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Abstract

_ Diethylzinc reacts with hydroperchlorates of N-alkylated 1,3,5-triazacyclohexanes (R;TAC; R = metnyl (Me), benzyl (Bz), isopropyl
(*Pr)) and with the hydrotetrafluoroborate of 1,3,5-tris-( para-fluorobenzyl)-1,3,5-triazacyclohexane (FBz ;TAC) to give the corresponding
cationic zinc ethyl complexes [(R ;TAC)Zn(E)]X] (X = ClO;, BF,"). Similar complexes were obtained from diethyizinc treated with
[HNMe, Phl[BF,] or [HNMe, Ph){B(C¢F;),l(Et,0) in the presence of R ;TAC (R = Bz, FBz, s-1-phenylethyl (s-PhMeCH)). A product of
decomposition of [(Bz,;TAC)Zn(EV][CIO,) was analyzed by X-ray diffraction. The structures of [({s-PhMeCH},;TAC)Zn(E)][BF,] and
[(FB2,TAC)Zn(E)][BF,] were estimated using nuclear Overhauser enhancement spectroscopy. Protonolysis of diethylzinc with
[HNMe,Ph][BF,] in the presence of 13-benzyl-1,5.9-triazatricyclo[7.3.!.0%'%)-tridecane (BzTATC) yielded the complex

[(BzZTATO)Zn(EVJBF, ).

Keywords: Zinc; Ethyl 1,3,5-Triazacyclohexane; Orthoamides; Trisaminomethanes; Tricyclic; 13-Benzyl-1,5,9-triazatricyclo{7.3.1.0%'*J-tride-

cane; NMR spectroscopy

1. Introduction

We are investigating transition metal complexes con-
taining N-alkylated 1,3,5-triazacyclohexanes (R,TAC)
[1,2] with the goal of preparing cationic alkyl com-
plexes of vanadium, chromium or iron as homogeneous
model systems of the Phillips ethylene polymerization
catalyst. While synthesis and characterization of the
neutral alkyl complexes (‘Pr;TAC)Cr(CH,SiMe,),(Cl)
and (Bz,;TAC)C(CH,-C¢H;); were reported recently
[2], the preparation of cationic species has not yet been
successful.

As shown earlier [2], R,TAC is more weakly bound
than the larger homologues (e.g. triazacyclononanes) or
non-cyclic amines due to the increased ring strain.
Therefore, the common methods of preparation of
cationic transition metal amine complexes in aqueous
media were not successful. We are now exploring
protonolysis of organometallic compounds as a method
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for the preparation of cationic transition metal amine
complexes in non-aqueous media. The present investi-
gation deals with the preparation of new cationic ethyl
zinc complexes with R,TAC (R = methyl (Me), benzyl
(Bz), p-fluorobenzyl (FBz), isopropyl ('Pr) and s-1-
phenylethyl (s-PhMeCH)) and 13-benzyl-1,5,9-tri-
azatricyclo[7.3.1.0%*}-tridecane (BzTATC) as struc-
tural models for future cationic complexes of other
transition metals.

The acids [H(OEt,),]l(3,5-(CF,),C,H,),B] and
[HNMe, Ph)B(C,F;),] have already been used for the
generation of cationic complexes, e.g. of cobalt [3] and
zirconium [4] respectively, and similarly protonolyses of
amide complexes have been used, e.g. for synthesis of
alkoxy complexes of chromium [5].

Only few mononuclear four-coordinated alkyl zinc
complexes with tridentate ligands are known. First, are
complexes LZnR with L a tris-(pyrazolyl)-borato ligand
and R = Me, Et, '‘Bu or Ph [6-8]. Some of these were
used as precursors of bioinorganic model systems [7).

In the past, many cationic complexes of several
transition metals containing m*-coordinated 1,4,7-tri-
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(RyTAC)
Scheme 1. Reaction of R ;TAC with perchloric and fluoroboric acid

to give 1a (R = Me, X = ClO,), 1b(R =Bz, X =ClO,), l¢ (R =
X = Cl0,) and 1d (R = FBz, X = BF;) respectively.

azacyclononanes and larger macrocyclic amines have
been synthesized [9]. Among them are also monomeric
alkyl complexes (e.g. with 1,4,7-triazacyclononanes
[10,11]). However, no example of a cationic zinc com-
plex with R;TAC or RTATC, or even an alkyl zinc
complex with a cyclic amine ligand, is reported. RTATC
complexes are only described with CuCl, (R = Ph, Bz)
[12] and Mo(CO); (R = H, Me) [13]. The known zinc
complexes having R ;TAC or larger macrocyclic amines
as ligands are either multinuclear or the amine is only
n'-bound [14).

2. Results and discussion

Reaction of R,TAC (R = Me, Bz, FBz or 'Pr) with
perchloric acid and fluoroboric acid [15] yielded the
mono hydroperchlorates 1a=c¢ and the mono hydrote-
trafluoroborate 1d respectively (Scheme 1),

While the results of elementary analyms of la-d
agree with the calculated values, the 'H NMR signals
for the acidic protons could not be detected in solution
of la=d in CDCl, or CH,Cl,. There is only a charac-
teristic difference in chemical shifts between the ring
protons or the benzylic protons in the amine and the
corresponding smmonium salt, Compound l¢ is not
stable at room temperature and decomposes within 24 h
even in a dry atmosphere. Therefore it was prepared
freshly prior to use without characterization.

Treating diethylzinc with one equivalent of 1b-d
respectively gave the cationic complexes [(Bz,TAC)-
Zn(EDJCIO,] (3b), [('Pr,TAC)Zn(EDICIO,] (3¢) and
[(F’BZ,TAC)Zn(Et)IBE‘] (3d) in good yields (Scheme
2). An easier way to prepare the complexes

+ id
- CH,
CHCY/ hexane ’ CN’?R
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Scheme 2. Protonolysis of diethylzine using 1b-d, yielding 3b
(R=Bz, X=ClO,), 3¢ (R='Pr. X=ClO,) and 3 (R = FBz,
X = BF,) respectively. Protonolysis of diethylzinc with 2a or 2b in
the presence of R,TAC yields 4b R = Bz, X = BF,), 4d (R = FBz,
X = B(C¢F;),) and de (R = s-PhMeCH, X = BF,) respectively.
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Scheme 3. Protonolysis of diethylzinc with 2a in the presence of
BzTATC, yielding S.

