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PHOSPHONATES SYNTHONS FOR THE SYNTHESIS OF
PHOSPHONATES DERIVATIVES SHOWING BETTER
BIOAVAILABILITY

Provided herein are synthons useful for the synthesis of phosphonates compounds or
derivatives showing better bioavailability, processes for their preparation and their use 1n the
synthesis of phosphonates compounds or derivatives showing better bioavailability.

Several biologically active molecules are bearing a phosphonate moiety. As for
instance, certain aryl-substituted ketophosphonates have been reported to have bone anabolic
activity (see, ¢.g., WO 2004/026245) or to function as thyroid receptor ligands (see, €.g., US
2006/0046980), meanwhile bisphosphonic acids (also known as diphosphonic acids) and their
salts arc a class of compounds that arc cytotoxic to ostcoclasts and act to prevent bone
resorption; when conjugated with alkylating moieties, bis-phosphonates have been reported to
have antitumor activity (see, ¢.g., WO 9843987). The pyrazolopyrimidine and pyrimidinyl
bisphosphonic esters are anti-inflammatory agents (see, ¢.g., US 5397774), mecanwhile
macrocyclic phosphonates and amidophosphates have been reported to inhibit HCV (see,
c.g., WO 2008096002); several phosphonate analogs of HIV protecase inhibitors have an
improved cellular accumulation properties (see, €.g., WO 2003090690), some heteroaromatic
phosphonates were tested for a variety of biological activities including inhibition of fructose
1,6-bisphosphatase (FBPase¢) and activity toward AMP binding enzymes, such as adenosine
kinase, and are useful in the treatment of diabetes and other disecases where inhibition of
gluconcogenesis, control of blood glucose levels, reduction 1n glycogen storage, or reduction
in msulin levels 1s beneficial (see, ¢.g., US 1998-135504P); dihydropyridine-5-phosphonate
dertvatives are effective Ca antagonists  (see, e¢.g., JP 60069089); some pyrimidyl
phosphonates act as brain performance disturbance and depression treatment agents (see, €.g.,
DE 1993-4343599); some phosphonates with alkenes derivatives are known as antibacterial
(DE 18 05677 Al) and antibiotics (DE 20 02 807);, Other compounds, such as nucleoside
derivatives or analogs, are active agents that are administered 1n non-phosphorylated form,
but are phosphorylated 1n vivo 1n the form of metabolic monophosphate or triphosphate to
become active. Thus, nucleoside derivatives having antitumor activity, such as 5-
fluorouridine, 5-fluoro-2'-deoxyuridine or antiviral activity (in the treatment of AIDS,
hepatitis B or C), such as 2’°,3’-dideoxynucleosides, acyclonucleoside phosphonates, exert

therr activity 1n phosphorylated form as phosphate or phosphonates analogs.
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Compounds bearing a phosphonate group have a negatively charged 1onic nature at
physiological pH. The therapeutic activity of such compounds 1s consequently limited, on
account of the low diffusion of negatively charged compounds across biological lipid
membranes. In particular, charged compounds do not diffuse efficiently across cell
membranes, or mdeed across the cerebral barrier, which are lipidic 1n nature. Thus, one¢
solution to drug delivery and/or bioavailability 1ssues in pharmaceutical development 1s
converting known phosphonate drugs to phosphonate prodrugs. Typically, in a phosphonate
prodrug, the polar functional group 1s masked by a pro-moiety, which 1s labile under
physiological conditions. Accordingly, prodrugs are usually transported through hydrophobic
biological barriers such as membranes and typically possess superior physicochemical
propertics 1n comparison to the parent drug. For mstance, in the nucleoside domain, numerous
studies showed the mmportance of having monophosphates or phosphonates of said
nucleosides 1n order to present a better bioavailability (pro-nucleosides). Several compounds
without any biological activity became also active when converted to monophosphate or
phosphonate derivatives (Somogy1 Gabor et al. « Targeted drug delivery to the brain via
phosphonates derivatives », 1JP 166, 2008, p.15-26 and Gong-Xin et al : « Chapter 3.6.
Prodrugs of Phosphonates, Phosphinates and Phosphates », Prodrugs Challenges and Reward
Partl.Springer New York, US, vol.5.1, 2007,p. 923-964).

Generally, most of the methods, which are use for introducing a biolabile moiety
onto a phosphonate group, comprise several steps (€.g., deprotection of a dimethyl, diethyl or
dusopropyl phosphonate under harsh conditions, its activation and 1ts substitution by a
biolabile group), poor yields, purification on reverse phase column and structural restrictions
to the use of the synthons.

Thus, the present invention satisfies these and other needs by providing synthons
useful for the synthesis of phosphonates derivatives showing better bioavailability, processes
for their preparation and their use 1n the synthesis of phosphonates derivatives showing better
bioavailability. The inventors discovered new processes for synthesizing phosphonate
synthons bearing a biolabile moiety which can be used to (a) either transform a said
compound into 1ts phosphonate analogue, (2) to synthesize a phosphonate compound. They
prepared several phosphonates derivatives which bear independently of cach other either (a)
an ester function or analogous, said function being optionally bio-labile, and/or lipidic chain,
(b) an unsaturated (alkene, alyne, allene) function or analogous (¢) a nucleofuge or (d) a
hydrogen atom or (¢) a methyl group directly linked to a phosphate group. Use of such

derivatives m (a) olefin cross metathesis route, (b) nucleophilic substitution reaction (¢)
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dipolar [1,3]-cycloaddition, (d) amination, (¢) ring-opening, (f) addition of carbonyl and
analogues, (g) organometallic cross-coupling, especially catalyzed by Pd(0), for instance,
permit to convert a compound mto 1ts phosphonate diester, unsymmetrical diester, or
monoecster said phosphonate presenting a better bioavailability. The synthons according to the
invention show several advantages: convergent synthesis on high scale, easy purification, and
casy transformation of product with a better bioavailability.

Thus an object of the instant invention 1s a compound of formula (I)

O
[l _R'

X Y
wherein

R represents

* a group of formula (1)

1\____ :

Ve (1)

P

(H)

wherein R; represents H, a straight or branched (C;-Cg)alkyl group or a
-(CHy)m —R, group with R, selected from the group comprising Hydrogen,
halogen, OH, N3, NH;, epoxy groups, leaving groups and carbonyl groups

and m 18 an integer from 0 to 35,

—===  represents a double or a triple bond,

p being equal to 0 when — ---- 1s a triple bond and equal to 1 when

---_ 1S a double bond or,
* R =R, with R; selected from the group comprising hydrogen, halogen, OH,
Ns, NH,, epoxy groups and analogs, leaving groups (sulfonates, halogens, ...), leaving groups
involved mto a transmetalation step catalyzed by Pd(0), and carbonyl groups,
n 1s an iteger from 0 to 5
X and Y 1ndependently of each other represent hydrogen, halogen, a straight or

branched (C;-Cg)alkyl group or an hydroxymethyl group, and
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R’ and R’’ independently of each other
* represent a group selected from the group comprising

- an oxymethylcarbonyl group of formula (2)

R R,' O

N

——O0 O R,

(2)
wherein
R, and R’; are independently of each other hydrogen or (C;-Cy)alkyl
group and
R’; 1s a straight or branched (C;-Ce)alkyl group or straight or branched
(C-Co)alkoxy group

with the proviso that when R 18 cis-propenyl >/, n=0 and
R’2 1s methyl, then R1 and R’1 are not simultancously hydrogen,
- a thioethylcarbonyl group of formula (3)

O
_E_O\/\S/U\R3
(3)

wherein

R3 18 a straight or branched (C;-Cg)alkyl group

- a lipohilic chain selected 1n the group comprising , but not limited to,
hexadecyloxypropyl (HDP)-, octadecyloxyethyl-, oleyloxypropyl-, and
oleyloxyethyl-esters) with the proviso that when n=0 then R 1s not the cis-

/ —_—
propenyl >/ , Of

* R> and R’ form with the phosphate atom to which they are linked a

cycloalkyle group of formula (4)
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R
O LR
Y/ R
\O R.
(4)

wherein R4, Rs, Rg, ¢t Ry each mdependently represent a straight or branched
(C-Ce)alkyl or aryl group or R4, and Ry independently represent a straight or
branched (C,-Ce)alkyl or aryl group or Rs and R¢ form together an aromatic

5 ring, said aromatic ring being optionally substituted for example by a chloride
atom

with the proviso that
O

O
/ & O
0O P —O—CH, —0—‘L
u-t

10
O 0
. |
P—O— —
O Mo | CH, O o
EA 0—H,C—O u-t
u-t
O O/\OAC
/ \—P\
Me // O/\OAC
O
15 arec excluded.

In an advantageous embodiment of the invention, the compounds are those of

formula

20
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corresponding to a compound of formula (I) wherem

R R
1\ : 1S a group 1\

/ :
(H)

P

10

with R; 1s as defined before.

In another advantageous embodiment of the invention the compounds are those of

formula

15 O
| _R'

Rz\wa<R" (I-2)
X Y

corresponding to a compound of formula (I) wherein R 1s equal to R, as defined above.

20 More advantageously, the compounds are selected from the group comprising
O
#~pOPOM \/\('I?),OPOM
O
/\[“):OPOC \/\Q,OPOC
OPOC P\OPOC
O O O O
g _OPOM p _0OPOC | _OHDP | _OHDP
T — —P —P
~“OPOM ~OPOC “OMe “OBn
O O O
/\/\\Il/OPOM HO\/\/\S/OPOM Br\/\/\\ll/OPOM
~OPOM ~OPOM ~OPOM

or from the group comprising

O . .. . .
O O i_QO-lipophilic chain
i _OPOC n_OPOM TfO.__P<
TvaP..OPOC TvaP\OPOM OPOM/POC

25
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The compounds according to the invention may be prepared by any methods known

from the one skilled in the art.

Another object of the invention i1s a process for making lipophilic pro-drugs
comprising the step of contacting a drug D with a compound of formula (I) according to the

1nvention.

In an advantageous embodiment of the invention, said process 18 an olefin-metathesis
reaction comprising the step of contacting at Ieast one compound of formula (I), with a drug

D which bears an olefin group as shown 1n the following scheme

O
DRUG D IIL-'R' Ru or Mo catalyst DRUG D

R" CH,Cl, k’rﬂ\,\ﬂ .
\ !
P{

In an advantageous embodiment of the invention, said process 18 the step of
contacting at least one compound according to anyone of claims 2, 4 and 5 with a drug D
which bears a leaving group such as halogen, T1O, sulfones ...

In a more advantageous embodiment of the imnvention said process 1s a process for

making a compound of formula (II-1)

wherein
D 1s a drug which bears an olefin group,
A 18 a (C;-Cg)alkenyl group comprising one or more double bonds,
R’ and R” independently of each other
* represent a group selected from the group comprising

- an oxymethylcarbonyl group of formula (2)
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wherein

R, and R’; are independently of ecach other hydrogen or (C;-Cy)alkyl
group and

R’, 1s a straight or branched (C;-Ce)alkyl group or straight or branched
(C-Co)alkoxy group

- a thioethylcarbonyl group of formula (3)

O
(3)

wherein
R3 18 a straight or branched (C;-C¢)alkyl group
- a lipohilic cham or

* R’ and R’ forms with the phosphate atom to which they are linked a
cycloalkyle group of formula (4)

O LR
Y/ R
\O R.

(4)

wherein R4, Rs, Rg, ¢t Ry each independently represent a straight or branched
(C-Ce)alkyl or aryl group or R4, and Ry independently represent a straight or
branched (C;-Ce)alkyl or aryl group or Rs and R¢ form together an aromatic

ring, sald aromatic ring being optionally substituted for example by a chloride

atom
comprising the steps of:

a) providing a compound of formula (5)

D—A (5
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wherein A 18 a (C;-Cg)alkenyl group comprising one or more double bonds

b) reacting the compound of formula (5) with a compound of formula (I-1)

O

'
1 _R
~

RIW{P R" (I'l)

X Y

wherein R’, R”, Ry, n, X and Y are as defined 1 claim 2 to yield a compound of

formula (1I-1) and

¢) 1solating the compound of formula (II-1).

In an advantageous embodiment of the invention the process 1s a process for making

a compound of formula (11-2)

I
NoRC, @)
wherein
m=0ou I
D 1s a drug,

R’ and R” independently of each other

* represent a group selected from the group comprising

- an oxymethylcarbonyl group of formula (2)

R R,' O

N

——O0 O R’

| 2

(2)
wherein
R, and R’; are independently of each other hydrogen or (C;-Cy)alkyl
group and
R’; 1s a straight or branched (C;-Ce)alkyl group or straight or branched
(C-Co)alkoxy group
- a thioethylcarbonyl group of formula (3)
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wherein

R3 1s a straight or branched (C;-Cg)alkyl group

- a lipohilic cham or
* R’ and R’ forms with the phosphate atom to which they are linked a
cycloalkyle group of formula (4)

R4
o—k
4 Rg
\O R.

(4)

wherein R4, Rs, Rg, ¢t Ry each mdependently represent a straight or branched
(C-Ce)alkyl or aryl group or R4, and Ry independently represent a straight or
branched (C;-Ce)alkyl or aryl group or Rs and R¢ form together an aromatic
ring, said aromatic ring being optionally substituted for example by a chloride
atom comprising the steps of:
d) providing a compound of formula (6)
D—OH (6)
¢) reacting in a nucleophilic substitution reaction the compound of formula (6)

with a compound of formula (I-2)

wherein R’, R”, Ry, n, X and Y are as defined m claim 3 to yield a compound of
formula (1I-2) and
f) 1solating the compound of formula (II-2).
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When D 1s a phosphonate derivative, the synthon according to the invention will be
introduced by any reaction known from the one skilled in the art, for example by Diels and
Alder reaction, Arbuzov reaction, olefin metathesis, nucleophilic substitution

In another embodiment according to the mvention, the prodrugs may be prepared by

a Mitsunobu reaction of an alcohol according to the following scheme.

~ ™\ ~ "N
O :
DRUG D 1 _R Mitsunobu DRUG D
. w, + O N P\R - — i,
conditions O
N 1
u :

wherein R’ and R”are as disclosed above

According to the invention, halogen stands for fluorine, chlorine, bromine and
iod1ine.

The term straight or branched (C;-Ce)alkyl group stands for a straight-chain or
branched hydrocarbon residue containing 1-6 C-atoms, such as, methyl, ethyl, propyl,
isopropyl, n-butyl, 1sobutyl, t-butyl, n-hexyl.

The term (C,-Cg)alkoxy group stands for alkyl-O-with alkyl as defined above, ¢. g.
methoxy, ethoxy, n-propoxy, 1so-propoxy, n-butoxy, isobutoxy, t-butoxy and hexoxy.

The term straight or branched (C,-Cg)alkenyl groups stands for straight-chain or
branched hydrocarbon residue containing one or more olefinic bonds and up to 6, preferably
up to 4 C-atoms. Olefin and olefine may also be used to design an alkenyl group.

The term lipophilic chain or long-chain refers to the cyclic, branched or straight
chain chemical groups that when covalently linked to a phosphonic acid to form a
phosphonate ester increase oral bioavailability and enhance activity as for instance for some
nucleoside phosphonates when compared with the parent nucleoside. These lipophilic groups
include, but are not lmmited to aryl, alkyl, alkoxyalkyl, and alkylglyceryl (such as
hexadecyloxypropyl (HDP)-, octadecyloxyethyl-, oleyloxypropyl-, and oleyloxyethyl-esters).

The term aromatic ring stands for, but i1s not limited to aryl, ¢.g. phenyl, benzyl,
naphtyl or indanyl, said aryl group bemng optionally substituted.

The term leaving groups 1s an 10on (metal) or substituent with the ability to detach
itself from a molecule ¢.g. halogen, sulfonyl group for example p-toluensulfonyloxy group
and the like.

The term carbonyl group stands for a group composed of a carbon atom double-

bonded to an oxygen atom: C=0 ¢.g. formyl, acetyl, propionyl, butyryl and the like.
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D 1s selected from a compound having a biological activity such as but not limited to
neurotransmitters, stimulants, dopaminergic agents, tranquilizers, antidepressants, narcotic
analgesics, narcotic antagonists, sedatives, hypnotics, anesthetics,
antiepileptics/anticonvulsants, hormones such as the male and female sex hormones, peptides,
anti-inflammatory steroids, non-steroidal anti-inflammatory agents/non-narcotic analgesics,
memory enhancers, antibacterials/antibiotics, antincoplastics (anticancer/antitumor agents)
and antiviral agents.

