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'· · COMPLETE BPECIFICATiON 

Substitutat Bi&-(2-Carb~xy~Chrt>mo~yl~Ox.y) Derivatives 
and preparation and,Pha~ceuticaJ OompOsitionS:· · .-·· · 

tlte~t. 
We, FISONS PHARMACEU'ficµ_s i~ .. a Bi:i1;il!h Omlpany, of·l2 Derby Road, 

Loughborough, Leicestershire; do·= hereby declare .. die·· invention, for which we pray 
that a patent may b~ gra_nted. to· 1,IS, and t~. me$.~d PY: ~J:µch it is to be performed, to 
be particularly described m·and by the followmg·statoment:-.... 

This invention is concerned with iinm"Q.V~ents in or relating to new chemical 
compounds and pharmaceutical comp<>Sitiorui containing them. 

It has now been found that certaµi new '.(:hromone derivatives, as hereinafter de­
fined, possess special activity as inhibitors· of the effects of certain zypes of..ef antigen­
antibody reaction, as evidenced, for example, by both in 'Vitro and in 'llioo tests. 
· According to the invention, theref~re; thete are provided as new compounds bis-
chromonyl compounds of the formula: -7· ·, · 
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c:arici..furictiQiial· derivatives of ca:rbox:ylic acid groups present, i~ w:hich.R1, R2, R3 , R4, 

~:'I and ~a are the same or are ?iff~t and ell-Ch ,~·• hydrogen or halogen atom or an 
; a1kyl,'.)ly4foxy, -alkoxy or substituted alkyl ot alkoxy group, (for example a hydro:xv­
~xy, allfoxyalkoxy or carboxyalkoxy gr9'JP), and X is a saturated or unsaturated, 
SUbstitlited or unsubstituted, straight, or 'brariclled •bydrocarb~ chain. which may be 
interrupted by a carbocyclic or heterocycl.i¢ dng, or one or more oxygen atoms or 
carbonyl groups. __ :. :; '< : .. ;:' ; :: >: ... 

In general, it is preferred that not mote:thari ·0ne of R1, R2 and R1 and not more 
than one of R', R5 and R8 is·other than .hydtogcii. · 

Accordingly a preferred emboditrierit'"of the invention is for bis - chromonyl com-
pounds of the formula:.- · · · .. . · -. - · 
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am·fun<:tional detivative$ thereof; in which R~·- amfi·R.«' are·-t'hC same or are different 
and each. ·is; a ·hydr.op: or.·~ atom or:· an: alkyl;. hydJ:oX¥, alkoxy oi:..:~d 
alkoxy group,,andX. has the: meaning d~fined.abewe;; . · . 

. Particularly. preferred. compouiidS according.,to the. invention aJ:e".tfm.,,ia~t 
all of' 1\T; Ra-; R•; ·r; Rl''"mcf R.t:··are· hycltqJelt and' Jtd::Ordlitgly a: ,~;plllffimrabi: 
embodiment of the invention :is for bis - ~tomon:yl' eomp-owids of the:fo~-

and· functional deri¥atives. tllere0f,. ,in: wliidi-X :lias~ tbt; meaning, :defilied above. 

. . .,.. __ _ 

$.\ 

· The group X · irtay be any of a· wide ~riety of groups. Th.ils for example,. it may 
be a substituted or unsubstituted straight or branched saturated ·or unsaturllted Ii~ · ··' r•" 
carbon chain. Further, X m8¥ -be.. su:chdt· ehain- intemip.ted.. by one or more oxygen 
atoms, carbonyl groups -or by a caroocyclic 0r heterocyclk ring and may be substituted 
by ozm- 011 more: hafoge,n:,atoms:: (~~-- chloliile. or·b~caronm} or h.y,dro:q-:-s-·alidxy 
groups. Specifi&:examplCa of the. ~p. .. X.are. pmps.,of.,the,foimulac ;;;,--. · 
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._ -T.litni:ra)-futth~r :¢lfitk1dunenr--of tlitdnv-erttion- is for the bk - t.hi'Om.onyl-compotinds 
efii:tficr>farmufa: ..;..;._ -.. · ·._ - ' · 

-aact·,; fwrctiomilrr: detiivativCs':· of the carboxylia acid groups . present. The chain 
-0-~---'.nritydink different or· corresponding positions· ori:· the c:hromone mole-
cules. · 
· -.. ·*-'~rly-,pie,ferred. compound: according to the invention, in view of its 
activity;:: is;:l;l ;,; ·bi-(2 :;; caiboxychromon - 5 - yloxy) - 2 - liydroxypropme of the 
formula:-

al'ld.;its ~~~:dc:r~v~~ves of. the carboxylic acid gro~ps present: . . 
____ .li'unC>tI~-·den:va!:J..V\:lS of.the. compounds according to the mvenuon-mclude salts 
with:.~~le:·cations,.-:~srers and. amides of one. or mo~ !)f th~ ;carboxylic acid fll@-· 

· ·tjQµB:pi::ese.n;.aa<l ¢Bt~r:s o~m.y·hydroxylic fun,ctions pres~t. . .: _ _ . _ __ -
Salts of the bis - chromonyl compounds which inay be mentioned are salts. with 

. ·- phJ~~l~g~ly: .a.~ptahie cations, for exaQlPle, ammonium salts; metal salts. such as 
_alkali. :me~l. ~~s: (e,g;_ sodium, potassium and- lithium salts) and alkaline Cllrth metal 
salts.. (~4k 1n_agnesiuJn ~nd -calcium- salts) and salts witli organic -bases, e.g. -amine salts 

_ such as pip~rip.~,'.tJ.iethanolamine--and: diethylaminoethylamine salts. . 
, :::~ters;-::which---~y-be mentioned in~lude simple alkyl esters and amides which 
-~,·~-~ti~biclµde-.simple amides.and more complex amides with amino acids 
such as glycine. 
.. ; . -Tll~; new,: bjs .. cl:iroµionyl compounds -according to• the inventicm have :been shown 

to inhibit ilie- ~elease.-·a~d/o~ -a~ion of toxic. products. which arise from the combina­
tion of certain types of antibody with specific antigen, e.g. the combination of reaginic 
. antibody with specific antig~, In man, it has beeJf, Jound that b«h subjective 
and objective.'·- changes -. whi_ch result from 'the iJjhalatjon of specific anti­
gen· by sensitised- .. subjects· are. markedly inhibited by prii:>t .adril:inistratfoii··of the new 
bis-chromon'yl compounds. Thus the new CQ~poui¥1s are of'great: value in -ihe treat­
me~t of "e•rinsic1''allergic Qsthnfa>It·has·alS()'"be~1f·fo¢d that th¢ new bis-chrom­
onyl,com:Pounds are··o:f value in the treatment of so-called·-.!.'iptrinsie''ast~--(in··-~Iifoh 
no sensitivity to exi:rinsie··antig~ can be demonstrate.?)~- Iii.·in;·:.vitro·:reSts, ~-·bis­
chromonyl compound!;; have beeii: shown to reduce the'.:telease 'of;: pharmacologically 
active substances from passively sensitised human lung tissue after exposure to specific 
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antigen using a modification of the in vitro . technique of Mongar. and . Schild U. L. 
Mongar and H. 0. Schild, J. Physiol, Vol. 150 (1960), pp. 546-564) The new biS­
chromonyl compounds may also be of value in the treatment of other conditions in 
which antigen-antibody reactions are responsible for disease, for example, hay fever, 
ur.ticaria and auto-immune diseases. It has also been found that m certain virus/anti­
body neutralisation systems the new .bis-chromonyl compounds enhance the· neutralis­
ing capacity of the antiseriwn, and thus the new compounds may find use in the 
treatment of viral infections. · ·. 

According to a further feature of the inventioil, therefore, there . is provided a. · · 
pharmaceutical composition comprising a bis "'chromonyl compound according·to the · 
invention, preferably in the form of a salt with a physiologically acceptable cation, in 
associatio.n with a pharmaceutical carrier or diluent. There is· also provided· a process 
for the manufacture of a pharmaceutical composition which comprises mixing !l bis-
chromonyl compound with a carrier or diluent. · · 

The nature of .the comp0sition and the pharmaceutieal ·carrier· or dil"iient will, of 
course, depend upon the desired. route of administration, i.e. or~y, parenterally or by 
inhalation. 

In g~eral, for the treatment of asthma, the compositions will be in a form suit­
able for administration by inhalation. Thus the compositions may com.prise a suspen-:­
sion or solution of the active ingredient in water for administration by means of a 
conventional nebulizer. Alternatively the compositions niay comprise a suspension or 
solution of the active ingredient in a conventiooal liquified propellant to be adminis­
tered from a pressurised container. The compositions may also comprise the solid active 
ingredient diluted with a solid diluent, e.g. lactose, for administration . from a powder 
inhalation device. 

The pharmaceutical compositions may also c:Ontain other active ingredients. In 
particular it has been found that the addition of a bronchodilator is of value when the 
composition is to be administered by inhalation. . . . 

According to a further feature of the invention, therefore, there is provided a 
pharmaceutical composition containing a bronch9dilator and a bis - chrom0nyl ·com­
pound according to the invention. These compositions will generally take the form of 
a composition for administration by inhalation as deseribed above. · 

Any bronchodilator may be used in the novel compositions according to the in­
vention. Examples of bronchodilators ·are isoprenaline, . adrenaline, orciprenaline, iso.., 
etharine and physiologically acceptable acid addition sillt11 thereof, isoprenaline sulphate 
being preferred. . . . 

. The bronchodilator is sUitably used in_.an am~t ·less than the bis - cliromonyl 
compound; e.g. in an amount of from 0;l-1Q3 by weight of the bis - chronionyl 
compound. 

The invention also includes within its scope a method of inhibiting the effects 
of the antigen-aritibody reaction which cbn;iprises the prior application ·to the area of 
the antigen-antibody mechanism a therapeutically effective ammmt of a -bis-cbromonyl 
compound according to the invention or· a silt thereof iwith a physiologically acceptable 
cation. · · · 

According to a particular embodim~nt; · the invention is for a methOd of reUeving . 
or •preventing· allergic airway obstruction:·which comprises ·administering to the patient 
a therapeutically effective amount (e.g. 1~50 mg) at-Suitable intervals, of a biS-chrom.;. 
onyl compound according· to the inventfoil, particularly in ·the form of a salt. 

The new compounnds according to the invention are prepared by linking tcgether 
two hydtoxy substituted chromone - 2 - carboxylic acids or precursors"therefore>via 
either linkages to the chain x.as defined aboVe. . . . - '· :.: 

· According to a further · feature of ~··invention, thereft>re, there is provided a 
process for the preparation of bis - chroDJ.0.nyl compounds of the . formula: - · 
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meanings defiJlC'fl above, which comprises reacting in one or'more,S!:•ges, · :.· · ·· · · 
(a) a compound of the formula:-: · · · · 

·• .. 

al 
:·~ .· . 

· ..... 

·:·: 

· '.~d (c) a compound of the formula:-

:.-··, :r; 
;-· __ \ 

in which Z is a hydroxy group and Y is a h.yclrogen atom, a group -COCH3 or a 
group -COOR' (in which R' is an alkyl gi'9up), or Y" aDd Z together form a chain w -... · w 

, I . . , . ;:· ... :, :- J,.. . . 
-CO-CH=C-0- or a· c:Pa41, ~O-CHFCH--~ (in which Wis a carb­
oxylic acid group or a functicinal derivative: ·~ei;eof or a group convertible to a carb­
oxylic acid group or to a functional derivativi'~of), Y' and Z' have the same defini­
tion· as Y and Z above and may lie .. the same ·or::dif(erent:; and A and B are the same 
or different and each is a group capable of reacting with a hydroxyl group to form an 
ether linkage, or one of A aDd B is a group capable of .. being c;ori.vertea to such ·a 

. reactive group; and X' is such that the ~ulting group -A'-X'--J1'.;..;.. (in which A' 
.· aµd B' are the residues of A and B. after the formation of ether linkages) has the sanie 

: .. m:e.imi~ as X.; to f9ftll a compound of the fonnula :- · · 
.·. ··::· ·: ..... :;>·-.-:.. . . :. . . . :=. ~ 

..• _:.- .. : ;.:_.-· ,,·. : . :· . ::.? .·. 

.; .·. -.• a·l 
y 

z· -::.,_-·;" 
..... ~ 

and, intermediately or s~bsequently. co~verting Y -~nd· ·z ~d/-or Y' .:.and -Z' ·to. ~m. 
of the formula -CO-CH=C(COOH)-P-,. or function•I derivatives .~of. )~-· 

. · termediate compounds of this type are covqa\. in Our eopeQding Applic•iQD · Nq. 
·37165/68 (Serial No. 1,144,906). • /'.·;;· ···~<- . : ... · · ... . · • . . 

As stated above, the pro~.;i~~rclµig_ to .~e. mv,eqaon· may be earned OJ1t Qi QllC 
or rµore:sta,ges. Thus, it may·be;catr{ed ouf.lri.two sta~'·a~ f~~: :.._ .. · 
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This procedure will generally be adopted . when the two chromone moieties of the 

desired bis-diromonyl compound are different, i.e. when R1, R2 and R3 are different 

from R"', R5, and R6 or are linked at different j>ositions. In the two stage process, the 

groupings Y and Z or Y' and Z' may be modified at an intermediate stage but, in 

general, it is not preferred to follow this route. When the twO chromone .moieties · (!{' 

the desired bis - chromonyl compound are the same the reaction may be carried out 

in two stages, or preferably, if Y' and· Z' have the same meanings as Y and Z, in one 

stage, i.e. by reaction of a compound of the formula : -

. . . : . ~ :. --~ : ... 

When the reaction is carried ·out in.two stages tlie compound A_:_X'-B may.be sa~h 
that one of A and B is a group capable of being converted to an ether linkage forming 

group. When both A a»d B are ether linkage forming groups, the· first stage of a tw0 

stage reaction will, of c0urse, be carried out using substantially equimol~ar propor-

tions of the ·tiwo. cotlipolinds. . . · 
E~pleS '.Of groups A and B capable of reacting with a phenolic hydroxyl group, 

such that an ether linkage ·is· formed by:X' and the· hydrozjrl group, include halogen 

atoms, e.g ... c~~e,. broinine or iodine atoms, or other anion. forming groups such as 

tosylate or ~~thane .sulphonate groups. \!here the group A, .cOO.tams a .,hydroxy group 

beta to the s~sequently:.formed ether linkage the group A or B may .. represent an 

epoxide group, giving rise to a residue A' or B' of -CHz--CHOH-. The groups A 
and B may be the same or different; thus a comp01md A-X'-B capable of yielding 

;.a:2:.-.hy.dro.xY:·".';tritnetbylene"JJnbgeinhe.'CQ.OJP~:~·: :·: · ... ·:- :·. ' . . :.:·::.:_· · .:.:·: 
-~~~~ 1:~--~:~··.1.:~ ·:~ . .:~·~·:'".£.; ·:~~· ·~:.:~·~-:·· .• ::~:,:· ".#; .. : " •• ....... : ........ ' .• .......... ;.- ··••· .-·· .......... ·~-......... ~ .• ;= 

:.: .'.":.:· ·~,'.: .: .. ~.';~;:,.;;~<ii~·.·.~~~~~::·;· ».:o~.::·r-,::.· ;r.: 
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· ··;:; :;:.-:G_roupS-·:capahle\of ~being :converted to .r.eactive groups stich :that .an ether linkage 
:cmay·be: subsequently.·formed include.hydroxyl groups which may be converted to halo­
.geiLstibstituerttsior:other'.anion forming groups such as tosylateior methane sulphQIIate. 
/':fhe:. group· A.. or·B::inay :alternatively be a vinyl group (-CH:-:-CH:J which-may sub­
;:seq~ntly: be. !>Onverte~L to ·an· epoxide or halohydrin group. Thus, an example of a 
campound A-X~-B which may be used to produce a 2 - hydroxy - trimetbylene 
linkage is ally! bromide .. 

The reaction :between the chromone moiety or ,precursor therefor and the linking 
compound A-X'-B will be carried out under tl:ie ·conditions normally employed for 
the formation of.et'hc:r. _linkages. Thus, the'-reaction will generally be carried out in 
the presence of aqueous ·alkali or a solvent such as acetone or dio:mn and at elevated 
tempe~ture. Where the ether linkage formation is carried out by reaction of the aroma­
tic hydroxy group and a compound A-X'-B in which A -and/or Bis an anion form­
ing gr<mp (e.g. halogen, toluene sulphonate or methanesulphonate) the reaction is de­
sirably carried out in the presence of an acid binding agent such as an alkali metal 
carbonate (eg. sodium carbonate or potassium carbonate) or an organic acid binding 

:'.age'nt:11uch-,as··pyridine,; cliethylaniline or triethylamine. Where A and/or B is an epox­
Jde· 'group the. ether forming reaction may be conveniently carried otit in the presen<;:e 
of a suitable catalyst, e.g. in the pres.ence .of a quaternary ammonium hydroxide. 

The conversion of Y and Z and/or Y' and Z' to the desired chain 

--co.-:..cII-~·cccooH)-0-

oi functional derivative -thereof will be carried out simultaneously if Y and Z are the 
··&.am.C' '.as Y':· and Z" and in separate stages if Y and Z are not the same as Y' and Z'. 
·L-lfis,.:ho)Yev¢r,- gerierally preferred that·Y and Z are the same as Y' and Z' since this 
.:reduces:.the,number of chemical stages involved. . · 

In the following description of methods of converting Y and Z to the :desired 
chain -CO-CH= C(COOH)-0-- or functional derivatives thereof reference will 
only be made to one chromone moiety but it will, of course, be understood that where 
Y and·Z·-are the saine as' Y' and Z' the process will act simultaneously on both moie-

:ties. · ·'· · · · 
:-· . . A preferred process involve.~ the conversion of the substituents Y and Z ·in a 
compound in which Y is a group -CO-Cffe and Z is a hydroxy group (i.e. a sub­

·sii.tuted a·-. -hydroxyacetoph~one) to a chain -CO-CH=C(COORrO-.(in which 
Risa hydrogen atom or an alkyl group); i.e 

0 

0-X - .0 ~:O-x·-o 

·;· ,(J/J;. .. ; 

• 
• 

40 

,:.•.· 

·.;;.. ..... .. ·-·· .• -~·-: ... ··-~.=::.'- . > ···: . .- ".: ~-- _,,.. 
. . . -~ ..... 

::'.<· 'J'his. rea~on ~~be. carried out.:by a i:rumber of r0uies. A prefened route in 
:volves . .the>reaction >of"o .- · hy~roxyacetophe11orie with an oxalic acid derivative of die 
· foiriiufa": .:..:. ·· · · · ·· · · . 

COR9 . . 

Rlo....1......~i~ 
.. /.> , ..... : __ ,,_.f·''}i1: . . 
.,, .. 

in which R9 is a h.alo~e~:~~~ or a ,~P,: ~R' (in which R' is an alkyl group), R10 

and R21 are -both halogen atotns.-~md R12)is;a'~up OR' or R10 and R11 together :repre­
sent a carbonyl oxygen atom (=O~--,~ R12 is'~:a.!halogen atom or a group OR' . 
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Thus a particularly prefen-ed process involves reaction of the ortho-hydroxy­

acetophenone with a dialkyl oxalate, such as diethyl oxalate, preferably in the presence 
of a condensation agent such as an -alkali metal alkoxide, e.g. sodium etho:idde, 
sodamide, metallic sodium or sodium hydride and conveniently in the· presence of an 
organic solvent such as ether, dioxan, ethanol or benzene. This·process goeS through an· 
intermediate of the formula :- · 

o.--x ._ 0 

where R' is the -alkyi group of the dialkyl oxalate, which intermediate may-be cyclised 
directly by. heating or· may be isolated and cyclised by heathig in a suitable solvent 
in the presence of a cyclisation agent such as an acid. · 

When the oxalic acid derivative is of the forinula: -

R'~)~OR'' 

in which R" is an alkyl group, e.g. ethyl ethoxydichloroacetate,. the reactants are de­
sirably employed in substantially equimolecular proportions and the teaction is con­
veniently carried out in the presence of a metallic catalyst such as finely divided 
metallic platinum, palladium or rutheni'liin. When the oxalic acid derivative is of ihe 
foimula:-

Hal-CO-COOR 

e.g. ethyl oxalyl chforide> the reaction is converiiently carried out in the presence of an 
acid binding agent. When the oxalate derivative is an oxalyl halide such as . oxalyl 
chforide, ~e reaction is suitably carried out in the presence of an organic solvent and . 
in the presence of an acid binding agent ·. . · 

The o-hydroxy~acetophenone • may be condensed widt an ester of gly-
oxalic acid to give a compound of the formula: - · .. 

'o-x-o 'm ... 
CH.CO~' 

which may then be oxidatively cyclised to the desired chromone - 2 - carboxylic acid. 
Non-oxidative cyclisation gives rise to the corresponding chromanone which may be 
converted .to the chromone as described below. 

A different route for the formation of . the desired chrom9nyl compound involve:s 
the conversion of Y and Z (when Y 1s -:-COCH.a and Z is -OH) to an ·intermediate 
of the formula:.,..... 

