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Abstract 

Instrtutes, Myodaqi, Okazakr 444 

N,N-Dimethylbenzo[b]furan-2-carbothlo (and seleno) amldes (abbreviated as Hzft and Hzfs) were prepared from 
the corresponding carboxamlde upon reactlon with Lawesson’s reagent and phenyldlchlorophosphme selemde, 
respectively. Both Hzft and Hzfs were cyclopalladated with hthmm tetrachloropalladate(I1) and cyclorhodated 
with hexachlorotetrakls(trl-n-butylphosphlne)d~rhod~um(III), while cycloruthenatlon with tetrachlorohexacarbon- 
yldlruthenium(I1) occurred only with Hzft These cyclometallated products were spectroscopically characterized. 
The benzofuran rmg was metallated at posItIon 3 and the amide groups were coordmated through the sulfur 
or selenium atom to form a five-membered metallathia (or selena) heterocycle The correspondmg benzo[b]thlophene 
(thlanaphthene) analogues were not cyclometal!ated under slmdar condltlons The structures of Hzfs, 
[PdCl(zfs)(PBu,)], and [RuCl(zft)(CO),(PBu,)] were determmed by X-ray analysis 

Key words: Crystal structures; Palladium complexes, Rhodium complexes, Ruthemum complexes, 
Cyclometallated complexes 

Introduction 

N,N-Dimethylthio- and -selenocarbamoyl groups are 
revealed to be good auxiliary substituents for promotmg 
cyclometallatlon of furan and thiophene rings with 
Pd(II), Ru(I1) and Rh(II1) [l, 21. The N,N-dimethyl- 
thiocarbamoyl substituent bonded to a benzene ring is, 
however, reported to be unable to promote cyclome- 
tallation of the benzene ring but the N-methyl group 
is, instead, cyclometallated with Pd(II) [3]. The mter- 
esting difference in cyclometallatlon reactivity between 
the benzene and the five-membered heterocycles should 
be based on the fact that furan and thiophene are 
generally more reactive than benzene [4]. Reduction 
in reactivity of these five-membered heterocycles is 
expected to disfavor ring metallation. We are interested 
in this aspect and have investigated cyclometallation 
of the thio- and selenoamides of benzologues of furan 
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and thiophene (Fig. 1); reactivities of the benzologues 
are, in general, significantly reduced compared with 
those of the parents [4]. N,N-Dimethylbenzo[b]furan- 
2-carbothio (and seleno) amides (abbreviated as Hzft 
and Hzfs, respectively) are cyclometallated at the 
furan ring but N,N-dimethylbenzo[b]thiophene(thia- 
naphthene)-2-carbothio (and seleno) amide (Htnt and 
Htns) are cyclometallated at neither the rmg nor the 
N-methyl group under similar conditions 

Results and discussion 

NJ-Dimethylbenzo[b]furan-2-carboxamide (Hzfo) 
was obtained by the one-pot reaction of salicylaldehyde 
with NJ-dimethyl-2-chloroacetamide in the presence 
of potassium carbonate in refluxing dimethylformamide. 
Hzfo reacted with Lawesson’s reagent [5] in hexa- 
methylphosphorictriamide and phenyldichlorophos- 
phme selenide [6] in xylene and 100 “C for several 
hours to give Hzft and Hzfs, respectively, (Table l), 
which were spectroscopically characterized. Hzfs has 
further been confirmed by X-ray analysis (see below). 
In the IR spectra (Nujol mull), v(C-N) of a thio (or 
seleno) amide group [7] was observed at 1516 (Hzft) 
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E= 0 S Se 

Abbre Hzfo Hzft Hzfs 

E= 0 S Se 

Abbre Htno Htnt Htns 

E= 0 S Se 

Abbre Hnfo Hnft Hnfs 

Ftg 1 Amtdes and therr abbrevtatrons 

and 1520 (Hzfs) cm-’ and in the ‘“C{‘H} NMR spectra 
(in CDCl,), 6 (‘“C) of the group at 185.4 (Hzft) and 
188.7 (Hzfs) ppm (J(‘3C-77Se) = 208 Hz) [8]. N,N-DI- 
methylbenzo[b]thiophene-2-carboxamide (Htno) was 
obtained from 2-nitrobenzaldehyde and methyl mer- 
captoacetate via benzo[b]thiophene-2-carboxyhc acid. 
Htno was thiated and selenated as previously described 
to give N,N-dimethylbenzo[b]thiophene-2-carbothio 
(and seleno) amides (Htnt and Htns), respectively. 

The benzo[b]furan derivatives (collectively abbrevi- 
ated as Hbf), Hzft and Hzfs, reacted with hthmm 
tetrachloropalladate in methanol at room temperature 
for 1 day to give PdCl(bf) (Table 2). The scarcely 
soluble complexes were converted to the soluble adducts 
with tri-n-butylphosphme (PBu3) and d,-tert-butylpyrid- 
ine(tbp), [PdCl(bf)L] (L=PBu, and tbp) (Table 2). 

The ‘H NMR spectra of PdCl(zft) and PdCl(zfs) m 
dimethylsulfoxide-d, (dmso-d,) (a dmso-d, complex may 
form) showed that the Integration of the aromatic proton 
resonances is reduced by one proton unit but that the 
integration of the N-methyl signals is retained. In the 
13C spectra, the 3-C signals significantly shift to lower 
field. These facts indicate rmg cyclometailation. Struc- 
ture I (E=S, Se) is proposed for the two; the higher 
frequency shift of V(C-N) of the amide groups (Tables 
3 and 4) supports the S and Se coordination of the 
amide groups [7] and the presence of the v(Pd-Cl) 
bands coordmation of Cl 

TABLE 1 Yrelds, melting pornts, and analyttcal results for the 
amrdes” 

Compound Yteld Anal Found (talc ) (%) 

(%) 
c II N 

Hzfo 

Hzft 

Hzfs 

Hnfo 

Hnft 

Hnfs 

Htno 

Htnt 

Htns 

63 

75 

59 

77 

82 

84 

76 

93 

54 

78-79 

91-92 

77-78 

156-158 

185-186 

171-172 

103-104 

132-133 

128-129 

69 79 5 95 7.48 
(69 83) (5 86) (7 40) 

64 09 5 39 6.75 
(64 36) (5 40) (6 75) 
5251 455 5.62 

(52 39) (4 40) (5 55) 
75.29 5 35 5 90 

(75 35) (5 48) (5 85) 
70 61 5 06 5 63 

(70 56) (5 13) (5 49) 
59 95 4 37 4 47 

(59 61) (4 33) (4 64) 
64.32 5 44 6 75 

(64 36) (5 40) (6 82) 
59 79 5 00 6.26 

(59 69) (5 01) (6 33) 
49 31 421 5.27 

(49 26) (4 13) (5 22) 

“Abbrewattons: Hzfo =N,N-dtmethylbenzofuran-2-carboxamrde, 
Hzft =N,N-drmethylbenzofuran-2carbothtoamrde; Hzfs=N,N- 
dunethylbenzofuran-2-carboselenoamlde, Hnfo = N,N-dtmethyl- 
naphthofuran-2.carboxamtdc, IInft =N,N-dnnethylnaphthofuran- 
2-carbothioamtde, IInfs=N,N-dtmethylnaphthofuran-2-carbo- 
selenoamrde, Htno = N,N-dtmethylthtanaphthene-2-carboxamtde, 
Htnt =iV,N-dtmethylthtanaphthene-2-carbothtoamrde, Htns = 
N,N-dtmethylthtanaphthene-2carboselenoamtde 

