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Abstract-The reactions of Re(NBu’),Cl with NaC5H5, AgX (X = BF4, PF, and CF3CO2) 
and with SbCl, lead to the loss of an NBu’ group, and the formation of bis tert-butylimido 
compounds, respectively, [Re(NBu’)2(q’-C,H,)]2(~-O)@-C5H4), [(Bu’N),(Cl)Re&-F)(p- 
NBu’)Re(NBu’)(p-F)],X (X = BF, and PF,), [Re(NBut)2]2(~-OSiMe3)(~-O&CF3) and 
[Re(NBu’)2C12(MeCN)2]SbC16. The interaction between Re3(NBu’)4(0)5(OSiMe3)3 and 
Ag02CCF3 produces a species, [Re(NBu’)z(OSiMe3)]2(~-O)(~-OSiMe3)(~-02CCF3), in 
which the p-0Re03 group in the starting material is replaced by p-O2CCF3. Protonation 
of Re(NBu’)3(NHBu’) by CF3S03H produces the cation [Re(NBu’)3(NH2But)]+ in which 
the amine can be replaced by PPh,. Reactions of Re(NBut)3X, where X = Cl or 0SiMe3 are 
replaced by NR2, PR2, NPPh3 and C4H3N2, are described. Deprotonation of Re(NBut)3 
PH(mes), mes = 2,4,6-Me3CsH2, by Bu’Li gives the known compound [Re(NBtQ2(p- 
NBu’)], and a new cyclotriphosphane, (Pmes),. 

The structures of compounds listed in the title have been determined by X-ray diffraction. 
The [Re(NBu’),(OSiMe3)]2@-O)(~-OSiMe3)(~-02CCF3) structure has crystallographic C, 
symmetry with a planar Re202 ring ; Re . . . Re separation is 3.25 A. The bridging acetate 
has a significantly enlarged O-C-O angle of 134”. The [Re(NBu’),(NH2Bu’)]03SCF3 
structure has tetrahedral geometry at rhenium with noticeably differing Re-N distances 
which correlate to the Re-N-C angles. The Re(NBu’),PPh, compound has tetrahedral 
geometry at rhenium and a pyramidal geometry at phosphorus. The Re-P distance is 
2.445(2) A. 

In previous papers ‘-3 on tris tert-butylimido com- 
pounds of rhenium(VI1) we have characterized 
the aryls’ Re(NBu’),Ar, Ar = 2-MeCsH4, 2,6- 
Me2C6H3 and 2,4,6-Me3C,H2(mes) and deter- 
mined the X-ray crystal structure of the mesityl.2 
The structures of the compounds Re(NBu’),X, 
where X = Cl and OSiMe,, were also determined 
and the chloride converted to the amido species 
Re(NBt&(NHBu’), which in turn was depro- 
tonated by Bu”Li to give Li(tmed)Re(NBu’),, where 
tmed = Me2NCH2CH2NMe2.3 Recently, the aryl- 

*Authors to whom correspondence should be addressed. 

imido methyl, Re(NAr),CH,, where Ar = 2,6- 
PiCgH3, was synthesized, as were the compounds 
Re(NBu’),R, where R = Me, Et, o-C3HS and 
C=CPh.4 

We now describe some unusual reactions of 
Re(NBu’)3X, whereX = Cl3 and OSiMe,‘, in which 
an imido group is removed leading to bis tert-butyl- 
imido compounds. Substitution of the siloxide 
group gives dialkyl- or diarylamido and phosphido 
species. The amido compound Re(NBu’),(NHBu’) 
on protonation gives the cation [Re(NBu’)3(NH2 
But)]+ as its trifluoromethane sulphonate. 

Analytical and physical data for new compounds 
are given in Table 1. 
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Table 1. Analytical and physical data for new compounds 

Compound Colour m.p. (“C) C 
Analyses“ 

H N Other 

(1) Re2NW4(OW 3 5MC J-14) 

(2) Re,(NBu’),(0)(OSiMe,),(OzCCF9) 

(3) Re,(NBu’),(OSiMe,)(O,CCF,) 

(4) [Re,(NBu’)sCI,FJBF, 

(5) [Re4Wu’MW41PF6 

(6) [Re(NBu’),Cl,(MeCN),]SbCl, 

(7) [Re(NBu’),(NH,Bu’)]O,SCF, 

(8) [Re(NBu’),(PPh,)]O,SCF, 

(9) Re(NBu’),(NMe,) 

(IO) Re(NBu%(NPhJ 

(II) Re(NBu’)3(PPhz) 

(12) Re(NBu’),[P(SiMe,),] 

(13) Re(NBu’),[PH(mes)] 

(14) Re(NBt&(NPPhJ 

(IS) Re(NBu’)3(C3H3N2] 

Orange 1045 

Yellow 113-115 

Yellow 7&72 

Yellow > 200 

Yellow > 200 

Orange-red 146 dec. 

Yellow 145-8 

Orange 158-60 

Yellow oil 

Yellow 62-3 

Orange 5&2 

Yellow 6556 

Yellow 85 

Yellow 161-3 

Orange-red 150-152 

41.0 
(42.9) 
28.2 

(30.1) 
28.8 

(29.4) 
24.1 

(24.8) 
23.2 

(23.9) 
17.9 

(17.7) 
33.2 

(32.9) 
45.5 

(45.9) 
38.1 

(37.9) 
52.0 

(51.0) 
49.3 

(49.3) 
37.8 

(37.5) 
45.5 

(45.8) 
53.4 

(53.3) 
37.8 

(38.6) 

3:;) 
5.0 

(6.0) 

:::) 

(:::) 

(B:) 

:I) 

(66::) 

(Z) 

(Z) 

(Z) 

(Z) 

(Z) 

(Z) 

(& 

(4:) 

6.3 

(6.4) 

(Z) 

(& 

(:::) 

(:5) 

(Z) 

(Z) 

(Z) 
12.4 

(12.6) 

$9”) 

K::) 

(Z) 

(:p) 

(& 
15.0 

(15.0) 

6.0 (F) 

(5.7) 
5.8 (0) 

(5.6) 

10.8 (F) 
(11.8) 
34.3 (Cl) 

(34.8) 

5.5 (P) 

(5.3) 
5.5 (P) 

(5.4) 

4.8 (P) 

(4.7) 

‘Calculated values in parentheses. Mass spectra are given in the Experimental. 

RESULTS AND DISCUSSION 

(1) Reactions leading to bis tert-butylimido com- 
pounds 

In attempts to convert Re(NBu’)3(0SiMe3) to 
the chloride3 it was observed that interactions with 
SOC12 and PC13 gave the bis imidotrichloride 
Re(NBu’)2C13. We now describe other, different 
reactions leading to the removal of an NBu’ group. 

(a) Interaction of Re(NBu’)&l and NaCSHS. It 
was stated by Herrmann et aL4 that all attempts to 
react Re(NBu’),(OSiMe,) with C5H5M (M = Na, 
Tl, SnBu”,) or &Me,M (M = K, MgCl, Li) were 
unsuccessful. The reaction of Re(0)30SiMe3 with 

* P. G. Edwards and G. Wilkinson, unpublished work, 
1979. 

