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eclare the i %r o e P g ent may be grato
us, and the rﬁ 3%}%% %%gggm énlgl g)yF %Lhﬁgf‘?’%r med, to (m) £ J_\\

described in gand LNt - 5 This i nventi g

a process forogh %Qéhrtx g{wrgﬁm@f@érones and is partlc
concerned W tm 97F'h4 ‘

e preparation of-maltol (3-hyfls
met hyl = pyr &p@lged% o IaddeRith @rypounds. "Maltol is a-na

occurring’s S atKe 1hRkngrg arch 10
needl es: and ch| cguym%lmnggmrm al production was fromthe
destructive di st (52) Rlléx0d abdeptaird . Synthesis of maltol from
3- hydr oxy- 2- (1- pi per icag| 1670€2151947) 258 -29Y r30n80YVaS! 85238536V BF Spi el man and
Freifelder in J. Am Chem 403dgY 5060Y 2363 72960/'YZ Schenck and Spi el man, J.
Am Chem Soc., 67, 2276 (1945), obtained naltol by alkaline hydrolysis of
streptonycin salts. Chaw a ant$4)1IROCESSIFD&5PHEgaREPARAUOQIOK:hem , 39, 3281
(1974) "and Li chtent hal er and Hei del , QAWAPYRQNE,ﬁem 81, 998 (1969),
reported the synthesis deriyatives.

Shono. and. Wat SUMr ags Kol qg;ks' ko hirosh fié“'wﬁ Ao

five step synthesi sstak ofEbw Ualtd‘dlsmesvuf her uyr eltirg k heaﬁxe fdikml, for 2

The isol ation of 2- ‘elnlﬁyweg‘ahym mythed iy whigleit ésfto t he

20 characteri sfl c sHensionmed Fﬁ"“% %&%@n %&ﬁgﬁé

reported by Hiroshijs birﬂcdlzﬂ'l Eb@ fioer: th a SBsfor rat 1( ﬁ()y-Z- Thi s

conmpound was previ ometh ehe%qnmemdb;latbd]@ omcbss descrl bed in

3 468 915 Sy hes tree ul&?n rocruct?:écgvigs’o‘;pdﬁrhp{lﬁbl

ethyl mal tol @Ltlcihéma nsaf% afsyﬁtﬁé.ysﬁf G DYIgipeyBr €

described in U S Raétn y1)-p-pyraite \aasla@;e%ysa.;mﬁ;aﬂs&mfad& J. .’lSi:é 652;

3, 365, 469; 3, 376, 3164, 2@84@8479183he éSp Bn@nd ém@eezgoc (943 et hyl

ol enhanc, the g s D S By D s
Sthé

I n addi tion ese oﬂx@rgraggs (31969), 5 @ ifaltolNfrde p dﬂw&ﬁl
essences. 30 The tht#eﬂgd tives nHhooe jagd Mﬁts!lmurae @triﬂ@droaneUe@ N@ 1641136635 and
the 2-aryl net hyl - pg? @ypte&mbed &cﬁ"&s“"d’e%’&‘rhf’%’eﬂf F‘ﬁ“‘U stgrting wighs meghal fusfyrsdi ¢ ¢ he

growth of bachgri an fﬂer;gdlatﬁ,a%r@&nﬁ@ﬁ&&%xﬁ@méhﬁmxégyrmo@rnrra,eemaacer s20

in foods and bever agescrridicavesrarame err:atsum?) mc)alais'is was reported BUS .
g i i is pRAR
according to tpe Ihnprewo P tﬁkg%;ees P hg%ﬁg’cess déscrl edq-h%%é 8f9§? sPe ?h‘@sa 35
ganma- pyrone of t 4al a &pyrones such as pyromecomc acid, maltol, ethyl maltol
25 and other 2-subst1tuted- -hydroxy-gamma-pyrones are described in U.S. Patents 25

3,130,204; 3,133,089; 3,140, 239 3,159,652; 3,365,469; 3,376,317; 3,468,915;
3440183and3446629 g :
dMaltol and ethyl maltol enhance the’ flavour and aroma of a vanety of food
products
30 In addition, these materials are used’ as ingredients i in perfumes and essences. 30
The 2-alkenylpyromeconic acids regorted in U.S, 3,644,635 and the 2-arylmethyl-
Fyromecomc acids described in U.S. 3,365,469 inhibit the growth of bacteri and
. fungi and are useful as flavour and aroma enhancers i 1n foods and beverages and
: aroma enhancers in perfumes. - .
35 Thus, according to the invention there is prov1ded a process for preparmg a 35
- gamma-pyrone of the general formula _

wherem Ris hydrogen, alkyl of 1to4 carbon atoins, phenyl or benzyl and. R" is
hydrogen or alkyl of 1 to 4 carbon atoms which ‘comprises contacting a furfuryl
40 alcohol of the general formula: -