1 PdCL(C-E) 

The benzo[b]thiophene derivatives (Hbt), Htnt and 
Htns, gave PdCl,(Hbt) upon reaction with lithium te- 
trachloropalladate under similar conditions (Table 2). 
The composition reveals that the amide ligands are 
neutral, that is, no replacement of a hydrogen atom 
of Hbt with a palladium atom takes place. The ‘H 
NMR spectra of PdCl,(Hbt) (Table 4) support the 
situation; the 3-H signal remains and the N-CH, signals 
change in chemical shifts without loss of integration 
intensity suggesting S or Se coordmation of the amide 
groups In the IR spectra of the complexes the v(C-N) 
bands shifted to higher frequencies also indicating S 
and Se coordination [7] while the appearance of 
u(Pd-Cl) bands suggests Cl coordination. The reaction 
in rcfluxmg methanol precipitated no complex with a 
definite composition; if cyclopalladation took place, 
PdCl(bt) would be obtained. The benzo[b]thiophene 



TABLE 2 Yields, meltmg pomts, and analytlcal results for the 
complexes” 

Complex Yield m p. Anal Found (talc.) 

(%) (“C) (%) 

C H N 

PdCl(zft) 95 

PdI(zft) 92 

PdCl(zft)(PBu,) 71 

PdCl(zft)(tbp) 79 

Pd(zft)(acac) 68 

RhCl,(zft)(PBu,), 54 

RuCl(zft)(CO), 81 

RuCl(zft)(CO),(PBu,) SO 

Ru(zft)(acac)(CO), 87 

PdCl(zfs) 99 

PdCl(zfs)(PBu,) 61 

PdCl(zfs)(tbp) 69 

RhCIZ(zfs)(PBu,), 73 

RuCIZ(CO)Z(Hzfs), 50 

PdCl(nft) 97 

PdCl(nft)(PBu,) 68 

PdCl(nft)(tbp) 83 

RuCI,(CO),(Hnft), 62 

PdCl,(Htnt) 98 

PdCl,(Htns) 99 

265 (dec ) 38 64 271 4 02 
(38.17) (2 91) (4 05) 

268 (dec.) 30 17 2 20 3 06 
(30.19) (230) (3 20) 

133-136 50 12 661 249 
(50 37) (6.80) (2.55) 

265 (dec) 4991 4.74 5 79 
(49 91) (4.82) (5.82) 

217 (dec.) 46.81 4.13 3 37 
(46.90) (4.18) (3.42) 

209-213 53.65 821 1 80 
(53 71) (824) (1.79) 

250 (dec.) 39.58 2 61 3.37 
(39 35) (2.54) (3 53) 

183-185 49.91 6 26 2 27 
(50 12) (6 22) (2 34) 

198 (dec) 4689 3.80 2 95 
(4695) (3 72) (3 04) 

257 (dec.) 33 60 2.60 3 67 
(33 62) (256) (3 56) 

149-153 46 22 6.22 2 42 
(4640) (6 26) (2 35) 

250 (dec ) 45 02 4 39 5 39 
(45 47) (439) (5 30) 

177-179 50 38 7 84 1 52 
(50.67) (7 78) (1 69) 

210 (dec ) 39 08 3.05 3 69 
(3936) (3 03) (3 82) 

245 (dec) 45.70 3 22 3 55 
(4547) (305) (354) 

142-144 53 97 6.45 2 29 
(54 18) (657) (2 34) 

265 (dec) 54.08 4 79 5 12 
(54 24) (4.74) (5 27) 

203 (dec) 51.98 3.76 351 
(5203) (3.55) (3 79) 

250 (dec.) 33.37 2 69 3 48 
(33 14) (2.78) (3 51) 

193 (dec.) 29.75 2 63 3.09 
(29 65) (2.49) (3.14) 

“Abbrevlatlons: PBu, = trl-n-butylphosphme; tbp = 4-tert-butyl- 
pyrldine, acac= acetylacetonato Ion The abbrewatlons of the 
amides are gwen in Table 1. 

derivatives are therefore, less reactive toward cyclo- 
palladation than the benzo[b]furan derivatives. 

[Pd(zft)(acac)] was easily prepared (Table 2) and 
spectroscopically characterized (Tables 4 and 5). The 
amide ligand is coordinated as in the parent complex 
and the acac group has the usual O-O chelating mode; 
one low frequency v(Pd-0) band may result from strong 
tram influence of the palladated 3-C atom. The 4-H 
chemical shift is used as a standard value in the following 
discussion. 

93 

The ‘H, “C and 31P NMR spectra of [PdCl(zft)(PBu,)] 
reveal the presence of two isomers in a CDCl, solution: 
a major isomer (81%) (to this 1s assigned a cu-(C,Cl) 
geometry, Structure II) and a minor one (19%) (a 
trans-(C,Cl), Structure III). The crystals consist of a 
pure as-(C,Cl) isomer (confirmed by X-ray: see below) 
and dissolution results in an equilibrium between the 
two isomers in solution. The 4-H signal of the major 
Isomer is strongly deshlelded, in structure II 4-H being 
in the proximity of the cis Cl with deshielding effect 
[9]. The large J(“P-“C) value of 3-C is consistent with 
a tram 3-C-Pd-P arrangement. The shielding of 6 (“P) 
of the major isomer IS due to a strong tram influence 
[lo] of the tram carbon donor (3-C). On the other 
hand, 8(3’P) of the minor is relatively deshielded sug- 
gesting that the tram donor is the one with a weaker 
tram mfluence, namely an S donor. 

The NMR spectra of the seleno derivative, 
[PdCl(zfs)(PBu,)], are nearly identical to those of the 
major isomer of the above thio analogue suggesting 
structure II for this complex. The cis-(C,Cl) arrangement 
has been confirmed by X-ray (see below). In the NMR 
spectra, in addition to the main signals, there are, 

TABLE 3 ‘H and ‘%{‘H} NMR (m CDCl, and ppm vs tetra- 
methylsllane) and IR (NUJOI mull: cm-‘) spectra of the amldes 

Amide ‘H NMR” 13C NMR IR 
V( C-N) 

N-CH, 3-H N-CH3 C( =E)h 2-C 3-c 

Hzfo 3 17 7.26 37 0 160.5 1489 111.3 1633’ 
Hzft 3 53 7 29d 44 1 185 4 1532 111.8 1516 

3 42 (0 9) 
Hzfs 3 58 740 482 188 7 1560 1128 1520 

3 29 45 5 W81 
Hnfo 3 29 7.83d 37 8 160.7 148 7 112 5 1630’ 

(0 9) 
Hnft 3.56 7.91d 444 186 0 1520 1123 1510 

(0 9) 
Hnfs 3.65 8.08d 48 8 188.4 1558 1141 1512 

3.40 (08) 458 [2061 
Htno 3.15 7.48 37 9 164 5 1375 125 3 1611’ 
Htnt 3 48 7.25d 44 2 191 7 1439 1222 1527 