&H,Na in THF gives only low yields (ca 5%) of 
Re(0)3(q5-C,H,), characterized by analysis and 
spectra.* 

The interaction between Re(NBu’),Cl in Et,0 
and NaC5H, in THF leads to air-sensitive crystals 
from hexane of the orange compound 1, whose X- 
ray crystal structure has been determined6 as that 
shown in Structure I. The bridging C5H4*- group 
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is unique ; other types of p-&H4 moieties are, how- 
ever, known (see ref. 6). The ‘H NMR spectra over 
a certain temperature range confirmed the fluxion- 
ality of the q’-C5H5 groups in 1, although the slow 
exchange limit could not be reached at - 90°C. 

Any mechanism for the synthesis of the com- 
pound has to account for the loss of a NBu’ group 
from each metal atom and for the presence of the 
bridging oxygen. A possibility is given in Scheme 1 
where the first step is the formation of a a-CSHS 
compound (A). While similar substitution by vari- 
ous Cp nucleophiles in Re(NBu’),(OSiMe,) has 
been claimed as impossible on steric and electronic 
grounds,4 it is likely that lowered crowding in the 
chloride compared to the siloxide, coupled with the 
formation of NaCl rather than NaOSiMe,, can 
drive the substitution to completion. The inter- 
mediate A of Scheme 1 could be in a tautomeric 
equilibrium with the alkylidene B from which the 
tert-butylimido group can be removed by NaCp to 
give C and NaNHBu’. Reaction (iv) competing with 
(iii) could be a base-initiated (i.e. NaNHBu’) cyclo- 
elimination reaction of tetrahydrofuran leading to 
D with the loss of tert-butylamine and butadiene. 
Interaction of C and D would then lead to the 
isolated species with the p-&H, group 1. 

(Bu’N)&Cl 

H 

(A) 

(1) 
Scheme 1. Possible route to synthesis of compound 1. 

(b) Interaction of tert-butylimido siloxides with 
Ag02CCF3. The rhenium siloxides, [Re(NBu’), 
(OSiMeJ,(p-OSiMe,)@-O)(p-OReO,) (Structure 
II), together with Re(NBu’),(OSiMe,) were ob- 
tained’ from the interaction between Re03 
(OSiMe3) and Bu’NH(SiMe3), the former on 
using a deficiency of the amine. The structure of 
dimer II was earlier determined by X-ray diffrac- 
tion.7 Another dimer,’ Re,(NBu’),Br(O)(mesityl) 
(CH,Me,C,H,O) which has p-0 and p-NBu’ 
groups, has been characterized crystallograph- 
ically. 

M” 

m 

Although first obtained in low yield by inter- 
action of Re(NBu’),Cl and AgOICCF3, compound 
2 was subsequently made by the more rational pro- 
cedure of the interaction between Nugent’s triply- 
bridged species and silver trifluoroacetate, which 
leads to substitution of the p-ORe03 group by p- 
02CCF3. The orange crystalline compound 2 was 
shown by X-ray crystallography to have structure 
III. The structure is shown in Fig. 1; data in Table 
2. 

The molecule has crystallographic C, symmetry 
about a plane bisecting the Re( 1) . * - Re( 1’) vector 
and passing through the bridging p-0 and the 
02CCF3 and 0SiMe3 groups. The geometry at each 
rhenium atom is distorted octahedral with inter- 
bond angles in the ranges 73-104” and 151-171”. 
The angles subtended at rhenium by O(l), O(3) and 
O(4) are significantly contracted from 90”, whereas 
those formed by N(l), O(2) and N(2) are noticeably 
enlarged. The former are a consequence of satisfy- 
ing the Re- - . Re separation and ligand bridging 
constraints and the latter of accommodating the 
bulky facially-substituted NBu’ and OSiMe, 
groups. The strain of bridging between the two 
rhenium centres by the 02CCF3 ligand is reflected 
in a significant enlargement of the 0(4)-C(14)- 
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Fig. 1. The structure of [(Bu’N),(Me,SiO)Re],@-O)(p-OSiMe&O,CCF,). 

O(4) angle, 134(2)“. With the exception of the 
Re(l)-O(4) distance [2.32(l) A], which is signifi- 
cantly longer than that observed for Re-0 in e.g. 
acetates or formates, the remaining Re-0 and 
Re-N distances are normal. The central Re202 
ring is planar to within 0.007 8, and the trans- 
annular Re . .*Re and 0 a..0 distances are 3.25 
and -2.41 & respectively. The angles at N(1) 

and N(2) are both appreciably bent [152.5(12) and 
165.4(13)“, respectively] and consistent with two 
doubly-bound NBu’ groups. There is marked 
enlargement of the angle at O(2), 145.3(g)“, com- 
pared with that to Si at O(l), 13 1.0(3)“. These values 
are virtually identical to those reported for the 
closely related structure by Nugent and Harlow.7 

It may be noted that structures I, II and III are 

Table 2. Bond lengths (A) and angles (“) for (2) with e.s.d.s in parentheses 

Ml>--O(l) 2.160(11) 

Re(lPO(3) 1.900(10) 

Re(l)_N(l) 1.731(9) 
Si(l>-O(1) 1.647(19) 

Si(2>--0(2) 1.618(13) 
0( 1)-Re( 1’) 2.160(11) 

O(4)--C(14) 1.232(14) 

WHWU--W) 
0@-RW--W) 
WHWO-W) 
W)_-Re(l~W) 
O(3)---Re( 1)-N(l) 

O(l)_Re(l)_N(2) 
O(3)--Re( 1)-N(2) 

N(l)_Re(ltiN(2) 
Re(l)--O(l)-Re(1’) 
Re( 1)---O(2)-Si(2) 
Re(ljO(4)-C(14) 

Re(l)-N(2)--C(lO) 
0(4>--c(l4)-0(4’) 

85.9(5) 
151.0(6) 
75.6(4) 
93.1(5) 

100.9(6) 
160.3(5) 
94.0(7) 

103.8(5) 
97.4(7) 

145.3(8) 
125.3(12) 
165.4(13) 
133.6(20) 

Wl)_-O(2) 
Re(l)_O(4) 
Re( 1 l--W) 
0(3FRe( 1’) 

1.935(12) 
2.322(9) 
1.693(14) 
1.900( 10) 

WF-RW--W) 
WF-RO--W) 
WJ-WV-WV 
WHW)_-NU) 
OW--WlF-N(l) 
W2---Re( 1 l---N(2) 
WtWlHW 
Re(l)--O(l)--Si(1) 
Re(lt0(3)-Re(1’) 

Re(l)-N(lkC(6) 

72.6(6) 
79.3(4) 
8 1.4(5) 
99.4(5) 

171.1(5) 
101.0(6) 
84.5(5) 

131.0(3) 
117.3(10) 
152.5(12) 
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quite similar being bis-imido species with different 
bridging groups. The IR and NMR spectra are in 
accord with the structures. Thus, for 2 the ‘H NMR 
data indicate terminal NBu’ groups and both ter- 
minal and bridging OSiMe, groups with the correct 
intensity ratios, whi!e there is a single 19F resonance 
for the p-0ZCF3 group. The IR spectra show typical 
bands for the p-carboxylate and the other groups 
except that the p-0 frequency is uncertain due to 
other bands in this region. 

