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Abstract

Ž . Ž .Ž .Treatment of the dichlorocarbene-containing complex, Os 5CCl Cl CO PPh with two equivalents of 1-naphthyllithium or two2 2 3 2
X X Ž .equivalents of 2-naphthyllithium in the presence of N,N,N ,N -tetramethylethylenediamine tmeda gives the corresponding carbyne-con-

Ž . Ž .Ž . Ž Ž . Ž .. Ž . Ž .Ž .taining complexes Os [CR Cl CO PPh Rs1-naphthyl 1 ; Rs2-naphthyl 2 . Similar treatment of Ru 5CCl Cl CO PPh3 2 2 2 3 2
Ž . Ž .Ž . Ž Ž . Ž ..with two equivalents of phenyllithium or 1-naphthyllithium yields Ru [CR Cl CO PPh RsPh 3 ; Rs1-naphthyl 4 . When 1, 2,3 2

w Ž .Ž . Ž . x3 and 4 are carbonylated in the presence of AgClO the corresponding carbyne-containing cations M [CR CO PPh ClO are4 2 3 2 4
Ž Ž . Ž . Ž . Ž ..formed MsOs, Rs1-naphthyl 5 ; MsOs, Rs2-naphthyl 6 ; MsRu, RsPh 7 ; MsRu, Rs1-naphthyl 8 . When

Ž . Ž .Ž .Ru [CPh Cl CO PPh is added to an acetonitrile solution containing two equivalents of AgClO in the absence of CO the complex3 2 4
w Ž � 4.Ž .Ž .Ž . x Ž .Ru 5CPh AgOClO NCMe CO PPh ClO 9 can be isolated. Addition of LiCl to 9 yields the complex3 3 2 4

Ž � 4. Ž .Ž . Ž .Ru 5CPh AgCl Cl CO PPh 10 . The acids HX react with the neutral carbyne complexes 1, 2, 3 or 4 to form the corresponding3 2
Ž . Ž .Ž . Ž Ž . Ž .carbene complexes M 5CHR ClX CO PPh MsOs, Rs1-naphthyl, XsCl 11 ; MsOs, Rs2-naphthyl, XsCl 12 ; MsRu,3 2

Ž . Ž . Ž .RsPh, XsCl 13 ; MsRu, Rs1-naphthyl, XsCl 14 ; MsOs, Rs1-naphthyl, XsClO 15 ; MsOs, Rs1-naphthyl, XsF4
Ž ..16 . Treatment of complexes 1 or 2 with PhICl leads to corresponding monochlorocarbene-containing complexes2

Ž . Ž .Ž . Ž Ž . Ž ..Os 5CClR Cl CO PPh Rs1-naphthyl 17 ; Rs2-naphthyl 18 which subsequently rearrange on addition of aqueous base to2 3 2
Ž . Ž . Ž Ž . Ž ..give the s-naphthyl, dicarbonyl complexes OsRCl CO PPh Rs1-naphthyl 19 ; Rs2-naphthyl 20 . The single crystal X-ray2 3 2

w Ž .Ž . Ž . x Ž . Ž .Ž . Ž . Ž . Ž .structures of Os [C-1-naphthyl CO PPh ClO , Os 5CH-2-naphthyl Cl CO PPh , and Os 2-naphthyl Cl CO PPh have2 3 2 4 2 3 2 2 3 2

been determined. q 1998 Elsevier Science S.A.

1. Introduction

In our previous reports of the reaction between M
Ž . Ž .Ž . Ž .5CCl Cl CO PPh MsOs, Ru and lithiated2 2 3 2
aryls to form carbyne complexes of the type
Ž . Ž .Ž .M [CR Cl CO PPh , the range of aryl substituents3 2

utilised is restricted to those containing six membered
w x w xrings such as p-tolyl 1,2 phenyl 3 and p-N, N-di-

) Corresponding author.
1 Dedicated to Professor Peter Maitlis, FRS, on the occasion of his

65th birthday.
2 Also Corresponding author.

w xmethylaminophenyl 4 . Given the highly reactive na-
ture of these carbyne complexes it was of interest to
explore the effect that larger, fused ring aryl sub-
stituents might have on the reactivity of complexes of
this type. In this paper we describe the syntheses and
some reactions of the 1-or 2-naphthyl substituted car-

Ž . Ž .Ž .byne complexes M [CR Cl CO PPh , and the crys-3 2
w Žt a l s t r u c t u r e s o f O s [ C - 1 -

. Ž . Ž . x Žn ap h th y l C O P P h C lO , O s 5 C H -2 -2 3 2 4
. Ž . Ž . Žn a p h th y l C l C O P P h , a n d O s 2 -2 3 2

. Ž . Ž .naphthyl Cl CO PPh . Details of the reaction chem-2 3 2
istry of the phenylcarbyne complex of ruthenium,

Ž . Ž .Ž .Ru [CPh Cl CO PPh are also included.3 2

0022-328Xr98r$19.00 q 1998 Elsevier Science S.A. All rights reserved.
Ž .PII S0022-328X 97 00440-3
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2. Results and discussion

2.1. Synthesis of osmium and ruthenium carbyne com-
plexes 1–8

1-Bromonaphthalene was lithiated with nBuLi at
room temperature until a white crystalline mass formed
at which point the 1-naphthyllithium suspension was

Ž .cooled to y408C and a tetrahydrofuran thf solution of
Ž . Ž .Ž . Ž .M 5CCl Cl CO PPh M s Ru, Os added2 2 3 2

rapidly. This mixture was warmed to room temperature
Žand the green carbyne complexes 1 or 4 isolated see

.Scheme 1 . Crystalline samples of the ruthenium com-
plex 4 were found to be very sensitive to oxygen and
moisture and decomposed over a period of hours on
exposure to the atmosphere.

Similarly, when a solution of PhLi was added to
Ž . Ž .Ž .Ru 5CCl Cl CO PPh the dark green ruthenium2 2 3 2

phenyl carbyne complex 3 was isolated.
Attempts to prepare the osmium 2-naphthyl carbyne

complex using similar conditions to those employed for
the synthesis of 1, 3 and 4 were not successful. The
characteristic green colour of a carbyne-containing com-
plex appeared in solution, but it was not possible to
isolate a crystalline solid. However, addition of

X X Ž .N,N,N ,N -tetramethylethylenediamine tmeda to the
reaction mixture afforded high yields of 2. Addition of
tmeda to a variety of lithium reagents has been shown
to reduce aggregation and increase the activity of the

w xlithium reagents 5 .
In the IR spectra of complexes 1, 2, 3 and 4, low

Ž .values are observed for n CO at 1857, 1859, 1875 and
1882 cmy1 respectively, as would be expected for
complexes containing an electron rich carbyne fragment
Žsee Table 1 for IR data of all the new complexes

.reported in this paper . Furthermore, all the carbyne
complexes show absorptions close to 1300 cmy1. Bands
in this region have been assigned previously to molecu-
lar vibrations arising from the metal-carbyne fragment
w x6 . Although all three complexes are extremely sensi-
tive to hydrolysis when in solution, 13C NMR spectra of
the less reactive osmium complexes 1 and 2 have been

Ž .obtained see Section 3 . The carbyne carbon atoms
Žgive rise to triplet signals due to coupling to the two

.mutually trans phosphorus atoms of the PPh ligands3
at the extremely low field values of 321.6 ppm for 1
and 325.6 ppm for 2. As expected, the resonances of the
CO carbon atoms appear, also as triplets, in the 190
ppm region.

Upon addition of CO in the presence of AgClO , the4
complexes 1, 2, 3 and 4 rapidly lose chloride and the
corresponding dicarbonyl, carbyne-containing com-

w Ž .Ž . Ž . x Žplexes M [CR CO PPh ClO MsOs, Rs1-2 3 2 4
Ž . Ž .naphthyl 5 ; MsOs, Rs2-naphthyl 6 ; MsRu,

Ž . Ž ..Rs1-naphthyl 7 ; and MsRu, RsPh 8 are
formed. Unlike their neutral precursors, these com-

Scheme 1.

plexes are insensitive to air and moisture and fail to
react with electrophiles such as Hq and Agq. Character-
istic features in the IR spectra of each of these cationic

Ž .complexes are the two n CO bands, both of which are
Ž .higher than the single n CO band for the correspond-

ing neutral precursor complex, and a band in the 1300
cmy1 region which is in a similar position to that
observed for the corresponding neutral complex. In the
13C NMR spectra the carbyne carbon resonances appear
at the downfield positions of 327.8 ppm for 5 and 331.8
ppm for 6.

w ŽA single crystal X-ray diffraction study of Os [C-
.Ž . Ž . x Ž .1-naphthyl CO PPh ClO 5 shows that the struc-2 3 2 4

ture about osmium can be described as a distorted
trigonal bipyramid with two mutually trans triph-
enylphosphine ligands occupying the axial positions and
the two cis carbonyl ligands and the carbyne fragment
in the equatorial plane. The molecular structure is de-
picted in Fig. 1. Selected bond lengths and bond angles
are listed in Table 2, and atomic coordinates are listed
in Table 3.

