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Ar 7|5 3loll Al Re(N-CgH;-2,6-i-Pr,),Cly(py) (1)3} propionaldehyde (C,H,CHO)7} Wh-g-5}o] A}
A EHECIA, [cis-ReCl,(py)(N-C4H;-2,6-i-Pry) - (NH,-CH,-2,6-i-Pr,)] (277} B2]=gic}. of 3}
Ee] 727} Xray A2 P EC 2E 28] AAE) 2E: APA I P2y/n, a=
11.555(1) A, b=27.066(3) A, c=11.881(1) A, B=117.991(8)°, Z=4, R(WR,)=0.0332(0.0851).

Abstract

Reaction of Re(N-C4H;-2,6-i-Pr,),Cly(py) (1) with propionaldehyde (C,H;CHO) under argon led
to a reaction mixture from which [cis-ReCl,(py)(N-C¢H,;-2,6-i-Pr,) - (NH,-CH,-2,6-i-Pr,)] (2) was
isolated. Compound 2 was characterized by X-ray diffraction. Crystallographic data for 2: mono-
clinic space group P2,/n, a=11.555(1) A, b=27.066(3) A, c=11.881(1) A, B=117.991(8)°, Z=4,

R(WR,)=0.0332(0.0851).

1. Intreduction

Transition-metal imido (or nitrene, M=NR) com-
plexes have been of continuous interest."® We have
been continuously interested in Re-imido complexes
(Re=NR). Recently we prepared a Re-imido com-
plex of mer,trans-Re(N-C¢H;-i-Pr,)(PMe,),Cl; from
the reaction of Re(N-C H,-2,6-i-Pr,),Cly(py) (1) and
trimethyl phosphine (PMe;).” There have been a
couple of reports on reactions between organic car-
bonyl compounds and transition-metal imido com-
plexes.*” These studies prompted us to investigate
the reactivity of the Re-imido complex with the
organic carbonyls. We therefore set out the reaction
of Re(N-C4H;-2,6-i-Pr,),Cly(py) (1) with propional-
dehyde (C,H;,CHO) to obtain a mono-0xo, mono-
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imido Re-complex (eq 1), but the isolated com-
pound turned out to be an unexpected product [cis-
ReCl,(py(N-C¢H,;-2,6-i-Pr,) - (NH,-CH,-2,6-i-Pr,)]
(2). Herein we report structure of 2.

Re(NAr),Cl(py) + RCHO —
Re(O)(NAr) Cl,(py) + RCH(NATr) (1)
2. Experimental Section

Unless otherwise stated, all the reactions have
been performed with standard Schlenk line and can-
nula techniques under an argon atmosphere. Air-
sensitive solids were manipulated in a glove box
filled with argon. Glassware was soaked in KOH-
saturated 2-propanol for ca. 24 h and washed with
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distilled water and acetone before use. Glassware
was either flame-dried or oven-dried. Hydrocarbon
solvents were stirred over concentrated H,SO, for
ca. 48 h, neutralized with K,CQO,, stirred over so-
dium metal, and distilled by vacuum transfer. Ben-
zene, diethyl ether were distilled over sodium metal
under Ar. Propionaldehyde (C,H;,CHO) was distilled
under Ar, degassed by freeze-pump-thaw cycles,
and stored under Ar. Re(N-C H,-2,6-i-Pr,),ClL(py)

(1) was prepared by the literature method.'*'”
Preparation of [cis-ReCl(py}N-CgH;-2,6-i-Pr,)] -

(NH,-C¢H;-2,6-i-Pr;)] (2). To an opaque, dark green

solution of benzene (60 ml/) containing 0.32 g (0.44

Table 1. X-ray data collection and structure refine-

ment for 2

formula C,,H,;N,CLRe

fw 759.65

temperature, K 293(2)

crystal system monoclinic

space group P2i/n

a, A 11.555(1)

b, A 27.066(3)

¢, A 11.881(1)

B, deg 117.991(8)

v, A® 3281.1(5)