[(R,;TAC)Zn(Et))X] is the protonolysis of diethylzinc
with an N,N-dimethylanilinium salt [HNMe,Ph}X]
(2a,b) in the presence of R,TAC. Using this route the
complexes [(Bz,TAC)Zn(EV)][BF,] (4b), [(FBz,TAC)-
Zn(E)IB(C¢F;),] (4d) and the chiral complex [({s-
PhMeCH},TAC)Zn(EDYBF,] (4e) have been synthe-
sized. Complexes with the smallest N-alkylated 1,3,5-
triazacylohexane (Me,TAC) could not be prepared by
any of these routes.

Protonolyses of diethylzinc with 2a in the presence
of BzTATC yielded the complex [(BZTATC)Zn(E)]-
[BE,] (5) (Scheme 3). It is the first zinc complex with a
1,5 9-tnazatr|cyclo[7 3.1.0%"*}-tridecane ligand.

The "H NMR spectra of the complexes 3b-d, 4b,d.e
show the signals of the ethyl group (8 = 0.42-0.57 ppm
(@) and 8= 1.14-1.17 ppm (1)) and two characteristic
doublets in the range 8, = 3.1-3.7 ppm and §, = 4.0-
4.4 ppm. Using nuclear Overhauser enhancement spec-
troscopy (NOESY) the doublets were identified as the
signals resulting from the exo (8,) and endo (§,)
protons of the ring ~CH,- groups. They became chemi-
cally different by ligand coondnmuon to the zinc atom.
However, the gated decoupled ' C/ H NMR of 3d
gave no indication of any agostic hydrogen=-zinc inter-
action, 'l‘he complex 3d has been symheslz;d and inves-
tigated by "’F NMR spectroscopy in order to determine
the Ilgand to anion ratio. The measured intensities of the
two F NMR signals in 3d support a ligand to anion
ratio of 1:1.

The complexes 3b-d, 4b,d,e are sensitive towards
moisture. Reaction with water yields ethane, zinc hy-
droxide and R,TAC. The compounds also react with
other protic agents like dimethylsulfoxide. No reaction
is observed within 1 h when treating 4b with benzophe-
none or the chiral de with benzaldehyde. After stirring
4e with benzaldehyde for 24 h at room temperature the
characteristic 'H NMR signals of the ring protons have
disappeared. However, no products could be identified.

From a solution of 3b in dichloromethane /hexane,
crystals were obtained after 14 days and analyzed by
X-ray diffraction. Although the sclid complexes 3b-d,
4b,d,e are stable for weeks when stured dry, we found
the species 6 (Scheme 4) as one product of the slow
decomposition of 3b in CH,Cl, solution. The molecu-
lar structure (Fig. 1) shows an organic cation and the
ClO; anion.
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Scheme 4. Slow decomposition of 3b in solution yielding 6 (R = Bz,
X =ClO,).

The structure is significantly different to that known
for Bz,TAC [16a] and similar to the cation derived from
the oxidation of Me,;TAC with iodine [16b). The N1-C1
and N2-C2 bond distances are short and C11, N1, C1,
N2, C21, C3 and C2 are in one plane within the
standard deviation. This indicates an sp® hybridization
at the carbon atom C1 and 6 seems to be the product of
oxidation with CH,Cl, and a Lewis acid.

Since we were unable to grow crystals of
[(R;TAC),Zn(E)]X] suitable for X-ray .rystallogra-
phy, we tried to use the well-resolved NMR spectra for
structure refinement. The relative intensities of NOESY
cross-peak signals (/,,(H,~Hg)) are proportional to
1/(r,_g)® where r,_, is the distance between two
hydrogen atoms A and B.

Crystal structures have shown that the R ;TAC ligand
is relatively rigid and varies only in the conformation of
the nitrogen substituent R. In the case of R=FBz or

Table |

Fig. 1. A perspective OrRTEP plot [28] of 6, thermal ellipsoids are
scaled to the 50% probability level. Hydrogen atoms have been
omitted for clarity. Selected distances (ppm) and angles (°): C1-N1
130.2(5), C1-N2 133.2(5), N1-Cl11 147.5(5), N1-C3 147.6(6), N2-
C7. 148.4(5), N2-C21 146.%(5), C2-N3 142.7(5), C3-N3 145.0(6),
Ci-01 143.2(3), N1-C1-N2 121.8(4), C1-NI1-C3 119.8(4), C11-
N1-C3 119.6(4), C11-N1-C1 120.6(4), C1-N2-C2 119.8(4), C1-
N2-C21 120.9(4), C2 -N2-C21 119.3(3), N2-C2-N3 111.7(3), C2-
N3-C3 109.1(4), N1-C3-N3 110.4(4), O1 -ClI-02 110.8(2).

s-PhMeCH, only the rotation around the N-C,,,, and
Crenz=Cpnea bonds and the angle 7y (describing the
deviation of the N-substituent from the plane defined by
the three nitrogen atoms) had to be varied (Fig. 2).

Determined intensities 7, (H,~H,) and their estimited standard deviations (SDs) and calculated intensities /., (H,=Hy) of NOESY cross-peak
sig:als between two hydrogen atoms A and B in the cations of 3d and de respectively. When the standard deviation was below 10% a minimum
error in the intensity of 10% was assumed, caused by integration. The intensities are scaled relative to 1y (H 0~ Hey,) = 100

Hy=Hy Cation of 3d Cation of 4e
L (F'A=Hy) (SD) Lac(Ha=Hp) Ly (HA=Hy) (SD) leac(Ha=Hy)
Hewo=Hero 100(10) 100 100(20) 100
onho=Hendo h24( 10) 21 26027 22
orlho""ew 7 10(5) 9
Me~Hendo - — 33(8) 55
Me~Hero - -_ 20(5) 27
venz—Hendo 65(10) 47 327 31
Hpen,~Hexo 46(7) 22 217 1
Hmlho'H benz 55(10) 40 4« 15) 30
orltm":l'l Me e - ;g((?l) if:
benz ™ ' Me s - o
Heu,-Hen, ' 27 15(4) 27
me—Hcen, - e 1.(0.3) 1.2
' b b a1
ommo~Hen, b 1.2 N 1‘1
onho'H(‘H 1 b 0.9 b O.I
Hyenz~Hew, . 0.3 N ol
Hyena=Hen, . 0.8 N 07
Hengo~Hen, ) 0.4 N 04
chdo"' CH, b 0.6 b 0-0
exo” '*CH, b 0.0 v 0-0
Hexo'HCH 3 0.0 .

