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Title: Process for the production of phosphorous compounds

The invention is directed to a process for the production of certain

phosphorous compounds, namely urea phosphorous compounds, thio-urea

phosphorous compounds, and sulphonamide phosphorous compounds.

These compounds are valuable for use in coordination complex

systems comprising building blocks, such as the compounds described in

WO-A-2004/103559.

The synthesis of phosphorous compounds, such as phosphites, is

normally carried out by condensation of phosphor halides with organic

compounds that carry hydroxyl groups in the presence of a base. The hydrogen

halide which is formed during the reaction is captured by the base. Typically,

the starting material is an organophosphorus chloride and the base is for

instance trialkylamine such as triethylamine (TEA) or tributylamine,

N,N-dialkylaniline or a nitrogen heterocycle such as pyridine. The hydrogen

chloride will form an ammonium salt together with the base.

This formation of ammonium salts is particularly a serious problem

in the synthesis of the urea, thio-urea and/or sulfonamide phosphorous

compounds, especially in case the synthesis and the use thereof are in the

context of robotic synthesis methods. It has been found, that the separation of

the product from amine. HCl salts is particularly difficult for these types of

phosphorous ligands.

Separation by distillation is often very hard and sometimes even

impossible due to the low vapour pressure of the components involved.

Chromatographic techniques are sometimes possible, but they are very time

consuming are can decrease the yield substantially. Further, a problem exist

in that this type of phosphite forms adducts with the amine. HCl salt, resulting

in further difficulties with purification and loss of product. As a consequence,

no commercially viable process was available for producing this type of

phosphite. Object of the present invention is therefore to provide a process for



the production of urea, thio-urea and/or sulfonamide phosphorous compounds

that allows the production of said compounds, free from amine.HCl salts.

This object has been met by the process of the present invention for

the production of a phosphorous compound having the structure

wherein X is O, N or C, R1 is an alkylene moiety of 0 to 5 carbon atoms, R2 is a

hydrogen atom or a substituted or unsubstituted alkyl or aryl group, R3, R4, R5

and R6 are independently hydrogen or an optionally substituted aryl or alkyl

group, and Z is at least one of

in which process

wherein X is O, N or C and n and m are independently 0 or 1,

is reacted with wherein Y is O or NH, and Z is as

defined above to produce the said phosphorous compound, in the presence of a

solid alkaline ion-exchange resin.

Surprisingly, the inventors found that the phosphorous compounds

of to the present invention can be synthesised in sufficient yield and

substantially without adduct formation between ammonium chloride salts and

phosphite by using a solid alkaline ion-exchange resin.



Moreover, the inventors found that the phosphorous compounds of

the present invention are obtained in a pure form, without the need of further

purification.

It is to be noted, that WO-A-2005/063776 describes a method for

producing organophosphites by the condensation of phosphorus trihalides or

organophosphorus halides with organic compounds that carry hydroxyl groups,

in the presence of polymeric alkaline ion-exchange resins. The described

method permits the production of trivalent organophosphorus compounds.

It is assumed that the reason for the problems in the synthesis of the

urea, thio-urea and sulfonamide phosphorous compounds is that these

phosphorous compounds are double hydrogen bonding donors and can for

instance be used for the preparation of hydrogen bonded ligands for

coordination compounds. In this case, the phosphorous compounds of the

present invention bind to a hydrogen bonding acceptor through hydrogen

bonds.

Due to this interaction the phosphorous compounds of the present

invention are assumed to have a strong tendency to encapsulate the

ammonium chloride salt in the final product. Due to the hydrogen bonding

capability of the ureum, thio-ureum, and sulfonamide part of the phosphorous

compounds, the TEA.HC1 or other amine salts are assumed to be strongly

bonded into clusters of phosphorous compounds, thereby making it virtually

impossible through normal procedure to produce a sufficiently pure

phosphorous compound, i.e. more than 95 % pure, preferably more than 98 %

pure.

The use of a solid alkaline ion-exchange resin provides an immediate

physical separation of the salts from the product; the product remains in

solution. In a preferred embodiment, the liquid fraction of the reaction mixture

is pumped to a second vessel over a filter. As a result, pure product is obtained

in the second vessel while impurities of the mixture stay behind on the resin in

the first vessel and cannot pass the filter.



The phosphorous compounds of the present invention have the

following general formula.

wherein X and Z have the above identified meanings.

