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RROCESS FOR THE PREPARATI ON OF BUTANE TRIOLS This invention relates to a
process for making butane triols and to butane triols made by the process.
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its lachrymato orane presents a potential fire 30
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release if the THF and water are immiscible and the sodium borohydride suddenty comes
25 into contact with the water.

A paper in Heterocycles, vol 24, No. 5,1986, pp 1331-1346, describes the
reduction of L-malic acid using diborane prepared in situ from the prior reaction of BF,
etherate with sodium borohydride. However BF, etherate is expensive and unpleasant to
handle because of its lachrymatory properties and diborane presents a potential fire

30 hazard.

According to the present invention there is provided a process for preparing a
butane triol comprising reduction of a malic acid diester in a mixture comprising an ether,
an alcohol and sodium borohydride.

The malic acid diester can be an (R)-malic acid diester, (S)-malic acid diester or

35 (R.S)-malic acid diester. The ester groups can be optionally substituted alkyl or aryl, for
example optionally substituted phenyl esters, but are preferably alkyl esters. Especially
preferred malic acid diesters are (R)-, (8)- and (R,S) malic acid diesters of the formula :



preferried malic acid diesters are (R -, (S)- and (R'S) malic acid diesters
df the fornul a: WO 98/ 08793 _
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4 CHOH | CJerr]Rerr] 10 wherein R err] and R err] are each

i ndependent | ywoogstosmaal | y substituted al kyl. Preferably R er®qT/aBey/omRisarr ]
are each independently Clerr]-al kyl, nore preferably nethyl or ethyl,
especially methyl. As exanpl es of malic acid diesters there may be
mentioned (R S)-malic acid dinethyl ester, (R S)-malic acid diethyl ester,
(R S)-malic acid nethyl ethyl ester, (R S)- 15 malic acid diisopropyl
ester and the corresponding (R -malic acid diesters and (S)-malic acid
diesters. Wen the estg €b,/r oup Is substituted, the substituent is
preferably sel ected frIomthe group consi sting of al koxy, such as Cl-4

al koxy; aryloxy, such gg phenoxy; cyano and hal o, such as brono, but
particularly fluoro or chloro, groups . Preferably, the ester group 20

i's unsubstituted. The gabpo of the ether to alcohol is preferably in the
range 1:1 to 10:1, norg preferably 1.5:1 to 9:1, especially 2:1 to 8:1 by
wei ght. Preferably the 40 of malic acid diester to mxture is preferably
in the range of 1% to S nore preferably 10% t-o 23‘%{) especially 12%to
20% wei@ht to vowhessinR' @d &’@reeaf@r'%ﬁﬁ?eeﬁle"ﬁﬁppf@"aﬂy gogliteled @lkyber 100m in
total of the al copaiferabl R'aAd B brereauls edependehtly € qeillyt, imore preferatsg )nethiher

nunber of nDI rohydride used in the process preferably
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e ether is then renpva rotar tor,
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halo, such as bromo, but particularly fluoro or chloro, groups . Preferably, the ester group
20 is unsubstituted.
The ratio of the ether to alcohol is préferably in the range 1:1 to 10:1, more
preferably 1.5:1 to 9:1, especially 2:1 to 8:1 by weight.
Preferably the ratio of malic acid diester to mixture is preferably in the range of 1%
to 25%, more preferably 10% to 23%, espedcially 12% to 20%, weight to volume (i.e.
25 grams of malic acid diester per 100mi in total of the alcohol and the ether used in the
reduction process).
The number of moles of sodium borohydride used in the process preferably
exceeds the number of moles of malic acid diester. Preferably there is used from 1.2 to
5.0 moles of sodium borohydride per mole of malic acid diester, more preferably 1.3 to
30 4.0. '
The ether preferably has a boiling point above 50°C, more preferably above 60°C.
For convenience the ether preferably has a boiling point below 200°C, more preferably
below 175°C, because the ether is then removable on a rotary evaporator. in many
embodiments, it is preferred that the ether is an alkyl mono-, di- or tri-ether in which each
35 alkyl moiety comprises up to 3 carbon atoms, or is a cycloaliphatic ether. Examples of
preferred alkyl mono-, di- or tri-ethers include diethyl ether, 1,2-diethoxyethane, 1,2-
dimethoxyethane, bis(2-methoxyethyl) ether (diglyme), 2,2-dimethoxypropane and
diisopropyl ether. Examples of preferred cycloaliphatic ether include 1,4-dioxane and
particularly tetrahydrofuran. Especially preferred ethers are tetrahydrofuran and bis(2-
40 methoxyethyl) ether (diglyme).



