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Abstract The 2-pyridyl containing compounds (2-EyH 1, (2-Py)PH 2, Me,Al(2-Py),N 3, Me,Al(2-

Py),P4, ELAI(2-Py),N 5, ELAI(2-Py),P 6 and EfAl(2-Py),NAIEt, 7 have been synthesized and analyzed

by solid state structure determination, FT-Raman spectroscopy and theoretical calculations in order to
elucidate the charge density distribution. All di(2-pyridyl) amides and -phosphides coordinajalthe R
fragmentvia both ring nitrogen atoms, but the Lewis basicity of the central two-coordinated nitrogen
atom in5 is high enough to coordinate a second emlaitAlEt, to form the Lewis acid base adduct
EtAl(2-Py),NAIEt, 7. Several density functionals (BLYP, B3LYP, BPW91) have been examined in
relation to various basis sets (6-31G, 6-31+G, 6-31G(d), 6-31+G(d)). This computational tool facili-
tates the unambiguous assignment of the Raman ring vibragouencies. Thehift to higher
wavenumbers proceeding from the parent di(2-gyyagnine 1 and di(2-pyridyl)-phosphan2 to the

metal complexe8 and4 indicates partial double bond localization in the ring positions 3 and 5. This
effect is more pronounced in the di(2-pyridyl)amide complexes than in the phosphide. Due to the
higher electronegativity of the central nitrogeioma in 3, 5 and 7 compared to the bridging two-
coordinated phosphorugoan in 4 and6 the di(2-pyridyl)amide is the harder Lewis base. In the phos-
phides nearly all charge density couples into the rings leaving the central phosphorus atom only attrac-
tive for soft metals.

Keywords Aluminum, Pyridyl-ligands, Amides, Phosphides, IR/Raman spectroscopy, DFT

Introduction

Correspondence td. Stalke N-Heteroaryl ring systems are well-known as bridging func-

Dedicated to Professor Paul von Ragué Schleyer, the protions between transition metal centersREcently we de-
tagonist of applied computational chemistry and a truescribed related complexes of di(2-pyridyl)amides, -phos-
scholar, on the occasion of his7birthday phides and -arsenides By (E = N, P, As) with main group
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Scheme 1Complexes of
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metal fragments, mainly group 13 metal organics.[Zhg In this paper we describe essential differences of these

resulting low molecular aggregates contain group 13 andd@npounds concerning a further coordination of the bridg-
elements and are of interest as volatile precursors for Iy nitrogen or phosphorus atom from a synthetic, analytical
semiconducting films.[5The main feature of the ligands iYRaman spectroscopy) and theoretical (DFT calculations)
the flexible chelating coordination behavior towards the vageint of view. Raman spectroscopy is an important additional
ous metal centers. They either coordinate exclusively by baibl in the determination of structural parameters of new com-
pyridyl nitrogen atoms leaving the bridging E atom two-cg@ounds. The msent class of compounds have not yet been
ordinated without any metal contaét (n Scheme 1)[2-4,6] studied conclusively by this method. Therefore we studied
or in a mixed bridging-N/ring-N fashion in some di(2the vibrational behavior of the known compounds (2;Rk)
pyridyl)amides and di(2-pyridyl)phosphideB (n Scheme 1[8], (2-Py),PH2[2], Me,Al(2-Py),N 3[3] and MgAl(2-Py),P
1).[3,7] 4[2], and assigned vibrational modes with assistance of the

The two-coordinated bridging atom (N, P, As) in conresults from density functional theory (DFT) calculations.
plexes described i should in principle be able to coordi-These results explain why J&i(2-Py),N 5 reacts with a sec-
nate either one or even two further Lewis acidic metals. Amnd equivalent of EAl to give the adduct BAI(2-Py),NAIEt,
cording to the mesomeric structures, it can act as @r2e7 while the analogue phosphorus compoundAER-
even a 4edonor. (Scheme 2) Py),PAIEt, is not observed.
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Scheme 2Mesomeric structures of,R(2-Py),E
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Scheme 3Compounds described in this paper

does not form an adduct with a second equivalent gfl Et
Monitoring the reaction b§P-NMR there is no other signal
raising than this fron® at 23.7 ppm. In contrast to J&f(2-
PyLN 5, the P atom in BAI(2-Py),P 6 is not Lewis basic
enough to coordinate to the hard Lewis acighE(Eq (2) in
scheme 4).

