5 Title: 10 @m&uz&@o@( 16

UREAS *THAT ‘| NDUCE ' CYTOKI NE PRODUCTI ON

Background of the Invention Cyt oki nes such as G CSF, M CSF

G\t CSF (col o- ny stimulating factors) and IL-1, IL-3, IL-6 15

(interleukins) can stimulate hematopoiesis in di seases associ at ed

w th bone marrow failure and thus accel enate recovery from

neutropenia as reported by Metcalf, D., Sci ence, 529, (1991) and H.

G- Klingemann and H. J. - Deeg, CIPS, 14, 243, (1989) as well as G

Mortsyn and 20 A. W Burgess, Cancer Research 48, 5624, (1988).

Port i f bhe natural bacterial cell wall and syn- thetic

I|popeb? ges that mmc the cell wall have been reported to have

I mmunosti nul ant properties as de- scribed by J. Freund, Adv. Tubercl.

Res., 1, 130 25 (1956); F. Ellouz, A Adam R Corbaru and E. Lederer,

Bi ochems Bi ophys. Res. Commun., 59, 1317, (1974); V. St. Georgiev,

Medi cinal Res. Rev, 11, 81, (1991) and I. Azuma, Int. J.

| munophar mac., 14, 487 (1992). More specifically, certain conmpounds

have been identified 30 whi ch appear to induce the formati on of CSF and

can aid I n bone marrow restoration after nyel osuppression

caused by chenot herapy or radiation. g%ég i ncl ude com pounds such

as pinelautide (RP-40639), [as reporté F. Floch'h, J. Bouchaudon

C. Fizages, A Zerial, (i_______!ﬁLAHE.HBEiﬁnggggffﬂggﬂérnfr C'f§5-76ﬁ
1984) and in Pat ent No 3 mur oct asi n Iic

( ) ERrdx4fiz. BRépu

' ' ) uqa, Int. J. .
Selyaku.Cb.) [as reported BXchroungaof the Invention
Cytokines such as G-CSF, M-CSF, GM-CSF (colo-
ny stimulating factors) and IL-1, IL-3, IL-6

15 (interleukins) can stimulate hematopoiesis in diseases
associated with bone marrow failure and thus accelerate
recovery from neutropenia as reported by Metcalf, D.,
Science, 529, (1991) and H. G. Klingemann and H. J.
Deeg, CIPS, 14, 243, (1989) as well as G. Mortsyn and
A. W. Burgess, Cancer Research 48, 5624, (1988).

Portions of the natural bacterial cell wall and syn-

20

thetic lipopeptides that mimic the cell wall have been
reported to have immunostimulant properties as de-
scribed by J. Freund, Adv. Tubercl. Res., 1, 130
(1956); F. Ellouz, A. Adam, R. Ciorbaru and E. Lederer,
Biochem. Biophys. Res. Commun., 59, 1317, (1974); V.
St. Georgiev, Medicinal Res. Rev, 11, 81, (1991) and I.
Azuma, Int. J. Immunopharmac., 14, 487 (1992). More
specifically, certain compounds have been identified
which appear to induce the formation of CSF and can aid
in bone marrow restoration after myelosuppression

25

30

caused by chemotherapy or radiation. These include com-
pounds such as pimelautide (RP-40639), [as reported by
F. Floch’h, J. Bouchaudon, C. Fizames, A. Zerial, G.
Dutruc-Rosset and G.H. Werner, CIPS, 763 (1984) and in
Patent No. FR-2,482,961, (1981)]; muroctasin (Daiichi
Seiyaku Co.) [as reported by I. Azuma, Int. J.
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-2- | mmunopharmac., 14, 487 (1992); R Nakajima, Y. Yshida,

K. Akdhane,” M Seki guchi and Y. Gsada, Arznei m - Forsch., 41, 60,
(1991);+Scrip, 22, 1655 (1991); and Patent No. EP-135, 788, (1985)];
and FK-156 5 and FK-565 (Fujisawa) [as reported by S. [zum, K
Nakahara, T. Gotoh, S. Hashinmoto, T. Kino, M Gkuhara, H Aoki, and
H. lmanaka, J. Antibiotics, 566, (1983);-2- K. Nakanura, K. Nakahara, H.
Aoki, Agric. Biol. Chem, 48, 2579 (1984); H Keiji, H Takeno, S.
Ckada, 0. 10 Nakguchi, Y. Kitaura, and M Hashi noto, Tetrahedron

Lett., 23, 693nmf@Hharmhdl S.1L,At431 s(DER2) A, BANAKSH]ima, YandsHidsp, 890] .

U S Patent 4, 6%]@%& | SGk O | ri pepti de which has been
reported to halg'e acl |V%S/qjé'38€§(fgé% Pﬁ%ﬁ%ﬁo%?%%br, for use as an
antitunor agedrzneim.TRQ¥RSh{hahlasb@n GHUhhtSEBLRhe?Dt N2EBRY. The
rep?rged cel | -yﬁdltppra&mlepufex?achéhew-fy@,tiﬁé; C(lgsa.;,) ] anaitaegﬁxai]ss?! ! ced
pept i dessi ncor poy ating a utam ¢ aci y) noiety [err]-linke
to either |ysiaﬁ&’i(E%x‘s‘)gﬁ%r%lsa‘ﬁ?)anﬁ%p#@‘hﬁ?é[g&%l-(’Af‘é'Pﬂp , with
addi ti onal pemak&hara, TbhdGumisoln; $atHyskimotgy ohpsKihapkMngokhkatrap ends.
The novel uretha n s £ ed.i - LS | nt | e the
first exanpl es}{]'opgc,r%%- S%'Jgg ?gé ﬂé?éfgahgq‘bgr;%n%%?ib%%?%% aﬁggél kfgv?a?? !
component s and<d Nakamuras K. Nalkhaypi dly 2hhornAgBigs i Brodst Chem.,

Furthermore, wi) &s79 (19d4)} S Réi4DASHPreykéERs, N9, bsraghi ng, on the
pepti desg backbagne, this, 1 nvention_i1ncludes, branched anaf&gs t hat

retain the dediakschti X+t KifrnrayArd My Hpshinoto, Tetpahedfen
configuration,Letttl A 28} hes of 19921 hasd SUf®r Bétents wse, cjsab, beanched

anal ogs. ant 4,666,890]. |
’ U.S. Patent 4,666,890 discloses a.synthetic
tripeptide which has been reported to have activity as
15 an immunomodulator, for use as an antitumor agent
rather than as an adjuvant to chemotherapy. The
reported cell-wall components and their synthetic
analogs are all peptides incorporating a D-glutamic
acid (D-Glu) moiety 4-linked to either lysine (Lys) or
diaminopi- melic acid (Azpm), with additional peptide
bonds or fatty acyl groups flanking the two ends.

20

The novel urethanes and ureas disclosed in
this invention are the first examples of non-peptide
analogs of bacterial cell wall components and lack the

25 D-Glu moiety common to prior art. Furthermore, while
previous art has provided no branching on the peptide
backbone, this invention includes branched analogs that
retain the desired activity when synthesized in a
specific configuration, and a methed of synthesis for

30 these chiral branched analogs.
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- 3- SUMVARY OF THE | NVENTI ON The

I nvent'ion rel ates to urethanes and ureas of the formula: 5 [err]
15« wher ei n: Rlerr] is selected fromthe group consisting of

hydr ogen, a substituted or unsubstituted (Cl-C20) al kyl group, a
substituted or unsubstituted cycloal kyl group, a substituted or
unsubstituted cycl oal kyl al kyl group, a 2B~ vinyl group, an acetyl ene
group, a substituted or unsubstituted am no group, a substituted or
unsubsti tuted acyl am no group, a substltuted or_ unsubstituted aryl

group, a substituted or ' 8] a substituted or
25 unsubstituted arylggyy %FHE t unsd! ted

al koxyaryl gro a subst | tut e ld}‘ S‘léELS&l}.lnséjut;r'gc?|1£t3:lr1etteh mﬁmxyarqﬁ}.i group
and a substi tlﬂfgd:hfﬁ formulagnsybsti.t ut ed monocyclic or bicyclic

het er ocyclic group containing from1l to 4 hetero atons selected from
the 30 s group consisting of nitrogen, sulfur and oxygen atons;

Rlerr] and Rl err] are independently sel ected from hydrogen,

substituted or unsubstity ed (Rferr]-Clerr]) alkyl, substituted or
unsubsti tuted alkoxyalkyl b tituted or unsubst i t ut ed cycl oal kyl,
substituted or unsub cha{kyIaIkyI syagtituted or
unsubstituted aryl, ti ute ed a?alkyl substituted

or

10 /K
NH

Formula |

15 wherein:

Rl is selected from the group consisting of hydrogen, a
substituted or unsubstituted (c1~c2°) alkyl group, a
substituted or unsubstituted cycloalkyl group, a
substituted or unsubstituted cycloalkylalkyl group, a
vinyl group, an gcetylene group, a substituted or
unsubstituted amino group, a substituted or
unsubstituted acylamino group, a substituted or
unsubstituted aryl group, a substituted or
unsubstituted aralkyl group, a substituted or

25 unsubstituted aryloxy group, a substituted or

20

unsubstituted alkoxyaryl group, a substituted or
unsubstituted alkoxyaralkyl group and a substituted or
unsubstituted monocyclic or bicyclic heterocyclic group
containing from 1 to 4 hetero atoms selected from the
group consisting of nitrogen, sulfur and oxygen atoms;
Ra and R3 are independently selected from hydrogen,
substituted or unsubstituted (cl-cs) alkyl, substituted
or unsubstituted alkoxyalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted
cycloalkylalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted aralkyl, substituted or

30
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-4- unsubstituted al koxyaral kyl, vinyl, acetylene and a

substituted or unsubstituted nonocyclic or bicyclic het erocycl e
containiktng from1l to 4 heteroatons sel ected fromthe group
consisting of nitrogen, sulfur and 5 oxygen atoms provided that, in the
case of R3, the hetero atoms in said heterocycle are not dlrectly
bonded to the -CH group of the -CH X- nmajety; Rlerr], Rerr] and
Rlerr] are independently sel ected from carboxy or protected car boxy,
carboxy or protected 10 car boxyl ower al kyl and carboxyam de; Xis

oxygen or nitnngabstitutedlakkdxyardlkyl arviagho aoetgténagandoap; and
the phar maceutdyfadd ; @%@%@h&ﬁsxﬁﬂé&d@@d &no cyclic Soxéc}i:;r.c%cexgart I culars

of the various def|n|t|o nment  oned abov npl es
falling withihet erocm %‘?%’H%sﬁ?ﬁ% brféﬂllﬂéﬁwwoms selegyed

ghe (ﬁ[glr] C[ﬁdlﬂ)tlﬁ @O%mémiﬁﬁ Ebﬁtxiia&ﬂ'&en, sulfluzt' anc(i) gha' n or
rancheds | ower_a oup _havin 0 car bon
at oms such as® mﬁ%%o rovited that, i, the, “eﬂ r%r%%up E’a €propyl
group, an hetero atoms imsGaichHetpmagyclke tmreylnc@n: adfreetly sobut yl
group. a sec- yinde aarwpchea SO P F Ul soox- moierys 2 PenlY

P,

group, a neopentyl_grou i sopent a hexyl
group, an i sofguyR@n Tare mdeperg#e;mimrﬁ#lsepteﬂtfrom carboyy

The cycl oal kyloxgwéwdoe:aa:w@ Lddetoxy or protected Jroup having from
3 to 6 x@mrbon at élcl opropyl group, a

cycl obut yl grﬁﬁﬁ% ioweréikyl and carhoxyan ﬁﬂ igroup or a cycl ohexy

group. 30 ¥c)is oxygemherydtaagenal kyl group nmay be a

ggcgog;gggl E%Q g_rsogp J]:a‘grf]%rﬁn%“p@c}t%c]@in@p grougyclagbut yi (r:rg{ ESIH SJ; 8[};, S;Ch

cycl opentyl me P@WC%}M%M%WI%ESaItS thereof. group,

1-cyclopropyl ethyl grouparticulars of the varioHs YELRYISidyL 9roup, a

15 mentioned above and specific examples falling within

such definitions are provided below:

(a) The (cl'czo) alkyl group may be a straight
chain or branched lower alkyl group having
from 1 to 20 carbon atoms such as a methyl
group, an ethyl group, a propyl group, an
isopropyl group, a butyl group, an isobutyl
group, a sec-butyl group, a tert-butyl group,
a pentyl group, a neopentyl group, an
isopentyl group, a hexyl group, an isohexyl
group and so forth.

(b) The cycloalkyl group may be a cycloalkyl
group having from 3 to 6 carbon atoms such as
a cyclopropyl group, a cyclobutyl group, a
cyclopentyl group or a cyclohexyl group.

(c) The cycloalkylalkyl group may be a
cycloalkylalkyl group having from 4 to 12
carbon atoms such as a cyclopropylmethyl
group, a cyclobutylmethyl group, a ;
cyclopentylmethyl group, a cyclohexylmethyl
group, l-cyclopropylethyl group, a
2~-cyclopropylethyl group, a

20
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2-cycl opropyl et hyl group, a 1-cycl obutyl et hyl group, a

2-cyclobutyl ethyl group, a 1-cycl opentyl ethyl group, a
2-cycl opentyl et hyl group, a 1-cyclohexylethyl 5 group, a
3-cycl ohexyl propyl group, a 3-cycl opentyl propyl group, a
4- cycl ohexyl butyl group, a 4-cycl opentyl butyl group, a
4-cycl opentyl pentyl group or -5= 4- pentyl cycl ohexyl group. 10
(d) The acyl am no group may be an acyl am no group
in which the acyl noiety is derived froman acid such as
organi ¢ carboxylic aci d2ocyclopropylethyl gremphom ¢ ~R¥c) o &¥hyhi ch
nor e @&Qﬁﬁan rl |dwﬁ%?rﬂt 1 RS, an

~aromatic and/or a heterocyc [ o Hﬁ B nol ecul e.

C Qroup in |
These include aliphaticlg&yct oﬁ%ntQ%ethyl groul.o s having an acyl group
derived from an -cycloperadywwylc gm:ui:,arad li~otalchrsexyel ezt |

(e.q. 5 faor acet b
i sobutyryl, valeryl, i sg\"fzﬂ%ﬂyl 35 6&516’31 Wl%%wl WJ&B azhexanoyl
a- et hyl - hexanoyl , heptaﬁ&ﬂyclopentylpropyl grdupur &/| , stearoyl,

docosanoyl, a group of ths

CH err](CH erri)[err] O FgﬁPohgr?%H Pq]f?%rr]?F%rr]%ﬂfloPentylbutyl
[Fr[err](SH[e{r})[err]]EEPPFCH 73%9%Qﬂ%ﬂ9%%9ﬁﬂ5ﬂ¥3 HQ%%]%RC )b Iorer 25
al koxycar bony e.g. me h@*yﬁgnhgmwoh 1 . et hoxycar bony

pr opoxyggr bonyl butc?fycarg;c?r;?b t- bLg&&yagﬂlpooncﬂ

t- pentoxycarbé |, etc. ?mﬁh&ﬁﬂ%?ﬁﬁﬂ&a ﬁﬁﬂ? e an acyl |%ty may
al so be an aromatic acylin3&hich the acyl mudmtimgsadexived rixgm dani ved
froman acid id e WSipsd tuted aryl
group, in which the aryI groﬁeﬁlép\gsr%(ﬁ%a?i@td%&a’lq S‘%\%nyl tolyl,

xyl yl, naphthyl and thecaxbenic ac1d, each of WhFh WI%®| e exanpl es

thereof are '||U5trated§3§t1cularly inclued @i ASip ﬁﬁﬁi& (€ng. benzoyl,
t ol uoylys qu

to! QFQ ht ho;e‘xed:éaht hal O%;( et%%}? its
benzhydr ol oxycar bonyl , MMngdudmycaMMBgﬁ include allphatlc acyl
' groups having an acyl group derived from an
aliphatic acid and includes: alkanoyl (e.gq.
formyl, acetyl, propionyl, butyryl,

20 isobutyryl, valeryl, isovaleryl, pivaloyl,
hexanoyl, a~ethyl-hexanoyl, heptanoyl,
lauroyl, stearoyl, docosanoyl, a group of the
formula: CH3(CH2)31co, (CH, (CH )21] CHCO,
[CH3(CH2)15]2CHCO, CH (CH )41C0 etc.): lower
25 alkoxycarbonyl (e.g. methoxycarbonyl,
ethoxycarbonyl, propoxycarbonyl,
butoxycarbonyl, t-butoxycarbonyl,
t-pentoxycarbonyl, etc.) and the like. The
acyl moiety may also be an aromatic acyl
30 meaning an acyl group derived from an acid
having a substituted or unsubstituted aryl
group, in which the'aryl group may include
phenyl, tolyl, xylyl, naphthyl and the like,
and suitable examples thereof are illustrated
as follows: aroyl (e.g. benzoyl, toluoyl,

xyloyl, naphthoyl, phthaloyl, etc.):;
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a- napht hyl net hoxycarbonyl, etc.) and the | i ke. The acyl

noi ety may also be a 5 het erocyclic acyl group neaning an
acyl : group derived froman acid having a

het er ocyclic group and incl udes: het er ocyclic carbonyl, in
whi ch the het erocycle noiety is 5 to 6 nenbered 10
heterocycl e containing at |east one to f-eaH# het er oat ons
sel ected fromnitrogen, oxygen and sul fur (e.g. thienoyl,
furoyl, pyrrol ecar bonyl, 5-o0xo0-2-pyrrolidinecarbonyl,

ni cotinoyl, etc.) and tﬁ?ﬂlh@?ycarbonxkﬁ(e g. bﬁn;x%qﬁYQﬁnhankw'be an
aryl group having benzhydrol&:ﬁﬁaa&d 11515‘ﬁf %?;&f&p as a
phenyl rou% RI %6¥Wy % ou nap th g'r oup

or a 2-naphthyl group. h@?‘)’ met (i Eé"ean ar al kyl
group 20 haikeg Mﬂ&y%mréﬂnﬁwmw%@ a

group, 5 0 % 1PN BerRRoMete Myl aropm,  AeARn AL ASE 0

5,6, 7, 8-tetrahydro- 2- nagxiomnp denivied £x2i,m an acid havzmzhenet hyl group, a
3-phenyl propyl group or pateroc clic 5%&@%@1%&@& gr oup (9)

The aryl oxy group may be an aryl oxy rou aV|ng from6-15
carbon atoms such as a heterocyclic carbanyd,y iy ®ihdcha thehenyl oxy group,

a 30 ) 1- naphbltﬂ:@cycg.re):ﬁhléﬁyl Eéw@tﬂﬂmrw .
group. 20 r al koxyar.a roup ,may. be
an al koxyaryl or al koxyar a@%&??%ﬁey Qﬁ%\t\ﬂ Hy/ A" 1¢ast) ond’ YW FRE 1o 21

carbon atons such as a betespatenms Selected frogr migrogremn oxygen

al koxyphenyl met hyl grougng sulfur (e. thi e nonocyclic or
bi cyclic heterocyclic gro (e-g. edﬁX élnln y??on11 to 4 hetero

atoms sel ect ed rg°1e°PF@ﬁPHHe FrOXe-2oPYTrIG hﬂEQﬂqhaniy

sul fur ﬁﬂéo@i)‘x@?'l auﬁass.) B RBed 1iKeRr oCyclic grOUp 5
havi ng ¥ om 4, 1? car bon roI roup, a
hi

Tﬁtoary grousp r

furyl group, enyl IR B8 3R Ao %&b

i m dazol yl group, from 6 to 1% pymmmnlytogsospchaa&hmapﬁgﬂyxuoup, an

' group, a biphenylyl group, a l-naphthyl group
or a 2-naphthyl group.

(£) The aralkyl group may be an aralkyl group
having from 7-15 carbon atoms such as a
benzyl group, a l-naphthylmethyl group, a
2-naphthylmethyl group, a
5,6,7,8-tetrahydro-l1-naphthyl group, a
5,6,7,8~tetrahydro-2-naphthyl group, a
phenethyl group, a 3-phenylpropyl group or a
4-phenylbutyl group.

{(g) The aryloxy group may be an aryloxy group
having from 6~15 carbon atoms such as a
phenoxy group, a biphenyloxy group, a
l1-naphthyloxy group, or a 2-naphthyloxy
group.

(h) The alkoxyaryl or alkoxyaralkyl group may be
an alkoxyaryl or alkoxyaralkyl group having
from 6 to 21 carbon atoms such as a benzoyl
group, or an alkoxyphenylmethyl group.

20
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i sot hi azolyl group, an isoxazolyl group, an 10 oxazol yl group,

a pyrazinyl group, a pyrimdinyl group, a pyridazinyl
greoup, an i ndolyl group, a quinolyl group, an

i soqui nol yl group, a phthal azinyl group, a napht hi di nyl
group, a quinoxalinyl group, a 15 qui nazol i nyl group, a

1, 4- benzodi oxanyl group~7& 1, 3- benzodi oxanyl group, a
1,2,3-triazolyl group, a 1,3,4-triazolyl group, a

1, 3, 4-thi adi azol yl group, a 1,2, 3-thiadi azol yl group, a

tetrazolyl gr¢dp, 20 The monocycélpepram@u@ﬂapahﬁteglwlm group

tetrahydrothi enyl grOUpcoﬁtQXh&ﬂb' ¢re¥ 1 to 4 hetero atdi{so%lééted
i m dazol i di nyl group, 2-i.m dazol i nyl, group hol i nyl

group, a frﬁBrﬁHGl958“§r68351§tﬁpﬁéﬁf i Nﬂﬁﬂ«ﬂ? , 25
a pi perazine N-oxide gratnfl, okygenpatomss May be a heterocycldd draipup, a

lg(r)\(l)\ﬁ[), a!’f(ny:\j_ nmor phol i no ALoy P‘get'c'ﬁ?fnrrﬂ‘r"&l’?of:aﬁs’ %ﬁ%s %é‘r%rgest tyl nor phol i no

propyl mor phol i no group, pyrpopylagenp, gaoﬁpxyaogroup, a thienylpi per|d|no
group, a piperidinyl grgup,.a gyrlgyl group,! ROTRRAYJIA YrYHp 0" 2

t hi onor phol i nyl The substituents in
the aforenentioned gr oupsPYrazolylagreup,may thdazodylogaPWRo@such as a

chlorine atom 35 a fbehiiB2ed ”k;%n@,bl’aﬁmﬁ%x&tz@])yladwi;ﬁ,x)dn group; a
| ower algkyl group such as a geﬁ_h qroup, h

group, a propyl group, S¥2FE¥ é§ EVoapPXEQ&ﬁﬁ% IEOUPup, an i sobuty
group, a sec-butyl groupyeimidiayl- group, lauipyrigaazimyla dmong, arkoxy group
such as a net hoxy ho [ X roup, an

i sopr opoxy group, | gﬁ%li?ox OS%U éygﬁ' 3ﬂ§q§poﬁg? a sec- but oxy
group or a tert-butoxy &Fegpingdy rﬁF@%chFo tﬁ@%ﬁﬁkﬂYl group pienoxy
group, a 1-naphthyl oxy ﬁagmneamyl grouzr,naplamﬂm:gmurgrﬁp,ar@l kyl oxy

%rgggh?ﬁgrngfhiloxy groﬁﬁz p2St igﬁgp ﬁyﬁﬁgen§lgy59§y‘§g %#%ﬂﬁi an am no

group; a nono- or d|-IogrbupIkalanBﬁbenzodlogmmqﬂ gxctupys & net hyl am no

group, an ethylam no grg_ua 3-—tr1az%19'rlo@go?1lﬂ,n% gr %uﬁ—ﬁ[ldz%ﬂffpyl am no

group, 2 group, a 1,3,4-thiadiazolyl group, a
1,2,3-thiadiazolyl group, a tetrazolyl group,

20 a tetrahydrofuranyl group, a
tetrahydrothienyl group, a pyrrolidinyl
group, an imidazolidinyl group, a
2-imidazolinyl group, a morpholinyl group, a
morpholino group, a piperizine N-oxide group,
25 a piperazine N-oxide group, a morpholine N-
oxide group, a lower alkyl morpholino group
such as an N-methylmorpholino group, an N-
ethylmorpholino group or an N-
propylmorpholino group, a piperazinyl group,
a piperidino group, a piperidinyl group, a
thiomorpholino group or a thiomorpholinyl
group.

30

The substituents in the aforementioned groups
(a)-(i) may be a halogen atom such as a chlorine atom,
35 a fluorine atom or a bromine atom, a hydroxyl group; a

1oﬁer alkyl group such as a methyl group, an ethyl



butyl am no group, a sec-butylam no group, an 15 | sobutyl am no group, a

tert-butylam no group, a di met hyl ami no group or a di ethylam no group;

an: . arylam no group such as a phenyl am no group, a

1- napht hyl am no group or a 2-naphthyl am no group; an ar al kyl am no

group such as a benzyl am no group, a 20 phenet hyl am no group, a

1- napht hyl net hyl am no group or a 2gnapht hyl met hyl am no group; a

carboxyl group; a formyl group; a | ower al koxycarbonyl group such as
nmet hoxycar bonyl group, an ethoxycarbonyl group, a

pr opoxycar bonybglrtc@@qu;a, éﬂl’bpy&O[y’Wy%’ Bsopropydugromnp,S a bdlhmoxycar bonyl

group, a sec-hutoxycarba r.QuUR a

.tert-but oxyca? SM dﬁ%b& (1 %gr’ylaoffécz)g%%yl éagﬁguch as a

phenoxycar bonjpratyl grogxmum lpwem adikday @WW a@r@ptemhcacy

2- napht hyl Oxyg,%%%y'axﬂr%x}a@ﬁ@ Kyd QP % ) an q«sa&@&& as a
rbon

benzyl oxgcarb group a phenet hyl oxyca group,
1- napht hyl et Wb‘i’ycér butoxy gravR. HTyIarre?%‘TW bonyl
group; a grichipC A @ gféi!ﬂ%htﬁ:dm@ro’iiﬂsy Iatrh lacryg.rasqp ip auch as

met hyl thi o grou an ethylthio rQu [Q Ith group, an

I sopropyl t hi o E’ t%"toﬁﬂ'hlag r"%‘?&%& ngo cE- otﬁ yﬁ thio group, an

i sobutylthio gr—mpm:hydoxy group; an aralkyloxy group such as a -0O-
tert-butylt h| t 5@.@, phenyl t hi o group,
a 1-nappyg hyl t ?i B %ﬁﬂﬂ G %}-&r naa{1 E§I % 0 rc?up, an aral kyl thio
group such as la-naphthylmﬁm b B 0¥ B mﬁ% YRAXY 2~ 5

1- napht hyl met g¢loul Igi-Oaafmw g%'&ﬂ}awfﬂﬁﬂdmfdﬁ”dlml(bwer anqrmmmn
aryl sul finyl % such as a phq_m&llsul finyl

1 hapht hyl ul % & methylaning Kroune Aty St Hrag, gxgee.

aryl sul finyl g propylamino growp,a aphdsdpddyilaping qumup, a

1- napht hyl suI ]ﬁﬂﬁht up; an

aral kylgail fin Laalihey g]!%ugdch as %Mq%ll ny r%rg, a

phenet hyI sul f |1W¥Utylaml@%tﬁ¥°®:lﬁqaﬁﬁﬁwmmlﬂﬂ fql?ﬁﬂp-grébup or a

2- napht hy! met yhesiryiai e @ﬁbup’i dzo»aerdleadgwlsmfwsdmup, agroup such as a

eopr opyl Sul { B “aé%' 3t s Sick] e, nan{leTBRs ST oot oi sul fony
group, a 1m&mﬂmﬂﬁm@ﬁowmxpa)m-mammhyﬂlmdrmjlgmw:gﬂmup;
an arylSu'fon%&d%ﬂ?ﬂ%ﬁ%ﬂg1d¥%&bFHHEH”&%“J(ﬂgﬂz§¥éﬂ§hoéhroup, a
phenethylamino group, a l-naphthylmethylamino group or
a 2-naphthylmethylamino group; a carboxyl group; a
formyl group; a lower alkoxycarbonyl group such as a
methoxycarbonyl group, an ethoxycarbonyl group, a
propoxycarbonyl group, an isopropoxycarbonyl group, a
25 butoxycarbonyl group, a sec-butoxycarbonyl group, an
isobutoxycarbonyl group or a tert-butoxycarbonyl group;
an aryloxy carbonyl group such as a phenoxycarbonyl
group, a l-naphthyloxycarbonyl group or a
2-naphthyloxycarbonyl group; an aralkyloxycarbonyl
30 group such as a benzyloxycarbonyl group, a
phenethyloxycarbonyl group, a l-naphthylmethyloxycar-
bonyl group or a 2-naphthylmethyloxycarbonyl group; a
mercapto group; a lower alkylthio group such as a
methylthio group, an ethylthio group, a propylthio
group, an isopropylthio group, a butylthio group, a
sec-butylthio group, an isobutylthio group or a
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1- napht hysul fonyl group or a 2-naphthyl sul fonyl group; 20 an

ar al kyl sul fonyl group such as a benzyl sul f onyl group, a
phenet hyl sul fonyl group, a 1-naphthyl net hyl - sul fonyl group or a

2- napht hyl et hyl sul f onyl group; or a nonocyclic or bicyclic

het erocyclic group having 4-15 carbon atons and 1-4 hetero atons

sel ected from oxygen, 25 nitrogen and-g4l fur such as a pyrrolyl group, a
furyl group, a thienyl group, a pyridyl group, an im dazolyl

group, a pyrazolyl group, a thiazolyl group, an i sot hi azol yl group,

an isoxazolyl‘Qﬁtﬂmbutwithégowy¢up. an qwxﬁ@hiciqwmugisq¢hgasup, a

pyri m di nyl O'ghihy Pr Ja\V: 'QQZiIHQ ﬁ%éﬁik éfﬁ%&yér ggoup, a quinolyl
, an i so |noI T azl ny
%;glﬁfm di nyl g?r'dtﬁ?%h ﬁxm g?%@rai’ekylthJ-OCﬂF?wEoﬂ“Pﬂ?Ia@réup, a

