Pl PERI DI NYL, | NDCOLYL, PIRI NI DYL, MORPHOLI NYL AND

BENZI M DAZOLYL UREA DERI VATI VES AS | NHI BI TORS OF
wGSWIBLE2EPOXI DE HYDROLASE FOR THE TREATMENT QPCT/US2007/006618

HYPERTENSI ON, | NFLAMVATI ONS AND OTHER DI SEASES.

CROSS- REFERENCES TO RELATED APPLI CATI ONS 10001] This

application clains the benefit of U S. Provisional

Pat ent Application No. 60/782,172, filed March 13,

2006, which is incorporated by reference hereinin its

entirety. STATEMENT AS TO RI GHTS TO | NVENTI ONS MADE

UNDER FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT

[0002] The U.S. Governnent has certain rights to the

i nvention pursuant to contract ESO

awar ded by the National Institut esgf&ﬁ%%g@lggo ACHPI010PCT

BACKGROUND OF THE | NVENTI ON [ 0003] Epoxi de hydrol ases

(EHs, EC 3.3.2.3) caUPPoSEDPISPON ENGINE epoxi des
or arene oxides to their corresponding diols by the

addi tRpEg Oesch F., et al., Xenobiotica

1973 %—@%%@EQCA oms EHs pI ay an inportant role in

t heﬂgﬁ&ﬁi’o' Rl o ?Eh@au}éﬁ‘ clafhY pQdrit g%ﬁ&uﬁdﬁ: J.AC4 Y68 B9a Continuation-
nes gru

hor chenot her apeuti c car cl hogens,
envi imRasaf BCH?@FGIHUMN@@IOW@E 3088/020754. BleHdnne 10, 2005, entitled

harmc‘ﬂjn %9&@'%@9&90%9&m[ﬂ@%] II@%@C&E@:SBMW Engine”, and also
wel | - st ud| ed EHs,” m crosonal €OX| drol ase (

and $BimY|REoEBOYNGT BY P 51GsE {29Epy 2 %@eatéwzywég %fré’S Patent

very Afiphitaithl Sedab Nt Q0i86530%, Glicl franend, mdacsarl mCycne Opposed
| ocal | zati on, g have di ffer ent but 1s$|%rt al
S

over P9 nitenplrombustian| Ergingj ¢ thgs d %“rgsolclfblbgthar?& which are
m Cr ascdiratkdby @férencaniethéi@nbiretyo conpl enent each ot her
i n degradi ng sone plant natural products (see,

ddhc B8rBunst al ., COVPREHENSI VE TOXI COLOGY.
O(for E’er ganon Press 1977, 283-305 and Fretl and,
A Jd et _al Chem Biol. Intereract 2000, 129,
41- 55‘}“02ﬂ 006@? '“T'ﬁlét"?Pa‘f‘IB‘Fe% pR ins¢milrombesiiqneengiyie More particularly,
ant alwd lhrﬁ'ghtﬂfn &dnﬁérgs en%lc@}gsl t&ﬂﬁsétﬂbn%@ntdﬂﬁmgjﬁﬁlﬁgwddlﬁ@tallored to
of arac oni c .aci see in, D.C, et . J.. . )
Bi ol SPENERTSRGHAS SISy 5T “664@95",9%%*%% RISiQBf-(fn which a single
( see,wridggin dihitareacHVipision 8t assbeiateBlatonnddiidg rd®97And 3 compliant piston
562- 567 acid, s c
medi a lmg Saen’étamganpgnr{ﬁnmﬁwger? ga%{'n %on%ga%gl%g?asas)%pgghg%mder
55, S13- 165_!1 Epoxi des of arachi donic acid
(epo X938 os The oRPRSES PiEINRIEHE ST YensadbYOHNER Tynkess ground the end
epoxiolase rﬁﬁ&eéﬂntl‘p&&nﬂfl eJM@Mer@‘nﬁeﬁfs&@fvﬁ) SktoRd &lgﬂ)sed crown-to-crown
press

0007 3 2omTge <1 e PRV Al s ety gbis ogpm dead cSster of cach

per mpadood, iwish {teepistofd bernimg, asGhe.valves farl the @ors. REig engine has two
crankshafts, one S€ eac Q lifider e crankshafts, which rotate

ég'?'g a?e as:s%mgg 3&"8 Hq%%h Z‘f}ofjnct?téas oggﬁ; t If e{?k ﬁ

pr obambite saynecfirectadng iarentinked by abemkcping wals it rpspdrting pistons.  Wristpins

v A8y B RBERRKEL 8010 e RSP g R o

493- 4:9!71701 PR the sor@f 5ntdne pegvidetengion avieue Jo tuééal Bynkers engine,

SEH di mpalcﬁi} S .L hhseraﬁ&hvthé ym&lée&ankgmﬂ 8Yd |t@ assaeihled cShpressor is

al . 163-181). sEH hydrol ysis

of Ermd %PI S§6"er"§§ m%ﬁyé@dftrﬁ éM ‘qahecalfrﬁﬁr ehargsrofi aig gach revolution of the

corona Meend?mﬁhy ah tme%%w&napgesismysu@g%t ﬁs@@ aThe advantages of
regul ation o endot hel i al function by

Veei ntIPBKRsS’ qgrosedppisign engigg, over "PHV'QP%JI ‘Wol‘yglf a'?ﬁ’“"cyc'e engines
H2098nclddi8 syperiot fsczhaﬁgthCﬁ:ﬂhkéﬂ paen calidWndt inateased rellablhty high
treat nt  of. sponta u h ensi v

sel eé gl e{;'gl—cl' " %'} l|gs s?%%md%ns“gnt Fyli?geézlﬁéeegu rSV\'ﬂrumo airplane
bl ood pressure (see, Yu, Z., et al., Crc. Res. 2000,

87, 992-998). Tn addition, it was clained that male

knockout sEH mi ce have significantly | ower bl ood

pressure than wild-type mce (see Sinai, CJ., et al.,

J. B| oI Chem 2000 275 40504- 405010) hovvever

o o, . T T Y, 1



stoichionetrically with purified reconbi nant sEH (see,

Mori sseau, C et al., Proc. Natl. Acad. ScL USA 1999,
w@®6800788192 8854). Based on the X-ray crystal stPODUSI087/006618

the urea inhibitors were shown to establish hydrogen

bonds and to formsalt bridges between the urea

function of the inhibitor and residues of the sEH

active site, mmcking features encountered in the

reacti on coordi nate of epoxide ring opening by this

enzynme (see, Argiriadi, MA, et al., Proc. Natl.

Acad. ScL USA 1999, 96, 10637-10642 and Argiri adi,

MA, et al., J. Biol. Chem 2000, 275, 15265-15270).

These inhibitors efficiently redug Vdﬁ%x TNO ACHP1010PCT

hydrolysis in several in vitro an |n Vi Vo

(see, Yu, Z., et al., Grc. Res. 2000, 87, 992 998,

Mor i &fp@idd, thEmoseiucddsstul fest engdiads! to e deke, Were ableAo 23&e a power

96, 9- 885 and, Newnn . Envi ron. .

Fioal FTSE A e b mgise tyrryefescBeiding Shed, o Asreyiine to C. F
act i Yaylyr @ase wle;aﬁzedomb&dnzoh IBagezelzm IThédry ang Pr&dﬁaé EVolume II, revised
fe)r(llcr%‘g'sfed ﬁ?l Vlstg eam rlérjgé:f M a ?&éﬁ eﬁ,lréo:gv 0 aolete Junkers aircraft
sol ubidsé¢lt gnganeostior hqjhatmar@mrdrfet smﬁcp'm%putl @sDiegel engines in actual
faC|Lé$@é (ﬁagggl lgq_gnd delivery. [0008] The

pr esent entlola%rOV|des such conmpounds al ong with

met hods for their use and conposjtions, that Fontaln )

t henfO0BM EFNegRRpless. ByrkarsibasiquAerien eRNPiGSH B GPmPer of deficiencies. The
aspeeéidgind e tair aﬁderiéqueyemdn@ngm awitlas dupet e todtfits of the two
inhibitj a soluble e rol ase,

cont SEPFRE Ren R BV B asiy B g ap Brsrapite by a rod that
I nhi extténds grommohenpistof. 'ﬂxecmmpmmg rbdsvaragndskiee foddtmenodate the high
g Ir Z)m érﬁéresgsrvggfg)d C% ﬁgtiwg |¥ H:% pl?tora r@g r?rkr{(eF‘t}?s ’lsl'neeseegompresswe forces,
ar yl Qoplslaivitly | gscilldtofy Zruymhoaﬂ toy | waznpinh@nérms}grc lhgdting, cause early
eac hgx?ltrlrree\r’]vpf Qlt\e}ea gﬁ'l g’q%lsgpiﬁllyl é’on';&llp%;v%t Hﬁ&dﬁxehgg "$h each piston by its
CS G@W@il@aﬂ)ﬂyt ampafiglior the aely éf {he H'%O'bmoﬁ@ﬁ@alalf9dla“)'~dlfect°d force

subsi i ey debwdeh Qi }ISE& g)dsé&hﬁéértﬁé%"t §hE@%dtion generated by this
|ndependently selected fromthe group consisting of

G - C¥df kgrre isomitegtdt fyr d dbrigant faFyPetwa%thﬁ é@’é‘i‘%r"y‘l‘ piston, but the
wher gim réptards syﬁinuca Rehin toMBerafufe AAWGEY IrdeC Sihce the temperature of

pol ygycl j.c n_one odinent, the 1 .to uhstituents .
b e el iy ST RERa ArompeLey P de o tombstion, the
Consb&hli:d’a)gvnofenﬁeraﬁﬁalokylhe hbdcdrt -iBp8@k lkaotkyit dnnther@gine combustion
enbo I ment S u a
[ ndeg ende) l%rT"’y seﬁiecri e%,.fw%% % %&?«%u gago%%g}'e Hressufe ((LB MEP, an
- Cshaidatok if eagide @owenrahisadttoky tht{ @@gmq DOhe csylhﬁxaft iyTonnected
|s s t 0

Jé@qkl%gh;al%ggﬂg IBFSQI& Z#HQI_I_%Q Qﬁl‘le? o!n thJZInileg-sgg{}g%ons q In the Jumo
f r omarngﬂree ¢e suhausbtidd Bistong agsount fl@bml to TG ofjithe torque.Card 3he exhaust

Eachg;ay thlsiZfe b&ds aRdnddSick soaﬁnsi%eﬁdaﬁenmy c&ﬁt.ﬁmo%dof the torque
fromthe group consisting al k and

gg CORb6.
[ 001 pbatanse.sthaiyde Aenﬂsatmt%r%w@pbﬁh mnpdh%ulwth of the gear train

Subspickitite8 ordioh i eéciahce dffecs (R_()raﬁid)h)? tnl the @BirStrain. Omﬁhsswe engine
The Séﬂb0| L.is selected fromthe ﬁ&hcon3|st|n

a di Plogk isggareddp constrainlye pigaly 'EP“'SC""Q eéFé%{F"R;Hyéﬁ"eP‘s“’“s on the
Cs- Ceapkshafd duytingriembastitinpwBich liekaryasy tplbeie the-enfine apart.
- SOmand - Se-. [0016] The synbol R4 is selected from

t he cpn I I

o BT, (1S SpbR et Shafr Ifite iCBIGE (RN Paen. 553,15,
03 Crounjariroiating Frankihafie peer lgeajed hesidecthe ﬁybmdevmmh thay their axes of
opt i Wﬁunyhes”p§tplatnyttﬁﬂ mtlaﬁe&@ﬁ'leeémﬂgérm is RGHAl fd h€ axes of the

. 8al kyl, C2-Ceal kenyl, C - C al kynyl, Ci -Csheteroalkyl,

aryl Co- Csal kyl, C3-C 2cycl oal kyl and het erocycl yl
group is optionally substituted with from1l to 2
substituents each i ndependently selected fromthe
group conS|st|ng of CI C 8a|ky| halo Cr

~s1l . T P\ A A A NI~ N |



salts, prodrugs, soft drugs, solvates and hydrates.

[0022] In a related aspect, the present invention
w@e@vilelas2 net hods of treating di seases nodul at BAT/D$2007/006618

sol ubl e epoxi de hydrol ases, the nmethod conprising

adm nistering to a subject in need of such treatnent

an effective anount of a conpound having a fornula

selected fromfornmula (1), above. In one aspect, the

effective anount is a therapeutically effective

anmount. [0023] In other aspects, the present invention

provi des nethods of reducing renal deterioration in a

subj ect, the nmethod conprising adm nistering to the

subj ect an effective amount of a ¢ I

(1), above. [0024] In a related aﬁ%gggg%?£§ﬁ§€£§§hEkHPmHWCT

i nvention provides nethods nethod for inhibiting

Pr 0g¢RMAEOBLreY. TR e prfulded] darkskdfld] £€ tlosérnBgdiRdrhBgh in the Jumo
conprising admnistering to the subject an effectiv qhﬂmtofﬂm

anoufRERss: @eebmﬁyﬁwg&e Ps'lghh?faBtfﬂ)s engR6\AS CoBRrsa ™

angt o aﬁlﬁﬁt Birti Rerdhketsati tard d’d)\dglaﬂ b9 A shereer Igél;&&rafrﬁllhat requires four

reduci n ood subj.ect

o T SGTRIH R TP AT SR | The PSR R SEphgfs in Bird's

anmouedgief are abmmmalnbiy eddsf hamnentend( frdm aebid\pist¢rOBIB6F thensides of the

I‘ el al qd a3 P55 ac tap\elep F X gr;; els 8¥ 81n yPndepJ‘ QY ng:ﬁsof et Mhaﬁs. In
[ |t1n ?% era ofYVascul ar smoot h

nuscthezs areingsmrn the sxsllb Jawnamlyh@dmatpme ferosypyliigi rggoves the repulsive

adm er egec[r# ﬁl? Jr&lﬁgmt(s #\W )e'lgltds %nsu%gtgﬁgl '»Ve@glﬂ@&ﬂ&xol@fbe@ause a less

conpoun ormu above. I N~ anot her

as peoiassiverred girectemtis fequised fasg rpd id@}bylthetmﬂwg tegile force than for

i nhi Ricbd Rgadche g rc%ﬁn%fé@ﬂv@ﬁoa%nofobétsﬁh'ﬁtriﬂﬁntﬁ&@ ME* §/ proposed
di sease, an interstitial |ung disease, or asthma jin

subj ergine hatgoranplobp! %‘ﬁmlsﬁhﬁ BY SermeRtiig eAch isterht brgh Crankshafis.
subj eais t@BiofiIftaRhée! ehedprOKiRTityQSf tike ﬁa.mmaf&dmﬁf thé wdﬁuécalength of the

(1), above. The obstructive uInD ase .can

{ of " 858 APiTL0ToRFE RO BT AT A 1t SRS 5 A gggine forces, cach
( COpiistoh,is esinByted B pndset O kakite ob¢’ cnaskshifit and By enother set of rods to
: Slt gg%:chltxl almd+< agta?élsstfe)r? adcbapancm SUbséangs@)ggedg es éhe Slfl?] forces that
OCCuppedrate rluatweex mwsplslemt endatldustema[ 0028 pf the oybindeanotiegever, even
asp.eCtlth t"n?s% i v% e !s rgcﬂtlbrpap engglglcgﬁém%ﬁ&pgwggnvenn nal cooling
havi ng a 9 ove, ar maceut | cal
conpesiventdinl’ s:erm»@aeﬁuengme rﬁ'@"bfedﬁnv@t%ful précrsighfos gimplification and
CONPBERESto- iR HE Far SR EERIRP T &lh Q:mlﬂﬁe@m&@“kp%%und hp/Ib).

Figure 1. Pharmacokinetic proflle of conpounds W th

plpe ubstitutions gi ven as e..oral
01 "OOEET iR B st PR st ofan Mo U, 9 By e ane
0 *CcOorpeuRdsaritbhB, cllirfibr aMxntGd&etswQOdS:emg are cast in a large,

adm ered Or.

T e
f ol | owichamical stedseesdraasmiddithriougly theicoging blockrseid gnevengdieréng during
or al Ie%%ge[ Q%IéEion c'agéérr%n‘{rmfgnﬁ‘ﬁﬁmléblr@étbr@loﬂ oPfhk! c?hﬁlfers The piston

conpo 153 and ot her conpounds follow ng sing

or al cepdvms rieax extrgregly (high sgypaegatees CHRNE SombYion T@OB‘?}P“‘C distent
Fi gUpgtialy &XPosuIe Pie %lﬁﬁtﬁﬁcﬁoé’ﬂ)gﬂmsenéﬁle%rf)ﬂﬂ&t liQiid coolant
of inverse potency. DETAILED DESCRIPTION OF T

| NVERFPES 1hOFaHTCeA ket B the <88R Plaskt Py ¥siem is not adapted 1o

[ 003itigdié SreERMXWHIoRASAétbiHiON Wf th@ 6yIfhders(orkE eeven@iétpansion of the
bi onmedi at ors sygghe5|zed by c toch{one P450
HT. O c

epox PHALSBENT 0036) SOMBRINe T BIFLLEE g pe mpjptained between
3. 3. zyﬁ?r)de&r @d@mgtﬂ”@ﬂtﬁom 4 high abpbﬁedglrbeiamagg/df @Has&gme failure. Of
fold fam vater o re €

ter nﬁauré po‘ykuhé’ 9 Clcf%g)é nqpéo usb? éf%)g:gt)% dg‘”ﬁé{ gr 6: g(éqexja Jeal between
("sEH') is an enzyne which in endothelial, snooth

muscl e and other cell types3 converts EETs to di hydroxy
derivatives call ed di hydroxyei cosatrienoic acids

("DHETs"). The cl oning and sequence of the nurine siEH

Is set forth in Gant et al., J. Biol. Chem

)
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[0042] The term "conposition"” as used herein is
i ntended to enconpass a product conprising the

w@p@citbdierl i ngredients in the specified amount BCT/ES2007/006618

wel | as any product which results, directly or
indirectly, fromconbination of the specified
ingredients in the specifiedanounts. By
"pharnmaceutically acceptable” it is neant the carrier
di l uent or excipient nust b e conpatible with the
ot her ingredients of the fornulation and not
del eterious to the recipient thereof. [0043] The
"subject"” is defined herein to include aninmals such as
mammal s, including, but not [imt ri nat e

5 Syl

{e.g., humans), cows, sheep, goat gpc&gaiv’o.mcmmmpm*
cats, rabbits, rats, nmce and the like. In sone

e”bQ@th&‘éﬁ 2nd tplleon§ Q@J]i@rﬁt blowb§ (FHéNRBapel S04ddes Aastibe %lston) during
herei'n, the term "sEH nedi ated di sease or .condition'

and YBEe| GPREMIPRS Without e usg;of i BRES: oftdlgid Bifton structure in which

ch ar@ﬁh&ﬁ.hg @6Udshite b&pledt Jaam waist Bih€ alcRftel ha a.stw.rsnm{s ov&Eb‘bnstrams
actr A sEH nmedi at e i sease_or conditiaon i

‘F 8 o5 e TRSFRUSP °g E18 PBIDE {TRISiONC" ‘Ef’ﬁé"aé?‘fpéﬁ‘te“ﬁr?“y part of a
t he pistae friopnl ragpsitivnitigt widnrespecdiogbasds ¢fantassoctatefdyllinder in response
ng?: glrz]l%l hbath ag)itf ﬁrggcrycglté?ltr:ﬁ? E)%x lss%)r?éﬁmﬁ thdRG on\ég{rrfﬁ)rggﬁ
" Par enchyma refers to the t | ssue char act er istic of an
or gdf008s dh svorsHRlics ReRPSEd-BittoRsEBEIca VRl sidsrpatgdy soyper-rotating

SUPRQAAKsR&Ftst isS&H&ﬂ;ed[IQ%Gﬂ Par@h{ A ﬁca%ﬁtﬂcwvsmsmosﬁ In this
Pul nonar y Di sease" is also sorretl nmes kn

or
as "WBIGnitke Si9eking, &i"r“%Fé“saK‘WkB‘}“ﬂr Riggas linkaggs, Srnkshatts, etc.) are
0bS 1 febivddV fpdnUd) rafe SETabsive &Hﬂ:turﬁlhél@rﬂhrﬁs &ittéﬂ\ﬂ()’g&ther to support the

di seas D ISFE Eeral ﬁé ned as ?lsorgﬁF
char%¥kine Seens Thy iR SLESSHSr Ao FRFe)| Py operation,
s| ovinélading Eoaippdsyive Gorods nsdneedmmg&rarrﬁmlﬁsr |5 mmsstdrem}edmc Junkers

to eng SS .t wo reI ted conditi
chr otil Oérg o'i’ﬁ:?restt g&n© k)e g "aarhg'g%yélocni? 2 are they formed
genewalh oprea@tasstwemalctucmierlngnmst Croemgmtbedhet exihlqum not passive

suc hsu%%tut"«n %le\?lgﬁtn'lse&t th? ef‘r?fl& e‘i‘hrﬂ Wh tgrg Qﬁ&:ptlg% gf Eé{g)\)stlon chamber

t he maxi num ume o can
expeﬁorq@er the tcahanrmrzrq?arunlerﬁihfawat%ﬁlecm'qahen%ffrcr'eéss"srses of an
genediineiedd dni a?@@Js@nnailf" Bnfy\fredstrel WRefsa! Fa¥lored a phcatron of liquid
approxi mated by a 6 second naxi mal exhal ati on tﬁr oug
a spiabmeterachrylindrsrof the prgine %ﬂ'%f&ﬁﬁ?é‘fssfoéﬁﬂ’“tff"‘éﬁf%éﬁ?““g of the
of G&RRders PRILIRETYmiBEE Al RpPitatioh bOR{UN £do$an@[ﬁh&ﬁhd:r ior surface of
known jn.the art and di %sed n det ai | %}/} for . : A
xR PRI MG i ShEPE pLpiFiPE sirs dhiing Fpias opspation
I nt edingle iMedneiiane gedrPoateeenctheatwo, crEdEsh)zﬁts iKdrten£ahe, gear train and
*iar PR e sl R SapB b gt b3t fhorea i
" EnpBiyd’'eenging.s a d| sease of the lungs characterized by
per manent destructive enl argenent of the airspaces

di St @bos)0 1R enBinfidBstkibbd ANET Phied Appiiaaitn PEPAUBNE05/020553 also

fibrosis. [0048] "Chronic bronchitis" is a disease of
t he !“E'r‘iﬂ%s & RofpBliang membgr HV“ levwniar apgYprcafbugtment of piston structure
secr @fth eaaﬁcdt\l&i ®e cyraﬁier inQespdnstito daymbainca iminded colpdd to the piston

|t PrLIe?e/y ‘%%gf?ﬂegmaﬂé &‘J q}ﬁ)ﬁgw gliiaé%l Ogégt]ﬁ&ﬁubuﬁr rod I8 ounted in

" Obsithe pistony end tha gonhesm@ds areflmked © \mlimtprnsmttacred to the rod. Piston
S: ::aosm:éiasgesl IO(E,::)KEIOCSCF ||n tFlé) mrn%tgglrexr%mgf g‘?g‘ﬁ’? arl)d rﬁmatlon of wrist
and slnafrbmaskrrmyurmngea@'mns [fGsEdn sfSkit llnawanwa;ﬁlon weight.

di sease.” There is a distinct mnority of patients
whose airflow obstruction is due, solely or

predom nantly to invol venerk of the small airways.
These are defined as airways less than 2 nmin

di aneter and correspond to small cartil agi nous
bronchi , term naI br onchr oI es and respr rat ory

I I 1 o 7~ A N\ T



as "heteroal kyl ene,"” such as those groups.used as
linkers in the present invention. The al kyl, alkyl ene,

wa@pa7heqiezr oal kyl ene noi eties may al so be opti oP&l/U§2007/006618

substituted with hal ogen atons, or other groups such

as oxo, cyano, nitro, alkyl, alkylam no, carboxyl,

hydr oxyl , al koxy, aryloxy, and the like. [0055] The

ternms "cycl oal kyl" and "cycl oal kyl ene” refer to a

saturated hydrocarbon ring and includes bicyclic and

pol ycyclic rings. Simlarly, cycloal kyl and

cycl oal kyl ene groups having a heteroatom(e.g. N, O or

S) in place of a carbon ring atomnmay be referred to

as "heterocycl oal kyl" and "heter0%%%59§g5¥kﬁﬁﬁbfho-AcnpunOPCT
respectively. Exanples of cycloal Kyl an -

het erocycl oal kyl groups are, for exanple, cycl ohexyl,

nor b@ooy . REREAMeNdfits NBI tNBOkAgiyd deédhibedroin PRI Bytkat Application

0 OSBRI R Gl LR D Lomptn

Subspiktoh ke tive tihc1iidihg g @ Bmpli a8 bodtr achg) Bétwgero thepisarcérown and an
as nitr al k al k m no, .carboxyl , al.kox aryl] ox .
aind P Broepiered soa Suchbted T 5 misfe o& Sipls BEFRYR afticd SRt axiany-
cycl cenlekad eiseonnmoide teixeesnadly etot the sgisthmveoupled the piftor awithoassociated
atons_in th [ C .

mor B A e o R b olgees IAE PAARRAY andE LBREIKHs o i engine.
enbodi nents, heterocycl oal kyl and heterocycl oal kyl ene

noi eties are those having 1 to 3 hetero atons in the

ring (e.g., norpholinyl, -thionorpholinyl,

di oxot hi onor phol i nyl, piperidinyl and the Iike).
Additionally, the term"(cycloal kyl)alkyl" refers to a
group having a cycl oal kyl noiety attached to an al kyl

noi ety. Exanpl es are cycl ohexyhnet hyl, cycl ohexyl et hyl

and cycl opentyl propyl . [0056] The term "al kenyl" as

used herein refers to an al kyl group as descri bed

above which contains one or nore sites of unsaturation

that is a double bond. Simlarly, the term "al kynyl"

as used herein refers to an al kyl group as descri bed

above which contains one or nore sites of unsaturation

that is a triple bond. f0057] The term "al koxy" refers

to an al kyl radical as descri bed above which al so

bears an oxygen substituent which is capable of

coval ent attachnment to anot her hydrocarbon- radica

(such as, for exanple, nethoxy, ethoxy and

t-butoxy).[0058] The term"aryl" refers to an aromatic
carbocyclic substituent which may be a single ring or

mul tiple rings which are fused together, |inked

covalently or linked to a commobn group such as an

et hyl ene or nethylene noiety. Simlarly, aryl groups

having a heteroatom(e.g. N, Oor S) in place of a

carbon ring atomare referred to as "heteroaryl".