Chemical results and discussion

Preparation of5-7

Di(2-pyridyl)amine 1[8] and di(2-pyridyl)phosphan&[2]

were reacted with an equimolar amount of triethyl aluminum

in ELO at -78°C leading to ethane and diethyl aluminugystal structure of

amide5 and —phosphidg respectively. The diethyl aluminum

fragment is coordirtad via both pyridyl N-atoms and the |, the monomeric complex E&I(2-Py),P 6 the aluminum
bridging'atom N or 'P is left twq-coordinated. Adding a segpq phosphorus atoms arghridged by two pyridyl ring
ond equivalent of triethyl aluminum to (2-Py),N 5 the  systems (Figure 1). The phosphorus atom is two-coordinated
adduct EfAI(2-Py),NAIEt, 7 is formed where the bridging ang the two crystallographically independent P-C bonds are
N-atom coordinates to the Lewis acidAt(Eq. (1) in scheme jqentical within estimated standard deviations (P1-C1
4). Similar coordination features for the (2-Py)i§and have 177 7(3); p1-C6 177.8(3) pm), indicating a delocalization of
been reported in the literature.[9] However,AH2-Py),P 6  the negative charge throughout the anion. A P-C single bond
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is about 185 pm long while the values for P=C double bonds
in phosphaalkenes range from 161 to 171 pmAlDkhows

a distorted tetrahedral coordination sphere. Both Al-N bonds
are of the same length (192.4(2) and 192.3(2) pm) and corre-
spond well to the related value in Mé(2-Py),N 3 [3] (av.
192.4(2) pm). While the Al-N bond in the three-coordinated
aluminum triamide AI[N(SiMg),.,[11] is 14 pm shorter than

in 6, the Al-N donor bond in P(2-PyAIMe j[2] is about 13

pm longer. Consequently, the Al-N bonddinanges between

a single bond and a donor bond. Agliand6, the P atom in
Me,Al(u-NMes*),P[12] is only two-coordinated. The Al-N
distance in the AIMP ring system is 6 pm longer than4n
and6. The AI-C bond lengths (av. 196.5 pm) are in accord-
ance with those in related systems.[13]

The two pyridyl ring planes i® intersect at an angle of
163°. The redted angle in MgAI(2-Py),P 4 is 155° in con-
trast to (thf)Li(2-Py),P,[2]where the deviation from planarity
is only marginal (173°). Therefore the ethylogps are
nonequivalent in the solid state. Nevertheléssand 1°C
spectra from solution show only one signal for the C atoms
Figure 1 Molecular structure of EAI(2-Py),P 6 in the solid of the ethyl groups even at low temperature. The “bite” of
state, selected bond lengths [pm] and angles [°]; see alwe ligand (NN distance) in such compounds ranges from
Tables 1 and 3: P1-C1 177.7(3), P1-C6 177.8(3), Al1-NtD2.2 pm in4, 294.8 pm in6 up to 306.4 pm in the nearly
192.4(2), Al1-N2 192.3(2), Al1-C11 196.4(3), Al1-Cilglanar (thf)Li(2-Py),P, respectively. Hence the ligand shows
196.6(3), C1-P1-C6 107.40(13), P1-C1-N1 127.6(2), P1-Ceeordination flexibility towards different metal fragments,
N2 127.3(2), C1-N1-All 124.3(2), C6-N2-All 125.2(2), Nhile not giving up the full conjugation.

Al1-N2 100.04(10), C11-Al1-C13 118.04(13)
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Scheme 4Reactivity of (2-PyNH and (2-Py)BH
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Figure 2 View along the P-Al axes of Ai(2-Py),P 6 illus-
trating the butterfly conformation

Crystal structure of7

In ELAI(2-Py),NAIEt, 7 the coordination mode of the At *-
fragment is similar to comple& All is coordinated by two
pyridyl rings (Figure 3). The bridging Ni@n in contrast to
the P atom ir® is no longer two-coordinated. It forms a thir¢
bond to a second equivalent of the Lewis aciAEThe two
N-C bond lengths are identical within estimated standdfajure 3 Molecular structure of EAI(2-Py),NAIEt, 7 in the
deviations (N2-C1 139.2(5) pm; N2-C6 138.3(4) pm), indsolid state, selected bond lengths [pm] and angles [°]; see
cating a delocalization of the negative charge & but the also Talles 1 and 3: N2-C1 139.2(5), N2-C6 138.3(4), N2-
central N-C bonds in the adduct are considerably longer ti#d# 201.0(3), Al2-C15 199.5(4), Al2-C17 198.7(4), Al2-C19
in the parent MgAI(2-Py),N 3 (av. 134.3(2) pm). A N-C sin- 198.1(4), Al1-N1 193.3(3), Al1-N3 191.1(4), Al1-C11
gle bond is about 147 pm long while the bond length forl84.9(4), Al1-C13 195.4(4), C1-N2-C6 122.4(3), N2-C1-N1
N=C double bond is about 129 pm.[J] and Al2 show a 122.1(3), N2-C6-N3 120.5(4), C1-N1-Al1 120.4(2), C6-N3-
distorted tetrahedral coordination sphere. Both Al1-N bonéfl 121.0(3), N1-Al1-N3 91.57(14), C11-Al1-C13 122.7(2),
(193.3(3) and 191.1(4) pm) are of nearly the same length &3AI2-C15 105.24(14), N2-Al2-C17 109.04(14), N2-Al2-C19
similar to those ir8 (av. 191.5(2) pm} (192.1(2) pm), and 106.2(2)

