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chemist. Until recently, the original crystalline form, known as Form I, was the only
known crystalline form of aspirin and the only form of aspirin that is stable at room
temperature. As reported in Chemical & Engineering News, November 21, 2005,
Zaworotko et al., J. Am. Chem. Soc., 2005, 127, 16802, reported the synthesis of a second
polymorphic form of aspirin. Aspirin Form II is kinetically stable at 100K (-173°C), but

converts back to Form I at ambient conditions
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temperatures. Above the glass transition temperature of about 243 Kelvin (-30°C),
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non-crystalline aspirin. The process conprises
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[0008] The present invention is also directed to a process for the preparation of
non-crystalline aspirin. The process comprises applying laser radiation from at least two
different lasers to a solution of aspirin in a solvent, and evaporating the solvent.
Preferably, the laser radiation has pulses with an effective average pulse length of no

more than about 10” seconds, and the laser radiation from each laser has a different
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[0012] Preferably, evaporation of solvent is prevented for a period of time after the
application of laser pulses is initiated. The solvent is then evaporated while the

application of laser pulses is continued.

[0013] Preferably, the non-crystalline aspirin of the invention is prepared in a process
comprising: passing laser radiation through a Strachan Device, where the Strachan
Device comprises a first diffraction grating and a second diffraction grating and a

refractive element positioned between the first and second diffraction gratings. That
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Figure 6 illustrates an infrared spectroscopic pattern of the crystalline aspirin

sample of Figure 5.

Detailed Description of the Invention

[0014]  As used herein, the term “non-crystalline aspirin” refers to any form of aspirin
that, upon a powder X-ray diffraction (PXRD) analysis, provides a PXRD pattern that is
substantially free of any PXRD peaks that are typical of a PXRD pattern for crystalline

aspirin.
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aspirin is illustrated in Figure 1. The
substantially blunted or reduced peaks, and a sample of a purely non-crystalline

compound has a PXRD pattern that is typically free of any characteristic peaks. The
molecules are arranged randomly in a non-crystalline compound, and, thus, the reflection
peaks are not observed in the PXRD pattern. Changes in intensity that occur over broad

ranges may be observed in some non-crystalline compounds along with baseline noise.




PXRD pattern of Figure 1 has a nunber of peaks,

characteristic of crystalline aspirin. [0019] In
W08 Figure 2 provides the PXRD pattern BET/US2008/080098
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[0021]  As with the disappearance of the characteristic reflection peaks of a PXRD
pattern, as the amount of the non-crystalline form of a compound increases in a sample,
the Fourier Transform Infrared (FTIR) spectroscopy absorption bands are broadened.
This provides additional evidence of the presence of the non-crystalline form. Infrared

spectra of crystalline materials typically exhibit sharper or better resolved absorption




Thi s provides additional evidence of the presence of
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vislP branofbighly Hoind sfthstEin LBbRabdigh hEARGDy
ph&BaRE¥EAph B BRlcaystARSE dspiH, exhibitdgtdgh/order white interference

hot om cr ographs of pure isotropic non-crystalline

coggpirin particles of the invention. The absence of
bi refringence is evidence of non-crystalline aspirin

[0(554] the, i:&hvcfagf, ibﬁgﬁ*ir@énc%% R6t observed in polarized light microscopy

photomicrographs of pure isotropic non-crystalline aspirin particles of the invention. The
absence of birefringence is evidence of non-crystalline aspirin of the invention. As noted
above, birefringence requires the ordered arrangement of molecules that is found in the

crystalline form, but is not present in the non-crystalline form.

[0025] The non-crystalline aspirin of the invention is produced by exposing an aspirin

solution to ultra-short pulses of laser light of different wavelengths from at least two




above, birefringence requires the ordered arrangenent
of nolecules that is found in the crystalline form
whaoos22et present in the non-crystalline forreT/PSDR%)80098
The non-crystalline aspirin of the invention is
soul?ﬁ{e@ dug ?éiatmélyeﬁl%ﬁ%uﬁg ré}ﬁtlﬁ%kaﬁé %&leagdr&’c fgttﬁe solvent. The pulses
tra-short pul'sés of | aser ght of different
of lager digbtigan be ﬁppimdastmulmouﬂlmmf@wuag sequentest i vel y
hi gh pul se repetition rate, and evaporating t he

10038} e sATvB e ol 1Py S breRer) B BRI Sfhn the

plcsiet:afd ia¥ige trm‘@wm? sdcbgd)| asemapk &eﬁaelfantwﬁfoﬁﬂ aﬁﬂg‘;é (00" to 10°

, greater than the picosecond range (10~12 to 10
 sqecadh @y the sHbr feratpserond senged<rl Bt $eedn Preadee 1@&@55 preferably
ﬂggﬁ i(

has]agl e}&%§8& %%chre? 511t t%ng ??Vgégzlrafsfedg:t I eﬁﬁ&ds)}/p'é I alne (;bgchggéselioar?out 400

an&zﬁi@heﬁﬁﬂnmnpﬂefwaﬂlp,vm thehadaf ultifaviohet (UVS) it ble srepet morg preferably,
bet ween _about 40 abou run, ref bly,

at 4 Vieyel gL AP AOREAL O @gmetdv? Ty %?ralﬁif‘é plafgably has

i
emfh SEellin Slc BpUENAL S 2%82%12@339@;2 rPanParlitht 550 and
abogip ﬁﬁ@mdpraﬁeralbig, mgheredianearghfraree (m)smbtea)rsf@eabﬂy airg

wayisth OF BB RoReal P APP U ad Pt b cinf b HiisPar a6 fhanons
cen\f@f&? ateﬂ%lﬂr Whvdlémsane Uﬁvcﬁs@l@rttv@a\% 168¥s, rﬁm) 1845 Wavelength

| asers havi ng. em ssions centered at siml ar
lasmmtwn gasmss with emissiopg cestiered now\s80 @y ey hesispdil it sgane
|
o GARHE AR Beb eI R bR Ry 0 8RR coner

watlldtl 8f fromSabotip4®Merabo@ k0 rineant 4 Sechad tasbeeringt nteed
Wi th one | aser having a center wavel ength of from