3 Not determined; ® not observed.
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The highest signal intensity was obtained from the
cross-peak between the hydrogen atoms in the endo
(H,,4,) and the exo (H,,,) position. Table 1 shows the
relative intensities of all signals.

For all observed cross-peaks between ring hydrogen
atoms and the nitrogen substituent (H,,, H,.,,,» and
H,, (in 4e)) the intensities of the H.,,, signals are
greater than the intensities of the H,,, signals. There-
fore all averaged positions of these protons must be
closer to the endo protons. However, the methyl and
benzyl hydrogen atoms have only a small and nearly
equal intensity ratio with the endo and exo positions.
Compounds 3d and de have nearly the same intensities
except for cross-peaks involving the benzyl groups
which are twice as intense for 3d compared with 4e.
Therefore we conclude that the two benzylic hydrogen
atoms (or H,,, in 4e) are in equivalent positions relative
to the RyTAC ring and that the nitrogen substituents
have either the conformation of Fig. 3(a) or 3(b). From
the greater intensity for the cross-peak of the H
compared with the H,, protons, we conclude that
conformation (a) gives the largest contribution,

The hypotheses of the unusual eclipsed conformation
for a majority of the nitrogen substituents may be
possible because of the relatively large distance between
the ring protons and H,,,, due to the large C,,,~N-
Cen: angle which is known from several X-ray struc-
tures of R,TAC complexes [1,2,17] to be larger than
120°, This results in a decreased torsion barrier in the
direction of the N-C . bond. As reported recently, the
X-ray crystal structure and molecular mechanics studies
of R,TAC (R = neopentyl) also indicate an eclipsed
position of the N-substituents [18]. From X-ray struc-

a) b)

Fig. 3. Newman projection along the N-C,,.,, bond in 3d and 4e
respectively.

tures of R,TAC complexes with d'® metals (e.g.
[(Bz,TAC)Cu(PPh;)]* [17]1 and [(FBz,TAC),Zn}]**
[19]), it is known that the phenyl groups are preferably
allocated towards the zinc atom. This gives rise to
supposing an attractive interaction between the zinc
atom and the phenyl groups.

Fig. 4. Structures of the cations of (a) 3d and (b) 4e which give the
largest contribution to the conformation of the molecules. The struc-
tures were estimated by NOESY spectroscopy.
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Models with all substituents in conformation (a) did
not agree with the intensities of the Hy,, to H,,
cross-peaks and the fact that the cross-peak of H¢y, and
H), was the only (and therefore strongest) signal be-
tween R;TAC and the ethyl group. Both problems
could be solved by assuming two nitrogen substituents
in conformation (a) and one in conformation (b). For
the structures shown in Fig. 4 the smallest angle 7y
(found in the X-ray structure of [(FBz,TAC),Zn}]** [19]
was used (y = 5°).

Fig. 4 shows the plots with the best fit to the
observed data of the cations of 3d and 4e respectively.
The related calculated intensities (/) are given in
Table 1. All distances r, g are very sensitive towards
changing the H,,4,-C,;,,—H,,, angle. This may explain
why most of the calculated intensities are slightly lower
than the measured ones. The intensity of the cross-peak
between Hy,, and H,,,, in 4e is very sensitive towards
deviations from the torsion angle Zn-N-C,,,-C,, set
to zero. The differences in calculated and measured
intensity may indicate a deviation from the ideal eclipsed
position. However, because of the small number of
signals observed we did not fit the model to more
parameters.

The approximated structures of the cations of 3d and
4e show the cation is well protected by the aromatic
groups of the N-substituents. This may be the reason for
the observed decreased stability of the isopropyl com-
pound 3¢ and for the inertness of the complexes
[(R,TAC)Zn(EV)X) towards large reagents like ben-
zophenone and benzaldehyde. Small agents should not
be hindered from attacking the ethyl group.

3. Experimental details

All syntheses were carried out under deoxygenated
and dried argon using standard Schlenk techniques.
Moisture sensiiive compounds were stored in a glove
box. Hexane, pentane, ether and the chlorinated solvents
were dried according to standard methods, stored over
the drying agents and directly condensed into the reac-
tion flasks prior to use. All other solvents were used as
commercially obtained.

Elemental analyses were carried out using a Perkin-
Elmer Series I CHNS /O analyzer 2400 and a Perkin-
Elmer 2380 atomic absorption spectrophotometer. 'H,
13C and "F NMR were acquired on a Bruker ARX 200
FT-NMR spectrometer. For NOESY spectroscopy a
Bruker ARX 400 FT-NMR spectrometer was used. IR
spectra were recorded with a Perkin-Elmer IR 580B
spectrophotometer.

The ligands were synthesized according to modified
literature methods [20] (Bz,TAC, FBz,TAC, 'Pr,TAC,
(s-PhMeCH),TAC) or used as commercially obtained

(Me;TAC). The synthesis of BZTATC was described
previously [13].

3.1. Synthesis of 13,5-tribenzyl-1,3,5-triazacyclohe-
xanehydroperchlorate (1b) [15]

Crystalline Bz,;TAC (3.0 g, 8.39 mmol) was dis-
solved at room temperature in ethanol (20 ml). The
solution was cooled to 0 °C and aqueous perchloric acid
(60%, 0.8 ml, 7.33 mmol) was added dropwise to the
resulting white suspension. After stirring for 15 min, the
volatile materials were removed in vacuc. The crude
product was washed with ether and pentane, yielding a
white solid (3.29 g, 98%).

