Russian Journal of Organic Chemistry, Vol. 40, No. 9, 2004, pp. 1265-1273. Trandated from Zhurnal Organicheskoi Khimii, Vol. 40, No. 9, 2004,

pp. 1315-1323.

Original Russian Text Copyright © 2004 by Kuramshin, Kuramshina, Cherkasov.

Synthesis, Sructure, and Hydrophosphorylation
of m-Complexes Derived from tert-Butyl(1,3-dimethyl-2-
butenylidene)amine and Homoligand Iron(0) and Group VIb
Metal Carbonyls

A.l.Kuramshin, E. A. Kuramshina, and R.A. Cherkasov

Kazan Sate University, ul. Kremlevskaya 18, Kazan, 420008 Tatarstan, Russia
e-mail: arcady.kuramshin@ksu.ru

Received November 11, 2003

Abstract—New iron(0), chromium(0), molybdenum(0), and tungsten(0) n-complexes containing 1%, n°-, and
n*-coordinated tert-butyl(1,3-dimethyl-2-butenylidene)amine ligands were synthesized under conditions of
photochemical and thermal activation. The geometric, electronic, and energetic parameters of the coordinated
1,3-azadiene were calculated by nonempirical methods, and factors determining the mode of coordination were
established. The obtained n-complexes reacted with dialkyl phosphonates in the presence of triethylamine to
afford organometallic a-aminophosphonates; hydrophosphorylation in the absence of a catalyst gave the
corresponding amidophosphate which then underwent rearrangement into a-aminophosphonate.

We previoudly studied the reactivity of coordinated
oxo diene systems, 1,3-diphenyl-2-propenone and ben-
zylideneacetone, toward P—H-containing compounds
[1, 2]. The results of these studies allowed us to
develop a procedure for regioselective phosphoryla-
tion of the carbonyl group in the ligand coordinated to
a transition metal. It should be emphasized that,
regardless of the mode of coordination with metal, 114
(at the C=C-C=0 n-bond system) or 1> (at the C=C
bond), the phosphorus reagent adds exclusively at the
heteroatom-containing double bond. We anticipated
that analogous reaction with an azadiene ligand will
give rise to a new method for inner-sphere synthesis of
a-aminophosphonates which are known to possess
practically useful properties [3]. The present article
reports on the results of studying the synthesis of
n-complexes derived from conjugated o,f-unsaturated
Schiff bases and their phosphorylation with dialkyl
phosphonates.

Azadiene systems containing conjugated C=C and
C=N bonds are capable of coordinating to a metal
center at both carbon—carbon and carbon—nitrogen
n-bonds, aswell as at lone electron pair on the nitrogen
atom. In some cases, such compounds give rise to
chelate structures [4]. As shown in [5, 6], nucleophilic
addition of dialkyl phosphonates to enimines always

occurs at the imine fragment. On the other hand, the
diversity of ways for coordination of azadienes with
metals implies the possibility for P-H reagent to react
a any potential reaction center of the unsaturated
ligand, namely C=C and C=N bonds and imino
nitrogen atom. While predicting the probability for
one or another synthetic result of inner-sphere hydro-
phosphorylation, one should also take into account
essential reorganization of the steric and electronic
structure of azadiene due to coordination [4].

With the goal of elucidating the preferentia mode
of coordination of tert-butyl(1,3-dimethyl-2-butenyli-
dene)amine to pentacarbonyliron(0) and hexacarbonyl
complexes of zero-valent metals of the chromium
subgroup, we calculated the enthalpies of the corre-
sponding reactions (1)—«4) (Scheme 1). The structural
and energetic parameters were caculated in terms of
the Hartree—Fock theory using the ECP (SBK) basis
set where the inner-shell electrons are described by
the Stevens—Bush—Krauss model potential. Hydrogen
atoms were treated with the use of 6-31G basis set, and
heavy-atom valence shells were described by the
guadruple and triple zeta basis sets for s, p, and d
shells, respectively; d-polarizing function was involved
for heavy metal atoms. Using the above basis s,
complete geometry optimization of the complexes was
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performed [7]. The applicability of this theoretica
method for analysis of the structure and energy of
formation of organometallic n-complexes was demon-
strated by us previously [8].