Exanpl es of aryl and heteroaryl groups are, for

exanpl e, phenyl, naphthyl, biphenyl, diphenyl nethyl,

thi enyl, pyridyl and qui noxalyl. The aryl and

het eroaryl npieties nay al so be optionally substituted

wi th hal ogen atons, or other groups such as nitro,

al kyl, al kyl am no, carboxyl, al koxy, phenoxy and the

like. Additionally, the aryl and heteroaryl groups nay

be attached to other nvieties at any position on the

aryl or heteroaryl radical which would otherw se be
occupi ed by a hydrogen atom (such as, for exanple,
2-pyridyl, 3-pyridyl and 4-pyridyl). Divalent aryl

groups are "arylene", and dival ent heteroaryl groups

are referred to as "heteroaryl ene” such as those
groups used as linkers in the present invention.
10059] The terns "arylal kyl" and "al kylaryl ", "
to an aryl radical attached directly to an al kyl
group. Likewi se, the terns "aryl al kenyl" and

R B Y - Y 1 o o

refer



sul f onam des, and heterocyclic noieties such as, for

exanpl e, imdazoles, triazoles and tetrazoles. [0063]
wab@7tierie2 "substituted” refers to the repl aceneet/usfo0amM6618

atomor a group of atoms of a conpound w th anot her

atom or group of atons. For exanple an atom or a group

of atons may be substituted with one or nore of the

foll owi ng substituents or groups: halo, nitro, Q-

C8al kyl , G -Cgal kyl am no, hydroxyGC -C al kyl,

hal 0Q Cgal kyl, carboxyl, hydroxyl, G - Cgal koxy,

C - Cgal koxyG - Csal koxy, thi oG -Cgal kyl, aryl, aryl oxy,

C3- Cscycl oal kyl, C3- Cgcyel oal kyl Ci - C8al kyl

heteroaryl, aryl G -Cgal kyl, heterg

C2- Cgal kenyl containing 1 to 2 doudb qﬁ%REE g%égngo * ACHP1010PCT

C2- Csal kynyl containing 1 to 2 triple bonds, 4-

C8al §(0smIARY) YI groups, cyano, fornyl,

Ci - Cgal kyl car bonyl , arylcarbonyl heteroarylcarbonyl

G - Xygar bon I r xycar N

0 CRAE AR P BOLS R oy AL ABSRLL v s
ar y| guﬁrﬂg@aso}!}mnyﬂrom meahyilcaimumgq;m dmp]ngmgp%/pr@nded w1th tallored
C83| }:(éqliag]opﬁq p&g& wnt.n §tﬂﬁe@ﬁléﬁﬁﬁ%}?f the plég)glcli%v;/(rils Together,
am nhe taitored Wi/ng of thesﬂméyw mth‘b@mf(‘?taﬁéypdmg of the piston

G - %1%&&&%5%9&9& dis@aldnde ,theaJinLléé'ﬁ R xp&ekddrkof the piston crowns,

am no, Csdi al kyl am no, | am no

aryl @ 'é%fSPHkma%'ﬁ @ecl@nmabdmp@g%gHWem the cylinder and the
aryl ggicao @y EnBite operaGéh. ACHHAIN® me@beﬁﬁ%h&yélﬁtbh @ccommodates
aryl thio, hanO C8al kyl t hi o, thi cyan

i sot MeSEPENST atexidlyarerisred mstan ind re’éf‘-“c%’éf“k?fﬁ'é’l) [P Bhigmaintain
ary| suhifaligyingntdewean ifequigton arithéoglindeobvyé during engine operatlon. A
gr ylcztﬁlg]ﬁosu q"?'%s Sp{)o %Xteﬂ%('e ogg'r%plséu rgoggetsc l(ﬁ’f"%psyon w'r']h
pri ocorinectinglrod tharfruqnbswedai the pishgitant ghcemtargesloaiiss, it | s
intended that the termapply to every nenber of that
group. [ 0064] The term "unsubstituted” refers to a
native conpound that |acks replacenent of an atomor a
group of atons. General : [0065] The present invention
derives fromthe discovery that 1, 3-disubstituted
ureas (or the correspondi ng am des or carbamates, also
referred to as the prinmary pharnacophore) can be
further functionalized to provide nore potent siEH
inhibitors with inproved physical properties. As
descri bed herein, the introduction of a heterocyclic
noi ety can increase water solubility and ora
availability of sEH inhibitors (see below). The

conbi nation of these noieties provides a variety of
conpounds of increased water solubility. [0066] The

di scovery of the heterocyclic pharmcophores has al so
led to the enploynment of conbinatorial chem stry
approaches for establishing a w de spectrum of
conpounds having sEH inhibitory activity. The pol ar
phar macophores di vide the nol ecul e into domai ns each
of which can be easily nmani pul ated by common chem ca
approaches in a conbinatorial manner, leading to the
desi gn and confirmation of novel orally avail able
therapeutic agents for the treatnent of diseases such
as hypertensi on and vascul ar inflammati on. The agents
of the present invention treat such diseases while

si mul taneously increasing sodi um excretion, reducing
vascul ar and renal inflammation, and reducing nal e
erectile dysfunction As shown bel ow (see Exanpl es and
Figures), alterations in solubility, bioavailability
and phar macol ogi cal propertées | eads to conmpounds that
can alter the regulatory |ipids of experinental
animals increasing the relative anmounts of epoxy
arachldonate derlvatlves mhen conpared elther to their



[0071] The synbol Y2 is selected fromthe group
consisting of a bond, NR5 and O [0072] Each synbol

weR2007R®12nd R5 i s i ndependently sel ected from POEUSI0UMGE18
consisting of H C, -C 8ai kyl and COR6. [0073] The
synmbol A is heterocyclyl, optionally substituted with
from1l to 2 R7 substituents. [0074| The synbol L is
sel ected fromthe group consisting of a direct bond,
G -G 2heteroal kyl ene, C3-Co6cycl oal kyl ene, aryl ene,
het er oaryl ene, -CO, -SOl11l- and -Se-. [0075] The
synbol R4 is selected fromthe group consisting of H,
C - Cgal kyl, C2-C al kenyl, C2- OGaI kynyl Cr

C8het er oal kyl, aryl Co- Qal kyl, Eﬁ;l E;‘: am?
het er ocycl yl, each ofwhich is opt| ona su tu %CHPMOPCT
I n one enbodi nent, each G -Csal kyl, C2- CGaI kenyl, C2-

C al fugnyy KREE DESEREATON OF THE 5RAGARIS/ | |

cycloalkyl and heterocyclyl is optionally
subs fr,om 2. sub t.i,t uents each .
.ndeﬁ’giﬁtnﬁ‘gﬁ ek aPEed Sarit IOl BTy s, st
G - Gialiyd gndrexhmpleCdiss8ddah etredfallboying devailédddesGaptiday | |
COR6, S(O nR6 and heteroaryl. In one enbodinent, R4 is

sel efdo@ﬁ’] fro@st BR- a5 AsBrfio BRisehd g oth cHindeBaddddih aaaﬁpoged piston
- C8al koxy. In one enbodinent, R4 is selected fromt

gr oulteBHSPEbRHIPNENEIRE - Cghal oal kyl and Gi - C
hal oal koxy. [0076] Each synmbol R6 is independently
seI emoedl f rE]iG thea gllir@ej plusoatdigsimerayecigedicylBideI8al Ryl measured in

SeI o2 axc§lf irec ‘%/"n urm "l,nQPOn 0% oéﬁ%ﬂﬁﬁ?@:@m R7 i S

ro Hp “congi st nitro,
-Calk nglk Iamno hydroxyO- Cgal kyl
hal ot8¢ éigau Rif}. 3Ainp Biok PETSDAT BRYIOF 2@ AIAS N g with an
Csal k@xKld vl ®1%. 3B &l Lfde ;@rs%@étk@Waw 6h|h@ Sisto(ﬁgﬁhkbﬂe skirt

aryl, aryl oxy, cl oal k C C8c
Q CSEﬂ"WFd qqgtv@‘hotg?cgqs%n é?%‘ﬁy wr&%{p iag’a\c)‘l q-leretty FIG. 3C is a side
het e bé}@;ﬁe&h@ viewalf kne plSt&Qro@&idt K&zmhlas ©ahd pistohNFIG. IDis2n exploded

(kj) ong gsse _ydv%va gﬁ))asl %‘%’J})‘}i tlber }ermog'?/% ﬁu&é fmz'n tltle ]inEton rod and
Ci - Caailstpin a(satﬁdiﬂékyihpre&ﬁlw FuG ARy ln eiﬂetged s:deyécmandd(ymﬂ of an upper
G - Cgal koxygarb r r am nocar bonyl ,
G - mo amﬁln (':Sg? \ginth ?‘e)%%(%gﬁup am Yhocar bonyl ,
ar yl am nocar bonyl , d| aryl anmi nocar bonyl aryl G -

C8al ﬂ&}]lg}n ng}g‘afl@ols I3>;|de ViEY of@nappased K)W engine showing a cylinder in
C2- CRaldrany 1@@6)‘5 at@p g&@'ckﬁﬁ@l}’ir@&dupl@l b&l ;Qmm‘@idﬁﬁﬂ@:}‘l,oaded _

am noCr Csal
s QRIS A LS e SRRSO HE CHAL R show fimigon cooling
Ci - C8hhohrisy FBE ABOis aakysbamva ®iewanfyah €nd GF apiktphand pene@ing rods in
Cgal kyl car ho ar yl carhonyl agi no, azido,
msr c%%‘gm&(’?é(gﬁyl QNS “5‘% ﬁstr?] 0, er(phal oCr
| t hi o, thiocyano, isothiocyano,

cé@llzw sHIGS- S OE @ie pesasquiys ¥iM 9h g multiglgeylinder igplementation

ar yl §p{hEQE¥$sed @mdﬁ%gin@: QR ing Gdse @B deddi 18 Bl ViRisUd 18y bf assembly.

Ci - Csdi al kyl am nosul onyI and ar yl am nosul f onyl

[ 007 ri er of .0 to 1. [0Q079

The TMBLY BIOS Bt o arf aitpllt EEmRlor Pk SpigRgfestre o
The commdtiedpplicmion d€liglitd cwanmceﬂtndeadddwpawépﬁsabﬂsef the
deri ' . , such as salts, prodrugs, solvates
and ﬁ%é%‘?éls&on[ee%g@%] In other enbodi ments Y1 is NR5.

In further enbodinments Y2 is a bond. In still further
enbol®MH@ht sFIG: 7 & aRbematic diggram obintake apdipiapsheas Bowjn the
IS qogpggga,p;s{bn%gﬁe enbodi nents Y2 is NR5. In further
errbodl rrents Y1 is a bond. In still other enbodinents Y

1is u

Fur ¢ HE0L ) S5 S 5P Qe SERCAR GG B pBost plefbrl.
enbodlnents R2, R3 and R5 are H [0084] In further
enbodi ments, A is selected fromthe group consisting
of pi peridinyl,

I 3 5 trlaza trlcyclo[S 3 1 13 7]decy| i ndol ylI ,



with from1l to 2 substituents each i ndependently

sel ected fromthe group consisting of C Cgal kyl,
w@eoz8bmeer oal kyl , aryl, heteroaryl; wherein sePCTUS2007/006618

cycl oal kyl portions are nonocyclic or polycyclic.

[0089] Wthin these enbodinments, L is selected from

the group consisting of a direct bond, G -G

2het er oal kyl ene, -CO and -SOLn -; and R4 is sel ected

fromthe group consisting of H G -Cgal kyl,

aryl C0- C8al kyl , C3-C 2cycl oal kyl and heterocyclyl,

each of which is optionally substituted. In one

enbodi ment, each G - Csal kyl, aryl Co-Csal kyl, C -Ci

2cycl oal kyl and heterocyclyl is optfqyﬁE ﬁ%4ﬁ¥ u
with from1l to 2 substituents each i ndependen nd.HA&deroropct
sel ected fromthe group consisting of G - C8a|ky|

hal opDEGAIOBDDESCRPIYON aryl Co- Qal kyl, COR6, S(O)1 R6
and heteroaryl. [0090] Wthin these enbodi nents, each

[ e I k
of Hﬁ’%ﬁj pﬁl'&l‘}e'ﬂk %’9 ﬁfé' g&‘tf: EQX' r[&gﬂ]éfdg)%s%{b%m 5 OBposeh pitthn
subs mtfrrpalmmbgstem engineglhe qyfm@rtl 00 has ot prarter asqybgéqnhper 1102
mis d’?ﬂleh ) ﬁgﬁfengglnt({r&m thé Qlltg a cLlQ:Qer:]ll dore Pfd?eﬁn exhaust manifold

enbodi nents the conpound fornmul a: wherein RI

i s aldrbemnleerasideidd lpﬁmvet%l-maﬁse\@ddepslfrmgabbf the cylinder

- Cgah kot is niaY FroRr 8aink, suchs aGighC¥mbaiaduke/Alumifdm alloy, and it may
het erocycl yl, each of which is o tlonalle%f gbstltu

I n oRecashio PR Piees On 2eemblsd P i inedhs Hiegiand 7166 (o the
C3- Cepnider 9edvk Y hamard thet fxiag wat ybaistmbRitb @Radukef surface of the

substituted w om1 t substi tuen
" naobutnderney 1 ab Rreip S sk 2o s HRF BEPg 0p s o he
- Qal koplgitudihal Ggilsef ere@glikddr 11@0.yl , heteroaryl; wherein
sai d cycl oal kyt portions are nnnocyclic or polycyclic
[ 009¢5b2Y¥ t NADbidERA lﬁmdﬂmgymaﬂuﬁeﬁﬁb@ 46 8sh EXHAt port 1105
the group consisting of direct bond
2het epnstiued of geserie lravmferes@ﬁ%ly-swﬁ%# Mnlngs éHPBéteeew exhaust end

from i(tgeofgﬁ@émmﬁmﬁieﬂ 1020 0k ¢ lanr tiksrali by hiso has an inlet port 1107
aryl Co- Csal ky CJZCé%Iom

and hetero
oo OISR 3SETEy R e GFAIN OB AP Serimg | Lffeat an et end
enbocﬂl e Mombe&ih gakes smﬂ‘ﬂg)tbwaxartlyd &bakss ahdk Y109 of the cylinder liner

K nd hete
Subst R AR AP AEpeaY SHEonts FngH PR Eldpno the extaust
i ndepandeldtlll 94 sieivecih dUIGT r(brﬁatln epaninguld 10 ofi hiesblergprof 107 has a

G - C?%%%% r}%:*r‘ nﬁigt] é@%%?ﬁ%ho;%%& ed th)g?nﬁ.ﬁl ¥ kntet port 1107
enbothrowghtthe mémmnrﬁﬁldl 14 06 rsodi perted émtp Ithe bosd BI3dd afspigahdirection

the %v@iﬂﬁu{é%&ﬁéu%l 9 189, klaQenEQaddﬁyAmn@; oﬁﬁel ?ﬁﬁ%r ARd 1102, a

am no; esuscrltnlsanlnteero ;an

t he gwwéemfmre?ﬁepepenngsmlé@éw RSPV ?ddmaelrf'a“@feff'e'cﬁga?ence At

I 'n ofdaeyr on@%bﬂfé'dﬁ@ﬂﬁ%s {1N8 r&RVe9 H Rk hiféctdrNdhdfa® (a8t oA other of the
e

wherein Rl is r selected fromthe roug .
cons pgequlxﬁj 16116 @cel&%ﬁ Wpor grr %';P%Bg we‘&ﬂem 188 C nditions such as
G 2cpedsand Ktyﬂen@&dtdﬂtetlﬁ ﬂﬁQ:Yﬁhdelr lin&@ad b2 stiow) thzke inSy be, for example,

gglt Ik o\irv]gl lo'&%wgég? &éqr l{‘iﬂew"@fuﬂ 12j8§tg¥) o%rrekciﬂemgﬁ 3? '[]6 gr _recc::eiving a
het e pms;uré ydnsorS argldrie@padhihy 1 1;Ldofs~t refceiving avemperhtogseddon. 2
substituents each i ndependently selected fromthe

gr our[’(llﬁ@!]5| §hd %9‘2(@ S5f FiI&§a2 thEbratg;QQéQ L ﬁéa@ AbuK ¥leasured across a

aryl eroary wherei n said cl oal portions are

rmnom‘}‘é‘“ﬁ‘r‘raﬁ% Py thpdnsi¢e Wflbef%*]y W%rmawns A@gEstruction like that of the

enbodiiRiRt $100.durihg RLIRE bt dnO Mstthe GV O HIDOGREGS, $ﬁd d}linder liner is
of a direct bond, G -C 2hctcroalk | ene

C SOmPon AR oTRlY Pt it fesit 0 ORGP S o S g g has s
H, G -Csal kyl, aryl Co-Csal kyl, C3-C 2cycl oal kyl and

het erocyclyl, each of mhicksis optionally substituted.

In one enbodi nent, each Cr Cgal kyl, aryl Co-Cgal kyl ,

C3- G 2cycl oal kyl and heterocyclyl is optionally
substltuted mnth fron11 to 2 substltuents each

g o o o s R o Y



the subscript nis an integer of 0 to 1; and the

subscript mis an integer of fromO to 2. [0100] In
wordenodgebodi ments the conmpound has the fornul BCTMIB2087/006618

Rl is a menber selected fromthe group consisting of

Q Csal kyl , aryl Co-Cgal kyl, C3- C 2cycl oal kyl and

het erocyclyl, each of which is optionally substituted.

In one enbodi nent each G -C al kyl, aryl Co-Csal kyl,

C3- G 2cycl oal kyl and heterocyclyl is optionally

substituted with from1l to 2 substituents each

i ndependently selected fromthe group consisting of -

Cgal kyl, C -C heteroal kyl aryl, heteroaryl; wherein

said cycloalkyl portions are nonoc d

[0101] Wthin these enbodi nents, Ay&l?“&gg cgidzyr rOrﬁl&“’wm’cT

the group consisting of a dlrect bond, C -C

2het gloaldh¢h@b&s iniEent/d gomgm'Wher@&danéub@o&ﬁ}se e the end
fromthe group consistin al k

H G- Cga
ar y| BRHER Al g Fylinder hzi'eze‘g;@u Bt Pt Bpist gepfer heat load than

eachgfendBbion lwiithQﬁé infyt @br‘t yrrﬁlu [1f bided tdinirhize @88 uniformities in the
enbodi nent

2y cIFgHFRYIre B e rEEEb el Er e APy LATBEY of e gander

W t hbdre e &yltrﬂeﬁls sodlsd int anamxsd aaaferitnd egenteniatey the non-uniform

selected fro the consi stin f Q.- | Kyl

nal ovegs et e, e RuR S Snebds o Trbie Sip sy o

and bmilmgtaa;lyyhder [sﬂ:h&z]thewyhhdiem 11 6@ p visleba gieatentapling aaghcity to the

i n r .
Hg if 9@9@.@@2{5{4&5&% &{l%ga%ﬁyaﬁ o ts. ﬂ%ocqughpemm thEBortion

s u bs reingteanits eud genter te g intst ergl, prd provigeithe highesi sedlingsapacity to

M i S yRRehdth $ORIonfF te!GiThdbrt 0 2. [0103] In ot her

enbodi nents the conpoind has t he f ormmul a: wher ei n R1

is a er seIe ed fnﬁ p COhSIStIn% ferential

C:i _ | , é n%a 59 S?E?EP(?&TWU aa circumferentia

het eteapeednytt ,vaﬁﬁlblﬂ 1ﬁ)fhe\Mylm:di:r M&ll@pén thahhﬁorﬁubﬁt fildxLif éd.available

I(';g %Q%)c!@g})olgltg{} eagrglﬁncﬁg(ra 816cur1|tk %/en?cs algp umforTnI cooMng also occurs in

subs thetcahiea poition 1fl 1 4 dueltottioe sz:qseubs bf opepimgs 1bkc ﬁro maintain

[ nde ihSE -0f -
E?(fu(#r?flétengéﬁgrln r oa% Jn fgmé E€ ﬁngklgtyg lg%ﬁ?%l?ﬁ]m?lg qul'e central

s ai d pelyleh dal4kyhe qoohing '@h@,ceatrte these) ergpingsd1 subsurpes the cooling that

POl Y Q¥Gld Havé Qé&%d Wid ik Bpd i ioppadhdEmts, L is

selected fromthe group consisting of a direct bond, C

-C2

se1 olRES 7 prav g plied Sing Fimgeg iraf Ples hetaquls, g number of

aryl @ﬁao@aairlcthneﬁ&r@rmydedi oa tHedlutsilechutfatecl 180 pE ihy Icylmder liner

RIS LY i B i s
2cyc 1623 dpjlal @mundhibt enteidy sirfdce |lé2(bf§9mdhra¢dn}ralsnm§m k¢ gqpvard the
Wi th i 35‘9 pbrt A0 &HQ%E&&H%P&@ 1926 Br in@ﬁ@&%@&%k X 127 spiral around

selected fromt roup consisting

“hal o th®MW¢%hl fom the et e%zpkyll 14 owpst thsme)t pored 107.
and lE%&regreavé/d,fthésQl»Oélgm\%{ dghzitmﬁ%r REDP Al J¥RIAI portRAQN 14,
e