(0.7) 
Htns 3 57 721d 481 194 0 1472 1208 1529 

3 24 (0.7) 45 3 L2081 

“Signals are smglet unless otherwse noted d =doublet. Figure? 
in parentheses are J(‘H-‘H) In Hz. bE = 0, S and Se Figure\ 
m square brackets are J(“Se-“C) m Hz ?(C=O) 
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TABLE 4 ‘H NMR (ppm vs. tetramethylsllane) and IR (Nu~ol mull. cm-‘) spectra of the complexes 

Complex Solvent 

PdCl(zft) 

PdCl(zft)(PBu,) 
truns (C,Cl) 

dmso-d, 

CDCl, 

cn(C,Cl) 

PdCl(zft)(tbp) 
tram (C,Cl) 

cl.7 (C,Cl) 

Pd(zft)(acac) 

RhCl,(zft)(PBu& 

RuCl(zft)(CO), 

RuCl(zft)(CO),(PBu,) 

Ru(zft)(acac)(CO), 

PdCl(zfs) 

PdCl(zfs)(PBu,) 

PdCl(zfs)(tbp) 
truns (C,Cl) 

cl.7 (C,Cl) 

RhCl,(zfs)(PBu,), 

RuC1,(Hzfs)Z(CO), 

PdCl(nft) 

PdCl(nft)(PBu,) 

CDCl, 

CDCl, 

CDCl, 

dmso-d, 

CDCl, 

CDCl, 

dmso-d, 

CDCl, 

CDCl, 

CDCI, 

CDCI, 

dmso-d, 

CDCI, 

PdCl(nft)(tbp) CDCl, 

RuCl,(Hnft),(CO), CDCI, 

PdCl,(Htnt) CD,NO, 

PdCl,(Htns) CDXNOZ 

‘H NMR” IR 

N-CH2 4-H v( C-N) v(M-Cl) 

3 84 

3 58 

3 78 
3 55d 

(0 7) 
3 81 

3 47 

8 74d 

(7.7) 

7 58d 

(7 5) 

911d 

(7 5) 

3 82 
3 57 
3 82 
351 
3 83 
3 58 
3 89 
3 57 
3 67 
3 94 
3 90 
3 65 
3 89 
3 61 
3 85 
3 65 
3.75 
3.39 

3 83 
3 62 
3 84 
3 60 
3.85 
3.58 
3 77 
3.31 
3 75 
4 62’ 
3 68 
4 29d’ 

(3 2)’ 
3 67 
47@ 
3 34 
3 73 
3 91 
3 69 
3 91 
3 75 

5 82d 

(7 8) 
9 lld 

(8.6) 
8 55dh 

(7 5) 
911d 

(7.8) 
7 94d” 

(7.1) 
8 13d 
(7.3) 
8 03d 

(7 3) 
8 86d 

(7.4) 
9 28d 

(7.6) 

5 82d 

(8.4) 
9 24d 

(7.8) 
9 29d 

(8 1) 
h 

8 64’ 

8 06k 

8 11’ 

8.10k 

7.84” 

7.79k 

1583 301 
218 

1565 299 

1571 

1567 

1547 

1550 

443c 
213 
286 
236 
278br’ 

1553 288’ 

1551 

1586 

1579 

509g 
427 
294 
258 
303 

1567 299 

1551 

1549 

1604 

1577 

1603 

1534 

1571 

1576 

310 

271 
211 
294’ 
268 
277 
222 
260 

256 

286 
270 
328br 
315 
322br 
308 

“Signals are smglet unless otherwlse noted d=doublet. Figures m parentheses are J(‘H-‘H) m Hz. %lgnals due to acac 2.00, 
2 17 and 5.44 ppm. These bands are asslgned to v(Pd-0) Bands due to acac. 1577 and 1518 cm-’ “Accompamed with weak 
signals ‘br = broad v(C0): 1961 and 2040 cm-’ ‘v(C0) 1957 and 2029 cm-‘. These bands may be due to v(Ru-0). v(C0): 
1956 and 2030; v(acac). 1583 and 1515 cm-’ Signals due to acac 1.85, 2 05 and 5 32 ppm hNot found 
cm-‘. 

lv(CO) 1963 and 2032 
‘Signals of a CH, group. k3-H ‘!f(‘H-3’P) m Hz 

however, very weak peaks (mtensitles less than 5%) e.g. a(j’P)= 13.3 ppm. This fact indicates that the 
at chemical shifts close to those of the minor Isomer selenoamlde 1s more inclined to form a as-(C,Cl) isomer 
{truns-(C,Cl), structure III} of the above thlo analogue, than the thloamtde The preferred formatlon of the 
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TABLE 5 ‘%{‘H} and “P{‘H} NMR spectra of the complexes” 

Complex WC) (ppm) (Jb (Hz)) S(“P) 

(ppm)” 
N-CH, C(=E) 2-c 3-c 

PdCl(zft) 

PdCl(zft)(PBu,) 
ri-uns-(C,Cl) 

cu-(C,Cl) 

Pd(zft)(acac)” 

RhCl,(zft)(PBu,), 

RuCl(zft)(CO)z(PBu,)e 

Ru(zft)(acac)(CO), 

PdCl(zfs) 
PdCl(zfs)(PBu,) 

RhCl,(zfs)(PBu& 

PdCl(nft) 

PdCl(nft)(PBu,) 

PdCl(nft)(tbp) 

42.8 178.9 
43.9 

43.5 
44.8d 

(3 1) 
43 5 

44 4 
43 2 
44.2 
43.4 
43.6 

183 Id 

(3.1) 

182 Id 

(10 4) 
181 8 

180 1 

43 8 

45 4 
44 1 
45 4 
43 8 
44.6 

47.6 
44 1 
46 9 

182 9d 

(8.8) 
183 1 

180 5 
180 3d 

(117) 
180 3 

45.6 
64.8g 
46.2 

57 9dg 
(4 4) 
45.2 
57.49 

176 3 

178 8d 

(2.9) 

177 2 

148 5 136.1 

154 Od 

(2.1) 

155.3d 153 7d 

(9.7) (149.9) 
153.9 141.2 

148 8d 

[4 01 

156 Od 

(5.9) 
155 1 

1510 
155 7d 

(8 8) 
151 7d 

14 41 

1465 

148 2d 

(2.9) 

114.8 12.4 

147 4 113 6 

159 4dt 

[33 71 
(10 3) 
166 9d 
(77.7) 
162.5 

138.0 
156.2d 
(149 5) 
161.4dt 

133 71 
(10 3) 
114.2 

15.3 

26 

2 8d 

(85 9> 

42 

26 

2 3d 
{87.2} 

YSolvents are the same as those used for the ‘H NMR spectra ‘Figures m parentheses are J(“‘P-“C), those rn brackets J(‘“3Rh-“C), 
and those m braces J(‘03Rh-3’P) m Hz. ‘Not detected. dSlgnals due to acac: 26.9, 27 8, 100 0, 185 5, 187 2 ppm ‘6(‘3CO): 
198.0d (10.3 Hz), 194.6d (10.3) ppm ‘6(‘%0). 196 4, 196.6 ppm Signals due to acac 28.0, 28 2, 99 7, 187 7, 188 8 ppm gThe 
slgnal 1s due to a PdXHZ group. 

cis-(Ccl) isomers is in great contrast to the fact that 
the parent NJ-dimethylfuran-2-carbothio (or s&no) 
amide (Haft or Hafs) principally forms truns-(C,Cl)- 
[PdCl(aft or afs)(PBu,)]. 