1, 4- benzodi ox Badzy¥lthio droup, alpﬁeﬁ@fﬂmw wp, a 1,2,3-triazolyl
as35 t h

12,5 thi adi agolrgaprwzéuﬁev?%é’% Frdf arh a%%%"ﬂetﬁyf%ﬁi

-10- grauphah cixy syl £ inyli pgroup esucinyal c hpkeryylsabiinyh

pyrrolidinyl q_ﬁ%{ﬂ, ap iméﬁﬁﬁ%ﬂﬁh}’hﬁf 'gn 2-im dazol i nyl group,

a nor phol i nyl hol i ne N-oxi de group,

a | oner aIkyIzﬂﬁaphthY¥ﬂﬁ$hﬁi¢hkPgﬁ%ﬁﬂpénﬁnlQé¥k§ﬂ1fxnxhygn@¢9h%u¢ho
group, s N GHIAYISWNOIAFD GFaYP, B PrhdbH¥IRPY: el 9ou

roup, B|opiperazin eridino grou eridin roup,
b onor phot 196 APty bl Pagt mxﬁwﬁ’mrag}wz% f' As
used herein, Elumerasaldqﬁénzmbmslmﬂl Gfroup, aaﬂ»ﬁ@ﬂeigiy)lwlflnyl

?af[)gigfgimg?aﬁ% nc ude a‘% Cgﬂ%ﬂ}fﬂ@fﬁhyl gL r'% eg’tto SCtgregups for

carboxy group®-Raphihy Shﬂﬁdlﬁ@yl gEoumhb e me:r ea:ﬂ-kYﬂ-sthbenylof
peptide and ajruppGEuth as a TFoupUGEh aétﬁimﬁ &&W dPodp, G eene,

" Prot ecis ng anlc nlheS|s" and Sons 1981.
These i ncl udep§qp}’lqsé’tsj't‘%?'§’q TR e’sﬁ%?%"mé]rﬂ‘ f°nY£/a9’6?i‘éle cqesters
such as tri metutdydisull forAfL grduﬁuﬂaﬁ(iSEﬁdnyIBdlﬁonyﬂﬁﬁbﬁupbemzoyl, and
the like.

ec-~but

gr oup. i ncl udeS Sy e et o&f %l%‘% ‘?Lgl{g‘?%torbl#@ﬁﬂ&%fdgf@&g?

an arylsulfonyl group such as a phenylsulfonyl group, a
i-naphthysulfonyl group or a 2-naphthylsulfonyl group;
an aralkylsulfonyl group such as a benzylsulfonyl
group, a phenethylsulfonyl group, a l-naphthylmethyl-
sulfonyl group or a 2-naphthylmethylsulfonyl group; or
a monocyclic or bicyclic heterocyclic group having 4-1§
carbon atoms and 1~4 hetero atoms selected from oxygen,
nitrogen and sulfur such as a pyrrolyl group, a furyl
group, a thienyl group, a pyridyl group, an imidazolyl
group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an isoxazolyl group, an oxazolyl
group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an indolyl group, a quinolyl group,
an isoquinolyl group, a phthalazinyl group, a
naphthidinyl group, a gquinoxalinyl group, a
quinazolinyl group, a 1,4-benzodioxanyl group, a
1,3-benzodioxanyl group, a 1,2,3-triazolyl group, a
1,3,4~triazolyl group, a 1,3,4-thiadiazolyl group, a
1,2,3-thiadiazolyl group, a tetrazolyl group, a

20
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am no groups as routinely used by those skilled in the art of peptide

and am no acid chenmistry such as those 25 found in T. G eene, supra,
pp.218-287. A suitable protecting group is chosen such that
conditions for its removal are conpatible with other structura
features of the compound. Suitable protecting groups include

acyl groups such as tert-butoxycarbonyl .grg-30 benzyl oxycar bonyl and the
like. 35 Det ai | ed Description of the

| nventi on Rel ative to the above generic description,

conpounds of Eetmahydroffuranydr grpugf,clar edtaabydrethienyl grougihiah: 5

neubst £ ut by eEeRArLaYy Brull R ok iR 18nd1 srgmn ired or

unsubst i t ut ed2cygiidaiziolinylogzoup, a morpheddnylugedup, @nswhphdlire
cycl oal kyl al kgh:'oﬁbc)ul&,m% ho_linéﬂbasdih%tle%ﬁgdg%s%wz“&l jaryl group, a

substityged 1 or, ,unsubstituted aral kyl” gr a substitdted or
unsubst i t ut ed™QFPROYFNGr GFFUP, SUGHs BSt ae H-Bethylmorpheddme: grpury

al koxyaryl gr anpN-ethydmoapholinoegroup or an Nepopiilmdremadlikexyar al kyl
group wherein %he aryl _. e .nn;e%% in the tor%ggun% %rou s is selected
from 15 sufEPPPut BaPSPETREIDY i BGPER pReRFPEr1A1N0 UROUR 3 o1 ] are
i ndependent | ypéperdddayilr gmokpdr egthiocmetpholino gurowsipi ot @d or

unsubsti t ut edefEbgbibn gh&h)g?%ﬁét; Rlerr], Rerr] and Rlerr] are

I ndepengently selectéed fromc Y. or protected carboxy, carboxy or
protected 20 car boxy P&WEESAKPRXEAR  c 4ABWRFaALHY1" meansxa €10Gfgen or

ni trogen; andalkyl gikbap.] is H or an am no protecting group.

Furthernore, nost preferred

present invention are tfto 5°%§g€gﬂg?aﬁgpﬁufﬁrltpgohggkgpkegpgg&%%ggﬁiOighe

sel ect ed fronorhprgtectedogarbbikylowbralk@ld- Chélude any conventional
protecting groups for carboxy groups as routinely used
by those skilled in the art of peptide and amino acid
chemistry such as those found in T. Greene, "Protecting
Groups in Organic Synthesis", J. Wiley and Sons, 1981.

- These include silyl esters, aliphatic esters, and
aromatic esters such as trimethylsilyl,
t-butyldimethylsilyl, acetyl, benzoyl, and the like.

A protecting group for the protected amino
group includes any conventional protecting group for
amino groups as routinely used by those skilled in the
art of peptide and amino acid chemistry such as those
found in T. Greene, supra, pp.218-287. A suitable
protecting group is chosen such that conditions for its
removal are compatible with other sﬁructural features
of the compound. Suitable protecting groups include
acyl groups such as tert-butoxycarbonyl or
benzyloxycarbonyl and the like.

ls
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al kyl group, a cycloalkyl group, a ((err]-Clerr]) alkyl substituted

cycl oal kyl group, a phenyl group, a benzyl group, a (Cerr]-Cerr])
al kyl phenyl group, and a (Clerr]-Clerr]) alkyl 30 or al koxyphenyl et hyl
group; Ra and R3 are independently selected from hydrogen, and
(C1-C6) al kyl; Rlerr], Rerr] and R err] are independently sel ected
from car boxy or protected carboxy.jgarboxy or protected 35

car boxyl ower al kyl and car boxyam de; X is oxygen or nitrogen; and
-12- Rlerr] is Hor an amno protecting group.

Conpounds of the Formmea;alllﬂ Testird ptiish of thepdhwiegitlian v preferred are

t hose in which: ernr el ected,.fromthe_group conS|st|ng of an
- n- hexyl group, aR%eﬁ é ty% 3§Fb SQVP §F Eg escqﬁp 'fand Rl err]
ar e i ndependegompousidsciodd Foromliay &r spdchoare prefestied are thos@ dumr ],

Rlerr] and Rl ¢hibnar € carboxy; X is oxygen or nitrogen; and 10 R err]
s H. Particularly preferred are those conpounds of

Formul a | havRypg iSh&epested. CKoBythee IXONP Gongdesdngsof a {0l | ows:

Lerr] et Eﬂbstltute\dﬂeﬁ:ehﬁhsab%t&]tut&drf&bh)‘t qnamfylar fg}rcﬁiﬂ fB{err]d are
erei nbefore icularly preferred are

t hose cgﬁﬁgﬁﬁ% ﬁg"Pﬁ@hﬁ&lﬁgﬁFﬁgchiPég nﬁ?? i the 25

dianinopinelysubsaﬁtnaeponm @nsubsmﬁQUMBﬁecybépalkylalkyl group, a
substituted or unsubstituted aryl group, a substituted

10 or unsubstituted aralkyl group, a substituted or

unsubstituted aryloxy group, a substituted or

unsubstituted alkoxyaryl group, and a substituted or

unsubstituted alkoxyaralkyl group wherein the aryl

moiety in the foregoing groups is selected from

substituted or unsubstituted phenyl:;

Ra and R3 are independently selected from hydrogen, and

substituted or unsubstituted (cl-cs) alkyl:

Rz' Rb and Rc are independently selected from carboxy

or protected carboxy, carboxy or protected

carboxyloweralkyl and carboxyamide;

X is oxygen or nitrogen; and

15

20

R, is H or an amino protecting group.
Furthermore, most preferred compounds of

Formula I according to the present invention are those
25 of Formula I in which:
R, is selected from the group consisting of a (c4-c14)
alkyl group, a cycloalkyl group, a (cz-ca) alkyl
substituted cycloalkyl group, a phenyl group, a benzyl
group, a (C4-C8) alkylphenyl group, and a (Cl—cs) alkyl
or alkoxyphenylmethyl group;
Ra and R3 are independently selected from hydrogen, and
(cl-cs) alkyl:
RZ' Rb and Rc are independently selected from carboxy
or protected carboxy, carboxy or protected
carboxyloweralkyl and carboxyamide;
X is oxygen or nitrogen; and

30
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[err] 30 wherein R err] is nmethyl, and R err], Rerr] and

Rlerr] are as her ei nbef ore defined. 35

-13- . Wth respect to stereochem stry, the fol |l ow ng
conpounds of Formula | are nost particularly preferred: 5 [err]
wherein Rerr] and Rerr] are methyl, X is oxygen, Rerr], Rerr],
Rerr], Rlerr], R err] are herei nbgfore defined. The
uret hanes and ureas of type 1 that are t he subject of this invention
are constructed by a convergent synthesis, outlined below 20

R, is H or an amino protecting group.

Compounds of the Formula I which are most
particularly preferred are those in which:
R, is selected from the group consisting of an n-hexyl

5 group, a 4-n-pentyl cyclohexyl group:
Ra and R3 are independently selected from hydrogen or
methyl; '
Rz' Rb and Rc are carboxy:
X is oxygen or nitrogen; and
10 R, is H.
Particularly preferred are those compounds of
Formula I having the D-allo-threonine configuration as
follows:
15
I §
N\ 0
R, NH D ™\
20 Rz
wherein R3 is methyl, and R1 and R2 are hereinbefore
defined.
Also particularly preferred are those
compounds having the following stereochemistry in the
25 diaminopimelyl-~alanine portion of the molecule:
30

wherein Ra is methyl, and Rb' Rc and R4 are as

hereinbefore defined.
35



25 30 35 - 14-
Schenme | [err]

-13=-

With respect to stereochemistry, the
following compounds of Formula I are most particularly

preferred:
5
LT
/\N D
Rs
15 . s
wherein R3 and Ra are methyl, X is oxygen, 3b, Rc, Rl'
R2, R4 are hereinbefore defined.
The urethanes and ureas of type 1 that are
the subject of this invention are constructed by a
convergent synthesis, outlined below.
20
25
30
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The left-hand (X=0O, al cohol 2b, or X = NH, am ne 2c) and right-hand
(am ne' 3) fragnents, bearing suitable 25 protective groups (exanples of
comonl y used am ne protecting groups are found in T. G eene,
"Protecting G oups in Organic Synthesis,”™ J. Wley and Sons, 1981

pp 218-287) on the multiple functional groups, are pr epar ed
separately. Conpound 2 is first nmade to Lggct w th an activated
carbonyl equivalent, YC(=OY, such as phosgene, triphosgene,
_phosgene/ pyri di ne adduct, trichl oronmethyl chloroformate, or

1,1 - carbonyl di i m da- zol e, usuagtHept C and the resulting

i nternedi ate 2y is coupled with 3 to provide the urethane la (X=0O or
urea 1b (X=NH), respectively. Alternately, amne 3 is

first nmade to react with YC(=O Y and the resulting internediate is
coupled with 2 to provide 1a or I|Db. Wher ever applicable, protective

groups age renoved under standard conditions to g&eN HFR{ype
1 5 wi th unmasked functionalities. — ﬁiﬁt-hEndRirignents:
For the synthesis of ., the lefyrhard fragnept 2a, thg CiLY8‘

N-acyl ation of 8ani n& alcohg ils achi eve®l using 4 sui tMbla,

acyl ating qpu\g, ndegy basi c tdndi Hons | f ynot _ydvailable, the 10
desired acylatinggagen NH s de Trom tHexCor ra¥poydi n acid 4a, which
in turn can be nmade by oxidation of 6 qr oxLdat ilve |degr adati on of
2c-1 bysgonventional met hods. 3 Schene Il 15 [err]

2y

[Yeloaving group;
R groups and X
as descrlbed
In Formula 11

&n,NH NHR,
Ri
& O m
NH Ry
1

20 -

15

0 Ra
Ry )J\NH

The left-hand (X=0, alcohol 2b, or X = NH, amine 2¢)
and right-hand (amine 3) fragments, bearing suitable
protective groups (examples of commonly used amine
protecting groups are found in T. Greene, "Protecting
Groups in Organic Synthesis," J. Wiley and Sons, 1981,
Pp 218-287) on the multiple‘functional groups, are
prepared separately. Compound 2 is first made to react
with an activated carbonyl equivalent, ¥YC(=0)Y, such as
phosgene, triphosgene, phosgene/pyridine adduct,
trichloromethyl chloroformate, or 1,1’-carbonyldiimida-
zole, usually at 0°c and the resulting intermediate 2y
is coupled with 3 to provide the urethane la (X=0) or
urea 1lb (X=NH), respectively. Alternately, amine 3 is

25
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35 -16- Compounds 2c (2a,
where Rlerr] = CJerr]H are converted to the ester 2e or am de 2f
under acidic conditions, using a sui tabl e al cohol (R'CH) or am ne
(R'"NH err]), respectively. Alternately, 2c is esterified using an

al kyl ati ng agent R'Y under basic conditions.

Schene |11 [err] 10 -15=-

first made to react with YC(=0)Y and the resulting
intermediate is coupled with 2 to provide la or 1b.
Wherever applicable, prdtective groups are removed
under standard conditions to get compounds of type 1
with unmasked functionalities.

left-hand fragments: For the synthesis of
the left-hand fragment 2a, the selective N-acylation of
amino alcohols 5 is achieved using a suitable acylating
agent 4, under basic conditions. If not available, the
desired acylating agent is made from the corresponding
acid 4a, which in turn can be made by oxidation of 6 or
oxidative degradation of 2¢c-1 by conventional methods.

Scheme II

10

15

Ra Re-

20 0 ' 0
OH I
4 5

— —— Ra 2a R3
Y=Cl,Br,0COR, RysRy Rz, Xz

according to Formula |
25 :

0 0 0

Rl)J\OH + CI/UWJ/CI —_— Rl/lkm

4a 4b
///’ . ‘\\\\\ (or s0CI1,) -
30
Ry~ 0H Ry 7 CH,
5 7

35



Al cohols 2c with varied R3 al kyl branches are prepared 25 according to

Schene V. . Alcohol 2i is masked with a suitabl e protecting group
(while tthe NH remai ns free, is protected as a cyclic N, O acetal
together with the OH, or is blocked with a separate am ne protective
group) and the ester 8 is reduced to the al dehyde 9 in 30 one step
(Garner and Park, J. Org. Chem, 1987, 52;¢- 2361) or two steps via
reduction to al cohol and reoxi dati on, using conventional methods.
Addi ti on of sui tabl e organonetallic reagents Rerr]Mto the al dehyde

provi des 10 ascampoungds 2k at2€) ewite@re OR a—-n&:aénr eapé 8bnverted to the
di ast ereoners, I gded 1 he ri} eLLaks 2] A hSii43 noj. _.tageqi c.
Unnmaski ng of t%%%i%r?i'aﬁ%%‘%l%an ,éé?alg ?#ﬁ%f%% %ﬁ) {’ﬁigét g‘ll,
fol | owed by seswitalyke ;aleehebn(R"OH) or amine (R"NH,), respectively.

-17- AXEESUER DY, { o k@' gVEKi£i&d - uding dRTa8RPEALINGChEent
1990, 31g 2177 J fol |l owed by standard oxidation of the resul ting
al dehyde (accd?cﬁﬁ&“i%rm FefoRiitipnsy) J. Amrer. Chem Soc.,
1950, 73, 2424) yields 2c. 5 Al gseneméetyr the secondary al cohol in 10
I's protected and the primary al cohol (and NH, if blocked) in the
resulting 12 i s unnasked sel ectively to provide 13. Usi ng
conventional techniques, the latter is oxidized to 14 which is
converted to 2c. The primary and 10 secondary al cohol functionalities in

11 are g§so protected sequentially to provide 12 (W= H). The net
0 CO,H 0 COZR"

R1/U\NH . OH + R"ZH ——-—»Rl/U\NH OH

{Z=0 or NH _
2¢ Ra R"«H(when Z=NH), 2¢ (Z=0)R3

I slkyl group or 2f (Z=NH)

15 prot. groupl

o6  COgR"
OH

2¢ + R"Y > Ry NH

Y-Cl,Br,l, or R3
20 other leaving group 2s

Alcohols 2¢c with varied R, alkyl branches are prepared
according to Scheme IV. Alcohol 2j is masked with a
suitable protecting group (while the NH remains free,
is protected as a cyclic N,O-acetalitogether with the
OH, or is blocked with a separate amine protective
group) and the ester 8 is reduced to the aldehyde 9 in
one step (Garner and Park, J. Org. Chem., 1987, 52,
2361) or two steps via reduction to alcohol and
reoxidation, using conventional methods. Addition of
suitable organometallic reagents R3M to the aldehyde
provides 10 as a single diastereomer or a mixture of
two diastereomers, provided the starting material 2j is
not racemic. Unmasking of the primary alcohol (and NH,

if blocked) to get 11, followed by selective oxidation

25
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transformation from?2j to 2c involves an inversion of t he

configuration at the carbon a to the carboxyl group, by
transposition of the carboxyl and al cohol 15 noi eties, and the

i ntroduction of an Rl err] group at the [err] position, with
chirality. D astereonmers of 10, 12 or 13 may be separated by

chromat ography. Thus, 2] of R coni#?uration at the a position can
provi de 2c di astereoners of S R [etf] and S, S [err] configuration 20
and 2j of S configuration can provide 2c di astereoners of RR[err]
and R S [err] 6%?Eﬁﬁ'€@'8karzg§ski, et30al., mefPahedron Lett.,

Schene |V [err . .
_ 19906, 31, 2177,) followed by standard oxidation of the

resulting aldehyde (according to Mehltretter, et. al.,
J. Amer. Chem. Soc., 1950, 73, 2424) yields 2c.
Alternately, the secondary alcochol in 10 is protected
and the primary alcohol (and NH, if blocked) in the
resulting 12 is unmasked selectively to provide 13.
Using conventional techniques, the latter is oxidized
to 14 which is converted to 2c. The primary and
secondary alcochol functionalities in 11 are also
protected sequentially to provide 12 (W = H). The net

10

transformation from 2j to 2¢c involves an inversion of
the configuration at the carbon a to the carboxyl
group, by transposition of the carboxyl and alcohol

15

moieties, and the introduction of an R, group at the 8

position, with chirality. Diastereomegs of 10, 12 or
13 may be separated by chromatography. Thus, 2j of R
configuration at the « position can provide 2¢
diastereomers of S,R («,8) and S,S («,8) configuration
20 and 2j of S configuration can provide 2¢c diastereomers

of R,R («,8) and R,S («,8) configuration.

25
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25 Al ternately, 11 or 12 can be prepared from 5 according to
Schene. V. The amne is fully blocked with two protective groups or a
cyclic protective group to get 15. Conversion 15 to 16 to 17 to 19 is
the sane 30 reacti on sequence described for 8 to 9 to 10 to 12, _
above. The ami ne protective groups in 17 or 19 are renoved to provide
18 or 20, respectively. The latter a2{g-acylated to get 11 or 12. 35
-19- Schenme V
Schenme IV
5
0 KOH 0 (oglll 0 R”l
10 R;"u‘*uu coan--——'R;’lL‘wu cozR""“’Rz’Jl‘~Nu HO
21 LA Ry¥ L
IM=L1l,MgX,er other
H OR'#r erganselkyl
0 Q R =nonsgulvolent
R;*NH OH Rl)kml OH OR prot. groups
/ W=H or N prot. group or
20 1t R \ 10 Ry R™",WaN,0-aikylTdens
15 ‘—\ 10 (Wel) ketal or scetall
'3y | RN 291
20 w Fa 13 R 12 R
25
Alternately, 11 or 12 can be prepared from 5i according
to Scheme V. The amine is fully blocked with two
protective groups or a cyclic protective group to get
30 15. Conversion 15 to 16 to 17 to 18 is the same

reaction sequence described for 8 to 9 to 10 to 12,

above. The amine protective groups in 17 or 19 are
removed to provide 18 or 20, respectively. The latter

are acylated to get 11 or 12.

35



5 [err] 20 25 For the

synthesis of the |eft-hand fragnent 2b, the acylation of amne 21
under basic conditions provi des 22. The prinmary am de is rearranged
to the am ne 2b (according to Loudon, et. al., J. Og. Chem,

1984, 49, 4272; Waki, et. al., Synthesis, 1981, 53, 30 266; or Koser,
et. al., J. Og. Chem, 1988, 53, 5158).59- 35

Scheme V
'5
OH v RIS /(DR"'
Y I —eeeor—r '\'
HpN 0.R* / 0.R* CHO
10 5 2 w . 2 ,
- - /l' "-Il tdentical er
difterent N proi., groups,
aH R'*? or tsgethar ens syelile prat,
HaN OH 4__....'_....._.'.\ H ::::t\,':;.o-llkylhao
2 ," ketel or ssstall
_11!, v _1_1_ E,
15
_‘_ Rlll OR?*?)
Dgnu OR3Y??
20
_25 For the synthesis of the left-hand fragment
2b, the acylation of amine 21 under basic conditions
provides 22. The primary amide is rearranged to the
amine 2b (according to Loudon, et. al., J. Org. Chenmn.,
1984, 49, 4272; Waki, et. al., Synthesis, 1981, 53,
30

266; or Koser, et. al., J. Org. Chem., 1988, 53, 5158).

35



- 20- Scheme VI [err]

Conmpounds 2g (2b, where R err] = COerr]H) are converted to the ester
2h or anide 2i (shown in Schene VII) under acidic 15 conditions, using a
sui tabl e al cohol (R'CH) or am ne (R'"NH err]), respectively.
Alternately, amne 2g is protected as a urethane such as BOC or CBZ
the acid is converted to the ester_gp_am de under basic conditions;
and the protective group is renoved to get 2h or 2i. 20

Schene VI | [err] Ami nes 2g, with varied R3 al kyl
branches are prepared 35 according genhé&adeve VIII. Al cohol 10 is

obt ai ned according to Schene IV, or by reduction of an avail abl e

acid 2c, followed by protection of the resulting pri mary al cohol 11.

Compound 10 is then converted, by

Ra
0 Ra Ra

' 0
CONH

R
21 3 22 R 2p  R3

10

Compounds 2g (2b, where R2 = COZH) are converted to the
ester 2h or amide 2i (shown in Scheme VII) under acidic
conditions, using a suitable alcohol (R"OH) or amine
(R“NHz), respectively. Alternately, amine 2g is
protected as a urethane such as BOC or CBZ; the acid is
converted to the ester or amide under basic conditions;
and the protective group is removed to get 2h or 2i.
Scheme VII

15

20

25 0  CO.H o  COZR"

N . I
R1’/u\‘Nﬁl\]" Hz + R"ZH ——aR, NHJ\W”NHZ

2 R [Z=0 or NH R
8 s R"<H(when Z=NH), 2h(Z=0) 3

alkyl group or (
prot. groupl 21(Z=-NH)
30 g P —_—

Amines 2g, with varied'R3 alkyl branches are prepared
according to Scheme VIII. Alcohol 10 is obtained
according to Scheme IV, or by reduction of an available
acid 2¢, followed by protection of the resuiting
primary alcohol ;l. Compound 10 is then converted, by

35



-21- conventional methods, to azide 24 via internedi ate 23.

The azide noiety is reduced to an amine (25) by catal ytic

hydr ogenati on, and the latter masked to get 26. Alternately,
standard oxidation of 10 yields 27. 5 Reductive am nation of the ketone
with a suitable amne (W' NH err]) provides 28, which in turnis
converted to 26 (W'' =al kyl, VV':aIkoxycg?Egnyl), by further
protection as a carbamate or to 26 (W' =al koxy- carbonyl, W''=H) by
deprotection (to 25) and 10 reprotection. Unmasking of the primary

al cohol in 26 conventiéﬁﬂlaﬂbﬂﬁo&ﬁt t& Qhﬂ&éeﬁi ﬁﬂagfhtggmeﬁQhkémﬁg by

oxi dation yi el nver si opn_of to 14. The

cat8a’g
ani ne protecti g?%ﬁ%fs?°f§%§réf reduced £Q, 38 AR4NE; L23) )RY E]astereoners
carried througbattdlytiérbydtOgenalBonpyahd thealattdrbmaskedmabogetphy at

one of t2€.' "APLUPHAELEy( 2Btanfar8 oxPaablé®Ss 10 y281as 27.2°

30 53° Reductive amination of the ketone with a

suitable amine (W"'NHZ) provides 28, which in turn is
converted to 26 (W’’’=alkyl, W’’=alkoxycarbonyl), by
further protection as a carbamate or to 26 (W’’=alkoxy-
carbonyl, W’’’=H) by deprotection (to 25) and

10 reprotection. Unmasking of the primary alcohol in 26
(and amide NH, if blocked) to get 29, followed by
oxidation yields 30, as in Scheme IV for conversion of
13 to 14. The amine protective group(s) is(are)
removed to yield 2g. Diastereomers carried through

15 from 10 or 28 may be separated by chromatography at one
of the intermediate (28, 26, or 29) stages. '

20

25

30

35



-292.
Schene VI I I" 5 [err] 10

-22 -

Scheme VIITI

"5
10
o o RIvY 0 Rt
h’n\ﬂ : ﬁ’u\ﬂ :
(1] o RIS a3 2 24 Ry
uz)k“ HeNW
15 27 2 res
-— 'ho R
)j\ﬂ (T LRX]
Ry,
2, R
l ¢ .
o H 0 RIS o RIS
20 R,_)kﬂ FRATLEE] R;JJ\N TR Rx/lk" NHy
2 Ry 28 3 Ry
{6-0Ts,0Ms,071,
COLH hsiegen, or
0 » [ ¢] COpH sther lesviag greup;
NH*Y?»9? W.W***ali,} prot.greup;
RI)kNHJ\r ——-.Rz)kNHJ\rmg We«N prot.greup
R diffarent frem W)
25 2 L
30

35



30 35 - 23-

Alternately, 26 can be prepared from 17 according to Schene | X
Conversions 17 to 31 to 32 to 33 to 34, or 17 to 35 to 36 to 34 are
the sane reaction sequences as descri bed above for 10 to 23 to 24 to
25 to 26, or 10- to 27 to 28 to 26, respectively. The am ne
protective groups W and VV are rengéed to yleld 37. The latter is
acylated to get 26. 10

Alternately, 26 can be prepared from 17 according to
Scheme IX. Conversions 17 to 31 to 32 to 33 to 34, or
17 to 35 to 36 to 34 are the same reaction sequences as
described above for 10 to 23 to 24 to 25 to 26, or 10

5 .

to 27 to 28 to 26, respectively. The amine protective
groups W and_W' are removed to yield 37. The latter is
acylated to get 26.

10
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-24- Scheme | X

-24-

Scheme IX

R RS QR???
6 w
LN S 3
N 4 'w“ — /'/Q/N
w17 R w?

32 Ry

/ |

BN o ,g»

Y34 Ry Y 33 Ry

IW*«N prot. group
-— different from W,¥W'}
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30 - 25-

Ri ght - hand fragnents: Fragment 3 is prepared by coupling of acid
(or *protected acid) 38 with a suitable am ne 39, followed by

sel ective deprotection of the internedi ate conpound 40. 5

Scheme X [err]

10

15

20

25

30

35

-25-

Right-hand fragments: Fragment 3 is
prepared by coupling of acid (or protected acid) 38
with a suitable amine 39, followed by selective
deprotection of the intermediate compound 40.
Scheme X

nau—’l:~n,

U HN ~_-NHR, 3% u*HN NHR, HN
e e———
R, —n Ra
oR® Re [VW"=N pret. greup; R, J\ R
R"«H, sarbexy pre?. NH Ry NH Ry

38 or actizating greupl 40

Acids 38 or amides 40 are prepared according to
Kolodziejczyk, et. al. (Int. J. Pept. Prot. Res., 1992,
39, 382; and references therein), Jurgens (Tetrahedron
Lett., 1992, 33, 4727; and references therein),
Williams (J. Org. Chem., 1992, 33, 4727; and references
therein), Hashimoto (Tetrahedron Lett., 1982, 23, 693;
and references therein), or according to Scheme XI.
Glutamic acid (41, chiral or racemic) is protected,
under standard conditions, to get 42, which in turn is
condensed with formaldehyde to provide 43. The latter
is reduced to aldehyde 44 in a one-pot procedure.
Wittig-Horner-Emmons type condensation of the aldehyde
with a reagent of type 45 (prepared according to
Schmidt, et. al., Synthesis, 1984, 53) yields 4s.
Reaction of the lactone with a suitable amine, 39
(where not available, prepared according to methods
outlined in "Synthesis of Optically Active a-Amino
Adids“, R. M. Williams, Ed., Pergamon Press, 1989; and
references therein), with concomitant loss of

HR,



Acids 38 or am des 40 are prepared according to 20 Kol odzi ej czyk, et.

al. (Int. J. Pept. Prot. Res., 1992, 39, 382; and references
therfein), Jurgens (Tetrahedron Lett., 1992, 33, 4727; and references
t herein), Wllians (J. Org. Chem, 1992, 33, 4727; and references

therein), Hashinoto (Tetrahedron Lett., 1982, 23, 693; 25 and references
therein), or according to Schene Xl. _segQJutamc acid (41, chiral or
racem c) is protected, under standa??j conditions, to get 42, which in
turn is condensed wi th formal dehyde to provide 43. The latter

i s reduced to gdefdvdehyde | NpPoP§eP 047 Pr O8£ELT iﬁq'aydrogenatiOﬁ of

Wtti g-mrner-tg_%jom%}coadensatl on_of the dl dehyde : wth a reagent
of type 45 (prepar Whrietas 40. sWhenichiral 41 is wsedsps, 1984,
53) yields 46.the stareheyimatefidhe dissoareshdls cosudd akke anine, 39
(where not aval r c i f hods 35 outlined in
"Synt hesgs of aé(éﬁ%%?é) %#x\e/%c%i%%ﬁo&gyé@afﬁﬁﬁu,’n PTM Wlliams, Ed.,
Per ganon Presshramatography. Thefmtiesof diastereonets cobtainednt | oss

of depends on the choice of tecty for mal dehyde,

provi des 47. ?t%:[ tic é\‘j\s/glr ogenat ieonc ofpm eg@’t"ﬁee Touh &’ bond vyi el ds 40.
When chiral 48¥% %E!'%‘EF n catalystgiand i FRAGRIRD jePndikiensr coners of 40
are sepdRrimdl dyy, fetactabnalT craméw] |¢le) Bo®r, 99, ssifomat ography.