Anal. Found: C, 62.24; H, 6.22; N, 9.06.
C,sHN;ClO, Calc.: C, 62.95; H, 6.16; N, 9.18%.
M.p. 111 °C. "H NMR (200 MHz, CD,Cl,): & (ppm)
4.00 (s, 12H, N-CH,-N and Ph-CH,-N), 7.31 (s,
15H, C4 H;). C NMR (50.29 MHz, CD,Cl,): & (ppm)
56.1 (Ph—-CH,-N), 71.8 (N-CH,-N), 1289 (C,),
129.2 (C,/6), 129.8 (C3/5). IR (KBr): w(intensity)
625(s), 703(s), 745(s), 1057(s), 1108(s), 1122(s),
1456(s).

3.2. Synthesis of 1,3,5-trimethyl-1,3.5-triazacyclohe-
xanehydroperchlorate (1a)

The same procedure was followed as for the prepara-
tion of 1b except Me,TAC (3.0 g, 23.22 mmol) instead
of Bz,TAC was used. The product precipitated when
perchloric acid (2.0 ml, 18.33 mmol) was added (4.13 g,
98%).

Anal. Found: C, 31.96; H, 8.16; N, 18.94.
C,H ,N,Cl0, Calc.: C, 31.38; H, 7.02; N, 18.30%.
M.p. 119 °C. 'H NMR (200 MHz, CD,Cl,): § (ppm)
2.30 (s, 9H, CH,-N), 3.59 (s, 6H, N~CH,-N). "'C
NMR (50.29 MHz, CD,Cl,): & (ppm) 39.2 (CH,-N),
744 (N-CH,-N). IR (KBr): w(intensity) 444(m),
489(m), 623(s), 637(m), 88%(m), 927(m), 982(m),
1096(s), 1178(m), 1259(m), 1283(m), 1447(m),
1455(m), 147%(m), 1525(m), 1576(m).

3.3. Synthesis of 1,3,5-tris-(para-fluorobenzyl)-1,3,5-tri-
azacyclohexanehydrotetrafluoroborate (1d)

This compound was prepared in a manner analogons
to that described for 1b, except FBz,TAC (2.7 g, 6.55
mmol) instead of Bz,TAC and an etheric solution of
HBF, (54%. 0.85 ml, 6.22 mmol) instead of perchloric
acid were used. When the acid was added a clear
selution resulted. The product precipitated after remov-
ing the solvent.

Anal. Found: C, 57.13; H, 4.68; N, B8.88.
C,4H,5N,BF, Calc.: C, 57.74; H, 5.05; N, 8.42%. M.p.
100 °C. "H NMR (200 MHz, CD,Cl,): & {ppm) 3.93
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(s, 12K, N-CH,~N and Ph-CH,-N), 6.9-7.3 (m,
12H, CsH,F-CH,). >C NMR (50.29 MHz, CD,Cl,):
& (ppm) 55.1 (Ph-CH,~N), 71.7 (N-CH,-N), 116.0
(d, JICF1=21.6 Hz, Cy,sF), 1299 (C)), 131.7 (d,
JICF1=8.2 Hz, C, P, 163.1 (d, JICF]=247.0 Hz,
C,F). F NMR (188.15 MHz, CD,CL,): & (ppm)
-37.05 3F, C,F), —72.00 (4F, BF,). IR (KBr):
v(intensity) 751(m), 79%(m), 826(m), 837(m), 863(m),
884(m), 1093(s), 1165(s), 1179(s), 1226(s), 1240(s),
1280(m), 129%(m), 1357(m), 1381(m), 1400(m),
1419(m), 1456(m), 1463(m), 1512(s), 1630(s), 3160(m).

3.4. Synthesis of N.N-dimethylaniliniumietra-
Sfluoroborare (2a)

Freshly distilled N,N-dimethylanilin (2.24 g, 18.48
mmol) was dissolved in ether. To the stirred solution
aqueous fluoroboric acid (7.75 M, 2 ml, 15.50 mmol)
was added dropwise. After stirring for 10 min the
aqueous phase was isolated. The water was removed in
vacuo yielding a solid. After washing with ether and
drying in vacuo a white solid was obtained (2.37 g,
73.2%).

Anal. Found: C. 45.84; H, 5.89; N, 6.77. CgH,,NBF,
Calc.: C, 45.98; H, 5.79; N, 6.70%. M.p. 52 °C. 'H
NMR (200 MHz, CDCl,): & (ppm) 3.37 (s, 6H, CH,),
7.5-7.7 (m, 5H, C,H,), 9.17 (s, 1:, NH). “C NMR
(50.29 MHz, CDCl,;): 6 (ppm) 47.8 (CH,), 120.1
(Cy/6)s 1309 (C,), 130.9 (C, ), 1419 (C)). IR (KBr):
v(intensity) 522(m), 534(m), 543(m), 575(m), 615(m),
685(m), 694(m), 746(m), 764(m), 771(m), 804(m),
898(m), 997(m), 1054(s), 1132(s), 1466(m), 1497(m),
2444(m), 2498(m), 2583(m), 2631(m).

3.5. Synthesis of N.N-dimethylaniliniumietrakis-(penta-
fluorphenyl)-borate - (Et,0) (2b)

A method for the preparation of the ether-free com-
pound was described previously [4].

To a mixture of freshly distilled N,N-dimethylanilin
(2.47 g, 20.41 mmol) and water (10 ml), hydrochloric
acid (25%) was ndded dropwise until most of the
dimethylanilin was dissolved. The solution was washed
twice with ether. The colorless mixture was added to an
intensively stirred solution of lithium tetrakis-(pentaflu-
orphenyl)-borate (9.34 g, 13.61 mmol) in water (100
ml) in small portions. The white precipitate was filtered
off and washed with water until chloride free. Washing
with ether and drying in vacuo yielded the product as
mono etherate (8.76 g, 73.5%).