POM states for pivaloyl oxymethyl and POC states for isopropyloxymethylcarbonate.
Molecules bearing bis-POM and/or bisPOC are directly usable to be biologically tested.
Molecules bearing a HDP group should be first deprotected before being tested.

Another object of the invention 1s the use of compounds according to the invention
as intermediates 1n the synthesis of phosphonates derivatives useful as pro-drugs.

Another object of the invention are compounds of formula

4 N
DRUG D
. /
O '

R"
for their use as drugs, in particular the compounds of examples 16 to 48 .

Still another object of the invention 1s a method of treating a discase comprising the

administration to a patient in need thercof of a compound of formula

- ~
DRUG D
- .
O '
\,H*N\lfl/R

N\

R"

Another object of the mmvention 1s a method of making phosphonates derivatives
useful as pro-drugs comprising a step mnvolving the compounds according to the invention as
intermediates.

Thus with the synthons according to the invention, it 1S possible to synthesize bis-

POM/POC acyclonucleosides phosphonates prodrugs by direct Cross Metathesis of allyl bis-
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POM/POC allylphosphonates, on free nucleosides. They permit to mtroduce 1n a same step
the phosphorus and the POM/POC prodrug part.
The following figures and examples are provided for 1illustrative purposes.
Examples 1 tol5 1llustrate the synthesis of the synthons according to the invention.
Examples 16 to 48 1llustrate the synthesis of prodrugs from said synthons.
Figure 1 presents the Log D 1.e. the logarithm of the water/octanol partition ratio at

pH=7.4 as measured according to example 49.

Example 1: General procedures
1.1. Introduction of lipophilic chain on dialkyl alkylphosphonate

To a dichloromethane (DCM) (SmL/mmol) solution of dialkyl allylphosphonate (1
¢q.) was added oxalyl chloride (3 eq.), and gently reflux for 24h under positive pressure of
dry argon. This solution was evaporated under reduced pressure and diluted in DCM
(SmL/mmol). Lipophilic alcohol (1.05 ¢q.) and dry triethylamine (1.5 eq.) were then added
and the solution was refluxed for 48h under positive pressure of dry argon. Volatiles were
cvaporated and the residue purified by chromatography on silica gel to give the corresponding

alkyl/lipophilic chain alkylphosphonate.

1.2. Conversion of dimethyl alkylphosphonate into Bis-(POM) or Bis-(POC)

form.

To an acetonitrile ACN (1 mL/mmol) solution of dimethyl alkylphosphonate (1 eq.)
and anhydrous sodium 1odide (2 eq.), was added chloromethyl pivalate POMCI (2.5 eq.) or
chloromethyl 1sopropyl carbonate (2.5 eq.). This solution was stirred at reflux for 48h under
positive pressure of dry argon. After cooling, dicthyl ether was added (10 mL/mmol) and the
solution was washed with water (2mL/mmol). The organic layer was dried on magnesium

sulfate, evaporated and purified by chromatography on silica gel to give the corresponding

Bis-(POM) or Bis-(POC) alkylphosphonate.

1.3. Conversion of methyl/prodrug group alkylphosphonate into mixt POM or
POC/prodrug group alkylphosphonate
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To an ACN (1 mL/mmol) solution of methyl/prodrug group alkylphosphonate (1
¢q.) and anhydrous sodium 1odide (1 eq.), was added chloromethyl pivalate POMCI (1.5 eq.)
or chloromethyl 1sopropyl carbonate (1.5 eq.). This solution was stirred at reflux for 48h
under positive pressure of dry argon. After cooling, dicthyl ether was added (10 mL/mmol)
and the solution was washed by water (ZmL/mmol). The organic layer was dried on

magnesium sulfate, evaporated and purified by chromatography on silica gel to give

corresponding Bis-(POM) or Bis-(POC) alkylphosphonate.

1.4. Conversion of dialkyl H-phosphonate into alkyl/lipophilic chain H-
phosphonate.

To a tetrahydrofuran (THF) (1 mL/mmol) solution of 1,3-bis(cyclcohexyl)
imidazolium tetrafluoroborate (IcyHBF,) salt (0.05 e¢q.) and molecular sieves (0.5g/mmol),
under argon, 18 added tBuOK (0.9 eq.) and stirred for 10 min. Lipophilic alcohol (1 eq.) and
dialkyl H-phosphonate (2 ¢q.) are added and the reaction stirred at room temperature for 24h.
The reaction 1s quenched with a saturated solution of ammonium chloride (5 mL/mmol) and
filtrate on celite. Ethylacetate (AcOEt) (10 mL/mmol) 1s added to the solution then the
organic and aqueous layers are separated. Aqueous phase 1s then extracted with AcOEt (10
mL/mmol) and the combimated organic layers are evaporated under vaccum. The
corresponding alkyl/lipophilic chain H-phosphonate 1s finally purified by chromatography on

silica gel.

Example 2 : Synthesis of Bn/HDP H-phosphonate

2 —
H—ﬁ<0/\<\ />
O O 1s
N : Y,

Compound 1 18 synthesized according to procedure 1.4. from dibenzylphosphite as

reported by the scheme 1.
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Van R N N =
0 o7\ /> tBuOK 0 N />
H—‘Il/ IcyHBF, salt, Ms 4A | O
h o H—P\ o |
O\ / o THF, 24h atr.t. OWOM
N7 1

Scheme 1

5 'HNMR (400 MHz, CDCL) & = 7.74 (s, 0.5H, H-P), 7.41-7.33 (m, 5H, Ha,), 5.99 (s, 0.5H,
H-P), 5.11 (d, J = 9.5 Hz, 3H, OCH5), 4.20-4.07 (m, 2H, P-O-CH,-CH,-CH,-0), 3.46 (t, J =
6.1Hz, 2H, P-O-CH,-CH,-CH,-0), 3.37 (t, J = 6.7 Hz, 2H, O-CH,-CH,-(CH;)3-CH3), 1.90 (
p, J = 6.2 Hz, 2H, P-O-CH,-CH,-CH;-0), 1.53 (p, J = 6.9 Hz, 2H, O-CH,-CH,-(CH,):3-
CHs), 1.35-1.19 (m, 26H, O-CH,-CH,-(CH>);3-CH3), 0.87 (t, J = 6.4 Hz, 3H, O-CH,-CH,-

10  (CHjy)13-CH53).
>C NMR (100 MHz, CDClL) & = 136.6, 128.7, 128.6, 127.9, 126.9 (Ca,), 71.2 (O-CH,-CH,-
(CH,)13-CH3), 67.2 (2C, CH,-Ph), 66.3 (P-O-CH,-CH,-CH,-0), 63.1, 63.0 (P-O-CH,-CH,-
CH,-0), 31.9, 30.6 (2C), 29.7, 29.6 (2C), 29.5, 29.3, 26.1, 22.7 (CH,-P, P-O-CH,-CH,-CH;-
O, O-CH,-CH,-(CH,);3-CH3), 14.1 (O-CH,-CH,~(CH>),3-CHj).

15 ~'PNMR (162 MHz, CDCL): 4 = 10.05.

Example 3: Svynthesis of Bis-(POM) methviphosphonate

N
ﬂ /O/\O tBu
_P\O O tB
~_ O P
O
- 2 /
20 Compound 2 1s synthesized according to procedure 1.2. from dimethyl

methylphosphonate as reported by the scheme 2
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O
O
o A J
O PN
| O— Nal ﬁ) 0 O tB
O
ACN, retlux 72h O\/O\/tBu
2 O
Scheme 2

'"H NMR (400 MHz, CDCl;) § = 5.59-5.50 (m, 4H, O-CH»-0,), 1.47 (d, J = 15.9, 3H, CH;-P),

5 1.11 (s, 18H, C(CHs)3).
C NMR (100 MHz, CDCl;) & = 176.5 (C=0), 81.1, 81.0 (O-CH»-0), 38.4 (C(CHz)3), 26.6

(C(CH:)3), 12.9, 11.5 (CH3-P).
*'P NMR (162 MHz, CDCL): 6 = 31.54

10  Example 4: Synthesis of HDP/Bn methvlphosphonate

‘ljo/\<\/>
\P/ |

S
N
O

115

o /

Compound 3 18 synthesized according to procedure 1.1. from dibenzyl
methylphosphonate as reported by the scheme 3.

15

yan 1. Oxalyl chloride / >
D07\ /> CH,Cl,, 24h reflux N o” N\ 7

> —P

AN
2. HDPOH, Et,N OM?O\MI/S
\\ / CH,Cl,, 48h reflux

Scheme 3

3
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'H NMR (400 MHz, CDCL) 6 = 7.41-7.28 (m, 1H), 5.11-4.99 (m, 2H, CH>-Ph), 4.15-3.99
(m, 2H, P-O-CH,-CH,-CH,-0), 3.45 (t, J = 6.3 Hz, 2H, P-O-CH,-CH,-CH-0), 3.36 (t, J =
6.7 Hz, 2H, O-CH,-CH,-(CH,)13-CHx), 1.87 (p, J = 6.3 Hz, 2H, P-O-CH,-CH,-CH,-0), 1.53
(p, J = 6.9 Hz, 2H, O-CH,-CH»~(CH,);3-CHz), 1.46 (d, J = 17.6 Hz, 3H, CH;-P), 1.32-1.20
(m, 26H, O-CH,-CH,-(CH,);3-CHs), 0.87 (t, J = 6.4 Hz, 3H, O-CH,-CH,-(CH,)3-CH5).

*C NMR (100 MHz, CDCl3) 6 = 136.4 (2C), 128.5, 128.3, 127.8 (Cay), 71.2 (O-CH,-CH,-
(CH,)1:-CH3), 67.0 (2C, CH,-Ph), 66.5 (P-O-CH,-CH,-CH,-0), 62.9, 62.8 (P-O-CH,-CH,-
CH,-0), 31.9, 30.8, 30.7, 30.3 (2C), 29.7, 29.6 (3C), 29.5, 29.3, 26.1, 22.6(CH,-P, P-O-CH,-
CH,-CH,-0, O-CH,-CH,-(CH,),3-CHz), 14.1 (O-CH,-CH,-(CH,)13-CH3), 11.9, 10.4 (CH;-P).
*'P NMR (162 MHz, CDCls): & = 31.23

Example 5: Synthesis of Bis-(POC) vinylphosphonate

a4 0 N\
¥ /o/\OJ\O/ o
X P
O OO
0
N ! /

Compound 4 1s synthesized according to procedure 1.2. from dimethyl

vinylphosphonate as reported by the scheme 4.

O
O
c1/\o)J\o/ ™~ )]\ 5
PN /l | §
0 o— Nal 1,07 ~07 Yo
O ACN, reflux 72h O O O

Scheme 4
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'H NMR (400 MHz, CDCls): & = 6.45-6.03 (m, 3H, CH,=CH), 5.72-5.63 (m, 4H, O-CH,-0),
4.92 (sept., J = 6.2 Hz, 2H, CH(CHxs),), 1.31 (d, J = 6.3 Hz, 12H, CH(CH),).
“C NMR (100 MHz, CDCls): & = 153.1 (C=0), 136.9, 136.8 (CH,=CH), 125.6, 123.7

5 (CH,=CH), 84.1, 84.0 (O-CH;-0), 73.2 (CH(CHx),), 21.6 (CH(CHz)»).
*'P NMR (162 MHz, CDCl): § = 16.89.

Example 6: Synthesis of Bis-(POM) vinyvlphosphonate

a 0 N\
o /OAOJ\tBu
\/P\
0
" > ),

10

Compound 5§ 1s synthesized according to procedure 1.2. from dimethyl

vinylphosphonate as reported by the scheme 5

O
c1/\oJ>< )I\
O N
| 0— Nal 107 Yo7 SBu
O ACN, reflux 72h O\/O\/tBu
5 O

15
Scheme 5

'H NMR (400 MHz, CDCl;) & = 6.43-5.99 (m, 3H, CH,=CH), 5.74-5.60 (m, 4H, O-CH,-0),

1.21 (s, 18H, C(CH:)s).
20 *C NMR (100 MHz, CDCl5) & = 176.7 (C=0), 136.6 (2C, CH,=CH), 126.0, 124.1

(CH,=CH), 81. 5, 81.4 (O-CH;-0), 38.7, 38.4 (C(CHxs)3), 27.0, 26.8 (C(CHx)5).
*'P NMR (162 MHz, CDCls) 6 = 17.14.
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Example 7: Synthesis of Me/HDP vinylphosphonate

a2 I
10”7
\/P\ _ -
O Ors
“ ° Y,

Compound 6 1s synthesized according to procedure 1.1. from dimethyl

vinylphosphonate as reported by the scheme 6.

1. Oxalyl chloride 0
O O—
| O— CH,Cl,, 24h reflux S 1y
\/P\ - \/P\O — - O — -
O 2. HDPOH, Et,N N5 TS

CH,Cl,, 48h reflux

10
Scheme 6

'H NMR (400 MHz, CDCL): & = 6.37-5.93 (m, 3H, CH,=CH), 4.11 (q, J = 6.5 Hz, , 2H, P-

O-CH>-CH,-CH,-0), 3.70 (d, J = 11.1 Hz, 3H, OCH;), 3.48 (t, J = 6.1 Hz, 2H, P-O-CH,-
15 CH,-CH,-0), 3.37 (t, J = 6.7 Hz, 2H, O-CH,-CH,-(CH,)13-CHx3), 1.92 (p, J = 6.3 Hz, 2H, P-

O-CH,-CH,-CH,-0), 1.57-1.49 (p, J = 6.9 Hz, 2H, O-CH,-CH,-(CH,);5-CH3), 1.34-1.20 (m,

26H, O-CH,-CH,-(CH.,);3-CHz), 0.86 (t, J = 6.8 Hz, 3H, O-CH,-CH,-(CH,)3-CH5).

'C NMR (100 MHz, CDClz) 6 = 136.0 (2C, CH,=CH), 126.0, 124.1 (CH,=CH), 71.2 (O-

CH,-CH,-(CH>)3-CH3), 66.5 (P-O-CH,-CH,-CH,-0), 63.2 (2C, P-O-CH,-CH,-CH;-0), 52.3
20 (2C, OCH3), 31.9, 30.8 (2C), 29.7, 29.6 (3C), 29.5, 29.3, 26.1, 22.6 (CH,-P, P-O-CH,-CH,-

CH,-0, O-CH,-CH,-(CH,);3-CHs3), 14.1 (O-CH,-CH,-(CH,);3-CHx).

*'P NMR (162 MHz, CDCls): § = 18.80.

Example 8: Synthesis of Bis-(POM) allviphosphonate
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SN
o /o/\o tBu
/\/P\o 0 B
~_ U, Pl
0
" ! Y,

Compound 7 1s synthesized according to procedure 1.2. from dimethyl

allylphosphonate as reported by the scheme 7.

O
O
Cl/\O/U\O/\ )J\
O O SN

1 O— Nal [PAS O tBu
ZNEN ACN. reflux 72h \/P\o 0 B
O , TCIlux ~_ \/t u
7 O

Scheme 7
'H NMR (400 MHz, CDCL) & = 5.74-5.57 (m, 5H, O-CH»-O, CH,=CH), 5.22-5.14 (m, 2H,
CH,=CH), 2.64 (dd, J = 22.6 Hz, J="7.3 Hz, 2H, P-CH.), 1.16 (s, 18H, C(CHx)5).
10 °C NMR (100 MHz, CDCL) & = 176.6 (C=0), 125.8, 125.7 (CH,=CH), 121.0, 120.9
(CH,=CH), 81.4, 81.3 (O-CH,-0), 38.6 (C(CHx)3), 32.7, 31.3 (CH,-P), 26.7 (C(CHxz)5).
*'P NMR (162 MHz, CDCls) 6 = 27.71.