O-·x -o 
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and. sub~uent conversion of the group V 'to a c&rbO!Xflic-_aCidi group .or-·function'aJ 
deri~tive:.th~eof.< ;: ;:; : .. : .. • .. '.. 0;: ;::,_::;•-,:-..... • . . . '.- : ': ' . • • ·:· 

Examples of .the group v are the nitri!C group which:.nntyj.~ :hYcfro1ysed ·tcj a 
carboxylic acid group and groups such as .methyl, hydroxym~yl, halomethyl (e.g. 
chloromethyl, bromomethyl, dichloromethyl,,· ·ttichloromethyl), f!>rmyl, acetyl, vinyl 
and styryl groups, oxidisable or hydrolysa.ble··fo a carboxylic acid grc)up. 

The· 2-methyl chromone may be··p:tep~ from the o - hydroxyacetophenone by 
condensation with an alkyl acetate, in a sirili.lllf .o:>:'8.llllq ~o W,e co~ensation described 
above for the diaJkyl oxolate. . .. ' : • -~· ·,.' · : ... .. · · · ·' ; 

The 2 - methyl chromone: ·als0 .. se:rve.S as· an intermediate in ,the preparation of a 
number of other oxidisable derivatives. Thu&,·. the 2 - methyl chiomone may be con-
verted into tlie corresponding 2 - halomethyl ~:chromone, e.g. by reaction with hydro-
gen chloride and manganese dioxide in bOUing acetic acid to pr<iduce a 2 - chloro -
methy'l chromone . or ey. reaction with bron#ne in acetic acid to yield the 2 - bromo­
methyl~omone The:02·.:.::".hMomethyl:chro:itl9.rie may''be oxidised to the corresp0ndin:g 
chton10~2-;.carboxylid·:acid;· for exariiple;\wi$ '}~otasSium .. ·permaµganate, or may be 
hydrolys¢.d, using, fo:r-' example, . moist' silv~r, 'otide; to give .. the [ 2 • .:. . hydroXyniethyl 
chrOm.Orie whicli may then. be oxidiSed to'.th~;:(;flt9mone .: 2 ;;J:ear"°.xylic-acld, fOr ex­
ample, using chromiwn trioxide as· oxidis.ing agent hi : the. pteseilc!! . Of acetic ·acid ·and 
at ambient temperature or beiow. ... · .· · 

The 2 - methyl chromone may furth¢r·Qe·reacted with p - n~trosodimethylaniline 
and the reaction product hydrolyse_d -wi~h' · 'dili:tte mineral acid to give the correspond· 
ing 2 - fonnyl - chromone which may:.~_OXi,dised to the corre~ding chromone - 2-
carboxylic acid using, for example) ¢hromium ttio_xide ~s reagent. . 

Condensation of the 2 ;.;:Jn.ethyl - chiQ~orie ·With ·;a: bi:nzaldehyde in the presence 
of a condensation catalyst gives tJie z._styiyl: Chrom.one which may be oxidised to tlie 
corresponding chromone - 2 - :~rboxYlic ~tjd~ for example using'~ potassium perman-
. ganate. ; ·· . . : 

A number of the chromone deri~tive.s," ·()tiler than the 2 - methyl chromone, con­
vertiblC' to' the'_chiomone-·c.2 _.:c:arboxylk'acicJ.'.Jnay"be· ptepare<f clitectly fi:om the o-
hydroxy '"' .atetophenoiie.'' :: :~: . · · · :. ·: ;. -..:.=: · · · , · ' · 
· Thus, the 2 - formyl chromone may be prepared by condensation of a dialkoxy 
acetate of the formula: - · · 

(R'0)2.CH~O~R,; 
.·· :.: .. 

. . 

in which R' and R" have the meanings def?iied above, e.g. etbyldi¢thoxy acetate, with 
the o - hydroxy - aa:tciPhenone t~,.:.yield: ·an)~c.etal '!'hich may sub~quently be hydro­
lysed, e.g. with dilute mineral.acid, to the ~dehyde.,, which may S\Jbsequently be oxi-
. dised to the carboxylk acid. : . ,,. 
. The 2-formyl chrc;>mone may also serve as a starting point for the preparation of 

tpe .2.-cyan9 chroµi~ne Thus, the .. 2-fonnyl .<:hrO.lllone .. may be reacted with hYdroxYl-:­
amme' to yield,'the. 2 .; ··oximin'tf .. '·chrom~ne .. ,~hi¢h<may th¢il 'be: 'Cf!iliydfated to tlie '2::.. 
cyiliiQkhroilion_e :which :may -then be ·fiydfol~.--t<f the clµ-omone -12 - carboxylic ··acid 
or a:mide thereohmder add conditions. : : : : - ' · · · ' . . · · _, · · 
.. y,". The 2"st}'ryl cliromone . may :be prepared' .from~ the .0 .::, hydro:xY, :. aeetophenorie ·l:>Y 
reaction with sodium cinnamate and·· cin'naniic' ailhydride (i.e: by,the Kostan:ecki te• 
a:ctiOn): or: .t;y reaction': with. a· cimlar.n6yl h_alide;- e,g .. cinriamoyl. chlo#de, m the presence 
of an acid binding agent to yield :the-:cinn~te ester of the .i> .:.·hydroxy - acetopheti­
one ·'.followed':'by-'rearrangement ·'of.the' :eStet;with ·a base,: _eg. ~·sium carbonate, in 
the presence of an inert solvent such as toluene or benzene 'to'·givel (i~e. by the Baker-
Venkataroman transformation) an alpha-diketone5tif the furmula:...:.. · 

.~:· ·' . 

0-X ~-cf. 
/ 

. . ; . ·:l· 

: ... · :"!.'.:.;.··~:.\.~. c.- .. . : ... ~) .. .;· .. ...::·. _,i:.· .. : .... ;,1 ··: ":. 

.:. · ......... ·.·.· .. 

which is subsequently cyclised either by direct heating or by hearlPg in the presence 
of a cyclisation agent. · · 
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--- The 2-vinyl chrQmone may likewise be prepared. from the o -.. Jiydroxy :.. ·acet&, 
.j>hen®e -by reaetioll; with ethyl l!lcrylate. . - • . _ . . - -_ 
• _The_ tom.pound ·in which Y is a hydrogen atOm. ·and Z is ·a hydroxyl group, i.e. 

'the _pnenol of.the fmmwa:: ~ _ -

may. be converted to. the corresponding chromone - 2 ~ carboxylic -acid, for example by 
reaction of a~tylene dicarboxylic acid or :a dialkyl _ester there(){,. e.g; diethyl acetylene 
dicarboxylatC, With, the ph~nol or with an alkali metalphenate thereo.f. 

- -Wh~ the acetylene dicarboxylic acid or ester thereof is reacted with the alkali 
mend ·phenate, i.e., ~ compound of the formula: -

-o ··x -.o 

in ~hich :M is an -al~ali metal atom, -trie- react.ion is desirably carried out in the pre­
sence of an inert organic solvent or diluent to yield a fumarate of the formula: -

o-x-o 

whi~ -is tli~ .- if :tJ.~s~ary .&f~r · hy~l:fsi~; .. cyclised. to the de&ired- chromone-2-
c~i;.boxylic_ a~icl.,. f!>,r _example :b:Y~-heatjngjn: th~ .'presence. of a cyclisation catalyst such 
as sulphuric acid. In -a modification of ·this proi:ess the acetylene dicarboxylic acid· or 
ester-thereof is :r~l~ced by .a )l~lg-~ic acid wan ester thereof, e.g. diethylchloro­
fumarate, or ~Y ~ dihalosu~cinic acid o~ e$ter .thereof. 
__ · -. Th!! .chromqne - 2 - carboxylic _acictJWIY also be prepared from the- phenol by 

reaction with a compound i:uch as ethyl et}}oµlylacetate . 
. In another method the phenol may _be -e~terified., e.g. with ethyl ethoxalyl chloride 

to giv~ an ester. of. ~eJorni'ula; _,.. · 
.· .,. - ·- '--1 · :· -

which may subsequently be cyclised. in ·-the presence of aeetic acid or a derivative 
thereof (e.g. ethyl acetate or acetyl chloride) to give the desired chromone - 2 - carb­
ox:ylic add. 
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: >'the phenol may;•alter.natively. be condensed with.maleic:aqhydr~de.-to' give: a com-pound of the f6r.qiµla':.:,..... . · . . . . . . . .. 

00 
'cs u .. · 
. · c8.oo ii· OH . .- ·2 · 

.. , " ~ ~ . ' . ~. : . .• 

~ : . •·. ·. 
•·'., ·! 

~ ~ .... :. : \ 

... :~· 
... ·· ·:.:. 

which may then be oxidatively cyclised to the desired chromone - 2 - carboxylic acid. Non - oxidative cyclisation gives rise to the corresponding chromanone which may thetfbe eonveited to•t:Jie chromone as described b~ow. . . . . .: .. ·" The co'mpotind·in which Z is a hydroxyl group and Y is a group -COOR' i.e .. the substituted 'salicylk acid· ester of the formula : -,· .. · .. : 

; ··.···· . .; 
._._; ... · ·cooa• 

o-x-o 
....... " 

may be converted :to the: desired ~rQlllOlle .... 2 -: carboxy~k acid: ~-;·~ction:_,"Yith a p-~~te:e~~ of.~eformt$..:- CH~O-COOR' · , , 

if. 4esired, in ihe p~~senc~ of a conde°'8~tioI1 agent such. as ~ al.bli. m~ .. allcoxid~ (e;~ ~dium et~c;>:ir!d.e.),· sod.amide, nietailic sodium or so<Jium. hydride, :and. preferably. in the presence of .~n organic solvent such as ethanol. or dioxan. w . I· .·· .. When Y and z 'tOgetlier f0rm a ~hain --CO-CH= C-0- in which W is :the ~sired qlrboxylic acid group or functional derivative thereof, ot;.viously no modifica.'­tiqn; of Y anq Z will be necessary .. When Wis group ·conv~ible to~ carboxylic.a.~d . group, or a fun¢onaJ derivative thereof, it will have the. same meaning as . defilled •. fot V abov~ and may be converted to the corresponding i::arboxyJjc acid group as de­scribed for V above . 
. ·· : ........ ·.. w 

· When Y and z togeth~ for~ ~ cli~in :~O-CEi~~-0-, i.e. a chrom­anone, the grOIJp W -will.~emain unchanged or be converted to a ~arbmcylic !lcid .group . • J1! n~ . and · flirth~ -t'h~ chromano~ Will need to be .d~ydrogena.ted to the cor­. ~spgnding c;hfomone; which dehydrogenation may be carried ollt: eitji~ l>~ore.oN~~ ·any con~~on of w. . .. . . . . . . . · . .. .. , ;, ... 'rhe· 4~Y:clrogenation ·of. the ch~mano~e of the foo.;nµl11- z - .... 
: ·' .· .. :,•: :·. .. ~ ~- - :"" . ·: . -. ..; 

· .. ;.; -~·· ·;· .. 

. ,, 
. . . . . 

-···· '..-.·· ... ,._. ...... :~ ·,, 
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. Alterill.ltively, 'dehydrogenation may be carried out by bromination folloW'ed by 
dehydrobromination. 'fhus, the chromanone may be brominated. using N - bromosuc".' 
cinimide in an inert solvent or by treatment with pyridinium perbromide in an inert 
solvent such as chloroform in the presence of a free radical catalyst such as benzoyl 
peroxide, to yield the 3 - bromo derivative which may be subsequently dehydrobrom-
inated. . 

The processes described aboVe generally lead to the f~tion of the chromone-
2-carboxylic acids as such or in the form of their esters. These may be readily con­
verted to otlier functional derivatives, e.g. salts or amides, by conventional methods. 

In order that the invention may be·well understood, the following examples are 
given by way of illustration. Parts and P.ercentages ·are by weight unless otherwise indi­
cated. 

EXAMPLE·! . 
· (a) 1,3 - Bi5(2 - acetyl - 3 - hydroxyphenoxy)propane · . 

A mixture of 30.4 parts 2,6-dihydroxyacetophenoile, 20.2 parts of 1,3-dibromo• 
propane and 12.8 parts powdered potassium carbonate were heated under reflux in 
200 parts .by volume of acetone for 72 :hours The acetone solution. was filtered and the 
solid residue was washed first with acetone and then with water. The combined acetone 
filtrate and washings were evaporated leaving an oil whkh, on being boiled with ether, 
gave pale yellow crystals. These were combined with the first obtained solid residue 
and extracted with refluxing isopropanol in a Soxhlet extractor for several days to 
obtain 16.1 parts of 1,3 - bis(2 :.. -_ acetyl - 3 - hydroxyphenoxy)propane as almost 
colourless crystals melting between 184° and 18S0 c;. ·.. . . 

Analysis: 

. (b) Diethyl e$ter Of 1,3-bis(2-carboxychi'omon:..5-yl0xy)propane · · 
A solution of 6.9 parts 1,3 - bis(2 - aceryl - 3. - · hydroxyphenoxy)pro~e in 1S 

parts by volume of diethyl oxalate· was added to a solution of 3 parts sodium in 30 
parts b.y volume of ethanol and 50 parts by volwn.e of benzene and the mixture was 
heated gently under refiiJx for 20 hours" It. was ·then pbured into a large volum~ of 
ether and the precipitated solid· was filtered,- washed. with ether and dried. This pre- ' 
cipitate was then dissolved in water and acidified to obtain a sticky solid. This was 
boiled with about SO parts of ethanol containing a catalytic amount of hydrochloride 
acid _for about 10 minutes, when crystals began to form. The solution was cooted and 
filtered to obtain 7.4 parts of the desired product as a solid melting between 178° and 
180°(;. This was recrystallised frcim 200 parts by v<>Iume O'f a 1: 2 mixture of ben­
zen~ and ethanol to obtain a first crop cd 4.5 parts of the diethyl ester of 1,3~bis(2-
carboxychromon - 5 -yl~xy)propane, melting betJween 182° ai:ld 183°C. · · · 

Analysis: 
Found: C, 63.2; H, 4.60% 

Cir;H2'010 requ,ires: C, 63.7; H, 4.72% 

· (c) Disodium salt of 1,3 - bis(2- carboxychromon - 5 - yloxy)propane . · 
A suspension of 3 .pl!rts of the di~thyl ester af 1~3 - bis(2 - carbo:ii:ychromon - 5:. 

yloxy)propane in. 50. parts- by volUine of boiling ethanol was treated ·with -1 l.6 parts by 
volume of 1.01 SN aqueous sodium hydroxide. Water ~s added until a clear solution 
was obtained. This was treated with charcoal, filtered and concentrated by boiling, with 
the occasional addition of more ethanol. On cooling 2.2 parts of colourless crystals of 
the disodium salt of 1,3 - bis(2 - carboxychr~on - S - · ylox.y)propane monohydrate 
were obtained. : · : ..... 

Analysis: 

· · . ExAMPi.i 2 
(a) 1,3 - Bis(2 - -acetyl - 3 --hY~x.YPiien{;xy) ".' _ 2 - hydroxypropane 
By the method of Example 1 (a}qO parts of 2,6 ·- clihydroxy - acetophenone, 4J; 

parts. potassium carbonate and 7.15 ·parts 1,3 - chbromopropan - . 2 - ol. were reacted 
iii acetone to obtain 3 parts of pure_ 1,3 ·"'. bis(2 - acetyl - 3 - hydroxyphenllxy) - 2 -
hydroxypropane as coJourless crystals melting between 165° and 166°C. · 
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., : CtuH2e01 requires: C, 633; H, S.56% . 
. ·., {b/1,3 -Bis(i~-~~~ -- 3 - hyckoxyph;~~j - i ~ ~y~ropane.. · ·: -To.:a 5Qlution·of,970,p8rts of.Z~..:'dihydroXy8cet0ph~one and 325 parts of epi­

chlorohydrindn 2,50.Q parts.of hoi::]:sopr()Panol was·addCd.'Witlt:stirring:unde.r re:ftuX', ·a 
sdlutiori: of' 2•33 ·parts of :85 % KOH· ii(~~SOO partirnf isopri;)panol-and sufficient water 
(ca~· 100. parts):t() dissolve the solid:: 'l'hC Jlli~: was heated\.with stiiriiig; under re'flux 
for 48 hours. Half the solveµt was .t~en'distille,i:off :and:;SOOO parts' of water were added. The mixture was cooled and the. solid filtered off· an4 washed with isopropanol 
and ether. It was then recrystallised f_tpµt 12,500 parts Of :isC;lpropanol to obtain a first 
crop of ~80 partS·and,a·second etop;:,a~·OOncentratio*, of:300 parts of 1,3 - bis(2-
acecyl - 3 - hydtoiypliCDoxy) ,.; 2·,: '.h~gtoxypropane']dentlcal with ·that obtained in 
im.npie 2 (a) above. ·. · · 

(c) Dietliyl ester of 1,3 bis(2 - car{)oXfchromon .. ·5 ;;; yltjxy) - 2 -hyd.roityp!OPllne 
.::By·the metf.iod'of 'Example :1 (b)J:~j>atiS of 1$ ~ .f>is(2:. aeetyl;. 3~;.; hyd.roxy­

phenoxy)>- 2 ',,; r:.bydro:it.ypropane •were'•rea~ed' with diethyt \oXalate' and i the: ·product 
cyclised t0 :Obtain 4.4parts of pure di~pyl ester ·of 1;3 : ~ill(~· - carboxychr0mon - s.­yloxy) - 2 - hydroxypropane as pale yellow crystals melung•between lSOP.;and -182<' 
from a mixture of benzene and petrol~-

. --~: ; :: ::: : 
·. .· ~ ; Ana)ysis: : - ,. .. , ·' .. _. 

...• · • i; · .. • -~-~·.· '• ! . ..·; . :; 

(d) Disodium salt of 1,3 - bis(2 - carboxychromon - 5 _ yloxy) - 2 - hydroxy -
propane 

· · \•. :, · : lJy the method of"Exainple'l (c), :4'·parls of the diethyl ester of 1,3 - bis(2-car.b­
oxychromon - 5 - ylo#)-- 2,,.; :hydroxyp~ne were':sapottlfied to obtain 3.2 parts of 
the disodium salt tetrahydrate as colourless ctj'Stals from aqueouS alcohol. 

. . . . ; . -~~ ~. : . . . . . . ~ . . . . . · Analysis: . . :,:;::,.; · .. ,.-· .. , , ' 
Found: C, 47.8; H, 3.8; Na, 7.7% ·· · ·· :·· : ·. CuHi-tNa2011"4-H20 rCcjufres: C,. 413; -H,·.;3.:79;; Na, 7.7% ··:. -·. . ~ . ~- (_~ 

... ·•. 

(e) 1,3 - Bis(2- carboxychromon- 5 -yloxy)- 2 -hydroxypropane. A solution of the disodium salt of 1,3 - bis(2 - carboxychtoinon: - 5 - yloxy) - 2-
hydroxypropane in: .. water: \vas 'acidified and the precipitate was recrystallised from 
ethanol plus ether tO 'Obtain 1;3 ·- biS(2 - eatboiyclttomori '- 5 - yloxy) - 2 - hyd.roxy­
pi'opane. monohydrate as colourless crystals melting with deconiposition betweelJ, 216° 
and217°. · ..... ,;···' ' :- ·.~ .· · .. :. · ' ., Analysis~' · Found: c, 56.1;11;'~:#% . . · · : '<?~Ji160~iH20 requites:· C, 56.8;'H;3:.70% 

-Dehydration of' the, mo1'Qhydrate in wcuo cat· .IlOOG gave the' anhydrous acid meltitig 
between241~.and,242~Cwithdecomposition. · · - --·· . : '·'.- • · · ·. .. ., ·(~'.-,~ki~ ~It ~f 1,3·--·~bis{2 -•car~oxych~on-._. S -.Y~;-~ .. ·2· ~ ~~roxW~~~ ·:-;' • The' disodiuril· salt of 1,3 - bis(2 - carboxychromon - S' ';. :yloxy) - '2 - :bydroxy­
pr0pane'(0.8 part's} dissolved in the miriinilim volwne of wartn,_ -water was treated wi~ a .so!tition of 0.22_5 ~rts ofcald~ ~trate·in .a small:volu¢e'o.:f water, ~o ·ob~ ~e 
.spanngly soluble calcum salt. The nuxture was cooled and filtered, and the sobd was 
.washed. with cold w'atei and dried· at 110°C. · : ·· . · >; · · .· ' . · · . . . ·' . . . : . . . . .. ~ . \ ' . . : ' - . }. . . 
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uo0 c to obtain 2.3 parts of th.e magnestum salt · · ,. · < 
°'\ ;". : . . ... : 

(h) Dipiperidine salt of 1,3 ~ bis(i _ · carb~ychromon - 5 . - yloxy) - 2 - hydroxy-

propane:: ··.~:·,::: · ·,,· · ·. · :· ,. · · ·. : :-.; .· · · · >.·. :. ' : 

-::.;_:~··A ·suspe:QSion·.of 2: parts: -0f .1~3- -· bis(2·- carboxychromcni .. s ;.. yloxy}";.. 2 -

hydroxyprdpane: in · 20. ·parts Of water .. was· treated Wi.t11 0~7 ·part of. piperidine .. The ·mit­

ture ·was : wiirmed under reflux" Until a . clear solution Was obtained after which" it : WaS 

:cohletLaild :qehydrated 'b}dreeze-dr.ying to obtain z.s: parts" ofthe: dipiperidine'-salt of 

1>3'~ bis(2· - carboxyJ:"hromon" 5 ~ yIOxy) - 2· - hydroxyptopane; . : ' · · · · · 

1. . : : . . .. - i: . .~ ;· . . . ·. · .. ' :·· ·:.:. . ; . . . . . . . . . . : . : :" .. , ·. .. -. 