For [PdCl(bf)(tbp)] (bf=zft and zfs), the presence 
of two isomers in CDCl, solutions 1s evident from the 
‘H NMR spectra (Table 4); the spectra of the major 
isomer (75%) (cis-(Ccl)) of [PdCl(zft)(tbp)] and of 
that (64%) of [PdCl(zfs)(tbp)] are mutually very similar 
and the spectra of the minor isomer (25%) (trans- 
(Ccl)) of the former and of that (36%) of the latter 
are also very similar to each other. The 4-H chemical 
shifts of the majors resemble that of cis-(C,Cl)- 
[PdCl(bf)(PBu,)] and for the majors structure II 
(L=tbp) is proposed where 4-H 1s close to Cl. The 4- 
H signals of the minors show a marked upfield shift 
which results from an anisotropic shieldmg effect of 
the pyrrdine ring of tbp which IS coordmated perpen- 
dicularly to the coordination plane because of steric 

restraint [2] (structure III, L= tbp). The isomer ratios 
are different from those found for the above PBu, 
complexes. The ratios have, however, a similar trend 
to that found for [PdCl(aft or afs)(tbp)] of the parent 
furan-2-derivatives. One of the factors affecting the 
ratios should be the relative tram influences of the 
four coordinating donors around the central Pd atom. 
The steric bulk of the ligands may also be a factor. 

Both Hzft and Hzfs (Hbf) reacted with Rh,Cl,(PBu,), 
in refluxing toluene to produce [RhCl,(bf)(PBu,),] (Ta- 
ble 2). The ‘H NMR spectra (Table 4) show a low 
field doublet of 4-H and the origin is the same as that 
for ca-(C,Cl)-[PdCl(bf)(PBu,)l. The ‘lP NMR spectra 
(Table 5) reveal that the two PBu, groups are equivalent 
and mutually tram; the coupling constants J(‘“3Rh-3’P) 
are indicative of a tram disposition of the phosphines 
[ll]. Structure IV is assigned to [RhCl,(bf)(PBu,),]. 
The splitting pattern of 3-C a doublet (J(1”3Rh-13C)) 
of trrplets (J(“P-‘3C)), and the J(P-C) values are 
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consistent with structure IV where the 3-C and P atoms 
are mutually cis. Coordination of Cl 1s evident from 
the v(Rh-Cl) bands 

% 
0 

PBJ3 

d,/” 

(CH3hN A/ ‘C, I 
PBu3 

IV 

The reaction of Ru,Cl,(CO), with Hbf gave a different 
type of complex: RuCl,(Hzfs),(CO), or RuCl(zft)(CO), 
(Table 2). The ‘H NMR spectrum of RuCl,(Hzfs),(CO), 
shows that all the hydrogen atoms of Hzfs remain intact 
revealing non-cyclometallation and the IR spectrum 
shows the Se coordination of the amide group. CU- 
coordination of the two Cl and CO groups is also 
suggested. In the ‘H NMR spectrum of RuCl(zft)(CO),, 
the integration of the aromatic protons is, however, 
reduced by one proton unit like the above palladmm 
complexes. To obtain 13C NMR spectra more soluble 
derivatives, [RuCl(zft)(CO),(PBu,)] and [Ru(zft)- 
(acac)(CO),], were prepared (Table 2). The spectra 
show that cyclometallation occurs at 3-C (Table 5) and 
that the two CO groups are not equivalent. The large 
J(‘3C-3’P) of 3-C of the former suggests a tram 3- 
C-RI.@)-P geometry and the small J(‘3C-3’P) values 
of CO suggest a CIS P-Ru-CO arrangement. Structure 
V is proposed, which was confirmed by X-ray analysis. 
The NMR signals of acac of [Ru(zft)(acac)(CO),] sug- 
gest a normal O-O chelation and a possible structure 
for this is the one where the acac ligand spans the Cl 
and PBu, positions of structure V. 

R ? 
0 ,‘“/‘” 

(CH3)2NAc+s’ j,‘pBUa 

The above results show that 4-H of cyclometallated 
bf interferes with a c&coordinating ligand m the same 
plane. For instance, when the ligand is Cl, 4-H is 
deshielded while when it is tbp, 4-H is shlelded. To 
render the hydrogen closer to the cis ligand m expec- 
tation of intensifying the effect, NJ-dimethylna- 
phtho[2,1-blfuran-2-carbothioamide (Hnft) was pre- 
pared and the reactlon with palladium(I1) chloride was 
studied (Tables 1, 2 and 3). The reaction of Hnft with 
lithium tetrachloropalladate at room temperature gave 
an intractable precipitate but under more forceful con- 
ditions PdCl(nft) was obtained The seleno analogue, 
Hnfs, was decomposed under the same conditions. The 

‘H NMR spectrum (Table 4) of the product shows 
that one of the N-CH, groups of the free Hnft is 
converted to an N-CH, group: a significant downfield 
shift (4.62 ppm) and a reduced integration intensity (2 
H) [3]. The aromatic proton mtegratlon is retained. 
The ‘“C NMR spectrum (Table 5) also shows the 
presence of an N-CH, group (64.8 ppm) and no par- 
tlclpatlon of the naphthofuran ring in the coordination. 
Structure VI 1s a reasonable one. 

b CL 
1 2 .(yd_ i 

0 ,WHZ 
H3C 

VI 

To certify the supposition, two derivatives were pre- 
pared: [PdCl(nft)(PBu,)] and [PdCl(nft)(tbp)]. In the 
‘H and 13C(‘H} NMR spectra, although the signals of 
the N-CH, group of the latter are singlets, those of 
the former are a doublet due to J(‘H-3’P) or J(‘3C-3’P) 
and the values indicate that the C and P donors are 
in a czs relation. a(3’P) is similar to that of the trans- 
(C,Cl) isomer of the above palladium complexes; PBu, 
is coordmated tram to the amide-S atom. Structure 
VII is proposed for [PdCl(nft)L] (L = PBu, and tbp). 

b d-Pi 

0 
c, I -L 

N-CH, 
HC' 

VII 

The metallatlon of the N-CH, group 1s definite. The 
above ‘“C assignment of the CH, and CH, groups IS 
distinctly supported by the ‘H-coupled 13C NMR spec- 
trum of [PdCl(nft)(PBu,)]: 6(CH,) =46.2 ppm (quartet, 
J(‘3C-1H) = 140.7 Hz) and 6(CH,) =57.9 ppm (triplet 
of doublets, J(“C-‘H) = 142.9 and J(‘3C-3’P) = 4.4 Hz). 
The steric obstruction of the additional benzene ring 
prevents palladium from metallating 3-C; 4-H of the 
additional ring would be brought very close to a cis 
ligand if Hnft is metallated at 3-C. To avoid this 
disadvantage, the N-CH, group is interpreted to be 
cyclopalladated. Reaction of Hnft with Rh,CI,(PBu,), 
in refluxing toluene resulted only in recovery of the 
starting materials and formation of RuCl,(CO),(Hnft), 
indicates no ruthenatlon of Hnft. The reactivity of Hnft 
is, therefore, reduced when compared with that of Hzft. 
One reason for this could be due to the steric hmdrance 
of the added benzene ring. 

