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Abstract

Treatment of the trigonal-bipyramidal complex {Re[N(CH,CH,S);(CNCH,COOED)} (1a) with LiOH in THF leads to ester hydrolysis
and yields the complex {Re[N(CH,CH,S);J(CNCH,COOH)} (2). Attempts to hydrolyze the ester in 1a in the two-phase system
toluene / concentrated hydrochloric acid proceeded under electrophilic attack at the isocyanide nitrogen atom and formation of the
carbonyl complex {Re[N(CH,CH,S),[(C0O)} (3). Complex 3 was also obtained by treatment of {Re[N(CH,CH,S);JCNC(CH),]} (1b)
with toluene / hydrochloric acid. The molecular structures of 1b and 3 were established by X-ray structure analysis.
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Only a few technetium and rhenium complexes with
tripodal ligands containing sulfur donors are known
[1-3]. Recently we reported the syntheses and crystal
structures of some trigonal bipyramidal rhenium und
technetium complexes with the #ris(2-mercapto-
ethyDamine ligand [4]. Attempts to hydrolyze the ester
function in the isocyanide complex {Re[N(CH,CH,-
S),(CNCH,COOE)} (1a) with LiOH in THF led to
the complex {Re[N(CH,CH,S),J(CNCH,-
COOH)} (2) containing an isocyanide ligand functional-
ized with a carboxylic acid group. Treatment of 1a with
hydrochloric acid did not lead to ester hydrolysis but
gave the unexpected carbonyl complex {Re[N(CH,CH ,-
$),(CO)} (3). 3 was also obtained, when complexes
with oxygen-free isocyanides like {Re[N(CH,CH,-
S),ICNC(CH,), 1} (1b) were treated with hydrochloric
acid. In this paper we describe the synthesis of 3
together with the crystal structures of 1b and 3.

In our search for rhenium complexes which can be
coupled to biological relevant molecules we studied
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complexes of type 1a (Scheme 1) containing functional-
ized iscyanide ligands. The ester group in 1a could be
used for coupling of the complex to a primary amine via
formation of an amide bond. In addition, the neutral
complex 1a can be converted into an anionic derivative
via ester hydrolysis and deprotonation of the carboxylic
acid. Such behavior can influence the in vivo biodistri-
bution of the complex. Technetium complexes with
hydrolyzable ester groups are currently under investiga-
tion as cerebral perfusion imaging agents [5].

‘Complexes of type 1 with various isocyanide ligands
can be synthesized by substitution of the phosphine in
{Re[N(CH,CH,S),](PR)} for an isocyanide. They are
green, air-stable crystalline solids with a trigonal-bi-
pyramidal coordination geometry at the rhenium atom
[4].

Reaction of la in THF with LiOH-H,O at room
temperature results in ester hydrolysis and gives the
lithium salt {Re[N(CH,CH,S),(CNCH,COOLIi} which
was converted without isolation or purification into the
isocyanacetic acid complex 2 by means of a cation-ex-
change resin (Scheme 1) [6]. The analytical and spectro-
scopic data for 2 are consistent with a trigonal-bipyram-
idal molecular structure as shown in Scheme 1.
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Scheme 1. Synthesis of the complexes 2 and 3.

In principle, a nucleophile like OH™ can attack
complex la at two sites: (i) at the ester group or (ii) at
the isocyanide carbon atom. The latter attack, which
constitutes the oldest method for the synthesis of het-
eroatom-stabilized carbene complexes [7], is only possi-
ble for isocyanides which are not deactivated for nucle-
ophilic attack by (d — p)m backbonding from the metal
center [8]. Such a strong deactivation of the isocyanide
carbon atom against nucleophilic attack is observed in
complexes of type 1. The N(S7), coordination gener-
ates an electron-rich Re(III) center which engages in
very strong backbonding to the isocyanide ligand. This
can be seen by the low wave numbers for the N=C
stretch in the IR spectrum (2150 cm™! and 2137 cm ™!
for the free ligands [9], 1976 cm™! for 1a and 1976
cm~! for 1b [6]). Another indication of strong back-
bonding is a significant deviation from linearity for the
C=N-C bond. The X-ray crystal structure analysis [10]
with crystals of 1b (Fig. 1) shows a significantly bent
isocyanide [angle C7-N2-C8 154.0(10)°]. Similar be-
havior was observed for the complex {Re[N(CH,CH -
S);ICNCH,COOMe)}, which differs form 1la only in
the presence of a methyl ester group instead of an ethyl

