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for the production of phosphites using readily available PCl; and the

corresponding alcohols. However, the selectivity of the displacement of Cl
by the alcohol to give the corresponding phosphorous dichloridite
(R'0)P(Cl,) and chloridite (R'0)P(OR?)(CI), respectively, is generally low.
This limits the formation of any specific phosphite of the general structure
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selectivity to a specific structure with different R groups is highly desirable.
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Stuttgart 1964, it is summarized that a large excess of PCl; is needed to
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US 6,069,267 and EP 1234831 disclose that yields for phosphorous
dichloridite (R'O)P(Cl,) and chloridite (R'O)P(OR?)(CI) derived from
aromatic alcohols, PCls, and trialkylamines are satisfactory only if

30 temperatures below 0°C between 0°C and -20°C are deployed. Low
temperature and viscosity of the product mixture within- this temperature
range add significantly to operating cost and process complexity.

Furthermore, US 6,069,267 describes a process for the selective

synthesis of organodiphosphite compounds using PClz and aryl albohols.
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(i) to PXs for making (R'O)PXz and (ii) to (R'O)PX, for making
(R'O)(R?0)PX, such that the additions of the triorganoamine and the
“alcohol R'OH to PX3 for making (R'0)PX; or the additions of the
triorganoamine and the alcohol R?0OH to (R'0)PX, for making
30 (R'O)(R?O)PX are done in a separate but concurrent fashion or in a
separate and in alternating portions of the triorganoamine and the
respective alcohol. The method of addition to the reaction mixture allows
the triorganoamine and the respective alcohol to be present in low

concentrations and in a low molar ratios relative to PXzand ,(R1O)PX2 for
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per hour until the predetermined amounts of each of the alcohol and

triorganoamine have been added to the first solution, proyided that at any
given time, the total molar amount of alcohol added does not exceed the
total molar amount of trioganoamine added by more than 25% of the total
molar amount of the triorganoamine added: or

(b) adding each of the second and third solutions concurrenfly and
discontinuously into the first solution at a rate of no greater than 4 molar
equivalents of each of the alcohol and triorganoamine, relative to the PXs,

per hour in aliquots of the second solution containing no more than 0.5
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.consisting of C4 to C4 alkyl, Cs to C4g aryl, and Cs to Cyg cycloalkyl
radicéls, wherein said method comprises: contacting a first solution
comprising a predetermined amount of R'OPX; dissolved in an aprotic
solvent with (i) a second solution comprising a predetermined amount of
an alcohol R*0OH, and a predetermined amount of a triorganoamine
(R)(R')(R")N, wherein R’, R” and R” are independently selected from the
group consisting of C; to Cyg alkyl, Cs to Cyg aryl and C4 to Cys heteroaryl
radical, and wherein the molar ratio of the alcohol to the triorganocamine is

greater than 5, and (i) a third solution comprising a predetermined amount
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more than 0.5 equivalents of triorganoamine, until the predetermined
amounts of each of the alcohol and triorganoamine have been added to
the first solution by repetitively adding an aliquot of either the
triorganoamine followed sequentially by an aliquot of the alcohol, or an
aliquot of the alcohol followed by an aliquot of the triorganoamine, until the
predetermined amounts of each of the alcohol and triorganoamine have‘
been added to the first solution:; A

to produce the composition comprising the compound of the ,
formula (R'O)(R?0)PX, provided that in either of the alternatives (b) or (c),
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For the synthesis of the compound (R1O)(R20)PX, a first solution

comprising a predetermined amount of R'OPX, dissolved in an aprotic
solvent is contacted with (i) a second solution comprising a predetermined
amount of an alcohol R?0H, and a predetermined amount of a
triorganoamine (R)(R")(R")N, wherein R, R” and R™ are independently
selected from the group consisting of C to Cys alkyl, Cg to C4g aryl and C,
to C18‘heteroaryl radical, and wherein the molar ratio of the alcohol to the
triorganoamine is greater than 5, and (ii) a third solution comprising a
predetermined amount of the tnorganoamme and a predetermined amount

of the alcohol, wherein the molar ratio of the tnorganoamlne to the alcohol



15 of an alcohol R OH, and a predeterm ned anount of a
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The second gnd third solutions can be added } he
,fqarsmagmgj(ﬁ EhP Xz, or relative to (R'O)PX; for making (R )(R O)PX,
per hour in aliquots of the second solution containing no more than 0.5
molar equivalents of alcohol and in aliquots of the third solution containing
no more than 0.5 equivalents of triorganoamine, until the predetermined
amounts of each of the alcohol and triorganoamine have been added to
the first solution by repetitively adding an aliquot of either the
triorganoamine followed sequentially by an aliquot of the alcohol, or an
aliquot of the alcohol followed by an aliquot of the tfiorgahoamine, until the
predetermined amounts of each of the alcohol and triorganoamine have

been added to the first solution;
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R P Safon maanKBt O)PXs and (R' JPX2 and <R1O)(R20)P><
for making (R'O)(R?0)PX are low during the largest part of the addition
period. This can be achieved in the above described ways, for example by
either separate and concurrent both continuous and discontinuous
addition of triorganoamine and alcohol or by separate and discontinuous
repetitive additions of small aliquot portions one followed by the other of
the triorganoamine and the alcohol. The separate and concurrent, both
continuous and discontinuous additions can be achieved by using one or
more separate feed lines for each the triorganoamine and the alcohol
attached either directly to the reaction vessel at different locations, or to an

external recirculation pipe. In a preferred mode of the separate and



descri bed above. For exanple, (R O PX2 prepared by
| ess selective nethods described in the prior art and
waele@®snsosesl i n an aprotic solvent can al so be BPGEUS20051€38367

abaliszomtihhoutsrepatitive adsitions of aﬁc?lﬁﬁ%@'ﬁﬂld/r% SrIRPIGR6REE By the
of X 15 of PX3 by a pol yal coh t o produce products

of Ofhr cg&m%trmrgamamm ang eaiyenol sherddjtior egins with the
et %ddltwﬂ%’f%rfél@ﬂgt goﬁi%ﬂ cﬁefh ﬂ@&?@éj%ﬁ@eg fqéﬁ“%&%ﬁré%erred

group consisting

Cl&e:sycm oﬁiHla/hddltlcanﬂ dnd% atde@gtqmraﬂerﬁiétmg adiditiores are
tetra-radjcagl s corre nding to n=2, n=3 and n=4.
5| ¢ empleyad | Wast PstertRr etsepafeggrbygﬁpwm ackiion mode.

