

4.4 154 

3.5 4.4 155 

9.3 156 
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332 

Pi 2 

P212*21 Ii 

PZxla 4 

Pi 2 

n 

Iri 

n 

0 

0 

Hex 

n 

Ptl/II 4 

Pi 2 

PZIIZ 4 

P212121 4 

pi 2 

?21/ll 4 

Pi 2 

prnr 4 

33 9 

P2l/C 4 
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l&201(3) 10.802(2) 7.877(2) 928 3.1 157 

9.X2(2) ll.280(2) 10.710(2) 76.08(2) 94.00(l) 65.71(l) 3417 6.5 6.3 158 

ls.c63~5) 14.102(S) 9.306(3) 1772 6.2 6.3 159 

14.708(10) l.5.594(10) 8.327(9) 105.02(5) 1266 12 160 

x2.17(1) l3.28Cl) 8.670) 97.78(9) S9.93(9) 98.23(9) 1474 7.6 161 

8.267(4) 13.548(5) 8.337(3) 99.16(31 97.06(4) 

10.844 17.127 

23.7OW 10.046(S) 

7-479 20.789 

21.698(7) 10.428(7) 

10.025C3) 11_168(4) 

X%.277(6) 10.17(l) 

3.8 4.3 153 

10.424 91.1 

56.61(4) 2722 

973 5.1 162 

15.41(l) 96.32(S) 1500 a.0 112 

10.916 102.73 1869 6.7 163 

6.9X(4) 102.2(l) 1057 6.92 7.55 164 

5 

3.1 4.3 

165 

16.462(7) 101.94(3) 1818 l32 

9.22m 91.12(6) 87.61(4) 98.79(Z) 1969 

1055 

10.7 166 

8.2906(3) 11.4185(5) 7.2340(3) 115.978(3) 

M-633(4) l5_055(5) 9.776C3) 2414 2.92 2.68 168 

8.394(4) 8.491(6) 

l3.824(4) Y-776(3) 

5.144(l) ll.273(3) 

:.518(l) 14.740(2) 

27.E.5(7> 

16.664(3) x2.778(3) 

U-825(6) 

l3.826(5) 

l5.657(4) 

l5.711(3) 

6.669(6) 

14.347(&I 

88.39(5) 

94.24(l) 

94.73(5) 

94.26(3) 

95.44(2) 

108.90(2) 

106.86(4) 2246 3.8 6.2 

1767 4.9 6.9 

103.26(2) 2541 s-5 10.3 

1840 

731 

1371 

4.56 7.95 167 

E 

3.16 3.93 

4.8 

3.30 

169 

169 

119 

170 

171,172 

173 

174 

Referencesp.484 



* ‘ 
Ptica(vi)t~~)2ca(vi)l(cear2) a P21/" 4 

IPdCl<C,E,3)lzZ n P2llC 2 

~-PtC12(Ph~~2)<M2rCBOCgH13) 0 P21212l 4 

re~m),(PB":> 0 P212121 4 

v[N2CSiX~j)21Cc5"5)2 0 Fdd2 8 

NIBr(C16831N2) f x P21/a 4 

os,tw)l, -prig ~3121 3 

foms. =~iagras,distances and hcmidgks only. 
d 

C&ill = cyc100cta-1.4-dien-891~ 

= C$~3 = e=c~'-2-Pethylene-6~erhylcyclohe~l. f C16BZlYZ = 3.I-difsopropyl-2.9-d~ethyl-4.7~irza- 

171 

379 

261 

232 

195 

221 

168 

101 

423 

186 

Fe3(~)~3(C3Hl2) 
b 

n EZ/b 6 

w P2& 4 

0 PbCd 8 

H C2fc 4 

H P2lh 8 

H P21fn 8 

?I P21fc 4 

H Q/c 8 

0 Pbrla 4 

H P2Ja 4 

24 ci7Il2705= n P21f" 4 

157 Tri pi 2 

a C13%832 = ~-2-+cetorybenzonorbornenyl. 
b 

CIEYl,, = deca-1.3,7,9-tetraene: diagram only of nzso and XL? 



445 

9.082<6) 10.554(U) l5.293(4) 92.13(7) 

4.9997i8) U-422(3) l-3.796(4) 99.43(2) 

2X56(3) ll.37<1) 6.84(l) 

18_842(7) lO.O62<4) 9.790(2) 

16.92(l) 21.40(l) 11.053(7) 

i4.654(7) 11.333(6) 11.664(7) 

9.204(2) 24_818(4) 

31.539(9) 

6.971(6) 

14.08(l) 

21.20:23 

18.047(9) 

l&389(4) 

6.769(l) 

8.840) 

7.518(l) 

22.92OC9) 

14;514wt) 

14.864~41 

l2.523(3) 9.417(2) 

9.881(b) 21.570(9) 

16.22(l) l3.87(1) 

10.39(l) 7.88(l) 

8.243(b) 19.428(9) 

ll.U7(3) 16.681X5) 

9.487(2) 26.054(3) 

l9.34(2) 22.6X2) 

14.740(2) l5_7ll(3) 

16_608(7) 14.360(6) 

16.439(6) 8.957(Z) 

9.888(3) 6.695(2) 

92.51(4) 

93.80) 2590 3.8 182 

1338 5.5 183 

101.65(5) 1036 5.9 184 

92.21(6) 1851 7.2 8.1 185 

92.55(2) 

100.57(2) 

102_8(5) 

5411 8.6 186 

1875 187 

1591 

5.7 1.9 

9.2 9.4 ian 

1487 12 a2 

1045 5.6 175 

1764 6.9 8.9 176 

1689 2.8 3.1 177 

1056 4.6 178 

1556 9.0 179 

809 3.9 180 

109.65(15) 6 181 

3.16 3.93 172 

97.47505) 4449 6.4 189 

102.16W 1627 6.3 160 

80.24(3) 102.31(2) 104.50(91 6835 3.5 4.2 190 
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374 

377 

23 

629 

266 

390 

355 

233 

218 

78 

237 

219 

260 

275 

132 

430 

431 

100 

302 

356 

375 

c18 

[Y(PPhj)~~~P.+%O~~8~ I 

Tri 

Tri_ 

u 

Pi 

Pi 

PZllC 

u P2,fc 

0 Pbcn 

0 Pbca 

x 

hi 

n 

P2IlC 

Pi 

P2lfC 

H 

let 

Tri 

-rri 

n 

w 

u 

Tri 

H 

H 

u 

w 

H 

Trig 

a 
Sefhaellc for Rs cnly. 

b 
biflZfars * 2.2'-bis(l-d~ethylarsinoberafluorocyrlopeacenyl). 