Example 9: Synthesis of Bis-(POC) allviphosphonate

s O N\
O .7~ J'J\ ~Pr
[PAS, O O
/\/P\
O\/O O\.
\[/ IPr
O
8

o /

15
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Compound 8 1s synthesized according to procedure 1.2. from dimethyl

allylphosphonate as reported by the scheme &

O /I\
O
e I
~
A Nal R/O O O

/\/P\ > /\/P\
0 ACN, reflux 72h O OO~

8§ O

5 Scheme &

'H NMR (400 MHz, CDCl;) 6 = 5.82-5.71 (m, 1H, CH,=CH), 5.68 (dd, 2H, J = 5.4 Hz, 11.6

Hz, O-CH,-0), 5.65 (dd, 2H, J = 5.4 Hz, 11.6 Hz, O-CH»-0), 5.30-5.22 (m, 2H, CH,=CH),

4.94 ( sept., J = 6.2 Hz, 2H, CH(CHz),), 2.74 (tdd, J = 22.8, 7.4, 1.1 Hz, 2H, P-CH,), 1.33 (d,
10 J=628 Hz, 12H, CH(CH3),).

“C NMR (100 MHz, CDCL) & = 153.2 (C=0), 125.7, 125.6 (CH,=CH), 121.3, 121.2

(CH,=CH), 84.1, 84.0 (O-CH,-0), 73.2 (CH(CHz3),), 32.9, 31.5 (CH;-P), 21.6 (CH(CH3),).

*'P NMR (162 MHz, CDCls): & = 27.99.

15
Example 10: Synthesis of Me-HDP allvlphosphonate

20 Compound 9 1s synthesized according to procedure 1.1. from dimethyl

allylphosphonate as reported by the scheme 9.
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0 1. Oxalyl chloride O O—
| O— CH,Cl,, 24h retlux ‘Il/
AN > NN

O 2. HDPOH, Et,N OM?O\Mﬁ

CH,Cl,, 48h reflux

Scheme 9

'H NMR (400 MHz, CDCL) 8 = 5.85-5.71 (m, 1H, CH,=CH), 5.26-5.16 (m, 2H, CH,=CH),

5 4.13 (dt, J = 6.5, 1.7 Hz, 2H, P-O-CH,-CH,-CH;-0), 3.73 (d, J = 10.9 Hz, 3H, OCH;), 3.48
(t,J = 6.2 Hz, 2H, P-O-CH,-CH,-CH-0), 3.38 (t,J = 6.7 Hz, 2H, O-CH,-CH,-(CH,)3-CH3),
2.62 (ddt, J = 22.0, 7.4, 1.1 Hz, 2H, CH,-P), 1.91 (p, J = 6.3 Hz, 2H, P-O-CH,-CH,-CH,-0),
1.54 (p, J = 6.9 Hz, 2H, O-CH,-CH»-(CH,)13-CH3), 1.32-1.22 (m, 26H, O-CH,-CH,-(CH.);-
CHa), 0.86 (t, J = 6.8 Hz, 3H, O-CH,-CH,~(CH,)3-CH5).

10 °C NMR (100 MHz, CDCl) & = 127.3, 127.2 (CH,=CH), 120.1, 120.0 (CH,=CH), 71.2 (O-
CH,-CH,-(CH,)13-CHs), 66.5 (P-O-CH,-CH,-CH,-0), 63.3 (2C, P-O-CH,-CH,-CH,-0), 52.6,
52.5 (OCHs), 31.9, 31.8, 30.9, 30.8, 30.4, 29.7, 29.6 (3C), 29.5, 29.3, 26.1, 22.7 (CH,-P, P-O-
CH,-CH,-CH,-0, O-CH,-CH,-(CH,);3-CH3), 14. 1 (O-CH,-CH,-(CH,)3-CHs).

*'P NMR (162 MHz, CDCl3) & = 28.3.

15

Example 11: Synthesis of HDP-POC allvlphosphonate

e I
Ji
P
%)/O/\O \0/1 I
/\/P\o 0
S f5 O 1S
N 10 Y,

20
Compound 10 1s synthesized according to procedure 1.3. from methyl HDP

allylphosphonate obtained in example 9, as reported by the scheme 10.
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O J\
O
0 (31/\0J\o )J\ .
O P /1 I
N > /\/P

OMO\MI/S ACN, reflux 72h O\Mfo\/ls

10

Scheme 10

'H NMR (400 MHz, CDCls) § = 5.82-5.68 (m, 1H, CH,=CH), 5.68-5.58 (m, 1H, O-CH,-0),
5.26-5.17 (m, 2H, CH,=CH), 4.91 (sept., J = 6.3 Hz, 2H, CH(CHz),), 4.24-4.07 (m, 2H, P-O-
CH,-CH,-CH,-0), 3.47 (t, J = 6.2 Hz, 2H, P-O-CH,-CH,-CH,-0), 3.37 (t, J = 6.7 Hz, 2H, O-
CH,-CH,-(CH;)3-CH3), 2.67 (dd, J = 22.4, 7.4 Hz, 2H, CH>»-P), 1.91 ( p, J = 6.3 Hz, 2H, P-
O-CH,-CH,-CH,-0), 1.57-1.49 (p, J = 6.9 Hz, 2H, O-CH,-CH,-(CH,)15-CH3), 1.33-1.20 (m,
32H, O-CH,-CH,-(CH,);>-CHs, CH(CHj3),), 0.86 (t, J = 6. 7 Hz, 3H, O-CH,-CH,-(CH,);3-
CH;)

C NMR (100 MHz, CDCl;) § = 153.2 (C=0), 126.6, 126.5 (CH,=CH), 120.6, 120.5
(CH,=CH), 84.4, 84.3 (0-CH,-0), 73.0, 71.2 (CH(CHs),), 66.5 (P-O-CH,-CH,-CH,-0), 63.3
(2C, P-O-CH,-CH,-CH,-0), 32.7, 31.9, 31.3, 30.7 (2C), 29.7, 29.6 (2C), 29.5, 29.3, 26.1,
22.7, 21.6 (CH(CH3),, P-O-CH,-CH,-CH,-O, O-CH,-CH,-(CH,),3-CHs), 14.1 (O-CH,-CH,-
(CH,)13-CH3).

*'P NMR (162 MHz, CDCl3) 8 =26.7.

Example 12: Bis-(POM)hvdroxymethylphosphonate

! e
QO 07 ™07 U
HOPN o
0
" 12 /

12.1. Synthesis of Bis-(POM)benzyloxymethylphosphonate
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2 o N\
N )J\
(\? PAS, O tBu
BnO\/P\
O
- 1 Y,

Compound 11 18 synthesized according to  procedure 1.2. from

5  dimethylbenzyloxyphosphonate, as reported by the scheme 11.

O
oA I
(‘?/0_ Nal ﬂ/O/\O tBu
PO AP ACN. refl 7;1 Bno\/P\o 0 (B
O , ICTIUX N~ \/ u
11 O
Scheme 11

10 'HNMR (400 MHz, CDCLz) 8 = 7.40-7.26 (m, 5H, Ha,), 5.74-5.68 (d, J = 12.7 Hz, 4H, O-
CH>-0), 4.64 (s, 2H, Ph-CH,), 3.83 (d, J = 8.2 Hz, 2H, O-CH,-P), 1.22 (s, 18H, C(CH)3).
“C NMR (100 MHz, CDCls) § =176.7 (C=0), 136. 5, 128.4, 128.1, 128.0 (Ca,), 81.6 (2C, O-
CH,-0), 75.0, 74.9 (Ph-CHy), 64.7, 63.0 (O-CH,-P), 38.6 (C(CHz)3), 26.7 (C(CHxs)3).
*'P NMR (162 MHz, CDCl3) §=21.79.

15
12.2. Synthesis of Bis-(POM)hydroxymethylphosphonate

Compound 12 1s synthesized according to the following scheme 12.
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0O O
H,, Pd/C J'I\
O 7~ )J\ B 22 ﬁ) O/\O tBu
1. 00 O CtBu HO. _p~
BnO P > NN
~ \O O tBu THF atr.t, 12h O\/O tBu
NN al I.i, \[/
O 12 O
Scheme 12

To a THF (5mL/mmol) solution of bis-(POM )benzyloxymethylphosphonate prepared
according to example 11.1. 1s added 5% Pd on activated carbon (0.05 eq. of Pd), and stirred
under an hydrogen atmosphere for 12h. The mixture 1s then filtrated, evaporated and purified
by chromatography on silica gel (50% AcOEt/EP) to give pure bis-
(POM)hydroxymethylphosphonate.

'H NMR (400 MHz, CDCl3) § ppm 5.72-5.55 (m, 4H, O-CH>-0), 3.97 (d, J = 5.3 Hz, 2H, O-
CH>-P), 1.22 (s, 18H, (C(CHs)3).

*C NMR (100 MHz, CDCls) & ppm 177.0 (C=0), 81.8, 81.7 (O-CH,-0), 58.2, 56.6 (O-CH,-
P), 38.7 (C(CHx)3), 26.8 (C(CHz)s).

*'P NMR (162 MHz, CDCls) & = 24.07.

Example 13: Synthesis of Bis-(POM) 1-hvdroxyvmethvl-allviphosphonate

ﬂ/O/\O)J\tBu
HO/V\/P\O 5 R
~_ N, Pl
O
13
\ %

Compound 13 1s synthesized according to the following scheme 14 from compound 7

as reported by the scheme 13.
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e
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— N )'I\
O 7~ /U\ Hoﬂoﬂ ﬁ) /O O tBu
TPAS, O tBu NN P
N P< - MO ~ A

O\/O\”/tBu CH,Cl, at reflux, 12h
O

Scheme 13

To a dichloromethane (20mL/mmol) solution of bis-(POM )allylphosphonate and 2-
5  buten-1,4-diol under argon 1s added ImesRuCl,(PPhs), (0.05 eq.) and reflux for 12h. After

cvaporation of all volatiles, the residue 1s purified by chromatography on silica gel (50%

AcOELt/EP) to give pure bis-(POM) 1-hydroxymethyl-allylphosphonate.

'H NMR (400 MHz, CDCL) & ppm = 5.88-5.79 (m, 1H, CH=CH), 5.73-5.55 (m, 5H,
10 CH=CH, O-CH>-0), 4.11 (t, J = 7.4 Hz, HOCH,, 2H), 2.68 (dd, J = 22.4, 7.3 Hz, 2H, CH,-
P), 2.03 (s, 1H, OH), 1.22 (s, 18H, C(CHs)s).
C NMR (100 MHz, CDCls) & ppm = 176.9 (C=0), 135.9, 135.7 (CH=CH), 119.0, 118.9
(CH=CH), 81.6, 81.5 (O-CH,-0), 62.9 (2C, HOCH,), 38.7 (C(CHs)s), 31.4, 30.1 (CH,-P),
26.8 (C(CHs)s).
15 ~'PNMR (162 MHz, CDCl): 8§ =27.54.

Example 14: Synthesis of Bis-(POM) 1-bromomethyvl-allvl phosphonate

20 Compound 14 1s synthesized according to the following scheme 14 from compound 7.
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C], 1mes
i
e :
— O N )J\
O 7N )—k BrJ ¥BI' H/O O tBu
[PAS O tBu - AP
/\/P t O O tBu
= \O\/O tBu CH,Cl, at reflux ~ \”/
\H/ 12h 14 A
O
Scheme 14

'H NMR (400 MHz, CDCL) & ppm = 5.93-5.83 (m, 1H, CH=CH), 5.74-5.62 (m, 5H,
5 CH=CH, O-CH,-0), 3.92 (dd, J = 7.5, 3.5 Hz, BrCH,, 2H), 2.70 (dd, J = 22.7, 7.3 Hz, CH,-
P, 2H), 1.23 (s, 18H, C(CHs)s).
C NMR (100 MHz, CDCls) & ppm = 176.9 (C=0), 135.9, 135.7 (CH=CH), 119.0, 118.9
(CH=CH), 81.6, 81.5 (O-CH»-0), 62.9 (2C, HOCH,), 38.7 (C(CHs)s), 31.4, 30.1 (CH,-P),
26.8 (C(CHs)s).
10 ~'PNMR (162 MHz, CDClL): 8 =26.77.

Example 15: Svnthesis of Bis-(POM) trifluoromethanesulfonic oxvmethylphosphonate

z o N\
N /U\
ﬂ/O O tBu
TvaP\
- 15 O

Compound 15 1s synthesized according to the following scheme 15 from compound

15 12.
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0 j\
O 7 J'I\ 2,6-lutidine (R ()/\() tBu
1.0 O tBu TfO. _p~
HOPN T£0.DCM >N 0O (B
O O tBu 2 ~_ U Py
NN -50°C to 0°C 2h
o 15 O
Scheme 15

To a dichloromethane (2mL/mmol) solution of bis-(POM)
hydroxymethylphosphonate obtained in example 12.2 and 2,6 lutidine under argon 1s added
trifluoromethanesulfonic anhydride at -50°C at stirred 10 minutes. The mixture 18 then
allowed to warm to 0°C and stirred for 2h. The mixture 1s then diluted 1n diethyl ether
(15ml/mmol), washed with water (SmL/mmol). After evaporation of volatiles, the residue 1s
purified by chromatography on silica gel (15% AcOEt/EP) to give pure bis-(POM)

trifluoromethanesulfonic oxymethylphosphonate.

IH NMR (400 MHz, CDCl:) § =5.78 (dd, J = 12.1, 5.2 Hz, 2H), 5.69 (dd, J = 12.1, 5.2 Hz,
2H), 4.70 (d, J = 9.2 Hz, 2H), 1.23 (s, 18H).

“C NMR (100 MHz, CDCls) § = 176.9 (C=0), 118.4 (q, J = 318 Hz, CF5), 82.2 (2C, O-CH.-
0), 67.0, 65.3 (CH,-P), 38.7 (C(CHx)3), 26.7 (C(CHs)»).

*'P NMR (162 MHz, CDClL): § = 12.17.

Example 16: General rocedure for Cross-Metathesis  with  bis(POM)-
alkenephosphonates

To a CH,Cl, (25 mL/mmol) solution of N1-crotyl-5-substituted uracil (1eq.) and bis-
(POM)allylphosphonate (1.3 ¢q.) prepared in example 8, IMes Catalyst (0.05 eq.) was added.
This solution was gently refluxed for indicated time under positive pressure of dry argon.
After evaporation of all volatiles, the residue was purified by chromatography on silica gel

(EtOAC/EP).

The procedure 1s 1llustrated in the following scheme
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O O O
Rc NH QOPOM CH2C12, reflux Rc NH R I NH

- " 7 orom il LA ' A
N0 c1, Jmes N0 O NoOo 9
N Ru- _~_P-OPOM ___—P-OPOM

¢ PCQ@ OPOM OPOM

Re = H, F, Cl, Br, CH,

Compounds of the following examples 17 to 21 are prepared according to this

general procedure.

Examples 17: N'-[(E)-4-bispivalovloxvmethylphosphinvl-2-butenvl]uracil et N'-[(Z)-4-

bispivalovloxymethylphosphinyl-2-butenyljuracil

0 %.OPOM . " O
s > S + IS
% Nolan iMes benzyl. cat = P-OPOM KJP -OPOM
40°C OPOM OPOM
56% Separated E/Z 1somers

N'-[(E)-4-bispivaloyloxymethylphosphinyl-2-butenylJuracil

'H NMR (400 MHz, CDCl;) § =8.73 (s, 1H, NH), 7.17 (d, J = 7.9 Hz, 1H, H®), 5.75-5.61 (m,
7H, O-CH,-O, CH=CH, B’), 4.32 (t, J = 4.1 Hz, 2H, U-CH,), 2.72 (dd, J = 22.4 Hz, 5.0 Hz,
2H, P-CH.,), 1.23 (s, 18H, rBu).

“C NMR (100 MHz, CDCl3) 8 =176.8 (C=0), 163.2 (C=0), 150.5 (C=0), 143.4 (C°), 129.5,
129.3 (CH=CH), 124.1, 124.0 (CH=CH), 102.6 (C"), 81.6, 81.5 (0-CH,-0), 49.1, 49.0 (U-
CH,), 38.7 (C(CHa)3), 31.5, 30.1 (P-CH,), 26.8 (C(CHz)5).

*'P NMR (162 MHz, CDCl3) 8§ =26.4.

IRvem':2977; 1751 ; 1685 ; 1459 ; 1242 ; 1138 ; 956 ; 855.