- findi ng that 6-hydro 2R-qEyean

[err] wherein Ris hydrogen, alkyl of | to 4 carbon atons, phenyl or
benzyl; and. R is hydrogen or alkyl of I to 4 carbon atons which conprises
contacting a furfuryl 40 _—alcohol of the general fornula: 2

1, 538, 371 o v 2 [er] (rry
mrth at | east two equivalents of a halogen oxi dant at a tenperature of -50
q@%SO degree C. and, without isolating the '

| 0- 6- hydr oxy- 2, 6-di hydr opyr an- 3-one, so formned, heatlng at. 70- 160 - degree
nt2| | hydr oI ysi S | S subst ant |l%lé§ yncorrpl ete. 5 - ‘The -process is

- generatt y pet o ||cu By—teattaer '”’f'”"’l =1 "“h"‘l —in. 9””‘30“% 5 medi um
with two equival ents of  oxidant, ho h excess oxi. dant ey be usag/ and
the reaction mxture is then he'a ﬁydrol yset-he i niprnedi ate forned.
The ov_e_raII reactl on is represent ed # follows: 0 OH COH' 10r o wherel n Ris
hydrogen; alkyl. of | to, 4 cargon at oms, phenyl or. . benzyl [err] - 10

th. Q%IH%E 33:1{11 ents fMg&E m;a%‘gw _ ag;tr%lejf 0 tq—ml HG3I’ or

. hydr ogen-. (ﬁo;
m- xtures tfdnaree Y owi ng -sgheme:
[err]5 15 " .The pr0tq;$ lebmeallandfomedmyrtteeﬁng thd'fur}'uryl\hdiholghameousm 1984 (4973)

) H

denonstra .=_‘ fth tworeqpiyglents of| ugh gxessepxidentaiay besedambonvert et o
6- hydr OXy oeds ugh%;’ﬁn‘%ée s:hﬁfn °ayﬁé,%t rﬁléﬁgatguﬂnﬂﬂeﬂa‘ﬁt“é‘t%h% peracetlehacid
or mchl oroperben20|c acid is enployed The f| rst .step of the Lefebvre rk
uses a peracid in an-.organic solvent and @0 - probably | eads 'to a

. 6-acetoxy or .6-mchl orobengzqyl oxy pyran iv)atlve whi ch i s. 20
hydrol yzed to the .6-hydr m t he aqueous wor K- up. V\ater i's
not used in the first-s ep of thereag‘t Rnd vvouldlnfact be '
del eterious. In any case, - . 1, 538 371

3 the Pr 0GEsSin Ok :&I u(?g,[) pgmgrclér%[)g ca gﬁ?&ﬁé’ﬂ dI I (;,tly to the

conver si OHyddbged o &bmi Qn@ﬁ? - d) to the process
of the pre%msthm ntion is t e.use .of .an agueous- so ut| on of a hal ogen

oxi dant . rEf’Pf}P“%tW&Sh%“H@f@I%’H\SF%Pe@m dized to'a 6- 5

hydroxy- 2H— pyr an- 3(6H) -one _usi ng one equival gnt’ ‘of a hal ogen oxi dant .

water or 5 water/.organic co- solvnt It ks Jurprisi ng. and .an unexpect ed
' , @’ be converted to . .

~ gamma- pyrones: A & Ry& oRy- 2P+ pyar~r3( 6HLA088 ﬁrT'be regarded as - a

‘hemni -acetal of an al dehyQIe and- . a uch. m*ghy, be expected to undergo’

- numerous undesired side-reacti onaguch as ovzr OXi dation, 10

al dol -type: condensat i ons, ‘etc. oyinng t “mbre equival ents of hal ogen
10 oxidant.in wat er or water ad —$1=@an| c..co-sol vent “the.reaction proceeds
snoat hl y froma: furfuryl al cohol €@ a. garrrma..ﬂyr one. - This: novel "one pot"
process offers the advantages of- @nrpl oyi ng TBW cost [err];: CBr, HOC, HOBr
“or- m xtures thereof as the hal oge _gm dant | sol ation of the deS| red.