6 192.4(2) pm). Consequentiyie Al1-N bonds in7 range

between a single bond and a donor bond. Because of the for-
mation of a donor bond to the Bt-fragment in the adduct
7,the bridging N atom is three-coordinated. The N2-Al2 bond
of 201.0(3) pm is a typical Al-N donor bond.[2] Due to the
Lewis acid base adduct formation, the N-Cbonds are
lengthened considerably to 138.8(4) pm in comparison to
134.3(2) pm in MgAl(2-Py),N 3. While the Al1-C distances
are marginally shorter (av. 195.2(4) pm) than the Al2-C dis-
tances (av. 198.8(4) pm), both values fit the range covered by
organoaluminum compounds.[15]

It is worth noting that the two aluminuntoas in7 are
not located in the plane of the amide anion. As in the phos-
phide anion in6 and in contrast to the planar complex
Me,Al(2-Py),N 3 it adopts a butterfly conforntian. The
planes of the two pyridyl rings intersect at an angle of 155.7°.
Interestingly,the Al @om of the EAl Lewis acid is located
at the same side as the/At" aluminum atom. While the All
atom of the EfAlI* moiety is 86.2 pm above the best plane of
the three nitrogen atomthie Al2 of the EtAIl Lewis acid is
96.2 pm above that plane (Figure 4)

Although the ethyl groups are magnetically nonequivalent
Figure 4 View along the N2-Al1 axes of, Bi(2-Py),NAIEt, 7 in the solid state, they equilibrate in thtand!3C spectra in
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Table 1 Selected calculated and experimental structural p
rameters for PyNH 1 (bond lengths [pm], angles [°])

B3LYP/  BPW91/  Expt. [a] c
6-31+G*  6-31+G*
N1-H1 101.3 102.1 84.0(2)
N1-C1 139.0 139.4 138.7(2)
C1-N2 134.2 135.2 133.2(2) Nl
N2-C5 133.9 134.6 133.9(2)
C5-C4 139.3 140.0 136.0(2) . o
C4-C3 140.0 140.6 137.3(3) Figure 5 BPW91/6-31+G* optimized geometry of (2-
C3-C2 139.0 139.6 136.6(3) PyLNH 1
C2-C1 141.2 141.8 139.0(2)
C1-N1-C6 132.5 132.7 131.0(2)

M

[a] values from [16c]; av. of four crystallographically inde-
pendent pyridyl rings in the asymmetric unit; structure d
termination at 150 K

solution at room temperature. Even at low temperature it
not possible to verify the asymmetry and to freeze out diffe
ent signals.

Experimental and computational structures Figure 6 BPW91/6-31+G* optimized geometry of (2-
Py),PH 2
It is obvious from the experimental data of all (2-Ry)and
(2-Py),P-anions that significant shortening of the central N-
C and P-C bonds occurs on going from the parent neult@pis set for all structures. In general the structural features
amine (2-Py)NH 1 to the amide and from the neutraPf the experiments could be mimicked by both methods. The
phosphane (2-PyH 2 to the phosphides. The pyridyl ringgn'bratlo_nal assignment in the experlmen.tal spectra was fea-
in the charged ligands exhibit alternating bond lengths, i.Sle with the help of the BPW91 calctitms. While the
short bonds in the 3- and 5-positions, in contrast to tf@rations calculated using B3LYP have to be scaled by k =
delocalized rings i and2. With the amides their structure<)-97, the wavenumbers were in good agreement with experi-
can be compared to experimental solid state crystal structiid@t.[17] Therefore weompare the geometrical features
data of the amine (2-PyyH 1[16], but such data for thederived from that method to the experiments.
phosphane (2-PyH 2 are not available. Therefore, we de- The calculations reasonably represent the solid state ex-
cided to calculate and optimize the structures with dengpgrimental parameters. The ring nitrogen atoms in the amine
functional methods at a high level of theory. The B3LYP ad-PYLNH 1 are orientedirans with respect to the central
BPWO1 functionals gave the best results with the 6-31+@H#rogen atom.[16] The central N1 and the three neighboring

