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Az Arbuzov-reakcié tanulmanyozasa. CH-savas vegyiiletek alkilezése,
acilezése, foszforilezése
Témavezetok: Dr. Keglevich Gyorgy, egyetemi tanar
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Munkam sordn acetil-klorid, valamint a benzoil-klorid trietil-foszfittal térténd Arbuzov-

reakciojat vizsgaltam, majd a keletkezé termékeket reagaltattam difenil-foszfin-oxiddal.

a 0 0
0°C | I
P(OEf); + R—C—Cl > R—C——P—0Lt
R: Me, Ph OFt
R Termelés [%]
Me 54,7
Ph 73,3
|.tablazat: Ketofoszfonatok eléallitasa
& o o OH O
I I i Il
R—C—P—0QEt + Pi—P—H 4 oo Ph——T—-—C P—OFt
OFt Ph Ph [|a (|)Et
R: Me, Ph
R Ketofoszfondt mennyisége (ekv.) Termelés [%]
Me 2 87,2 (tiszta termék)
Me 1,2 87,2 (nyers termék)
Ph 2 88,5 (nyers termék)

2. tablazat: o-helyettesitett metilén-biszfoszfondtok eldallitisa
A jovOben tovabbi Arbuzov-reakcidk vizsgalatat tiiztiik ki célul acetil- / benzoil-kloriddal és
alkil-foszfitokkal, majd a keletkezd termékek acilezését, alkilezését és foszforilezését Ezen
kiviil brom-acetofenon és alkil-foszfitok Arbuzov-reakciojanak vizsgalatat, a keletkezd termék

alkilezését, N-heterociklust tartalmazé oldallinc bevitelét is tervezziik.
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Munkédm soran acetil-klorid, valamint a benzoil-klorid trietil-foszfittal toérténé Arbuzov-

reakciojat vizsgaltam, majd a keletkezd termékeket reagéltattam dimetil- és dietil-foszfittal,

kiilonboz6 kortilmények (homérséklet, oldoszer) kozott, dietil-amin (DEA) vagy dibutil-amin

(DBA) katalizatorok jelenlétében.
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P(OED); +R-C—cl———> R-C—P-OEt
R: Me, Ph QEt
g9 Q9
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A
Koriilmények

Katalizétor [OI(;] ERKCIOLA | (o o
DEA (40%) 0 8h éter
DEA (40%) 32 5h éter
DEA (40%) 64 5h THF
DEA (20%) 0 8h cter
DEA (40%) 120 5h toluol
DEA (20%) 0 8h éter
DBA (5%) 120 20 min -
DEA (40%) 0 8$h éter
DEA (20%) 0 $h éter
DBA (5%) 120 20 min -

Dr. Keglevich Gydrgy

il H I
OR'—?“—-CF-O—P"OR"

OR' R

Konverzio
[Yo]
73
77
86
97
70
72
80
31
50
46

0
Or"
Termékek
[%%]
A B
73 27
87 23
95 5
93 7
0 100
80 20
95 5
71 29
83 17
81 19



Egyéni feladat 5§ (MSc) (BMEVETOMO005)
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Az Arbuzov- és Pudovik reakciok tanulmdnyozdsa, Hidroxi-biszfoszfondt tipusi vegyiiletek
és aszimmetrikus szdrmazékaik szintézise

Témavezeték: Dr. Keglevich Gyorgy, egyetemi tanar Konzulens: Sepsey Fiir Csilla, tanarsegéd

T Dr. Griin Alajos, egyetemi docens

Munkém sordn acetil-klorid, valamint benzoil-klorid trietil-foszfittal torténd Arbuzov-reakcidjét

vizsgaltam, majd a keletkezO termékeket reagdltattam dimetil- és dietil-foszfittal, kiilénbozo

kériilmények (hémérséklet, olddszer) kozott, dietil-amin (DEA) vagy dibutil-amin (DBA) katalizatorok

jelenlétében.

