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The synthesis of monometallic cobalt(lll) and -(I) complexes of ((dimethylamino)ethyl)cyclopentadienyl are
reported. The presence of the basic amino group facilitates these synthesis using the corresponding cyclopentadiene
complexes as starting material. A cobaltocenium green compkx@sH4(CHz)N(H)Mez} ,Ca"13+(CI7)3 (3)

was obtained from §Hs(CH,).NMe; (1) or from its salt M[GH4(CHz)2NMe;] (M = Na, Li) (2) upon reaction

with Cd'Cl, in THF. The structure of the complex (j7°-CsHa(CHy)2NMey)(175-CsHa(CHy)N(H)Mey)} Co'']-

(PFs)2 (4), prepared fronB by treatment with NEPFs in aqueous solutions, was solved in the triclinic space
group P1 with one molecule in the unit cell, the dimensions of which were 6.314(2) A,b = 7.137(2) A,c
=13.452(2) Ao = 103.66(23, # = 90.25(2Y, y = 92.89(2}, andV = 588.2(3) B. Adjacent molecules in the

unit cell of 4 are hydrogen bonded via a'Hhrough their—NMe; side chains. The reaction of §&0)s with
CsHs(CHy)2NMe; (1) leads to the formation of jy>-CsH4(CH,).NMey} Cd(CO),] (5). Treatment ob with HBF,

in ether solutions yielded{ [;>-CsH4(CH,)2N(H)Me,} Cd(CO)]"BF4~ (6). Oxidation of5 with I, or Cl, gas
Yi6|d6d I{775-C5H4(CH2)2NM92}COHI|2] (73) and HT]S-C5H4(CH2)2NM62}CO”IC|2] (7b) Addition of HBF; to
complex7aresulted in the breaking of the ®eNMe;, bond, producing the dimeric complej({;®>-CsH4(CHy),N-
(H)Mep)Ca'15} 2]2F(BF47)2 (9). The bridged diiodo dimet0, [{ (#°-CsHa(CHz)2NMez)Col} 2]2T(BF47),, on the

other hand, could be obtained from compléxupon addition of AgBE in CHxCl,.

Introduction in the side chain may enhance water solubility of the corre-
sponding metal complexes via quaternizatidfand contribute

to the development of organometallic chemistry in aqueous
solutions!!

In addition, it has been shown that several metallocene
dihalides (e.g V, Ti, Nb, Mo, etc.) exhibit anticancer activity
against a variety of tumofg 14 Solubility in aqueous media
is a very important factor for an organometallic complex to
possess antitumor activity.Consequently, one can speculate
that cyclopentadienylmetal complexes with a pendant side chain
containing an amino group might have a better chance of
exhibiting antitumor properties than neutral met@p com-
plexes. In this respect, we recently repoftédte syntheses of
organometallic complexes of Rh(l) and Rh(lll) with the cyclo-
pentadienyl ligand bearing such an amino side chain, specially
tailored to be water soluble.

The cyclopentadienyl group,s8s (Cp), is one of the most
important ligands in the organometallic chemistry of the
transition metals, more than 80% of which are known to form
complexes containing Cp or related ligadds.Such ligands
can stabilize metals in low and high oxidation states, while the
easy change of hapticity;{, #2, or 5% of the Cp ligand allows
it to be readily adaptable to changes in the electronic and steric
requirements of the central atom.

Among the cyclopentadienyl ligands, those with an additional
functionalized side chain, which can reversibly coordinate to
the metal centers, have attracted much interest in recent/&ars.
Thus, by temporarily blocking a vacant coordination site, it is
possible to stabilize highly reactive intermediates and find
applications in catalytic processédn addition, an amino group
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In the present paper, we report on organometallic complexes C7 N1
of Co(l) and Co(lll) with the same ligand, synthesized by using C3 e )
either the functionalized cyclopentadiengHg(CH,),NMe, (1)- — C;f b

or its Li® or Na® salts @). The results are compared to those ey &
c2 \\1@/;7 Cs OC6 9

T\ M ST\

Na*, Li* o Ce*
(1M 2 Q }:\csl*c /= Sy C2%
& C4* C
obtained with Rh(l) and Rh(lll). The use of the cyclopentadi- g« \/*—O 3*
enyl (Cp) ligand for these cobalt complexes may also allow NI* c7s

comparisons with complexes of the tetramethylcyclopentadienyl Figure 1. ORTEP diagram of the catio#**. The cobalt atom is
(7°-CsMe4R) analogues’ Usually the latter complexes show  situated on a crystallographic inversion center.
greater air and water stability compared to the former.
Related complexes were reported by El Mt(CsHaNH,),-

Results and Discussion Co]", Bocheet al.,?° [(CsH4NMey).Co]*, and Reest al.?!
[CsH4(CH2)2NMey)Fe.  Similar results were obtained by us
using the rhodocenium saftrf>-CsH4(CH,)oN(H)Me,} R0 3*-
(CI)(PRs)2°

Addition of NH4PFs in a powdered form, to an aqueous

Most of the syntheses of cyclopentadienyl transition metal
complexes require a prior deprotonation of the weakly acidic
cyclopentadiene. Cyclopentadienyllithium or -sodium salts are
therefore the most common reagents for the introduction of

cyclopentadienyl ligands. In addition, starting from a transition solurt1|tcl)n Ok]: 3anrc1dut():edtha bbriOV\;ln )z/efIIIOV\? Sorll'd thhattwas IstUbe?r;
metal salt generally requires an auxiliary base to deprotonateque y Sho 0 be the bis(hexafluorophosphate) salt of the

the cyclopentadiene. It has recently been shown in the case of((dimethylamino)ethyl)((dimethylammonio)ethyl)cobaltoceni-

various rhodium derivatives that the role of this auxiliary basic um ion @) by an X-ray crystal structure determination (vide

reagent can probably be filled by the free amino group attached infra) and other evidence.
to the cyclopentadierfete The IR spectrum of the yellow monoprotonated complex