While optimizing geometric parameters of the
complexes derived from tert-butyl(1,3-dimethyl-2-
butenylidene)amine, we considered four modes of
coordination with metal carbonyl: (1) n*: coordination
at the lone electron pair (LEP) on the nitrogen atom;
(2) n% meta coordination at the C=C bond; (3) n*
bidentate coordination involving the C=C bond and
lone eectron pair on the nitrogen; and (4): n* diene
coordination at the conjugated C=C-C=N =n-bond
system (Scheme 1).

Table 1. Calculated (RHF/SBK) enthalpies of reactions of
tert-butyl(1,3-dimethyl-2-butenylidene)amine with carbonyl
complexes of iron and chromium subgroup metals

Reaction AH, kcal/mol
no. Cr Mo w Fe
Q) +0.7 +1.5 +1.6 3.2
(2 -11.0 -9.3 -6.1 -23.0
33 —24.2 -19.1 -16.2 -30.2
4 -15.6 -12.8 -10.3 -36.3

Table 1 contains the calculated enthalpies of re-
actions (1)—(4). It seen that the most energetically
favorable for metals of the chromium soubgroup is
formation of the complex n*-(azadiene)M(CO), and
that the most stable iron carbonyl complex is
n*-(azadiene)Fe(CO)s. Almost all complex formation
reactions are characterized by exothermic effect due to
higher strength of binding of the metal to tert-butyl-
(1,3-dimethyl-2-butenylidene)amine rather than to
carbon(ll) oxide (Table 2). Exceptions are n*-com-
plexes formed via coordination at the nitrogen LEP.
Thus the results of calculations suggest that, regardless
of the metal nature, the most favorable process includ-
ing replacement of one carbonyl ligand is reaction (2).
The formation of n°-complexes between the 1-aza-
1,3-diene and metals of the chromium subgroup is
preferred when two molecules of carbon(ll) oxide are
displaced from the metal coordination sphere. On the
other hand, the reaction of pentacarbonyliron(0) with
tert-butyl(1,3-dimethyl-2-butenylidene)amine, which
is accompanied by replacement of two CO molecules,
should give the corresponding n*-complex.

The data in Table 3 show variations in the geo-
metric and electronic structure of the tert-butyl (1,3-di-
methyl-2-butenylidene)amine ligand as a result of
coordination with metals, calculated for the corre-

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 40 No. 9 2004



SYNTHESIS, STRUCTURE, AND HY DROPHOSPHORY LATION OF n-COMPLEXES

sponding ©- and n,m-complexes. The most interesting
is that °- or n*-coordination of the azadiene changes
the direction of polarization of the carbon—nitrogen
bond in the ligand. In both cases, electron density
transfer from the nitrogen atom to the meta leads to
considerable increase of the negative charge on the
imino carbon atom (the highest electron density in
the free ligand is located on the nitrogen atom). For
example, the charge on the C=N carbon atom in un-
coordinated tert-butyl(1,3-dimethyl-2-butenylidene)-
amine is 0.008, and that on the nitrogen atom, —0.124.
In the n3-complex of tert-butyl(1,3-dimethyl-2-but-
enylidene)amine with tungsten carbonyl, the charges
on the corresponding atoms are —0.102 and +0.123,
respectively.

Coordination with metals leads to an appreciable
extension of the C=C bond, which is observed for both
n% and n*-complexes with chromium subgroup metals
and n*-complex with iron. The C=N bond aso be-
comes longer on complex formation, which is typical
of organometallic compounds with increased order of
n-coordination. These facts indicate rehybridization of
coordination centers in the azadiene ligand and
weakening of conjugation therein. The lengths of the
multiple carbon—nitrogen and carbon—carbon bonds in
the free ligand are 1.293 and 1.337 A, respectively. In
going to complexes with chromium, molybdenum,
tungsten, and iron carbonyls, the lengths of the corre-
sponding bonds become, respectively, 1.426 and 1.489,
1.432 and 1.495, 1.400 and 1.491, and 1.434 and
1.490 A. Analysis of the data in Table 3 shows that
the C=C—C=N fragment in the coordinated azadiene
loses its planar structure: the torsion angle between the
C=C and C=N bond planes varies from -35.8 to
+67.1°, indicating considerable weakening of conjuga-
tion between these bonds.

