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ABSTRAKT

Uvodni &ast této prace pojednava o chemii organofluorovych slougenin,
zejména jsou zde zpracovany zpusoby piipravy organickych fluorovanych latek
S diirazem na fluoralkylaéni metody. Dale je popsana chemie fluorovanych fosfonatu,
zejména zpusoby piipravy fluorovanych fosfonat, jejich reaktivita a biologicka
aktivita. RovnéZz je zde struéné zminéna reaktivita derivati fluormethanu, predev§im
reaktivita diethyl-fluormalonétu a fluorbisfenylsulfonylmethanu.

Vysledky prace a diskuze popisuji reaktivitu tfi fluorovanych fosfonata:
tetraethyl-fluormethylenbisfosfonatu, diethyl-fluorfenylsulfonylfosfonatu a dosud
nepopsaného diethyl-fluornitromethylfosfonatu. Tyto fluorované fosfonaty mizeme
zatadit do skupiny nukleofilnich monofluoralkylacnich ¢inidel, jsou to tedy vychozi
Vysledky pojednavaji o reaktivité, zejména o alkylacnich reakcich, Hornerovych-
Wadsworthovych-Emmonsovych reakcich a konjugovanych adicich, vySe zminénych
fluorovanych fosfonatli. Byly zkoumany i dalsi syntetické metody jako Mitsunobuova
reakce nebo palladiovymi komplexy katalyzovana allylace, ovSem jejich vyuziti
Vv piipadé vyse uvedenych fluorovanych fosfonatii nebylo prilis Gspésné.

Experimentalni ¢ast pojednava o podrobnych experimentalnich postupech

veetné charakterizace nové piipravenych sloucenin.



ABSTRACT

In the Introduction part of this thesis, the chemistry of organofluorine
compounds is discussed, particularly the methods of preperation of organofluorine
compounds mainly by fluoroalkylation methods. Furthermore, the chemistry of
fluorinated phosphonates, methods of their preparation, reactivity and biological
activity is discussed. Additionaly, the reactivity of fluoromethane derivatives is
briefly mentioned and especially, the reactivity of diethyl fluoromalonate and
fluorobisfenylsulfonylmethane is described.

The Results and discussion part is devoted to the reactivity of three
fluorinated  phosphonates:  tetraethyl ~ fluoromethylenbisphosphonate,  diethyl
fluorophenylsulfonyl-phosphonate and not yet described, diethyl fluoronitromethyl-
phosphonate. These fluorinated phosphonates belong to the family of nucleophilic
monofluoroalkylation reagents, meaning that these compounds are convenient starting
materials for the synthesis of complex organic molecules containing the fluorine atom.
The results deal with the reactivity of above mentioned fluorinated phosphonates,
mainly with alkylation reactions, Horner-Wadsworth-Emmons reactions and
conjugated additions. Also, other synthetic methods such as the Mitsunobu reaction
or palladium catalyzed allylation reaction were investigated nevertheless, these
synthetic methods were not very successful in case of the above mentioned
phosphonates.

In the Experimental section part, detailed experimental procedures

including the characterization of newly synthesized compounds are described.



1 Uvod

Organofluorovd chemie zaziva v posledni dobé velky rozmach a
fluorované latky pronikly do mnoha aspektti nasich kazdodennich zivoti. Jiz svym
postavenim v periodické soustavé naznafuje fluor svoji neobyCejnost a mnoho
fluorovanych organickych latek vykazuje nezvyklé, extrémni a nékdy i neocekavané
chovani a vlastnosti. Velké mnozstvi polymert, kapalnych krystalti a jinych materialti
vdéei za své unikatni vlastnosti pravé obsahu fluoru.® V soucasnosti je znamo pies
3500 piirodnich halogenovanych organickych sloucenin, ale pouze nékolik (pfiblizné
13) obsahuje fluorovy atom.?