wayglength 2bGommabapb0 te2bowA7AAM-a second | aser having a

center wavel ength of from about 400 to about 470 nm

[00[29@27 1Wo'i199éih% B%ﬁ?@b ff? Yst t%}éi‘i%%d/ that the bﬁtgﬁ%éﬁ%&’th of the

e outpu e lasers Is broadened
laséry i breaddnbé by itheeefotive smmﬂ p;ﬂsel lemgth h ThisHoBowsfibmibe Unoertainty
the Uncertainty Princi t.he short
Prifgpleo gt epub e HogrH IS B 5SFH P S YA B roR s tht
lntérQ&tWﬁH‘ﬁﬁftﬁ)@é vikdtidniMbntiob bR citbiE dlatRREkheaRPHRA o provide the
el ectronic states of the aspirin to provide the

nomorystetlinstfatm.i Ae afrequlh, lasers having ah emisswodhal chaesnegdate a specific
en1SS|ongﬁgﬁ% corres qu to.a specific absorption

absb’aﬁi&’n&ﬁ“ saBPIPPr?I arE r?%}lrep equired. [0028]

Preferably, the ultra-short |aser pul ses are produced

[00kg] NOBidf¥ably, the el tHout lagdh ptiRes drapesductdbygmodifging the output of
sparse nodes of constructive |nterf$rence of
thedpsszy P EFRFFALSPArse ERYCs\ph FRRstruglveyinig fesieg o glegjragnagnetic (EM)

wabdd §968c1DRR by O areil R B68300tamPet s 1 0562 {0dGPARRan, e

disclosures of which are incorporated herein in their entirety by reference. As used
herein, the term “Strachan Device” refers to a device of the type disclosed by Strachan in
those patents. A Strachan Device, as defined in the ‘500 and ‘564 patents, and as used
herein, comprises a first diffraction grating and a second diffraction grating and a
refractive element positioned between the first and second diffraction gratings. When a

laser beam, either continuous or pulsed, is passed through the first diffraction grating, the




di scl osures of which are incorporated herein in their
entirety by reference. As used herein, the term
WO Bip/ashia Device" refers to a device of the tBEEUS2008/080098
di scl osed by Strachan in those patents. A Strachan
refiReNVEaemBs, HI th88ELonA diffBctictPSaBRd at RA% PABHM 8f th8Bdam is
as used herein, conprises a first diffraction grating
subatadtiallseanoeldd By idestactivointeyfeaenasg Tha dntaracedn efthighy beams that

el enment i ti oned .bet n the first and se d .
pasg PPEL eGP Dres Tebrin defimictive pudforeiie i substantially
carfeBlR thd M RthdUdxsaHe Sirchaa TReebel MheWERadtiRe efeliest allows the

diffraction grating, therefractive elenent, and the

canseldasion tdiotfur aveT osmyt perrengageant thelaser squisgrathenthet atigyangle
.beam. i stantially cancel ed by destructive

Cnt?%?%’ﬂ’%?e%{g'e. The interaction of |ight beans that pass
through the Strachan Device results in destructive

[0020] er Rela¢inelg shiras zanieb of evtisirattive in@nfeadnse bévar betsresn ds high and
they exit the Séracha Devi ce. The ref({ig\cti,ve §I engnt

lovafre@ifgcy Ressetfdar FAICIonGIgRe in sRjestedydissehpps from the aperture.

88 oPlorkhothRIREBRHECSAENG wHeRBihe Blitpt F hBlSFrach
Th%%atgl&(r:ﬁé)? ngveolnengt‘h.iﬁ?[(%rOZgTi Re|cat‘I5VZ| y spa?setp?ones 0 achan
Devioe sdsnlis i aoasirurttioe igederencent audistivee e thehdevice g Tha ndnstructive

. .l ow frequenc asses of the cancell ation el emgent in
intee e GO UEL G P DR S T GRE e B9 deg b ai-short
pulb@dsTioht. 16ddGitd Btieved R a9k eTe@iveGfultle 18Pl ¥R Bore than
the gutput of the Strachan Device results in
abapphET sesonilie i nterference at a distance fromthe
devi ce. The constructive interference only occurs over

ra ' I OflS..: '
onp] SYBEE Sk ST PA M WSSt e o o
reldtivempditefel o€ Wavelemithsa thehgértausd rapid transkatidd antha bavation of

10 9 seconds. [0030] Wth a Strachan Device, .
thepg npdep.difafor EaARIEsTictopHchapers iR AT &t 2 faser digdeandyr A
AfERAE Y NAERON Rt oA, RGOS, bk Mol GREE OGSy, As
restiliira @xéanpdes, lader bednm trtednsfolmand) ego strmgrafertremelyahom deration

di qde, and fl uctuati o i.njunction tenperature causi
Pl ELF SHRPIP RO 1mAErY SHALASY REg R o P MPHEIs FPRHen. The
ampliae iloduRKSn bfarRde Pa@éx@at 2 ﬁ%&@éﬁ%ﬁ/ oF gR4 1i MR, igwell Wiftin the skill

of extrenely short duration pulses by the sinple neans

of hbse Hilked indhg/art ndb b résolt pulenjangtby having i duraéion in the picosecond

nodul at i.on.., The a Lt ude nmodul ation, of di.ode | asers.
ranfp ot B b Ble T e R ThrePgRbocte Thes B finavie
witlfa progE skpdrb@Siridhah DRvRE tand AgpEtude shddulatdldisge laser.

| engths having a duration in the picosecond range are

readi |y attainahl e, and fentosecond or sub-fentosecond

(00841 s e Somexample, & hempaatinneys dodsrlagser thy pplse ppelion frequency of
the St R Ry Aot i AITR s dXRAL 8% B Lipttfie ASETation

frequency of the direct laser diode drive or the acousto-optic or electro-optic modulation

device. The inherent current modulation of the direct laser drive method will result in
more fluctuation in laser center frequency reducing the period of the coincident pulses
while acousto-optic modulation provides a similar effect if the aperture of the modulated

beam is greater than the diameter of the optimal modulation aperture of the crystal, as the