One more important parameter characterizing
reduced conjugation in the C=C-C=N bond system
is the energy of deformation [9, 10]. It ranges from
6 to 45 kcal/mol (Table 3) and increases in paralel
with decrease in the eectronegativity of the complex-
forming metal. This may be interpreted in terms of
increased electron density transfer from the metal to
the olefin ligand in the n-complex. The energy of de-
formation calculated for the n*- and n*-complexes
increases with rise in the atomic radius of the metal.
Obviously, this is the result of essential structura re-
arrangement of the bidentate ligand, which becomes
stronger as the size of atomic orbitals of the meta
increases. Our further experiments confirmed the con-
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Table 2. Calculated (RHF/SBK, additivity scheme) energies
of dissociation (D) of M—L bonds in organometallic
derivatives of tert-butyl(1,3-dimethyl-2-butenylidene)amine

o D(M-L), kcal/mol
Coordination mode

Cr Mo W Fe
n-N 406 | 357 | 372 | 454
n’-C=C 62.3 | 465 | 453 | 65.2
n%-C=C, n>-C=N 982 | 87.2 | 88.7 | 120.7
n%-C=C, n'-N 106.8 | 935 | 94.6 | 1146
(0=C)-M 413 | 372 | 392 | 422

clusions drawn on the basis of analysis of the results of
guantum-chemical calculations.

Photochemically activated reactions of tert-butyl
(1,3-dimethyl-2-butenylidene)amine with transition
metal carbonyls afforded compounds la—d with the
general formulan?[tert-butyl(1,3-dimethyl-2-butenyli-
dene)amine]M(CO)y_1, where x = 6 for chromium
subgroup metals (M = Cr, Mo, W) and x = 5 for iron
(M = Fe) (Scheme 2). In order to obtain just n’-com-
plexes, the syntheses of organometallic compounds
were carried out with a considerable excess of the
heterodiene to suppress haptotropic rearrangement of
the latter [9].

Scheme 2.
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M =Fe(a), x=5; Cr (b), Mo (c), W (d), x=6.

The IR spectra of complexes la—Id contained
an absorption band at 1580 cm™ (1650 cm™ in the
spectrum of the free ligand), which was assigned to
stretching vibrations of the coordinated C=C bond. The
band at 1570 cm™ (1575 cm™ in the spectrum of
the free azadiene) was attributed to vibrations of the
uncoordinated C=N bond. In addition, five or four
(for compound la) well resolved bands were present
in the region 20001850 cm™; they correspond to
coordinated carbon(ll) oxide molecules. According to
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Table 3. Calculated (RHF/SBK) interatomic distances, torsion angles N*C2C3C* (), charges on the N* and C? atoms, and
energy parameters of free and metal-coordinated tert-butyl(1,3-dimethyl-2-butenylidene)amine (L)

t-BuN*=C?(Me)-C*H=C*(M¢°),

Compound Mulliken charges, é Bond length, A 0. deg AAH2 o, 6V,
q(N? q(cd N'—C? c-C? c-c* ’ keal/mol | (Ru, A)

L° -0.124 | +0.008 1.293 1.471 1.337 0 0
(m*L)Cr(CO)s -0.110 | +0.014 1.288 1.526 1.472 -11.8 7.3 3.72
(m*-L)Cr(CO),4 +0.075 | -0.083 1.426 1.492 1.489 6.2 24.6 (115.6)
(*L)Cr(CO)4 +0.060 -0.033 1.383 1511 1.507 +49 23.1
(M*L)Mo(CO)s | —0.095 | +0.021 1.289 1.509 1.492 -35.8 9.3 39
(M*-L)Mo(CO), | +0.123 | -0.102 1.432 1.498 1.495 511 30.9 (116.5)
(*L)MoCO), +0.060 | -0.033 1.376 1.501 1.495 +43.6 345
(M*L)W(CO)s -0.108 | +0.044 1.288 1.507 1.491 +17.1 6.2 4.4
(m*-L)W(CO), +0.123 | -0.102 1.400 1.491 1.491 +67.1 44.8 (129)
(m*-L)WCO), +0.060 -0.033 1.323 1.483 1.500 -47.1 33.1
(m*L)Fe(CO)4 -0.128 | +0.009 1.333 1.487 1.506 +24.6 28.2 4.06
(m*-L)Fe(CO); +0.089 | -0.102 1.434 1.492 1.490 -38 29.0 (130)
(*-L)Fe(CO); +0.102 | -0.056 1.398 1.502 1.498 +18.5 36.4