˚Ž . Ž .The Os–C carbyne carbon bond length, 1.79 1 A,
Ž .is significantly shorter than the two Os–C CO bonds of

˚ ˚Ž . Ž .1.94 1 A and 1.96 1 A in the same complex. The
Ž .Os–C carbyne distance in this complex is almost iden-

tical to that previously reported for the neutral carbyne
˚Ž . Ž .Ž . Ž Ž . . w xcomplex Os [C-p-tolyl Cl CO PPh 1.78 2 A 13 2

Ž . w Žand the Os II carbyne complexes Os [C-
q ˚. Ž .Ž . x Ž Ž . .C H NMe Cl CN-p-tolyl PPh 1.78 1 A and6 4 2 2 3 2

˚Ž . Ž .Ž . Ž Ž . . w xOs [C-C H NMe Cl NCS PPh 1.75 1 A 4 .6 4 2 2 3 2
Ž .The Os–C-1-naphthyl angle is close to linear 1778 , as

expected for an sp-hybridised carbyne carbon atom, and
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Table 1
IR data for new complexes

y1a y1Ž .Compound y CO rcm Other bandsrcm

Ž . Ž .Ž . Ž . Ž .Os [C-1-naphthyl Cl CO PPh 1 1857 s 1504 w, 1410 m, 1327 m n Os[C , 1184 m, 779 m3 2
Ž . Ž .Ž . Ž . Ž .Os [C-2-naphthyl Cl CO PPh 2 1859 s 1621 w, 1588 w, 1383 w n Os[C , 1184 w3 2
Ž . Ž .Ž . Ž . Ž .Ru [CPh Cl CO PPh 3 1875 s 1584 w, 1328 w, n Ru[C , 927 w3 2
Ž . Ž .Ž . Ž . Ž .Ru [C-1-naphthyl Cl CO PPh 4 1882 s 1589 w, 1563 w, 1311 m, n Ru[C , 1243 m3 2

w Ž .Ž . Ž . x Ž . Ž .Os [C-1-naphthyl CO PPh ClO 5 2023 s, 2002 s, 1558 m, 1506 s, 1417 s, 1352 s, 1323 sn Os[C ,2 3 2 4
b1953 s, 1936 s 1249 m, 1091 s

w Ž .Ž . Ž . x Ž .Os [C-2-naphthyl CO PPh ClO 6 2023 s, 2009 s, 1618 m, 1587 m, 1556 w, 1388 w 1354 m2 3 2 4
c Ž .1957 s, 1944 s n Os[C , 1330 w, 1236 w, 1090 s, 877 w

w Ž .Ž . Ž . x Ž . Ž .Ru [CPh CO PPh ClO 7 2020 s, 1960 s 1585 w, 1370 m n Ru[C , 1315 w, 1275 w,2 3 2 4
e Ž .1165 s, 960 w, 845 m, 1090 s n ClO , 620 s4

w Ž .Ž . Ž . x Ž . Ž .Ru [C-1-naphthyl CO PPh ClO 8 2033 m, 2009 s, 1580 w, 1504 m, 1406 m, 1317 m n Ru[C ,2 3 2 4
d1973 m, 1920 s 1247 w, 1093 s, 891 w

w Ž � 4.Ž .Ž .Ž . x Ž . e Ž .Ru CPh AgOClO NCMe CO PPh ClO 9 1965 s, 1953 s 1635 w, 1585 m, 1309 m, 1292 m, 1095 m n ClO ,3 3 2 4 4
763 s, 675 m, 624 m

Ž � 4. Ž .Ž . Ž .Ru CPh AgCl Cl CO PPh 10 1928 s 1585 w, 1284 m, 707 m, 680 w3 2
Ž . Ž .Ž . Ž .Os 5CH-1-naphthyl Cl CO PPh 11 1952 s 1622 w, 1586 m, 1508 w, 1300 w, 1226 m2 3 2
Ž . Ž .Ž . Ž .Os 5CH-2-napthyl Cl CO PPh 12 1950 s 1620 m, 1589 w, 1280 w2 3 2
Ž . Ž .Ž . Ž .Ru 5CHPh Cl CO PPh 13 1965 s 1590 w, 1370 w, 1265 w, 1160 w, 840 w2 3 2
Ž . Ž .Ž . Ž .Ru 5CH-1-naphthyl Cl CO PPh 14 1975 s 1582 m, 1506 w, 1296 w2 3 2
Ž . Ž .Ž .Ž . Ž .Os 5CH-1-naphthyl Cl OClO CO PPh 15 1939 s 1093 s3 3 2
Ž . Ž .Ž .Ž . Ž .Os 5CH-1-naphthyl Cl F CO PPh 16 1952 s 1564 m, 1226 m3 2
Ž . Ž .Ž . Ž .Os 5CCl-1-naphthyl Cl CO PPh 17 1988 s 1222 w, 1210 w2 3 2
Ž . Ž .Ž . Ž .Os 5CCl-2-naphthyl Cl CO PPh 18 1980 s 1622 w, 1586 w2 3 2
Ž . Ž . Ž . Ž .Os 1-naphthyl Cl CO PPh 19 2025 s, 1940 s 782 w2 3 2
Ž . Ž . Ž . Ž .Os 2-naphthyl Cl CO PPh 20 2017 s, 1948 s 1580 w, 782 w2 3 2

aUnless otherwise stated all IR spectra were recorded as Nujol mulls.
b Ž . y1Solid state splitting, solution IR in dichloromethane shows n CO 2025, 1963 cm .
c Ž . y1Solid state splitting, solution IR in dichloromethane shows n CO 2035, 1978 cm .
d Ž . y1Solid state splitting, solution IR in dichloromethane shows n CO 2036, 1980 cm .
eBroad structured band.

the naphthyl ring, which shows no significant distor-
tions from planarity, lies in the equatorial plane. The
ClOy anion is distinct from the osmium complex and4
shows no close contacts. The angles between the lig-
ands in the equatorial plane are distorted from the 1208

w ŽF ig . 1 . T h e m o lecu la r s tru c tu re o f O s [ C -1 -
.Ž . Ž . x Ž .naphthyl CO PPh ClO 5 .2 3 2 4

expected for a regular trigonal bipyramind. The two CO
ligands are bent away from the carbyne carbon atom

Ž . Ž . Ž . Ž . Ž .with the angles C 1 –Os 1 –C 2 s100.1 4 8, C 3 –

Table 2
˚Ž . Ž .Bond lengths A and angles 8 for 5

Ž . Ž . Ž .Os 1 –C 3 1.792 10
Ž . Ž . Ž .Os 1 –C 2 1.944 10
Ž . Ž . Ž .Os 1 –C 1 1.961 11
Ž . Ž . Ž .Os 1 –P 1 2.386 2
Ž . Ž . Ž .Os 1 –P 2 2.390 2
Ž . Ž . Ž .O 1 –C 1 1.142 13
Ž . Ž . Ž .O 2 –C 2 1.136 12
Ž . Ž . Ž .C 3 –C 71 1.44 2

Ž . Ž . Ž . Ž .C 3 –Os 1 –C 2 127.8 5
Ž . Ž . Ž . Ž .C 3 –Os 1 –C 1 132.1 5
Ž . Ž . Ž . Ž .C 2 –Os 1 –C 1 100.1 4
Ž . Ž . Ž . Ž .C 3 –Os 1 –P 1 89.8 3
Ž . Ž . Ž . Ž .C 2 –Os 1 –P 1 88.0 3
Ž . Ž . Ž . Ž .C 1 –Os 1 –P 1 90.1 3
Ž . Ž . Ž . Ž .C 3 –Os 1 –P 2 92.4 3
Ž . Ž . Ž . Ž .C 2 –Os 1 –P 2 89.9 3
Ž . Ž . Ž . Ž .C 1 –Os 1 –P 2 89.1 3
Ž . Ž . Ž . Ž .P 1 –Os 1 –P 2 177.62 8
Ž . Ž . Ž . Ž .O 1 –C 1 –Os 1 173.6 10
Ž . Ž . Ž . Ž .O 2 –C 2 –Os 1 171.5 9
Ž . Ž . Ž . Ž .C 71 –C 3 –Os 1 177.2 8
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Table 3
Ž 4.Atomic coordinates =10 and equivalent isotropic displacement

˚2 3Ž . Ž .parameters A =10 for 5. U eq is defined as one third of the trace
of the orthogonalized U tensori j