Metody piipravy organofluorovych latek mizeme rozdélit do nékolika
skupin. Jedna se zejména o piimou fluoraci, kde jako zdroj fluoru slouzi plynny fluor
(¢asto nafedény inertnim plynem).®> Dale se &asto vyuziva nukleofilni nebo
elektrofilni fluorace. V prvnim ptipadé jako fluoraéni ¢inidla ¢asto slouzi jednoduché
latky poskytujici F~ aniont, v piipadé elektrofilni fluorace se jedna o malé organické
slouceniny, které formalné ptenaSeji ,castici F*“. 'V posledni dobé& ziskavaji na
vyznamu také fluoralkylacni metody. V této problematice se pro pfipravu
fluorovanych organickych latek vyuziva fluorovanych stavebnich blokd, které
nepfenaseji pouze fluorovy atom, ale dochazi k pfenosim celych fluorovanych
fragmenti. Podle forméalniho mechanizmu mtizeme fluoralkylaéni metody rozdélit na
tii skupiny: radikalové, elektrofilni a nukleofilni fluoralkylace.

Chemie organofluorovanych fosfonatii je pomémé novou oblasti vyzkumu,
kterou vyvijel zejména béhem poslednich tii desetileti pfedevsim Blackburn a
spolupracovnici* a dale McKenna a Shen.® Fluorované fosfonaty mohou byt
syntetizovany zejména reakci dialkyl-fosfitovych soli nebo trialkyl-fosfiti
s fluorhalogenuhlovodiky pomoci Arbuzovovy a Michaelis-Beckerovy reakce.®
Monofluorované a difluorované fosfonaty jsou &asto biologicky aktivni latky’, a
podobné jako trifluorované fosfonaty mohou slouzit jako nukleofilni fluoralkyla¢ni

¢inidla.®



2 Cile prace

Hlavnim dkolem tohoto projektu bylo prozkoumat reaktivitu derivati
diethyl-fluormethylfosfonatu a vyuzit tyto latky jako nukleofilni fluoralkyla¢ni
¢inidla. Cilem bylo vyvinout nové syntetické postupy pro piipravu
monofluorovanych organickych molekul vychazejicich z fluorovanych fosfonata jako
je tetraethyl-fluormethylenbisfosfonat (1), diethyl-fluor(fenylsulfonyl)methylfosfonat
(2) nebo diethyl-fluornitromethylfosfonat (3). Tento projekt je soudasti SirSiho
vyzkumu skupiny doktora Beiera, ktery se zabyva chemii fluorovanych fosfonati,
jejich reaktivitou a vyuzitim pro vyvoj novych fluoralkyla¢nich metod.

P(O)(OEt),  OoN

(EtO)(0)P-_P(O)OEY)2  PhO,S P(O)(OEY);
T Y T

F F F
1 2 3

Prvni podprojekt byl zaméfen na tetraethyl-fluormethylenbisfosfonat (1),
ktery by mohl byt vhodnym prekurzorem biologicky aktivnich fluorovanych
bisfosfonovych kyselin.  Zarovefi bylo cilem zjistit syntetickou vyuZitelnost
karbaniontu odvozeného od 1 a mozné dalsi transformace téchto produkti zejména na
a-fluorované fosfonaty.

Druhy podprojekt se zabyval reaktivitou McCarthyho ¢inidla (2) v dosud
neprobadanych syntetickych transformacich. Cilem bylo opét odkryt neprozkoumané
syntetické moznosti karbaniontu odvozeného od 2.

Cilem tfetiho podprojektu bylo vyvinout metodu pro pfipravu zcela nového
fluoralkyla¢niho ¢inidla diethyl-fluornitromethylfosfonatu (3) a vyzkouset reaktivitu
karbaniontu odvozeného od 3 v syntetickych transformacich jako napiiklad

alkyla¢nich reakcich, HWE reakcich nebo konjugované adici.