& According to Hoffmann [7, 8], the energy of ligand deformation (AAH) in the coordination sphere is defined as the difference between
the enthalpy of formation of the ligand having a structure typical of organometallic compound and the enthalpy of formation of the

uncoordinated ligand.
® | istert-butyl (1,3-dimethyl-2-butenylidene)amine.

the 'H NMR data, the complexes contain one molecule
of the Schiff base which is coordinated to the metal via
n’-mode. In the '"H NMR spectra of 1a-Id, signal from
proton at the double bond appears at & 4.2—4.7 ppm,
while in the spectrum of the free ligand, the C=CH
signal islocated at & 6.07 ppm (Table 4).

We bdieve that primary coordination of the aza-
diene to transition metal at the carbon—carbon n-bond
is favored by the following. The formation of organo-
metallic compounds from neutral metal complexes is
orbital-controlled [10]; therefore, under conditions of
kinetic control, the product should be a complex in
which maximal overlap of the metal and ligand orbitals
is achieved. In our case, the most favorable is overlap
of the frontier orbital of the metal-containing fragment
(which is a d-like orbital) with the symmetric frontier
orbital of the Schiff base, which is localized on the
C=C carbon atoms.

Under conditions of thermal activation, the result-
ing organometallic compounds are characterized by
increased order of m-coordination. Here, the azadiene
ligand replaces two carbon(ll) oxide molecules. The
coordination mode depends on the metal. Chromium
metals give rise to n>-[tert-butyl(1,3-dimethyl-2-

butenylidene)amine]tetracarbonylmetal (0) complexes
Ila—Ic where the ligand is coordinated with the metal
through the carbon—carbon n-bond and nitrogen LEP
(Scheme 3).

Scheme 3.
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M = Cr (a), Mo (b), W (c); x=6.

In the IR spectra of Ila— ¢, the band at 1580 cm?
was assigned to stretching vibrations of the coor-
dinated C=C bond. The C=N vibration frequency
changes insignificantly (cf. 1565 cm™ in the spectrum
of Ilc and 1575 cm™ for the free ligand). Therefore,
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Table 4. IR and *H NMR spectra of n-complexes derived from tert-butyl(1,3-dimethyl-2-butenylidene)amine and metal

carbonyls

Compound | *H NMR spectrum (DMSO-dg), 3, ppm IR spectrum, v, cm™
no. C=CH t-Bu (CH2),C= =C C=N CO in M(CO), M—N
L? 6.05 br 0.33s 282s 1640 1570 - -
la 4.34 br 0.35s 2.65s 1580 1570 2000, 1960, 1950, 1930, 1900 -
Ib 4.22 br 0.34s 2.73s 1580 1565 2010, 1980, 1970, 1920, 1880 -
Ic 4.44 br 0.35s 272s 1575 1560 2020, 1970, 1950, 1920, 1880 -
Id 4.52 br 0.33s 2.66s 1580 1570 2000, 1990, 1970, 1920, 1880 -
Ila 4.58 br 0.32s 2.63s 1590 1575 2010, 1980, 1880, 1840 840
b 4.62 br 0.27s 2.70s 1600 1575 2000, 1960, 1860, 1840 850
llc 4.69 br 0.30s 2.74s 1610 1565 2000, 1960, 1880, 1840 870
| 4.22 br 0.29s 2.68s 1605 1510 1980, 1940, 1910 -

& L istert-butyl(1,3-dimethyl-2-butenylidene)amine.