Ž .x y z U eq

Ž . Ž . Ž . Ž . Ž .Os 1 1956 1 3773 1 2995 1 26 1
Ž . Ž . Ž . Ž . Ž .P 1 8 2 4162 2 2646 1 26 1
Ž . Ž . Ž . Ž . Ž .P 2 3865 2 3397 2 3400 1 27 1
Ž . Ž . Ž . Ž . Ž .Cl 1 3524 3 y417 2 2418 2 58 1
Ž . Ž . Ž . Ž . Ž .Cl 2 313 10 7804 9 3652 7 91 3
Ž . Ž . Ž . Ž . Ž .Cl 2’ 625 14 7867 11 3232 10 121 4
Ž . Ž . Ž . Ž . Ž .Cl 3 y266 21 10,042 17 2609 13 179 7
Ž . Ž . Ž . Ž . Ž .Cl 3’ y929 13 9923 10 2866 8 108 3
Ž . Ž . Ž . Ž . Ž .Cl 4 176 13 9643 11 4195 8 120 4
Ž . Ž . Ž . Ž . Ž .Cl 4’ y467 19 9220 16 4369 13 176 7
Ž . Ž . Ž . Ž . Ž .Cl 5 7133 19 108 16 107 13 340 9
Ž . Ž . Ž . Ž . Ž .Cl 6 7728 19 1955 18 y790 13 353 10
Ž . Ž . Ž . Ž . Ž .Cl 7 9665 45 149 37 y424 24 619 26
Ž . Ž . Ž . Ž . Ž .O 1 1742 9 1577 7 4065 6 64 2
Ž . Ž . Ž . Ž . Ž .O 2 708 7 5408 7 4113 5 51 2
Ž . Ž . Ž . Ž . Ž .O 3 3153 18 612 15 2622 14 58 5
Ž . Ž . Ž . Ž . Ž .O 3’ 3209 21 687 18 2216 15 70 6
Ž . Ž . Ž . Ž . Ž .O 4 2861 13 y608 13 1951 8 113 5
Ž . Ž . Ž . Ž . Ž .O 5 4805 11 y847 11 2145 9 101 4
Ž . Ž . Ž . Ž . Ž .O 6 3229 15 y1008 11 3233 8 112 5
Ž . Ž . Ž . Ž . Ž .C 1 1787 9 2412 9 3710 7 38 2
Ž . Ž . Ž . Ž . Ž .C 2 1147 9 4744 8 3750 6 34 2
Ž . Ž . Ž . Ž . Ž .C 3 2604 9 4104 10 1938 6 41 2
Ž . Ž . Ž . Ž . Ž .C 11 68 8 3604 8 1792 6 32 2
Ž . Ž . Ž . Ž . Ž .C 12 785 10 2525 10 1769 7 46 3
Ž . Ž . Ž . Ž . Ž .C 13 840 11 2090 12 1148 8 57 3
Ž . Ž . Ž . Ž . Ž .C 14 239 11 2720 12 494 7 54 3
Ž . Ž . Ž . Ž . Ž .C 15 y441 11 3773 11 502 7 47 3
Ž . Ž . Ž . Ž . Ž .C 16 y520 9 4224 9 1141 6 35 2
Ž . Ž . Ž . Ž . Ž .C 21 y1032 8 3602 8 3494 5 28 2
Ž . Ž . Ž . Ž . Ž .C 22 y1279 9 2682 8 3515 6 37 2
Ž . Ž . Ž . Ž . Ž .C 23 y1962 9 2228 9 4212 7 42 2
Ž . Ž . Ž . Ž . Ž .C 24 y2393 10 2677 9 4881 7 43 2
Ž . Ž . Ž . Ž . Ž .C 25 y2140 9 3623 9 4863 6 37 2
Ž . Ž . Ž . Ž . Ž .C 26 y1481 9 4090 9 4178 6 37 2
Ž . Ž . Ž . Ž . Ž .C 31 y812 9 5597 8 2381 6 31 2
Ž . Ž . Ž . Ž . Ž .C 32 y187 10 6336 9 2113 7 42 2
Ž . Ž . Ž . Ž . Ž .C 33 y790 12 7410 10 1857 8 52 3
Ž . Ž . Ž . Ž . Ž .C 34 y2072 12 7764 10 1885 7 51 3
Ž . Ž . Ž . Ž . Ž .C 35 y2694 11 7023 9 2158 7 46 3
Ž . Ž . Ž . Ž . Ž .C 36 y2090 9 5929 9 2414 7 41 2
Ž . Ž . Ž . Ž . Ž .C 41 4192 8 4599 8 3410 6 29 2
Ž . Ž . Ž . Ž . Ž .C 42 3663 9 5588 8 2943 6 35 2
Ž . Ž . Ž . Ž . Ž .C 43 3911 10 6502 9 2960 7 40 2
Ž . Ž . Ž . Ž . Ž .C 44 4688 9 6445 9 3452 7 41 2
Ž . Ž . Ž . Ž . Ž .C 45 5232 9 5450 10 3918 7 43 3
Ž . Ž . Ž . Ž . Ž .C 46 4977 8 4536 9 3913 6 34 2
Ž . Ž . Ž . Ž . Ž .C 51 5192 8 2663 9 2759 6 35 2
Ž . Ž . Ž . Ž . Ž .C 52 6288 9 2947 10 2506 7 42 2
Ž . Ž . Ž . Ž . Ž .C 53 7277 10 2347 10 2001 8 53 3
Ž . Ž . Ž . Ž . Ž .C 54 7186 11 1511 12 1767 9 65 4
Ž . Ž . Ž . Ž . Ž .C 55 6131 12 1215 11 2022 9 63 4
Ž . Ž . Ž . Ž . Ž .C 56 5138 10 1803 10 2521 8 48 3
Ž . Ž . Ž . Ž . Ž .C 61 3952 10 2599 9 4427 6 37 2
Ž . Ž . Ž . Ž . Ž .C 62 4963 12 1698 10 4597 8 52 3
Ž . Ž . Ž . Ž . Ž .C 63 5012 15 1141 11 5395 9 68 4
Ž . Ž . Ž . Ž . Ž .C 64 4100 15 1451 12 6018 8 63 4
Ž . Ž . Ž . Ž . Ž .C 65 3102 14 2357 14 5847 7 66 4
Ž . Ž . Ž . Ž . Ž .C 66 3017 11 2911 12 5062 7 55 3
Ž . Ž . Ž . Ž . Ž .C 71 3066 10 4389 14 1078 7 66 4

Ž .Table 3 continued

Ž .x y z U eq

Ž . Ž . Ž . Ž . Ž .C 72 3011 12 5491 15 762 8 74 5
Ž . Ž . Ž . Ž . Ž .C 73 3430 16 5806 22 y76 12 122 11
Ž . Ž . Ž . Ž . Ž .C 74 3851 15 5119 25 y574 10 113 10
Ž . Ž . Ž . Ž . Ž .C 75 3916 13 4020 25 y288 8 111 9
Ž . Ž . Ž . Ž . Ž .C 76 3540 11 3617 19 562 7 79 6
Ž . Ž . Ž . Ž . Ž .C 77 3642 13 2556 17 846 9 74 5
Ž . Ž . Ž . Ž . Ž .C 78 4115 15 1881 21 304 10 104 7
Ž . Ž . Ž . Ž . Ž .C 79 4480 24 2159 29 y489 16 138 12
Ž . Ž . Ž . Ž . Ž .C 80 4397 17 3218 29 y801 11 127 12
Ž . Ž . Ž . Ž . Ž .C 81 400 19 9090 16 3341 13 95 6
Ž . Ž . Ž . Ž . Ž .C 82 8256 44 726 37 y626 26 201 16

Ž . Ž . Ž . Ž . Ž . Ž .Os 1 –C 1 s 132.0 5 8, and C 3 –Os 1 –C 2 s
Ž .127.8 5 8.

2.2. Addition of AgClO to the ruthenium carbyne-con-4

taining complex 3 to form 9, and formation of 10 from 9
through treatment with lithium chloride

A d d it io n o f C O a n d A g C lO to4
Ž . Ž .Ž . Ž .Ru [CPh Cl CO PPh 3 yields the cationic com-3 2

w Ž .Ž . Ž . xplex Ru [CPh CO PPh ClO . Treatment of2 3 2 4
Ž . Ž .Ž . Ž .Ru [CPh Cl CO PPh 3 with two equivalents of3 2

AgClO in the presence of acetonitrile only yields the4
p u r p l e c o m p l e x
w Ž � 4.Ž .Ž .Ž . x Ž .Ru [CPh AgOClO NCMe CO PPh ClO 93 3 2 4
Ž .CAUTION, see Section 3 as depicted in Scheme 2. In
contrast, the ruthenium 1-naphthyl carbyne derivative
Ž .4 failed to give a tractable complex upon the addition
of AgClO under the same conditions. Treatment of 94
with LiCl gives the olive green complex

Scheme 2.
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Ž � 4. Ž .Ž . Ž .Ru [CPh AgCl Cl CO PPh 10 . Similar reactiv-3 2
ity has been observed on treatm ent of

Ž . Ž .Ž . Ž .Os [CR Cl CO PPh RsPh, p-tolyl with AgClO3 2 4
w xand then with LiCl 7 .

2.3. Electrophilic addition of HX to the neutral car-
byne-containing complexes 1–4 to form 11–16

Whereas the carbyne carbon atoms in the cationic
complexes 5, 6, 7, and 8 are not susceptible to elec-
trophilic attack, the neutral carbyne complexes 1, 2, 3
and 4 are readily protonated at the carbyne carbon atom
to form the corresponding carbene-containing com-

Ž . 1plexes see Scheme 3 . H NMR spectroscopy proved to
be a valuable technique in characterising the complexes
11–16. The resonance of the hydrogen attached to the
carbene carbon appears between 17–19 ppm for each of
these complexes. These chemical shift positions are
significantly downfield from the triphenylphosphine and
naphthyl proton envelope which is recorded between
7–8 ppm in each case. The hydrogen attached to the
carbene carbon appears as a triplet signal, through
coupling to the two triphenylphosphine phosphorus
atoms. The 13C NMR spectra of these complexes shows
the carbene carbon atoms as triplet signals in the region
283–291 ppm. In each case the carbene carbon reso-
nances appear further upfield than the resonances of the
corresponding carbyne carbon atoms in the precursor
carbyne complexes although they are still significantly
further downfield than the resonances of the CO ligands

Scheme 3.

ŽF ig . 2 . T h e m o lecu lar struc tu re o f O s 5 C H -2 -
. Ž .Ž . Ž .naphthyl Cl CO PPh 12 .2 3 2

in the same molecules. FABq mass spectra of these
complexes showed a parent peak corresponding to loss
of the X group in each instance rather than a molecular
ion peak. The reaction of HX with these naphthyl
complexes proceeds in a similar manner to that previ-
ously observed for the corresponding p-tolyl com-

Žplexes. The single crystal X-ray structure of Os 5CH-
. Ž .Ž .2-naphthyl Cl CO PPh was determined and this2 3 2

shows an octahedral geometry about the osmium centre
Ž . Ž . Ž .see Fig. 2 . The metal–C carbene distance is 1.930 7
Å and the naphthyl ring is 22 degrees out of the plane
formed by the other equatorial ligands of the metal

˚Ž . Ž Ž . .complex. The Os–Cl 1 distance 2.503 2 A is almost
˚ ˚Ž . Ž Ž . .0.05 A longer than the Os–Cl 2 distance 2.458 2 A ,

and this reflects the larger trans-influence of the car-
bene ligand. The structural parameters of this complex
compare favourably with those previously reported for

Ž . Ž .Ž .Os 5CHPh Cl CO PPh which has a metal–2 3 2
˚Ž . Ž . w xC carbene distance of 1.94 1 A 3 . The molecular

Ž . Ž .Ž .structure of Os 5CH-2-naphthyl Cl CO PPh is de-2 3 2
picted in Fig. 2 while selected bond lengths and bond
angles are listed in Table 4, and atomic coordinates are
listed in Table 5.