R1 is an optionally substituted aryl- or alkylene moiety. In a

embodiment R1 can be unsubstituted, but preferably R1 is substituted with one

or more alkyl- and or aryl groups. The aryl- or alkylene moiety of R1 preferably

has 0 to 6 carbon atoms, more preferably 2, 3 or 4 carbon atoms. The

substituents can each contain 1 to 10 carbon atoms.

R2 is an optionally substituted aliphatic, alicyclic, heterocyclic, or

aromatic group. Combinations of these groups are also possible. R2 preferably

comprises from 1 to 50 carbon atoms. In case R2 is substituted, one or more of

the substituents may be for instance primary, secondary, or tertiary alkyl

groups, alicyclic groups, aromatic groups, -N(R7)2, -F, -Cl, -Br, -I, -CN, -C(O)-

R7, C(O)O-R7, CF3, -O-R7, -C(O)N-R7, -OC(O)-R7, or -Si(R7)3, wherein R7 is

hydrogen or a group comprising from 1 to 20 carbon atoms such as an alkyl

group or an aryl group. R7 is preferably a hydrogen atom or a methyl, ethyl,

propyl, n-butyl, t-butyl, phenyl, or naphtyl group.

R3 R4, R5 and R6 are the same or different and are hydrogen or an

optionally substituted aliphatic, alicyclic, heterocyclic, or aromatic group.

A preferred compound according to the invention is a compound of

formula

wherein X, R1, R2, R3, R4, R5, and R6 have the above identified meanings.



The reaction conditions of the process of the invention may vary

with the substituents. However, typically the reaction is carried out at a

temperature above -80 0C, more preferably above -20 0C. Degradation of the

organic reactants and reaction products may occur when the reaction

temperature is more than 180 0C. Therefore, preferably the reaction is carried

out at a temperature of from -20 0C to 50 0C.

The reaction is typically carried out at a pressure of 1 bara.

Suitable solvents for carrying out the process of the invention

include but are not limited to tetrahydrofuran, toluene and dichloromethane

Preferred solvents are tetrahydrofuran and toluene. The exact choice of the

solvent depends on the solubility of the reactants. The solvent should further

be inert to the reactants. The person skilled in the art will be able to chose a

suitable solvent based on the specific substituents of the reactants.

The process of the invention is preferably carried out under

anhydrous conditions. This can be achieved by performing a two-fold

azeotropic distillation of toluene from the reaction vessels prior to the reaction.

In a special embodiment, the invention provides an efficient way of removing

water during the reaction. A molecular sieve may be placed in a neighbouring

vessel that is in open connection with the reaction vessel. The water evolved

during the reaction is distilled with the toluene and is captured at the

molecular sieves in the separate vessel.

The alkaline ion-exchange resin is preferably a weakly alkaline ion-

exchange resin, based on amine groups. Preferably, the alkaline ion-exchange

resin is based on organic polymers, which are effective in capturing the acid.

Preferred ion-exchange resins are for instance based on amine base

functionality. Preferably, commercially available ion-exchange resins of the

AMBERLYST™ type are used.

The alkaline ion-exchange resin may be present in the form of

particles. Preferably an ion-exchange resin is applied with a mean particle size

of from 10 µm to 2 000 µm, more preferably from 100 µm to 1 500 µm, and



most preferably from 400 µm to 1 000 µm. It is advantageous to use small

particles of ion-exchange resin. A larger surface area of the particles is

responsible for a faster capture of the hydrogen chloride formed during the

reaction.

. The minimum amount of alkaline ion-exchange resin to be applied

can be calculated from the amount of reactants. Preferably, for each produced

mol of acid, a free base is available in the ion-exchange resin. Most preferably

5 to 10 mol of free base is available for each mol of acid.

In a preferred embodiment, the reaction is carried out in a double

vessel setup, wherein the reaction in the presence of the solid alkaline ion-

exchange resin is performed in one vessel, while the ureum, thio-ureum and/or

sulphonamide phosphorous product is collected in a connected second vessel

after reaction. This allows for an easy and accurate separation of the final

product by simply pumping the product mixture over a filter.

The molecules of the present invention contain a double hydrogen

bond donor motive and can be coupled to molecules that contain hydrogen

acceptors for example in order to form hydrogen bonded ligands for

coordination compounds. Such coordination compounds may be used as

transition metal catalysts. In order to screen a large library of coordination

compounds for catalytic activity it is advantageous to simultaneously

synthesise a range of different building blocks. It is therefore advantageous to

produce the urea, thio-urea and/or sulfonamide phosphorous compounds of the

present invention in a parallel synthesis procedure, wherein a multitude (for

instance from 2 to 150) of different urea-phosphorous compounds are

synthesised at the same time.