al cohol Tﬁ%&ﬁé@h‘%‘dyarh&n%cﬂ oA PGB LpLP! ©

exhi bi t concentration 1nt reac
wheneivalent Xoattathiedrio ¢f |st|h11e;ophantjfmﬁl$e pealucs distribution and

BRI kBRSPS

(RO e L des al MoK ol calbs e Bgsphte. g
10 ¢ h@an@f@b'sﬁ 8ar!t2 ofolartesuiddents af alquiol 6 githips ptmmndﬂer

o1 PREVEEah B AGRREE AT Eroult A sifiito iErnactemes

dl Babmsti raswidtive afdli 00aB 1065 hidl RGURBRAE BEaRBAPOFANBLPs
or by separate and discontinuous repetitive addit ons

of P@hﬁhcpspmr%bowxuqmp%mm lgub@tvt@@dby the ot her of
and conins PARFOAAENA T RORRTE and Hediih AL B4V aiven

15 adtimeiafriise pem:elss isirhpertatd foytheelertiong opthe dieplaicement
se ar?te fs(eb es for, each the triorganoam ne and

agfienRh Shdy REQ-Far Ralyaieahajs £ach picohehOH gioup
Fé?ﬁéséﬁts gi rﬁBI%F @gﬁlv%%%gbt) rn Ak é’t'ér)ﬁ) m??ﬂ{ r%é@%n of X. It

recirculation pip erre
seipgratesrealid keepWike 2iifste 060 EBI&eI%(Eﬁd)MSZﬁ Gidideddnolar

A R AR P BT e
20 t h&x #lycgiben tm{eftﬁ tAE %'dtjit% RagbBs 0/ bAdthe eqéﬁgleﬁﬁmn of

an ali'quot portion of the triorganoam ne.

pri@pEs p@ﬁerr% velisimn @ffthtshmﬂmﬂﬂheld)ﬁﬁelmde mathel amstmt oo

aI re5e oyed [ ef erre
é e separ g@g}aiﬁgﬁg @lﬂg?% 'Eﬁ(ﬁncq @??/P Ivalefs o

prait:@hicﬂ@i—l YrowH atadnyegiodn dhrobithe GddaloPus k@é@l@étv@@n 0.0

equi v&l ent X attached to P is inportant for the

pr%’lﬂj Oofnuvalentsi Syrthgpmore it is preferred to keep conditions where
25  the amount of added molar equivalents of triorganoamine exceeds the

amount of added molar equivalents of alcohol OH gfoups at any given

time of the addition by 0.0-0.05 equivalents. In a most preferred version of

this invention triorganoémine and alcohol are added in a separaté but

concurrent fashion in equimolar amounts such that the amount of molar
30  equivalents of added alcohol OH groups does not exceed the molar

equivalent amount of added triorganoamine at any given time.

The composition comprising the compound of the formula
(R'O)(R?0)PX, made by the methods described above, can be contacted

with additional amount of the alcohol R?0OH and a triorganoamine to
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trialkylamines wherein the alkyl groups are linear, branched or cyclic, have
1 to 12 carbon atoms and may be linked together. More preferred amines
are chosen from the group of trimethylamine, dimethylethylamihe,
diethylmethylamine, triethylamine, dimethylpropylamine and
dimethylisopropylamine.
Aprotic solvents are suitable provided they do not react with PXs,
triorganoamine, alcohol and triorgano-ammonium salts. The solvent
“should not have the ability to dissolve the triorganoammonium salt

produced during the reaction if the acidity associated with dissociated
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t OreRighiaandroliisimaoshpreferad thatube feeriesitaédng alcohol

R BhANIRE T g 8T Snd the feed containing triorganoamine
contains no alcohol. A preferred concentration range for the
triorganoamine and alcohol feed is 1 to 4 mol/l in feed solutions. The final
concentration of phosphorus-containing product in the reactor may range
from about 1% to 35%. The preferred concentfaﬁon of the phosphorous
containing product in the reactor ranges from 7% to 25% by weight.

In the process of this invention, water in the solvent,
triorganoamine, alcohol, and reaction vessel can decrease yields to the
desired monophosphite, diphosphite, and triphosphite products. Hence, it

is necessary to reduce the water content in the solvent, reagents, and
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the addition rate is preferred. Since under commercial operation the
30 temperature range achievable is subject to limits of the equipment
available, temperatures above -25°C are generally preferred. A preferred

but not limiting temperature range for this process is ~25°C to +65°C.
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The process described herein can be carried out as a continuous

process whereby the triorganoamine and the alcohol are added
concurrently but separately into a continuous type reactor, such as a
continuous flow stirred tank reactor (CSTR). Simultaneously, PXj is
added separately or together with the triorganoamine, and the
triorganoamine and the alcohol are fed separately and concurrently. This
embodiment of the present invention has the advantage of smaller
reaction volumes with improved mixing and heat transfer. In a more

preferred variation of a continuous process a series of 2 to 10 CSTR’s are
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but not limting tenperature range for this process is
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(ROP(OR2)2 this reaction product can be obtained by
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- secondary amines and thiols, respectively. The process
descri bed herein can be carried out as a continuous
process whereby the triorganoam ne and the al cohol are
added concurrently but separately into a continuous
type reactor, such as a continuous flow stirred tank
reactor (CSTR). Sinultaneously, PX3 is 30 added
separately or together with the triorganoam ne, and
t he
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triorganoam ne and the al cohol are fed separately and
concurrently. This enbodi nent of the present
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10 2.0 nolar o-cresol in toluene were added separately
and concurrently under vigorous stirring via a dual
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By s TRARIAC APt B TR TS B e e
eXada Ban¥iRatdn td §1& @ifessBABing dichloridite 2a (5 182.7) in 97%
20  selectivity. A second 25 mi of each 2.0 molar triethylamine solution in
toluene and 2.0 molar o-cresol solution in toluene were added separately
and concurrently via a dual syringe pump over a period of 90 min. The *'P
NMR analysis showed E:Iean transformation to the corresponding chloridite
1a (6 161.9) in 91% overall selectivity.
25
Examples 2-5: demonstrate the temperature effect on the yield of 1a and
2a between — 15°C and + 15°C These examples were carried out under
the same conditions as Example 1 but at different temperatures. Results

as derived from *'P NMR analysis are shown in Table 1.
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the sane conditions as Exanple | but at different
tenperatures. Results as derived from 31P NWR
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Examples 6-10: demonstrate the temperature effect on the yield of 1a and
2a between — 20°C and + 55°C. All examples were carried out under the
same conditions as Example 6 but at different temperatures. Results as

derived from *'P NMR analysis are shown in Table 2.