Z 4

d, g cm? 1.538

W, mm" 4.051

T in 0.4254

T e 0.5711

F(000) 1516

Index ranges -1<h<13
-1<k<32
-14<i<12

R (int) 0.0231

No. of reflections measured 6889

No. of reflections unique 5686

No. of reflections with I>2c(I) 5104

No. of parameters refined 343

20 range (°) 3.550.0

scan type 1

scan speed variable

GOF (goodness-of-fit on F?) 1.172

Max., min. in Ap (e A”) 1.480, -1.141

R 0.0332

wR,’ 0.0851

*wR,=S[w(F,-F 2)’V/Z{w(F,*)"]'".
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mmol) of Re(N-CzH;-2,6-i-Pr,),Cli(py) (1) was
added 0.16 m/ (2.2 mmol) of propionaldehyde. The
resulting solution was stirred for 18 h at room tem-
perature and then the volatiles were removed under
vacuum. The residual solids were washed with

Table 2. Atomic coordinates (x10*) and equivalent
isotropic displacement parameters (A’x10°% for 2

X y z Uleq)”
Re 6836(1) 1000(1) 7072(1) 32(1)
Cl(1) 8080(1) 943(1) 5936(1) 51(1)
Cl(2) 6980(1) 85(1) 7074(1)  43(1)
C1(3) 5555(1) 840(1) 8123(1) 45(Q1)
Cl(4) 4893(1) 939(1) 5067(1) 41(1)
N(1) 8575(4) 936(1) 8878(4) 39(1)
N(2) 6914(4) 1627(2) 7276(4)  38(1)
N@3) 6184(4) 49(2) 3986(4) 45(1)
C() 8635(6) 1188(2) 9873(5) 49(1)
C(2) 9731(6) 1170(3) 11041(6) 67(2)
C(3) 10780(6) 894(2) 11212(7)  69(2)
C4) 10718(5) 637(2) 10199(6)  62(2)
C(5) 9592(5) 662(2) 9025(5) 50(1)
C(6) 7136(5) 2119(2) 7657(5) 41(1)
) 6154(5)  2376(2) 7834(5)  47(1)
C(8) 6457(6) 2852(2) 8297(6) 63(2)
C®) 7624(7) 3075(2) 8554(7) 77(2)
C(10) 8549(7) 2819(2) 8362(8) 73(2)
C(11) 8335(5) 2340(2) 7924(5) 50(1)
C(12) 4866(5) 2152(2) 7574(6) S1(1)
C(13) 3724(6) 2485(3) 6713(8) 81(2)
C(14) 4863(9) 2055(3) 8835(7) 86(2)
C(15) 9341(6) 2065(2) 7658(7)  69(2)
C(16) 10734(7) 2128(4) 8804(11) 119(4)
C(17) 9285(10) 2230(3) 6447(10) 109(3)

C(18) 6841(5) 73(2) 3190(5) 39(1)

C(19) 7710(5) -304(2) 3305(5) 47(1)
C(20) 8308(7)  -268(2) 2531(7)  69(2)
c@l 8054(8) 115(3) 1712(8)  79(2)
C(22) 7172(7) 473(2) 1605(6)  64(2)
C@23) 6551(6) 466(2) 2355(5)  50(1)
CQ4) 8027(6) “727(2) 4232(6)  59(2)
Cc(@25) 9171(9) -596(3) 5489(7)  97(3)
CQ@6) 8274(8)  -1205(2) 3715(8) 85(2)
ce7 5577(8) 867(3) 2187(7)  77(2)
C(28) 4350(9) 814(4) 921(11) 130(4)
C(29)  6209(13) 1376(3)  2360(11). 132(4)

Equivalent isotropic U defined as one third of the trace
of the orthogonalized Uj; tensor.
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Table 3. Selected bond distances (f\) and bond angles (°) in 2

Re-N2 1.710(4) Re-N1
Re-Cl4 2.392(1) Re-Cll
N1-C3 1.331(6) N1-Ci
N3-C18 1.466(6)

N2-Re-N1 88.7(2)

N1-Re-CI3 89.0(1)

N1-Re-Cl4 171.4(1)

N2-Re-Cl1 98.0(1)

CI3-Re-Cl1 165.68(5)

N2-Re-CI2 172.2(1)

CI3-Re-CI2 82.90(4)

Cl1-Re-CI2 82.97(4)