The interaction between Re(NBu’),(OSiMe3) and 
silver trifluoroacetate also leads to a bis imido spec- 
ies, presumably by initial electrophilic attack of 
Ag+ on a bent imido group ; the reaction is evidently 
complicated and the yield is not quantitative. On 
the basis of analytical and spectroscopic data, prod- 
uct 3 has structure IV ; crystals suitable for X-ray 
study could not be obtained. The compound has 
rhenium in the V oxidation state corresponding to 
the loss of an imido group from rhenium(VI1). The 
IR and NMR data are similar to those of 2. 

I 
CF, 

IV 

(c) Interaction of Re(NBu’),Cl with AgBF4 and 
AgPF,. The interaction between Re(NBu’)&l and 
AgBF, (or AgPF,) is sensitive to the nature of the 
solvent used and the order of addition of reactants. 
Crystalline products (4,5) were obtained only when 
the reaction was carried out in CH2C12 and with 
the addition of the imido compound to the solvent 
salt in excess. 

The salts thus obtained both have a cation with 
the tetrameric structure shown in Structure V. This 
structure is based on analytical and spectroscopic 
data and an incomplete X-ray study’ of the BF4- 
salt. The latter confirmed the tetrameric structure 
with the rhenium atoms having distorted square- 
pyramidal geometry, but the refinement was hin- 
dered by disorder problems. 

As in the reaction of the siloxide with 
Ag02CCF3, reduction occurred since the cation 
contains rhenium atoms formally in oxidation 
states IV (inner) and VII (outer). This structure with 
a linear chain of four metal atoms resembles 
that of a neutral tert-butylimido(oxo)osmium(VI) 
compound, [(Bu’N)~~~(~-NBu~)~O~(NB~~)~-O)]~.~ 
Since both 4 and 5 are diamagnetic, metal-metal 
bonding or electron spin coupling via the bridge 
groups in the cation is evident. The ‘H NMR spec- 
trum (CDQJ of the cation shows two Bu’N groups 
in a 1 : 1 ratio at 25°C but on cooling there is initial 
broadening and finally collapse of these peaks at 
T, = - 70°C. Further cooling to - 90°C does not 
allow observation of the slow exchange limit. The 
data suggest that at higher temperatures the two 
internal NBu’ and p-NBu’ groups are exchanging 
positions very rapidly and the two peaks observed 
are due to “external” and “internal” imido groups. 
There is only a single ’ 9F resonance for the bridging 
fluoride groups at all temperatures. 

(d) Interaction of Re(NBu’),Cl and SbCls in 
MeCN. This reaction also leads to the loss of an 
NBu’ group and the formation of the rhenium(VI1) 
complex [Re(NBu’),Cl,(MeCN),]SbCI, (6). The 
complex could be formed by chlorination of an 
NBu’ group by SbC15, similar to the conversion of 
Re(NBu’)3(0SiMe3) to Re(NBu’)$l, noted above 
[and to the reaction of Cl* with CrV’(NBu’)2C12 
which leads” to Cr”(NBu’)Cl& and possibly 
Bu’NCl,. An alternative route is the following : 

Re(NBu’),Cl+SbCl,--+ Re(NBu’),+SbCl,- 

Re(NBu’)3+ + SbCls + 2MeCN --+ 

[Re(NBu’),Cl,(MeCN),]+ +Bu’N=SbCl,. 

Although Bu’N=SbC13 is not known it would be 
similar to Bu’N=TaCl,. 

Compound 6 is also available essentially quan- 
titatively by chloride abstraction in refluxing MeCN 
according to the stoichiometry : 

Re(NBu’),C1,+2MeCN+SbCl,- 

The salt crystallizes from MeCN as large, deep 
orange-red crystals that are soluble in MeCN, 
THF, CH2C12 and CHCIJ ; it is a 1: 1 electrolyte in 
MeCN. The IR spectrum shows two stretches for 
the cis nitriles at 2292 and 23 19 cm- ’ that are above 
the value for free MeCN (2255 cm-‘), indicating 
the absence of M-N n-bonding (which may lower 
the CN stretching frequency13) as can be expected 
with the high oxidation state of rhenium. 

Although an X-ray study confirmed the general 
features, difficulties in refinement due to disorder 
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problems preclude detailed discussion. The IR and 
NMR spectra, which show equivalence of the NBut 
groups, suggest an octahedral structure with cis- 
MeCN and Bu’N groups and trans-chlorines. 

Attempts to isolate the triply-coordinated ion 
[Re(NBu’),]+ have been unsuccessful. The inter- 
action between Re(NBu’)&l in CHzClz and A1C13 
leads to Re(NBu’)&13 (cf. above) as the only rhen- 
ium-containing product and there is no evidence 
for [Re(NBu’)JAlCl+ An aluminium-containing 
product appears to be [AlChNBu’)], for which 
analogues, e.g. [AlCl(NPr’)], are known.” The 
attempted removal of Bu’NH2 from the cation 

t + [(Bu’N),Re(NH,Bu)] by refluxing its salt 
(described below) in toluene ’ * also failed. 

(2) Proton&ion of Re(NBu’),(NHBu’) 

The interaction of this amide3 with tri- 
fluoromethanesulphonic acid leads to the specific 
protonation of the amido nitrogen atom and the 
formation of the cation [(Re(NBu’),NH,Bu’]+, 
which is isolated as the triflate (7). The basicity 
of the amido nitrogen will be greater than that 
of the imido nitrogens since the lone pairs on 
the latter are involved in n-bonding Bu’N=Re 
to a greater extent than is the case for Bu’HN 
*Re. Similar behaviour has been observed for 
W(NBU’),(NHBU’)~, where NHBu’ protonation of 
the amido ligand gives cis,cis,trans-W(NBu’)2(q’- 
0Tf)2(NH2Bu’)2.1 4 The rhenium compound is a 
1: 1 electrolyte in CH2C12 or MeCN, although after 

C(321 

Cl311 

cu 5 min reaction with MeCN begins to occur. The 
cationic nature contrasts with the structure of the 
tungsten compound, which has oxygen-bound rl I- 
triflate groups, possibly due to the reluctance of 
rhenium(VI1) to be five- or six-coordinate when 
three bulky NBu’ groups are present. The com- 
pound is readily hydrolysed by moisture. The IR 
spectrum of the solid has a band at 1250 cm- ’ 
assignable to CF3S03-.15 

The X-ray crystal structure of the cation is shown 
in Fig. 2, data is given in Table 3. The geometry at 
rhenium deviates from tetrahedral with the angles 
subtended by N( 1) and N(2) and by N(3) and N(4), 
both contracted at 102” whilst the remainder are all 
slightly enlarged at 113”. There are marked differ- 
ences in the Re-N bond lengths which range from 
1.724(8) 8, for N( 1) to 1.849(9) A for N(2). There are 
concomitant differences in the degree of bending at 
nitrogen, ranging from 164.6(S)’ at N(1) to 139.8(7) 
at N(2). In fact, the relationship between ReN 
distance and angle at nitrogen is almost linear. The 
dominance of the scattering by the rhenium atom 
coupled with the disorder in the F3CS03 anion 
prevented the location of the NH* hydrogen atoms. 
However, the length of the Re-N(2) bond and the 
associated angle at nitrogen indicates N(2) as the 
most likely site for protonation. This conclusion is 
further strengthened by inspection of the packing 
of the anion and cation in the crystal (Fig. 3). Here 
we see that one of the oxygen atoms [O(2)] of the 
anion is inserted into a cleft between N(2) and N( 1) 
in the cation at a distance of 3.06 A from N(2). 