N'-[(Z)-4-bispivaloyloxymethylphosphinyl-2-butenyl]uracil

'HNMR (400 MHz, CDCl;) § =8.32 (s, 1H, NH), 7.47 (d, J = 7.9 Hz, 1H, H®), 5.77-5.60 (m,
7H, O-CH,-O, CH=CH, H"), 4.44 (t,J = 4.7 Hz, 2H, U-CH,), 2.82 (dd, J = 23.4, 6.7 Hz, 2H,
P-CH,), 1.24 (s, 18H, Bu).
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'3C NMR (100 MHz, CDCl3) § = 177.0 (C=0), 163.2 (C=0), 150.6 (C=0), 144.4 (C°), 129.1,
128.9 (CH=CH), 122.1, 122.0 (CH=CH), 102.5 (C°), 81.6, 81.5 (O-CH,-0), 44.8, 44.7 (U-
CH,), 38.8 (C(CHs)3), 27.0 and 25.6 (P-CH;), 26.9 (C(CHa)3).

*IP NMR (162 MHz, CDCls): § = 26.6.

3
Example 18: N'-[(E)- 4-bispivaloyloxymethylphosphinyl-2-butenyl]-5-fluorouracil and N'-
7Z)- 4-bispivalovioxymethylphosphinyl-2-butenyl]-5-fluorouracil
O %.OPOM e )OL
J N 7 OPOM | iH F\E ‘NH
NS0 peM o9 " NS0 0
% Nolan™ iMes benzyl. cat ~ A P-OPOM k _ —P-0OPOM
10°C OPOM OPOM
539 Separated E/Z isomers
10

N'-[(E)- 4-bispivaloyloxymethylphosphinyl-2-butenyl]-5-fluorouracil
'H NMR (400 MHz, CDCL): 8 = 9.58 (s, 1H, NH), 7.28 (d, J = 5.5 Hz, 1H, H’), 5.77-5.61
(m, 6H, O-CH,-0, CH=CH), 4.31 (t, J = 4.9 Hz, 2H, U-CH,), 2.72 (dd, J = 22.6 Hz, 5.3 Hz,
15 2H, P-CH>), 1.22 (s, 18H, /Bu).
C NMR (100 MHz, CDClL): 8§ = 176.8 (C=0), 157.2, 156.9 (C=0), 149.3 (C=0), 141.7,
139.3 (C), 129.1, 128.9 (CH=CH), 127.7, 127.4 (C%), 124.7, 124.6 (CH=CH), 81.6, 81.5 (O-
CH,-0), 49.3 (2C, U-CH,), 38.6 (C(CHs)3), 31.4, 30.0 (P-CH,), 26.7 (C(CH:)3).
*'P NMR (162 MHz, CDCL): 8 =26.3.
20 IRvem™:2977;2361 ;1752 ;1702 ; 1480 ; 1238 ; 1137 ; 965 ; 871

N'-[(Z)- 4-bispivalo ylaxymetﬁ:ylphosphin yl-2-butenyl]-5-fluorouracil

'H NMR (400 MHz, CDCl): 8 = 8.59 (s, 1H, NH), 7.73 (d, J = 5.8 Hz, 1H, H°), 5.75-5.61

(m, 6H, O-CH,-0, CH=CH), 4.44 (t, J = 4.7 Hz, 2H), 2.80 (dd, J = 6.8 Hz, 23.5 Hz, 2H, P-
25 CH,;), 1.23 (s, 18H, tBu).

C NMR (100 MHz, CDCL): & = 177.0 (C=0), 157.0, 156.7 (C=0), 149.2 (C=0), 141.7,

139.4 (C°), 128.9, 128.7, 128.6 (2C, CH=CH, and C°), 122.6, 122.5 (CH=CH), 81.7, 81.6 (O-

CH,-0), 44.9 (2C, U-CH,), 38.8 (C(CHs)s), 26.9 and 25.5 (P-CHy), 26.8 (C(CHs)3)

*'P NMR (162 MHz, CDCL): § = 26.4.

30
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Example 19: N'-[(E)-4-bispivaloyloxymethylphosphinvl-2-butenvyl]thymin and N'-[(Z)-4-

hinvl-2-butenvl|thvmin

O %)OPOM ¥ 0
| j\IH ZN ‘OPOM} ‘ ETH ) I EI\H
N0 DCM N0 0 N 0O O
% Nolan 1Mes benzyl. cat V\/P_OPOM UI”’ -OPOM
40°C OPOM OPOM
5 60% Separated E/Z 1somers

N'-[(E)-4-bispivaloyloxymethylphosphinyl-2-butenyl]thymin
'H NMR (400 MHz, CD;0D): 8 = 7.37 (d, J = 0.9 Hz, 1H, H®), 5.85-5.74 (ttd, J = 5.1 Hz,
10 11.2 Hz, 15.4 Hz, 1H, CH=CH), 5.66 (m, 5H, O-CH,-O, CH=CH), 4.32 (t, J = 5.2 Hz, 2H, T-
CH>), 2.82 (dd, J = 22.5 Hz, 7.2 Hz, 2H, P-CH,), 1.87 (s, 3H, CH;-U) 1.23 (s, 18H, Bu).
C NMR (100 MHz, CD;0D): & = 178.1 (C=0), 166.8 (C=0), 152.7 (C=0), 142.4 (C°),
131.8, 131.6 (CH=CH), 123.7, 123.6 (CH=CH), 111.5 (C°), 83.2, 83.1 (O-CH,-0), 49.9 (2C,
U-CH,), 39.7 (C(CHs)s), 31.8, 30.4 (P-CH,), 27.2 (C(CHs)3), 12.3 (CHs-U).
15 ~'PNMR (162 MHz, CD;0D): & =27.3.

IRvcm™:2929: 1678 : 1453, 1396 : 1196 : 986 : 751

N'-[(Z)-4-bispivaloyloxymethylphosphinyl-2-butenyl]thymin

'H NMR (400 MHz, CD;0D): 8 ppm 7.46 (d, J = 1.2 Hz, 1H, H®), 5.78-5.60 (m, 7H, O-CH.-
20 O, CH=CH), 4.40 (dd, J = 3.8 Hz, 5.5 Hz, 2H), 3.01 (dd, J = 23.2, 7.8 Hz, 2H, P-CH,), 1.88

(d,J = 1.11 Hz, 3H, CH;-U), 1.24 (d, J = 3.16 Hz, 18H, /Bu).

'C NMR (100 MHz, CD;0D): 8 = 178.2 (C=0), 166.9 (C=0), 152.9 (C=0), 142.7 (C"),

130.6, 130.4 (CH=CH), 123.0, 122.8 (CH=CH), 111.5 (C), 83.2, 83.1 (O-CH,-0), 45.6 (U-

CH,), 39.8 (C(CHz)3), 27.7 and 26.3 (P-CH,), 27.3 (C(CHz)3), 12.3 (CHs-U).
25 °'P NMR (162 MHz, CD;0D): § = 27.6.

Example 20: N'-[(E)- 4-bispivaloyloxymethylphosphinyl-2-butenyl]-5-chlorouracil and

N'-[(Z)- 4-bispivalovloxymethviphosphinyl-2-butenvl]-5-chlorouracil
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0 O
OPOM
| I A
. ~ + A
N0 DCM ]ﬁ o ¢ N0 9
L% Nolan™ iMgs benzyl. cat T P OPOM L — /_—P -OPOM

63% .
Separated E/Z 1somers

N'-[(E)- 4-bispivaloyloxymethylphosphinyl-2-butenyl]-5-chlorouracil

'H NMR (400 MHz, CDCL):'8 = 8.73 (s, 1H, NH), 7.42 (s, 1H, H°), 5.80-5.60 (m, 6H, O-
CH,-0, CH=CH), 4.33 (t, J =.4.5 Hz, 2H, U-CH,), 2.72 (dd, J = 5.7 Hz, 22.6 Hz, 2H, P-
CH3), 1.23 (s, 18H, tBu).

3¢ NMR (100 MHz, CDCL): & = 176.8 (C=0), 158.8 (C=0), 149.4 (C=0), 140.3 (C%),
129.0, 128.8 (CH=CH), 125.0, 124.9 (CH=CH), 109.0 (C°), 81.6 (2C, 0-CH>-0), 49.5 (2C,
U-CH,), 38.7 (C(CHz)3), 31.5, 30.1 (P-CH,), 26.8 (C(CHa)3).

3P NMR (162 MHz, CDCL): 8 = 26.1.

IRvVcm': 2976 ;1752 ; 1692 ; 1452 ; 1236 ; 1135 ; 963 ; 853.

N'-[(Z)- 4-bispivaloyloxymethylphosphinyl-2-butenyl]-5-chlorouracil

'H NMR (400 MHz, CDCly): 5 = 8.48 (s, 1H, NH), 7.79 (s, 1H, H"), 5.74-5.62 (m, 6H, O-
CH,-0, CH=CH), 4.47 (t, J = 4.63 Hz, 2H, U-CH,), 2.82 (dd, J = 23.5 Hz, 6.9 Hz, 2H, P-
CH,), 1.24 (s, 18H).

3C NMR (100 MHz, CDCL):.8 = 177.0 (C=0), 158.9 (C=0), 149.7 (C=0), 141.3 (C°),
128.6, 128.4 (CH=CH), 122.7, 122.6 (C%), 108.9 (C"), 81.7, 81.6 (0-CHz-0), 45.1 (2C, U-
CH,), 38.8 (C(CHs)s), 27.0 and 25.6 (P-CHy), 26.8 (C(CHs)s).

Example 21: N'-[(E)- 4-bispivaloylox methylphosphinyl-2-butenvyl]-5-bromouracil and

N-[(Z)- 4-bispivalovloxymeth l'hoshin 1-2-butenvl]-5-bromouracil

O ? oroM i O
- P. - .
Br | NKH g OPOM B’\“\)LIIIH m/u rj\u
N0 ) peM N"o 9 N0
k\;f’wﬁ Nolan™ iMes benzyl. cat ~oo~b ~OPOM l e P -OPOM
40°C OPOM OPOM

69% |
Separated E/Z isomers

N'-[(E)- 4-bispivaloyloxymethylphosphinyl-2-butenyl]-5-bromouracil
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'H NMR (400 MHz, CD;OD): § = 7.98 (s, 1H, H®), 5.85-5.76 (m, 1H, CH=CH), 5.75-5.62
(m, 5H, O-CH,-0, CH=CH), 4.36 (t, J = 5.1 Hz, 2H, U-CH.), 2.82 (dd, J = 22.5 Hz, 6.9 Hz,
2H, P-CH>), 1.23 (s, 18H, /Bu).

“C NMR (100 MHz, CD;0D): § = 178.1 (C=0), 162.1 (C=0), 152.0 (C=0), 146.2 (C°),

5 131.4, 131.3 (CH=CH), 124.5, 124.4 (CH=CH), 96.8 (C"), 83.3, 83.2 (O-CH,-0), 50.6, 50.5
(U-CH3), 39.8 (C(CHs)3), 31.9, 30.5 (P-CH»), 27.2 (C(CHsz)5).
*'P NMR (162 MHz, CD;0D): § =27.1.
IRvcm™: 2976 ;2361 ;1751 ;1693 ; 1441 ; 1235 ; 1137 ; 965 ; 854, 768.
10 N'-[(Z)- 4-bispivaloyloxymethylphosphinyl-2-butenyl]-5-bromouracil
'H NMR (400 MHz, CD;0D): § = 8.06 (s, 1H, H®), 5.70-5.52 (m, 6H, O-CH,-O, CH=CH),
4.45 (dd, J=6.8 Hz, 3.7 Hz, 2H), 3.01 (dd,J =23.4, 7.8 Hz, 2H), 1.24 (s, 18H).
“C NMR (100 MHz, CD;0D): § = 178.2 (C=0), 162.2 (C=0), 152.1 (C=0), 146.3 (C),
130.1, 129.9 (CH=CH), 123.5, 123.4 (CH=CH), 96.7 (C), 83.2, 83.1 (0-CH,-0), 46.2 (2C,
15 U-CH,), 39.8 (C(CHz)3), 27.7 and 26.3 (P-CH,), 27.3 (C(CHx)»).
*'P NMR (100 MHz, CD;0D): § = 27.5.
Example 22: General rocedure  for  Cross-Metathesis  with _ bis(POC)-
alkenephosphonates
20
To a CH,Cl, (25 mL/mmol) solution of N1-crotyl-5-substituted uracil (1eq.) and bis-
(POC) allylphosphonate (1.3 eq.) prepared according to example 9, IPr Catalyst (0.05 ¢q.)
was added. This solution was stirred at room temperature for indicated time under positive
pressure of dry argon. After evaporation of all volatiles, the residue was purified by
25  chromatography on silica gel (EtOAC/EP).
The procedure 1s 1llustrated 1n the following scheme
(31:1?11[’_1~ = Ph
O Cl II’C 0 . 0
Re~“Np % OPOC RO NH N NH
\fl\/& " A 0poc B LA ’ ‘N’J*o 0
N K/Ow CH,CL, r.t. NK;\/%—OPOC __—P-0POC
OPOC OPOC

Rc =H, F, Cl, Br, CH3
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Compounds of the following examples 23 to 27 are prepared according this general

procedure.

Example 23: N'-[(E)- 4-bisisopropyloxycarbonyloxymethylphosphinyl-2-butenyljuracil

and N'-[(Z)- 4-bisisopropyloxycarbonyloxvmethylphosphinyl-2-butenyljuracil

0 \/%.OPOC 7 0

K 111 Z oPOC L iﬂ ) ﬁiu
N0 BEM N O @ N0 O
L\f’/“m 2% Nolan™ SiPr indenyl. Cat : L\\///\/?*OPOC L 4 *OPPC

r.t.

46% Separated E/Z isomers

N'-[(E)- 4-bisisopropyloxycarbonyloxymethylphosphinyl-2-butenyljuracil

'H NMR (400 MHz, CDCly) 8 = 8.94 (s, 1H, NH), 7.19 (d, J = 7.9 Hz, 1H, H®), 5.74-5.61 (m,
7H, O-CH,-0, CH=CH, H®), 4.92 ( sept., J = 6.2 Hz, 2H, CH(CH;),), 4.33 (t, J = 4.4 Hz, 2H,
U-CHy), 2.76 (dd, J = 22.8, 5.6 Hz, 2H, P-CH)), 1.32 (d, J = 6.3 Hz, 12H, CH(CHz),). °C
NMR (100 MHz, CDCL) 8 = 163.3 (C=0), 153.0 (C=0), 150.6 (C=0), 143.4 (C°), 129.7,
129.6 (CH=CH), 123.8, 123.7 (CH=CH), 102.5 (C"), 84.1, 84.0 (O-CH,-0), 73.4 (CH(CHs)2),
48.9 (2C, U-CH,), 31.3, 29.9 (P-CH,), 21.6 (CH(CHa),).

3P NMR (162 MHz, CDCL): 8 = 26.8.

IRvem™: 2896 : 1755 ; 1679 ; 1457 ; 1257 ; 1152 ; 1100 ; 981 ; 949 ; 830.

N'-[(Z)- 4-bisisopropyloxycarbonyloxymethylphosphinyl-2-butenylfuracil

'H NMR (400 MHz, CDCL): & = 8.36 (s, 1H, NH), 7.30 (d, J = 5.6 Hz, 1H, H®), 5.80-5.60
(m, 7H, O-CH,-0O, CH=CH, B’), 4.93 (sept, J = 6.3 Hz, 2H, CH(CHs),), 4.32 (t, J = 4.17 Hz,
OH, U-CH,), 2.77 (dd, J = 22.9, 5.5 Hz, 2H, P-CH,), 1.33 (d, J = 6.3 Hz, 12H, CH(CH3)2).
3C NMR (100 MHz, CDCL): & = 163.5 (C=0), 153.1 (C=0), 148.8 (C=0), 141.7 (C%,
129.2, 129.1 (CH=CH), 127.8, 127.5 (CH=CH), 124.6, 124.5 (CH=CH), 84.2, 84.1 (O-CHa-
0), 73. (CH(CHs),), 49.3 (2C, U-CHy), 31.3, 29.9 (P-CH,), 21.6 (2C, CH(CHa)y).

*'P NMR (162 MHz, CDCL): § = 26.6.
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Example 24: N'-[(E)- 4-bisisopropyloxvcarbonyloxymethylphosphinyl-2-butenyljthymin

and N-[(Z)- 4-bisisopropvloxvcarbonvloxymethylphosphinyl-2-butenyl]thymin

/(U)\ OPOC L i
N . T ’& 0 O
DCM L |
K’///"“M 2% Nolan™ SiPr indenyl. Cat \//\/(I;P(())l()joc K — /—-gP(())l():OC

r.t.