[003 1] For exanmple, with a continuous diode |aser,
the pul se repetition frequency of the string of
W@xaopesels/ short duration pul ses is defined byP@TES2008/080098
anpl i tude nodul ation frequency of the direct |aser
outdt féqg viNibe8eRdet 1S nRRASIOH AP HeGnf¥r radiPCutRp MR difective
nodul at1 on device. The i1 nherent current rmdul ation of
apdrtuge thi the finclies &y althri ve nmethod will result in nore
fluctuation in |aser center frequency reducing t he

f the COI C d ul s
o3k, e aaRaBe SFEbaRiiag SRl SRR @Rbbiip.  repic
alt@ﬁatlﬂ'@%eﬁ@éﬂéb of ﬁlﬂratmamlaser pilils&! fesm ahRBsttthe d@ﬂf@aiﬁtwerscﬁre
the optimal nodul ation aperture of the crystal,

apnlied deitheraspiziag Asgisqusisd abaye; iigis bpligrealenttha @aplttrbaﬁdww@ of the

tash A brob ¥l o5 PR iy JFl e TR SRR o PabiBmey
anslplég Asegrebile tivoshoetrpuddeabf lasaflfgh:t aireda‘ehﬁ@qnli to Jipﬂovi@e photons that
r api ernating se ce of ultra-short se
mteaﬁrtsveéh mpis Yl%raélgéﬁl AT aleeFanE Mot A Shecasird tgpEPYidgthe
|
nof-frybARATBIL. s oSl PR Refing R Upission thit B Sto p specifi
abdoypttolnebaﬂ& of theplﬂj)lﬂﬂ aremgtrbqulféki; and;, thuspthes choiomof lasers is not
erta le.. As res e shor
crigal; Gogy NVl be BoEbh ShEeR Gg 2t 1B Puhe BlaElet band
(prbﬂ%%a%!;@&ou%@@tdﬂﬂoﬁt Ploennd) Bided 1a833hat ¥AHLsGh (1R 186 td Ak Enfrared
states of eaS{)lrlnto provide the non-crystalline

wapelength Agnch(pr efeiabty, about@ilstorsho i Oammleni ssi on t hat

corresponds to a specific absorption band of the

ir ' ,
(B30, B340 F B A ekl chABSARRLES: Mt or
comhhwmdteu&rdnge afdﬂas ghort Badatiemirt &e itwo Wwhaeelbhgth mgmﬂmhat are
band (preferably abmi 400 .to about 470 nm

prodyecsh usinggnegpimpare Srachan Devices o Wighqut peing QPlgaiaby theory, it is
AT R BELRIA e LBl B 088 e
clesteopie muxii‘ombmllbﬁaisstamsa:tfﬂm Erspn‘ﬂs doiuptimgshtenosleardar interactions,

erference of yltra shor ration_in t
and, J81 R ERmE 016 SOmHPn GPUop BRRIH HATHISGHECHFe: ror e
Strachan Devices. Wthout being bound by theory, it is
[oo3ay i e‘rﬁéirddﬁ@teniﬂwat@letsmbwdh agzﬁemﬁe A§AriR bf tHelinAnEbRLL

| aser pulses interacts wit e el ectronic and/or
preﬁrbblamrtmaed by Headtenting applicpiion of anaplgpdpmpdigated sparse
{
colHhGIRRELHE 4 ST GFL41AG R0t A0 b2 pall HRBLANDStrachan

Desfcé Lmﬁlapphec{ 0Qa4kpifingolutionn & sFleend! &P[*ﬁ"eﬁbl@bﬂﬁ alternating
non-crystalline asplrln of the invention is preferably

- applicatiensage ipeatpd frsaucatlyat | ng application of anplitude

nodul at ed sparse constructive nodes fromat |east two

[003i f eEREYul Lidv&hiSark RifficallyRrPans Ssividi AU cRaspiif R Teast

moderately soluble, that evaporate at about room temperature to about 130°C, and are

nontoxic. Preferably, the aspirin is dissolved in an alcohol, and, more preferably, ethanol.

Solvents are preferably anhydrous, and the most preferred solvent is anhydrous ethanol.

[0036]  Preferably, the laser radiation is applied to the aspirin solution until the solvent

is substantially evaporated. More preferably, the aspirin solution is heated during the

-10-




Devi ce, and applied to an aspirin solution in a
solvent. Preferably, the alternating applications are
w0 2peased frequently. [0035] Useful solvents aP@I/US2008/080098
typically organic solvents in which aspirin is at
applR&Sdn SMASIRLELYi 86 Rl Sapbhifibn 8F BRALALR:. Ao PReErabBOMe
tenperature to about 130C, and are nont oxic.
las@rredietiatbisyfirsttapplied joi the aspign solukon, wdgrd the splutipe srrgivered with a

B0 BB EL AR RSP B Pl

cowt el renldVedSndhehpliabtion oft 18er kat&lonlia8brainud as the solvent
applied to the aspirin solution until the solvent is

evapaigéesanti al | y evaporated. More preferably, the aspirin
solution is heated during theapplication of the |aser
I ab) ratj.of yent 1
0053+ ChleBafy; e HRBRIGB:0Re R lack ol A he MiElviofe wavelength
and hasa@hatrentitssn the redrorangp evavelehgthdahdt Mume pefaadgr thd lasers

with a transparent _cover that substantiall revent
pregsyaiy Rt A oranghel FOnL40 o 2ppat ‘?7?03}?%% ﬁ%(? e Ege of plout 620
\V t &t ; ; i j
o e pos B a2 AR il L e elengths
mafPibe fuegdalitly thetiheentinn e Good oerpits bavebden obtainted avittemBtrachan device
e. bl ue-vi ol et | engt nd a |laser that emts in
an({ﬁgdq. %fé%&@%éf%ﬁﬂ%ﬂgﬁ@ More preferably, the
| asers preferably emt in the range of about 400 to

