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Abstract — Synthetic procedures for preparing and n* complexes of chalcone and benzalacetone with
hexacarbonyl mononuclear complexes of Group VIB metals were developed and conditions for sgfective

and n*coordination of the heterodiene ligand were established. Hydrophosphorylation of the obtained
complexes proceeds in the coordination sphere of the metal by the Abramov reaction scheme and yields the
correspondingn?-coordinated a-hydroxyphosphonates. As follows from quantum-chemical calculations,
n-coordination with metals makes the heterodienes no longer planar, which explains their regioselective phos-
phorylation by the more electrophilic carbonyl group.

Inspite of the high stability ofz-complexes of stage photochemical substitution of carbonyl ligands
Group VIB metals with alkenes and arenes, as well awith =-functional groups of heterodienes.
the fair availability of mononuclear hexacarbonyl In the first stage, a THF solution of hexacarbonyl-
pomplexes of these metals, usually app_lled for prep.arrhetal(O) Was subje(,:ted to short (3D min) UV irra-
ing = complexes, there is only scarce information Ndiation in the absence of unsaturated ketone with the
the literature concerning coordination of molecules

containing heterodiene systems lik€=C-C=0 and purpose of generation of coordinately unsaturated

changes in the reactivity of the coordinated moleculeg1etal intermediates M(CQJand labile pentacarbony!

toward organophosphorus compounds. In detalil, it ha omplexes M(CQXTHF). In the second stage, they

been shown [1, 2] that enonag-coordinated with asily reacted witlw-enones to forme complexes of

: . @,B-unsaturated ketones. Note that a more continuous
iron carbonyls are selectively phosphorylated by th?lﬁh) irradiation of the hexacarbonylmetal solution
carbonyl group of thex-enone, allowing synthesis of

a-hydroxyphosphonates under conditions of kineti results in substitution of a greater amount of carbonyl

: igands by THF to give mixed-ligand complexes of
control. Group VIB metals have never been involve s .
in such processes. he composition d¢-enone)M(COXTHF),. This

procedure allowed to shorten considerably the time of

Previousl repor h nthesis of ynth_esis oft complexes|-IV: T_he to_tal irradiatio_n
eviously we reported the synthesis of adducts OEme in both stages of the reactions in THF solutions

é%lﬂg} eér_lgkg-pr(gz?\r;éllé?:gfogcer;alcvc\)/irtlﬁ) Tedx:(-:g?ggz was no more than 3 h against 40 h in hexane solutions
4].

complexes of chromium subgroup metals and the re<
action of the resulting organometallic compounds with Two types ofr complexes were obtained?-co-
dialkyl hydrogen phosphites by the Abramov schemerdinated fa-Ic and lla-lic) and n*-coordinated
[3]. Here we describe in more detail the results of(llla—lllc and IVa-IVc).
iﬂovrfzt]jgczt;gglse o fg;%aeﬁggoagd mcgﬁtrg'rf]::('j tf?]nzftf’fgtz- Coordination induces upfield shifts of signals of
i Xes ve- [ unsatur .
systems with chromium, molybdenum, and tungstergrztons bound  with sf-carbon atoms (5.3 and
carbonyls. 4 ppm).
In the IR spectra of compounds-V, the C=C

Previously unknown adducts of 1,3-diphenyl-2-pro-stretching vibration frequencies decrease from 1637
pen-1-one (chalcone) and 4-phenyl-3-buten-2-on® 1530-1520 cmi! in chalcone and from 1645 to
(benzalacetone) with the homoligand Group VIB1540-1530 cmi® in benzalacetone. The C=0 group of
metal carbonyls Cr(CQ) Mo(CO), and W(COy coordinated heterodienes gives two bands: a high-
were synthesized by our original procedure of twofrequency band at 1660 ¢hfor n? products and a

1070-3632/01/7102-0191 $25.62001 MAIK “Nauka/Interperiodica



192 KURAMSHIN et al.

process [6], the fact that the facility of the present

? haptotropic rearrangement depends on the nature of
Ph-CH=CH-C-R + M(CO) the complex-forming metal is explained by the
? strength of the metaC=C and metalC=0 bonds.
hv _ Both these bonds strengthen in the series-GleW
THF PWCHICH_C_R [7], and, therefore, the ability of the corresponding
M(CO)s complex to then?—n? transformation decreases.
la—Ic, lla—lic In terms of the aforesaid, thqa2 complexes can be
considered as kinetically controlled products and the
/R n*complexes, as thermodynamically controlled pro-
P“CH:\CIF?\\O ducts of ther-complex formation reaction.
M(CO), The reaction of excess-enone with hexacarbonyl-

metal(0) under short photochemical activation must
give  n?-(a-enone)pentacarbonylmetal(0)  (excess
a-enone inhibits haptotropic rearrangement [6]). The
reaction of a-enone with hexacarbonylmetal(0) at a
stoichiometric complex:ligand ratio and under con-
inuous irradiation of the reaction mixture (or under
hermochemical activation [8]) must result in forma-
g?n of n*(a-enone)tetracarbonylmetal(0).