R6 is in ependent Yy sel ec fromthe rOU% consi sti ng
of Hfollgwsaspir R]y‘?ath wpunsthe Rl‘)t)c('}‘;e stpeg i anc! EMingiss pear ﬁtresp ective
N i s paA 1108,8967 i ddlied@adial sadtibn! Mhe SHET AL seBlidrBof@ch groove

|nteger of from to. 2 6 n ot her. enbaodi
the EBRPBAITACHYL b s RH1F g <hngh Bre B B BT s B the
sel e¢yklef rimen ltletI@dS@hﬂneﬂgESMShct ogindér IGer Q102 Emé such axial

o o B indicates S sp e Furma i iep e TS LN Eh¥hes throvgh a

errbodrnned}tademsdtt@l 1 Cgmkklyhn ergly Mrl@of&ﬁbk\yd 1 127 and penetrates the
agy Fﬂﬁqu&{%h PRAC AL ARG, 4 &egmtaf%a.ldlcxo;am to flow from

substl roml to 2 substituents each

i ndependently selected fromthe group consisting of

C - CBal kyl, G -Csheteroal kyl, aryl, heteroaryl;

wherei n said cycl oal kyl portions are nonocyclic or

poI ycycl [ c. [0107] Wth| n these enbodl rrents L |s

S o, o s R o,



from1l to 2 substituents each independently sel ected
fromthe group consisting of G -Csal kyl, hal o,

w@peozgbmeer oal kyl , aryl CO- C8al kyl, COR6, S(O 1nEREUS2A7/006618

heteroaryl. [0111] Wthin these enbodi ments, each R6
I's independently selected fromthe group consisting of
H, G -Csal kyl, G -Cgal koxy and am no; the subscript n
is an integer of 0 to ] ; and the subscript mis an
integer of fromO to 2. [0112] In other enbodinents
the conpound has the fornmula: wherein RL is a nenber
sel ected fromthe group consisting of C -C8alkyl,

aryl Co- Csal kyl, C3- G 2cycl oal kyl and heterocycl yl,
each of which is optionally substit

embodi ment each C - C8al kyl, aryl COT%H?WD G%E%NO ACHP1010PCT
2cycl oal kyl and heterocyclyl is optionally

subshi badifHNg b 6678 ih o Qe tRRAtrhIl J6ATNSI 183 CAlong the splral of the

i ndependent|y selected fromthe group consi sti ng

Cgal #9pve M e qegliof thgrcyfin élﬂ%fr'ag?yhm%efmel in the
sai GyGi{8dremkk Mhd HRICE b BBR: iR LR ed@RIIEheCdylifideNinPol NQYEdchGroup

*E gélﬁauwbltzgéﬁ §1t' nge’%%% ?géranz?qrétléesé?tcm fsleéule ¢ eijant S the central
2hetgiro@ Kykao &n endortianol thSEytindedlivétr RI02, snabtihg codihg of the

fromthe.qgroup consistin f )
o1 etpeeask QRSP kA o Ine byt Gk i ety g the cytinder
eachl 1D isskif.(rhefegs @ piteto wakpagingLiydiich roayckk: CO'ﬁntamtmg varying) between

enbo )
e 5o TG P B O S8R e o 122 g
subsfrom meewnmltmrtfmblrhl 4 tqward theisixbayst ensink 199 ésless than the pitch for
i ndege gﬂﬁptlhy %@&Jeg dxe‘emng HBR: L pemap,ica?ﬁa@t i mqowsm the inlet
C -Csal'k het er oal kyl

cmeends(lé)? rﬁspesreawa e ﬂ‘BSF?‘Pla“‘[CBTMT ﬂwcvhv‘#f!*ﬁ%fg@mon overa

enbodigdefirface 238 tthﬁhng(hé Bﬂﬁﬂﬁlbdﬁrltl 0¥ thaR hiRcdyaaddrniasn pomon
t he group consj stin al koxy. a

ani ngeloging the plet P?fb? 197 r@fegﬁ Pfff??@@%gfeatr—f TAiBs iapasm & the
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the R1L group is optionally substituted with from1 to
2 substituents. In any of the above enbodi nents the 1

WO 2002/1601b5t i t uent s are each i ndependently sel ee¢BUSTDNDMG6618
the group consisting of Q Csal kyl and G -Csal koxy. In
any of the above enbodi nents enbodi nent, the 1 to 2
substituents are each independently selected fromthe
group consisting of C - C hal oal kyl and
G - Cshal oal koxy. [0122] In any of the above
enbodi nents L is a direct bond. In any of the above
enbodinments L is G -C heteroal kylene. In any of the
above enbodinents L is -CO. In any of the above
enbodi nents L is -SO2-- [0123] In
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Preferably, the conpositions and conpounds of the
i nvention and the pharnmaceutically acceptable salts

wo b@vaafizare adm ni stered via oral, parenteral PCT/US2007/006618
subcut aneous, intranuscul ar, intravenous or topica
routes. Cenerally, the conpounds are administered in
dosages ranging fromabout 2 ng up to about 2,000 ny
per day, although variations will necessarily occur
dependi ng, as noted above, on the disease target, the
patient, and the route of adm nistration. Dosages are
adm nistered orally in the range of about 0.05 ng/kg
to about 20 ng/ kg, nore preferably in the range of
about 0.05 ng/ kg to about 2 ng/kg f
the range of about 0.05 ng/kg to A ?&59 %ﬁ%&gggykiéhPNHOPCT
of body weight per day. The dosage enployed for the
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EETs are adm ni stered as the nethyl ester, which is

nore stable. Persons of skill will recognize that the
EETs are regi oi soners, such2as 8S,9R and 14R, 15SEET.
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[0144] In sone enbodi nents, the EETs, the conpound of
the invention, or both, are provided in a materi al
w0 b@o/1mae1ri ts themto be rel eased over tinme toP@Er/US:0d%006618

a longer duration of action. Slow release coatings are
wel | known in the pharmaceutical art; the choice of
the particular slow release coating is not critical to
the practice of the present invention. [0145] EETs are
subj ect to degradati on under acidic conditions. Thus,
if the EETs are to be admnistered orally, it is
desirable that they are protected from degradation in
the stomach. Conveniently, EETs for ora
adm ni stration may be coated to peltifen:NS8 ﬁkﬁﬁ@sﬁeﬁpmuwcr
the acidic environnment of the stonach Into the basi
environnent of the intestines. Such coatings are mell
k nOV\ﬂxHaﬂsttghﬁes’ulfrbm aho brcﬁitﬁii@ﬂ&:geaﬁlpdorah pppaal pidtoniehSine as

[ led ! terlc coatings" is widely available

‘?sﬁ'i"éeidlli'f °¥Y8uch enteric coatings may be used to
protectEETs duri ng passage through the stomach. An
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and therefore at higher risk than average for diabetic
nephropathy. It is therefore desirable to nonitor -such

i ndividuals for mcroal bumiduria, and to adm nister a

SEH i nhi bitor and, optionally, one or nore EETs, as an

i ntervention to reduce the devel opment of nephropathy.
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at heroscl erosi s, these conpounds are suitable for
slowi ng or inhibiting atherosclerosis. These conpounds

wae@7usdbul to subjects at risk for atheroscl ePCBUS2007/006618
such as individuals who have had a heart attack or a
test result show ng decreased blood circulation to the
heart. The conditions of therapeutic adm nistration
are as descri bed above.[0151] The nethods of the
invention are particularly useful for patients who
have had percutaneous intervention, such as
angi opl asty to reopen a narrowed artery, to reduce or
to slow the narrowing of the reopened passage by
restenosis. In some enbodi nents, the arter

coronary artery. The conpounds ofﬁﬁ%?%ﬂ%ﬁQQQKﬁqui papr0t0PCT

pl aced on stents in polyneric coatings to provide a
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a crjtical part of the present invention. [0152] The
nethoé% of the invention are useful for slow ng or
inhibiting the stenosis or restenqgsis_of natural and
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al one or to the aconpound a# the invention al one.
Accordingly, if desired, the slowing or inhibition of

VSM cel I s of a conpound of the invention can be

enhanced by addlng an EET along with a conpound of the

S T T Y




in the nunber of neutrophils found in the | ungs.
Adm ni stration of EETs in addition to the sEH

WO pdwrhod1ez s al so reduced neutrophil |evels. ThRCT/US2007/006618
reduction in neutrophil levels in the presence of sEH
i nhi bitor and EETs was greater than in the presence of
the sEH inhibitor alone. [0161] Wile |evels of
endogenous EETs are. expected to rise with the
inhibition of sEH activity caused by the action of the
SEH inhibitor, and therefore to result in at |east
sone i nprovenent in synptons or pathology, it nmay not
be sufficient in all cases to inhibit progression of

COPD or other pul nonary di seases. ¢§% gﬁia.éﬂ
true where the di seases or other P%P§§ q%&#é 'b& P1010PCT
t he endogenous concentrati ons of EETs bel ow t hose

nor Ny h Yo €8L4Hd d Borbeikdab¥a bl By, BeRlesn spacers 1345 and 1346. If
Adm ni stration of exogenoys EETS in conjunction

an sEHIPHIrEREEe] Brepifiop of BiesPaskishewer ity %faaﬁéﬁ{% ighe

ef f egdiftionhl atxtsa)fsrﬁl-hmﬁbinm3a@ ra mathineliskint 1339 medy Feqitovidebetween
t he rogres ' COPD, or. ot her pul nonary di seases.

n
[ 0162 SPafeh ﬁ"gﬁhetséo‘? hiPbi ting or reducing the

progression of chronic obstructive airway conditions,

t he [0938ht i Benefilsse prabziddualinwingtby yrusfure sxpperting thehgiston 1300 to
sevepldyn, QI\E/.@{F&'&RQ [iEMeARarr SIHN@RhSink Bdrhdidnl fol fe %thW?é’of

di seases. | € obstructive airway diseases tend to

r es ufagainingrandios maindainine prighalisnmenicbetwasg thrapigae Aefhand the

and eaR@ed Althy l%n&é@praéa(&qh the Uoﬁa%fﬁh@&y‘li\ﬁﬁerd|§6ﬁ8§§rmauon may
tend to arise ?ron1t he EPSItlon of excess co

in t Rerefrdieny rﬁ?mp’hﬁ%“s?e egphiance |‘Svf§°b‘|“%‘b'%9§'é’éa‘%ll‘% g the disc-shaped
coment séclic B339 tHeQistén rddrmeo at a éon@liahegpotlil IABRPermits

or ' and incl ude cop i di opa

Ul P e e PV e SR s PP RSB ARH |0 gnd the
of t bewinrnaediby esilendy defefring froresponsioi affjatisidose uetington the piston
or progy.ggsion of ILDs, such as idiopathic pul nonary
flbr03|s Macr ophages play a significant role in

stimulating interstitial cells, particularly ]

fi br 019Bakt SFIG 3D iggn eeplpdedynawpfshe pigjorH30P diicting fyrthes details of
be berhEnh¥f iHeGNth arldlani aSschfdly Q¥@shck h@teom eu& E&Iﬂhh FRG. 3D, the

are involved in actjvatin nacrogﬂaﬁs a %g b d
r edu€torghaghingeises LifPinglidrs p SR A s wifh B?fa peito be centere
r epobh e lb@taumamamm bekihé tHeltadwri hmsmsnhb @dﬁvrﬂj’iﬂk]ug @iece 1308b

of the in on w e 2 pli re n

Che: BovRirT i b Frobinplscad 0 PRRHEER 15, el fiatRiolth cach rib
enbodB2ze e dlaclrmaa;beld[éndseqt@ndpm ofi the platonmmal%ﬁofls tasddan a

In OE&%%]]'A%QPQ tqg% §0ns{1n€ed olfgrésﬁlegp%al@ﬁﬁofar@; lg\”atﬂt]oro-

an occupational or environnental exposure. [ars

of selekomepmaterple Thglsemphiarics boati I33¢ isdisalf cwﬁanew\mﬁk@o@hanw

PNeuRRGARLOSHES. Tﬂ@g(hﬁﬁl}élnj:é &)?\'tﬁﬂf:t ot %rcyh&ﬁ'fcldpé\tclogﬁ}@ lassembled
exposure to any of a nunber of inorganicC .dusts and

or gafior afisst Riefes! 33dp prd apcory pjecedlds A i Tireadedisemwinlidtigioin the

hy pefisR ahdtdcomd ge&s NesRi 4ndt1887b. diteRdAPliatce Goudi33G may be
cenent dust

e._oven ﬁ]SSIOﬂS
ot T bR of el Mo mece. of By Hrar e Brofdeg parts.
of opedfgrably oithbughisitbod Siatied, et ertphalﬁd&&ibet 1336 is assembled

condi tion e 25 o2 nt al

Lung 298¢ ?@é@ C"Sh?%ﬁ% Sk %'g " ﬂ’?%‘ln% i'pr B 'Str‘)hfr OqE[]%/ e 'am%wo fat fluoro-
Medi e@aﬁememﬂﬂlses, 1338 ap¢h 133A4td- a]ﬂh’&ﬁ) -elagtomedihygng 1340. The disc 1338 is
igﬁogksggg&reég)ﬁ{“{ec? IthIEQirlst}dg’ gtrlgg# aon%ItI% By ];c glfFLS%J éjn%gsgctlonl‘l%4 the
par t iriogl134Q i récsivet neaisd tlvﬁwoeleter aﬁ@e ﬂﬁeﬁhmﬁ ne‘ll: §qcven 1334; and
tiss ltl}?c cﬁgc P_’Bbl @&%R;o%& Sél&r@én the! eﬂc @ﬁ’ap@@ 8&8’@%@6@1334 and the second
arthritis and systemc sclerosis. I's believed that

t he nmet hods, uses and conpd$itions of the i nvention

can be useful in each of these interstitial | ung

di seases. [0164] In another set of enbodiments, the
|nvent|on |s used to reduce the severlty or

o Y g, FU T N



bl ood stream and bl ocks a vessel there. But, in both
henorrhagi ¢ stroke and i schem c stroke, the danage is
wale@7iiewiehe death of brain cells. Based on t heP€EESI0T006618
observed in our studies, however, we would expect at
| east some reduction in brain damage in all types of
stroke and in all subtypes. [0168] A nunber of factors
are associated with an increased risk of stroke. Gven
the results of the studies underlying the present
i nvention, sEH inhibitors admnistered to persons with
any one or nore of the follow ng conditions or risk
factors: high bl ood pressure, tobacco use, diabetes,
carotid artery disease, peripheral kﬁﬁﬁgﬁy
atrial fibrillation, transient ischﬁ%Shggggc S + ACHPLO10PCT
(TIAs), blood disorders such as high red bl ood cel
COUNpiscalBE76) Thi 8is€ €338 ks aeaneal ob&rgtg 13386 dnd four through holes

chol ter obesi al ¢ I n 0

r 1 nS B PR ‘FWZ‘ ‘%ﬂgﬁ'& égggé gl Wich ghin metal
of cquﬂeﬁely teask pisacking Imngt oTr;e difc B30 dkiea ccaltqar menmlgsi339o and four
stroke ar, t

She g’lr ogh 6’1"? rlé%ﬁ gﬁg bQ gstlr g%ﬁ&{ﬁl c}g‘%leln tﬁgﬂﬁﬁ? $343 so
bei nthaethe disk \t 339 inay bé¢ mlcelaéd ster die@haﬁn t3Ba0ofahe m&trm eqﬂeﬁyio The
10 yg%r ]-Elggé andthe 0 oﬁ%q'loYésq@gét rﬁfya&;]l%d ngth tgg métal (preferably

stratlon H 1 nhi tors has an

| nc r brasy) Ibgcrlgmg argye The backing rings 9 thefthroughnbolerot338t. il 339t gee not

next skt iHebackile rirgi3nBSH, 1839db FoPihe BFdriingsN 3380, 133890 are seen in
combi nation with one or nore SEH i nhibitors can

beneFI@i3% With furthepefereneg b FIS- 13Pea“6r3§r Hhe distheiree 18‘7@ of the
can expfitdncdesmefingihad a ﬁéﬁeac‘cteﬁmﬁ pERisEH374b, tahd @He second piece

W t hout Ts..in a var et s whic

i schg#@%"‘éﬁé‘PP"d’s‘ieﬂﬁa‘HWf’ %ﬁ&ﬂ JE¢ Frepine '2'95% (i darde cnough to

[ 0168ikar the sop#34Bsahanice mdsmmi&;e 138%b mbayibé rdaeilved oves the shaft
322’ f%@f{l&fo e?l ;lnlﬁ% é(fﬂE%\Z? ti e ad Fa‘y’rlnlc:%ft:cg{]éagrg%tlgapenc S0 and Fetains the
per i pérepliEncaboel$36 madaab«ednschshaegcaerrd mttidn 1334 of theiposton rod
3 AR LGiRTE A WATRA"1 3@ RNE Tt Lﬁé‘d‘% 13480 and through

(TI AS ave a 51'00d ‘di'sor er suc
cel | helouh348bis dispeddn mqomls@wentahmb%ﬁubgtween the disc 1338 and

bl 0o g&, e%(c@qg &7 lBef@rE %e%ﬁﬁﬁan&%% nﬁin‘ép hﬁ7 i st@rﬁﬁl@& Shéfirst piece

one a worman or two drinks a

o, 1578 16 86HToA U OO of BNFORGM PASKISEPSF | SRR aghveaded scrows
have 1 538hat dxiepd ltmusgrﬂhmge holes st indkd ﬁ.@kplaam 330a £l that are
gravgffrgéfg lglcggrgsggé ng t o B% g-g% %%P) lﬁrélvzacrown géckmg piece 1308b.
hyperrhea«snplmneds ccditeﬁim?tleS‘Z 1s[tﬁk'1|7a@}en€ﬂlﬁt ardlargisbé vormgliance boot 1336
agents | [

haveg v1s:chn (%selcinéa ﬁ%déﬁ? e ex?ﬂ ?g cfa(Yegﬁ%ro eghftﬁ‘por’%;h holes

i SCh@d3dTbt.sBBYK €334¢ f13a&tmlmi B8, endd am r¢theemmuhrsa®ldohlphgh holes
af tepygy stroke. tPA, for exanple, is approved by the

FDA flor use in the first three hours after a stroke.

Thus at | east some of the brain danage from a stroke

i s ni037hst Rrtosmatinnet ty rompliagiedbogy b3304s stz hyyth TF‘?prl‘ance
or atbmhinér 18Y] theldisé 1348 BndRE baikapgsmcgsaf {heldisc$1€338 and 1339. The

o OBy o e S L ey e

r educanbhadiamenaiie sdreved B iis brleewd pm\tdm srpaGe WidhihSvhich the

Zf t gI;:orgnP %\rcg %?tgag? {(1)1;? ygsfl%gtl%gc%eagﬁlggeg%b? agtho%ﬁ'u 1Hlo§t

eac h lisuat e shev@ngiligndechoot hi3érallaivs potadymepenaent of the piston rod 1330
pr ef . f 8lcaR]sYap. t he i nhibitor or

i nhi E{'@ r%e%tség%d‘,ﬁzgé(sg%rgeg{e Lsouprs or less or even 1

hour or less after the stroke, to maxi m ze the

reduction in brain damage. 1Persons of skill are well

aware of how to namke a di agnosis of whether or not a

patient has had a stroke. Such determ nations are

typi cal I y rrade | n hospl taI ~emergency roons, fo! | owi ng

. o s . s



receptor agonists, AGE crosslink breakers,
sodi uni pot assi um ATPase i nhi bitors, endothelin

WO e@apoae2 agoni sts, endot helin receptor antagoPCBUS2007/006618

angi ot ensi n vaccine, and the like; can be adm ni stered
to the human subject together in a single oral dosage
conposition, such as a tablet or capsule, or each
agent can be administered in separate oral dosage
formul ati ons. Were separate dosage fornul ati ons are
used, a conpound of fornmula 1 and one or nore

addi tional active agents can be adm ni stered at
essentially the sanme tine (i.e., concurrently) or at
separately staggered tines (i.e uentral

Conbi nation therapy is understoodAFE PH@V&&?@%MNQTﬂEﬂ?m“WCT
regi mens. Conpounds for Inhibiting Sol ubl e Epoxide

Hy dr @b3gies with Qéfz&cé dba 8 iFid 0D ke &hﬁpﬁe@h@ ﬂﬁs a clearance hole
provrd above, present invention provid

anot K sadie the wxe%wra Gemrrersied Qrthe iedBe ¢nd Fi35 of the piston rod
act i Y330y arf mégistithere R0 bk dReMiMiothesision 1800. PO#del tﬁeud:raﬁvn pieces

the present jinvention prov des nds havin

f or ni08s geq LadRbhe CORPRSFHAPE 1479 B0 EompliTosoniing 1337 have
enmb orsléerrasﬂembmme Whigks 1 mqwmbas and amspauad $34des€ reckieet on the

abov Q176 on

enb otgr%é%c{ end Eﬁg Eﬁ)eém soh rga%g%({ ta am%t the st%p E’»eélr?:t feo}]lgwgd by the

or hwgktpinl BG@I the e 84b.cand tirthte@ddl nut lweﬁhmeh astshywn in

of | i ]
s T
enmbouionsing, the yeispontpchertlissaded cadd333.CEIDs afrarpgmepgyn be understood
l esswnti] %@@R&&Sh@”&@%m centrify-AROREY Bgﬁc&ﬂ}geroﬁ"ll%h with a

| G50 of 15 Mor |ess. |In another enbodi nent
c onpmrmlsenﬁalwaahhavm Iatexg!lyrwpased prEaging|apmy ifh pligned openings
enbodisiBiHly recbifed SR WiHiRHik 8342, Athe If6REd Bfd ﬁﬂ?ﬁleﬁosmoned on the

| ess. 1 n another enbodi nent C ounds

| CoomEPiE ot BEahe sIERRs ol T P s 1P g3 174 treaded ot
The copeeadtered bétveerhe sggaking AvANGS tha falkel dnd 1gaear ed

by a variety of nmethods as outlined generally in the

sche %@ % c&Eb fi n'ﬂagtb%%e% pa%ﬁe thgt%ec‘ y.@&)h qt_’:b&be cooled to
condrt |ons Ius trated In th OW ng schene are

al soallgypite %'ab?féIYt'Odltq‘?ééetqﬂmﬁ g Fgglba%‘iﬁa‘&ﬁ‘ Aistortion of the

am nERRhhyduRt ﬂ‘%fn‘ tﬂérﬂﬁl é)&ﬁﬁ’s‘i&l %ﬁlbre@&&l‘béﬁﬂﬁéewmblﬁﬁ&e ssure,
1 -Introduction a eteroc¥cllc harnac?&hore 0178

Schethgrtipl faregsapd Q{Oé@yg’é%erar Yat risk gt thempal gistqruaioccurs at
for areerw;at 3asne@tec161wmguaﬁkao @hd htire d:dﬂdt&l’lBlanW’iaMllﬂ’t@olmg this

het er.oc econ a caphore, for

pi p eP?r&¥ tcg\ %&a@r@) [ m?iurlg%e%ﬁe doep&ra‘_non %nﬁng the piston 1300
synth aﬁnislsroofn dkm(llp dhepezaglrpisipg thedish-of cyithct Metwcanl thegpiton and the
1-yl l org ']F &fcoi?tgelled LI‘F Ihgt%rt?or %9 lLeI elﬁmﬁ@&? toﬁgtc‘east

t hat of '¢ T ava l'e or synthet

het estd:egaotmlbr ladrqerésbycmrh@lm 453@6 aj ooy segtien esfx (see FIG 3E) as

4- an])@sgﬁllé)ﬁrthg%@n 1808l int @dr 19 hAGMi2URS theti %ﬁe&h&@&hew

than  benzoyl could al so_be enpl oyed. Schene
Synt ﬁ@gq@r@fxeatmg occurs, while cooling the crown by apphcanon of one or more

N (1 [b@anrsq,\fh.aua%bﬂhrbr&nyback%rfmd@maer the 'cirdvr)d" IS the distortion
[0179] As shown in Schene 1 erid