.. gamma- pyrone IS greatly srrrpllfreg —oH : _

' 15- ' Lefebvre and co-workers in J. Med. Chem., 16, 1084 (1973) d s :
‘ emonstrated that 15
: _furf 1yl alcohols could be directly converted to 6-hydro(xy-ZI?I-pyran-3(6He)-on:s S
:vrgg?o ;e é)eramd oxidant such as peracetlc acid or.m-chloroperbenzoic acid is
The first step of the Lefebvre work uses a- peracld in an organic solvent a d‘ -
20 probably leads to a 6-acetoxy or 6-m-chlorobenzoyloxy pyran dgnvatwe whlchnls : 20
: hydrolyzed to the 6- -hydroxy- compound during the aqueous work-up. Water is riot |
. used in the first step of the reaction, and would in fact be deletenous In any case,"



15 since sol vent, oxidant and by-product mneral acid are all volatile

and can be 15 rennved in vacuo to afford crude gamma-pyrone directly in

high yield by sinple conceptration. The one-pot process is conveniently
operated by dissolving a furfuryl alcohol in water or water and a

co-solvent. 20 - The co-sol vent 'can be water m scible or

wat er - i nm sci bl e vand can be selected 20 froma wi de range of solvents Such:}

as [err] al kanols or di ols; [err] ethers or nitriles [err] ket ones or [
esters. The preferr-ed co-sol vents are [err]. al kanols and [err] ethers With._
met hanol the DPEf erred SO| veni -hecause. of* ~The sol ution.is.ke :
t enper at uke, of - 50 Ttlﬂ: ;ﬁ@ceﬁbagll.eem&‘c anqm“oafcnkabdaynoﬂdadt]mecll@tqibgafomeerﬁon da this

25 soluti on isf ‘&t%mﬂ@d’}’ r al cQ I I e sinultaneously -
i ng 25 hal ooy, ERATL Y deareray ahite trgn UROArls Ut o Wl AC0, S,

m xture. The. Berme dke218h: rh 5{6HF&ibtds1ﬁ§loﬁEe‘thﬂa1tloBa WaRdgei émdiﬁ Cin abtor &0 t 0 .50

degree C. during h trg’ergaadch-sqlwnt Itlna‘suamlslomd@n Iﬂllq# Qg;jﬁgmﬁ Yéf%‘ln'pl oyed,

| et e.

it is preferably rg ?\:‘E‘I“ gé
The reacti on- m Xt ure ﬁlon?tg"l %'d re de qlerrm ed s1d @cﬁﬁﬂiﬁ ki hLoRE o t he

hydr ol yj;? ‘prioceedsidat-type leeralsmadﬁs,eetcaEmpléﬁiﬁk two b6 dhode e(l'.ts of ha@g&ﬁhe 10
I

gener a eI;rpI oyed OF’éaﬂf "P Bﬁte 404, prganie corgptyent, oo %m ting is
continded unti| th g E g | %ﬁaé:n?a@%yﬁ%ﬁ Cl]?.lls-,nl?l%(.;q;:l OI?IOB;r?:r nﬁxtures thereof

4- hal o- 6- hydr oxy- 251 ERNisalationoe thellbset Bathrad- Broneds g:redmmsmpnﬁau ly
conplete (1 t1s 2 h@mps olverh@xdemtganﬂ egycl mingr: ;’ %YS@I ¥ gt elg.lpb gdn ble 15
hydrol ysis is gener gtr;ggagfottaa ggmma-pyrene directly in hign-yield by simple

i nter medi at es for med. GHé bidpok b@ceseurcs@veefenﬂmefa&acwmmldgdcmfu@méohalc| d can
be 35 added if desnwaelrorWaerhmlla@ eolven@m dant can be. chI oriine, brom

chl or i ne-br or0de, hypdhnratalysat o3 g}agre Joerupisrimpsciosnt, aéébefﬁgg %
wid l 1 t

Chl ori ne- broni de 'Smﬂleg GIB], Ebtd Ji)‘é?ee{?ig R o g, ﬂarcéanta |

situ by addition ofanéd, s C[ae:tltefs @it4 Gnethanolst ptefamedcs lvsmdeqamecnf cpst Bes

um
broni de or: by the ei wzni i9 fepd pt e Qf—éOto
pot assi-um chl®ri de %{%ié qf g %&Fﬁ anﬁ‘m adg'e%ﬂa ntly
lhE

generated in situ. bym &th&:fmmueiemam&mcda H(Cﬂxpl ‘Eﬂ’ﬂl}nngIHBbgenetC )

to a solution of thddlﬁtblkdf ja low-baillka;fg-rz‘%&wntllt Pra °F?{b “‘@0 d B§70C
KOCI or Ca(Oq Jpas E}ngﬁdﬁl drol fb § aft?\ﬁ C‘fOSt 30
factors, are I or lﬁlepg%ﬂ alfy edplbyed &rienaoa 10Pﬂ Thd Heatﬁ[&l@s

i nter rredl at es showrtontinubchentﬂ cediydroly. slssdnhmier xw@@Ideityéd’pmnﬂ-r eact ed

in separate steps a>§ tgllx sqmp ltg%;)gss  SUSPeCEINIO’S and

18 S|
t
4242/ 78 (Ser' Nosgilte %%- i’ly§ :émtﬁgggeét g actlon Addition EcxdpEﬁ\ClﬂsSS of3s
thelnvent|0n|5| daitlfd%h yt e ovmn les: 50 Exarrplel In a -