2 

4 

12 

8 

4 

a 

a 

4 

4 

8 

4 

2 

z 

4 

4 

2 

4 

4 

2 
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9.508 16.690 

18.083 l.V.101 

33-82 52.55 

16.607 15.564 

16.26(l) 11.55Cl) 

14.29(l) 16.70(l) 

8.944C3) 14.500<4) 

9.1X(4) 11.6Slc5) 

&164(S) 10.986C6) 

7.63(l) 10.54Cl) 

16.63(l) 

21.87c2) 

14.49(l) 

14.794(S) 11.599C8) 

lLa62c6) 10.039C5) 

9.3OlC3) 22.16X6) 

8.321(3) 14.741C5) 

8.729(l) 16.8OOc2) 

9.219C6) l3.257C3) 

10.676cZ) 14.009C5) 

16.336c3) 8.21OC2) 

l3.UlCS) 

6.934C3) 

9.353C3) 

14.363c5) 98.95C3) 

l3.474c2) 

10.521C9) 

l3.669(5) 

31.547(U) 

9.317C4) 12.264cl2) 19.217(15) 

18.170 

19.238 

9.832 

22.303 

l3.34Cl) 

15.41Cl) 

20_2OlC5) 

7.948(4) 

23.780(S) 

17.033(S) 8.258(2) 18.817C4) 

8.817 X2.376 15.511 

l.2.045 24.767 

97.83 97.80 

115.70 78-U 

92.66 

90.97 

100.06C2) 

105.45C4) 100.7OC4) 

101.78c10) 

96.38C5) 

E9.53C5) ll3.04C4) 

106.05(Z) 87.52c2) 

102.76(2) 

72.20(l) 

92.57C9) 109.25c10) 

93.97C3) 

103.74(Z) 

99.16(S) 

103.34(2) 

63.54 

90.05 

97.05 

91.21C3) 

91.5OC5) 

97.45c21 

110.0c9) 

2928 6.7 191 

9165 10 

1480 23 

3502 5.9 

715 10.1 143 

1113 5.7 194 

2323 4.5 

2738 9.4 

195 

196 

2105 4.9 19i 

183 

1418 5.1 184 

5.6. 198 

5397 7.5 199 

2675 2.73 200 

3412 5.8 166 

2738 3.2 201 

2151 5.9 202 

3034 4.5 203 

2796 5.1 204 

2468 4.4 204 

1100 10 82 

2030 5.7 7.1 205 

2601 2.1 206 

739 5.7 191 
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324 

11 

225 

169 

cI9~16~204 mlcco)2cC+J 12cc5w 

GsHl8FWJ6 [Fee(w) accdi,m) lz<lq) 3 

162 

102 

7.96 

358 

71 

413 

472 

320 

b,(CO) 2CCsH5)z(C&) (orange) 

%ra,<a) &35) 2<c&) Cpurple) 

0 

n 

n 

hi 

x 

0 

hi 

H 

0 

Trf 

H 

Tri 

0 

?I 

0 

H 

H 

H 

x 

0 

Fm!la 

Q/c 

P211c 

Pi 

P211c 

Fbcn 

Pbcn 

P21h 

P212121 

P2Ih 

PZI/P 

P21/C 

P2+l 

Pna21 

4 

a 

4 

2 

4 

4 

2 

4 

4 

2 

4 

2 

4 

4 

4 

4 

4 

I2 

4 
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U-465(9) 16.025(12) 9.503w 

15.79(Z) l.5.92(2) 17.00(3) 

10.344(l) 7.9855(3) 21.796(2) 

10_4822(9) 9.5929(7) 11.0065(S) 

l2.26<1) 

12.854 

10.560(2) 

9.248(l) 

8.64(l) 

9.024(l) 

12.43(l) 

19.02(2) 

11.44<1) l2.31(1) 

ES.248 11.646 

10.583<2) 9.710(2) 

18.547(S) 10.853(l) 

22.69(2) 8.66(l) 

10.842(Z) l3.073(2) 

l2.68(1) l5.37(4) 

10.37(l) 12.81(l) 

15.034(3> 8.257(l) 20.891(4) 

l3.532(6) 22.939(10) 7.760(8) 

9.446(3) l3.708(6) l5.748C6) 

11.3389(18) 16.4265(25) l3.8840(20) 100.64(l) 

S.I.50(3) 11.978(9) 17.529ClO) 

8.629(2) 39.580(10) l5.759(7) 

9.262(2) U.i65(4) l5.554(3) 

10.143(6) 23.571(14) 9.0099(S) 

97.2(l) 

102.924(9) 

97.57(l) 117.96(l) 

102.30(8) 

99.33(l) ll3.24(1) 

96.53(l) 

107.79(2) 91.87(l) 

98.18(10) 

116.43(g) 88.90(9) 

iO.67(4) 

92.28(4) 

103.90 

105.45(2) 

93.80(l) 

85.53(2) 

96.57(2) 

95.53(9) 

l335 6.1 5.8 

1717 6.6 

1165 7.0 5.3 

4198 3.7 4.1 

1277 4.4 

1151 16 

3646 2.7 3.9 

7.1 

l290 4.9 

3378 6.2 

2798 3.9 

3560 8.9 

207 

208 

209 

210 

211 

212 

213 

214 

215 

216 

217 

161 

1771 3.2 3.8 218 

2187 10.3 217 

4 4.6 92 

1135 5.8 220 

3342 3.61 3.31 221 

2095 8.4 224 

4164 7.9 224 

3.6 5.7 225 

1122 11.0 8.8 226 
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248 

175 

83 

263 

473. 

105 

144 

172 

203 

66 

is6 

354 

29x 

393. 

395 

n 

n 

.x 
n 

H 

n 

a 

0 

0 

Tri 

H 

Tri 

H 

Tri 

Tri 

P1 

iwc 

Pi 

P2,/C 

pi 

Pi 
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2 

4 

6 

4 

4 

4 

2 

4 

1 

4 

1 

1 

405 

345 

227 

I38 

Fe3L%Pb)p(W)g H P2l/C 6 

c+(co)5~c~.5~1Ip2) c hi pi 2 

~n<ao),(Ph2C:C:O)(C5ti5) n PZl/C 4 

u2(CW,(c~s~xa) 
?I n =1/n 

I?iCl<tXi$Xe2)(PPh3) H P2,IC 4 

u[c<_l-col~:C:Ol~w)<P?re3)2<C5EI5) PI P2& 6 
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14.50(2) - l3.03(2) 19.38(3) 98.4<4) 

20.119<5) 5.974(l) 

l&898(4) 7.578(3) 

9.039(Z) &322(l) 

8.846 18.062 

10.186<5) 37.68<2) 

l5.286<6) 9.709(4) 

l2_796<2) 8.234<1) 

14.976(b) lS_l54(4) 

11.090 U-772 8.971 99.75 llS.49 

24_804<5) 7_760(2) l2.318(3) 99.7X2) 