( aval¥ sybitantiafly nikpr seqh Ceﬂlé'rﬁ 'E:‘%Y g]ﬁﬁ‘qgre o Wﬁdﬂ%%a""a“y symmetric
W s Cags dittribdtbn id sndeapemelt abwih 1ke8nzal dehydc at room
tenperature to provide internediate (i). BOC

O FRUAP", Rl B oI BRUESt e s

sui t amkesurfs'@ﬁ:yfﬁﬁatf eheprown HEO8 man kerundenistord: Fh‘? pgre 1323 in the crown
Depr 8L 8Gid RBceCf308D fradditRiRk kPind Sadidily)di ARBUELASY ip@Rad¥st1B29. Each

a suitable al kylating or acylating agent provides the

target conpounds. Substituttfon of adamantyl isocyanate

with, for exanple, a substituted or unsubstituted

phenyl isocyanate or cycl oal kyl isocyanate (e.qg.

cyclohexyl |socyanate, also avallable fronrAIdrrch

e L o s o "



allowed to warmto roomtenperature over 1 hr and was
stirred for an additional 12 hrs. The sol vent was
wo eowonexd2i n vacuo and the resulting oil was treeat/es2007/006618

with KHSO (aq) ( 1 M 21.2 mL). This was stirred for

1.5 hours. Water (25 nL) was added to the reaction and

t he aqueous suspensi on was washed wi th diethyl et her

(3x 100 nmL). The water |layer was then basifu ed to pH

= 10 with KOH (s) and was extracted with

di chl oronet hane (3 x 100 nlL). The organic | ayer was

dried over MgpSO4 and evaporated to give 4.76 g of a

yellow oil. To this oil ( 1.0 g) was added THF (25

m.). This was stirred for 5 m nut eﬁmﬁmﬂl&ov\@émmwpm

conpl etely di ssol ved. 1-Adamantylisocyanate (0.88

5.0 nmol, leqg) was added and the reaction stlrred

ov e r ﬂbghiasstagcd 32948 p@dltrmsp betweewh raspéctiog pair of iiites 1SAR umdhits axially
and th o)

S| I i c':"é: lﬁfcﬁ? 10 fpangt honﬁgce §tbé’ 1e3§2§n e%&@%éoa}%’gﬁeg?mg surface 1316

f r acbf tba cwean l‘B@BI Eg‘tleﬂlov(' PasGagef 1329 @x@nds:toward the edge 1312 of the

hexapgufit i968) ngdtdnd %eﬁghys%e LRARVEE ezbﬁﬂs\%uuagmszg

resi due was treated a sol utlono I n et han

(35 transitings in T phasp reaerse eurve &3P &y bejdiregtsd teward ghesepey epd of the

vas LRIAVISdo.t Phdbote 15%%9&%& rocﬁfﬁ@%o%tﬂﬁt@ga ManfiQdeliver a
under. vacuum as a white po 73% vyiel d

over &Fgam ofja liquidepolant b é‘°“t"o‘|39é R¥ w 0%@38 f&swhsﬂaﬁga%1%?9 The

. 1- pei lBaﬁbﬁ/dhc b&ﬁﬁl}&ﬁ@ 83 &)mrﬂ@ﬂ'ﬂt&d@mvgh the opening 1337a0 in the
N-(piperidin

ny lf SAPEPERRTA Vo 1317 874 16 DB 21 Y4B ERg, PBEEPies 1308 wit
8 96 tHelflow2plissdge® P3AGDOIA sthddm SIr efdigiid cooldAQ intthddded thidbuR the bore

xfbl_hmi: thsreazd%?_"r_\ﬁt 1]3g4 %{?61 velcf)oﬂ bhe(tgreaded egﬁbgf ‘hg]plsﬁg)dgf é@&ﬂows in

N- ( ( plfpmdlrdcptmnalbrgltbe aras ofythg piston-186@) alrrawgh- the Hores 1 332 and 1328.

hy d r {2 € 1 c

W SEL A B of A Tk Y55 Sy G

1H NeRwW3asl figpyout Disereanss, SAxhatmass thmygh Shedlpw passages) 329, flowing
6. 00; n( Qf mcllillé)i'axél &%cﬁgﬁ alohy}he b%clgglrfabé 1846 oF tﬂ@crgwhq 308 toward
2H) , - 1.40 (br . m F}:Deﬂ

1.30 thefdssl%'&r rh‘eazﬂrf L éhf’z:‘%'l‘ré‘i‘ealllq“ﬁa‘i' ERAUEpout of he
t he 3idwH, aloh®heQkirPi NORbWrAYie dper 88d 1399( The atddyitphmeRIocity of

0 N cobt e, (e B2l (RIS

conb ivmesdi tojatdurd doebubmpe ofthe atreansl ik yHe 1oral lewaf khelwoolmdeithin the

( X=Br, I v Q. i
ol 098 0 RO b0, St
hou r snhagtestthé eappaibynef, the ¢rmlang trcdondwrt heat awap frea the basksurface 1316

t eMpeRaindIsRic8BEnt th%BL&AE&t 1399S ThEADY Sfle bfthY¥ 86418ht CTRaised to a
resi due was partitioned between DCM and agueous NaHCO

( s at dpvehbiedsturea bigh a3te ef heay eqmqvéhfﬁ% thehevri 308 Thus-he\gpoling

. cdpRity 6t e ﬂbw%??sa?é&aﬂ(ﬂﬁ Rfta Bvdr Avid&fahgeIBy varying any or all
Chr Omat ogra hed on silica usi ng amoni a sat.ur at

ed
met h&hthe oy %fé)af%ageSe}hs@Hf*er(%mi obYie pyysageg the aeg%ormstanon of the
203- pis3ag¥s, dahe viktodrRand306~ Mk of mnt C iftokhépistoft.1060.

(zbrsgl’(%%fa@k? i%olw@t}(&?l ous oF inepen epid 1%@? %ﬂhe i1 1300 to be

1. 66 clacredBhi}h liduidl Goolapl flowing it 8f th8c@izier DIEP by, Si)ﬁhp( t,

J =7.19 Hz, 3H). Exanple 3 N (I|-n-propylpipe b

di n- &L&biant
60% 400@3 195&28%5%?15%} s%ﬁaleM%ﬁ%eﬂf\#géast{e%g)gi thh (Q)

4. 00 d(rsq,ted Qtl.tble bagk gprfaced 346 of 'Il?f oM 13Q8 agyures znrftgnt ?ﬁohng of the
2H), cfowd¥Pduring. egg?mé Hpcr&H)n. and.clifhimate, JrQulﬁd’ﬁntllﬁﬂedﬂlcezpswc]lmg of
1.57 (br, 6H), 156-130(m4H) 0.88 (t, J =7

Hz, 3H). Exanple 4 N-(J -n-butyl pi peridin-4-yl)-N
'-(adarmnt-J-yI) urea (1160% [01891 Yield = 53% M.:

195- 200 OC dec. 1H (300 MHz, CDCI3) : 4.05 - 3.95 (br,
2H), 3.51 - 3.45 (m IH, 2.90 - 2.80 (m 2H), 2.35 -

2.25 (m 2H), 2.10- 160 (brm 19H) 50- 1.25 (m

p—



Hz, 2H), 2.98-2.88 (m 2H), 2.34

1.2 (br m 26H), 0.09 (t J = 7.2 Hz, 3H).Exanple 9
woRqogleenzyl pi peri di n-4-yl) rret hyl ) - N - (adamanPeT/ugi0punoc618
ea (1119) [0194] Yield = 48% I\/p.: 162-167 0C. 1H (300
Mz 3CDCI 3): 7.35 - 7.20 (m 5H), 4.37 (br t, J = 5.8

Hz, IH), 4.17 (br, IH, 3.48 (s, 2H), 2.99 (t, J = 6.2
Hz, 2H), 2.95 - 2.80 (br m 2H), 2.10 - 1.40 (br m

20H), 1.27 (qd, J = 11.9, 3.5 Hz, 2H). Example 1 QA
Gener al procedure for the acyl ation of pi peridines: N(I
-acetyl piperidin-4-yl)-N -(adamant-1-yl) urea (1153)
[0195] The desired piperidinyl urea (6.6 mpl) and an
appropriate carboxylic acid (or ester aC| d

mmol ), DMAP (0.805 g, 6.6 mol) afdT 5’?"&('?'&'6“036““"“’1""“
mmol ) were all conbined in dichl oromet hane at 00C. The

r eacihk @R wWPshddhd %Mﬁ&] &thé Elhft lrﬁt%dllglﬁcﬁé&ﬁtsthc é“)whh]'uﬁng engine
poi nt nmol.) was added and the

r eac‘?ﬁ%‘%é‘%‘!@ﬁégth{: @l%{‘r 1300 &s thereBy, gbstantiglly, maintained,even at
I eac mamm MA¢RIARE &L dif eXemblaBy piStaf tié@gh m&m'gl subm\ekain® 1o

stir 8 hrs, The rea |on s the shed w
C(B(c‘f]mfl %lFli“lal gls%)rgﬂ\ Ir.'tLe)dC 6!'F11 )épabxf,top'dl\?-g a)'o“(ni datlge S? the lower
50 ndylindriéut portiga of & 3Ilaymhey\6S0 ¢ih) didmeratipieoapar &t maintatned at less

Ch i BEDL Y b B NP B4k P S5 Bp Gl becomes
pr odigsst imp¥itastdo rankiéhedphrougOthe PBEorOKirt 13H0( 380 régult, the skirt 1310
Z:DS 4;%%%& ﬁmagg th %rer QIE.E t]>th r’lﬁsegwgglg bL h%ceés%r; an]\e(' Y. l§werlrtg)the mass
(br thhQ]PlﬂtOI!S 1 Hz, 2.74 (br t, J = 13.2 Hz 1H),

2.20 - 1.50 (br m 20H) 1.30 - 110(m 2H) . Exanple

108 [001916] Rk eeyat,iopposeyl pisksiheraf-Lorhbushc@Endin lnesdated in FIG.

di n- t-I- urea (1153 Pre arat i

of N 3 Sy pisse Ao B esetipton B Sistas 3 ROBIeet gl HPh ensine for the
char gke oﬂ\‘lltlktra‘noﬂ@ndreiamlﬂﬂmlyaltentlddﬁstea_d be a spark-ignited engine. The
4 pl qer L dldrzzl?té%rg psgclxo\%lg tute atflegﬁ{.rgrlneec_yﬁgdjér\mlhetgitk?i"eg Eoo};wg in which

N ( dwlsugpqc@pytoyemtfymmenealmomismtiwmmrapmm@y gduced by
The 5&%943&:!&9 sm:'cfﬁtsl{ff% lwﬁﬁi &9%?“ tﬁ@mmpdés@;ﬁtfmith re@;ﬂz@t to the

uival ents of acetic any de was ad

s uc h%\'“ﬁﬁt 09 dllystratgd ik 1435 1 An! - rft erlwéFr qfdhip évettfut*aé adta" of

| essopdasdy pfBks, if¥abR bf Aflh tiePRal\aihdeQARh@hCistédin is eliminated or
react| on mxture was stirred while nmaintainin

i nt efWbsRntallygedused Py 2RicatRaet off ar meRCTTEYRS ‘Bfoa}%l'%‘{ goolant in the

vvas fainer Gés&dbttntvith rdsbt&:t aonthel ptstoaf13mne1aeitedm FIGS. 3A-3E. While
k Ild ({160&4’ otxa zl 3 ganr?t L llveldc olant,

I\I- ho yr HChEG Rt Z“Syt'e Sopeile pFOLT c‘fy"t Vo1 cal a dboit

4" 10rakioned sa:ohnEh:é ther eytingber ttagedutr prith dmnntnemgl ®ollh§c1t thelpistpns may

filt | Vv

(dii é%tt??lggp rhS\érlne %‘ghﬁ %r ocL o‘lrrnlﬁgl‘ijn ﬁ%‘ﬁéﬁ%a%leér ance between

pr odthem dysiog dngledomeeat@enwh'ahtangw qlimipatg thewaed foupigton rings.

under a nitrogen bl eed while nmaintaining an internal

t enpE0asr eAoEhohmin BIG mlﬂf[ﬁ@ér@ll{ehaoo iretlides at&éasﬂor\M’HyIn fider 1100

solid. n 940/3 é‘é{ﬂ’“s ﬁBOAI\/g‘dglﬁwﬁ db?oieg d" 1t:¥?_1)reclgl(06§l ng opposed

- 2.26 (m 2H), 2.10-

d: 4?"& ORPHY
( m mijion ward ahdidvalyfiont ch othed dnd2thE Serften of khid)GyliRdet 2100. The
17 ) [%%H]ldlna% Axis ka%g h(:g:klinzdel} R chiftRacwit the $8Hgictdihal AR A, of the
of N- pilstoAg eftqupartdelBDGB rihe-pydtpnsN300Adadrh 308 arg Cyupledga first and

[ Olggcohod § ?%Qﬁte%’?&n?é}qgtgggg Walnlgh asOIQBO and 1432 whnc(:)h én7 turn, are

nol e- equi val ent s N- acet pi_per.l am de

ol ecwtﬁd\;aeeﬂmgwefoumnaﬂ@hdwwl in ghis ﬁelre)aﬁoﬁlme yristpin 1342 is

No! enQanted &) &Bh of Mk pRERL IBOGA b1 300B by W Jrapiidd 138 1330. Each
m xture was heated tpo 75°C internal under a nitrogen

at nosphere. (D acetoxyi odojipenzene ( 1.00

nol e- equi val ents) was charged portionwi se in such a

way that the reaction m xture was nai ntai ned between

75 - 800C [ nter nal . After the (d| acet oxyi odo) benzene

. o, a NN N N



N-(1 -butyryl pi peridin-4-yl)-N -(adamant-1 -yl)urea

(1157) [0200] Synthesized as per 1163. Yield: 71%
wOR007/10982 188 O0C dec. 1H NWVR (300 MHz, CDC 3) : PaT/B2001006618

d J=13.3, IH, 4.25 - 4.10 (br, 2H), 3.85 - 3.65

(br, 2H), 3.10 (br t, J = 11.5 Hz, IH), 2.75 (br t, J

= 11.3 Hz, IH), 2.35 - 2.23 (m 2H), 2.10 - 1.60 (br

m 19H), 1.30 - 1. 15 (m 2H), 0.96 (t, J 7.4 Hz,

3H) . Exanpl e 13

N- (I - benzoyl pi peridin~4-yl)-N -(adamant -1 -yl )urea

(1159) [0201] Yield = 63% (via acyl chloride). 1H (300

MHz, CDAl 3) : 7.44 - 7.32 (m 5H), 5.00 - 4.50 (br m

3H), 3.90-3.78 (br, IH, 3.76 - 3. i

2.90 (br, 2H), 2.10 - 1.60 (br m "?&ﬁ)&f@?"-&f@o“mp’m”“

(br m 2H). Exanple 14

N- (| of( tRy wirigipiie -134Z edrinecry Iel)cm dfapludiality 4f ydnnedting(radiar@nio a

(sweHiEay¢ Sy 1 MRy 00 By G R

Hz, illld}trat@s(ﬁﬂ)y (v\tod:o?in&:,tmg radsH#A47 fdﬂ)each?p:EIGn (blor mﬂs toJ)e anderstood
7.6 J = 7.0 Hz,
4 70£_|_%t (o) eg% 'rrtqbe a dltg Oémgcdmg r%ds_f'léé ?Ot v1sit§6 15 ( br

t, J =12.5 Hz 2.95 (br t, J 12.3 Hz H) 10

- 1. m%br I'F]“ F_Il_éi_ﬁA the 5’0) sndq:n@ente%praﬁﬁ(shzi% 143&_21(111 1432 are disposed
- ( Py it klféﬁ'a?(lﬁ@ﬁdi‘&]wﬂ)d 0aBh Bﬂki‘ sHdNyhe YA A cdmon plane that intersects the

(adamant - )ur ea (1434 3] Yiel 86% vi.a EDCI

CoupPHRger HEP BLCHeRt 5 lopigome) cengergnd (g s gerpyndiculigo the

Hz, [bh&l,tucﬁla@ 5x1@ By of ihH):yllr?de74ﬂ(e|&l"and$haﬂ:s fotfte th dfposikdYirections. The

7 38 "§dzfmg§°dfo] 4% (ﬁfmec%edfa ci‘an%Ir tig'éwi By theICﬁi\'nkl)(sfgi'%d430 and

2 9 Ol{’.ﬁr fn pRh) gaclR cdrihestink. 6@ 144t havjan tlorgate $uHght-sedtiop@xtending

b
F\I— E I H%pyr | ﬁe 4- cggaﬁaovﬁl;ftflf)‘l |c1)°‘etrthcdp nd 05 theI s)tra"l%ht S(CCt anl’rgacth-
| -yl $annecting Tad BJ47 p 34 fowdré e oflthe wnatpE@@IS% olipst Gunygd shape of
'(Vp 1812 CJJI%%CQI% roslé_lln‘&()sQoM:#s t%e?gll W|d§1 Jthf( Eﬂg(u%"&vhllg pl%@ldmg

7.6 Hgaralpqq)betvzpeg 1he(c§nnqcﬂyg rcgisggd Lheg,nc}stpf(tm plpquls dgingengine
(br gperglcm140|—|z IH, 3.13 (br t, 3 = 12.3 Hz, I H),
2.95 (br t, JlZOHZ, IH), 2.10 - 1.60 (brm 17H),

1. 37 I | H) . .Ex | N-.(( | . .

e 0T bR g bfnesll i P Eudi i) 1300 i e epatne 1400
( 115@jth cGRRSpaftyFepiayed tchi9straldlet 8B @f Mexon@oGhg B8)ds 3447. 0As seen in
13 45&:24 QA’ na Ijh’ e:fkh?:@sté‘pISOQ)A]a%d% 3!;58 hﬁsh')\ree %orﬁ;lec&t% r(c))és mounted

(br to its Jsmglel'gngpqqzl 342. I—|)°‘S drzcwec{ ‘kho"%}d‘ cegtrallyixgowtccuccgnectmg rod
Hz, Zg-tbha hds Zg)r(&’lgwﬁ stpnl ernd 1247%wH31th Jv&?blate?allﬂ' spackd4ngding arms

m -

N- (( Pavﬂ?&)ﬂ’éﬁ%?&ﬁ"ﬁﬁﬁ ﬁ'lﬂt ﬁeed?})_%h ?FBFWI“SC‘*N” ‘“( ngedirehrarines, 36, to

) | i theavr(sipl®2342( mﬁaan&ﬁlglrdouma%(xwuag 26 h4ehh&y d daykshaft end

3. 85?‘%&% a'nh 3n opﬂa%fowoupt’_ég wgthisl]er bﬁargtgs? {&Z to %{;:gahkshaft
2. 52S¢dond tlatechlly n‘ftﬁn&dl-@pnd:dﬂhg rélis334'(lﬂare dncunigd o iwristpin 1342,

§H)150u?[b(iar6 gg' zz grs con% 11'47]& ea(:F\ b tween a fespe'_%\le er@ of the

t her efistp 1392 andand\ari @frtbe @dad)wrﬁxmmhél%aaw Each second

L\I'eg( % ﬁ gggX'é(ﬁ) E#fﬁ)thg F W%s%ls%% ﬁM'n%w %‘L}“%g'gg%@"g fo?/ %%ﬁlting,
( 300withia ne@ichgiying 1436, 80 ¢ Wiristpin 1]342 Fagh sqgond qq)meqqmg fod 1447b
( br dhas7 c:l';hklhel#endl l@l?bc ﬂl? arl §penlr§)for r;\elogfﬁm%b&/i]t_lq ﬁéﬁlel; Esa@ing

- 2. 95‘4 82t°894°feﬁ‘hsh4fr-|) 2 52 (t J = 12 6 Hz, IH), 2.29
(t, J =7.4 H, 2H), 2.10 - 1.50 (tn, 20H), 1.20 -
1.00 (m 2H), 0.96 (t, J =7.4 Hz, 3H. Exanple 19
N-( (I -benzoyl pi pendi n-4-yRynet hyl ) - N - (adamant - |

-yl )urea (1121) [0208] Yield = 45% 1H (300 M1z,
cbAd3) : 7.45 - 7.34 (m 5H), 4.80 - 4.60 (br, 1H),
450-440(br IH),430-405(br IH), 3.80 -

"~ SN ~ N "~ SN



2.71 - 2.54 (m 4H, 2.20 - 1.5 (m 17H), 1.30 - 1.10
(m 2H).Exanple 24
wWG2004A(B2Adamant an- | -yl - ur ei do) - pi peri di n-1 - yl PEBUS2007/06618
entanoi c acid nmethyl ester (1206) [0213] Yield = 61%
Mp 152-154 0C. 1H (300 MHz, CDCl 3): 4.65 - 4.34 (br m
3H), 3.90 - 3.67 (br m 2H), 3.66 (s, 3H), 3.09 (br t,
13.7 Hz, IH), 2.70 (br t, J = 13.7 Hz, IH), 2.45 -
2.31 (m 4H), 2.20 - 1.5 (m 19H) 1.30 - 1.10 (m 2H)
Exanpl e 25 2-[4-(3- Adamant an- |
-yl -iireido)-piperidine-I -carbonyl]-benzoic acid
nmet hyl ester (1202) [0214] Yleld = 63% 1H (300 MHz,

CDC13):8. 8B (d, J = 7.9 Hz,
SR A A A Zgig,gmy.,oqﬂgzc.,pmlopCT
IH) 5.00- 4.62 (br, 2H), 455(brd = 13.0 Hz,

13 1&)_11)46 ‘Bhd) ge%m%ﬁlc rel%tnc?r?sh(ﬁet»%en'tﬁ@ conaecllag Q&H’s ld47 \lvnstpms

19H) 1342, yﬁ%qrgnkzbaf@ 1[4;0 1§3Aaléq.p§hltn&mG}§ 4A and 4B keeps Qhe connecting

- Y| - td€i149) priticRRNY dhde tdnsHE ardaoaytht plaednz 036D A241ddi 300B move in the

met hé))lm%%rt I{S)O§\é§f9 nglntgs?'s 1 % gmlqu_sPG 1g{§s%real§ll§?%fr%_1|zlgenial forces
1. 4 bizthe bidjons 4t I5gh érine speeds7Tis gdometihyzedindiblites of. a’SI}a:(ttspbstantially

:] _7'@%“?% s|dle %es‘ll?z\?%fnzth%plgtgki bgﬂd)Al Z}Eb% 1%§Oégnd %E%Brg%{ cylinder

m 2H)Q0.2. 15 - 1.60 (br m 17H), 1.50 - 1.10 (br m
2H) . Exanmpl e 27
4~[ Apdod7Ad apErGanA | addiionbEdetkil)s 'aﬁdl ﬂﬁfdr@ﬂ dT@hd cylinder 1100 and the

YICZ{ glgtrc]))r/l!@f }8%%%50 CI&% %\Eésvpli tk% mfj}_‘iﬁ% gpﬁ%nau toR é 105 is
E‘r dSOJovcreﬁl By thiz exhatrdt mahifé@ 1104 thkoaghSaBiclirthe p2dducts 4f Bdimbustion flow
5. 744 Mheyfindeegdodl moeie g howsigpesiaonl endnficpy for

t n 2Xdmpl@al BMEP =11560si( the ayerdgetdxterdal fnperdtur @f (Herexhgust manifold

4 { 4 ﬁ%{{ﬁdgen%un{ 1153 mil)f reach or deos:eed 37I§] (f .a high enough temperature to
pi peekedligsellfugl. }Tmaamgdat@mnr@nu:e eicthel maretfﬁgll 194 angkduct 1153 is

( 120§e)d %&Qi?fgrlx th%I }ﬁél{jm"txay gx’(?augt 'éai é%eme Efmsg’aseqﬁ]enzﬂow of

- 12303w1:12gmg 4“5 Ngvcggeleg. th3 ﬂ}tengr sllsfa%emof .H'laug man1f31d71 104 and the
4.4 hl?ot 1h53 mass bggo\(epé'd \l'nth an msdllgm% cldlﬁmé duth ada Qi%h Qé?r'ipcrature paint.
dd J. = 13, |£|l) t2 gn

