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BACKGROUND COF THE TNVENTT ON 0003] A nunber of substituted hexitols,
such as di anhydrogal actit ol Dl HAMACGHIOLal activities. In
particul ar, di anhydrogal actitol has been suggested for use in chenotherapy,
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[0001] This application claims priority from United States Provisional Application
Serial No. 61/401,710, by Dennis M. Brown, Ph.D., filed August 18, 2010, and entitled
“Method of Synthesis of Substituted Hexitols Such as Dianhydrogalactitol,” which is

incorporated herein in its entirety by this reference.

TECHNICAL FIELD OF THE INVENTION

[0002] The present invention is directed to improved methods for the synthesis

of substituted hexitols, especially dianhydrogalactitol.

BACKGROUND OF THE INVENTION

[0003] A number of substituted hexitols, such as dianhydrogalactitol, have
pharmacological activities. In particular, dianhydrogalactitol has been suggested for use
in chemotherapy, such as in United States Patent No. 7,157,059 to Nielsen et al.,

incorporated herein by this reference.

[0004] However, current methods of synthesis of such substituted hexitols, such
as dianhydrogalactitol, are inefficient, and improved methods of synthesis of these
substituted hexitols are required in order to provide larger quantities of these
compounds for clinical use.



[ 0005] An inproved nmethod of synthesis of dianhydrohexitols such as

di anhydr ogal actitol conprises conversion of the hexitol to a di bronohexitol
by react iwo2idd2438ncentrat ed hydrobrom ¢ acid, foll owe@ChyuSeanmesost on of
t he di bronohexitol to the dianhydrohexitol by reaction with potassium
car bonat e. [0006] In general, as applied to the synt hé§i2s-@3-WO

di anhydr ogal actitol, the nethod conprises the steps of: PATENT1)
reacting dulcitol with a concentrated sol ution of hydrobromc acid at a
tenperature of about 80 C to produce dibronogal actitol; (2)
reacting the di bronogal actitol with potassium carbonate in t-butanol to
produce di anhydrogal actitol; and (3) purifying the

di anhydrogal actitol using a slurry of ethyl ether to produce purified

di anhydr ogal actitol. I }gﬁﬂg&mtypi cally, the
concentrated sol ution of € 70% hydr obrom ¢ acid and
is produced by reacting phosphorus with bromne in hydrobromc acid at

el evated tenperature. Typically, the dibronogal actitol is dissolved in
t - but anol [Q008] pAo popraved roethadmftsynthesis ofidianbydrghexitals soch @® 10 ni of

7 om ARBhydrogalacitdl SRHlprists ' BnTeriir Stingineiblo & gibioREiEdI Y rebidtt ' T €
(a) seskicoticémeatedHydrdbrvhfe Beide eiioheidt by teriviersion df Herllibnemapkstdl eo tigd from
about 50% to about 80% of ethanol for about 24 hours;

(b) cédianbydiohgxitpldysieaktion wilh patassiumrearpanats. (a) ; (c)
repeating the soaking step of step (a) with a fresh soaking sol ution of
from about 50%to about 80% of ethanol for about 24 hours; WO

2012/ 02436[y0086] URZEhbraid 88 3ppléd fo tHelsyithéxid bRdianhydrogalactitol, the method)
collecting the soaking solution fromstep (c) and conbining it wth the
soaki BMpBOses thensteBs10Ect ed in step (b); (e) removing the
sol vent from thg,conpi %Ql?&ﬂ : ' ' : er
reduced pr essurg)ton%%gﬂge a 83%&@%%4%@&?3%%?@%?‘ & throBF@rﬁfc%l&'Qg ()

al | onaRgmbbrateefabioased Gt priodase dibrehrigalaztitdlo settle overnight and
collecting the cl ear supernatant; extracting the

cl ear supernat afd frtgaciipgphe dibragmogalaetital Mﬁfbrﬁﬁtﬁﬁuﬁ‘ﬁfag)ﬁb@%\}ﬂ dpufanol
chl or of SF AU RIn Bl g ARGitbEdHGed Pressure;

(3) purifying the dianhydrogalactitol using a slurry of ethyl ether to

produce purified dianhydrogalactitol.

[0007] In this method, typically, the concentrated solution of hydrobromic acid is
about 70% hydrobromic acid and is produced by reacting phosphorus with bromine in
hydrobromic acid at elevated temperature. Typically, the dibromogalactitol is dissolved

in f-butanol in a proportion of about 1 g of dibromogalactitol to 10 mL of ¢-butanol.

[0008] In this method, typically, the dulcitol is purified from the plant Maytenus
confertiflora by the steps of:
(@) soaking the plant Maytenus confertiflora in a soaking
solution of from about 50% to about 80% of ethanol for about 24 hours;
(b) collecting the soaking solution from step (a);
(c) repeating the soaking step of step (a) with a fresh soaking
solution of from about 50% to about 80% of ethanol for about 24 hours;