Example 6: Synthesis of phosphorochloridite 1a and
phosphorodichloridite 2a

In a temperature controlled 500 ml baffled, jacketed, glass reactor
with overhead stirrer charged with 200 ml of 1.0 molar PCl; in toluene, a
solution of 100 ml 2.0 molar triethylamine in toluene, and a solution of 100
ml 2.0 molar o-cresol in toluene were added separately and concurrently
under vigorous stirring via a peristaltic pump over a period of 45 min.
During the addition period the reaction temperature was maintained at -20
°C. The *'P NMR analysis showed clean transformation to the
corresponding dichloridite 2a in 94% selectivity. A second 100 mi of each
2.0 molar triethylamine solution in toluene and 2.0 molar o-cresol solution
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with overhead stirrer charged wwth 200 ml of 1.0 nolar
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Example 11: This example shows the effect of a two-fold concentration
increase of reactants on the yields of 1a and 2a as compared to Example
9 in Table 3.

In a temperature controlled 500 ml baffled, jacketed, glass reactor
with overhead stirrer charged with 200 ml of 2.0 molar PCl; in toluene, a
solution of 100 ml 4.0 molar triethylamine ih toluene, and a solution of 100
ml 4.0 molar o-cresol in toluene were added separately and concurrently
under vigorous stirring via a peristaltic pump over a period of 80 min.
During the addition period the reaction temperature was maintained at
35°C. The ¥'P NMR analysis showed clean transformation fo the
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Examples 12-14: demonstrate the effect of feed rates on the yield of 1a
and 2a. Results are given in Table 4.These examples were carried out
under the same conditions as Example 1 but at different feed rates.

Results as derived from,31P NMR analysis are shown in Table 4.
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W@rakPsis88 are shown in Table 4.
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Example 15: Synthesis of phosphorochioridite 1b and

CTron

phosphorodichloridite 2b

In a temperature controlled 250 mli baffled, flask charged with 50 ml
of 1.0 molar PCl; in toluene, a solution of 25 mi 2.0 molar triethylamine'in
toluene, and a solution of 25 ml 2.0 molar 2,4-xylenol in toluene were
added separately and concurrently under vigorous stirring via a dual
syringe pump over a period of 90 min. During the addition period, the
reaction temperature was maintained at -5 ° C. The *'P NMR analysis
exhibited clean transformation to the corresponding dichioridite 2b (5 .
183.0) in 98% selectivity. Another 26.0 ml of each 2.0 molar triethylamine
solution in toluene and 2.0 molar 2,4-xylenol solution in toluene were
added separately and concurrently via a dual syringe pump over a period
of 90 min. The *'P NMR analysis exhibited clean transformation to the
corresponding chloridite 1b (¢ 162.3) in 93% overall selectivity.

Examples 16 and 17: Synthesis of phosphorochloridite 1b and

phosphorodichloridite 2b demonstrate the temperature effect on the yield
at—5°C and + 35°C 0.4 mol PCl3 scale.
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showed clean transformation to The correspondi ng
selectivity. A second 206 ml of each 2.0 molar triethylamine solution in

25  toluene and 2.0 molar 2,4-dimethylphenol solution in toluene were added

separately and concurrently via a peristaltic pump over a period of 88 min.
The *'P NMR analysis showed clean transformation to the corresponding
chloridite 1b in 95% overall selectivity.

30 Example 18: Synthesis of phosphorochloridite 1¢ and
phosphorodichloridite 2¢
In a temperature controlled 250 ml baffled flask charged with 50 ml
~of 1.0 molar PCl; in toluene, a solution of 26 ml 2.0 molar triethylamine in

toluene, and a solution of 26 ml 2.0 molar o-ethylphenol in toluene were
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chloridite 1 b in 95%overall selectivity. 30 Exanple
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asalestivty lal P49%dirbg in selectivity compared to Example 18.

Example 20: Synthesis of mixed phosphorochloridite 1d and:
phosphorodichloridite 2b. This example shows that a mixed chloridite
derived from aromatic alcohols (ArOH) with little steric hindrance can be
produced in high selectivity reaching a final chloridite concentration of
0.167 mol/l.

A solution of 60 ml of 1.0 molar PCl3 in toluene and 0.6 ml 1.0 molar

triethylamine in toluene were charged to a temperature-controlled 1000 mi ‘

. baffled-flask equipped with an overhead stirrer. Under vigorous stirring , a

solution of 59 ml 1.0 molar triethylamine in toluene and a solution of 59 ml|

1.0 molar 2,4-xylenol in toluene were added separately and concurrently
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derived fromaromatic alcohols (ArOH) with little
steric hindrance can be produced in high selectivity
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exh ited clean transformation to the corresponding mixed chloridite 1d in

96% overall selectivity.

Example 22: Synthesis of a mixed phbsphorochloridite 1g and
phosphorodichloridite 2d. This example shows that a mixed chloridite
derived from aromatic alcohols with little steric hindrance can be produced
in high selectivity reaching a final chloridite concentration of 0.333 mol/l.