Sﬂfoge p_&sed F?—WPOSQ‘OTE e uf f'gb 0( H],ls é.l.'rpcisg::%jne iu ° position is
1 00 m(eml oxikd fillEX patid \atmtrﬁnﬁaac{)ﬁ&ctkdmmtoamsk than 1 W/meter-°K

ati d HEPRGH R B £ b TR0l by ran G DERIER B

VHz, cﬁmsﬁ)on is 4 cdding fdrmibQaté¢coby moxidgHil-cell spBericel] mikraballoons sold

12 4 gjl‘%ggér?)dasngg ?x%lérdn}m]%paéréfz& %_%; S‘ng%ﬁ é’g %@ E(u%pf‘j ibha siticone

—12 Based bindef) sysemospld ynderidie tl@dq_garqp Azpng:o}QQSO pH)\ren)co this
(besc&rngostinon pl'gwgesﬁzooa!u? hav?ngaﬁthéma] é(')'xl)ducl?wtéQK) ofitesthan 0.36

2- {4W/w1%ﬂ§neﬁitegrmvely4 Qruv é%wym lnsﬂﬂj)t yridessiof theexhayst

ar ?Oméh}folhan@@ hed ek @l%ﬁ}ﬂ)e &)%feﬁrw&h]a’zéegaml[: AalPial. Vit ﬁ{asi also be
765/0 7d %s{l_!a %gc()) g.p'\g?)% B hglj[_%glfo%&nt tp Fbezexge?'i’gs\slttr{?aa;s' cgf tlg!czexhggs’t magifold

Hz, hH)4 and K6t (133, a]theﬁgtﬁthHZwolenakBﬂ&Qneréy Emdved fidm the exhaust
IH), 4.74 .l’bld\]=.12.5b}-‘|_§_I IH 4.70 - 4.60 (br, IH),

3. 87 Bfunaypifablefopuseipp tygbocpage.y 5 1y 1 320 - 3.
10(m||—|),300-270(m3|—D)210-150(brm

18H) [00A8P0 Refgriym t(’lﬁ[GZ‘H) thgoéwﬁprel 189 also has an inlet port 1107 covered
3-{ 4b[/ w3 il eraREaR140¢/ Jhrdﬁrgﬁ oo prBdstiyleli i (Bt R dytifider 1100.
arboiiyl}-benzoic acid nethyl ester (1209) [0220]

Yield = 67% 1H (300 MHz, ebCl3) : 8.08 (d, J = 7.7

Hz, IH), 8.04 (s, IH, 7.58 (d, J =7.7 Hz, IH), 7.49

(t, J =7.6 Hz, IH, 5.10 -4.40 (br m 3H), 3.93 (s,

3H) 3.75 - 3.63 (br, 1H), 3.20 - 2.80 (br m 4H), ),

"~ AN A Y 4 A ~ N ~ N 7 ~ 1 N —



WQ@2®0/109122 50 (brm 19 H), 1.20 -

t, J =11.7 Hz, IH, 2.73 (br t, J = 11.7 Hz, | H),
228(t J:74Hz, 2H) , 221(t J =7.4 H, 2H),

90 (m 2H).PERERWOB006618
35 2-[4-(3-Adanant an- |

-yl -urei do) - pi peridi ne- 1- carbony ] -benzoic acid
(1507) [0225] M 219 0OC dec. NMR (300 MHz, DMBO):
13.16 (br, IH, 7.90 (dd, J:77 0.89 Hz, IH), 7.62
(td, J =7.5, 0.9 Hz, IH, 7.49 (td, J =7.6, 1.0 Hz,
IH), 7.27 (d, J = 7.3 Hz, H) 5.71(d, J = 7.4 H
IH, 5.45 (s, IH, 4.24 - 4.12 (br m IH, 3.60 - 3.45

(br, IH, 3.22 - 3.10 (br m IH, 3.05 - 2.85 (br, 2H)
52.02 - 1.38 (br m 17H), 1.35 - JffnEPDBCKEINO.: AcHPI0IOPCT
Exanpl e 36 3-[4-(3- Adanant an- |

-yl -ureido)-piperidine-|I -carbonyl]-benzoic acid

( 1505&cab&22@ienr]1bbdﬂwﬁk b Gespdz 1o Bdds@orts,tBe Bistopd 1 300lAHInd 1300B

br
gelfgsqglzctlvel”e%enﬁedgg a%_?he 5)§1au§t éntiszep)'_ﬁlstorés g??( F%ends of
d 7th8¢ﬂmdbﬂl,005ue4ﬁmélbl’ly gamddd), 4.30 - 4.1 0 (br, IH),
365-295(brm4H) 2.00 - 1.50 (br m 17H), 1.35

4|br THe relation between piston len th and the length of the cylinder, coupled
4 3- Adamant an-1 -yl - urei &bperl di ne-1-carbo

g1 ] wiska i diferenee poisy s piskens 5RO bend | ORI ey grers thei

MHz, bMead le;ntér%)o@#ﬁbns Hﬂdula?es %n(oﬂeradons aﬁd 5edﬂ§ncek iem correctly

g jiw%tg pls1op|)ever&s E@ms azP';Pj_‘ﬁff ((stFt belg\'zﬁen tge %(gtonzdegﬁg c%rg% QﬂS't'O"S
4H) prodilas a sekqubfhike(ih R\nﬁch]tﬁé‘&xhaﬂst Pbrt-1 145 §fens ihan thakexhaust piston

- et h
"ot pEPoits iy S RATRR i oadlor ) mfIEbOY g goens
NI\/R @Bﬂﬁh&/ﬁﬁqt pmﬁqasoomnc?\@s nedt @ts ®8tt¢rivdead depter posiion fpllowing

L,Z | J\i,E'bcf? [I'% eggau(sLi?_g clgsjeé%ft%ﬁhﬁ!:)}]%hﬂ%f_ﬁ%&@vcs?wd fmm}ﬂs Biiom
12. 9ddad celltH)posQIOBAand tienpBe (m;qt pgm)l 10Dclggps after tB@quj pisign 1300B

5H)a nrg%xéék anay frlanﬁQs l(chlron{"deadgwter ;;l')srh%n 0.80 (m 2H).

L et AT AR S o e

DVEOhrovilidd Sitboard bf the op&f endk offhe pstoif3 1800A tind J300BSE&ch reservoir

Hz, H) .44 (s, | 4. 33 (br = 12,
3. 80!13(561}1 e d),ngale &oﬁe qullzﬂ,]atllﬁe,gelé?fcgg tfl]ebt'rﬁreta,ged\é]lnug% ig rg))?_lilzted on the
| H) , thiea88d er, 1385 pfithe Difyon Rd 433Q. biquid colantlfpr @ofing theldysociated

2. 27&&@8 5%0_7\ Zr é)g%bls ?e?)t r8ggl‘s&15gﬁr ad!:d?n,.lgll’jua fr e égser'voir 1460A

2. { 4o1] 1(4gomammoame| nogyle 1464 dB)almchsﬂo anplsp'@m fe #fea congtant

ar bﬁk%Ls}]rehﬁﬂ)ztﬂé boreq Bﬁil) 6f1€<8§96ea d?\a?n%ﬂplstorl\@)d]lglgo oﬁleq%@s;sure forces

( br Bqun coolant ?ull_ﬁf thg H?t'on 70(1513336)551 oge oero.re yorzftqqily qq\_")mg streams

7 42dl('&iedtonto]the bdckdsuHace dftd)crédwil 130FBhfdagh the flbwpabsagedir329.
5.75 (br m IH), 5.47 (br, IH), 4.45 (br d, J =

12 4 I .

5 5 5 l] I_Rlzlgﬁp% %7 T&BF\ le %aC(:%rldu% rﬁlgﬁ&é&lfcg%&ohaé Oékmg

(m lementE(thpqlqgs p@is{ inKag, #xdnkshafitss atc) received upon a structural
-yl - i . ledapie |shHrctara i 16 su

R4 dU'E ﬁig% %fo?% ogx fla Hmﬁ%Rrs}\fé sBE Mtrl‘_rt 1 a@ﬁ]b;qwhéd l&g&ﬂ&i t6 support the
12. 7go(kmg elc;rpgnts gfra(n@ bears %he7strgsspE aqq_f})rcesro%glg(r@ oppqablon such
7. 6:I-as co?n éssn@glforgeé)beave%ﬁ the é&rﬁ@hmr arddd thé @Im@eﬁ%re(rﬁuther castina

I H), g I H), - 2.55 (br

2. 1obtoc11mycfow with atbr—npassy%mcwoa'g?"(ems Bagh cyh@éﬁtﬁ sgpported in
41 4!&4&!\&1‘13 frifkd AR {sahugd decoupled from the mechanical and thermal stresses of

a C I d grE ; 1 do bl%»ncétz g)fq\geWe f Q@Q ara{s&hﬁ%‘?{ %vébbe I’i : pressure

DVMSO): 13.80 - 12. 40 (br, IH) 7.96 (d, J 8.1 Hz,
IH 7.43 (d, J = 8.2 Hz, | E} 5.72(t,J:5.8HzIH)
5.45 (s, IH) 4.44 (br d, J =11.5 Hz, IH), 3.50 (br m
IH, 3.50 - 2.55 (br m 5H), 2.10 - 1.50 (br m 18H),
1.20 - 0.90 (tn, 2H) Exan'ple 42 N-(I I\/bthanesulfonyl



and the reaction contents nonitored until the anount
of unreacted 1l-adamantyl am ne was |ess than 5%

WO edoatipaae2 t o product N- (|- net hanesul f onyl PCT/US2007/006618
pi peridin-4-yl)-N -(adamant-|-yl) urea (typically |ess
t han about 6 hours). The resulting m xture was cool ed
to 200C internal and filtered to renove a small anount
of insoluble material. The filtrate was allowed to
stand for 48 hours at which point the precipitated
product was collected by filtration. The solid product
was dried to constant weight in a vacuum oven under a
nitrogen bl eed maintaining an internal tenperature of

<50°C to afford product in 58%y|

N- met hanesul f onyl piperid-4-yl am ﬁoﬁ%ﬁf%&&m 3)Acd"meCT
3.95-4.08 (m 2H), 3.74-3,82 (m 2H) 3.63-3.82 (m

| H) , veSsel$3 ThB engi condtrdélion, Bgethén wiioolidg 02th2 c#iZndefr1 100 and

5 190 . O 67 , 6 1.4Q0-1. 50 (. 2H) ;.

Ve, RIS PP ane s Bné Bipndee dhicphid shov Mntiiesidfunitorm

Sy Nt dydiadeiel dﬁsmdﬂsrf nhmaneerMd owelliyig bfithé pises, crédvnsDand permits
atbfé igm m (i:nt cglt Ci)e[] 9«1%&5& %nrgyAd\?atn‘a%[ag'usﬁfg g/@th tailored

d| n- opolihg, 3hif 4hatrm¢ru;uc efferldh theyopghe pf/dn) engirierdesigh #BY @Ry dispense
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(m e 47 1,3-Bis-(
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o) TgTRB pldi 1322 1525 IS ol cialn dneside 87
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Ada a p,gm

-acgml %ﬁ)&en“ F:n- _&él?yégl%r%e[ﬁdte1520)anfi(c):c2ninﬁrpzir|£|en ine plate 1521.
( 3000M..Eesermgl4@ ()Sh‘d”'p'ﬁ'rﬁl - 48) r(sdnou\,ltcd tg ogessqi&of qu:_Srame between
4.60-4.51 (m IH), 4.07-3.90 (m | H), 3.79 (ddd, =
13.76, 5.64, 3.68 Plz, IH, 3.17 (ddd, J = 14.01,

12.08, 2.76 Hz, | H, 2.7922.67 (m IH), 2.10 (s, 3H),
2.09-1.65 (m 17H), 1.37-1 .21 (m 2H).Exanple 49

2- Adamant an-1 -yl ~- N- pi peri di n-4-yl -acetam de [0242] 1H
NVR (300 MHz, D6 DMBO d ppm 9.04-8.94 (m 2H), 7.90
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[0247] 1H NWMR (300 MHz, CDCl 3.) d ppm 4.16-4.00 (m
2H), 3.82-3.60 (m 3H), 2.78 (s, 3H), 2.76-2.69 (m
wQRe{o71@122-1.61 (m 17H), 1.53-1 .36 (m 2H). ERE&pPE®0Bd06618
4- (3- Adamant an-| -yl -ureido)-piperidine-| -carboxylic
acid nmethyl ester (1702) [0248] 1 NWR (300 MHz, CDO )
d ppm5.68 (d, J = 7.56 Hz, IH), 5.42 (s, IH, 3.82-
3.72 (m 2H), 3.57 (s, 3H), 3.53-3.40 (m IH)),
3.00-2.85 (m 2H), 2.03-1.52 (m 17H), 1.20- 1.04 (ra,
2H). Exanple 55
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i i oronet hoxy- phenyt)-urea (1709) [0249] 1H NWR (300
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tert-butyl ester (1551) 10255] 1H NMR (300 IVHz, CDCb)
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( t Screwd @. tRe htmulBHP76 dnddBeoveBIS iy fa4ﬂe§1qd ljy thipaded Sews to the end

7
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| - Cycl ohexyl - 3- (|1 Hindol -5~yl )-urea (1554) [0257] 1H

NVR (300 Mz, D6 DVBQ d pp#n 10.8 (s, IH), 8.00 (s,

IH, 7.55 (s, IH 7.25-7.15 (m 2H) 6.95-6.87 (m I|H),
6.15(8 IH 3 5.95-5.90 (m IH), 2.58-2.42 (m IH)

1. 85 .05 (m 10H) m p. 145 148 C Exan'pl e 63
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(m 10H), 5.25 (s, 3H), 4.42 (d, ./=6.30 Hz, 2H), 2.25
(s, 3H; mp. 103 0C. Exanple 67
wepeordoa2B8- yl met hyl - car bam ¢ aci d bi phenyl - 3- yPCEES07/006618
(1559) [02621 White crystal, 1H NWVR (CDO 3) : 8.62 (s,
IH, 857 (dd, J /=l .20 Hz, J =4.50 Hz, IH),
7.70-7.75 (m HH), 7.56-7.59 (m 12H), 7.27-7.46 (m
H, 7.1 1-7.15(m IH), 5.54 (br, IH, 4.49 (d, J=6.30
Hz, 2H); mp. 113 0C. Exanple 68
Pyridin-3-yl net hyl -carbam c acid
2- et hyl - bi phenyl ~3-yl net hyl est er (1560)10263] Wite
crystal, 1H NWR (CDA3) : 8.55 (m 2H), 7.76 (d,
J=7.50 Hz, IH), 7.22-7.41 (m 9H), :
(br, IH, 4.42 (d, J=5.70 Hz, 2H) é’?"%@ ‘(3"%‘%’”" A]&"”“’PCT
110 0C. Exanpl e 69 Morpholine-4-carboxylic acid
bl ph(ﬁfl:)éh & e dﬁﬁén&fon{pbﬁ&ﬁby[oﬂ@@%owshiﬁ g&ays baks, cHdihs, cams or
CDClyﬁz 60@% S‘D -7.46 m 6H) ,
7 08otl7erfu b(lqﬁorqulgl)tran%fe emgent (;)hs]terrg Islmwlsn 97 OC.
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epoxi de hydrolases by .conpounds of the invention.
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Table 1 : Inhibition of human skEH by al kyl substituted
pi peridines: Exanple 73 [0274] This exanple

WO dogaoaiat es the inhibition of human sol ubl e epORUS®07/006618
hydr ol ases by conpounds of the invention having an
am de substituted piperidine noiety. [0275] Assays
were conducted with the conpounds indicated in Table
2, according to established protocols (see, above).
Table 2 : Inhibition of human sEH by sinple am de
substituted piperidines: Exanple 74 [0276] This exanple
illustrates the inhibition of human sol ubl e epoxi de
hydr ol ases by conpounds of the invention having an
am de-ester substituted piperidine. R fgggj
Assays were conducted with the conpounds |n |catedAC"mmoPCT
Tabl e 3, according to established protocols (see,
abovehyoughalid eack platd ti24lmdyi 230 Wefentiploged te Bitbvdvibration dampers and
anide-este i_eridines: Exanple 75 [0278] This exanple
i |1 uSHEY ‘§e¥ﬂ%”|nh|b|t|on of human sol ubl e epOX|de
hydrolases by conPounds of the invention having
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ver e soniesierh tié tdohdén 6RO IiTub il CiattRIschénd@iigsram of
4, accordln to established protocols (see, above).
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failure of the wistpins. The conpressive force

exerted on each piston by its connecting rod at an
wae@haodie2 t he axi s of the piston produces a  PCT/US2007/006618

radially-directed force (a side force) between the

pi ston and cylinder bore. The friction generated by

this side force is mtigated by a lubricant film

bet ween the cylinder and piston, but the filmruptures

beyond a certain tenperature and side force. Since the

tenperature of the cylinder/piston interface is

principally determ ned by the heat of conbustion, the

‘breakdown tenperature of the lubricant inposes a |imt

on the engi ne conbustion tenperat WiSo RNE& @ﬁEEQ§6”1bHPWHWCT

limts the brake nmean effective pressure P , o an

i ndi cat or of engine power) achievable by the engine.
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mai Njgoe3ENStdifrol 6f HE dalmpy &qrqu&h Jda,danuwlﬁ{ alﬂ:rrm?é R4wid coolant
conpressi ve | oad of same nitude. Bird

pr opHPRY ¥FEMAESH éfsl"tlwddﬂ éne 55 %@élwaﬁﬂ%@ The system
CONNEESDI pﬁ@vk;@é%(‘d'ﬁl’@l SoGint (vﬂmbpﬁoh eXaAnPYIH &fetc@lm(ﬂﬁ I1$00 and a second,

t orsi al an cr ankshaf

o B R roh g el or Branpaly SR TER (Dng and

t or st3noal ’theabp;ﬂy bysterd 06306ihelnds tlmkypragmmneabm angink eomted unit
each ni.st onnect e

or anERr P01 age s YRGB8, 252 ln LPRR S REF100 and

cr anpistonas t300A aﬂdﬁoﬂbaa‘h«bmmh@wﬁgmsl@@ paliges dilghig coolant return lines
reduges Joh@ec%t%gdc%ntaﬁﬁﬁﬁlf E%‘ie %@e%rlfl‘& mbtﬁé }é‘ﬁﬁigei {i&ve 1140 and the

pi st ons an e I nternal” bores ers.

Howeldes 1133anthgiends ofttbe eylindeyy ldO@nEhﬁE qu pedant reswa lines 1661
engi ne construction and conventional cooling prevent
Bird' s proposed engine fromreaching its ful

potential for sinplificatianh and power-to-weight ratio
("PWR', which is nmeasured in horsepower per pound,
hp/1b). [0006] Bird s engine uses an engine block in

whi ch cylinders cyllnder |ntake and exhaust

o . o



cool ant to each cylinder of the engi ne conpensates for

asymmetrical heating of the cylinders, while the
wayemeosiezal application of |liquid cool ant to PEEUS2007/006618

interior surface of each piston crown maintains the

shape of piston crowns during engi ne operation. A

single internedi ate gear between the two crankshafts

shortens the gear train and substantially reduces

torsi onal resonances between the crankshafts, as

conpared with Bird' s engine. [0008] The engi ne

described in PCT Patent Application PCT/US2005/ 020553

al so includes a conpliant nmenber that allows for

angul ar adj ustnent of piston struct t

the cylinder in response to an i oY Oﬁg‘}gY[ Ig'?'g’g(g AZ:IQPIOIOPCT

coupled to the piston by the connecting rods.. In this

r egakshver idesiadbtupr maitodd e6b2t tumlatafnsrmxisanmwmmt frBm the

t he piston nd the co ting rods are linked to
Wi s?y mdﬁ%“é)?tt%eri"éa"%q?ﬁi rod. Piston conpliance is

realized in the innate flexibility of the tubular rod.
El i ni0088]1 onAgfeenrin EIG. [§Bn sylindengavldnt tirguitpwimipn$o4 pamps the first

ng&iég&i%@aﬁgﬁg%mm :@%%;;%L%&%%g O he L ¥1665 anda

] Furt her benefits
engi hepadevalye B8 intg apaanifold Kirpt liquig gasfant for prov1$1on to the

PCT/ g%%@&% %ﬁgdé}q\fﬁo [s§auhiafEd bt PRIRH PrdsoitBlin the mamfold 1667

enbo nts of npliant piston structure includin
a coRpreuradef @s&vpaémlﬁ@ Ritbn ECRe1991 @P%ﬁpasmscgﬂa 1669 in
an amiedhdnifokEI¥68! Eebni o rm:mtdsnbmnm& Ifiest iy 6iti @Bolars flows through

7o PERPEioRa et 40P £ anEle i SR E g SuRi i of e

assoeylaides] wonheagh piges Didg, t it andurt 45 aespeetivelin eA b bithe valves

0 - T B BT Sz o B bR I pocea

pi ston engine with side- m)unt ed crankshafts and

cyl i H6PL i Thy wwely systeh 198@ hmytiaI FIG: ¢ alse inclydes the piston coolant

engi BRcdi® o fHR\LHINY s %’B’téﬂhl@@ m‘&%&&ﬂlshtﬂ&d%ff ﬂﬁ)élldn%%rlﬁ sequence
and with symmetrical cooling of the piston crown

Toge e the (HEREE B ATOR 86??%“% feSENRIrR APAGER I4PP taleliver the
sy rrrreécroh@ fihui@ @edlamFordoolihgthe psdtm 1800 Arafidi 1 3D0B as descnbed above in

. Ao ot
cl easa¢capedbabwisepistbinel I00Aandfl 30®Ibamyﬂec<mkeld barnake Stdaeenge pump
pi st qes, during engi ne operation. A conpliant menber in
each pi ston acconmpbdat es novenent of an axi al

| y-centered_piston rod relative to the piston sq as

mai n{O168) axThs EGL; gAk stied Q- ORés B °§’Ea5‘ﬁ"°é'n°t5'dt"ﬂ"e“a‘°s the
cyli séily HRteen TBFOIIR &e&ﬁkﬁinﬁﬁoﬁlﬁ@g‘fpﬁ)]mgte.ﬁ 1500 € @ap pre-calibrated

Wi st [ i d external | of . t sto
o e ofie nde BRE BB ettty Rt P Bpar iy fraicative of engine
bet wep¢ratidpecqpidgibontodivst dnH seaond nk@haf;tssﬁa'ﬂ' WRNEYD@EKEr various

DRA\AF@E%%S%@# O%'é fe E;(l):ﬂotl es cﬁm‘gkﬁ g%:“ %"8‘?{‘“ liquid

are nmlamteetetsgsamﬁtsyurp end flawveated fo|thsexiatder 1409 ard piktens 1300A and
and §%648p e‘qivg%ussed in the follow ng detail ed
descrlptlon [00I3] FIGS. IA-I Dillustrate the

"t o7 sttt br e thoo aufi ool S7ply Byief o110 64 and

i1l uUFIG26B ftgn dontret tBN&foglggdf ﬂwcyﬁﬁdﬂ' 1 hemeih ddpetidently @6 the @iktons
n ct n rmn I n
o1 ‘st A0 9, A0 Gt e3porff 10 D ¥ efiing Hoich s RES T tne Aow

vi ewrgés andprsssams afittle hqyd soaantrappliad to Iﬂmmyhac!etr atOesparately from
wistpin. FIG 3B is a side perspective view of the

piston, with the skirt renoved, and with the piston

rod and wistpin attached 2hereto. FIG 3Cis a side
perspective view of the piston rod that attaches to

the piston. FIG 3D is an expl oded assenbly view of

the plston W|th the sklrt renoved, and W|th t he

- L T Y, 1 1 o~ ~



| ongi tudi nal axis of the cylinder 1100. [0022] As best

seen in FIG 1A, the cylinder liner 1102 has an
wezdvansdi2port 1105 constituted of a series of PCT/US2007/006618

circunferentiall y-spaced openi ngs 1108 near an exhaust

end 1109 of the cylinder |iner 1102. The cylinder

liner 1102 also has an inlet port 1107 constituted of

a series of circunferentially-spaced openings 1110

near an inlet end 1112. Conbustion gases spiraling

toward the exhaust end 1109 of the cylinder liner 1102

are diverted at |east generally out of the cylinder

liner 1102 into the exhaust manifold 1104 shown in

FIG 1C. Each opening 1110 of the j h

a ranped upstreamend 111Or at V\hi%ﬁog{rNggg){?r(f Ze %’i'?éﬂpmopﬂ

flowing into the inlet port 1107 through the inlet

mani frelfbwlhRe ah® pibaRisto? thel 1Rfufdl dddRanbapplied ddBe | bﬁtoﬂs 1300A and
spiral direction_ taqwar thelgxhaust end 11009.