Anal. Found: C, 49.47: H, 251: N, 1.79.
CyHy, NBF,,O Cale.: C, 49.39; H, 2.33; N, 1.60%.
M.p. (decomp. without melt.) 120 °C. '"H NMR (200
MHz, CD,Cl,): & (ppm) 1.25 (t, J[HH] = 7.0 Hz, 6H,
O(CH,-CH,),), 3.39 (s, 6H, N-(CH;),), 3.62 (q,
JHH]=7.0 Hz, 4H, O(CH,-CH,),), 594 (s, 1H,

NH), 7.3-7.7 (m, 5H, C¢H;). “C NMR (50.29 MHz,
CD,Cl,): & (ppm) 15.4 (O(CH,-CH,),), 48.8 (N-
CH,), 66.4 (O(CH,~CH,),), 119.6 (C, , in C¢Hy),
1320 (C,,5 in C¢Hy), 134.1 (C, in C4Hj), 1409 (C,
in C¢H,), 136.9, 138.5, 148.5 (C4F;). ’F NMR (188.15
MHz, CD,Cl,): & (ppm) —90.7 (1, J=18.2 Hz
C,/sF), —85.6 (t, J=20.4 Hz, C,F), —56.6 (m,
C;,sF). IR (KBr): v(intensity) 662(m), 684(m), 68%(m),

’ 757(m), 768(m), 775(m), 979(s), 1084(s), 1094(s),

1182(w), 1278(m), 1374(m), 1463(s), 1514(s), 1646(m),
3251(m).

3.6. Synrhesis of [(Bz,TAC)Zn(E1)][CIO, ] (3b)

A solution of 1b (0.17 g, 0.37 mmol) in
dichloromethane (10 ml) was added to a stirred solution
of diethylzinc in hexane (1 M, 0.3 g, 0.41 mmol) at 0
°C. After stirring for 15 min the volatile materials were
removed. Washing with hexane the oily product ob-
tained yielded a white moisture sensitive solid (0.14 g,
69%).

Anal. Found: C, 55.14; H, 5.51; N, 8.78; Zn, 12.70.
C,H3,N;Cl0,Zn Calc.: C, 56.64; H, 5.85; N, 7.62;
Zn, 11.86%. M.p. 113 °C. 'H NMR (200 MHz, CDCl,):
& (ppm) 0.48 (q, J[HH] = 8.0 Hz, 2H, Zn-CH,), 1.17
(t, J[HH] = 8.0 Hz, 3H, CH,), 3.19 (d, J[HH]=8.6
Hz, 3H, N-CH 4, H,,,-N), 3.82 (s, 6H, Ph-C H,-N),
4.20 (d, J[HH] = 8.6 Hz, 3H, N-CH,,,,H ,,-N), 7.0-
7.6 (m, 15H, C4 Hy). "*C NMR (50.29 MHz, CDCl,): &
(ppm) 2.1 (Zn-CH,), 11.6 (CH,), 55.8 (Ph~CH,=N),
73.4 (N-CH,-N), 128.6 (C,). 128.7 (Cy.6), 1293
(Cy/5) 1332 (C)). IR (KBr): w(intensity) 529%(m),
618(s), 698(s), 745(s), 753(s), 922(s), 993(m), 1028(s),
1122(s), 1162(s), 1357(m), 1374(w), 1456(s), 1497(m),
2788(m), 2861(s), 2897(m), 2936(m), 3032(m),
3065(m), 3089(m).

3.7. Synthesis of [(FBz;TAC)Zn(E)][BF, ] (3d)

The same procedure was followed as for the prepara-
tion of 3b except 1d (0.2 g, 0.40 mmol) was used
instead of 1b.

Anal. Found: C, 51.40; H, 4.76; N, 8.16; Zn, 12.20.
C,6H1oN,BF,Zn Calc.: C, 52.69; H, 4.93; N, 7.09; Zn,
11.03%. M.p. 96 °C. 'H NMR (200 MHz, CDCl,): &
(ppm) 0.42 (q, J[HH] = 8.0 Hz, 2H, Zn-CH,), 1.14(t,
J[HH] = 8.0 Hz, 3H, CH,). 3.39 (d, J[HH] = 8.4 Hz,
3H, N=CH o, H,o~N), 3.79 (s, 6H, C,H ,F-CH,-N),
417 (d. J[HH]=84 Hz 3H, N-CH,, H, -N.
6.85-7.40 (m, 12H, C,H,F-CH,). "C NMR (50.29
MHz, CDCl,, gated decoupled): & (ppm) 1.8 (t, J[CH]
= 121.4 Hz, Zn-CH,), 11.4 (q, J[CH]=124.6 Hz,
CH,), 54.7 (1, JICH] = 1379 Hz, Ph-C H,-N), 75.1
(t. JICH] = 147.0 Hz, N-CH,-N), 116.0 (dd, J[CH]
= 164.7 Hz, JICF] =213 Hz, C, ,H), 129.2 (d, J[CF]
= 3.0 Hz, C)), 131.2 (dd, J[CH] = 160.6 Hz, J[CF] =
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83 Hz, C, GH), 162.84 (d, JICF]= 2478 Hz, C,P.
F NMR (188.15 MHz, CDCL,): & (ppm) — 112.74
(3F, C,F), —150.53 (4F, BF,). IR (KBr): »(intensity)
522(m), 766(m), 825(s), 835(s), 857(m), 108(s),
1100(s), 1228(s), 1402(m), 1512(s), 1606(s).

3.8. Synthesis of [('Pr;TAC)Zn(E1)]ICIO,] (3c¢)

Aqueous perchloric acid (0.9 ml, 8.25 mmol) was
added to a solution of 'Pr,TAC (1.84 g, 8.63 mmol) in
cthanol at 0 °C. A white precipitate appeared after
stirring for some minutes. The solvents were removed at
0 °C in vacuo. The resulting white solid was washed
with ether and pentane, dried in vacuo and then Jis-
solved in dichloromethane. This solution was added to
diethylzinc in hexane (1 M, 6.53 g, 8.99 mmol). The
volatile materials were removed in vacuo after stirring
for 15 min. The oily product was washed with pentane
and ether to yield a white solid (3.05 g, 90.8%).