llla —lllc, IVa —IVc
R=Ph( llIl'); CHy (I, IV); M =W (a), Cr (b), Mo (c).

low-frequency band at 1620 ¢nfor n* complexes,
belonging respectively to the free carbonyl group oli
chalkone and to the carbonyl group coordinated wit
tungsten. As the reaction time increases, the band
1620 cm? inreases and the band at 1660 tnde- We performed the target synthesis of pentacarbonyl-
creases until it disappears completely. Hence, oUm?-(1,3-diphenyl-2-propen-1-one)]tungsten(dp)
procedure allows controlling the?: n* ratio by vary- and tetracarbonyi{*-(1,3-diphenyl-2-propen-1-one)J-
ing the time of irradiation of the reaction mixture. tungsten(0) I{l ) under various experimental condi-
Analysis of the intensity ratio of the above two tions and isolated each of the compounds pure.
bands led us to conclude that, at the same conditiofg€ntacarbonylj*-(1,3-diphenyl-2-propen-1-one)]-

(reaction time and reactant concentrations), the fradungsten(0) 1) was obtained by a photochemically
tion of the n*-product with benzalacetone is higherinitiated reaction between hexacarbonyltungsten(0)

than with chalcone. and a considerable excess of 1,3-diphenyl-2-propen-1-
one in THF.
The intensity ratio of the bands at 1620 and
1660 cn* in the spectra of the products of coordina- ?
tion of chalcone with hexacarbonylmetals decreases Ph-CH=CH-C-Ph + W(CO},
in the order Mo > Cr > W. In the spectrum of the o
product of the reaction of chalcone with hexacarbonyl- hv |
molybdenum(0), a 1:1 ratio is observed, while in the THE PWCHjCH‘C‘Ph
spectrum of the product of the reaction of hexacarbo- W(CO)

nyltungsten(0) with chalcone, the band at 1620 tm la
is practically absent.

These results suggest that the initially formed % The IR spectrum ofa displays bands at 1530 cfn
f

ue to the C=C bond of chalcone, coordinated with
(enone)pentacarbonylmetal(0) undergo a haptotrop ngsten, and at 1660 cdue to the carbonyl group

4
rearrangement  to n-(enone)tetracarbonyimetal(0) of 1,3-diphenyl-2-propen-1-one, not involved in co-
d_urlng the synthesis. The enhanced_ablllty of COOTG dination. In the range of stretching vibrations of
dinated a-enone to rearrangement in going from '

chalcone to benzalacetone can be explained by | arbon monoxide coordinated with transition metal

. . 2000-1800 cm?), there are five well-resolved ab-
crease in thexr-electron density on the carbonyl group : '
in going from the methyl to phenyl derivative. Analo- sorption bands at 1990, 1970, 1940, 1920, and 1900.

i L - The upfield shift of signals of double-bond protons
gous dependence for oxygen-containing heterodleﬂ%42 and 6.39 ppm) also confirms the fact of coor-

systems was observed previously for iron enone co Jinati - :
: . ation of the C=C bond of 1,3-diphenyl-2-propen-1-
plexes [5]. The referees established the foIIowm%ne with tungsten.

order of ability of the heterodienes tp-coordination:
-C(O)-Ar < —-C(O)-H < -C(O)-Alk. Since the first Tetracarbonyhy*-(1,3-diphenyl-2-propen-1-one)]-
stage of haptotropic rearrangement is a dissociativieingsten(0) I{la) was obtained by a thermochemi-
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cally initiated reaction of hexacarbonyltungsten(0)(5.37 and 6.41 ppm) is associated with the coordina-
with 1,3-diphenyl-2-propen-1-one in acetonitrile at ation of the C=C bond of 1,3-diphenyl-2-propen-1-one