3-neck round botto dafw F‘Hl .l@!q’ ' rfg‘a‘
inlet tube, ather i o r%l’é leg“;a
tetrahydro- faoran apdt ﬁﬁssm oﬁa LHrIlQI’thwaBdlﬁﬂﬂbIEBi'oﬁlﬁleao a
tenperature of 0 taolmond@ @powmmchlor‘ﬂhe addi tion, fgﬁ nnel vx% hlwrged

with a sol ution of %—é’g X tﬁ’%{’}ﬁ&je f"ﬁ%@gﬁ% ﬁ)@?fg Pl

t et rahydr of ur an an(il &t C4(0€D,. e Giréferted | ask
while chlorin (O. Bﬁlogui el)ldm bastd ech vosa fachers,gas ¢hidring atndbéllorfﬁbrérqnadee of 45

addition was such tl'ﬁ%&‘he Fﬁ:é:l:nggiates h0| regg sc eglet ?: Jléorl?e isctatSd and®
equi val.ents of chl qgichig u; icitﬁnmwﬁmnsm
reaction tenperat ur4e4£IB(SenalNdsell sswsmn 38eae4 e react ion_mxture vvas

heated to refiux and fTheproesss efiiiednventionds “%teﬂém&ywlygwl’i'qﬂ ation. \Weld
the reaction mxture reached a tenperat ugg g gbout 105 degree C, a -
condenser was added aigla Bheck Bhhd/dtideh 8K b d’iptﬁdvsiﬁtﬁl’a mdgwtc sﬁrrhglhﬁtsagﬂéhe

reaction m-xture m@eﬁthmaﬂhdrme!nﬁer_jj%dtana ﬁg Ii%t 5 iﬁﬁ’ lrgfg' 2 and-
the reaction gg xtu g %"uﬁ"ﬁﬁﬁa@ SN so?g1 O b ath 0085
filtration y| el ded in 20 ml of tetrahydrofuran and this was added dropw1se to the stirred’
_reaction flask while chlorine (0.30 mole) was added via the gas inlet tube. The rate
of addition was such that all the alcohol was added in the first 1.3—1.5 equivalents
of chlorine (approxnmately 30 minutes) while maintaining the reaction temperature
. 60 . below 10°C. The reaction mixture was heated to reflux and the tetrahydrofuran’ 60
" removed by distillation. When the reaction mixture reached a temperature of about
105°C., a condenser was added and the refluxing continued for about 2 hours. The’
reaction mixture was then filtered hot, cooled, the pH adjusted to 2.2 and the
reaction mixture was cooled to 5°C, Crystalhzatlon and fi ltratlon ylelded 343 -

N




4 1,538, 371
4 grans of crude 3-hydroxy-2-nethyl-y-pyrone (nmaltol). The aqueous filtrate
was extracted with [err] to obtain a second crop of 2.58 g of malioQl

Distillation of the conbined solids and recrystallrzatron f rom et hanol
gave 5.5 g (49% of pure white maltol, mp. 159.5 - 160.5 degree C 5
jExaane 2. The nethod of Exanple 1 was repeated under varying conditions as
£hown in Table | with furfuryl alcohols of the fornula [err] TABLE 1 One
/ Brocess usrng Chlorrne as thesgﬁipant Tenp. (degree O: Tenp (
i of

hydr ol ysi grams of cmﬁ}i{pwﬁ -methyl-r-Pyrone gth&n’ﬂie aqueous filtrate was0

100 ‘extracted with gj‘) ain a second crop maltol: Distillation of. the5
t

combined alhzatlon from me 5.5 49 of ure whit
110 maltolm 9 erls( me g( /) p wlge

- 60 [err] .fgi nethanol B !'i'-i : -10 S g : . .
77 [ rr] ) l{' Ol ampe 20 06:.. 5 " 62-67
. Them xample 1 was repeated. diti T
[err] Table T w1t uryl alcohgls ofvtvhe fox?mul:. ufeer varymg con 1.1ons aﬁs@gwn in R
[err] . acetone - . B 110 "5 36

[err] - [err] - I .'bmff 110 ;3' 28 err]
Et OAc G N R £ »110;- 26 ferr] ';' nons,
10 ' 110 Y& 30 Rerr .- benzene ' B

110 26, [err] neAbuﬁlrsobutyl 5 110 -

44 Kketone [err] : |o royI -al cohol '-0 SRR 110

.49 [err] . et han0|0ne Pot Process us1n5€hlorme as the Oxxdan}_lo ' 49 [err
met hanaol =10 . 11n _ . . 458 [err] . THF
10 - 110 ¢ a7 -+ met hanol - ' _-10 '