In this paper we report that the addition of an excess of is similar to that of the green diprotonated precu&@howing

. : the typical metallocene skeletal vibrations at 3110, 3000, 2950,
CsHs(CH,):NMe; to a suspension of ¢€l, in THF affords 519
after 4 h reflux a green produc8). In view of the extremely 1465, 1030, 1015, and 990 cAy1®except that the charac-

bt ; . N
easy oxidation of the cobaltocen8sye considere@ to be more teristic frequencies of the BF anion at 830 cm- are now
as a cobaltocenium salt than as a cobaltocene derivative. lnobserved as a strong and broad band, while the broad and strong
other words, we supposed that, after the initial formation of an band explected for the ¥ group was not detected.
ammonium cobaltocene derivative (similar to the previously N the *H NMR spectrum of4 in CD;CN and DMSO¢
reported formation of a rhodocenium &jlta second process ~ Solutions, at ambient temperatures (29% K), the signals of the
of oxidation of this primary product occurred, possibly involving CHz Protons of the side chain and theN™H signal coincide
traces of water or oxygen as oxidants. into two broad signals at 2.80, 2.70 ppm (in §IN) and 2.83,
- 2.67 ppm (in DMSOdg), respectively. However, at 284 K (in

Originally, we thought that comple® may be monoproto- > ) .
natedgor b?lprotonatec(igj at the tvveNpMe2 Sid)é chains. pLater, CD:CN), the —N"H signal is broadened and shifted to 3.30
we found that its elemental analysis and its molar conductancePP™ The two—CH,CH,N triplets at 2.70 ppm-{CH,—) and
value Ay=350 Q1-cm?-mol~1) were more consistent with a 2.82 ppm CHoN) are now clear and sharp signals. The

1:3 electrolyte, corresponding to a biprotonated derivatBje ( c?lépilgl?_iconstants f?rdtheTshlde .(Eha;.n prlotons.\l/verel of thtel order
as the major product, 0 z as expected. e situation is similar also at lower

In the IH NMR spectrum o in D,0O, the cyclopentadienyl temperatures. This can be explained by the slow flipping of

pseudotriplets are observed at 5.78 and 5.75 ppm, the (bNCH tmh§|efu|2§drc()ggg t%%ngfit;? ggﬁé\:m:f@?roum of adjacent
triplet of the side chain is at 3.27 ppm, the (a)-CHplet is at 13~ Y .

2.95 ppm, and the-NMe; singlet is at 3.21 ppm. Due to _T_Te tzsctrl?"\tARfs?pelgtrulT O_f4 t?]t 298 K, howtever, Igl VZ}[y
protonation, both the (b)-Ci triplet and the—NMe; singlet similar to that of3. Finally, in the mass spectrum (Cl)

) : - two peaks were found at/e = 623 and 477 that could be
are downfield-shifted by 0.81 and 1.06 ppm, respectively, .
compared to those of theyfree ligand. In DM%Fé)an add?[ional V" assigned to the fragment§{Cp(CH):N(H)Me;].Co} (PRl

broad signal is observed at 8.91 ppm, assigned to the protonate&.‘nd E[CP(CH)N(H)MeZ][Cp(CHz)-NMe-]Co} (PFy)] ¥, respec-

amino group (NH). On the other hand, tHéC NMR spectrum vely. _

in D,O shows the quaternary carbon of the cyclopentadienyl  Crystals of4 suitable for X-ray crystallography were grown

ring at 105.38 ppm, two peaks at 87.04 and 86.83 ppm for the by slow diffusion of ether into a saturated acetonitrile solution.

other four carbons of the ring, a peak at 59.60 ppm for the AN ORTEP diagram oft is shown in Figure 1, and a unit cell

—NCH; carbon, a peak at 25.94 ppm for th€CH, carbon of plot is shown in Figure 2. Crystal parqmeters are given in Table

the side chain, and one peak for the two methyl carbons of 1. Selected distances are included in Table 2.

—NMe; at 45.60 ppm. Compound4 is the first crystallographic example of an
aminoethyt-ammonioethyl-substituted cobaltocenium complex.

(15) Wang, T. F.; Lee, T. Y.; Chou, J. W.; Ong, C. \4.. Organomet.

Chem.1992 423 31. (19) El Murr, N.J. Organomet. Chenl976 112 189.

(16) McGowan, P. C.; Hart, C. E.; Donnadieu, B.; Poilblanc, R. (20) stahl, K. P.; Boche, G.; Massa, \W..Organomet. Cheni984 277,
Organomet. Cheml997 528 191. 113.

(17) Poli, R.Chem. Re. 1991, 91, 509. (21) Rees, W. S;; Lay, U. W.; Dippel, K. Al. Organomet. Chen1994

(18) El Murr, N.J. Organomet. Chenl976 112 177. 483, 27.
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Scheme 1
<z N\AMe NMe
U3 6w &N
\ Co ) (PFﬁ)z
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(2§ SR
N(H)MEQQ
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Figure 2. Crystal packing of4. The bridging H atom, which was aKey: (i) 1 + NaH, in THF; (i) 2 + CoCk (1:1), in THF reflux
crystallographically located, is seen at the very center of the unit for ca.’3 h; (jii) 1 + CoCh (4:1), in THF reflux for ca. 3 h; (ivj3 +
cell. NH4PFs (1:3), in HO.