: ... ,: .:: < ·. ·. ':: Analysi11:··, 
· · ·· · · · 

:-.-~ ·. · . · · F.oWid.:; c, -59.o; H, 6.12;. N, 4;00%. 

,.,: ; , .. , :. CasH~&N01imsO requires-: C; 59.1; H; 5.61; N~ 4.18%_. .,· ··-:·: 

' .• • .. , ..... . 

ExAMPLE 3 

(a):·l,4,'f,:Bis(2.:-~ acetyl ·.'." 3 ..; hydroxypheno"Xy)but - 2 - ene · ·. · . · . .. · 

·i· ·.:By}the me't'lrod•.of :B:Xainple '1 (a), 15.2 parts Of 2;6 .;;·dihydroxy -·acetoplienone 

·were:· condensed. witli: 10.T:parts of 1,4· - d.ibromobut - 2 - ene to obtain 6 parts of 

1;4. -bis(2:- acetyl·-·3 ..,hydroxyphenoxy)but - 2 - enc melting between 145° and 146° 

ftom acetone; · :;: '··· :--- ' :. ·· 
· 

(b) 1,4 - Bis(t- c.arbo:i.."fChromon - 5 - ylox:y)but - 2 -·ene · 

By the method of Example 1 (b), 5 parts of 1,4 - bis(2 - acetyl - 3 - hydroxy­

phenoxy)but - 2 - ene Wete, 'condensed with diethyl oxalate to obtain 3 parts of the 

diethyl ester of 1,4 - J~iS(2 '- carbo:ifychromon - 5· - yfoxy)but - 2 - ene as yellow crys­

tals melting between 215° and 217°C from ethanoL 
-~···:~··i ··:~ ( ·.·· ·.·. ~-l • -- .' • ~ 

::, •. 
Analysis: . . . , 

Found: . C, 64.1; H. 4.69% 

Caali.M011 requires~ C, 64.6; H, 4.6% 

·. . ... 

Saponification of 2 parts of the diethyl ester of 1,4 - bis(2 - carboxychromon - S­

yloxy)but - 2 - ene by the method of Example 1 (c) gave 1.:S. parts of the disodium 

salt. . '· .. ·: ·· . · · 

Acidific~tioo .of· an· aqueous solution of this sodium salt gave the free acid mono­

hydrate, melting between 193~ a~d 195°. 

... · ... ·: Analysis~ . 
:: : . . ~ ; . Found: C, 59.6; H, 3;56% 

. ·~.· ·;, .... '. :· . ': , · · · · · · C2~H16010ltO requi!es: C; 59. 7; H, 3.73 % 

,.. .:. .. \ : \... !i . . ~·.:·. : -~: ;' . ; ; . . . . • . .. : .. ~: . ~' : .. 

&AMPLE 4 . 

1,12 - bis(2 - carboxychromon - 5 - yloxy) - 2,11 - dihydroxy·.: 4,9 - dioxadodecane 

A solution of lO'- PartS \2;6 ~:·dihydioxyacetophenone, 5.6 parts butane - 1,4 - diol 

diglycidyl ether an& .o;t<- pa.rt of .. 14Q%. aqueous solution of benzyltrimethylammonium 

hydroxide in 14 parts dioxan was heated at lOOoC in a sealed vessel for 60 hours. The 

;qion-n m.s· remo.~d under :reduced.pressure leaving a .thick-yeHow-·oiL· This ·was·ex­

tracted several times with boiling ether and· the combined: extracts~ were fractionally 

precipitated with petrol. The first fraction, which was about 5 parts of a clear yellow 

·oi}y,-could·n~:be ctystf(llised· or distHled btit: ·hacf an· infra~red spe'cttuni consistent wlth 

$it ~ected-fQt·1~12 - ~bis(2 .. acetyl - 3· ... hydrox:vphenoxy) -· 2,11 - dihydrOOfy-4,9'." 

.<Uoxaqod~~·.-This was: condensed 'with·:diethyl oxalate by· the method:- of 'Example ·l 

-(b) to:obtain 3 parts ofthe"diethyl:ester of.l,12, bis(2 - ·carboxych:romon·- 5·- yloxy)­

;2,l:t _.,.., .dihydro~ -: : 4,9 ·;,;: dioxadodecane 1LS an oil. This oil was stirred aild .warmed ·with 

a saturated aqueous solution of sodium bicatbOn.ate. until· dissolved;· The solution:.-was 

filtered and acidified with dilute hydrochloric acid. The precipitate was dissolved in 

ethanol plus ethyl -acetate, treated with charcoal, filtered and·.p,recipitated with petrol 

and the solid was re<:eysta.Hi$ed frOJD.,·,aeetone plus ether to obtain 1 part of pure 1,12-

bis(2 - carboxychromm:t\;.. ,-s_.,.;. 'ylny) ··~U ;_ . .dihydrmty.:.;: 4,9 - dioxadodecane di­

hydrate as colourless crystals melting with decompositio11 at 800C. 

:~:;.%::~-:~~!:?·'::Jr ;'.:~,:±~f~i~
1

;'::~}: .:;'./ ;~;·:.:i:-~ ';i:~:. :~,· S.S;3,;:._~' :~~~,~~~~:·:: :'.!~~''.·;:;··<:·:.:.,{:·~::; 
Ca9HllQQH2H~O require:&: C, 55.3; H, S.223· 
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':;:::':=1,12:,:..:;:.Bis(i .:.:carbOxyehrOm.on ':..·.=S •·-'yloxy)'-·:2;11- clihyqroxy:;,; 4,9 - di0xado­
decane diliydrate (0.325 parts) was dissolved in a solutloni:6f -o;os4:·parti!''sodium: bi., 
carbonate in 100 parts water., The solution was filtered and freeze-dried to obtain 0.3 
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parts of the disodiwn salt tetrahydrate. . ::; ·) ·;;;:' 
~:\~_;·_-=~::.Y.::~_,;~. ~ .· ·. 
Atta.IysiS:~ -~-· ·· · .. · · ~ · ... 

Found: C, 48.7; H, 4.75% 
; Gs0H2~Na~01~4H20 rCquires~- C,~49~3-; HJ:4.9% · d: 

~<·~ : ::· 
ExAMPLB.:S 

(a) 1,4 - Bis(2 - acetyf.;."3 ;,::·hydroxyphenoxy)bUtane.- . ·' 
.. ? :-· .By the :'.method'·of :Example 1 (a) 2,6 :.. dihydroxyacetophenone '.was: reacted with 
:1~4:--dibfqrW>butane to obtain 1)4'."bis(2-acetyl-3-hydroxyphenoxy)bqtane melting between 
2.19° ·and 221°C. from benzene. ' · · ' · · ·· 

Analysis: : / .0 ·: r.·::·, :e. 
:: ; ·:: :: FOu.ttd·: ·C,. 66.0; H, 6.0% 
~·. ~.~'~i.H220~:requires·:· C, 67.0; H~ 6~2% 

{6)liliethylUter Of 1,4 - bis(2 - carboxychrOnion - :S -yloxy)l;mtane' ·, · · - ·_ · :·: · 
. :; :By'.the method of E~ample 1(b)1,4 - bis(2 : .. acetyl - 3 .... hydioxyppenotj)butane 
was condensed with diethyl oxalate to form the, diethyl eSter Of 1~4 - biS(2 .:. ·carboxy;. 
chrom:on - 5 - yloxy)butane melting .between 195° and 1990C from a mixture of ethyl 
acetate and isopropanol. · 

' . ~ ._., ': . . . . .. 
Analysis:~:· · 

. . .. 
(c) 1,4 - Bis(2 - carboxychromon - 5 -yloxy)butane 
. The diethyl ester of 1,4 - bis(2 - carboxychromon - 5 - ylozjr)butane was hydro­
lysed ·by heating with-aque0u8 sodium bicarbonate until dissolved, :filtering and acidify­
ing the solution. The predpitate was recrystallised from methanol to obtain pure 1,4-
bis(2 - carboxychromon - 5 - yloxy)butane monohydrate melting between 228° and 
230'>C.' <··· , . . . . - · 

Analysis: 
Found: C, 58.,6; H, 3.95% 

,----: ..- ;_c:iJfl:&Oi~H20 requires: C; 59S; H,.4.2% 
. . . ·-. .. . ~ . . " . 

~.. . ·:::; :~; ··: ·: .. . . . . 

~: . This··acid '.was diSsolved in an· equivalent amount of sodium bicarbonate solution 
and freeze-dried to obtain the disodium salt. · · · ' · · · 

Ext\MPLE 6 · ·· ·:; 
1s::.~,Bis(Z .:.'catbofychrom<>n - 5 -yloxy)pentane 

2,6 - Dihydroxyacetophenone'·was :reacted with '1,5- - dibromopentane as in Ex­
ample l(a) to obtain 1,5 - bis(2 - acetyl - 3 - hydroxyphenoxy)pentane melting bevween 
:1:HR:and-,l33~C ftorit-benzene.: . · , " 

·; 

Analysis: 
Found: C, ()7.4; H, 6.3% 

C21H240 6 requires: C, 67.7; H, 6S%: . .. ~ ' ... "':. ," . ~- .. ' 
~ .. 

Tfiis diketon~-was: condensed \vi~h diethyl oxalate .as in: Example l(b) to obtain the 
diethyl ester of l,5 - bis(2 - carboxychromon - S - yloxy)pentane, melting between 
rf.SQC? .. 9nd 1521?.C:from ethanol.·- -.-·· · · · · · · 

. <., .;: . •.• :· 

Analysis: 
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Analysis: 
. Found: C, 60.3; H, 4.7% 

C:asHa00ioHaO requires: C, 60.2; H, ~..4% 

The acid was sub.sequently. converted to ··the disodium salt by the method of 
Example S(c). · ·· 

E'xAMPLB 7 

5 

1,6 - Bis(2 - carhoxychi:'Om.on - S - yloxy)hexane · · · · . ·. · · 
2,6 .,. · Dihydroxyacetophenone wa6 . reacted with. 1,6 - dibromohexane as· in Ex- IO 

ample I(a) to obtain 1,6 "'bis(2 "'. acetyl - 3 - hydro:Xyphenoxy)hexane melting·between 
147.5° and 148 . .S°C from ethanol. . .. · · · .. - · ~ · _-

Analysis: 
Found: C, 68.1; H, 6.71% 

CiJle10a requires~ C, 68.4f H, 6.8% 

This diketone was coridensed with diethyl Qxalate by the method of Exaniple l(b) 
to obtain the diethYI ester of 1,6--bis (2-Carboxychr0m0n-S ... yloxy)hexane melting be­
~en 154.5°« and 15S°C, from ethanol. 

Analysis: 
Found: C, 6.S.O; H, S.4% 

c.ua.o.,.requireS: c, 6.S.4; 11, s.s% 
· )o ·aCl 10 

Ti=ie ester· was hydrolysed as in Example S(c) to obtain the 'acid m.onohydrate 
melting between 228° and 230°C from di~n. _ 

.Analysis: 
Found: C, 60.2; H, 4.9% . · 

· ·ez0H220:i,0HaO requires: C, 60.9; H; 4.7% 

The disodium salt of the acid 'Was subsequently prepared as in Example S (c). 

BxAMPI.B 8 
1,lO - Bis(2 - carboxychrom.on:.. S - yloxy)decane 

2,6 - Dihydroxyacetophenone was condensed with 1,10 - dibrom.odecane as in 
·Example 1 (a) to. obtain 1,10 - bis(2 - acetyl ·"' 3 - hydro:Xyphenoxy)decane melting 
between 102.5° and 104°C from ethyl acetate. 

Analysis: 
Found: C, 70.0; H, 7.4% 

CaaHlil.06 requires: C,70.6; H, 7.7% 

This diketone was reacted with diethyl oxalate as in Example 1 (b) to obtain the 
diethyl ester of 1,10 - bi:s{2 - carboxychrom.on - S - yloxy)decane melting between 
146.5° and 148°C from ethanol plus dioxan. 

Analysis: 
Found: C, 67.4; H, 6.4.S % . 

. ~Hss<>;.o requires! c; 673; H, 6.3% 

The ester iwas liydrolysed by boiling with aqueous sodium bicarbonate to obtain 
the sparingly soluble disodium salt which was recrystallised. from water. 

Analysis~. · · 
} . ··. 

The free acid was obtained by acidification of the salt. 
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·. ·,_.:;;; ::.·: / .. ,; - ..... ·EXA:MP:t.E -9 :' '.: .. , . "··-' - ·· 
. 1,7-..: Bis(2 - carboxychromon - 5. - ylox:Y):.:. 2~6;.- dihy~---4 ._:maiheptane· · .. : 
2,6 - Dihydroxyacetophenone was reacted with diglycidyl ether as in Example 4 

to obtain 1,7 - bis(2 - acetyl - 3 - hydroxyphenoxy) 2,6 - diliydtoxy - 4 - oxaheptane 
me~ting between 129.0 and:l3 l °C froni ethyl acetate plus petrol: 

;·.~ :: ] : f : . : . .. . . ·:··.;:: .' ;, ' . "_· .. ' :.;: :: . , : 

Analysis_: 
.. -- · t: :; . - - . -'-' _,. ., : ,,:FoWut::--' C, 6o.4;"H, 6:31%•-:--< 

CiaH2a09 requires: C, 60.8; H, 6.Q%· 
. . i .. ~ -. · . 
.. _:_ .. : ... 

· This diket:one::was--reacted With diethyl-oxalate tc:Vmitainfthe biscltromone diethyl 
: •:ester: as-·~ -~il which· 'towd n()t ·be crystallised:/· This· ester-· wli.s -:hydrolysed as in Bx­
:ampl~ f (~):~o oJ>u.in:':l>7 .. bis(2· :- tarboxychtom~>il _,5; ..;. yl<>tj") -' 2:,6· - dihydroxy - 4-

· oxaheptime ·monohydrare--melting<between 2160 ·aiid :-21so_C, · . - ·"· : · -

Analysis: ·.· ~ : 
. . -·_· -;: _ -·. Foiind: C, ~5._~; H, 3.4% 

· · cz.H220iJl20 reqliites: c,55:7; H, 4.3% 

.. the di$ooiuni:sattwas·subseqlleiit1y prepared a$iti'Example 5 (c)"' 
.. : i: ... : ; . ~-:' :·: ; ;·_· ; · ... -.;: : --~ ;:; . ' . .. . i __ ; ~ .-: .: . ~- .: , 

··'· · ~ ._:: _,;-.•~ .. - --. .: ';''EXAMPLE 10· '1 :: : :'. • "': ,,,.. < 
1,5 - Bis(2 - carboxychromon - 5 -yl(>xy)- 3 - Qxapentane L 

2,6 Dihydroxya~etophenone was condensed with Z2'" ·- dibromodiethylether, 
.-as in Example 1 (a)-tO.-:obtain l;_S - JliS(2 - a.Cetyl - 3_ - hydroxyphenoxy) - 3 - oxa -

' :pentane melting between 1205° and 121.S°Cfrom methanol. 

~- : _; ! : .. . •. '. : :. : ~-.:·. -~. . :_ ' ~:; . : . 

Found: c, 63.5;-~H/-5.il%t. " - · :, .:c 
CazH2201 requires: C, 64.1; H, 5.~%. . _ 

· .:~1c· .::.:·:.-::.. 
·_ · This was condelj:~c(w:l#i _"di~yl oxal_ati: asjn E~ple_ l (b) to obtain the diethyl 
ester -of 1,5 - bis(2·.'"-' carboxychromcirl-"·"'5-·~"yfoxy)'-' .3i._ oi:apentane melting between 
-129°~"'131_.5°C frpm, methanol • 

.:.::· :: ._-;:~:~· .... :·;; ~-..:~ .~: .. : - ~' ; . : .. ; -: ·::.. .·::.·:.-. . -:1 

Analysis: 

. . . _ 1)1e di~odi~ sal~ of the acid._\Ya~ subsequently prepared_-asin Example_~_ (c). 
"-,--:~:<; ("'<<·: ~:-'-'" '-':: ·:: ,,,- -. __ :;E~~P~~-i1::: ··' · .. · ''.·>: ·-.:_ .. , ,"/ ·,:·:" 

1,4 - Bis(2 - carboxychromon - 5 - yloxy) - 2,3 - dihyc4'oxybutane-
. . 2,6 - Dihydroxyacetophenone was_ react,ed with 1,2,3~4:'.;.:,bisepoxybutane as in 
·Example 4 to obtain i·,4 . .; bi$(2::: .. ~aee:tyl - 3 · ;.;- hydro~yp~en9xy) - 2,3 - dihydroxybutane, 
melting between 2U0'.~nd:2I2°Cftom dioxan: . ' '' -

. -· .. · 

. ::"· ~: •• _,(:· .. -_;_:.·:. l -. ' . 

:, . :· .. · 
.··. ·.·.-~-":·' 

Found.: .C, 61.0; H, 5.7% 
C2uH220"i 'requires:_ ·C, 61.5; H, 5.7% 

.• .·• ' :- .! :·: .• • ... • - • _.; ~ ; • .•. - -- • • • • . : • - ~ 

_; ' .; .. 

!_'.,. - . : .. ; .;_ Fo0ndl.C/S9;2}H~4;6%!''. 
CraHa60ia requires: C, 6Q;6; H, 4.73 

.: '~ . : : : 
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This was hydrolysed by the method.of.Example 5 (c) to obtain the acid as a di-
hydratem,elting. between. 26~ :and 262°.C. · · ·: · .. 

·Analyais: 

.· .· ..... 
This was subsequqitly con.v.cttt~ t<> tbe,-d~O'!iium sa}~ a.sin 'Example 5 (c). 

_'._;J ·~ . ' ' 

E:xAMPLE 12 
'·;--,'·._,: -... ''' ·: ·:;1;4~lBis(2-~~ar.\>o:ic:,ychrQinon'.".'5 -•yloxy) ..;_2,-:hydr.ollyb»t.an¢Y ,_.;":·: 
-:.:. ~ ··?,6':-~:D.i4y,4~1f~~topbenom: was c;:ond.ensed·wil:h. J .-.Jn:omo ..;-,-3,4 -- ~hutase 
.by l:wili~gJn;.acet@e in,presence of potassium carbonate to obtain .1,;4 -.;bi11(2 -:..acet.yl-
3 - hydroxyphenoxy) - 2 - :hydroxybutane 'melting :between :2()7.;5° .:and .208.S~C.'fto.m 
methanol. · 

Analysis: 
. . .. · :- ~Q®d: C, 63.4; H, 5.s~'\': :: 

·C20H2z..07.~quires: ·C,,64;2.; H,-·S.9% 

This was coi:i;~¢~~--wJ,th_rdietbyl ox$te as.in.Exap:iple ;l (;b}·~tllc.Obta:in:,th.e:diethyl 
ester of 1,4 - bis(2 - carboxychromon - 5 - yl:oxy) - 2 - hydroxybutane melting be­
tween 216° and 217°C from a mixture of chlorQform, ethyl acetate and petrol. 

. Analysis: . . 
. . .. F<>.und: C, 62.i;.H,S.2:% 

· :e;~,;l!2.:0i.1 :requires: C, 62.4; H, 4.9% 

This was hydrolysed as in Example 5 (c) to obtain the ··aciP. )llS a monohydrate 
melting between 226° and 227J'~C ... 

; .. ; . 
'•' 

.Analysis: 

This was subsequently converted to the disodium. salt as in Examples (c). 

' ' ' ExAMP.LE JJ 
1,S:_\~ ~~s(2 ~~: 9a~ho~chiQlD.on· - 7 -y~oxyjpentane 

Ethyl 7 - hydroxychromone - .2 - carboxylate was -condensed with one half equi­
:-vat~nt: of -''~;S :':' dibromopent~ ,.by. heatixag ,in :aceton.e. in ,,pri::~e ,,af .potassium car­
bonate to obtain the diethyl ester of 1,5 - bis(2 - carl>oxycltrolllQn - 7. - Jdo;iw)pe.ntane 
melting between 148° and 150°C from ethanol. · 

AnaJy.sis·: , , -·· : 
. F<:lun..d: ,C,,64.6,; H,, 5.3% 

G.i11H~8010 requires: C, 64.8;'1!, 5.3% 

.·This est~; wa~ fiy~olysed asin Example 5 (c) to obtain the acid Inelting between 
283° and 284°C. · 

·Analysis: 
,Found: C, 61.8; H, 4.2% 

CasH2u010 requires: C::, 62.4; H, 4.2_% 

The acid was subsequently converted to the disodium salt l>Y ;the method of Ex-
ample 5 (c). · 

' E:xAMm.B l4 
1,10 - Bis(2 - carboxychromon - S ~ yloxy) ~ 3,8 - dioxa- 4,7 - dioxodecane 

: \' : · ·.: ~J:!th.yl S .. (2. hydroxyethoxy)chroµione :". 2 · - carboxylate {1.4 pat:t~). and -0,41patts 
;,suc;c,ia.yl~ <:}il.Qride ,were dissoived . in . c.bloroform .and : tr~ted with OJ pal'.tS pyri4ine. 
·'The mixture was heated under refi\JX for 16 hours. The chloroform :soluti9ll.w.as 

washed ·with dilute hydrochloric acid, sodium carbonate solution and water and dried 
over sodium sulphate. The chlorQform was distilled to leave an .qil_,.~ch -was so-lidified. 
by ~iwr~U9P wi.th ~p!, Jr ~n~llised from ethanol to obtain 0.2 parts of the 

:.!" ;·. ; : , : ....... . ·.~.. .. . . ... . .. 
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1~mclting·betwee1tc144.0 •and .146°C> '.; · •; .. . . · - - ,. ..:(~ .. , '.:· .. '· ..... 
. ·, .. 