110 - - Temp. (°C) 'g (°C) Yleld_ 30 : 110
50 THF =t etl} ahydro?ﬁ?‘gﬂmfﬂ OAc °f'é’i“ﬁ?}f°“acet Thpggmlys‘% N '
- 1,538, 37T txanple 3IThe nethod of
Exanpl e 205]65 repeé'ieg‘(ﬁ“‘]m t h corrpa%PabI 6" resu?‘{s enpl oyi’ iy each of. the
fol I owi ngcap- solvemﬁammﬂthanol 55 . =~ 110 -0 56 n- propanol
5 iso- butanol .n- but'anol .-t - butanol droxane R AR WA

_ CH S methanol s o 1.04: o . 60 o

104
~:104

CHy - . methyl:sobutyl B HEE NI ¢ | AR 44
L Ut e cketope. . e T 5 e e e e Rt

CH, _. - . :isopropyl alcohol " - () il’O S 49
CH,CH; N __'_-.r_nst_h,anb}',.___'-_ s e ey
CGH,CH, | memassl . <0 om0 sl
Gew, e e omo o wr
CH3 -I..-';_methanol -30° N 110 : | 50

THF = tetrahydtofuran L e
EtOAc = ethyl acetate



10 et hyl et her
10 i sopropyl ether dinethoxy ethane 2-nethoxy ethanol 2-ethoxy ethanol 15
et hyl ene gl ycol 15 Exanple 4. In a

3-neck round -bottomflask equipped with a stirring bar, a gas inlet tube
and an addition funnel was added 20 ml of tetrahydrofuran, 50 m of water
and sodi um bromni de (0.20 nole). The solution was cooled to a tenperature of

0 to 20 20C. The addi t\i on funnel was charged with a sol ution of @
1(2-furyl)-1- e% hanaol (0.18 20 nole) in 2'9 Ji. . of tetrahydrofuran and this
was added, dropwise-ta ¢ h-p--ra-pj..ﬂl.-y.-..qf...i.r.r.ml.i’.. 3kt i on flask whil.e. gaseous. I N
chl ori ne (\e’ 40 nole) is added via the gasaeaipk3i'nl et tube. The rate of t he -
al cohol addition was ]-%Emeqhwapf Exaynple] Hwasonepratpd withl acompwrable mesiilitst eapiayihg The
reaction tenperat uf#N __e'@ﬁ‘f’_"_‘%‘f'fﬂh’e% degree C. with ice bath cooling. 25
After the alcghol and chlori:ne had-b oigyggln added to the reaction flask, ¢
the 25 tenperature was raised torefidobutdanol di sti'll off the -~ -~ .« ,
tetrahydrofuran. The.isol ati on proce angk  Exanple |' ‘was used to! isolate
12A7 g of re maltol (55%yield). S fj}?ti ally the sane results are

obt ai n%gabji tuting potassium broniedigiéteer sodi um bromide. 30 10
Exanpl &5. | ... . . . isopropylether30. The nethod of Exanple 4
was repeated. under varyi ng condi _t_i;oné’filﬁ :%g{im'abl-e'_z wi.th furfuryl

al cohols of the fornula-[err] R-TABLR. hamel Process using C -Br -as the
oxi dant, gendpated by addition of chlediyleneglyool situ to NaBr- Tenp. (- degreas

@] ~ Tenp. (degree ). - . Yield R xﬁmple4 Cosol vent- ... . .of
oxi dati on of hydr OinYaSZi-_ﬁgck round(b%ton{l_@lﬁglﬁ equipped with a stirrifg bar, a gasinlet tube 200
104 - 5&nd @r addition funnel was addedH® ml of tetrahydrofuraf/ 80 ml of water and 110
54 [err} . sodiur omide (0.20 mole). Thegplution was cooled 1'1‘(1? temperature of 0 to 52
[err] . 828 o Z(t:C e addition funn?rggas ‘charged with as_gl1 tion of I( -fuwl)-'l'sethano4@.l err] 20
g Pr opy l'ea § 1 of tetrahydrofuran and this was a War pwise to the rapidly stirre '

- ethyl ether : reactidn flask while gaséohf) chlorine (0.40 mole) is g]%etf @ik lthe gaseous inlet
acet one _ .. 18ube. The rate of the] ggohol addition was such4Hat[acyelldw orange color wasH3 OH
15 i : 110 -maintained. The reacgcz-x tﬁgperr ture was kept bel °C. with ice bath cooli

o 25" %ft the alcohol and ‘chl nﬁéig both been added t e reaction flask, 25
113 Ay rature was raised to reflUX¥o distill off the tetrahydrofuran. The isolati ;09