47% Separated E/Z isomers

5 N'-[(E)- 4-bisisopropyloxycarbonyloxymethylphosphinyl-2-butenyl|thymin

'H NMR (400 MHz, CDCls): & = 9.06 (s, 1H, NH), 7.00 (d, J = 1.0 Hz, 1H, H°), 5.76-5.60
(m, 6H, 0-CH,-0, CH=CH), 4.91 (sept., J = 6.3 Hz, 2H, CH(CHs),), 4.30 (t, J = 4.6 Hz, 2H,
U-CH,), 2.74 (dd, J = 22.6 Hz, 5.9 Hz, 2H, P-CH,), 1.90 (d, J = 0.7 Hz, 3H, CH3-U), 1.31 (d,
J=6.3 Hz, 12H, CH(CH3),).

0 >C NMR (100 MHz, CDCL): 8 = 164.0 (C=0), 153.0 (C=0), 150.7 (C=0), 139.4 (C°),
130.1, 130.0 (CH=CH), 123.3, 123.1 (CH=CH), 111.0 (C°), 84.1, 84.0 (O-CH,-0), 73.3
(CH(CHs),), 48.7 (2C, U-CHy), 31.3, 29.9 (P-CH,), 21.5 (2C, CH(CHs),), 12.2 (CH;-U).

3'p NMR (162 MHz, CDCl3): 8 = 27.0.
IRvcm': 2985; 1756 ; 1679 ;1467 1257 ; 1152 ; 1101 ; 982 ; 950 ; 831 ; 788.

15
N'-[(Z)- 4-bisisopropyloxycarbonyloxymethylphosphinyl-2-butenyl[thymin
'H NMR (400 MHz, CDCl): & = 8.13 (s, 1H, NH), 7.23 (d, J = 1.2 Hz, 1H, H°), 5.76-5.61
(m, 6H, O-CH,-O, CH=CH), 5.00-4.87 (sept, J = 6.3 Hz, 2H, CH(CHs),), 4.41 (t,J = 4.6 Hz,
2H, U-CH,), 2.88 (dd, J = 23.2, 6.3 Hz, 2H, P-CH,), 1.92 (s, 3H, CHs-U), 1.33 (d, J = 6.3 Hz,

20 12H, CH(CH3),).
3¢ NMR (100 MHz, CDCL): § = 163.7 (C=0), 153.1 (C=0), 150.6 (C=0), 140.1 (C°),
129.4, 129.3 (CH=CH), 121.6, 121.5 (CH=CH), 110.9 (C°), 84.1 (2C, O-CH-0), 73.4
(CH(CHs),), 44.4 (2C, U-CHy), 27.0, 25.6 (P-CH>), 21.6 (CH(CHs),), 12.2 (CH3-U).

Ip NMR (162 MHz, CDCl:): 8 = 26.8.

Example 25: N-[(E)- 4-bisisopropyloxycarbonyloxymethylphosphinyl-2-butenyl]-5-

fluorouracil and N'-[(Z)- 4-bisisopropyloxycarbonyloxymethylphosphinyl-2-buten I]-5-

fluorouracil
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590/, Separated E/Z isomers

N'-[(E)- 4-bisisopropyloxycarbonyloxymethylphosphinyl-2-butenyl]-5-fluorouracil

'H NMR (400 MHz, CDCL): 06 = 9.44 (s, 1H, NAH), 7.31 (d, J = 5.5 Hz, 1H, H6), 5.78-5.61
(m, 6H, O-CH»-0O, CH=CH), 4.92 (sept, J = 6.3 Hz, 2H, CH(CHs3),), 4.32 (t,J = 4.6 Hz, 2H,

U-CH,), 2.77 (dd, J = 23.0, 5.1 Hz, 2H, P-CH,), 1.31 (d, J = 6.3 Hz, 12H, CH(CH}),).

3¢ NMR (100 MHz, CDCL): § = 157.2, 156.9 (C=0), 153.1 (C=0), 149.3 (C=0), 141.8,
139.4 (C%), 129.4, 129.2 (CH=CH), 127.8, 127.5 (C°), 124.4, 124.3 (CH=CH), 84.2 (2C, O-
CH,-0), 73.5 (CH(CHa)), 49.3, 49.2 (U-CHy), 31.3, 29.9 (P-CH,), 21.6 (2C, CH(CHa)y).

3'P NMR (162 MHz, CDCL): 8 = 26.8.

IRvcm': 2987 : 1756 ; 1694 ; 1468 ; 1259 ; 1152 ; 1101 ; 981 ; 949 ; 870 , 831 ; 787.

N’-[(Z)- 4-bisisopropyloxycarbonyloxymethylphosphinyl-2-butenyl]-5-fluorouracil

'H NMR (400 MHz, CDCly): 8 = 8.40 (s, 1H, NA), 7.70 (d, J = 5.8 Hz, 1H, H), 5.78-5.61
(m, 6H, O-CH,-O, CH=CH), 4.94 (sept, J = 6.3 Hz, 2H, CH(CHs),), 445 (t,J = 4.8 Hz, 2H,
U-CH,), 2.93-2.79 (dd, J = 23.7, 6.8 Hz, 2H, P-CH,), 1.33 (d, J = 6.3 Hz, 12H, CH(CH3),).
3C NMR (100 MHz, CDCh): 8§ = 157.2, 156.9 (C=0), 153.178 (C=0), 149.2 (C=0), 128.9,
128.7 (CH=CH), 122.4, 122.2 (CH=CH), 84.3 (2C, 0-CH,-0), 73.5 (CH(CH3),), 44.9 (2C, U-
CH,), 26.9, 25.5 (P-CH>), 21.6 (CH(CH3),).

3p NMR (162 MHz, CDCL): 8= 26.6.

Example 26: N'-[(E)-_4-bisisopropvloxycarbonyloxymethylphosphinyl-2-butenyl]-3-

chlorouracil and N'-[(Z)- 4-bisisopropylox carbonyloxymethylphosphinyl-2-butenyl]-5-

chlorouracil
. ¥ OPOC 't 0
Cl‘m/k "NH Z""0P0C ' “*U/ ~NH ¢! - N
e /IQO DCNI T o \N,/‘:‘;\O (”) + N /Eko (“)
T 2% Nolan™ SiPr indenyl. Cat 2 //\\/g;gléoc k://__.g ngéoc

r.t,

539, Separated E/Z 1somers
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N'-[(E)- 4-bisisopr0pyloxycarbon yloxymethylphosphinyl-2-butenyl]-5-chlorouracil

'H NMR (400 MHz, CDCL): § = 9.31 (s, 1H, NH), 7.45 (s, 1H, H%), 5.76-5.61 (m, 6H, O-
CH,-0, CH=CH), 4.92 ( sept., J = 6.3 Hz, 2H, CH(CHs),), 4.34 (t, J = 4.2 Hz, 2H, U-CHy),
2.77 (dd, J = 22.8, 5.6 Hz, 2H, P-CH,), 1.31 (d, J = 6.3 Hz, 12H, CH(CH3)»).

3¢ NMR (100 MHz, CDCL): § = 159.1 (C=0), 153.0 (C=0), 149.7 (C=0), 140.4 (C°),
129.3, 129.2 (CH=CH), 124.5, 124.4 (CH=CH), 109.0 (C°), 84.2, 84.1 (O-CH2-0), 73 .4
(CH(CHs),), 49.4 (2C, U-CH»), 31.3, 29.9 (P-CH,), 21.6, 21.5 (CH(CHs)y).

*IP NMR (162 MHz, CDClL): 8 =26.7.

IRvcem':2986: 1756 ; 1686 ; 1451 ; 1348 ; 1258 ; 1152 ; 1186 ; 981 ; 949 ; 903 ; 869 , 831 ;
787.

N'-[(Z)- 4-bisisopropyloxycarbonyloxymethylphosphinyl-2-butenyl]-5-chlorouracil

'H NMR (400 MHz, CDCl): & = 8.79 (s, 1H, NH), 7.76 (s, 1H, H°), 5.74-5.61 (m, 6H, O-
CH,-Q, CH=CH), 4.93 ( sept.,J = 6.3 Hz, 2H, CH(CHa3),), 4.47 (t,J = 4.7 Hz, 2H, , U-CH)),
2.87 (dd, J = 23.6, 6.7 Hz, 2H, P-CH,), 1.32 (d, J = 6.3 Hz, 12H, CH(CHj),).

3C NMR (100 MHz, CDCL): 8 = 159.0 (C=0), 153.1 (C=0), 149.7 (C=0), 141.3 (C°),
128.7, 128.6 (CH=CH), 1224, 122.3 (CH=CH), 108.9 (C°), 84.2, 84.1 (O-CH,-0), 73.5
(CH(CHa),), 45.1, 45.0 (U-CHyp), 26.9, 25.5 (P-CHy), 21.6 (CH(CHz)y).

3Ip NMR (162 MHz, CDCL): § = 26.6.

Example 27: N-[(E)- 4-bisisopropvloxycarbonyloxymethylphosphinyl-2-butenyl]-5-
bromorouracil and N'-[(Z)- 4-bisisopropyloxycarbonyloxymethylphosphinyl-2-butenyl]-

S-bromorouracil

i (g.omc . O 9
or | ‘NH Z """ 0POC I\fLNH B“\E N
)~> > N0 O + N /L\\O 0
L beM L P-OPOC “
k-"//’m‘% 2% Nolan™ SiPr indenyl. Cat TN éP 0C Ug;gzoc
r.t.
56% Separated E/Z 1somers

N'-[(E)- 4-bisisopropyloxycar60n yloxymethylphosphinyl-2-butenyl]-5-bromorouracil
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'H NMR (400 MHz, CDCls): 8 = 9.45 (s, 1H, NH), 7.51 (s, 1H, H®), 5.75-5.55 (m, 6H, O-
CH>-0O, CH=CH), 4.87 ( sept., J = 6.3 Hz, 2H, CH(CHx),), 4.29 (t, J = 4.1 Hz, 2H, U-CH,),
2.72 (dd, J = 22.4, 5.2 Hz, 2H, P-CH,), 1.26 (d, J = 6.27 Hz, 12H, CH(CH),).

“C NMR (100 MHz, CDCL): 8 = 159.3 (C=0), 153.1 (C=0), 150.0 (C=0), 143.0 (C°),
129.4, 129.3 (CH=CH), 124.5, 124.4 (CH=CH), 96.7 (C°), 84.2 (2C, O-CH,-0), 73.4
(CH(CHs),), 49.4 (2C, U-CH»), 31.3, 29.9 (P-CH3), 21.6 (2C, CH(CH3),).

*'P NMR (162 MHz, CDCL): § = 26.8.

IR vem': 2986; 1756 ; 1691 ; 1442 ; 1347 ; 1260 ; 1153 ; 1186 ; 1029 ; 983 ; 951 ; 871 ;
832 ; 789.

N'-[(Z)- 4-bisisopropyloxycarbonyloxymethylphosphinyl-2-butenyl]-5-bromorouracil

'H NMR (400 MHz, CDCls): 8 = 8.40 (s, 1H, NH), 7.86 (s, 1H, H®), 5.76-5.61 (m, 6H, O-
CH>-O, CH=CH), 4.94 (sept, J = 6.3 Hz, 2H, CH(CHs),), 4.47 (t, J = 4.6 Hz, 2H, U-CH, ),
2.87 (dd, J = 23.6, 6.8 Hz, 2H, P-CH,), 1.33 (d, J = 6.2 Hz, 12H, CH(CH}),).

“C NMR (100 MHz, CDCl): § = 159.0 (C=0), 153.2 (C=0), 149.9 (C=0), 143.9 (C°),
128.7, 128.6 (CH=CH), 122.5, 122.4 (CH=CH), 96.5 (C°), 84.3, 84.2 (0O-CH,-0), 73.5
(CH(CHz),), 45.1 (2C, U-CH,), 27.0, 25.6 (P-CH>), 21.6 (2C, CH(CHz),).

*'P NMR (162 MHz, CDCL): § = 26.6.
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Example 28: General procedure for cross-metathesis with HDP-POC allylphosphonate

O
O
Re 0 . | DA 0
~ NH 7.0POC CH,CL,, r.t. N,go o Jig /J\
N/&O + N "OHDP ' - P i5.‘()/\() O
N el T oh O 0L
v
Cl"|
pc
1.NaOH 0.05 M
! 2. H+ resin
Rc=H, F, Cl., Br. CH 0
C: » b 9 r&
3 R¢ | /T‘JJ\\I'{
N O O
K/\/i;:OH
OOt

28.1. General procedure for cross-metathesis with IPr NHC catalysts

To a CH>CL (25 mL/mmol) solution of N1-crotyl-5-substituted uracil (leq.) and
HDP-POC-allylphosphonate (1.3 eq.) prepared according to example 11, IPr Catalyst (0.05
eq.) was added. This solution was stirred a room temperature for indicated time under positive
pressure of dry argon. After evaporation of all volatiles, the residue was purified by

chromatography on silica gel (EtOAc/EP).

28.2. General procedure for deprotection of POC:

To N'-[(E)- O-hexadecyloxypropyl isopropyloxycarbonyloxymethyl-phosphinyl-2-
butenyl]-5-substituted uracil prepared in example 28.1 was added a 0,1M solution (1ml) of
sodium hydroxide in demineralized water . This solution was stirred a room temperature for
4h. The basic solution is neutralized with acidic DOWEX ™ resin 50w8 and washed two
times with DCM (1 ml). Pure product is directly obtain after evaporation of all volatiles,

Compounds of examples 29 to 38 are synthesized according to said general

procedure
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Example 29: N'-[(E)- O-hexadecvloxypropvl isopropvloxycarbonvloxymethyl-

phosphinvl-2-butenvljuracil

O /\/(i;),OPOC O
be . X %

P DCM N
OO
5% Nolan S1Pr indenyl. cat HTS
I.t.

47%
'H NMR (400 MHz, CDCL): § =8.93 (s, 1H, NH), 7.18 (d, 1H, J = 7,9 Hz, H®), 5.73-5.68
(m, 3H, CH=CH, H), 5.63 (td, J = 13.9, 5.3 Hz, 2H, O-CH»-0) 4.92 (sept., J = 6.3 Hz, 2H,
CH(CHz),), 4.39-4.26 (m, 2H, U-CH,), 4.25-4.08 (m, 2H, P-O-CH,-CH,-CH,-0), 3.46 (t, J =
6.1 Hz, 2H, P-O-CH,-CH,-CH>-0), 3.38 (t, J = 6.7 Hz, 2H, O-CH,-CH,-(CH,);3-CHj3), 2.69
(dd, J = 22.0, 5.2 Hz, 2H, CH>-P), 1.91 (p, J = 6.3 Hz, 2H, P-O-CH,-CH,-CH,-0), 1.54 (p, J
= 6.9 Hz, 2H, O-CH,-CH,~(CH,)13-CH3), 1.34-1.20 (m, 32H, O-CH,-CH,-(CH,);s-CHs,
CH(CHj;),), 0.87 (t,J = 6.8 Hz, 3H, O-CH,-CH,-(CH,)3-CH5).
“C NMR (100 MHz, CDCL): § = 163.3 (C=0), 153.1 (C=0), 150.5 (C=0), 143.4 (C°),
129.0, 128.9 (CH=CH), 124.7, 124.6 (CH=CH), 102.5 (C°), 84.4, 84.3 (O-CH,-0), 73.2
(CH(CHs),), 71.2 (O-CH,-CH,~(CH;),3-CH3), 66.3 (P-O-CH,-CH,-CH,-0), 63.5 (2C, P-O-
CH,-CH,-CH,-0), 49.0 (2C, U-CH), 31.8, 31.1, 30.7, 30.6, 29.7, 29.6 (3C), 29.5, 29.4, 29.3,
26.1, 22.6, 21.6 (CH,-P, CH(CH3),, P-O-CH,-CH,-CH,-0, O-CH,-CH,-(CH,);3-CH3), 14.0
(0O-CH,-CH,-(CH,)15-CH3).
*'P NMR (162 MHz, CDCls): 8 =26.7.

Example 30: N'-[(E)- O-hexadecvloxypropyl isopropvloxvcarbonyloxymethyl-

hosphinvl-2-butenvl] -5-chlorouracil

O /\/%,OPOC O
Cl\fliH 7 oupp  Cl ‘ iH )
N0 g N0 0 .~ N J\

5% Nolan SiPr indenyl. cat
I.t.