. : : . hoj f
brotectige ordisa ) CITE A RlRBs, ecediih Wetd, TOPL CoRiFei ons
[ Know es, et. (#980)] . Afhrus CinoS® .qortfiguwest7ion gives '
diastereomers of 40 bearing S,S and S,R configuration

on the Azpm and 41 of R configuration can provide
diastereomers of 40 bearing R,S and R,R configuration

on the A,pm.

15
Scheme XTI
20
'.
HoN COpH UTHN COoH H OgH
HO HO
41 2 b
0 R, /
'-
25 x

i HR, (R"D)Ji!—< v CHo
% ) NHR, <"
48 '3 45
H™HN HR
) R, 40
rm’k ¢
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(1977); Qima and Suzuki, Tetrahedron Lett., 21, 1239 10 (1980)]. Thus,

41 of S configuration gives di astereoners of 40 bearing S, S and SR
configuration on the A2pm and 41 of R configuration can provide

di astereoners of 40 bearing R 'S and R R configuration on the
Alerr]pm _ Schene Xl [err] 20

35 -27- - 27- The
reactions are perforned in a sol vent appropriate to the reagents and
materi al s enpl oyed and suitable for the transformation being
effected. It is THEIOF S OOToRy 4POSFesfbinéd iR 4 NSoBhénef organic

Is that the various functionalities esent on t he nol ecul e
ﬁﬁgthgzlionsiﬁﬁﬁﬁ°R§¥§F?rﬁP(#hﬁﬁiﬁﬂgents aéﬁ materfgls employed and
suitable for the transformation being effected. It is

understood by those skilled in the art of organic
synthesis that the various functionalities present on
the molecule must be consistent with the chemical
transformations proposed. This will frequently
necessitate judgement as to the order of synthetic
steps, protecting groups, if required, and deprotection
conditions. Substituents on the starting materials may
be incompatible with some of the reaction conditions.
Such restrictions to the substituents which are

10

compatible with the reaction conditions will be
apparent to one skilled in the art.

Pharmaceutically acceptable salts include
both the metallic (inorganic) salts and organic salts;
a list of which is given in Remington’s Pharmaceutical
Sciences, 17th Edition, pg. 1418 (1985). It is well
known to one skilled in the art that an appropriate
salt form is chosen based on physical and chemical
stability, flowability, hygroscopicity and solubility.
Preferred salts of this invention for the reasons cited

15

20

above include potassium, sodium, calcium, magnesium and

ammonium salts.
25 Scme of the compounds of the hereinbefore
described schemes have centers of asymmetry. The
present invention encompasses all stereoisomers of the
compounds whether free from other stereoisomers or
admixed with other stereoisomers in any proportion and
30 thus includes, for instance, racemic mixture of
enantiomers as well as the diastereomeric mixture of

isomers.

35



transformations proposed. This will frequently necessi tate judgenent

as to the order of synthetic steps, protecting groups, if required,
and deprotection 10 conditions. Substituents on the starting materials
may be inconpatible with some of the reaction conditions. Such
restrictions to the substituents which are conpatible with the
reaction conditions wll be appar eryg to one skilled in the art. 15
Phar maceutically acceptable salts include both the netallic
(inorganic) salts and organic salts; a list of which is given in
Rem ngton's Phar maceuti Gfle novel %‘6 s Tt Rerfald tir‘?ﬂan@ﬂon 1418 (1985).

It is well oones 1]le ,he art that an proprlate 20
salt formis Hﬁfséﬁ %% Yy aﬁﬂj inBifig fFytokine fommmation
flowability, Wgtmj;nm tk;prmdnam&mbldﬂﬁqx chemotHéxd®y ; efb Sshidwn @y t hi s

invention for g4he }q;ﬁ _gg above include potassium sodium
cal ci um rragne5| um an gc é st'D'nl um sal ts 25 Sonme of the
conpounds of RSP A L By EERef )l  of

asynmetry. Thgssa% £d¥ ﬁiggu alITecg{e f& S of the
corrpounds whether free from other s ere0| SOners or o| th ot her
st er eoi soner s 35¢ SAFSALYRS iy Vaker and admind ﬁ?ﬂﬂ%@bqllﬁanm%e

racem c m xturim @f.2 ml te RS disa\wf AL-L1E a6 er@m@rlé“sén Xture

f
'(I)'he novgy ! zgg%c?é'n s?‘eofcot% WNdR, Ahe st dissolved Jm, 1904 ?%’?"]abl I i ty
to induce cyt @nidhdhegy landught to thesmppmepntiad e moncantmat i em

cherot her apy, vate¥1OWFdit hours gdit 'ty idh ! Q:?fes mick ardPidd Ption of

Bi ol ogi cal Assays .lnterl eukl .n 6(I'L-6) assay for structure function

anal ysis - TeSfikciRfofitFam 1s retgigvadssoThey JirGuianendantadalil st er ed
subcut aneousl W ine 7TD1 isduded ttha(ﬁd @eﬁéioiﬁlfﬁti(brﬂs 1k 8EkD - £dhhe | ess

0
Br ought, 4 o | he taSoRSHete o it o orw%“ “a¥ Raaed ddhr hours post
i nj ecti'6n, thaicrediter bledds and incubated at 37°c for 72 hours
with standard recombinant mouse IL-6 or with dilutions
of serum to be tested. Over the last 6 hours, the
cells are pulsed with 3H-Tar (uci). Cells are then
harvested and the degree of proliferation determined by

20 the uptake of 3H-Tar as measured by liquid

scintillation spectrometry. The concentration of IL-6.
in serum is calculated from standard curves utilizing
recombinant IL-6 from R&D Systems Inc. and are reported
in units of IL-6 activity as defined by the
manufacturer.

Granulocyte colony stimulating factor (GCSF) assay - A
bioassay for GCSF is performed in an identical fashion
to the IL-6 assay except that the GCSF dependent cell
line NFS-60 is used in place of the IL-6 dependent 7TD1
cell line. Neutralizing monoclonal antibody to mouse
GCSF is used to prove specificity of the assay.

Colony forming assays Granulocyte-Macrophage (CFU-GM) -

Mice are treated with 150 mg/kg of 5-Fu and treatment

25

30

with test compound begins 24 hrs. later. On consecu-

35 tive days, mice are killed by cervical dislocation and

the femurs removed under sterile conditions. Femurs



and the serumis retrieved. The IL-6 dependent cell line 7TD1 is

used to assay serial dilutions of sera for IL-6 content. 7TDl cells
(1x10[err]) are placed in 15 mcrotiter wells and incubated at 37[err]C
for 72 hours wi th standard reconbi nant nouse IL-6 or with dilutions -
of serumto be tested. Over the last 6 hours, the cells are pul sed
wWth [err]HTdr ([err]Jci). Cells are thgg. harvest ed and the degree
of proliferation determ ned by 20 t he uptake of [err]H Tdr as neasured
by liquid scintillation spectronetry. The concentration of |L-6.

in serumis careufatsHellr Witht anslar dfCciteceolli heding (Iscoveesonbi nant

IL-6 f R&D Sys d It f 1L-.6 t t
L 11 o P60, 543 SHankRf, (804 368 PESS L6menicia Bk Botlpba 2ot 1
fact or ( GCSF)ldsgiytamine and 5xéassa¥ Romeecaptpetpantd)red Bonean

i denti cal fasﬂéf?gw gellEO(BQ505 3 ésiﬁﬁpepﬁﬁﬂhdtﬁﬁtlkhﬁ PsShpdependent

cell 5 line IS use Face o dependent /TD1 30
cell line. hEBFFHPlEPﬁE“ﬁﬁnBéPGﬁﬁl1&n9|96d?ftUaﬁﬂu§€ar°se (@83rins used to

IOGrroveI Spetci fi ekbyver st ﬁég%g_ﬁaV1th 100 ﬁaheaymnobm ﬂ'&c&&iﬁh&nﬁ: xlnggse g of
anul ocyt e- r age - tre go
e ¥ oL ARG LipEe From 88f}ﬁ§h‘ﬁd?8 BERL. SR < PLAtER aBp
consecu- 35 intubatddyferni’cdagseaki B7ed hp 5&r¢0 al Afshmcatdaysand

the fenurs reHBXSQIlHEdSS §beﬁé&isc89d1;&-le%col gﬂ@gﬁume ted under a

-29- 40 are ushe |un1 scove S

suppl enent ed QisHectingCBiCIISEORPeI | | i n- st rept onycin, 1% gl ut am ne

?Ed 5><|10£ e& r]SMm”@B%éﬁ&OQEEﬁﬂQhklnEOQﬁctor [cmnra\gsﬁﬁ |—9Aﬁ5>ékgb9”]) are
en plated in es | war m

ararose (3% Ypich de Fgg%v8°§°ﬂ¥dF§ﬁF%ﬁFF?Tﬁof%ﬁ??§7ﬁFt&VIFEbgHEInant

nouse (besnptr dliiatédghiisn Between dﬁﬁf2uantwkypeBlaﬁesoabay

[ noubat ed fof £ 3eho  FhELEL 10 GHRETLE! hbreck! thle prddlhce of .

colonlgg of 5 S Or “greater are enunerate
m croscope. CSF asﬁ#vﬁtﬁolan¥h§tFﬁﬁﬂatpﬁgmﬂsétéﬁjeegﬁﬁ ¥ighy tespn assay

whi ch deteCtScéﬂbeﬁﬁd§ll”Bbﬁé'ﬂﬁr&éﬁtééligth%btﬁraﬁhred as deeeriPed
di stingui sh bet ween dlfgeren es of col sti ating factors is

used to det ecBPPHE HPEs Hﬁecgp‘é §3¥'ac? i CRLlS age of mce

I njected wi thiheabated in soft agar with an 0.3% final concentration
of serum taken from mice 4 hours after injection with -
test compounds. After 7 days of incubation at 37°C,

the number of colony forming (CFU) cells per 105 plated

20

bone marrow cells is determined by counting colonies of
more than 50 cells under a dissecting microscope. The

data are reported as CFU/lO5 bone marrow cells.

25 Circulating Neutrophil Assay - Mice are treated with
5-FU (150 mg/kg) and beginning 24 hrs. later, treated
daily with the test compound. Mice are bled daily by
retroorbital puncture in heparinized capillary tubes.
Circulating WBC counts are determined by Coulter

30 counter. Blood smears are stained with Wright-Geimsa

solution and the percentage circulating neutrophils

determined by differential counting under a microscope.
5-Fluorouracil (5-FU) Induced Neutropenia In Mice -~

Mice are treated ip with 150 mg/kg of the chemotherapy

agent 5-FU which induces a severe loss of neutrophils

in the peripheral blood 5~6 days later. Twenty-four

35



conpounds. Bone marrow cells are prepared as described above for the
CFU- GM assay. The cells are then I ncubated in soft agar with an 0. 3%
final concentration of serumtaken frommce 4 hours after injection
with 20 test conpounds. After 7 days of incubation at 37[err]C,

t he nunber of colony formng (CFU) cells per 10[err] plated bone
marrow cells is determ ned by counting cgggui es of nmore than 50 cells
under a dissecting mcroscope. The ata are reported as CFU 10[err]
bone marrow cells. 25 Circulating Neutrophil Assay - Mce are treated

with S- Fhr§ 158t ktheaa8sBe0tPRhbfledt Nith tRECEest' %@ﬁn? unds
daily with the,test . ongoand. gfl ce gre bl %d daily by r et oornbl t al
puncture in hebﬁrfﬂ?‘géﬁ 84pi | Fapyefipet of the EpstremPRYNABCOBouUNts are
det er mi ned by Beabvery36f neutrophil pBbgeritoratelasecit éhecbowel h

Wi ght - Gei nsa seLu ; he, PEL CERERTRCI ati neutrophils
det erm ngd by %???g‘geg%i g%eggﬁ% ?ﬁgggr‘lgérg gkﬁq glraoé%%%g.' e ecov%ry
5- Fl uor our aci | °¥ se¥xsulabingdnestrephbitsaisntnliowed by dififerentdailr eat ed

ip with 150 nodkginingherctravhELipREra® bloadent 5- FU which induces a
severe | oss ofangt rgghi | s . I n t@e geri pheral bl god_5-6 days later.
Twent y- f our Delta Assay ~ Mice are treated with a singig dose of g,
after the doses-FUeglSenmgpkghiphe tPeéntprpousdhiours laté‘ﬁ,: Boheat ed. The
effect of the o) d [ecove of _peut r ophi rogenitor
cells iggthe b%%mg_ggff%a%r'%\?vrlego‘éﬁ?e?ﬁﬁngai% %ﬂg%%@@%ﬂﬂ?gﬁy. The
recovery 5 Onrg aligetttisgphatedopmrediatelyl invwedfbyadatf witht 15l

stai ni ng of t | phefali big@daso LEQR ASSR¥+a e t Leat ed
with a singl eh%'p‘gi of 5- FU, 1U0m]r'rg _gé?f)j. #@ﬁf%?oﬁ%ﬁbu?@gl ater,
bone maf?‘?%’f:e‘?f sc%}%“J'%?rokéod%Fﬂr’gH‘?@ (G¥F8-2) ai i Busesondo One
aliquot is pl aahbt;mtrmlfatelysiismiace@ainwl%uié ?ulturenﬁiﬁh on I L-1 ang
250 Um Gw e nunber .colonies is deferm ne
(CFU-1)45A sgg‘n’bﬁé ‘-{'r‘;#%’??y%%?é%? %% FEUgR %fa%%’gbf'ﬂajf?‘aﬂFd"guFFﬁ e with
singl e grow h ¥acepessrthe bity ovbi thesenagenteath éfpandt thessess the
ability of NesaPEerith PRI $d61.  AseefOf iyl il Pafigh! Pool-

After 7 days in Jiquid cul t'ure, these cell ed and pl ated

in soft CUIEHTSy (Hhese cehis gredraresied and Platedaingsoft
After 14 days dder neitlerIDF1 CdIGMSCSP 446w 568 Otife 2Pirst 241 94Qbt L S

det erm ned (C':A'“f@r 14Tnfa};£tti.}9e Huskisds %t Scolonies in the second

20 aliquot is determined (CFU-2). The ratio or delta is
calculated as CFU-2/CFU-1 and this ratio is used to
ascertain the ability of the growth factors and/or
drugs used in the liquid phase to induce growth of the
colony forming cells (CFU) or differentiation of
pre-CFU to CFU.
Results - Test compounds are able to induce IL-6
production in the serum of mice within 4 hours of a
single subcutaneous injection (Table 1). Likewise,
serum CSF activity is also detected with these
compounds in mice (Table 2). The IL-6 assay is
performed in a quantitative fashion and is used to
determine relative potency. The CSF assay is performed
at a single serum concentration and is therefore
qualitative in nature.

A representative compound (Example 28) is

shown to also induce GCSF in the serum of injected mice
(Table 3). Representative compounds (Examples 28, 32

25

30
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calculated as CFU-2/CFU-1 and this ratio is used to ascertain the

ability of the growth factors and/or drugs used in the liquid phase
to i nduce growt h of the colony formng cells (CFU) or differentiation
of 25 pre-CFU to CFU. Results - Test conpounds are able to induce
IL-6 production in the serumof mce within 4 hours of a single
subcut aneous injection (Table 1). Likew,.gg.- serum CSF activity is

al so detected with these 30 conmpounds I n mce (Table 2). The IL-6 assay
S performed in a quantitative fashion and is used to det er mi ne

rel ative pot eaﬁ&aslmeagst?aﬁaytbs iaau&alr Redtrophilakredovelyl 3gnssr-lm
concentration_and,is therefgr gyalitative.in.nature.

A representatF55a58§p86ﬁ8 (%?g&ﬁlé)ZS)xi§epresen§ﬁgﬁﬁetSogpggnphduce GCSF
in the serum ¢Exampiet 28) menhances theéalreco¥eryRefir peaiphierad ddmedinds

(Exanpl es 28, 3 : : d b 3 £ EFU- and
84) aregs homntgétrﬁgﬁé%sngl}}% ngﬁlsl P rr §8§3§r¥ ?n'ag- ':_.ﬂcrease t°r eat ed Gnlg'ce

(Tabl e 4). A therbsukraphid pepyEsers in the,hepremagrowh{Fdbde e

recovery of pghh8hshawifijoeHat the kestr ebpbandki eRer® Rhee@FFREH AN
I ncrease of CE%LG%% 5 t he neutrophil precursors in the bone marrow
e, hgoe

(Tabl e 5) sHBRFRY -t hat the test conmpounds exert an effect in

t he bone marrow. A represenfatdpeceenpatinde (Exappled 28FxatEe 28)

al so in L+6_an r ' Lnsth e f [
treatedgpri ma §§8§$%ng g)gng§§589 ggg%%%???é één§8§n§E§h$ éé'?%fﬁp l e 32)

epr
accel erates tﬁ§eF§§€vBF§méFeﬁedFﬁgéﬁiﬁé-inA represgntagiye cozmaamdyi t h t he
chenot her apeu{Egafgeat 32) acceli¥ir@tas thebhcédreryedlr hetRwpH illiLaled

groups - recover to control, . |eyels d 7 versys a day 10 15
Joovery for PROSGYES,EReBRRY Hishy therphbnctherapsptic 20&imounas i nduce
a simlar speeytoranf (Tabldki 7¢s afest compenhdntreated! gapiups recovery in.

both pri mates c res IV d (Exanpl e
20 acng - radSrdk o control levers b BEY FiGRLRLS S MAPAYT L5
factor "C-kit regewerykEpr: shenpitoxanhendvogrpupt b@hus, the w

" progeni tor cetbapbdAlkeiRluctNhS sfiniiBer speBtrum of RYtlokind®d @rd M t hat
these compoungs, o8t o 80nelRe0sE 11 Secovery? il "bath prina el and ke tOf
cells in the gBhanced neutrop ry i P
A representative compound (Example 28) acts
synergistically in vitro with the hemopoietic growth
20 factor c-kit ligand (KL) to enhance the growth of bone
marrow progenitor cells (Table 8). This further sup-
ports the claim that these compounds act to enhance the
growth of neutrophil progenitor cells in the bone
marrow. The test compounds are also active in acceler-
25 ating neutrophil recovery in 5-FU treated mice when
given orally (Table 9) as shown by a representative
compounds (Examples 28 and 32).
Clinical Significance - The data compiled on the test
compounds described show that they are able to induce
30 the endogenous production of growth factors (IL-6 and
GCSF) which are known to regulate neutrophil production
in the bone marrow. These compounds may be used
therapeutically to restore neutrophils after cancer
chemotherapy, radiation therapy, bone marrow trans-
35 plantation or infections. 1In addition, the compounds
can be used in combination with recombinant growth



marrow. The test compounds are al so active in acceler- 25 ating

neut rophil recovery in 5-FU treated m ce when given orally (Table 9)
as shown' by a representative conpounds (Exanpl es 28 and 32).

Clinical Significance - The data conpiled on the test conpounds
described show that they are able to induce 30 t he endogenous production
of gromh factors (IL-6 and GCSF) whych are known to regul ate
neut r ophi | production in the bone nafrow. These conpounds may be used
therapeutically to restore neutrophils after cancer chenot her apy,

radiation t herpgttodong EotantidedcndSact iV BPIH | Gk Feddithdpps. I n
addition, the c TQI)OLﬁPdS cat__r}l be used in conbination wth reconbi nant
gr owt h molecules. Also, ese compounds may he useful in theiors to

potenti ate theredtmenty af ¢drcerc@EbDS\ANiplastic dMdmeld) afyeYbdps-t hese
conpounds may g@ﬁg ' . i tpent. of cancer,, AIDS, aplastic
anem a, gyel o&j}% Lgyﬂdp}f%*s]{'l clnsﬁlen%ﬁlbé}gg ﬁ%ﬁﬁ%@‘g@%ses and the 5
enhancenent ofenhangeuents wh simmune | responsnhilnkike recombipmamt h factors,

the test compgyrmgtaractidis! itte Wit ¢ e’ Hhe" i
Table 1 . Effect. of Test Corrpoundosmpoor}llL- roﬁfc%cl:%lnvel v Te 10

Exanpl e Numbef@iven orall¥we (ny/ kg) IL-6(U ) 28
10.0 - 1718 Table 1 1.0
‘2’844 + 482 Effect est Compounds on - roduction in4 %?J‘.zcg 804
1.0 10 Examplep Number Dose (mg/kq) IL-6XU/ml)
0 30 o8 10.Gq.0 ”1
1.0 0.4.0 :“§%¢h%¥%§82
31 10.0 20 0.1 4802 #-dba
0.1 294 + 24 32 - 10.0
29 10.0 537
15 1.0 203
0.1 0
30 10.0 -
1.0 -
0.1 328 + 107
31 10.0 -
20 100 -
0.1 294 + 24
32 10.0
1.0 1797 + 284
0.1 1340 + 134
33 10.0
25
1.0 3767 + 457
0.1 1651 + 100
34 10.0
1.0 5063 + 302
0.1 3610 + 347
30 80 10.0 3624 + 611
1.0 1712 + 168
0.1 p
81 10.0 199 + 23
1.0 56 + 19
0.1 =

35



1.0 , 1797 + 284 0.1
1340 + 134 25 33 : 10.0
1.0° 3767 + 457 0.1
1651 + 100 34 10.0
1.0 5063 + 302 0.1
3610 + 347 30 80 -33=- 10.0 3624 + 611
1.0 1712 + 168 0.1
81 10.0 199 + 23
1.0 56 19 0.1 35
- 33- 3 Op i fegtaof Test
Conpounds onlgzgnﬁigxuggggg In hAce -ose mdeX0 Dose
(my/ kg) - IL-6(Um) . . .
3188 + 345 1.0 2181 + 92
0.1 5 832 10®.0 1BUB8 ++ 2385
1.0 332 + 38 1.0 2181 H.19210
84 10.0 2512 G309
1.0 3865-+688 0.1
1963 97 15 83 10.0 1818 + 243
1.0 332 + 38
0.1
10 84 10.0 2512 + 209
1.0 3865 + 688
0.1 1963 + 97
15
20
25
30

35



20 25 30 35

-34- ' Table 2 Ef fect of Test
Conmpounds on CSF Production in Mce Exanpl e Number Dose (ma/ kg)
CFU 100. 000 Bone Marrow Cel |l s
28 10.0 1.0 101 + 8
0.1 95 16 29 —34- 10.0
1.0 101 + 46 0.1 0+0
10
Table 2
ffe st _Compo S O SF oduction in Mice
Example Number Dose (mg/kq) CFU/100.000 Bone
Marrow Cells
5 28 10.0
1.0 101 + 8
0.1 95 ¥ 16
29 10.0
1.0 101 + 46
0.1 0+ O
10
32 10.0
1.0 137 + 15
0.1 154 + 5
80 10.0 121 + 9
1.0 91 + 3
15 001
81 10.0 101 + 7
1.0 69 ¥ 14
0.1
82 10.0 115 + 3
1.0 108 + 11
20 0.1
83 10.0 123 + 22
1.0 204 ¥ 9
0.1
84 10.0 131 + 10
25 1.0 118 + 15
0.1 129 + 14
30

35



RPOOVOW
or r

10.0

11 20
123 + 22
0.1

1.0

30

Tabl e 3

10

s

20

25

30

35

35

- 10.0 1.0 137 + 15

154+ 5 80 10.0 121 +
1.0 91 3 15
81 10.0 101 + 7
69 14 0.1 82
115 + 3 -35- 1.0 108
0.1 83 10.0
1.0 204+ 9
84 10.0 131 + 10
148,& 15,25 fable 3 0.1, . 129 14
fect o est Compounds on GCSF Production Mice
ExafiblecNumbeFest Conpopoge pa/kESF Produgtisen (ba/Mhge
28 50.00 1249 + 138
25.00 3352 + 907
12.50 1342 + 289
6.25 644 + 267
3.12 470 + 59
1.56 442 + 52
0.00 0.00 + 0

Mice (10/group) are given a single subcutaneous
injection of test compound and bled 4 hours later.
GCSF levels in serum are determined by bioassay using
the GCSF dependent cell line NFS-60.

Table 4

Effect of Test Compounds on Neutrophil Recovery in 5-FU
Treated Mice

Example Number sa/kg *Neutrophils/cu. mm.
28 100.00 2613 + 364
50.00 1716 + 284
25.00 1804 + 408
12.50 - 1314 + 267
6.25 758 + 249
3.12 424 + 115
1.56 722 + 199
0.00 *%157 + 52
*%% 32 1000 1892 + 293
100 _ 982 + 150
0 144 ¥ 36
*kkk84 100 2194 + 629
10 570 + 224
1 427 ¥ 211
0 54 + 22

*Data from 10 mice/group on day 7 post treatment with
150 mg/kg of 5-FU. Beginning 24 hrs. after 5-FU dose,
mice were treated daily with test compound at
concentrations indicated. Neutrophil count for normal
mice (n=5) is 3236 + 301.

**Mice treated with 5-FU and vehicle only.

***Day 8 post 5-FU

***%*n=6 mice/group



Exanpl e Number Dose [err] g/ kg GCSF (pg/ m) 28

50.00° ‘ 1249 + 138 5 25. 00

3352 + 907 12. 50 1342 + 289

6. 25 644 + 267 3.12

470 + 59 1.56 442 + 52

0. 00 0.00 + 0 10 Mce (10/group) are given a single

subcut aneous i njection of test con%%und and bled 4 hours later.
GCSF | evels in serum are determ ned by bioassay using t he GCSF
dependent cell |ine NFS-60. Table 4 15

Ef fect of Test Corrpounds on Neutroph| I%U\Téry in 5- FU .

Treated M ce 4.0 NeORIBOUNAS On 1180 arrow a1 Yarhd L SN
mm 28 100. Oej‘gga_*t:e_d___ﬁﬁé + 364

50. 00 16 + 284 25. 1804 + 408
20 s Edlup1 < Munbeg o, Grouwr 1514 4 67 o CPU=GH/femds

6. 25 758 + 289 Normal Mice 3.130184 + 36724 + 115
1.56 722 + 199 " 5=FU treated 0.00 805 + *831%7 + 52
*x* 32 1000 1BFU HExample 28 6055 + 534 100
082 150 0 144.. .36 25 *xkk QA
%(2)2 Grzolu%dfs +caf6 % mice are treated with 5-Fj 1&8 150 mg/kg aggo ¥

Heginnihg 24 hourddiatdr Om'éé)térl Cxe:lu‘i otgs o ncomyoun@ost

restrdf wi o " s S R R gL S8 LS P

concentrati onslayhdl cefieer NHH riopgatmentint for nor mal mce (n=5) is
3236 + 301. **Mce treated with 5-FU and vehicle only.
*;;Day 8 post 5-FU 35 **E*N=6 mce'll‘agr:{)éjp6
15 fect o est Compounds on Serum Il-6 and GCS
- eated Mon
Example No. Group IL-6(Units/ml) GCSF(pg/ml)
28 Normal Monkey 0 0
5-FU treated o 0
5-FU + 28 2579 + 318 3962 + 2178
20
Groups of 3 cynomolgous monkeys are treated with 5~FU
at 125 mg/kg and beginning 24 hours later treated with
test compound s.c. at 0.05 mg/kg. The data reported
are from sera taken 4 hours after test compound
25 treatment.
30

35



Table 5 Ef fect of Test Conpounds on Bone Marrow CFU-GMin 5-FU

Treated M ce Exanpl e Nunber G oup CFU- GM f enmur
28 . Normal M ce 30184 + 3677
5-FU treated 805 512 5-FU + Exanpl e
28 6055 + 534 G oups of 5 mce are treated with 5-FU at 150
ng/ kg and 10 begi nning 24 hours later.treated with test conpound
daily s.c. at 0.1 ng/kg. The data reporte 4 are from day 3 after 5-FU
treat nent. Table 6 15 Ef fect of Test
Compounds on Serum | L-6 and GCSF in 5-FU Treated
Monkeys Exanpl e No. G oup !L"'FE'G(Unlts/n1 GCSF( pg/ m)
28 Nor mal NBhfkest of Fest Compounds on Neutrophil Recovexy| iBeated
0 0 CytofaiUrredfed Primatds79 + 318 3962 + 2178
20 G oups of 3¢ nDIoous 1D k reated m%tg 5- EU at
125 ng/ and begi nni*F U oy e ¥est conpound
S. C. .05 ﬂnikaﬂalhegakﬁﬁaizgswsxsh_ga szmsamronﬁxhen_nﬂxxﬂ_a_hours
after test conpoynd 25 treayment. 36460 L 1058 353554 + 1194
1l 4900 + 971 7849 + 1592
2 2689 + 156 4679 + 867
3 1935 + 126 1080 + 264
4 1442 + 344 370 + 171
10 5 856 + 295 455 + 208
6 1009 + 292 518 + 218
7 852 + 301 1304 + 1046
g 542 + 233 1596 + 1000
9 441 + 194 2041 + 423+%
10 1244 + 509 3506 + 1130
11 2053 + 1002 4576 + 673
12 © 1885 + 678 3761 + 1394
15 13 3502 + 2297 3751 + 1278
14 3816 + 1674 3106 + 520

Groups of 4 cynomolgous monkeys are treated on day 1
and day 0 with cytoxan at 60 mg/kg. Beginning 24 hours
after the second cytoxan dose, one group is treated

20
daily s.c. with 50 ug/kg of test compound and the other
with vehicle (water) only.
*p<0.05 versus cytoxan only control by Student’s t
test.