Table 1. Crystallographic Data fo#

The diprotonated complex{#{°-CsH4(CHz).N(H)Me,} »-

chemformula  GeHagCORNP,  V 588.2(3) & Cd"13*(CI7)z (3) could also be obtained by another method,
glp\;ace group ?3212(}\3]0 2) fZ) | i 757 glcrd the reaction o with anhydrous CoGlin 1:1 or 1:2 molar ratio

a 6.314(2) A T°a°" ~120°C (Scheme 1). Following NGB24'25_anc_i Bu_tensc‘mn;26 we have

b 7.137(2) A 2 1541 78 A tried to prepare the paramagnetic dimeric comp{&(CH,)-

c 13.452(2) A u 8.011 cm? NMey} Cd'Cl], by reacting2 with anhydrous CoGlat temper-

a 103.66(2) R(Fo)* 0.0401 atures ranging from-40 to 65°C (refluxing THF). Evidence

p 90.25(2y Ru(Fo)”  0.0423 for the presence of Co(ll) in a possible dimeric species was
14 92.89(2) detected by a broad ESR signal of the brown product obtained
AR = Y(IFol = IFcl)/ZIFol. ® Ry = [Tw(lIFol — IFcl)ZX(IFol)3¥2 from the above reaction, at a ligand/Co molar ratio of 2:1. By

comparison with nonfunctionalized or with phosphino-func-

1 a
Table 2. Selected Bond Lengths of Complexin A tionalized cyclopentadienyl, the reagedtsr 2 seem to favor

808)):?((31)) ggégg)) g’%ﬁ% %-%gg the formation of3 instead of a dimeric species.
o ] o . i : ;
Co(1)-C(5) 2.036(5) Co(1yO(1%) 2.029(5) Cﬁefgjlil(lnglg\“a dlfhl(()iror;wettk;]ani solli.tlon ?fﬂ%'cag)s abnd |
Co(-C(2)  2.024(5)  Co(1yC(3)  2.035(5) sHs(CHy):NMe;, leads to the formation of the dicarbony
Co(1)-C(4%) 2.036(5) Co(13-C(5*) 2.036(5) complex [Cp(CH).NMe;]Co(CO) (5) which could be iso-
P(1)-F(1) 1.580(4) P(LyF(2) 1.592(3) lated as an air-sensitive orange oil, in high yield (ca. 90%)
P(1-F(3) 1.589(3) P(LyF(4) 1.588(3) (Scheme 2). lts infrared spectrum (in g&) shows two
P(1)-F(5) 1.594(4) P(LyF(6) 1.576(4) absorptions at 2025 and 1966 chiypical of two terminal car-
N(1)—C(7) 1.485(6) N(1}-C(8) 1.482(6) . Lo

_ " bonyl groups. These frequencies are-33 cnt! higher than
N(1)—C(9) 1.456(6) N(L}H(15%) 1.318(4) . .
c(1)-C(2) 1.431(7) C(1yC(5) 1.429(6) those of the corresponding tetramethylcyclopentadienyl analogue
C(2)-C(3) 1.402(6) C(5)%C(6) 1.491(6) (75-CsMe4R) 27 in accord with other reports comparing unsub-
C(3)-C(4) 1.421(6) C(6)C(7) 1.531(8) stituted cyclopentadienyl withf-CsMe4R)Co dicarbonyl282°9
C(4)-C(5) 1.408(6) H(15)yN(1%) 1.318(4) In the™H NMR spectrum o6 in CDCl, the cyclopentadienyl
a Asterisk indicates equivalent atomic position. proton signals are observed at 4.97 and 4.89 ppm, the (eNCH

side chain protons at 2.41, and the (a)-Chies at 2.31 ppm,

Interestingly, in the unit cell a symmetric hydrogen bond respectively. The singlet at 2.19 ppm is due to the methyl
between two atoms on neighboring molecules-N--*N was groups on nitrogen.
formed (Figure 2), with N°H = 1.318(5) A and NH—N = The 3C NMR spectrum, on the other hand, shows the
180, the latter of which is required to be linear by symmetry. quaternary carbon of the cyclopentadienyl (Cp) ring at 105.40
This bridging hydrogen atom was crystallographically located ppm, two peaks at 85.09, 82.84 ppm for the four carbon atoms
and was in fact the largest feature in the difference Fourier map of the ring, two singlets at 26.38 and 60.60 ppm for the (a)-
after all the calculated H atom positions for the Cp, Me, and CHz and (b)-CHN carbons of the side chain, and a singlet at
methylene groups were included in a structure factor calculation. 45.41 ppm for the two methyl groups on nitrogen. Also a singlet
Due to this intermolecular hydrogen bond, the crystal is at 205.60 ppm was assigned to the two CO groups.
stabilized further. Thus, the structure4tonsists of one Co- Generally, reactions with M&IO and heating are the most
(1) atom, two formally anionic @Hs(CH,).NMe; ligands, two common methods for the elimination of CO ligaridg!
PR~ anions, and one unique bridging tatom. The distances
between the respective metal and the ring carbons lie in the(22) Fritz, H. P.Adv. Organomet. Cheni964 1, 239.

S ha (23) Koch, O.; Edelmann, F.; Behrens, Ohem. Ber.1982 115 1305.
range of 2.0242.036 A, which is characteristic of a Co(H) (24) Koelle, U.; Khouzami, F.; Fuss, Bngew. Chemint. Ed. Engl.1982,

C(cyclopentadienyl) bond (in the cobaltocenes the Ce() 21, 131.
distances are longer, around 2.096 A)_ (25) Koelle, U.; Fuss, B.; Belting, M.; Raabe, Brganometallics1986
. . 51~ 5, 980.