48 THF = t et r ahydr priocsdare of Exagnple 588 pd fo kolaal 47 gof pute alol (38¢idl)LiNd  bot t om
flask equi pped with d?s rgml EX the samerregultsjarg gbtaingd syhsfityting petassiymebromide for -
thermoneter and an addition funnel was added 50 m of tetrahydro- furan and

50 m of watep. This solution was-then @umpidsto O degree C and chlorine g,
(0.10 nole) was adg |1 chﬁxﬂﬁlqle revastrensated lupder vaying @onditions shown in _
a( _ \@t 18')'1 alcohols of the fgrmula . L

1(2-furyl -1-ethano
: 7\
Q\(OH

R
TABLE 2 -

- One Pot Process using Cl—Br as the oxidant, generated:by addition
of chloriné in situ to NaBr -

. . S Temp. (°C) Temp. (°C) Yield
"R Cosolvent of oxidation  of hydrolysis %
CH, ~THF 200 T 104 T 55
c,  THF oz om0 s
CH, | THF: 15° 3 1_ 1-0"'_- S s2

CCH, " Teopropyletier .25 . 110 - o ag
CH, . ethylether L 20 - e 4
CHy . acsfone - Loas . aeso a1
CH, ' . CHOH: . 15 - o _”11‘0:' S 32
CH, CH, THF 16 w @

H THF 30 109 4

THF "= tetrahydrofuran



was added dropw se. The tenperature of the reaction m xture was not all owed
to exceed 10 degree C. Bromne (0.10 nole) was then added and the reaction
m xture heated was obtained. 10 Exanmple 7. To
a 4-neck round bot iprent with a thernonetér , a condenser and
unnel s was charged 50 m of tetrahydrofuramr and 50 m of
vvater and the solution was cooled to 10°'degree C. To this-well 'stirred
sol uti on was added together in. the two addition funnel s brog}_ne (0.20 nol e)
and 1(2-furyl)- 1- et hanol 19 (0.09 nole). The tenperature. t he reaction
\Was mai ntai ned at 15 degree 1638,3'tlhounhm'+ tue UoUDbl e addi ti-on. \'\‘fe reaction
@ 6xture Vas oT0 [ tar, d\dab t ol was i sol ated by
procedure of Ex BAUpPec tettw °6ret hod of . Exanple 7
was I epeagned- tm&é?“ 5‘)’ fmmaﬁdﬁ "tf\‘m -ﬁ-(; w A f Easi Pl.e 7 was
r epeat éndet mhmsﬂ\éﬁb kwmte"t'(z-furyl- Lilowddtal € 3 with furfuryl

al coholfufa i e.ﬁelbﬂmt(a uh!:rcm‘é mixturé degr ee-C)
Yi%el d oy Eﬂdé& dtopwise: T nadd o ple @fye%ﬁf 1 ;fgf tf"er (] THF
15 - exceed10°C. Bromlth olattorﬁﬁof:eé ‘ie]Of Exa 105
47 [errtpreﬂgxr@% gwing 100 30 [eru‘? |
_35 - waso ainble aHﬁer ometer, _ msef S 100
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addi tional  hour. Maltaol was isotgt -d as. described in: Exarrple 1.

-~ Substanti ally the-same results areRObt a| ned Wnen SOdI um hypobrom te is used
~in.place of- sodi um hypochlorlte 35 : oo Exanple 10. To a

-sofution of- 1(2 furyI) 1-et hanoTQ@ﬁ)’?%rml =8 ;..‘1‘5fm of tgtrahydrofuran and
15*m  of- water 5-degree C IS a{jeed ZngnpnPC()f 2. 8 odi um hypochl orite
. solution f 7 - e, on  of hydrolysis 38.371
7 Chl- or| neR(O 05 mrdoen)lverns addé’f:l FC i he. eaett o rlask vr5 a’ gas i nl et tube
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m of tetrahydrofuran and the solution is cooled to O degree C. An addition
funnel is charged with a solution of 1(2-furyl)-1-ethanol (0.89 nole) in 25
m of tetrahydro- 10 furan and this solution is added dropwi se to the
reaction flask while Brd (0.30 ‘10 rm{e)\ls added via a gas inlet tube.
The rate of addition is such that all the furfuryl alcohol is added in the
first 1.3-1.5-equivalents of BrCl while maintaining the tenperature bel ot
30 degree G -The reaction mixture is heated to reflux and the tetra- -
hydr of uran renoved by distillati.on. Wien the tenper ature reaches 105 degree
C., a 15 1 condenser is attached add3%¥eé reaction nixture heated udder
refl ux \Lor abOUtCh?iorm% Mélé) is ﬁa@d FARE beabibnTaski i £ ak%l&%%n%ﬂnﬁ' tol