2.4. Addition of chlorine to the neutral carbyne-contain-
ing complexes 1 and 2 to form the chloro-substituted
carbene-containing complexes 17 and 18. Formation of
the s-naphthyl complexes 19 and 20 Õia hydrolysis and
rearrangement of 17 and 18

The neutral carbyne-containing complexes 1 and 2
also add chlorine across the Os[CR bond on treatment
with PhICl , to form the carbene-containing complexes2
17 and 18. Subsequent attack at the carbene carbon by
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Table 4
˚Ž . Ž .Selected bond lengths A and angles 8 for 12

Ž . Ž .Os–C 1 1.856 7
Ž . Ž .Os–C 2 1.930 7
Ž . Ž .Os–P 1 2.437 2
Ž . Ž .Os–P 2 2.442 2
Ž . Ž .Os–Cl 2 2.458 2
Ž . Ž .Os–Cl 1 2.503 2

Ž . Ž . Ž .O 1 –C 1 1.154 8
Ž . Ž . Ž .C 2 –C 3 1.477 9

Ž . Ž . Ž .C 1 –Os–C 2 95.9 3
Ž . Ž . Ž .C 1 –Os–P 1 91.1 2
Ž . Ž . Ž .C 2 –Os–P 1 91.0 2
Ž . Ž . Ž .C 1 –Os–P 2 95.1 2
Ž . Ž . Ž .C 2 –Os–P 2 90.3 2
Ž . Ž . Ž .P 1 –Os–P 2 173.46 5
Ž . Ž . Ž .C 1 –Os–Cl 2 176.5 2
Ž . Ž . Ž .C 2 –Os–Cl 2 87.3 2
Ž . Ž . Ž .P 1 –Os–Cl 2 87.48 5
Ž . Ž . Ž .P 2 –Os–Cl 2 86.18 5
Ž . Ž . Ž .C 1 –Os–Cl 1 85.4 2
Ž . Ž . Ž .C 2 –Os–Cl 1 178.3 2
Ž . Ž . Ž .P 1 –Os–Cl 1 90.17 6
Ž . Ž . Ž .P 2 –Os–Cl 1 88.37 5
Ž . Ž . Ž .O 1 –C 1 –Os 176.0 6
Ž . Ž . Ž .C 3 –C 2 –Os 135.0 5

water results in hydrolysis of the C–Cl bond and after
loss of HCl and rearrangement, the corresponding dicar-
bonyl, s-bound naphthyl complexes 19 and 20 are

Scheme 4.

Table 5
Ž 4.Atomic coordinates =10 and equivalent isotropic displacement

˚2 3Ž . Ž .parameters A =10 for 12. U eq is defined as one third of the
trace of the orthogonalized U tensori j

Ž .x y z U eq

Ž . Ž . Ž . Ž .Os 7211 1 8147 1 1112 1 22 1
Ž . Ž . Ž . Ž . Ž .Cl 1 8999 1 8256 1 1338 1 35 1
Ž . Ž . Ž . Ž . Ž .Cl 2 7590 1 7272 1 649 1 32 1
Ž . Ž . Ž . Ž . Ž .P 1 6936 1 7488 1 1760 1 27 1
Ž . Ž . Ž . Ž . Ž .P 2 7576 1 8712 1 418 1 23 1
Ž . Ž . Ž . Ž . Ž .O 1 6904 4 9193 2 1727 2 46 1
Ž . Ž . Ž . Ž . Ž .C 1 6992 5 8798 3 1482 2 36 2
Ž . Ž . Ž . Ž . Ž .C 2 5844 5 8058 3 919 2 32 2
Ž . Ž . Ž . Ž . Ž .C 3 4949 5 8435 3 928 2 33 2
Ž . Ž . Ž . Ž . Ž .C 4 4956 5 9018 3 1063 2 38 2
Ž . Ž . Ž . Ž . Ž .C 5 4098 5 9377 3 1016 2 40 2
Ž . Ž . Ž . Ž . Ž .C 6 4131 6 9983 3 1139 3 53 2
Ž . Ž . Ž . Ž . Ž .C 7 3296 7 10,323 4 1088 3 63 2
Ž . Ž . Ž . Ž . Ž .C 8 2406 6 10,079 4 917 3 60 2
Ž . Ž . Ž . Ž . Ž .C 9 2357 6 9499 4 793 3 53 2
Ž . Ž . Ž . Ž . Ž .C 10 3196 5 9129 3 836 3 42 2
Ž . Ž . Ž . Ž . Ž .C 11 3212 6 8539 4 703 3 48 2
Ž . Ž . Ž . Ž . Ž .C 12 4045 5 8195 3 749 3 41 2
Ž . Ž . Ž . Ž . Ž .C 21 6904 5 7838 3 2328 2 30 2
Ž . Ž . Ž . Ž . Ž .C 22 7659 6 8242 3 2432 2 46 2
Ž . Ž . Ž . Ž . Ž .C 23 7673 7 8507 4 2866 3 57 2
Ž . Ž . Ž . Ž . Ž .C 24 6967 8 8374 4 3189 3 59 3
Ž . Ž . Ž . Ž . Ž .C 25 6255 7 7962 4 3093 3 53 2
Ž . Ž . Ž . Ž . Ž .C 26 6222 5 7689 3 2667 2 41 2
Ž . Ž . Ž . Ž . Ž .C 31 5722 5 7137 3 1694 2 30 1
Ž . Ž . Ž . Ž . Ž .C 32 5666 6 6589 3 1479 3 43 2
Ž . Ž . Ž . Ž . Ž .C 33 4748 6 6328 3 1405 3 55 2
Ž . Ž . Ž . Ž . Ž .C 34 3897 6 6605 4 1538 3 51 2
Ž . Ž . Ž . Ž . Ž .C 35 3932 6 7149 3 1738 3 46 2
Ž . Ž . Ž . Ž . Ž .C 36 4843 5 7415 3 1809 2 38 2
Ž . Ž . Ž . Ž . Ž .C 41 7795 5 6874 3 1870 2 31 1
Ž . Ž . Ž . Ž . Ž .C 42 8697 5 6820 3 1646 3 45 2
Ž . Ž . Ž . Ž . Ž .C 43 9343 7 6366 4 1768 3 61 2
Ž . Ž . Ž . Ž . Ž .C 44 9099 7 5968 4 2104 3 63 3
Ž . Ž . Ž . Ž . Ž .C 45 8193 7 6011 4 2324 3 61 2
Ž . Ž . Ž . Ž . Ž .C 46 7539 7 6466 3 2211 3 52 2
Ž . Ž . Ž . Ž . Ž .C 51 8865 4 8736 3 211 2 24 1
Ž . Ž . Ž . Ž . Ž .C 52 9204 5 9238 3 y17 2 32 2
Ž . Ž . Ž . Ž . Ž .C 53 10,144 5 9239 3 y219 3 40 2
Ž . Ž . Ž . Ž . Ž .C 54 10,745 5 8750 3 y188 3 40 2
Ž . Ž . Ž . Ž . Ž .C 55 10,420 5 8257 3 38 2 33 2
Ž . Ž . Ž . Ž . Ž .C 56 9478 5 8244 3 239 2 30 1
Ž . Ž . Ž . Ž . Ž .C 61 6898 4 8451 3 y89 2 25 1
Ž . Ž . Ž . Ž . Ž .C 62 7395 5 8159 3 y445 2 31 1
Ž . Ž . Ž . Ž . Ž .C 63 6860 5 7909 3 y809 2 37 2
Ž . Ž . Ž . Ž . Ž .C 64 5836 6 7951 3 y815 3 40 2
Ž . Ž . Ž . Ž . Ž .C 65 5331 5 8247 3 y472 2 35 2
Ž . Ž . Ž . Ž . Ž .C 66 5869 5 8491 3 y115 2 28 1
Ž . Ž . Ž . Ž . Ž .C 71 7262 5 9488 3 490 2 28 1
Ž . Ž . Ž . Ž . Ž .C 72 6584 5 9795 3 226 2 34 2
Ž . Ž . Ž . Ž . Ž .C 73 6362 6 10,379 3 326 3 47 2
Ž . Ž . Ž . Ž . Ž .C 74 6810 6 10,653 3 691 3 48 2
Ž . Ž . Ž . Ž . Ž .C 75 7506 6 10,354 3 955 3 42 2
Ž . Ž . Ž . Ž . Ž .C 76 7735 5 9774 3 851 2 35 2
Ž . Ž . Ž . Ž . Ž .C 79 9694 7 9482 4 2056 3 68 3
Ž . Ž . Ž . Ž . Ž .Cl 3 10,590 4 9732 2 1677 2 151 2
Ž . Ž . Ž . Ž . Ž .Cl 4 10,209 3 9269 1 2567 1 103 1
Ž . Ž . Ž . Ž . Ž .Cl 5 8787 2 10,018 2 2130 1 103 1
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ŽF ig . 3 . T h e m o le c u la r s t r u c tu r e o f O s 2 -
. Ž . Ž . Ž .naphthyl Cl CO PPh 20 .2 3 2

formed. These reactions presumably proceed via the
hydroxycarbene and acyl intermediates proposed in
Scheme 4. Migration of the R group from the acyl
ligand to the metal produces the s-bound naphthyl
ligand in the final step. This hydrolysis reaction could
provide an alternative route to sterically encumbered
s-aryl complexes of osmium that are difficult to prepare
by other routes.