35 + alkyl noiety conprises up to 3 carbon atons, or is a cycloaliphatic
et her. Exanples of preferred al kyl nono-, di- or tri-ethers include diethyl
et her, 1, 2-diethoxyethane, 1,2- dinethoxyethane, bis(2-methoxyethyl) ether
(diglynme), 2,2-dinmethoxypropane and diisopropyl ether. Exanples of -
preferred cyclWaP¥Ek i c et her include 1,4-dioxane and part i ®GF&H97/02183
tetrahydrofuran. Especially preferred ethers are tetrahydrofuran and bis(2-
40 nmet hoxyet hyl ) ether (diglyne). WO 98/ 08793
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ther eof ; ()  the butane triol is (R)-butane-1,2,4-triol, (S)-butane-1,2,4-triol or (R,S)-
butane-1,2,4-triol; _
25 (i) the ether is tetrahydrofuran or bis(2-methoxyethyl} ether (diglyme);

(iii) the alcohol is ethanol, propan-1-ol, propan-2-ol, n-butanol, sec-butanol,
tert-butanol or a mixture thereof;
{iv) the ratio of the ether to the alcohol is in the range 1:1 to 10:1, by weight;
v) the ratio of malic acid diester to the mixture is in the range 1% to 25%
30 weight to volume; and
(vi)  the number of moles of sodium borohydride is 1.2 to 5.0 moles of sodium
- borchydride per mole of malic acid diester.
Preferably the processes comprise adding a solution of the malic acid diester in an
alcoho! to a solution or suspension of sodium borohydride in THF or bis(2-methoxyethyl)
35 ether (diglyme). The addition of diester to borohydride is preferably achieved
incrementatly or continuously over an addition period of from a few minutes up to several
hours, for example from 30 minutes to 10 hours.



(iv) “tshe ratio of the ether to the alcohol is in the range 1:1 to 10: 1,

By weight; (v) the ratio of malic acid diester to the mxture is in the
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The reaction time of the process of the present invention will depend on a number
of factors, for example the reagent concentrations, the relative amounts of reagents and
particularly the reaction temperature. Typical reaction times, in addition to the reagent

25 addition times, range from 1 hour to 48 hours, with reaction times of 3 to 20 hours being
common. When the reaction is carried out at ambient temperature, reaction times of from
5 to 18 hours are often employed.

The invention is further illustrated by the following examples in which all parts and

percentages are by weight unless specified otherwise. THF means tetrahydrofuran.
30

Example 1
A solution of (S)-dimethyl malate (27g, 160m Mol) in methano! (150ml} was added

dropwise over a period of 120 minutes, with stirring, to a suspension of sodium
borohydride (21g, 555m Mol) in THF (600mi) at 20°C to 30°C. The mixture was stirred at