Such a parallel synthesis of phosphorous compounds is

advantageously combined with robot synthesis, in which a series of parallel

reactors are all connected to individual neighbouring vessels. By means of the

robot system, series of 2 to 150 phosphorous ligands are synthesised in parallel

followed by a parallel purification of all the products. The integration of a



purification procedure in the robotic synthesis procedure greatly enhances the

output of the parallel synthesis by avoiding tedious work-up procedures for all

molecules produced.

Example preparation of phosphite

In a reactor block containing 16 reactors, in which two lines of

reactors were connected in pairs, 8 simultaneous phosphite synthesis were

performed in the reactors on the left-hand side. To this end ~ 0.5 mmol of the

hydroxy-urea starting compounds were added to ~500 mg (5 equivalents) of

Amberlyst A21. In two subsequent cycles, 2 mL of dry toluene was added to all

16 vials and evaporated under reduced pressure at 50 °C. Next, 10 mL of

tetrahydrofuran (THF) was added to the vials containing the reaction mixtures

and the block was cooled down to 0 0C. 0.9 equivalents of an 0.69 M R-

Bisnaphtol-PCl solution in THF was subsequently added to the reaction

mixtures upon vortexing at 1000 rpm. The mixtures were allowed to warm up

to room temperature over 1 hour and were further vortexed at room

temperature for 18 hours. All mixtures were then pumped to the vials on the

right-hand side over PTFE filters (porosity G2/G3). After two washings of the

solid bases with 2 mL of THF and pumping of the washings to the vessels on

the right-hand side, the solvents were removed under reduced pressure at

room temperature.



Details per vial:



Claims

1. Process for the production of a phosphorous compound having the

structure

wherein X is O, N or C;

R1 is an alkylene moiety of 0 to 5 carbon atoms;

R2 is a hydrogen atom or a substituted or unsubstituted alkyl or aryl group;

R3, R4, R5 and R6 are independently hydrogen or an optionally substituted aryl

or alkyl group; and

Z is at least one of

in which process

wherein X is O, N or C and n and m are independently 0 or 1,

is reacted with HY-C R -R R -Z-R2, wherein Y is O or NH, and Z is as

defined above, to produce the said phosphorous compound, in the presence of a

solid alkaline ion-exchange resin.



2. Process according to claim 1, wherein the alkaline ion-exchange

resin is a weak alkaline ion-exchange resin, preferably based on amine groups.

3. Process according to any of the preceding claims, wherein the

alkaline ion-exchange resin is present in the form of particles with a mean

diameter of from 10 µm to 2 000 µm, more preferably from 100 µm to 1 500 µm,

and most preferably from 400 µm to 1 000 µm.

4. Process according to any of the preceding claims which process is

carried out in a double vessel reactor, wherein the solid alkaline ion-exchange

resin is present in one vessel and the product is collected in the other vessel.

5. Process according to any of the preceding claims, which process is

carried out at a temperature of from -20 0C to 50 0C.

6. Process according to any of the preceding claims, which process is

carried out in a solvent chosen from the group consisting of tetrahydrofuran

and toluene.

7. Process according to any of the preceding claims, wherein the

process is carried out as a parallel synthesis of at least 2 different phosphorous

derivatives.

8. Process according to any of the preceding claims, wherein R1 is

chosen from the group consisting of unsubstituted and substituted methylene,

ethylene, propylene, butylene, wherein the substituted methylene ethylene,

propylene, and butylene are preferably substituted with one or more alkyl- and

or aryl groups that can contain 1 to 10 carbon atoms.

9. Process according to any of the preceding claims, wherein R2 is

chosen from the group consisting of phenyl, 2-methoxy phenyl, 3-methoxy

phenyl, 4-methoxy phenyl, methyl, ethyl, propyl, n-butyl, and t-butyl.



A. CLASSIFICATION OF SUBJECT MATTER
INV . C07F9/141 C07F9/6574

According to International Patent Classification (IPC) o r Io both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

C07F

Documentation searched other than minimum documentation to the extent that such documents are included In the fields searched

Electronic data base consulted during the international search (name of data base and where practical, search terms used)

EPO-Internal , CHEM ABS Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category * Citaiion of document with indication, where appropriate, of the relevant passages Relevant to claim No

WO 2005/063776 A (OXENO OLEFINCHEMIE GMBH) 1-9
14 July 2005 (2005-07-14)
cited in the application
the whole document