n-coordination at the C=N bond is lacking. In keeping
with the data of [11], absorption bands in the region
870-880 cm™ belong to vibrations of the nitrogen—
metal dative bonds formed via donation of the nitrogen
LEP to vacant d orbitas of the transition metal. Four
absorption bands at 2000, 1960, 1880, and 1840 cm™
correspond to the carbonyl ligands. In the *H NMR
spectra of Ila-llc, as well as of la-1d, signals from
the olefinic proton are located at & 4.2-4.7 ppm. The
purity of complexes I1a—l1¢ was checked by thin-layer
chromatography. The complexes melt within a narrow
temperature range, and their IR spectra show no
absorption at 1800 cm™ [C=0 stretching vibrations in
bridging carbon(l1) oxide ligands]. These data indicate
that the nuclearity of complexes |la-Icisthe same as
of initial metal carbonyls, i.e., they are mononuclear
complexes with the composition (azadiene)M (CO)s.

Thermal reaction of tert-butyl(1,3-dimethyl-2-but-
enylidene)amine with pentacarbonyliron(0) afforded
complex |11 with the composition (azadiene)Fe(CO)s;
(Scheme 4). It was formed by replacement of two
carbon(ll) oxide ligands in the initia iron(0) complex.

Scheme 4.
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Unlike complexes Ila-llc, iron(0) m-complex I11
is characterized by a different mode of coordination of
the Schiff base to the metal [12, 13]. n*-Coordination
of the azadiene at the C=C-C=N =n-bond system was
confirmed by spectral data. Insofar as the imine
fragment of the ligand is involved in coordination,
the C=C stretching vibration frequency is reduced
to 1610 cm™. The band at 1510 cm™ was assigned
to vibrations of the coordinated C=N bond. Three
carbonyl ligands at the iron atom give rise to three
absorption bands at 1980, 1940, and 1910 cm™. On
the other hand, the IR spectrum contains no bands
assignable to vibrations of dative nitrogen—metal
bonds.

In the *C NMR spectrum of 111, signals from
carbon atoms in the n*-coordinated azadiene ligand
are observed in an appreciably stronger field, as com-
pared to the free ligand. This fact provides an addi-
tional support to the assumed coordination mode. The
13C NMR spectrum of uncoordinated tert-butyl-
(1,3-dimethyl-2-butenylidene)amine contains signals
at 5c 147 (C=CH), 127 (C=CH), and 165 ppm (C=N);
the corresponding signals in the spectrum of 111 are
located at d¢c 63, 51, and 86 ppm, respectively. Thus,
both IR and NMR data clearly indicate that the hetero-
diene ligand is coordinated to the metal through both
C=C and C=N double bonds, giving rise to n*-(hetero-
diene)Fe(CO); complex.

Our results revealed that the mode of coordination
of the azadiene depends on the metal nature. Ana
logous examples were described in [14-16] where
complex formation of Schiff bases with iron and
chromium subgroup metals was studied.

Vol. 40 No. 9 2004
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In continuation of our studies on phosphorylation
of azadienes coordinated to transition metals, we
examined reactions of compounds I 1a— I ¢ with diethyl
phosphonate. By analogy with oxo dienes [1, 2], we
expected that coordinated enimines will take up diakyl
phosphonates at the most electrophilic C=N bond
to give the corresponding a-aminophosphonates with
retention of n?-coordination at the C=C bond. On the
other hand, taking into account high strength of the
nitrogen—metal dative bond, we cannot rule out the
possibility for hydrophosphorylation to occur at the
olefinic fragment due to specific blocking of the nitro-
gen atom or C=N bond by the metal. It should be noted
that hydrophosphorylation of uncoordinated unsaturat-
ed Schiff bases is strictly regioselective: it follows the
Pudovik reaction scheme with participation of the C=C
bond [3].