25

30

35



-37- Table 7 Ef f ect of Test

Conmpounds on Neut rophil Recovery in Cytoxan Treated
Pri mat es Absol ute Neutrophil Count/cu.mm of Bl ood Ex.
No. Days after Cytoxan Cytoxan Cyt oxan+Ex. 32 32 0
3640 + 1058 3554 + 1194 1 4900 + 971
7849 + 1592 2 .3g- 2689+ 156 4679+ 867

3 1935 + 126 1080 + 264 4 1442
344 370+ 171 5 856 + 295 455 +

208 10 6 T8b%e 8292 518+ 218

7 852 + 3 + s s e S . 542
+ 233 1596 + T- s& 9 o&géé ct Synergist 11 2041 +
423* igan i andi ow i

11 2053 1002 4576 + 678ells i it 12 1885
+ 678 §3761 + 1394 15 11s in '%1;” 3502 + 2297 3751 +
1278 ample No 1ﬁn vitro cuBfére 16Fd1d BABPeaseSiB CFU

G oups of 4 cynong gous nane are t eate on day 1 0 and day O with
cytoxan at 60 ny/ % Beglnnl t § after thejsgcond cytoxan
dose, one group is treated ?y . wth 50 [e EI /[ kg of test
conpound and the ot her haggglggﬁpéﬂﬁaer) onli58 *p<0. 05
versus cytoxan only control by St udent 30

35 10

Bone marrow cells from 5~FU treated mice are used to
enrich for early progenitor cells. The cells are split
into 2 aliguots as described in the methods. section for
the "delta assay." The fold increase is determined by
.measuring the effect of a 7 day in vitro incubation of

is
the cells with tissue culture medium plus test compound
and/or growth factor KL on colony forming cells (CFU).
The number of CFUs are then compared with colony
formation of the fresh bone marrow cells that were not
20 incubated in vitro to determine the fold increase.
Test compound is used in vitro at 0.5 ug/ml.
Table 9
Effect of Oral Dosing with Test Compound on Neutrophil
25 Recovery in 5-FU Treated Mic
Example No. Dose (mg/kq) eutroggllszcu.mm
28 0 178 + 64
10 : 1391 + 350
1 765 + 209
0.1 81 + 35
* 32 10 1844 + 814
30 1 547 + 232
0 67 + 22
Groups of 5 mice are treated with 150 mg/kg of 5-FU.
One day later, daily oral dosing with test compounds
3s begins and continues for 10 days. Data shown are from

day 6 after 5-FU treatment.
*Day 7 post 5-FU



- 38- Table 8 The Test Conpounds

Act Synergistically with c-kit li gand (KL) in Expandi ng Bone
Mar t ow Pr ogenit or cells invitro 5

Exanpl e No. In vitro Culture Fold Increase in CFU 28

medi um al one 0 test conpound

1.3 KL 39— 66

KL + test conpound 158 10 Bone marrow cells from5-FU treat ed
mce are used to enrich for early progenitor cells. The cells are
split into 2 ali giidrs tafe daskdddifts Ian.»é %ﬁﬁﬁaﬂ&@@cﬁn@r\aﬁwe

the "delta ass The f ol d I ncr.ease .S, de& ed by 15 nmeasuring the
effect of a 7%111:I¥'VI nAY, (RF i HERine t?féec%’flué ¥th tissue

cul ture nedi urphﬂmdesmlmmmeptable aarmiexs ovfdr fexample) on col ony

formng cells Ciﬁ}é)n[ g@ﬁqﬂ,ﬂ? f onpared with

col ony s}(p or ma |dn oJT ,ﬁ'u res %%el%%o%{e*ﬁ%%at were not 20

i ncubat &d i n Wemiisterad ORI Hn fch | fRTRS RS tablets ;r2aPS¥keDund i s
used in VvitroRlgdbrsfiald ];ﬂ:{niﬁer granules, or susp nsions Table 9

Ef fect of Oral D3dsi,ng with Test und on Neutro
Recovery in 5999t 'Prjé'gt% M examp eEx‘g'fﬁﬂ 0. 6‘JDOE e F¥Pko)

Neut r ophi | s/ csuspending agemtS, syrups conta:mihg, for example/|7firom 64

10 abojtl‘?i:9]10+ '2305%0% o% slugar, and elixjgris cé?kaining* f%ﬁ 765
209 10 : .

10 exampile, Srpmmbout 20 to 50% ethanol, and the like, or 547 +
232 parenterall 1n thd form of sterile 617njé’8table G oups of
5 mce aretreated Wwth /krg %%Ia er dally or al
dosing with t SQLHEGRNSuRE > mitbe sm.wwwt#msa Pt 18- 95,80 Data

shown are fromg suspeniﬁwﬁ ofdret fn Rhtisstorid .medium. *$agyh7 post 5-FU
pharmaceutical preparations may contain, for example,

from about 0.05 up to about 90% of the active

ingredient in combination with the carrier, more

usually between about 5% and 60% by weight.

15

The effective dosage of active ingredient
employed may vary depending on the particular compound
employed, the mode of administration and the severity
of the condition being treated. However, in general,
satisfactory results are obtained when the compounds of
the invention are administered at a daily dosage of
from about 15 pug to about 100 ug/kg of animal body
weight, preferably given in divided doses two to four
times a day, or in sustained release form. For most
large mammals the total daily dosage is from about 1 to
50 ug, preferably from about 1 to 20 ug. Dosage forms
suitable for internal use comprise from about 5 ug to
25 ug of the active compound in intimate admixture with
a solid or liquid pharmaceutically acceptable carrier.
This dosage regimen may be adjusted to provide the
optimal therapeutic response. For example, several

20

25

30

divided doses may be administered daily or the dose may
be proportionally reduced as indicated by the exigen-
cies of the therapeutic situation.

35



- 39- When t he conpounds are enployed for the above

utility, they may be conbined with one or nore phar maceutical |y
acceptabl e carriers, for exanple, solvents, diluents and the |ike,
and may be 5 adm nistered orally in such fornms as tablets, capsules,

di spersi bl e powders, granules, or suspensions cont ai ning, for
exanpl e, from about 0.05 to 5% of %ﬁpending agent, syrups
cont ai ning, for exanple, from abodt?%T0 to 50% of sugar, and elixirs
containing, for 10 exanpl e, from about 20 to 50% et hanol, and the I|ike,
or parenterally ignblg Gay fgﬁﬁ%ﬁhHﬁs‘ﬂ%SCEQPE n1sté¥3&“'°ns or
suspensi on cont ai ni ng from about /6suspen ng agent in an

i sot oni ¢ nedi @FRLIYCAS Well BEabinddtKavemoyse pdRETRANE SRR o0 i n, f or

exanpl e, subt@¥ankouk Qoaie%p tsoatiw&:a&ifi%e&fs tiheladd Wtarch,
ingredient in co I nati.Qn sual |y between

about 500and gg?eMB HPWElum ﬁ%osﬁhate, mLﬁﬁ?QﬁMﬁ&ﬁ% Cosage of active

i ngredi cella&pbeyeéunmpseaamddtpmﬂdmngwmnlmhdugnmﬂ(ndnmiemmnpound 20
enployed the f RigS n er it
condi tion be|ngggﬁggtegggﬁome&égg&?nﬁ%2}Ieﬂifgﬁé dfﬁéo |§factorfngésults

are obtai ned shzfackantsmpodnedidie 0119 SWEh #ﬁemqr@n Feamyiandt ered at
a daily dosaggeghme o:Llsf ra@ %Q‘@U'fapbli'o&ﬁﬁra]ﬁé =" %@z@'ha&}e‘)g{ﬁ&ﬁg ani mal

body 25 wel ght,, pr.ef er ah glven i n d|V|ded doses tmo o four
ti mes a_day, BFtFHes&§95Pﬁé& reagular, form | arge manmal s the

total &8il y daaaﬁﬁlstr‘altdmnahe&urhdt.o AdjuvaSﬂ;s{ eusitpmairidfye remp hoyfedm

about 1 to 20, g r f conpri se
from about 5 f‘é ﬁ"k ngg%%%l?% F% P}’S‘rqa%e ac(il vc%rgggrrﬂg}%s li'ﬁal%'ntl mat e
admi xture wi t he advangageouglyr incdudedohsueic ast fdavioring agemdiss carrier.
Thi s dosage rEBiE%EnEBKgQﬁthJﬁ&%&@r&& @Qéﬂiéf“%nd antiH%;dHHts,

t her apeuti c response.” EOr l.e, several %fes may be

adni ni stered &% I?xﬁppﬂﬁe 8&§€ Ey5 ascorbig dilftred as
i ndi cat®d by the exi genThe prefeyr@ﬁ.@haﬁmadéutmaamﬂudmpbsntﬂomm

from the standpoint of ease of preparation and
administration are solid compositions, particularly
tablets and hard-filled or liquid-filled capsules.
Oral administration of the compounds is preferred.
20 These active compounds may also be
administered parenterally or intraperitoneally.
Solutions or suspensions of these active compounds as a
free base or pharmacologically acceptable salt can be
prepared in water suitably mixed with a surfactant such
25 as hydroxypropylcellulose. Dispersions can also be
prepared in glycerol, liquid polyethylene glycols and
mixtures thereof in oils. Under ordinary conditions of
storage and use, these preparations contain a
preservative to prevent the growth of microorganisms.
The pharmaceutical forms suitable for

injectable use include sterile aqueous solutions or

30

dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or )
dispersions. In all cases, the form must be sterile

35 and must be fluid to the extent that easy syringability
exists. It must be stable under the conditions of



- 40- These active conpounds may be adm ni stered

orally as well as by intravenous, intranuscular, or subcut aneous
routes. *Solid carriers include starch, | act ose, di cal ci um phosphat e,
m crocrystalline 5 cel lul ose, sucrose and kaolin, while liquid carriers
i nclude sterile water, polyethylene glycols, non-ionic surfactants
and edi ble oils such as corn, peanut and sesane oils, as are
appropriate to the nature of the a@tlve i ngredi ent and t he
particular formof 10 adm nistration desired. Adjuvants customarily
enpl oyed (J&ard?:% SR B A TAE B (e ATRAF dddiiE LY

be advantageous ncl uded, such as, flavoring agents coloring

i
. agents, prese%@"‘iﬁ@ﬂ@a% ARGien %t@croorgamfsms SUEHIAS vitanin E

ascor bi ¢ aci dpatibrdad apid\fullyi. The carriebhedl derd asbphaitraseut i cal
conposi tions st and 0|nt of e se ogv&;qganatlon and

i r'L% ”'E%ﬁﬁgg
adninisggatioﬁ 5?5 §3I|dnb i99 i ets and
hard-fill ed oathaqmld fp'clllmi d@pgilaeslycen’l Qropyeneigiyeal andf t he
conpounds i s RrghIY $b1yethylene glycol Th?’iﬁ@ﬂlé’%ﬁ%ﬂi‘&&‘%é@&o@' so be

adm ni stered parenterall% or |ntraper|tone Sol utions or

suspensi ons oPndh¥egetal ounds as a free base or

phar macol ogi c abbyre¥daddiong € salt can be prepared in water suitably
m xed with a surfactant such 25 as hydroxypropyl cell ul ose. Di spersions
can al be prepared in glycerol, .Iiquid polyethylene glycols and

m xturés thereof in oiIiI.Ummtenmaﬁkmuy conditions of st orage and
use, these preparations dgQnt o prevent the growh
of m croorgani snms. 30 %did%Y sﬁ%md%] nﬁ% ical fornms suitable for

i nj ectabl e use include sterlHJQ¥$R§%EPX§ﬂhnn(ﬂﬁ?ﬁﬂrOPhage)Thsﬁn45|ons and

sterile powders for the ext ek ocyte-mad¥dpiiq)-orcgd s slerile
i njectabl e solutions or ersions. In all cases, the formnust be

IS
sterilgg35 and nust @&aflﬁnfqﬁﬂ%rmeextent that easy syringability
exi sts”" It nust be stabmepmndenGHdaammnhpmmntnaﬁacld

-41- Lys: lysine

Ser: serine

Thr: threonine

BOC: t-butoxycarbonyl

BOP: benzotriazolyloxytris(dimethylamino)
phosphonium hexafluorophosphate

CBZ: carbobenzyloxy

TFA: trifluoroacetic acid

20

MS: molecular sieves

TEA: triethylamine

DMAP: dimethylaminopyridine

TFA: trifluoroacetic acid
G(granulocyte)~, M(macrophage)-, and
GM(granulocyte-macrophage)~ CSF’s

25

30

35



manuf acture and storage and nust be preserved agai nst t he

contami nating action of mcroorgani sns such as bacteria and fungi.
The' carrier can be a solvent or di spersi on medi um cont ai ni ng, for
exanpl e, water, et hanol, polyol (e.g., glycerol, propylene glycol
and l'iquid polyethylene glycol), suitable m xtures thereof,

and vegetable oils. Abbr evi ati ons 4210 IL: interleukin
CSF: colony stimulating factor G granul ocyte) -

M macr ophage) -, and GM gr anul ocyt e- macr ophage) -

CSF' s & clgiims br thJ.s .mventlo’ﬁ &rid Pfeir
2, 6- dlam nopi nelic acid si ne Ser:

serine preparatlonnﬁantpﬁwaﬂQqﬁ§tooélfu er by tq§}§ollow1ng

t - but oxycar bortampfles, but should Bidt dmmadituter @ limdtatidrdi met hyl am no)
phosphoni um hptzl%é Lé?’ ophosphat e CBZ: carbobenzyl oxy

TFA: tl’lsf| uor o ‘acid MS: nol ecul ar si eves 25

TEA: triethyl am ne In the folloijg3examp$agu;gnlgg§m¢th¢nwlse

TFA: trifluor %1{1 ? cts are s AQde) - M nacr ophage)

and anu ocyte- rraC|P0|Cﬁ1 CSF' 30
&ﬂm%‘&ri‘d‘-sa ‘g_L

-42- chromatogr r‘\?é"rﬂ'l"tﬂf) PRER ei rT5he
preparation cqstﬂia:wmierpﬁdautﬁslrﬁdﬂereﬁemmﬁé ®y PEA®n Silica Gel

. GF (250 mm). Melting points are obtained on a Mel-Temp

10 apparatus and are uncorrected (all temperatures in OC) .
Unless otherwise specified, 1H NMR (300 MHz) spectra
are obtained for deuterochloroform solutions (1%
internal standard, Me 4si; coupling constants reported

in Hz units). Reactions requiring anhydrous conditions
15 are performed under argon atmosphere, using solvents in
septum sealed bottles. Organic solutions are dried
over magnesium sulfate or sodium sulfate and the

solvents are removed in vacuoc on a rotary evaporator.

20 Example 1

N-(l1-oxcheptyl)-D-allo-Threonine (2c-1) _
A solution of n-heptanoyl chloride (440 mL,
2.83 mmol) in THF (250 mL) is added dropwise, over a
period of 30 min, to a cold (-5 to OOC), vigorously
stirred mixture of D-allo-Thr (300 mg, 2.51 mmol) and
2N ag. NaOH (3.5 mL, 7.0 meq) in THF (4.0 mL). The
resulting mixture is stirred for 2 h at the same

25

temperature and overnight at room temperature. The
volatiles are removed and the residue is diluted with
30 water and acidified, using conc. HCl. The mixture is
extracted with EtOAc and the combined organic sclution
is washed with brine, dried, filtered, and concentrated
to provide crude 2c=1 (420 mg, containing 10% excess
heptanoyl reagent) which solidifies upon standing.
35 NMR 5§ 1.28 (d, J = 6.5, 3 H), 4.20 (m, 1 H), 4.61 (ad,
J =13.4, 6.6, 1 H), 6.56 (br 4, J = 6.9, 1 H); [a]gs
-38+2 (CHC1,).



exanpl es, but should not constitute a limtation t her eof .

In the followi ng exanpl es, unless otherw se speci fied, products are
sepdrated by fl ash chromat ography on Silica Gel 60 _ (230-400 nesh).
The purity of products is determined by TLC on Silica Cel G-
(250 mMm. Melting points are obtained on a Mel-Tenp 10 appar atus and
are uncorrected (all tenperatures in C). 43 Unl ess ot herw se
specified, 1H NWR (300 MHz) spectra are obtained for

deut er ochl orof orm sol uti ons (1% internal standard, Me[err]Si;
coupling constants reported I n i . Reactions requiring
anhydrous conditions 15 are perfo%?%ﬂe%'?r argon at mosphere, using

solvents in sept um SHLIIPAQNE are dried

over negnesium sul fate @.ﬁﬁdlmwlgf,atgeb @@dnﬁdaﬂ) ;,_s coz\»tféli @l e
removed i n vaguo on ota orator
Eeaple 1 26220" o118l BHE Srdiceure describad g Aramatey )1

A sol ut Pon of leepn.aaayl(dchbo#l dc4(430HN,., 4.45 (m,2188)pmal b5 gadLF (250

m.) is added g.rgo\yl % g O\éerednr% 6. BOO%HB%Ei(ﬁT gh 'W@ %?%ﬁ) -5to 0

C, vigorously 'xtur mol ) and
2N agq. NaOH (%- §8m£brrdo Fed &3, TAFH)S. MSH(FR-Ff) m/z 321r~e"§ﬂ9c|% m xture

is stirred fogaddd.aledd@ SHENO,, 321.a%ae)ature and overni ght at room
t enperature. The vai®atd? e are regg‘ved and the residue is diluted

W th 33 wat er and acidified, u . HCO . The mxture is
extract® with Et OAc m;t_._ﬂ@m_m@awm@_&qﬁls washed with

brine, dried, filtered, 12 0 s Hgg‘ag 1 (420
ng, containing 10% excess%q'l% % (tanoy reagené i [ clh SO 1 €S upon
standi ng. 35 to RERI,efidllpwidhyg diheJ progegiure descriled dn Exgmple 61 (dd,

\(]CI—ICI3[4 ]6)6 11 Hied sael s Ghat o62%-21 H):  [err] sa 38+2
err - 43-
Exanmpl g 2 N- (1- S¥RI&4S - D Thr eoni ne (2c- 2)
D-Thr €2.50 g, 20.99 mmid(i-exetwtwiadT-Threonine (2c-4)

L-Thr (300 mg, 2.51 mmol) is converted to
2c-4, following the procedure described in Example 1:
NMR same as that of 2¢c-2.

Example
={l-oxoheptyl)-D~-Serine (2c~-
D-Ser (6.00 g, 57.09 mmol) is converted to 2c-5,
following the procedure described in Example 1. The

20 N

crude product is purified by chromatography (2x21 cm
column, gradient 1% CH30H and 0.5% HOAc to 3% CH,OH and
2% HOAc in CH,Cl,): NMR (CD,OD) & 0.90 (t, J = 6.8, 3
H), 1.32 (m, 6 H), 1.63 (m, 2 H), 2.27 (apparent t,
J~7.5, 2 H), 3.81 and 3.89 (AB of ABX, JAB = 11.2, JAX
= 4.1, J BX = 5.0, 2 H), 4.49 (X of 2ABX, J 4.2, 4.8, 1
H); MS (CI, NH,) m/z 218 (M + H), 235 (M + NH,)]; [@]2®
30 -8+1 (MeOH).

25
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2c-2, follow ng the procedure described in Exanple 1: 5 NVR [err] 1.22
(d, J’'=6.4, 3 H, 445 (m 1 H), 4.55 (dd, J=19 8.3, 1H,
6.30-6.80 (br s, variable, >2 H), 6.88 (br d, J =8.3, 1 H; M
(HR-EI') mz 321.1939 (M calcd. for (Jerr]Herr]NJerr], 321.1940).
Exanple 3 10 N- (1- oxoheptyl)-L-all o-Threoni ne (2c-3)

L-allo-Thr (150 ng, 1.26 nmol) is convertqd to 2c-3, follow ng the
procedure described in Exanple 1: NMR sane as that of 2c-1

Exanpl e 4 N- (1- oxoheptyl ) - L- Threoni ne (2c-4)

L- Thr (300 ng, 2.51 nnDI) i's convertg&an,, 2c-4, followi ng the

procedure des%ﬂ

Exanple 5 20 : =K Lo AT A = gt . D- Ser
(6.00 g, 57. Ogggﬁgn) is converted to 2c- 5 follomnng t he procedure
described in Exanple 1. al rqd

chronaégﬁraphy (2x21 cm g%lutloﬁ d%r%g%n%dqe#ghfyisggiéﬁégé'and 5% HOAC

to 3% CH err] carbexylic acidy,(AG8c mdn %Pemmpé;)[é-md)ry ‘qqme(r@[(érr]w)
Eerr] 0. ?Ot(tnaﬂ is €réatdd with gxg% llcﬁackﬁaeﬁB f?iB :hﬂﬁmhi 37
appar en Lan Q err] =

Jlerr] at §° £ aynghe gggt %PrAgxh‘?ﬁ4ﬁy

E%écﬁ? (C, Ndempephturz ahd aNh+aH)ro@&BtéNperHHh&mL]medﬁys] 30 -81
Beampl o6 TSR A EEROYER S ECHR ., P ESHEEAA 35 5% FH%oni ne

(2c-6) acid chloridesdnudryn agetonifsidepdidt mldy disotpddatk to a
carboxylic achdxeh9d 6% nlafilm i(Lo@ ¥g!,OloUeBe ninbl) , 2N d§.) N=oH I eat ed

h IIhI 7 mp)
with oxalyl c Or'df ( 62ongeq? and TEA (85 mg, 0.85 mmol) in THF

(1.5 mL), following the procedure described in Example
1. The crude product 2c-6 is purified by
chromatography (1.5x18 cm column, 5% CH30H and 0.4%
HOAc in CHZCIZ): NMR § 0.88 (t, J=7, 3 H), 4.15 (m, 1
H), 4.54 (m, 1 H), 6.49 (d, 1H); MS (CI, CH,) m/z 300
(M + H).

15

Example 7

20 N=[ {4=buto en acetyl]-D-allo-Threonine (2c-7
4-Butoxyphenylacetic acid (288 mg, 1.38 mmol) is
converted to the acid chloride and added to D-allo-Thr
(150 mg, 1.26 mmol) to get 2c-9, following the
procedure described in Example 6. The crude product is
purified by chromatography (2.5x18 cm column, gradient
4% CH30H and 0.3% HOAc in CHZClz): NMR § 0.96 (t,
J=7.4, 3 H), 1.14 (4, J = 5.8, 3 H), 1.47 (m, 2 H),
1.74 (m, 2 H), 3.53 (br s, 2 H), 3.91 (t, J ~ 6.5,
2 H), 4.10 (br s, 1 H), 4.53 (br s, 1 H), 4.90 (br s,
30 >2 H), 6.76 (br d, J = 6.0, 1 H), 6.84 (d, J = 8.4, 2

H), 7.13 (4, J = 8.4, 2 H); MS (HR-EI) m/z 309.1567 (M

calcd. for C, H,.NO;, 309.1576); [al3° -26+2 (CHCL,):

o 16723
m.p. 90-94°C.

25

35



at O[err]C and the mxture is stirred for 2 h at the sane

tenperature and 1 h at roomtenperature. Excess reagent is renoved
in vacuo.” A solution of the crude 10 acid chloride in dry acetonitrile
(2 n) is added to a m xture of D-allo-Thr (100 ng, 0.85 mml), 2N
aq. NaCH (600 [err]l, 1.20 neg) and TEA (85 ng, 0.85 mmol) in THF
(1.5 nm.), follow ng the procedure descriggg I n Exanpl e 1. The crude
product 2c-6 is purified by chromat'dgr aphy (1.5x18 cm col um, 5%
CH err]OH and 0. 4% " HOAc in CHerr]C[err]): NVR [err] O.88 (t J=7,
3 H, 415 (m 1 H, 4.54 (m ﬁxg%glg 49 (d, 1H; M5 (Q, CHerr])
m z 300 (M+|ﬂ. Bmmﬂe?ZO

N- [ (4- but oxyphefy ; ' B-ARradk Rec ik Ester

4- Butoxyphenylgzg_gg acid (288 ng, 1.38 nnDI) S converted to the

d chl d dded h 15 6
ggIQ Cfoo{gmfneggﬁé 2§_lt?45?gcédu1 EaeE%P}Beg alg§SﬁBP§ %nn$h% & QEt
pr oduct |s 25 ML) gndutre§t99 whtbnaodbjdaNalce?. §3223 mchGLeznmmgﬂadlent
4% CH err] OH agfg ébfgéﬁ%tgng}ﬁﬁ§fhgk[séréélﬁkgﬁ[?BE] Ohggt

=7.4, 31, 114
3.53 (br s, 2 H-78.61 (Thejmixture is coo QdHFO 4015006 and L‘rH)itedl 53 (br

2,41 H, 4.90 ¢behsbeRfyl braalh& (£.1% AB! 9.33 —mioR).l Bkir?idd (¢

EJ 309. 1567 M
cal cd. 8 CIe$$TF%%??? Er?]h 35946596§n§8%§qﬁ aﬁéé éFEF[err]) (
m p. 90-94[ er r¢t&ppegdture. The volatiles are removed, and the - 45-
Ex le 8 |
(2e-1) reib%“ fgonaneN » Q‘PD%B ggﬁf?ge'snﬁTgEg?*égmyEﬁEg 18° 5
nL) and treat c3CRR¥H §6+|Ua§BF@I¥b |bripe, griedgofigbered, and and the

resulting n1XtQVipaﬁaBéd[reﬂufﬂfl&aﬁléﬁ of the &Quaé[ﬁfthét EQG mxture is
cooled to 40-5 an tre brom de n., 9.31

benz
mol )., Stirri ?%a ograp %oﬁ%*%ﬁeﬁmfﬁ? yny, ¥ koexane/ tﬂAS@ gi¥eent 10
tenperature. &ehitéasolid whicheisveharactetized as 2ergsigue mg,taken up

:jpl sgerH Iotlge?g 7-r|];§ﬁoff gangir | 2¥%L'sd S(apparentsqzo,araatﬁds.él\fasipelg) e th brine,
1.09 (d, T = 6.4, 3 H), 1.20-1.40 (m, 6 H), 1.55-1.74
(m, 2 H), 2.27 (apparent t, J ~ 7.5, 2 H), 3.20-3.80
(br s, variable, 1 H), 4.21 (dq, J = 3.3, 6.4, 1 H),

20 4.74 (dd, J = 3.3, 6.8, 1 H), 5.20 and 5.23 (AB, J =

12.2, 2 H), 6.43 (br d, J = 6.5, 1 H), 7.36 (m, 5 H);
MS (HR-EI) m/22321 .1939 (M calcd. for C18H27N04,
321.1940); [c]D -29¢2 (CHCl,): m.p. 70-73%C.

Examgle 9

25 N-(1-oxoheptyl)-D-Threonine Phenvlmethyl Ester (2e-2)

Benzylation of crude 2c-2, according to the method of
Example 10, provides 2e-2. The crude solid is purified
by chromatography (3.0x39 cm column, 3:1 hexane/EtOAc) :
NMR § 0.88 (apparent t, J ~ 6.8, 3 H), 1.20 (d, J
30 6.4, 3 H), 1.23-1.38 (m, 6 H), 1.60-1.71 (m, 2 H), and
1.55-1.95 (overlapping br s, variable, > 1 H), 2.28
(apparent t, J ~ 7.6, 2 H), 4.37 (dq, J= 2.4, 6.4,
1H), 4.67 (dd, J = 2.4, 8.9, 1 H), 5.19 and 5.22 (AaB,
J = 12.3, 2 H), 6.21 (br d, J=~9, 1 H), 7.35 (m, 5 H).
35 MS (HR-EI) m/z 322 2011 (M + H calcd. for C._H No

1828
322.2019); [a]D +9+1 (CHC1,): m.p. 77-80°cC.



evaporated. Purification of the crude product by chr omat ogr aphy

(2x24 ‘cm col um, 3:1 hexane/ Et OAc) gives 15 a white solid which is
chatacterized as 2e-1 (506 ng, 1.57 mmol): NWR [err] 0.88 (apparent
t, J =6.8 3 H, 1.09 (d, J =6.4, 3 H, 1.20-1.40 (m 6 H),
1.55-1.74 (m 2 H, 227 (apparent t, J =7.5 2H, 3.20-3.80

(br s, variable, 1 H), 4.21 (dq, J 334664 1 H, 20 4.74 (dd, J =
3.3, 6.8, 1 H, 5 20 and 5.23 (AB, J: 12.2, 2 H, 6.43 (br d, J =
6.5, 1 H, 7.36 (m 5 H; M5 (HR-El) mz 321.1939 (Mcalcd. for
Cerr]Herr]NJerr], 321.194(§Ea,£ﬁé]10 29+2 (CHCI[err]) m p.
70-73[err] C anpl e 25

N- ( 1- oxohept yl lzadlesThregnine X Es genzyl ation
of crude 2c- ZMdI ng to the rret hod of Exanpl e 10, provides 2e-2.

Th d I 9 3:1
nexane! & OAC) 'ﬁjenz?ﬂ%‘“w&m 7udp gaifn R Vo leh ety °8 0 O
J =130 6. Bxagpde 10 .za:zlcmmqsnﬁy) TheCmdd fodid i¢ puniified
1.55-1.95 > 2 =
76 2 h. (OV%{)} 'ﬁfdiﬂaé& ﬁap#r(ﬁ%@za cnl un%x 34 1Jxexax(é‘}’ﬁ’@6ftg}9 1
H, 5.19 and 5‘@25@4& as thatﬁﬁé‘g‘-%v I‘ESH) 60 ?ﬁ?lJl%351(111|) 7.35
5 . 35 o (#dx k¢ S22 ¥H11440) 25

g:[merr] |I:I?err] Néaelrr],m( 23© CQB% Z€€9) [e%r] -ttgla CHé [igr(](gHCI:?n
77-80[ grd'] C - 46-
Exanpl N- (1- oxohept yl ) - L-Exdnplrkbni ne Phenyl nmet hyl Ester
(o) o, HMEIIGRN SLUEctn e B0R0IH B,

anpl e
chrgprrat ographPe(’@%%Qﬂn%lwe Ae-heasronding to the methed @fie as

that of 2e-1; pManpi’ Hlo, Brovides 4B-4 M The soPﬁi cik pfified by
C[err] Herr] Ngh%ror atosgzrla 940?2 J)éé +25+ ’ z,laJJ{Jr}t of 4:1 tnc]:p 70-73

N—(l oX’t?neptyB) -nhﬁxmﬁmmvmvlm rgeLmeEsasertx(azEmg 2e-2; MSBe(EB+ation of
de 2c-4, t 1 2e- 4.
crude 2c-4, a b%/w 3{):& a7 Xh Uy, for 8&%’%}& O.zzi” 4Gfs 2e-

The solid is pu chr omat og Qj’l 2 cm co rm gr adi ent
of 4:1 to [alp —9+2 (CHC1,); m.p. 78 80

Example 12

~(l-oxoheptyl)=-D-Serine Phenylmethyl Ester (2e-5
Benzylation of 2¢-5, according to the method of Example
10, provides 2e-5. NMR § 0.88 (apparent t, J=6.8, 3
H), 1.20-1.40 (m, 6 H), 1.55-1.70 (m, 2 H), 2.25
(apparent t, J ~ 7.7, 2 H), 2.45 and 2.80 (br s, 1 H),
3.92 and 3.99 (AB of ABX, JAB = 11.2, J = 3.4, JBX =
25 4.0, 1 H), 4.72 (ddd, apparent quintet, Jx NH = 7.3,

JAX ) JBX 3.7, 1 H), 5.21 (apparent s, small AB side

signals, 2 H), 6.46 (br 4, J = 7.1, 1 H), 7.36 (m, 5

H); MS (HR-EI) m/z 307.1792 (M calcd. for Cl7H25NO
307.1801); [e]2® -11#1 (cHCL;): m.p. 62-66°C.