Fig. 2. The structure of the [Re(NBd),(NH,Bu’)]+ ion in the trifluoromethanesulphonate. 
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Table 3. Bond lengths (A) and angles (“) for (7) with e.s.d.s in parentheses 

2247 

Re-N( 1) 1.724(8) Re-N(2) 1.849(9) 
Re-N(3) 1.761(10) Re-N(4) 1.805(10) 

N( l)-Re-N(2) 102.2(4) N( I)-Re-N(3) 113.0(4) 
N(2)-R-N(3) 113.5(5) N( l)---Re-N(4) 113.2(5) 
N(2)-Re-N(4) 113.2(4) N(3)-Re-N(4) 102.1(5) 
R+N(l)--C(1) 164.6(8) Re--N(2)-C(2) 139.8(7) 
Re-N(3bC(3) 152.6(8) Re--N(4W(4) 146.0(8) 

This is compatible with the formation of a weak 
cation. . . anion N-H * . . 0 hydrogen bond [the 
N(1) * . . O(2) distance is 3.7 A] ; N(3) and N(4) are 
not approached in this way. 

Attempts to substitute the Bu’NH* ligand with 
various bases such as PMe, or PMe,Ph by reactions 
in CH2C12 solution gave mixtures. However, tri- 
phenylphosphine gave the salt [Re(NBt&(PPh3)] 
03SCF3 (8). 

Attempts to obtain the hydride ReH(NBt.& by 
action of NaH or KH on [Re(NBu’)j(NH2But)]+ 
in THF gave only the neutral amido complex by 
deprotonation. Similarly, thermal decompositions 
of alkyls such as Re(NBu’)3Et4 or Re(NBu’),(O’Pr) 
and treatment of Re(NBt&Cl with various hydrides, 
boro- and aluminohydrides also failed, as did the 
reaction of H2 in the presence of Et3N in hexane. 

(3) Substitution reactions of Re(NBu’)3X, X = Cl 
or OSiMe, 

(a) Dialkyl- and arylimido compounds. The inter- 
action of Re(NBu’),Cl and LiNMe, in Et20 leads 

Fig. 3. Space-filling representation of the cation and 
anion in [Re(NBu’),(NH,Bu’)]SO,CF,. 

to the dimethylamido complex 9 as a yellow, high- 
boiling oil. A similar reaction using the siloxide gave 
a red solution from which no well-defined product 
could be isolated. However, the siloxide and 
LiNPhz react cleanly to give Re(NBt&(NPhJ (10) 
as yellow crystals. Both amides are moderately air- 
and moisture-sensitive. It is of interest that while 
the 0x0 analogue ReO,[N(mes)z], whose crystal 
structure was determined, was formed by inter- 
action of ReO*(mes), with nitric oxide via an oxy- 
gen transfer to rhenium and a double aryl migration 
to the nitrogen atom, l6 the reaction of Re(NBu’), 
(mes)2 with NO gives [Re(NBu’)(0)(mes)(p-O)]z 
and Bu’N=Nmes. * 

In the ‘H NMR spectrum of Re(NBt&(NPh*) 
there are two multiplets for the aromatic protons 
(centred at 7.00 and 7.23 ppm). There is no tem- 
perature dependency from - 90 to + 100°C unlike 
that found in Re0,[N(mesityl)2].‘6 For the di- 
methylamido complex the methyl resonance 
occurs at 3.35 ppm as a singlet. 

(b) Dialkyl and arylphosphido complexes. There 
is a marked difference between the reactivities of 
Re(NBu’),X (X = Cl or OSiMe,) and those of lith- 
ium phosphido reagents. Reaction of the chloride 
with LiPPh2 gives [Ph,P], as the only identifiable 
product ; this was characterized by its NMR spec- 
trum (3’P{‘H} = 15.12 ppm in C6D6) and m.p. 
(120°C). ’ 7 Re(NBu’),(OSiMe,) reacts cleanly with 
LiPR2 (R = Ph, SiMe,) and LiPH(mes) in Et20 at 
- 78°C to give the corresponding phosphido com- 
plexes : Re(NBu’),PPh, (ll), Re(NBu’),P(SiMe,), 
(12) and Re(NBu’),PH(mes) (13). The diphenyl- 
phosphido complex is obtained as an oil from 
hexane, but can be crystallized from MeCN as a 
yellow crystalline solid in ca 40% yield. The 
complexes Re(NBu’)3P(SiMe3)2 and Re(NBut)3 
PH(mes) are obtained as yellow-orange solids 
from hexane in yields of ca 60 and 45%, respec- 
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u 
C(321 

Fig. 4. The structure of Re(NBu’),(PPh,). 

tively. All three compounds have low melting 
points, are soluble in all common organic solvents, 
and are moderately air- and moisture-sensitive. 

The structure of the diphenylphosphido com- 
pound 11 is shown in Fig. 4 ; data are in Table 4. 
The compound crystallizes with two crystallo- 
graphically-independent molecules in the asym- 
metric unit. Both molecules have nearly identical 
conformations, the only major difference being 
in the orientation of one of the tert-butyl groups 

[C(2)]. The geometry at rhenium is distorted tetra- 
hedral with angles ranging from 99.7(2) to 
115.2(3)” in one molecule and from 99.3(3) to 
116.2(3)O in the other. The Re-N distances do not 
differ significantly and are in the range 1.732(7)- 
1.748(g) A. The angles at nitrogen reflect an almost 
equal degree of bending with values between 
153.2(6) and 158.7(7)“. It is interesting to note that 
these values fit the bond length/angle correlation 
observed above in the [Re(NBu’),(NH,Bu’)]+ 

Table 4. Bond lengths (A) and angles (“) for (11) with e.s.d.s in parentheses 

WlF-N(l) 
Re(l)-N(3) 
P(l)--c(46) 
Re(l’)--N(l’) 
Re(l’)--N(3’) 
P( l’)-C(46’) 

1.745(7) 
1.732(7) 
1.853(8) 
1.743(6) 
1.732(7) 
1.856(6) 

W)_-Re(ll--N(2) 
_T,_\ _ ,.. . _,^\ 

NV-W J)_-NW 
WWWWV) 
Re(ltNUFW) 
WlWW--W) 
Re(l)-P(l)---C(56) 
N( 1 ‘)-Re( 1 ‘)-N(2’) 
N(2)-Re(l’)-N(3’) 
N(2)-Re(l’)---P(1’) 
Re(l’)--N(l)-C(l’) 
Re(l’)--N(3)--C(3’) 
Re(l’)-P(l’)--C(W) 

114.1(4) 
..? ^,A\ 
J JlL(j) 

103.2(2) 
154.9(7) 
157.0(7) 
104.6(2) 
114.5(3) 
115.3(3) 
107.9(2) 
158.7(7) 
154.1(7) 
104.2(2) 