Diethyl phosphonate reacted with complex I1c both
in the presence of a base catayst and in the absence
of it. The reaction catalyzed by triethylamine afforded
a-aminophosphonate 1V (Scheme 5) whose structure
was determined on the basis of its *P NMR and IR
spectra. In keeping with the data of [3], the singlet in
the 3'P NMR spectrum at 5 14.8 ppm was assigned to
the aminophosphonate structure. After partial removal
of the solvent, the IR spectrum of the reaction mixture
indicated the presence in molecule IV of an NH group
(3200 cm™), double C=C bond coordinated to metal
(1560 cm™), and carbonyl ligands (a complex set of
bands). Also, an absorption band at 875 cm™ was
observed, which was assigned to the N-W bond.

Hydrophosphorylation in the absence of base
catalyst was characterized by a different regioselec-
tivity: the addition product was coordinated amido-
phosphate V (Scheme 5). Its **P NMR spectrum
contained a signal at dp 7.3 ppm with satellites due to
coupling with tungsten, *J(*"P-'%W) = 185 Hz, which
corresponds to indirect magnetic interaction between
the W and 3P nuclei. According to the IR data,
complex V has no N-H bond but contains nitrogen—

KURAMSHIN et al.

tungsten dative bond (870 cm™) and metal -coordinated
C=C bond (1570 cm™). On prolonged exposure to air
at room temperature, amidophosphate V undergoes
rearrangement into aminophosphonate V.

Our previous studies on inner-sphere phosphoryla-
tion of conjugated C=C—C=0 systems [1, 2] also
showed that P—H reagents add exclusively at the
carbonyl group of oxo diene. The formation of
phosphorylation products at the C=N bond of the
C=C-C=N system may be explained by weakening
of conjugation between the C=C and C=N bonds as
a result of coordination to metal center. This leads to
increase in electrophilicity of the carbon-hetero-
element bond, which makes it the most susceptible to
nucleophilic attack by phosphorus-containing reagent.
Moreover, stronger bonding of the metal to the C=C
bond rather than to C=N (Table 2) hampers addition at
the former.

The formation of amidophosphate V in the absence
of catalyst may be explained on the assumption that
n3-coordination of tert-butyl(1,3-dimethyl-2-butenyli-
dene)amine with the metal changes polarization of
the C=N bond (Table 3); as a result, the nitrogen atom
becomes the most electrophilic. Asfar as we know, the
formation of amidophosphates in phosphorylation of
Schiff bases is an exception rather than arule [17]. The
subsequent rearrangement of amidophosphate V into
aminophosphonate 1V is favored by the greater
thermodynamic stability of the latter. RHF/SBK
guantum-chemical calculations of structuresV and 1V
showed that the isomerization V — |V is exothermic;
the enthalpy of the reaction is —3.7 kcal/mol. The
mechanism of the observed inner-sphere amidophos-
phate—aminophosphonate rearrangement is likely to
involve initial proton transfer from the a-carbon atom
to the basic oxygen atom of the phosphinoyl group
(step a in Scheme 6)) to give hydroxyphosphonium
intermediate V1. This step is followed by attack by
carbanion on the positively charged phosphorus atom
(step b). The isomerization process is completed by

Scheme 5.
e Me
N(O)(OEOZ Me
e T Me (EtO),P(O)H, EtN (EtO),P(O)H Mé T _P(O)(OEY),
NHBu-t N
/ Bu-t
W(CO), W(CO)s
W, v

Air, room temperature
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Scheme 6.
Me Me Me
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W(CO), W(CO), W(CO),
\Y% Vi VII

c

prototropic rearrangement VI — 1V (step ¢). Analysis
of the proposed mechanism in terms of the RHF/SBK
procedure gives a relatively low activation barrier to
step a (E; = 9.7 kcal/moal). It is well known that hy-
drogen atom at a carbon atom in the a-position with
respect to a phosphinoyl group is characterized by
increased acidity (see [18] and references therein); in
our case, this is supplemented by stabilizing effect of
the electron-acceptor vinyl group coordinated to metal
carbonyl on the carbanionic center emerging as a result
of prototropic rearrangement (step a). Presumably, the
presence of triethylamine favors formation of a-amino-
phosphonate |V by accelerating both formation of
the kinetically controlled product, amidophosphate V,
and proton transfer processes. Therefore, we observe
formation of the thermodynamically controlled prod-
uct, aminophosphonate 1V while its precursor V is not
detected.