,',:, .. ::.;, 

...... ~ .~: ' ; ;. 

ExAMPLE 15 
1,5 Bis(2 - carboxy - 8 - cltlorochromon - 5 - y1oXy,}pe1Itane A mixture of 4:62 .~pari:S of .1:,5 - bis(2 ... acetyl - 3 - hydi'oxyphenoxy)pentane (from Example 6) ari;4:2. 7 .parts. of sulphuryl :chloride ili,300 parts of dry ether was stirred for· 7 hours at room tempe.rature. The solution was . filteted and evaporated to --~!ynessleavirig_a yellow' :solid. This was recrystallised:from.-ether 'w:obtain.2.36- parts of 1,5 - bis(2 - acetyl - 4 - chloro - 3 - hydroxyphenoxy)pentan,e::as'.pa,le·:yellow prisms ;a.lting at ~~c~,, ,, '-' : : : · .. . · -_· : . 'c·:·:, l .· .> _ •> This."Walr~ond~sed with ·diethyLoxalate :as in Example: J,(I:>~ :to :obtain;·the- dieth:yl ''.estel'j>f 1;5 -.:bts(2·;o.: carboxy --:8 -.;chlorochromon - 5 - ·yloxy)pentane•meltmg·ibetween ,·l620.:an,f:1640,Cfyonf:ethanol. ... ·' · / . . ·· ......... · .. ; .. · . .... .. .. 

··-'' -~ .·. . -::. ~ . . ... '·" 

- ., .. 

:--~~~s: __ , 
·:.: : :.: ;. ... Found: :C,:57;7;:H~-4~3-%i 

G.i9H2eCl2010 requites: ~c, :57.5; H;--4:3-% 

"i 
·,, 

. >:.: f•:Tlie\;ester: W!lS: hydrolyged::as in :Example 5 (c) ::to obtaiti ·:the-,acid, melting :at 244°C from ethanol. · · ·- :;..·; •. ·: .:,:. ":..: . ' .,., ., . 
,·;:;:· ·;·.::_:. , ; .. _;.,'AliaJ.ysis7: ·: • .. - . . .· . . ;;.:::,:·:. ___ ;;::;--,'.-·• ;;:'.,'. ;:~H:~Jci2oi~,::=~:;':~~!.t:~t~~;-:~t:~i:~ 

.;_;. The acid was converted to the disodium salt by the method :pf''Example 5 (c). ~ ~. .... ' ,... .. . . .. -
L~·::.~- . ' -~-~PLE·-16" 

(a) 2 - (2,3 - Epoxypropoxy) - 6 - hydroxyacetophenone . '' ·o:-'To a mixture .Of 5,;68, :parts': t>f. 2;6 - dihydro:tyacetophelion~.; :10.'3 parts --0f. QJ>i­chlorohydrin and 3 parts (by volume) of ethanol which was:·J!tirredi:and:gently refluxed, ,~S a:dded;.$lowly."~ sqlution !Of :2.<§8 :parts of;potassium hydroXide :in ,,7 paits (by volume) of ethanol and i ·p.art:(by·.volume)-of:water. The miXture'.:Wasthen.-stirr&:Land ~uxed for 1 hour, then after cooling an excess of water was ad~d and the product was extracted into ether and the solution iwas dried over sodimri;:sulphate. After re­moving the drying agenrand. th~ :so1yent 5 >.parts. of a crude oil remained. This oil was eli:tracted using hot pefr()L .ether ·(b.p. · 40:--:60~) ·and on .,eoolipg:. yellow crystals of 2-(2,3-epoxypropoxy)-6-hydroxyacetophenone m.p. 61-63° separated . . ::;_~':t!>c·.~ •· :X:,. ·.,.:·.:,.:/ :·.· .-~ 
. . . Analysis: ..... _: ·. ,-. ' ; .. ,. .. 

Found: C, 63.5; H, 5.7%· 
CuHu04 \requires: :C, 63.45; H, 5.8% 

i:(by··{'~-(;{~ Ac~!fi ~ 3·~ hydr~yph~n~xy) - 3 - (4 - acetyl - 3 ~.'hydrox;ph~oxy)-· · ::•.: ...... •·2°-;hydroxypropane. - . · ·· -•· ' .· > · . ·.:'··'. :A·:mixture,of:'S :parts •of 2 - (2;3 - epoxypropoxy) - ·6 - '.hydroxyacetophenone:, 3:.:8 :p~:rts.:Qf--resa~etophenone, 20 -parts--(by volume):,Of:,dioxali. :and ·5 :drops :of;trim.e:tliyi .. pen~yl ammonium hydroxide ·-solution were heated·:at ,lCJOOCi-in . .-a;-:seajed:bottle xover­_ajght, :After· coctling the,product crystallised-·out•and:·.was::xec:rystallised-from.dioun to J~i,eJ:d.,2.p:a:l_'t!l:.-Of.l;., (2, .. ~:acetyl -3 - 'hydroxyphenoxy) - ·3 -.(4 - ·acetyl - 3--~hy.dnuey:-;.,~~_r2.,hy~xyptQpancLmelting'between ·18-2° ,,and ·US°C. . :.-, ' .. ;. ~; t: ., : ·' i~ .~ /' :: . . .· 
' . .. .. . ·Analy.sis: "• .. . ' - .. :· .... : • ,_ .-Fourid: ,'.c;-.62J8.~z~55A% ·:•··· :· ;, : · -~•IL60,.:.req~res·:·•C,;i.6J~:3;•H,-$J>% 

t~~~~!it::r~,~~'81~ :l,A;:.1':.82.P~:;ChY'!Y~~}.:of-idlOE8.fl :and :S:~ps of'.benzeaei.~la.mmonnmiciOdid:e 
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was heated at l00°C ~n a .sealed vessel for 2i dal's. The solvent was then removed 
under_ reduced pressure and an excess of ether wa8 added, to the residue; The ether 
solution was decanted from the insoluble, washed with water (2 x SO parts) and 2N 
sodium carbonate (3 x 25 parts). The solvent was removed: -~ drying over Sodium 
sulphate and the residue was. purified: by chromatography using an alumina column 
and ether as eluent. _ The : :.oil was diStilled to -· obtain 2-(3-chloro-2-hydroxy­
propoxy) - 6 - hydroxyacetophenone (6 parts) as a yello\iv oil b.p. 166-8° at 1.Smm. 

An:alysis : _ -
Found: C, S3.i; H, S.26% 

C11H:1.;Cl04 requires: C, S4.0; H, S.32% 
~. '· 

(d) 1 - (2 -.A-cetyl.., 3 - hydroxyphenoxy) - 3 - (4 - acetyl - 3 .., hydroxyphen<>ltf)-
- -- ·. . . i-hydroxypropane . - - __ -_ . ·. . - -- - ·. 

To the above chlorohydrin (6 parts) was added 3.8 parts of resaeetophenone, 3.S 
-parts. of anhydrous ~potitSSium carbonate·-· aild .SQ. parts -(by volume) . of dry acetone. 
This mixture. was: reflux~ -for 2 days; -'J1ien.- the :ins<>luble material iwas :filtered, -after 
cooling, and stirred in water to remove inorganic material •.. Recrystallisation .of the, 
residue from dioxan yielded 0.7 parts cJf 1 - (2 - acetyl - 3 _ hydroxyphenoxy) - 3 -
( 4 - acetyl - 3 - hydroxyphenoxy) - 2 - hydroxypropane meitiilg between 182° and 
185°C and identical With the product from (b) above. From the acetone filtrate a 
further 2 parts of this piodttct were oJxa.ined. - -

(.e). l - (2 - EthoxycarbonylchrQmon - S - yloxy) - 3 -- (2 - ethoxycarbonylcbromon-
7 - yloxy) - 2 - :hydroxypropane. -

By the method of Example l(b) 1 - (2 - acetyl - 3 - J:iydroxyphenoxy) - 3 _ (4 -
-acetyl - 3 - hydroxyphenoxy) - 2 - hydroxypropane was condensed' With diethyl oxalate 
to form l - (2 - ethoX:yc8rbonylcbromon - S ~ yloxy) . ..; 3 - (2 - ethoxycarbonylcbromon-
7 - yloxy) - 2 - hyd;roxypri>pane melting between 193° and 194.S°C from ethanol plus 
dioxan. 

-·- .: Analysis: 
Found: C, 62.0; H, 4..3% 

C27H24011 requires: C, 61.8; H, 4.6% 

(f) 1 - -(2: -;,_ Qlrboxychromoi:t - S - ylO:xy) -- 3 '." (2 - carboxythromon - 7 - yloxy)-
. -- _ -. ·2.:.nydroxypropane. -

__ · · :Th~ ester frOm. (e). above was Jiydrolysed as in Example S(c) to obtain the acid 
melting between 194° and 200°C with preliminary softening. -

~ysis: 
Found: C,-S.S.2; H, 3.96% 

· C,,aH1801iH20tequires: C, 54.7; H, 3..9.% 
. .·. . ~ .. . - ... 

.. : 

This acid was dissolved in an equivalent amount of sodium bicarbonate solution 
and freeze-dried to obtain the disodium salt . 

. . .. .. . 

--- ExAMPiB.17 
·a) 1 - (2 - Acetyl - 3 - hydroxyp~oxy) - S - (4 - acetyl - 3 - hydroxyphenoxy) 

. . pentane .· _ ~ • •· - .. - . C·. - · • - _ - -- .• . '. . 

A mixture of S.1 parts of 2,6-dihydroxyacetophenone; 7.7 parts of 1,S-dibromopen­
tane, and 2.3 parts of anhydrous potassium carbonate in 100 parts (by volume) of anhy­
<;lrous ·acetone .was refluxed• for-20 hours. An examination of thi.c; mixture by thin layer 
chromatography showed Un.chang~d 2,6;.. dihydroxy acetophenone, 1,S - bis(2 - acety{-
3 .- hydroxyphenoxy)pentane and suspected 2· - (5 ·- bromopentyloxy) - 6 .:. hydroxy­
~cetophenone to_ be present. The acetone soluti~n was concentrated to half.. its volUm.e 
and the residue was remov-ed by filtration. After. washing with. water this .. reSidtle 
yielded 1.9 parts of 1,5 - bis(2 - acetyl - 3 - hydroxyphenoxy)pentane. The-filtrate was 
taken to dryness and chromatographed on an alumina column. using ether as eluent. 
The 2 - (5 - bromopentjloxy)'- 6 : h~:xyacetophenone came off in the first frae­
tions, as confirmed by thin-layer chromatography. Evaporation of these· collected frac­
tions yielded S parts as an oil which was used as follows without further purification. 
Thus a mixture of 2.4 _parts of the crude :Oil, _ l.2- parts of ~acetophenone, 1 part Of 
arhydrous.potassium carb9nate and 4o·parts (by volume) of dry acetone was refluxed 
.fc.r ZO b", .A,fter ~oling the acetime SQlution was filtered and evaporated to dryness. 
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The residue was crystallised from methanol-:water to yield 1.85 parts of 1 - (2-acetyl-
3 - hydroxypli~noxy)-:< 5. ..;;_(4 ·-·:acetyl?r:'3· .;.!·hydroxyphenoxy)pei;ttane melting:. between. 
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91°ahd~lS~(lA~f~~·=·.;.~:::r·;·,;,;,, .. : .··,•:·- ··· · ::: '·:'<'-··<~~-·:·:'··->' .. ,.,, 
•:-· ·:·· . •I> -~>·;;:; >:: ·: .. : ;:F.~~d:,·G;:6'i3; H,.6.7:3'>· . <·' .-. 

C21H:i,06 requires: ·c, 67.7; H, 6.5% 
: ;>~+<i:·::i/· 

b) 1 - (2 - Ethoxycarbonylclir0mon·.;. ~ ,._ :yl~): - 5 - (2 - etboxycarbonylchromon-
.- 7 - yloxy)pentane. ::· · :: ~·- · ·.- : '-.< >:: .:-.- .. ·· • ... :· .. : 
By the method of Example l(b) 1 - (2 - acetyl - 3 - hydf9XYphenoxy) - S - (4-

acetyl ~'.'3 :'•"; :hy~henoxy)pentane- was cond.ensed:·with diethyl:oxalate to··.yield •tlie 
de~d· ptqducf crystallising: fr~ ethanol and melting, bet~ ;,H9° and 1S2°C. 
··-:=>-~::·:·h·.;·ti . . ,. •.'i'· .. ··1· .. ; . ; : .. ·· . : ·,·:·. ··.~· .:::;:·,=·., ... ~y:su;:· : ... :. . . '>'. ·.. :· .••. :. . ·°"'·"·''·i 
: . :·.--'.• .:• · : ·>.-: :-;/·: :<::/ -, . .. <Fo~-: :C, 64,l~-H~ ~3.;o/~ : _. . . . . , : · . 

. . ~H2a010 ·reqwres. C, 64,9,lls 5..3-% . . · 

s_ 

10 

<l) 1 - ~2 1- Carboxychromon .- 5 - yloxy) - 5 - (2 - carboxy~mon - 7 - yloxy) 15 · pentane. _\. :;. ' ·. · · \.: .. ·; · ::; .,,_<;·;· · 
. To 1.0012 parts Of .the ·abOve 'bis..:estedn ,.10 p~ (ht v<>IWlle) .of methanol was 
;11dded an amount of 0.969N sodium hydroxide in methanol just ~ufficient for the ester 
hydrolysis. This mixture was·the:n heated on the.ste~,-bath:for::i.:hr, the .. solvent was 
distilled off and the residue was taken up in water and :filtered,' the filtrate was then 20 

· aci~ified with dilute hydrochloric acid. The · solid iwhich separat¢ proved difficult to 
:' filt'er--and was;-i-µlerefote, separated -from the liquors by cen,trifµging, ·washing : twice Y:: 
)\Ii.th water and recentrifuging. The 1 _ · (2 - carboxychromon+ 5 - yloxy) - 5 - (2 -
j,arboxychr~iiion .~ •7::_,.,. yloxy(pentane .(0.25- pin'ts). was cryst:allis¢d froni ethanol and 
ijad a>melting<point :benyeen:2f9° :and 251°G with·preliminaryr softening.. '.'' .. 25 

. ;-.:_::·-~·!: . ·' .; '·. ;:~ ;::: ·: ~ ::- .. ~; . :_;; 

Allalysis.~.; -.,,;, ·. ·, · . : .: 
Found: c, ()0.3; H,·4.4·x? 

C25H2c010.H20 requires: C, 60.2; H, 4.45% .. 
~ ~-. 

This acid' was dis~iY.ecf in.:aif~uivalent amount of ·sodium'. bicarbonate solution 
and freeze-dried to obtain the disodium salt. 

~ ,··. i' ....... ·-'.."' : . , .• 
,· ~ : ' 

_ ~.-- • .-1:·: ·. ·: '.>:·,.· ·.:_, .. · .- .. : ~PLB· 18 . . ·=\.· . - -. 
a).:1,3 •"Bis(2:-, acetyJ; -.:3 .•.hydroxy-_ S.,.. methylphenoxy) - 2·,.. hydroxypropane.':! < · 
· • To a solution of sodium ethoxide in ethanol (from 0.83 •paits .of. sooium. ind :20 
pllrts J?y volume of ethanol) was added a solution of 12 parts of :2,6 - dihydroxy - 4-
illethylacetophenone and 3.34 parts of epicltlorohydrin in 10 ;parts (by volume) of 
ethanol. The reSulting· mllttUre: ::was stirred:. and refluxed for 4 ~s; after cooling 250· parts of water were a_d,ded aii4: the solid :w'as.-isqlate<L by 'filtratiOn. Crystallisation of · 
. this. s0lid from ethanol yielded 4.15 parts of 1,3 - bis(2 - acetyli - 3 - hydroxy - 5 -

· ~ylphenoxy};.. 2· .. ..,, hydro:icyPropa'ne' melting betw~en 185~: ~d 186~C.: ... 
. . : . . . . . . ·:.-··.·· .:··: 

Analysis: 

b) 1,3 - Bis(2 - carbqxy - 7 - methylchromon - 5 - ylo]cy) - 2 -; :bydroxypropane. 
·•·· By the method of Example. l(b).the aoove compound· w.as·c<>~dense<f,With diethyl 
9~te to yield 1,3 - bis(2 - ethoxycar-bonyl - 7 - methylchromtjn - 5 - yloxy) - 2 -
hydi'oxypropane crystallising from ethanol:as·colourless n~ ~elting between 194° 

· . and J96°C. The ester·_rwas hydiolys'ed as in·Example· 5(c) tofob~ined the acid as the 
nfu~ohydrate. crystallising: from· ·aqueous dioxan and melting bef~en··240° and :241° 
c;:···./<<>·--:-<:;·,,. .-· ·-- .. ·~. ·::.:: ··-···· . . 

~ysls::,: ;: ·: ... ""' Fo~d: C,S8:3;H,4..4%"·:· ... >;;~·:-,··-.. ···· 
~sH20011.H20 requires: C, 58.4; H, 43%'> ;,, 

. The acid was sutik~~~tl;.:~~~~,'.~o-.. ~ .diS(KiiQiil salt bY the method ol Ex-
~ple 5(c). . 
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w)>' 1~3i'.-, Bi's(2~-' a~ll-· 4'"i--ethyl;'-- 3 ·-· b'ydroxyphd0Xy) ._, 2- ..,. bye@•~·· . . .. 
2,6 - Dihydr-0xy - 3 - ethylacetophenone was condensed ':'i$ epi~' 1iy,t" 

the method of Example 18(a) to yield 1,3 _ bis(2 - acetyl - 4li.;._~ - 3 - hydroxy­
phenoxy) - 2 - hydro~e·Dicfltirig·~ 135° and 137°C. (from ethanol). 

Analysis: 
- ·· F-oun<t: ··G; 66i.1;;H;.:&9f/~· 

Cia~s01 requires; C, 66.3; H, ~--:, ·.. · 

itr l;~L- · Bis~2':---aai:bo~ _:g._, ethyltrh~----,,. -"Yt~}:_._:zi,_~~~ne· : . 
Th~ abtwa. cmnpound·• was ._c'oil'densed:::wi*'dietbyl ~-i:a'&~.iif:.~1mr 1~}11:$ 

obtain 1,3 - bis(2 - ethoxycarbonyl - 8 - ethylchromon - S - yloxy) - 2 - hydroxy.:. 
propane melting between 159° and 161°C (from ethanol). . - . 

This ester was hydrolysed as-iil .• Exainpl8·5(c) to obtajn the acid as the dihydrate 
crystallising from ethaDOltand:.i:nelting ,betWethrl~-·amU:94.9C . 

.lfnalysis;; . 
Found: C, 57.S; H, 4.9% 

en-H~4<'.lh-llilt0 reqwren· €~.5!7;861 ;H,..Sm-% 

The. disoC!J.iw_n,;saltwas:·thenipt.epared• all(in'.;ExampwS(c};; 
. . ·. . .. 

~ooi· in:-: ... 
1.i: ..: .. (.2.·.-· &l'b'oqcb~"'"' S:•- ~) .;..;3-. -· (.:2?;- .. ~ -, Sf.-,·~ldtunllDllll- S1..; 

· y:l~ - Z.--·hy.dr.ox.yp'tupanc~.. - ·. · . · .· . · · · . · · 
2~6; -· :Diby.c:lioX,y.c< ... 3: - ethylitcetophenona• \WSi~ with 2 -· (2j3!.i ~ ~ 

propoxy) - 6--·by.dtoxy.a-cctt:ophenon~:as m·E~ l~)'~)'tCJ.il::]J. . ..,,(~-'~1::-... 3-.01 
hydroxyphenoxy) - 3 - (2 - acetyl - 4 - ethyl - 3 - hydroxyphenoxy) - 2 - hydroxy-
propane melting between 102° and 103°C, from aqueous ethanot · 

Analy,sis;! 
Found: C, 64.8; H, 6.3% 

. C!rHi-iO+·~R e;;6~9.;:H~ .. 6!:t~. 

This diketone was condensed with diethyl oxalate us1ng the method of Ex.ample 
l(b) and 1 - (2 - ethoxycarbonylchromom--·'S-'-.yloxy) - 3 - (2 _ ethoxycarbonyl - 8 -
etliylch'rotn~' - S> -.·yloxy:.) - · 2~""':h!'~pa11e' '\\fa'Sl·.obrained~ · ~li'etween · U~ 
ancLl:66.5:0 C:::ftottlieth"a:IUlK, . . · · · 

Anaqsis; 

Analy.sis:: · . 
:'· < ,: Foumt"t G,.56.8;,H;4.4% 

4sffa0011.2H20 requires: C, 56.4; H, 4.5% 

·'Jrhe:disodiumisalt·was·;preparedias itvlli'attipie.S(c) .. 