3 Material a metodika

NMR spektra (*H, **C, °F a *'P) byla mé&fena piistrojem Bruker 400 MHz
(*H pti 400 MHz, ®*C p#i 100 MHz, *°F pti 376 MHz, *'P pti 162 MHz) a Bruker 500
MHz (*H pii 500 MHz, **C pii 125 MHz, “°F pti 470 MHz, *'P pii 202 MHz). Spektra
3C a *'P byla métena s protonovym dekaplingem.

FTIR spektra byla méfena na piistroji NICOLET 6700 v oblasti 3800-400
cm™ pomoci techniky film. Vzorek byl nejprve rozpustén v CHCI; a kapka tohoto
roztoku byla umisténa na povrch sklenénné desticky. Po odpateni rozpoustédla se
vytvotil film, ktery byl nasledné analyzovan.

GC-MS spektra byla ziskana na plynovém chromatografu Agilent 7890A
s pfipojenym 5975C kvadrupdlovym hmotnostnim (EI) detektorem (70 eV).
Chromatograficka separace probihala na piistroji GC-MS skolonou Agilent HP
19091S-433 s 5% methyl fenyl siloxanem (30 m x 250 pum s tloustkou filmu 0.25
um). VSechny vzorky byly analyzovany naslednou GC-MS metodou: objem nastiiku
1 pl (50:1 délici pomér), pratok helia jako nosného plynu 1 ml/min., teplotni profil:
50°C po 2.5 min., poté nartst teploty o 20°C/min. na 300°C a teplota ponechéna po 5
min (celkovy ¢as 20 min.); MS sken za¢inal po 4 minutich analyzy, sken mod: 30-600
amu, 2.58 skenu/s.. Hmotnostni spektra s vysokym rozlienim (HRMS) byla ziskana
na piistroji LTQ Orbitrap XL pomoci ionizace elektrosprejem (ESI) nebo na
plynovém chromatografu Agilent 7890A s piipojenym ortogonalnim pruletovym
hmotnostnim analyzatorem (TOF) Waters GCT Premier pomoci elektronové ionizace
(EI) nebo chemické ionizace (ClI).

Teploty tani byly stanoveny pomoci kapilar Pyrex za pouziti bodotavku
Biocote (katalogové ¢islo SMP10).

Tenkovrstevna chromatografie byla provadéna na destickich DC
Fertigfolien ALUGRAMR Xtra Sil G/UV254. Pro TLC detekci byla vyuZivana UV
lampa pfi 254 nm a roztok KMnO, (3g KMnO,, 20 g K,CO3, 0.25 g NaOH v 400 ml
vody). Pro preparativni sloupcovou chromatografii byl pouzit silikagel 60 (velikost
Castic 40-63 um) od Sigma-Aldrich piiblizné¢ Sedesatindsobek hmotnosti

chromatografované smési.



4 Vysledky a diskuze

Byla vyvinuta nova metodika ptipravy a-alkyl-a-
fluormethylenbisfosfonatt (4) vychazejici z jednoduché vychozi latky 1 a alkyl
halogenidti. Tento postup je provozné velice jednoducha jednostupiova reakce, ktera
se odehrava za mirnych reakénich podminek (laboratorni teplota, slaba baze). Pfima
hydrolyza esterovych fosfonatovych funkci a-alkyl-a-fluormethylenbisfosfonatti (4)
poskytuje dilezité biologicky aktivni a-alkyl-a-fluormethylenbisfosfonové kyseliny
(5). Bylo ukazano, Ze alkoxidy jsou schopné za vysSich teplot umoZziiovat $tépeni
vazby C-P u fluorovanych bisfosfonatii a poskytovat tak z nich a-fluorfosfonaty (6).°
Déle je tetraethyl-fluormethylenbisfosfonat (1) schopny podstupovat konjugované
adice s Michaelovskymi akceptory s terminalnimi dvojnymi nebo trojnymi vazbami
v prostiedi nadbytku slabé baze v dobrych vytézcich (Schéma 1).%°

1. Me3SiBr (6 ekv),
(Et0),2(O)P, g RX@5ekv) (EtO)z(O)P>(R 50°C (HO)Z(O)PXR
] HO),(0)P
(Et0)x(0)P Cs,CO3 52 ekv.) (EtO),(O)P i 2. MeOH, H,0, 25°C (HO)2(0) v
i 4 (57-85%) 5 (92-97%)
(EtO),Mg (10 ekv)  (Et0),(0)P R
EtOH \F(
e 6 (5-62%)
EWG F
A e 2 eonor]
Cs,CO3 (2 ekv.) (EtO)2(0)P EWG
DMF, 25°C 48-90%

Schéma 1 Syntetické transformace tetraethyl-fluormethylenbisfosfonatu (1).