47%
'H NMR (400 MHz, CDCL): § =9.44 (s, 1H, NH), 7.43 (s, 1H, H®), 5.80-5.60 (m, 4H,
CH=CH, O-CH,-0), 491 (sept., J = 6.3 Hz, 2H, CH(CHs),), 4.38-4.29 (m, 2H, U-CH>), 4.23-
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4.10 (m, 2H, P-O-CH,-CH,-CH,-0), 3.46 (t,J = 6.1 Hz, 2H, P-O-CH,-CH,-CH,-0), 3.37 (t,

J=6.7 HZ, 2H, O-CHZ-CHQ-(CHQ)B-CHj;), 2.71 (dd, J = 225, 6.6 HZ, 2H, CHZ-P), 1.91 (p, J

= 6.3 Hz, 2H, P-O-CH,-CH,-CH,-0), 1.53 (p, J = 6.9 Hz, 2H, O-CH,-CH,-(CH,)3-CHs),
1.32-1.22 (m, 32H, O-CH,-CH,~(CH.,);5-CHs, CH(CH;),), 0.86 (t, J = 6.8 Hz, 3H, O-CH,-
CH,-(CH,)3-CH3).

“C NMR (100 MHz, CDCL): 8 = 159.1 (C=0), 153.2 (C=0), 149.8 (C=0), 140.3 (C°),
128.6, 128.5 (CH=CH), 125.6, 125.5 (CH=CH), 109.0 (C), 84.5, 84.4 (0O-CH,-0), 73.2
(CH(CHs),), 71.2 (O-CH,-CH,-(CH,)13-CH3), 66.4 (P-O-CH,-CH,-CH,-0), 63.7, 63.6 (P-O-
CH,-CH,-CH,-0), 49.5, 49.4 (U-CH,), 31.9, 31.1, 30.7, 30.6, 29.7 (2C), 29.6 (2C), 29.5,
29.3, 26.1, 22.6, 21.6 (2C) (CH,-P, CH(CH:),, P-O-CH,-CH,-CH,-O, O-CH;-CH,-(CH);3-
CH:), 14.1 (O-CH,-CH,-(CH,)3-CH3).

*'P NMR (162 MHz, CDCl): § = 26.6.

Example 31: N'-[(E)- O-hexadecvloxypropvl isopropvloxycarbonvloxymethyl-

hosphinvl-2-butenvl]-5-bromorouracil

O ¢ OPOC

N O J\

J
N DCM O E’?'OAO 0
0 _~_0
5% Nolan SiPr indenyl. cat HTS
I.t.

48%

'H NMR (400 MHz, CDCL): 8§ =8.58 (s, 1H, NH), 7.54 (s, 1H, H®), 5.84-5.59 (m, 4H,
CH=CH, O-CH>-0), 4.93 (sept., J = 6.3 Hz, 2H, CH(CHs),), 4.40-4.30 (m, 2H, U-CH.,), 4.26-
4.08(m, 2H, P-O-CH,-CH,-CH,-0), 3.47 (t,J = 6.1 Hz, 2H, P-O-CH,-CH,-CH-0), 3.39 (t, J
= 6.7 Hz, 2H, O-CH,-CH,~(CH,),3-CH3), 2.72 (dd, J = 22.5, 6.8 Hz, 2H, CH,-P), 1.92 (p, J =
6.3 Hz, 2H, P-O-CH,-CH,-CH,-0), 1.55 (p, J = 6.9 Hz, 2H, O-CH,-CH,-(CH,):3-CHj), 1.34-
1.22 (m, 32H, O-CH,-CH,~(CH.,);5-CHs, CH(CH;),), 0.88 (t, J = 6.8 Hz, 3H, O-CH,-CH,-
(CH,)15-CH;).

“C NMR (100 MHz, CDCL): § = 158.9 (C=0), 153.2 (C=0), 149.7 (C=0), 142.9 (C°),
128.6, 128.4 (CH=CH), 125.8, 125.7 (CH=CH), 96. 7 (C°), 84.5 (2C, O-CH,-0), 73.3
(CH(CHs),), 71.2 (O-CH,-CH,-(CH,)13-CH3), 66.4 (P-O-CH,-CH,-CH,-0), 63.7, 63.6 (P-O-
CH,-CH,-CH,-0), 49.5 (2C, U-CH,), 31.9, 31.2, 30.7 (2C), 29.8, 29.7, (2C), 29.6 (2C), 29.5,
29.3, 26.2, 22.7, 21.7, 21.6 (CH,-P, CH(CHs),, P-O-CH,-CH,-CH,-0, O-CH,-CH,~(CH,);3-
CH:), 14.1 (O-CH,-CH,-(CH,)3-CH3).
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3P NMR (162 MHz, CDCL): 8 = 26.5

Example 32: NL-[(E)- O-hexadecyloxypropyl isopropyloxycarbonyloxymethyl-

hosphinyl-2-butenyljthymin

?.0POC .-
\EA)NH Z """ OHDP \“\/(‘?N
LA A 2L

N O O .~
L DCM K%\/P:O O

O\/\/O‘HTS

3% Nolan™ SiPr indenyl. Cat -
r.t.

45%

'H NMR (400 MHz, CDCL): 8 =9.08 (s, 1H, NH), 7.02 (d, J = 3.9 Hz, 1H, H"), 5.73-5.48
(m, 4H, CH=CH, 0-CH,-0), 4.92 (sept., J = 6.3 Hz, 2H, CH(CHs),), 4.52 (t, J = 4.4 Hz, 2H,
U-CH,), 4.22-4.08 (m, 2H, P-O-CH,-CH;-CH,-0), 3.47 (1, J = 6.2 Hz, 2H, P-O-CH,-CH,-
CH,-0), 3.39 (t, J = 6.7 Hz, 2H, O-CH,-CH,-(CH,)3-CH3), 2.64 (dd, J = 22.2, 5.9 Hz, 2H,
CH>-P), 1.91 (m, 5H, P-O-CH,-CH,-CH,-0, CHs-U), 1.53 (p, J = 6.9 Hz, 2H, O-CH,-CH-
(CH,);3-CHs), 1.34-1.24 (m, 32H, O-CH,-CH,-(CH,),3-CHs, CH(CH3)2), 0.88 (t, J = 6.8 Hz,
3H, O-CH,-CH,-(CH3)13-CH3).

3C NMR (100 MHz, CDCL): 8 = 163.6 (C=0), 153.2 (C=0), 152.2 (C=0), 134.3 (C°), 129.6
(2C, CH=CH), 122.6, 122.5 (CH=CH), 110.0 (C°), 84.5 (2C, O-CH,-0), 77.2 (C°), 73.1
(CH(CHs),), 71.2 (O-CH,-CH,~(CHy)13-CH3), 66.5 (P-O-CH,-CH;-CH,-0), 63.5, 63.4 (P-O-
CH,-CH,-CH,-0), 41.8 (2C, U-CH),), 31.9, 31.3, 30.8, 30.7, 29.9, 29.7 (2C), 29.6 (2C), 29.5,
9.4, 262, 22.7, 21.7 (CH,-P, CH(CH3),, P-O-CH,-CH,-CH,-0, O-CH,-CH,-(CH,);3-CH3),
14.1 (O-CH,-CH,-(CH,),3-CH3), 12.9 (CH3-U).

*'P NMR (162 MHz, CDCL): 8 = 26.6
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Example 33: N.-[(E)- __O-hexadecvloxypropyl _isopropyloxycarbonyloxymethyl-
phosphinyl-2-butenyl] -S-fluorouracil
Q _poroc 0
3 I NT Z OHDP F ‘ iH ,
5% Nolan™ SiPr Indenyl. Cat TN ‘H”I/S
r.t.
45%

'H NMR (400 MHz, CDCL): § = 8.67 (d, J = 3.6 Hz, 1H, NH), 7.29 (d, J = 5.5 Hz, 1H, H®),
5.82-5.59 (m, 4H CH=CH, O-CH,-0), 4.93 (sept., J = 6.3 Hz, 2H, CH(CH3),), 4.38-4.26 (m,
2H, U-CH,), 4.25-4.11 (m, 2H, P-O-CH,-CH,-CH,-0), 3.47 (t, J = 6.10 Hz, 2H, P-O-CH,-
CH,-CH>-0), 3.38 (t, J = 6.7 Hz, 2H, O-CH,-CH,-(CH,),3-CH3), 2.72 (dd, J = 22.4, 6.6 Hz,
2H, CH,-P), 1.92 (p, J = 6.3 Hz, 2H, P-O-CH,-CH,-CH,-0), 1.53 (p, J = 6.7 Hz, 2H, O-CH>-
CH>-(CHy)13-CHa), 1.35-1.19 (m, 32H, O-CH,-CH,-(CH,),3-CHs, CH(CH3),), 0.88 (t, J = 6.8
Hz, 3H, O-CH,-CH,-(CH,)3-CH3).

3C NMR (100 MHz, CDCly): 8 = 156.9, 156.6 (C=0), 153.2 (C=0), 149.0 (C=0), 141.7,
139.3 (C%), 128.6, 128.4 (CH=CH), 127.7, 127.4 (C®), 125.7, 125.6 (CH=CH), 84.5, 84.4 (O-
CH,-0), 73.3 (CH(CHs),), 71.2 (O-CH;-CH,-(CH,)13-CH3), 66.4 (P-O-CH,-CH,-CH;-0),
63.7. 63.6 (P-O-CH,-CH,-CH,-0), 49.4, 49.3 (U-CHy), 31.9 (2C), 31.2, 30.7 (2C), 29.8, 29.7,
29.6 (2C), 29.5 (2C), 29.3 (2C), 26. 2, 22.7, 21.6 (2C) (CH,-P, CH(CHj3),, P-O-CH-CH,-
CH,-0, O-CH,-CH,-(CH,),3-CH3) 14.1 (O-CH,-CH;-(CH,)13-CH3).

*'P NMR (162 MHz, CDClL): 8 = 26.5

Example 34: N'-[(E)-4-hexadecylpropyl-phosphinyl-2-butenyl]uracil

O O
- : 1. NaOH 0.1M |‘

2. Dowex™ 50w8

l NH - “ i NH
rxll) o o /\..._O,,JL /L\ 98% N/g“o 0O

L -0 0O K/ . -OH
N \/\\/Q \Mﬁ‘ N o\//\/o{%

'H NMR (400 MHz, CDs0D): & =7.54 (d, 1H, J = 7,9 Hz, H®), 5.78-5.72 (m, 2H, CH=CH),
5.66 (dd, J = 7.8, 1.9 Hz, 1H, H), 4.35 (t, J = 4.1 Hz, 2H, U-CH>), 4.07 (¢, J = 6.5 Hz, 2H,
P-O-CH>-CH,-CH,-0), 3.51 (t, J = 6.2 Hz, 2H, P-O-CH,-CH,-CH,-0), 3.42 (t, J = 6.6 Hz,
2H, O-CH,-CH,-(CH,);3-CHs), 2.64 (dd, J = 22.0, 5.3 Hz, 2H, CH,-P), 1.88 (p, J = 6.24 Hz,
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2H, P-O-CH,-CH,-CH,-0), 1.56 (p, J = 6.9 Hz, 2H, O-CH,-CH-(CH,),3-CH3), 1.38-1.25 (m,
26H, 0-CH,-CH,-(CH.);3-CHj3), 0.90 (t, J = 6.9 Hz, 3H, O-CH,-CH,-(CH>),:-CHj).

“C NMR (100 MHz, CDCly): § = 166.7 (C=0), 152.7 (C=0), 146.7 (C°%), 129.9, 1298
(CH=CH), 126.6, 126.5 (CH=CH), 102.5 (C°), 72.2 (O-CH,-CH,-(CH,),3-CHs), 67.8 (P-O-
CH;-CH,-CH;-0), 64.0, 63.9 (P-O-CH,-CH,-CH,-0), 50.3 (2C, U-CH,), 33.1, 32.0, 30.8
(2C), 30.7, 30.5, 27.3, 23.8 (CH,-P, P-O-CH,-CH,-CH,-0, O-CH,-CH,-(CH,),3-CH;), 14.5
(O-CH;-CH,-(CH,)13-CHj).

*'P NMR (162 MHz, CDCL): § =25.9.

Example 35 : N'-[(E)- O-hexadecyloxypropyl -phosphinvl-2-butenyl] -5-chlorouracil

Cl 1. NaOH 0.1M Cl NI
NH 2. Dowex™ 50w8 I
I /g Q) e e e
O P /t'L J\ 98% N O (ﬁ OH
() ”~
vvp\

'H NMR (400 MHz, CD;0D): § = 7.89 (s, 1H, H°), 5.85-5.68 (m, 2H, CH=CH), 4.35 (t, J =
4.2 Hz, 2H, U-CH,), 4.07 (q, J = 6.5 Hz, 2H, P-O-CH,-CH,-CH,-0), 3.51 (t, J = 6.2 Hz, 2H,
P-O-CH,-CH,-CH-0), 3.42 (t, J = 6.6 Hz, 2H, O-CH,-CH,-(CH,),5-CHs), 2.64 (dd, J =
21.6, 5.9 Hz, 2H, CH,-P), 1.89 (p, J = 6.2 Hz, 2H, P-O-CH,-CH,-CH,-0), 1.56 (p, 1H, J =
6.9 Hz, 2H, O-CH,-CH,-(CH;);3-CH3), 1.39-1.25 (m, 26H, O-CH,-CH,-(CH,);3-CHxs), 0.90
(t, J = 6.9 Hz, 3H, O-CH,-CH,-(CH,),3-CH3).

“C NMR (100 MHz, CD;0D): § = 161.9 (C=0), 151.8 (C=0), 143.6 (C%), 129.6, 129.4
(CH=CH), 127.2, 127.1 (CH=CH), 109.0 (C°), 72.2 (O-CH;-CH,-(CH,);3-CH3), 67.8 (P-O-
CH,-CH,-CH;-0), 63.9 (2C, P-O-CH,-CH,-CH,-0), 50.6 (2C, U-CH,), 33.1, 32.1, 32.0, 30.8
(20), 30.7, 30.5, 27.3, 23.8 (CH»-P, P-O-CH,-CH,-CH,-0, O-CH,-CH,-(CH,),;-CH;), 14.5
(O-CH,-CH,-(CH,),3-CH3).

*'P NMR (162 MHz, CD;0D ): 8 =25.4.
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Example 36: N'-[(E)- O-hexadecyloxypropyl -phosphinyl-2-butenyl]-5-bromorouracil

O

Br | . NaOH0.1M  Br
| /IE 5 2. Dowex™ 50w8 I /ILH
NK/O;/R 0™ O)ko/j\ 100% NK/O\/E’OH
s P <
p pZ
O\/\/O\[\Jl/s O\/\/O\H(S

s '"H NMR (400 MHz, CD;0D): § =7.98 (s, 1H, H®), 5.83-5.70 (m, 2H, CH=CH), 436 (t, J =
3.9 Hz, 2H, U-CH>), 4.08 (q, J = 6.5 Hz, 2H, P-O-CH,-CH,-CH,-0), 3.51 (t, J = 6.1 Hz, 2H,
P-O-CH,-CH,-CH»-0), 3.42 (t, J = 6.6 Hz, 2H, O-CH,-CH,-(CH,)13-CH3), 2.65 (dd, J =
21.6, 5.4 Hz, 2H, CH»-P), 1.89 (p, J = 6.3 Hz, 2H, P-O-CH,-CH,-CH,-0), 1.55 (p, 2H, J =
6.9 Hz, 2H, O-CH,-CH,-(CH,)13-CHa3), 1.40-1.23 (m, 26H, O-CH,-CH,-(CH,);3-CHs), 0.90

10 (t,J= 6.8 Hz, 3H, O-CH,-CH,-(CH,)13-CH3).
3C NMR (100 MHz, CD;OD): § = 152.1 (C=0), 146.2 (C=0, C°), 129.8, 129.6 (CH=CH),
127.0, 126.9 (CH=CH), 96.7 (C°), 72.2 (O-CH,-CH,-(CH,),3-CH3), 67.7 (P-O-CH,-CH>-
CH,-0), 64.0 (2C, P-0-CH,-CH,-CH;-0), 50.6 (2C, U-CH,), 33.1, 32.0 2C), 31.9, 30.8 (2C),
30.7. 30.5, 27.4, 23.8 (CH»-P, P-O-CH,-CH,-CH,-0, 0-CH,-CH,-(CH;);3-CH3), 14.5 (O-

15  CH,-CH,-(CH3)13-CHs3).
1P NMR (162 MHz, CD-0D): 8 =25.7.

Example 37: N'-[(E)- O-hexadecyloxypropyl -phosphinyl-2-butenyl] -5-fluorouracil
O

1, NaOHO0.1M  F
NH 2. Dowex™ 50w8 NH

|/I§O O/\/([)J\J\ 059/ N 0 (I?OH
K/\/go o 0 K//’\/P<

20

'"H NMR (400 MHz, CD;0D): 8 = 7.78 (d, J = 6.2 Hz, 1H, H®), 5.83-5.69 (m, 1H, CH=CH)),
431 (t, J = 4.2 Hz, 2H, U-CH,), 4.07 (q, J = 6.4 Hz, 2H, P-O-CH,-CH,-CH,-0), 3.51 (t, J =
6.2 Hz, 2H, P-O-CH,-CH,-CH>-0), 3.42 (t, J = 6.6 Hz, 2H, O-CH,-CH,~(CH,);3-CH3), 2.64
s (dd, J = 21.6, 6.0 Hz, 2H, CH»-P), 1.89 (p, J = 6.3 Hz, 2H, P-O-CH,-CH,-CH,-0), 1.55 (p, /
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= 6.7 Hz, 2H, O-CH,-CH,-(CH,)3-CH3), 1.35-1.25 (m, 26H, O-CH,-CH,-(CH>);3-CH;), 0.90
(t,J = 6.8 Hz, 3H, O-CH,-CH,-(CH,),5-CH;).