. ·~2:1J·. 
.. 1:;3~ .:., Bis(Z--C81ll:roxy.clfromon ~;8~- ·yltDlyl)pei?l:IU&~ 

2j'3r· - I!Jiliy~yaaetQJ11i'ent>n«1. was;,. condensed:: 'With·: i;s _, di~~ usiQ 
the meth9d of Example l(a) to obtain 1,5 - bis(2 - hydroxy - 3 - acetylphen~)' 
pentane, melting between 103_.5° an~ 104.S0 C, (fr-0111 ethanol). · . 

.. ··.· 

Found: C, 67.7; H, 6.9% 
€e1~0e .requires: c, 6V;7; M).;6;!~ 
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biS(Z: '"·• ethrocy~bmiylchtomoiit - ., 8·:· ;;;, yl~-;cy.)pentane, mel,ting·: between' .128<? .. 'a~d: 130°· 
(from ethanol). · · ·· 

Analysis:, 
/: . . Foundi:·•G;.64.5; H; 5.4% 

· 'G!rll.k01ii ~q'uires::i .C;:64;~gH; 5:3..3( 

As ~n Example 5(c):~'tJ]js::~:wu·~hydfolYl!ctL~o~th~ acid/µionohydrate:melting 
between 237° and 238°C (from ethanol) .. 

·'·'··:Amd}'siin.- ... .. . .. . .. .. .. .• 
: ,._,' ·: ;; . .. . . · · . . . Foiind:; C,. 59.9; H,A:3%- .. 

,. ·· . : > ' ' c;;sH2o010.H20l-equires:· C,-60:2;.H; 4:45'%' 
.-~·-· .···.::.--:":..<::· :.>:-·~ ::·.~ .·. . . ::} .. ::::.::.:r··:: 

This acid was then converted to. the disodium sait as in Ex!IDiple 5(c). 

,: EX..\.MPLE: :22 
1,5 - Bis(2::-.:·earboxy-.. :.8 - methykhromon-- 7 ·--yloxy)pentane. 

2,4 - Dihydroxy - 3 - methylacetophenone was condensed with 1,5 - dibromo­
~·uSiµg ·the·. medJ.od of Eitli.tnple f(a);'to: yield.-J,5 .;.bis(4':- :acetyl- .. 3 .;._hydroxy-
2.r~:;~yfphenoxy)pehta.ne: melting·, between>l 16° .. and 117°C. (from ethanol) .. 

Analysis: 
Fowid: C, 68.4; H, 7.3:%'\ =. • 

.. C~~s.01t-req~;:·.c, 69.0;H, 7.05i%' 
· .. ··. -.::·:: .. 

.. i ·:·. 

This product was condensed with diethyl oxalate as described in Example l(b) 
~~::afii:et/teymllisatfon::from~ dioxan;plus eiiianol:' 1;,5· -· bis(Z - ethofyc'arb1>nyl-
!k;,.,'m~tliylthromonr ... 1' .,,;::floxy)pentane, rrielting;between::l96.0 · arid 191°-C . · : 

Analysis: 
Found: C, 65.7; H, 6M•%'>.' 

.,,, 'C;;11.l&201~-tetjuires:. c; 65.95; H, 5.65% . . . . .. . . .. . . . ~ 

'· . . . . . 
. .Th~,~ ~as 2~rol~d0,~ing,t~e m~thod as in Example S(c) to obtain tlle acid 
~gt~274 .. aJrd.216. fron.u:lfuxan;. . .. . · · 

Analysis: 
····· .· . . ;.•;.;.: '· 

. . . ···._;r: . . . .· .. 

.. 

· .. Found;: .C, 63·;9;.HJ:SP'/c; 
Cz1H2-4010 requires: C, 63.8; H, 4.8% . . . 

·· . ' . · •;d:iSeQiuml:~n ofthis,acid;was prepared:as ~' Example:5(c). 

ExAMPLE 23 
1,3 - Bis(2 - carboxy- 8 - methylchromon - 7 - yloxy) -2·- hydroxypropa-ne. 

2,4 - Dihydroxy - 3 - methylacetophenone was· condensed' with epichlorohydrin 
by the method of Example ·1s(aYand after--clystallising from ethanol, 1,3 - bis(4 -
acetyl - 3 - hydroxy -:2,~:...;methylph'erioxy.)·.;.:2:;/hydioxypropane was.obtained melting 
between 151° and 153 °C. 

.;., :.;.' •.. · ····· . < ;' 
. ,., ',:•_;· .. . 2'naljrsis.-: .... 

· Found• ... C,.64:5.:; H:,.6.25.% 
C21H2401 requires: C, 64.9; H, 6..2% 

.. ):: .... ~ . 

This ketone was ,tfieri. .condei:J.Sed; with: diethyl oxalate as described in Example 
l(b) to yield 1,3 - bij!(Z~:: ethoxyea\i)onyL:.. ,8:· - rriethylcliromon - 7 - yloxy) - 2 -
hydroxypropane melting between 191 and 193°, (from dioxan plus ethanol). 

J • ~ • ::, : , -'. • ·"· • • - ~- :: • :." ••• • • : :: ~ • • • • • • • i • ;. . . . 

, ; ~ ;· , · .: - · :Ainlilysisi 
. · : ; ., : Found,.::: C;:63.0.; ~'5•24% 

c~9~11 requires: c, 63.0; H, s.13 
:&• 
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·· ·The above ester was hydrolysed as in Example 5(c) to give 1,3 - bis(2 - carboxy-

8 - methylchromon - 7 - yloxy) - 2 - hydroxypropane dihyclrate melting -betWeen 272° 
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and 275°C. ·. 
Analysis,: ·. . . 

. ·. ·. .·. · ·. · Found: .C, 56.7; H, 4.35% 
CisH2o011·2H20.requires: C; 56.4; H, 4.5% 

The disodium salt of the· acid was prepiµ-ed ll,ll.in }ha'IDPle 5(c).· 

ExAMPLE' 24 
1,5 - Bis(2 - carboxychromon - 5 - yloxy) - 3 - methylpentane. 

2,6 - Dihydroxyac~opheiloile was ci>ndeliSed with 1,5 - dibromo - 3 - methyl­
pentane by the metho!f described in :Example l(a) to give 1,.S. - .bis(.2 - acetyl - 3 -
hydroxyphenoxy) - 3 - methylpentane melting between. l23° and 124°C (from 
ethanol). · · · · · · · , · 

Analysis: 
·• · Found: .C, 68.8; H, 6~9% 

.Cti~a06 reqtiires: C, 68.4;H,-6.8% 

The: ketone: ~as· then condensed. With diethyl oxalate as in Example J(b) to yield 
after crystllllisation froof ethanol. 1,$ ··,.;. bis(2 - etho:Xycarbonylchromon - s· - yloxy).: 
3 - metbylpentane melting between 128° and 130°C. 

Analysis: . . : 
. Found: C, 65.3; H, 5.4% 

CaolLo010 requires'. c; 65:4; H, 5.5% 

·. Hydrolysis. of the above e8ter bY the- method c;lescribed in Example S(c) .yielded 
after crystallisation:froili aqueous etha,nofl,5 ,;. bis(2 - carboxycliromon - 5 - yloxy)-
3 - methylpentane monohydrate melting betiween 215° and 217°~. . 

AnalyS.is::_ 

This acid was converted to its disodi~ salt.by the.methoo· desCribed in ~ple 
S(c). 

BIAMPLE 25 . ·. . 
l,3 - Bis(2 - carboxy .; 6 - ·.c1ilorochromon: .. ,- 7 - yloxy) - 2 - hydroxypropane. Disodium 

· · · ·· · ··· : salt. . . · 
2,4 - Dihydroxy - 5 - chloroacetophenone was condensed with epichlorohydrin 

using the method as descn'bed in E:tample 18(a) to yiCld, after crystalliSation from n­
propanol, 1,3 - bis(4 - acetyl - 2 - Chloro - 5 - hydroxyphenoxy) - 2 - hydroxypropane 
melting between 197° and _199°C. · ·· · : · . · . . 

Arialysis: ·· .· 

The ketone was condensed with diethyl oxalate as described in Example l(b) to 
yield after crystallisation from ethanol, 1,3 - bis(2 - ethoxyciutionyl - 6 - chloro -
chromon - 7 - yloxy) -··2:- hydroxyJ?ropane mclting between .199° and 202°C. 

A.-naI¥Sis : 
. . Fourid: C, 54.7; H, 3.6% 

· ~1H?20201~ req~res: C, ?4.6; H, 3.7% 
. . .. : 

This ester was hydrolysed using the method described in Example l(c) and the 
disodium salt of 1,3 - bis(2 - carbo:xy - 6 - chlorochromon - 7· ·- ylo.xY) - 2 - hydroxy-
propane tettahydrate wllS :~taiiled f~ aq~u8· ethanol · 

5 

10 

15 

25 

30 

35 

40 

(' 

45 

• 

• 

• 



' . 
<. O·' ..... :--------------;'._·_T_;1_·44_;_go_'--..------------_,,..,,___~_<·2' __ 

·.~'.·cr::L·<· ··· · •.·.·· .· .. • · ·· · ··. . ExAMPLE 26 · -.:· 
:.:=·_; 

·:.,f ... i. _, .· 

.. • . ;.'· ... ~ 
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... l;+\:(2:''- CarboX,jcllfOinon,, 5 -·yfoxy}- 3 - (2 - carbo~y;-: ... 6 ;..·chlorochromon-
'· < ~: ;> . / \ : \. 7 "' yloxy) ::-2 .:.·:hyclroxypropane. Disodiuiri salt. , 

2,4 - D.ihydroxy - 5 - chloroacetophenone was cond~d=with·-2.-:,(2;3:.., epoxy­
propoxy) - 6 - hydroxyacetophenone as in Exampie· 16(b) to give 1 - (2 - acetyl - 3-

·:hyclroxyphenoxy) .;. 3 .;. (4 - acetyl - 2 - chloro - 5 - hydroxyphenoxy) - 2 - hydroxy-
propane melting between 139° and- 140°C. · · . 

This diketone w~s coridensed'with dietliyloxalate as' described in Example l(b) to 
yield after crystallisation from etJ:ianol 1 - (2 - ethoxycarbonylchromon - 5 - yloxy) -

· ,.J.:.; (2 ,;..: ·etlioxycaroonyl "'.'"6 .. ..= chlorocliro:mon: - 7 ..:: yloxy) - 2 :.;. 'hydroxypropane melting 
--rbetween.1.§6°;'and l68°C. . · · ·· ·· · · . : .. . 

Analysis: 
Found: C, 57.4; H, 4.3% 

:C:i1H~3CIO:i.~ requires: c, 58.0; H, 4.1% 
. ·: ·: ': .. -~·: ~: .. ': . . . ; ' . . :· . ; ; ' . : 

. This ester was converted to the disodium salt using the method as described in 
Example 1{ c} to giye <'fri>m · aqrieOus · ethart()l"the disodium: salt of 1 .:: {2 =- carboxy -
·chromon-- S - yloxy) - 3 - (2 - carboxy - 6 - chJorochromon - 7 - yloxy) - 2-hydroxy-
propane tetrahydrate. =·.· · · ·• . 

:· .. . :: :' '.·: -.. : :! :·.· ·.~· .. 

· Analysis : · 
_,. . .,. . .Found: C, 45.5; H, 2.9% 

: :C~JliaC1Na2011.4H20 requires: C,44.6;-H, 3.4% · 

The :free acid was obtained by acidification of the salt, 
. :-. ... ' 

.:- ,, ,, ·' · EXAMPLE 27 · . 
. . . . . . 1,5 - Bis(2 - ~boxych:omon - 6 - ylo;rcy)pentane. . . . 

. · Qwnllcetophenone was condensed ·with 1,5 - d1bromopentane using =the method 
: describe<ldn: Example':t(a) .to obtain 1,5 - bis(3 ·:. acetyl -'4 - hydl'Oxyphenoxy)pentane 

melting be~ween 107° and 109°C, from ethanol. . · · · .• ·· ··· · · · · . 

j •· 

Found: C, 67.8; H, 6.8% 
C21H:r40o requires: C, 67.7; H, 6.5% 

·,• .;; . . .. . ... .. ~ . .: 

i.>:. The diketone was ·eondensed, using the method as: :in: Example l(b ), with diethyl 
oxalate to yield 1,5 - bis(2 - ethoxycarbonylchromon - 6 - yloxy)pentane. 
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Ailaly~is_::: . ,· ·; ;. . ..... • . 
... <c.:i. ':··.-Found;-C,64.7';.:ij:,5.5% 

C2~H28010 requires:·. C; 64.9; H, 5.3"% .: . : . 
I • : • > ' : ; ; • • .: ~. • • : • 'i 

This ester was hydrolysed using the m~thod described in Example 5(c) and 
yielded, after crystallisation from dioxan, 1;5.:.. bis(2 - carboxychromon - 6 - yloxy) 
pentane melting between 215°· and 277°C. - ·. · ·· 

:: .... ··_:-::!..~ :-::.~.:~· .-.:.~ ;-.;~:· ;-·.:; .. ·L ...:-=- ~;:· ... : .: 
.;:-. 

·Found-: C; 62.6; H, 4.5% 
G.i,H2110 io r~quires: C, 62.5; H, 4.2% 

This acid was converted to its disodh:uil 'salt by the method described in Example 
5{c). .=:, ·. '· . : ·:.·· • '· 

EXAMPLE 28 
=::; .• ;,.'"·''() :-,'.<1:;.3':.. =:B;s(2:..~:carbo;Kycliromori·-·1-yfox:y)- 2 :..·hydro~ypropane. •' 
: ·: .' L 'Resaceto-ph,enone. ,was: condensed·· With epichlorohydrin'··as. #l'·ExarilplC' 18(a) to. give 
1,3 - bis(4 - acetyl - 3· - hydroxYJ>henoxy) -' 2 .. ::::'hydroxypfoparie ·melting· between 152 
and 154°C (from ethanol). 

. ~- ·~ .. : . ; . 

'Alla1:~s: 
'· , .... · · ·. L; . .: FouildFC, 63.5; H:; 6.2% 

C19H2001 requires: C, 63.3; H, 5.6% 
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~_as ___________ --___________ -~_·_1~-~~-~'~-------~----~----~---~ 
1,3 - Bi&'(4 - acetyl - 3 - hydroxyphenoxy) - 2 - hydroxyp~ was condensed 

with diethyl· oxalate using the method as described in Example l(b) to obtain :1,3-bis 
(2 - ethoxycarbonylchromon - 7 - yloxy) - 2 • hydroxypropane melting between 178° 
and 180°C (froin aqueous dioxan). 
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Analysis: 
Found: C; 62.2; H;'4...S% .... 

· ~1H24011 requires: C, 61.8; H, 4.6% . ·· · ·· 

. The ester .~as hydrolys~d as in E~ample 5( c) to Yield, aftO. ~satfon f~<mi 
dioxan-water, 1,3 - bis(2 - carboxychromon - 7 - Y.loxy) - 2 "" hydi'oxypr.opane .mmfi>­
hydrate melting between 155° and 165°C. 

Analysis: 
. . Found: C,.5'6.8; H, 3.7% 

C23Hi.011.H20 requires: C, 56.8; H, 3.7% 

ne Clisodium salt Of thls l)cid. was p~pared as· in Example S(c)~ 
. . . 

Ex.AMPLE 29 . 
1,2 - Bis(2 - carboxychromon - 5 - yloxymethyl)benzene 

1,2 - Bis(bromomethyl)benzene was condensed ·with 2,6 - ·dihyd.roxyacetophenone 
as described in Example l(a) to give, 'after crystallisation froni ethanol, 1,2 - bis(2:.. 
acetyl - 3 - hydroxypbenoxy,methyl)benzene melting betW~.148° ;and 153°C., 

Analysis: 
Found: C,70.5; H, 5.4% 

_C24H220a require11::C, 70.9; H, 5.5% 

The diketone was. condenSed. r..vith diethylo"xalate as in Example 1(.b~ ·~0 yield 
1,2 - bis(2 ~ ethoxycaibonylchromon - 5 - y~oxymethy.l)benzene melJling ·between 
204-206°C. · 

Analysis: 
. Found: C, 68.l; H, 4.55% 

C3:;li2,;010 requires: C, 67.4; H, 4.6% 

This ester was saponified using the method as described in Examp)e l(c) to obtain 
the disodium salt !iS the. tetrahyd,rate. · . .. .. . . • . . . 

Analisis: 
Found: C, 54.0; H,3.3% 

~6HlGNa2010..4H2<? requires: C, 53.3; H, 3.,8 % 

Tlie free acid was obtained by acidification of the salt. 

·. . . . :ExAMPLE 30 .. 
1,3 - Bis(2 - carboxychromon - 6 - yloxy) - 2 - hydroxypropane. 

Quinacetophenone was condensed with epichlorohydrin as described in Example 
18(a) to obtain after crystallisation from aqueous methanol l,3 .., bis(3 - acetyl - 4 -
hydroxyphenoxy) - 2 - hydroxypropane. melting between 127° and 129°C. 

Analysis: 
Found: C,·62.6; H, 5.7% 

C111H:ioOT requires: C, 63.3; H, 5.ti% 

This ketone was condensed -as described in Example l(b) with. .diethyl oxalate to 
yield 1,3 - bis(2 - ethoxy carbonylchromon - 6 - yloxy) - 2 - hydroxypropane melting 
between 187° ~d 189°C(from ethanol-dioxan-water). . · 

Analysis: 
Found: C, 62.0; H, 4.3% 

~1H2,011 requires: C, 61.8; H, 4.6% 
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H;ydfolysis of this ester using tbe;rilethod described in: Example .17(c) gave 1,3 -

b.is(2. - carboxychiQipon;:.,:.·6·'""·:;yiox.,.)··.;;· .. 2 - hydroxypropan1l.'.dihydrate m~ing. b_etween 

5 

10 

20 

· 26~ and 27~<>C ~frolil ·ethanol-dioxai;i•wat~); . - . · :. · " .. · ' . ..-: ; · · 
.. ;·~·~.:=}· . ,.::-<:;::·:.:.'.'<,··'.'·: :· ~ . .\::;.· ,; ~. ; 

Analysis: 
Found: C, 55; .. 0~ If, 3.3% 

C2,H1,0u.2H20 requires: C, 5.iJ.7i H, 3~9%" 
.;~-~ '. .. ·. : : . . <\. . 

Tue disodium salf o"f 'this .acid was;prepared.a~'de8cribed in Example 5(c) . 

.. ·,:·"".'' ;: .• · . · : ::, ; .. ""·.'! ··,:;,.L~.··~ .. ,., ... · B:xAMl>LB··31 · , .. 
. :·DiSOdiuin:.salt Of v;;:;(2 .. -'.:carboxycllromon .. - 5 ·- yfo:x:jty.;;' 3 -::(2 - carboxychrom0n - :16-

. · yloxy) - :z - Jiydroxypropaµe~ · . · · · · . . · · : .. . .... _ ·· · 
Quinacetophenone was condensed with epichlorohydrin. as described in Example 

16(a) to yield, after crystallisation from petrol (b.p. 60-80°C), '5 - (2,3 - epoxy -
propoxy) .. 2 - hydroxyacer-Ophenoiie-rilelting·between 76° and .79°C. · 

. ,· . . . . . ;·:. \ 

:" ~.. ... ~ 

Analvsis: 
.<::. ,;: >·. ( ·:->: <· < .•• •• : : ·Found,: c, '64~0;· '' H;· 5;6% 

C11H120, ;requites·:.· c, .63.45; H; :s:s3 
This epoxide was condensed .with 2,6 - dihydroxyacetophenone as in Example 

16(b) to yield 1 - (2•i.>acetyl :.. 3 - hydroxyphenoxy) ~ 3 - (3 - acetyl - 4 - hydroxy­
.. phenoxy) - 2 - hydroxyproparie melting-between ~ts; 0 ~I1d'l86°C, after crystallisation 
:from ethanol. 

Found: C, 63.5; H; 5.6% 
C19~00·i requires·: C, 63..3; II, 5.6% 

· · : <This- coropound: wa~ «:ondensed iwl~h diethyl ~xa!ate :as. in 'Example l(b) ·and aft~ 
25 · . ~ation:Jrom "ethanol; , 1 . -. {2 · -: .. ethoxycilrbonylchtoinon ·:.. 5' :...: yloxy). - 3 '•){~· -

ethoxycarbonylchromon - 6 - yloxy) - 2 - hydroXypn)pane· W'as·;obta:ilied· indting '.be­
tween 164° and 166°C. 