(h) dissolving the residue fromstep (g) in hot methanol and then cooling

to allow crystallization; and (i) collecting the
col | ect edworzyst@hmsof dulcitol, filtering, and drying tReTarSyetaks3under
reduced pressure. [ 0009] Although this nethod is described for the

synthesis and purification of dianhydrogalactitol, it is notlORBAGREW®o

di anhydrogal actitol, and can be applied to other hexitols beari RPATENT

epoxi de groups such as substituted di anhydrogal actitols. [ 00101 More
generally, a nmethod according to the present invention for synthesizing and
purifying a di anhydrgfhexi Hgm i i y initd )i
reacting a hexitol beari n%&ﬂte\?\g poi?ﬁklgggaﬁgeeﬁﬁoﬁﬁ gte(?og%gﬂgrcgtmebéméélltuti on
of hydiththevsoaking sdiutibpnaotiectpdnastepe(b)f about 80 C to produce a

dib hexi t ol ; 2 ti t he di bronohexi t ol t

Carbomet Lart of anfel KalmRg e SRS dns camuTa Soakng Selifians of

c: 't of T & | sobanaor

o 21 step apty heatind UAder reduced pregsure o Bididok d\GoridBhBIEREiGRSX! t 0 19) O
Typi cal |y, the di anhifdr ohallawiog thes cardarttated Solotion loé stepo(@) ta seltliest i ng of

di anhydr o%giacti tﬁl tan a substitut etd Fi anhydrogal actitol. Preferably, the
di anhO¥FBIREL AP collectiiGRmARY SUPLERAtERY . WO 2012/ 024368PCT/ US2011/ 048032

1023- 003-WO PATENT (q)  ¢@fktihg the cRalr IsVipefria@art GRS RtEpIP dith DhibrbfiinPl
hydrobrom c acid is about 70% hydrobrom c acid and is produced by reacting

phos pang thenwiemoving thenehloroforyrl uodeoheat and reduced peasauee t enper at ur e.
[0013] Typically, thg tert.iary. al.cohol. .is.selected . fr th r

consi sti g of thutand - AnedkpBLE8 BidlSeR SEI5 T GFYbRfalarHha then

Pr ef egcdhng, totdewt @y étafizitien caiep! is tbutanol . [0014] Typically, the
di bronohexitol is dissolved in the tertiary alcohol in a proportion of

about 1 g of di bronofilexi tepllecting tharcoligictederystaly obdulsie) filtering, andoo15)

Typi c . Lir j j jfied by recrystallization prior to its
conve&&lnénth%%?ﬁﬁéﬁh@%ﬁé%%oq ﬂ_)r%sgﬂfé. [ 0016] Typically, the carbonate salt
of the alkali netal is a carbonate salt of an alkali nmetal selected from
the group consisting of sodi um carbonate and potassi um carbgnate.

Pr ef er abl y[_009ﬂ]3 Althoyghahis @ﬁﬁ_hOdd'? d@ﬁ_éri%ﬁq(fiﬁith%!’%me?@ ansk RHICEHPR &f bonat e.
[ 0017&iggwdr8§%%¥t§omfisﬁi&;ﬁgnifeﬁlté&i@&ﬂf@éﬁl?ﬁtﬂbh%d"&aﬁw%é Qé@lfer?g{o@ihggr oups.

Pr ef ef se e group consi I met hyl
et herhexiidéaririgiwo ephede ghlowihsiicreadsubstifitedaianhyelrogalactitetshy|  pr opyl

et her, and ethyl propyl ether. Mdre preferably, the ether is diethyl ether.
[0010] More generally, a method according to the present invention for
synthesizing and purifying a dianhydrohexitol comprises the steps of:
(1) reacting a hexitol bearing two epoxide groups with a concentrated
solution of hydrobromic acid at a temperature of about 80° C to produce a
dibromohexitol;
(2) reacting the dibromohexitol with a carbonate salt of an alkali metal
in a tertiary alcohol to produce a dianhydrohexitol, and
(3)  purifying the dianhydrohexitol using a slurry of an ether to produce
the purified dianhydrohexitol.

[0011] Typically, the dianhydrohexitol is selected from the group consisting of
dianhydrogalactitol and a substituted dianhydrogalactitol. Preferably, the
dianhydrohexitol is dianhydrogalactitol.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0018] Di anhydrogal acti tol
(DAG or dianhydrodul citol) can be synthesized fromdulcitol which can be
produced woamaetissal sources (such as Mayt enus conf ert ipCirarsa)iiouso32
commerci al sources. WD 2012/ 024368PCT/ US2011/ 048032 1023- 003- WO PATENT
[0019] The structure of DAGis given below as Formula (1). 1023-003-WO

[ 0020] One nmethod for the preparation of dulcitol from MaytenusPATENT
fertiflora is as follows: (1) The Maytenus confertiflora plant is soaked in
di luted ethanol (50-80% for about 24 hours, and the soaking solution is
collected. (2) The soaking step is repeated, and all soaking solutions are
conbi ned. (3) The solvent is renoved by heating under reduced pressure. (4)

The concerf004RF dypidallyj the dahcahtratgedsdloticreot hydrobramnic gitid ‘srabdﬂhéO% ear
supernatant is collected. (5) Chloroformis used to extract th

superltystraliomic %‘%ﬁm%fwr@ﬂﬁf@@ by HeactinghRRRSPIeRdRWIH %@mmdmr%%@m'c
pressute %@VF Jbet[erng?érgtig?' s then dissolved in hot methanol and cooled to

al low Crys | zat| The collected crystals of dulcitol are filtered
and dried under reduced pressure. The purified material is dulcitol,

< uce
o abour _ cloBsn] TyPisty: Medbery BReNELS SsEGPA R '@WO@%W@BQW%? heti c
rout %téﬁaﬁ?%éﬂﬂ%g -RRARYY: aR8L&nhHpetanar! Padterdont tfe tertibl SicbrbiéeE OTs OH

butanol.

[0014] Typically, the dibromohexitol is dissolved in the tertiary alcohol in a
proportion of about 1 g of dibromohexitol to 10 mL of tertiary alcohol.

[0015] Typically, the dibromohexitol is purified by recrystallization prior to its

conversion to dianhydrohexitol.

[0016] Typically, the carbonate salt of the alkali metal is a carbonate salt of an
alkali metal selected from the group consisting of sodium carbonate and potassium
carbonate. Preferably, the carbonate salt of the alkali metal is potassium carbonate.