10.634(4) 10.396(S) S.823Cl) 8?.79<2) 95.33(l) 

16.591(5) X2.45512) 17.214(8) 108.10<3) 

10_622<3) 10_393(3) 8.722(3) 87.56(2) 95.59(2) 

10.649(2) 10.457(Z) 9.073<11 87.6?(L) 95.oiw 

14.456<9) 

10.967(4) 

19.415(4) 

?_0.818 

12.87_(t) 

17.036(6) 

199.6310) 

10.028~3) 

X25.47(2) 

109.5<1) 

91.91(Z) 

91.5 

95.06<1) 

107_49<5) 

~. 
1840 9.5 

2741 5.9 4.4 

1621 5.6 7.4 

3250 6.3 7.2 

1931 5.4 

4210 11.2 

1575 3.5 4.4 

1248 

2441 

64.83 2269 

2602 

X24.32(1) 3707 

4396 

124.58(2) 4036 

123.79(l) 3597 

4.4 233 

5.1 234 

3 d 

5.6 

235 

236 

4.7 5.5 190 

3.9 237 

4.8 5.i 236 

5.6 

4.4 

237 

237 

227 

222,223 

228 

229 

230 

231 

232 

15.620) 15.44cu 14.58(l) 135.70(S) 1539 6.5 239 

9.41 a.98 11.90 97.3 100.9 106.3 ,946 1.97 240 

6.78(Z) l.3.97<2) 18.63<2) 99.55 686 6.3 241 

11.767<2) 16.404(3) lO_879<1) 100.07(l) 2996 3.6 5.6 242 

9.695<3) 14.749<3) l&.276(3) 101.42(4) 2243 4.1 4.5 243 

U-725 14.775 15.224 129.6 1609 5 244 



228 

l76 

7.83 

298 

126 

0 

0 

0 

0 

n 

H 

A 

‘Irig 

H 

n 

Y 

H 

0 

n 

n 

Pbc2, 

Pnza 

P212121 

Qlc 

P21 

P3221 

4 

4 

4 

4 

a 

8 

c23 

220 G_3Y11Fl$~ ‘J= 3 - ~0(~)2(C~5)i[(cliJ)2C6~3I2~3~ 0 Fbca 8 

l3 C23E22F&i40.+C,H6 Fe(CO)(~292~s,,.+%?!_e= rri ri 2 

81 C&i*3CIXPPt ?cCXC,Ei5~tc~e>~EThg) hi pi z 

197 C23E2kn CCa2C&$+p)cC5~5)3 0 avaa 4 
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10. m.3(4) 11.449(4) 17.341(9) 1830 4i2 5.64. 245 

22.SSSf4> 24s 

l5_336(3) l5_391(3) 7.9980) 247 

14.18(Z) l2.54c2) 9.280) 

1533 5.3 

-1200 7.1 

;a8 6.8 9.0 248 

11.510(3) l5.357(4) 19.036(S) 1731 6.0 249 

31.76(10) 7_97(2) 15*45(S) 104.87(17) 1048 10.7 11.7 250 

31.454(S) 7.835(l) 15.545(2) 250 

8.OJ.u2) 28.3CG(S) 102 

8.298(3) 21.66(l) 11.943(4) 104.98(3) 252 

10.656<5) 7.535(4) X3.216(5) ll2.62<4) 253 

9.842(2) 14.590(3) U.929(3) 90.45(2) 254 

6.630(4) 17.465(S) 22.297(6) 97_3.9(2) 255 

l2.363(3) 10.342(2) X5.853(2) 

1793 6.8 8.1 

sm2 5.4- 5.7 

1103 3.3 3.2 

2254 6.4 

1435 6.3 

2531 3.2 3.9 

2165 4.8 

805 9.8 

1417 7.1 

2671 4.0 5.4 

256 

20_783<l2) 8.580(4) 14.799(9) 100.70(2) 257 

16.014(4> 10.433(4) 18.983(S) 107.51(2) 258 

8.826(l) 33.808(2) 17.006(l) 3405 10.4 259 

8.6254(19) l3.0137(31) 10.9199(32) 102.32(Z) 104.39(2) 78.60(2) 3468 4.9 5.3 260 

l3.38<1) 9:626<8) 9.188(S) 99.8(l) 81.8(l) 107.3(l) 2166 5.5 261 

l3.64(2) U.Sl(U 8.19(l) 1148 4.1 215 
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96 

185 

273 

37 

38 

250 

336 

39 

315 

l59 

18 

305 

76 

64 

277 

69 

304 
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110 

163 

263 

n 

Trf 
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hi 

H 

n 

n 

H 

%?s 
vKO)y(PPh3)<C3Y5) n P21!C 8 

Fe(m)3(PPh3)(CIf2:(Hm2~o Tri 

Hn(m)(PPhi)(~O)<C5B5~~-e=o) 0 

rcn(sixe3)(rnkwPb3) irf 

P21fC 4 

Q/c 4 

ccc 4 

Pi 2 

Ptlfa 4 

Pi 2 

Qfc 16 

PZl/fl 2 

pz1 2 

P21 2 

12/a a 

PZJC 4 

Pi 2 

Pi 2 

Q/c 8 

P21I.Z 2 

Q/c 

Pi 2 

P21 4 

Pi 

Pbca 

Pi 



455 

9.422(2) 11.015<1) 2X264(4) lil6.58(1> 2802 7.19 5.59 

X.143(5) 7.889(S) 16.347<4) lOO.63(6) l382 11 262 

27.07(3) 4.087(3) 20.91<2) 106.46(S) 1670 5.2 

l2_96(2) 11.53(21 7.62(l) S&3(5) 95.2(5) 90.5(5) 1620 14 

15.042 12.442 13.119 115.08 5.9 

9.605(11) 11.005(u) 11.516(X22) 77.71(6) 97.83(6) 97.62(7) 3884 8.9 9.1 

56.14(U) 8.778(9) 19.75(3) lO2.05(6) 2756 8.3 8.9 

10.65(2) 15.86(3) 5.90(2) vow 652 13.4 

10.485(3) 11.819(4) 

9.581(x2) 16.559(V) 

28.567(19) 8.061(2) 

lG.54(1) l5.08(2) 

8.439(l) 8.605(i) 

U-933(4) u.oee(4) 

23.811(S) 9_222(2) 

23.26(t) 6.16(l) 

14.094(11 18.799(3) 

10.028(4) 13.880(6) 

12.890(l) 18.546(2) 

7.571(2) 99.64(2) 2356 

8.727C15) lG1.81(6) 1813 

2.8 3.2 

9.1 9.2 

269 

266 

19.691(7) lOl.ll(2) 2403 270 

12.91(2) 77.05C8) 2105 

5.1 6.2 

4.97 271 

lY.lro(s) 9.3 272 

11.592(4) 

24.013(S) 