[003BPUt A#KBughthapebcess dffige maB@ionHas dBELIEhoGZ o heovade ut
680 nm respectively. More than two | asers em tting

at
nontriysiaHingaspiginan Segressnemsf remakay the precess agyraleorhe resformed
. - . i : vi
in 6 bR he  HHE RO ORI B b RO MR8 e,
argbD W3 theflindmogigh Foheospreas@ssnitdogbhis prefesrad.i Tite ise fiieeinert gas
.Shown to provjde non-crystalline aspirin in the
wﬂbﬂ@&%@@ﬂ&f@ftd&ﬁ%? the pSPIEip &0 W&?@@ﬁ%ﬁl@éﬂf@f&%e
. performed in an.inert atnmosphere. The inert atnosphere
[0038Y DehPIowIREndtRlingidY dvaRPR ardBletdiyMIudh &R of Ye preferred
other 1nert gasS. For cost reasons, nitrogen is
empodifrenised thefiresensmvertionh end arempt tpehe aonbtrued|as himiting theny

t endency of t .aspi rin xi di ze. duri.ng the process.
mVF%?léllsﬁgpef %‘W‘b@ﬁ gsg({eﬁgﬁ& BY ﬂmpﬁgnde%%gﬁfwg-s are nerely
illustrative of the preferred enbodi nents of the
[00BOESEAk disoueed bifdve, Aditcasallietaspifin hefae Giost theesbBsamic
imting the invention, the scope of which is defined _.
equaljbrivia agiogBeEReEHe.Aad hag alnays peengiourd prsxipusly 49 be crystalline
) Ll i S
or BIYFANE SrbhpE SRR b b8 Bk ook B BRTBINAS it fe well
belbwuoein perapératusd, yp totheenelt teatpatdtime However, the repetitive application

of laser radiation in accordance with the invention, converts aspirin to a predominant
non-crystalline glass form that has been found to remain stable at room temperature for at

least up to about a year.

Example 1

[0041] A single sequence of 2.5 minutes each of long wavelength (red), 674 nm,
followed by short wavelength (violet), 408 nm, amplitude modulated and structured laser

light from a Strachan Device was applied to a solution of an aspirin in absolute ethanol.
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or to crystallize at tenperatures above the gl ass
transitions tenperature, which is well bel ow room

W@ 2oopesassire, up to the nelt tenperature. HoweREr/S10n&080098
repetitive application of laser radiation in

Eacﬁlcd}g Q}%ﬁ'@xﬂﬂz&@y ERe éx’ﬂ)\éﬁ&t& B%Qms GRRLRIIS &gl UVQr th@ sénple at a

ant non cryst alline g ass formthat has een
d1s1fancm«zlf 250cm dromi the Strabliaa Ia¢viea ofm ta@aiymsr of the trefited agtirin with Ii’lfme

rr A tE 328 e ot S cn ST Rl R B g ion o

tm}%é}uaﬂb dfdﬂlé@mle tpﬁ'Yn SBRdrhlyRYSIhan ghbmiMineke ) mrA B Su®, that
ul a

anpl i t ude nod ed and structured laser light froma
weiststabihatrroDmitmperaaise epssl thesplvent had syaporased. dloghpf the droplets

hacgas g LL g%%lgggrglcmﬂ%egﬁgﬁghv&%ﬁm ]?afl 5 @ot‘?r%% ?%?H%ttﬁ&%/gél a few

dro@Iet@wéHe%ﬁlﬁdlSi &0abpidd Theabilioyof ﬁhe 1sﬁtrbplhhﬂaﬁerﬁlﬂ\td) esist An
anal ysis of the treated aspirin with plane é)larlzed
crypialiation wh@s@wtyngj@ﬁaﬁﬁﬁr%%af qndalbieedaptsral demonstrates the

r
sl S8y ST A5k el ks S5 st e
desﬂidatlbmhﬁsamcc@rr&dmﬂ in size, that were stable at room
tenperature once the solvent had evaporated. Mst of
B t he Eropl ets had a core of birefringent crystalline
2. ial and a hal o of isotropic aspirin, though a few

droplets were purely isotro The ility.of the
[00R3bt r SpF @emlérfﬁ%ﬁatqdéeﬂw appligeion Fiser Hitigaah Broduce

staBiRUbhIcR% SJT%IE% afss %@trésu‘?tfedg ﬁxt%h:%ddcﬁgﬁi of &} ﬁ)r éb’é'ut 80 to about

enonst ra Ity non-crystal l'ine
90 pepéntion nofre bhiransperent gloss nonentystaltine hypining hDrdplets ofpuro glassy

oncgeéq%ool z g}p%g{ll%gaégo ‘r:lr@lge%é)g gﬁ% lpelual%d 9;1 §£]§1}lﬁme‘cers wide
haveAReAR TR th B RfaBRUELY [ﬁioadﬂoﬁt 298 &f MohPdehipBRnatass
aspirin resulted in the production of up to about 80

. to about 90 percent or nore of transparent glass
. [0043h- cApslisgnssed ebareph Fefereney ssmd@r%cmta\éw éSIQMé\@;? analyzed by

LY T ST
aspién BliBtdteatddon Rigure 0. dhe lai’ysallmaaerspﬁh waoid miaheedtsing Fourier

[0043] As discussed abgve, a_reference, standard
transioren mﬁrarwépsgtmsww, aedlugirated eHisptr %vxwheﬂ%@D pattern of a

corﬁ fl[nﬂ% Bld rft;n' dth@ Eﬁteqfef\{lﬁflh Qfs %@?fﬂ@@gﬁc@a&éfﬁtlc reflection

erence sta crystalline as nis illustrated
peakn HﬁI‘I@mpectioscéfﬂrgecmﬁymB abinpoendaidpitrfication sind pswvidasfhistherd

ovilPnc O M e ERGE FEteDy SRoVEHCE PRAGSIA D RROGfiog bands that

occurs in the non-crystalline compared to the crystalline state.