35 20°C to 30°C for 30 minutes, then heated under reflux (65°C) for 1 hour. A considerable
amount of hydrogen was released during addition of the methanol and refluxing. The
mixture was cooled to 25°C then methanol (750ml) was added. The pH was lowered to
pH7 using concentrated H,SO,. The resultant inorganic precipitate was filtered off,



particularly the reaction tenperature. Typical reaction tines, in addition
to the reagent 25 addition tines, range from1 hour to 48 hours, with
reaction tines of 3 to 20 hours being comon. Wen the reaction is carried
out at anbient tenperature, reaction tinmes of fromb5 to 18 hours are often
enpl oyed. The wassxsrdson is further illustrated by the fol | oWPGHGBREMIES i n
which all parts and percentages are by wsi ght unl ess specified otherw se.
THF neans tetrahydrofuran. 30 Exanple 1 A solution of (S)-dinmethyl nalate
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filter cake wiged with THF (2 x 25n1) The filtrates were conbined then
concentrated to dryness in vacuo. The residue was dissolved in nethanol

(120rr1) 1_afpd ag )@dgﬁégncentrat ed to dryness in vacuo to give
S 4- but
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cool ed to 5[ esdd denc. HCI (Bmi) added to lower the pH to 7. The mixture was screened, the cake
washed with THF (2 x 25ml) and the combined filtrates concentrated by drying in vacuo.
Methanol (120ml) was added to the material and the process repeated to give a
25 quantitative yield of high purity butane-1,2,4-triol. The procedure produced very littie
hydrogen gas.

Example 4
A solution of dimethyt malate (30.8g, 186m Mol) in propan-2-ol (70ml) at 25°C was

30 “added dropwise with stirring over a period of 6 hours to a suspension of sodium
borohydride (13g, 336m Mol) in THF (210) at 50°C. Heating was removed as the addition
staris so that the majority of the addition was carried out at 20-25°C,

The batch was held at 20-25°C for 24-48 hours then acetone (50ml) was added
over ¥4 hour at below 30°C. The mixture was aged for ¥z hour below 30°C then methanol

35 (50ml) was added over % hour maintaining the temperature below 30°C. Again the
mixture was aged for ¥z hour. HCI was added (21mi) to bring the pH to 7 at which point
the batch was filtered, the cake washed with THF (56ml) and the combined filtrates
concentrated to dryness in vacuo. The residue was treated with methano! (200mi) and




and conc. HO (8nm) added to lower the pHto 7. The m xture was screened,
t'he cake washed with THF (2 x 25nm) and the combined filtrates concentrated
by drying in vacuo. Methanol (120m ) was added to the material and the
process repeated to give a 25 gquantitative yield of high purity
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concent r at ecbomydﬁd@@sg ssanvraswm THR@60ME afls®oNase rR855Ma44 dbs BESRPP!

(200m ) and o

PCT/ GB97/ 02 1r§> r%&ﬂﬁé t e led to 25 C and argeg fodr 48 hoars Thg muxtHre\yﬁ’sl}%or{(%d Eﬁte%

but ane- 1, 2, Aegsribsd "15"3!@0'355‘%“’? (ﬁ)sbufﬁ"ﬁée%iﬂlﬁ@' b@%@é@é Yy |ittle hydrogen
gas. EXLarrpI e 55 A solution of (S)-dinethyl malate (30.8g, 186m
Mol) in pron:_zg@ 108 (62n1) ‘at 25[err]C was added dropwi se with stirring
over a perio 859( EP en5| on o(; sodj m bor ohydri de 513%, 336m
Mol ) in THF (160 ?"éﬁ %% PIEI® S TeReAle S’H:e%t S ”\}\B'éc%éfe‘d"%‘r‘ ol he®  at
50[ err] C t hevasaises eaft-pusanmi| ‘é?’hl]"tfieé‘m@' ogejedry was predused duringlthe pracessiamd thes
wor ked up agqSHbstand-b@d-iriol iiascoidiseddn 80%gliei® (S) - but ane-1, 2, 4-triol (16. 79,
85% yi glsd) . 10 Exanple 6 The nethod of Exanple 5 was repeated except that
in place of grog?g 2-ol there was used tert-butanol. Very little hydrogen
gas was pro ring the process and the (S)-butane-1,2,4-triol was