· Analysis: C, 62.4; H, 45% 
.:·: :~7H2'~01i i"Cquires: ~ 61.8; H, 4.6% 

\ ; ~ :· 

30 • . This ester was hydroiysed to the disodiwn salt ~ing the metliod as de~cribed in 
· ¥~J>le:.1(c).,. ·-: \. !.•.=:·· : . · . . • ;?.· •. '-: '•· · • • : : · .. 
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E'xAMPLB 32 · - ·· '.' 
Disodium sal.t of 1 - (2 - carboxychromon - 5 - yloxy) - 3 - (2 - carboxychromon-

. 8 - yloxy) - 2 - bydroxypropane. .. : -'.' .· · 
. 2 - (2,3 - Epoxjrpropoxy) .. - 6. · - :hydr6xyace,t'ophenone was c<>ndensed with 2,3-

, 4ibydroxyacetophenorie: -by'.:the.,memod·,desctibed ui: Example 16(b) tQ give, after 
':;. ctystlillisatio~ from e.tJ:ian'?l plus ;diox~, 1 - (2 - acetyl - 3 - hydroxyphenoxy) - 3 -
. J(3. :..;: acecyl:.:·2 - hydro..xyphenoxy}'·- 2- - :hydt0xypropane' :melting ;betWeen· 1~6° and 

'1$.aC. ..... ;, ..... ·,, ''.· , '· "'.. . :· /;•' . ... .. ' .. ~.· :·. : .. , , '· .. ' 
Analysis: .. ' \ ' . · · · .... 

P.ound: C, 63.6; H,5.7% 
C19H2001 requires: C, 63.3; H~ 5:6% 
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After condensatiorl:~iih ·dl~hyi."oxaiate;· as in Example l(b), this compound gave c:·. 
1 - (2 - ethoxycar.boi:iylc~romOI1 -. 5 - yloxy) - 3 - .(2 - ~oxycarbonylchrOm<!~ - 8 -

45 yloxy) - 2 - hydro:typropane :irie1ting berween; 162° .. ,and ,l65QC, (frtiin ethanol). 45 

so 
. v.~-

·\ 
,:•;, ••. l >" 

\.. , ~ :. : . ' ; .. :· •. .: :' i -~ ;...· ·' .· . • .-· •· '• .= 
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• • _·._2s _____________ ._1,_-i+4_,90-·. --~-.--------------0 
. . . ·· ExAM.PLE 33 . . . . . .· 

. . . . 1,8 -. ais(2 - carboxychromon - 5 - yl-Oxy)<x:tane. .. . ... · . . • 
2,6 - Dihydroxyacetophenone was condensed with l,8 · .. dibromooctane as in Ex-

ample l(a) to give 1,8 - bis(2 - acetyl - 3 - hydroxyplienoxy)octane melting between 
107°and109°C, from benzene. 

Analysis: 
Found: C, 69.6; H, 7.2S% 

C24H 300a reqliires: C, 69.S; H, 7.3% . 

This diketone was reacted with with diethyl oxalate in the usual-manllCl' (Example 

5 

1 (b)) to obtain after crystallisation from ethanol, 1,8 - bis(2 - ethoxycarbonylchr-On'lon- 10 

. 15 

L 25 

.30 

35 

40 

S -yloxy)octane melting between 139°and141°C .. 

Analysis: 
Found C, 66.0; H, 6.0% 

Ca2Ha,010 requires: C,-!'lt.4; H, S.9% 

Hydrolysis of this:~ter as in Example S{c) yielded 1,8 - bis(2 - carboxychromon-
5 - yloxy)octane monohydrate of indefinite melting point., · 

Analysis:. 
. . . Found: C, 61.1; H; .S.4% 

· ~.H2s01o·H20 requires: C, 62.2; H, S.2% 

The disodium salt of this compound was prepared as in Example .S(c). 

·. • E'xAMPLE · 34 · . 
1,9 - Bis(2 - carboxychromon - S - yloxy)nonane . 

2,6 .;.. Dihydroxyacetophenone was c-0nden8ed with 1,9 - dibromononane as in: Ex­
.. ~le. l(a) to yield 1,9 - bis(2 - acetyl - 3 - hydroxyphenoxy)nonaiie m.elting between 

SS-59°C after crystallising from ethanol. . 

Analysis: 
. Found: C, 69.7; H, 7.S% 

C2~H3~0a requires: C,_ 70.1; H, 7.5% 
. . . . . : . 

This diketone with diethyl oxalate gave, using the method of Example l(b), 1,9-
bis(2 - ethoxycarbonylchromon - 5 - yloxy)nonane crystallising from ethanol and melt­
ing be.tween 128° and 129°C. 

Analysis: 
Found: C, 66.4; H, 6.2% 

C33HaG010 requires: C, 66.9; H, 6.1 % 

.. · . Hy~lYsts of thi,s est~ as in Exampl~ S(c) yielded J,9 - bis(2 - carboxydlromon-
5 - yloxy)nonaneh crystallising from dioxan plus petrol ether (b.p. 60-80°), melting 
between 1'23° and 127°C. 

Ana.l~i~: 
Found: C, 64..S; H, 5.7%. 

G.i8H28010 requires: C, 64.9; H, S.3% · 

~ disodium s~lt of this acid was prep~ as in Example S(c), 

ExAMPLE 35 . 
1,2 - Bis(2 - carboxychron:ion - 5 - yloxy)ethane. 

2,6 - Dihydroxyacetophenone was condensed with 1,2 - dt'bromoethane using the 
45 method of Example l(a) to obtain 1,2 - bis(2 - acetyl - 3 - hydroxyphenoxy)ethane 

nJcl,ting between 188°."a:nd 1890 after crystallisatfon from acetic ~cid; · · · 

Analysis: 
Found·: C, 65.7; H, 5.4% 

C18H1aOa requires: C, 65.4; H, S.S% 
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• • . '* • 1144:,905' 29 [ •.• ~, ·.,.', ----...,------------·-· ._., __ ., ........ , ........... _ .................. -'--____ "-"'-' .... -·~·· ~· ~···~·~····~·"~·=···~···=··--···~~-~---~ ·· ···.:Th~ coildensation:Qf/this·•·coiilp6iliicr'W;ith diethyl'oxal~t~:was ca~ied out as:.in · Eja@>le l(b) t<f yield _.after• crystl.'11.isatiOii' from> dioxa1f 1,;2. ,;;_,, bis(2' · ~· e'thoxycarbonyl-chr~on -'5 -·yI~,Xy)ethan~ meltiilg·betWeen 264' and 265·0 <:>: ·· ·· · . ·.··. · .. · :.~~:··,~ .-::_:_:) ~-. . ::·;::·.·> :-:.:.~:: ·_:.; :·: .... :, r·.~ 
:::: :1 .• :.·•.·L:Aiialysi;:o:'.·· ,,. ,,.· .. · ...... 
;,.. : .. · c ·i' ' ~ " .. ·Found: c; 63':0; 'H~ 4.7%/ :•· ·: · ' 

5. 
5 

~$22010 requires: C,63.15; H, 4·_53.: ·-~-~ ·· 
::' . 
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This ester was hyc;irolysec\ :us~g the method as in Example 17(c) to give 1,2-bis (2 - car-boxychromon -: 5 ·••'.'.'· :yl~].cy)~ inelting between ~62;0 and 263°C. ·{·~ ', '· .. : ;.- : : ~ . ~ ' . .. •·. . 

i\µalysis: .. 
• i:.:·., r:•._·: ·. .... '····;· ;.:• .. Found:·C,59.6;·H:,3'~f%·· ,-. .• :.,,.: ... 

CiJI1,010 requires: C, 60.3; H, 3.23 . 
The disodium s¥~. ()f. t~j~ ~ci,d, was erepa~d in the mamiet .described in Example 5(c). :'·<<;: · .. " .. : , .. · ... , .. . . . . , ··:. : 

EXAMPLE 36 
1,3 - Bis(2 - carboxychromon ;.'.5 .:fyioxy)_'.;.;, 2-- ehlotomethyl - -z·~'.hydtox}rmethyl­

propane; dipotas~imum salt tetrahydrate .. 
2,6 - Dihydi::oxyar.::etophenone was conderised·'with 3,3 -. b~s(chloromethyl)oxetane. usi~g :'tJie· method as 'desq-4bed in, &ample l(a) ;to give 3j3 ·- bis(2 - a:eetyl"- .3 .. ;: liydroxyphenoxymethyl)qxetaiie melting betW'een 2099 an:d 211°<;. ' r:· -~-.; :!:.-·~~-- : ... .-,:?:- :::·;~.: .. ,.~ .. :.: n .; .... ·r- •.•.• ~ • ·.... :-·,.;.:: ; .: -~·., 

'..'.~'.- :;;,;;;':;'../. A.n.a!~ .. i,s\:' ... ;·:; :: ... :'; :, ... ~~~~~d;c; ~5:3; H, 5:75·%. ··: ·.· . · · 
c : .... :;. . .. 'i.: ... ·, ·: .•. < C21IJ,t~O;.·tequires·: C; 65.3; H; 5.7%'; · · "' ,, : '' ~.·, .... ;_ { .. : ... ::;:,.~~·:·.::; ·:::~;-- / .. -:. . , . . .. ]-: :~ .. · '\ '..'.:.. :: .. ~ .. .: .. ; .. 

This oxetane (7 parts), 2 parts (by volume) of concentrateci.hydroclilorkacidflO parts of water and 25 .. parts (by volume) ·of dioxan were heated under reflux together for 2 }lrs. After filterii)g aqueous sodium carbonate was added :until· neutral and the yellow"'that precipitated,·c~ystallised on ·keeping~ After recrystalliS.ing from ethanol 5.44 parts of 1,3 - bis(2 - acetyi ;. ·3. - h}rdroxypheiioxy) - 2 - chlor~methyl - 2 - hydroxy­methylpropme were obtained melting between 148° and 150°C . f· :~_j;,; __ ,{ .: ::: .. ·. ~-~(··. . . ":·, • ·.::.:.;.'.;. . 
Analysis: 

.Found: C,59.6;H,5.5°io· .... /. 
<~ '. ,C2~H23QO./iequires: CJ~9.6; H, .?.4% . 

· ... · .. ': .. : .. :. >:.1:. .. ¥ ,···::i:_ • ·. ": i • ·.· .. 

This ketone was condensed with diethyi oxalate as in Example l(b) to yield, a.fter crystallising from ethyl acetate 'plus petrol,:ethe.f; (b•P· ·.40--:60°), 1;3 -'· bis(2 •..: ethoxy­carbonylchromon - 5 - yloxy) - 2 - chloromethyl - 2 - hydroxymethylpropane melting between 165° and 168°C; · : . ···'"' ... · 
.•. ·. .'i: .•. -~--' _:~·: > ·: . 

··. ·' \ ;:·". ·'.: · ;. Aoaljsisu;~~; -=~ &;i:g1~t~~t · . · ;:. · ·· > 
~ .. ( .... ·.; ... ·:::.~ . ·:-..-: ' . :. -~;·· :: ·· .. · ~·.>- :, ·. ,._;; '·····. ; 
, .. · ·T9' O;S pjlrtiH)f thcfester·in :30 p~rts' (by vol.ume).of.·metfumol 'was ·a:dded'3'.l5· parl'.(of: a: 0.87N s0lti.ti0n Of potassin..rn> hydroxide .fa, methanol This solution was heated under' refJux· for '10 .. rilinutes~ decolourised with cha'.rcoaI-,0.filtei:c:d ·and reduted in: volume·• by evaporation·.'until; on~c9oting .:o;6,:parts. ofrlie;di~j:'assiwn/iia'lt of;- 1,3 - ·bis(Z..catb­oxychromon - 5 - yloxy) - 2 - chloromethyf'- 2·,.:. hydroxYitiethylptopane. tetrahydrate· crystallised. · . , 

Analys~s:. -. . . ·, · .. ' · ' ·· < .: · : .. ' ··: . Found: c, 44.4; H; 3.4% 
C2~H11CIK~Oi1.4lf;O req!iires: .C, 44.3;\H; 3.9% 

:rhefree· add was· obt.a:ined by acidification. ofthe salt; .. : :: . ._ " ' . ; . :: r . ~., . , :: . ' ··.: ': . :: . . ,, . .. ; ·< l ·: • ..~ • • • • • • l ·• , ·:-;... • ' • • • ' • ; ,. ••. , • • . f 

•::;!;.-·;~ :: ;. J:, '· ,. ·· '' '-ExAMPLE··37' •':::· ·:) ::..;.: ::·::;. ··.:·: Disdciioof ~salt of: l,3 :._ ·,bis(2 ..: ·'ca~~o~y~riion;-' · 5 ;;_, yloxy} .l -'2 - ."eth6xypropane;· u.::·],3''"' 'Bis(2: ..:.'.carboxychromon . ..: 5 :~: yloxy.) .:.·::i-:..: hydroxYJ'ropane, diethyl ester -15 parts, was suspended in 75 ·parts of ethyl iodide and 10 parts of freshly prepared ·silver 
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oxide was- added with stirring .. The stirred .suspension was heated. unc;ler re1lux :for. four 
days. The S<:llids were then filtered, . washed· with .cold. e~ol and. then. extracted wit,h 
boiling ethanol in a Soxhlet. extractor t<> obtain 9. 7 parts of. a mixture of. starting 
material iwith the required ethyl ether. This was separated by chromatography on a 
silica gel cohunn using chloroform as eluent, to obtain 20%: by weight of the pure 
diethyl ester of 1,3 - bis(2 ;. carboxychromon - 5 - yloxy) - 2 - ethoxypropane melting 
between 192 and 193°C. · 

Analysis: 
. . Found: C, 63,l;·H; 5;06%. 

~JH28011 requires: C, 63.0; H, 5.07% 

By the method of Example l(c) this ester was converted to the disodium salt. 

Analysis: 
Found: C, 52.2; H, 3.32% 

C20H18Na20 11 .2H20 requires: C, 52.1; H, 3;85% 

The free acid was obtained by acidification of the salt. 

ExAMPLE 38 
Disodium salt of 1,3 - bis(2 - carboxydlroinon ..; 5 .- yloxy) - 2 - oxopropane. 

A mixture of 4 parts diethyl ester of 1,3 -: his(2 ":. carboxych~om:on :-· 5 ,.. yloxy)~ 
2 - hydroxypropane, 16 parts acetic anhydride arid 24 parts dimethyl sulphoxide was 
ground in a revolving glass jar containing glass beads for three days, The mixture was 
then heated to 100°C. for two hours and filtered while 'Still wann. The solid was 
wa'Shed with ethanol and recrystallised from a mixture of chloroform and petrol to 
obtain 1.2 parts of the diethyl ester of 1,3 - bis(2 - carboxychromon - 5 - yloxy) - 2 -
oxopropane melting at 210°C. 

Analysis: . . 

Found: C, 61.6; H~ 4.61 % 
~1H22011 requires: C, 62.1; H, 4.21 % 

•" .. '. 

By the method of Example l(c) part of thi~ ester. was converted t~' the sodium 
salt. 

Analysis~. 
Found: C, 48.l; H, 2.80; Na, 7.85% 

~H12Na2011,4.H20 requires: C, 47.4; H, 3.43; Na, 7.9% 

The free acid was obtained by acidification of the s8.It ... 

EXAMPLE 39 
a) 2,5 - Bis(2 - acetyl - 3 "'. hydroxyphenoxymethyl)dioxan. · 

To a solution of 12.4 parts <>f 2:,6 - dihydroxyacetophenone in 50 parts of iso­
propanol under nitrogen was added a concentrated solution of 5.4 parts of potassiwn 
hydroxide in wate.r. Benzene was added and the mixture distjlled to remove water as 
an azeotrope. A solution of 15 parts of 2,5..:bis iodomethyl-dioxan in 50 parts of iso­
proplln<>l was added and the mixture .heated with stirring under refiux: for three days. 
The ,solvent was distilled <>ff and water added. The mixture was extracted with chloro­
form which was then ev~p<>rated to leave a red oil. This was extra~ed :with boiling 
ether to leave l part of 2,5 - bis(2 - acetyl - 3 - hydroxyphenoxy methyl) -di-Oxan as 
an orange solid melting between 230° and 232°C. . 

Analysis: 
Found: C, 63.7; H, 5.89% 

Cl2H240 8 requires: C; 63.5; H, 5.77% 

b) Diethyl ester of 2,5 - bis(2 - carbo:xychromon.- 5- yloxymethyl) - dio:x;an.-
As in Example l(b) 1 part of 2,5 - bis(2 - acetyl - 3 - hydroxyphenoxy methyl) 

dioxan was reacted with diethyl oxalate as far as the isolation of the sodium 
salt of the dike~o ester. This was suspended . in water. and· acidified with acetic acid to· 
obraln an orange solid . melting between 176 and· 177°c. This .was recrystallised from 
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a mixture of ethanol and benzene to obtajn :a· first crop· ot Q.3 part ;solid melting· J>e,.. tweew•l9-2 and-194°C and .which-then solidified.and.remelted bemveen-274P: and 278°C . .i\iajytieali<fat~, LB;nd .infra-~ spectra. sqggest ;this p~oduct- to ~ ... the diethyl ~ of 1;~'.f ,l;lis(2.· -· c~rb,9:rty!Chf0lllon - .?-- yl<»iy) ·- 4·,-. byd,ioxy i- 5 :. bydr~ethyl·.~0 4 -o~~e procluced:; by ring opening .Qf ,the diQxan ring,. A -~ond:-crop,of .•. a;·~Hd n;i¢l'UU·bet~'4769•and· 280°C vv.a~.,obtained by con~ttating tli~,filtrate.·.This;~s, put:#ie!'t by tecrystallisa"Pon from e$µlol. t0> ol;>tain 0.2 ~rt of .the diethyl ·ester.;;,of · 2,5 ,_ b:is(2 ..... ca:rboytjtromon - 5 - yl0xym¢t;hy1)dioxan melting. at:~8S°C with•deicoJn-:. position. .·, . · · · ··.' ·' , · · .·.•· · 
. .-~ ' .. !' 

Analysis: 
Found: C, 62.3; H,·4,61 % 

C3 JH2it012 requires: C; .62.1; H, 4;.8-3% 

'· ::·;; : 
.. .: .. '. ::u · · . ;:.EXl\MPLE 40. ,•: · ., .. •:. ·. " .. , ., : · .-. : ~- ·.-:, 1,5 - Bis- (2 -·carboxychromon- 5 - yloxy) - pentane· ··· ,_ .. ·.:.. . : , A mixture of 37 parts of 1.,5 - bi$(2 - acetyl .- 3 - hydi:oxyphenoxy)pentane and 52 parts by weight of ethyl ethoxydichloracetate (80% pu;rity) was heated: at ISO..--.·,· . 17(i)O: for.;5 hqqrs,, .After evapor$,tlng: undel:'. ·reduced p~s~:ute; tbe mixture:. thus obtained, . which ~fain~- the diethyl est~],"· .of . the· desired acid, was dissol~. in: ·acetic acid . ~taining; 11% concentrated hyQ.rocl:tlo.ric ·acid. 'This· solutfon -was boiled under ·retlux · for 4 hoµrs,..·After cooling the solid wa,sJiltered off, washed :With water anct crystallis.ed from ethanol to yield · 1,5 - bis(2 - carboxychromon - 5 - yloxy)pentane monohydrate · i:µelting between 226 and 228° and shown to be identical with the material prepared in .. Example 6. 

ExAMPLE 41 
1,5 - Bis(2 - carbo:7fychrom.op - 5 - ylmcy)pentane. · · . '. ·: ;: : .. ::. ' . 'fo a,,i,n:ixture pf,10 parts of 1,5 - bis(2 - acetyl - 3 - hy'.droxyphenoxy)pentane and ~O· ~s :oi pyri~Une cooled in ice was .slqrwly added .13 P8*ts of ethyl oxalylchlodde., • 'l'1U; mixw~ :was .then· allowed to stand fur·24 hours and ~-uien heat&l at l~ ft)r;-3(). ininu.tes:. Aftt~r · cooling,. and pouring 'onto a mixtl;U'e oUce. ~ ex~l! of. coixentrated· ; hy:df~l9~ic 11cid an, oil was . .fQrmed which was. extract¢.'with chforoforin, ;washed~ and., th~· ,chlorQ;fqrm sol~tion was dried over sodium :11ulpl;utte .. • After, filtration: aJid. remo~.L of . the :11olvent . the residije was. crystallised from; ethanol ·to . give · the· diethyl ester.J>,f J,S. -:. bis(2. - carboxychrom,on ~ 5 - yloxy)pent!llle !melting between 150 and 15,2C), ~n,4.show,u; to be jd~ti~l with a sa.qiple as prepared in E:xample, 6. : 

ExAMPLE 42 
a) 1,5 - Bis(2 - methylchromon - 5 - ylo:xy)pentane . 

. ··. A mixcw-e ofA.() -par:ts of pOW'(lc:;re4-sodium;:744.parts. of ,~,5:-· bis(2 - acetyl - 3-11ydroxyp~ep.qzjr)pental_le: and 150 parts of ethyl acetate : W:as .. :heated wide:Lrefiwt for 2l ~ms vvi~h .stjrl;'ing. . ·. . . .,.. ., ,, . • .. . . ; .-: . J1te" .. res1Jl,ti11g, or!iJlge solution was ,cool~(j. and diluted: with; 400· parts of ether~· The precipitated solid iwas extracted w1th water and· ,the :enraci ·was.·acidified,-.with :· dilut~;:hydrochloric ~cid .. The precipita,ted oil ~s ex~ctedLwith• chloroform and.· the ~r¢'()nil._:solution. was ,dried over anhydrous ::lodium .sulphater:filtered,,·and the sol.;.. i·entw.as then r~o:ved to yield a red oil. . . . · :".; .: Tiifs': qi~ was ... heated under reflux with. ethanol· and· OS· parts.. of; conceiltrated hyd~!?rif acid for .10 minutes. The sgluti()n ·Wl;IS ev~pora~ed to leave an 'oil which. w~,tritµr.ated.with·ether and the ~sultiilg solicJ. w~s-;collet:;ted This solid.was:crystal~:­Iised, _fro,w.. !l' 1nJ,xt~ ~f. ethyl acetate !lnl:i., pe~rolem:i:l': .ether:e(h;p;•· 4().,,..,.60:~C); :•t():.give: 
:~se. ~s e~~J'~~s:~~o~~e~lr~~mg~·~;;t; %iif2~:::n::a::~:~~: p.oint :i.:o.--· 

Analysis: :.: , .... r .. 
. , ·:·;., ,, . · Fo~d: G;:n.oo; .. 11,.s;,&7%. 