stoichiometric reactant ratio. with tungsten. The IR anH NMR spectra show that
no acetonitrile ligand is present in the coordination
? sphere ofllla . The individuality of complexe$a and
Ph-CH=CH-C-Ph + W(CO}, llla is confirmed by TLC.
" Ph Pentacarbonyii*(1,3-diphenyl-2-propen-1-one)]-
boiling PWCH:CH—CQ tungsten(0) and tetracarbonyff(1,3-diphenyl-2-pro-
CHCN NS © pen-1-one)jtungsten(0) were reacted with dialkyl hyd-
M(CO), rogen phosphites. The reactions were carried out
lla either in a dialkyl hydrogen phosphite solution (an

almost 30-fold excess of hydrophosphoryl compound
with respect tom-complex) or in benzene at a stoi-
chiometric dialkyl hydrogen phosphite: complex
ratio in the presence of a base catalyst.

The IR spectrum of complekla shows bands at
1530 cm! due to the C=C bond of chalcone, coor-
dinated with tungsten, and 1620 Tmdue to the
carbonyl group of 1,3-diphenyl-2-propen-1-one, in- Some time after the reaction onset, in & NMR
volved in coordination. In the range of stretchingspectra of the reaction mixtures we observed singlets
vibrations of carbon monoxide coordinated withdownfield from the signals of dialkyl hydrogen phos-
transition metal, there are four well-resolvedphites ¢,20.93, 16.72, 13.61, 21, and 17 ppm ¥,
absorption bands at 1970, 1940, 1920, and 190d.cm Vb, Vc, Vla, andVIc, respectively). The new signals
The upfield shift of signals of double-bond protonswere assigned to hydroxyphosphonates [1, 2, 8].

@) (|)H
I
Ph—CHfCH—C—Ph + (ROYP(O)H—> Ph—CH=CH—(I‘,—Ph
NEt;
W(CO)s W(CO) I|T(OR)2
Va-Vc
H
Ph Q

ph_CH:CH_c<\ + (RORP(OH-—> Ph—CH:CH—(ll—Ph
0 5
W(CO) P(OR
M(CO)s (GO (ORE
Via, Vic

R = CH, (), CHs (b), i-CaHy (0).

The intensity ratio of the phosphorus signals of These data permit to state thatomplexeda and
phosphonate¥, VI and dialkyl hydrogen phosphites, llla enter with dialkyl hydrogen phosphites an
established with time in benzene solutions, varie®\bramov reaction; therewith, and the resultirg
from 7:1 for (-C3H,0),P(O)H to 10:1 for (CHO),- hydroxyphosphonates do not leave the coordination
P(O)H, which implies a 8©0% vyield of phosphonate. sphere of the metal in structurga-Vc andVla, Vic.

The IR spectrum of the mixture of the reaction pro-

duct (phosphonate) and dialkyl hydrogen phosphite The IR spectrum of compoun¥a still contain

no longer shows signals of the carbonyl group othe five well-resolved absorption bands at 2000
chalcone (1660 cr for la and 1620 crit for Illa). 1850 cnit, implying that the tungsten iva have

At the same time, a broad band at 3550 tappears, preserved its carbonyl ligands and thus theomplex
assignable to OH stretching vibrations. The IR specin question is mononuclear. For compouita, a
trum preserves bands due to stretching vibrations qfoorly resolved band consisting of at least of three
the C=C bonds coordinated with tungsten (1525"cm bands is observed in the range of stretching vibrations
for la and 1510 cm for Illa). of carbon monoxide coordinated with metal. This

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 71 No.2 2001



194 KURAMSHIN et al.

picture is characteristic of some bi- and polynucleawere recorded on Varian UNITY 300 (298.4 MHz,
carbonyl complexes [9]. It is evident that in com-1H), Brucker 100 (100 MHz!H), and Brucker Gemini
pound Vla one or several molecules of carbon200 (199.827 MHzH) spectrometers at 26. The
monoxide begin to play the role of bridges. Due tochemical shifts were measured against residual proton
that the complex can increase its nuclearity, but up teignals of deuterated solvents (benzege-chloro-
now we failed to obtain a more straightforward evi-form-d;, methanold,). The solution concentrations

dence for rigorous structural assignment of compoungiere 0.21.5%. The3P NMR spectra were recorded
Via. on Varian UNITY 300 (121.4 MHz3'P) and RYa

It is known that the freex-enones, benzalacetone 2303 (8 MHz, *P) spectrometers against external
and chalcone, react with hydrophosphoryl compound®®% PO,
under conditions of the Pudovik reaction with ther- Thin-layer chromatography was carried out on
modynamic control strictly by the carberarbon Silufol plates, eluent isopropandlenzene (3:1),
bond to form y-ketophosphonates. development in iodine vapor.