Dale byla uskute¢néna velmi efektivni konjugovana adice diethyl-1-fluor-
1-fenylsulfonylmethylfosfondtu (2) na Michaelovské akceptory za pouziti
katalytického nebo ekvimolarniho mnozstvi uhli¢itanu cesného. Tyto adukty 7 mohou
byt desulfonylovany za pouziti hoi¢iku v methanolu a vznikaji tak o-fluorfosfonaty.
Reakci 2 s chalkony a obdobnymi ketony za pi{tomnosti hydridu sodného vznikaji
neocekavané produkty y-fluor-y-fenylsulfonylenol fosfaty (8), které mohou byt
hydrolyzovany na y-fluor-y-fenylsulfonyl ketony (9) (Schéma 2).**



EWG EWG

PhO,S
. / nebo (EtO),(O)P, F
(E10)(0)P Cs,CO3, MeCN, 25°C PhO,S™ ~7" EWG
2 7 (48-95%)
Q R OP(O)(OEY
2
PhO,S. F
RMPh F _— HCI 2 o
L= = Ph —
NaH, THF S0,Ph H20,70°C  ppy Ph
0°C az 25°C, 1h
8 (68-72%) 9 75%

Schéma 2 Reaktivita 2 s Michaelovskymi akceptory.

Byla vyvinuta metodika pro ptipravu dosud nepopsaného diethyl-
fluornitromethylfosfonatu (3). Tato latka zejména v bazickém prosttedi snadno
podléha rozkladu, ale presto byla vyuzita pro Hornerovy-Wadsworthovy-Emmonsovy
reakce s aldehydy a trifluormethylketony za vzinku novych 1-fluor-1-nitroalkeni (10).
Fosfonat 3 byl téz usp&$né uplatnén v konjugovanych adicich s Michaelovskymi
akceptory (Schéma 3). Zejména bylo piekvapivé, ze fosfonat 3 reagoval v bazickém
prostiedi diisopropyl aminu i s B-substituovanymi Michaelovskymi akceptory, jako

napfiklad s B-nitrostyrenem.

(0]

R2
0,N___P(O)(OEY),
h - R RVR(NOZ
F baze (1.5 ekv.) r
3 THF, -78°Caz 0°C, 20 1 (53.810%)
EWG o
RI X |_OEt
EWG B
— OEt
i-ProNH, THF, F NO,
-30°C a2 25°C 1607
- 0

Schéma 3 Usp&iné syntetické transformace diethyl-fluornitromethylfosfonatu (3).



5 Zavéry

Vramci disertaéni prace byla studovana reaktivita tetraethyl-
fluormethylenbisfosfonatu (1), diethyl-fluor(fenylsulfonyl)methylfosfonatu (2) a nové
ptipraveného diethyl-fluornitromethylfosfonatu (3).

V ptipadé bisfosfonatu 1 byla spéSné vyvinuta syntéza alkylovanych
derivati alkylaéni reakci nebo konjugovanou adici. Alkylované derivaty 4 byly
podrobeny hydrolyze na bisfosfonové kyseliny, které maji vyznam jako biologicky
aktivni latky.  Alkylované derivaty 4 téz mohou za vyssi teploty podléhat
defosfonylaéni reakci pomoci alkoxidii a daji se tak pfipravit o-fluorfosfonaty (6).