Another possible reason for formation of a-amino-
phosphonate |V in the base-catalyzed hydrophos-
phorylation of complex Ilc is that triethylamine
coordinates to the metal, thus displacing the imino
nitrogen atom from the coordination sphere of transi-
tion metal [15]. The resulting complex is like n*
[(C=C)azadiene]tetracarbonyl (triethylamine)metal (0)
in which the C=N bond is sensitive to nucleophilic
attack. Naturally, the character of electron density
distribution in the ligand almost does not differ from
that typical of uncoordinated 1-aza-1,3-diene, and
attack by organophosphorus nucleophile on the elec-
trophilic carbon atom of the C=N bond occurs
according to the imino version of the Pudovik reaction.
We did not examine phosphorylation in the presence
of other base catalysts, for they destroy the organo-
metallic substrate [19].

Me O
7/
MG>T\F P(OEY),

NH
¥ But
W(CO),

\%

Unfortunately, our numerous attempts to isolate
phosphorylated complexes IV and V were unsuccess-
ful; possible reasons are reversibility of the hydrophos-
phorylation process [3] and side reactions involving
oxidation or hydrolysis of the complex during its
isolation.

Our results demonstrate the possibility for control-
ling regioselectivity in the hydrophosphorylation of
unsaturated Schiff bases and extending the synthetic
potential of the Pudovik reaction by variation of
intramolecular eectronic interactions in unsaturated
systems as a result of coordination with transition
metals.

EXPERIMENTAL

The IR spectra were obtained on a Specord M-80
spectrometer from samples dispersed in minera oil.
The 'H NMR spectra were recorded on Varian Unity
300 (299.94 MHZz), Bruker 100 (100 MHZz), and
Brucker Gemini 200 instruments (199.827 MHz) at
25°C using benzene-de, chloroform-d, and methanol-d,
as solvents (c = 0.7-1.5 wt %; the chemica shifts were
measured relative to signals from residual protons in
the solvent. The **C NMR spectra were recorded on
a Varian Unity 300 spectrometer (75.4 MHz); the
chemical shifts were measured relative to the signal of
chloroform-d. TLC analysis was performed on Silufol
plates using isopropyl alcohol-benzene (3:1, by
volume) as eluent; the chromatograms were devel oped
with iodine vapor. All experiments were carried out
under argon.

Quantum-chemical calculations were performed
using GAMESS 98 software [7]. The structura and
energetic parameters of the compounds under study
were calculated using the ESR (SBK) basis set where
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inner-shell electrons are described by a model
potential.

n’-[tert-Butyl(1,3-dimethyl-2-butenylidene)-
amine]pentacar bonyltungsten(0) (Id). A glass flask
equipped with a balloon for supplying argon and
a glycerol seal was charged with 0.20 g of tert-butyl-
(1,3-dimethyl-2-butenylidene)amine and 15 ml of
tetrahydrofuran. Hexacarbonyltungsten(0), 0.69 g, was
added, and the mixture was irradiated for 2 h with
UV light generated by a high-pressure mercury lamp.
A crystalline solid precipitated from the mixture. When
the reaction was complete, the product (yellow crys-
tals) was filtered off and reprecipitated from benzene
with pentane. Yield 0.22 g (30%), mp 145-150°C
(decomp.). IR spectrum, v, cm™: 1580 (C=C, coor-
dinated); 1570 (C=N, uncoordinated); 2000, 1990,
1970, 1920, 1880 [CO in W(CO)s]. *H NMR spectrum
(DM SO-dg), 3, ppm: 4.52 br (C=CH).

n>-[tert-Butyl (1,3-dimethyl-2-butenylidene)amine] -
tetracarbonyliron(0) (1a), n*[tert-butyl(1,3-dimethyl-
2-butenylidene)amine] pentacarbonylchromium(0) (Ib),
and n?-[tert-butyl(1,3-dimethyl-2-butenylidene)-
amine] pentacarbonylmolybdenum(0) (Ic) were syn-
thesized in asimilar way (Table 4).