[0017] Typically, the ether is an aliphatic ether with lower alkyl groups.
Preferably, the ether is is selected from the group consisting of dimethyl ether, methyl
ethyl ether, diethyl ether, dipropyl ether, methyl propyl ether, and ethyl propy! ether.
More preferably, the ether is diethyl ether.

DETAILED DESCRIPTION OF THE INVENTION

[0018] Dianhydrogalactitol (DAG or dianhydrodulcitol) can be synthesized from
dulcitol which can be produced from natural sources (such as Maytenus confertiflora) or

commercial sources.



OH OHBr-"",y,r- Dulcitol DAG Br OH OH [0022] In Route 1, "Ts" represents
the tosyl group, or p-toluenesul fonyl group. WO

2012/ 024386R0R/028#811/ 048032 1023- 003- WO PATENT [ ®OZ3jS2¢Homesnsz , t he
intermedi ate of Route 1, 1,6-ditosyldulcitol, was prepared with |low yield
(-36%, and the synthesis of 1,6-ditosyldulcitol was poorly1083:83:8Q)] e.
Therefore, the second route process was devel oped, involving t weATENF
steps: (1) preparation of dibronmodulcitol fromdulcitol; and (2)
preparation of dianhydrodul citol from di bronodul citol. [ 0024]

Di br onodul & ' e il ey hn (1) Wth an aqueous
HBr sol ut |@9Hgi fa%p@é@an%etg[?/ﬁ@&w %%Jf')]\gza% f@iﬂ#tﬁ%’?ﬂ)i ncrease the HBr
concentration to about 70% by reacti ng phosphorus with bromne in
concentrated HBr in an autoclave. Cool the solution to O C. The reaction
is: 2P+3Br2-2 ~ H20- 1- 1Bri 4- H3POX4. (2) Add the dulcitol to the
concentrated H olution and reflux at 80 Cto conplete the reaction. (3)
Cool the soluti and pour the mxture onto ice water. Dibronodulcitol is
purifigg thfough recrystallization. [ 0025] The results for the

pr epar at of Le+Bronodul citol (DBD) are shown in Table 1, below TABLE 1
Dul ci t ol

(M

[0020] One method for the preparation of dulcitol from Maytenus confertiflora is
as follows: (1) The Maytenus confertiflora plant is soaked in diluted ethanol (50-80%) for
about 24 hours, and the soaking solution is collected. (2) The soaking step is repeated,
and all soaking solutions are combined. (3) The solvent is removed by heating under
reduced pressure. (4) The concentrated solution is allowed to settle overnight and the
clear supernatant is collected. (5) Chioroform is used to extract the supernatant. The
chloroform is then removed under heat and reduced pressure. (6) The residue is then
dissolved in hot methanol and cooled to allow crystallization. (7) The collected crystals
of dulcitol are filtered and dried under reduced pressure. The purified material is
dulcitol, contained in the original Maytenus confertifiora plant at a concentration of about
0.1% (1/1000).

[0021] DAG can be prepared by two general synthetic routes as described

below:

Route 1:
OH OH
Dulcitol — TsO oTs — DAG

OH OH
Route 2:
OH OH

Dulcitot — B Br — DAG
OH OH

[0022] In Route 1, “Ts” represents the tosyl group, or p-toluenesulfonyl group.

5



189 45% aq. HBr 36 nL 36 nL 36 nL 36 nL PBr3 40 g 40 g 40 g 40 g Tinme 7h 7h
7h 7h Tenp/C
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[0023] However, the intermediate of Route 1, 1,6-ditosylduicitol, was prepared
with low yield (~36%), and the synthesis of 1,6-ditosyldulcitol was poorly reproducible.
Therefore, the second route process was developed, involving two major steps: (1)
preparation of dibromoduicito! from dulcitol; and (2) preparation of dianhydrodulcitol
from dibromodulcitol.

[0024] Dibromodulcitol is prepared from dulcitol as follows: (1) With an
aqueous HBr solution of approximately 45% HBr concentration, increase the HBr
concentration to about 70% by reacting phosphorus with bromine in concentrated HBr in
an autoclave. Cool the solution to 0° C. The reaction is:
2P+3Br,—2PBr;+H,0—HBr1+H;PO4. (2) Add the dulcitol to the concentrated HBr
solution and reflux at 80° C to complete the reaction. (3) Cool the solution and pour the

mixture onto ice water. Dibromoduilcitol is purified through recrystallization.

[0025] The results for the preparation of dibromoduicitol (DBD) are shown in
Table 1, below.

TABLE 1

Duicitol 189 18g 18 g 18 ¢
45% aq. HBr 36 mL 36 mL 36 mL 36 mL
PBr3 40¢ 409 409 409
Time 7h 7h 7h 7h
Temp/°C 70 70 70 70
Crude Product | 25.2g 255¢ 24 g 24749
Yield 84% 85% 80% 82%

[0026] For the preparation of DAG from DBD, DBD was poorly dissolved in

methanol and ethanol at 40° C (different from what was described in United States




70 70 70 70 Crude Product 25.2g 25.5g 24g 24.79g Yield 84% 85% 80% 82%

[ 0026]

For the preparation of DAG from DBD, DBD was poorly dissolved in

nmet hanol wodoethasssl at 40 C (different from what was desErisbed/oise3tnit ed

St at es

1023-003-WO
PATENT

Patent No. 3,993,781 to Horvath nee Lengyel et al., incorporated herein by this

reference). At refluxing, DBD was dissolved but TLC showed that new impurities

formed that were difficult to remove from DBD.