obt ai ned i n 80% W ssiiudion 6(Skdimngihyd nalate §lgl GRmoMolbih ifdStrid memhlytedrsnirw e (1g,
6.2m Mol ) i 1inlas taiied draphvisy badrechesipll bf 6Eminuiesilh #atgadieshsperdivg s over

a period of QB0 M SUEiRridd' ol 42gS 1. My in TRIFAsRH PSR! Ge Rlixture was stirred at
20 20 to 30°C for 16 hours and then the pH adjusted to 7 using conc. HCI (1ml). The
inorganics were filtered-off and the filter cake washed with THF (2 x 3.5ml). The filtrates
were combined then concentrated to dryness in vacuo. The residue was dissolved in
methanol {(15mil) and again concentrated to dryness in vacuo . The dissolution in
methanol and concentration to dryness was repeated two further times to give (S)-1,2,4-
25 butanetriol (0.59g, 90% yield).

Example 8
A solution of (R)-dimethyl malate (2.11g, 13m Mol) in industrial methylated spirits,
(2mi) was added dropwise over a period of 60 minutes, with stirring, to a suspension of
30 sodium borohydride (0.91g, 23.4m Mol) in THF (10mi) at 25°C. The mixture was stirred
at 20 to 30°C for 16 hours and then the pH adjusted to 7 using conc. HCI (1ml). The
inorganics were filtered-off and the filter cake washed with THF (2 x 6.5ml). The filtrates
were combined then concentrated to dryness in vacuo. The residue was dissolved in
methanol (31ml) and again concentrated to dryness in vacuo . The dissolution in
35 methano! and concentration to dryness was repeated two further times to give (R)-1,2,4-
butanetriol (0.59g, 90% yield).



sodi um bor ohydride (0.42g, 11.1m M) in THF (5m ) at 25[err]C. The m xture
swas stirred at 20 20 to 30C for 16 hours and then the pH adjusted to 7
using conc. HCO (1m ). The inorganics were filtered-off and the filter cake
washed with THF (2 x 3.5m ). The filtrates were conbined then concentr at ed-
to dryness i nWeea8@8793 The resi due was di ssol ved in nethanol (BESHEBI7T8AB3Iagai n
concentrated to dryness in vacuo . The di7’ssol ution in nethanol and
concentration to dryness was repeated two further tinmes to give (9)-1,2, 4-
25 butanetriol (0.59g, 90%yield). Exanple 8 A solution of (R)-dimethyl
mal ate (2. 1lgE 13 ybl) in industrial nethylated spirits, (2m) was added
dr opwi se over od of 60 mnutes, with stirring, to a suspension of 30
sodi um bor ohy e @ethed cHEXAMPIE? M35 FRRERtednexcrrt qMRIRHING bis(2ompthaxyeiby!) wiher

M xture was sidigiynee) implagdoft THFOGive(S)-1,2 4 drsetrivh (D.54ge87% hieig)H adj usted to 7
using conc. HA (1n). The inorganics were filtered-off and the filter cake
washed with T F 2 X 6 5n1 ) T trates wer e conbi ned then concentrated
to dryne553 i o S vets—th ssol ved in nmethanol (31m ) and again
concentrat ed to dr]m%s@um Qfdtﬂmhyl miatate) {Osfigp B Mal) innTHES(15mi) nwashaddeld and

concentratio nsdd%ndb&rﬂﬁﬁcﬁldm 24, spedlest 2690 Thy inlkeire wheBtirddoR0/RintiRs-dlridg 4-

but anetri ol %

PCT] CRO7/ 0218 hxgﬂ? %;l %‘Q”] Glydggmmcrease Y ?%/ @J 8‘?’Enade71he further Brochs ipg steps ot