''.,, .'_,_,· .. , ''.~sl:J:240~:i:eqwres: G,-71.41;-H,:5";7?%: 
·'. . . ~;. ·.;.~ :: . . . . . ~· '. ' .. "i ·., 

·.~. \ ; '.· .· .. :: . i ·-::•;: 
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b} 1~ - Bis(2 - carboxychromon - 5 - yloxy)pentane. · . · · \.~ 
.. To a ·mixture of 5 parts of 15 - bis(2 - m.ethylchromon - 5 - yfoxy)pentane in· 

100 parts of· dioxaii was added· 6 parts of :finely divided selenium dioxide· arid the· mix-
ture was heated· under reflux for 6 :hours, After cooling, the precipitated Selenium was 
filtered off and the solvent was removed from the filtrate under vacuum. The residue 
was dissolved iri chloroform 1lnd the chloroform was extracted· with sodium bicarbonate 
solution The crude product was precipitated upon addition of hydrochloric · acid to 
the alkaline extract and it was crystallised from ethanol to yield 1,5 ..: bis(2 - car.boxy-
cllromon - 5 - yloxy)pentane as the monohydrate melting between 226 and 228°~ 
identical with the material prepared in Example 6. ' . 

·ExAMPLB 43 
a) 1,5 - Bis(2 - styrylchromon - 5 -yloxy)pentane., 

A solution of sodium ethoxide was prepared from 0.294 parts of sodium and 8.0 
parts of ethanol. To this was added with stirring over 10 minutes a mixture of l.S parts 
of benzaldehyde and 2.7 parts of 1.5 - bis(2 - methylchromeli-" 5 - yloxy)pentane in 
35 parts.of ethanol. Tlie mixture was stirred and heated under reftux.for·4 hours and 
then ~lowed to stand at room temperature for t6··hours. · ·. ·· · · · 

· The brown oily salid •which had precipitated was filtered off and triturated with · 
ether. The resulting solid was filtered off and dissolved· in glacial· acetic acid. The 
solution was treated with charcoal, filtered, and diluted with water .to give 1.55 parts 
of 1,5 - bis(2 - styrylchromon - 5 - yloxy)pentane, ·inciting poirit 217_:_220°C. 

1 .. Analysis: 
Found: C, 77.4; H, 5.87.% 

Ca~Ha206 requires: c, 7s.so; H, 5.411% 

b) 1,5 - Bis(2 - carboxychromon - 5 -yloxy)pentane. . 
· .. A solution of 10 parts of· potassium permanganate in 200· parts of water was added 

to a solution of 5 parts of l,5 - bis(2 - styrylchromon"' 5 -·yloxy)pentane in SO parts 
of pure pyridine. The miXt:ure was stirred at room temperature ·for several hours. Tlie 
presence. of excess. potassium permanganate was checked frOlil· time to time and fur­
ther . a:m~unts of a 5 % ·aqueous solution of potassium permanganate iwere added as ~ 
quired; When· no further oxi.dation took place the · solutfori was· acidified with hydro­
chloric. a~id and,su!phur dioxide ·~s passed to deeolouri&e: The preciJ:?itated material 
w.as.·:filtered off, dned, .and crystallised from ethanol to yield 1,5 - b18(2 - carboxy-. 
cbromon - 5 - yloxy)pentane moilohydtate melting betw'een 226 and 228° alid sho\vn 
to be id~tical with the material prepared in Example 6. 

ExAMPLE 44 
· · · .. 1,3 - Bis(2 - ethoxycarbonylchromon '"· 7 - yloxy) - 2 .. hydroxypropane. . 
. A .. s0lution of sodium ethoxide was prepared from 0.115 parts of sodium alid 30 

parts of ethanol. To -this was added a mixture of 2.34 parts of ethyl - 7 "' hydroxy-· 
chromori .;. 2 - carboxylate and 0.462 parts of epichlorohydriri. The mixture was Stirred 
andheated·ander reflux.for 4 hours. · 

· · ··Half of the ethanol was evaporated off and the remaining mixture· was diluted 
with· 300 parts of water. The aqueous solution was then ·extracted· with chloroform. 
The organic solution was dried over anhydrous sodium sulphate, filtered, aild evapor­
ated to leave a red oil. The yellow solid obtained by trituration of this oil wii:h ethanol 
was filtered off and washed with alcohol giving 0.12 parts of 1,3 - bis(2 - ethoxycarb­
onylchromon - 7 - yloxy) - 2 - hydroxypropane, melting point 178-9°C. The iden-
4tity iof the prod\K't with a sample as prepared in Example 28 Was con:fimied by a 
mixed - melting point determination; by thin layer chromat.ography, and by infra-~ 
analysis. · · · ·• 

ExAMPLB 45 
1,5 - Bis(2:- catboxyclll:omon - 6 - yloxy)pentane. 

A solution of S.7 parts of 1,5 - dibrombpentane in 80 parts of ethanol iwas added 
to a solution of 5.6 parts of potassium. hydroxide and 3~ parts of hydroquinone in 40 
parts of ethanol The mixture was heated under re.flux for 16 hours, then the ethanol· 
was evaporated off and the mixture was diluted with 200 parts cf water, acidified with 
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coneentrated hydrochloric acid and the resultiiig. precipitate was filtered off. The solid thus· obtained .. was extracted-with-.hot.benzenif:'and.:the solution-was treated with char­ct>al andJiltered" whilst hot. The solution on:epolliig,:yield.ed,,.4.9 parts of 1,5 - :bis(4-' 'Jiydr~xyphenoxy)pentane·· melting. point- U~12.e1; · ............... - - -· .... . -·'. . ··.-· ::;·::· .:"'··:::<:·.~-:~;~._-: ... : ;. : ···,; Analysis: ,..,· 

$ .8 parts of 1,5 - bis( 4 - hydroxyphenox:y)p~~ ~~~ ~~~~-~th·:~. ~lution of 1.6 Pans'·Of -sodium hydroxic!ed~·-10.- parts ~o()vater,:: Water. was evaporatedifrom the mixtlire and the solid was dried in an oven at 100°. The solid was treated with 50 parts: of dioxan and ,the mixture :was sti~ and heated under reflux. Subseq4ently, 6.8 p!arts:of·diethyl acetylen:¢icarbo~late:Were added dtopwiSe to. the mixture, which · · was Stirred .and heated under reflux for 50 1'.llinu~es. The miXtµre. :was· C()jjled and acidified with 20% v/v sulphuric acid, then fli~.mi~ure was treated with 25 parts of 25i% :sodiUm. hydroxij:le solittion.:an4 'beateq )liidersreflUX:·fdr. 50 minutes~; The Irii~ture was cooled, acidified with 20% v /v sulphuric. 'acid ~.nd dioxan .was diS1;illed oft The resultjng precipitate was filtered off and was ~racted with sodium bicarbonate solu­tion. The' extract was acidifi~d· .wjth, dilute· 'M,plniric: acid and 'the:· resultiiig· precipitate was filtered off and qried in air to give 10.4 parts of a light coloured:solid; which was crush!X{ iwith 30 paits of concentrated sulphuric a~id. The mi:xnire was allo\Ved to stand~ foi 40 minutes and then it was filtere.<f 'thto\Jgh~ a ·'pluk:of/giass-wooL The fil­trate :was tipped ont(> 100 parts of ice and the resi,Jlting precipitate was:filtered off, wash~d with water and crystallised from aqueoi1$ dioxan to give 1.5 parts of 1,5-bis (2 - ~rbo:Xyclmimon - 6 - ylo:xy)pentane me.tting-'poin:t:i1~1°, shoWn.'to:be.identical with the material prepared in Example 27. ·· · · ···:·· .:·,. 
.. . ···- - \~(. 

•. ExAMPLE 46 ·:···-'.</· . ., The ~ctivity. of the new bis. chromonyl _co.gi1>9un~ ~as '!>~n evaluated by the anti-:gen iphalation test on huma:n::volunteets'·WhO ~sU:ffer::ffoni~sPeciftc:aIIergic:' asthma. ·The degr~ of asthma provoked by the inhalation of•.an ru)tigen :to which the 'volunteers are sensitive .<:an be_ ~ea~ured by repeated estin;tation. of tile incrc;ase of air-~y resistance. A stiitably 'desigP,ed 'spfroiiieter wa:s : iisCd \:tq. :i:nea-sure the forced' expit_atofy volwne . at oqe second (F.E.V.1 •0), and hence the changes in the air way :resistance: The anti­: allergic !lctivity ()f a ¢ompouncf js c:;stnnated~ froJii, the '.diffe!'Cn~ be,tween die lllaximum _ peJ;" c.ent 'F.E;V;,t;0 r~uction~following·controf:'.and';test.·pfuvocatiOns'~ter':drrig- admin-istration conducted w].der identical experin1ental conditions. ' ' · · -
' 
Thus:-

% protection= lOOx Av. max%>~/;£. if · -lri,// conlrol shock . J •. o. 

The compounds under test were administered as 'an aerosol by inhalation for five - minutes, two hours before challenge •with antigen. Tfi.e compounds for administration were dissolved in sterile water at a concentration of 0.51% and aaiiseti from a Wright .nebulizer operating at 10 litres/minute air flow~ giving a total weight of drug aero­solized of 5 mg. The following table snQWs the protection obtained with a number of new bis-chromonyl compounds. · 
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. 'Compound Under Test · 

Disodium salt of 1,5-bis(2-carboxychromon-5-yloxy)­
pentane 

Disodium salt .of 1;7'-'bi8(2.:carboxychromon-5-yloxy)-· 
2,6-dihydroxy-4-oxaheptane 

Disodium salt of l,4-bis(2 .. carboxychromon-5-yloxy)-
blitane · . 

Disodium salt of 1,4-bis(2-carboxychromon-5.,:yloXy}· 
2,3..;dihydroxy.,.butane · 

• 

0/ n..-~ 
IO r .i:u~uOll · 

30 ;._ 35 

25 -30 

.. 
45.,;... 50 

40-45 

Disodium salt of 1,4-bis,-(2-carboxychronion.,.5 .. yloxy)-2.. ·: 50 .-, . 55 
hydroxy-butane . · ·· · · · . . , 

Disodium salt of 1,4,..bis(2-carboxyclrromon-~yloxy)- . 45 __.,. 50 · · 
but-2..ene · 

Disodium salt of 1,10-bis(2•carboxychrom.on-5-yloxy)- . . 35 - .. 40 
decane 

Disodiuµi salt of l,6,..bis{2..carboxychromon-5-yloxy)- . 45 - 50 
hexane · ·· · 

Disodium salt of 1,3-bis(2-carboxychromon-5-yloxy)-
2-hydroxypropane 

. pisQdi:urn ~!lit of l,3-.l~is(2~boxychrom.on-5~yloxy)~ ·. ,. 
propane· · 

Disodium salt. ~f 1,5-bis(2-carb0xy-8-chloro;.~omori-5-
yloxy)pentane · 

Disodiwn sa1t .of l,5-bis{2-carboxy~omon~6-ylo:xy)~ . 
pentane 

-56-- 70 

. 20.-25 
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• .. '. : • • • ; •• • • • > • • : ) ; ! . ' ~ : ... • ' . . · ..• ; ·' .· · .. :.;_~p~:ilPci.U:~~:T:~~:.::: 
. ~ . · .. ,.. : . 

;r,,: ,. /:.!t:}~~~~-~;5~~-~~b~9g~7~yloxJ)~. 
·.~/·;. '% ;~QtecliQD,:; .. '.j 

. .·~ .. ; .• $ .. ·:'.·:; $0 ,,," :' .-:-~'.-~: 
~ .·; ... . . . . -. . . .. .. . . . 

. ; , -;!-. ·.;c>isod!~:~&t~ of. _I,3-~is(2:-~boxy~o~::;7-:yloJY)-=- ,., .. · ! ,4Q_:;:;·: ~s.: :,' ·• ·' .-., 
. .2:-hy~xyp:owm~> -. . . . . . . . , : : - .. . •'-<; ->· :; , . -::--:•· :; 

,. , :Di~c>di1µn,$alt ofl,}-bis(2-~boxy-8~thyl~tjiroJ,111;>n:-5~ .. , , : 20.,. :.~··i~' ; "•<·'' 
)J.Olijr)~2~1i:Yffi:~Xjproj#~. , ·.·: ... ,· .. : ~·, ·. ·. .•· :;: ·. · .. · .·, · :·. ~·-. --·· .. -.• ,·, , ,. .... 

.. - ·nis~mmri·salfof.I;i.bi8(2~::arboxy~m:ori~5-;Idxy~;" · '.. : 3o··.:·: .. :·.:j$ .. ,, ·. 
·mCthyl).:.beiiierie . : . , · · - .. . . · <. · · ·: . ~ . . . ,,- . ... -. ,. .. . . .. . . ,• : ' 

. DisOdium. s~lt. <>fl ::-(2-ca.rbo:tychroll).rui~~;:y~6xy)-~i-(2- ''.:. 
'· · carbo cliromo.n;.;1-1 · ·)-t..:.h" dr ·· : : · ane · . . . . 'KY: •• ................ .-· .. 'Y.:~ .... Y ~,_,,., ... ·.. , .... ' 

·: .. ·: 

40 - 45 ·" :'! : 

. '..<··:-:.: ])isodiwn,$*_of1~~-b~.(2-carboxy-8-~~y1Chromon- · 
.--; '.."'".'. J.?Y~~),~~t~~~r?P,8'le . . , . :: . . ·, . . : 

·: \ .;.'. .. · b~txliuin.' '~ait .'Bf t~c2icitbdxYchl:om.ori~5~jiJ~)~3:-C2- , · 
carboxy-8-ethyl-chrom.on-5-yloxy)-2:-b.Y<h'.oiypropan~ .... 

~· • • • •:' :: :: ' .I • • •,,: .1' • : 

Dipotassium salt of l,3-bis(2-carboxy~~9n~5-yloXy)-
2-chloromethyl-2-hydroxymethylpro~¢ · -· · 

. ' 

Disodium salt of l-(2-carboxychromon-5 ... yloxy)-3-(2- · 
carboxy-6-chloro-chromon-7-ylqxy)-2:-b.Y~ropane . . . ~' . : . 

Disodium salt of l,3-bis(2-car~lC.Yc.Pro~-5:-yloxy)-
2-ethoxypropatie "' .. · '' · · " · · · · · · · 

.... ~ .. .. .. . .. ' ... 
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Clinical investigations of 1,3 - bis(2 - carboxychromon - S - yloxy) - 2 - hydrox.y­
pro.pane in the form of· its· disoclium. salt hereinafter referred to as ·compound A, have 
been .carried out on volunteers having dinical evideni::e · of allergic asthma.. In the case 
of soine ~f the volunteers this asthma was· identified: a• ~sic asthma, i.e. wa:s pro­
voked by a specific antigen; the majority of thttvollinteci:'S, hOwever, were classified as 
suffering from intrinsic asthma, i.e. did not respond to a large number of skin and 
aerosol p~ovocation tests. . . · 

In the ca8e ·of the volunteers · Sliffering from exfrinSic asthma' it· ·was possible to 
assess. the degree of· protection afforded quantitatively using ·the· test · procedure de-
scribed above. . ·. . . . . . . . 

· In the -c:ase of subjects Suffering .from intrinsic asthma tlietherapeutic _effect of 
compOulld A -could be assessed subjectively and by objeCl:ive tests ·of lung function. 

The . resul~ of the clinical investigations m~y be summarised as follows:..-
(1) Inhalation of compound A in doses ·of 1,;;_;_20 ing. repeated at 4 to 8 hour 

intervals is well tolerated; no side effects or other evidence of toxicity being observed 
during a continuous trial period of S months. . . . . . 

(2) The therapeutic effect of compound A p:iay be apparci:J.t in 4 . hQurs but in­
creases for several days with continued therapy; Teaching ii Jriaxiinwn in l to 2 weeks. 
A d<>se of 2-6 mg~ 4 to 6 ho\ll"ly. iz!.<iuces a significant improv~nt. as shown by 
objective tests oflung function :iii mild ca&es. . . . . . . . . . 

In more severe cases, doses of up to 20 mg. at 4 to 6 hofil'.ly intervals are re-
quired to produre, a significant impf9ve.ment. . . . . . • . . . .• 

In quantitative objective· tests ·it . has been found. that compound. A, administered 
in a dose of 20 mg. gives up to 841% protection 2 hours after adlniiiistration, up to 
70%. prot~ion .4 hours after administration, an4 noticeable Protection, e.g. about 20% · 
protection 18 boars a:ftCr administration.··.. .. · · · 

Subjective improvement usually includes: -
(a) Reduction of chest tightness; . . .. 
(b) Increased tolerance to eXel'cise; aild . . . ., . 
(c) Reduced sputjnn volume and cough. ·· · · · ·.. · · ' .· 
Withd~\_Vll}. of therapy with compound A, was fol.lowed by a relapse w~thin 48 

hours; in severe cases or after 7.;._14 days in mild ca8es. · · . . · ·.·. · 
The acute i.e. tQxicity of compound A, in rats, ·has been found to be low; i.e. the 

LD50 is a.t le_ast J~ mg/Kg. 
. . ~ 

35 ExAMPLE 47 
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The foll9_wing are ex~ples of. compositions containing a bronchodilator and the 
disodium salt of 1,3 - bis(2 - carbOxychromon - 5 - yloxy) - 2 - hydroxypropane 
(Compound A). · 

Afrosoi' formulation · 

1,3 - bis - (2 - carboxychromon - S -yloxy)-
2 - hydroxypropane, disodium salt 
(Compound A). 
Isoprenaline sulphate 
Sodium dioctyl sulphosuccinate 
Mixture of propellant 12 and propellant 114 ad. 
(60: 40 mixture)"' 

Propellant 12 is dicfilorodifluoromethane. 
Propellant 114 is dichlorotetra:fluoroethane. 

Solid Powder formula.tion 

Each dosage unit contains: 
Compound A 
Isoprenaline sulphate 
Lactose 

20 mg. 
0.1 mg. 

1S mg. 

2.03 

O.L3 
0.004i% 

1003 
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The present invention is also for the preparatjon of bis-chromonyl salts of the 
formula:-

5 

10 

15 

20 

2S 

in which R1
, R2

, R3
, R', R3

, R6 and X have the ~anings definCd in cwm 1 and~ 
represents a salt forming cation, which comprises :converting a bis-chromonyl ·com-
pound of the formula: - · · 

o··• RI .. ~~-

,r~~X-O~lf 
ti!.; R' 

in· which RH is a hydrogen atom or an alkyl group; to the desired salt. 

WHAT WE CLAIM IS.:-
1. As new compounds, bis-chromonyl compoundsj of the formula: -

BO·C a 
o-x·-o: 

and functional derivatives of carboxy~c acid_-groups/ present, in which R1, R2, R8, R', 
R.5 and R8 are the same or are "different and each i~ a hydrogen or halogen atom or a 
hydroxy, alkyl, alkoxy or substinited alkyl or alkofy group and X is a saturated or 
unsaturated, substituted or unsubstituted, straight : or branched hydrocarbon chain 
which may be interrupted by a carbocyclic or heter'*yclic ring, or one or more oxygen 
atoms or carbonyl groups. · · 

2. As new compounds, bis-chromonyl compounds of tlie. formula: - · 

7 

10 

15 

and functional derivatives ·of carboxylic acid group$ present, in .which R7 and R8 _are 20 
the same or are different and each is a hydrogen or/.halogen ato~ or a hydroxy, alkyl, 
alkoxy or substituted alkoxy group; and X is a saj:urated or unsaturated, substituted 
or unsubstituted straight or branched hydrocarbon chain which may be interrupted by 
a carbocyclic or heterocyclic ring, or one or more: oxygen atoms or carbonyl groups . 

3. As new compounds, bis-chromonyl compound$ of the formula:- 25 

0 
.! 

0__. X -iO 

. . .. ~··' . · .. :, 

"" .. ~ 
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• 
• - t ·j ~;H4.,90.S, 31'.· 
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formula:~<' < ,_ ... -~-> :::/;:.'.,, . ,_, . , ... 
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10 

15 

•. i :· .~~ .. 

25 

. . . 

. :·.•·. 

·,··. 
·; · .. ·· .. 

·. ::: . ~ · .. 