A temperature controlled 1000 ml baffled glass reactor with
overhead stirrer was charged with 200 ml of 1.0 molar PCl; in toluene and

- 24 -



25 exhibited clean transformation to the correspondi ng
m xed chioridite Id in 96%overall selectivity.

wEx@psEsR2: Synt hesi s of a m xed phosphor ochl peT/U81003/038367
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Exanpl e 23: Synthesis of phosphorochloridite 1 e an
pheRleFbAitYdi chioridite 2e. This exanpl e shows that
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triethylamine solution in toluene and 2.0 molar ethyl alcohol solution in
toluene were added separately and concurrently via dual syringe pump
over a period of 100 min. The *'P NMR analysis exhibited transformation
to the corresponding chloridite 1e in 70% overall selectivity. Another 4.7
ml of each 2.0 molar triethylamine solution in toluene and 2.0 molar ethyl -
alcohol solution in toluene were added separately and concurrently via a
dual syringe pump. The final product distribution was 82%

- phosphorochloridite 1e and 18% triethylphosphite. No ethyl chloride was

formed.
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triethylammonium chloride suspension in toluene as prepared in Examples
1, 18, 21 and 23, about 1.2 equiv. of 2.0 molar NEt; in toluene was added.
The mixture was stirred at 5° C and 1.0 equiv. of the respective alcohol or
0.5 equiv. of the respective diol was added. Of this product suspension,
0.4 ml of the reaction volume were combined with 0.8 mi of 0.1 molar
triphenylphosphine oxide in C¢Dg and the mixture was analyzed by *'P
NMR. Results are given in Table 5. All NMR chemical shifts are given in

ppm in reference to triphenylphosphineoxide (6 25.6).
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COVPARATI VE EXAMPLES Conparati ve Exanple A: Synthesis
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charged with 25 ml of 2.0 molar PCls in toluene. Under vigorous stirring a
mixture of 25 ml 2.0 molar triethylamine in toluene and 25 ml 2.0 molar o-
cresol in toluene was added via a single syringe pump over a period of
200 min. During the addition period the reaction temperature was
mairitained at -5 °C. The ¥'P NMR analysis showed transformation to the
corresponding dichloridite 2a in only 14% selectivity. The distribution was
PCls 57 %; dichloridite 6 %; chloridite 10 %; and triarylphosphite 28 %.
Another mixture of 25 ml 2.0 molar triethylamine in toluene and 25 ml 2.0
molar o-cresol in toluene was added under vigorous stirring via a single

syringe pump over a period of 200 min. During the addition the reaction

-33-



Anot her m xture of 25 m 2.0 nolar triethylamne in
toluene and 25 ml 2.0 nolar o-cresol in toluene was

w@odaaasessgler vi gorous stirring via a single SRCT/H§M03/038367
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P RS WS ristladdo e BeCo P B OuFEa R SRBubE®
t erEIRfGHHtNBIhERbALEHERInGLhididie 1HNA ohlyP1 N¥Roverall

anal ysis showed transformation to the correspondi ngew f

cmedﬁqtmty e The distribuiign was 2@y 48401 dickleridie |9v/ot ghlorig
oA8 % dichloridite 9 %
%n(gi‘déﬁ@}?"‘@@u?%g’ /%rl a?ryl Ipﬁosga: tle 26 %Q 5

Corrpar ative Exanple C. Synthesis of
phospho, rochloridite Ia and hosphorodlchlorldlte 2a

umpamﬁeﬁwlwﬁéﬁyrﬁfm% phesphospehieddits 1a gRd

o I RGEAGRR IO 2 B0 ot R el Bl Sauiyalpnts,of
A the tisryahosmirowtreoaddet 808 miktupabf beed egaivaibnb of PO and

flask was charged with a mixture of 50 M of 1.0
mévareapeyatents @faeahol.of 2.0 nolar  o-cresol both in

tol uengy te%ﬁé’r'a'tﬂrbg;g)eg%ll@o%l‘lb rdl LAY Fdurid bhGidm iask W%\s

in toluene was a under vigorous stirring via
s |oh\gr®dswrth regrmixtunepofdieml obil Pemblad R3l; 266 56imt of[?.:f)lmxgjar

i esohbann Tobete. ROIER A8 ol 28 Bl g KR e in
t &aneﬁew&t h@fed Qndérl\”/t):?gg&ﬁﬁé aarARiag dhgll fihgb pantfover

inonly 51 %selecti di'stri bution
1@ periatl ehl @ mim.t é)umeg eﬂdtﬁlpncnetr@dztbeweactlon temperature

%
1 R 557 T AR e fon P gl Bation o
Stthé E:bﬂ@sﬁdnﬂjlﬁg %iid%rﬁht%ﬂd i‘i‘lgﬁll? Y1 Qé;’lébtlv@' PR @8trBltion
mn. During the addition period the reaction

t Mﬁﬁe?@tzu%"/mhmmm&%d chpridite 2eh%; &iaryihrspinte §8%s

" AT T o e o oL PR RO R e Etnid%tt ’
ke oryi o egbeseptaords, e o
P@IUF o3 Wencpbitbneereectlmtmmer@mredvasymelrd@medr5fC.

nck s
8o dt B G ShEnEg be SRR RIE SRR ER M Bncing, s
aghiprides 1ain@Hipes ak overdideumdtRity ATRe distribution was
dichloridite 14 %, chloridite 68 %, and triarylphosphite 18 %.
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Tenp Mol equiv. Exanple ArOH and %la %2a (C) PO 3
(o-tolyl-O3P NEt3 added 1.0 3 97 00 2 -5 2.0 91 4
W@%@Mgﬂﬂsgsg Z) F{? 38 A-520 14 7 21 58 1.0 ROT/6S%63/038367
18 5 -5 1.0 29,46 10 1 0, 68
175 @owafm poyials ol T2 B9 2R erhs IrenChat o
r I
pePafa® Efdifiohdirgtelra s Gived ifeihiple Wi BHRGELY
Sqirecédurés/as)gl\ldmlmGDnma'aUMetExqmpbﬁh%Q)ch| oridite
-a—and phncrhm““.c.. ortette—ZFa—brstributtonT(Brsy
epr esentrgmplhie ?}t?ﬂlé equi val ent fracti on of each of
lEaropleponent| sAiON aride| r edetd on |ni Xédre 10
hosphor o€®l qnigli diged &, phosphar odi chl ofi di%e pLOBEPS"
nd _trilaryl ghosphitel((o-tolyll-03P) giveninl
ercent | The |sel &8tivity td 2alis %al clil ated &s °
el (2a) |= Di 9% 2a) / Dls%2a7+ D s#gla)+ 0 5
Né%—tf!@rry EhCS?bft%} ‘lglc L\.‘tai etet Tg-’ty t(f%sd
s cal cuyl ated_as ‘gel( a) = Disyla) I ( 's%ia +
i S% 2a)+ DI $94 t eDary| phodphite)) Ipakatiye 98
Exatpte- trempgpature cyptToifed $00 M~ BafTFed 27
aCkEt ed glsa S react.o Wit over head silirrer \Was
ghar ged [wi th |2002/ of 1. 67mol 4r PAA3 i tdPuehe. A
firTsg sq[u;—,lon (Ab vva<5 prepar ed by 481 xi ng 002 | ab
tiri et hyllam n 502120 gH—ofo eresot—amgdirtutiigo
tlhhat m Xture Wltﬁ toI ene to altotal vollune of [ 200
m. A second solution (B) was prepared by m Xi ng 0.2