Example 13
N-{trans(4-pentvlcyclohexyl)carbonyl]-D~allo-Threonine
Phenylmethyl FEster (2e=6)

Benzylation of 2¢-6, according to the method of Example
10, followed by chromatography (2x18 cm column, 0.5%

35 CH,OH in CH,Cl,), provides 2e-6. NMR § 0.88 (m, 5 H),
1.07 (d, J = 6.4, 3 H), 1.10-1.35 (m, 8 H), 1.35-1.55
(m, 2 H), 1.64 (br s, 1 H), 1.64-1.97 (m, 4 H), 2.14

20
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15 3:1 hexane/ EtOAc): NMR sane as that of 2e-2; M5 (HR- El) mz

321.1947 (Mcalcd. for err]Herr]Jerr], 321.1940); [err] -9+2
(CHC [err]); mp. 78-80[err]C. Exanpl e 12
N- ( 1- oxoheptyl)-D- Serine Phenyl net hyl Ester (2e-5) 20 Benzyl ati on of
2c-5, according to the nethod of Exanple 10, provides 2e-5. NWR
[err] 0.88 (apparent t, J=6.8, 3 I—Rﬂ 1. 20 1.40 (m 6 H, 1.55-1.70
(m 2 H, 2.25 (apparent t, =7 2.45 and280(br s, 1
H) , 3.92 and 3.99 (AB of ABX J[err] = 11 2, J[err] 3.4, Jlerr] =
25 4.0 1 hﬁ; )2 (:9'% aRpag e ﬁbu,“&eio éxﬁeriln)—, 74373 (aa JJ[e”]
= J[err] 3.7, apparent S, nals, 2 H,
6.46 (br d, J -37 afldrﬁ 35 Ky 3 1§ 'and %25 I\BM?HRIﬂ;) n% 30721792 (M

calcd. for Ceny|] F&.eu]tﬂezr% 6.6, 1 H); MS (HR-EI) mpz 389.25807(%801);

[E)e(;.;f;llf)l ;a11+1 (CHqégr r%%# ai&‘.l% 6$I[ c‘I%]%é& )Eﬂ'monﬁﬁi?l} gaﬁ%lﬁl)h'r eoni ne

-Phenyl net hyl bBsips X33 C. Benzyl ati on of 2c-6, according to the
nmet hod of Exanpl e 10, foll omeg}‘%ﬁrﬁmt ogr aphy (2x18 cm col um,
0.5% 35 CH[err]O—lln CH[err]CI[er provi des_ 2e- NVMR [err] O.88
(m 5 H, e.i&%mmlﬂ%%l%

(m 2 H, 1.64 (br S, 1 H , Qfgﬁg@imfﬁtﬂ,(&éﬂ)

4 e 6.7 5o S B0 S adetlaids 20 e hbbngt 32 £fyple,

d, J =6.6, 110 ;foEdwéd Bty chrodBSoPShshy M2x20 cmcadlemnf oB:1
Cerr]Herr] N Stdne/ BEOASP S Brodfddd 283472 (éﬁgl*qr rddd (m, 6 H), NP

130-34[err] C. N-r
(4- but oxyphenyd )2 e(®4 12 Bk | b-Thr @Bni he) ,» 3. 38" (br s, 1 H), 3phényl net hyl

Ester (2e-7) (appar&ebzy) anamn KB 26ide éli‘éﬁéﬂéﬁgztm];h? g8t hod of Exanple

10 10, follpwed b t og hy, (,2x20, C
hexanelﬁl? OAc), P %%%%EE l\{\/%o{e% }ﬁ( 'bU{r%nf %) 4. 72 (a4, 59 Tm 2
H, 1|. (m Z.H) a5r&i38 {br]isn),l 5)13 3and 5.19 (AleappapehiSB, 3m;n AB?ZI de
si gnal s, 2
(dd J = 5357‘? oB5 L5, p‘p% "} A and‘g ﬁ% (‘AB, 347_ 1% g} W{éé
6.38 (br d, J 46.8,=18+§, &1y (NS (CE, &, ) M5, 490160 + H) 7 [e]p
-18+2 (CHCl;); m.p. 80-83 Cc.

Example 15
(R) -3~ (Hydroxy-N-(1l-oxoheptyl)-D-norvaline

phenylmethyl ester (2e-8)
Benzylation of 2c-8, from Example 51,

according to the method of Example 10, provides 2e-8.

Example 16
(S) -3-(Hydroxy-N-(1l-oxoheptyl)-D-norvaline

phenylmethyl ester (2e-9)

Benzylation of 2¢c~9, from Example 52, ac-

!

20

25

cording to the method of Example 10, provides 2e-9.
30 _ Example 17
N- N2- 1,1-dimethyletho carbonyl -n%- henyl-
methoxy)carbonyl]=(R)~6~ henylmetho carbonyl]l-1-
lysylij~D-Alanine Phenylmethyl Ester (40b)
A mixture of N—[Nz-[(1,1-dimethylethoxy)car—
35 bonyl]-Né6~[ (phenylmethoxy)-carbonyl]-(R)-6~[ (methoxy)~-
carbonyl]-L-lysyl]-D-alanine 4-nitrophenylmethyl ester
(40a, Kolodziejczyk, et. al., Int. J. Pept. Prot. Res.,



(d, J =8.6, 2 H; M5 (C, CHerr]) mz 400 (M+ H); [err] -182
(CHO [‘err]); mp. 80-83[err]C. Exanpl e 15 20
(R) - 3% (*Hydr oxy- N- (1- oxohept yl ) - D- norval i ne

phenyl met hyl ester (2e-8) Benzyl ati on of 2c-8, from
Exanpl e 51, according to the met hod of Exanple 10, provides 2e-8.

25 Exanpl e 16

(S)-3-(Hydroxy- N (1-oxoheptyl)-D norvali T8~

phenyl net hyl ester (2e-9) Benzyl ati on of 2c-9, from

Exanple 52, acrgez, 39, FéSl r@as:fgieﬂ@é%ﬂ Exanpl fed@1aPr SYbeles 26-9.

N[N err]-[(1, %2 ded nyFetshsd) c n{39 - R[®k} | -3p$HReRzYl alcohol
met hoxy) car bonyii.d B)L:G 1dphe e} X ys€irbedYEdr L30 min and then

lN}/[SKIl[LrD'AI[ ?Elane%ﬁ% %%%Eri%tfenrx( 'é)Obisopropoxide (82 pl,A 6‘13“}““3 of
bonyl ] - N6- [ ( pheeeg) net‘rtca(yges;al‘tbmg/lq;:@t?t)zé ig npeatoed)for 24 h at
carbonyl ] - L- 'ys%/iQGQE al %&%&% r&pé‘ef‘i’ii@% | £8568Eh diatombéf8us

Kol odzi ej czyk, Pr ot
- 48- SCB'BGE% rqm%e%m?he 1LXGR$S CReBEY ]| eves

(2.15 g, crusfﬂﬁanJﬂFlé J&:Ewaa bﬁr&w@ﬂzy&fé&mla RugelréHz. O nl, 105.6

‘ol ) is stirred for 30 reat dlL. it un(1V)
i sopropgxi de (¥P% 3RATYS F%P‘??"x 11685 rfbcﬂressﬁfee'r g‘lﬂt% %e i s heat ed
for 24F5h crude &x@tjeroi X id hehsmha tiegzaphéd | (2:5}:@1 hcnughlumn) '

di at Omiceous d;}f' 3he ﬁ&&ﬁé}f&%v% J%f&&eééba Néy

rﬁ‘)a
al cohol is renbve stilTati'on on us %approx

1000 [err] pre‘%-ur%8 aolqla%b-rr]lﬂﬁ §The 380 (%’1 Jcﬁﬂel’ora?ndﬂ u0|ll 4% (s,

chromat ogr aphesl Y, Sx3fo<c P! 4iN)4 H), 1.84r@sh-edf fuy, 142@'1 (br s,
hexane/ Et OAC) t prow de 40b 88% eI d NJJ\./RkI err] 1.39
3‘5 84°¢Br s, 2

33
(d, J = Yo AP (@, f*?'b%(ip
H) 0175(br s(br d, 1 H) H)5.0u~8. 250 (d, H§ n)4, 5&.4apaarem aqua=n7e9 1H),
5.0 15 (bryyd,
H), 6.68 (br b 6. (b}éq{ 512"@5'( F?a‘?) éﬁ R T Ny (M+ H,
cal cd. for C[eﬁ'HH[ 3]NEe#r1}Q%ﬂ<} 6?‘5?3@33#}46 gr 676.3234).

Exanpl e 18 Example 18
N=- [Ns- [ (phenylmethoxy)carbonyl]-(R)-6-[ (phenylmethoxy) -
20

carbonyl]-L~lysyl]-D-Alanine Phenvlmethyl Ester (3b
A solution of 40b (251 mg, 0.37 mmol) in TFA (870 ul)
is stirred for 30 min at 0°C. The TFA is removed and
the oil is taken up in EtOAc and washed with saturated
NaHCO,, _solution. Drying and removal of the solvent

25 gives 3b (225 mg, slight excess) which is used in sub-
sequent reactions without further handling: NMR § 1.39
(d, 3 H) and 1.20-1.70 (overlapping m, 4 H), 1.82 (br
s, 2 H), 3.23 (br s, variable, 2 H), 3.33 (br s, 1 H),
4.39 {(m, 1 H), 4.47 (apparent quintet, 1 H), 5.03-5.13
30

(m, 6 HY, 5.27 (br d, 1 H), 7.35 (m, 15 H), 7.95 (br d,
1 H); MS (FAB) m/z 576 (M + H), 598 (M + Na).

35



N[N err]-[(phenyl met hoxy) carbonyl ] - (R) - 6-[ (phenyl nmet hoxy) - 20

carbonyl ]-L-1ysyl]-D-Al ani ne Phenyl met hyl Ester (3b) A sol ution of
40b* (252 nmy, 0.37 mmol) in TFA (870 [err]l) is stirred for 30 mn at
0C. The TFA is renoved and the oil is taken up in Et OAc and washed
W th saturated NaHCJ err] solution. Drying and renoval of the

sol vent gives 3b (225 ny, slight ekcess) which is used in sub-
sequent reactions without further handling. NVR [err] 1.39 (d, 3 H
and 1.20-1.70 (overlapping m 4 H), 1.82 (br s, 2 H, 3.23 (br s,

vari abl e, 2H) 333(br s, 1 H,
quintet, 1 H) 03- 5. 13 30 o
7.95 (br d, R-(RA A

-4(9- S methyl-3-~(phenylmetho »onyl]-Ns-[(ghenxl-
R(R,R)]-N-[N,err]- 30X0Q-2- - O % '!?o Ia ; 1]1-I-

met hyl - 3 (phe#ﬁ&%ﬁ%ﬁ%@igm e J' AR L

met hoxy) car bodyiEy1(R) g Lone I [Ratie

| ysyl ]-D Al aniygn [ i of 2e-1 (173.6
ng, 0.54 mol %ﬁ%ﬂrﬁ%ﬁﬂ_g 977%5‘1!;83 % r];'s)g ov%?FS M5, 1.45
ml) is add- (Sure/Sealo sodvent xadr s‘@@¥é3( 1‘!?2: M <48 Ebnis raddruene;
1.40 L, 2.63 iRl extidsy 81 phdsdeneA 18k Mergdiut bH8id Oboluendp! )

over a period_of 15 _m Q[ er.r The re uIt| urels
stirreqfor art* é@dr”ﬁ'o% %t:‘? r#“f?la?t' e ernatel r}g}m %qj{]]r‘«g"an(g]%%
at room’t enpemmol)e oVEIE a periodriodf % nin dﬂgaﬂss'b.d Whe resmlting 30 m n

and stirred —nj3 ‘J?cruﬁasﬁé a%ﬁirx@&%&r ;‘arg%{ d?ﬂ:{iﬂx{' 15T*}ﬁ’1ﬁe§*d€ﬁe' s 15

treated vvlthaso utlon of epare
CH err] CN (r e teppegatyye 5 Sy ac"hé?POm temperatyurs. [e'-F??I 0.58

mol ), both agdedurld i day‘aessewmth argodi fex sﬂmrﬂﬂnlémstsﬁﬁﬂe@verm ght
at anbient te ra- ture The xtyre is ta % n EtQAc/H[err]O
and the 20  SNORFo ASRIEARSR RFSSSHER APF i Al (L

Et OAc i ce ard-elaited anttin ed sn]gﬂrmm'_x ;ﬁmme’shlmsimpared ;bvx(mh:s'bri ne,
dried, fil ter%ol%”‘ine‘@g‘&nﬁt&%dzpﬂd d€3%or THF, 2.9 mL) and then

TEA (81 ul, 0.58 mmol), both added all at once. The

white slurry is stirred overnight at ambient tempera-

ture. The mixture is taken up in EtOAc/HZO and the

layers separated. The ag. phase is extracted with

EtOAc twice and the combined organic phase is washed

with brine, dried, filtered, and evaporated. Purifica-

(m 1 H, 4.47 (apparent
br d, 1H) 735(m 15 H),

fla31

20

tion of the product by chromatography (3x30 cm column,
gradient of 2:1-1:2 hexane/EtOAc) gaves a white wax
which is identified as la-l1: NMR § 0.86 (m, 3 H), 1.11
(4, T = 6.4, 3 H), 1.20-1.40 (m, 8 H), 1.42 (d, J =
7.3, 3 H), 1.50-1.75 (m, 4 H, with overlapping H,0 sig-
nal), 1.75-2.05 (br 4, 2 H), 2.20 {(m, 2 H), 4.15 (br s,
1 H), 4.47 (br s, 1 H), 4.62 (apparent quintet, 1 H),
4.87 (apparent br d, J ~ 6, 1 H), 5.00-5.20 (m, 9 H),
5.23 (m, 1 H), 5.37 (br d, 1 H), 6.40 (br d, 1 H), 7.33
(m, 20 H), 7.77 (br 4, 1 H); MS (HR-FAB) m/z 923.4420

(M + H, caled. for C;  HN,0,,, 923.4442).

25

30

35



tion of the product by chromatography (3x30 cm col um, gradi ent of

2:1-1:'2 hexane/ Et OAc) gaves a white wax 25 which is identified as | a-1:
NI\/R["eFr]086(m3H) 1.11 (d, J =6.4, 3 H, 1.20-1.40 (m 8 H),
1.42 (d, J = 7.3, 3 H, 1.50-1.75 (m 4 H wth overlapping Herr]O
si g- nal), 1.75-2.05 (br d, 2 H), 220(m 2 H, 4.15 (br s,

1H, 4.47 (br s, 1 H, 4.62 (apparent qQggquet, 1 H), 30 4.87 (apparent
brd,J:6,1H),500520(m9H) 523(m1H),5.37(brd,1
Hy, 6.40 (br d, 1 H, 7.33 (m 20 H), 7.77 (br d, 1 H); M (HR-FAB)
mz 923.4420 (M+ H, caI cd. W[err]werr]qerr], 923. 4442) .
35

Exanpl e 20 m noj - 1-
et hy| - 3- ( phe PRI £\ Z fpczymle(es, R yejca !

met hoxy) car bo p -0 V] ARt Y, - 1.5 T
lysyl]-g Al an o ] - g arbon nd 2e-2
(20 ng, ~0. 062 l¥eyl)] —=Dr-Adal shex JdAa=2¥| ), following the
procedure in ol&d Rgdd i nﬁ_ﬂ cu‘ ddnen&mc;eirgqswgléd 5x21

I 2:1.h / t t whi ch 10

ghma:’:g.c'ltj(ranl?l zed¥; &é_-%‘xagcza (% %ﬁ)[‘g‘ﬂ\ﬁﬁ o ﬁ’o“ LP(:”?oclef?rﬂfe in 1 23.1.38
(overl appi ng #xahples1s. SFIﬁzarﬁiaatJ&rH)qf the crudel(Prafiuck {V.2%28 H),
1.55-1.75 (m h r 90 m
551,75 (M ch Hoalil) 949 peganemdohl) RAVALH MO i 45 %0 (
(apparent 15 charggterdzed) as) ,..94:%3 (N%Rd 038f) (m5. 35H},33- @ﬁ; aga) |
5.35_(br s, 13Hp3-9.5% ((@verlabfng @30 (D63, b M ana m, 8 Gf2 (br s, 1
H, 7.33 (m 20 HR-FAB) e 155127354455(|\/|+|4 cal'cd. for

Clerr]Herr] NF‘GIAH) (ﬁdEr do# '44‘?45{) H, with OVeIExanpl e
21 20 [ S16BDiRY) B [S¥gmal])-| [13-15«t.q ((h,omhap,t yd )zt (w] -2-H) ,

t hyl - 3- (ph | e
gt hgx ).scélfbgﬁg;I(]]rée((g?)< %pﬁ@(r)fi(/%a] b@gca’r boﬁ{) :{(531 %parreml: -D- Al ani ne
Phenyl rret hyl a-'l-a)“I 4.83 (br onn';ﬁ)Lﬂﬁj'Bz-é(B (@27 Sﬁhg 0. 085
nmmol) is 25 g, 3%0%&&9% wipt l1y3b o GG HEmH flﬂ' | QWﬂﬂ {dye Progegyre in
Exanpl e 19. Purif.i cat ion of _the crude uct cm col um, 2:1
hexane/ Et OAc) 8gffedPX Fi tle Klax A wﬁa%rﬂf )' ”%eﬂﬁ?qw & 4a-3: NWR

[err] 0.86 (mp23.Wr551.(M+lH5 dabecd. for C..H_ .N,0 923.4442).

5176374712’
Exam 231
20 S-(R* ,R*) ]=N=- N2- 3-ox0~-2~ ~oxoheptyl)aminoj=-1-
methyl-3-(phenylmetho ~propo carbonyl —Ns— henvyl-
metho carbonyl]-(R) -6~ henylmetho carbonyll-L-—
lysyl]-D~-Alanine Phenylmethyl Ester (la-3)
Compound 2e-3 (27.4 mg, 0.085 mmol) is
25 coupled with 3b (0.06 mmol), following the procedure in
Example 19. Purification of the crude product (1.5x16
cm column, 2:1 hexane/EtOAc) gives a white wax which is
identified as la=3: NMR § 0.86 (m, 3 H), 1.20~1.35 (m,
1 H), 1.39 and 1.35-1.57 (overlapping 4, J = 7.1, 3 H,
30 and m, 4 H), 1.75-1.95 (br s, 2 H), 2.10-2.30 (m, 2 H),
4.08 (br m, 1 H), 4.37 (br s, 1 H), 4.57 (apparent
gquintet, J = 7.3, 1 H), 4.70-5.30 (overlapping
multiplets, 10 H), 5.93 (br d, 1H), 6.50 (br 4, 1 H),
6.63 (br 4, J=7, 1H), 7.05 (m, 1 H), 7.34 (m, 20 H); MS
35 (HR-FAB) m/z 945.4281 (M + Na, calcd. for

51H62 4 12Na, 945.4262).



;1 H, 1.39 and 1.35-1.57 (overlapping d, J = 7.1, 3 H 30 and m 4 H),
1.75-1.95 (br s, 2 H), 210230(m2H) 4.08 (br m 1 H, 4.37
(br s, 1 H, 4.57 (apparent - quintet, J =7.3, 1 H), 470530
(overlappi ng multiplets, 10 H, 5.93 (br d, 1H), 6.50 (br 1H,
» 6.63 (br d, J=7, 1H), 7.05 (m 1 H, 7.34 (m 20 H); M 35 (HR-FAB) m z
945.4281 (M + Na, calcd. for C[er.rg%d[err]N[err]CIerr]Na, 945. 4262) .
-51- e 22
[R(R*,S*)]-N[NJerr]-[[3-0x0-2-[(1- oxohentyl)am noj - 1-
met hyl - 3- (phenyl nmet hoxy) - pr opoxy] carM_Mgrr] [(phenyl
met hoxy) car bonyl ] ~{R I QXY).£3a I
| ysyl ] - D- Al anire—Freiy
(27.6 ng, O0.O0%ethul 3 1111,9'8: JeJo) ety et B I X
the procedure |4 R4 i A SR 7 - 19) X § ,r,g_duct (1.5
X 16 cmgcol u T i ; ~ L Nexa ET UAC) e wax

‘ ‘ H, 1.25 and
1.25-1.40 (overlappl ”9 (t‘ombourfhfne-& a(nh.s ng, cmods ﬂlﬁol)l i (d, J =7.0,

Cort s 150 - Cddled) dhen ap (0 ¢ Tl FELEIAG L Ro ebdends {71 32
(br s, f| ne stini@Examplel 19. B8 fivatsion df the Siryde productd(1isSH),
0.1 B 7 33 il@ il e S 4%%'&@?5% hesndfisingl Slvel 41
for O iftq aax [qhirgh o[%r:rqem;:l i m5da~gy NMR 6 0.86 (m,
%?Egle 23 3 m (B)d%[alﬂaerlrlzi-iﬁ woﬁr&ﬂa DR y| 3 awi 905 ; 33 (Rh&ny! -

Xy) pr opo car nyI [{ phepyl net ony.
(R) - 6- [(pheny )'c tf%‘nyH J(|ys q- ﬁﬁ?’am’nz‘g?‘ M Bhend | Fet hyl
Ester (1la-5) Sﬁth overlapplng a&igh&k) 5 1983+L,2%. G2r nspl 2 H}s,coupl ed

with 3b (0.21 %27 0 e
Purifi %%t ion & 4he élﬁC#e pr od’uct (_55 cg%w 4 rﬁﬁxagqa %U 1H) rad| &t
2:1-1: Tt ol uerl®etsher§ing wructiiiee 1 H) , 445& (M’Fcﬂiu iL %har‘&c@érKEEd as

la-5: NMR [e”d QQﬁG,(rE L0339, 23 ( .8 H)Y0- i:ﬁﬁ-img%ﬂﬁ) ,3 1HPY éd41J = 17.2,

3006 20 0 e 41 o R P4 g o apPE™

(HR-FAB) m/z 945.4271 (M + Na, calcd. for
C..H_.N,0, .Na, 945.4262).

20 5176274712
Example 23
(R) =N-[N%~[ [3-0ox0-2-[ (1-oxcheptyl)amino]~3-(phenyl -
metho ropo carbon —NG— henylmetho carbonyl]-—-
R)-6- henylmetho carbonyl]-L-lysvl]-D-Alanine
Phenvlmethyl Ester (la-5)
25

Compound 2e=5 (99 mg, 0.32 mmol) is coupled
with 3b (0.21 mmol), following the procedure in Example
19. Purification of the crude product (2 x 21 cm

column, gradient 2:1-1:1 toluenk&/ether) gives a white
wax which is characterized as la-5: NMR § 0.88 (m, 3
30 H), 1.20-1.38 (m, 8 H), 1.39 (4, J = 7.2, 3 H),
1.50-1.66 (m, 4 H), 1.85 (br s, 2 H), 2.21 (apparent t,
J e~ 7.6, 2 H), 4.09 (br s, 1 H), 4.23-4.51 (m, 3 H),
4.58 (apparent guintet, J = 7.3, 1 H), 4.90 (br s, 1
H), 5.05-5.25 (m, 9 H), 5.55 (br t, 1 H), 6.55 (br d, 1
35 H), 6.90 (br 4, 1 H), 7.33 (m, 20 H); MS (HR-FAB) m/z

909.4270 (M + H, caled. for C ,H.,N,0,,, 909.4285).



4.58 (apparent quintet, J =7.3, 1 H, 4.90 (br s, 1 H), 5.05-5.25

’(m 9 H, 5.55 (br t, 1H), 6.55 (br d, 1 35 H, 6.90 (br d, 1 H, 7.33
(m 20 H; M5 (HR-FAB) m z 909. 4270 (M + H, calcd. for
Cerr]Herr]Nerr]derr], 909.4285).
-52- Exampl e 24

[R(R*,R*)]-N-[N[err]-[[1-methyl-3-o0xo0-2:41L4-pentyl -

cycl ohexyl ) car bonyl ] am no] - 3- (phenyl net hoxyl )

propoxy] carbonyl]-N err]-[ (phenyl met hoxy) carbonyl]-(R)- 5

6- [ (phenyl met hoxy) car bonyl ]-L-1ysyl ]w

Phenyl met hyl Est el ( no -6 33

coupled with 3b - DT O .

Purification of they

hexane/ Et OAC) Qi MES.4 _ ﬁ, . Ki®h ey 2 ‘ -, , L,79d (85! a- 6.
NVR [errd O.87 J‘J““ ,,..LL = PR HSR UOXY LEALQOREA 3 T 15
H, 1.43 (d, J = %&=3 phenylmethoxy Yicarbanyh /=¥l | -D-Akangne) H) 4. 37

m 1 ge o tﬂpg%&%ﬂ—gf S8 1, 005030 (m
, r )
(br d, 1 H) ; mé-ﬁéz% «19%59#4 ‘Ha) ég&pﬁﬁ?g%_itpo;g

d err] H[ er r ] N[ @ 46 o] )Na, fdﬂjﬁvﬂﬂﬁ&he procedure in Example 19.

EX l e 25 4 I n 20
xample 25 urieicaliil e Rad JHAE Sadalb( 40018 Y pienid) goshih]-

car bonyl] - N[ er&91 [l{mﬁﬁﬁmwm%ﬁwl}l%ﬂ)w@ which is character-

[ (phenyl met hoxgpeprdpmdde - Indy s oRsA qmi,"s H), 1. 10 4a, .6,
Phenyl met hyl Ester. (la-7) ound %34 rrg, 0. 085

mol ) is coupfBa 25 10~54% Gty ¥ dﬂmn’r‘)“f { ohiTg t?le rBtedure in

Exanpl e 1.70-2.20ifmcat imn, of. Ime(nw ute )y ogluz? (o, 51xH14 4U64 g
colum, 2:1 he OAC, v [ [ ragterize
as la-7.. NVR e’rﬁ '97’) & {8, 4%, A 519375030 L 300 S
7.3, 91, 1.68-2. 3)-337(n6bmd-l) 130, 6. @4@;@. 21 1Y) , 37923(éppa2@nﬁ)b J

6.5 2 H, 4. b534 (ox dmlln)li) Mglkﬁ% mn)lﬂr,bz fo B2, Aﬁé’ﬂa'tﬁnlr fyintet, J =

7.3, 1 H, 4.8 1 é H, 5. 42 (br

d, J=7.5 19 de sfﬂtﬁsd‘m“ﬁ;z%ammn ids b J =8.5 2 H, 7.13 (d,

J =8.5 2H, 733(m 20 35 Bxdifpleras, 1 H): NB(HR—FAB) n z

1023. 4368 (M+  (p_ Mok 68 F—%—N‘*- G20 SN SRLL A PLELRG 11023. 4368) .
20 amino]l-l-methyl=-3~-oxo=-3~(phenvlmetho ropoxyl-

carbonyl —NG* henylmetho carbonyll-=(R) -6~
henylmetho carbonyl]-L-lysyll-D-Alanine
Phenvlmethyl Ester (la-7)
Compound 2e-7 (34 mg, 0.085 mmol) is coupled
25 with 3b (0.06mmol), following the procedure in Example
19. Purification of the crude product (1.5 x 14 cm
column, 2:1 hexane/EtOAc) gives a white wax which is
characterized as la-7: NMR § 0.97 (m, 6 H), 1.10~1.60
(m, overlapping 4, J = 7.3, 9 H), 1.65-2.03 (m, 4 H),
30 3.45 (m, 2 H), 3.92 (apparent t, J = 6.5, 2 H), 4.15
(m, 1 H), 4.38 (m, 1 B), 4.62 (apparent quintet, J =
7.3, 1 H), 4.86 (br d, J = 8.0, 1 H), 5.05-5.25 (m, 9
H), 5.42 (br d, J = 7.5, 1 H), 6.33 (br d, 1 H), 6.84
(d, T = 8.5, 2 H), 7.13 (d, T = 8.5, 2 H), 7.33 (m, 20
35 H), 7.89 (br d, 1 H); MS (HR-FAB) m/z 1023.4368 (M +

Na, calcd. for C56H64N4012Na, 1023.4368).




- 93- Exanpl e 26

(R—(FF R)]-N-[N[err]-[[1-Et hyl - 3- oxo- 2- [ ( 1- oxohept yI ) -

am no] - 3- (phenyl net hoxy) propoxy] carbonyl]-Nerr]-[ (phenyl- 5
met hoxy) car bonyl ] - (R) - 6- [ (phenyl nmet hoxy) car bonyl ] -

L-tysyl ]-D- Al ani ne Phenyl net hyl Ester (1la-8) Conpound
-8 (99 ngy, 0.32 nmol) is coupled ~ _gzwith 3b (0.21 nmmol), follow ng
t he procedure in Exanple 19. 10 Exanpl e 27

[S-(R*,S*)]-N-[NJerr]-[]1-Ethyl-3-0x0-2-[(1-oxoheptyl)-
am no] - 3- (phenylnethoxy)propoxy]cargg ybleNperr] -[ (phenyl -

Lt yoyl ] <DL A aniBs BlaRan neNR IR ET 1P ek E5120kol - (1-oxoheptylyz o

o0 (oo, %W-—m&ﬁd—ﬂ—u&w@ b1 R et o, e
u | J.