Re(ll---N(2) 
Re(l)-P(1) 
P(l>--c(56) 
Re( 1 ‘)-N(2’) 
Re(l’)-P(l’) 
P(l’)-C(56’) 

1.748(8) 
2.446(2) 
1.852(7) 
1.744(7) 
2.445(2) 
1.834(7) 

N(l)-Re(l)-N(3) 114.8(3) 
.-,.\ - ,.. -,.\ .A_ <,S. 
N(JpKe(J)-Y(J) JU/.b(L) 

WWW)_W) 99.7(2) 

W 1 HW-W) 156.1(6) 

Re(lWV>--CW) 102.9(2) 

WQ-W1)--cW9 102.2(3) 
N( 1 ‘)-Re( 1 ‘)--N(3’) 116.2(3) 
N(l)--Re(l’)-P(l’) 100.8(2) 
N(3’jRe(l’)-P(1’) 99.3(3) 
Re( 1 ‘)--N(2)---C(2’) 153.2(6) 
Re(l’)-P(l’)-C(46’) 102.6(2) 
C(46’)---P( 1 ‘)-X(56’) 104.4(3) 
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cation. The two Re-P distances are 2.446(2) and 
2.445(2) 8, and the angles at phosphorus are all 
less than tetrahedral ranging between 102.2(3) and 
104.6(2)“. The pyramidal geometry at phosphorus 
is in agreement with the NMR data given below. 

Terminal dialkyl or aryl phosphido complexes 
are relatively rare ;’ 8 for rhenium there is the homo- 
leptic anion,j8” [Re(PCy&-, where Cy = cy- 
clohexyl. The IR and NMR spectra of 11 are in 
accord with the structure found in the crystal. The 
‘H NMR spectrum shows two multiple& (centred 
at 7.86 and 7.14 ppm) for the aromatic protons and 
a singlet for the NBu’ protons (at 1.26 ppm) ; there is 
no temperature dependency from - 90 to + 100°C. 
The 3’P NMR spectrum shows a quintet centred at 
-8.78 ppm, due to the coupling of the four ortho- 
hydrogen nuclei on the phenyl rings with the 3’P 
nucleus ( 4J(P-H) = 7 Hz) ; decoupling the proton 
resonances gives a sharp singlet at - 8.78 ppm. The 
shifts are in the region characteristic for M--PR2 
single-bonded compounds with pyramidal geo- 
metry.‘le 

For Re(NBu’),P(SiMe,),, the SiMe, protons are 
split into a doublet by the phosphorus nucleus 
(3J(P-H) = 4.5 Hz). The 3*P{ ‘H} NMR spectrum 
has a singlet at -212.33 ppm. The ‘H NMR spec- 
trum of Re(NBu’),PH(mes) shows a doublet 
centred at 5.37 ppm for the phosphido proton 
( ‘J(P-H) = 195 Hz). The same coupling constant 
is observed in the “P NMR spectrum of the com- 
plex where the doublet is centred at - 153.1 ppm. 

Attempts to deprotonate Re(NBu’),P(H)(mes) 
(13) in the hope of obtaining a phosphinidine’g 
species, [(BuW),Re=P(mes)]-, by interaction with 
Bu’Li in hexane or MeLi in Et,0 or by refluxing 
in toluene with Et3N were unsuccessful. Although 
deprotonation occurs, other reactions followed and 
the only rhenium-containing species isolated was 
the rhenium(V1) dimer [Re(NBu’)&-Bu’N)],, 
whose structure has been determined.3 From the 
reaction of 13 with one equiv. of Bu”Li in hexane 
the only other product that could be isolated was a 
colourless, crystalline solid that has been found to 
be the new cyclophosphane [P(2,4,6-Me3C6H,)13. 

Cyclophosphanes, (PR), (n = 3-6), are 
known.2s22 The trimers, with bulky R groups have 
two of the R groups on one side of the P3 plane. 
The 3’P{ ‘H} spectrum of (Pmes), has two singlets 
at -111.20and -118.35ppmina2: lratiothatare 
in close agreement with values reported for similar 
compounds. 

The mechanism of this reaction leading to the 
formation of the rhenium(W) dimer and the cyclo- 
phosphane is not clear. The oily, lithium-containing 
residue has eluded characterization. It is of interest 
that phosphinidine intermediates have been pro- 

posed22 in the synthesis of metal compounds such 

as KW5CMPW3. 
(c) Phosphiniminato compound. The interaction 

between Re(NBu’),Cl and a slight excess of 
LiNPPh3 in refluxing toluene gives the phosphin- 
iminato complex Re(NBut)3(N=PPh3) (14). The 
resonance form Re-fi=PPh3 rather than others 
such as Re-=N+=PPh, appears to be the main 
contributor since the IR band at 1094 cm-’ is at 
the lower limit of the v(P-N) region (1052-1200 
cm- ‘) for such complexes.23a The only other related 
rhenium(VI1) compound is Re[N(2,6-iPr,CsH3)]3 
(N=PPh3), whose X-ray structure was recently 
reported: it was made by the interaction between 
Ph,PNReO, and the aryl isocyanate.23b 

(d) Pyrazolate. The interaction of Re(NBu’),Cl 
with the sodium salt of pyrazole in THF gives 
Re(NBut)3(C3H3N2) (15). The mass spectrum indi- 
cates that the compound is monomeric in the gas 
phase; the ‘H NMR spectra shows a singlet for the 
NBu’ protons and an ABC pattern for the C3H3N2 
protons ; the ratio is 9 : 1 as expected. 

EXPERIMENTAL 

The general techniques and instruments used 
have been described.3924 All compounds and oper- 
ations were carried out under purified nitrogen, 
argon or in uacuo. Commercial chemicals were from 
Aldrich. NMR spectra (250 MHz) are in ppm (6) 
in C6D6 unless otherwise stated and referenced to 
Me,Si (‘H), CFCl, (“F) and external H3P04 (“P). 
IR spectra (in cm-‘) are in Nujol mulls. Electron 
impact mass spectra (m/z) show isotropic envelopes 
for the rhenium-containing ions but only. peaks 
corresponding to those with ls7Re (62.5%) are 
listed. 

The compounds Re(NBut) 3(0SiMe 3) ’ and 
Re(NBu’)3C13 were made as described. The pre- 
viously undescribed tert-butoxide and isopropoxide 
have been made from the chloride as below. 