[0027]) The DBD was reacted with potassium carbonate to convert the DBD to

dianhydrogalactitol.

[0028] The results are shown in Table 2, below.

TABLE 2
DBD 0.5¢g 5¢g 439
K,CO, 19 8g 49
t-BuOH 5mL 50 mL 40 mL
DAG 0.17g 19 0.82g
Yield 72% 42% 40%

[0029] In the scale-up development, it was found the crude yield dropped

significantly. It is unclear if DAG could be azeotropic with BuOH. It was confirmed that

t-BuOH is essential to the reaction. Using MeOH as solvent would result in many

impurities as shown spots on TLC. However, an improved purification method was

developed by using a slurry with ethyl ether, which could provide DAG with good purity.

This was developed after a number of failed attempts at recrystaliization of DAG.

[0030] Accordingly, one aspect of the present invention is a method for

synthesizing and purifying dianhydrogalactitol (DAG) comprising the steps of:

(1)  reacting dulcitol with a concentrated solution of hydrobromic acid at

a temperature of about 80° C to produce dibromogalactitol;

(2) reacting the dibromogalactitol with potassium carbonate in t-butanol

to produce dianhydrogalactitol; and

(3)  purifying the dianhydrogalactitol using a slurry of ethyl ether to

produce purified dianhydrogalactitol.



WO 2012/ 024368PCT/ US2011/ 048032 1023- 003- WO PATENT Patent No. 3,993,781 to
Horvat h nee Lengyel et al., incorporated herein by this reference). At

ref | uxi ngwoRBD/02axs8di ssol ved but TLC showed t hat new i mpamiusz@s/ofisesrred t hat
were difficult to renmove from DBD. [0027] The DBD was reacted with
pot assi um carbonate to convert the DBD to di anhydrogal acti t di023[@XRBYOThe
results are shown in Table 2, below TABLE 2 DBD 0.5g 5g 4.39 KFXXFENTI 8g
50 mL 49 40 nL t-BuCH

[0031] In this method, typically, the concentrated solution of hydrobromic acid is
about 70% hydrobromic acid and is produced by reacting phosphorus with bromine in
hydrobromic acid at elevated temperature. Typically, the dibromogalactitol is dissolved
in t-butanol in a proportion of about 1 g of dibromogalactitol to 10 mL of t-butanol.
Typically, the dibromogalactitol is purified by recrystallization prior to its conversion to
dianhydrogalactitol.

[0032] In this method, typically, the duicitol is purified from the plant Maytenus

confertiflora by the steps of:

(a)  soaking the plant Maytenus confertiflora in a soaking
solution of from about 50% to about 80% of ethanol for about 24 hours;

(b)  collecting the soaking solution from step (a);

(©) repeating the soaking step of step (a) with a fresh soaking
solution of from about 50% to about 80% of ethanol for about 24 hours;

(d)  collecting the soaking solution from step (c) and combining it
with the soaking solution collected in step (b);

(e) removing the solvent from the combined soaking solutions of
step (iv) by heating under reduced pressure to produce a concentrated solution;

f allowing the concentrated solution of step (e) to settle
overnight and collecting the clear supernatant;

(g) extracting the clear supernatant from step (f) with chloroform
and then removing the chloroform under heat and reduced pressure;

(h)  dissolving the residue from step (g) in hot methanol and then
cooling to allow crystallization; and

(i) collecting the collected crystals of dulcitol, filtering, and
drying the crystals under reduced pressure.

[0033] Another embodiment of the invention is a method for synthesizing and
purifying a dianhydrohexitol comprising the steps of:



5 nL DAG 0.17 g 1 g 0.82 g Yield 72% 42% 40% [0029] In the

scal e-up devel opnent, it was found the crude yield dropped significantly.
It is uncweani24308G coul d be azeotropic with BuOH |t was/useerflionseez t hat
t-BuOH is essential to the reaction. Using MeOH as solvent would result in
many inpurities as shown spots on TLC. However, an i nproved1pR8i003c\AtD on
nmet hod was devel oped by using a slurry with ethyl ether, which paJIENT
provi de DAG with good purity. This was devel oped after a nunber of failed
attenpts at recrystallization of DAG [ 0030] Accordingly, one aspect

of the present invent, ' t . f heci 7i V.
di anhydlroogal act(M‘| \(;I %éﬁ@}d %6‘%&‘?@345%3'”9&3’02%@&&?%{3@@9 Vﬁwa%%béé{tﬁ‘%d
I eac tdongtichibfonyidrbbruntib agid- At Bith péatiteflaboLiPBOOC tbYoalseai ¢ acid at a
tenperature of about 80 C to produce dibronogal actitol; (2)

r eactdibigmatexibbr onogal actitol with potassi um carbonate in t-butanol to
produce di anhy gal L tol; d . i urifyi t he.
di anhydr ogal acﬂ??ol r%éfsw L{les(ﬁﬁpcmo%qxng{ W)';P ae?é{gbn t(? ?ﬂ’%‘?f%ba'gﬁi‘ i"fqt@ld
di anhy driegtdrpaldohel to produce a dianhydrohexitol; and
3) purifying the dianhydrohexitol using a slurry of an ether to produce
the purified dianhydrohexitol.

[0034] In this method, the dianhydrohexitol can be, for example,
dianhydrogalactitol or another dianhydrohexitol that has two epoxide groups, such as a
substituted dianhydrogalactitol, as described above. However, typically the
dianhydrohexitol is dianhydrogalactitol.

[0035] In this method, the carbonate salt of the alkali metal is typically a
carbonate salt of an alkali metal selected from the group consisting of sodium carbonate
and potassium carbonate. Preferably, the carbonate salt of the alkali metal is
potassium carbonate.