enpl oyi ng bi s?‘ﬁ‘g%théf‘ﬁiﬂaW'&sﬁ ?‘Eﬁ"@ﬂ \Pﬁé’f w3 b[S‘P‘éPEthJf usirgrDeWRxHOYEXB
(S)-1, 2,4 but Resit.r Thed mixuré Wes figTed ther sdyent Strippediuffiparaid. \WetBarsohpi0enlYwas THF
Sol vent To a Slel 'h@Bg@h il AR borBhirt&d o s By évBpbkion tdgivd Butbdenl ) was

added sodi um Pgéﬂﬁglﬁna&ﬁld(cﬁ E&’*SE?“HA?%"%COS. rrﬁ]ﬁg:’,“_! he m xture was stirred

for 20 m nutes ¢re5%ed to a level which
made the further processing steps d| ff| cult. 30n1 of net hanol was added and
the pH was brOogbdrative Ekanpiafy BfkBatdSpiritsBedient The m xture was

; bg.tﬁrteﬁest fr:ne)r(l sol v/ggg{%&ﬁrdfgﬁgmwmat 4VRC Y M\Wﬁﬁ‘a@@étnél%ﬁm%en gf'eﬁe‘_"‘”‘f
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Exanpl e B - |methyeied spirits@smh at %Qicaxpf? aursoThemixturg was stirred for 76 kayrsigt on of
di met hyl mal a20s3d°¢.tAgh adjderedvolpH7iwithi codcesitmaieal H,801 hYHeahirtire whs filtded afihe Was
added to a sus gﬁémgg\e q’gééﬁ%féH’uP&HcQBNﬁé ﬂﬁer(: Whas ﬁ&ﬁewm mlethanB#Shf) @l

t hyl at ed t d
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organie filtrate concentrated in vacuo. The filter cake was washed with
et hanol (75m ) 20 UH I[u nbi ned with the concentrated
filtrate. This soluti ntrated in vacuo to give

but ane-1,2,4-triol (2.8g, 50- 60% pure). WO 98/ 08793

PCT/ GB97/ 0218Q 980878 M5 1. A process for preparing a buPSA&BITHIIBI
conprising reduction of a malic acid di&ster in a mxture conprising an

et her an al cohol and sodi um borohydride. 5.2. A process according to
claiml1l wherein the malic acid diester is an (R -, (S)- or (RS)- malic
acid diester of the fornula: Cerr]R err, 0 | CH err]
| CHOH | 1 5 Cderr] wherein R err] and R err] are
each independently optionally substituted al kyl. 3. A process according

to claim?2, mhereiprotyseifor]prepatingadutahe trict comprisgneaurtiby ofeinbyd ad diebtay |
groups. 20 4, am.xtﬁxh oﬂrpﬁaﬁg aﬁ@%fiwacsw ana/smf;% r]oianﬁ apreceding clai ns

wher ei n the et her has a I'ing point above nd bel ow 200[ err] C.
5. A3 process accordi ng to claimd4, wherein the ether is an al kyl nono-,
di- or tri-e her AFocessiancaing o claimh whérgin thepinglioacisbdigatérds an (iR)-1(8)-Drcar bon
atons, or |5(Reg)cy@i,@@d,d Mbstbi of ted fofhula:6 A process according to claim5
V\/nerel n the ether is tetrahydrofuran or bis(2-nmethoxyethyl) ether. 30 7.
A process according tgogrRy one of the preceding clains wherein the al cohol

is an abcohol having at |east two carbon atons. 8. A process according
to claim?7, wherein tle,sodi um borohydride is present in an anmount of 1.3
to 2.5 noles per nolejof malic acid diester. 35 9. A process according

to any one of the precegtng clains which is perforned at a tenperature in
the range -10[err]Ctp 70[err]C.

15 CO,R?
wherein R' and R? are each independently optionally substituted alkyl.

3. A pracess according to claim 2, wherein R and R? are independently methyl or
ethyl groups.

20
4, A process according to any one of the preceding claims wherein the ether has a
boiling point above 50°C and below 200°C.
5, A process according to claim 4, wherein the ether is an alkyl mono-, di- or tri-ether

25 in which each alkyl moiety comprises up to 3 carbon atoms, or is a cycloaliphatic ether.
6 A process according to claim 5 wherein the sther is tetrahydrofuran or
bis(2-methoxyethyl) ether.