“C NMR (100 MHz, CD;0D): § = 159.9, 159.7 (C=0), 151.3 (C=0), 142.9, 140.6 (C%),
130.7, 130.4 (C°), 129.5, 129.4 (CH=CH), 127.2, 127.1 (CH=CH), 72.2 (O-CH,-CH,-
(CHy)13-CHz), 67.8 (P-O-CH,-CH,-CH,-0), 63.9, 63.8 (P-O-CH,-CH,-CH,-0), 50.4 (2C, U-
CH,), 33.1, 32.0 (3C), 30.8 (2C), 30.7, 30.5, 27.3, 23.8(CH>-P, P-O-CH,-CH,-CH,-0O, O-
CH,-CHy-(CH,),3-CH3), 14.5 (O-CH,-CH,-(CH,) 5-CH3).

*'P NMR (162 MHz, CD;0D): § = 25.4.

Example 38: N'-[(E)- O-hexadecyloxypropyl-phosphinyl-2-butenyl]thymin

0 0
1.NaOH 0.1M
I NH 2. Dowex™ 50w8 %NH
O -
N/J%O I o/\o)Lo/k 207 N/KO I _on
NN NN

'H NMR (400 MHz, CD;0D): = 7.22 (d, J = 1.1 Hz, 1H, H®), 5.78-5.64 (m, 2H, CH=CH),
4.50 (m, 2H, U-CH,), 4.05 (m, 2H, P-O-CH,-CH,-CH,-0), 3.50 (t, J = 6.1 Hz, 2H, P-O-CHo-
CH,-CH>-0), 3.43 (dt, J = 6.5 Hz, 2H, O-CH,-CH,-(CH,);3-CHs), 2.59 (d, J = 18.4 Hz, 2H),
1.94-1.83 (m, 5H, P-O-CH,-CH>-CH,-0O, CH;-U)), 1.60-1.51 (p, 2H, J = 6.9 Hz, 2H, O-CH,-
CH,-(CH,)13-CH3), 1.37-1.24 (m, 26H, O-CH,-CH,-(CH>);3-CH3), 0.90 (t, J = 6.9 Hz, 3H,
CH;-U).

“C NMR (100 MHz, CD;0D): § = 166.0 (C=0), 153.2 (C=0), 137.5 (C®), 110.0 (C%), 72.2
(O-CH,-CH,-(CH,)13-CH3), 67.8 (P-O-CH,-CH,-CH,-0), 64.0, 63.9 (P-0O-CH,-CH,-CH,-0),
42.8 (2C, U-CH,), 33.1, 32.0 (2C), 30.8, 30.7 (2C), 30.5, 27.3, 23.8(CH,-P, P-O-CH,-CH,-
CH,-0, O-CH;-CH,-(CH,);3-CHs), 15.9, 14.5 (O-CH,-CH,-(CH,)13-CHj3), 12.9 (CH;-U).

Example 39: General procedure for mitsunobu reaction with heterocyclic bases

To a dioxane™ (5 mlL/mmol) solution of Bis-(POM) 1-hydroxymethyl-
allylphosphonate (leq.) prepared according to example 13, heterocyclic base (1.5
eq.),triphenylphosphine (1.5 eq.) was added diisopropylazodicarboxylate (1.5 eq).under argon
atl0°C. This solution was stirred a room temperature for 20h. After evaporation of all

volatiles, the residue was purified by chromatography on silica gel (MeOH/DCM).
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The compounds of examples 40 to 42 arc synthesized according to said general

procedure.

Example 40: N°-[(E)-4-bispivaloyloxymethylphosphinvl-2-butenyl]adenine

O
NH, )& NH,
7 :
N N ﬂ 0 O tBu D1AD, PPh, N ‘ N\> O
NT O} ~ Dioxane N 10" O tBu
O O\/O\[(tBu

'H NMR (400 MHz, CDCly): 8 = 8.36 (s, 1H, H,), 7.81 (s, 1H, Hg), 5.95-5.85 (m, 1H,
CH=CH), 5.74-5.60 (m, 7H, CH=CH, O-CH»-0, NH,), 4.80 (t, J = 5.0 Hz, 2H, B-CH,), 2.72
(dd, J = 22.6, 7.3 Hz, 2H, CH,-P), 1.23 (s, 18H, C(CHx)5).

“C NMR (100 MHz, CDCL): § = 176.8 (C=0), 155.4 (C¢), 153.1 (Cy), 149.9 (C4), 140.1
(Cs), 130.0, 129.8 (CH=CH), 123.4, 123.2 (CH=CH), 119.6 (Cs), 81.6 (2C, O-CH,-0), 44.9
(2C, B-CH,), 38.7 (C(CHs)3), 31.5, 30.1 (CH,-P), 26.8 (C(CHz)3).

*'P NMR (162 MHz, CDCly): 8 = 26.50

Example 41: N'-[(E)-4-bispivalovloxymethylphosphinyl-2-butenyl]-6-chloropurine

O
Cl Cl
O .
N ‘ N IPI/O O"  "tBu  DJAD, PPh, N7 | N\> 0
+ AN TN

K > HO = A > L\ )J\
~ O O tBu . N O N

N g ~ Dioxane N | O O tBu

s P
O

'H NMR (400 MHz, CDCL): § = 8.73 (s, 1H, H,), 8.14 (s, 1H, Hs), 5.94-5.85 (m, 1H,
CH=CH), 5.80-5.71 (m, 1H, CH=CH), 5.71-5.67 (m, 4H, O-CH,-0), 4.88 (t, J = 5.2 Hz, 2H,
B-CH,), 2.71 (dd, J = 22.8, 7.1 Hz, 2H, CH,-P), 1.21 (s, 18H, C(CH>)3).

'C NMR (100 MHz, CDCL): 8 = 176.8 (C=0), 152.0 (C,), 151.6, 151.1 (C4 and Cg), 144.7
(Cs), 131.6 (Cs), 128.9, 128.7 (CH=CH), 124.6, 124.5 (CH=CH), 81.6, 81.5 (O-CH,-0), 45.5,
45.4 (B-CH,), 38.7 (C(CHz)3), 31.4, 30.0 (CH,-P), 26.8 (C(CHz)s).

*'P NMR (162 MHz, CDCls): 8 = 26.05.
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Example 42: N’-[(E)-4-bispivalovloxvmethvlphosphinyl-2-butenvl]-2-Amino-6-
chloropurine

N7 N ,P|/o O Bu " DiAD, PPh, N~ ‘ \> O
HN - N E TN Dioxane NN 1O O tBu
| | V\/P\
O O O tBu

'H NMR (400 MHz, CDCls): 8 = 7.74 (s, 1H, H»), 5.88-5.79 (m, 1H, CH=CH), 5.72-5.59 (m,
5H, CH=CH, O-CH»-0), 5.28 (s, 2H, NH,), 4.65 (t, J = 5.1 Hz, 2H, B-CH,), 2.70 (dd, J =
22.7,7.2 Hz, 2H, CH>-P), 1.20 (s, 18H, C(CHs)s3).

“C NMR (162 MHz, CDCl3): 8 = 176.8 (C=0), 159.1 (C¢), 153.6 (C4), 151.3 (Cp), 141.8
(Cs), 129.4, 129.3 (CH=CH), 125.1 (Cs), 123.6, 123.5 (CH=CH), 81.6, 81.5 (0-CH,-0), 44.9
(B-CH,), 38.7 (C(CHz)3), 31.4, 30.0 (CH,-P), 26.8 (C(CHz)3).

*'P NMR (162 MHz, CDCls): 8 = 26.35.

Example 43: General procedure for conversion of 6-chloropurines to 6-
cvclopropvlamino purines

A solution of 6-chloropurine 1 1:9 mixture of cyclopropylamine and
dichloromethane (20 mL/mmol) 1s stirred for 20h at 40°C. After evaporation of all volatiles,

the residue was purified by chromatography on silica gel (MecOH/DCM).
The compounds of examples 44 and 45 arc prepared according this procedure.

Example 44: N’-[(E)-4-bispivalovloxymethylphosphinyl-2-butenyl]- 6-
cvclopropylaminopurine

Cl /A

= N o HN
K ‘ \> JJ\ Cyclopropylamine N N O
N PN CH.CI,, 40°C N
N~ N 707 o7 il - | D |
P N~ N R 07 o7 “tBu
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'H NMR (400 MHz, CDCl3): 0 = 8.47 (s, 1H, Hy), 7.75 (s, 1H, Hg), 5.95 (s, 1H, NH), 5.93-
5.84 (m, 1H, CH=CH), 5.69-5.61 (m, 5H, CH=CH, O-CH,-0), 4.78 (t, J = 5.1 Hz, 2H, B-
CH,), 3.04 (d, J = 3.0 Hz, 1H, NHCH), 2.70 (dd, J = 22.6, 7.3 Hz, 2H, CH,-P), 1.21 (s, 18H,
C(CHx)3), 0.94 (td, J = 8.4Hz, 6.9 Hz, 2H, NHCHCH.), 0.68-0.64 (m, 2H, NHCHCH,).

C NMR (100 MHz, CDCli): 8 = 176.8 (C=0), 155.8 (Cs), 153.3 (C,), 149.0 (C,), 139.5
(Cs), 130.1, 129.9 (CH=CH), 123.2, 123.0 (CH=CH), 119.8 (Cs), 81.6, 81.5 (O-CH,-0), 44.8
(2C, B-CH,), 38.7 (C(CHs)s), 31.5, 30.1 (CH,-P), 26.8 (C(CHs)3), 23.7 (NHCH), 7.4
(NHCHCH,).

*'P NMR (162 MHz, CDCl3): § = 26.57

Example 45: N’-[(E)-4-bispivalovloxymethylphosphinyl-2-butenyl]- 6-
cvclopropvlaminopurine
. A
HN
N7 N 0
)\ | > JL Cyclopropylamine N N o
>~ © N\
HNT NS N O 67 0" iy CH,Cl,, 40°C )\\ | > J\
\/A/P\ HN™ "N~ N ® 07 o tBu
O\/OYtBU \/NP/
.
O O tBu
O

'H NMR (400 MHz, CDCls): 8 = 7.44 (s, 1H, H,), 5.89-5.81 (m, 1H, CH=CH), 5.76 (s, 1H,
NH), 5.67-5.57 (m, 5H, CH=CH, O-CH,-0), 4.79 (s, 2H, NH>), 4.61 (t, J = 5.1Hz, 2H, B-
CH,), 3.05-2.95 (m, 1H, NHCH), 2.69 (dd, J = 23.0, 7.0 Hz, 2H, CH,-P), 1.22 (s, 18H,
C(CH5)3), 0.85 (td, J = 6.9, 5.4 Hz, 2H, NHCHCH,), 0.63-0.58 (m, 2H, NHCHCH,).

“C NMR (100 MHz, CDCls): § = 176.8 (C=0), 160.1, 156.3 (Cs and C5), 151.0 (Cy4), 136.9
(Cs), 130.6, 130.4 (CH=CH), 122.4, 122.3 (CH=CH), 114.6 (Cs), 81.6 (2C, O-CH,-0), 44 .4,
44.3 (2C, B-CH,), 38.7 (C(CHs)3), 31.4, 30.0 (CH,-P), 26.8 (C(CHz)3), 23.7 (NHCH), 7.4
(NHCHCH,).

*'P NMR (162 MHz, CDCl3): § = 26.77.
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Example 46: General procedure for conversion 6-chloropurines to 6-hydroxy purines

A solution of 6-chloropurine 1in 1:1 mixture of demineralized water and formic acid
(20 mL/mmol) 1s stired for 20h at 40°C. After evaporation of all volatiles, the residue was
purified by chromatography on silica gel (MecOH/DCM).

Compounds of examples 47 and 48 arc synthesized according to this procedure.

Example 47: N -[(E)-4-bispivalovloxymethylphosphinyl-2-butenvl]hypoxanthine

\ \> O‘ HCOOH HN | \>
K\ N O )\ H,0, 40°C L\ O J\
N ||/O O tBu > N N ||/O O tBu
v\/P K/\/P\

S
O\/OYtBu o\/o tBu
O

'H NMR (400 MHz, CDCl3): 0=12.94 (s, 1H, NH), 8.17 (s, 1H, H»), 7.81 (s, 1H, Hg), 5.94-
5.83 (m, 1H, CH=CH), 5.78-5.60 (m, 5H, CH=CH, O-CH,-0), 4.78 (t, J = 5.2 Hz, 2H, B-
CH,), 2.72 (dd, J = 22.7, 7.2 Hz, 2H), 1.21 (s, 18H, C(CH:)3).

C NMR (100 MHz, CDCl): § = 176.8 (C=0), 159.1 (C¢), 148.9 (Cy,), 145.0 (C,), 139.7
(Cs), 129.7, 129.5 (CH=CH), 124.5 (Cs), 123.8, 123.7(CH=CH), 81.6 (2C, O-CH,-0), 45.3
(2C, B-CH,), 38.7 (C(CHs)3), 31.4, 30.0 (CH,-P), 26.8 (C(CHz)3).

*'P NMR (162 MHz, CDCl3): 8 = 26.40.

Example 48: N -[(E)-4-bispivaloyloxymethylphosphinyl-2-butenvl]guanine

Cl O
N N

L ST S S 0 o B
H,0, 40°C Iy
HNT N7 N ? 07 o7 Tu : ~HNT N7 N ? 07 o7 T
\/A/P\ \\/A/Pi
O\/OYtBu O\/OYtBu
: :




10

LS

CA 02764827 2016-11-15

51

"H NMR (400 MHz, CDCls): & = 12.11 (s, 1H, NH), 7.60 (s, 1H, Hg), 6.65 (s, 2H, NH,), 5.95-
5.84 (m, 1H, CH=CH), 5.73-5.62 (m, 5H, CH=CH, O-CH>-0), 4.60 (t, J = 4.7 Hz, 2H, B-
CH,), 2.72 (dd, J = 22.6, 7.3 Hz, 2H), 1.20 (s, 18H, C(CHs);).

“C NMR (100 MHz, CDCl3): 8 = 176.9 (C=0), 159.0 (C), 153.9 (C,), 151.4 (Cy), 137.2
(Cs), 130.6, 130.4 (CH=CH), 122.7, 122.6 (CH=CH), 116.8 (Cs), 81.7, 81.6 (O-CH,-0), 44.8
(B-CHy), 38.7 (C(CH3)3), 31.4, 30.0 (CH,-P), 26.8 (C(CHs)3).

*I'P NMR (100 MHz, CDCl3): & = 27.04.

EXEMPLE 49 : Bioavailability of the compounds according to the invention

Log D (pH= 7.4) was calculated using MarvinSketch™ 5.3 (Method Weighter™)
from ChemAxon™,
Results are given 1n figure 1 which presents the Log D i.e. the logarithm of the

water/octanol partition ratio at pH=7.4.