The rhodocenium (bis)hexafluorophosphate s@lf>{Cp (26) Butenscho, H.; Kettenbach, R. T.; Kiger, C.Angew. Chem.Int.
(CHy)2N(H)Mez} .RN"|(CI)(PFs), structure was also solved and Ed. Engl.1996 33, 1066.
reported by us earliér. In that case both-NMe; groups were (27) éutéi, P; Kristel?, Még%; gagghsebus, J.; Neumann, B.; Stammler, H.

i iti i . Organometallicsl 12, .

protonate.d., with an additional Cl!on present. That cryfstal (28) King. R. B. Bisnette, M. BJ. Organomet. Cher.967 8, 287.
was stabilized by an +-Cl---H bridge. Also Kochet al: (29) Cotton, F. A.; Liehr, A. D.; Wilkinson, GJ. Inorg. Nucl. Cheml1955

reported the structure of complex [(CpCHREo]"(PF) ™. 175.
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Scheme 2
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aKey: (i) 1 + CoxCO), in CHxCl, reflux for ca. 6 h; (ii)5 +
HBF4-ELO; (iii) 5+ Iz in ELO; (iv) 5 + Clz in EO; (v) 7a+ AgBF,
(2:1) in CHClIy; (vi) 7a + HBF4Et,O in CHCly; (vii) 10 + HI in
CH,Cl,.
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the 18€e rule, similar to the corresponding rhodium(lll)
complex® In the IR spectrum oFathe skeletal vibrations of
the cyclopentadienyl ring (Cp) are obser¥&t at 3090, 1470,
1030, and 1000 cnt. No band assignable teco could be
observed. The compound is insoluble in@&tand soluble in
CHCls, CHyCl,, CH;CN, DMSO, etc. Upon standing for several
hours, solutions o¥a in donor solvents such as MeOH, THF,
or DMSO change color, presumably indicating decomposition.

The 'H NMR spectrum of7a in CDCl; shows two sets of
pseudotriplets for the cyclopentadienyl protons at 5.39 and 5.11
ppm, a singlet for the-NMe, protons at 2.70 ppm, and two
triplets for the (a)-CH and (b)-CHN protons at 2.48 and 4.08
ppm, respectively. Both the (a)-GHriplet at 2.48 ppm and
the—NMe; singlet at 2.70 ppm are downfield-shifted compared
to those of comple, by ca. 0.2 and 0.5 ppm, respectively.
The most significant shift (1.67 ppm), however, is observed for
the (b)-CHN protons adjacent to nitrogen coordination site of
the metal.

The13C NMR spectrum of7a gives additional evidence for
an intramolecular coordination of theNMe, group with Co-
(IN. Thus, the signal for the (b)-CHN\ group of7a appears at
75.23 ppm while that of complexappears at 60.60 ppm. Also,
the —NMe; group of7a appears at 56.65 ppm, and the one of
5, at 45.41 ppm. The two signals expected for the cyclopen-
tadienyl ring protons of a freshly prepared solution7af in
CDsCN are indeed observed, besides four additional ones, that
could be assigned to a product liBepossessing no symmetry
plane3* All other proton signals are duplicated. This can be
explained by the equilibrium shown in Scheme 2.

This equilibrium is taking place at approximately the 50%

However, when compound is treated with 1 equiv of
trimethylamine oxide (MgNO) in CH;CN, it decomposes to
Co0 and GHs5(CHy) N*(H)Me,, the free ligand in protonated
form.

The inconvenience of handling the oily complgied us to
the preparation of its salf Cp(CH,).N(H)Mez} Co(CO}] " (BF4)~
(6). Thus, addition of HBI-to a solution o6 in ether at ambient
temperature resulted in the formation of the yellow sdjd
which is very hygroscopic.

The™H NMR spectrum of6 in methanole, is similar to its
neutral precursob. However, in DMSOds a broad signal at
4.02 ppm, due to NH, was observed. THEC NMR spectrum
of 6 is also very similar to that 0. In the IR spectrum 06,
two vco frequencies appear as very strong bands at 2023 and
1962 cntl. Though very hygroscopic, compourtdgave a
satisfactory elemental analysis. It is also very soluble in polar
solvents such as MeOH, GEN, and HO.

The low melting and highly air and light sensitive dicarbonyl
derivative5 could be easily oxidized with elemental iodine in
ether solutions, affording the air-stable diiodocobalt(l1l) complex
[{7°-CsH4(CH,)2NMez} Cd"l5] (78) in moderate yields (ca.
62%). Complex/ais a black-green microcrystalline compound,
and it was fully characterized by elemental analysis and NMR
and IR spectroscopic methods. The intermediate prodyét [
CsMe4(CH,)2NMey} Co(CO)b)? detected during the preparation
of [{©®CsMe4(CH,),NMe,} Col] could not be detected in the
preparation of7fa. The intermediate §4sCo(CO)L was also
first isolated’3132as a stable compound, in the course of the
preparation of (gHsColy)n.

Complex 7a contains a chelate of @b involving the . )
cyclopentadienyl ring and the amino side chain, thus obeying gig ggiﬁ‘f:” ,il E Sdelr;klg(s)’yyji’(.MEé;rclgi’f&f?\a}\rETgfg. Scﬂﬁ?%% 31’922'

116 1.
(35) Jutzi, P.; Siemeling, W. Organomet. Cheni995 500, 175.

level, as integration of thelH NMR spectrum suggests.
Therefore, the dimethylamino group is bound weakly to Co-
(Il and can be reversibly displaced by a variety of donor
reagents, like CECN in the case of compour8 Similar results
were also found in the compound observed by 3i#zivhereby
strong donating ligands such @ICN and CO were found to
reversibly add to the metal center. In both cases the equilibrium
constant was estimated to be close to unity at room temperature.
A general survey concerning the displacement reactions men-
tioned above is given in detail by Okuda.