cent #3008, dus ghe iquid coglantsupaly systsms can mautaip fo‘@yhadef 1100 at the
NUNMD gdmeddr dmereﬁdadpamms Bgfhe blsl&saBGOA) by 13008, i @n vary those
circunferential uenc ane of. the o

1 R e e i tssbogpe EEstangne pitind SergPe Lhftons.
of t nelepgeantregstrdl of theGemparatures f thesghisder 1100 arglghspisgns 1300A

fg?rlpgreaﬁ%gﬁatn%qugs[ (ﬁlo E‘lgllll‘f:i :cgo Fnt3 sﬁ§g]%§§si%t%§%{n?tal g eﬁ:hamcal

may blearafiagror epawing t@tthemh@lpmmﬂ r@soflllq'@lmdﬂ Y180 end/thagutside
fuel gaHeRed Hife p;%ﬁs PROA 4d 130d19 \Jltﬂ[n d &e‘“sﬁéa/}aﬂge & engine operating
pressure_sensor, one openi ng recéiving a

t enpeengitipng Vsléfnsor [ 0023] The cur ve 1200 of FIG 2
illustrates average heat flux nmeasured across a

| ong{G068] nakuel E@ten embbdiments Sor@eovadihg dizkel duet yd ihB(ﬂlﬁ:ﬂ injectors of

havi ng a copstructi.on || ke t hat aof the.cyl
dur | REOBIGFh~ B by i sauef oo RranErei5e LiBnsd kg, oo
cyli nﬂme phbntgrPCI’lSPatemAnphéammMPﬁTmSZ(mdlomﬁﬁi ¢ Gsmaotnyt 0

its Ui ax

o AT gty Beu A ity B BGorporEh nEBR by referencey Asis
i n i descgbetinahe qied pasagesvhe Havid ondjasttprevideside gogl thedydipders
the gndomAL bisRs Rlay b ﬁleQNéskmglraléo' p16¥iddd folpolvEtng %B@dé@ci piston
port experiences a greater heat |oad than'the end

port Fe#"&i th the inlet port. Thus, in order to

mnimze non-uniformties in the tenperature of the

cyl i pobsp} and syﬂsmlfbn ;ﬁgvxdiyxlg |cn:dg¢ giako mﬂl’&lsd:harfgﬁfgrmhausoéasses from
t he | i nder,

a1 ecmPrEn Rl anatred a6 i BTk RO Imb vt mapagpte
its pove oeng nagre cylgaiesd 160 Ih thy systginnld 00, paradnt inlghmaiiifodd line 1734
is to, d@ﬁyexhgus% H’gflmé 19924k Rp&SYl cBﬁr?Jcteﬁl{&Bxe%eJd%ﬁs 1107
cyl i nder rovi des a greater coo acl t

t he p@#ﬂwpenh@ﬁtmlé% @frmrerormomxi@aws |1 @9 ﬁsalm@e’ﬁldérnes are

tot P,%f&xmmnéa Guisiithd ém@ue%é]bgne fm,eréhgiﬁagcheﬁﬁucauy illustrated
axial center to the inlet end, provi des th

hi gh&s¥IG dds ¢ Hﬁb%ﬁﬁ’ﬁfﬁh?&ge? vl %“ﬁ%‘cbzgﬁ?dr %Hg"‘ﬁoﬁ“fsowe Fpanifpld lines are
cyl i péfiected @2 L?brchﬁgarlaee ESpebifitalfy, tHeAxhildEgResah&ang

var i HEPEA PheTHLS R RAd e R Satunrion PP iapeshas

f 1 Uxlihé 1738a0 avahiridallg deiOOh corgpriesson 0142LThé curipragsotITd2 draws air in
: Rg glerﬁr? lélm ebtglr ﬁg%';\br%l éjfgfslsgr?zr‘erg]tt?qu X glé %ﬁfépe é)n%(c:sljll{gsthe intake air to
open mmgslefldﬂlﬁfold' tnerhi 3thyi wayoifrao imEreoal et 17319 thesupenchergard 746 or
uni f

cent Fafvigbie RS bl e EHAREN bRkl EEbA: 1759 ghd e compressor
openil idpsantdlig ieshaninatie driveneo emyliderfgavenge aiffngistrting\tke engine.
occurred had the openings not been present. [0025] To
provide a tailored cooling capacity that neets these

goal s, a nunber of grooves29r channels are provi ded on

the outside surface 1120 of the cylinder Iiner 1102.
Referring to FIGS. IA [IB, and ID, a first group 1122

of interlaced grooves 1123 splral around the out3|de

Y A A SN - e o A A A N s



near the central portion 1114 of the cylinder |iner

1102 where the cooling requirenents are the greatest.
wao-arovheriapr e, the grooves may have a vari abl e PCT/US2007/006618

crosssectional area along their length that affects

the local flow velocity of the coolant within the

grooves and therefore the local rate of heat renoval.

Thus, the cooling capacity of the spiral grooves is

settable over a wi de range by varying any or all of

t he nunber of interlaced grooves, the length of the

grooves, the pitch of the grooves, the cross-sectiona

area along the length of the grooves and the cool ant

flowrate into the channels. [0026quﬂ§ o)

FIGS. IA IB, and ID, a third gr ouﬂlo 0 g‘g&cﬁé@ﬂ%géﬂmmpn

extend around the outside surface 1120 in the centra

por t {08701l 1 1Theodset frel applit AMidas of anupiposedGastomtrighnesactorth in this

groove 35 ext endi et ween t of the.openings 1116

7 ReREAvare By Rl R O 08 o AP RRE e o e

e’! ongagding, polutlingnwd-t e tii_esctl eegih@n U'Be engimcaabe irsnllieté or

circy . 4 .
or ¢ HEREETDEE Gt EoSNLAT A0l 08, SN s e
por t therdelitdy of Etari powers 8eBIQS. 8A-8F1fe8examplesan shivregerdt In FIG.

t he o i 15 y 2 v, .
115 SO gl 48l ol 27 B, v
eachcwyisgydpyhealedor trgked whicdssi such A Lemekiles apeipipycles, scooters,
adj agghts, ARAT LR RIS LelNCles, sHGHRASIEE ehd @I 84\ient and similar
1116. In operation, |iquid coolant introduced into
eachingteaerselMAIS5 8B thisicaging iy igptalid ip g valqrgasvehislsrspreiyps a boat,
1137 nbieanaftsabmughe, péreorl aagatQfpaidtallequil AR At ndwakithr vehicles. In

each Q ortion 113 nd then i s exhausted_f .
ol e £y WP egmes it I ey Sy WBE By Bt IC. 8D, this
s| eevngide Onsadlled it A poweredlingflereera Buctr Badapondwanedgks &immer, leaf
Thus, . liquid ol ant fl ow ng i.n eac rgove. 1135 ha

an- oRaidnty PR Babr Pt Be§ P Radnd i 4EeloR Fic. s
near thasergireris ingtalléd & anClerseglipewdrgenaratilg dgvisevie FIG3H, the engine
pr ovi . city for cooling at the
hottg%ﬁégggfgg%?&?ﬁ%c%gggral portion 1114, near the
openings. 1116. The cool i ng capacity provided for the |

cent FI71hor AftBepeh thejinyeptiog das,peen dF%/?é'bE‘i‘ WD srtEreRTs tp gpecific

di st anggaddns bh€eaplasit skpeNbdghdbikiddditiat bitows eiidifddations can be
o1 o BB 2 O RP OB h SR e GRpsietey aaferdimbiEprpinet.
ar eattefintdneon pdimingonlylbylfhe folliwingclaints. accessi bl e to
cooling by the group of spiral grooves 1122, 1126. The
effecti veness of heat renoval in the central section

1114 is due to a stagnation flow pattern of the

cool ant occurring in the zone where the cool ant fl ows

to and touches the center of each end 1138 before

flowng to the tips of the end. [0027] Assenbly

details of the cylinder 1100 are seen in FIGS. IB- ID

The tubul ar cylinder sleeve 1140 is received on the
surface 1120 of the cylinder liner 1102, centered on

the central portion 1114 and extending to and neeting

t he exhaust and inlet manifolds 1104 and 1106. The

mani fol ds 1104, 1106 nay be wel ded to the cylinder

sl eeve 1140 at the seans 1141 between the cylinder

sl eeve and the exhaust and inlet manifolds 1104 and

1106. Such wel ds 1141w are best seen in FIG 1D
Alternatively, the manifolds 1104 and 1106 may be

i ndividually cast with respective portions of the

cylinder sleeve 1140 and fixed to each other and to

the cylinder Iiner 1102 by wel ding. Together, the

exhaust and inlet manifol ds01104 and 1106 and the

cylinder sleeve 1140 cover the grooves 1123, 1127, and
1135, confining the flow of liquid coolant in the

grooves. As best seen in FIG 1B, the cylinder sleeve

A A AN " 1 - A A AN A A A A 1l A A AP — 1 -



of the ends of grooves on the cylinder 1100 may be

conducted in liquid coolant return |lines connected by
weoemwvastieonal fittings to the holes 1133 and 1Rd7USH07/006618

collection and recirculation of the |iquid cool ant as

expl ai ned bel ow. [0028] As seen in FIGS. 1C and ID

t he exhaust and inlet manifolds 1104 and 1106 have

respective internal annular volutes 1150 and 1152 t hat

conmuni cate with the exhaust and inlet ports 1105 and

1107, respectively. Preferably each of the volutes

1150 and 1152 has the shape of a scroll in order to

induce swirling of gasses flow ng therethrough, while

control ling turbulent m xing. Swnﬂ {¥bﬁﬁﬁﬁéﬁggﬁyﬁb%ﬁﬂnuamus

air facilitates scavengi ng and enhances coO

efficiency. Ducts 1153 and 1154 connect the exhaust

and inl et ~pRps&o! ds 1104 and 1106 to a system for

di schar gi ngATTORNEY DOCKET NO.: ACHPI O OPCT exhaust

gasses fromand providing charge air to an opposed

pi ston engine gg 09;9&9& H@i%q ehﬁ'n@\ﬂﬁcl Afe-H6&ied &ankshafts and
FIGS. IB- ID, the cylinder sleeve 0 i ncludes one

nor e2JFEHPRY Eali T%BPP%?PCHS‘&N gh‘é’dp‘\%f’f‘ ﬁ°'§’e€GF ﬁ%gﬁdwaﬁ?g‘kshaﬂs by
t hr easipdctaipadiidishdlalsldpld Rritpm exidmdléethe piseey. 1102, One

or nore fuel injectors 1158, each threaded at its

nozzle end, are nounted to the cylinder 1100 by bei ng

t hreaded 2.nt 0 Dieemgifs ofl Ethtm 1Eade IwHicke badhnjnemh CiﬁclﬂdeB& cylindrical
and R BE S rid ol HLp S g et Bind PSaEF Hgoned for
bel odiredtidf 39inmetriafinwé af hgmdmlams tcg)adaa'r:ldeclrfacemf thactpwn of the
end Pﬁtkhe cylinder liner 1102, in the bore 1103, for
seating an Oring. One such Oring 1163 is visible

through the inlet end 1112 in FIGS. | A and IB, and

both O riggs ajfe dgtieRIrelaid 1M ufhed iReiudi hg ahd rw%aclalﬁé’zon in which
are provided to contact and w pe excess lubricant from

the e3ahguistep inglidesy exlingricalihedy M'ﬁhtag wen §pd Fxkeclpredics defining a

(not cRNeddh ol AGink iadfikEsNd dradhed@MUBe bidtdnhRaP@bck surface of the
1103. The O-rings are referabIX made. of a resilient

f I uoFEY& A ho Risforand & te5pnd qYPEIqndiRe throreh Hectpet ehd of the piston,
Fl GSthekingbwristpin fohehe pistonibdig altddhad iksthpseaondend.wi t h

mounti ng brackets 1164 nounted to the outside surface

of the cylinder sleeve 1140 that are received in a

frame (no#. sho¥m é¢ngitchdsmihigimesiyh vivarach trd ioglhdesdapbular rod for
1100 ,j ston engi ne. The
noun?#%ﬁ% ?g@ﬁgﬁgd%%%%mg$%8§ﬁ9%§gﬁ%%nted to the

external surface of the cylinder sleeve 1140 by

adj ust abl ¢ conphd dzidend chli@ AP furchdBmcluain gh@agbfdr Rbishebing the bore
not neant to he |im¢ting. The nounting brackets 1164

may 5%aﬂﬁPb@H1HB“¥ﬁ@k%&l|nder sl eeve 1140, or may be
individually cast with respective portions of the

cyl i nder Ieev 1140 ch a e fixed to e

and to thg cyI "Te%g 'Efo “sz‘ \Ré“&‘i“ﬁd‘m%?ﬂﬁi‘jq‘ piston, each rod
Fl GShavddyg two op;@hmg Ends, bachtpisadreineluging tacio vt B aJ&BmhiaEt boot acting
Ipins’?gnofgrb e|C§(P Ipfe gornlglnt (§ gft:hﬁ relsgeclfL%t | Q{J nsg]%“:t ﬁnstpm for the piston
not mvueteded theoopprohgicre dfitiee llSPQe of piston rings on the

pi ston 1300, if required. Referring to FIGS. 3A and

3B, the piston 1300 includes a cylindrical section

1302 wi t h7pi st ke engiom ofi gBEnak, iprrehigh gachTpigton includes a cylindrical
cyl i Bdiy, GRlopsfald . 2 13Bsdad d@ﬁmegsemem 39 BnfRAPEIdY @xhibiting
t he crown 5 he portion of the cylindrical section
13021%Wélﬁaﬁaﬁgwrmm?‘ ‘RE).C“’WRCHPI O OPCT fromthe

crown 1308 to the open end 1309 forns the piston skirt

1310.  The longitudinal axis Ap of the cylindrica

section 1302 is also the I éngitudinal axis of the

pi ston 1300. A piston rod 1330, preferably a tubul ar

rod, showmn in FIG 3C, is attached to the piston 1300.

The piston rod 1330 includes a shaft 1332, a centra
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threaded to the crown 1308 at 1325 as best seen in

FIG 3B. [0034] Wth further reference to FIGS. 3A and
waBo7aogengl e wistpin 1342, external to the pPGI/UR2007/006618

1300, is retained on the threaded end section 1335 of

the piston rod 1330ATTORNEYDOCKET NO.: ACHPI O OPCT by

a stop 1343 and a bored threaded nut 1344, between

spacers 1345 and 1346. If desired for increased

preci sion of the spacing between the crown 1308 and

the rotational axis of the wistpin 1342, a machi ned

shim 1349 may be provi ded between the spacer 1345 and

the stop 1343. [0035] Benefits are realized by

all owi ng the structure supporting t éﬂ&ﬂ#ﬁbéﬁ@pNﬁgunnumous

deformelastically in some manner during engi ne -

operation for the purpose of regai ning and/or

mai ntai nigg a h%len in'eg)@% 1?%&’1{%{3{11(:1&&91 é}lfﬁﬁenjiﬁaggxg central and

and the cylinder aS the piston reciprocates In the ]

bor eerskportiens@pd p fpeiess in Which theet inaptane pair RRPR9Eed Riftepy #g disposed

10 afr r&Be iR ifthe bSRMPI 1 @ance is provided by

retai ning the disc-shaped end section 1334 of the

pi ston rod 1330 in a conpliance boot 1336 that permts

limted npvenerie dagind@eslainh @, ifliwiichsheparhdenideludsad of

the piston rod 1330 and.the crown 1308 by . resilientl .
e of m g SiHo% AP SEP G T TaS5 APl GPe 8%, RET R GRY Pl operings
pi st weatiwendlg@3ion;[ 0036] FIG 3D is an expl oded vi ew of

t he piston_ 1300 [.CLi urther details of elements

of “the pi SrEtemndRe ifer B8 st SR Boming Lopfref KRR oward the
seenendpdrlidas; 841d, t he crown backi ng pi ece 1308b

i ncl udes I S W : :
centered %ﬁpﬁﬁéﬁ?%%gﬁpﬁ%ﬁﬁg %%fge%g?qﬁéﬁ%%éE?ﬁgﬁ%ng%‘wulme
1308sleeMee crown backing piece 1308b is secured to the

crown piece 1308a by two screws 1321 extendi ng through

each rib 1322. The disc-shaged end section 1334 of the

pi st on r obP-133bheieasingehFlabm 2; i whiduhp FYlierfuphestinaludes:

const it ut gdumf ofglo8edsl theNtxibmt 64 itR outhidé sEERIPIFEhA liner from the
fl uor oel ast oprer natgnhal. The conpl i ance boo% 1336 iﬁ? d
i t seFIUBHAPH WP 1 HE WEnBPTgRt e WoRt BOHR Of1 §9PVesTHfigt exten
conphibta@aagal Qi amfeéntihBP Th ths centeay portidii;iapdl encl osure
assenbl ed rI ram c?'ref ii re:sstin %ec?in&grsszaévgndcﬁ qugngmgliugl%
1337b. ThP€aded*sS&&ERs 4T join he Frr and secon
pi ecesperB3d groavelanti3giftba sdtiee afdigpidi cenlaat. boot 1336 may
be constituted of a single nolded piece, or it my be
assenbl ed from nol ded parts. Preferably, although

wi t hout | i t o epposedhpisies ipEinalncombysiétn engs, Gognprising:
assenbl ed, gy1dBchav g LhEAaadaREbrEOE H8GoRN 1334 of
the piston rod 1330 using two fl at quoroSIastoneri

i C .
di scs 133BSUpRlY Y60 BARPS 30T IPRLINE WIeATE Gh ffwd cppfgnt to the cylinder
1340 thathéw @iosiCthd 3&iiral forfion tdvwapdithd ehé puveiens;t he fi r st

pi ece 1337a and the disc-shaped end section 1334; the

Pl . 1340178 3L st580d PR T ADRYER AP AFIRPA G dn URE bore, each
di scpstvapadudingla seenilaningaddck anficé;he di sc 1339 is

positionegd b | SG- d [

B ¢ ho oihe SEhIE S0kl rlhod G AR R 2 Kb A cootant t an
1337 ntermhiogionef e33piston om thedack surfagpefthe growddd gheapigion; and
four thro : i ng 13380 and the

t hr ough hgﬁggg%§§§¥4%§§%Bgzﬁgﬁggﬁg?th thin netal
(preferably brass) backing rings. The disc 1339 has a
central opening 13390 and four through holes 1339t.

The opening 13390 is large enough to clear the stop

1343 so that the disc 1339 may be received over the

shaft 1332 of the piston rod 1330. The openi ng 13390

and the through holes 1339t may be Iined with thin

nmetal (preferably brass) bagking rings. The backing

rings of the through holes 1338t, 1339t are not shown;

t he backing rings 1338o0b, 13390b for the openings

13380, 133890 are seen in FIG 3E. Wth further
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1330, and nmounted thereto to be external to the piston

1300. Once the crown pieces 1308a and 1308b, the
weoemplivarze boot 1336 and the conpliance cont aP@EUSHB8B006618

have been assenbl ed, the shim 1349 (if used) and the

spacer 1345 are received on the threaded end 1335 of

the piston rod 1330, against the stop 1343, foll owed

by the wistpin 1342, the spacer 1346, and the

t hreaded nut 1344. Although not shown in FIG 3D, one

of three connecting rods is received on the wistpin

1342 prior to nounting the wistpin to the threaded

end 1335. This arrangenent nay be understood with

reference to FIG 4B, where a centraglly- n

connecting rod 1447a with a forked ghﬂ%¥§§¢%§§%%5Fﬂ@ACHP"HOUS

two |aterally- spaced engagi ng arnms with aligned

openi ngs 2.

The for ke!}fe Jnflje Mle o?gﬁ{% gP‘ tn? (lmhgt‘%hé"w%é’ﬂ 1Hc1&<fe‘&

1342 suchatlingt hatieg etl eatsain carfags] with grppps oh g@ad@dthemktend on the

1335011@8&‘ s&.@[c@ qg%ﬂth@%knéﬁ%éﬂ%ﬁ%o&%ttﬁé @lgj %ﬁ‘ﬁ&ﬁ,eﬁhcf \bﬁh a group of

engagi ng arns of the forked end 1447aw. )

Ref egioP¥rs thas exteryd substantiglly pispuméerentially abthe ceriepd porHan;

pi ston 13PQehR 60tigdhd Bned! dn@Vi at e thermal I'y-i nduced

di stortion during engine operation. Distortion of the

pi st on r e TI"YF SR Hethrlee vex B%’tsﬂ“t?n‘“ °86’|‘ﬁ:5’|"§§§?‘bﬁ"h a respective
Pr esgrébee, tEONPPIS sk Aem PieafSttnfectédOrthd Gle drakdze pipadd

bl owby pressure. The greatest risk of thernal

di stortion occurs at the crown 1308, especially

adj acent t® artﬂ\eaéngirhaeofoﬂmnenl 1i31\2hch\Vehd10plBtoﬁ00d:lhdtg a cylindrical
this b I‘tl On endhea Qllosc'edo dlﬁeqpm %g 8ea d"rl graht of passages
engi ne Oper |on g|V|ng He pls ool nus room or

t ul i gormhetpdtcethel smhs&iynrgmt Theans mkahwltlrtgom bark shefaagené the crown.
the piston and the cylinder bore, if not controll ed.

The distortion may be elimnated, or at |east
subst ant i k-1 y Thecrieng of ppimdd.rie athrﬁhn‘ge eingder includesy oss

secti on XuXidep BEvifig Gh %ﬁkld@%umﬁﬂl %rduBs b erdol@Whatl3Q&hd on the
in order to_ mnimnmze the thernal edance where

maxi PRIHIR EUFAR aroafa:t%\srcgn'r%mr)tt@néotﬁtﬂdﬁbe EHEP LT Rtfinartslwith a group of

appl g@aldsARat@kied SutRtanfiBye:ieh in@2EMiaAl id ihe detirat portiant
on the bach surface 13 16 of .the crown. Since the

di st or t i ohSIFEeEIBLEADS WA i form such cool i ng may
be tail ored dmnérbenmmbsmastbeal Eachjpmistcommnuln@ation with a respective

et cPrPig PR Bl E il B S tiee RRRECT, o

liquid coolant to the back surface 1316 of the Cr own

1308 may p§ unﬁ?eréﬂg%dof cTznﬁl p_prﬁ Qh%%dd? pu&ﬁ'n fnERYEL a longitudinal
backi ng piece 13080 transitions to

r adi &fif podip &etatiqrahv symmesric 3Hay agels abnglg the back surface of the crown
Eac hgldlGiha illy Weh respéeid dak Q%gfuélhzﬂ\ﬂxﬁassage 1329

is positioned between a respective pair of ribs 1322

and is axially inclined so as to transition fromthe

. bore 13281a4t al‘lid a‘l’gﬁne&kf(lngmt I flvdick iﬁdlicf’ﬁ)e rddBids eath piston, each
the cro passage 1329. ex nds

the ScEaE oy oE ep i RSo80% et B End BGEE a frs ena
of t l:mmea:ted\m h8Cray edicibs fbfdw metss age aka@dtend rgtehdiog shrough the
in ao Sf:lrr]laer 0 Verlste e[ g’ne le w g’le 1st¥>§ tled to(t)x go the second
t he &nend ofP'Phe P stHh fﬁﬁw] ore 13286 ?

pi st e efgble @30 const | tutes a channel to deliver a

streamof a liquid coolant to the crown 1308 by way of

the fl ow passages 1329. The bore 1332 of the piston

rod 1330 conmuni cates through the opening 1337a0 in

the conpliance container 1337 and the bore 1328 in the

crown backi ng piece 1308b with the fl ow passages 1329.