Table 6
˚Ž . Ž .Selected bond lengths A and angles 8 for 20

Ž . Ž .Os–C 1 1.855 7
Ž . Ž .Os–C 2 1.939 7
Ž . Ž .Os–C 3 2.162 5
Ž . Ž .Os–P 2 2.3846 14
Ž . Ž .Os–P 1 2.396 2

Ž .Os–Cl 2.452 2
Ž . Ž . Ž .O 1 –C 1 1.131 8
Ž . Ž . Ž .O 2 –C 2 1.118 8

Ž . Ž . Ž .C 1 –Os–C 2 89.5 3
Ž . Ž . Ž .C 1 –Os–C 3 87.4 3
Ž . Ž . Ž .C 2 –Os–C 3 176.4 3
Ž . Ž . Ž .C 1 –Os–P 2 90.4 2
Ž . Ž . Ž .C 2 –Os–P 2 92.2 2
Ž . Ž . Ž .C 3 –Os–P 2 89.6 2
Ž . Ž . Ž .C 1 –Os–P 1 93.9 2
Ž . Ž . Ž .C 2 –Os–P 1 90.8 2
Ž . Ž . Ž .C 3 –Os–P 1 87.6 2
Ž . Ž . Ž .P 2 –Os–P 1 174.80 6
Ž . Ž .C 1 –Os–Cl 177.5 2
Ž . Ž .C 2 –Os–Cl 92.3 2
Ž . Ž .C 3 –Os–Cl 90.9 2
Ž . Ž .P 2 –Os–Cl 87.82 6
Ž . Ž .P 1 –Os–Cl 87.81 6
Ž . Ž . Ž .O 1 –C 1 –Os 179.0 6
Ž . Ž . Ž .O 2 –C 2 –Os 175.2 6

Table 7
Ž 4.Atomic coordinates =10 and equivalent isotropic displacement

˚2 3Ž . Ž .parameters A =10 for 20. U eq is defined as one third of the
trace of the orthogonalized U tensori j

Ž .x y z U eq

Ž . Ž . Ž . Ž .Os 2572 1 5997 1 6258 1 21 1
Ž . Ž . Ž . Ž .Cl 2128 1 4525 1 6191 1 33 1

Ž . Ž . Ž . Ž . Ž .P 1 4504 1 5616 1 6333 1 23 1
Ž . Ž . Ž . Ž . Ž .P 2 611 1 6263 1 6229 1 22 1
Ž . Ž . Ž . Ž . Ž .O 1 3019 4 7800 3 6372 2 35 1
Ž . Ž . Ž . Ž . Ž .O 2 2826 4 6205 4 4933 2 43 1
Ž . Ž . Ž . Ž . Ž .C 1 2859 4 7115 4 6332 3 24 1
Ž . Ž . Ž . Ž . Ž .C 2 2706 5 6099 4 5413 3 24 1
Ž . Ž . Ž . Ž . Ž .C 3 2497 5 5947 4 7204 2 24 1
Ž . Ž . Ž . Ž . Ž .C 4 2316 6 5202 5 7511 3 31 2
Ž . Ž . Ž . Ž . Ž .C 5 2349 6 5137 5 8108 3 36 2
Ž . Ž . Ž . Ž . Ž .C 6 2581 7 5805 5 8456 3 35 2
Ž . Ž . Ž . Ž . Ž .C 7 2671 7 5753 6 9070 3 46 2
Ž . Ž . Ž . Ž . Ž .C 8 2932 8 6442 7 9393 4 57 3
Ž . Ž . Ž . Ž . Ž .C 9 3075 9 7202 7 9126 4 59 3
Ž . Ž . Ž . Ž . Ž .C 10 2971 8 7285 6 8522 3 48 2
Ž . Ž . Ž . Ž . Ž .C 11 2736 6 6570 5 8171 3 35 2
Ž . Ž . Ž . Ž . Ž .C 12 2694 6 6621 5 7559 3 28 2
Ž . Ž . Ž . Ž . Ž .C 21 5459 5 6497 4 6343 3 25 1
Ž . Ž . Ž . Ž . Ž .C 22 6331 6 6585 5 6734 3 36 2
Ž . Ž . Ž . Ž . Ž .C 23 7059 6 7245 6 6691 4 42 2
Ž . Ž . Ž . Ž . Ž .C 24 6931 5 7809 5 6257 4 40 2
Ž . Ž . Ž . Ž . Ž .C 25 6047 6 7738 5 5861 3 32 2
Ž . Ž . Ž . Ž . Ž .C 26 5327 5 7078 5 5909 3 28 2
Ž . Ž . Ž . Ž . Ž .C 31 5095 6 5019 5 5724 3 26 2
Ž . Ž . Ž . Ž . Ž .C 32 4458 6 4607 5 5325 3 33 2
Ž . Ž . Ž . Ž . Ž .C 33 4948 7 4136 6 4887 4 44 2
Ž . Ž . Ž . Ž . Ž .C 34 6106 7 4085 6 4855 4 42 2
Ž . Ž . Ž . Ž . Ž .C 35 6754 7 4509 6 5257 4 44 2
Ž . Ž . Ž . Ž . Ž .C 36 6233 7 4968 5 5683 4 35 2
Ž . Ž . Ž . Ž . Ž .C 41 4844 6 5001 5 6966 3 31 2
Ž . Ž . Ž . Ž . Ž .C 42 4943 7 5368 7 7524 4 46 2
Ž . Ž . Ž . Ž . Ž .C 43 5126 8 4877 9 7997 5 62 3
Ž . Ž . Ž . Ž . Ž .C 44 5205 7 4051 9 7952 5 73 4
Ž . Ž . Ž . Ž . Ž .C 45 5092 8 3665 7 7411 5 63 3
Ž . Ž . Ž . Ž . Ž .C 46 4915 7 4162 6 6920 4 44 2
Ž . Ž . Ž . Ž . Ž .C 51 y287 5 5762 5 6767 3 30 2
Ž . Ž . Ž . Ž . Ž .C 52 y197 6 5950 6 7357 3 35 2
Ž . Ž . Ž . Ž . Ž .C 53 y942 7 5576 7 7758 4 51 3
Ž . Ž . Ž . Ž . Ž .C 54 y1707 8 5016 7 7573 5 57 3
Ž . Ž . Ž . Ž . Ž .C 55 y1765 7 4822 6 7001 5 49 2
Ž . Ž . Ž . Ž . Ž .C 56 y1076 6 5178 5 6588 4 34 2
Ž . Ž . Ž . Ž . Ž .C 61 352 4 7369 4 6278 3 23 1
Ž . Ž . Ž . Ž . Ž .C 62 y29 6 7783 5 6766 3 32 2
Ž . Ž . Ž . Ž . Ž .C 63 y181 7 8613 5 6761 4 39 2
Ž . Ž . Ž . Ž . Ž .C 64 31 6 9067 5 6263 4 40 2
Ž . Ž . Ž . Ž . Ž .C 65 418 6 8665 5 5766 3 34 2
Ž . Ž . Ž . Ž . Ž .C 66 590 6 7842 5 5772 3 33 2
Ž . Ž . Ž . Ž . Ž .C 71 y94 5 5993 5 5545 3 27 2
Ž . Ž . Ž . Ž . Ž .C 72 279 6 5379 5 5182 3 30 2
Ž . Ž . Ž . Ž . Ž .C 73 y287 7 5194 6 4670 4 39 2
Ž . Ž . Ž . Ž . Ž .C 74 y1217 7 5617 6 4517 3 40 2
Ž . Ž . Ž . Ž . Ž .C 75 y1622 6 6231 6 4881 3 39 2
Ž . Ž . Ž . Ž . Ž .C 76 y1070 5 6432 5 5385 3 33 2
Ž . Ž . Ž . Ž . Ž .O 3 8718 9 2882 8 4569 4 116 3
Ž . Ž . Ž . Ž . Ž .O 4 y630 11 7472 8 8469 5 143 4
Ž . Ž . Ž . Ž . Ž .O 5 6671 9 6670 8 8487 5 123 4
Ž . Ž . Ž . Ž . Ž .O 6 291 12 8171 10 9417 6 181 6
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ŽThe single crystal X-ray structure of Os 2-
. Ž . Ž . Ž .naphthyl Cl CO PPh 20 was determined. The co-2 3 2

ordination geometry about osmium is best described in
terms of an octahedron with two mutually trans triph-
enylphosphine, and two mutually cis carbonyl ligands.

˚Ž . Ž .The Os- 2-naphthyl bond length of 2.162 5 A is con-
sistent with a single bond formulation. The naphthyl
ring is coplanar with the equatorial plane defined by the

Ž . Ž . Ž .atoms C 1 , C 2 , C 3 , and Cl. The molecular structure
Ž . Ž . Ž .of Os 2-naphthyl Cl CO PPh is depicted in Fig. 32 3 2

while selected bond lengths and bond angles are listed
in Table 6, and atomic coordinates are listed in Table 7.

Preliminary attempts to extend this chemistry to the
larger aryl system, anthracenyl, appear to have been
successful. Although the anthracenylcarbyne complex

Ž . Ž .Ž .Os [C-9-anthracenyl Cl CO PPh has not been ob-3 2
tained in a pure form, the product obtained after treat-

Ž . Ž .Ž .ment of Os 5CCl Cl CO PPh with anthracenyl-2 2 3 2
Ž . y1lithium showed a distinctively low v CO at 1863 cm

which supports the carbyne formulation. Furthermore,
treatment of the crude material with HCl gave the

Žc a rb e n e -c o n ta in in g c o m p le x O s 5 C H -9 -
. Ž .Ž .anthracenyl Cl CO PPh which has been fully char-2 3 2

acterised by infrared, 1H NMR, FABq mass spec-
w xtroscopy and elemental analysis 8 .

The chemistry involving the L M[CR bond that isn

described here shows that in many ways this bond
behaves similarly to the all carbon analogue RC[CR.

Ž . Ž .Ž .In the neutral complexes, M [CR Cl CO PPh , the3 2
M[C bond is susceptible to electrophilic attack by
protons, chlorine, and silver salts just as the C[C bond
is in alkynes. The chemical reactivity of the naphthyl
complexes described here is similar to that previously
reported for the corresponding p-tolyl complexes, how-
ever, in a subsequent paper examples will be presented
in which the chemistry of the naphthyl carbyne com-
plexes differs significantly from that of their six mem-
bered homologues.

3. Experimental details

Standard Schlenk techniques were used for all ma-
nipulations involving oxygen- or moisture-sensitive
compounds. Solvents used were freshly distilled from
appropriate drying agents prior to use. When procedures
involved materials that were not air-sensitive, solvent
removal under reduced pressure was achieved using a
rotary evaporator. Routine recrystallisations were
achieved by the following method; the sample was
dissolved in a low boiling point solvent and a higher
boiling point solvent, in which the compound was insol-
uble was added. Evaporation at reduced pressure ef-
fected gradual crystallisation.