The chloro derivativerb, analogous to compleXa, was
obtained as a green solid in an almost quantitative yield by the
passage of gaseous,Chrough an ethereal solution d.
Complex7b had aAy (molar conductance) value of about 256
Q~L-mol~1-cn? in aqueous solutions, indicating hydrolysis of
the two chloride ions. The elemental analysis7bfand other
spectroscopic results suggested fHamight be contaminated
with a slight amount of its protonated analogue (protonated at
the —NMe; group).

In the IR spectrum o¥b, typical bands for the cyclopenta-
dienyl ring were observed at 3040, 2940, 1470, and 960'cm
Thevco-ci Symmetric and asymmetric terminal frequencies were
also observed at 310 and 325 cnt as a shoulder. Also a
broad and strong band at 2740 chassigned to the NH
stretching vibration was observed.

In the 'H NMR spectrum of a freshly prepared solution of
complex7b in DMSO-dg, signals at 5.18 and 5.15 ppm were
found, due to the cyclopentadienyl protons. A multiplet at 3.21

(30) Crabtree, R. HThe Organometallic Chemistry of the Transition

Metals Wiley: New York, 1988.
(31) Heck, R. Flnorg. Chem.1965 4, 855.
(32) Roe, D. M.; Maitlis, P. MJ. Chem. Soc. A971, 3173.

(36) Okuda, JComments Inorg. Cheml994 16, 185.
(37) Nakamoto, Kinfrared and Raman Spectra of Inorganic and Coor-
dination Compounds3rd ed.; Wiley: New York, 1978.
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ppm is due to the (b)-CHN, while the other eight protons are  mL) was added via a double-ended needle. The resulting green-blue
observed as a multiplet at 2.69 ppm [(a)-CH NMe,]. The suspension was heated to a gentle reflux for ca. 3 h. After being cooled
—N*H signal was observed at 9.92 ppm. THE NMR at room temperature, the solution was evaporated to dryness. Dry CH
spectrum of7b also shows the expected signals (see Experi- CN .(5. mL) was added, and after filtration, the green solqtion was
mental Section). precipitated with an excess of £t (30 mL). The green solid was

It should b ted h that . . tigati th washed twice with diethyl ether (2 25 mL) and dried at 5660 °C
should be noted nhere that previous investigations on e e acu0. Yield: 510 mg (50%). Anal. Caled for GHaoN-Cla-

isolation of complex GHsCo'Cl, had suggested a polymeric g (439.74 gimol): C, 49.16; H, 6.87; N, 6.37. Found: C, 48.86; H,
species of rather unknown structifeIn our case however, a g .77: N, 5.92. Ay (H,0) = 350 Q L-cmPmol L. IR (KBr): 3080,
monomeric chelated complesb is the main product formed, 3040, 3020 (m=CH of CsH, ring), 2930 (m,—CH aliphatic), 2680
besides a minor impurity of unknown structure with a protonated (s, —N*H), 1465 (m, G=C), 1410, 1260, 1025, 1000, 965, 875, 530
side chain. A chelated monochloro Co(ll)/Cp complex, Cp- cm . 'H NMR (D;O) (using 3-(trimethylsilyl)propanesulfonic acid
(CHy,)2PBu,C0'Cl, was recently reportétlby Butenscho with (TSP) as internal standard): 5.78, 5.7542, CsHq), 3.27 (1, = 6.9
the ligand Cp(CH).PBu,. Results on the isolation and Hz, CHN), 3.21 (s, NMe), 2.95 (t,J = 6.9 Hz, CH). *H NMR

characterization of the analogous compléxStCsHa(CH,)-- (ZD%SO*;G&; J8f317(zr S'(;N;H)zazg 5.71éH5fé3 (2 J' l\w Q"l'g)c
NMe,} R Cl,] will be published elsewher®. 70 (8, 2H,J = 7 Hz, CIN), 2.40 (m, 8H, CH and NMe).

. : L NMR (D,0): 105.38 (sC(CH,).NMe,), 87.04, 86.83 (d, &), 59.60
The dimeric complex (Scheme 2), which is formed upon ¢ CI—(bNZ), 215.60 s, IEJMé), 22294 (SZ’)CH)' (d &)

addition _Of ,HBE‘ to 72, has a formula ‘_NhiCh Obey_s the 18e Li[CsH4(CH).NMe;] could also be used for this reaction instead of
rule, as indicated by elemental analysis. The existence of theihe Na salt.
BF,~ counteranions was also confirmed ¥ NMR (—27.50 Preparation of [{1°%-CsH4(CH2)2N(H)Mez}{ 75-CsH4(CH2):2NMez} -
ppm) and by IR spectroscopy (1084 thmbroad shoulder). C0"12*(PFs )2 (4). To a stirred solution of compleX (49.5 mg, 0.11

Further reaction of7a with AgBF, in CH,CI, produces mmol) in H,O (10 mL) was added solid Nf®Fs (68.03 mg, 0.38
another bridged diiodo dimef() in high yield. The'H NMR mmol). Immediately, a yellow precipitate was formed. The solution
spectrum of {0) indicates the coordination of theNMe, group was stirred for ca. 1 h, centrifuged, washed with cold ethanol and diethyl
to Co(lll) forming a chelate. Both complex@s and10 show ether, and driedn vacuo. The yellow solid was redissolved in GH

: ; : ; CN (2 mL) and precipitated with an excess (15 mL) of@&t After

comparable chemical shift values)(of various protons in R o - N ]
CDCl; solutions. Also theAy (molar conductance) value of filtration it was dried in vacuo at 5660 °C. Yield: 28.19 mg (41%).