Fig. 1. orteEP drawings of complexes {Re[N(CH,CH,S),][CNC-
(CH;);1} 1b and {Re[N(CH,CH,S$),}(CO)} 3. (only molecule A is
shown). Selected bond distances [A] and angles [deg] for 1b: Re-S1
2.236(2), Re—S2 2.234(2), Re-S3 2.227(2), Re-N1 2.215(6), Re~C7
1.949(10), N2-C7 1.174(12), N2-C8 1.433(12), S1-Re-S2
120.49(9), S1-Re-S3 118.30(9), S1-Re-N1 85.5(2), S1-Re-C7
95.9(3), S2-Re-S3 119.36(9), S2-Re-N1 85.0(2), S2-Re-C7
93.0(3), S3-Re-N1 86.0(2), S3—Re-C7 94.7(3), N1-Re-C7
177.9(4) Re-C7-N2 179.6(12), C7-N2-C8 154.0(10). Moleculgr
structure of {Re[N(CH,CH,S);1(CO)} 3. Selected bond distances [A]
and angles [deg] for molecule A [molecule B] of 3: Re~S1 2.226(2)
[2.224(2)], Re-S2 2.243(2) [2.242(2)], Re-S3 2.241(2) [2.239(2)],
Re-N1 2.227(5) [2.221(5)], Re-C7 1.888(7) [1.877(7)], 01-C7
1.152(9) [1.163(8)), S1-Re-S2 117.35(6) [117.35(7)], S1-Re-S3
120.27(7) [120.22(7)], S1-Re—-N1 85.46(13) [86.08(13)], S1-Re—-C7
94.4(2) [94.3(2)], S2—-Re-S3 120.60(7) [120.6%(6)], S2-Re—Nl1
85.45(14) [85.07(14)], S2-Re-C7 96.4(2) [96.3(2)], S3-Re-N1
85.79(14) [85.66(14)], S3-Re-C7 92.6(2) [92.7(2)], N1-Re-C7
178.0(2) [178.2(2)], Re-C7-01 178.8(6) [177.7(6)].

ester group at the isocyanide [angle C=N-C 150.8(9)°]
[4]. As desired for a high in vivo stability, nucleophilic
attack at the isocyanide carbon is impossible for com-
plexes of type 1 with an electron rich N(S7); ligand
and in the presence of an ester substituted isocyanide,
hydroxyl ions will only hydrolyze the ester to the
carboxylic acid.

An attempt to hydrolyze the ester group in 1a in the
two-phase system toluene / concentrated hydrochloric
acid gave unexpected results. After heating of la in
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Scheme 2. Proposed mechanism for the conversion of 1 to 3.



C34 M. Glaser et al. / Journal of Organometallic Chemistry 503 (1995) C32-C35

toluene / hydrochloric acid for one hour [11], the origi-
nal green color of the organic phase bleached and the
water phase turned orange. Continued heating of the
reaction mixture lead to a lipophilic compound, which
redissolved in the toluene phase. The toluene phase
turned red in the process. Standard workup of the
toluene solution led to the isolation of a deep red
crystalline compound. The IR spectrum of this com-
pound showed no absorptions which could be attributed
to an isocyanide complex but instead a strong absorp-
tion at 1876 cm ™!, suggesting the formation of complex
3 with a a coordinated carbonyl group (Scheme 1). An
X-ray structure analysis [10] with crystals of 3 con-
firmed this conclusion (Fig. 1). The asymmetric unit of
3 contains two, almost identical molecules. The rhenium
atoms in these molecules are pentacoordinated by the
tetradentate tripodal ligand and one CO ligand.

Formation of 3 was also observed upon treatment of
the oxo-free complex 1b with hydrochloric acid [11].
For the formation of 3 from both 1a and 1b we propose
the mechanism depicted in Scheme 2. Due to the strong
backbonding from rhenium atom to the isocyanide car-
bon in 1a and 1b (vide supra) these complexes are best
represented by resonance formula B with a partly sp*-
hybridized isocyanide nitrogen. In the first reaction step
(a) the isocyanide nitrogen atom is protonated, leading
to the orange, water soluble species. The color change
from green to red corroborates a general change at the
rhenium chromophor during the protonation. In the
water phase, the carbon atom of the protonated iso-
cyanide is attacked by a water molecule (step b) and
HCl is eliminated. The resulting complex can be formu-
lated as Re(I) derivative which can exist in two tau-
tomeric forms C and D. Elimination of a primary amine
(step ¢) from D gives complex 3.

The observation of an electrophilic H* attack at the
isocyanide nitrogen followed by a nucleophilic attack of
OH™ at the carbon atom of the protonated isocyanide is
unprecedented. The only reported conversion of a coor-
dinated isocyanide ligand into a carbonyl is reported to
proceed via nucleophilic attack at the isocyanide carbon
followed by amine elimination [12]. Various examples
for the electrophilic attack at the isocyanide nitrogen
(reaction a in Scheme 2) by H™ or alkyl halides have
been reported. These lead either to stable cationic car-
bene type complexes [13] or, in case of protonation of
the isocyanide, can rearrange to give metal hydrides
[14]. A protonated isocyanide can be regarded as an
iminiocarbene which have been shown to be strongly
electron withdrawing ligands [13a]. Thus the subsequent
nucleophilic attack at the carbene carbon by a water
molecule (reaction b in Scheme 2), although not re-
ported previously, becomes feasible. Any reaction
mechanism based on an initial nucleophilic attack at the
isocyanide carbon can be ruled out since we have
shown that the reaction of 1a with aqueous LiOH leads

exclusively to ester hydrolysis and not to nucleophilic
attack at the isocyanide. Finally it should be noted, that
the Re(NS;) chelate unit remains unchanged in both
base and acid catalyzed reactions at the isocyanides
which is another testatment to the stability of this
coordination type.
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