X-ray analysis has confirmed the formation of Hzfs, 
which is depicted in Fig. 2. The selected bond distances 
and angles are given in Table 6 (numbering of atoms 
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Fig 2 ORTEP drawing of Hzfs with atom-numbermg scheme 

TABLE 6. Bond distances (A) and bond angles (“) of Hzfs with 
e s d.s m parentheses 

Distances 
Se-Cl 
N-Cl0 
Cl-C2 
c2-0 
c3-c4 
c4-c5 
C6-C7 
C&c9 

1 827(9) 
1.45(l) 
1 X(1) 
1.38(l) 
139(l) 
144(2) 
1.38(2) 
1.36( 1) 

N-Cl 
N-Cl1 
C2-C3 
o-C9 
c4-c9 
C5-C6 
C7-C8 

131(l) 
1 47( 1) 
1.32( 1) 
138(l) 
1 37( 1) 
140(2) 
142(2) 

Angles 
ClO-N-Cl1 
Cl l-N-Cl 
N-Cl-C2 
Cl-C2-C3 
C3-C2-0 
c2-o-C9 
c3-C&C5 
CS_c&C7 
C7-C8-C9 
C8-C9-0 
c9-c4-c5 

110.3(8) 
120.3(S) 
116.9(8) 
130.7(8) 
112.6(S) 
104.7(6) 
136(l) 
120( 1) 
113(l) 
123.0(8) 
116.4(9) 

ClO-N-Cl 
N-Cl-Se 
C2-Cl-Se 
Cl-c2-0 
C2-C3-C4 
c3-c&Z9 
C&C5-C6 
c6-c7-C8 
c8-c9-c4 
C&C9-0 

129.3(8) 
125 3(7) 
117 8(6) 
116 3(7) 
106 l(8) 
108 l(8) 
119(l) 
123(l) 
128 4(9) 
108 6(8) 

is shown in Fig. 2). The planar selenoamide group 
makes a dihedral angle of 44.4” with respect to the 
furan ring and the Se and 0 atoms are approximately 
in a cis relation. The C-Se length of the amide group 
is between the single and double C-Se bond distances 
and a little shorter than that of N,N,N’,N’-tetra- 
methylselenourea (1.863(4) A) [12]. 

Upon forming [PdCl(zfs)(PBu,)] by cyclopalladation, 
the structure of which is shown in Fig. 3 and the bond 
distances and angles in Table 7, Hzfs rotates the amide 
group about 180” around the C(l)-C(2) axis resulting 
in a trans relation of the Se and 0 atoms. Significant 
changes occur in the bond distances upon formation 
of a chelate ring: Se-C(l) is lengthened from 1.830(9) 
to 1.880(5) 8, and C(2)-C(3) from 1.31(l) to 1.369(6) 
8, while C(l)-C(2) is shortened from 1.50(l) to 1.428(6) 
A. Hence, the two bonds, Se-C(l) and C(2)-C(3), result 
in the approach to a single bond but the C(l)-C(2) 
approaches a double bond; the partial structure 
Se=C(l)-C(2)=C(3) shifts upon chelation to some 
extent to Se-C( 1) =C(2)-C(3)-Pd. 

Fig 3. ORTEP drawing of PdCl(zfs)(PBu,) with atom-numbermg 
scheme. 

TABLE 7 Bond distances (A) and bond angles (“) of 
[PdCl(zfs)(PBu,)] with e.s.d.s m parentheses 

Distances 
Pd-Se 
Pd-P 
Se-Cl 
N-Cl0 
Cl-c2 
c2-0 
c3-c4 
c4-C5 
c&C7 
C&C9 
P-Cl6 
C12-Cl3 
c14-Cl5 
C17-Cl8 
c20-c21 
C22-C23 

Angles 
Se-Pd-Cl 
Se-Pd-C3 
Cl-Pd-C3 
Pd-Se-Cl 
Pd-P-Cl6 
C12-P-Cl6 
Cl 6-P-C20 
Cl-N-Cl 1 
Se-Cl-N 
N-Cl-C2 
C2-OX9 
0-C2-C3 
Pd&C3-C4 
c3-C4-c5 
c5-c4-c9 
c5-C6-C7 
C7-C8-C9 
0-C9-C8 
P-C12-Cl3 
c13-Cl&C15 
C16-C17-cl8 
P-C2&C21 
C21-C22%C23 

2.374(l) 
2.329(l) 
1.880(5) 
1.474(8) 
1.418(6) 
1.406(6) 
1.429(6) 
1.425(7) 
1.398(8) 
1.395(7) 
1 823(5) 
1.516(7) 
1.510(9) 
1.50(l) 
1.560(S) 
1.50(l) 

177.87(4) 
84.7( 1) 
96.5( 1) 
98.6(l) 

112 O(2) 
104.0(2) 
105.4(2) 
121.2(4) 
120.9(3) 
126.8(4) 
104.3(4) 
113.4(4) 
136.5(3) 
135.8(4) 
116.5(4) 
121.7(5) 
116.5(5) 
125.4(5) 
116.4(4) 
113.7(5) 
113 3(5) 
111 6(4) 
111.4(6) 

Pd-Cl 
Pd-C3 
Cl-N 
N-cl1 
C2-C3 
o-c9 
c4-c9 
C5-C6 
c7-C8 
P-Cl2 
P-C20 
C13-Cl4 
ClK17 
ClS-Cl9 
c21-c22 

Se-Pd-P 
Cl-Pd-P 
P-Pd-C3 
Pd-P-Cl2 
Pd-P-C20 
c12-P-C20 
Cl-N-Cl0 
ClO-N-Cl1 
Se-Cl-C2 
Cl-C2-C3 
0x2-Cl 
Pd-C3-C2 
C2-C3-C4 
C3-CK9 
C4-C5-C6 
C&C7-C8 
o-c9-c4 
C4-C9-C8 
C12<13-Cl4 
P-cl&C17 
c17-C18-Cl9 
c2&C21-c22 

2.362(2) 
2.042(4) 
1.315(6) 
1.474(7) 
1.369(6) 
1 369(6) 
1.402(7) 
1.355(8) 
1 349(9) 
1 834(5) 
1821(5) 
1 506(8) 
1523(8) 
1.50(l) 
1 479(9) 

92 57(4) 
86.32(5) 

175.7(l) 
118.2(2) 
111.6(2) 
104 6(2) 
125.3(4) 
113.4(4) 
112.3(3) 
125.1(4) 
121.5(4) 
119.1(3) 
104.1(4) 
107.8(4) 
119.2(5) 
121.9(6) 
110.5(4) 
124 2(5) 
115.0(5) 
112.2(4) 
116.4(6) 
113.4(5) 
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The geometry around the square planar Pd atom 
is different from that found for the related 
[PdCl(bts)(PBu,)] (Hbts=N,N-dimethyl-3-thiophene- 
carboselenoamide) m that the coordination sites of Cl 
and PBu, are reversed relatrve to the Se and palladated 
C atoms between the two complexes. The coordmation 
bond distances are accordmgly different between the 
two, and distinctly reflect the tram influence of each 
donor atom: Se-Pd tram to Cl is 2 374(l) 8, rn 
[PdCl(zfs)(PBu,)] while Se-Pd fruns to P is 2.415(l) 
A in [PdCl(bts)(PBu,)] and C-Pd is 2.042(4) A m the 
former (tram to P) while it IS 1.979(6) A in the latter 
(tram to Cl). The factors controlling the geometrres of 
the complexes are mtrrguing but not yet clear. In 
[PdCl(zfs)(PBu,)lb the short non-bonding distance of 
Cl-H(5) (2.58(4) A) and the wide angle of Cl-Pd-C(3) 
(965(l)“) should show that the coordination site of the 
Cl is already crowded. A more bulky PBu, is hence 
unfavorable to occupy the coordination site near H(5). 
This may be one of the reasons. 