5 GiGaTPAGH REAAIEE Do hocRacieet b e paT: PAb of NEt,

to ArOH in continuously but separately added components A and B on the

1I|j:'l_L1I'\71 QAT =

[S—

selectivity of the conversion to phosphorochloridite 1a and

phosphorodichloridite 2a. Distribution (Dis) represents the molar

equivalent fraction of each of the components in the reaction mixture

10  phosphorochloridite 1a, phosphorodichloridite 2a, PCls and

triarylphosphite ((o-tolyl-O)3P) given in percent. The selectivity to 2ais

calculated as Sela) = Dis%a) / (Dis%(zay+ Dis%ay+ Dis%riaryiphosphite)}-

The total selectivity to 1a is calculated as Sela) = Dis%1a) / (Dis%1at

Dis%zayt Dis%riarylphosphite))-

15

Comparative Example D

A temperature controlled 500 mi baffled jacketed glass reactor with

overhead stirrer was charged with 200 ml of 1.0 molar PCl; in foluene. A

first solution (A) was prepared by mixing 0.2 mol of triethylamine and 0.2

20 mol of o-cresol and diluting that mixture with toluene to a total volume of
200 ml. A second solution (B) was prepared by mixing 0.2 mol of o-cresol
and 0.2 mol of triethylamine and diluting that mixture with toluene to a total

* volume of 200 ml. Subsequently 100 ml of solution A and 100 ml of

solution B were added separately and concurrently under vigorous stirring
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vol une of 200 ml . Subsequently 100 ml of solution A
and 100 m of solution B were added separately and
w@orvesasest | y under vigorous stirring -35 WO PCT/US2003/038367

2 /géé}’é@ﬁ- MIARA3 PSEROST 44 hitn 2 DR 3halbtitioPWERiod
O\C}géa perlggggf 45 m?dng Dur(igfng t he addi tgi naperiioogjmo_
t haerreactioroemEeTptrawasemamdained at 5i°red The 5P NMRm@nalysis

31P N | ysis,. dt f N o 0
QNS RATG AN B i cerRorAnaai IRE B 2T 1% he
di ?Qéléétgfﬂgi qhe"@striBGlidn WasHCHiseH.0ficRidreitid @29 %; chloridite
chloridite 51 a 10 % triaryl phosphite 20% )
5 Subes 40 3eiriayylphasphite?0060 Subsefueitiya seecndy1 8 al ofgoltion

f | ut i B ded v
arfrand YA 6t 85fof PG AR thar Y o Batibesyfunger
pe&i%@:‘éu@sﬁﬁ%ﬂi@-a ?@ﬁstﬁﬁic%unﬁ‘ﬁw&mbéﬁb@ oshoweid. The *'P
transformation to the corresponding chloridite la jn .
19NBMR apalysis shemect ransformatian igitoe Copgependingshistigieda in

%, d,chloridite . 2a 1 . 0. L.di 16 Ao 4

{11405 Pyl el a8y e Ui aRivag i 1808 ioriat 2a 11
10 t evPehRIrdite 12018 U8 thiggIghRphite BEf%) ed j acketed gl ass

reactor with overhead stirrer was charged with 200 m

of 1.0 molar PCI3 in toluene. A 15 first solution (A

d ixtkng 0.32 nol of triethylam ne and

%gﬂ{%@%ﬁe %Q%rpgfé%il—t and diluting that mxture with
t ohuempetature taitedlledd0iml baffled jackeited glasereactor with
solution (B) was, prepared, 1 X] .3 af .0-
cre¥hoan sugeDB e aged P APIEEO bt i Trgleng, A
i ' wol fafi rAthe and

15 G LS atoh IA) B3 Beared LB B e s, ot Vb o o
s00108i ool & averaschdoe dilgiihat eixturmwitbdelbienedae fptal volume

und i gor.ous tirrin ia ' | 11

pevt e B Aesrond SaiteREEdRPRISHBy hiifind §"¥2 HHofor 8-
I egelsbPand 81038l of RictRgarfiedrl dikdingtthat mixtureheitB idtuene
NVMR anal ysis showed transformation

to the .
c ofar 2 gtshilugedif @A0om]. dbulesemuiantly 1PQumkel sadytian f@ndrid mi
di st ribut i S 9 ' ol o
20 ¢t L B R S o R iRt vidorss
Submeiag e hypenisetopdmp@ent peviodsafl4f mém Busng tHoaddition
of solution B were added separately and _ cancyrrsant|
unBieRod fheore@eHOR teTPPR I %”Eémt?éleg! qu5c {?uﬁﬁweoVErN&'R
peéh&?si%fshoﬁ/%d%éhsfﬁﬂ?ﬁat%mo% BRALYShEnS RMstidite 2a in
transformation to the corresponding chloridite 1a in
527 4%osedeatiVitys dhecdistribution Flas RICls 28 BudichlorgiiedasS7 %;
: b o L o
25 ? Ir ggkﬁ&%&hégﬁzﬁe%@f{%ﬁ%ﬂ{é '?l 0 %3. %abggqu/gntly a second 100 ml
of solution A and 100 ml of solution B were added separately and
concurrently under vigorous stirring via a peristaltic pump over a period of
45 min. The *'P NMR analysis showed transformation to the
corresponding chioridite 1a in 52 % overall selectivity. The distribution

30 was dichloridite 2a 21 %; chloridite 1a 52 %; triarylphosphite 27 %.