79.41(2) 83.90(2) 

101.68(3) 112.86(3) 

104.51(2) 

63.41(2) 2484 

69.69(2) 4641 

lS96 

6.1 9.9 251 

6.6 273 

9.280) 107.5(2) 1652 6-89 274 

17.500(3) 97.74(l) 1734 6.4 275 

15.01SC6) 95.87(3) 101.27(3) 112.02(3) 3670 7.2 276 

18.347(2) 109.829(S) 3136 6.6 8.3 277 

260 

263 

264 

265 

266 

267 

266 

8.627(l) 16.294(3) 32.451(31) 90.09(2) 3700 6.2 278 

8.OC6(3) 9_942(5) 14.876(7) 101.95(S) 85.29(4) 59.06(4) 4547 4.18 4.75 219 
) 

17.969(53) 26.631(78) 9.277i35) 2269 5-7 9.6 280 

J2.510(2) 11.503~2) lO_ll5(2) ll7.62(2) 101_72(2) 91_90(2) 1537 7.0 9-3 281 

References P. 484 



77 ‘%iE&3+?Pd 

389 

335 

191 

41 

IS0 

230 

229 

67 

3i7 

318 

251 

578 

234 

149 

94 

97 

t2s 

C26@12O?OO53 

Cx%4F~2Os 

C26%SCQ~ 

5 
Face-bonded hydrocarbon. 

~~2Ko)5cPEt3) cCISa~s)S (dark red) 

~2<Co)sCPEt3)(C15HlV)d (black) 

t(CSH5)Fe(C5a3).~2Cre3]2 

FrCOO)ICC:NCy)(~Cy)(li(C~ut)l- 

(CsH5) 

Tri 

Yxi 

K 

w 

0 

I4 

n 

I 

Sri 

n 

H 

n 

K 

hi 

hi 

?x 

K 

H 

hi 

= C6c,l?lI)~W - 4,5.6-~3-2.5diphmyl-3-orrah~-l,~i~e-I,4,~tr~yl- b ,t yet refined. 

= Nc crystal data given. 
d 

ClS%S =guaiazulene. e Confaias disorder& CE2C12 nolecul&i (not refined). 

Pi 

P21lc 

P21fU 

P212121 

c2/c 

P21fn 

C2lc 

Pi 

P21/C 

P21ic 

P21ic 

PZlla 

Pi 

Pi 

PZ1/C 

P21lb 

P2/C 

Pi 

8 



457 

9.048~6~ 14.25(l) 17.93(l) 36.28(4) 128.5(l) 125.0(l) 1921 7.8 282 

1&264(U) 9.023(E) 22.769(16) 97.95(6) 6Ol3 4.0 16OK 284 

ll.490(2) I&646(6) l5.381(17) 91.04(3) 3795 3.8 264 

20_10(1) 15.30(1) 

22.995(16) 10.096(6: 

12.347 u-771 

22.38(3) 9.32(l) 

9.83 x2-44 

10.58(l) 11.48(1~ 

10.95(l) 11.45(l) 

16.151(10) X2.336(8) 

14.374(11) 14.569(7) 

8.44(l) 9.07(l) 

11.020(5) ll.417(3) 

11.732(5) 10.380(5) 

8.57(l) 2587 8.6 8.8 

3.67 

265 

X2.682(8) l24.86(3) 2053 286 

Il.922 98.2 2697 5.3 287 

16.77(2) 129.2X8) 2400 b 268 

13.88 

12.00(l) 

11.86Cl) 

103.7 94.2 128.4 3453 

120.85(S) 1040 

9.5 289 

4.2 290 

l24.73(5) 1x3 4.5 291 

15.558(g) 

X3.034(6) 

11.36(l) 

14.532(4) 

22.831(7) 

104_27(6) 

94.67(S) 

78.61(6) B-92(6) 

71.50(2) 79.85(3) 

112.97(3) 

2973 

3972 

2903 

62.44(6) 1027 

58.44(3) 2042 

3276 

8.2 c 

11.1 15.5 a 

7.1 9.9 

12 

292 

293 

293 

294 

6.8 295 

5.05 4.00 296 

12.310(2) 10.932(2) 12.357(l) 112.71(l) 2595 3.4 297 

lS.732(4) 18.746(5) 20.285(5) 106.29(2) 24L4 3.4 3.9 

8.4ll(4) 10.948(7) 9.106(4) 102.86(4) 90.64(4) 97.95(5) 1259 4.3 5.2 

134 

296 

References P. 484 



165 Cz,Es2F&,P*_Bp~- [Fe(a)) IC%E,PPh3) IaFq 

378 

231 

352 

115 

275 

7 

15 

187 

I70 

54 

‘28 

c29 

b 
C2i922N~ = 7.16-dihydro-6.8.15.l7-tetr~ethyldibenzo- 

33. C2$i2a~2P$lh*.F6P 



459 

ll.277(4) U-349(6) 17.604(7) 

9.24(l) 18.85(Z) 16.52(Z) 

2L991(2) 11.915(l) 11.890(l) 

18.75(l) 15.20(l) 

15.282(3) l5.215(3) 

U-462 Il.058 

l2.34(3) l3.53(3) 

X3.163(5) 6.062(5) 

18.655 15.550 

O-796(4) 18.019(S) 

30.907(33) 9.619(5) 

16.42(3) l2.45(2) 

17.85 18.96 

28.41(Z) 

23.191(6) 

11.878 

11.05(Z) 

14.354(7) 

8.529 

8.968(l) 

16.615(7) 

l2.14(2) 

10.31 

15.04(l) U-44(1) 19.43(l) 

107.64(l) 

118.04(5) 

1157 6 a 299 

1403 6.3 5.7 300 

1644 5.6 301 

1763 9.7 257 

114.5(l) 3274 7.2 . 302 

1614 5.2 3.6 303 

104.6h 93.19 107.69 c 304 

96.82(S) 93.89(S) 103.11(S) 3288 9 288 

115.04(3) 3423 3.9 306 

-__ 4 1, 265 

1X.96(3) 2233 5.5 6.8 307 

3696 4.2 3.6 260 

995 7.8 227 

106.1 

104.8(l) 

2429 7.0 308 

974 15 309 

10.907(3) 11.047(21 . U-405(3) 94.19(Z) 82.30(2) 107.98(t) 2389 5.0 

Referencesp.484 
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460 

9 

236 

Tri 

Is 

Y 

0 

n 

356 

l31 

349 

161 

414 

C3,a30F~2N201U 
-. 