. N O . - f . Anal. Calcd for GgH29N2CoRF12 (622.320 g/mol): C, 34.75; H, 4.69;
10 in CHCN (170 Q~*:mol™*-cn¥) is consistent with a 1:2 \"4's0 Found: C, 34.64; H, 4.68; N, 4.16. Mass spectrum (CI):

electrolyté® and confirms the proposed dimeric structure. mle 623 @), 477 b — (PRs)]. Aw (CHsCN) = 350 QL-crP-mol 2.

It is noteworthy that addition of HI to a dichloromethane |R (KBr): 3110 (m,=CH), 3000, 2950, 2910 (m;-CH), 1465 (m,
solution of10 leads to the formation of the dimérin a good C—C), 1400, 1030, 1015, 990, 830 (broad shouldeg PB55, 510,
yield (Scheme 2). Thus, the characterization of both complexes465, 450 cm®. *H NMR (CDs:CN, 284 K): 5.57, 5.55 (% t, 4H,

becomes evident. CsHg), 3.30 (br s—N*H), 2.82 (t,J = 6.6 Hz, CHN), 2.70 (t,J = 6.6
Hz, CHy), 2.51 (s, 6H, NMg). H NMR (DMSO-ds, 298 K): 5.75
Experimental Section (broad d, 4H, @H4), 2.83 (broad s, 2H, CHN), 2.67 (broad s, 2H,

CHy), 2.60 (s, 6H, NMg). *H NMR (CDsCN, 298 K): 5.57, 5.55 (2
General Methods and Materials. All reactions (unless otherwise « t2)4H CS(|_S|) 2.80 (f,)r s. 3H —N+(H ;nd CHN) )270 (br s 2I-(|
noted) were carried out under a nitrogen atmosphere, using standardCHZ') 250 (84 6H. NMe). 13C NMR (DMSOds 208 k): 104.44 (S'

Schlenk techniques. Gaseous @ks prepared from the oxidation of C(CH,),NM 84.13 83.99 (2 s. C-H,). 56.95 c 43.67
HCI by KMnO,. Solvents and reagents were purified and dried by (s( Nl\z/)I;) zesf.)gﬁ (5. Ch). | (2¢ 5, CeHa), 56.95 (s, CHN), 43.

standard methods and were distilled immediately prior to use. The Preparation of [{5%5-CsHa(CH2):2NMes} Co'(CO)s] (5). To a

ligand GHs(CH,):NMe; (1) and its salt M[GH4(CH2).NMe;] (M = solution of C :

. . . Q(CO) (0.56 g, 1.64 mmol) in CkCl, (10 mL) was added
Na, L|) (2) were prepared according to Ilte_rature meth&d§. Con- a solution of GFHs(C)Slgz)le\Eﬂ362 (0.45g, 3)_29 mmcz)lg in Clz()ilz (10 mL)
ductivity measurements were performed using a E365B conductoscope,\lia a doubled-ended needle, followed by the addition of 1,3-cyclo-

Metrhom Ltd., Herisau, Switzerland. Microanalyses were performed hexadiene (0.56 mL, 5.74 mmol). The solution was heated to a gentle
by the Service de Microanalyses, Laboratoire de Chimie de Coordina- reflux for ca. 6 h A;‘ter removal of the solvent in vacuo, the orange-
tion, and by the Microanalysis Center Of the University Of loannina. red oily residue was extracted with,Bt(20 mL). The etheréal solution
:Vlfass Zpectra were record(cajd don a \{:)ar'i.n '\éIIAT 3ll dAI'th:;umem' was then filtered through a small pad of alumina and the residue washed
nfrared spectra were recorded on a Perkin-Eimer mode 9rating \ith an additional 20 mL of ED. The combined extracts were

spectrophotometer, as KBr pellets, neat, or in Nujol mufis. and ffordi ) - " i
3C NMR spectra were obtained on Bruker AMX 400 MHz and AC $\i/;z$)reg$g tr?]gdr{gf;fi & :r:gll@ ?:Sialgdrigrbg—\ﬁ:‘cill:léf n(52|t5|\1el;)| '

200FT spectrometers of the University of loannina and the Laboratoire
o Chimﬁ’e o Coordiation respectit\zlely g/mol): C, 52.60; H, 5.62; N, 5.58. Found: C, 52.50; H, 5.49; N,
. 5~ : 1134~ 5.41. IR (CHCIL): 2025, 1966 %co) cm™*. IR (neat): 2019, 1954
Preparation of [{5®CsHu(CH2):N(H)Me2},CO"PY(ClT)s (3). () v cpyi 11 NMR (CDCL): 4.97, 4.89 (2x s, 4H, GHa), 2.41 (t,
Method i Using CsHs(CH2).NMe; (1). To a suspension of Cog(300 2H,J = 6.6 Hz, CHN), 2.31 (t, 2H,J = 6.5 Hz, CH), 2.19 (s, 6H
mg, 2.31 mmol) in THF (10 mL) was added a solution of the ligand Nl\/iez) 1,_'1 NMI7? (Cstl)' 4 67 ;1441(2>< ¢ .4H d,H4) 226 (t 2’H J‘
CsHs(CHz)2:NMe; (1.14 g, 8.32 mmol) in THF (10 mL) via a double-  _ 6 2(') Hz, CHN), 2 1'6 ('t 2’H.J -6 4'2 H’z CH)’ 2'04 (’s 6‘H
ended needle. The resulting blue-green suspension was heated to requNMéz) 13C’NMR (E:Dbh)' é05 éO s C.O) 105’) 40 (éy:(C.Hz)lel\/lez)l
for ca. 4 h. After being cooled to room temperature, the solution was ' ' . ' ' )
filtered off. The green complex was washed with THF (5 mL) and ?5%?_;284 (2¢ s, CsHa), 60.60 (s, CHN), 45.41 (s, NMe), 26.38
Feo (tﬁo (;“..L)Uar.‘d d&eg”H”af:“ﬁ' T\l'ﬁ/'ld: Lo r_“?\l(mi@'z . Preparation of [{7%#7-CsH4(CH2)2N(H)Mez} Co (CO)s]* (BF+)
ethod ii Using M[C sH4(CHa):NMe;] (M = Na, Li) (2). To a (6). To a stirred solution 06 (0.358 mg, 1.425 mmol) in ED at 0°C