Comparative Example F
A temperature controlied 500 ml baffled jacketed glass reactor with
overhead stirrer was charged with 200 ml of 1.0 molar PClz in toluene. A
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Conparative Exanple F A tenperature controlled 500 ni
baffl ed jacketed glass reactor with overhead stirrer
woer®4obEsyed with 200 mi of 1.0 nolar PCl3 i n PCI/USI963/038367

50588 / 52003/,03836 ' .
s of'[?? ng?p}a\%iggaspofr ngl}Fé Qb)gv %8610; gf {gfa&ﬁy&,@mme and
t r DETAHORBT HRrédtl afd Qrilufimy thdt n@ixﬁrréfﬁ\mh RREA tbla tdw volume

that m xture with toluene to a total vol une

n of 20@ &1 o Adseesnet sdutiqraiB wias pragm@bywxmgﬂ ag I'OOIII!f o-

ai Pratohge R fok Bl et L dbods 4L Aley A8 tqmene
5 of ta2QGotal volGesefRoDiN.Y Sh8Sedderdly 10U mi bPsblAtichA &RP100 ml
of solution B:-were added separately and

coﬁf:%@ HéeR Bywelededded spiesately amnd eeneigrently ender vigorous

e TR B ATt Blind REF piiorkla drufil, Ubh8 thd d8crton

mapetied tredreaiction téinpdiaturdifad\WRintaireldysti 5° shomes*'P NMR
transformation to the corresBondlng dichloridite 2a in

103B3YFis Shewsd fransformation terthe sormesRongiag pighioridite2a in
d d 2arnk/, 8 0
8 b el s 0 Bt ga
sobhﬂbndnhe Aa@n% MH)ylphos;ﬁhlm)B 9b.i Subsquendy addednd 100 ml of
o+ SBRE i 00 7% 6100 B weRk Afiat SRbaiaeiiand The
31@0%@1’“ v liep v%?dﬁ%dsﬂrﬁﬁ@%féé gi%h’s@ﬁld &%B%V@? a period of

correspondl chloridite lain % over al
sefestinyilihe. ?H\ﬁ\/lalEmawsmﬁh@ﬂed\ﬁmsmleomtdrth@ 2a 9

15 gt idrtiEaifide i (BB ReTonesisebutien
balvké efbhicrtiiet 2419 gb st fofidRCA # 790! HiaddpRygsHiearB %.
stirrer was charged with 200 ml of 1.0 nolar PCI3 in

toI uene. A first solution (A was prepared by nm xing
mne with toluene to a total

voI nﬁ%raﬁvezggéﬁpﬁy second solution (B) was prepared

byA tempeatOrsdconitolied Bﬁ)OQﬁElsaﬂleWJédket@:I gl@se réacter Wﬁh al

vol u 00 ml .  Subse ﬁﬁml 100 sol ution

20 el @aqinsfz iser Was GhaedaVij 280 Aalpid - Qméba%ﬂeﬁg)lusﬁa A

CORSHSIEN 1NIUE 8 Y T SRR ©

petolustietthea tokalotolume of éﬁ@emlatA;seccmissmiﬂhm B neds prefared

C BB BB P PGB 2 bRl
glh ?%?%%*Fgf’*{ gmgsgms%uﬁlo%A @hahloor imfbt SolgforPB Were added
25 separately and concurrently under vigorous stirring via a peristaltic pump
over a period of 45 min. During the addition period the reaction
temperature was maintained at 5 ° C. The 3'P NMR analysis showed
transformation to the corresponding dichloridite 2a in 97% selectivity. The
~ distribution was PCl; 4 %; dichloridite 2a 93 %; chloridite 1a 3 %;
30 triarylphosphite 0 %. Subsequently a second 100 ml of solution A and 100
ml of solution B were added separately and concurrently under vigorous
stirring via a peristaltic pump over a period of 45 min. The *'P NMR

analysis showed transformation to the corresponding chloridite 1a in 92 %
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30 triaryl phosphite 0 % Subsequently a second 100 ni
of solution A and 100 m of solution B were added

W(setplamﬂsesy and concurrent l'y under vigorous sPCT/UB1993/038367
(%/e"mg@éfe%{l ty '?hé) n‘éh v@asf&irchﬁ?) idRL 2%54 ?&ﬁ'&hloﬁaﬂe 1a
anal ysi s s transt ormati on e

10
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20

c<ﬁ2 %snna@im@sphltem%l t e lain 92 %-37 V\D 2004/ 050588
PCT/ US2003/ 038367 overall selectivity. The

di stribution was dichloridite 2a 4 % chloridite la 92
% fecigry §Séi f
SeT%@Fmﬁ%%ﬁgbhgﬂs yi gT@ﬂl? )f a an(;isé?’rf’f)ﬁ;ang 2tahgr
c dheworeurrent butgeparate additioro prmeﬂm*équoeimbag d:'mme

o preRs AR ONE R oo B ok Pulousii bl SaRaito R arded

eXgsihpehehtdA éDﬁ&IéngénOinOédeﬁbre%qB?’ T NEt3 to
ArCH In ArOH and % % % % % Exanple conponents A

NEt 3 Sel la 2a PCI3 (o tolyl-O 3P and B added 1.0 13

16—9-56-20— D54 1B 20191611 18 5510

74 10, §7 23 féem‘iér%"ﬁf i?wﬁféq“i"w( B)| 2.0 52(52 21 0 27

1. %Xss g 77 | 1DEGto A0l iy Qi end|: O%B) 2.0 #9 79 9 0 8

G|5PlRE £9 QB:%B&n%ntl A0 97N§t393 bedl A ( &Y 3ciangb-Biylo),p
and .