C3&2Cz.x3?BbS2.0.8CBc13 

Tet 

n 

@ 

c ClzBla = 6.8~~echyl-3.4divicylcycloh~ece. 

c31 _- 

28 

225 

340 

I I 

cO~cO~,~Ph2PC:C~P?h2~c0.0co] P.lu3.a 4 0 

c32- 

C32r2,-%~o,2u, - + BF,,- -{[h~<~),tC,E,)lq.~3BFq IZ 

P21 

2 

2 f22(~)51PhZPC(0)CBucCC(C02Et)C- 

<Q)$)J 
H 

276 

271 

n 

H 

hi I33 
+ 

C,,R._,Ir02~s_ -C&&B- iI.r(o,)G'Xe~Ph),IBPh, 

232 Pi 

P2+= 

Trri 

n 

2 

4 68 



11.110(9) 11.538C9) 32.913(9) 95_95(5) 102.54C5) 

116.77(3) 

95.92C5) 2373 7.2 

461 

311 

10.423C3) 19.375(4) l5.202C4) 2006 3.9 112.312 

14.694(7) 13.653<7) 17.787C7) 

14.731C4) l3.768C4) 

19.38OC10) 9.570<8) 

99.03C7) 3760 3.5 3l.3 

30.699C8) 1100 8.3 197 

19.03OC13) 92.5C2) 2039 6.6 314 

11.59X2) 18.083C2) 748 2.4 315 

20.401 33.634 10.282 4.9 316 

l5_01(2) 17_34(2) 18.85C2) 2387 2.67 3.05 317 

16.76(l) 7.87X6) 21.24(l) 1561 4.6 318 

18.0755Cl5) 6.8263(5) 9.8 319 

11.474(4) 16.779C5) 9.926C3) 97.35(4) 3314 4.4 320 

19.594Cl2) 11.8593(4) 9.3736C4) 

31.930(26) 12.177C7) 

14.30(2) U-46(2) 

102.848(6) 321 

8.981C16) 106.97C8) 322 

17.62(2) 104.65C5) 105.20(5) 

3624 11 

2201 13.2 14.1 

93.18(S) 3312 5.4 

17.56(i) 14.240) ll.38Cl) 104.8OC5) 104_9Cl> 93.05(S) 3594 8 

9.275 23.308 l2.908 114.48 2307 7.3 

323 

324 

325 

References p. 484 



32 +c - C33H3905P+h __gP I.~~co~~oH,~co~~ctt,~.o~m~~~- Tri P1 2 

Pi'h212?!PF5 

240 C3$i~8F.$22Xu 

337 C35~20=~2~7-%=6% 

301 C3~52~Pe20~P 

235 C3+335eOgT 

Fe2(CO)S<C~Pht,) n P21 2 

r ‘ 
pdCl,[~(COPh)PPht(ClfZ)zPFhzl_PbYe H P21JC 4 

frd(CjE~)[S,(p-tol),l~~ x P2ll.z 

Pt~(C*Phz)z(P?Ie~)* x P2Jc 4 

(~s-r~(co)z[PPh(~e)21r}PF6 N P2lc 2 

I~~-~n(cO)2[PPh(O?(e)214)PFs n Prlln 4 

~Zr~CL41Ef~~fC5Y5~1~C~~* 

B;(CiF48:kCsF5)(C5H,C~H,PPhz) H P21f.z 4 

Fe2<CO)~iG,Ph~CO~-~~Hs x P2,fS 4 

FeZ(co)~[Ph~PC(Ph)C(CO~Et)C~utW1 Tri Pi 2 

Fe[C(0)OCa,YePril(W)<FPh3)(C5H5) 0 P21212* 6 





92 C,,%%O,Pd, 

%7 

404 Cdtof&3Wz 

296 c37E3~3rgxEgIroP2 

297 C3,P3~C13HgL-OPt 

223 C,,S,~XOP,+~F,~P-.O;S 

70 C37~7,7s,m 

c38 

202 C3a*3oEf 

44 C3aE3a0,P$&S 

201 C3@30= 

6 C38=3II=OZPZ 

3S-3,l. 2-(P+P) zRhCpBs131 1 H 

425 C3S%3SgPz== 2,1,7-(Pb3P)2BuX2C2~_H11 n 

C39 

357 C~&~U~~0P~Rh 

241 C39Z36CQOSP 

160 C39tt,~,ClIrO~.C~H~0 

Ir(HSCl)Cl,(co)(?Ph,), 

zbXe(oop) 

0 Pbca a 

n P21fc 6 

H PZ,/c 2 

a P211c 4 

X PZl/U 4 

X P?,/n 0 

X P21lc 4 

Trri PF 2 

n 

0 

H 

0 

(form I) n 

(form II) X 

P21fn 4 

Pbcn 4 

P21/" 4 

Pna2I 4 

P2+l 

P2llC 

P2,lC r, 

CC 4 

XbCuClfCO)(PPh3)~(d& n P2lfC 4 

co([PhcZ(M~Xe)lCbl<CO~Xe))~~(PPb3)- =i Pi 2 

(C,W 

IrCl[(i)-diop](cod).EtOH 0 921'121 



10.338(2) 

7.109(4) 

9.l36(2) 

l2.325(4) 

16.021(7) 

l.5.805(2) 

10.879 

15.891<10) 

U-822(8) 

l9_720(5) 

l3.758(5) 

17_759(3) 

18.036(5) 

17.679(4) 

lz.669(6) 

24.01(l) 

11.93(Z) 

l2.330 

10.248 

18.500(4) 33.933(7) 

25.32l(l3) 17.979(8) 

X+.388(8) 

21.07X4) 

21.588(6) 

21.734(3) 

15.205 

10.890(l) 

ll.l49(8) 

10.655(2) 

11.059(5) 

10.001(3) 

10.075(2) 

10.205(3) 

18.587(4) 

U.523(2) 

18.26(4) 

17.834 

18.223 

19.394(18) 

l9.701<9) 

10.568<4) 

10.537(l) 

22.357 

10.753(l) 

18.694(9) 

l5.964(4) 

X3.492(6) 

18.389(2) 

19.474(5) 

18.390(5) 

16.041(7) 

19.344<5) 

17.60(3) 

8.955 

20.212 

107.8<4) 

109.05(Z) 

l33.54(1) 2921 5.3 7.4 339 

93.11(2) 3810 7.2 7.8 340 

92.l.3(2) 3430 5;9 7.6 340 

97.50 35l3 6 341 

100.96(2) 95.44(3) 59.53(3) 4186 5.2 342 

93.18(5) 

93.76(3) 

ll3.37(3) 

91.78(Z) I 

345 

97.09(4) 2362 5.3 346 

123.32(3) 1982 9.8 347 

101.54(l) 3282 6.8 

98.12 116.U 81.13 4673 10.6 

2615 7 

3119 6.1 6.9 

1954 5.1 

I.360 4.8 5.7 

2147 5.4 

1790 3.9 4.1 

2518 1.87 

465 

336. 