Fosfonat 2 je znamy fluormethylenovy synthon, ale nebyla u n&j dosud
studovana konjugovana adice na Michaelovské akceptory. Bylo zjisténo, ze
konjugovand adice probihd snejrizn&$imi substraty s aktivovanymi dvojnymi
vazbami v nékterych piipadech pouze s katalytickym mnoZstvim baze. Neékteré
Michaelovské akceptory (chalkony) ovSem poskytovaly s 2 zcela neocekavané
produkty y-fluor-y-fenylsulfonylenol fosfaty (8).

Dale byla vyvinuta metodika pro pfipravu dosud nepopsaného diethyl-
fluornitromethylfosfonatu (3). Tato latka poskytuje s aldehydy v bazickém prostiedi
produkty Hornerovy-Wadsworthovy-Emmonsovy reakce, které mohou nalézt
uplatnéni v medicindlni chemii jako biologicky aktivni latky. Byla téz studovana
konjugovana adice 3 na Michaelovské akceptory. Reakce probihaly uspé&sné a to i

Vv piipadé B-substituovanych Michaelovskych akceptor.
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1 Introduction

The field of fluoroorganic chemistry has grown enormously in recent years,
and fluorochemicals have permeated nearly every aspect of our daily lives. The
unique position of fluorine in the periodic system indicates unusual properties of the
element and many fluorinated organic compounds exhibit extreme and sometimes
unexpected behavior. A large number of polymers, liquid crystals, and other
advanced materials owe their unique property profile to the presence of fluorinated
moieties. * Although more than 3500 naturally occurring organohalogens are known,
only relatively few (approximately 13) contain the fluorine atom.?

Methods for preparation of fluoroorganics can be divided into several
groups. One of the great importance is the direct fluorination. In this case, gaseous
fluorine (often diluted by inert gas) serves as a fluorine source.® Furthermore,
nucleophilic or electrophilic fluorination is often utilized. In the first case, simple
molecules providing F~ anion serve as fluorination reagents. In the case of
electrophilic fluorination, small organic molecules formally transferring ,,F* are
employed. Recently, the importance of fluoroalkylation methodologies has grown. In
this area, fluorinated building blocks are utilized for the preparation of fluorinated
organic compounds. Fluoroalkylation methods can be divided into three sections
according to the formal mechanism of the transfer: radical, electrophilic and
nucleophilic fluoroalkylation.

Organo-fluorinated phosphonate chemistry is relatively new area of
research, which has been developed tremendously during the past three decades
mainly by Blackburn and co-workers® and further by McKenna and Shen.®
Fluorinated phosphonates can be synthesized mainly from dialkyl phosphite or trialkyl
phosphite in the reaction with fluorohaloalkanes via Arbuzov and Michaelis-Becker
reactions.® Monofluorinated and difluorinated phosphonates often exhibit interesting
biological activities” and similarly to trifluorinated phsophonates can serve as

nucleophilic fluoroalkylation reagents.
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2 Aims of the study

The key objective of this project was to eplore the reactivity of diethyl-
fluoromethylphosphonates derivatives and employ these compounds as nucleophilic
fluoroalkylation reagents. The aim was to develop new synthetic procedures towards
monofluoroorganics starting from fluorinated phosphonates such as tetraethyl
fluoromethylenebisphosphonate ), diethyl fluoro(phenylsulfonyl)methyl-
phosphonate (2) or diethyl-fluoronitromethylphosphonate (3). This project is a part of
Dr. Beier research plan which is focused on fluorinated phosphonates, their reactivity
and utilization in new fluoralkylations.

(EtO)z(O)PYP(O)(OEt)z PhOZSYP(O)(OEt)z OZNYP(O)(OEt)g

F F F
1 2 3

The first project was aimed at tetraethyl fluoromethylenebisphosphonate
(1) which could serve as a useful starting material for the preparation of biologically
active fluorinated bisphosphonic acids. It was also of interest to explore the synthetic
utility of 1 derived carbanion and possibly further transformation of these products
mainly to a-fluorinated phosphonates.