92 92 410 4} 10 Co riative anplie H
nt hesils o pho roch (ﬁdp%ate le

phosphor|odi ¢hl or i d| te Zé urider |cordd| t10gns9 Wwhébe t wo 20
ol é?qw va ent§16F e trixqy ggnogni ng V\ﬁﬁEf gdded tgza

mixture [of gne nol equivalent aof PA 3

1.0 74 10.1 57 23 10
E 5 4:1(A); 1:4(B)

2.0 52 52 21 0 27

1.0 88 8 77 12 3
F 5 9:11(A); 1:9(B)

2.0 - 79 79 9 0 13
G 5 | Pure components 1.0 97 | 3| 93| 4 0

A (NEt3) and ,
2.0 92 92 4 0 4
B (ArOH) .

Comparative Example H: Synthesis of phosphorochloridite 1e and
phosphorodichloridite 2e under conditions where two mol equivalents of
the triorganoamine were added to a mixture of one mol equivalent of PCl;
and two mol equivalents of ethyl alcohol. '

A temperature controlled 300 ml baffled round bottom flask was
charged with a solution of 25 ml 2.0 molar PCl; in toluene and mixed with
a =20 °C cold solution of 50 ml 2.0 molar ethyl alcohol in toluene. Under
.vigorous stirring a solution of 25 ml 2.0 molar triethylamine in toluene was
added via a single syringe pump over a period of 100 min. During the
addition period the reaction temperature was maintained at -10 °C. The
3P NMR analysis exhibited transformation to the corresponding
dichloridite 2e in only 48% selectivity. The distribution was dichloridite
48%, chloridite 24%, and 28% (EtO),PO(H) ( § 4.1) as a byproduct of ethyl
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and two nol equival ents of ethyl alcohol. A
tenperature controlled 300 mM baffled round bottom
wo bagksos8s 15 charged with a sol ution of 25 mPCRUS2003/038367

m'cﬂforﬂ@'f@rrhﬁtné&' Aﬁ%e@@glu@’bﬁ‘%ﬁ y2|‘5‘ r%r2 Oﬁg I%Ptr\%t@)ﬂé%me in
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mai nt ai ned at - anal ysrs exhi bited
5t r gﬁgeamcm;:tmg)nhloudttedeoanJSé%ermialhleledll\ﬂiyl OFHeddis®ibd€ion

nl 8% el di st ri but

WRRHenlPRaTE 365, clhloridite Sbree: éﬁ@&'gazdt%»a%mpm H
(db rbhuéﬁoﬁeth%lmm&‘lﬂ“é fo(Plfn %P - 38 WO 2004/ 050588
PCT/ US2003/ 038 chl or| ormati on. Anot her
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ToGoRiH Vg, Exinbld STalest o pieerheradhiorcuBets and
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anal ysis exhibited a transformation to
co‘?‘il&%'@ﬂ%ﬁ erchc el tipraginoemiee iandz8cobay weraladded to one

e distribution was dichloridite 46%
%@_ﬁ&%{}éb{é{fp&[}‘} and 29 % (EtOQ2PQ(H) as a byproduct

of et hyA teﬂmberatde; éantrolet B00 BppRMEATbYS] Eesﬁaﬂh' flask'was
haorochloridite 1e and 10

5%%" g‘ﬂlﬁ?‘c@g Eﬂ? Pg?toe”‘?@ru ffdein tduene. i ndentigerous stirring a
15 m ﬁﬁb&kﬁ cS"ff25t IWPZr@hg da‘?gl"i't%ﬂ’l?fa%hé i 8iled abd ggrr%g] @?ﬁ(‘)lg?

and alcoho were a 0°0One ~equi valent
t e@fbrélraicmtﬁ in toluend ad ABidi@dndia baeflrﬁgt;le@ymg@ gubpt WPa period
n

h f 2.0 I PCl 3
t o0, SRR f@%@%@ﬂ%ppwpﬂ Mae actioniempraiiis: was
m t a3
mEnfaifiRd Bt 10 ! e AR arid i BBR fanSorRaion to
syhe @ge“eppmmdlogeircl'domm 2ulin 26 %266leniivity. OXtid digtritifion was

2o S bt phabe el Lomerattle e UL B
t I52B6H@ MTRILIF® Bf S mitdh Q) ﬁﬁ)?é}otg@fmy/%brﬁln‘é% %b% %né? 0

in 26 %selectivity. The di st ut I'on was
%m%lﬁfzﬁ’lhy} plgphel lmd%leohlvmfemctded]mdérargd)rous stirring via a

f 2 bot h
B@D%‘gw& an%) Cfv]ae ar%erlorcris c?fcmw -a ﬁFlgg ﬁ&dlgpn p%rlod
eithy recttion h@inpbﬂatbﬁé Was enANRiAnaeA 080 d8he\ I BN MRSanalysis
irrin
25 exhlblteg transformatlon to the corresponding chloridite 1e in 31% overall

selectivity. The distribution was PCl; 18%, dichloridite 15%, chloridite 31%
and triethylphosphite 35%.
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singl e syringe punp over a period of 200 min. During
the addition period the reaction tenperature was
W(rm(ionmm'smad at -10C. The 31P NMR anal ysis 25 eRtii/b510031038367
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solvent with (i) a second solution conprising a
predeterm ned anount of an al cohol RLCH, and a

w@e@desisssi ned amount of a triorganoanm ne 10 PCT/US2003/038367
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séb@rﬁ'ﬂstﬁﬂ‘%lqnoﬁﬁp@éﬂtﬁhﬁ%(ﬁ@‘@fo nmore than 0.5 30 nol ar

equi val ‘55‘5&3;@@ e%cﬁcgf%e @Bgoﬂ»d“aﬁg 'trﬂ#b?éé]uﬁcf)né B&ndutdrflly and

solutu n’ con no nore equi valents o
t rgomtigavosiyiinte, thel |ﬁtst Isotthienat edete ohho gdeatah’tmmt% mefar

each of the al coh 0 noani ne _have  be

C aLivRlen Rl Roch enthaAcobp Sk R Ry Daokae o e Fe,

P & 8kone) amdl
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s driotgamoaating heue deeh addegrte dhefirst ﬁ@hﬂlﬂn nmomded that at any

equi val.ent each of

A e s a7 BP By Bngff of ESe ¥R dags pot roeed the
al tbfm PhSFaPhmbhat @ﬁﬁ@gén@@hlﬂel Auftleciot mioné trearn25 Yoofethe total
than 0.5 nol ar equi val ent s of al cohol and in

al mqlﬁﬁéﬂ@fﬂtpﬁ@qmwwmﬁfﬂ'ﬂﬁcﬂﬁi degnPai ni ng no
(b) adding each of the second and third solutions concurrently and

discontinuausly into the first solution at a rate of no greater than 4 molar
equivalents of each of the alcohol and triorgancamine, relative to the PXs,
per hour in aliquots of the second solution containing no more than 0.5
molar equivalents of alcohol and in aliquots of the third solution containing
no more than 0.5 equivalents of triorgancamine, until the predetermined
amounts of each of the alcohol and triorganoamine have been added to

the first solution; or
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nore than 0.5 equival ents of triorganoam ne, until the
predeterm ned anounts of each of the al cohol and