337 

338 

343 

344 

343 

348,349 

350 

351 

.Referencesp.484 



49 
l - 

c,;H&*cos,e,,P, _Clo, fco~cr~s,So2~,t~h~o~t~~l,~cro, Y P21/c 5 

406 G,&,Fe20;Sb2 Fe2(SbPh2)Ph(CO),:SbPh3) 

35 Cx,~H&i2iiO?3 Ni(CO)(o?j) 

x P2,/C 4 

x PZllC 5 

n P2lfC 5 

n p21 2 

0 ?Cab 4 

n WC 4 

2% pi 5 



467 

. . 

l3.055<5) 18.151(7) l5.224(6) 17.2.43(2) 4436 2.9 3.7 352 

17.63<2) 9.72<1) 20.95m 104.63<10) 2776 3.5 3.8 353 

lO.l33cz~ 14.838(4) 10.530(3) 106.97(l) 1450 5.2 3.7 354 

14.310(l) 11.080(2) 11.099(3) 68.30(Z) 90.78(Z) 75.04(l) 3123 11.7 355 

1&867(l) 8.968(Z) 22.767(l) 98.22(l) 101.83(l) 03.86(l) 7l.37 5.8 356 

14.831(l) 16.992<1) 16.260(3) 90.00 4612 3.5 357,358 

l3.085(5) 10.826(4) 33.019(S) 91.92(3) 2358 7.2 359 

l2_29L?(2) 11.038(3) 27.207(3) 102.66~1) 3732 6.21 360 

17.95 10.i6 23.98 

12.43(l) 20.29(2) 23.65(Z) 

20.44(l) 8.87(l) 10.34(l) 

116.6 4219 4.4 361 

103.0(l) 

90.4(l) 

1076 7.3 7.8 367 

1450 4.9 5.7 362 

20.489(13) 16.861(11) 14.485(6) 1505 6.2 6.3 363 

8.971(Z) 15.267(3) l&316(2) 93.56(l) 656 2.9 3.7 364 

Y-72(2) 17.44(2) 12.78(l) 97.8(l) 101.6(l) 86.9(l) 7205 5.3 5.3 365 

18.168(4) 17_537(4) 10.769(3) 95.62(4) 100.88(4) 95.80 1208 9.8 366 

Referencesp.484 



0 .PlYsa b 

4s G, 5E37N2020sPZ+.clo04- ro+m <mrol-~)(so) (PPh3)?1C104 ,Y PZ1/n b 

107 C&&S,O~~Pt pt[C~t13(~)4(0Et)l(PPhg)2 n PZ+z 4 

0 I 
?c(C&.PhO,)(??h~)2 

55 c,,~,Clx~o,P2Bhs~.c~~o BhCrl(E~CS)~I(PPh3)2.~ie2S0 

?4 
+ 

C,~EiQgsgxf .c,,a,os [NiPh<nas~)lSP~ 

3l3 C,&,~,?2pd,2+_2F6P- [pd3(~e)6(p?h3)21(PPg)2 

279 ~9%&%=205 [x~h2<C2-%4)12sa4(cr)S 

314 %3@9lP2pt2=2 

hi pi 2 

H PiI 2 

Trf Pi 2 

Trf . pi 4 

Tri pi 2 

ni Pi 1 

Irf pi 7. 

I PZllf 4 



469 

16.93?(l) 24.694(Z) 9.778(l) 4644 3.1 3.8. 367 

l3.257(4) 21.48(2) 14.820(6) 99.33(2) 2423 7.2 8.7 368 

l.O.586(6) 20.422(10) 23.234(10) ll5.23(10~ 2636 9.2 369 

11.79<1) 10.33Cl) 8.32Cl) 90.9Cl) 106.6Cl~ 105.6Cl) 4787 3.7 

11.926(4) 15.189(S) 29.36(2) 90.57(3) 1273 7.4 

370 

371 

20.967<10) 12.478C6) 9.358(6) 109.7C4) 107.1C4) 103.5C5) 4413 8.9 372 

9.286(5) 

U-677(6) 

15.214(6) 

18.I32C3) 

l2.094C2) 

9.779C2) 

20.72(2) 

20.95(l) 11.226C5) 

14.2UC8) 11.958(5) 

27.571(9) 12.857<6) 

l3.377C2) U.162[2) 

U_l27C2) iO.66OC2) 

12.884C3) 20.811(6) 

l3.88<1) 18.97:1) 

ILefffences p. 484 

90.7Cl) 

98.85(S) 99.21(B) ll3.73(7) 

103.l.2(2) 90.24(2) 10&03(2) 

84.65C2) 73.8OC2) 86.93C2) 

102.7OC2) 112.92C2) 75.49C2) 

94.29(2) 93.05C2) 104.25(2) 

101.15(7) 

2477 4.3 4.7 

5493 6.1 8.6 

7375 7.2 9.1 

3008 6.9 6.8 

3339 6.2 85x 

2536 7.42 9.09 

3150 7.5 200K 

373 

374,375 

376 

377 

378 

379 

380 



470 

238 

100 

359 

16 

347 

334b 

242 

243 

339 

5 

F~(C’X(PY)(~PP).ZC~E~ Y PZl/C 6 

C~~(PF~)~(PP~~)I=(CZP~~).E~ZO Tri Pf 2 

cirs(~)~dPpn~&z10~ H PZ,/c 4 

[Ir(0,)(dwd21"'6 Y PZIIC 4 

50 C94E511r?ii,+.C10:,- 

0 Pcrb 8 

Iri pi 2 



471 

l2_914(1) 22.111(l) 16.534(l) 110.77(l) 4496 8.4 7.5 381 

11_118(5) l9_926(7) n.518(5) 104.09<3~ 119.66(3) 67.6x3) 6359 5.1 382 

l2_4U(l) 21.701(l) 19.027(l) 97.223(2) 5161 8.3 383 

U-246(7) l9_555!26) 19.822(25) 105.49(3) 1223 9.0 9.4 304 

21.186(9) x2.994(5) 12.942(5) 114_10(2) 64.36(2) 115.33(2) 6834 4.2 4.6 385 

11.87Cl) 11.12(l) 34.61(3) 96.1(l) 3495 6 386 

11.40(l) 19.26(l) 22.06(4) 101.2(l) 3371 6 386 

ll.bEo(3) 14.008(4) 20.455(9) 114.08(3) 107.LlC3) 106.72(Z) 5479 7.7 387 

l.l.7I.s5(4) M.OlSCb) 20.420(b) 114.07(3) 106.97(3) 107_28(3) 5235 6.5 38i 

12.868<9) 11.667(8) u.a67<9) 85.98<3) 90.35(3) 83.36(3) 3453 9.2 9.2 113x 388 

14.074(2) 15.264(3) 12.195(2) 109.78(l) 111.74(l) 65.03(2) 5847 3.8 6.0 369,390 

21.184(3) l9_963(2) lz.ube) 