30 7. A process according to any one of the preceding claims wherein the alcohol is an
aicohol having at least two carbon atoms.
B. A process according to claim 7, wherein the sodium borohydride is present in an
amount of 1.3 to 2.5 moles per mole of malic acid diester.

35

9. A process according to any one of the preceding claims which is performed at a
temperature in the range -10°C to 70°C.

10. A process according to any one of the preceding claims which is performed at a
40 temperature in the range -10°C to 30°C and the alcohol is ethanol,
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10. . _A process accordi f the preceding clainms which is
-performed at a 40 tem&’m;!@ﬁmlmﬂn ange -10[err]C to 30[err]C and the
al cohol is ethanol. / g
PCT/ GB97/ 02183 9 11. A process according to any one of the clains 1 to 9
which is perf P8 10[err]C to 60[err]C and the al cohol i BCTEBYB¥anol ,
t - butanol or sec-butanol. 5 12. A prBocess according to any one of the
preceding clains wherein the mxture contains 0 to 20% of a catalytic
dopant by weight relative to the weight of sodi um borohydride. 13. A
process for preparing a butane triol conprising reduction of a malic acid
di ester 10 in a mxture conprising an ether, an al cohol and sodi um
bor ohydri de cohpr i Aiprgesheccgtdingse apy pne ofgha slgims hig & whichigipedormsddt dP¥stoer
i n the al cohobg°Q(arid)the aloltb! rgsd-prepanoddibutanof orseeputahdl. t 0 a m xture of
sodi um bor ohydri de and the ether; 15 (i) optionally heating

t he product of ste'g épl i%; and_réii V) r(F)F'gttj onal | y separating the resultant
butane triol f#om 7T RECEEHAEOrANGe ANy 8Pt hnBrecedingdaims s i ngdrivye 14

A process acccentding0 tao2Q% af arvatalplic dapankhyrwedight rélgtive to the weight f 3odium he but ane
triol is (R -psbpnd, 2, 4-triol, (S)-butane-1 ,2,4-triol or (R 9)-
butane-1,2,4-triol; (ii) the ether is tetrahydrofuran or

bi s(2- met hoxyet hylé ether; (iili t he al cohol is ethanol, propan-1-ol,
propan- 2-ol ,  febut RBCesssREPBERTRg A butans ol samarising Augtiopiok & falic epid disster 25
(iv) tbe ranieomifure bempisingrantetherhan altahohard seeliurmbdrbleydridengengdrisingttbe 10: 1,

by wei ght; (Viteps:the ratio of malic acid diester to the mxture is in the

0 p . ) . .
bor Sy o1 5 150 8" oA S AL S e
acid diester. 30 (i adding the product of step (i) to a mixfure of sodium borohydride and the
ether;
15 (ii) optionally heating the product of step (ii); and
(iv) optionally separating the resultant butane triol from the ether, the alcohol
and the sodium borohydride.

14. A process according to claim 1 or 13 wherein:
20 0] the butane triol is (R)-butane-1,2,4-triol, (S)-butane-1,2, 4-triol or (R,S)-
butane-1,2,4-triol;
(i) the ether is tetrahydrofuran or bis(2-methoxyethyl) ether;
(iii) the alcohol is ethanol, propan-1-ol, propan-2-ol, n-butanol, sec-butanoi,
tert-butanol or a mixture thereof;
25 (iv)  the ratio of the ether to the alcohol Is in the range 1:1 to 10:1, by weight;
(v) the ratio of malic acid diester to the mixture is in the range 1% to 25%
weight to volume; and
(vi) the number of moles of sodium borohydride is 1.2 to 5.0 moles of sodium
borohydride per mole of malic acid diester.
30 ’