n3-[tert-Butyl(1,3-dimethyl-2-butenylidene)-
amine]tetracarbonyltungsten(0) (I1¢). A mixture of
0.40 g of hexacarbonyltungsten(0) and 20 ml of dry
degassed acetonitrile was heated for 40 min at the
boiling point under argon, 0.250 g of tert-butyl(1,3-
dimethyl-2-butenylidene)amine was added, and the
mixture was heated for 14 h under reflux. Most part of
the solvent was distilled off under reduced pressure
(water-jet pump) without heating. The yellow crys-
talline material was filtered off under argon and
reprecipitated from benzene with pentane. Yield 40%,
yellowish finely crystalline powder, mp 76-80°C
(decomp.). IR spectrum, v, cm™: 1610 (C=C, coor-
dinated); 1565 (C=N, uncoordinated); 2000, 1960,
1880, 1840 [CO in W(CO),]; 940 (W-N). ‘*H NMR
spectrum (DM SO-dg), 6, ppm: 4.69 br (C=CH).

n’-[tert-Butyl(1,3-dimethyl-2-butenylidene)amine] -
tetracarbonylchromium(0) (I1a) and n>-[tert-butyl(1,3-
dimethyl-2-butenylidene)amine]pentacarbonyl-
molybdenum(0) (I1b) were synthesized in a similar
way (Table 4).

n*-[tert-Butyl(1,3-dimethyl-2-butenylidene)-
amine]tricarbonyliron(0) (I11). A mixture of 0.400 g
of pentacarbonyliron(0) in 20 ml of dry degassed
acetonitrile was heated for 40 min at the boiling point

KURAMSHIN et al.

under argon, 0.250 g of tert-butyl(1,3-dimethyl-2-bute-
nylidene)amine was added, and the mixture was heated
for 14 h under reflux. Most part of the solvent was
digtilled off under reduced pressure (water-jet pump)
without heating. The yellowish crystalline material
was filtered off under argon and reprecipitated from
benzene with pentane. Yield 27%, light orange finely
crystalline powder, mp 83-87°C (decomp.). IR spec-
trum, v, cm™: 1605 (C=C, coordinated); 1510 (C=N,
coordinated); 1980, 1940, 1910 [CO in Fe(CO)s]. H
NMR spectrum (DM SO-dg), 6, ppm: 4.22 br (C=CH).

Reaction of n>-[tert-butyl(1,3-dimethyl-2-bute-
nylidene)amine]tetracarbonyltungsten(0) with
diethyl phosphonate in the presence of triethyl-
amine. A 0.15-g (0.33-mmol) portion of n>-[tert-butyl-
(1,3-dimethyl-2-butenylidene)amine]tetracarbonyl-
tungsten(0) was dissolved in 5 ml of dry degassed
benzene, 0.2 ml of diethyl phosphonate, and 1-2 drops
of triethylamine were added, and the mixture was kept
for 24 h at room temperature under argon. The solvent
was distilled off under reduced pressure (water-jet
pump) to obtain a viscous amorphous material. The
conversion of diethyl phosphonate into a-aminophos-
phonate 1V was 85% (according to the 3P NMR spec-
trum of the reaction mixture). IR spectrum, v, cm™:
1560 (C=C, coordinated), 3200 br (N-H), 1900-2000
(CO, unresolved bands). *'P NMR spectrum (reaction
mixture): op 14.8 ppm.

Reaction of w>-[tert-butyl(1,3-dimethyl-2-bute-
nylidene)amine]tetracarbonyltungsten(0) with
diethyl phosphonate in the absence of triethyl-
amine. The procedure was the same as above with the
difference that no triethylamine was added. According
to the *'P NMR data, the conversion of diethyl phos-
phonate into amidophosphate V was 90%. IR spec-
trum, v, cm™: 1560 (C=C, coordinated), 960 (N-W),
1900-2000 (CO, unresolved bands). *P NMR spec-
trum (reaction mixture): 8p 7.3 ppm, JC'P-"¥Ww) =
185 Hz. After 7 days at room temperature, the signd
at dp 7.3 ppm disappeared from the spectrum, while
that located at 6p 14.8 ppm appeared with the same
intensity.
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