The reason for change in the regiochemistry of Pentacarbonyllh®(1,3-diphenyl-2-propen-1-
addition of dialkyl hydrogen phosphites toenones one)]tungsten(0). Hexacarbonyltungsten, 0.400 g, in
coordinated with metal in different ways may be20 ml of absolute degassed THF was irradiated in a
associated with change in the geometry of the coomguartz or glass flask with the UV light of a high-
dinated unsaturated ketone, capable of breaking copressure mercury lamp for 40 min (for 2 h in a glass
jugation between neighboring fragments of the covessel) under argon and with continuous stirring. Then
ordinated molecule [10]. a solution of 0.516 g of 1,3-diphenyl-2-propen-1-one

. in 2.0 ml of THF was added, and the irradiation and
We performed ZINDO/1 quantum-chemical Cal'stirring were continued for an additional 2.5 h. The

culations of the steric structure of pentacarbon$[ : . ;
(1,3-diphenyl-z-propen-1-one)]tungsten(0) and tetra[eac_thn mn;turef Wasdtreate(}l_lwnhd he]:c?ane, andhthe
carbonyljy*-(1,3-diphenyl-2-propen-1-one)]tungs- precipitate that formed was filtered off on a Schott

_ _ filter to obtain a grayish-green finely crystalline
ten(0) to show that the-C=C-C=0O fragment of powder, yield 22%, decomp. point 14B52C. IR

chalcone in the coordination sphere both of tiye 1. . P

and n4 complex is no longer planar. The angle be_spectrum,_v, cm '_1530 (coordln_ated C=C); 1660

tween the C=C and C=0 bond planes i$ &% penta- (noncoordinated C=0 from 1,3-d|phenyl-2-propen-1-
one); 1990, 1970, 1940, 1920, 1900 (carbonyl ligands

carbonyljh?(1,3-diphenyl-2-propen-1-one)]tung- . .
sten(0) and 22 for tetracarbonylj*-(1,3-diphenyl-2- boumnol((\évghct:lﬁngcség?élilsalt\lel\élRwsi%eiggn;tgh? and 6.4
propen-1-one)jtungsten(0). It shows that strong de?P B 9 :

crease in conjugation between This result points to a Pentacarbonyi{>(1,3-diphenyl-2-propen-1-one)]-
strongly weakened conjugation between the C=C andhromium(0), pentacarbonyf-(1,3-diphenyl-2-
C=0 bonds in the coordinated chalcone. i.e. one deafgopen-1-one)molybdenum(0), pentdmamyln--(4-
here with isolated multiple bonds. As a result, thephenyl-3-buten-2-one)]tungsten(0), pentacarbogfyl[
C=C bond in chalcone no longer exerts the electron4-phenyl-3-buten-2-one)lchromium(0), and penta-
acceptor effect of the C=0 group; as a result, it beearbonylj?(4-phenyl-3-buten-2-one)]molybdenum(0)
comes less electrophilic and thus inert to nucleophilievere obtained analogously. The products all contained
attack of hydrophosphoryl compound, characteristi@dmixture of then*-coordination products af-enone

of noncoordinated chalcone. This factor may be théo metal.

reason for the selective hydrophosphorylation of

4 .
heterodienes by the carbonyl group which is more Tetracarbonyl[n-(1,3-diphenyl-2-propen-1-
electrophilic than the coordinated C=C bond one)tungsten(O).A solution of 05 g of hexacar-

' bonyltungsten(0) in 20 ml of acetonitrile was refluxed

Together with the above-presented methods foin a flask, equipped with a reflux condenser, a glyce-
preparinga-hydroxyphosphonates [1, 2, 8], their syn-role seal and a gas-inlet tube, for 40 min under argon.
thesis in the coordination sphere of Croup VIB metals],3-Diphenyl-2-propen-1-one, 0.26 g, was then added
developed by us, extends the synthetic potential of thio the reaction mixture, and the resulting solution was