2.151(4) Re-CI3 2.381(1)
2.396(1) Re-CI2 2.483(1)
1.339(7) N2-C6 1.391(6)
N2-Re-CI3 96.3(1)

N2-Re-Cl4 99.9(1)

CI3ReCl 89.21(5)

N1-Re-Cll 91.7(1)

Cl4-Re-Cl1 88.01(5)

N1-Re-CI2 83.5(1)

Cl4-Re-CI2 87.86(4)

C6-N2-Re 170.1(4)

diethyl ether (1x30 m/) and pentane (2x30 m/) and
then dried under vacuum. This product was recrys-
tallized from dichloromethane-hexane. During recry-
stallization, we could obtain the crystals of [cis-
ReCl(pyN-CH;-2,6-i-Pr,) * (NH,-C,H;-2,6-i-Pr,)]
(2).

X-ray Structure Determination of 2. All X-
ray data were collected with use of a Siemens P4
diffractometer equipped with a Mo X-ray tube and
a graphite crystal monochromator. Details on crystal
data and intensity data are given in Table 1. The
orientation matrix and unit cell parameters were
determined by least-squares analyses of the setting
angles of 39 reflections in the range 15.0°<26<
25.0°. Three check reflections were measured every
100 reflections throughout data collection and showed
no significant variations in intensity. Intensity data
were corrected for Lorenz and polarization effects.
Decay corrections were also made. The intensity
data were empirically corrected with y-scan data.
All calculations were carried out with use of the
SHELXTL programs.'”

A green crystal of 2, shaped as a block, of
approximate dimensions 0.70x0.60x0.60 mm’, was
used for crystal and intensity data collection. The
unit cell parameters and systematic absences, h0!
(h+1=2n+1) and 0k0 (k=2n+1), unambiguously indi-
cated P2/n as a space group. The structure was
solved by the direct method and refined by full-
matrix least-squares calculations of F initially with
isotropic and finally anisotropic temperature factors

for all non-hydrogen atoms. All hydrogen atoms
were generated in idealized positions and refined in
a riding model.

Final atomic positional parameters for non-hydro-
gen atoms are shown in Table 2. The selected bond
distances and bond angles are shown in Table 3.

3. Results and discussion

Preparation. Compound 1 reacts with excess (5
fold) propionaldehyde (C,H;CHO) in benzene at
room temperature for 18 h to give a reaction mix-
ture, from which [cis-ReCl,(py)}(N-C¢H;-2,6-i-Pr,) -
(NH,-C,H;-2,6-i-Pr,)] (2) was isolated (Scheme 1).
At the setout of this reaction, we tried to prepare a
mono-oxo, mono-imido Re compound from 1, but
the reaction gave an uncharacterizable mixture of
products whose separation has not been successful.
Fortunately, compound 2 was crystalline and could
be picked up by hands. Unfortunately, we could not
obtain the other meaningful spectral data except X-
ray diffraction due to a limited amount of 2.

In compound 2, the Re metal has a formal oxi-
dation state +6 (d'), which indicates reduction of
the Re metal (from +7 in 1 to +6 in 2). This reac-
tion is somewhat interesting in that one of the
strongly bound imido ligands (NAr) has been
cleaved. Compound 2 is a formal 17-electron com-
plex, assuming the aryl imido ligand to be a 4-elec-
tron donor. Although we cannot give a clear-cut
explanation for the formation of the cocrystallized
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€l (Ar=26-+PryCeHai R = CoHg)

2
aniline seems to have formed from the imido ligand
escaping from the Re metal during the reaction.

Structure. The molecular structures of 2, to-
gether with the cocrystallized 2,6-diisopropylaniline
linked by both intramolecular and intermolecular
hydrogen bonds (see below), with the atomic num-
bering scheme is shown in Fig. 1. Compound 2 has
four chloro ligands, one pyridine ligand, and one
imido (NAr:Ar=2,6-diisopropylphenyl) ligand. The
coordination sphere of Re can be described as an
octahedron in which the pyridine and the NAr
ligands are mutvally cis. The equatorial plane,
defined by Re, N2, Cl1, CI2 and CI3, is nearly pla-
nar with the average atomic displacement from the
least-squares plane not exceeding 0.078 A. The
dihedral angle between the equatorial plane and the
imido phenyl ring (C6-Cl1) is 36.4(2)°.