Table 2 Selected calculated
structural parameters for
Py,PH 2 (bond lengths [pm],

BPWO1 BLYP B3LYP
6-31+G* 6-31G* 6-31G 6-31+G*  6-31G 6-31+G*

angles [°]) P1-H1 142.7 142.7 145.3 142.9 145.6 141.7
P1-C1 186.6 186.5 190.4 187.9 191.9 186.1
C1-N1 135.1 135.1 136.0 135.6 136.4 134.3
N1-C5 134.8 134.7 136.2 135.3 136.7 134.0
C5-C4 140.3 140.2 140.5 140.6 140.8 139.6
C4-C3 140.3 140.2 140.8 140.7 141.1 139.6
C3-C2 140.0 140.0 140.6 140.4 140.9 139.4
C2-C1 141.1 140.9 141.0 141.5 141.4 140.4

C1-P1-C6 102.6 103.3 102.5 102.7 102.6 102.6
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Table 3 Selected calculated structural parameters compared
to crystal structure data of Mal(2-Py),N 3 (bond lengths

[pm], angles [°])

E=N
c2 c7
c|3’ cll/E\cle’ \(|:8
CANAN N2A_.Co
~cs ]>AI 17w
Cl11 c12 Figure 7 BPW91/6-31+G* optimized geometry of M§2-
Py)LN 3
3L
z
Qe
N N
6 >A|
B3LYP/ BPW91/ Expt.
6-31+G* 6-31+G*
E-C1 134.1 134.7 134.3(2)
C1-N1 138.0 139.2 136.6(2)
N1-C5 136.4 136.8 136.6(2)  Figure 8 BPW91/6-31+G* optimized geometry of M&?2-
C5-C4 137.4 138.4 135.7(3) Py)P 4
C4-C3 141.5 141.8 139.5(3)
C3-C2 137.3 138.2 135.3(3)
C2-C1 143.2 143.6 142.3(3) The same is valid for the rings in the calculated di(2-
Al1-C11 198.0 198.8 195.0(2)  pyridyl)phosphan&. The N-C and C-C bonds, respectively,
Al1-C12 198.0 198.8 195.0(2) are of the same lengths (Figure 6; Table 2)
Al1-N1 195.9 197.1 191.6(2) In contrast to the central nitrogen atomlinthe central
Al1-N2 195.9 197.0 191.4(2)  phosphoroustam in 2 clearly shows a pyramidal environ-
C1-E-C6 127.6 127.5 125.5(2) ment. TheC1-P1-C6 angle of 102.6° is much more acute
N1-Al1-N2 93.7 93.6 93.5(1)  than the C1-N1-C6 angle ih(132.7°). As inl, the two ring

atoms are in a plane, indicatisg’ hybridization of N1 (Fig-

ure 5).

nitrogen atoms are arranged in tin@ns conformation rela-
tive to the P }m. TheBPW91/6-31+G* calculated P;C,

distance of 186.6 pm almost exactly matches the standard
value of a P-C single bond of 185 pm.[Dgprotonation of

The average central (H)N-C distance (139.4 (calc.) ah@"d2 and subsequent ring coordination to AR moiety
138.7(2) pm (exp.)[16c]) is of the length of a standard Hspin MeAI(2-Py),N 3 and MeAl(2-Py),P 4 has a considerable
C(sp) bond distance of 140 pm.[14] general the calcu- impact to the structures of the related comple>'<es in compari-
lated distances in the rings are marginally longer than in @ to the parent amine and phosphane (Figures 7 and 8;

solid state crystal structure. Nevertheless it is obvious frd@Ples 3 and 4):

both data that the N-C and C-C bond length do not differ, °

The two ring nitrogen atoms are arrangézbid with

indicating full conjugation. Selected calculated geometrid&@SPect to the central N- and P atoms and coordinated to the
parameters of (2-Py)H 1 are compared with experimentafluminum atom.

data in Table 1.
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Table 4 Selected calculated structural parameters comparé&hman spectroscopical results

to crystal structure data of Mal(2-Py),P 4 (bond lengths

[pm], angles [°])

-
C3

c2

~
Cl

B3LYP/  BPW91/ Expt.