[0044]  The highly non-crystalline glass state of aspirin was produced by repeated
applications of cycles of sequences of long wavelength followed by short wavelength
laser light modulated and structured by a Strachan Device. A 10 mg sample of a
crystalline aspirin reference standard was dissolved in 450 mg of absolute ethanol by
stirring at 9000 revolutions per minute (rpm) with a magnetic stirrer, while heating to

140°C for 12.5 minutes in a stoppered Erlenmeyer flask. The solution was transferred
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conmpound in the non-crystalline state results in

di sappearance of characteristic reflection peaks, FTIR
wapmensngEopy confirnms conpound identificati onPCHEES2008/080098

provi des further evidence of the non-crystalline state

intd¥ 66 RAWKNG B SAdRM HEh,Q{oy@an%iﬁlté Sasdan dﬁllqetll‘@ﬁ dish was

occurs in the non-crystalline conpared to the
heatgd,tot1Q0FC pe adohiplate. [ 0044] The hi ghly non-crystalline
gl ass state of aspirin was produced by repeated

ligation f. gvcl es, of I . th
00A8P] % P RpE e S e R ERERRA R Lo OGRS ¢
mo8ifledGHit £8trishan Delvicac IThe fidg \ciycle .wab the £pplicsivsipdfemngilitade
{a,lySt alline aspirin reference_standard was dj ssol ved

mof atedliody later pbirome diedednssr haying eicetral gvayelengihpf 674 nm.

; ; " . i
G XA ET0 P S R R RS
diole Iarteyérg 4 tcaskl wihederpdl of 408mmaThe samst evas ecthiet glowly
60_nmm mm gl ass Petri dish, covered with a_glass
gyl caoa! e PO e BEaToBe Bnge g g o from the
Strlhdh ®evid@045] The aspirin solution was treated with

repeated cycles of laser radiation nodified with a

Strachan Device. The first cycle was the application
[0086] anphe¢ 6Temriestulimde beath bad a pedlepowdr@ih ¢ 30maW withowweptics.

kSRR RSP S VELSRI58 aR S PRTIEe tep

pow&Oiidsat@sted bgdBolitasPeierdent Usihg €8 Stradh@tiPelias he 624 hintheam
a central wavel ength of 408 nrn. The sanple was,
way gljnsteditosthe &P percartgligse waesellagondevs! tophtan adeane dipnpteream of
beans at a distance of 25 cmfromthe
abog?pg'gﬁlgﬁ]’mvi ce. [0046] The 674 nm | aser di ode beam
had a peak power of 4.80 mWw thout optics. After
[008ZEsi e #08 omdivam HEH ardeab powar dfehoutek ariovitlemtadded optical

cleih S tter DEHG (s DEHAR PehRaLotrRRLF 574 s geiin Device
the{R 8k AEWESHRG 8 R el DG BRI bt PDRRE tHeastERhhRDEPe, the 408 nm

I'evel to obtain a g cm di amet er beam of about 0.48 mW
bednD 47 djTted HoBe BA petsentmbassicanceliation peyebio @ftainladuem diagneter

mWV wi.t hout cadded optical elenents. After passing
be%?ﬂn@é’l’f?g'%%d‘&rews 5x beam expander and the Strachan
Devi ce the peak power was reduced by about 50 percent.

[0048] NYBbitEbeins e BleBiedtiCly dnlifitdd¥inoduliiedm 6\25 Megahertz
adi usted to the 80 percent phase cancell atjaon |evel

(MHg1- appdigcmsedahavanwtiequt beingmbernd by theoty, #gs hgheved that thteooutput
bandwidth of the lasers is broadened by the short pulse length produced by the Strachan
Device, which follows from the Uncertainty Principle. This provides interaction of the
photons in the laser light with multiple electronic and/or vibrational modes of the aspirin

molecules.

[0049]  The aspirin solution was treated in the covered glass Petri dish while on the hot
plate for one minute with the 674 nm configuration, then for one minute with the 408 nm
configuration as above. This was followed with another cycle of the amplitude

modulated and structured 674 nm configuration, followed by the 408 nm laser
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[0048] Both beanms were el ectronically anplitude

nmodul ated at 6.25 Megahertz (MHz). As di scussed above,
wawrakhos4bei ng bound by theory, it is believedP@iiE$20081@80098

out put bandwi dth of the lasers is broadened by the
cor}RbdtioRd kb SEER 6 QEHEREr Stell) er@ﬁhﬁ-e@@cpe%é/bﬁﬁe 674 nm

whi ch follows fromthe Uncertainty Principle. This
lasgrfollpwed by titeat08 cunt aserdfeatrhent prastfond minuteswith gandrlager gystem.

with nultiple electronic and/ or vibrational nodes of

100D, BBl s VAR Bt A B i R Ml O

evapBtatiph af éhef clianol EFdT thelth@raibi bf the €aser’#edtients, spanning 5 more
configuration, then for one mnute with the 408 nm

cycdesntheqapiainiin athasolspbiien rampigedian thediof platsd Thanexhavslpel 674
e b AT DR AL RS S i S
nedtdsscies of 6 plnmatfolimged oy 4@8wemtasettreatinentsapplied Zisdiutes per cycle
Witiyst em The third sequence of the 674 nm.| aser

ohe BaerdyHgme ARPlFGEONRG Ewte ?%cg BERBHHS ROy empjetion of the last

oyl Oy il e R 107 LA AR Ry i he hot plate

to ¢omtipes thetprevespalatvieohevaporatien et hrool temfperaturh ©f dopwtlBd to 20°C
. treatnents, spanning 5 nore cycles, the

f.the.l
an‘g%]ﬁlilrflfdﬁty?‘ﬁ%étpﬁ%‘fﬁ%ﬁ‘ sol uti on remai ned on the hot plate.