Anal. Found: C, 38.72; H, 7.73; N, 9.53.
C,,H;,N;ClO,Zn Calc.: C, 41.29; H, 7.92; N, 10.32%.
M.p. (decomp.) 70 °C. '"H NMR (200 MHz, CDC,): &
(ppm) 0.42 (q, J[HH]=8.0 Hz, 2H, Zn-CH,~CH,),
1.17 (d, J[HH]=6.7 Hz, 18H, CH(CH,),), 1.19 (t,
J[HH] = 8.0 Hz, 3H, Zn-CH,-CH,), 3.32 (sept,
J[HH] = 6.7 Hz, 3H, N-CH(CH,),), 3.64 (d, J[HH]
= 8.8 Hz, 3H, N-CH,,, H,,,~N), 4.21 (d, J[HH] = 8.8
Hz, 3H, N-CH_,H,,,-N). "C NMR (50.29 MHz,
CDCl,): & (ppm) 1.0 (Zn-CH,~CH,), 11.7 (Zn-
CH,-CH,), 18.8 (CH(CH,),), 52.5 (N-CH(CH,),),
69.2 (N-CH,-N). IR (KBr): »(intensity) 522(m),
540(m), 623(s), 932(m), 1008(m), 1054(s), 1106(s),
1172(s), 1211(s), 1373(m), 1393(m), 1468(m), 1554(m),
1646(m), 166%m), 2857(m), 2882(m), 2937(s), 2975(s),
3586(m).

3.9. Synthesis of [(Bz,TAC)Zn(Et)][BF, ] (4b)

A solution of 2a (443 g, 21.20 mmol) in
dichloromethane was added to a stirred mixture of
diethylzinc in hexane (15.4 g, 21.21 mmol) and Bz,TAC
(7.58 g, 21.20 mmol). After stirring for 15 min the
volatile materials were removed in vacuo. After wash-
ing intensively with pentane the product was obtained
as a white solid (10.94 g, 95.8%).

Anal. Found: C, 58.54; H, 596; N, 7.83.
CyH3,N,BF,Zn Calc.: C, 57.97; H, 5.99; N, 7.80%.
M.p. 100 °C. 'H NMR (200 MHz, CDCl,): & (ppm)
0.48 (q, J[HH] = 8.0 Hz, 2H, Zn-CH,-CH,), 1.17 (t,
J[HH] = 8.0 Hz, 3H, Zn-CH,-CH,), 3.46 (d, J|HH]
=8.6 Hz, 3H, N-CH,,,, H,,,~N), 3.80 (s, 6H, Ph-
CH,-N), 4.182 (d, J[HH]= 8.6 Hz, 3H, N-
CH, , H,,,~N), 7.10-7.40 (m, ca. 15H, C¢H;~CH,).
BC NMR (50.29 MHz, CDCl,): & (ppm) 1.9 (Zn-
CH,-CH,), 11.4(CH,-CH,), 55.4 (Ph—-CH,-N), 73.6
(N-CH,-N), 128.6 (C,), 128.9 (C, ), 129.3 (C; 5)

133.4 (C,). IR (KBr): v(intensity) 464(m), 518(m),
523(m), 613(m), 621(m), 664(m), 697(s), 703(s),
736(m), 751(m), 766(m), 920(m), 935(m), 979(s),
1001(s), 1025(s), 1081(s), 1146(s), 1165(s), 1208(m),
1214m), 1237(m), 1265(m), 1280(m), 1290(m),
1303(m), 1320(m), 1335(m), 1349(m), 1357(m),
1363(m), 1371(m), 1455(s), 1497(m), 2721(m),
2794(m), 2814(s), 2855(m), 2933(m), 2948(m),
3034(m), 3065(m), 3089(m), 3108(m), 3537(m).

3.10. Synthesis of [(FBz;TAC)Zn(Et)[B(C,F,),] (4d)

The same procedure was followed as for the prepara-
tion of 4b except FBz,TAC (0.24 g, 0.58 mmol) instead
of Bz,;TAC, 2b (0.40 g, 0.46 mmol) instead of 2a, and
diethylzinc in hexane (0.40 g, 0.55 mmol) were used.
The product was a white solid (0.49 g, 82%).

Anal. Found: C, 49.86; H, 3.01; N, 3.31.
CsoH3N,BF,,Zn Calc.: C, 50.68; H, 2.47; N, 3.55%.
M.p. 83 °C. 'H NMR (200 MHz, CDCl,): & (ppm) 0.57
(g, JIHH}=2%2 Hz, 2H, Zn-CH,-CH,), 1.16 (1,
J[HH] = 8.2 Hz, 3H, Zn-CH,~CH,), 3.42 (d, J[HH]
=8.5 Hz, 3H, N-CH,, H,,.-N), 3.66 (s, 6H, Ph—
CH,-N), 4.09 (d, J[HH] = 8.5 Hz 3H, N-
CHp4H o=N), 6.95-7.15 (m, ca. 12H, C, H,F-CH,).
®C NMR (5029 MHz, CDCl,): & (ppm) 3.1 (Zn~-
CH,—CH,), 11.7(CH,-CH,), 55.3 (Ph-CH,~N), 74.2
(N-CH,-N), 117.0 (d, J[CF]=20.4 Hz, C,,s in
C,H,F), 1293 (d, JICF]=3.0 Hz C, in C,H,P),
131.1 (d, J[CF] =85 Hz, C,, in CsH,P), 162.8 (d,
JICF] =248 Hz, C, in CsH,F). "F NMR (188.15
MHz, CDCl,): & (ppm) —89.67 (m, C,,,F), —85.60
(m, C,F), —55.65 (m, C,, F), —34.17 (s, C¢H ,F-
CH,). IR (KBr): w»(intensity) 413(w), 423(w), 449(w),
551(w), 523(w), 527(w), 575(w), 610(w), 661(m),
684(m), 756(m), 76%m), 775(m), 832(m), 841(m),
852(m), 858(m), 980(s), 1029(m), 1064(m), 108%(s),
1159(m), 1225(s), 1230(s), 1262(m), 1274(m), 1356(m),
1367(m), 1374(m), 1464(s), 1513(s), 1604(m), 1643(m),
1687(m), 2868(m), 2955(m).