6-31+G*  6-31+G*
E-C1 180.2 180.4 178.2(2)
C1-N1 137.5 138.5 136.8(2)
N1-C5 136.3 136.8 136.2(2)
C5-C4 137.6 138.5 135.8(2)
C4-C3 141.2 141.8 139.8(3)
C3-C2 137.7 138.6 136.2(3)
c2-C1 142.5 143.0 141.5(2)
Al1-C11 198.5 199.3 195.5(2)
Al1-C12 197.6 198.4 195.2(2)
Al1-N1 196.4 197.4 192.4(1)
Al1-N2 196.4 197.4 191.9(1)
C1-E-C6 106.2 106.2 106.6(7)
N1-Al1-N2 97.6 97.1 98.8(6)

e The central N-C bond is shortened by 4.4 pm and tge
central P-C bond by 8.2 pm, indicating partial double borgl

character.

e Full conjugation of the pyridyl rings is precluded anck
partial double bond character is found in the 3- and 5-p0§i-

tions.

Predominantly the last two features indicate that the reso-
nance fqrma andc in Scheme 2 contribute most to the bond 1600 1500 1400 1300 1200
description in the complexé&sand 4. However, while thea

The partial localization of the ring double bonds3imersus

1 and4 versus? is clearly verified by Raman spectroscopical
experiments. Especially the wavenumbers shifts in(@eC)
andv(C=N) region indicate this feature.

The Raman spectrum 8f(partially shown in Figure 9) is
dominated by intense bands in the wavenumber region be-
tween 1200 and 1300 cmThe band at 1255 chis assigned
to the deformation vibratiod(CH,). The two methyl groups
in 3 are equivalent and give only rise to a single signal. The
other bands are assigned&N) at 1302 and 1290 chin
this region thed(CH),, are also observed and combined with
the previous bands. TRECNH) deformation for secondary
amines with aromatic groups occurs between 1550 and 1650
cnr! [18]and is assigned to the strong signal at 1594 cm
! Figure 9 shows several band shifts that indicate localiza-
tion of double bonds in the 3- and 5- positions in the pyridyl
rings. Thesignals at 1552 and 1486 @nare assigned to a
partialv(C=N) stretching vibration, indicating the partial C=N
double bond at the bridging position (Table 5).

In general thev(C=N) and v(C-N) stretching vibrations
occurat about 1630-1650 chand 1280-1360 cri{18]. The
V(AI-CH ) stretching angp(CH,) rocking vibrations are as-
signed at 672 and 578 éninot shown in Figure 9). The pure
V(AI-CH,) stretching vibration is found at 556 €nfcalc.

557 cm?t). Thev(Al-N) and v, (Al-N) stretching modes are
found at 377 and 393 chfcalc. 363 and 377 c#). They are
combined with the middle ring breathing.

The v(PH) stretching vibration of occurs at 2306 cth
and disappears after the reaction with trimethyl aluminum
because of to the elimination of methane. Because of the
anharmonicity, the calculated wavenumbers of/{iH) and
the v(PH) stretching vibrations are shifted compared to the
experimentally observednes. As in3, the characteristic

Q
=

2 x 4 Me,Al(2-Py)N

-1
Wavenumber / cm

priori 4e donor capacity of the ligand can be ruled out by
these findings, the question of to what extent it isa2eor Figure 9 Part of the FT-Raman spectra of (2-RyM 1 and

remains open.

Me,Al(2-Py),N 3
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Table 5 Calculated (BPW91/6-31+G*) n(C=C) and n(C=N)Table 6 Calculated (BPW91/6-31+G*) n(C=C) and n(C=N)
stretching vibrations in (2-PyNH 1(left column) and (2- stretching vibrations in MgI(2-Py),N 3 (left column) and
Py),PH 2 (right column). Experimental values for thevie,Al(2-Py),P 4 (right column). Experimental values for the
wavenumbers are also given in brackets for comparison wavenumbers are given in brackets for comparison

1610 cnt (1621, 1610 crd) 1581 cmi (1615 c) 1631 cmt (1629 cn) 1602 cmi (1606 cnri)

oo

1595 cmt (1594 cri) 1615 cmt (1615 cmf) 1598 cmt (1592 crri)
. , AL
1592 cmt (1582 cnri) 1575 cmt (1592 cm) 1556 cmt (1552 cnrf)
| j\ P A