i sol at ed by the thetelac: bdo\&5°(E>Taapdaaloh2mxthrt iSthen hepted w eflmd bottom
flask equi pped vingdithe t fP@nbr moved hyhdiptiistien. dfcati lls cona'gﬂ Wo;'hddltlonal
funnel s isschar oﬁ&“ﬁﬁl " ed =t ‘%éﬂ?’ﬁ'frﬁr'%tﬁ"oﬁ'da"ﬁiom ) i ‘é Y120 Toghis
solution is added 1(2-furfyl)-1-ethanol (0.89 m)l e) in 25 m of tetrahydro-
furan while bromne(O 16 m)ﬁ;ﬂ’ i s B’@m!#rl maln

terrperatu e beI ﬂﬂgﬂ%ﬁ: % ﬁ%{% 31& of 13 chI or| ne |
(0. 10 ﬁdﬁ Witia Solfon of 2&5$ ilaehaad) 4 oléﬁ§§$ iig%lr‘g?:@ah &l ed |

ref | I\/Bllot oI i faran qod gtiesbhftionis & wpivisel t@the reactiorsfidsk twhider B (0 Bﬂa n”et Hbd

of Ex aﬁp' e 1. mole) is added via a gas mlet tube The rate of addition is suc
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flask werelsconblhyeggﬂ& rdmo@}i;gg e hm:ona ﬂratg&gd EH’:«:]chegngS;ml azut i on was
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chlorine 30 were a ded si nul taneousl y Dur| ng the addition, the reaction
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white solid. Subli rratlon y| eI ded m . 157-159 ‘degree C.
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s 6 7 pe R s
(3H, t); 230CH2- hyﬁro?ﬁp:@ﬁﬁbfurqualr ’Oeg heExHZ6 67331 O)H,ndsﬂ 416 E»o&rm‘ lotide 45 30
3- Hydr oxy- 2, 6- divese g the. addltlon, the reactnon was/maiptained t hr ee

necked round bot?owgﬁ %:’gbgﬁgdé@g tg‘ﬂ‘u pl dﬁaﬁgj’ﬁ?‘ﬁ(ﬁ‘ H‘%f

met hanol and COGJraGddixﬁed told1 ﬁgéyﬁﬁc with @hlof fwm @k Y®3mI)."R8 16 h 0 167
mol e of 5-3net: hwrsa@w(lﬁwrsr erhyldahe& ubwﬂ f,)brine. amd agm:ﬁem sulfg 673,

1960) and 0. 416 g hi‘:ggaqif gw@?f E&me °g*rg@ “ga;ﬂﬁg lﬁ‘(é,};gmas

mai nt-ai ned . at - Subli 7_1590ca rreacti-on
was al l-owed to wheelnit 0 roomterrperature over 30 minutes. 50 and heat ed to -

reflux for4® hoursSif -fop Gy’ %@@%ﬁ\ %%;adj usted to pH 2.1 and 40
extracted with Q'ITN/IW lﬁfl,”& (63014 ) Chbo (el @ M@xLL actsomer e
conbi ned, washecdquwftét swa&Br(lmrs bri-ne, dr| ed over magnesi um sul fat e,

filtered and evaporated. The residue, E ?ﬁoul was chromat ographed on

silica gelgdevel oped 55 B igl idefethyl acetate (95:
The product isol at Qﬁiablyeeeiéél&zmﬁl:ginggﬁtom fiak Wer% ¢ ﬁsxhgtsztsaﬁllof&ﬁekai\amrret hanol

n soli imefhgn ool 3P T tion %ﬁd ithfx 1
igl?lgg d:or eg %rtrl%ll:?-( Eyacg'/gxy-g} B};ran Ol?'?g]sgﬂe]r% %ﬁfs 9%.8) and gﬁfgamo e o
_ g “hlorine simultaneously. The temperature was maintained at —15 to —10°C. during _

50 addition. The reaction was allowed to warm to room temperature over 30 minutes 50

- and heated to reflux for 3 hours. The cooled solution was adjusted to pH 2.1 and

extracted with chloroform (3 x 100 ml). The chloroform extracts were combined,

- washed with water and brine, dried over magnesium sulfate, filtered and

evaporated. The residue, a dark oil, was chromatographed on silica gel developed
55 with methylene chloride/ethyl acetate (95:5). The product isolated by evaporation, 55

. was recrystallized from methanol as a tan solid (yxeld 25%). Subhmatlon yielded -
- white crystals, m.p. 161—163°C,

Analysis
: Calc’d, forC,H,O, C 59.99; H,5.75
60 Found C, 59. 83 H,5.82 60

NMR (CDCl,, 5); 6- CH;,Z KX (3H, s), CHs,, 2.26 (3H s) 5:H,6. IO(IH s)