FR— (R*, )] - N- [ peFhexy)caskpnyld r(R) F62 14 aheoy) methopyy carbonyl] -

2-[(1- oxoheptylyan1no§etnox carpqnyt

Al ani ne (1la-11) syl]-D-Al anAngob imGFLIA Estexo (Ta~83. 15 Mol ) in
Et OAc/ Et OH (5 nL 15 i) hydr,ogenat over Pd | 25 Pear| man' s
catal yst, 20% on C, 100 ﬁ?@ng—anggP SgHb&Péﬁ SACONPYeG (i a

pressure of 7@iphi 3bAf(DeR15mmol), folﬂpwﬁnbtthE|pmoandueeammwﬁxamphy'ves a
colorless gla The latter is triturated with ether and the sides

of o the ?fask are scraped to EFOVIde a white crystalline 30
powder. ~ The ether solution is renD 24 syringe and the solid

; 2 .“’2523" W th ;;ﬁ(gﬂ ?’ ngt-ht—q -Q‘ll-Ethyl-QT—BQbr-zdrE|(@.¢o>@l‘£&ﬁ}_ﬁﬂéﬁf e; l a)ed
1.24-1.39 (n]ag;no]-36(§hgg&lﬁ&tbﬁ§y§g§ poXy ldakbontI4ASNI-9XphanfiH) , 2. 26
35 (t, J = me%hoéyaCa§b%%y&qL(h)U%h[ipggn&qhe£h§&y)%é¥£onyl]-

15 L-tysyl]}-D-Alanine Phenylmethyl Ester

(1a-9)

Compound 2e-9 (99 mg, 0.32 mmol) is coupled
with 3b (0.21 mmol), following the procedure in Example
19.

i am 8
20 ~(R*,R*) ]-N-[ (R} =6=caxrbo -Nz- ~carboxy-1-methyl-
2-[ (1-oxoheptyvl)aminojetho carbonyl]-L~1lysyl]-D-
Alanine (la-11)
A solution of la-1 (140 mg, 0.15 mmol) in
EtOAc/EtOH (5 mL:15 mL) is hydrogenated over Pd(OH)2

25 (Pearlman’s catalyst, 20% on C, 100 mg) using a Parr
apparatus at an initial pressure of 70 psi. After 5.5
h, filtration and evaporation gives a colorless glass.
The latter is triturated with ether and the sides of
the flask are scraped to provide a white crystalline

30 powder. The ether solution is removed with a syringe

and the solid is washed with two more portions of
ether, dried, and characterized as la-l1l: NMR (CD30D)
§ 0.89 (m, 3 H), 1.22 (d, J = 6.5, 3 H), 1.24-1.39 (m,
, 6 H), 1.42 (4, J = 7.3, 3 H), 1.45-1.99 (m, 8 H), 2.26
35 (¢, J =~ 7.5, 2H), 3.62 (m, 1 H), 4.06 (m, 1 H), 4.41
(m, 1 H), 4.89 (br s for OH, NH; one hidden CH signal),



(m 1 H), 4.89 (br s for O4 NH, one hidden CH signal),

-54- 514 (m 1 H); M5 (HR-FAB) mz 519.2671 (M+ H cal cd.

for JQerr]Herr]Nerr](err] 519. 2666).

Exanpl e 29

[S-(R*,S*)]-N-[(R) -6-carboxy-Nerr]-[[2-carboxy-1-net hyl -

2-[ (1- oxohept yl ) am no] et hoxy] car bonyl ] - Lgysyl ] - D- Al anine (la-12)
Hydr ogenol ysi s of conpound la-2 (37.0 ng, 0.04 mmol), according to
t he nethod of Exanple 28, yields la-12: NVR (CDO{err]OD) [err] 0.90

75 73, L A B e (Ten B 75 6% S 19 258 (asar ont
i N s A 4

t, J = *4.16 (br s, 1 H, 438 (m 1

H, 464 (m 1 H), 531 (m 1 H); VSEXRRPIARRINT 7 519.2671 (M + H
cal cd. for C ergliker Ekih el GRGLELcaPbdxvllBlt [ 2-carboxv=1-m _
Exanpl e 80 RN -c?.ﬁca'i??v- et boxy: 5 ?Fhv}‘-nethyl-
2-[ (1- oxohept yEFatRE Sy e ARANE ekhoxyvisarbonvl 1 -L~1ysylimbDre (| a- 13)

RNEPLYLd qRARE
" Hydrogenol ysi sabanéfnepeuadiza-3 (22.0 ng, 0.024 nmmol ), 20 according to
t he met hod of e 2 Lelds |a-13: NVR (CDerr]OD) [err] 0.91
(m 3 H, 1. 19@&%@9f892¥15§5p1°%g°8’“?“"d 2@32-(8750 g, 02844yimOd) sand d (J
= 7.3, at 1.39adyording to thel|method- &4f7Example BB, Vvié2ds. 1@-am: 3 H),

2.29 R Js 5 o, THY- v =42 25
H, 5. lfo(rn(l kg;r?%?ﬂhﬁ% gﬁi(z’g%%.?g’s?ﬁ(%ﬁ‘%( 3= '%&I(:(;':ndl.i for
qerr]H err] N[ r#TEf 281 (R 589H)e6d)40 (4, T = 7.2, 3 H), 1.44-1.73 Exanple

31[ (1 h[ R{ ( F?. ) i) N; %(R)-ﬁ-.ogr WXY?:L'\'&FE r bfbbéﬁ%%ﬁ?éﬁthtgﬁhgg ( 8- 14)
- - 0xXxonhe m X carno -L- - | -
Fwdrogenolygig+b 'cggégUn '¥£-Zm(3€yglny?‘%gﬁﬁLﬁnﬁP)} H), 4.38:dBrdilng to
the nethod of Exanpl€428m,yleH)ls 5a314{m, 1 H);\MB QEEPFABDCBYz[egr] Oigo
3 H, 1.2 | apgi Jo.= 6.2, at 1.2
I(—I], 1.gbﬁsz.0225(%3'3%6%?/?%5@%'egj.‘g‘i'(Fr?rzcx(m*,‘asﬁséae?aﬁl?més%%h?? 4 09 (m
1 H, 4.36 (m 1 H, 461 (mExaeples3ao (br s, 1 H; MS (HR FAB)
Mz 519.2667 (ps=(ikk ok po-niprr{TeLEdFhERGINPEE £ ESEPbxyDE An2ERGH -

2-[ (1-oxoheptyl)aminojethoxylcarbonyl]-L-1ysyl}-D-
Alanine (la-13)
Hydrogenolysis of compound la-3 (22.0 mg, 0.024 mmel),

20 according to the method of Example 28, yields la-13:
NMR (CD30D) 6 0.91 (m, 3 H), 1.19-1.45 [overlapping 4
(F = 6.5, at 1.25 d), m, and d (J = 7.3, at 1.39 d)y, 12
H], 1.47-1.72 (m, 5 H), 1.72-2.10 (m, 3 H), 2.29

»s (apparent t, J = 7.5, 2 H), 3.68 (m, 1 H), 4.20 (m, 1

H), 5.17 (m, 1 H); MS (HR-FAB) m/z 519.2651 (M + H

calcd. for C22H39N4010, 519.2666).

Example 31

R-(R*,S*) 1-N-[ (R) ~6=carbo -Nz- 2-carboxy-1-methyl -~

2-[ (1-oxoheptyl)aminojletho carbonylj-L-lysyl]-D~
30 Alanine (la-14)
Hydrogenolysis of compound la-4 (36.6 ng, 0.04 mmol),
according to the method of Example 28, yields la-14:
NMR (CD3OD) 6§ 0.90 (m, 3 H), 1.22-1.36 [overlapping d
(J = 6.2, at 1.24 d) and m, 12 H], 1.36-2.02 (m, 8 H),
2.32 (m, 2 H), 3.60-3.80 (m, 1 H), 4.09 (m, 1 H), 4.36
(m, 1 H), 4.61 (m, 1 H), 5.30 (br s, 1 H); MS (HR-FAB)

m/z 519.2667 (M + .
/ ( H calcd. for 022H39N4010, 519.2666).

35



~55- Exanpl e 32
(R -N-T(R)-6-carboxy-Nerr]-[[2-carboxy-2-[(1-oxoheptyl)

am no] et hoxy] carbonyl ]-L-1ysyl]-D Al ani ne (Il a-15) Hydr ogenol ysi s of
conpound la-5 (247 ng, 0.27 mmol), 5 according to the nethod of Exanple
28, yields la-15: NVR (CDO{err]COD) [err] 0.90 (m 3 H), 1.16-1.46

[ over | apping d (J =7.0, at 1.40 dgsand m 9 H, 1.46-2.05 (m 8 H),
2.25 (m 2 H), 3.69 (br s, 1 H, 4.11 (br s, 1 H), 4.36 (m 3 H,
4.63 (br s, 1 H; M (HR FAB) niz 505.2505 (M 10 + Hcalcd. for [err],
505. 2509) .

pentyl cycl ohe
car bonyl ] - L- | yamiho Dethaxj : sy Hi inei £1af-18dnpound | a-6

17 , 0.017 d f | d
fa 129 . ﬁxg#% e ol¥ %Efﬁfoégtﬂguﬁg iﬁ__”?%?? 8 EXQ?D oi§iQYLf mfth
over | appi ng 1. ggc?gdlgg—tg E&eaﬂﬂt odsofjExample 3?} Yle as l¥=¥§JZ 05 (m
2 g?) (2 2411 meh;chz%oﬁp értf .glo Hm, %gﬁﬁ&( .16-1/6 1[di}eﬂ1§{a%§u)@dl H) ,

, er sign z

509. 300 (M + K& =cir €24 fhrapd py ° '3lkg -¥%5 B u,

Exanpl e 34 2.25 (m, 2NH) N[ 2c6%- [pb2- #[(1 Butoxymmempt)scelyﬂ$anﬁn6b-2- 25

b 1-nmeth t R

oyt 1 Dol ani 7 (Paipy8183Mbg, 610 1 oGP RS Yetkorap) /7 B0S,2505 (M
0.034 mol), + H caééérdfﬁg €91 ggNaﬁibadsgﬁ E§8ﬁbke 28, yields la-17:

NVR (CDO{err]QOD) [err] 0.99 (m 3 Efampid. 85 (n1 16 H, 3.55 30 (m 2
H, 3.65 (m 1 H)), 6 070,( 4,3 1 H, 4.90
(m 1 H, under OH —6, 2 H,
7.22 (m J = 8.6, 2 , calcd. for.

[err], 597.2772). carbonyl]-L-lysyl]-D-Alanine (la-16)

15 Hydrogenolysis of compound la-=6 (17 mg, 0.017 mmol),
according to the method of Example 28, yields la-16:
NMR (CD;OD) é 0.90 (m, 5 H), 1.10-1.75 [m, 19 H, with
overlapping 1.23 (d, J = 6.6) and 1.45 (4, J = 7.4)],
1.75-2.05 (m, 8 H), 2.24 (m, 1 H), 3.60 (m, 1 H), 4.07

20 (m, 1 H), 4.44 (m, 1 H), 4.90 (m, 1 H, under OH signal)
5.14 (m, 1 H); MS (HR-FAB) m/z 609.3099 (M + Na, calcd.
for C27H46N4010Na, 609.3112).

Example 34
N- N2- 2- 4~Buto henyl)acetyllamino]—-2-
25 carboxy-l-methylethoxy]lcarbonyl]~(R)~-6-carboxy~L—

lysylj-D-Alanine (1a-17)

Hydrogenolysis of compound la-~7 (33 mg, 0.034 mmol),

according to the method of Example 28, yields la-17:

NMR (CD,OD) é 0.99 (m, 3 H), 1.10-2.05 (m, 16 H), 3.55
30 (m, 2 H), 3.65 (m, 1 H), 3.96 (m, 2 H), 4.07 (m, 1 H),

4.38 (m, 1 H), 4.90 (m, 1 H, under OH signal), 5.18 (m,

1 H), 6.85 (m, J = 8.6, 2 H), 7.22 (m, J = 8.6, 2 H);

MS (HR-FAB) m/z 597.2757 (M + H, calcd. for

C27H41N4011, 597.2772).

35



~ 56- Exanpl e 35
’[R—(R* R*)] N-[ (R)-6-carboxy-Nerr]-[[1-[carboxy[(1-
oxohept yl ) am no] net hyl ] propoxy] car bonyl ] -L-1ysyl]-

D-Alanine (la-18) 5 Hydr ogenol ysi s of conpound la-8 (247 ny,
0. 27 mol ), according to the nethod of Exanple 28, yields
| a- 18: Exanpd . 36

[S-(R*,S*)]-N-[(R) -6-carboxy-Nerr]-[[1-[carboxy[(1- 10
oxohet yl ) am no] net hyl ] pr opoxy] car bonyl ] -L-1ysyl]-

D Al ani ne (Il a-19) Hygdee oz ysi s of conpound | a-9 (247 ng,
0. 27 mol ) ., aceordi ng to e et hqd of Exappl e ggrbgie 5.

la- 19

N- ( 1- Oxohept yl ) -¢xcheptwl |\ path : arbo 3

met hyl ester hydrochlorlde i's -Al Yer g_i@ 2j, accordlng to the
procedurg described 20 I n BEXanp err] 0.89 é J =6.9, 3H,
1.30 (m 6H), 1. 6‘@‘%&?9%913@1%@{6&%%%‘5&—3— (24%, mQH)O -37g0
(s, 3H) 3. 96 1P acdobding) tdHne néhédros Edkbple 23, yABLALR E1) ni 2
231.1465 (Mcalcd for [err], 231.1459);
[err] +22 + 1 [err]) 25 Exanpl e 38
(S)-2,2-Di nmet hyl - 3- (1- oxoheptyl) - 4- dExempbl el 3@ car -

boxylic Acid Met hyd_ Es #{ PW-r (R) ~E—ca w2 _ FPpipe ' 340 ng, 1.38
ol ) aqgl p-TSA (70 = "n‘. & 0 8 v" 'o" - Hg Y and
2,2-di-" 30 axchertyvhharinolnethyl Ipropexy ] carboRy nhyewl -

heat ed overni ght at refl ux. Soliggggéﬁ{i%%Ifaxigjs added and t he
vol atil es renoved in vac o to a, res Fl as romat ggraphy (2
X 21 cmcolum, 6:1 ékﬁi%?iﬁ)° fc?TﬁpVﬂg %%Egp?agPd§§'83 52 :

oil: 35 NVihrpal y | ibéﬁrdﬁmgBtb tHe 2fe{hod 60f , EXahpl€s283Hyields2

(m 2H), 1.70 {s.,8H) 2.15(m 2H), 3.81 (s, 3H), 4.20 (m 2H),
4 46 “Hslm;' = -47 + 1 (CHO[err]).
Example 37

N-(1-Oxoheptyl)-L-Serine Methyl Ester (2i)

L-serine methyl ester hydrochloride is
converted to 2j, according to the procedure described
in Example 1: NMR § 0.89 (t, J = 6.9, 3H), 1.30 (m,
6H), 1.65 (m, 2H), 2.28 (apparent t, J ~ 7.5, 2H), 3.80
(s, 3H), 3.96 (m, 2H), 4.69 (m, 1H), 6.80 (br s, 1H);
MS (HR-E1) m/22§31.1465 (M caled. for C,,H, NO,,
231.1459); [el +22 + 1 (CHC1,).

25 Example 38

(S)-2,2-Dimethyl-3~(l-oxoheptyl)-4-oxazolidinecar-
boxylic Acid Methyl Ester (8a)

20

Compound 2j (320 mg, 1.38 mmol) and p-TSA (40
mg) are dissolved in dry acetone (2 ml) and 2,2-di-
30 methoxypropane (2 ml). The resulting solution is
heated overnight at reflux. Solid K.CcO., is added and

23
the volatiles removed in vacuo to give a residue.

Flash chromatography (2 x 21 cm column, 6:1
hexane/EtOAc) of the residue provides 8a as an oil:

35 NMR 5§ 0.88 (m, 3H), 1.29 (m, 6H), 1.57 (s, 3H), 1.62
(m, 2H), 1.70 (s, 3H), 2.15 (m, 2H), 3.81 (s, 3H), 4.20
(m, 2H), 4.46 (m, 1H); [a]2° = -47 + 1 (cHCL,).



~57- Exanpl e 39

(R) -2, 2- Di net hyl - 3- (1- oxohept yl ) - 4- oxazol i di nenet hanol A
solution of 8a (296 ng, 1.09 mol) in dry ether (1 nm) is treated
with lithium borohydride (2 M 5 solution in THF, 0.55 ni, 1.09 neq)
under an argon at nosphere. The m xture is stirred for 3 h at refl ux
and 18 h at roomtenperature. The resultlgg mxture is diluted with
et her and quenched with nethanol. The vol atiles are renoved and the

residue is taken up in 10 EtOAc/Herr]O. Wdrkup provides the crude
al cohol which is purrfred by ehaRRe ..aphy (2:1 hexane/ Et OAc) :
NVR [err] 0.88, ( ' : 1 2 . . 3H),
2.35 (m 2H), e 251086 8 BEg FROERetigBods37 (M
calcd. for [err] 15 R4§olﬁﬁmbn bergh f295 mgl 1¢GHChheno])n dry

Exanpl e 40 ether (1 (by 218 E&Eﬁ%@&' tﬁll §B§§Bt¥5¥oﬁyﬁ§iﬁﬁ (2 (105

car boxal gehyde I"on of ~oXa
[err]l, 1.23 SOluthﬂnl}nlWHEH[@FﬁFCNPeri}O?ZmEQ)nBPdﬁg aboR¥gono

-60[err]C. A atmosBRbbLONTAE RYSELELOZs! gEikrhal Bofthen! bl RELL( 0. 55
nm) is added vVer a perio e re ultin m xture
is stirred for2n% %?nha?t EBPErFfEPeTﬁEuEFcthPefFSﬁP £ing gE¥§H§%el§9 (133
ng. , g.55 ﬁﬁ?hﬂllﬁtéﬁ{ﬁithcbtnéf]aﬁa ghefitheliswith methdsed. }or?be nrxtyre
over mn | 0 0, m n.

and the Iear'§ f%% %ﬁg QLL %Sgovg?l?ngdePSrEgﬁggP% 15t%L§8P g g
Trlethy}anrne EGORG/HL9. WorkupnprepddesOths. grudp aisoaoaeuhénh tilse
mxture is striﬁfg %?fe?? Eﬂfoﬁaﬁb&?&ﬁ aqzaqaﬁﬁghngyﬁggga?ure Wor kup

W th err gl ves cru I's purified

chr omat ogr aph M% mg3: W)t-og’eﬁfér B¢ PG vel B (s, 3H) Nl\h%/%rr] 0.85
(m 3H), 1.30 (&) $4), 3.88 (&, 3H), 3.30-4. 106Qc6m§§2ekmn 24) 1,70 (s

3H), 2.00-2. 4Gt Mpgth)3R/7 249:9839 TR Edvcdl) g0 @i3ﬁgs
s 243.1840); [212°% = -5 + 1 (cHcl,).
Example 40

carboxaldehyde (9a)

A solution of oxalyl chloride (105 uxl, 1.23
mmol) in CH,Cl, (2.75 mL) is cooled to -60°C. A
solution of DMSO (192 uL) in CHzclz (0.55 mL) is added
over a period of 5 min. and the resulting milky mixture
is stirred for 15 min at -60°C. The alcohol from
Example 39 (133 mg., 0.55 mmol) in C_HZCl2 (0.55 ml) is
added to the mixture over 5 min. The bath is allowed
to warm up to -20°%¢ (20 min.) and the clear solution is
stirred for 20 min. at -20°c.. Triethylamine (0.77 mL)
and H,0 (3.4 nL) are added and the mixture is stirred
for 5 minutes at ambient temperature. Workup with

20

25

30
CH c12 gives a crude oil which is purified by

chromatography (1.5x20 cm, 3:1 together) to give 9a:
NMR § 0.85 (m, 3H), 1.30 (m, 6H), 1.60 (s, 3H),
1.60-1.70 (m, 2H), 1.70 (s, 3H), 2.00-2.40 (m, 2H),

35 4.00-4030 (m, 3H) ? 9065 (d, le, lH) .



-58- i Exanpl e 41
‘(4S) “[err]-Ethyl -2, 2-di met hyl - 3- (1- oxohept yl ) - 4-

oxazol i di nenmet hanol (10a) A solution of 9a (108 ng, 0.44
mmol) in ether 5 (1 nL) is added dropwise to a cold (5[err]) solution of
EtMgBr (3 Min ether, 0.36 nL). The cold bath is renoved, a crystal

of iodine is added to the mxture aggl-stirring is continued for 1.5 h
at roomtem perature. The resulting mxture is diluted with Et CAc 10
and washed with saturated aqueous NH err]d solution. The aqueous
phase is reextracted and the conblnqg;ggg@ghg_ solution dried and
evaporated to yield £ de_ : 1.05 (m 3H),
1.30 (m 6H), 1.45 : 5H),
2.10-2.60 (m 2H), 15 ahlz 271 (M.

ey b;tz Jl He tanamR;jfﬁ* s&ﬂtﬁ%’ &(Ba* Fiésgli&Z DYoo) (Budsenke

di ssol ved in 20¢ mL) cb$ Rdded dropwise E%n?a?%*ﬂg(ﬁﬂbr??%ggl?@6°§nd t he
solution is stgtMgsrf 3 M5im éthéi, Ocﬁeu]mm Therhel ebideBath is are

renoved and the reSI ue_is n, Et OAc_an h
saturat ed NaHCff% anﬁ %W?al%aefA?f © é? nbs agded Eﬂdtﬁg ngV\%% sol vent
1l1la (2:1 nIxtLamdostﬂﬁrlng dsasantzmmeds#orsl+Sohaﬁhdrcgmchemnatography

(1518 oémegh eChingheetholheteite MRagyabad D5chmoebil

(m
broad d° 2: 1 r%mqldva%% ¢ bé@tuqﬁedm%ﬂ-lﬂ 1)“*401 501%20231 Ths7 (|v|

gaggd for C dudbus ﬁﬁ&sé9ﬂg)reextracted and the combined organic 12 25

[S (R, R)]-N-Falykion, qrtmm%x%%?ﬁmeﬁmg%ﬂ?] ¢rude l0a: NMR §
oxy] met hyl ] - 2-thy@i8 oty pudl) } HepoSNngm} daH) 10x)30 (m, 6H), 1.45 (A,nRR)ure of
11 1.0 I b I h I TEA (1.2
nngl§ afgn?;ke Eé? ey %%8 efYé? 1 75(£¥Z|g? CQ f L?esé ﬁ%} lskétlrred(for
20 h at 3f5ﬁﬂ#t%ﬂp€matﬁﬂb'éﬁ%ofﬁl (% 3 audhary and 0.

Her nandez (Tetrahedron Lett., 1979, ﬁggmgibe42esulting

- 59 R-(R*,S*) and S-(R*,R*)-N-[2-hydroxy-1-(hydroxy-
eth butyl Heptanamide
Crude 10a (107 mg, 0.39 mmol) is dissclved in
20 cold TFA (0.38 mL) containing H,0 (~1%) and the

solution is stirred for 45 min. at 0°. The volatiles .
are removed and the residue is taken up in EtOAc and
washed with saturated NaHCO, and brine. After drying
and removal of solvent, lla (2:1 mixture of

S

25 diastereomers) is isolated by chromatography (1.5x18

cm, 2% MeOH in CH2C12): NMR 0.85-1.05 (m, 6H), 1.30 (m,
6H), 2.23 (m, 2H), 3.65-4.05 (m, 4H), 6.20 and 6.40
(two broad d, 2:1 ratio, respectively, 1H): MS (HR-EI)

m/z 231.1887 (M calcd. for C12H25N03, 231.1940).

- Example 43
[S~(R* ,R*) ]-=N-[1-[[[(1,1-Dimethylethyl)diphenylsilyl]~-
oxyvlmethyl]-2-hydroxyvbutyl JHeptanamide (10c¢)
A mixture of lla (1.0 mmol), t-butyldiphenyl-
silyl chloride (1.2 mmol), TEA (1.2 mmol) and DMAP
35 (0.04 mmol) in CH,Cl, (1.5 mL) is stirred for 20 h at
room temperature according to S.K. Chaudhary and O.

Hernandez (Tetrahedron lett., 1979, 99). The resulting

30



mxture is partitioned between CHerr]C[err] and Herr]O The

layers are separated and the organic phase washed with saturat ed
NH[ err] O solution and dried. Renoval of solvent gives a m xture
which is purified by chromatography. 5 The | ess polar product is

i dentified as 10c. Exanpl e 44

[R—(R*,S*)]-N—[l-[[[(l,1-EXnethylethyl)dngenyIS|IyH
oxy] met hyl ] - 2- hydr oxybut yl ] Hept anam de (10d The nore
pol ar isoner isolated in Exanple 43 10 i's characterized as 10d.

Exanple 45 - mixthee (s, ﬁﬂlﬁbﬁe&[iaééw@eﬁem tet hahadngbenybﬁbl yl'l-

t hyl h th t A
LT on) o Totbyernd SEC"SXi R Ly SRR BRATLEG T — waghed Fiths mol)
is treated mntbatufutedryﬂmelr#b@etibn and dr{ié&d.ngRefio¥alnol) soAvent
dispersion of SGLLOQ%BRLL ynich 1slpdriBGhal ByolistnboBabhons Lo ¢ fe

sol uti ongover ure’is Irre ni ght at
room t emper at uFle Eﬁﬁérpﬂbik B§°§H6V|Eésléeﬁtﬁﬁéeélﬁszﬁgg which is
purified by chromatography. The najggaﬁégg &4 is characterized as
12 EX

[Ff(FF S*)]- = * - L% diphenylsi ~

oxy] et hyl ] - 2 (phenggﬂyggg y) by vhydleoicgbatyvligHépPadhamide (10d)

%WPOU“O' 12d is prepar edrﬁéoﬂbﬁ-gd%gféknﬂség&- iso1atBECTRIBLENGh P43 P! ©

[ S (R, *3)] N-is- Qhﬁ@aeﬁgn%z%#l?Sz_gﬂhenylnethoxy)
but yl ] Hept anam de (13c) 30 Examptem@gund 12c (1 nmmol) is dissol ved

in THF 1 1 nL and treated W ,n--u err N err, FLerr] solutlon (1
Nln T p 1 1 et .A. 1 1
Venkat eswar | u, ggfggggxgmen+(ﬁgénzlﬂaigggﬁﬂg ﬁggonegtgnamldéfgeecio m n.

at roomtenperature, the,r q e n

m xt ur e, gartltloned bet vi& %gf&hggn thP-aﬁé ﬁﬁ?i? Q?“%hg 6@068 ﬁéy S
reextracted wamnd  -BnBr (@taérmbndBtNEO&bnbsntdeatgdnw¢tha¥eBg Waghed with
- 60- 01 £Unfids) | NeASQLYBAEEBHOYEINRE (b8 13 othi ch

is purified by ctnﬁ%atgg?a Xﬂ) A bars 1 °

1.3 meq) 1is ad ed in portions to the solution over a
period of 1 h. The mixture is stirred overnight at

room temperature. Ether work-up provides a crude oil

20 which is purified by chromatography. The major product
is characterized as 1l2c.
Example 46
R=(R*,S%) ]=N~-[1~ 1.1-Dimethylethyl)diphenylsilyl]-—
oxylmethylj-2-(phenvlmethoxy)butyl Heptanamide (12
25

Compound 124 is prepared from 104, using the
procedure of Example 45.

Example 47
S—~(R* R*) ]~N-[1-~(Hvdro ethyl) -2~ (phenvlmethox

butyl ]Heptanamide (13c)

30 Compound 12c¢ (1 mmol) is dissolved in THF
(1.1 mL) and treated with Q-Bu4N+F" solution (1 N in
THF, 3.0 mL; (according to E.J. Corey and A.
Venkateswarlu, J. Amer. Chem. Soc., 1972, 94, 6190).
After 40 min. at room temperature, the reaction is

35 guenched with ice and the mixture partitioned between
ether and water. The aqueous layer is reextracted with
ether and the combined organic layers washed with



Exanpl e 48 [R-(R*, S*)]-N[1-(Hydroxynet hyl)-2-(phenyl net hoxy) -

’butyl]kbptananrde (13d) Conmpound 13d is prepared from 12d
accordi ng to the procedure described in Exanple 47.

Exanpl e 49 N- (1- Oxohept yl ) - 3- (phenyl nmet hoxy) -t hreo-D 10

Nor val i ne (14c) Al cohol 13c (1 nmmol) in DMF (4 nlL) is
treated wi th pyridiniumdichromategg3. 5 neq), according to the

nmet hod of (Corey and Schm dt, Tetrahedron Lett., 1979, 15 399). After
18 h, the mxture is poured over ice. Et her mprkup gi ves 14c which

Is purified bybrimiepsdpied and tgeagbyvent removed to give 1l3c which

Exanpl e 50 d%s purlflgﬁ(ﬂyC@RP§§%¥$%r§aﬁ€henylnEthOXy) erythro D 20

Norval i ne (14 4d is prepared from 13d

fol | owi ng the procedure in Eﬂﬁﬁﬂﬂﬂ&EL_

Exanpl e 51 R- (R* Ty #lf pxiv= N £ dthyi S0 EhBRGYRBEABKFC- 8) 25
A solutign of 1 c N C S rogen- ated according to the
procedure in Exanple 28. The QE-Xngﬁagé—%ﬂéQSGLlﬂglidentified as 2c-8 and
used in Exanple lCompound 134 is prepared from 128Xagpbeding30

3- Hydr oxy- N- (1 hept t hgo- D- alin 2 )
Conmpound 2c-9 %# ¥%%e$?% ﬂﬁcfgg?%mfﬂgﬁx£mﬁlg ?%é procedure I n
Exanpl e 51. The crude product is useBxample 48n Exanple 16.

' Exanpl e 53 N-(l-Oxoﬁ&ﬁ%viiiﬂ-@ﬁﬂ iﬁé%nﬁ%fgpéﬁéﬂbﬂﬁLZZa)
D- Asparggi ne 2la (4.5-4, L.S—Conv foll ow ng the
procedure of Exanple 1. A m xture n@rﬁallnaagggcgnd THF is used as sol vent
and the 2N aqueous Alcohol 13c (1 mmol) in DMF (4 mL) is treated
with pyridinium dichromate (3.5 meq), according to the
method of (Corey and Schmidt, Tetrahedron lLett., 1979,
. 399). After 18 h, the mixture is poured over ice.

18 Ether workup gives l4c which is purified by chromato-
graphy.
Example 50
N-{1-Oxocheptyl) -3~ (phenylmethoxy)-erythro-pD-
20 Norvaline (144)
Compound 144 is prepared from 13d followzng
the procedure in Example 49.
Example 51
3-Hydroxy—N—(l-oxoheptyl)-threo-g-Norvaline.(2c-8)
25 A solution of 1l4c in EtOAc/EtOH is hydrogen-
ated according to the procedure in Example 28. The
crude product is identified as 2¢-8 and used in Example
15.
Example 52
30

3-Hydroxy-N-(1l-oxoheptyl)-exrvthro-D-Norvaline (2c~9)

Compound 2¢-9 is prepared from 14d following
the procedure in Example 51. The crude product is used
in Example 16.