[0036] In this method, the tertiary alcohol is typically t-butanol; however, other
tertiary alcohols can be alternatively employed. Such tertiary alcohols include, for
example, 2-methyl-2-butanol, 3-ethylpentanol, and other tertiary aicohols, typically
containing 6 carbons or fewer.

[0037] In this method, the debromination step (step (2) above) occurs under
refluxing conditions, which means that, when the tertiary alcohol is t-butanol, which has

a boiling point of 82° C, reflux temperature would be about 80-85° C.

[0038] In this method, in the step of purifying the dianhydrohexitol from the ether
slurry (step (3) above), the ether is typically an aliphatic ether with lower alkyl groups,



WD 2012/ 024368PCT/ US2011/ 048032 1023- 003- WO PATENT [0031] In this

nmet hod, typically, the concentrated solution of hydrobromc acid is about
70% hydr ovoami22a88d and i s produced by reacting phosphecuaSasitiio48esnm ne in
hydrobrom c acid at el evated tenperature. Typically, the di bronopgal actitol
is dissolved in t-butanol in a proportion of about 1 g of diibpg+o0PaVNQti t ol
to 10 nL of t-butanol. Typically, the dibronogal actitol is puri PNTENY
recrystallization prior to its conversion to dianhydrogal actitol.

[0032] In this method, typically, the dulcitol is purified fromthe plant

MVayt . L { : . [ h
o anc R ARty Sthg. Fasttiyl lfy REEEE iy ptoss. shargrvisther sethBlRB8bos Lo
aboutetBPozpd ethyigstepylf sthepbRBvedér, Ropretérable ether is diethyl ether. (b) col I ecting
t he soaking solution fromstep (a); (c) repeating the

soaking step of step (a) with a fresh soaking solution of from about 50%to

about 80% of ethanol for RN § $ I (d) collecting
t he soaking solution fr wi th the soaking
solution collected in step (b); (e) renoving the sol vent
fromthe conmbi ned soaking solutions of step (iv) by heating under reduced

plr ? ssure t[gogpba[n,eeprgsgaﬁiegg@tﬁqg providas an t p’ roved and efficient method fof the
i ] . | i . i d
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supér nat extra g the

cl eartheypeseritiaventiondsreadily ddalable sb thal large quantitied df demhyerspaiagtitbhe
chl or of or m under heat and reduced pressur

] e, - (h) .
di ssdtan bryPrarared orpharmassitieal or adfyer ysenof harmeatherd pf thiedrerent inventiony ¢ o
allo ' Loy and : | | ecting the collected
cr ys&@é@%ééa&ré?{mﬁéw}@w& P'r%‘ , y'glr?da nc?r @?%émt"h{éﬁ%‘#@gsm s under reduced
pressure. [ 0033] Anot her enbodinent of the invention is a nethod for
Chesi zi e S : : . isir :

o2 RBaBT Ja ot Hoad g SISl ShioP BBisest sl 2P of WO

applicability for the synthesis of substituted hexitols, especially dianhydrogalactitol

(DAG), which have uses in pharmacology and elsewhere.

[0041] With respect to ranges of values, the invention encompasses each
intervening value between the upper and lower limits of the range to at ieast a tenth of
the lower limit’s unit, unless the context clearly indicates otherwise. Moreover, the
invention encompasses any other stated intervening values and ranges including either
or both of the upper and lower limits of the range, unless specifically excluded from the

stated range.

[0042] Unless defined otherwise, the meanings of all technical and scientific
terms used herein are those commonly understood by one of ordinary skill in the art to
which this invention belongs. One of ordinary skill in the art will also appreciate that any
methods and materials similar or equivalent to those described herein can also be used

to practice or test this invention.

[0043] The publications and patents discussed herein are provided solely for
their disclosure prior to the filing date of the present application. Nothing herein is to be
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1023- 003- WO PATENT (1) reacting a hexitol bearing two epoxide
groups with a concentrated solution of hydrobromc acid at a tenperature of

about 80 wote1pmedace a di br onohexitol ; ( 2pCramseaiitiogsoshe

di bronmohexitol with a carbonate salt of an alkali netal in a tertiary

al cohol to produce a di anhydrohexitol; and (3) 1928643 W)Ot he
di anhydrohexitol using a slurry of an ether to produce the puri fRARENT

di anhydr ohexi t ol . [0034] In this nethod, the dianhydrohexitol can be,
for exanple, di anhydrogal actitol or anot her di anhydrohexitol that has two
epoxi PSS | i | bed
aboveggnH%fNever , aﬁ%g?"é gﬁglpgé%&ﬂ#@rﬁpﬁﬁ Haﬁéﬁ?;ér? @ négé;altggsti{ép ol .

[ 0035publicatibn Lynettbe of ptlotemczamﬂlmnal:ertbeﬂ theafateshof ambda:latlon@r@t\hde(i mqypbe;al |y
a carhgpate salt of an aI| cted fr rou nsi sting of
sodi ua\?@éﬁfﬁém iheo\ﬁﬂt”ﬁbf’ﬁ @Ié?%wﬁtcg‘ may é‘\eggg]%&)? In Mnat e salt of
the alkRdrndgetal is potassium carbonate. [0036] In th| s net hod, the

tertiary alcohol is typically t-butanol; however, other tertiary al cohol s
can be alternatively enployed. Such tertiary alcohols include, for exanple,