3.11. Synthesis of [{(s-PhMeCH),TAC}Zn(Er)][BF,]
(4e)

This compound was prepared in a manner analogous
to that described for 4b except (s-PhMeCH),TAC (0.52
g, 1.30 mmol) instead of Bz,TAC, 2a (0.25 g, 1.20
mmol) and diethylzinc in hexane (1.02 g, 1.40 mmol)
were used. The procedure yielded a white solid (0.68 g,
97.6%).

Anal. Found: C, 59.94; H, 7.14; N, 7.89.
C,H;3N;BF,Zn Calc.: C, 59.97; H, 6.59; N, 7.23%.
M.p. 80 °C. 'H NMR (200 MHz, CDCl,): & (ppm) 0.53
(q, J[HH]=82 Hz, 2H, Zn-CH,-CH,), 1.16 (t,
J[HH] = 8.2 Hz, 3H, CH,-CH,), 1.40 (t, JIHH] = 6.9
Hz, 9H, CH(CH,)), 3.2/ (d, J[HH]=9.0 Hz, 3H,
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N-CH,4o H,ii~N), 4.18 (q, J[HH] = 6.9 Hz, 3H, Ph-
CH(CH,)-N), 433 (d, J[HH]=9.0 Hz, 3H, N-
CH_y H,,o~N), 7.05-7.45 (m, ca. 15H, C¢ H,F-CH,).
BC'NMR (50.29 MHz, CDCl,): & (ppm) 2.6 (Zn-
CH,-CH,), 12.1 (CH,~CH),), 17.1 (CH(CH},)), 60.1
(Ph-CH,-N), 70.5 (N-CH,-N), 127.7 (C, ), 129.0
(C)). 1295 (C;5), 1385 (C,). IR (KBr): v(intensity)
518(w), 546(w), 565(w), 623(w), 703(s), 747(w),
763(m), 1087(s), 1102(s), 120%m), 1243(m), 1281(m),
1310(m), 1331(m), 1362(m), 1380(m), 1456(s),
1496(m), 1603(w).

3.12. Synthesis of [(BzTATC)Zn(E1)][BF,] (5)

5 was prepared according to the manner described
for 4b except B2zTATC (0.22 g, 0.81 mmol) instead of
Bz,TAC, 2a (0.22 g, 0.81 mmol) and diethylzinc in
hexane (1 M, 0.17 g, 0.81 mmol) were used.

Anal. Found: C, 49.70; H, 6.66; N, 9.06.
C,,H,N,BF,Zn Calc.: C, 50.41; H, 6.68; N, 9.28%.
M.p. 152 °C. '"H NMR (200 MHz, CDCl,): & (ppm)
0.59 (q, J[HH] = 8.0 Hz, 2H, Zn-CH,-CH,), 1.20 (t,
J[HH] = 8.0 Hz, 3H, Zn-CH,~CH,), 1.96 (m, 6H,
CH,-CH,-CH,), 2.9 (m, 6H, N-CH,,, H,,,~CH,),
3.3 (m, 6H, N-CH,, 4 H,,,~CH,), 3.63 (s, 2H, C-
CH,-CH,), 7.15-7.60 (m, ca. 5H, CH,~CH,) “C
NMR (50.29 MHz, CDCl,): & (ppm) 1.7 (Zn-CH,-
CH,), 11.5 (2n-CH,-CH,), 25.2 (CH,~CH,-CH,),
26-3 (C"CHZQCoHs)o 48.7 (N—CH2'=CH2). 90.9
((N),-C-CH,), 128.9(C,), 1289 (C, ,,), 132.5 (C, ;).
133.8 (C,). IR (KBr): w(intensity) 462(m), 478(rm).
494(m), 520(m), 536(m), 547(m), 647(m), 711(s),
768(m), 964(m), 998(s), 1003(s), 1027(s), 1056(s),
1075(s), 1144(s), 1163(m), 1177(m), 1184(m), 1201(m),
1214(m), 1230(m), 1273(m), 1284(m), 1294(m),
1327(m), 1333(m), 1357(m), 1379(m), 1389(m),
1429(m), 1441(m), 1455(m), 1466(m), 1485(m),
1496(m), 1578(s), 2829(s), 2864(m), 2925(m), 2935(m),
3342(m).

3.13. X-ray diffraction analysis of 6

Data collection was carried out with an Enraf-Nonius
CAD-4 automatic diffractometer, controlled by a PC
and fitted with a low-temperature equipment. The cell
parameters were obtained from the angles of 25 reflec-
tions in the range 10.0° < 20 < 20.0°. Reflections were
scanned with variable scan time, depending on intensi-
tizs, with 2/3 of the time used for scanning the peak
and 1/6 for measuring each of the left and right
background. The intensities of three check reflections
monitored after 2 h showed only statistical fluctuations
during the course of the data collection. The crystal
orientation was checked every 200 intensity measure-
ments by scanning three retlections. A new orientation
matrix was automatically calculated from a list of 25

recentered reflections if the angular change was greate:
than 0.1%. The raw data were corrected for Lorentz
polarization and absorption effects [21].

Refinement in space group P1 was successful. The
structures were solved with direct methods (SHELXS 86
[22] and refined by full-matrix least-squares using
SHELXL 93 [23], which minimizes Rw? (based on F?)
All non-hydrogen atoms were refined anisotropicaly
The hydrogen atoms were calculated in idealized posi
tions (C-H 0.96 A, U,, = 0.08 A?). Scattering factor:
were taken from Refs. [24-26). After all atoms were
added to the model of the structure, an empirical ab
sorption correction was applied (DIFABS [27]; min. anc
max. correction factors (.578 and 1.202). Final residu-
als of least-squares R = 5.7%.

Data reduction was performed using the PC software
package [21]. All other calculations were undertaker
with sHELXL 93 [23). Further details of the crysta
structure investigation are available from the Fachinfor:
mationszentrum Karlsruhe GmbH, D-76344
Eggenstein-Leopoldshafen, Germany, on quoting the
depository number CSD-391007, the names of the au.
thors and the journal citation.