suspension of Cogl0.4 g, 3.08 mmol) in THF (10 mL), the sodium W . h .
. . as added dropwise a solution of HBE,O (0.21 mL, 85% in EO).
salt of the ligand NagHy(CHz).NMe; (0.5 g, 3.14 mmol) in THF (20 Immediately an orange-brown solid was precipitated, and the reaction

F K bach. R.- Goddard. R.- ButemedhaChem. B mixture was stirred for ca. 1 h. After filtration, the yellow-brown solid
(38) 18&255”295';'1'9 ettenbach, R.; Goddard, R.; ButemsdicChem. Ber. was washed twice with diethyl ether 225 mL) and driedn vacuo.

(39) Philippopoulos, A. 1.; Hadjiliadis, N.: Poilblanc, R. Manuscript in  Yield: 390 mg (81%). Anal. Calcd for {HisNO,CoBF, (338.98
preparation. g/mol): C, 38.97; H, 4.46; N, 4.13. Found: C, 38.79; H, 4.06; N,
(40) Geary, W. JCoord. Chem. Re 1971 7, 81. 4.16. IR (Nujol): 2561 (s-N*H), 2023 frco), 1962 o), 1065 (BF-)




A ((Dimethylamino)ethyl)cyclopentadienyl Ligand

cm L. H NMR (MeOH-ds): 5.23, 5.13 (2x t, 4H, GH,), 3.30 (t,J
= 8.64 Hz, 2H, CHN), 2.93 (s, 6H, NMg) 2.74 (t,J = 8.28 Hz, 2H,
CHy). H NMR (DMSO-ds): 5.17, 5.03 (2x t, 4H, GH,), 4.02 (br s,
N*H, 1H), 2.83 (t, 2HJ = 7.96 Hz, CHN), 2.52 (d, 6HJ = 8.16 Hz,
NMey), 2.23 (t, 2H,J = 7.44 Hz, CH). 13C NMR (MeOH-d,): 205.60
(s, CO), 104.45 (C(CHz).NMe,), 87.6, 87.7 (2x s, CsHa), 61.19 (s,
CH;,N), 45.47 (s, NMg), 26.12 (s, CH).

Preparation of [{ % #5-CsH4(CH2).NMe2} Co" | ;] (7a). A solution
of iodine (95.4 mg, 0.37 mmol) in ED (5 mL) was added dropwise
to a solution of §) in EtO (5 mL) at 0°C. During the addition, the
color changed from red-brown to dark green and the formation of a
black precipitate was observed. The solution was allowed to warm to
room temperature and then stirred overnight. After filtration the black-
green solid was washed with diethyl etherx210 mL) and dried in
vacuo. Yield: 104 mg (62%). Anal. Calcd forE:14/NCol, (448.95
g/mol): C, 24.07; H, 3.14; N, 3.12. Found: C, 24.31; H, 3.12; N,
3.20. IR (KBr): 3090 (m=CH), 2900 (m,—CH), 1470 (m,—~C—C),
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Dry CH.CI; (15 mL) was added and the deep green solution was stirred
for ca. 3 h. After filtration through a small pad of Celite and removal
of about half of the solvent by evaporation, diethyl ether was added in
excess (15 mL). A black-green solid was precipitated, and after
filtration it was driedin vacua Yield: 142 mg (80%). Anal. Calcd
for CigH2sNC0osl:BoFg (817.7 g/mol): C, 26.43; H, 3.45; N, 3.42.
Found: C, 25.89; H, 3.10; N, 3.36Aw (CH3;CN): 170Q~-cn?-mol™.
IR (KBr): 3070, 2850, 1455, 1390, 1305, 930, 910, 840 €m'H
NMR(CDCLy): 5.45,5.15 (2« t, CsHa), 4.12 (t, 2H,J = 6.4 Hz, CHN),
2.75 (s, 6H, NMg), 2.52 (t, 2H,J = 6.4 Hz, CHN). *C NMR
(CDCly): 82.82,80.21 (2 s, GHa), 75.23 (s, CHN), 56.64 (s, NMg),
25.11(s, CH).

Protonation of 10 with HI: Preparation of 9. Complex9 (66
mg, 0.08 mmol) was dissolved in GBI, (5 mL). HI (20 mL, 55% in
H-0) was then added dropwise with stirring ft@. A green precipitate
was immediatedly formed. The suspension was stirred flo atthis
temperature and then warmed gently to room temperature. Then the

1400, 1385, 1315, 1260, 1210, 1100, 1030, 1000, 950, 920, 810, 780residue was filtered off and washed with @, and diethyl ether.

cm . H NMR (CDCl): 5.39, 5.11 (2x t, 4H, GH,), 4.08 (t,J =
6.4 Hz, 2H, CHN), 2.70 (s, 6H, NMg), 2.48 (t,J = 6.4 Hz, 2H, CH).
3C NMR (CDCh): 82.85, 80.21 (% s,CsHa), 75.23 (S, CHIN), 56.65
(s, NMe), 25.12 (s, CH).