Come ot oG Bl i o RALBES 6188 o SR ERG Al AL BB et P 2! 1Y
debroahmhégnnémam\% w@oi(s%)edqéa@m)s Q%Hf épplwéﬁbné eéddlmeMu@mérbh@%,

whi ch neans en the tertlaréea cohol is t- utanol has a
boi | | agwelias those prblirationsithat havebeen incerparated Ibéhampubl&’mesis C.

the otRImEntsy B q e Aiafiiet e Bblcaondnd JRoRU AT RO RG Loy ¢
et her rafbtdhck@uRirs & KifbrngatIt R, be M@al%%a/ aag«mg:ab HoRAditAASO3AY 40&3- 003- WO
PATENT such as dinmethyl ether, nethyl eth et her, diethyl ether, dipropyl

et her inforsatian mlbilﬁbﬁd@ﬁﬁéfhe filng ‘é@tﬁﬂf ﬂﬁiﬁ@lelC@t%ﬁO be-prgiat. a preferable
ether is diethyl ether. ADVANTAGES OF THE | NVENTI ON [ 0039] The
present invention provides an inproved and efficient nethod for the

synt hesi s [§045)bas ubed etitHiespécificationsared inathke)appleadby diahys| thet singlilat DAG) .
The nmethod of the present invention is readily scal able so that |arge

quant fqrmn@ﬁdaut% Riurabigamac fior sxample e teFapatedanofnghiardecude PB‘lra'or

th “ |
T g e vossn ey b st
the ppeseding aeeriés oficlenwrtts & imehde@tom refalinig toyevieny etemeerstyntthesi s of

substituted_hexitols, especially di anha/dro al acti toI %DA(?) vvh(J rl have uses
in phgemﬁ;oranggq@ogﬁ dgtratively described herein can suitably be practiced in the

absence of any element or elements, limitation or limitations, not specifically disclosed

»u »ou

herein. Thus, for example, the terms “comprising,” “including,” “containing,” etc. shall be
read expansively and without limitation. Additionally, the terms and expressions
employed herein have been used as terms of description and not of limitation, and there
is no intention in the use of such terms and expressions of excluding any equivalents of
the future shown and described or any portion thereof, and it is recognized that various
modifications are possible within the scope of the invention claimed. Thus, it should be
understood that although the present invention has been specifically disclosed by
preferred embodiments and optional features, modification and variation of the
inventions herein disclosed can be resorted by those skilled in the art, and that such
modifications and variations are considered to be within the scope of the inventions
disclosed herein. The inventions have been described broadly and generically herein.

Each of the narrower species and subgeneric groupings falling within the scope of the
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[0041] Wth respect to ranges of values, the invention enconpasses each

i nterveni ng val ue between the upper and lower |imts of the range to at

| east a twot2hi2gaiR2436Be |ower limt's unit, unless the conPextuseiiamnudoy2

i ndi cates ot herw se. Mreover, the invention enconpasses any other stated
i nterveni ng val ues and ranges including either or both of tH82§é¥E¥Wﬂld
lower linits of the range, unless specifically excluded from t h@AdtENEd
range. [ 0042] Unl ess defined otherw se, the nmeani ngs of al

technical and scientific terns used herein are those comonly understood by
one i i i M hithié HEAMd s. One of

or di g%?%r?k@ﬁlﬁ?lﬁﬁtﬂ%o gﬁﬁ Qﬁt?ﬁ g?éss% 'Qg%@g’gs atﬂ“‘t‘ hat ar?;c/mﬁe r?%gg and

mat erdedcsiptioniof aaclinvention atithm pravisdhos reghtverlimitationaiesiavinganyebjest used
to prac%icg or,test this igwent%o%. t@904%l The uincathnﬁ and

pat erffiéttas Cemdtbe geanuseregasdiess o Whather o5 not i gxciser Materials SBEETEAN i or to
the fjilj o] T j [ ' | d}al in WO
20121" 53 SRR S e B B ey e e e I S on
t hat termas of #we=Markushegroupn thaserssthooled inlthe artowitl meeegnize that theimventenisn by

i 1 1 chish indbR deRBERY inRrpb i AN CuT & iR of SHbb Rl Bgre'sf M be

i ndep@ad@aiduh &Palip.” 188l also to be uhditétbodAhbt thecaiivel dedelibaors isCintetiledrtd
incorporated herein by reference in their entireties, including all
publ i B dlistratienand nphtestiictivepl Many eavbodiragrts will beanpacentdpdhese ekin the wel |

th bli.cati t.hat i d. i . i
docuriihieBh FeviEpue e At BREERIST, The5RHBE MR Bt REaRY bR, i
by r e teremina] B6SWIP réfefeNorBbithe above depuiption) @dt sheultiinstoas bdo not admi t
that any such information published after the filing date of this

app! i determinedyvitereferancedethe appendeq olgimss, alang vith the fulhseorsrati fi cati on

and i N n j - [ a Nl e, farmns.
o cRaliifefE EEn SUe Shier e S b6t SRyCA HFar DAL Becbflee, 8F (T
t he oRilittenablelte astyrtdinQisiic Ao phdrerthias eouthutéxpariméntation heahg equivatenteast
preceding a series of elenents is to be understood as . referrin ry

el enel®tthesperific asmbedimentsof thednyeriion q?ﬁ"ﬂ??@aﬁ%l%ﬂ%@%mtﬁ@éﬁgﬂéggg‘xec an
i tafl i i f | t | ts, limtati
or | 118 e BicthBaceaery Wik W IREABAR. P 20 her e m Thus. for exanpl 6 the |

ternms "conprising,” "including,"” "containing," etc. shall be read
expansively and without limtation. Additionally, the ternms and expressions
enpl oyed herein have been used as terns of description and not of
limtation, and there is no intention in the use of such terns and
expressions of excluding any equi val ents of the future shown and descri bed
or any portion thereof, and it is recognized that various nodifications are
possible within the scope of the invention clained. Thus, it should be
under stood that although the present invention has been specifically