The next cycle of 674 nmfollowed by 408 nm | aser
[0051 Pat A HeSend@s tHedbse? tidhtting Sno¥t bhthe 36ivehtitidraliS¥®t &iporated,
The next 4 cycles of 674 nmfollowed by 408 nm | aser

resglitigg e ntake’aphsleas drapsnerant glass pwiritgrrexinataly 2 ke Vidsers
r R LR QSR Yot 20ll Uy SRSl PR B! e MR a b

repsasaiting approxametelyt 30e@dresht as fiercircumésentirperideter. oDedpie the
hot, plate to contihue.the process of .sglvent i
formgtipn phan kivacratallizsher gﬁﬁg there,vas peslighie exteasion,oblfis front
1 JOLNAN he end of the
aﬁ%&?g@léﬂ%@‘gg Fr%eyn%}{afeﬁgg%&%% &It?ér%%eds{glgvent hﬁéélég'al r eady
evaporated, resulting in a "l ake" of clear transparent
[00§2hs s Within ain howrpd itlexévaporatiye Gesotmatipnl processrialowingrtherasér

rystallizati fHad f.aroped arqund the.outer in o
ettty e vFRm bt vull SERwPrT 4 by s Biatiss T shSle curc
to PEEHYIV-RYstillife SlabCrdiHet iRl RYstdlBhd fRIEConBasd dt6rabb et a room

formati on of an active crystallization front, there

tempgatirepif ibows|18° i0d% hsindribert TthioOmesnent kifmigity resulted in no

onfi R GleRlind of B ity A, a PRI PSLNRP B Eftud B ration, with
pressationad fitherwietsx@aisse fod krianspiargnt glass dspiar evien @djan@mtio tHetréin of

system stabilized with 80 percent or nore of the nass
crygfpllizgdos anpl e cur ed

[0053]  After the 6 months of storage, the laser treated aspirin was studied by PXRD.
This pattern, shown in Figure 2, demonstrates this material to be highly X-ray
non-crystalline, in marked contrast to the highly crystalline pattern shown in Figure 1 for
the control crystalline aspirin. Compared to the high intensity reflection peaks seen for
crystalline aspirin, for laser treated aspirin these peaks are essentially completely
eliminated, indicating that at most only very short range ordering remains in the

non-crystalline glass form produced. No crystallization has been observed following an
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to a clear non-crystalline glass rather than a
crystalline form Continued storage at a room
wa 2ovpesastire of about 18 to 22C and about 30 tRCHE0S2008/080098
percent humidity resulted in no change in appearance
ad@fiodd1 §ixSAGRhE o CH6apE Bhdi8lobSGyRfoneMehoRstiRNhB Stability of the
duration, with preservation of the w de expanse of
non-cusparedntm gf asparimpyednéad wijle thegagthedof the invienton.i m of
crystallization. [0053] After the 6 nonths of storage,

I . o Sl . i .
10053F o R NhTRR R RS byt Gudish s el bl v P
trafigFodeinfiagdt FTIRY Seciictopy, s khbwn feFigite 4rehkethpadsin tdshe FTIR
to the highly crystalline pattern shown in Fi %ure 1
SpeclpsQoRY of awibrefereyas Ay ialiae mafrial showaoRdages 3 klatiyely broad
I ; : [ r N
ol ah B B e o B K B PR callpI o ahfitin o Eompared
withshenbraddfined bapdsetf ehe/crgstaliinn aspern réfethoadaimyde. t hditarealt spectra
of %‘8%%@1?19 gaé"]\:/rfqu%@%g:g@;é g{lﬁgﬁ’ %1%12%2{5 I@g (f:rrre n?‘llerglsablsgrp%ilgg bands than
theHohSdMthiliAdFdrAb ke REGR LBRRHRAdSA 0 BWvBBient of the molecules in
anadditional six nonths of storage. Those observations
a crjstablirst lntiice Some baudsiih ian ynfodred spectiom-eaywalsabd $med sommewhat
of aspi.rin produced with t nmet hod, of .the inventi.on.
oo Rt P St shriafnf el e BEaor S S BR form of
thelsaBie cHHPORRT OShp&iaHE FEIR ks oftfsialineakpidin(Gndl4Rkr treated
spectroscopy, as shown in Figure 4. In conparison_to
aspitie theseRowpewnds sseepyriiothe samp chemicak antign cEhecirpadeaing ofdhe
spBaffiest sTHRA b i i odaR Rl ke SRMnt with he
nomotystullititfairh bfespirdipl es of aspirin as conpared wth
the nore defined bands of the crystalline aspirin
_reference sanple. Infrared spectra of crystalline .
X als typically exhibit sharper or better resolved-
absorgti on bands than the non-crystalline form because

[00561 t h&ubseauns éestsr ik Bimpsptoprhnd EATIPIS2 WS TRRatad Vit therprder
or By k3 Y AP BN 6Fep P2, el e, KA one

wactlangk sydled §cquended laveetcatmyst alHis pretoral ssé plodueaddipt he0
non-c¢rystalline formof the sane conpqund. Conparing .
PeTCHE SHeHIFO PR IPHPHRIET ?%?lﬁwp‘ﬁgsﬁgbqlwl?ﬁsé‘ﬁ@ﬂpa%’ rémained
: Riflofdrite (hRRF2S NAhePefti GB B5AYinkfdSueR T amp
Sta%lﬁgﬁ(%grf e telfty. The Er oa e?lrlkéng gf et hesspectrar%esﬁeaggmnpe
of non-trystellint egitie cvaa piriced on edgeafor agdiiod ofwbouf satweeks. No flowing
¢ onsi s]téent 034 th &he non-crystalline formof aspirin.
O BR SHPPE Y5 98BETY Subsequent tests with the protocol of
Exanple 2 were repeated with the order

Comparative Example

[0056] The protocols of Example 2 and 3 were repeated with the exception that there
was no application of laser radiation. The resulting material was visibly crystalline,
which was confirmed by PXRD analysis. A PXRD pattern for crystalline aspirin
obtained without the application of the laser radiation is illustrated in Figure 5. The
PXRD pattern of Figure 5 has the same peaks as that of the control sample illustrated in
Figure 1. An FTIR analysis of the resulting crystalline aspirin was also performed. The
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of long and short wavel engths reversed, i.e., short
wavel ength foll owed by | ong wavel ength cycl ed
wGeyoeswderl | aser treatnment. This protocol al soP@F/Use0&eB0098
up to 90 percent yields of roomtenperature stable
resﬁ‘l‘ﬁﬁg E%M s iMEueteASS FasRs 6] dhd WPt ANPIHE &GS ba kg
at roomtenperature tor over 23 nonths. "The Petri dish
illusatedimFiggresii cPhoge sanits eleafly danemstrptstibatitheveorasyystallime aspirin