27.421(S) 15.32X6) 24.908(8) 

100.03(l) 6266 6.1 7.9 

4811 9.8 

391,392 

393 

l3.004(7) 17.224(11) i2.l27(7) 106.57W 109.71(5) 79.71(4) 6313 4.60 5.31 394 

Refexencesp_484 



472 

371 

88 

270 

4 

Y Q/c .8 

u O/c 8 

H PZ1/n 4 

hi Pi 2 

~P~[N~(O~~~)I~(N~~)~N~N~L~~- Tri PT 2 

<OSc),(OEt*)~, 



473 

10.5876(9) 31_5Sl(lO) 16.2164(S) 92.521(l) 4648 11 395 

22.962(6) 17.230(5) 28.946(8) 97.42(l) 4362 6.5 12.1 396 

29.691(e) 21.865(5) 21.245<6) 

15.794(l) 25.180(3) 16.011(Z) 

24.86(t) 7.587<6) 27.78(3) 

24.84(3) 7.2.43<l.I 7.587(6) 

122.26(l) 

102.77(l) 

116.56 

4801 6.7 11.1 397 

7056 8.9 398 

P 

399 
723 3.3 8.1 

20.342(10) l5.372(10) 13.876(10) 97.92(4) 86.89(5) 79.36(5) 6476 4.9 400 

15.77X4) l&689(5) 23.607(5> 66.02(2) 66.39(2) 78.87(2: 4750 7.9 9.5 401 

3cfuencesp.484 
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TAEXE4. ilKIP,IDE AND 3lROfffDRiDE CWLMES 

Yo. FOIXJIA FG-JTlDm 
CRYSTAL SPACE 

CIASS GaoFp 
2 

b35 

06 

MO 

421 

437 

434 

433 

438 

439 

643 

6f.b 

c2aa,;s2P,Rh RhE(N:) (PB”,tPh)Z Q/c 

P5Cl 

Pi 

pi 

?2,/U 

!?bca 

Pca2~ 

PZllC 

P2: 

P21/C 

Pn21a 

4 

6 

2 

2 

4 

8 

8 

c 
DLscrder izt ?P&. Ph g=QlpS of PPh3. 
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a b c 0 5 Y DATA R R' NOTES REFERENCE 

22.187(Z) 8.340(l) 15.979(Z) 93.108(6) 2760 3.4 5.0. 402 

16.33(l) 22.85(Z) 1738 9.8 403 

i3.794<10) 14.334(l2) ll.942<10) 6.7 404 

14.649(Z) 15.082(Z) 10.929(l) 6.9 405 

21.260(S) 20.809(3) 10.107(3) 

17.040(4) 22.312(6) 22.581(6) 

103.87(S) 96.03<6) 78.42<4) 3271 

110.99(s) 102.90(S) 84.54(5) 4673 

91.44cz) 3452 

1203 

3.65 4.15 406 

6.8 4.8 

2X069(6) 18.737(4) 20.644(5) 2938 

16.505 U-260 22.213 91.546 11724 

l5.013(3) l2.9la(l) 

20.039(7) 

17_l20(5) 

22.044(4) 91.94(l) 3726 

4.8 

l2.91= 

4.7 7.1 

407 

408,409 

410 

411 

ll.802(3) 9.272(3) 

10.316<3) 

5 412 

20.530(6) 

9O.OOC5) 

103.3 6.6 4.6 413,414 

Referencesp.484 
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TABLE 5. NITRO!iYL COWLEXES 

Foiixuu srancnJP.E axssAL SPACE 
cuss GROUP z 

459 

555 

455 

~450 

551 

552 

458 

557 

556 

556 

Co(NO) 2 (SacSac) 

CCdSO) 2<np2ofIB?hr, 

CFetYO) <upa) 19Pk 

n 

w 

Tri 

n 

x 

I 

hi 

H 

l?zi 

0 

hi 

0 

P21lC 

Q/m 

Pi 

P2& 

P21ff 

o/c 

Pi 

P2lh 

Pi 

PC_ 

PI 

P212121 

5 

5 

1 

4 

4 

4 
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a b' c 0 9 Y DWA R R' NUl'ES REFERENC?Z 

7.831(3) 15.996(6) l2_429(4) ll3.26(2) 1437 3.2 4.4 415 

16.565(Z) 7.604<2) 8.709(l) 114.90(l) 580 4.0 4.0 416 

8.042(l) ll.O20(1) 7.324(l) 

U-268(4) 16.041<4) l5.033(5) 

104.83(l) 102.31(l) 

91.44(4) 

88.54(l) 1337 4.7 5.8 417 

2450 4.7 418 

l&78(2) l3.50(2) 20.35<2) 109.6(2) 1688 11.4 619 

17.431(9) l.2.352(6) 20.256(10) US.27 3271 4.48 5.4 420 

18_OD!?(l5) 16.498(U) 10.262<6) 14.2 14.5 421 

20.144 15.530 18.941 

86.27(8) 74.52(7) 

101.68 

80.43(8) 796 

2647 422 

l99.106(3) U-762(2) U-452(3) 93.69(2). 107.12(2) 

6.7 7.2 

7.8 423 

33.35(8) 18.54(2~ 18.57<2) 

106.02(2) 4250 

1021 19.9 421 

18.03a<8) 16.517<7) 10.185(5) 86.78(8) 74.91(8) 80.99(S) 1840 6.8 7.2 421 

17.733(U) 25.339(22) 9.752(10) 4148 5.2 7.4 424 

Refe.rencesp.484 
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TABLE 6. DIHITROGEN, fUW_DIAZD AXD RELATED COWLEXES 

-so. arfsTAL 
CUSS 

SPACK. 2 

GxciTP 

463 G,2H3+Ir,Y606P2+_F6p- [u-2(s2C6.~YO2)O(NO)2<pph3)2lPF6 Tet 1411a 

462 C&,,~Y,p3*.P6p- [Lr(H2Ph)Cl(~e2Ph)31PF6 ri P2L 2 

459 c62Y&xoY2PI, +-SF,+-.C?Qz C~(Y~K~)F(~PP~)~ISF~.(S~C~~ 0 p212121 4 

461 ~,Y&Y,OPL,W*.F,P- CU[~l~cH<a2)3~]Br(dp-pe),~Pp6 a P21ln 4 

TABLE 7. DINARY TERTIARY PHOSPHINE COMPLEXES 

469 ~6Ei&s?,+.F,P- IAu(PXePhz)+lPP6 Y o/c 4 

466 C26H%6P2Pd~ Pd(W&h), 0 Fdd2= 8 

46? c-&&&?~?t Pt<pY&'h)z 0 Wd2= 8 

464 CL,&~C~Q~P(.~F~- C~[p~~e~312[~ph,p~,CY2~,WhIl~p~ x 121/c 4 

465 C?Z~6O%‘spd.%6% PHPPhj)i,-$C& 'Lb Pa3 8 

468 &P,6?6Pt ptC(Ph2P~2)3'Xe12 Tri AT 4 

= space grcup corr.$cte¶i frm ref. 434. 