di scl osed by preferred enbodi nents and optional features, nodification and
variation of the inventions herein disclosed can be resorted by those
skilled in the art, and that such nodifications and variations are
considered to be within the scope of the inventions disclosed herein. The
i nventions have been descri bed broadly and generically herein. Each of the
narrower species and subgeneric groupings falling within the scope of the
WO 2012/ 024368PCT/ US2011/ 048032 1023- 003- WO PATENT generic disclosure al so
formpart of these inventions. This includes the generic description of
each invention with a proviso or negative limtation renoving any subject
matter fromthe genus, regardl ess of whether or not the excised materials
specifically resided therein. In addition, where features or aspects of an
invention are described in ternms of the Markush group, those schooled in
the art will recognize that the invention is also thereby described in
terms of any individual nmenber or subgroup of nmenbers of the Markush group.
It is also to be understood that the above description is intended to be
illustrative and not restrictive. Many enbodinents will be apparent to
those of in the art upon review ng the above description. The scope of the
i nvention should therefore, be determined not with reference to the above
description, but should instead be det2ernined with reference to the
appended clains, along with the full scope of equivalents to which such
clains are entitled. Those skilled in the art will recognize, or will be
able to ascertain using no nore than routine experinentation, many

equi valents to the specific enbodi nents of the invention described. Such
equi valents are intended to be enconpassed by the followng clains. WO
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(a) reacting dulcitol with a concentrated solution of hydrobromc acid at a
t enper at WO 20f2/@b8t 80 C to produce di bronopgal acti tol ; PCT/US2011/048032 ( b)
reacting the di bronogal actitol w th potassium carbonate in t-butanol to
produce di anhydrogal actitol; and (c) purifying the

di anhydrogal actitol using a slurry of ethyl ether to produce purified
di anhydr ogal act i {-ol . /&mﬁ%@mwaﬁwzm%ﬂnﬁ Runfiieglianhydeogatantidolt(DAGY

sol uti - obrom ¢ acid is about 70% hydrobromic acid and is produced
by rea@%ﬁ@s'gﬁi"p%ﬁﬁﬁwm bromne in hy%lr obrom c acid at el evated
tenperature. 3. T L -ai %ﬁ# ' j [: -
dissolved in t-b aggrl%eggﬁlggé%@g%mhil%n o%@géi]gqmé&tmé@@%ﬂdégg@tﬁtol to

10 nL aftehpbratareaf abdull8E> Ord hrstiuek dibranidghladigiei n t he di bronogal actit ol
is purified by recrystallization prior toits conversion to

di anhydr ogal acti(bpl . réadtiveg timetcilrdnufgatdchitoiwithvgodassiumtcdaebahate irt Bbutasol
purified fromthe plant Mytenus con fertiflora by the steps of: (I)soaking
the pl ROREG dianbydiogalestitolifangk a i n a soaking sol ution of from about 50%

to about 80% of hangl..ef. [ .S : i

col l ecting the Lir %Jr E%iﬁ@t”fegﬁgb?%‘ﬁm°§$'§8ﬁtf’l ysing a slurry of ethyl et“e”%’. i)

r epeat Bﬂﬁjubg uﬁﬁ@d{ﬁ@gh?a,@ga%ﬁ@q_ep (i) with a fresh soaking sol ution of
from about 50% to about 80% of ethanol for about 24 hours;

(iv) collecting the soaking solution fromstep (iii) and conmbining it with

t he soaking solution collected in step (ii); . (v) renoving
t he sol vent frorfthe @Eﬁrﬁ\e %fcféﬁdf"hbe@@r%lﬂ thmeongentigtad $elulomgf heat i ng

under b CUB IR /PR dbolP 78%ANFSoranfi@ A6 UHAL Hodt ettty ¥Bacting

phosphorus with bromine in hydrobromic acid at elevated temperature.

3. The method of claim 1 wherein the dibromogalactitol is dissolved in
t-butanol in a proportion of about 1 g of dibromogalactitol to 10 mL of t-butanol.

4. The method of claim 1 wherein the dibromogalactitol is purified by

recrystallization prior to its conversion to dianhydrogalactitol.

5. The method of claim 1 wherein the duicitol is purified from the plant

Maytenus confertiflora by the steps of:

(i) soaking the plant Maytenus confertiflora in a soaking
solution of from about 50% to about 80% of ethanol for about 24 hours;

(i)  collecting the soaking solution from step (i);

(ii)  repeating the soaking step of step (i) with a fresh soaking
solution of from about 50% to about 80% of ethanol for about 24 hours;

(iv)  collecting the soaking solution from step (i) and combining it
with the soaking solution collected in step (ii);

(v)  removing the solvent from the combined soaking solutions of

step (iv) by heating under reduced pressure to produce a concentrated solution;

13
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13 RECTI FI ED SHEET (RULE 91) WD 2012/024368PCT/ US2011/ 048032

(vi) all oworgiz@e3e8oncentrated solution of step (v) to PETUS20100¢082 ght and
coll ecting the clear supernatant; (vii) extracting the

cl ear supernatant fromstep (vi) with chloroformand then renoving the

chl orof orm under heat and reduced pressure to produce a residue,

MO di ssol vi ng t he resiViue &dllovingtheconeentyated Sﬁgﬁlomﬂsmw tmaettleaen cool i ng

to allQw crystallization, and (ix)collecting the collected crystals of
dul ci t§Y‘?m+§f‘|??B¢i°H gctglgghgp[}qaﬁéup%@aérﬁst al s under reduced pressure. 6.A
met hod for synthesi zi a b bW ‘ﬁ_:ljm% pﬁl@ﬁﬁi AR I sing the
steps of: (Q?)a) %@(@Wé\g‘lé;&ﬁ%xﬂ 0 ggl’l ng S?%(@poxi de groups