A stream S | of liquid coolBant C introduced through

the bore in the threaded nut 1344 received on the

threaded end of the piston rod 1330 flows in a first
dlrectlon al ong the axi s of t he plston 1300 through
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may be made thinner than otherwi se woul d be necessary,
thereby | owering the mass of the piston. [0042] A

wo aw7ayabe, opposed pi ston internal -conbusti onPENYSE2967/006618
illustrated in FIG 4A is now described. This
description presunmes a conpression-ignition engine for
the sake of illustration and exanple only. It could
i nstead be a spark-ignited engi ne. The descri bed
engine is constituted of at |east one cylinder with
tailored cooling in which cylindrically non-uniform
thermal distortion is elimnated or substantially
reduced by application of streans of a |liquid cool ant
in the manner described wth respec ' r
1100 illustrated in FIGS. IA- ID. A‘g‘é‘;(f%&%'%‘%fﬂ?s““”m“"’s
engi ne has a pair of opposed pistons, in each of which
therml |y 'f nd % %ﬁlg gl:lam\sf qﬁ]wh% e'aél} l%h'lm H@Bﬁpro%r each tubular
substantlally re |ca I on one ofr
st r empdsingludiag|d hededfog sen%tmg thet Hew raflinaud ae@errtu tbelae plurality of
Wit h t g%% gct to the piston 1300 illustrated in FIGS.
3A—3% I'le the cylinder and pistons are separately
cool ed by application of a liquid coolant, tailored
COO: i ng Ogs t Eenféylanilgiﬁfeeroft&zgg.t Inﬁrlfd«fd'hgxh uﬁ:}’dﬂ'ﬁfgl i ﬁ'ﬁlhe, in which the
cooling ,of t tons e.relied upon. coQ
¢ hestBrghardesplates Rt At AR R LA Gh ifhaust end. an
bet Wes nidnEoidchi the ghi@regd Agd apledsd bhobrackilicath biayket receivable in the
t her b eI|n1nate the need for piston rings. [0043] As
sho FIG 4A, the engine 1400 includes at | east
one cyllnder 1100 wi th opposed pistons 1300A and 1300B
di sposed it C [ t
and avey 1 om BechrebFrtigRcts NugrRRAMeTR, Qa3 Bhthg on te
cyl i extenst iia@doldThe | ongi t udi nal axis A of the cylinder
is collinear with the | ongitudi nal axes Ap of the
pi stons 1300A and 1300B, The pistons 1300A and 1300B
are coupl 2 t ol ?'ﬁ*"“aﬁfdc%'étéﬁdms‘i"@éh §thpigign includes a cylindrical
Counp&dy Ha¥trdtd Adivs! ANdehiahl Sa ddd Al delding a\Whdval) ,thd dhgine further

turn, are coupled to a comopn_ out put §not shown

{hi oineliginecd rodh es FhePISIPTSFASh 704 FeBxIpS wifh e ealifdgical body of a
eac hregpectibie p@tostaaﬂ&aiﬁgaﬁﬁ@f&dmﬁaﬁdby tMBMstﬁfl naa:m Bch Rurface of
\rN(r)IdS{ Sscggw%%jé Igﬁsﬁs}g\s% 3 a ﬁaEcTn[g\lfcgnd exrendmg Fr%g%? Qhe open end of the
conngistonn ther Soigde MrdkTpit doa theespteathexng amehe@f tot the second end of the
p'St8E§1%§%0A and 1300B. The perspective of FIG 4A

i |1 ustrat es only two connectlng rods 1447 for each

piston, but it is to be understood that one or nore

addi ti onap; COMARCLIgME JFRESMP0OSin\Whicl bhRb&is 4 88AH rddWwith a bore
FIG 4A, the two S|de nmount ed crankshafts 1430 and
1432¢eqEcted B PPN PteIhei r axes parallel to each

other and lying in a comon plane that intersects the

cyl i nder 00 .at or .near jts longitudin

Chat s o penhecaEre phepird 1o RUPEolS dioui Factine gpévided to the
.t he eylindeckad. pisibres cormprikashhd $aterlajuit @olant.opposi t e

di rections. The connecting rods 1447 are connected to

crank throws on the crankshafts 1430 and 1432. In

pl an, eac?3.corfectagipe pbOdlaid41, Whsreanthe| loywghteolant provided to the
straj, t AMshaft toward a

Wi st %nltd.elsﬁlt% ﬁéhs:eré’g&’%gé SICBP ﬁ% section, each
connecting rod 1447 curves tomard one of the wistpins

1342. The curved shape of the connecting rods 1447

shortens the overall width of the engine, while

provi di ng cl earance between the connecting rods and

the ends of the pistons during engine operation.

[0045] FIG 4B is a perspective view of an end of a

pi ston 1300 in the engi ne 3400 with crankshafts

renmoved to illustrate details of the connecting rods

1447. As seen in FIGS. 4A and 4B, each piston 1300A

and 13008 has three connectlng rods nDunted toits
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coke di esel fuel. The average tenperature of the
mani fol d 1104 and duct 1153 is reduced fromthe high

WO poovited12exhaust gas tenperature by the subseqPenuUsSIiohDwe618
of scavenging air. Neverthel ess, the exterior surfaces
of exhaust manifold 1104 and the duct 1153 may be
covered with an insulating coating such as a high
tenperature paint. Silicone-based conpositions are
useful for this purpose. One such conposition is netal
oxide filled paint with a thermal conductivity (K) of
| ess than 1 Wneter-°K sold under the trade nane
Corr-Pai nt CP4040 by Arento. Another suitable
conposition is a coating fornmnul ated o il -ce
spherical mcroballoons sold by Eag%?yﬁias{$§g§b+ﬁgfkénpunous
or m crospheres of glass sold by Potters Europe with a
silicone basedpfy phlghe DY UAM 30! WnitbfiCihet HBpiy’ 8RN &Mudes first
Arencto 8080 by Arento; this conmposition provides a
coat MegnhERsi anglying a dirttaliawid saelant @i thy qylndegrand s secopg gneans for
0. 36 1ML @lsecdid 1:GhidRbBRAL YBTeYent &anitht G&Elidui®Booldn® Qo the first and
interior surfaces of the exhaust manifold 1104 and
duct SeePBAPYS-he coated with a ceranic material . It
may al so be desirable to apply a liquid coolant to the
exterior rfages of the exhaust manifold, 1104 an
duct 11533551 { TR BRIt S AR 1 S BT Brfugs means for
f r omnta@aigixp desdyligdes abid piseink atxegpettive teimperatures. :
turbocharger. [0048] Referring to FIG 4A the
cylinder 1100 also has an inlet port 1107 covered by
t he i nl et 2@rani Tl ahgint®§ clafm d Lfarthdricomppsiag'suri zed air
flows into th ' %%Kﬁ,l\lo
ACHPI O OPCT ngéﬁ%g%g nf%é%?“@%%atlogé w t Iﬂespect to
t hese ports, theepirsmergscorgeaingands fFomph pigjoreach connecting rod

I eSPeGire¥Rl Yo he5REE SHistfin 86t thdiistoR 3hdiéTne oftihd cranRétakts.
pi stons, and the ends of the cylinder 1100 are

simlarly named. [0049] The relation between piston

| engt'h angy.t heThedigine obtiath @6 cyhdréi @e confidtfihg ebddiated tudved.
phase di fference between the pistons 1300A and 1300B

as they traverse their bottom dead center positions,

nodul at es2@or t Tipeargiiel ahdaian 26, fefbaoepriking @ feond eat kupports the
mﬁthcg& 5%553%?@&§m Thus, a phase offset between the

bot t 6m center positions produces a sequence in

whi ch the exhaust port 1105 opens when the exhaust

pi ston 130QA S rkt t tel: o : )
position,9%he2¥¥ﬁémgﬁ?efkp%??Pi%gghgggﬁéq%ﬂéﬁ&yﬁem 2 two-eycle
i nl eCOPPESHN-EBUOBCAPIRS near its bottom dead center
position, follow ng which the exhaust port closes

after the_exhaust piston noves away fromits bottom ,
dead cent &9 po5ha sngine of flpim Hdnwheteinithy qoging dt instahgshin a machine.
cl oses after the inlet piston 1300B noves away from

its bottopyde center position. [0050] Wth reference. .

Lo FIa AR bagh o By DR DR i AGHS oghicle
provi ded outboard of the open ends of the pistons

1300A and,]}300R. Each reserwoir, has an el ongate nozzle

1461 that e r s o SRFRET VpodBl A Ve R D B

on the threaded end 1335 of the piston rod 1330.

Li qui d cog} ant [ tah ' '

or 13008 15 ot REERal e oy A A st Ve
reservoir 1460A or 1460B by way of the nozzle 1461

The 1i qui g4 COOrRNnot drldihsin 3% widreiRt tfORBIRIYE afxES MiiFaircraft.
into the bore 1332 of a corresponding piston rod 1330.

The pressure forces liquid coolant out of the piston

rod 1330 BS. ONBhééngifRldF c i St ARhdryinfheOWhitg: iS b r&@iyBwing aircraft.
directed onto the back surface of a crown 1308 through

the fl ow passages 1329. [0051] An opposed piston

engi ne according to this specification has working

el ements (cylinders, pistons, |inkages, crankshafts,

etc.) received upon a structural unit in the formof a

o o . o I T ‘" 2+ 2 1 L i



surface of the cylinder 1100. [0053] FIGS. 5B and 5C
show t he engi ne 1400 wi t hout cylinders, pistons and
w0 e@envaezs. The engi ne 1400 has a frane constPCTUSINOTH06618
end plates 1522 and 1524, and a .mddle plate 1526
positi oned between the end plates 1522 and 1524.
Through hol es 1528 are provided through the plates
1524 and 1526 for nounting cylinders to the frame. The
pl ates 1522, 1524 and 1526 have bearings 1530' for
rotatably supporting the crankshaft 1430 and bearings
1532' for rotatably supporting crankshaft 1432. The
end and m ddl e plates 1522, 1524, and 1526 are held
toget her on one side by a nunber of, 6RNiS PO ESNO.:ACHP1010US
i ncludi ng engi ne plate 1510 and counterpart engine
plate 151 1, and on a second side by engine plate 1520
and county parfheAghLer Ahidt f1, Wherkin R EngIRS RliNRAiled 1 HBower tool.
(shown in FIG 4A) is nounted to one side of the frame
bet weenATTORNEYDOCKET NO.: ACHPI O OPCT engi ne pl at es.
1520 and 3k5 1 hcté?tglr@t(;feé”lalhﬂlt heh&tiahe Theide f idshfled in a power
frame between engi ne plates 1510 and 1521. [0054]
Cont8E Mg wi th the description of FIGS. 5B and 5C,
t he gear box 1570 houses an output gear traln t hr ough
which th oppo i n ation
cr ankshar Ts. reaotheshiys® BmdIZonBliRsnt€ somsripine:
drive shaftﬂuwHEWmhdshmﬁ mhenmramkm$aﬁmswlw3mﬂhndc@ﬂ@Qandend
exte t ear box 1570. A gear wheel 1572 with a
tooté&%ﬁag "Jiﬁﬁﬁ% is fixed to the end of the
cr ankshafa supp3Gystari far apphringiesams 067 Yqwidicholantasghd extside surface
OUt €yl AW Frdm thé@étmtapp&h&‘ ©0drdthe LREpGhiamkshaf t 1432,
An output gear wheel 1575 has an annul us 1576 with a
t oot hed ifffss and @F?%ﬁwaas%e@omswtharm“a epefp pista including a crown

out Smﬁ,g%aetdat&atceas@a&%&m%o&eﬁm in these fi gur es,
the outer rim of gear. wheel 1572 engages th

i nsi de ci¥ WhHee F‘é‘nf?é °1‘§'717'5‘8F taRk typular éétmasfssta‘ft'd received in
one the¢ampRdht 86k dflerespetave Fibtbh @hd h Recogaand Ydreehpling ABe piston to
eng a_ﬁg e out si de circunference 1578 of the gear

wheef 2 at anot her | ocation dianetrical ly opposite

t he one |weaigpbnsysithefugbarfor giplyingd#tigwd aodie to amaternal portion of
gear |nS|de(ﬁkrcugference 1577 may be

and th
33/6§maPFH”W¥f$ig¥*S ﬁhon Hﬁgrlnner gear and the

inside circunference, while the gear ratio between the

outer geajg 1543 aﬂﬁ&emﬁc&hﬁlﬁtnaﬁe@ﬁe‘?ﬁt%ﬁtﬁ QQS’IH’:&?%VIW liner, the
be 33/65 with MDD 5 teeth on the outer gear and

out shings having arr evtside surfags, seniral and cpdrrorégnsgang & bore the engine

per Mitihed iRSIu@RAR F$ ﬁGd &bAd bpbsed s&)hﬁmctﬁélﬁ&é hath pistm3IRkiuding a
and 1432 to be ran ted nto .t nti nyous rotatlon

of t‘FfQ“’B 8‘? ay ?5’09\11"?“"18 1 §2FnpIFGR oy gonnecting the
gea_r[sistbhktraenkshﬁftst,hlnﬁzthbﬂﬁﬁc)ludmgth a non i ntegral gear

rati o, and w.t hout an |nterne |ar
ot her 't orapalTa Siferaet aShErPaten gL mpelie T Bpn v from e
out pedntrglgaurtiénr @ward théend portiosamnd, hat of Bird' s engi ne,

in which t h .
i ngl e gep Sy SRRt b Ralh Eo BB, e RHBREnBY b piston on the
torsh@habﬁmesﬁﬂuﬂmesnbetmeen the crankshafts, as
conpared with Bird's engine [0055] As seen in | |IGS.
5B and 5C, an axle plate 1581 is attached by threaded
screws to the annulus 1576 and a cover 1582 is
fastened by threaded screws to the end plate 1522,
over the gearbox 1570. The axle plate 1581 has a
central axle 1586. The cover 1582 includes an out put
beari ng 1585 that receives the axle 1586, thus
enabling the frane to support the output gear 1575 for
rotati on. The axle 1586 co@stitutes the output drive
of the engine 1400. It may be coupled to an

i nternmedi ate transm ssion or ATTORNEY DOCKET NO. :
ACHPIClCPCT dlrectly to the drlven conponent by one or
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The cool ant punp provides liquid coolant to the pipes

in the cylinder sleeve 1140 and to the reservoirs
wa@0aeaer 1460B. A sunp punp 1594 is nounted POCT/URE07/006618

bottom pl ate 1580. Al t hough not shown in these

figures, the extensions of the

crankshaf t SATTORNEYDOCKET NO.: ACHPI O OPCT t hrough the

back plate 1524 may al so be enployed to drive

vi bration danpers and engi ne accessories. [0059]

Control of the delivery of liquid coolant by a liquid

cool ant supply system 1600 useable in the second

enbodi ment is illustrated in the schematic di agram of

FIG 6A. The supply system 1600 i nc| )

programmabl e engi ne control unit (ﬁﬁ%ﬁggfocllﬂagwcmmwus

1601 senses a tenperature of the cylinder 1100 by way

of a sens ' .

1116 n the cul ofRarriath i ik Rlch g G 2RpASne

senses t eqnyéméqrmpegg afgradyed syrfaspoeeptraland eqgd rartiers. amiyplpore;

and 1300 s §xezﬁ:§ m i ed surface
in the 'ﬁ:’%&?’%n‘s ?fg%,g\ andwl‘%)éh%gl Eéfip&ségéoéérgt%{ﬁ? @ surf

showiipt firyy framals eratralpastian fopardhe Pybrestionaribus engi ne

oper at i NGFiGOLH kb&ﬂﬁoﬁ&sé&&sﬁ@nrﬂ-ﬁﬁ%or& et BistonPiREMding a crown
system 1600, a scavenge pupp 1594 recovers cool ant

ex halAvings back syfase aE‘}/P FWHBll'a“ﬁ% and pi stons 1300A and

1300B anch psd"Rst dabR pision,adich trbd Maging aan fissk fend apl&ﬁﬂtr@d‘elved in the
1630 an 060

T sprelpBtPaohoheseakeg pRipith S8Rl pitsiot (L RtorSna

punp 1634Asipglepsispiofarhctcpisioacdaehl wirstpirhmosntag od @8Xecond end of

thro§ggxﬁbhﬁ% exchanger 1635A and a bypass val ve

1636A and §3ani fol d 1638A. Li quid cool ant for

provi si orthe eupphesygregofuether for aprlyog|sirertes of liqydd ¢aplant to an internal

mai nf,&t)m Akh alseﬁloeqﬁeegacnrssﬁgwo@ telkrd 3 mani fol d

1638A by control of the bypass valve 1636A by the ECU

1601 and a pressure sensor 1639A in the manifold

1638A. Frgmt %%ﬁké Stort Ei&al-doRbubtidilénging Akriprikin
fl ows through proport(?%nal val ves 1642, 1644, and 545

and i nt o HFOBYESWER & lingrotie dingehaving 3 bareppn ppgide surface, a central
cyl i péteibn, LﬁQthﬂbtaenﬂlaﬁ&Sn inl&2nd:1144, and 1145,

respectively, Al of t ve 636 1642 6 nd
| C30Ct 1 VoLt i oBlgb S ke 0 38 ] i X0t rom
il uekrca:ttmupbmoﬂ@ar&me exhqissér@ly cool ant circuit punp

1634B pu 6 r.oMqk

a heat eg%:) acﬁ'%gg'% féé’g%’ g; SSnge %utslgsq&v vee %’6%%‘&5'%1&0'3&% coolant
mani frgmdhel@:@gg portienfiowarsiohé inigt eﬁd}r provision to the

pi ston r 09%111:%3&% Q)f tghﬁ:\vgé oh WS orlt’s)’iqg/'\um t&%QQ&c't% liquid coolant
mai nt ai ned at a se eCted pressure in the manif
1638srgynfersntially|in gre cepEalpPpiess val ve 1636B by the ECU

1601 and GrsPARISTESHR SHPBSQl pishbmOddspoted in@hd1BGHE f €Ak Kl piston including a
1636B.. Fromthe manifold 1638B, the liquid cool ant

f | owS™M™Air ough proportional val ves 1660A and 1660B i nto

t he reserNﬁhgéAﬁE@RNE&H&ﬂGﬂ&ﬁﬁMyuﬂ&kﬁ%@bﬁPCT 146OA

and 1460B an g 1 %ervo rse % gﬂ [ES | sortion of
1332 of th&° ?"éf HOF ‘85?"& 358”8 ‘é‘“ STK*E4 r?%b“e%ma porton

t he thedimtpiston dirhechksunim of 8e0Acwmcind 300B. Al l of the

val ves 1636B a 6 [ I . .
ECU 1601, ° [8! 6"@%]‘6' et @Bty AP nE b Rk L ik el portion of
i s pthegecmdpotdmonnalrsk sgrfpeaf teicopven.ed val ues of

cylinder and piston tenperatures and other sensory

data indicative of engine operating conditions to

cool ant pressures and flow rates for various engi ne
operating | oads. The ECU 1601 senses engi ne operating
conditions and cylinder and piston tenperatures,
deternines the current engid3he | oad and accesses and
conmputes the required pressures and flow rates for the
three circuits of the cylinder 1100 and the pistons
1300A and 1300B. The ECU 1601 then controls the vaIves
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bypass val ve 1666 into a manifold 1667. First liquid

coolant for provision to the grooves in the cylinder
wQa1@0/10922rai nt ai ned at a sel ected pressure in PEEUS2007/006618

mani fold 1667 by control of the bypass val ve 1666 by

the ECU 1601 and a pressure sensor 1669 in the

mani fold 1667. Fromthe mani fold 1667, the first

l'iquid coolant flows through proportional valves 1672,

1674, and 1675 into grooves on the outside surface of

the cylinder 1100 through pipes 1142, 1144, and 1145,

respectively. Al of the valves 1666, 1672, 1674, and

1675 are controlled by the ECU 1601. [0065] The supply

system 1650 shown in FIG 6B also i Y o)

coolant circuits of the supply systeﬁ#qﬁﬁﬁkB§E¥QF§QF£FHP"M0US

constituted of the elements in sequence fromthe

scavenge gginp Aﬁ%? Q&BMQH nﬁt@ﬁmf EBu@ ShghfeOQmAfhg:

1460B to deliver %e second |iquid coolant for cooI|ng

t he pi st odsYHBBOAIRRIlinesohs lasr He'deg phete. ap oywsiderpurface, a central

Conns&ttlbﬁrhnv&xt\&sﬁn@anﬁ'%n it it h the system 1600, the
second liquid coolant is streaned into the pistons

1300A and? 1150 618 UR 96 ST0RKE A% the opyide srrface a‘?/%‘tt'&téc‘ﬁdtﬁﬁ'd coolant from
1594awk9&%ﬁbo§hﬂt&%&ﬁh&&&ﬁmkka&trated in FIG 6B is
programmed and,o ates the su m 1650 in t .
Pner of & sRand SRR a0 SO A RTF 40 conchth P cootant
val uésmothe egruiahplatiomtsiapd tit dnleteadper at ur es and ot her

sensory dat ndi ca i ve af condi ti

to first anf;é‘f“i ECoR d)tf Vg?ttog gﬁees’ gtﬁfr%gs an ?’I conglg A 1%1“% coolant
for varindfesnaally lnehqxpetraltnonganl oads, and to cont r oI t he

provi si on I

t hose pr eggg ?‘yg‘:ﬁgﬁ# ?%pw ra lgtggs?@ggéﬁé&t“ [ﬁ 138)er @a!%h 'S% lacmdmg 2
pi st erevniapd reapshfer cAMPIRiNt pdjuREent qfélreyplstpoofet]respect to the cylinder;

shoul d be, giirdRPbf pA ;n.ethérq;w tonq8h SRR Of a liquid coolant ¢
systens o?SFIGip6A? g%e ] gan con?lm’S he céo”?h5°°a" °

of t ABiRtgMAPQEionOf thy ﬁ"ﬁ'déﬁ@'i‘l E'éﬁPP%}‘ Yrfagarf "f!ﬁ SPYhsand
1300A anda ;&%ﬁy b pdsEpPOMSRe LeRoRNGIkIR tORYIVLtieARSs of a liguid coolant

condltlons vary t he flon/rates ressures o

the f9 ?jh‘l"ff BPAAE °Sg‘ﬁls?°é’& PHIAHRR T la‘lﬁ ef?%ﬁ crown.
separately fronATTORNEYDOCKET NO ACHPIClCPCT t he

flow rat eg;a nd Er essu estoo e n?busg cgnolnaengomgé)rgtnl ed

to the pi s%ons 3BOR°SRG Té'ﬂ)tf)@ THUSSHYhEE &

cool ant smppllgdesyamearhne;ramenmenhavmg htberecyhlquctoie shitfd€k, a central
at t ratures as the pistons _
1300E8n%gm%3ggﬁgkgﬂpr@gﬁléggﬁﬁthose t enper at ur es

i ndependeffirsy graypof groMeseon the epiaidg isvrdpce heyFenduesidiaiid gpglant from
condigel @RSal pbRIGEREVSIAMe SRREst Bhd;0f the tenperatures of

the cylinder 1100 and the pistons 1300A and 1300B

enabl es t RESIOPEHFWPRIATARNES QB Quesigs swurface (i) coRgupk 3 ligpid coolant
I'TEChEﬂrrothaEc&ln&ﬁﬁ@’ﬂﬁﬁtdw’arcﬁma(mlé@nbet\Neen t he bore 1103

of the cyl @ﬂf 1%8 and the utslde di netersd of t]he.d ]
pi stons 1300K! BFRYP LLGBRY NG O tHE QUGS PHACY ntpRdud 2 liquid coolant

engi BRcfereatialngineindintralpostioar y. [ 0068] Fuel system

i oct or o 5t k- ShRE el €pER LietRL nk e hOR, 4 ion inctuding o
desc cidvachnd eneansifaa cemplidng sdjnstinenk af thepigtcn watAr&peafto thheylinder;
priority [ 020553

("the pri E%EF‘P% l? @g;ﬂkteﬁ %&&m\%ﬁé{%ﬁzé ggﬁs cussed

above, isa rphxl:dttp of passageh by the firgy pistonfte ppply streafps of g liquid coolant to
descrj, hetnhihokith &'tteeﬁrspaasﬁgﬁs baatg%rdaem the §8Rh AR

prOV|ded to cool the cylinders and/or the pistons may

be the di agbralityef passagss isrtBs eFard PiStopSnarPlY HEams 63 Bﬂ“'d coolant
Pi St @RaLHGrRe poftid 8P IheAedna pRIBr i a RicR ¥inddce Of Gla@F3h.

air to and di schargi ng exhaust gasses fromthe opposed

pi ston engine 1400 is illus8rated in FIG 7. The

system may scale to serve one or nore cylinders 1100.