g ™Mo
EtO—P—C—P—0OMe

OEt R OMe

0 0
R-C—P-0Et * Meo—?}':"H — i R—E—‘P[—OEt + EtO—IE:’H — EIO—-‘F‘!—é—%—DE! + Eio—;f—?-o—if—oe:
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By B,
1. Abra: Reakcié dimetil-foszfittal 2. Abra: Reakcié dietil-foszfittal
Koriilmények Ardny [%]

R Katalizator [n]é] Reakcididd Oldészer Te{z}: ;lés KM[],‘,: ]mé A B
Me DEA (40%) 0 8h éter 55 57 54 46

. Me DEA (20%) 0 8h éter 81 93 46 54
Me DBA (5%) 120 20 min - 81 84 52 48
Ph DEA (40%) 0 8h eter 66 85 50 50
Ph DEA (20%) 0 8h éter Ninges kiprepardlva 89 87 47
Me DEA (20%) 0->26 8h éter Nincs kipreparalva 97 84 13
Me DEA (40%) 0->26 8h éter Nines kipreparalva 97 80 16
Me DEA (50%) 0->26 8h éter Nines kiprepardlva 97 82 20
Me DEA (40%) 64 5h THF Nings kipreparalva 95 66 18
Me DEA (40%) 120 20 min - Nincs kipreparalva 95 51 34
Me DEA (40%) 135 20 min - Nincs kipreparédlva 89 32 49
Me DEA (40%) 135 3h P Nines kipreparalva 95 95 68

Me DBA (5%) 0 8h éter Nines kipreparalva 79 90 5
Me DBA (5%) 120 20 min - Nines kipreparalva 80 87 10

A témavezetd

1. Tablazat: Reakciok dimetil-és dietil-foszfittal

jegyjavaslata: 5-( %G((,S\
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Abstract: The reaction of diethyl x-oxoethylphosphonate and diethyl oxobenzylphosphonate with
diethyl phosphite, dimethyl phosphite, and diphenylphosphine oxide affords, depending on the
substrates and conditions (nature and quantity of the amine catalyst, temperature, and solvent), the
Pudovik adduct and/or the corresponding >P(O)-CH-O-P(O)< product formed by rearrangement.
The nature of the substituent on the central carbon atom (a methyl or phenyl group) influences the
inclination for the rearrangement. The asymmetric products (either adducts or rearranged species)
with different P(O)Y functions (Y = RO or Ph) exhibit interesting NMR features.

Keywords: o-oxophosphonate; dialkyl phosphite; diphenylphosphine oxide; Pudovik reaction;
hydroxymethylene-bisphosphonate; 1-phosphinoyl-1-hydroxy-ethylphosphonate; rearrangement

1. Introduction

Hydroxymethylene bisphosphonic (dronic) acid derivatives are of importance due to
their beneficial effect in the treatment of bone diseases [1-4]. Their synthesis, starting from
the corresponding substituted acetic acid and phosphorus trichloride /phosphorous acid,
was thoroughly investigated [1,5,6]. Another approach is the Pudovik reaction (vide infra),
the original version of which involves the addition of dialkyl phosphites onto the carbonyl
carbon of oxo compounds, such as aldehydes and ketones [7,8].