. |l aced.gn edge far eri od of.. about . Si S... No

o PR S o PO, SR B o

las&PradBl6h I08S flocdi rMEPin0&Rich. of Exanple 2 and 3 were
repeated with the exception that there was no

application of laser radiation. The resulting materi al
[0 vilbe prble apy-srystaliinreglaggaspringf dheiarentionggtagy thexrD

an |S. - | PiAll
noFRFAIrk fofh O RRIEED ioRlec B ARl B 8L AL dhesult, the use
of thadbalctBmlkife folth Uspraatiedl forrclihicgluise db othEheppliXRibiafot rerfirst
. of Figure 5 has the san? peaks ﬁs tha%ﬁgt the contro
timga figF ex40nle96 ha rap-raisteilige derm of agprrpauRd dnbilipgpd todye more
soll 8 5T LB bl 1 S i S e e iopRsPRAlige A
shdudd disdadveambieahpidlit dnel Izanereastivhattlowbl doses. aingrrtiqular, this form
Figure 3..Those. results clear .denonstrate that the .
ofters ecnpaial [ adestapips PP ot LV D MBS o quickly
at £ORRE BERAith PHducd deh@Rdy td Mudoddl rfifationesul t of the
application of the laser radiation in the process of
the invention. [0057] The stable non-crystalline glass
[0058}i r iTa aghieylargerppalapreshicten af this foHB, MisFoEEIRSULALON parmits
form during. prel 3 ' -1 (=¥
s Qi Bl SR RAE 305, By O BRSO AL L1 B
lar g pattlctadlcofrPbsed dMherdn-cigstatine@kpian. diploesepsuiasor will
the first tine. For exanple, as the non-crystalline
factlgptaresringneciapdiring long trav 8larags oNEr Frider s oI riegure
VS ) _
ond B fEC a8 nbf Bk Aol A T G TR HAY el Bfhancs e
praatichlivg ofmapiyasalisorhed atudosaler tapoc deliveny gastans Miaroentdpsglation
ormofferg.the potential for a fast acting aspirin
techpigpes azp Well &LOWRiM AT synpt ons nore quickly at a
| oner dose with a reduced tendency to nucosa
[00557 | t SFHiRMt islpPRSht tha (B RiveMiod dEdEscd hitetn RvasiLGldil4ated to
of "this form mcroencapsul ation permts generation
fulfH dhesehigatngatod abore, itevillparappreriatedthatqumesqusanedifications and
emh%%@%éﬁ%l% be/adiRg R_?‘gl?&y’s'g S h o “TRAIS S Bintended that the
appéneédela@Eedll Qithwhddifiéations hdddrebddimants ah Gillsigwithinttle true
during Iong term storage over a w der range of
splﬂémcgp@p the present invenfion.

-
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and humdity. The non-crystalline aspirin of the

i nvention may al so enhance the practicality of rapidly
wab®onsed nucosal or topical delivery systens.PCT/US2008/080098

M croencapsul ati on techni ques are well known in the
Eﬁgkaﬂéggég] VWiile it is apparent that the invention

Iscirosed herein is well calculated to fulfill the

obj éct s Nondicegtalims/aspirint, whietdin the napprestialhneaspitiradoes not

nuper qus nodi fi cations, and odi nent s b evi se o
ory gl Gt g Roraek o o TR aps SO 9RG AR Spipetiifog & oY afcilgo” o
abdull3det.he appended cl ai ns cover all such nodifications

and enbodi nents as falling within the true spirit and

scope of the present invention, What is clained: 1. .

Non2cr ysiTh¢ nemerysigHineiagpiriyed claim 1y wlersiho-gasiglline ggpirin does

o : :
o RSB 5% e o 3 R R O L BBl aou
20410 aBb@B0°B0C. 2. The non-crystalline aspirin of claim

1, wherein non-crystalline aspirin does not

crystalljze during. storage for at |east_ aboyt six.
monéns. atheneERRERLIS AP ¥ FURT 5520 208 2B Finibe.

nor?lcxgyaﬁin@%E‘piﬁthQ'ﬁl?érbéﬂE@pﬁt?ﬂéc[' n of either of claims 1
and 2, wherein the non-crystalline aspirinis

m croencapsul ated. 4. A process for the preparation, of
nonécr ysAgitp¢ase fardhys preparabempr Ras-grystalbipe psmvgn. cogmpising

radi ation .from.at |eas Lffer 3 T
o e FoprPartTs oI oot B8R 2 98G5 b aeirna »
sole&it viidtevapdieting the tbloehta®Bereinatlie dseroadiatdon i dptivabllypulsed,

pul sed, having pul ses with an effective average pulse
haviggpielpesgritihen aigrctive RusraggRlee lensth of ae gy thag ggoytyly) ™~ seconds,
and @8 ?z{selr ﬁqﬁﬁgg %ﬂéa%ﬁ'lfs@?ﬂ dr %%ﬁff?ﬂe Wivefengi f er ent
- wavel ength. b. e process of claim4, erein at

| east one of the lasers emts visible light. 6. The

proBess @he picckssrof claimldaivimsredn @rdeksbonemifdhelasem mmilsassble

. emts radiation in the near UV to blue range, and one
lightaser enits radiation in the red to near IR range. 7.
The process of any of clains 4 to 6, wherein one |aser

em gs r agh@piceBsshA¢ithét oF cHave U eRg 5 whéteinhdhelaRe m@k radiation
from about 400 to about 470 nm and one | aser enits

in the aparti o hiag irangeaandsans] laseg emit rrdistiondn Higaed fo peas AR range.
about 620 to about 680 nm :

7. The process of any of claims 4 to 6, wherein one laser emits radiation

having a wavelength in the range of from about 400 to about 470 nm, and one laser emits

radiation having a wavelength in the range of from about 620 to about 680 nm.

8. The process of any of claims 4 to 7, wherein the laser radiation is modified

with a Strachan Device.
9. The process of claim 8, wherein the lasers are diode lasers.