The reagents LiNMe,, LiNPh,, LiPPh2 and 
LiPH(mes) were prepared by the standard method 
of interaction of the corresponding amine or phos- 
phine with one equiv. of Bu”Li in hexane at - 78°C. 
LiP(SiMe3)* was prepared by the interaction of 
P(SiMe,), with Bu”Li in THF at -40°C. 
LiN=PPh3 was prepared from HN=PPh325 and 
one equiv. of Bu”Li in toluene at -78°C. Tlne 
sodium salt of pyrazole was made by adding a sus- 
pension of NaH in THF to a solution of pyrazole 
at -78°C ; the solution was stirred for 30 min at 
room temperature, filtered, evaporated and the resi- 
due washed with hexane (3 x 30 cm3). 
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Tris(tert-butylimzdo)tert-butoxo)- and -(isopropoxo) 
rhenium( VU) 

To a mixture of Re(NBu’)&l (0.44 g, 1 mmol) 
and KOBu’ (0.11 g, 1 mmol) at - 20°C was added 
cold Et,0 (20 cm’) ; the yellow solution was allowed 
to warm and was then stirred for 15 h at ambient 
temperature. After filtration and removal of the 
solvent, extraction with hexane (5 cm3) and cooling 
gave yellow needles. Yield : 0.34 g, 71% ; m.p. 55- 
56°C. Found: C, 40.7; H, 7.6; N, 9.0%. MS. 473 
(18%), Re(NBut)3(OBu’) ; 402 (100%) Re(NBu’), 
(OBu’). NMR : ‘H : 1.34 (s, 27H, OBu’) ; 1.25 (s, 
9H, OBu’). 

The isopropoxide was made similarly. Yield: ca 
82%, b.p. 100-120” at ca 0.15 mm Hg. M.S. 457 
(M+), 442 (M-Me) ; 400 (M-Me,C=CHJ ; 386 
(M-NBu’). IR : 1220 cm- ‘, ReNBu’. NMR : ‘H : 
1.35 (s, 27H, NCMe3) ; 1.30 (d, 6H, Me,CH) ; 450 
(Sept., ‘H, Chime,). 

Bis[bis(tert - butylimido)(n ’ - cyclopentadienyl)rhenium 
(VII)](p-oxo)(u-cyclopentadienylidene) (1) 

To ReCl(NBu’), (0.45 g, 1 mmol) in Et,0 (20 
cm3) at -78°C was added a THF solution of 
NaC5HS (1.12 cm3 of 0.98 M solution, 1.1 mmol) 
and the mixture was allowed to warm to ambient 
temperature when the colour changed from orange 
to brown. After stirring for 1 h the volatiles were 
removed in vacua and the residue extracted with 
hexane (3 x 10 cm3) ; the orange extracts were con- 
centrated and cooled (- 2O”C, 12h) to give orange 
prisms. Yield: 0.065 g, 15%. M.S. 736(l), Rez 

(NBu’).@)(C,HJ ; 458 (45), Re(NBu’),(GH& ; 
443 (loo), Re(NBut)(CSHJ-CH3; 410 (32), 
Re(NBu’),(O)(C,H,). NMR : ‘H (20°C CD&l,) : 
1.35 (s, 18H) and 1.32 (s, 18H) NCMe,; 5.85 
(m, 4H, p-C5H4); 6.2 (s, SH, q’-C,H,). 

Bis[bis(tert - butylimido)(trimethyIsiloxo)rhenium(VII)] 
(p-oxo)-(p-trimethylsiloxo)(p-trzjluoroacetato) (2) 

To a suspension of AgO,CCF, (0.11 g, 0.5 mmol) 
in THF (30 cm3) at - 78°C was added a solution of 
Re3(NBu’),(0)S(OSiMe3)35 (0.45 g, 0.38 mmol) in 
THF (20 cm’). After stirring at room temperature 
(12 h) the solution was evaporated and extracted 
with hexane (2 x 20 cm’). Concentration (10 cm’) 
and cooling (-20°C) gave yellow crystals, some of 
X-ray quality. Yield : 0.18 g (44%). IR : 1682 (v,,~,,, 
OCO) ; 1454 (VSW OCO) ; 1203 (NBu’). The values of 
the symmetric and asymmetric carboxylate stretches 
and the separation A = 228 cm- ’ are similar to those 
in other bridged trifluoroacetates.26 NMR (CDCl,) : 

‘H : 1.42 (s, 26H, NBu’) ; 0.25 (s, 9H, CL-0SiMe3) ; 
0.13 (s, 18H, OSiMe,). 19F: 57.72 (s). 

Bis[bis(tert-butylimido)rhenium(V)](p-trimethylsiloxo) 
(p-tr$uoroacetato) (3) 

To a suspension of Ag02CCF3 (0.2 g, 1.27 mmol) 
in THF (30 cm’) at - 78°C was added a solution of 
Re(NBu’),(OSiMe,) (0.5 g, 1.02 mmol) in THF (10 
cm3). After warming and stirring at room tem- 
perature for ca 18 h, the solution was evaporated in 
vacua and the residue extracted with hexane (2 x 20 
cm”). Concentration (to 10 cm3) of the filtered 
extract and cooling (-20°C) gave a yellow crys- 
talline solid. Yield: 0.57 g, 65%. IR: 1674, 1450 
cm-’ (asym and sym vOC0, A = 224 cn- ‘) ; 1208 
(NBu’). NMR (CDC13) : ‘H : 1.44 (s, 36H, NBu’) ; 
0.13 (s, 9H, OSiMe,). 19F : 60.18 (s). 

Bis[bis(tert-butylimido)chlororhenium(VII)(p- tert- 
butylimido)~-~uoro)(tert-butylimido)rhenium(IV)~- 
JEuoro)]tetraJuoroborate (4) and hexajiuorophos- 
phate (5) 

To a solution of AgBF4 (0.15 g, 0.76 mmol) or 
AgPF6 (0.19 g, 0.75 mmol) in CH2C12 (15 cm’) was 
added Re(NBu’),Cl (0.3 g, 0.7 mmol) in CHzClz 
(20 cm’) when a white precipitate (AgCl) formed 
immediately. After stirring in the dark for 4 h, the 
volatiles were removed in vacua and the residue 
washed with Et,0 (3 x 20 cm3). Extraction of the 
residue with CH&l, (2 x 10 cm3) and concentration 
to 2-3 cm3, followed by layering with Et,0 gave 
yellow prisms after ca 24 h at room temperature. 
Yield : ca 20%. NMR (CDC13) : ‘H : 1.65 (terminal 
NBu’) ; 1.61 (internal and bridge NBu’). 19F : BF/ 
salt, -150 (BF,-); -126 (p-F). “F: PF6- salt, 
- 75 (d, J(P-F) = 713 Hz, equatorial F of PF,-) ; 
- 80 (d, J(P-F) = 986 Hz, axial F of PF6-) ; - 135 

(/l-F). 

Bis(tert-butylimido)dichlorobis(acetonitrile)rhenium 
(VII)hexachloroantimonate(V) (6) 

To Re(NBu’),C1(0.4 g, 0.92 mmol) in MeCN (30 
cm3) was added SbCIS (1 cm3 of 1 M solution in 
CH,ClJ and the solution refluxed (ca 12 h) and 
evaporated. The residue was washed with Et20 
(2 x 30 cm’) and extracted into MeCN (2 x 10 cm’) ; 
concentration and cooling gives bright orange-red 
crystals. Further crops may be obtained from the 
supernatant. Overall yield: 0.54 g (72%). Con- 
ductivity (MeCN) : AM = 111 Sz- ’ cm* mall ‘. IR : 
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2319,2292 (MeCN); 1200 (NBu’); 337 vs (SbC&). 
NMR : ‘H : 1.64 (s, Bu’N) ; 2.22 (s, MeCN). 

The compound is obtained similarly from stoi- 
chiometric amounts of Re(NBu’)$13*’ and SbCls 
in MeCN with an essentially quantitative yield. 