In the system 1700, an air inlet manifold |ine 1734

and an exhaust nanlfold line 1732 are respectlvely
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bl ower, snow bl ower, chain saw, and all equival ent and
simlar devices. In FIG 8E, this engine is installed
WO pooanogkect ri cal power generating device. | n FCTRSBPBT/006618
the engine is installed in a punping device. [0071]
Al t hough the invention has been described wth
reference to specific illustrations and exanples, it
shoul d be understood that various nodifications can be
made wi thout departing fromthe spirit of the
principles of our engine. Accordingly, the invention
is limted only by the follow ng cl ai ns. ATTORNEYDOCKET
NO. : ACHP1010US CLAIMS 1. An opposed piston engi ne
i ncluding two side-nounted crankshq{ ﬁgckﬁﬁﬁ :ACHP1010US
one pair of opposed pistons, each piston connec
the two crankshafts by connecting rods and a single
wristpin gxter
lam 1 2 ol Ebprled ARoR LA combyldh BB onising
body, an @pdinden®ithza bmsséd liner hadhg ah mytsidecsuofaee. canigal and end
PassgdfsSnPA™ 4 bpeed for directing symetric flows of
l'iqurd coolant to a back surface of the crown of th
pi ston. 32 supRlY HgMfer saplyingstrRams of g lignidicoplap s @“ta'de surface

rod fhai NAREBmhe EQitral pdttivhtowarEe Bndpértions; i ncl udes a
cylindrical body with an open end and a.cl osed

def i ni ng %’S'cﬁ"d\/%ﬁco"@é)é’ﬁ"sreﬂ éf‘sfﬁi‘s? piRpted tpirredprogaiy! “aﬂ“f B‘t’ﬁ’ealﬂ'd

t o the pistingle MeRtpiMmdantéd Saiédch pista totcbeple kigto@iting Adtion to the
plston and a second end extendi ng through the open end

of th Blston the single wistpin for the piston

bei ng attached to the second end. 4. The engine of

claim 3, whj ch bul ar. rqd

for direc élqng é\& go'ggdo’? Q‘I%P a{ll cogribldgtf&]t%g{rﬁ’e%"?prns{ng'
passages. a &lindereviging ervovest sucfagd, gentral fng ¢rideportians) anpdiarhgre;

means for Phiuffl cddifice th d
ool ant . b oEHE Syt P SpPOTE, btahs PRI cld e the groove
rod $usfacetahflow §ltoahthe eentral pertiom maﬁgthpmd oppiess: ng

ends, eachrspirﬁts@&dd%hgéih%git@as ] BRELifroSRER thé@bdre;

boot acting between t crown and one end of the

respect | v?es'Pda WIESHREN S1OHBICd IFACE PIGR PSPURIRESHRretagRE motion to the
nMounpie@nOéhdl he opposing end of the rod. 7. The engine

of claiml1, in which ea i ston include

cylindri C'QFa“Bd'dV’Chd’n“?fbé)ﬁ g‘ﬂﬂ"""&ﬁ‘é“ﬁm&? 6’3 &Nf Ripjgn with respect to the
def i eylingera crown, the cylindrical body exhibiting

i nt ernal rotational symretry adj acent the

crown. ATTORNEY DOCKET NO. : ACHP1010US 8. The engi ne of

claim 1, 4artHBre dngplewdichgn 45 oyhdreid eachimstomnchdes 2 edown having a
and I

oo it el M s o Rl ch Uiy € 1l (5RBIe R imiema
int h@m%P cach PlS‘Mﬁ'e)"e‘hQP?Fé? Seffa“éloilthﬁ crowin whi ch t he

cylinder includes: a liner having an outside surface,

central and end portions, and port openings in each

end portidh; aldewine nclaie 465 ineyhich (gach pisiapgincludes a cylindrical

ext eBedylgn ﬁ)[)élf&ﬂd’@)dctﬁﬂbiewenﬂ raeﬁmagl atcecsw dhd t@uﬁminher including a
portio ner, over

Pod B BT 60 B GOt A IBISE AT <ol GouteBE)aS Hemeatt for compiant
engi adgjusinent diarespective pidnd)rchdtd’m:c@ydl dndde Iwhfclhrthehsﬁngle wnstpm for the
i ncl udes u [P s,.t hat ext end

sur 1 BEERp RS Bhe NP DeRRite 'S el EFTs R G iR Sy Hetem ana
t he poditiged tfoodsectimgch aregm)dbllmhdg:oolaneg)walrmnheebacersdrface of the
subsggﬁk”ﬁu&%nﬁbgcunferentiaIIy in the centra

portion; one or nore pipes in the cylinder sleeve,

each pipe in comunication with a respective groove

and with a source of liquid coolant. 11. An opposed

pi ston internal -conbustion engine, conprising: a

cylinder having central andvend portions and a bore; a
supply system neans for applying streans of a liquid

coolant to the cylinder that flow fromthe centra

portlon tomard the end portlons flrst and second

o o, s o e o



a liner having an outside surface with groups of

grooves that extend on the outside surface fromthe
wa@emvnedizporti on toward the end portions, and BET/OSH07/006618

group of grooves that extend substantially

circunferentially in the central portion; a sleeve

covering the liner; and one or nore pipes in the

sl eeve, each pipe in conmunication with a respective

groove, the supply system neans connected to the one

or nore pipes. 15. The engine of claim13, in which

each piston includes a |longitudinal axis and a

rotationally symmetric array of ribs abutting the back

surface of the crown and extendi ng fEGrNEYDOVKET NO.:ACHP1010US

respect to the longitudinal axis. 16. The engi ne of

claim15, further including a rod for each piston,

each rod @l i gned eMeind drhaib0agl thUNhiBRIgrépk of Prodves extend on the
respective pistgon and having a first end connected

the EPP%S Brfars Homptherqauy; g%w 1avrd, theaeuh BOTEARS and % group of
ext e%%dbm e&h:h@ léGIISktzirﬁiﬁllyJ pREungBEntdlly bie thei grbeved shifféce in the central

o RS P DYt JeP T PRSP BB NG PHEPIEY Eieer more pves

17. ihhiee ﬂﬂgbnﬁcbfnpe |1r&d;miuil6r;1catmn\nﬁmahreq&chvd @rdovestha supply system
t ubul alrecteo&j ( eacn3 orlflnbuel: ar I od including a bore for
condie g A SN PPqU|d coolant to the plurality
of passages 18 The engine of claim11, further

I ncl uding, RnbiE ufeildi BERARS crankshar
exhaust and |n pmn E@%ﬁ géﬂaﬁst i ﬁ%b%d on cranishatts, at
exhalgsst cpn@air o oon4>setg pietans. @hd aovinglt evrismre?xtelnell 'arf@claplston for
l easéousﬁngg e %&B@&we BRI B HRGBlrdnkOR a0l € in the

frame. 1 he engi ne of claim 18, further including
an |nsulat|ng coating on the exhaust manifold. 20. The

engi ne ofscl a'THe]Jﬂglderbf\MHuEh4¢aﬁh~IﬂbI$E£H]\ ﬂnﬂ@ﬁ H&jﬂ@de@ a cylindrical
cylindrical body having a radius, an ogen end

cl osRAfly et opR ‘f"ﬁr Aglose Frsl e fingnged ey Pnand fiey H’é?sages positioned for
i ncl gigichflg SymhMetric Aovaasliduid tevlant @a.alie bl seARE &l thivciown of the
the cylindrical body of a respective piston and having

a fiwg "end attached to the piston near a back surface

of the cromn of the piston and a second end extendlng

t hrough t n end of the sto S
Wi stpin or t nrgsnte z("e'lmng ar gcthoﬂ) ?‘E‘é "é%‘é“c? A cylindrical
end loddyt lwghtfmbubtalr emednd alclOE'ddeeleh gf:fmeng)fa cloginmti®Q engine further
whi C*ﬂcﬁ% rrgg ff)rsea mLHQ)llJJ @E[CH r&ijb%% Qozguzﬁ QJ:@) o @?%h@g body of a
to e su ﬁ syste e engl cl ai m
V\her@isl??ct'hfepllsﬁoq GP%I hadrg afitst B‘P%%‘Faﬁw ‘P(Shﬁt Pigop pear wlechack surface of
and Rk &r&Rs of Ql@giséﬁsanﬁr@ s&RH® eHj QHieﬂdﬁQQi‘u@ﬂéh the3epehlid of the
engine of claim1l, wherein the ui d cool ant

pr ovPisten: the singlg wrist a"hffé.theamﬂmst%%éacE%ﬂfﬁﬁ?%%cond end of the rod.

di fferent |iquid cool ants. ATTORNEYDOCKET

NO. : ACHP1Q10US 24. The engi of ¢l ai 11 wherein the
supply s STW?&“&H‘&?FF‘BBS%@&H&C‘} geh 2odisA IHB‘S%‘ rod with a bore
fir storld'nmuﬂndg, a ddvapf ligoidt dvelany tdwide rthabackaswstaconf the crown of a
neans’ Eg Xlng a‘'second liquid coolant, different
than"?ﬂ%"Y? ©™iquid coolant, to the first and second

pi stons. 25. The engine of claim11l, wherein the

suppl y Syﬁcﬁ{ em'i'}gzcclm n%s fE 5£ ofurtﬂaj {Hé:ﬂlld r}geatnls]%or onnecting the
cyl i nder and pisto at respective tenpergtures 6

The ecrrgltmeswlbcfbfalqmdlc_bolahmt her conprising: first and

second si de-nmounted crankshafts; and three or nore
connecting rods for each piston, each connecting rod
connected to the single wistpin for the piston and to

one of the crankshafts. 27. The engi ne of clai m 26,

wherein the connecting rods are curved. 28. The engi ne

of claim 26, further conpri48ing a frame that supports

the crankshafts for rotation. 29. The engi ne of claim

26, wherein the engine is a two-cycle

conpreSS|on |gn|t|on englne 30. The englne of clalm

Y T o L T B I L ~ A



a tubular rod for each piston, each tubular rod having
a first end received in the conpliant boot of a

W0 e@paedizye pi ston and a second end for coupl i PQI/UR®07/006618

pi ston to crankshafts; the supply systemfurther for
applying a liquid coolant to an internal portion of
each piston on the back surface of the crown. 39. In
an internal - conbustion engine including a cylinder
with a liner, the liner having an outside surface,
central and end portions, and a bore, the engine
further including first and second opposed pistons in
the bore, each piston including a crown having a back
surface and a rod coupled to each pj )
connecting the piston to crankshafts,(gﬂﬁéﬁﬁ%%KErNo"ACHpunous
i ncluding: applying streams of a liquid coolant on the

out si de S&Y. f ac’ﬁwtch\?tnefo'f QWITII '219r@aEthnsfbﬁriﬁ(ﬁ@Amé’QEmrhnd a compliant
toward the end I ons; ying streans of

| i qubeptcthoprgine harnn?lﬁ#-és ﬁa‘Pd fsme@thmst@m caglttpd hpying fvo opposing
on t fgisbave Ksoﬁgl’lﬁrﬂ%opgf tRE prdt\Rtbg BRMNEX[RXKBWn of the piston and
NO. : ACHP1010 posed piston

i nt ePRf SRFRIEEPSSH VR FRSH H& sipgleyriswimh fpr the pision hging mounted on the
havi BgposingleR@¥Ede sod.f ace, central and end portions,

and a bore; a supply systemfor applying streans of a

liquid coolant to the grooved surface that flow from

t he centr38. poried engine@fialin Sheacnobdpeingiaonylarand. fi r st

and second opposed pistons in the bore, each piston

i ncluding a crown having a back surface and a

conpl i ant5éootAn soppostdf pistopawigingi Fichidingeat keastodnhaylindgr that is
a fi {)ﬁﬁlaﬁl d WofeliphesEGEGLa¢d i n the conpliant boot of

the tespeCtive piston and a second end outside the

piston, and a single wistpin for each piston, each

wri stpin spuntfg eReihdSf TBERANSE, EfFthe uichﬂ"rgod fidthe ShiSporting the
pi ston; the supply system further for applying streans

of IFHUiﬁfcoolant to an internal portion of each

pi ston on the back surface of the crown. 41. An

opposed p'sto i nternal-co stion.e si ng:
PR T oyt PTG o 87 e ae PG5 BPESS” o
out si de snarlfnar:mvnag acolsidd syrtace,i centraland ewd porsibng RO amd openings

an |ﬂl§£ first group of grooves on the outside
surfacé ndttt a liquid coolant fromthe centra

portion ta)wdanede toinethe xliren Sixtepdg  frometbe ndnygalopgrtioh toward the end
groog&% paﬂye out si de surface to conduct a liquid
cool rom’the central portion toward the inlet end;
a third gpatmapifolgs smvibe lwar ower hetend crortiqns faad econinuous with the
condygtvea |iquid coolant circunferential ly in the
central portion; first and second opposed pistons
di sposed in the bore, each piston including a crown; a
si ngl e W st pi Thad@NgiHe cRich 88 N whychithe e,amhem;&hanhclades:
cool ant channel _to apply streans of a co
tnf Syl

ui d | ant
Lo an i nt EPHET OhEReY P 83 ofide ity wdiper from the
surf aﬂerabfpohhm Covaant ; tharﬂadapmohanindchagmeb &fo gajopésy that extend

strea | a erngl portion of
he SRR RN A e Lo RlabRbE .
cCrown. ATTQRNEYH@@@E@?HNDB SI&Q‘@!M(ILB Zomprnnigapos with a reSPectlve
pi st obé‘Sr?Jﬂﬂik F&Hpéjéftli ‘Mh%%%(‘e conprising: a

cylifder wt iner. th I ner having a bore, an

outS|de surface, a central portion, an exhaust end and

an inlet end; a first group of grooves on the outside
surface to conduct a liquid coolant fromthe centra

portion toward the exhaust end; a second group of

grooves on the outside surface to conduct a liquid

coolant fromthe central portion toward the inlet end,

a third group of grooves orlthe outside surface to

conduct a liquid coolant circunferentially in the

central portion; first and second opposed pistons

dlsposed in the bore each piston |nclud|ng a crown
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crown and neans for conpliant adjustnent of the piston

Wth respect to the cylinder; a single wistpin
worwitied2ext ernal |y to each piston; a pluralitRCDUS2007/006618

passages in the first piston to apply streans of a

liquid coolant to an internal portion of the first

pi ston on a back surface of the crown; and a plurality

of passages in the second piston to apply streans of a

liquid coolant to an internal portion of the second

pi ston on a back surface of the crown. ATTORNEYDOCKET

NO. r ACHPI A QUS 44. An opposed piston

i nt ernal -conbusti on engi ne, conprising: a cylinder

with a liner, the liner having an o8y EREENO.: ACHP1010US

central and end portions, and a bore; a supply system

for applying streams of a liquid coolant on the

out si de sgy.f acgn fidhat Lb@BLJtoRRh 4IRS coMphisiag: Portion

toward the end portions; first and second opposed

pi stons aﬂﬁﬂwéﬁ*Fomﬁéépﬁ¥ocate in the bore; and a

si ngl e w4 sikidh Qispbyed i@ fclplocaGh titsk@n to coupl e

reolprooatégg nption to the p|ston 45. An opposed

pi ston int ndld conbusti on engine, conprising: a

cyli nder Ak ddpling gemveﬂaesmﬂfaad @he pictoh) the c&ii]du@ﬁdcludmg a member

por t ekl%lelﬂpy (ﬁtfct-)r%r‘ o a? east pEbsYan? %ﬁt r%%nfta(?lrl agp alénmgnt of the piston

str ea R 8bleat U Fooved 'sut Fac

t hat Wimowtfomdnddgemgienbpahuqmrtl on tovvard t he end

portions; first and second opposed pi stons adapted to

reciprocate in the bore; a single wistpin nounted to

each pi st®n t olhecmpine of elainy$@ kg npyberdndluding 8 cempliant boot.

pi ston; and, neans in each piston for conpliant

adj ust nment of the piston with respect to the cylinder.

46. The e$%gi ndn@n ipearhsombustiproengine '@aeﬁmguaﬁyaﬁder having a bore, a

i ncl pidRs dspbiedd rmyrbme h tRaGKreS id AFRY, a tnhehURpYising resiliently

system further for a ing a |iquid c olant . to an

i nt efiF{aTMip ALPBRTIFMN 'E%E‘X? ﬁ?%esﬁ "%n’ k?é%‘?{‘ dyging Rigon, ovement
the & ey atdiéast kaBst&itigily enaddtaial aahzmaﬁgmmm ofth€ IpisemCRith the bore
pistgn i ncludes a.cylindrical body, an open end and a

cl os&Y’ 'gﬁﬁgﬂﬁppﬂ?ﬂﬂYa crown, the engine further

including a rod for each piston, each rod having a

first end.gonnected to the I

adj ust rren?é:of n[§ T e%pﬁg%:etd i R;eorbf"s?%%l cg)n ugggs?]e%: ‘"°"c1“'{‘ 52 linder
whi chavitigea bemgd painefi pistpisdispesed tegreqiprocae in the rlpetm@leija rod for each
the f)@ﬁiml Q%é{%d“go;ﬁpl% fgeregﬁi@&%‘:tjggn{lﬂ tah@oﬁﬁ’l%{ Ynember between -a
system ahd positioned for directing a streamof Iiquid

cool aaﬁt)ecvm% apghea E?am@“%lﬂ%‘ﬁedb‘l‘“& RiEStogy W%‘f"ttsﬁeas to at least
pi st AibsARTLIFNG Xk A B alND gnNehiP bAheS pdéive THioe RGIhNAe Bbre during
claim47, in which groups of grooves extend on the
groo%%EP%ﬂHqQQBE fromthe central portion toward the

end portlons and a group of grooves extend

subst anti ircu I n the

surface. | Gt hertseREPaf of Sl sa: MrfiPs Fetferi HEPipaiauia coolant
s| eesapacleto g ¢yihedegrandvtedhes plstoas 8o andbo anbauresmnnély maintain a
b! pe?he fthn cQFcléirEnc‘é%m%%R Re& if6ns! aﬂg &%’U&P@éﬁﬁ‘{ %ﬁﬂxdw th a
respec ive gro em connec to'the

one or nore pipes. 49. An opposed pi ston engi ne

i ncludi ng two side-nounted crankshafts, at |east one

pai r of opposing pistons, and a single wistpin

external to each piston for coupling the respective

piston to the two crankshafts. 50. The engi ne of claim

49, in which each piston includes a cylindrical body,

an open end, a closed end defining a crown, and flow
passages positioned for directing symretric flows of

liquid coolant to the back surface of the crown of the
piston. 5 1. The engi ne of 42l ai m 49, in which each

pi ston includes a cylindrical body with an open end

and a closed end defining a crow, the engine further
|nclud|ng a rod for each plston each rod belng



58. The engine of claim57, in which the cylinder

i ncludes: a liner having an outside surface, centra
wa@e@7asd2porti ons, and port openings in each ePdI/US2007/006618

portion; a sleeve on the liner extending fromthe

central portion toward the end portions; and, port

mani fol ds on the liner over the end portions and

continuous with the sleeve. 59. The engine of claim

58, in which the cylinder further includes: groups of

grooves that extend on the outside surface of the

liner fromthe centra] portion toward the end

portions, and a group of grooves that extend

substanFlaIIy circunferentially in %ﬁ*b ﬁgéKETHOJACHPHHOUS

portion; and one or nore pipes in the Sleeve, “eac

pi pe in communication with a respective groove and

With a sogy ce L . -QBMEXEOCKET

hKl:ACHPlg%Ouégégk&%ﬁ(ﬁﬁﬁggkgﬁLgﬁﬁgust|oﬁ engi ne,

conpri si nyeylindesavingarbasgivi ng a bore; a piston

di sposed § Baif 8@6&5%&065&%&1& RAEEprodatt Gflshe 8B @

coupling between the rod and the piston, the coupling

i ncl udi ng? EPdfeReRsh PSR, e3chdpd Fsmedtsd et lnapkong Gragkshaft and

| east subg E&ﬂﬁliizﬁ:lt b¥ot'T8i HcRIpRtohX bdth BpUATBIBbL @nnédiiflg a respective

piston with the bore during engine operation. 6 1. The

engi REOJ10 ArssPEitE8°4-he menber i ncl udi ng a conpl i ant

boot. 62. In an internal conmbustion engine including a

cyl i nder ving a bore.. a piston di.sposed to L

recipr ocagég i ng{' RBP %8‘?8',8%5?1" Rt ,buauor?eéﬂ%"&’ compnsing:

conpri si ngt leassoned atinder hdehgabbreg a conpl i ant nenber

bet ween tﬁgt&?&jsst’zg St(gjlrll)ggeglr})liss si o;%!d%xtl e evenent SO

as to at leas tra mai ntai n axi al "al i gnnent

of the pisswtenmiadpphyhelidnid eoalant sepgrataly toribe oylandat 4ndrpistons; and,
_63' l n-any Qgﬂgﬁﬁg tdPLAO the! ﬂgt%{nnél m{ﬁgﬁhpﬂd p @iﬂ:gﬂeﬁl%erature of the
including a cylinder having a bore, a pair o¥ pi st ons

di speyider wpa@ichpifromabetemperptygesin the pidens- a rod for

each piston, a nethod conprising resiliently deform ng

a conpliant nenber between a respective rod and, a .

respect i v&7-pi sfdnethrrt phRperstias ah gimembustipnsoeing vth at least one
| eastylsidesamind pail b oppobddt @itonsodispsedini ure bf thefat 1dagt one cylinder,
respective piston with the bore during engine

oper 82TB™W'"%4. The nmethod of claim 63, further

conpri si nappyipplayliquid lcogjentcsepaatebnto the marledsebye tylideeand to the
cylinder $ngu%gz%ge pi stons so as to at |east _
essenthar 9 mai'ntai n a nechani cal cl earance between

t he pi st oeansimgdthehapplisagorpfoft the liquid coolant to independently control
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conbust’i on engine, includi'ng: a cylinder having a
bore; a pair of opposed pistons adapted to reciprocate
in the bore; a rod for each piston, each rod connected
to at | east one crankshaft; and a conpliant boot for
each piston, each conpliant boot connecting a
respective piston to a respective rod. 66. An opposed
pi ston internal -conbustion engi ne, conprising: at
-l east one cylinder having a bore; first and second
opposed pistons disposed in the bore; a systemto
apply a liquid cool ant separately to the cylinder and
pi stons; and, a controller to cause the systemto

mai ntain and vary the tenperature of the cylinder
separately fromthe tenperatures of the pistons. 67. A
nmet hod of operating an internal-conbustion engine with
at | east one cylinder and a pair of opposed pistons

di sposed in a bore of the at |east one cylinder,
conprising: applying a liquid coolant separately to
the at | east one cylinder add to the opposed pistons;
and causing the application of the liquid coolant to

i ndependently control tenperatures of the at |east one
cylinder and the opposed piston.