Preparation of [{#%n*-CsH4(CH2).NMe;} Co" Cl;] (7b). To an
ice-cold solution of5 (72 mg, 0.288 mmol) in EO (10 mL) was
bubbled gaseous £bver 10 min. A blue-green precipitate was formed
and after filtration was dried in vacuo. The crude material was washed
thoroughly with CHCN (2 x 5 mL) giving an intense blue solution as
well as a green insoluble solid. This was washed further with diethyl
ether (2x 5 mL) and then dried in vacuo. Yield: 62%. Anal. Calcd
for CgH142NCoCl (266.05 g/mol): C, 40.63; H, 5.30; N, 5.26; Cl, 26.65.
Found: C, 39.98; H, 5.36; N, 5.10; Cl, 29.2%y (H.0) = 256
Q~t.cm?mol~%. IR (CsBr): 3040 (m=CH), 2940, 2920 (m;-CH),
2740 (s, NH), 1470 (m, C-C), 1265, 960, 875, 820, 575, 325, 310
(S, vco—cl terminal) cntt. 'H NMR (DMSO-dg): 9.92 (br s, NH),
5.18, 5.15 (2x t, 4H, GHy), 3.21 (m, 2H, CHN), 2.69 (m, 8H, CH-
NMe,). H NMR (D:0): 5.82, 5.75 (2x t, 4H, GHJ), 3.39 (t, 2H,J
= 8.4 Hz, CHN), 3.03 (t, 2H,J = 8.3 Hz, CHN), 2.95 (s, 6H, NMg).
13C NMR (DMSO<g): 108.47 (s,C(CH,):NMey), 93.31, 92.31 (X
s, CsHa), 65.58 (s, CHN), 52.08 (s, NMg), 30.61 (s, CH).

Preparation of [{1]5-C5H4(CH2)2N(H)M62} Co" |2]22+(BF47)2 9).

To an ice-cooled solution afa (64 mg, 0.14 mmol) in CkCl; (5 mL)
was added 1 equiv of HBFELO (21 mL, 85% in EfO). A green
solid was precipitated, and the mixture was stirred for ca. 2 h. After
filtration, it was washed twice with diethyl ether (2 10 mL) and
dried in vacuo. Yield: 96 mg (80%). Anal. Calcd fordBlsoNy-
Coyl4BoFs (1073.539 g/mol): C, 20.14; H, 2.81; N, 2.61. Found: C,
20.56; H, 2.59; N, 2.53. IR (KBr): 3068, 2950, 2670{3\"H), 1476,
1084 (BR™), 844 cm. *H NMR (MeOH-ds): 5.65, 5.15 (2« t, CsHa),
4.10 (t, 2H,J = 6.4 Hz, CHN), 2.80 (s, 6H, NMg), 2.62 (t, 2H,J =
6.4 Hz, CH). H NMR (CDsCN): 7.50 (br s—N*H), 5.50, 5.45 (2

x t, GsHa), 3.52 (t, 2H,J = 6.6 Hz, CHN), 3.02 (t,J = 6.6 Hz, CH),
2.89 (d,J = 5.1 Hz, 6H, NHMe,).*%F NMR (DMSO-dg): —27.5 ppm.
13C NMR (CDsCN): 107.5 (s,C(CH2):NMey), 88.13, 82.32 (2x s,
CsHa), 57.15 (s, CHN), 44.47 (s, NMg), 25.29 (s, CH).

Preparation of [{7°-CsH4(CH2).NMe,} Ca" 1] 27 (BF47)2 (10). In
a Schlenk tube, complesa (97 mg, 0.216 mmol) and 1 equiv of AgBF
(42 mg, 0.216 mmol) were mixed in the dark and dried fortah.

This product was dried in vacuo. Yield: 55 mg (64%). (An authentic
sample, prepared this way, gave the same spectroscopic data (NMR,
IR) as those reported f& prepared froniva (above)).

Conclusions

The present paper demonstrates the following:

(1) It is possible to synthesize metallocene-type complexes,
as well as half-sandwich compounds of cobalt, containing the
((dimethylamino)ethyl)cyclopentadienyl ligand. The amino
group attached to the cyclopentadienyl ring plays the role of
an auxiliary basic reagent that helps the deprotonation of the
ring proton and the formation of the metal compféx.The
use of an external base is thus avoided.

(2) The protonated cobédltcomplexes as well as the chelated
chloro complexes are characterized by a special solubility in
water and polar solvents such as MeOH, DMSO, etc. In
addition, they show an exceptional stability to air and moisture,
making them preferred candidates (starting materials) for
reactions in aqueous media. Thus, they are of special interest
in agueous organometallic chemistf#1-42 In water, hydrolysis
of the dichloro units takes place leading to the diaquo species
[Cp(CHy)2NMe;Co(H,0)2]2*(CI)2.

(3) The structure of is stabilized by a hydrogen bonding of
the type N--H---N, in contrast to the H-Cl---H bridge found
in the structure of a related rhodocenium complex.

Supporting Information Available: For the structure of complex
4, tables of (a) the structure determination summary, (b) atomic
coordinates and equivalent isotropic displacement coefficients, (c)
complete bond lengths, (d) complete bond angles, (e) anisotropic
displacement coefficients, and (f) H coordinates (7 pages). Ordering
information is given on any current masthead page.
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