The Re-N2-C6 bond angle of 170.1(4)" and the
Re-N2 bond distance of 1.710(4) A are fairly typi-
cal of aryl imido ligands in high oxidation state Re
complexes.” This angle and distance indicate that
the imido group in 2 is linear and the Re-N bond
has a triple bond character with an sp-hybrid nitro-
gen. The bond distance of Re-CI2 (2.483(1) A),

Fig. 1. ORTEP drawing'® of 2, showing the atom-
labeling scheme and 50% probability thermal ellip-
soids.
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trans to the NAr ligand, is significantly longer than
those of the other three Re-Cl bonds (2.381(1)-
2.396(1) A), presumably because of a high trans-
influencing effect of the imido ligand (NAr)."”

There are two intramolecular hydrogen bonds, in
which N3 acts as a donor to CI2 and Cl4: N3---
C12=3.339 A, HN3B:--CI2=2.659 A, N3-HN3B-Cl2=
115.72° and N3---Cl4=3.386 A, HN3A::-Cl4=2.624
A, N3-HN3A-Cl4=148.32°. There are also two in-
termolecular hydrogen bonds related by an inversion
point (-x+1, -y, -z+1), in which N3 acts as a donor
to to CI2 and Cl4: N3---CI2=3.358 A, HN3B---Cl2=
2.875 A, N3-HN3B-CI2=139.35° and N3---Cl4=
3280 A, HN3A--Cl4=2.850 A, N3-HN3A-Cl4=
112.80°.

In summary, we have isolated and structurally
characterized [cis-ReCl,(py)(N-C¢H;-2,6-i-Pr,) - (NH,-
C4H;-2,6-i-Pr,)] (2) from the reaction of Re(N-C¢H;-
2,6-i-Pr,),Cl;(py) (1) with propionaldehyde. In this
reaction, the Re-metal has been formally reduced
from +7 to +6, and compound 2 is a formal 17-
electron complex.

Acknowledgment.

This work is based on research sponsored by the
Korea Ministry of Education under grant BSRI-98-
3420.

References

1) Wigley, D. E., Prog. Inorg. Chem., 42, 239
(1994).

2) Lin, Z. and Hall, M. B., Coord. Chem. Rev., 123,
149 (1993).

3) Nugent, W. A., MetalLigand Multiple Bonds;
John Wilely and Sons: New York (1988).

4) Chisholm, M. H. and Rothwell, I. P, Compre-
hensive Coordination Chemistry, Wilkinson, G.,
Gillard, R. D. and McCleverty, J. A., Pergamon
Oxford, England, Vol. 2, p. 161 (1987).

5) Nugent, W. A. and Haymore, B. L., Coord.
Chem. Rev., 31, 123 (1980).

6) Cenini, S. and La Monica, G., Inorg. Chim.
Acta, 18, 279 (1976).

7) Park, B.-G., Choi, N.-S. and Lee, S. W., Bull.
Korean Chem. Soc., 20, 321 (1999).



A10A 2%, 1999 [cis-ReCly(py)(N-Cg-Hy-2,6-i-Pry)] * (NH,-CgH,-2,6-i-Pry) BHES] F-Foweee 109

8) Rocklage, S. M. and Schrock, R. R.,, J Am. 12) Bruker, SHELXTL, Structure Determination Soft-

Chem. Soc., 102, 7808 (1980). ware Programs, Bruker Analytical X-ray Instru-
9) Arndtsen, B. A., Sleiman, H. F, Chang, A. K. ments Inc., Madison, Wisconsin, USA (1997).

and McElwee-White, L., J Am. Chem. Soc., 13) Huheey, J. E., Keiter, E. A. and Keiter, R. L.,

113, 4871 (1991). Inorganic Chemistry; 4th ed.; Harper Collins,
10) Horton, A. D. and Schrock, R. R., Polyhedron, 7, New York; p. 543 (1993).

1841 (1988). 14) Farrugia, L. J., ORTEP-3 for Windows, Univer-
11) Toreki, R., Schrock, R. R. and Davis, W. M., J. sity of Glasgow (1997).

Am. Chem. Soc., 114, 3367 (1992).