The greater 1s the Log D, the more the compound will be lipophilic and so the better
will be its bioavailability.

T'he compounds according to the invention (examples 16 to 48) with the claimed
formula R=R’=POM; R=R’=POC; R=POC and R’=HDP, and R=H and R’=HDP) all have a
much greater Log D than the corresponding phosphoric acid (R=R’=H).
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CLAIMS
1. A compound of formula (I-1):
Q
o IR
. P (1-1)
E\MT{ SR (I-1)
X Y

wherein:
R represents H, a straight or branched (C,-Ce) alkyl group or a -(CH2)m—R2 group,
wherein R» 1s a hydrogen, a halogen, OH, Ns, NH>, an epoxy group, a leaving group
that 1s a halogen or a sulfony! group, or a carbonyl group; and m is an integer from 0 to
J,
n is an integer from 0 to 5,
X and Y independently of each other represent a hydrogen, a halogen, a straight (C;-Ce) alkyl
group, a branched (C;-Ce¢) alkyl group or an hydroxymethyl group, and
R’ and R*":
(a) 1ndependently of each other represent:

(1) an oxymethylcarbonyl group of formula (2)
R Ry o

M

——O O R’

' 2

(2)
wherein
R and R’} are independently of ¢ach other hydrogen or (C,-Cy4) alkyl group, and
R’; is a straight (C;-Cs) alkyl group, a branched (C;-Cs) alkyl group, a straight (C;-Ce)
alkoxy group or a branched (C;-Cs) alkoxy group:
(1) a thiocthylcarbonyl group of formula (3)

O
-0 /“\
l \/\S R3

(3)

wherein R3 is a straight or branched (C;-Cs) alkyl group; or
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(ii1) a lipophilic chain that 1s a hexadecyloxypropyl (HDP)-ester, an

octadecyloxyethyl- ester, an oleyloxypropyl-ester, or an oleyloxyethyl-ester; or

(b) form with the phosphate atom to which they are linked a cycloalky! group of formula (4)

R4
O %
v/ R
\O R,
(4)

wherein:

(1) R4, Rs, Re, et R7 each independently represent a straight (Ci-Ce) alkyl group, a
branched (Ci-Ce¢) alkyl group, a straight (C-Cs) aryl group or a branched (C-Cs) aryl
group; or

(i1) R4 and R~ independently represent a straight (C-Cg) alkyl group, a branched (Ci-
Cs) alkyl group, a straight (C;-Cs) aryl group or a branched (C;-Ce¢) aryl group; and Rs
and Re form together an aromatic ring, said aromatic ring being optionally substituted

by a chloride atom.

2. The compound according to claim 1, that 1s:

0
dﬁgxit(ﬁﬂ3h4 Q§V/W5913PCHW:
OPOM >0POM
0O
///\i:'):OPOC \//\('P?,OPOC
OPOC "OPOC

{3 £y
e NEVENR " T OPO
) jwﬁ\f\\‘ 1M"_-..-" .. ! l J{') P"w’ r" ;.% Q} ,.“% f,,ﬂ k::r_,.“‘ R “ P (.w? P{j ; 51

PO ‘ CTOROM
or

3. A process for making a lipophilic pro-drug comprising the step of contacting a drug D with

a compound of formula (I):

CA 2764827 2017-10-27
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O
R
R

0
R\RMPZ (0
|11 |

X Y

wherein:
R represents:

(a) a group of formula (1)

H),

wherein:

R, represents H, a straight (C1-C¢) alkyl group, a branched (C;-Cs) alkyl group or a
-(CH2)m—R2 group, wherein Rz 1s a hydrogen, a halogen, OH, N3, NH», an epoxy group,
a leaving group that is a halogen or a sulfonyl! group, or a carbonyl group; and

m 1S an 1nteger from 0O to 3,

—==— represents a double or a triple bond,

N = =m =

p being equal to 0 when ==-= is a triple bond and equal to 1 when ===

is a double bond or,

(b) R=Ry.
wherein R; is a hydrogen, a halogen, OH, N3, NHz. an epoxy group, a leaving group that
1S a sulfonate or a halogen, a leaving group involved into a transmetalation step catalyzed
by Pd(0), or a carbonyl group,
n 1s an mteger from 0O to 5,
X and Y independently of each other represent a hydrogen, a halogen, a straight (C1-Ce) alkyl
oroup, a branched (C,-Ce¢) alkyl group or a hydroxymethyl group, and
R’ and R’’:
(a) independently of each other represent

(i) an oxymethylcarbonyl group of formula (2)

CA 2764827 2017-10-27
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R R' O

N

—— Q) @, R'2

(2)
wherein:
R; and R’ are independently of each other hydrogen or an (C;-C4) alkyl group,
and
R’2 1s a straight (C-Cg) alkyl group, a branched (Ci-Cs) alkyl group, a straight
(C1-Cs) alkoxy group or a branched (C,-Cs) alkoxy group;
(11) a thioethylcarbonyl group of formula (3):

O

";L'O\/\S /U\R3

(3)
whereln:
R3 is a straight (C-Cs) alkyl group or a branched (C;-Ce) alkyl group; or
(ii1) a lipophilic chain that is a hexadecyloxypropyl (11DP)-ester, an
octadecyloxyethyl-ester, an oleyloxypropyl-ester, or an oleyloxyethyl-ester; or

(b) form with the phosphate atom to which they are linked a cycloalkyl group of formula
(4)

R4
O R
4 Ry
\o R.
(4)

wherein:

(i) R4, Rs, Rs, and R7 each independently represent a straight (C-Ce) alkyl group, a
branched (C;-Cs) alkyl group, a straight (C;-Cs) aryl group or a branched (C;-Ce)
aryl group; or

(ii) R4 and R7 independently represent a straight (C;-Cs) alkyl group, a branched
(C1-Co) alkyl group, a straight (C1-Cs) aryl group or a branched (C-Cs) aryl group:
and Rs and R¢ form together an aromatic ring, said aromatic ring being optionally

substituted by a chloride atom.
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4. The process according to claim 3, which is an olefin-metathesis reaction and wherein the
compound of formula (I) is:

(1) the compound of formula (I-1) defined in claim 1; or

(1) a compound of formula:

0
~~p:UPOM \/\('I;),OPOM

CH“DB& ‘Cnnahd
Q) O éi’f PO 1 gli} OPOM
i, e PO O o, e, | OPOY
n OPOC R e - b, N N L
Z P S p IPOC ~OPOM ~OPOM
OPOC "OPOC
: , Or
2
e o~y o 11 OPOM
OPOM
b
and the drug D bears an olefin group.
5. The process according to ¢laim 3, wherein the compound of formula (I) 1s
(1) the compound of formula (I-1) defined in claim 1;
(i1) compound ol formula:
9 0
'¢f\it(nﬂgh4 ‘QQ//\JUCHRDNT
CHNth chnuahd
O |_CPOM 1o Il _oPOM
g e AETL S 3 53 PO T N | I VAEY
//\",OPOC N Q OPOC N T ;_-:-::“ | p T
= P XNps "OPON OPOM
OPOC - "OPOC
: , Or
Bro et e |1 _OPOR
OPOM
, Or
(iii) a compound of formula:
o S O
|| ORPOR 1| _OPOC i OHDP
OROM - CoPGe oM
or
{3 |
| _OHDP
T OoBn

and the drug D bears a leaving group that is a halogen, 11O or sultone.

6. The process according to claim S, for making a compound of formula (II-1)
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R
— A—FP [1-1
D <R” (1I-1)

wherein
D 1s a drug which bears an olefin group,
A 1s a (C-Cg) alkenyl group comprising one or more double bonds,
R*and R™:
(a) independently of each other represent:

(1) an oxymethylcarbonyl group of formula (2)

Rl th Q

M

-0 O R

‘ 2

(2)
wherein
R, and R’ are independently of each other hydrogen or a (C-Cy4) alkyl group; and
R’; 1s a straight (C,-Cs) alkyl group, a branched (C;-Cs) alkyl group, a straight (C;-Ce)
alkoxy group or a branched (C-Ce¢) alkoxy group;
(1) a thioethylcarbonyl group ot formula (3)
O
_?—O\/\SJL R,

(3)
wherein
Rz 1s a straight (C-Cs) alkyl group or a branched (Ci-Ce) alkyl group; or
(m1) a hpophilic chain that 1s a hexadecyloxypropyl (HDP)-ester, an

octadecyloxyethyl-ester, an oleyloxypropyl-ester, or an oleyloxyethyl-ester; or

(b) form with the phosphate atom to which they are linked a cycloalkyl group of formula
(4)

R
O LR
Y/ R¢
\O R,
(4)
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wherein:
(1) R4, Rs, Re, ¢t R7 each independently represent a straight (Ci-Ce) alkyl group, a
branched (C;-Cs) alkyl group, a straight (Ci-Cs) aryl group or a branched (C;-Ce)
aryl group; or
(i) R4, and R7 independently represent a straight (C,-Ce) alkyl group, a branched
(C1-Co) alkyl group, a straight (Ci-Cs) aryl group or a branched (C,-Cs) aryl group;
and Rs and R¢ form together an aromatic ring, said aromatic ring being optionally
substituted by a chloride atom,
comprising the steps of:
a) providing a compound of formula (5):
D—A (5)
wherein A is a (C-Ce) alkenyl group comprising onc or more double bonds,

b)  reacting the compound of formula (5) with a compound of tormula (I-1)

0
1R

RIWP\R" (I-1)

X Y

wherein R’, R”, Ry, n, X and Y are as defined in claim 1,
to yield the compound of formula (II-1), and

¢) isolating the compound of formula (II-1).

7. The process according to claim 3, for making a compound of formula (11-2)

wherein:
m1s 0 or 1;
D 1s a drug;
R’ and R™:
(a) independently of each other represent:

(1) an oxymethylcarbonyl group of formula (2)
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(2)
wherein:
R; and R’ are independently of each other hydrogen or a (C-Cs) alkyl group; and
R’> 1s a straight (Cy-Ce) alkyl group, a branched (C;-Ce) alkyl group, a straight
(C1-Ce) alkoxy group or a branched (C-Ce¢) alkoxy group;

(i1) a thioethylcarbonyl group of formula (3)
O

0 /“\
, \/\S R3

3)

wherein:

R3 1s a straight (Ci-Cs) alkyl group or a branched (C;-Cs) alkyl group; or
(111) a lipophilic chain that 1s a hexadecyloxypropyl (HDP)-ester, an
octadecyloxyethyl-ester, an oleyloxypropyl-ester, or an oleyloxyethyl-ester, or

(b) form with the phosphate atom to which they are linked a cycloalkyl group of tormula
(4)

O N s
/ R
No—/ R,

(4)

wherein:

(i) R4, Rs, Rs, et R7 each independently represent a straight (C-Ce) alkyl group, a
branched (C;-Ce) alkyl group, a straight (C;-Cs) aryl group or a branched (C-Ce)
aryl group; or

(ii) Ra, and R7 independently represent a straight (C;-Ce) alkyl group, a branched
(C1-Ce) alkyl group, a straight (C,-Cg) aryl group or a branched (C;-Cs) aryl group;
and Rs and Re form together an aromatic ring, said aromatic ring being optionally
substituted by a chloride atom,

comprising the steps of:
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a) providing a compound of formula (6)

D—OH (6)
b) reacting in a nucleophilic substitution reaction the compound of formula (6) with a

compound of formula (I-2)

()
Il _R

P '
R/\bdfP\Rn (1'2)
2

X Y

wherein R°, R”, Rz, n, X and Y are as defined 1n claim 3,
to yield the compound of formula (11-2); and

¢) 1isolating the compound of formula (II-2).

8. Use of a compound of formula (I):
o.
|| R

w( ,{;P ~Rp" 0

X Y

wherein:

R represents:

(a) a group of formula (1)

R

Nl
(1) )‘ :

wherein R represents H, a straight branched (C;-Cs) alkyl group, a branched (C1-Ce)

alkyl group, or a -(CH2)m —R2 group, wherein R» is a hydrogen, a halogen, OH, N3,
NH>, an epoxy group, a leaving group that is a halogen or a sulfonyl group, or a
carbonyl group; and
m is an integer from 0 to 5,

===~ represents a double or a triple bond, and

p being equal to 0 when
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1s a triple bond and equal to 1 when

1s a double bond; or

(b) R = Ry, wherein Rz is a hydrogen, a halogen, OH, N3, NH2, an epoxy group, a
leaving group that is a sulfonate or a halogen, a leaving group involved into a
transmelalation step catalyzed by Pd(0), or a carbonyl group,

n is an integer from 0 to 3,
X and Y independently of each other represent a hydrogen, a halogen, a straight (Ci-Ce) alkyl
group, a branched (C-Cs) alkyl group or an hydroxymethyl group, and
R and R":
(a) independently of each other represent:

(1) an oxymethylcarbonyl group of formula (2)
R Ry v

M

-0~ ~07 "R,

(2)
wherein:
R, and R’ are independently of each other hydrogen or a (Ci-Cs) alkyl group; and
R’; is a straight (C;-Cs) alkyl group, a branched (Ci-Ce) alkyl group, a straight
(C1-Cs) alkoxy group or a branched (C;-Cs) alkoxy group,

with the proviso that when R is cis-propenyl >/, =0 and R’2 1s
mcthyl, then Ry and Ry’ are not simultaneously hydrogen;

(i1) a thioethylcarbonyl group of formula (3)

9,
-?“(l\\//ﬁ\\S/th%
(3)

wherein:
Rz is a straight (C1-Cs) alkyl group or abranched (Ci-Cs) alkyl group; or
(iii) a lipophilic chain that is a hexadecyloxypropyl (HDP)-ester, an

octadecyloxyethyl-ester, an oleyloxypropyl-ester, or an oleyloxyethyl-ester,

CA 2764827 2017-10-27



62

with the proviso that when n=0 then R 1s not the cis-propcnyl >/ , OF
(b) form with the phosphate atom to which they are linked a cycloalkyl group ot tormula

(4)

R4
O %
Vv Ry
\o R.
(4)

wherein:

(1) R4, Rs, Rg, et R7 each independently represent a straight (C1-Ce) alkyl group, a
branched (C-Ce) alkyl group, a straight (C-Cg) aryl group or a branched (C-Ce)
aryl group; or

(i1) R4, and R7 independently represent a straight or branched (C;-Cs) alkyl or aryl
group; and Rs and Re form together an aromatic ring, said aromatic ring being
optionally substituted by a chloride atom,

as an intermediate in the synthesis of a phosphonate derivative useful as a pro-drug,

9. The use of claim §, wherein the compound formula (I) is of formula:

O ()
A O
—0—cn, —o—_
O t CH, —O .
0—H,c—O a
u-t or
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10. A compound of formula:

whereiln:

R™ and R’" are as defined in claim 1, and

drug D is an acyclonucleotide,

tor use as a phosphonate pro-drug.
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FIGURE 1
¢ Log D (pH = 7.4)
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¢ Log D (pH="74)
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[ij‘g' -3.53 3.43 2.61 7.53 3.34
i+ N® 0
Rap
e -3.37 3.58 277 7.69 3.49
E@“Hﬂxf\g
0]
\IL)L,‘I:D 291 4,04 3.23 .25 3.95
A
i B\ﬁj:n -2.70 4.26 3.44 8.36 4.17
Lyt S
o L A -2.58 4,37 3.56 8.48 4.28
e e
4]
D TLLLD -3.18 3.78 2.96 7.88 3.69
[ SEGNPEN
H
¥, -3.49 3.46
s S
:.O:Hf“\f\l_
s 2,48 4.48
B3
O
g EN%NM, -2.59 4.36 f; L emen-ase
Qﬁﬁ -4.21 2.74
RoE )
)
/\ég&&un, -4.30 2.65 ﬁ\i; clog D =049
o> e
R
Kﬁﬁ 2,72 4.24
I NENEN
>
gﬂx“}LW, -2.85 4.10

(o]

RD.
RO- -"""\,5#\-\]




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - claims
	Page 56 - claims
	Page 57 - claims
	Page 58 - claims
	Page 59 - claims
	Page 60 - claims
	Page 61 - claims
	Page 62 - claims
	Page 63 - claims
	Page 64 - claims
	Page 65 - claims
	Page 66 - claims
	Page 67 - drawings
	Page 68 - abstract drawing