Ž y1 .Infrared spectra 4000–400 cm were recorded on
a Bio Rad FTS-7 FTIR spectrophotometer. All spectra
were recorded as Nujol mulls or as dichloromethane

solutions between KBr plates. 1H NMR and 13C NMR
spectra were recorded on Bruker DRX-400 or AC-200
instruments using CDCl as solvent. NMR chemical3
shifts are recorded in ppm, and coupling constants are
recorded in Hertz. All 13C NMR spectra were recorded
in the presence of chromium acetylacetonate which

Ž .acted as a spin relaxant. As a result the pulse delay d1
was decreased to 0.2 s, allowing for a shorter acquisi-
tion time. FABq mass spectra were recorded on a VG
7070 spectrometer operating at 70 eV using argon as a
source; m-nitrobenzyl alcohol was used as the matrix.
Analytical data were obtained from the Microanalytical
Laboratory, University of Otago. Melting points were
determined on a Reichert microscope hot stage and are

Ž . Ž . w xu n c o r r e c te d . O s H C l C O P P h 9 ,3 3
Ž .Ž . w x Ž . w xR uH C l C O PPh 10 , H g C C l 11 ,3 3 3 2

Ž . Ž . Ž . w xO s 5 C C l C l C O P P h 1 2 , a n d2 2 3 2
Ž . Ž .Ž . w xRu 5CCl Cl CO PPh 13 were prepared by liter-2 2 3 2

ature methods.

( ) ( )( ) ( )3.1. Os [C-1-naphthyl Cl CO PPh 13 2

Ž .1-Bromonaphthalene 0.414 ml, 2.96 mmol was
Ž .stirred in diethyl ether 3 ml in a 100 ml round bottom
n Žflask and a solution of BuLi in hexanes 1.25 M, 2.37

.ml, 1 equivalent was added at room temperature. Within
seconds the pale yellow solution turned dark yellow,
and then a white powder crystallised. At this point the
round bottom flask was immediately cooled to y408C.
In a Schlenk tube, and at room temperature,

Ž . Ž .Ž . Ž .Os 5CCl Cl CO PPh 1.00 g, 1.11 mmol was2 2 3 2
Ž .dissolved in thf 30 ml . The resulting orange solution

was rapidly transferred by syringe to the 1-naphthyl-
lithium suspension. The orange solution immediately
turned green or greenish-brown. It was left at y408C
for 5 min and then removed from the cold bath. The
solution was allowed to warm up to ca. 08C over a
period of 10 min. A green solid usually precipitated at

Ž .this point and diethyl ether 50 ml was then added to
ensure complete crystallisation. The green solid was
collected by rapid filtration and was washed with water
Ž . Ž .20 ml , a 1:1 mixture of water–ethanol 20 ml , and

Ž .finally hexane 20 ml . The product was dried in vacuo,
to give pure 1 as a light green microcrystalline solid
Ž . y1900 mg, 88% . m.p. 1578C. Ms917.42 g mol ,

Ž Ž .qm r z 919.1693 C H ClOOsP MH requires48 37 2
.919.1701 . This compound could not be purified suffi-

ciently to obtain satisfactory elemental analysis but all
derivatives obtained and described below gave satisfac-
tory elemental analyses. 1H NMR: 7.0–8.5, unresolved
multiplet signals, PPh and 1-naphthyl. 13C NMR: 321.6,3

2 Ž . Ž . 2 Ž .t, J CP s14.1, C carbyne 198.8, t, J CP s10.3,
CO.

( ) ( )( ) ( )3.2. Os [C-2-naphthyl Cl CO PPh 23 2

Ž .2-Bromonaphthalene 1.24 g, 5.98 mmol and tmeda
Ž7.23 ml, 8 mole equivalents relative to 2-
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. Ž .bromonaphthalene were added to diethyl ether 20 ml
in a Schlenk tube. In a second Schlenk tube

Ž . Ž .Ž . Ž .Os 5CCl Cl CO PPh 1.00 g, 1.11 mmol was2 2 3 2
Ž . ndissolved in thf 30 ml . A solution of BuLi in hexanes

Ž1.25 M, 4.79 ml, 1 mole equivalent relative to 2-
.bromonaphthalene was added at room temperature with

rapid stirring to the Schlenk tube containing the 2-
bromonaphthalene. After 15 s this mixture was cooled
to y788C. The 2-naphthyllithium thus formed was
titrated rapidly against diphenyl ketone tosylhydrazide
Ž Ž .. w x100 mg in thf 3 ml 14 . The Schlenk tube was

Žcooled to y408C and 2-naphthyllithium 1.10 mole
Ž . Ž .Ž . .equivalents relative to Os 5CCl Cl CO PPh , was2 2 3 2

added. The initial orange solution turned greenish-
brown. After 2 min at y408C the cooling bath was
removed and the solution was allowed to warm up to
08C over a period of 10 min. The volume of thf was

Žreduced to 10 ml under vacuum, and diethyl ether 50
.ml was added to afford crystallisation of a bright green

microcrystalline solid. This was collected by filtration
Ž .and washed with water 20 ml , a 1:1 mixture of

Ž . Ž .water–ethanol 20 ml , and hexanes 20 ml . The prod-
uct was dried in vacuo to give pure 2 as a bright green

Ž .microcrystalline solid 920 mg, 91% . m.p. 1508C. Ms
917.42 g moly1. This compound could not be purified
sufficiently to obtain satisfactory elemental analysis but
all derivatives obtained and described below gave satis-
factory elemental analyses. 1H NMR: 7.0–8.5, unre-
solved multiplet signals, PPh and 1-naphthyl. 13C3

2 Ž . Ž .NMR: 325.6, t, J CP s14.1, C carbyne 198.9, t,
2 Ž .J CP s10.1, CO.

( ) ( )( ) ( )3.3. Ru [CPh Cl CO PPh 33 2

In a Schlenk tube and at room temperature,
Ž . Ž .Ž . Ž .Ru 5CCl Cl CO PPh 1.00 g, 1.24 mmol was2 2 3 2

Ž . Ždissolved in thf 30 ml . A solution of PhLi 2.00 ml,
.1.25 M was added via a syringe to the orange solution.

The orange solution immediately turned greenish-brown.
The Schlenk tube was left at y788C for 5 min and then
removed from the cold bath. The solution was allowed
to warm to ca. 08C over a period of 10 min. The volume
of thf was then reduced to 10 ml under reduced pressure

Ž .and diethyl ether 50 ml was added. A light brown
solid was collected by rapid filtration and washed with

Ž . Ž .water 20 ml , a 1:1 mixture of water–ethanol 20 ml ,
Ž . Ž .ethanol 20 ml and finally hexane 20 ml . The product

was dried in vacuo to give 3 as a dark green coloured
Ž .microcrystalline solid, 830 mg, 86% . m.p. 1348C.

Ms778.23 g moly1. This compound could not be
purified sufficiently to obtain satisfactory elemental
analysis but all derivatives obtained and described be-
low gave satisfactory elemental analyses.

( ) ( )( ) ( )3.4. Ru [C-1-naphthyl Cl CO PPh 43 2

Ž .1-Bromonaphthalene 0.414 ml, 2.96 mmol was
Ž .stirred in diethyl ether 3 ml in a 100 ml round bottom

n Žflask. A solution of BuLi in hexanes 1.25 M, 2.37 ml,
.1.00 mole equivalent was added at room temperature.

Within seconds the pale yellow solution turned dark
yellow, and then a white solid crystallized. At this point
the round bottom flask was immediately cooled to

Ž . Ž .Ž . Žy788C. Ru 5CCl Cl CO PPh 1.00 g, 1.242 2 3 2
. Ž .mmol was dissolved in thf 30 ml in a Schlenk tube at

room temperature. The orange solution was rapidly
transferred by syringe in a single portion to the round
bottom flask. The orange solution immediately turned
greenish-brown. It was left at y788C for 5 min and
then removed from the cold bath. The solution was
allowed to warm to ca. 08C over a period of 10 min.
The volume of thf was then reduced to 10 ml under

Ž .reduced pressure and diethyl ether 50 ml was added.
A light brown solid was collected by rapid filtration and

Ž .washed with water 20 ml , a 1:1 mixture of water–
Ž . Ž . Žethanol 20 ml , ethanol 20 ml and finally hexane 20

.ml . The product was dried in vacuo to give pure 4 as a
Žbright maize coloured microcrystalline solid, 145 mg,

. y114% . m.p. 1348C. Ms828.29 g mol . This com-
pound could not be purified sufficiently to obtain satis-
factory elemental analysis but all derivatives obtained
and described below gave satisfactory elemental analy-
ses.