After completion of the main portion of this article, a number of 

structurea reported during.1976 came to the author's attention. FOZ 

coqleteness, &se are listed below, together vith such details as were 

available. 

(470) 

(471) 

(r7%) 

(g72) 

_ 

(472) 

(474) 

_ 

(47.5) 

kECt(BH,l tC$15) 12: BHL, attached to Ti via ternary H-bridge 14371. 

IT~~ffCO_~.~2CC~~~ 12: 2 crystallographically different molecules, 

each a dirzer via 4 carboxylate bridges 14381. 

[‘~0(2~CZ2~2(COI3(C,2snie31]2: 1:l Lewis adduct, with central HgzC12 

unit, and chlorine bridges extending the HgC12 network; Mo+Hg dative 

bonding, with _Xo-Hg 2,745(1)x 14391. 

irio~co~~~~ecElphl~&~~~1: From [Mo(C0)2<CNPh)(CgHg)]- f XeI; contains 

v-bonded ixinoacyl group [440]. 

Me 

[Mo(C0)3CC6~Me,)( H~cI&,]~ 

_---_ 
I 

‘. 
-. D : 

--___a’ 

, 

: 

Me 

(473) Mo(MeCNPh)(CO&(C,H,) 

[_XO(CO) 2(C585/ 32Cga (purple isame?) : CS ligand bonded n2 f n2 

together vith a bridging alkyne uoit; irreversibly isomerises to _. _ - _ - - -. - _.-. ___~. 

(475) by H shift; MO-MO 3.057(3);i 14411. 

[?~O"roCO~2(C1$3.)]2C828 (ora???e tioniirl: C8 ligand bonded n3 + n' 

together vith bridging 

MO-%- 3.032(3)x [441]. 

C-C between 2 MO atoms, i.e. as an walkyne; 

:. . _ Y 
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(474) purple (475) orange 

Mo,(cO),(C,HS),(C8H8) 

(227a) Mn(CO)2(C=CBPW (C$sl : Full details of structure determination are 

in reference [442]. 

(228) [Mr.~COJ21C~5112~C:CBphJ: Full details of structure determination 

are in reference 14431. 

(476) [ReBr(COI3]+2Ph2: From addition Ph2S2 + [ReEr(CO)x(thf)]2; 

contains non-planar Re2Brp unit; S-S at 2.140<9)2 longer than in 

parent ligand [cf. (9>] [444]. 

(477) [Re(COJ3Cmbtl]2: Bent Re2S2 moiety, with boat conformation of 

tricyclic Re2S2C2N2 unit [445]. 

(476) [ReBr(CO),],S,Ph, (477) [Re(mbt)(CO),]2 

(41) Ru(COl2lpy)2hbtl2: Full details of structure determination are in 

reference 14461. 

(342) ~~4~CCOJ4lpyl sWtl2: Full details of structure determination are 

Referenfesp.484 
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in reference E4471.. 

Fe CCOJ 3 [6@6 fS&fe 3J <CPTz xl I : Isomerised product from corresponding 

cyclooctatetraene, with SiMe3 eq?o to metal 14481; 

FefCOJ2(C16Blt+I: 1,3-dieae complex,. with 1 C=C from each ring of 

bieyclooctatetraenyl ligand, + 3rd C=C coordinated to give tub 

conformation of one C8 ring; latter group readily replaced by CO 

14491. 

EJsiz$e_cQ j&--g) \ o= ‘co I 
Me C 

0 

(478) FefC0)3rC~ff~(SiMe3);CPh3)~ (479) Fe(CO&(C, 6H14) 

(480) _ZU~(CO}~(C~&~Q): From Rug(CO)12 + bicpclooctatetraenyl; unusual 

attachment of one C8 ring, especially C(7), vhich is bonded to all 

three metal atoms 14491. 

(c81) Ezzc,fCoi6fC12H25.)fC23-F125uJ: Isosceles Rug cluster, with Ru-Ru 2.686 

(doubly bridged), 2.820, 2.828(1)x; each ligand acts as 6e donor, one 

formed from 2 HCzBut, the other from 2 HC2But + CO [cf. (38911 14501. 

0 0 But 

(480) Ru&O&(C,~H,,) (487) RLI,KO),(C,,H~,) (C,,HaO) 
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id82) Pc~StiZ~: Reference [451]. 

(482) Fc2SnC12 

(471) and (483) nodiagrams available 

(483) C~iB9c2E10)2-8, 8 r-ULVe: Consists of 2 dicarbollide units linked by 

common apical Co, and also by bridging OMe; pentagonal faces bonded 

to Co are inclined to each other 14521. 

(484) [(C5M~s/Rh(POsF,I~fC~eg11PF~: Results from partial hydrolysis of 

PFS- during attempted isolation of [<CsMeS)Rh(acetone)31 
+ 

complex; 

0, F not distinguished, but PO2F2 ligand O-bonded by NMR [4531. 

(485) NiBrflutl(C3HJcieC02~~e): Square planar Ni, with no trmzs influence 

on geometry of n-ally1 group [4541. 

(484) CtC,Me,,RhcP02F,),Rh1CgMe~~* (485) NiBr(lut)rCC,H3Me(C02Me~ 

Reierenc.?2s p. 484 



Four biologically important macronofecules containing heme groups have 

been studied structurally in recent-years. A difference map of (CO)- versus 

(deoxy)erythrocruoriu (a wnomeric.insect hemoglobin) showed that the CO 

ligand was inclined to the heme plane, with the Fe-C-O angle ca. 145(15)O, 

and pointing between two vicyl-substituted rings. The iron atom is nearly 

copla& vith the four heme nitrogens [455]. The hemoglobin from the 

ann&id GZycera dibrmc%akz, or the common blood worm, was isolated as 

the CO-complex by passing carbon monoxide through the extract during 

isolation "whenever convenient". The heme was found to be essentially 

planar, -with iron in the ceutre; the CO ligand appeared as au unresolved 

peak of electron density C(L. 2.5i from the iron atom, elongated toward the 

opening of heme activity. In this case, the Fe-C-O angle is CQ. 135" 14561. 

A 2.83 resolution structure of horse (CO)-hemoglobin showed the CO group 

apparently pushed off the heme axis by two of the side chains 14571. A 

comparison of (CO)-myoglobin and metmyoglobin by neutron diffraction showed 

relatively few changes, but the (CO)-Pe group moves into the heme plane in 

the fcrmer compomd [458]_ The displacement of CO off the axis of the heme 

group-in these derivatives has recently been discussed by Hoffmann 14591. 
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