1565 cmit (1574 cmf) 1546 cnt (1542 cmf) 1540 cmt (1535 crrd)
- CUA M

1574 cnit (1566 crri) 1564 cmt (1561 cmf) 1504 ot (1486 ci) 1521 cmt (1512 crrd)

stretching ang(CHj,) rocking vibrations are assigned to 666
and 574 cni, respectively. The pure(Al-CH,) stretching
ot vibration is found at 521 or 554 chfcal. 554 cmi). In the
1524 cmt (1537, 1524 cr) region of 500-400 crhin the spectra several PC deformation
vibrations occur. The(Al-N) stretching modes are combined
with the middle ring breathing, which is localized at 350 and
370 cm! (calculated 335 and 338 din
stretching vibrations/(C=C) andv(C=N) from the pyridyl ~ The calculated vibrations o8 and 4 using BPW91/6-
rings show a significant shift in the region between 1650 agg+G* are in good agreement with the experiments. The dif-
1500 cm* (Table 6). Unfortunatelythe v(PC) vibrational ference in the first two(C=C) modes oB and4 is 14 cnt,
modes in2 and4 are combined with the pyrldyl ring vibra-in both experiment and theory_ Comparison of the
tions (1080 — 1200 cr), so that direct comparison of theifwavenumbers for these vibrations3iand4 reveals a shift of
bond strength is precluded. The calculation predicts only argcnr! to higher wavenumbers Birelative to4. This shift
signal for thed(CH,) in the planar molecule 03, whereas indicates higher partial double bond localization in the 3-
two signals are calculated for the butterfly conformation ghd 5-positions ir8. The vibrations at542 in 3 and 1535
4. The difference between the two calculated signals is ddrin 4 indicate stronger bonds in the 4- and 7-ring posi-
cnt! and has been verified in the experiment. ¥d-CH,) tions of 3 relative to4. Hence, all bonds i3 are strength-
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discussed facilitate the unambiguous assignment of the Ra-
man ring vibrational ®quencies. The shift to higher wave-
numbers on going from the parent aminend phosphan2

to the metal complexesand4 indicates partial double bond
localization in the ring positions 3 and 5. This effect is more
pronounced in the di(2-pyridyl)amide complexes than in the
phosphide. Due to the higher electronegativity of the central
nitrogen @m in 3, 5 and 7 compared to the bridging two-
coordinated phosphorugoan in 4 and 6 the di(2-pyridyl)-
amide is the harder Lewis base. In the phosphides nearly all
charge density couples into the rings, leaving the central phos-
phorus atom only attractive for soft metals. It will be the
subject if further investigations to find suitable metal moie-
ties to coordinate to the ring nitrogen atoms as well as to the
M ‘ central phosphorus atom in the (2-f®)anion.

T T
2400 1600 1400 1200
-1

1268 1257

2306

MezAl(Z-Py)zP

Raman Intensity

I
=~
=+

Wavenumber / cm

, Experimental section
Figure 10 Part of the FT-Raman spectra of JPH 2 and xpert :

Me,Al(2-Py),P 4
Preparation and characterization df7

ened, while partial double bond localization is emphasiz

in 4. Furthermore, the vibrations at 1551 and 1486-am3 ﬁﬂ manipulations are performed under an inert atmosphere

. B ; . of dry nitrogen gas with Schlenk techniques or in an argon
Snaw parial (N-C) stretching of the Nofs, hond comdIned drybox. All solvents were dried over Na/K alloy and distilled
0 the v(C=C) stretching wavenumber of the 3- an g .'posﬁ'rior to use. NMR spectra were obtained with a Bruker AMX
tions. Comparison of the vibrations at 1486 and 1512 im 400 and recorded in,D,, CDCL or dytoluene with SiMe
hindered because an rﬁ;s(;contribution occurs ir8 but not (1H, 13C) and HPO, (SfP)G,as standards. El-mass spectra were

in 4. The shift of 27 cmt for thev,(Al-N) and 23 cm! for P :

: o : measured on a Finnigan MAT 90 instrument. Elemental analy-
the VS(AI'E) st_reégh|?g \é'.tf)fmont% ?\lvbersg§4 to h'g.glerdses were obtained from the Mikroanalytisches Labor des
wavenumbers indicates ditrerent AN bonding, possibly dijgeiy is fur Anorganische Chemie der Universitat Wirzburg.
to different coordination geometries in the complexes.

Furth W rformed electron density calculati The Raman spectra of compourids4 were measured at
urthérmore, we perlormed electron density ca om temperature at 1064 nm in NMR tubes with a Bruker
for 3 and 4. The two representations depicted in Figure

show a clear difference in the total electron density distrib ectrometer model IS 120-HR equipped with a FT-Raman

. . o S . odule FRA 1061 and3 were measured as solidsn tolu-
tion. While the charge density in the amide ligand inMg- ene/hexanelether solution aBds pure oil.