The structure of [RuCl(zft)(CO),(PBu,)] was deter- 
mined by X-ray analysis to elimmate ambiguity from 
the spectroscopically proposed structure, a structure 
with reversed coordination sites of Cl and PBu, being 
previously proposed for [RuCl(bfs)(CO),(PBu,)1 
(Hbfs =N,N-dimethylfuran-3-carboselenoamide) [ 11. 
The distorted octahedral structure is depicted in Fig. 
4 and the bond parameters are given in Table 8. The 
coordination bond distances clearly reflect the truns 

influences of the respective donor atoms and the struc- 
tural features of the chelating amide ligand are similar 
to those previously described for [PdCl(zfs)(PBu,)]. In 
free N-(4,6-drmethylpyridin-2-yl)benzothioamide [13], 
a C=S distance is, for instance, reported to be 1.650(2) 
8, and a C(amide)-C(b enzene-zpso) one 1.487(3) A; 
the former is elongated but the latter shortened rn the 
Ru complex (S-C(l) = 1.712(5), C(l)-C(2) = 1.434(7) 
A). The angle C(3)-Ru-C(13) looking up at H(5) is 
opened out to 96.3(2)” as in the Pd complex. 

Fig 4. ORTEP drawmg of RuCl(zft)(CO),(PBu,) with atom- 
numbermg scheme 

TABLE 8 Bond distances (A) and bond angles (“) of 
[RuCl(zft)(CO),(PBu,)] with e s d s in parentheses 

Distances 
Ru-Cl 
Ru-P 
Ru-Cl2 
S-Cl 
P-Cl8 
Ol-c2 
02ZC13 
N-Cl 
N-Cl1 
C2-C3 
c4-c5 
CS-C6 
C7-C8 
c14-Cl5 
Cl&Cl7 
C19-C20 
C22-C23 
C24-C25 

Angles 
Cl-Ru-S 
Cl-Ru-C3 
Cl-Ru-Cl3 
S-Ru-C3 
S-Ru-Cl3 
P-Ru-Cl2 
C3-Ru-Cl2 
C12-Ru-Cl3 
Ru-(X2-03 
Ru-P-Cl4 
Ru-P-C22 
C14-P-C22 
C2-0 l-C9 
Cl-N-Cl 1 
S-Cl-N 
N-Cl-C2 
Ol-C2-C3 
Ru-C3-C2 
C2-C3-C4 
c3-C&C9 
C4-C-C6 
c6-c7-C8 
Ol-c9-c4 
c4-c9-C8 
C14-Cl%Cl6 
P-Cl&C19 
C19-C2&C21 
C22-C23-C24 

2.441(2) 
2.414(2) 
1.879(6) 
1.712(5) 
1.841(6) 
1.403(6) 
1.132(S) 
1 323(7) 
1 470(8) 
1 362(8) 
1.405(8) 
1 385(9) 
1.37(l) 
1537(9) 
1.50(l) 
1 505(9) 
1 524(8) 
1 52(l) 

89 07(5) 
88 3(2) 
89 l(2) 
80 6(2) 

176 4(2) 
92 8(2) 
91 5(2) 
90 4(3) 

179 5(6) 
113.1(2) 
114.1(2) 
104.0(3) 
104 3(4) 
125.4(5) 
119.8(4) 
125.9(5) 
113 7(5) 
119 O(4) 
103 9(5) 
107 l(5) 
118 2(6) 
1214(7) 
111.1(5) 
123 7(5) 
117 4(6) 
116 2(4) 
112.7(6) 
113 9(5) 

Ru-S 
Ru-C3 
Ru-Cl3 
P-Cl4 
P-C22 
01-c!, 
03%Cl2 
N-Cl0 
Cl-C2 
c3-c4 
c4-c9 
CGC7 
C8-C9 
ClS-cl6 
C18-Cl9 
c2oc21 
C23-C24 

Cl-Ru-P 
Cl-Ru-Cl2 
S-Ru-P 
S-Ru-Cl2 
P-Ru-C3 
P-Ru-Cl3 
C3-Ru-Cl3 
Ru-S-C 1 
Ru-C13-02 
Ru-P-Cl8 
C14-P-Cl8 
Cl 8-P-X22 
Cl-N-Cl0 
Cl&N-Cl1 
S-Cl-C2 
Ol-c2-Cl 
Cl-C2-C3 
Ru-C3-C4 
c3-C&C5 
c5-c&c9 
c5-c&c7 
C7-C8-C9 
Ol-C9-C8 
P-c14-Cl5 
C15-c16-Cl7 
C 18-C19-C20 
P-C22-C23 
C23-c24-C25 

2 434(2) 
2.09 l(5) 
1 886(6) 
1.807(6) 
1 827(6) 
1 358(7) 
1.099(X) 
1.460(8) 
1.433(7) 
1.442(8) 
1.400(8) 
1.39(l) 
1 393(9) 
142(l) 
1 526(8) 
1 52(l) 
149(l) 

87 47(5) 
179 4(2) 

90 63(5) 
91 4(2) 

170 3(2) 
92 4(2) 
96 3(2) 

101 7(2) 
179 5(5) 
116 3(2) 
105 9(3) 
102 l(3) 
120 O(5) 
114 6(5) 
114 3(4) 
122 l(5) 
124 2(5) 
137 O(4) 
134 7(5) 
118 2(5) 
121 9(6) 
116 7(6) 
125 3(5) 
117 2(4) 
116 5(8) 
1117(5) 
114 5(4) 
112 4(6) 

In both the [PdCl(zfs)(PBu,)] and [RuCl(zft)- 
(CO),(PBu,)] complexes, the phosphine ligands are 
similarly oriented to relieve the steric strain for Cl 
which is coordinated ci.s to the PBu,. Torsion angles 
around the P-Pd (or Ru) bond are as follows: Cl-Pd- 
P-C(16) = 62.2(2) and Cl-Pd-P-C(20) = 55.7(2)“; 
Cl-Ru-P-C(14) = 49 5(2) and Cl-Ru-P-C( 18) = 
73.4(2)“. 
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Experimental 

Measurements 
Measurements were carried out usmg previously re- 

ported methods [l, 21. IR spectra were measured on 
Nujol mulls. Chemical shifts of ‘H and 13C NMR spectra 
are given agamst internal tetramethylsilane and those 
of 31P against external 85% H,PO,. 

Syntheses 
Yields, melting points, and analytical results of the 

amides are summarized in Table 1 and those of the 
complexes m Table 2. 

Preparatton of the amrdes 
N, N-Dimethylbenzofuran-2-carboxamide (Hzfo). This 

amide was prepared by the literature method [14]. To 
a mechanically stirred mixture of 0.1 mol (12 2 g) 
salicylaldehyde and 0.1 mol potassium carbonate (13.8 
g) in 120 cm3 N,N-dimethylformamtde (DMF) protected 
from moisture was dropwise added 0.11 mol (13.5 g) 
N,N-dimethyl-2-chloroacetamide. The mixture was re- 
fluxed for 75 min. After cooling, the solid was filtered 
off and washed with a small amount of DMF. Most 
of the combined solvent was evaporated under reduced 
pressure and to the concentrated solution were added 
100 cm3 water to precipitate the powder, which was 
filtered, washed with water, and dried in air. The powder 
was dtssolved m 100 cm3 dichloromethane and the 
solution was treated with active charcoal, filtered, con- 
centrated to a small volume, and mixed with n-hexane 
to precipitate white crystals. The crystals were filtered, 
washed with n-hexane, and dried in air (yield 11.5 g). 