The second project dealt with McCarthys reagent (2) reactivity in so far
unexplored synthetic transformations. The objective was again to uncover synthetic
utility of the carbanion derived from 2.

The aim of the third project was to develop a methodology for the
preparation of diethyl-fluoronitromethylphosphonate (3). This compound has not yet
been described in the literature and its employment in the synthetic transformations
like in alkylation reactions, HWE reactions or conjugated additions was the objective

of this project.
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3 Material and methods

Nuclear magnetic resonance spectra (*H, **C, °F, and *'P) were measured
on a Bruker 400 MHz instrument (*H at 400 MHz, **C at 100 MHz, *F at 376 MHz,
*1p at 162 MHz) or 500 MHz instrument (*H at 500 MHz, **C at 125 MHz, *°F at 470
MHz, *P at 202 MHz). **C and *'P NMR spectra were proton decoupled.

For Fourier transform infra-red spectra, the film technique was used and
recorded in the range of 3800-400 cm™ on NICOLET 6700 instrument. The sample
was first dissolved in CHCl;. A drop of this solution was deposited on surface of
glass cell. The solution was then evaporated to dryness and the film formed on the
cell was analyzed directly.

GC-MS spectra were recorded on a Agilent 7890A gas chromatograph
coupled with a 5975C quadrupole mass-selective electron impact (El) detector (70
eV). Chromatographic separation was performed using an Agilent HP 19091S-433
5% methyl phenyl siloxane (30 m x 250 um with a film thickness of 0.25 um)
column. All compounds were measured by using the following GC-MS method: 1 ul
injection volume (50:1 split ratio), 1 ml/min flow of helium as a carrier gas,
temperature profile: 50 °C, hold for 2.5 min, then at 20 °C/min to 300 °C hold for 5
min (total time 20 min); solvent delay 4 min; MS scan mode 30-600 amu, 2.58 scan/s.
High resolution mass spectra (HRMS) were recorded on a LTQ Orbitrap XL
instrument using electrospray ionization (ESI) or on gas chromatograph Agilent
7890A coupled with orthogonal acceleration time of flight detector (TOF) Waters
GCT Premier using electron impact ionization (EI) or chemical ionization (Cl).

Melting points were determined in Pyrex capillaries using Biocote (Cat No.
SMP10) heater instrument.

Thin layer chromatography (TLC) was performed using DC-Fertigfolien
ALUGRAMF Xtra Sil G/UV254 and TLC plates were visualized with ultraviolet light
(254 nm) and/or KMnO, staining solution (3 g KMnOy, 20 g K,COs3, 0.25 g NaOH in
400 ml of water). Purifications of products were performed by flash chromatography

using silica gel 60 (40-63 um particle size) from Sigma Aldrich.
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4 Results and discussion

A new route to a-alkyl-o-fluoromethylenebisphosphonates (4) has been
developed starting from 1, and alkyl halides using cesium carbonate in DMF. This
protocol is operationally very simple one-step reaction, which takes place at ambient
temperature and under mild reaction conditions. Straightforward deesterification of 4
provides important biologically active a-alkyl-a-fluoromethylenebisphosphonic acids
(5). Alkoxide induced carbon-phosphorus bond cleavage of 4 provides a way to a-
fluorophosphonates (6).° Further, tetraethyl fluoromethylenebisphosphonate (1) can
undergo conjugated additions with Michael acceptors with terminal double or triple

bonds in the presence of excess of a weak base in good yields (Scheme 1).°

. 1. Me3SiBr (6
(Et0),(O)P, . _RX (1.5 equiv) (EtO)z(O)P>rR equiv), 50°C (:8)2(8)i>fR
(Et0)(0)P C52C0s (EOROP [ T2 MeoH, H,0, 25°¢ HO2OP L
(2 equiv.) .
1 |owmF 25°C 4 (57-85%) 5 (92-97%)
|(BtO)2Mg (10 equly) (Et0),(0)P. R
EtOH \F(
EWG 6 (5-62%)
EWG F
// o = (EtO)z(O)PM
“EWG

Cs,COs (2 equiv.) (Et0)2(0)P

DMF, 25°C 48-90%

Scheme 1 Synthetic transformations of tetraethyl-fluoromethylenebisphosphonate (1).