Tris(tert-butylimido)(tert-butyZamine)rhenium(VII) 
triJluoromethanesulphonate (7) 

To a solution of Re(NBu’),(NHBut)3 (0.5 g, 1.05 
mmol) in Et20 (30 cm’) at - 78°C was added drop- 
wise with stirring a pre-cooled solution of CF3S03H 
(0.1 cm*, 1.17 mmol in 20 cm3 Et20). The yellow 
solution was stirred for 1 h and then allowed to 
warm slowly. The yellow precipitate was collected, 
washed with Et20 (2 x 10 cm’) and crystallized 
from CH,Cl,-Et20 (1 : 2) at -20°C as yellow 
prisms. Yield: 0.29 g, 45%. IR: 3177 (H,NBu’); 
1250 (CF3S03-); 1210 (NBu’). NMR (CDCl,): 
‘H : 1.45 (s, 27H, NBu’) ; 1.39 (s, 9H, H,NBu’). 19F : 
- 82.0. Conductivity (CH,Cl,) : AM = 141 a- ’ cm* 
mol- ’ (cf. Bun4NPF6 under the same conditions, 
AM = 145 R-l cm* mol-‘. 

Tris(tert-butylimido)(triphenylphosphine)rhenium 
(VII)triJluoromethanesulphonate (8) 

To a solution of the above amine complex (0.2 g, 
0.32 mmol) in CH2C12 (20 cm’) was added PPh3 
(0.1 g, 0.4 mmol) when the colour changed from 
yellow to orange. After stirring for 2 h the volatiles 
were moved in vacua and the residue washed with 
Et20 (3 x 30 cm’) and recrystallized as orange 
needles from CH2C12 after addition of Et,0 at 
-20°C. Yield: 0.14 g, 55%. IR: 1255 (CF,SO,); 
1210 (NBu’). NMR (CDCI,): ‘H: 1.25 (s, 27H, 
NBu’); 7.3 (m, 15H, PPh3). 3’P(‘H): 34.83. 19F: 
- 79.0. 

Tris(tert-butylimido)(dimethyIamido)rhenium(VII) 

(9) 

To a solution of Re(NBu’),C1(0.45 g, 1.03 mmol) 
in Et20 (20 cm3) at -78°C was added a cold 
suspension of LiNMe, (0.07 g, 1.4 mmol) in Et20 
(30 cm3). After warming and stirring at room tem- 
perature for 5 h the solution was evaporated and 
the residue extracted with hexane (2 x 5 cm3). Evap- 
oration of the extract left a yellow oil which was 
distilled under high vacuum at ca 150°C. Yield : 
0.16 g, 35%. M.S. 444 (M); 429 (M-Me); 373 
(M-NBu’). IR : 1211 (NBu’). NMR : ‘H : 3.35 [s, 
6H, N(Me)*], 1.37 (s, 27H, NBu’). 

Tris(tert-butylimido)(d@henylamido)rhenh.un(VII)(10) 

As above but using Re(NBu’)3(0SiMe3) (0.42 g, 
0.86 mmol) in Et20 (20 cm3) and LiNPh2 (0.19 g, 
1.10 mmol) in Et20 (30 cm3). Concentration of the 
hexane extract and cooling (- 20°C) gave yellow 
crystals. Yield: 0.26 g, 53%. M.S. 568 (M); 553 
(M-Me); 497 (M-Bu’N). IR: 1200 (NBu’). 
NMR: ‘H : 7.00-7.23 (m, lOH, NPh2); 1.29 (s, 
27H, NBu’). 

Tris( tert - butylimido)(diphenylphosphido)rhenium(VII) 

(11) 

As above but using Re(NBu’),(OSiMe,) (0.51 g, 
1.04 mmol) in Et20 (20 cm3) and LiPPh2 (0.25 g, 
1.30 mmol) in Et20 (30 cm’). The hexane extracted 
(30 cm’) was evaporated and the residue crystallized 
from MeCN to give an orange-yellow crystalline 
solid. Yield : 0.24 g, 40%. M.S. 585 (M) ; 570 
(M-Me); 555 (M-2Me); 514 (M-Bu’N). IR: 
1211 (NBu’). NMR: ‘H: 7.14,7.86(m, IOH, PPh2); 
1.26 (s, 27H, NBu’). 3’P: -8.78 [quin. 4J(P-H) = 
7 Hz ; coupling to four o-H on C6HS rings]. 
3’P{ ‘H) : - 8.78 (s). 

Trisftert - butylimido)[bis(trimethylsilyl)phosphido]rhe- 
nium(VI1) (12) 

As above from Re(NBut),(OSiMe3) (0.55 g, 1.13 
mmol) in Et,0 (20 cm’) and Li[P(SiMe,)*] (0.26 g, 
1.41 mmol) in Et20 (20 cm3). Concentration of the 
hexane extract (20 cm,3) and work-up gave a yellow 
crystalline solid. Yield : 0.28 g, 43%. M.S. 577 (M) ; 
562 (M-Me) ; 520 (M-But); 504 (M-SiMe,) ; 
406 (M-3 x Bu’) ; 333 (M-3 x Bu’SiMe,). IR : 
1211 (NBu’). NMR : ‘H : 1.37 (s, 27H, NW) ; 0.49 
(d, 18H, SiMe3, 3J(P-H) = 4.5 Hz). 3’P(‘H} : 
-212.33 (s). 

Tris(tert-butylimido)(mesitylphosphido)rhenium(VII) 

(13) 

As above from Re(NBu’),(OSiMe,) (0.639 g, 1.29 
mmol) but using LiPH(mesity1) (6.25 g, 1.58 mmol). 
The product is obtained from hexane as yellow 
crystals. Yield: 60%. M.S. 551 (M); 536 (M-Me); 
478 (M-Me, HBu’) ; 463 (M-2Me, But, H) ; 431 
(M-mesityl, H). IR: 2328 (PLH), 1211 (NBu’). 
NMR: ‘H: 1.27 (s, 27H, NBu’); 2.16 (s, 3H, p- 
CH3); 2.65 (s, 6H, o-CH3); 5.37 [d, lH, P-H, 
‘J(P-H) = 195 Hz] ; 6.78 (s, 2H, C,H,). 31P{ ‘H} : 
-153.16 (s). 3’P: -153.1, 155.79 (d, J(P-H) = 
195 Hz). 

The interaction of stoichiometric amounts of 13 
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and Bu”Li in hexane gave yellow [(Re(NBu’),(p- 
NBu~)]~,~ identified by m.p. and ‘H NMR spectrum, 
and colourless (Pmesityl)3, which crystallized first, 
in yields IO-20%. Found: C, 71.5; H, 8.0; P, 20.5. 
Calc. for C2,H3,P3: C, 72.0; H, 7.4; P, 20.6%. 
M.S. 450 (M) ; 330 (M-mesityl-H) ; M 302 
[M--(mesP)z]. For NMR see text. 