3.14. Molecular mechanics calculations of 3d and 4e

The structure models of cations of 3d and 4e (showr
in Fig. 4) were estimated using a molecular mechanic:
program [29)] and parameters from the literature [30,31]
To calculate the models the following parameters were
fixed: (a) the bond lengths and angles in the triazacyclo-
hexane ring to averaged values obtained from X-ray
structures [1,2,17] (C,,,,~N 147.0 pm, C,,,,,~N 149.(
pm, Cpe=N=C, 109.0°, N=C,.~N 105.6°), (b) the
N=Zn bond lengths to 217 pm, (c) the Zn-C¢y,, bonc
length to 195 pm, (d) the torsion angles Zn-N-C,.~C,
to 0° and 180° and (e) the H4o=Cipg-H,,, angle tc
113° The expected intensities ., .(H,~Hp) of a cross-
peak between two hydrogen atoms A and B were
obtained by summation 1000/(r, _5)® of all distances
ra.g eXisting in the molecule and scaling to the valu¢
of 100 for H y,~H.,, cross-peak intensity,

4. Supplementary material available

Crystallographic data of 6, lists of coordinates witk
isotropic displacement factors and anisotropic tempera-
ture factors of non-hydrogen atoms, a list of coordinates
of hydrogen atoms as well as tables of bond lengths and
angles (4 pages) have been deposited. Furthermore.
calculated atom positions of 3d and de as well as X-ray
structure data of [(FBz,TAC),Zn][BF,], are available.
Ordering information can be obtained from the authors.



M. Haufe et al. / Journal of Organomerallic Chemistry 520 (1996) 121129 129

Acknowledgements

This work has been supported by the Deutsche
Forschungsgemeinschaft and the Fonds der Chemischen
Industrie. R.D. Kohn thanks the Deutsche Forschungs-
gemeinschaft for a Habilitation Fellowship and Profes-
sor H. Schumann for support of this work.

References

[1) R.D. K&hn and G. Kociok-K6hn, Angew. Chen., Int. Ed. Engl.,
33 (1994) 1877.

[2] R.D. K&hn, G. Kociok-Kéhn and M. Haufe, J. Organomet.
Chem., 501 (1995) 303.

[3] M. Brookhart, B. Grant and A.F. Volpe, Jr., Organometallics,
11(1992) 3920.

[4} R.F. Jordan, S.C. Swenson, E.B. Tjaden and J.L. Petersen,
Organometallics, 14 (1995) 371.

[S] W.A. Herrmann, N.W. Nuber, R. Anwander and T. Priermeier,
Chem. Ber., 126 (1993) 1127.

[6) 1.B. Gorrell, A. Looney and G. Parkin, J. Chem. Soc., Chem.
Commun., (1990) 220.

[7) R. Alsfasser, A.K. Powell, S. Trofimenko and H. Vahrenkamp,
Chem. Ber., 126 (1993) 685.

[8] A. Looney, R. Han, 1.B. Gorrel, M. Comebise, K. Yoon and G.
Parkin, Organometallics, 14 (1995) 274.

[9) P. Chaudhuri and K. Wieghardt, Progr. Inorg. Chem., 35
(1987) 329.

[10] L. Wang, R.S. Lu, R. Blau and T.C. Flood, J. Am. Chem. Soc.,
115 (1993) 6999.
[11] C. Wang, J.W. Ziller and T.C. Flood, J. Am. Chem. Soc., 117

(1195) 1647,

[12] R.D. Kéhn, G. Seifert and G. Kociok-Kohn, Chem. Ber., 129
(1996) 21.

[13] S.P. van Kouwenberg, EH. Wong, G.R. Weisman, E.J. Gabe,
F.L. Lee and P. Jackson, Polyhedron, 8 (1989) 2333.

[14] M.B. Hursthouse, M. Motevall, P. O’Brien and J.R. Walsh,
Organomeuallics, 10 (1991) 3196.

[15] H. Méhrle and U. Scharf, Pharmazie, 33 (1978) 784.

[16] (a) G.A. Sim, J. Chem. Soc., Chem. Commun., (1987) 1118; (b)
H. Stegemann, A. Oprea and K.F. Tebbe, Z. Anorg. Allg.
Chem., 621 (1995) 871.

{17] R.D. K&hn, G. Seifert and G. Kociok-K&hn, submitted to Chem.
Ber.

[18] J.E. Anderson, D. Casarini, A.L Ijeh, L. Lunazzi and D.A.
Tocher, J. Am. Chem. Soc., 117 (1995) 3054-3056.

[19] R.D. Kéhn, M. Haufe and G. Kociok-Kéhn, in preparation.

[20] R. Lauterbach (ed.), Beilstein Handbook of Organic Chemistry,
Springer, Berlin, 4th edn., 1993, 5th Suppl. Ser., Vol. 26, Part 1,
p- 8.

[21] R. Frohlich, Xcap4, Program for data reduction, Universitit
Miinster, 1994.

[22] G.M. Sheldrick, sHELX 86, Program for crystal struct .i> deter-
mination, Universitit Gttingen, 1986.

[23] G.M. Sheldrick, SHELX 93, Program for crystal structure deter-
mination, Universitit Gottingen, 1993.

[24] D.T. Cromer and J.B. Mann, Acta Crystallogr., A24 (1968)
321.

[25] D.T. Cromer and D. Liberman, J. Chem. Phys., 53 (1970) 1891.

[26] R.F. Stewart, ER. Davidson and W.T. Simpson, J. Chem.
Phys., 42 (1965) 3175.

[27] D. Walker and D. Stewart, Acta Crystallogr., A39 (1983) 159,

[28] L. Zsolnai and H. Pritzkow, ZORTEP, ORTEP Program for PC,
Universitit Heidelberg, 1994.

[29] Chem3D Pro Molecular Modelling and Analysis, Cambridge
Soft Corp., 1995.

[30] S. Profeta, Jr. and N.L. Allinger, J. Am. Chem. Soc., 107 (1985)
1907.

[31] P.V. Bernhardt and P. Comba, Inorg. Chem., 31 (1992) 2638.