Py),N 3indicates considerable electron density at the central.. 4.00g (23.3 mmol) of HNRyL in 120 mL E{O are

bridging nitrogen atom (Figure 11 left), there is almost NQacted with the equimolar amount of/Et(35.4 mL of a

density remaining at the central bridging phosphorus atomllg% solution inn-hexane, 23.3 mmol) a78 °C. The mix-

MeZAI(z.'Py)ZP ¥ (Flgyre 11 right). Hence, the Lewis baSIC'Eure is slowly allowed to warm to room temperature and stirred
ity of this atom is quite low compared to the nitrogen ato

These findings confirm the formation of metal nitrogen ratheremlght"a‘]cter removing the solvent the yellow liquid is
than metal phosphorous bonds even in reaction pathways,
which have been recently established computationally hv

Budzelaar in the reaction of (2-pyridyl)phophanes with m . # ' [
thyl lithium.[19 . i ) o " @ '
g 1) -Ed"'-ui.ﬂfﬂ' T -iﬂ"-. ..-"'*T'
i‘ﬂhﬂd hpfﬁh' ..-“..ﬂ- . ; &#"‘u
Conclusion : y e g wEe
1. -
All di(2-pyridyl) amides and -phosphides coordinate th&lR S %

fragmentvia both ring nitrogen atoms. This suggests that the

charge density in the anions is coupled into the rings drigure 11 Total electron density of Mal(2-Py),N 3 (left)
accumulated at the ring nitrogen atoms, but the Lewis basiod MgAl(2-Py),P 4 (right); (d = 0.28 e &). Plots were

ity of the central nitrogen atom if is still high enough to obtained by using the gOpenMol package (Laaksonen, L.,
coordinate a second equivalent Al form the Lewis acid Espoo, Finland,

base adduct BAI(2-Py),NAIEt, 7. The computational tools http://laaksonen.csc.fi/gopenmol/gopenmol.html)
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distilledin vacuoaffording EtAINPy, 5 (bp. 158°C - 161°C) Table 7 Crystallographic Data fo6 at 173(2) K and fo7 at

as a pale yellowil. Yield: 3.87 g (65.4%)H-NMR (C,Dy,
room temperaturefi 0.21 (g, 4H3J, ,, = 8.04, Al((H,CHy,),),

133(2) K

1.08 (t, 6H,3,,, = 8.07, Al(CHCH,),), 6.07 (ddd3J,,,, =

S i m I e B, : 7
H3 ~ O 19 s = 0. 19,7 g = <UL,  f , H-Ha  empirical formula H, AIN_P H,.,ALN
=8.79, H3), 7.32 (dddi}, s = 6.03,4,,,, = 1.83,°), s = formula weight 5%21%"‘; ’ C?:’?693.32\52 ’
0.72, 2H, HB);"*C-NMR (GDg, room temperature -0.65 crystal size [mm] 0.3x0.3x0.4 0.4x04x0.5
(s, AICH,CH,), 8.87 (s, AICHCH,), 110.9 (s, C5), 125.0 (S,crystal system monoclinic monoclinic
C4), 138.8 (s, C3), 140.5 (s, C6), 159.2 (s, C2); MS (70 e¥yace group R C2/c
m/z = 170 (PyN, 100%), 85.5 (AIE}, 3.91%), 78.0 (Py, 5 [pm] 816.5(3) 1472.4(7)
23.9%); Anal. Calc. (found) C, 65.7 (64.3), H, 7.11 (7.20), [pm] 1453.6(4) 1857.0(5)
N, 16.5 (17.1). c [pm 1227.0(5 1626.9(8