Furthermore, very effective conjugated addition of diethyl 1-fluoro-1-
phenylsulfonylmethylphosphonate (2) to Michael acceptors was carried out. In some
cases, this reaction was triggered by catalytic amounts of cesium carbonate, in other
cases equimolar amounts of cesium carbonate were necessary to achieve good results.
The products of conjugated addition (7) can be desulfonylated utilizing magnesium in
methanol to produce a-fluorophosphonates. The reaction of 2 with chalcones and
related ketones in the presence of sodium hydride results in unexpected products - y-
fluoro-y-phenylsulfonylenol phosphates (8). These compounds can be further

hydrolyzed to y-fluoro-y-phenylsulfonyl ketones (9) (Scheme 2)."*
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PhO,S
2 . / o = (EtO),(0O)P, F

>

»
(Et0)(O)P Cs,CO3, MeCN, 25°C PhO,S™ =7 EWG
2 7 (48-95%)
MOK R OP(O)(OEY)
2
S PhO,S._ _F
R PhF HCl o
— /\Ph Py —
NaH, THF SO,Ph H,0, 70°C Ph Ph
0°C to 25°C, 1h
8 (68-72%) 9 75%

Scheme 2 Reactivity of 2 with Michael acceptors.

Also, a methodology for preparation of a not yet described compound
diethyl fluoronitromethylphosphonate (3) was developed. This compound
decomposes in basic conditions; however, it was employed in preparation of 1-fluoro-
1-nitroalkenes (10) by Horner-Wadsworth-Emmons reaction with aldehydes and
trifluoromethylketones.  Phosphonate 3 also successfully underwent conjugated
addition with Michael acceptors (Scheme 3). Particularly interesting was a finding
that in basic conditions of diisopropyl amine, phosphonate 3 reacts even with -

substituted Michael acceptors like with 3-nitrostyrene.

(e}

R2
0O,N_ _P(O)(OEt),
Y - R R2 Rl/\(NOZ
F base (1.5 equiv) F
3 THF, -78°C100°C, 2h 14 (53.819%)
3
R3 N EWG © okt
EWG Bl
— OEt
i-Pr,NH, THF, F NO,
-30°C to 25°C
46-97%

Schéma 3 Successful synthetic transformations of 3.
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5 Conclusions

Reactivity of tetraethyl fluoromethylenebisphosphonate (1), diethyl
fluorophenylsulfonylmethylphosphonate  (2) and newly prepared diethyl
fluoronitromethylphosphonate (3) was studied.

In the case of bisphosphonate 1, the synthesis of alkylated derivatives was
successfully developed by alkylation reaction or by conjugated addition. Alkylated
derivatives 4 underwent hydrolysis to bisphosphonic acids which can find an
application as biologically active compounds. Alkylated derivatives 4 can be
subjected to alkoxide induced dephosphonylation reaction and o-fluorophosphonates
(6) can be prepared.

Phosphonate 2, already reported as fluoromethylene synthon, has not yet
been studied as a nucleophile in conjugated additions. However, conjugated addition
of 2 proceeds with various substrates with activated double bonds in some cases with
catalytic ammounts of base. Nevertheless, some Michael acceptors (chalcones) with
phosphonate 2 provided unexpected products y-fluoro-y-phenylsulfonylenol
phosphates (8).

Furthermore, methodology for preparation of diethyl
fluoronitromethylphosphonate (3) has been developed. This compound can be
employed in Horner-Wadsworth-Emmons reaction with aldehydes in basic conditions.
These products of HWE reaction can find an application in medicinal chemistry as
biologically active substances. Finally, conjugated addition of 3 to Michael acceptors
was studied. Reactions proceeded successfully even in the case of B-substituted

Michael acceptors.
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