35



NaOH is replaced with a mxture of triethylam ne and 0.5 N

NaHCCIerr] The crude solid is purified by recrystallization from
met hyl al cohol -ether. NVR(CD[ err] QD) [err] 0.90(t, 3H), 1.61(m 2H),
2.23(t, 2H), 2.75(m 2H), 10 4.71(dd, 1H); MS(LR-Cl) mz 245 (M+H) cal cd
for Cerr] 245. Exanpl e 54

3- Ami no- N- (1- oxoheptyl ) -D- Al ani ne(2g9-1) _gy- Conmpound 22a (2.21 g, 9.0
nmol) is added to a solution 15 of bis-(trifluoroacetoxy)i odobenzene
(5.83 g, 13.57 mmol) in 51 nL of N, Ndinethylformam de and 41 niL of
water. The mxture is stirred for 1Eydnplearss treated with pyridine

(1.46 m., 18.09 mmol). QE_ (£S5 ii! él Eg JE—D—ASsgl :!E &gé&igll rred for 18 h at
roomtenperature. The 2 residue is
diluted with D—Aspamagﬁnqafz.lmt(eﬂr-S Bhe 268 omol)s imstenverted 3tx 22ani

of ether. The ggl % SRS S Bhh e Ituration
of the rgesultin Lj] lquid w I?ﬁ’ eé'?hd;fr:i gl vép:Le M |£H§i)ﬁél§&m€€h S

char act er i zed wa¥ex; and T?‘Hi s peege 59NNy éf'}q e 3N agqugous 35(m
2H), 2.05(t, NaoH id)repidted Aith A mirutd Bf WhHietiy i Hid)and

217. 1555 ( M+H, I 217 155
( %a‘f%% C[er 2‘%%% zﬁﬁwmrﬁx Met hyl Ester 30

Exanpl e 55
Monohydr ochl omai&'y(mm)lzatlon from methyl Adstatiolctdtthexie mo@:;mp) 42. 87

m. i s added o] pe d aof m t0,a

sol uti gp of b&n2y ?géﬁéwhﬁﬁ } "61?m Qghg 2 zézqt EH) 2398 r@gu%?il g
solution is stder Je&!ic?:orlfanm‘r%almfa) 5. (M3I) cadrdif@Xpath is then
renmoved and cempatingy 29- 1 24k 32 g, 6.12 mmol ) is added. The
solution is stilfdr&d Aénight roorg enperature and the vol atil es
renoved by Efing1 & B4 - 62- Kugel r ohr
distillation. The resiXkiniro-N+ {14 shbpty xt) t hen
recrystallizeg t Y i's

i denti f |5ed as ﬁwqf% Q; r]“ﬁm lgr 5% %a}g& etél—é %ﬂ‘ﬁt%@n
2.20(t, oF bl%'(ém(lrﬁl‘mlwaqﬁ@(ﬂrl edobgnzens | ,1¥:82( br s,
1H);  MS( HR- FA@mdﬂ)Z 130 52 Qelr! (M Mﬁﬂbﬂtﬁflﬁﬁdﬂxde and 3ﬁ7m208£)

Exanpl e 56
P water. The mixture is stirred for 15 min. and treated
with pyridine (1.46 mL, 18.09 mmol). The resulting
solution is stirred for 18 h at room temperature. The
20

volatiles are removed and the residue is diluted with
90 mL of water. The mixture is washed with 3 x 50 mL
of ether. The aqueous layer is separated and
evaporated. Trituration of the resulting liquid with
ether gives a white solid which is characterized as
25 2g-1: NMR(CD,OH) § 0.61(t, 3H), 1.35(m, 2H), 2.05(t,
2H), 3.0-3.2(m, 2H), 4.40(m, 1H): MS(HR-FAB)m/z

217.1555 (M+H, calcd for 010H21N203, 217.1552)

Example 55
3-Amino-N-(1-oxoheptyl)-D-Alanine Phenyl Methyl Ester

30 Monohydrochloride (2h-1)

Acetyl chloride (3.05 mL, 42.87 mL is added
dropwise over a period of 10 min. to an ice cold
solution of benzyl alcohol (10 mL, 96.63 mmol). The
resulting solution is stirred for an additional 30 min.

35

The ice bath is then removed and compound 2g-1 (1.32 g,
6.12 mmol) is added. The solution is stirred overnight
at room temperature and the volatiles removed by



[S-(R*,R")]-N-[2-Hydroxy-1- (hydroxynethyl)propyl]- 10

‘hept @namni de (11c) To a solution of (2e-2) (1.0 g, 3.11
nol ) in ether, with warm ng, is added dropwi se at room tenpera-

ture a solution of l|ithium borohydride (1.60 m, 3.2 mmol ) in
tetrahydrofuran. The reaction m xture is re- 15 fluxed for 3 hours,
diluted with ether and slowy treatéd@-with nethanol until the fizzing
stops. The vol atiles are renoved to give a residue which is
partitioned between water and_ethyl acetate. The anic |ayer is
separ ated, washegehreRrpaigeiliataanzo Theaﬁas#ﬁPFeiﬁdtr1%HEaFPﬂtV&F@ is

evaporated to @th&gi dhdl then recgybtammeaswuml btRg1bx1ebrenategr aphy by

| ut th t 560 f d d
Coauer as'hn give S\gnihe ol e gh iR YR TaehBiing 38 2000 "6 (1
2H), 4.19 (q, &Gl)’¢1§) 28 q-t7r5@-’u 13§),, N5 490y, 2H) , 271202!18 ZB}H calc'd for

5
F%?Ekl)R*)] NF1§H?;;§ 1y ?ﬁy et9¥ gglnetﬁlﬁg f F ). 7.62(br s,
f ¢é0

oxy] met hyl ] - 2 PR DY B heﬁ(éné %lé@fﬁ calca for €, 7HaoMoRuur e of
11c, (1.945 g)3ef.2ebajyl di- nethyI5|IyI chloride, (1.4165 g) of
triethylamne (951 ny, 1 31 rrLEi g 4- glnethylan1nopyridine (42.76
ng) in 13 L of nethylene chI i irred under argon at

roomtenperat urel$ iydrox ; o

met hyl eb@® chl ori de and wat er adde ni c Iayer S separated
washed with water, dried eplaf ﬁ§de (958§ ve 3.25 of a residual
oi | which |s pur|fT@dab§°éﬁFbﬁﬁt9§r&Bﬁyzby( 8t Bon 3wl hmyoé)eﬂﬁyl

-63- MR ebbexaasrwngl VesZadded a£o§ ¢sdegicr edoR @d 1 16

an oil . errl

(d, 3H), 1.65 ‘EWF 2¥|)S°%‘(‘g£°{‘tkgf2£r}ggé‘(‘ﬂ7b?gz’hy ridel 2%503“%4 ?’mz 1H),

3.85 (s, 2H), =m@B) (im té&raﬁydﬁofﬁran. (Dhd, réb-tibB @EﬂBﬁr&!nsS&@-(NHH

calc'd 1i®r |l e 58

(S)-N-[1- [[[(1“1‘]"& fﬁé’i‘ 8 net huFe '}'é’lf;fh xgfher and s1okwiy™

met hyl ] - 2- oxoﬁFb??F? Fﬂﬁthna 63927E¥t} e f1231n9 skopsxt uf®eof (10c),

(2.30 g, 6.94 ¢PPALiPEY are removed to give a residue which is
partitioned between water and ethyl acetate. The

organic layer is separated, washed with brine, dried

20 and filtered. The filtrate is evaporated to a residual
0il which is purified by chromatography by elution with
3:1 ethyl acetate-hexanes to give 560 mg of the desired
product as an oil. NMR § 1.20 (4, 3H), 1.65 (m, 2H),
2.26 (t, 2H), 4.19 (g, 1H), 6.23 (br 4, 1H), MS (CI)

25 m/z 218 (M+H calc’d for C,,H,,NO; 218).
Example 57
S=(R* ,R*) ]=N=[1~- 1.1-Dimethvlethvl)dimethvlsilvl]-

oxy]methyl]~-2-hydroxypropvllheptanamide (10c¢)
A mixture of llc, (1.945 g) of t~butyldi-

30 methylsilyl chloride, (1.4165 g) of triethylamine (951
mg, 1.31 mL), and 4-dimethylaminopyridine (42.76 mg) in
13 nL of methylene chloride is stirred under argon at
room temperature for 18 h. The reaction mixture is
diluted with methylene chloride and water added. The
35

organic layer is separated, washed with water, dried
and evaporated to give 3.25 g of a residual oil which
is purified by chromatography by elution with 1:5 ethyl



pyridiniumdi chromate (10.62 g, 28.2 mml) in 20 nL of

N, N- di met hyl formam de is stirred under argon for 18 h. The reaction
m xture is diluted with 100 nL of water and extracted with ethyl
acetate (3 x 40 nL). The 15 organic layer is separated, washed with

wat er and brine, dried and evaporated to give 1.87 g of a

residual brown liquid. The liquid is purifgzmd by chr omat ogr aphy
using 1:6 ethyl acetate/ hexane to give 997 nmg of the desired product
as an oil. NWR [err] 0.83 20 (s, 94, 1.61 (m 2H), 2.22 (t, 2H), 2.23

(s, 3H), 3.82 acetateg/hwxamne tol. me(cm.aom Oﬂﬁﬂe(dgsméd lifdkBAc(t)rmls 1H);

M5 (FAB) mz 33 G\mH caivr
ExaErpI e) 59 2 S : ¥ BObsq(a” :ii d| rret hyI e?ﬁyl )8| met hyI Si é yl]- 25
s,

oxy] net hyl ] - 2- F&‘aher’ryﬂf%; Q%'I )%'n(}]%pgﬂ 2H), 2.24 (t, 2H), 3.47

Hept anam de (28#), 3 84 (m, 1H), 3J85’n(>§,urzﬁ)o,f 42.&3 ((QﬁOm 269z mol) in

2t mr_oom tsenperaf ar é m%ﬁ%ﬂﬂ %im }gﬁjlcaﬁ s% 7H38N“.’3§I rred

cyanobor ohydr i é620365 ng) is added and t he reactlon m xture stirred
under argon for 18 h. The reacggﬁ%lgrﬁgjre is filtered and
evaporated to a reS| due whi ch 15 par |oned bet ween ethyl acetate
and agueous-s8 e NVEE e dl 21I0k8

separ at ed, washed V\nthni@ﬁ_u_yg,]-andu@g @- ﬂgd-w aﬁ\{;@é (27c) to give 1.224
g of a n.95|dual yel low |i g The res).d |s Rurd | |ed y
chr omat ography using 2:5 e ure of (1l0c), 62 L'Js% JS and
- 64- pysidia/inox sichrongitee (30L.62 gy .aemmuad pro A tmI2 &ef

‘("1;_5, agH;)i, . 3. OQNB WH&hth%é.zfQ:(ivga ]J.so%t(g.g:reﬁ'bund% ]arg%n ﬁ\%‘ ]'l-?R%E)AB) Zng

421.3245 (M+H &&Pc'r&%mn mxt“qeerlﬁ Gilpredgsidh 100 mL of water
Exanpl e 60 and extirBctiBY With Nt[h}r][ [a[c(ei:a%eﬂl et weetnyl.) dipprd hy!l -

Fpt anam de. (20EpeRge TaFer T8 Sepadiead,) FI5R MRS At ogr aphy
col um brifgangird agudea.&@@'azte@f td:egmved prodecto2&d as an
oil. NWR[erre@iBfialSbrddh 1ighdald TR 1:4dh (0 Ritiea by
chromatography using 1:6 ethyl acetate/hexane to give
997 mg of the desired product as an oil. NMR § 0.83
(s, 9H), 1.61 (m, 2H), 2.22 (t, 2H), 2.23 (s, 3H), 3.82
(dd, 1H), 4.09 (dd, 1H), 4.57 (m, 1H), 6.42 (brd, 1H);
MS (FAB) m/z 330 (M+H calc’d for c17H36NOSSi 330).
Example 59
[R-(R*,8%) J=N-[1-[[[(1,)1~-dimethylethyl) dimethylsilylj-
25 o methyl]-2- henylmethyl)amino]lpropvl]-
Heptanamide (28c)

A mixture of 27¢ (960 mg, 2.91 mmol) in 5 mL
of methyl alcohol containing molecular sieves is
stirred at room temperature for 30 min. While
stirring, sodium cyanoborohydride (365 mg) is added and
the reaction mixture stirred under argon for 18 h. The
reaction mixture is filtered and evaporated to a
residue which is partitioned between ethyl acetate and
aqueous sodium bicarbonate. The organic layer is
separated, washed with brine, and dried and evaporated
to give 1.224 g of a residual yellow liquid. The
residue is purified by chromatography using 2:5 ethyl

20

30
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2.18 (1, 2H), 2.80 (n, 1H), 6.47 (brd, 1H), 7.31 (m 5H); M
(HR-FAB) nmiz 421.3253 (M+rH calc'd for 15 Cerr]Si 421.3250).

Exanpl e 61 [RR(R*,S*)]-N-[2-Ami no-1-[[[ (1, 1-di net hyl et hyl ) di -

met hyl si | yl ] oxy] met hyl ] pr opyl ] - Hept anam de (25c) A m xture

of 28c (208.6 g, 0.50 mmol ) and 104 20 ng of PA(OH)[err] in 15 nL of

nmet hyl al cohol is shaken in a Par r-ggpar at us under hydrogen pressure
for 18 h. The reaction mxture is filtered through di atomaceous earth
and the filtrate concentrated to give 169 ng of the desi red product
25c as an oi | .ac¢¥iRiefhdxana1g sgiwm-l)561252 mq daf Oﬁeqﬂretsl-p:;'oc_l_um 28¢ 2H),

2.10 (1, 2H), a"sc’é'n( 11"')mmso
Exanpl e 62 N-[ 2-"Am no [1[

met hyl si |yl ] 08H)vetdmA9 pﬁbpﬁ%{d—lébt%afﬁ‘deup%c% 2% (géget{]ll etlh ﬁlZ:orrpound

ggd i's prggare@nfrmzacb (HRI BN/ 2 4211m$rg&aduﬁsw£@dféﬁ prepare
c -5

Exanpl e 63 482482225 42343350} ( (1, 1- Di net hyl et hyl ) di net hyl si |yl ] -

oxy] - 1- met hyl - 2 [(1 oxoheptyl)am norﬂm@lﬂmy Met hyl
Ester Carbamc A L it 1,(_164 ny,
0.496 mml) in on is

added 8y 1dgas] metty . wed by

t he dropw se addltlon of benzyl qmﬁaqi iﬁ e(ddfpP nu, 142 [err]],
0.992 mwl ). The react m Xt IS aI owed rmto, room
tenperature then sti rrec#‘flg#h ?L:{ut % L‘b‘é%‘t‘?%%gﬂ?\'g‘mr%°’r‘§m’a| | ut ed
wi th net hyl endciBxemple B0l gives 23i4érofidiestirddeprodact c28dyas an
separated, wagfyed s V.6 BI‘SI ng drlletisar}g c%ﬁentr%t d(n}ozqive 230 ny

of a r S5Tdual P pal e yell ) e 1Bty Urir i Bd by
chr omat ogr aphy2 < niE.1: zJ’Ue:t @48%c@¥at3éihex%n‘b7tﬂ°lg¢u H), 7. 3332(1P(g of the

desired produgig)’bms Nﬁ-[ﬂﬁﬂ W PUdE, 388, (M+H calrd+@leéd. 3H), 1.56 (m

2H), 2.00 (t, 2H) 6
241-144%«2 241 421.3250).
E 61

[R=(R* S*))=N-[2-Amino=1=[{{{(1,1-dimethylethyl)di~
methylsilylijoxylmethyl -Heptanamide (25c
A mixture of 28c (208.6 g, 0.50 mmol) and 104

mg of Pd(OH)2 in 15 mL of methyl alcohol is shaken in a
Parr apparatus under hydrogen pressure for 18 h. The.
reaction mixture is filtered through diatomaceous earth
and the filtrate concentrated to give 169 mg of the
desired product 25¢ as an oil. NMR § 0.84 (s, SH),
1.0 (4, 3H), 1.60 (m, 2H), 2.10 (t, 2H), 3.31 (m, 1H),
6.47 (br 4, 1H).

20

25

Example 62
[R=(R¥* , R*) 1~N={2-Amino=1-{[((1,1-dimethylethyl)di-
methylsilylloxylmethyl]lpropyl]-Heptanamide (25c¢)
Compound 25d is prepared from 28d, following
the procedure used to prepare 25c.

30

35



2H), 3,84 (m 1H), 3.93 (m 1H), 5.07 (g, 2H), 5.17 (d, 1H), 6.15

‘(br d, 1H), 7.34 (m 5H), M5 (FAB): niz 465 20 (MtH calc'd for Cerr]0
Si 465). Exanpl e 64

[RR(R*,R*)]-[3-[[(1, 1- D net hyl et hyl )di met hyl si l yl| -

oxy] - 1- met hyl - 2- [ ( 1- oxohept yl ) am nopr opyl ] Phenyl Met hyl
Ester Carbam c Acid (26d) -65- Conpound 25d is protected
according to the procedure used to prepare 26c¢c, giving 26d.

Exanpl e 65 [S-(R*, S*)]-[3-Hydroxy-1-net hyl - 2-[ (1- oxoheptyl) -

anmi no] propyl ] - Car bam ¢ Aci d Phenyl neglyhpfeste&s (29c) 30

Cormpound 26¢ is desjhy! &£ pLC 5 S d &1 eth Qggh Ts le 47 to
get 29c. 35

Exanpl e 66 E Dxiohan a0 1 e r-tyl)-

am no] propyl ] - Car bam c Aclkgltﬁﬁngg% hy%r% éfﬁ)(% c)

Conpounds 26d is desilylated as Tn 0 get 22d.

Exanpl e 67 Bl %@}‘}tlzm[l(qf&&u iﬂe% )8 n®3 436 PR|kENFN-

met hoxy) car bony @ ref ahe iy béwe CcHlorideed 0°C under argon iéxadakgon of
Bl o 68 Ccm&ﬁ#@e@ (281 mg. FHER fp bt ¢ fEoved py
nethoxy)carbonyhéeﬂwapﬁxihﬂaﬂdntldu|QE(EEnbyl chloroformate (T68pwmgnd 29d
Banpl o g0 D42 UL ACYH o), 7 e ol zﬁ[‘f*f mixture is alleyed
But anoi’c Aci d §¥@giaym to room temperat%r o??%?%er EBESC 8cBor dfRE to

Exanpl e 28 20 readit v debxt@r®0ie®dd2uted with methylene chloride and
' water added. The organic layer is separated, washed
with brine, dried and concentrated to give 230 mg of a
residual pale yellow oil. The residue is purified by
chromatography using 1:5 ethyl acetate/hexane to give
92 mg of the desired product 26c. NMR § 0.90 (s, 9H),
1.21 (4, 3H), 1.56 (m, 2H), 2.09 (t, 2H), 3.69 (24d,
2H), 3.84 (m, 1H), 3.93 (m, 1H), 5.07 (g, 2H), 5.17 (4,
1H), 6.15 (br 4, 1H), 7.34 (m, 5H), MS (FAB): m/z 465

20 .
(M+H calc’d for 025H45N20481 465).

Example 64
R=(R*,R*) ]=[3~- 1-Dimethvlethvl)dimethylsilyli]-
oxyl-l-methyl-2-[ (1-oxoheptyl)aminopropyl]Phenyl

Methyl Ester Carbamic Acid (264)
Compound 25d is protected according to. the

procedure used to prepare 26c, giving 264.
Example 65
[S=(R*,S*) 1-[3-Hydroxy-l-methyl-2-[ (1-oxoheptyl) -~
amino]propvl]-Carbamic Acid Phenylmethyl Ester (29c)
Compound 26c is desilylated according to the
method in Example 47 to get 29c.

15

25
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Exanpl e 70 [R-(R*, R*)]-3- Am no- 2-[ ( 1- oxohept yl ) am nol -

‘But arfoi ¢ Aci d (2g-3) Conmpound 30d is converted to 2g-3
accordi ng 25 to Exanpl e 69. Exanple 71
[R-(R*, S*)]-3-Am no-2-[ (| - oxoheptyl)am no] - But anoi c
Acid Methyl Ester Esterification of 2g-2 according to
Exanpl e 30 55, using MeOH as the al cagglk, provides 2h-2 as its
hydrochl ori de salt. 35 -67-
Exanpl e 72 [R-(R*, R*)]-3-Am no- 2-[ ( 1- oxoheptyl ) am no] -

But anoi ¢ Acid Methyl Ester (2h-3) Example 66 Cbnpound 2g-3 is
esterified as in p '

Exanple 73
Oxazol i di nepr op

mol ) of 10 N¥benzylg5 Pﬁﬁhﬁ”!%dLigiaeEii9la%Bé 3&31ﬁ %&am 1e 65

par af or ngl dehyde is_heated to ref FuXx in toluene (1 ter 4 h the
resul ting sol ukPoHeFs2880l ed to room tenperature and extracted with
saturated sodi um blcarbonate ER gpggnsQS x 150 nL) The aqueous

| ayers 15 are | 0 I

acetate and acidif : : Ters are
separated and t he orpet 2 o33 midno]l-Butanedc AgAd @)sul fate then

concentrated to give 89. §§1 atlg ngEgEP§“ﬁ&u%§§a5bg°§a ggvkgpqm§'yellow

oi I NM[err] 20 n& d”~ J = 4.7 Hz,
1H) , 5.3¢thed 2F|) Exgmpie 49 giveg BOC.1H) 2.6-2.1 (m 4H).
Example 68
R—-(R*,R*)1-2~[ (1-Oxohept aminol=3- hen
metho carbonyllaminol-Butanoic Acid (30d
Compound 29d is converted to 304 according to
15 Example 67.
Example 69

R-(R*,S%*) 1=3-Amino~2-[ (1-oxohept amino]-
Butanoic Acid (2g-2)
Hydrogenolysis of 30c according to Example 28
20 provides compound 2g-2.
Example 70
R~ (R*,R*) ]=-3-Amino-2~[ (1-oxohept amino] -
Butanoic Acid (2g-3
Compound 30d is converted to 2g=-3 according
25 to Example 69.
Example 71 .
R-(R*,S*) }]-3-Amino-2~[ (1~-oxcheptyl)amino]-
Butanoic Acid Methyl Ester
Esterification of 2g-2 according to Example
30 55, using MeOH as the alcohol, provides 2h-2 as its
hydrochloride salt.

35



Exanple 74 (S) - 5-0x0-3-[ (phenyl met hoxy) car bonyl ] - 4- Oxazol i di ne-

‘propanal (44c) 25 A solution of 27 g (92.7 mmol) of the crude
acid (43c) in 200 nL of THF is cooled to O[err]C and 13 niL (10.7 g,
141 mol ) of borane-nethyl sulfide conplex is added dropw se via an
addition funnel. The reaction is allowed to warm gradually to room
tenperature and 30 stirred for 12 h he resulting m xture i s concen-
trated in vacuo to give a white gl assy na?erlal whi ch is taken up in
500 nL of nethylene chloride and treated wi th of pyridinium

chl orochromate (61 g, 281 mmol) at 18[¢er]C in the presence of 3

nmol ecul ar sieve. The 35 R _n1xture %%é%FEBEEH to.marn1to rgon1tenperature

and stirred foR=85F ho—AFeitgneE— eraEPErsd2aE

di at onaceous earth with e hgénéi&OagﬁQ MBehyl Ester (2h-3)

- 68- concentratgd. The n h
filtered.again through d?gFBﬂgggogézgaﬁfheﬁ%gﬁggfﬁér5 ik E&Pﬁgge 71
concent rat ed tbogget 2B-32ag dtsthydrochioxnidehsadt. as a light green

oil: NWR[err] 9.80 (br s, 1H), 7.4f.LM1e 73 5H), 5.55 (br s, 1H), 5.20
(m 3H), 4.38 (t, J=6. 0 Ft g&“ﬂg;ﬁf%fl :
Exanpl e 75 z IS *¥ noj - 5-

met hoxy- 5- oxo- 3- pentenyl] xage;sdgnaggbpgnagc Aald (43c) Car boxyl i c

Aci d Phenyl met hyl Ester 46c To_a.solution of 15.1 g of
phosph g@te 45 in }ﬁfr8f°ﬁe}ﬂgl8né3§ﬁI8PPaz % -78[err]Cis added

dr opwi s&” 102 nﬂ—bénﬁySokyparheaymﬁLhelanﬁn290daadl913 gof amd THF
solution. The def0 1 eg,a2p4 18 g of
crude al dehydﬁf‘gé{si‘ﬂnfﬁ?w&g 18 BERECA bOkpkDux i SolyRHETA

enol ate solutléﬁter 4 t#ﬁerﬁﬁﬁiﬁi§gl§°§PFFPEd1§oF°91ﬁdwﬁPI€°ﬂﬂrn|ng to

room éi&tﬁreTHﬂdréﬂﬁkheﬂeﬂ1&Euhesh&uﬂae&aheddW$ﬁh 100
e .or nIC

mL of t d. ext t 0 f h

ext(r)ac;Na g:e c ex ggaﬁﬁ ﬁﬁéﬁ§a°ﬂn?% 53358 n). enghgfa@EF?P 2AEYEESaL of
brine. Ater dayengpmhened thennpgnéstunnedlﬁa;h 400e miolofmetihylr educed.
The residue  acetatd zﬁgaogaglaggsﬁaae 1A' 887 A" gehgﬁg.%ggmtat@exaw et hyl

acet at e. I Somer ut es |rst of the
desired Z i sonkRY8EE. axnpseﬁaryted4ep§ thg) organic layer is dried

over magnesium sulfate then concentrated to give 89.72

g of the crude acid as a viscous yellow oil: NMR §

7.38 (m, 5H), 5.6 (brs, 1H), 5.21 (d, J = 4.7 Hz, 1H),

5.19 (s, 2H), 4.41 (t, J = 6 Hz, 1H), 2.6-2.1 (m, 4H).
Example 74

{S)~5-oxo~-3~[ (phenylmethoxy)carbonyl]-4-Oxazolidine-

propanal (44c)
25 A solution of 27 g (92.7 mmol) of the crude

acid (43c) in 200 mL of THF is cooled to 0°c and 13 mL
(10.7 g, 141 mmol) of borane-methyl sulfide complex is
added dropwise via an addition funnel. The reaction is

20

allowed to warm gradually to room temperature and
30 stirred for 12 h. The resulting mixture is concen-
trated in vacuo to give a white glassy material which
is taken up in 500 nL of methylene chloride and treated
with of pyridinium chlorochromate (61 g, 281 mmol) at
0°c in the presence of 3 _ molecular sieve. The
mixture is allowed to warm to room temperature and
stirred for 3 h. The mixture is filtered through
diatomaceous earth with ether (200 mL) then

35



2.00-2.40(M 4H); 3.74(s, 3H); 4.36(b t, 1H); 5.20(M 4H); 5.54(b s,

1H); *6.43(b' t, 1H); 7.37(m 5H). | R(neat)cm [err]: 3350(s), 1800(s),
1740(s); M5(Cl): mz 466( M+NH4) ; 410(M Cerr])[err] ; 349
(Mderr]Herr]Cerr]+H[err]; 30 [err] +68+1. 35

69- Exampl e 76

(Z)-N-[5, 6-Di dehydro-Nerr]-[ (1, 1-di net hyl et hoxy) -

car bonyl ] - 6- (met hoxycar bonyl ) - N[ er r] - [ ( phRyI met hoxy) -
carbonyl]-L-l1ysyl]-Dal anine Methyl Ester (47c) 5 A m xture
of 3.3 g of D | yl e . .an ot 4 ted at
140[err] C forg§€8%$§Fg?%§ﬁ fhb Eegﬁ%?ﬁe%glggzsﬁogp Rnlgﬁhﬁg %g hyl ester
i s added. filtenednagaincthronghddiatonapepus earth withdethesnal 10

mn. After coOtheg é@né&htfﬂte&eﬂBeéﬁﬁérﬁstEﬁ sraéetﬁe cruderadaeh a8
chromat ographed on silica |ng variab 39 ag V%‘Fe% ad |ent hexane/ et hyl
reco

acetate._Purif?d®ptidpttd 837 “o1 ris
crystall?zed fswn} 5.55 (hexanesnpthar200(gyvan5,84g38f(theaéesnrad pr oduct
47c % !\%R(Ler%% 1. 43(s , 12H); 1.80-2.10(m 2H); 15
2.23-2. 36(n]2 A 4.15-4.27(m 1H) -

4. 50- 4. 60(n11FD 5 11(b s, 2H): 5. 76(EZQEELE_Z§,1FD 6.38(b s, 1H); 6.47(b

t,1H); 6.81(b s,1H) gura- 743 :
24, gé( CH[eEr]SCHFZ?r 41101 a4 bty ofaid CobbBond 11846 ggm Chlerr];
30. 99(- CH er r] CH=Gpet = engblr5-oK¥o=-3-0 a :
52. 29(-{ err]); 5. CarEOEHNN: AGKIBheRblREChi ) Ester (46c)

80. 43 CH 126.5 C=C 86 | _ri ' .

carbog)C£€27[gzr1LLgL;})T?nﬁ %81%85?5 %81%2;pﬁe§§ HgsPﬁbggtﬁgééa?Bon);

128. 28( phenyl 30agmbacfomgthylenes¢hhenjdle at -78ri fgisanddey;

153. 45( OCONH) ; Iyl 2&&CEEBWhi 0£°0.5 ulﬁétA§é1££“kbkamL%$ Q&&s@&%otr] );
a

172. 99
1650(s§ CE%?BE THR S°k&$€?¥ n1?h§2§€%%&1°n48é¥kﬂ?€[éFrFﬁE€F ) QFr] :

422(N+F err])io minutdS(&A8) 1813 o6£4¢Hhde) aldaehgdHiheso] mrAe®( MH-Clerr])
» Anal methylene chloride is added to the enolate solution.

The mixture is stirred for 3 h while warming to room

temperature. The reaction mixture is quenched with 100

mL of water and extracted with 2 X 300 mL of ether.

20 The organic extracts are combined and washed with 200

mL of water and 50 mL of brine. After drying over
magnesium sulfate, the volume is reduced. The residue
is chromatographed using variable gradient hexane/ethyl
acetate. The E isqmer (2.4 g) elutes first followed by
15.4 g of the desired Z isomer 46c. NMR § 1.45(s, 9H):
2.00-2.40(M, 4H); 3.74(s, 3H); 4.36(b t, 1H); 5.20(M,
4H); 5.54(b s, 1H); 6.43(b t, 1H); 7.37(m, SH).
IR(neat)cm-lz 3350(s), 1800(s), 1740(s); MS(CI): m/z
466 (M+NH,) ; 410(M-C, 8)*: 349 (M-C,H c02+H)+

[212® +68+1.