10.  The process of any of claims 4 to 9, wherein the laser radiation has an

effective average pulse length of no more than about 102 seconds.
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8. The process of any of clains 4 to 7, wherein the

| aser radiation is nodified wth a Strachan Device. 9.
wabmpsneess of claim8, wherein the | asers arBCHUS2068/080098

| asers. 10. The process of any of clainms 4 to 9,

wheggin ’Tﬂ@%ﬂo@&% lofaAFbALTARRs NRS0, hefiih Bfel1hite rANSIAURS an

pul se I ength of no nbre than about 39 12 seconds. 11.
effeptize pyoegspules lengih ofhio shaap themaboe 19 ° géeonds.n t he | aser

radi ation has an effective average pul se length of no

nor e, t han, about 1Q 1 d 2,

of Fai mraPRgtsr! apgof AEPRC S GoBis? sBPARRg Pty taser
pulb&Som Btileast $wb difBrait lhRasdimulnedudlfer ent | asers

simul taneously. 13. The process of any of clainms 4 to

11, further conprising_applying |aser pulses from at

| ead? t wohePeessfany gEelplns hioal b SFher PorgPEYRe apR!¥eS laser
pulg‘e%'fro-l;ﬂ Gt RhQ ¢wo %}f?écrﬁrﬂrié(sefg inGlBinTBndsdqfe 5- wherein the

solvent 1s an alcohol. 15. The process of any of

claine 4 to 13, wherein the solvent is an absolute

al cbhol . ThéprotTess of any eSelainis 4oyl 3oWhetein the salvent isBn alcohol.

further conprising obtaining a solution of aspirin in

st e BB R EAD VLIPS

seS of Taser ra
alcphdlses to the aspirin solution; and evaporating at
| east a portion of the solvent while applying the
| aser pul ses, thereby form ng non-crystalline aspirin.
17. 1&§he phepwssssof any gf plpnes 4 fouk-r fEtheE 6PRBPTLENS @gt%lmng a

' Lk solution during the application of
soﬂti‘tﬁcgi +f;hggfrrﬁ%n%%81v%hﬂ“ g pp

pul'ses.” 18. The process of claim 17, further
conplaciap tige dspatn sodptionen sabutred nottainar; t enper at ur e of

about .100C. 19. T rocess of. a of cl ai 16 to, 18,
£ or SRLFRE Ghestitics f6 asBrRgreRgn Pty bt asPich SRYSHS (B2 ¢ he
as Pb¥apBratial 4t 1e8dt atPoktion Sfife SNFB Fitille®! 16 14564 MaeHs,
i's cgﬁpfetgd.eZO?_Theryoc%ss of clgi2$§%¥$furthé¥ﬁ

therbydoinging gow-ouistablgnetdspirwspi rin to room tenperature as
the sol vent evaporates. 21. The process of any of

cl a.HTB 1§hé 81‘0%938 off %fatirgel%, fipfRS J:o%}ﬂ%npg l%\éaﬁé it}{égaSpirin solution

during the application of the laser pulses.

18.  The process of claim 17, further comprising heating the solution to a

temperature of about 100°C.

19.  The process of any of claims 16 to 18, further comprising applying the

laser radiation to the aspirin solution until the evaporation of the solvent is completed.

20.  The process of claim 19, further comprising cooling the aspirin to room

temperature as the solvent evaporates.

21.  The process of any of claims 16 to 20, further comprising preventing
evaporation of solvent for a period of time after the application of laser pulses is initiated,

and then evaporating solvent while the application of laser pulses is continued.
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evaporation of solvent for a period of tinme after the
application of laser pulses is initiated, and then

wermposass ng sol vent while the application of PEEES2008/080098
pul ses is continued.22. The process of claim 21,

furpper trﬁﬁ?{o:céésmﬂcmlmi, ﬁﬂthtef‘&)ﬂnéﬁfﬁg 5@?%@5 RNk ridi®ion of

sol ution u the evaporation of the solvent is

thegohpibn vatil the gvapprationrad dlesssol ot ropngileted.ai s 16 to 22,
further conprising applying the | aser pul ses from at

| east t [ ffere r i .

528 S B B | U2 Ll R g
las@pullses figm adesst pid Si€fkrdnt Biserdsinndadtodsivo di f ferent

| asers in alternating sequences. 25. The process of

any _of clains 16 to 24, wherein the | aser pul.ses are
| asét en@%p@ﬁgswé any phelayms 1 1 22 SKQH‘?&F\O@%‘WD&%?PP%P%A@W

pulQ&aﬁéfH%?}éﬁéit ¢@b dﬁ@é}f@ﬁ%éehgg,alt&%aﬁglgqggn&%e

non-crystalline aspirin clarm

non-crystalline aspirin, having a PXRD pattern

sub2$.ant The¢ pxpcess odepy of ddinnl Riogids whareinwthe dasenpulbgs are laser

non- crystal.li.ne i.rin does not crystallize during
em??@?%ﬁ%’a#%fl“élﬁ’ﬁlgi&hag@oeﬁfceBO days at a tenperature of

from about 20 to about 30C. 28. A process for

pr epar i ng phafnsdeMtiéalcbinpesiasmicomprising ehedticdc&§stalline aspirin of

conprising: passing |laser radiation through a Strachan
claijedi ce, the Strachan Device conprising a first

diffraction grating and a second diffraction grating

and refr-actd : nbiaaesiphg T :
g ecohd Y S S aR it 3§ teptcted
in FiguteHe wihasser the adnatrystailite/aspast daes nbveystallige flariegsterage for at

teaf ghof Bitn 8°s Rwrring es Eongprf Hhgochioydec,
r.adi ati on passed through the Strachan Device to a

sol pgi onAGfro@sPidriphegafing nd@lcHRRincARFirBY 8RYreédse orhpising:
sol vent. 29. The process of claim 28, wherein the

pul Bassingflasengpdiationdiranglom Shaghan Devides hetStipehanlaevdere
corBﬁlllissl;I‘fg Ji %ﬂgHﬁfr%tic{lllogrg@l{gea&drﬂéc&p&)&ﬁ'ﬁgcgog g%a%ﬁq%%ﬁiﬁ a refractive

element positioned between the first and second diffraction gratings, canceling a portion

of the laser radiation by destructive interference, and producing pulses of laser radiation
by constructive interference;

applying the laser radiation passed through the Strachan Device to a solution of
aspirin in a solvent; and

evaporating the solvent.

29.  The process of claim 28, wherein the pulses of laser radiation have an

effective average pulse length of no more than about 107 seconds.
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