In 1956 McConnell and Coover described that the solvent-free reaction of diethyl
a-oxoethylphosphonate with diethyl phosphite using diethylamine as the catalyst afforded
the adduct tetraethyl a-hydroxy-«-ethylidenebisphosphonate [9]. The product was claimed
to be identified by boiling point, refractive index, elemental analysis and IR spectral data.
Six years later, Fitch and Moedritzer proved that the corresponding phosphonate-phosphate
was formed in the above experiment [10]. The principal proof was the 3'P-NMR spectrum,
as the species under discussion exhibited two dp shifts at —1.3 and 20.2 Nicholson and
Vaughn prepared an analogous oxophosphonate—dimethyl phosphite adduct at 0 °C using
diethyl ether as the solvent, and 0.05 equivalents of dibutylamine as the catalyst [11].
After thirty years, Vepsildinen and Turhanen and their co-workers prepared a series
of symmetrical and asymmetrical tetraalkyl 1-hydroxyethylidene-1,1-bisphosphonates,
making use of the Nicholson method. The products obtained in variable yields (16-92%)
are shown in Figure 1. There was no mention of the rearrangement [12]. A few tri-, B,P’-
di-, PP-di-, and mono esters of 1-hydroxyethylidene-bisphosphonic derivatives were also
described [13].
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The synthesis of hydroxymethylenebisphosphonic and acyl-
ethoxycarbonylmethylphosphonate derivatives

Gyorgy Keglevich, Zsuzsanna Szalai, Kinga V. Gulyas,
Roébert Zahar, TAlajos Griin, Csilla Sepsey-Fiir

Department of Organic Chemistry and Technology, Budapest University of Technology and Economics,
1111 Budapest, Miiegyetem rkp. 3, HUNGARY
e-mail: keglevich.gyorgy@vbk.bme.hu

The Pudovik reaction of a-oxophosphonates and dialkyl phosphites led to
hydroxymethylenebisphosphonates, and, under certain conditions to rearranged products.

To (RO),P(O)H I} ?H(R (I)I (IDI
ZC—P(OR); —— > (RO)QP—(IE—P(OR)2 + (RO)zP—(IEH—O—PH(OR)Z
V4 z

The best synthesis of the third generation dronic acid, zoledronate involves the reaction of
imidazolylacetic acid and PCl3/P(OH)s in diethyl carbonate (DEC) as shown below.

1.) 75°C/3h
PCl3 (3.2 equiv.) 9 Cl)H 9
e P(OH); (3.1 equiv.) (HO)P—C—P(OH),
//\N/ 2C\OH DEC CI;HZ
N\) 2.)  hydrolysis N
pH adjustment «J
recrystallization N 61%

In turn, the most efficient synthesis of pamidronic acid may be carried out using the above
the P-reagents in a ratio of 3.2:4 in a 1:9 mixture of methanesulfonic acid (MSA) and DEC.

1) 75°C/24h
PCl3 (3.2 equiv.) (I? (I)H (I?
P(OH)3 (4 equiv.) A
MSA-DEC 1:9 (HO)P c|; P(OH),

O
2
H,N(CH H
2N(C 2)2C\OH 2.) 105 °C/4 h/H,0 (EHz)z
2

In another field, acylation of the etoxycarbonylmethylphosphonate led to the mixture of the
mono- and diacyl derivative.

O=P(OEt), 1.) NaH 0=*|°(0Et)z o analodi O=*|°(0Et)z
| THF 0 ad analogiam fe) 0
CH, —— Hc-c¢Z. ————— “Sc-c—cT
& 2.) YC(O)CI LY v LY

0”7 “OEt 0”7 OEt Y =Me, Ph 0”7 OEt
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Synthesis of hydroxymethylenebisphosphonates and their
asymmetric derivatives

Zsuzsanna Szalai, Csilla Sepsey-Fiir, Gyorgy Keglevich
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The Pudovik reaction of o-oxophosphonates and dialkyl phosphites led to
hydroxymethylenebisphosphonates under certain conditions to rearranged products
(Scheme 1.). The reactions was studied under different conditions in the presence of
dialkylamine as the catalyst. The optimal conditions were found by varying the amount of the

catalyst and the temperature.
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Scheme 1.

The Pudovik reaction of diethyl acetylphosphonate and diphenylphosphine oxide led to the
corresponding bisphosphonate, while the reaction of diethyl benzoylphosphonate and

diphenylphosphine oxide gave the rearranged products (Scheme 2.).
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2.) G. Keglevich, A. Griin, I. G. Molnar, I. Greiner; Heteroatom Chem.; 2011; 5; 645.
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