N, N-Dtmethylnaphthofuran-2-carboxamtde (Hnfo) 
The amide was similarly prepared as above from 2- 
hydroxy-1-naphthaldehyde. The refluxing time was 2 h 
and instead of n-hexane ether was used to precipitate 
the pure crystals. 

N, N-Dimethylbenzothtophene-2-carboxamide (Htno). 
Methyl benzothiophene-2-carboxylate, prepared by the 
literature method [15], was hydrolyzed with aqueous 
sodium hydroxide followed by acidification with con- 
centrated hydrochloric acid to give the free carboxylic 
acid. A mixture of 60 mmol (10.7 g) of the acid and 
30 mmol (5.4 g) hexamethylphosphoramide was heated 
at 190 “C for 3 h. The cooled mixture was then extracted 
with dichloromethane. The extract was mixed with ether 
and washed a few times with aqueous 10% potassium 
carbonate to remove any unreacted free acid. The 
organic phase was treated with active charcoal, filtered, 
and concentrated to a small volume to give a white 
powder, which was filtered, washed with ether, and 
dried in air (yield 9.4 g). 

Thtoamides and selenoamtdes. Thiation and selenation 
of these carboxamides were carried out by the literature 
methods [5, 61. The reaction times were as follows: 
Hzft, 6; Htnt, 6; Hnft, 7; Hzfs, 5; Htns 48; Hnfs, 48 
h The thioamides were obtained as yellow crystals and 
the selenoamides as orange-red crystals. 

Preparation of the complexes 
PdCl(bf,I and PdCl,(Hbt). To a methanol solution (30 

cm”) of lithium tetrachloropalladate, prepared tn situ 
from 1 mmol palladmm(I1) chloride and 2 mmol hthium 
chloride, was added 1 mmol of the amide. The mixture 
was stirred for 24 h at room temperature. The resulting 
yellow-brown precipitate was filtered, washed with 
methanol, and dried in air. 

PdCl(nft). The mixture, prepared as above, was re- 
fluxed for 48 h and similarly treated. 

PdCl(zft)L, PdCl(zfs)L and PdCl(nft)L (L = PBu, and 
tbp). To a suspension of 1 mmol PdCl(zft), PdCl(zfs) 
or PdCl(nft) in 30 cm3 dichloromethane was added 1 
mmol PBu, or 2 mmol tbp. The mtxture was stirred 
until it became clear. The mixture was filtered and to 
the concentrated filtrate was added n-hexane to pre- 
cipitate the yellow product, which was filtered, washed 
with n-hexane. and dried in air. 

Pd(zft)(acac). A mixture of 1 mmol PdCl(zft) and 1 
mmol lithium acetylacetonate in a mixed solvent of 20 
cm3 dichloromethane and 20 cm3 ethanol was stirred 
on a hot plate for 2 h. The mixture was then concentrated 
to dryness under reduced pressure. The residue was 
extracted two times with 20 cm3 dtchloromethane and 
the combined extracts were filtered, concentrated to a 
small volume, and mixed with n-hexane to afford yellow 
crystals, which were filtered, washed with n-hexane, 
and dried m air. 

RhCl,(zf)(PBu,), and RhCl,(zfs)(PBu,),. A mixture 
of 0.5 mm01 hexachlorotetrakis(tri-n-butylphos- 
phine)dirhodium(III) and 1 mmol Hzft or Hzfs in 30 
cm3 toluene was refluxed with stirring for 8 h and the 
solvent was evaporated off under reduced pressure. 
The residue was dissolved in 50 cm3 dtchloromethane, 
treated with Florisil, filtered, concentrated to a small 
volume, and mixed with n-hexane. Precipitated yellow 
crystals were filtered, washed with n-hexane, and dried 
in air. 

RuWzft)tCO),, RuCl, (CO), (Hzfs)* and RuCl,- 
(CO),(Hnji),. A mixture of 0.5 mmol tetrachlorohexa- 
carbonyldiruthenium(I1) and 1 mmol Hzft, Hzfs or Hnft 
in 30 cm3 2-methoxyethanol was stirred on a hot plate 
for 4 h and the solution was evaporated to a small 
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TABLE 9 Crystal data 

Complex 
Formula 
Crystal system 
Space group 

a (A) 
b (A) 
c (A) 
a (“) 
P (“) 
Y (“) 
Z 
v (A’) 
&MO KLY) (cm-‘) 
Crystal color 
Crystal habtt 
Crystal stze (mm) 
Scan type 
Scan speed (“/mm) 
Scan width (“) 
2%,, (“) 
Reflections measured 
No reflecttons measured 
No reflecttons observed 

[IF01 > 3a(lF”l)l 
R 
& 
GOI; 
Werghting scheme, w 

zfs 

CuHI@Se 
orthorhombtc 

m,2,2, 
12 487(3) 
12 587(2) 
6 704( 1) 

4 
1053 7(4) 
34 84 
orange 
prtsmattc 
06~0.5~02 
6-28 
4 
1 155+0 500 tan0 
60 
+h, +k, +l 
1806 

1262 
0 0497 
0 0599 
3 47 
]%,t2 + (0 ozolF,I)‘]- ’ 

PdCl(zfs)(PBu,) 
&,H,,NClOPPdSe 
trlcllnlc 
pi 
10.758( 1) 
12.909(l) 
9.965( 1) 
91 88( 1) 
106 93( 1) 
90 07( 1) 
2 
1323 2(3) 
22.29 
orange 
prtsmattc 
0.2x0.2x04 
8-20 
12 
1.050+0 500 tan0 
55 
kh, +k, +I 
6426 

4356 
0.0418 
0 0507 
2 22 

bc”““,2 + (O.O2OlF,I)‘] -’ 

RuCl(zft)(CO),(PBu,) 
CZ,H,,NCIOTPRuS 
monochmc 
P2,lU 
14 292(2) 
20 489(2) 
9 895(2) 

91 90( 1) 

4 
2895 8(7) 
7.71 
pale yellow 
prrsmattc 
0 2x0.2x03 
8-20 
6 
1.103+0 500 tan0 
55 
+h, tk, +I 
7225 

4197 
0 0557 
0 0538 
1 78 

[%“,,tz + (0 02O~F,~)~] - ’ 

volume under reduced pressure. Upon addition of 
ethanol (50 cm’) to the concentrated solution, a yellow 
precipitate was obtained, whtch was filtered, washed 
with ethanol, and drted in air. 

RuCl(zft) (CO),(PBu,) and Ru(zft) (acac) (CO),. These 
two complexes were similarly prepared to the above 
corresponding palladium complexes. The former is light 
yellow and the latter is yellow crystals. 