[ ( )( ) ( ) ] ( )3.5. Os C-1-naphthyl CO PPh ClO 52 3 2 4

Ž .A solution of AgClO 45.2 mg, 0.220 mmol in4
Ž . Ž .dichloromethane 20 ml and ethanol 20 ml was pres-
Ž .surised with CO 4 atm for 1 min in a carbonylation

Žtube CAUTION: extreme care should be exercised in
the handling of solutions of perchlorates in the presence
of oxidisable materials as explosive mixtures could
result. Perchlorate salts of oxidisable cations such as

.5–8 are also potentially explosive . The pressure was
Ž . Ž .Ž . Žreleased and Os [C-1-naphthyl Cl CO PPh 2003 2
.mg, 0.220 mmol was added rapidly and the vessel

Ž .re-pressurised with CO 4 atm . The greenish solid
dissolved to give a red solution. CO pressure was
maintained for 15 min. After filtration through a Celite
pad to remove the precipitated AgCl, the solvent vol-
ume was cautiously reduced to ca. 20 ml on a rotary
evaporator without applying heat, in order to induce
crystallisation. A fter recrystallisation from
dichloromethane-ethanol the red crystals were collected
by filtration and washed with hexane to give pure 5,
Ž . y1150 mg, 68% . m.p. 1908C. Ms1009.43 g mol
Anal. Found: C, 55.82; H, 3.32% C H ClO OsP P49 37 6 2

Ž 12r3CH Cl CH Cl evident in the H NMR spec-2 2 2 2
. 1trum requires C, 55.96; H, 3.62%. H NMR: 7.0–8.5,

unresolved multiplet signals, PPh and 1-naphthyl. 13C3
2 Ž . Ž .NMR: 327.8, t, J CP s11.2, C carbyne 198.9, t,

2 Ž .J CP s9.5, CO. A single crystal suitable for X-ray
Ž .study see Section 3.21 was grown from CHCl and3

had the formula C H ClO OsP P2CHCl .49 37 6 2 3
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[ ( )( ) ( ) ] ( )3.6. Os [C-2-naphthyl CO PPh ClO 62 3 2 4

Ž . Ž .Ž .Os [C-2-naphthyl Cl CO PPh was treated as in3 2
Ž3.05 above to yield pure 6 as red crystals, 140 mg,

. y164% . m.p. 1808C. M s 1009.43 g mol m r z
Ž .911.1870 C H O OsP requires 911.1884 . Anal.49 37 2 2

Found: C, 54.79; H, 3.47% C H ClO OsP PCH Cl49 37 6 2 2 2
Ž 1 .CH Cl evident in the H NMR spectrum requires C,2 2
54.88; H, 3.59%. 1H NMR: 7.0–8.5, unresolved multi-
plet signals, PPh and 2-naphthyl. 13C NMR: 331.8, t,3
2 Ž . Ž . 2 Ž .J CP s11.0, C carbyne 183.0, t, J CP s9.8, CO.

[ ( )( ) ( ) ] ( )3.7. Ru [CPh CO PPh ClO 72 3 2 4

Ž . Ž .Ž .Ru [CPh Cl CO PPh was treated as in 3.053 2
Žabove to yield pure 7 as deep red crystals, 155 mg,

.70% . m.p. 144–1458C. Anal. Found: C, 60.92; H,
Ž3.95% C H ClO P RuP1r3CH Cl CH Cl evi-45 35 6 2 2 2 2 2

1 .dent in the H NMR spectrum requires C, 60.60; H,
4.00%.

[ ( )( ) ( ) ] ( )3.8. Ru [C-1-naphthyl CO PPh ClO 82 3 2 4

Ž . Ž .Ž .Ru [C-1-naphthyl Cl CO PPh was treated as in3 2
Ž3.05 above to yield pure 8 as deep red crystals, 180

. y1mg, 81% . m.p. 1618C. Ms 920.30 g mol mrz
Ž .821.1309 C H O P Ru requires 821.1312 . Anal.49 37 2 2

Found: C, 61.50; H, 3.88% C H ClO RuP P49 37 6 2
Ž 11r2CH Cl CH Cl evident in the H NMR spec-2 2 2 2

.trum requires C, 61.75; H, 3.98%.

[ ( { })( )( )( ) ]3.9. Ru CPh AgOClO NCMe CO PPh ClO3 3 2 4
( )9

Ž . Ž .Ž . Ž .Ru [CPh Cl CO PPh 200 mg, 0.260 mmol was3 2
Ž .added to a solution of AgClO 54 mg, 0.260 mmol in4

Ž . Ž . Ždichloromethane 10 ml and acetonitrile 20 ml see
.CAUTION in Section 3.5 . The green starting material

yielded a purple emulsion. After stirring the mixture for
30 min the precipitated AgCl was removed by filtration

Ž .through a Celite pad. Ethanol 20 ml was added to the
filtrate and the solvent volume was cautiously reduced
on a rotary evaporator in order to effect crystallisation.
The purple crystals were collected by filtration, recrys-
tallised from dichloromethane-ethanol, and dried in a

Ž .desiccator to give pure 9, 210 mg, 75% . m.p. 131–
1328C. Ms1090.60 g moly1. Anal. Found: C, 49.22;
H, 3.53; N, 1.85% C H AgCl NO P RuP0.5MeCN46 38 2 9 2
P2H O requires C, 49.21; H, 3.82; N, 1.83%.2

( { } ( )( ) ( )3.10. Ru CPh AgCl Cl CO PPh 103 2

w Ž � 4.Ž .Ž .Ž . x ŽRu CPh AgOClO MeCN CO PPh ClO 1003 3 2 4
.mg, 0.110 mmol was dissolved in a mixture of

Ž . Ž .dichloromethane 20 ml and ethanol 10 ml containing

Ž .LiCl 47 mg, 1.10 mmol, 10 mole equivalents . The
resulting olive-green product was removed by filtration
and recrystallised twice from dichloromethane-ethanol
to give pure 10 as an olive-green microcrystalline solid,
Ž . y154 mg, 65% . m.p. 1508C. Ms921.55 g mol . Anal
Found: C, 55.20; H, 3.53% C H AgCl P ORuP44 35 2 2

Ž 11r2CH Cl CH Cl evident in the H NMR spec-2 2 2 2
.trum requires C, 55.44; H, 3.76%.

( ) ( )( ) ( )3.11. Os 5CH-1-naphthyl Cl CO PPh 112 3 2

Ž . Ž .Ž . ŽOs [C-1-naphthyl Cl CO PPh 200 mg, 0.2203 2
. Žmmol was added to a solution of concentrated HCl 1

. Ž . Ž .ml in ethanol 15 ml and dichloromethane 15 ml .
The solution was stirred for 1 min and then the solvent
volume reduced to ca. 16 ml on a rotary evaporator to
induce crystallisation. Recrystallisation was performed
from dichloromethane:ethanol to yield reddish black

Ž .crystals of pure 11 160 mg, 77% . m.p. 237–2398C.
y1 Ž .Ms953.88 g mol mrz 919 M–Cl . Anal. Found:

C, 58.09; H, 3.52% C H Cl OOsP P1r2CH Cl48 38 2 2 2 2
Ž 1 .CH Cl evident in the H NMR spectrum requires C,2 2

1 3 Ž .58.47; H, 3.95%. H NMR: 19.6, t, 1H, J PH s2.2
Ž .5C H ; 7.0–8.5, unresolved multiplet signals, PPh3

13 2 Ž .and 1-naphthyl. C NMR: 283.2, t, J CP s9.0
Ž . 2 Ž .C carbene ; 178.3, t, J CP s8.4, CO.

( ) ( )( ) ( )3.12. Os 5CH-2-naphthyl Cl CO PPh 122 3 2

Ž . Ž .Ž . ŽOs [C-2-naphthyl Cl CO PPh 200 mg, 0.2203 2
.mmol was treated as above to yield reddish crystals of

Ž .pure 12 140 mg, 67% . m.p. 157–1588C. Ms953.88
y1 Ž q .g mol mrz 919 M -Cl . Anal. Found: C, 60.43; H,

4.44% C H Cl OOsP requires C, 60.44; H, 4.02%.48 38 2 2
1 3 Ž . Ž .H NMR: 18.4, t, 1H, J PH s2.8 5C H ; 7.0–8.5,
unresolved multiplet signals, PPh and 2-naphthyl. 13C3

2 Ž . Ž .NMR: 291.3, t, J CP s8.1, C carbene 178.0, t,
2 Ž .J CP s8.4, CO. A single crystal suitable for X-ray

Ž .study see Section 3.21 was grown from CHCl and3
had the formula C H Cl OOsP PCHCl .48 38 2 2 3

( ) ( )( ) ( )3.13. Ru 5CHPh Cl CO PPh 132 3 2

Ž . Ž .Ž . Ž .Ru [CPh Cl CO PPh 200 mg, 0.220 mmol was3 2
treated as above to yield reddish crystals of pure 13
Ž .160 mg, 68% . m.p. 168–1698C. Anal Found: C, 62.63;

ŽH, 4.22% C H Cl ORuP 1r2CH Cl CH Cl evi-44 36 2 2 2 2 2 2
1 .dent in the H NMR spectrum requires C, 62.36; H,

4.35%.

( ) ( )( ) ( )3.14. Ru 5CH-1-naphthyl Cl CO PPh 142 3 2

Ž . Ž .Ž . ŽRu [C-1-naphthyl Cl CO PPh 200 mg, 0.2203 2
.mmol was treated as above to yield reddish crystals of

Ž .pure 14 180 mg, 86% . m.p. 165–1668C. Ms864.75
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g moly 1 Anal Found: C, 64.63; H, 4.46%
ŽC H Cl ORuP P1r2CH Cl CH Cl evident in the48 38 2 2 2 2 2 2

1 . 1H NMR spectrum requires C, 64.21; H, 4.33%. H
3JŽ . Ž .NMR: 18.1, t, 1H, PH s2.8 5C H ; 7.0–8.5, unre-

solved multiplet signals, PPh and 1-naphthyl.3

( ) ( )( )( ) ( )3.15. Os 5CH-1-naphthyl Cl OClO CO PPh 153 3 2

Ž . Ž .Ž . ŽOs [C-1-naphthyl Cl CO PPh 200 mg, 0.2203 2
.mmol was treated as above but with perchloric acid to

Žyield bright orange-yellow crystals of 15 190 mg,
. y185% . m.p. 135–1368C. Ms1017.88 g mol mrz
Ž q .919 M -OClO . Anal Found: C, 54.15; H, 3.69%3

ŽC H Cl O OsP P2r3CH Cl CH Cl evident in48 38 2 5 2 2 2 2 2
1 . 1the H NMR spectrum requires C, 54.40; H 3.69%. H

NMR: 18.5, s, 1H; 7.0–8.5, unresolved multiplet sig-
13 2 Ž .nals, PPh and 1-naphthyl. C NMR: 277.8, t, J CP3

Ž . 2 Ž .s9.0, C carbene ; 180.9, t, J CP s9.1, CO.