Analysis Calc'd. for [err] : C 59.99; H 5.75 60 Found

C, 59.83; H,5.82 60 NVR [err] (3H,
s); 2-CH3, 2. 25 jLerﬁs) 5-H _6 10 (IH s). ~1,5389371 - . VHAT V\E CLAI M
IS - A process for Preparr ng :a ganma- pyrone—of—tHe —
general forrru Wr] onprises ~contacting a furfurylal cohol of the -

gener or mul ein Ris hydrogen, alkyl of | to 4 car bon at ons,
phenyl{\st) ben @ﬁ/j drogen or. alkyl of 1 to 4 carbon-.atons in .
agqueou. lution Wi th tvvo equi val ents of "a hal ogen oxigdant *

sel ect e bror’h ne._chP¥IThe- brom de,” hypochl orous agid, -
hypobrom)us aci dWHrA'l‘nWEl(lmmmhereof at..a 10 "t enperar ure of—=56—to0 _+H0
degree C and; w t“l?é%ﬂesslf%'cw%nm&aMmaxbyMéeﬁtddgkne}anmu@dﬂ SO, - .10 forney, .
heating at 70-160 degree C..until ‘hydrolysisis substantrally corrpl ete.. 2.
The process- of .claim 1 wherein: the} hydrol ytrc reactron terrperature S
100-1 110 degree C. 3.. The process @Hm I~ wherein "a“co-%olvent is °
present and said co- sol vent. is 15 ~siel-écted from al kanol's or di. Q| s. of -
to 4 carbon at_oms ethers or. nrtrFTes of @ to :10° "15.. ‘carbon at ons, ~and
ket ones or e 4, The- process of ¢l ai m3
wher ei n” sai d%ﬁ%ﬁg‘ nﬁ%sséo%{ecﬁ%fg{“ “r?)la?"?h‘é °Hrh6€@8@1®fmld¢ ai'm 3 ‘wher ei n sai
ether is tetrahydrof uran., 6. The" pr_o >@ss of -¢laim 3 ‘wherein.said ether is

| sopropydl et her 20 _.-,7.: The_p#gg s_ orof cl'ai m3 wherein said ketone is
acetone. - SR '2;0.-..8_.. The" pfocess of ..cldiim.l. wherer n saisd -

hal ogen” oxi dant i's cht orihe. - 9 ThB process of claim "..wherei n:sai d
hal ogen oxi dafitreinR &hy@opdACaIlHQ “process of ¢l ai ml wherein
sai d ganmma- pjlydwsnrou‘g( ; p}t 5:‘, i Eﬁ%?{%@tl 't" N

The process Qjmm & 8@1 nXId@ars egmmpm&ﬁﬂ mwe‘? hydroxy- 25

4H- pyr amw- 4- 0 pmtu}ig? ﬁﬁﬁb ] Ol\Mrmxteren tBaréed - gagna- pyrone i s
2- et hyl - 3- hyﬁbrme@rhﬁtm@it ar%r;bi@l at 4& §3§’§°IH59nc§bar med0i n any
one of cl ai nf,, 121 khe TRoasesnelt claitni B.hvhgfemshaﬁiydrm bdﬁf B&atq{f‘esﬁr ibed wth- .
reference to:any Q—% C. HAIVl
Char t er1éd Paieemedﬁg&mkasﬂg% L}(ﬂ@ ¢ ftﬂé m&m{e et ﬂ:rhswﬂgg}s;_ﬂmtlxb-ler Maj esty"s
Stationery- Garboe@tdnys anhd;etG‘mssbtate T8 66510 ¢ GiPr &files afgg 1Dyp) | shed by.
the Patent Of |5c%h §°°§d’{| hereirBaid|atkiang) :smehlfaﬂdon WC2A 1AY,  from which
cobi es Ima be epr wgsso claim. 3 wherein said ether is tetrahydrofuran : : o - '
P 20 y s8 of claim 3-wheréin said ether is. isopropyl ether. - ' B

g %e process:of claim 3:wherein said ketone i isacetone.. .. - o . .

e process-of claim 1 wherein:said halogen oxidant is chlorme Sl W
+ 9. The process of claim 1 wherein said halogen oxidant is chlorine-bromide. - - -

10.
. 4H-pyra§-}z?op;gcess of clalm 1 wherem sa1d gamma-pyrone is 3-hydroxy-2-methy1-

25 ‘¥1. The. proces
. 4H-pyran-4-one

12. The. rocess f cl e
methyl-4H-p§r)ran-4-o?|ec alm l wherem sald gamma—pyrone is 2-ethyl- -hydroxy-6-._

13. A ‘process as claimed in"an one of ¢l 5 '
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