X-ray analym 
Crystals of Hzfs, PdCl(zfs)(PBu,) and RuCl(zft)- 

(CWPBu,) suitable for structure determinatton 
were obtained by slow evaporatron of a dichloro- 
methane-hexane solution of each compound at room 
temperature. Dtffraction data were collected on a Ri- 
gaku AFC-SR diffractometer with graphite monoch- 
romatized MO Ka radiation (A =0.71073 A). Crystal 
data and experimental details are listed in Table 9. 
Unit cell parameters and the orrentation matrix were 
determined from 25 reflections in the range 20 < 20 < 2.5”. 
No significant variation in intensities was observed for 
three standard reflectrons during data collections. Data 
were corrected for Lorentz and polarization effects, 
and empirical absorption correctrons were applied on 
the basis of the average relative intensity curve of 
azimuthal scan data for three reflections (75 <x<90”). 
The calculations were carried out using a HITAC 

M-680H computer at the Computer Center of the 
Institute for Molecular Science. The locations of the 
metals were determined by the direct method using 
SHELXS-86 [16] and the other non-hydrogen atoms 
were found by the usual Fourier methods using the 
Universal Crystallographrc Computation Program Sys- 
tem UNICS III [ 171. The hydrogen atoms were generated 
in calculated positions. All non-hydrogen atoms were 
anisotropically refined. The atomtc parameters of non- 
hydrogen atoms are listed m Table 10. 

The space group of Hzfs was non-centrosymmetric. 
The final R/R, values for the structure presented here 
were calculated to be 0.0497/0.0599 and those for its 
inversion to be 0.0632/0.0789. The presented structure 
is significant at the 0.005 level when Hamilton’s R factor 
test [18] is applied. 

Supplementary material 

The anisotropic thermal parameters for the non- 
hydrogen atoms, hydrogen atomic parameters, and the 
complete lists of the IF,, and IF,1 values of Hzfs, 
RuCl(zft)(CO),(PBu,) and PdCl(zfs)(PBu,) are avarl- 
able from the authors on request. 



TABLE 10 Atomic coordmates (X 104) and equivalent tsotroptc 
temperature factors of Hzfs, [PdCl(zfs)(PBu,)] and [RuCI- 

(zft)(CG),(PBu,)l 

Atom x Y z Be,” (A’) 

Hzfs 
Se -1317(l) 
0 - 3324(3) 
N - 2429(4) 
Cl - 2290(5) 
c2 - 2929(5) 
c3 -3105(5) 
c4 - 3640(5) 
CS - 4034(6) 
C6 -4527(5) 
c7 -4637(6) 
C8 - 4259(5) 
c9 - 3769(4) 
Cl0 - 3275(6) 
Cl1 - 1733(6) 

[PdCl(zfs)(PBu,)] 
i’d 
Se 
Cl 
P 
0 
N 
Cl 
c2 
c3 
c4 
C5 
C6 
c7 
C8 
c9 
Cl0 
Cl1 
Cl2 
Cl3 
Cl4 
Cl5 
Cl6 
Cl7 
Cl8 
Cl9 
c20 
c21 
c22 
C23 

18419(3) 
- 422 9(4) 
4101(l) 
2367(l) 

- 229(3) 
- 2276(3) 
- 1026(4) 

4(4) 
1293(4) 
1932(4) 
3242(5) 
3495(5) 
2506(5) 
1249(5) 

981(4) 
- 2856(5) 
- 3246(5) 

1043(4) 
1430(5) 
325(5) 
749(6) 

3190(4) 
2356(6) 
3030(7) 
3243(7) 
3490(5) 
2899(S) 
3820( 6) 
3202(7) 

[RuCl(zft)(CO),(PBu,)] 
Ru 6234 4(3) 
Cl 5315(l) 
s 6399(l) 
P 7604( 1) 
01 3974(2) 
02 5902(3) 
03 7349(3) 
N 5193(3) 
Cl 5389(3) 
c2 4820(3) 
c3 5029(3) 

-6696(l) -2319(l) 46 
- 8214(3) - 2711(6) 3.6 
- 6623(4) 1289(g) 3.7 
-7101(S) -419(10) 3.2 
-8080(S) - 800(9) 34 
- 8934(5) 320(10) 3.2 
- 9664(4) -889(10) 3.4 

- 10720(6) - 629(14) 5.1 
- 11224(6) - 2254( 18) 64 
- 10680(7) - 4065(15) 65 

- 9636(6) -4371(12) 49 
-9211(5) - 2732( 10) 34 
- 6790( 6) 2755(10) 51 
- 5738(6) 1904(13) 53 

7068 4(3) 637 5(3) 3.7 
7344.9(4) - 297.9(5) 4.6 
6786( 1) 1483(2) 60 
8456(l) -541(l) 40 
5062(2) 2523(3) 47 
6224(3) 540(4) 4.6 
6344(3) 699(5) 39 
5799(3) 1615(4) 38 
5926(3) 1723(4) 37 
5202(3) 2747(4) 41 
4897(4) 3369(5) 4.9 
4180(4) 4373(6) 5.7 
3735(4) 4823(6) 62 
3996(4) 4281(6) 55 
4712(3) 3219(5) 4.4 
5436(4) 1220(7) 6.4 
6864(5) -430(6) 66 
9268(4) - 1540(5) 46 

10166(4) - 2282(6) 57 
10841(4) - 3045(6) 61 
11753(4) - 3722(6) 71 

8035(4) - 1822(5) 48 
7289(4) - 2942(6) 63 
6901(5) - 3983(7) 86 
7672(6) - 4985(7) 84 
9361(4) 659(5) 50 
9824(5) 1801(6) 6.2 

10493(5) 2870(6) 7.1 
10937(6) 3924(7) 87 

6552 5(2) 3134.0(4) 
6965( 1) 1195(2) 
5518(l) 1958(l) 
6975( 1) 2069(l) 
5224(2) 3736(4) 
7826(2) 4575(5) 
6061(2) 55 19(4) 
4546(2) 1830(4) 
5125(3) 2362(5) 
5476(3) 3280(5) 
6081(3) 3774(5) 

36 
47 
42 
38 
43 
7.1 
7.0 
42 
38 
39 
38 

(contmued) 
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TABLE 10 (contmuerl) 

Atom x Y Z Be: (A’) 

c4 4255(3) 6232(3) 4619(5) 39 
c5 4008(4) 6771(3) 5409(6) 50 
C6 3169(4) 6747(3) 6070(6) 57 
c7 2580(4) 6206(4) 5979(7) 58 
C8 2807(4) 5669(3) 5231(6) 53 
c9 3645 (4) 5698(3) 4553(5) 42 
Cl0 5844(4) 4241(3) 914(6) 5.4 
Cl1 4346(5) 4162(3) 2072(7) 58 
Cl2 6935(4) 6240(3) 4639(6) 45 
Cl3 6025(4) 7347(3) 4039(6) 46 
Cl4 7674(4) 6735(3) 318(6) 45 
Cl5 8555(4) 6939(3) -425(7) 6.0 
Cl6 8753(7) 6601(4) - 1632(9) 9.1 
Cl7 9651(7) 6777(4) -2292(X) 9.6 
Cl8 7750(4) 7868(3) 2094(6) 42 
Cl9 7076(4) 8256(3) 1176(6) 51 
c20 7209(4) 8980(3) 1354(7) 56 
c21 6642(5) 9376(3) 323(8) 7.4 
c22 8712(3) 6696(3) 2843(6) 43 
C23 8893(4) 5967(3) 2698(6) 51 
C24 9806(5) 5748(4) 3314(8) 69 
C25 9979(5) 5023(4) 3105(9) 83 

“B,,=4/3{C,X,B,,a, a,}. 
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