W t h ackieruferm bad eisers Ambving thef chigdferat onder et naredudednpresairene of about
80 C to produce a di bronohexitol; (b) reacting the

di br onptesiuced regidue; a carbonate salt of an alkali netal in a tertiary

al cohol to produce a di.anhydrohexitol;.an oy c urifying the

di anhydr ohexi t ol usi n@"‘g sqfﬁq?‘ﬂ)n%#h%wséﬁﬁgffom@t% @Hh@ehq(tl‘iéaga??lf ney

di anhy Fc?]pgdﬂ I iy : 0 | aim 6 wherein the di anhydrohexitol is
sel ect EH ro%hgﬁ%ag?%%gysﬁfﬁ%@ﬁ ég&of di anhydrogal actitol and a substituted

di anhydrogal actitol . @)Theconettimpthefcotbetedcrystbiero? duicitbee fikerdg) wdtdohexi t ol
'S
drying the crystals under reduced pressure.

6. A method for synthesizing and purifying a dianhydrohexitol
comprising the steps of.

(@) reacting a hexitol bearing two epoxide groups with a concentrated
solution of hydrobromic acid at a temperature of about 80° C to produce a
dibromohexitol;

(b)  reacting the dibromohexitol with a carbonate salt of an alkali metal
in a tertiary alcohal to produce a dianhydrohexitol; and

(c)  purifying the dianhydrohexitol using a slurry of an ether to produce

the purified dianhydrohexitol.

7. The method of claim 6 wherein the dianhydrohexitol is selected
from the group consisting of dianhydrogalactitol and a substituted dianhydrogalactitol.

8. The method of claim 7 wherein the dianhydrohexitol is

dianhydrogalactitol.

9. The method of claim 6 wherein the concentrated solution of
hydrobromic acid is about 70% hydrobromic acid and is produced by reacting
phosphorus with bromine in hydrobromic acid at elevated temperature.

14
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di anhydrogal actitol. 9. The nethod of claim6 wherein the concentrated

sol ution hydrobrom c acid is about 70% hydr obrom c aci nd i oduced
by reacti‘&é 28#2“&%%&115 with brom ne in hydrobronm c aci d%g?m&z@%@%}g{
tenperature. 14 RECTIFI ED SHEET (RULE 91) WD 2012/ 024368PCT/ US2011/ 048032
10. The nmethod of claim6 wherein the tertiary alcohol is selected fromthe
group consisting of t-butanol, 2-nethyl-2-butanol, and 3-ethyl pentanol.

11. The net hod | apm 10 wh the tert | cohol s t-butanol
12 Tho met hod of®-cl ol GeHIh & GAITHe WASERD YEhisriar aischol Sl aledTor ( ne

{21413 G RahsngoPLSRERA 9nekyebSilarh iy bl 0! to, 10 M o

tertiary alcohol is selected fromthe group consisting of t-butanol,

2-met hyl - 2- but anol , and 3-et hyl pentanol. 14, The method of claim 13 wherein
the tertiary al cbhol The methadaofadlaim 10 wherein the testiarylaécamet isdebutdnall ai m 6
wherein the di bronohexitol is purified by recrystallization prior toits
conversion to di anhydrohexitol. 16. The method of claim®6

wherein the carb of an
al kali metal sele tegrﬁ{p%"ﬁg 5%‘?% é'(@}gﬁgﬁﬁﬁiafbg?ﬂg@%{'@ﬁgﬁg%ﬁéﬁ B and
pot assthener@Erparahel in a proportlon of ab?)ut T @%f%rbﬁﬂbh@&lt& 'té“m‘nl@ offegfigyn the
carbonate salt of the alkali netal is potassium carbonate. 18.
The mealeoholof claim 6 wherein the ether is an aliphatic ether with | ower
al kyl groups. 15

13.  The method of claim 12 wherein the tertiary alcohol is selected from

the group consisting of t-butanol, 2-methyl-2-butanol, and 3-ethylpentanol.
14.  The method of claim 13 wherein the tertiary alcohol is {-butanol.

15.  The method of claim 6 wherein the dibromohexitol is purified by
recrystallization prior to its conversion to dianhydrohexitol.

16.  The method of claim 6 wherein the carbonate salt of the alkali metal
is a carbonate salt of an alkali metal selected from the group consisting of sodium

carbonate and potassium carbonate.

17.  The method of claim 16 wherein the carbonate salt of the alkali
metal is potassium carbonate.

18.  The method of claim 6 wherein the ether is an aliphatic ether with
lower alkyl groups.

15
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RECTI FI ED SHEET (RULE 91) WD 2012/ 024368PCT/ US2011/ 048032 19.
The neth m 18 wherein the ether is selected fr
consistin (%ﬂnémz%gﬁhyl et her, nmethyl ethyl ether, dieth%?kégﬁggkgﬁﬁﬁropyl

et her, methyl propyl ether, and et hyl propyl ether. 20. The
method of claim 19 wherein the ether is diet hyl ether. 16 RECTIFI ED SHEET
(RULE 91) 19.  The method of claim 18 wherein the ether is selected from the

group consisting of dimethy! ether, methyl ethyl ether, diethyl ether, dipropy! ether,
methyl propyl ether, and ethyl propyl ether.

20. The method of claim 19 wherein the ether is diethyl ether.
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