: . ,:-·; .. _ ... : . . - _. ,. ~ .. 

in ·v.:hich R<" R~;)·:({:i; R',.R.s,:k6; a~d X h~ve the meanings defin;d'in.'cJai~· 1 and M 
J:tptesent!I ;$::sa,lt fo~ing:;Catkm, -v;h,ich CQinprises cOnVCI'.ting a ~js .. chromonyl· com::. 
poundoftheJ!:mnJJl~i7-:r ··· '' '· •>,.,,.;. · · · ··.; . ....... ,,. ·:.0~x70~~.~~· ··· .. 

~QK ·,~ 
in which RH is a hydrogen atom or an .alkyl gi~~~~to Jh{desired salt. 

WHAT WE CLAIM IS:-
1. As new compounds, bis-chromonyl compounds of the formula:-. 

BO·C 
2 

.. 

.·. l 

and functional derivatives of ~i;boxylic acid'gi-(!ups p~nt, in which R1, R2
, R3

, R4
, 

R~ and R6 are the same or .are' different and each·is a hydrogen oij halogen atom or a 
hydroxy, alkyl, alkoxy or slibstituted alkyl or alkoxy group and X is a saturated or 
Unsaturated, substituted or :unsubstituted, straight or branched :hydrocarbon chain 

· which may be interrupted,by•a .carbocyclic or.heterOC:yclk ting,. or ,one :or more oxygen 
·.·.·, atOn>s:orcarbonyl:gtoups;~ ·, .' · · '.• · :;>; . ·, cc.:. i . . . ·-r 

2. As· new compounds, bis-chromonyl compounds of tlidonnula; .~: · · · 
,.,_,_ ... •::.-:;.· ·· •.. •. ,. '"''' :·.<::! .:: .. ..,.... ..• :,;"<·;·. 

(. 

,-:, .... 

. · ~nd' i~ai0na1 'deriv~~\.~ of ·car1lO~yJip·:~cid:·~~~µps;·p~¢~eiii:,:~i~- ~~icn ·Ji~ .~Iic1.:.~~::~:r~ 
the. same qr.a~,,qifl'ere11t.~11C1. eac.hJs a ~Ydrl>geµ:,()r hal«>gen atpi:xU>t a.J1y(froxy, ;alkyl, 

. alkoxi or substituted alkoxy gro'ilp; and . x . is a saturated or . UllSl!<;~a~~d, . subs.t~tµteq 
ot tmsu~iJ:!Jted ··:st,ra,jgbt: Qr l>ra,nc,he:d: hydJ:oca:rb911 ,cli~m .. whic.h.ma:Y .be in~rupted by 
a ' .. carbotjrclic:; :or : heter0cyd~¢.; .-jng, .o,r Qne, o:r,: mor¢ ;QXyg~ :·a~ QJ- ca.-pgpyl g:ra,ups;., 

3. As new compounds, bis-chromonyl cQriipounds of the fonnu,la~ _ _,. ·, .· .. :, :'.<• 
:. :.'..~:. . . =.;: ~>.: ' .. . : . ' :~ . 

: .. ·· .... ··. -;_·:·-· . 
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~~~------~ ......... -------~~~~----.-..-....--------~~----....... ------·---------~ and functional derivatives thereof, "in which:]t is a: saturated or unsaturated; substituted 

10 

15 

20 

25 

30 

35 

40 

or unsubstituted straight or branched hydrocarbon chain, which may be interrupted·by 
a heterocyclic or carbocyclic ring, or one or more oxygen atoms· or carbonyl groups. 

4. Compounds as cl.afu;J.ed in any of claims 1-:--3 ~n vv:tJich X is a substituted or 
unsubstituted, straight -o~ branched hydrocarbon diam;, which may be interrupted by 
one or more oxygen atoins, and containSfrom l to 7:carbon atoms/;·\ · 

S. Compounds ·as claimed rn· cJaim 4 in w.11ieh. X .is 'sribstituted by one or more 
hydroxyl groups. . . 

6. Compounds as claimed in claim 4 in. which X. is the 2. - hydroxytrimethylene 
group. · ; . · . ·. · · : ··- :. ·· 

. 7 l Compounds as . cliiimed. in any.' of -,.the preceding·' claims in which the· . chain 
-0--X-O- links corresponding position on the two chromone'.moieties. · : .. 

8. 1,3 - Bis(2 - carboxychromon - S - yloxy) - 2 - hydroxypropane of the for-
mula:- · 

. cO·B· .. ·::· .. 2. 

and functional derivatives of the carboxylic acid groups present. · . . . .· · . · ·.· 
9. Com.pounds as claimed in any of claims 1-7, other than· that clainled in claim 

8, as disclosed in any 'Of the examples herein;· ' · ·· · 
10. Compounds as claimed in any of claims 1-9. in the form of their salts with 

physiologically acceptable cations'. . · . ·. , . 
11. Compounds as claimed in claim 10 in the form of tbeir.amm<>riium or amine 

salts. . . · ·. . . · '. · · , · . 
12. Compounds as claime,d in claim 10 in the f9rm of their alkali or ~ne earth 

metal salts. . . · · · ' · · "' · .. . ·• · · . . 
13. Co.mpounds as .cl,aimed in any of claims 1-9 in the form of their est~! · 
14. Compounds as claimed in any of claims 1-9 in the form of· their amides. 
15. Ammonium, alkali metal, alkaline earth metal and amine salts of 1,3 - bis(2-

carboxychromon·-':S ·- yloxy) - 2 ~hydroxypr0pane. · . . . 
. · 16. The sOditnn and calciuin salts of i,~- - bis(2 .:. carboxythromon - S - yloxy)-

2 - hydtoxypropane; · ; · - . · · 
17. A ·pharmaceudcal comI>osition comprising a: bis-chromonyl Com.pound as 

claimed ~n any of the preceding claim$ in association •with a solid or liquid pharma-
ceutical carrier or diluent. · · · · ·· · · 

18. A composition as claimed in claim 17 in which the bis-chromonyl compound 
is in the forni=of a salt with a physiologically acceptable cation. · . 

19. A pharmacetitical composition as c1aimed in claim n or claim.18 in a form 
suitable for administration by inhalation. , , ·· ·· · 

20. A pharm_aceutlcal composition as claimed in elafm. 19 comprising a solution 
or suspension of the active ingredient in water, . · .· - ... 

21. A pharmaceutical composition as claimed in claim 19 comprising a solution 
or suspension of the active ingredient in a liquefied propellant. 
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. 25 .. A ph{lrmaceutical Coililposition· as 'claimed ·~in· any of 'daims: 11~.u a1So ;con:.;. raining a bron&dilator. . ' .. 

26. A phannaceutica.1 composition as claimed in ~ 25. in which the broncho­dilator is isoprena1ine, .adrenaline, orciprenaline, isoetharine. or a salt t]lereof. 27. A' Pli~ac~utic:al composition· as claimed in claimd2(in wli'ch: the broncho-dilator is isoprenaline.sulphate'.. . .... '.' · ·. : : 28. A pli!lrinaceti~q1l ¢0riiposition a'S clahrted 'in any· Of claims ;25-27 in which the bronchodilator is used in an amount of from 0.1-10%.il?Y weight of the bis-. i::hromonyl compound. orfunctional derivative thereof. . ., .. . · · > · .. . .. 29. A pharmaceutical ·composition as claimed in claim-:17 substantially as herein qesc:nl>e<i.with referen~e to th~ ~pies. . . . . . .. , . · ;30 .. A process ·for the p*ep~atjbn o( bjs-dir~moriyl :cofupou_nds of the'foti#u~a ::;;;..;. ·-:"::-:.:-:·. __ ',_,·: ;; .... -<.:"i"_;"_.:~, .:> ~ .... ·: . ...== .... ;·~:-:.::J~.J: .. __ .... ~5~ .. : ...... · ... l · ...... ~ /:<;:;: :•:;· ... · . .. ;_;"(:;; (.!'~ ~~ ~"\\·: _,:,·.,, .. ·.::.~=-.:·~ .. -: :.;·:·~ ,. ;· ,•.: -~;: . .'.\ .. : ... ·.~ .. -:.~.: .. ) .. --:~: ;·::·;",:;;:, .. :··:.: 

:;<"'. •
1

'. · ;· ,, :>. (:·: ;·,;L,.. .·.·.·. 

_.;, _:: . . '.:. :::.:; · ,·. ·C.r'~~+.<~,; :,:/c;·:'..~:,,:;· 
~ : . : 

"f .. -: .. ··: .·; .• : : ; ! .• , .; • ~ : 

': ~--~;~-~·::: .. ~:·.:_ ·.-. .,. /·. ·.: f;·,~-- ;~~--~:_;._, "·'·-~-- :·i .•. ~~d function~! derivati~s thereof1 in' w~ch -~1, R2, ,Ra,. R4, ·R~; R6 and X have ·the meanings defined in claim 1 ·wJµch. comprises reacting in, one ~r more stages, . · , ~/> 0 (a}~:·c0mpoilndof'-the'forinula:-: : ... ,._, ··' .,··; '··:;,,_,, 

ii:""···· ::, 

. y.·.o;•• . ; \ ;"_ .. ; ·~ .. · •.. · ...... 

... ~: ... ''.fr 
. ·_::;.~ . ; ~: . . ~;. ~: 

~=-· ·-~;~~ ;:'.;i.~~·).i ".:. l ... < :: .. '.i (;'. ".;;·_ ;::r~.:.: '.'.l 

(b) a compound of the formula:--,. . 
·' \ .. · 

Y' 

: ~. . .:. 
~·g (•· ::, . .-·.' . ..... · ... -~ r 

., .. .. ·-:· 

:. f • ~ • 

.· ... 
i~ .; 

. :···'' 
.• ):1 

lfr'.~J;#cl{ Z"·is:.a'.)iyd~~Y! gii)upc:~µ4;::y .. i$r~ hy4roge~; at~##'.:~? gi()ulf ~Qg.I~·. or a group· ....:.COOR~ '(iri.\Vhich'.:R~ ·'i~ an '·alkyJ ·group); '.or ·y ;_and:. z,·tcigether' forrri"a ··chain W .. ..:'i_,::. ,_. ,·: .. '.:.<·;::-:,, ·.·,., ,:- :o;_,_,.,W . ,, · .. '..'''·:; ·'·· ,;.,-,:.: -.; /'.rt· .. '\. '\~.;:o·;'.,.-,;-,< 

I . I -CO-CH~ C-0- or a chain -CO'-CH2-CH~O- (m which Wis a carboxylic group or a functional deriwt•ve ~re,of or a gf;QUP convertible to a carboxylic acid . . :.:.-:_:._~_:.:.:.::-.::....:£...:.......: ... L·:.:...::.:.:::..:..:....~:.-.-..::.:.:...· _____________ .. 
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Z and inay be the same as or different froµi ¥-an.d:_Z; :ls. and B are the same or are 
differeµt _~d each, is a group capable of reacting with a, hfdl'.oxyl group tO fotm an 
ether linkage, or one of A and B is a group capable of being converted to such- a- re., 
active group; and X' is sqch that the group ~A'~X'-B'~ (in which A':and B' 
are the residues of A and B after the formatiOn of ether linkages) has the same mean­
ing as X; t.Qform a compound 'Qf the formula: - · 

-a4·. 
y 

an4, intenne9iate1y or tb~aft~ converting a~ li~i~before defined Z and Y anci z' 
and Y' to chains of the fomtula -CO-CH=C(COOH}-0- or functfonal deriva­
tives thereof to form a bis - ( chromone - 2 - carboxylic -acid) or functional derivative· 
tliereof. . . _; -- - -

31. A proc.ess as claimed in claim 30 in which A ind/or B :is an' anion forming 
group. - -· __ . _ -- _ _ _- -

32. A process as claimed ip. _claim_ 31 in_:wlii~h _A:_ and/or B is a halogeD. atom or 
a toluenesulphonate or methanesulphonate group. -_ · _ · 

33. A process as claimed in claim 30 in which A and/or B represents an epoxide-
or halohydrin group. - - _ _ -- · -- - · - · -_ -

34. A process as· claimed irt · cJaim 30 :in which one ·.of A or B •is a hydroxyl groiJp 
and is converted to an anioti forming group. · · 

35. A process as claimed in claim 30 in which A and/or B represents a vinyl" -
group and is converted to an epoxide or balohydrin gt;>up; _ __ _ __ _ - -- . - ·. _ _ -

36. A process as claimed in any of clabns 30.-:-35 in which where A and/or B_ is 
an anion forming group, the reaction is carried out in_ the presence .of an. _acid i?ittding 
agent. - _ -

37. A process as claimed in any of claims 30-36 in which Y is a group-COCHa 
and Z is a hydroxyl group and/or Y' is a gf.Oup -COCll8 and Z'-is a hydroxyl group - · 
and Y and Z and/or Y' and Z' ai:e conve~d ~ a chain 

-C~=.C(COOH}-0-
~ .. . . 

or an alkyl ester i0f the carboxyl group-tliereot,:- ._ _ 
_ 38. A process as claimed in claim 37 in which the conveniion of Y and Z and/or 
Y' and Z' is effected by condensation with an oxalic acid derivative of the formula:-

in which R9 is a halogen atom or a group ~R' (in which R' is an alkyl group); R 10 

and R11 are both halogen atoms and Rn is a group OR' or R10 and R11 togetlier repre­
sent a carbonyl oxygen atom' (=O) and R111 is a halogen atom or a group OR'. _ -

39. A process as claimed in claim 38 in which the conversion _of Y and Z and/or. -­
Y' and Z' is effected by condensation with a d~yl oxalate in the pre~ce of a con~ -
densation catalyst with simultaneous or subsequent cyclisation of the reaction prOduct. 

40. A process as claimed in claim _39 in. which said dialkyl oxalate is diethyl 
oxalate. -
: 41. A-pJ;"ocess as claimed in any of claims 30-36 in whi~ where Y is a-group 
~9~_, ~ .z is. a hydroxyl. group _and/or Y' is a group -s<>Oia and Z' ~~- a 
hydroxyl group, Y and Z and/or Y! and Z' are converted to chains ·-

·-l· 
-C()..;..CH=~ 
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\..;: (1h·n whif)"ch Vdisha group <;ovnv~rtibble to a~ca1r~xylic acd"idbgrotiJ!~o_r'.a·fun_cnh·o:ndald1 et!vative '• . t ~ an t e group 1s: :su sequ@t y converte ' "y'ox1Wlt~on ·or· Y' ro ysts to ·a 

.. ',;::·:>. ::5 

..... ~ . 

carboxylic acid group or a functionaf \detivative thereof. ::: <:\· • :. . , : ·· ' 
42. A process· as t.laiined:in·ah.Y. of daiins 3()....;..36 in whicii·where Y'is a,hydrogen 

atom and Z is a'hydtoxyl,group arid/or-Y.''is a hydrogen atoriiand Z~:·is a hydroxyl 
grotip, Y andZand/orY~'aildZ~ are converted toa chain · : · .· :::·, , ·· . 

. "... ' : ·. , . . . . . 
~ •. ; ' . . .. . , . 

. ,._._, . ...;.~~:~~~~H~.;.>:::·'t:·:· '):\::.; ·<{ ::.:.: 

.. ,.-. 
--
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15 
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20 

or an alkyl ester thereof~-·fot: eic:am:ple 'by;c()ttverting:Z-rand/"<it.Z' to a group OM (in 
wliich M is an alkali metal atom) ialid sul?,sequeritly reacting :the: product- so formed with 
acetylene dicarboxylic acid or a-dia!kyl- es~er thei;eof.. ' .· · · 'r · < . · . · . 

43. A proce&s:as:claimed:·&n any Of claims 30-36·iiiJwhich where Y is a group 
-COOR' and Z is a .:hydr6Xyl" grotip·'·and/ot· Y' is a·grc)µp. COOR' and Z' is a 

-bydroxyfgroup:,'Y·a:nd:Zand/or·Y'·aiid V are·c-0nvertedto:1l:cha!i;t · 
.. : . ·;· ; .. ' .. : ; : . ' : .. ~ . ,' . ·: 

. :- ,,:,,::; :.;'~.·~o--qt=~C(COOH.r-~~: :,:Y,_;_ 

-' .. ·. :, . _44: A pro~,~~- clai~ed in any of cl~~~'.:3~3~; ~~~~ch-w.heie Yan~ Z repre­
sent a clla.in-CO...;..CH=C(V}-0.;_ and/or Y'. and Z 1 represent a chain · 

. ;; >:~?.. :·: . ·.·= . -~ ' ... 

i. ' 

·,.··.·. ,. 
(in which v has :the_:meaning defined-in:cl~im ·46):the:.group· V is coii~erted t~ a earb-
·oxylic acid group or fwlctii:mal'derivative:thereof. ·· '. · ·' · ..... : · , ·· . : ' _ 
. 45. A pr-0cess as cla:ibied- in:·any_;.of .. daiins::3().;-36 'in·whicli ·where Y•and:Z-'.tO-

gethet 'repre;rent' a clu!,in -'-C~CH~~{W"r-0- and/or Y' and Z' represent a 

c,. · V as defined ill-claim 41), Y.;and-Z·.and/or:Y~ and Z' are ~onverted to a chain f 
. chain -CO-aI2-CH(W',r-O-• (irt which :W is a carboxylic acid gr-0up or a group 

·. ·: · ~--="(C00~1bj' dehydrl)geti:a:tion· and, if. :nePes5acy, conversion of the 
. 25 group W t-0 a ca~~xylic acid group. ... . . .. .. . - ... . . .. 

. :;:;:, 46. :Aprocesirasclaim~d indaim·30 sul:>st:antially as liereiildescribed: · · · · , 

35 

40 

· .·' ::::47;.--Aprbcess:_as· dairrieddn claim· 3~·-sµbsrantially-·as herein ·aeseribe<f·witli"'refer-
ence to the appropriate examples. -: ·. '..-, ··:: : ,., ·· 
.-,' 48. Bis-chromonyl compounds when prepared by a process as claimed in anY. of 

:claims 3(),...-4 7. · 
·. ·49. A process for the preparation of bis-chromonyl salts of the formula:-

·-.M; 
· o->c-o~c~Mr 

·.· 
in. which R1

, R2
, R3

, R', R3
, R6 and X have the meanings defined in claim l and M 

represents a salt forming cation, which comprises converting a bis-chl'.omonyl com-
, pound of the formula: - · 

in which R14 is a hydrogen atom or an alkyl group, to the desired salt; 
50. A process as claimed in claim 54 in which Mis an amqiOnium,, alkali metal 

or alka,line earth metal ™t fo~ing cation. · 
51. A. process. for the preparation of a pharmaceutical composition as claimed in 

any of -claims 17-29 which comprises mixing the bis-chromonyl compound with a 
pharmaceutical carrier or diluent therefor. 

---··--·--··--·· .. -----··-
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. ····~ 52.• A compound selected from:-..- . 
· 1,5: - bis(2 - carboxychri>mon - 5 - yloxy) - pentiln~;: 

;, \. 

1,4 - bis(2 - carboxychromon - 5-ylo:x:y)butane; . . . . . 
1,4 - bis(2 - carboxychromon - 5 - yloxy)- 2,3 - · dihydroxy - butane; · 
1,4 - bis(2 - carboxychromon - 5 - yloxy) - 2 - hydroxy- butane; 
1,4 - bis(2 - carboxychromon - 5 - yloxy) - bqt -.2 -ene; · 
1,10 - bis(2 - carboxychromon - 5 - yloxy) ~ decane; 
1,6 - bis(2 - carboxychromon - 5 - yloxy) .- hen.QC; .. 
1,3 - bis(2 - carboxychromon - 5 - yloxy) - 2 .. bydroxyproparie; · 
1;3- bis(2,. carb_oxychromon- 5 -yloxy) "."Pl'.opane; · 
1,5 - bis(2 - carboxychtomon- 6- yloxy)- penta.ne; 

.1,5 - bis(2 - carbotj-chromon - 7 -yloxy)..; pentane;. 
1,3 - bis(2.., carboxychromon- 7 -yloxy) - 2 - hydrQJcypropane; .. · 
1,2 .,. bis(2 .., carboxychroinon ::.. 5 - yloxyinCthyl)benzene; . · . . .· 
1 - (2 - carboxyc;hromon - 5 - yloxy) - 3 ,.. (2 - carboxychromon - .1 - yloxy)-

2 - hydroxypropane; ·. · 
1,3 - bis(2 - carboxychromon - 6 - yloxy)- 2 - fiydroxypropane; 
1 - (2 - carboxychtomon - 5 - yloxy) - 3 - (2 - carboxy - 8 - ethyl - chromon-. 

5;.. yloXy) ..; 2 - hydroxypropane; · . .. . . . . 
1,3 - bis(2 - carboxychromon - 5 - yloxy). - 2 - chlotomethyl - 2.,. hy<b'oxy-; 

methylpropane; 
1 - (2 - carboxychromon :· 5 - yloxy) .,._ 3 - (2 - carboxy - 6 - chloro - chramon-

7 -yloxy)..; 2 - hydroxypropane; ·. 
1,3 - bis(2,. carbOxychromo:n - 5 .. yl0~)~-·2 - ~xo-·propane; 
1,3 - bis(2 - carbotjchromo:n - 5 -ylozjr):-,2 - etho:icypropane; 

and f~ctional derh>athoes of the carboxylic acid grou~ yresent. 
. F. MURPHY, g. 

;.. .. 

Agent for the Applicants, 
. Chartered Pate,nt Agent, . .· . 
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