6: (a) 0.80g (4.25 mmol) of HPRY in 10 mL EtO are EE] ] 97.38(2() ) 105_32((2))
reacted with the equimolar amount ofAt(4.25 mL of a \/ [nm-9| 1.4442(9) 4.290(3)
15% solution im-hexane, 4.25 mmol) at -78°C. The mixture 4 38
is slowly allowed to warm to room temperature and stirred g m-3] 1.252 1.144
overnight. Crystallization at -30° gives red crystals cg‘[mm—l] 0.236 0.143
EtAIPPYy, 6. Yield 0.87 g (75.3%); (b) 2.00g (7.20 mmol) o C(OOO) 576 1600
PPy, in 50 mL THF is reacted with an excess of lithium metglange [°] 3.16 — 24.96 3.32 — 2259
3.00g (17.4 mmol). The deep red reaction mixture is stirrfgg. refins. measd. 3996 2902
for 24 h at room temperature and filtered from non reactgg. unique refins. 2537 2164
lithium metal. The THF is removed under vacuum, and thg of restraints 0 0
precipitate is re-dissolved in 50 mL Bt The solution is ng. of parameters 165 231
cooled to -40°C, and a solution of 7.2 mL of 1M (7.20 mmaty [a] [I > 20(1)] 0.0474 0.0490
ELAICI in n-hexane is added over a period of 1 h. The reagrp [p] (all data) 0.1290 0.1452
tion solution is warmed to room temperature and stirred ov, -9, [c] 0.0664, 0.5145 0.1001, 4.3253
night. Lithium chloride is filtered off and 3 days storage @4rgest diff. peak 479 and —-413 381 and -464
the clear red solution at -30°C yields dark red crystals. Yigllg hole (e nrd)
0.90 g (45.7%); Dp: 56°CtH-NMR (C,D,, room tempera-
ture): 6 0.33 (q, 4H2J,, = 8.22, AICH,CH,), 1.19 (t, 6H,
33, = 8.25, AICHCH,), 5.95 (ddd, 2H3J,,,,, = 7.32,3) 6
= 6.41,4),,,, = 1.32, H5), 6.36 (dddd,2RJ,,,; = 7.50,3,. R1o > Fol -IFe)

hs = 6.51,4), .. = 0.93,41, , = 0.91, H4), 7.29 (dddd, 2H,[a]
3, ,=10.1,33,,, = 8.43,4), ;s = 1.28,5],,,c = 0.86, H3),
7.51 (ddd, 2H3J, s = 6.31,4},,,, = 1.155),,,,, = 0.82, H6);
13C-NMR (G,Dg, room temperaturefi -0.25 (s, ACH,CH,),

8.03 (s, AICHCH,), 114.2 (s, C5), 128.1 (d)., = 54.3,
C3), 132.3 (d3J. = 18.1, C4), 141. 8 (¢), = 4.01, C6),
178.0 (d,%J., = 73.1, C2);3'P-NMR (GD,, room tempera-
ture):d=23.7, s; MS (70 eV): m/z = 187 (fPy 77.8%), 109
(PyP, 75%), 85.5 (AIEt 2.95%), 78.0 (Py31.7%); Anal.

[b] wWR2=

D |l

Calc. (found) C, 61.8 (62.3), H, 6.62 (6.70), N, 10.3 (9.95). "

7: (a) 2.00g (11.7 mmol) of HNBW in 60 mL EtO are
reacted with two equivalents of A&t (35.4 mL of a 15% [c]

oz(FOZ) + (g1 P)2 +0 P;
(ma>( F20)+ 2F02)

solution in n-hexane, 23.3 mmol) a¥8 °C. Themixture is P=
slowly allowed to warm to room temperature and stirred over-

night. After reducing the solvent to 20% the yellow solution

is stored at -40°C. After 24 h BINPy, AlEt, 7 was obtained

as pale yellow grstals. Yield:1.41 g (32.6%); (b) 1.00 g (t, 9H, 33, = 8.07, Al(CHCHj),), 6.22 (ddd, 2H3J,,,,
(3.91 mmol) of EfAINPY, 5 are dissolved in 5 mL of hexaneb.78,33, s = 6.42,%, 5 = 1.25, H5), 6.69 (d, 2HJ, ,,
and the equimolar amount of &t (5.94 mL of a 15% solu- 8.61, H3), 7.30 (ddd, 2R}, ;= 6.993), s =6.71,2] ¢ =

tion in n-hexane, 3.91 mmol) is added at room temperatu&3, H4), 7.84 (dd, 2H),,,,s = 5.69,4,,,, = 1.63, H6);*C-
and stirred for 2 h. Crystallization at -40° gives pale yelloWMR (C,D;, room temperaturep -0.28 (s, (ACH,CH,),),

crystals of EJAINPY,AIEt, 7. Yield: 0.59 g (59.1%); Dp: 8.23 (s, AI(CHCH,),), -0.29 (s, AICH,CH,),), 8.88 (s,
35°C; H-NMR (C,D,, room temperature)d 0.20 (q, 4H, Al(CH,CH,),), 111.7 (s, C5), 114.0 (s, C3), 136.1 (s, C4),
33, = 8.04, Al((H,CH,),), 0.32 (q, 6H,2J, ,, = 8.05, 143.6 (s, C6), 159.5 (s, C2); MS (70 eV): m/z = 170,KRy
Al(CH,CH,),), 1.10 (t, 6H3J,,, = 8.07, AI(CHCH,),), 1.31 100%), 85.5 (AIE}, 3.91%), 78.0 (Py, 23.9%).
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