Wo pioaofEssdan ne have been added to the first BOI/UB005038367
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I saliqobt of the. alc’;?ohonﬁ@Ild‘vdebyl anfaliQuai diﬁtﬂle\M‘lelrwnoahh@e untll the
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s dMEeptsAmIned @ppHntscof eac ?"F?féh?r@[CI‘PBQ gﬁ'%ﬁﬂoammee. have

tr@eémé@dﬁdl%tthg &t $| to tri organoam ne in the

second sol uti on |nte and the nolar ratio of 25
t ri or ganguoduee ’lh@ @dmmmt:om nompdsingithe cooipatindofitee

' 4 wherein th |
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althermatives (a) and (b) the nolar . amunt of al cohol
added at any given tine_does not exceed the nolar

amount %f t rlifs yethnsheielaimdewhaiein tha molaraatip 9éaloghol to
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- The nmethod dfheGnathodboiimirai inwharedrt they malarrati¢ of an
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F dripipaseyretp acpROGH tBF frLsalliahG ninte. '

4. - The method of Claim1 wherein the molar ratio of alcohol fo
triorganoamine in the second solution is infinite and the molar ratio of
triorganoamine fo alcohol in the third solution is infinite.

5. The method of Claim 4 wherein the molar ratio of the total
triorganoamine added to the total alcohol added from the inception of the

~method until the end of the additions is between 1 and 1.1, and the molar
ratio of the predetermined amount of PXj;to the total amount of alcohol
added is between 0.8 and.1.2. |
6. The method of Claim 5 wherein in alternatives (a) and (b) the
molar amount of alcohol added at any given time does not exceed the
molar amount of triorganoamine added at that time, thereby providing to

the reaction a non-acidic environment at all times.
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8. The method of Caim5 wherein the triorganoamne is
a trialkylamne or a substituted or unsubstituted

whedoeossmspmati ¢ amine. 5 9. The nethod of C ai PCBUS2003/038367
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aligiefiylarAet, and a predet erm ned anount of a
triorganoamn ne J(R')(R)N, wherein R, R' and R"
are i ndbbend%meftpo@ @rapeking o GMpeRition cempriging a compound
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sec
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contlnuou,slbly into the first solution at a rate of

gr@atRn(R hblnwergin &%, Ré gorvAT @ﬁ@ indepepgentivselenied from the

I
(B3RS oF G R RATAIG, €58 ot Bl B 06 s etergpry
eaghical, dndeviadeimitle melzd ratio of‘@era)mhmeo ke idbgamoamine is

added to the first solution, provided that at any
giSreaterith@n 5¢ #ad {ip NI HIORRAMRIHNY aw&eﬂ%ﬁer@w@oemount

S REES g AR SRR BRI e sz} herei

nithamalaptatio affthé lrdorganoaminectanthe aleoddd o greater4Ban 5, and
wherein in said method the second and third solutions are added to the
first solution separately by either .

(a) adding each of the second and third solutions concurrently and
continuously into the first solution at a rate of no greater than 4 molar
equivalents of each of the alcohol and triorganoamine relative to the
(R'O)PXz, per hour until the predetermined amounts of each of the alcohol
and triorganoamine have been added to the first solutio'n, provided that at
any given time, the total molar amount of alcohol added does not exceed
the total molar amount of trioganoamine added by more than 25% of the

total molar amount of the triorganoamine added; or
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WD 2004/ 050588 PCT/ US2003/ 038367 (b) addi ng each of
the second and third solutions concurrently and
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triorganoamine added and the alcohol added does not exceed 0.5
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12.  The method of Claim 11 wherein the molar ratio of alcohol to
triorganoamine in the second solution is infinite.

13.  The method of Claim 11 wherein the molar ratio of
triorganoamine to alcohol in the third solution is infinite.

14.  The method of Claim11 wherein the molar ratio of alcohol to
triorganoamine in the second solution is infinite and the molar ratio of

triorganoamine to alcohol in the third solution is infinite.
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triorganoam ne to alcohol in the third solution is
infinite. 44 WD 2004/ 050588 PCT/ US2003/ 038367 15. The

woredohos0s8§ Cl ai m 14 wherein the nolar rati o of PEHES2003/038367
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triethylam ne I met hyl propyl am ne
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wh th | kyl t t .20 21,

e
h
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f|d eﬁwﬁs%grgﬁgﬂggﬁg sting of ClL to C18 alkyl, C6 to
Cl8 aryp, anmheGReodic? Gldn qullmbk‘b/ﬂhertﬁdllkylahﬁne and
(ii) a fifth solution .conprising a pr edet er m ned

aﬁlﬂﬁﬁhvlaﬁfm@he tri organoam ne, to produce a conposition

(R10) ( P30 p(CR4F 8BS S A fRuleifarsing gorjecting 2
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25

wher ei ' R -4
fgrﬁﬁlllg (%OB(%%S]SXS\A%HF (i)aaS fourth solugon comprising a

predetermined amount of an alcohol R*OH, wherein R, R? and R®are
selected from the group consisting of C4 to Cyg alkyl, Cs to C4g aryl, and Cs
to C4s cycloalkyl radicals, and (ii) a fifth solution comprising a
predetermined amount of the triorgahoamine, to produce a composition
comprising the compound of the formula (R'0)(R*0)P(OR®).

22.  The method of Claim 21 wherein R® is the same as R?.

23. | The method of Claim 22 wherein R? is the same as R".
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