( ) ( ) ( ) ( )3.16. Os 5CH-1-naphthyl ClF CO PPh 163 2

Ž . Ž .Ž . ŽOs [C-1-naphthyl Cl CO PPh 200 mg, 0.2203 2
.mmol was treated as above but with HF to yield light

Ž .red crystals of 16 150 mg, 70% . m.p. 158–1598C.
y1 Ž q .Ms937.43 g mol mrz 919.1711; M -F requires

919.1701. Anal Found: C, 58.50, H 4.21%
ŽC H ClFOOsP P2r3CH Cl CH Cl evident in the48 38 2 2 2 2 2

1 . 1H NMR spectrum requires C, 58.80, H, 3.99%. H
NMR: 17.3, s, 1H; 7.0–8.5, unresolved multiplet sig-

13 Ž .nals, PPh and 1-naphthyl. C NMR CDCl , ppm :3 3
2 Ž . Ž . 2 Ž .283.6, t, J CP s9.0 C carbene ; 182.3, t, J CP s

8.4, CO.

( ) ( )( ) ( )3.17. Os 5CCl-1-naphthyl Cl CO PPh 172 3 2

Ž . Ž .Ž . ŽOs [C-1-naphthyl Cl CO PPh 200 mg, 0.2203 2
.mmol was dissolved in a mixture of dry

Ž . Ž .dichloromethane 20 ml and benzene 20 ml to give a
Ž .green solution. PhICl 60 mg, 1 mole equivalent was2

added in small portions over a period of 5 min. The
resulting orange solution was decreased in volume to
ca. 2 ml under reduced pressure and the product was

Ž .precipitated by the slow addition of hexanes 30 ml .
The light orange crystals were collected by filtration

Žand washed with hexane to give pure 17, 110 mg,
. y151% . m.p. 1458C. Ms988.33 g mol . Anal. Found:

C, 57.31; H, 4.00% C H Cl OOsP P1r4CH Cl48 37 3 2 2 2
Ž 1 .CH Cl evident in the H NMR spectrum requires: C,2 2
57.40; H, 3.73%.

[ ] ( )( ) ( )3.18. Os 5CCl-2-naphthyl Cl CO PPh 182 3 2

Ž . Ž .Ž . ŽOs [C-2-naphthyl Cl CO PPh 200 mg, 0.2203 2
.mmol was treated as above to yield rust red crystals

which were collected by filtration and washed with
Ž .hexane to give pure 18, 140 mg, 65% . m.p. 1508C.

Ms988.33 g moly1. Anal. Found C, 62.24 H, 4.01%
C H Cl OOsP P1.5C H requires: C, 61.93; H,48 37 3 2 6 6
4.19%.

( ) ( ) ( ) ( )3.19. Os 1-naphthyl Cl CO PPh 192 3 2

Ž . Ž .Ž . ŽOs 5CCl-1-naphthyl Cl CO PPh 200 mg,2 3 2
.0.202 mmol was dissolved in a mixture of

Ž . Ž . Ždichloromethane 15 ml and ethanol 5 ml . Water 2
.drops was added and the mixture heated under reflux

on a hot water bath for 5 min. The dichloromethane was
removed under reduced pressure on a rotary evaporator
to give a colourless solid. This was collected by filtra-
tion and after recrystallisation from dichloromethane-
ethanol the colourless crystals were collected by filtra-
tion, washed with ethanol and dried in vacuo to give

Ž .pure 19 90 mg, 48% . m.p. 205–2068C. Ms933.42 g
y1 Ž q .mol mrz 906 M -CO . Anal. Found: C, 56.81; H,

Ž3.71% C H ClO OsP P1.2CH Cl CH Cl evident48 37 2 2 2 2 2 2
1 .in the H NMR spectrum requires C, 57.08; H, 3.84%.

1H NMR: 7.0–8.5, unresolved multiplet signals, PPh3
and 1-naphthyl.

( ) ( ) ( ) ( )3.20. Os 2-naphthyl Cl CO PPh 202 3 2

Ž . Ž .Ž . ŽOs 5CCl-2-naphthyl Cl CO PPh 200 mg,2 3 2
.0.202 mmol was treated as above and the light pink

crystals were collected by filtration, washed with ethanol
Ž .and dried in vacuo to give pure 20, 150 mg, 80% . m.p.

y1 Ž q.214–2158C. Ms933.42 g mol mrz 934 M .
Anal. Found: C, 58.67, H 4.15% C H ClO OsP P48 37 2 2

Ž 13r4CH Cl CH Cl evident in the H NMR spec-2 2 2 2
. 1 Žtrum requires C, 58.72, H 3.89%. H NMR CDCl ,3
.ppm : 7.0–8.5, unresolved multiplet signals, PPh and3

13 2 Ž .2-naphthyl. C NMR: 181.5, t, J CP s5.9, CO;
2 Ž .178.1, t, J CP s7.0, CO. A single crystal suitable for

Ž .X-ray study see Section 3.21 was grown from
CH Cl rEtO H rH O and had the form ula3 2
C H ClO OsP P4H O.48 37 2 2 2

3.21. X-ray crystal structure determinations

Data were collected on a Nonius CAD-4 diffractome-
ter for 5 and on a Siemens diffractometer for 12 and 20.
Unit cell parameters were obtained by least squares fit
to 25 reflections for the CAD-4 data and all reflections

Ž .with I)10s I for the SMART data. The data were
corrected for Lorentz and polarisation effects and ab-

w xsorption corrections applied using psi 15 scans for the
w xCAD-4 data and the method of Blessing 16 for the

SMART data. Details of the crystal data, intensity data
collection parameters and refinement parameters are
given in Table 8.

The structures were solved by Patterson and electron
density syntheses. Refinement on F 2 employed

w x 5 < 2SHELXL-93 17 , minimising the function Ýw F yo
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Table 8
Data collection and processing parameters

5 12 20

Formula C H ClO OsP P2CHCl C H Cl OOsP PCHCl C H ClO OsP P4H O49 37 6 2 3 48 38 2 2 3 48 37 2 2 2
Molecular weight 1248.11 953.95 1005.37
Crystal system Triclinic Orthorhombic Orthorhombic
Space group P1 Pbca P2 2 21 1 1

˚Ž . Ž . Ž . Ž .a A 11.872 4 13.4351 3 11.9515 1
˚Ž . Ž . Ž . Ž .b A 13.570 6 22.7767 5 16.2296 2
˚Ž . Ž . Ž . Ž .c A 17.413 5 29.0765 7 22.7996 1
Ž . Ž .a 8 73.73 3
Ž . Ž .b 8 74.56 3
Ž . Ž .g 8 68.98 3

3˚Ž . Ž . Ž . Ž .V A 2470 2 8897.6 4 4422.40 7
Z 2 8 4

y3Ž .d g cm 1.678 1.602 1.402calc
Ž .F 000 1236 4256 1888

y1m mm 3.07 3.27 3.05
˚Ž .Radiation Mo Ka Monochromatic l A 0.71073 0.71073 0.71073

Ž .Temperature K 193 203 203
Diffractometer Nonius CAD-4 Siemens SMART Siemens SMART
Scan technique vr2u Area detector Area detector

Ž . Ž .2u min–max 8 2–52 3.0–56.5 2.5–56.5
h,k,l range y14FhF14 y17FhF17 y15FhF15

y16FkF16 y28FkF28 y21FkF21
y21F lF0 36F lF36 y30F lF30

Ž . Ž . Ž . Ž .No. of reflections R 10,035 0.035 11,049 0.078 10,712 0.041int
Ž .No. of observed reflections I)2s I 7408 7116 8741

Ž .Crystal size mm 0.50=0.35=0.33 0.38=0.22=0.05 0.40=0.16=0.12
Ž .A min–max 0.710–0.994 0.536–0.877 0.524–0.764

Least squares weights a,b 0.1841, 45.35 0.0385, 69.77 0.0499, 5.20
No. of variables in LS 575 523 503

2Goodness of fit on F 1.074 0.935 1.050
2 2 2 2 2 2 2 2Ž . Ž . Ž .Function minimised Ýw F yF Ýw F yF Ýw F yF 2o c o c o c

2 Ž .R and wR obs. data 0.0654, 0.1690 0.0518, 0.0969 0.0446, 0.1051
Flack parameter

Ž .Peak height in final density map 0.003 8
y3 a˚Ž .min–max e A 3.19–3.15 q1.11–0.103 q1.51–1.36

2 2 2 2 2 2 1r25 < < 5 < < � w Ž . x w Ž . x4RsÝ F y F rÝ F wR s Ý w F yF rÝ w Fo c o o c o
2 2 2 2 2w Ž . x Ž .weights1.0r s F qa) P qb) P Ps F q2 F r3o o c

aSpurious ripple adjacent to osmium position.

< < 2 < 2F . Atomic scattering factors were for neutral atomsc
w x18 . After initial isotropic refinement, anisotropic ther-
mal parameters were refined for all non-hydrogen atoms.
Hydrogen atoms were placed in calculated positions
with an isotropic temperature factor set at 1.2 times that
of the attached atom. In the structure determination of 5
one of the perchlorate oxygen atoms was split into two
half-atoms, and the chloroform molecules were simi-
larly disordered and each of these chlorines were mod-
elled as two half-chlorines. Weights used in the least

wŽ 2Ž .2 Ž .2squares refinement were ws1r s F q aP qo
.x wŽ .2 Ž .2 xbP where Ps F q2 F r3, and the final val-o c

ues of a and b are given in Table 8. Final atomic
coordinates and selected bond distances and angles for
w Ž .Ž . Ž . xOs [C-1-naphthyl CO PPh ClO are given in2 3 2 4

ŽTables 3 and 2 while those for Os 5CH-2-

. Ž .Ž .naphthyl Cl CO PPh are given in Tables 5 and 42 3 2
Ž . Ž . Ž .and those for Os 2-naphthyl Cl CO PPh are given2 3 2

in Tables 7 and 6, respectively.
Supplementary data comprises hydrogen atom posi-

tions, anisotropic thermal parameters, and full listings of
bonds and angles. Structure factor tables are available
from the authors.
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