Tris(tert - butylimido)(triphenylphosphineiminato)rhe- 
nium(VI1) (14) 

To Re(NBu’),Cl (0.38 g, 0.87 mmol) in toluene 
(20 cm3) was added LiN=PPh3 (0.30 g, 1.06 mmol) 
in toluene (20 cm3) and the solution refluxed for 12 
h. After evaporation the residue was extracted into 
hexane (2 x 30 cm3) which was filtered, con- 
centrated and cooled to give an orange-brown pow- 
der. Recrystallization from Et,0 gave a yellow crys- 
talline solid. Yield : 0.2 g, 33%. M.S. 676 (M) ; 
661 (M-Me) ; 646 (M-2Me) ; 605 (M-But) ; 400 
(M-NPPh3). IR : 1206 (NBu’). NMR : ‘H : 7.02, 
7.44 (m, 15H, Ph); 1.44 (s, 27H, NBu’). 3’P{ ‘H} : 
15.28 (s). 

Tris(tert-butylimido)pyrazolatorhenium(VII) (15) 

To a solution of Re(NBu’),C1(0.56 g, 1.29 mmol) 
in THF (20 cm3) at - 78°C was added a cold solu- 
tion of sodium pyrazolate (from pyrazole and NaH 
in THF ; 0.15 g, 1.67 mmol) in THF (30 cm3). After 
warming and stirring at room temperature (18 h) 
the solution was evaporated and extracted with hex- 
ane (2 x 20 cm3). Concentration (to 5 cm3), fil- 
tration and cooling (- 20°C) gave orange-red crys- 
tals. Yield: 0.19 g, 32%. M.S. 464 (M-3H), 449 
(M-3H-CH3) ; 393 (M-3H-NBu’). NMR 
(CDC13): ‘H : 7.18 (m, lH, C4H3N); 7.59 (m, lH, 
C4H3N); 5.95 (m, lH, C4H3N); 1.53 (s, 27H 
NBu’). 

X-ray crystallography 

All three compounds were air-sensitive and were 
sealed in Lindemann glass capillaries under argon. 
Crystal data : (2) C27H63F3N406Re2Si3, A4 = 
1053.5, monoclinic, a = 9.895(l), b = 22.603(4), 
c = 10.383(l) A, fi = 109.77(l)“, V= 2185 A3, 
space group P2,/m, 2 = 2 (the complex has crys- 
tallographic C, symmetry), D, = 1.60 g cm- 3, 
copper radiation, A = 1.54178 A, ~(CU-K,) = 
115 cm-‘, F(OO0) = 1040. Data were measured 
on a Nicolet R3m diffractometer with Cu-K, 
radiation (graphite monochromator) using w-scans. 
A crystal of dimensions 0.03 x 0.18 x 0.38 mm was 
used. 3046 independent reflections (28 < 116”) were 
measured, of which 2252 had IF01 > 3a(]F0]), and 
were considered to be observed. The data were cor- 
rected for Lorentz and polarization factors ; a 

numerical absorption correction (face-indexed crys- 
tal) was applied ; maximum and minimum trans- 
mission factors were 0.677 and 0.141. The structure 
was solved by the heavy-atom method. The non- 
hydrogen atoms were refined anisotropically. The 
positions of the hydrogen atoms were idealized, 
C-H = 0.96 A, assigned isotropic thermal par- 
ameters, U(H) = 0.08, and allowed to ride on their 
parent carbon atoms. The methyl groups were 
refined as rigid bodies. Refinement was by full- 
matrix least-squares to R = 0.064, R, = 0.058 
[w- ’ = a2(F)+0.00050F2]. The maximum and 
minimum residual electron densities in the final AF 
map were 2.32 and - 1.87 e A- 3, respectively. The 
mean and maximum shift/errors in the final refine- 
ment were 0.000 and 0.000, respectively. Com- 
putations were carried out on an Eclipse S140 com- 
puter using the SHELXTL program system and on 
an IBM 386 PC using SHELXTL PC. 

Crystal data: (7) C17H38F3N403ReS, M= 
621.8, monoclinic, a = 15.495(5), b = 11.208(S), 
c = 16.034(11) A, j? = 105.48(4)“, Y = 2684 A3, 
space group P2,/a, Z = 4, D, = 1.54 g cm- 3, 
copper radiation, 1 = 1.54178 A, ~(CU-KJ = 96 
cm- ‘, F(OO0) = 1240. Data were measured as 
above for a crystal of dimensions 0.17 x 0.20 x 
0.33 mm. 3625 independent reflections (28 < 116”) 
were measured, of which 2969 had IF01 > 
3a(lF,I), and were considered to be observed. The 
data were corrected for Lorentz and polar- 
ization factors ; an empirical absorption correction 
(ellipsoidal) based on 309 azimuthal measurements 
was applied ; maximum and minimum transmission 
factors were 0.367 and 0.206. The structure was 
solved by the heavy-atom method. The non-hydro- 
gen atoms were refined anisotropically. The triflate 
ion was disordered about the C-S axis and was 
refined with two rigid body orientations for both 
the CF3 and SO3 groups. The amine hydrogen 
atoms could not be located. The positions of the 
remaining hydrogen atoms were idealized, 
C-H = 0.96 A, assigned isotropic thermal par- 
ameters, U(H) = 1.2U,,(C), and allowed to ride on 
their parent carbon atoms. The methyl groups were 
refined as rigid bodies. Refinement was by block- 
cascade full-matrix least-squares to R = 0.046, 
R, = 0.045 [w-’ = aZ(F)+0.00054F2]. The maxi- 
mum and minimum residual electron densities 
in the final AF map were 0.75 and -0.61 e Ap3, 
respectively. The mean and maximum shift/error in 
the final refinement were 0.047 and 0.465, respec- 
tively. Computations were carried out as above. 

Crystal data: (11) C24H37N3PRe, M = 584.8, 
triclinic, a = 10.430(2), b = 10.319(3), c = 26.227(10) 
A, a = 91.23(3), /? = 94.23(3), y = 99.30(2)“, 
V = 2776 A3, space group PI, Z = 4 (2 crystallo- 
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graphically-independent molecules), D, = 1.40 g 
cm- 3, copper radiation, I = 1.54178 A, ,u(Cu-K,) 
= 90 cm- ‘, F(OO0) = 1168. Data were measured 

as above on a crystal of dimensions 0.17 x 
0.23 x 0.26 mm. 7485 independent reflections (28 < 
116”) were measured, of which 5868 had ]FO] > 
3a(JF,]) and were considered to be observed. 
The data were corrected for Lorentz and polari- 
zation factors ; a numerical absorption correction 
(face-indexed crystal) was applied ; maximum and 
minimum transmission factors were 0.352 and 
0.105. The structure was solved by the heavy-atom 
method. The non-hydrogen atoms were refined 
anisotropically. The phenyl rings together with their 
hydrogen atoms were refined as idealized rigid 
bodies. The methyl groups were also refined as 
idealized rigid bodies with a common refined-free 
variable isotropic thermal parameter for each tert- 
butyl group. Refinement was by blocked full-matrix 
least-squares to R = 0.043, R, = 0.047 [w- ’ = e2 
(F) + 0.00 1 47F2]. The maximum and minimum 
residual electron densities in the final AF map 
were 0.89 and -0.79 e A-3, respectively. The 
mean and maximum shift/error in the final refine- 
ment were 0.000 and 0.000, respectively. Com- 
putations were carried out as above. 
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