HOPPER D W ET AL: "Facile Synthesis of 1-9
Lysophospholipids Containing Unsaturated
Fatty Acid Chains"
TETRAHEDRON LETTERS,
vol . 37, no. 44,

28 October 1996 (1996-10-28), pages
7871-7874, XP004030993
ISSN: 0040-4039
the whole document

Further documents are listed in the continuation of Box C See patent family annex

* Special categories of cited documents
"T" later document published after the international filing date

or pπorrty date and not in conflict with the application but
"A" document defining the general state of the art which is not cited to understand the principle or theory underlying the

considered to be of particular relevance invention
1E" earlier document but published on or after the International 1X" document of particular relevance, the claimed invention

filing date cannot be considered novel or cannot be considered to
"L" document which may throw doubts on pnoπty olaιm(s) or involve an inventive step when the document is taken alone

which is cited to establish the publication date of another "Y" document of particular relevance, the claimed invention
citation o r other special reason (as specified) cannot be considered to involve an inventive step when the

"O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu¬
other means ments, such combination being obvious to a person skilled

"P1 document published prior to the international filing date but in the art
laterthan the priority date claimed "&• document member of the same patent family

Date of the actual completion of the international search Date of mailing of the International search report

5 June 2007 13/06/2007

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P B 5818 Patenllaan 2
NL- 2280 HV Rijswi|k

TeI (+31-70) 340-2040 Tx 3 1 651 epo nl
Fax (+31-70) 340-3016

El iott, Adri an

Form PCT/ISA/210 (second sheet) (April 20Q5)



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No

CATLJRLA F ET AL: "New fluorescent probes 1-9
for testing combinatorial catalysts with
phosphodiesterase and esterase activities"
TETRAHEDRON,
vol . 60, no. 8 ,
16 February 2004 (2004-02-16), pages
1903-1911, XP004488397
ISSN: 0040-4020
* scheme 2 *

WO 2004/002995 A (AMERSHAM BIOSCIENCES AB) 1-9
8 January 2004 (2004-01-08)
paragraph [0068] - paragraph [0088]

WO 00/55179 A (ISIS PHARMACEUTICALS, INC) 1-9
21 September 2000 (2000-09-21)
figures 2,5

US 5 583 236 A (BRUSH ET AL) 1-9
10 December 1996 (1996-12-10)
column 5 , line 3 - line 15; figure 3

BORUWA J ET AL: "Synthesis, absolute 1-9
stereochemistry and molecular design of
the new antifungal and antibacterial
antibiotic produced by Streptomyces
sp.201."
BIOORGANIC & MEDICINAL CHEMISTRY LETTERS,
vol. 14, no. 13, 5 July 2004 (2004-07-05),
pages 3571-3574, XP009068869
ISSN: 0960-894X
* scheme 1 , reaction step iv *

ROHM AND HAAS: "AMBERLYST A21 Industrial 1-9
Grade Weakly Basic Polymeric Resin product
data sheet" [Online] July 2005 (2005-07),
XP002389986
Retrieved from the Internet:
URL :http ://www .rohmhaas .com/i onexchange/IP
/ 1iterature/a4/A21 .pdf>
[retrieved on 2006-07-12]
the whole document

EP 1 479 439 A (UNIVERSITEIT VAN 1-9
AMSTERDAM) 24 November 2004 (2004-11-24)
cited in the application
the whole document

Form PCT/ISA/210 (continuation of second shβat) (April 2D0S)



Information on patent family members
PCT/NL2007/050033

Patent document Publication Patent family Publication
cited in search report date member(s) date

WO 2005063776 A 14-07-2005 CN 1898253 A 17-01-2007
DE 10360771 Al 28-07-2005
EP 1697387 Al 06-09-2006
KR 20060109957 A 23-10-2006
MX PA06007258 A 18-08-2006
US 2007112219 Al 17-05-2007

WO 2004002995 A 08-01-2004 AU 2003236968 Al 19-01-2004
EP 1517910 Al 30-03-2005

WO 0055179 A 21-09-2000 AU 3887000 A 04-10-2000
US 6121437 A 19-09-2000
US 6610837 Bl 26-08-2003

us 5583236 A 10-12-1996 CA 2050706 Al 20-01-1993
US 5371241 A 06-12-1994

EP 1479439 24-11-2004 CN 1826177 A 30-08-2006
WO 2004103559 A2 02-12-2004
JP 2007505153 T 08-03-2007
KR 20060024381 A 16-03-2006
US 2006258858 Al 16-11-2006

Form PCT SA/210 (patent family annex) (April 2005)


	front-page
	description
	claims
	wo-search-report