Pudovik and Abramov reactions. refluxed for an additional 14 h, and concentrated 4
5 times in a water-jet pump vacuum without heating.
EXPERIMENTAL Pale green crystals precipitated and were filtered off

in an argon box to isolate a light green finely crystal-
The IR spectra were recorded on a Specord-M80ne powder, yield 45%, decomp. point I/5°C.
spectrometer in Vaseline oil. ThtH NMR spectra IR spectrum,v, cn: 1520 (coordinated C=C); 1620
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(C=0 of 1,3-diphenyl-2-propen-1-one coordinatediR spectrum, v, cmi’: 1510 (coordinated C=C);
with metal); 1970, 1940, 1920, 1900 S’carbonyl ligands3450 br (OH); 19002000 (complex system of bands
bound with tungsten). Tetracarbonylf(4-phenyl-3- from carbonyl ligands bound with tungstenjP
buten-2-one)Jtungsten(0) was obtained analogouslyWMR spectrum of the reaction mixturé, 17 ppm.

Reaction of pentacarbonylhz-(1,3-diphenyl-2- The reactions of tetracarbonyff-(1,3-diphenyl-2-
propen-1-one)Jtungsten(0) with diethyl hydrogen propen-1-one)jtungsten(0) with dimethyl and diiso-
phosphite. Diethyl hydrogen phosphite, 0.2 ml, and propyl hydrogen phosphites were carried out analo-
1-2 drops of triethylamine were added to a solutiongously.
of 0.20 g of pentacarbonyif-(1,3-diphenyl-2-propen-
1-one)Jtungsten(0) in 5 ml of absolute benzene. The REFERENCES
resulting mixture was kept for 48 h at room tempera-
ture under argon. The benzene was removed in al. Galkin, V.l., Galkina, I.V., Al Kurdy, Kh., Deni-
water-jet-pump vacuum until a viscous amorphous sov, B.V., and Cherkasov, R.AMetaloorg. Khim.,
material formed. The yield of-hydroxyphosphonate 1990, vol. 3, no. 6, pp. 1429431.
was 75% (from thé'P NMR spectrum of the reaction 5. Galkina, 1.V., Saakyan, G.M., Galkin, V.., and Cher-

mixture). IR spectrum,v, cn*: 1520 (coordinated kasov, R.A.,Zh. Obshch. Khim.1999, vol. 69, no. 7,
C=C); 3500 material remained (OH); 1900 pp. 22212223,
(complex system of bands from carbonyl ligands 5 ;

. 31 . Kuramshin, A.l.,, Karpenko, E.A., and Cherka-
bound with t“rfgéStelng-7P NMR spectrum of the re- s, "R A, Zh. Obshch. Khim.1999, vol. 69, no. 7,
action mixture: 6p 16.7 ppm. pp. 12211222,

The reactions of pentacarbonvy‘?f(l,3-diphenyl-2- 4. Spirina, II.V. and Maslennikova, V.PUsp. Khim.,
propen-1-one)]tungsten(0) with dimethyl and diiso- 994, vol 63, no. 1, pp. 435.
propyl hydrogen phosphites were performed analo-5- Howell, J.A.S. and Burkinshaw, P.Ml, Organomet.

gously. Chem., 1978, vol. 152, p. Cb.
6. Cardaci, G.J. Am. Chem. Soc1975, vol. 97, no. 6,
Reaction of tetracarbonyl[n4-(1,3-diphenyl-2- pp. 14121415.
propen-2-one)jtungsten(0) with diethyl hydrogen 7. Basolo, F.lnorg. Chim. Acta, 1981, vol. 50, pp. 65
phosphite. To a solution of 0.20 g of tetracarbonyl- 70.

[n*(1,3-diphenyl-2-propen-1-one)Jtungsten in 5 ml 8. Galkina, I.V., Saakyan, G.M., Cherkasov, M.A., Gal-
of absolute benzene, 0.2 ml of diethyl hydrogen phos- .. "\, I’ Ch,erkasov F’QA a,nd Pudovik, A Néh
phite and 2-3 drops of triethylamine were added. The Ob:shc.h” Khim.1996 ,vol. 6.é no. 3, pp 35:359 '
resulting mixture was kept for 48 at room tempera- o ' oo T e '

ture under argon. The benzene was removed in & Rybinskaya, M.l and Rybin, L.VIzv. Akad. Nauk,
water-jet-pump vacuum until a viscous amorphous ~Ser- Khim.,1995, no. 1, pp. 15d66.

mass. The vyield ofx-hydroxyphosphonate was 62% 10. Ittel, S.D. and Ibers, J.AAdv. Organomet. Chem.,
(from the3P NMR spectrum of the reaction mixture). 1976, vol. 14, pp. 331.
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