25
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Calcd: C, 57.57; H 6.76; N 8.06; Found: C, 56.98; H, 30 6.66; N,
'7.88' [err] -7+1; mp. 120-121C Exanpl e 77
N[N err]-[(1, 1-Di net hyl et hoxy) car bonyl ] - (R) - 6-

(et hoxycar bonyl )-N err]-[ (phenyl met hoxy) car bonyl ] - L-

| ysyl ]-D- Al ani ne Met hyl Ester (40c) 35 A solution of 8.5 g of
47cin 25 nL of acetic acid and 250 nL of THF is hydrogenated at 48
psi of hydrogen over 0.5 g of (biT %To(2.2. 1.) hept a- 2, 5-

- 70- di eneC2S, 3S] bi s(di phenyl phosphi no) but ane) r hodi un{( 1)
perchlorate for 18 h. The reaction 'ﬁxé! Iigr.@ﬁ and evaporated to a
resi due. The residue is chronato- ed using variabl e gradient
hexane- et hyl acet Mwmmﬂwa resi due.
Mil tiple i {Zé&t {REEh & p.f.N%LLp\@ RELE -pure

40c. NMR(CDC [err err
1.60-1.97(m 6H); 4=3FE
4.52-4.61(m 1H); 5. 12(bsA&hﬂxtﬂf)e of 3. 14g5055l)-bakaﬁﬁle ﬁeﬁﬁﬂh estb&-

7.36(b 5
21. 1(2(Gs'|[e|r_?] ﬁerﬁ%f 4 1581%%% %Ii%—éerr] [g‘rg;r:] }o min, then
31.87(- CH er r]ampgher|1)6 92@9‘? T4ring Gppthy] - ?s qrz QS(amEerr])

52. 23( - OCH[ er ridat Didey 384 - &&it Biidd ' a©21 760 EHRDx %‘N&
67.01(-OCH err] Ar); 79. 97( QI(CH%err]gl;Lérr,L% 127 99 hent\; rlng
carbon): 128. B3R pheMter i sRPER (%F’E}Pﬁrat €36T¥8eAr CO) ;
155. 48(¥0ONH) ; mes(mwamatograpaad 30 (s 00Nk ) ge178s0RG- GRk¢able2X) ;

| ELKEr) (e )RR Rl henot Rlgacd o iniag produll(hio1060():
424(NH- ([ err] )dleri§ ; recoveredial TheCahatier a1 595 38rysta¥lizedNfremo3; Found:
C

120- 121[err5]7 c%?e"ﬁ‘eg-gghef\' £8-Pire 191814z the d?éfféch graaﬁctrrwc

N[N err]-[ (1,28} it et 984 Mﬁr}dfﬂ%ﬂ(rnét &R« 10 (m, 2H) ;
car bony}d - L- Lyzsyd3-2% 76 anj zi) M3 s (£538) ; (876 ( s, 3H) ;
SOl U1 on O 1% A5 Bin Y TTAd-A Moo g, o0 IR0 £2280) & mr 3
hours, filtrat$ockHand6.38(b s,1H); 6.47(b t,1H); 6.81(b s,1H);
7.34(m,5H) ; 13c-mm: 17.82(~CHCH,: 24.33(~CH,~CH,);
28.02(C(CH,) ;) 30.99(~CH,CH=C); 47.94(~CHCH,); 52.17
20 (~OCH,) ; 52.29(-OCH;); 54.28(OCCHNH); 66.93(~CH,Ar);
80.43(~0g(CH3)3): 126.57(-HNC=C); 127.86(phenyl ring
carbon); 127.94 (phenyl ring carbon); 128.12(phenyl
ring carbon); 128.28 (phenyl ring carbon); 135.98(phenyl
ring carbon); 153.45(OCONH); 156.21 (OCONH-):;
25 165. 13(-CONH—). 171.04(-CO,~); 172.99(-C0,-). IR(KBr,
1y 3300¢(s); 1720(s), 1690(5), 1650 (s) ; 1510(5),

MS(CI) m/z 522 (MH)"; 466 (MH- c,H § y¥: a2z m- ¢, H Co,

N5

MS(FAB) m/z 544 (M+Na) ; 522(MH) ; 466 (MH-C,H_) ; Anal
calcd: C, 57.57; H, 6.76; N, 8.06; Found: c, 56.98; H,
30 6.66; N, 7.88. [a]gs -7+1; m.p. 120-121°c.
Example 77
N- [NG-[ (1,1-Dimethvlethoxy)carbonyl]~-(R)—-6-
methoxycarbonyl -Nz- henylmethoxy)carbonyl]-IL—

lysyll-D-Alanine Methyl Ester (40c)
A solution of 8.5 g of 47¢c in 25 mL of acetic

acid and 250 mL of THF is hydrogenated at 48 psi of
hydrogen over 0.5 g of (bicyclo(2.2.1.)hepta-2,5-

35



evaporation gives a colorless glass. NVR(CDCl [err]) [err]

:3.50(m 1H), 3.80(s,6H), 4.30(m 1H), 4.55(m 1H), 5.15(d, 1H), 7.85(br
sl H). 35 -71-

Exanpl e 79 N-[N[err]-[1, 1-di met hyl et hoxy) car bonyl ] - 6- ( met hoxycar -
bonyl)-Nerr]-[[[3-0x0-2-[(1-oxoheptyl)am no]-3-(phenyl -

nmet hoxy) pr opyl ] am no] car bonyl ] -L-1ysyl]-D-al ani ne

(1 b-1) A solution of 30°{%92.5 ng, 0.24 mmol) in

dried THF (3A sieve 0.8 nL) is added dropw se under argon to a

m xture of 1,1~ W dried over
P205) in 1.8 h%ﬂ%#ﬁ%g@fﬁﬂ%élﬁaff?%nﬁ)b |rre8ﬂ$ kuI?ind
2h-1(83. 3 ny, mexchlorate fom|l8 dnd Tire (Beaction. is fm}taredaelu@d The
resul ting m Xtéprszatséd rﬁéfdafﬂésﬂ&éﬂ atrpdi&fidue is cﬁfamsﬁature The

mxture is diluted with water an tracted with ethg acet at e.
The organic | xaPhed s‘b?rmg._é’ar"%t?]eﬁ &Faqea%’h*e&‘%?’?@'b??%l aretater EPt ered
and evap* gz.vé)r’BIS?Cbt@f arém@wq:ra'ctwctessweresmuétflndlbyple

chr omat ogr aph ion wth 1:2% hano or |vin
T00 5 ot e aa it afe Y ive AT "GTSk AlagreraonetiCaY Hhde' N
2.22(t,2H) 3m.m ZM;R(QIDIZI ) 6312(4@5(63H) SHES ()3H)L - 443@3(911)1;14)

4.52(t 1H) . ) ﬁ@égi , 7.07(d, 1H).

7.20(d. 1H: M5 2 22 3980§ Jerr] 722.3976).
Exanpl e 80 254-12=4¢ %%n@fho@c‘?ﬁ‘bﬁﬂ@ NFR) £ 12133 809x3H b [ 1- oxo- heptyl ) -

am no] - ( phery/) amisBE)promu) ané md grrdory) § - 1_ 36(b s,5HysylTebNmRani ne

t hyl t 2 { 0C
eyl ester () Uaha conegpt e 2t Bl 0N | 3 AV R Y 0C '
\[/ol ai [ Be;o?{e n/.aqw-@mg— no)] A/eBZLilzﬁ(-rg{ngi-b}Q 47. 99(-1@!{@3 err] OL?B
err
60(s, 3 3. T G 5223%@ 5@@ 5217 (SGEERT), 5 4T peis
4.38(m 1H), 05( gkg}{z$2@39%d§PB§2Y%485n9N%H
cal cd i C[erddrtﬁﬁa?) ;34.'52'@ 09 (phenyl ring carbon); 128.44 (ArcH);

136.13 (ArCC) ; 155.48 (OCONH); 156.23 (OCONE) ;
171.10(~CONH-) ; 173.03(~C0,~2X) ;
IR(KBr) (cm Y): 3340(s); 1760(s); 1740(s); 1680(s);
1660(s); 1660(s); 1520(s); MS(FAB) m/z 546 (M+Na)';
20 524 (MH)"; 424 (MH-C, HCO,)"
Anal. Calcd: C, 57.35; H, 7.12; N, 8.03; Found: C,
57.23; H, 7.27; N, 8.03; rotation
[212° -9+1; m.p. 120-121° ¢
Example 78
25 N-[N°- 1,1-Dimethyletho carbonyl ]1-R-6-~({metho
carbonyl)-L-Lysyl]-D-Alanine Methyl Ester (3c)

A solution of 40c (248 mg, 0.47 mmol) in
methanol (8 mL) is hydrogenated over Pd(OH) 2 according
to Example 28. After 3 hours, filtration and
evaporation gives a colorless glass. NMR(CDCl3) 5
3.50(m,1H), 3.80(s,6H), 4.30(m,1H), 4.55(m,1H),
5.15(d,1H), 7.85(br s,1H).

30
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_72- ' Exanpl e 81
*N-[Nferr]-[[[2-carboxy-2-[(1-oxoheptyl)ani nol et hyl ] am no] -
carbonyl]-Nerr]-[ (1, 1-di net hyl et hoxy) car bonyl ] - 6- ( met hoxy

carbonyl)-L-1ysyl-Dal ani ne nethyl ester (1b-3) 5 To 70 ny
of Ib-1 in 7 nL of methyl alcohol is added 31 ng of Pd(OH)[err] on
carbon and the reaction m xture hydrogenated for 4 h according to
Exanpl e 28. The reaction nmixture Té3Tiltered through a pad of

di at omaceous earth. The filtrate is concentrated to 10 gi ve 53.8 ng of
| b-3 as a glass. NVR(CD[err] QD) [erﬂl le 7 0.80(t,3H), 2.15(t,2H),
3.32(m 1H), 3.56(m 14), 3. 60(EX8PRLe35 1y 1H), 4.15(m iH),

4.30(q, 1H), N 38 o By Lethory) aavbanyl R4€ piEhoxyghard for

C[err] 632. 350@6]1 —Nz— - - 20PhE Bg_ envl -
I\L[N[err]-[[[Z'-_é'é\F'%)o_x_T’ZE' amnogm'—_ﬂ_
carbonyl ] - 6- netFexyedr-bony ljampl ! an¥i] nh-Lgsyl —alanine
ester (ID-4). To 40.2¢yp-of | b-3 under argon at O[err]Cis

20 dded 300 [err]l of TFA_ foll ow rocedur e of | e

80. Theavoleat i | es[gr e] e\N/%‘pi)‘zgf*éﬁo]%&?ftﬁg) igﬁcggg?gta;igﬁ:m?ﬁrggd?,g\(gr gi_bght

to give 47 ng dfied-THF eve By ris adde s8Handér , ,

2.15(t, 2H), 3. , : . : S

3 0%(m 1y, 24 0oh g mipure 8 D i el iaihiatelr il oy

532. 2972 ( MrHD%al @24 ore} erdriedovensP,0,) in 1.8 mL dried THF.

ﬁxﬁgp| el?;3 NThe mixture is stiérr?ti gorh‘é hyian%mgh-l(?%§/3 mg, 0.24
-carboxy- N ers] - oxXy; 2- -

ami no] car bo%yI’#“—“f\i{)]er$l][“g [Cﬁgli%‘? r?é{' hy? é?ﬂo?@i c%%%oﬂgﬁq%‘gb Jg%e

| ysyl - D-al ani mneegilti)g mixture is stirredoforsbsuhi ah akbid8fit9 ny of |b-1

in 2.7 nmL | S, asldeds p. i -

Lgrbonate and'%f%#%iéﬁﬁf%btg¢£$%?*%%£% g g%%???ﬁgwg%h whess %ggnsx

t enper at ure f dir3eEed With Tekhylaacebatear xt The ¢xganic lagerpdsasen-to a

resi duethi ch dfathdsobasied withlbpine, driedfteilgageacadil bodpwith 1IN
HO to pH 2. Theéec?célon ia m X ﬁre s, stirred forf5 qutes and
extracted 2x \@f3Fed to a residue. e residue 1is purified by
chromatography by elution with 1-2% methanol in
chloroform giving 109.3 mg of 1lb-1 as an off white

solid. NMR-§ 0.88(t,3H), 2.22(t,2H), 3.59(m,2H),
3.70(s,3H), 3.73(s,3H), 4.26(m,1H), 4.52(t,1H),
4.63(m,1H), 5.32(d,2H), 5.63(d,1H), 7.07(4,1H),
7.20(4,1H) ; MS(HR-FAB) m/z 722.3980(M+H, calcd for

C35H56N5011 722.3976) .

20

Example 80

N~-{6~(methoxyvcarbonvl -Nz- 3-oxo~-2~f1l-oxo~heptvl) -

aminol-3-(phenylmethoxy)propvllamino] carbonyl]-L-
lysyll-D-alanine methyl ester (1b-2)
To 16 mg of 1lb-1 under argon at 0°¢ is added

100 ul of TFA followed by stirring for 1 h. The
volatiles are evaporated to give 11.1 mg of 1b-2.
NMR(CD,0D) 6§ 0.80(t,3H), 1.30(d,3H), 2.15(t,2H),
3.32(m,1H), 3.56(m,1H), 3.60(s,3H), 3.73(s,3H),
3.95(m,1H), 4.15(m,1H), 4.30(q,1H), 4.38(m,1H),
5.07(d,2H), 7.28(m,5H); MS(HR-FAB) m/z 622.3435 (M+H,

35
calcd for C30H48N509. 622.3452).

25

30



-73- ethyl acetate. The conbi ned organic extracts are

‘washed with brine, dried and evaporated to give 106 ny of residue.
The residue is triturated with 3 x 5 m of et her and the ether
decanted. The solid residue is 5 dried to give 91.7 ng of product |b-5
as a white solid. NVR(CD[err]OD) [err] 0.80(t,3H), 2.15(t,2H),
3.32(m 1H), 3.56(m 1H), 3.95(s,3H),_4.15(m 1H), 4.30(q, 1H),

4.38(m 1H); MS5(HR-FAB) niz 604. 3200 (MH{7%%ucd for derr]

604. 3194) . Exanpl e 84

N-[ 6- carboxy-N err] - [[[2 car boxy- 2- g#%ﬂgégggggyl)anino]-

et hyl ] am no] carbonyl ] -L Iysyl] D-aI =11) . To 85.9
ng of | b-5 undexriMrmion 4 O 1 hept ] il NO « h ing to

Exanpl e 80. -”E%rbonvlliﬂﬁiﬁ' .
triturated w tth ether "3x ue is
dried to give 77.§EH§¥§§QB§1 r] OD)

[err] 0.580(t 3H), 2.16(tT2H)9 mgof ;&_:Qﬂﬂnr?smﬁl-bflﬁewmmt:halﬁém 1H),

4.15(m 1H), 20 ﬁdq&é!]‘;’%)gfbl’d(blﬁo( B arb& HRdBle ”fé@@?o 482 (M,

calcd for C[er
mixture hydrogenatedzfor 4 h according to Example 28.

[S‘ (R, S*)]- N"I[lM %é#c&i(c;n b é‘y:ilﬁtfﬂ‘&/%f@dm =t /J:u%e& rpad of

“[[[3- nethoxy -oxo 2- (1- oxohe
propyl]an1no]éﬁﬁﬁﬁﬂwqqeqq§ te|is concentrated to

|3ySy|] "lﬂdAl anigiared 19389 ng of ;g ; as a gH&éLE 2:&112 ¢5,oopp (738 \MTF]h am e
C accor ot np. e urea
53 Bertiiea o ARG AR | T 8 B e 13,
3.60(s,6H), 3.95(m,1H), 4. 15(m,1H), 4 30(q, 1H),
4.38(m,1H); MS(HR~FAB) m/z 632.3493 (M+H, calcd for
C., H. N_O.. 632.3506).

287505711
Example 82
-[N%- 2~carboxy=2- -oxoheptvl)aminolethvllamino

15

carbonyl]-6=({methoxycarbonyl})-L-1lysyl]-D-alanine methyl
ester (1b=-4).

To 40.2 mg of 1lb-3 under argon at 0% is
added 300 ul of TFA following the procedure of Example
80. The volatiles are evaporated and the concentrate
dried overnight to give 47 mg of 1b-4. NMR(CD3OD) 8
0.80(t,3H), 1.30(d,3H), 2.15(t,2H), 3.28(m,1H),
3.56(m,1H), 3.62(s,3H), 3.75(s,3H), 3.95(m,1H),

25 4.13(m,1H), 4.31(q,1H), 4.43(m,1H); MS(HR-FAB) m/z

532.2972 (M+H, calcd for CZ3H42N509 532.2983).

Example 83
E-[G—cagbo;y-Nz—[[[carbo;y—z-{[l-oxoheptyl)amino]ethzl]
amino]carbcnxl]—NG-[(1,1~dimethglethoxz)carbonxl]-L—
30 lysyl-D-alanine (1b-5)
To a solution of 135.9 mg of 1lb-1 in 2.7 mL
of methyl alcohol is added 104 mg of potassium

carbonate and 0.9 mL of water followed by stirring at

20

room temperature for 20 hours. The reaction nixture is
35 evaporated to a residue which is dissolved in 1 mL of
water and acidified with 1N HCl to pH 2. The reaction

mixture is stirred for 5 minutes and extracted 2x with



-74- Exanpl e 86

[R- (R, R)]-N[N[err]-[(1, 1- Di et hyl et hoxy) carbonyl]-Nerr] - rr
3- met hoxy- 1- net hyl - 3- oxo- 2- [ ( 1- oxohept yl ) am no] -

propyl ] am nocar bonyl ] (R) - 6- (et hoxycar bonyl )-L-l1ysyl]- 5

D- Al ani ne Met hyl Ester (Ib-7) Am ne 2h-3 is converted to
urea 1b-7 accord- I ng to Exanpl e 85,

Exanpl e 87 [S-(R*, S*)]-N-[(R) “83Carboxy-N err]-[[[2-carboxy-I -

met hyl - 2-[ (1- oxohept yl ) am no] et hyl ] am no] car bonyl | -

Nerr]-[(1, 1-dj y ) ca Nyl ]lshL-1us -

Al ani ne (1b-8)égﬁy‘E LSEEQ%&' &R%ng%Pégfé ékbfgig gggg?&Fﬁgafg t he proce-
15 dure in ¥aahplewdth prénededriipdgand evaporated to give 106 ng

EX?EP: 628?(1 of retsi?.{JB:_(Ri'hB* %—Lls%h_éRXSGtE%EQQF}ﬁeU[ eikh- Bl k2scanbesy- 1-
met hyl - 2- - oxphe ap] no am noj car - s . .

N[ err]-[(1,1- d?ﬁgFEygg%lh ) %glﬁﬁngﬁf-af}g%sw %{}é L?ém residue is

Al ani ne %Ib-Q)dried to give 91.7 hgdodl prbduct 1b-%8 ascar d¢hidget sobidnpl e 87
provi des | b-9. I

[S (R, 5)] - N- TR B3 0R) 8,3 - 89 F 38} ¢ [5’-%%?‘5’3%?1 ?3@8?9%%!1%'

2-[ (1- oxohept yB) a6imolB) hyB] ahi(seBHY, b4n}pm, 1H) , 4.30(g,1RH),

| ysyl]-D- Al ani gpe - . - b [ f ) group of
1b-8 with #S3gH; 18) ; Mg (R-FAB) m/ ar sBa2596b, Eﬁ-égén%?gcnga T ovi des

30 | b-12. c26H45N5°11 604.3194) . Exanpl e 90
[R—(FF,*?)]-N-[(R)-6-carboxy-N[err]-Eggﬂgnarbaxy-l-nethyl-

2-[ (1- oxohepty. 1 nolethyl J.am carbon 5L+
| ysyl ]-D- Al ani Lpgo8 Sh20 PP5CB0 RN
according to tet lysplid-Dealanipet (Nk-1

To 85.9 mg of 1b-5 under argon is treated
with 500 pl of TFA according to Example 80. The
volatiles are evaporated to a residue which is
triturated with ether 3x and the ether is decanted.
The residue is dried to give 77.9 mg of 1lb-1l1l as a
white solid. NMR(CDBOD) 6 0.80(t,3H), 2.16(t,2H),
3.22(br s,5H), 3.58(m,2H), 3.85(m,1H), 4.15(m,1H),
20 4.30(d,1H), 4.40(m,1H); MS(HR-FAB) m/z 526.2482 (M+H,
calcd for C21H38N509 526.2489).
Example 85

S-(R*,S*) 1-N-[N®-[ (1,1-Dimethylethoxy) carbonyl-N>-

3-methoxy-l-methyl-3-oxo-2~[ (1~oxcheptyl)aminol-
propyllamino]carbonyl}-(R) -6~ (methoxycarbonyl)-L-

lysyl]-D=-Alanine (1b-6)

Amine 2h-2 is coupled with amine 3¢ accord-

15

25

ing to the procedure described in Example 79. The urea

30 is purified by chromatography and identified as 1b-6.

35



- 75- W Caim 1. A conpound of the
‘Formula I: = 5 [err] 15 wher ei n:
Rlerr] is selected fromthe group consisting of hydrogen, a
substituted or unsubstituted (Cferr]-Clerr]) alkyl group, a

substituted or unsubstituted cycl oal kyl group, a sub- stituted
or unsubstituted cycl oal kyl al kyl group, a ¥|ny 20 group, an

acetyl ene group, a substituted or unsubstituted am no group, a
substituted or unsubstituted acyl am no group, a substituted or
unsubstituted aryl group, a S“bSt'tuﬁﬁgggiF 86 unsubstituted aral kyl
group, a substltuted or 25 d aryloxy

substituted or =(R* daDimpshylethoxyycar cut ed or

unsubstituted al kpxymeg: 8 - Lﬁu mdsao gbati Le oBéptvl)aminol-

bstituted I
cont ai ni g 1 I BPOE3 o ep by R B 3ﬁ§°§61)-b-1ysv&roup
consi stihg of nitrogen, sul HUR g XNEEAvEt RBRer (1b-7 Rlerr] and
Rlerr] are independently se substituted or
unsubstituted (Cl-CB) alkyinesahsﬂlnatsanvertEd to upeaudbnis aicoordd
al koxyal kyl , syRg§ttbUE@ampie 85. unsubstituted cycl oal kyl,

substituted or uhsubstituted 3 cycl oal kyl al kyl , substituted or
unsubstituted aryl, substﬁﬁéﬂ@i—eﬁlun ubstituted aral kyl,

substltyged or [S~(R*,sun3uNsTifRyt-6dcakrisoxyan ka[a-thgﬁbgygg yl ene and

a sustifuted,or ynsubstituted mpnocyel| g o[l R
het er ocycl e cont -

N -[(1,1—d1methylethoxy)carbonyl]-L—lysyl]-D—

Alanine (1b-8)
Hydrolysis of 1b-6 according to the proce-

15 " dure in Example 83, provides 1b-8.
Example 88
—{R*,R*) ]=-N-[ (R} ~6=~carbo -Nz- 2=-carboxy-l«
methyl-2-[ (1-oxcheptyl)amino]ethvl]aminolcarbonyl]-
NG—[(1,1-dimethylethoxy)carbonyl]-;-lysyl]-b-

20 Alanine (1b-9)

Hydrolysis of 1b=7 according to Example 87
provides 1b-9.

Example 89
rS-(R*,S*)1—N—r(R)—G—carboxv—Nz-rfrz-carboxx-l—methxl-

25 2=-[ (1-oxoheptyl)amino]ethyl)amino]}carbonyl]-L~
lysyll-D-Alanine (1b-12
Deblocking of the amine group of 1lb-8 with
TFA, according to the procedure in Example 84, provides

Example 90
R~-(R* ,R*) 1=N-[ (R} ~-6=-carbo -Nz— 2-carboxy-l-methyl-
2-[ (1~oxoheptyl)aminojethyl]amino]carbonylj-L~-

lysyl]l-D—~Alanine (1b-13
35 Compound 1b-9 is deprotected according to the

procedure in Example 89, to get 1b-13.




- 76- fromthe group consisting of nitrogen, sulfur and oxy-
«gen at'ons provided that, in the case of FB, the hetero. .. ... ........ alons in
sai d heterocycle are not directly bonded

the -CH X- npiety; and Rlerr], (I;[er r] and R| jlulllﬂu“ﬁﬂ |li" l“l
I ndependent|ly sel ected from car boxy or prote

carboxy or protected car boxyl ayer al kyl and carboxyanlde

X is oxygen or nitrogen; and g?%rr] is Hor an am no protecting
group; mherein the substituents in the aforenentioned
substituted alkyls ﬁloalkyl cycl oal kyl al kyl , am no,

acyl am no, ary ara | oxy, al koxyaryl, al koxyar yal kyl
and heterocyciic groups hre AcfeBpeandsof the Foxmyla the group consisting
of hal ogen, hydroxyl, | ower al kyl, | ower al koxy, aryl oxy,

ar alkyl oxy, am no, nono- or di-Iomer al kyl am no, aryl am no,

ar al kyl am no, 0 car yl, fornyl, |ower al koxycarbonyl,

aryl oxycar bonyl, aral Byl oxycdrbonyl, |ower al kylthio, .20 aryl thio,

aral kyl thio, arylsul Lrwyl, adyl sul &.nyl , NH araI%MhRulfinyl, | ower

al kyl sul fonyl, ar'y1&ul f omNH r and 4 nonocyclic or
bi cyclic het erocycl i ro atons sel ected

fromnitrogen, sulfur and oxygeg;, 25 Q har maceutical |y
accapt abl e salts thereof. 3 A ound according to
A aim 1 having the formul a 30 NH 3

Formula |

15 wherein:
R1 is selected from the group consisting of hydrogen, a
substituted or unsubstituted (Cl—czo) alkyl group, a
substituted or unsubstituted cycloalkyl group, a sub-
stituted or unsubstituted cycloalkylalkyl group,a vinyl
20 group, an acetylene group, a substituted or
unsubstituted amino group, a substituted or
unsubstituted acylamino group, a substituted or
unsubstituted aryl group, a substituted or
unsubstituted aralkyl group, a substituted or
unsubstituted aryloxy group, a substituted or
unsubstituted alkoxyaryl group, a substituted or
unsubstituted alkoxyaralkyl group and a substituted or
unsubstituted'monocyclic or bicyclic heterocyclic group
containing from 1 to 4 hetero atoms selected from the
30 group consisting of nitrogen, sulfur and oxygen atoms;
Ra and R3 are independently selected from hydrogen,
substituted or unsubstituted (Cl-cs) alkyl, substituted
or unsubstituted alkoxyalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted
cycloalkylalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted aralkyl, substituted or
unsubstituted alkoxyaralkyl, vinyl, acetylene and a
sustituted or unsubstituted monocyclic or bicyclic
heterocycle containing from 1 to 4 hetercatoms selected

25

35



-77- [err] 15 wher ei n: Rierr] is
sel eected fromthe group consisting of a (C4-Cl4) al-kyd - group a

cycl oal kyl group, a (CJerr]-Cerr]) alkyl substltut
group, a phenyl group, a benzyl group, CLW m‘:\
al kyl phenyl group, and a (Cl-C6) 20 aIkyIaIko group;

Ra and R3 are independently sel ected fronyg%drogen and "
(derr]-Cerr]) alkyl; Rl err] err] and R err] are
i ndependent|y sel ected from car boxy or protected carboxy,

carboxy or prgﬁﬁﬁﬁe@héaéPQé% céRsisting ﬁ$0H§F§E§¥t|anl§ﬁ£bQﬁ¥a

X is oxygen or rogen an am no g tectlng
gr oup. gen atoms provided thageuhl tReoFaPRgOfoRE) athelhrEerag

the formula: bms in said heterocycle &£&lhot directly bonded to
5 the -CH~ group of the ~CH-X~ moiety; and

' Rb and Rc are independently selected from carboxy
or protected carboxy, carboxy or protected
carboxyloweralkyl and carboxyamide;
X is oxygen or nitrogen; and
R, is H or an amino protecting group:
wherein the substituents in the aforementioned
substituted alkyl, cycloalkyl, cycloalkylalkyl, amino,
acylamino, aryl, aralkyl, aryloxy, alkoxyaryl,
alkoxyaryalkyl and heterocyclic groups are selected
from the group consisting of halogen, hydroxyl, lower
alkyl, lower alkoxy, aryloxy, aralkyloxy, amino, mono-
or di~lower alkylamino, arylamino, aralkylamino,
carboxyl, formyl, lower alkoxycarbonyl,

10

15

aryloxycarbonyl, aralkyloxycarbonyl, lower alkylthio,
arylthio, aralkylthio, arylsulfinyl, arylsulfinyl,
aralkylsulfinyl, lower alkylsulfonyl, arylsulfonyl,
aralkylsulfonyl and a monocyclic or bicyclic

.20

heterocyclic group having 1-4 hetero atoms selected
from nitrogen, sulfur and oxygen:;

25 and the pharmaceutically acceptable salts thereof.

2. A compound according to Claim 1 having
the formula:

30

35



- 78- Rlerr] is selected fromthe group consistiﬁg”df an n-hexyl

group,” a 4-n-pentyl cycl ohexyl group; R err]

i ndependent|y sel ected from hydrogen and mm “ml“m lllI fm
Rlerr], Rerr] and R err] are carboxy; ' |s 0X)¥gem of nitro

and Rlerr] is H 4. A conpound accordlng to
Claim1l having the fornul a: _Lerr]

wherein: 25 Rlerr] is selected fromthe group consisting of

hydr ogen, a substituted or unsubstituted (Clerr]-Clerr]) alkyl
group, a substituted or unsubstituted cycl oal kyl group, a sub-
stituted or unsubstituted cycloal kyl al kyl group, a vinyl group, an
acetyl ene group, a substituted or 30 unsubstituted am no group, a
substituted or uns tituted acylam no group, a substituted or
unsudstituted aryl gr ubstituted or unsubstituted aral kyl

group, a substituted
group, or 35 R K
nmonocyclic or bicy%lic het

substituted aryl oxy or al koxyaryl
a ti tked unsd$R gt ut ed
ydl i c gfjoup cdpt ai nt'ng froml to 4
roup coRgi sting of nitrogen,

oc
hetero atons sel ected fromthe 0
sul fur and oxygen atons; R3 R
c
10 NH Rb
Formula |
15 wherein:
R1 is selected from the group consisting of a (c4—cl4)

alkyl group, a cycloalkyl group, a (cz-cs) alkyl
substituted cycloalkyl group, a phenyl group, a benzyl
group, a (c4-cs) alkylphenyl group, and a (cl-Cs)
alkylalkoxyphenylmethyl group:

20 Ra and R3 are independently selected from hydrogen, and
(cl-csy alkyl;
. Rb and Rc are independently selected from carboxy
or protected carboxy, carboxy or protected carboxy-
25 loweralkyl and carboxyamide;
X is oxygen or nitrogen; and
R, is H or an amino protecting group.
3. A compound according to Claim 1 having
the formula:
30
0 Ra
Ry /U\NH
Ra
35

Formulag |




-79- Ra and R3 are independently sel ected from hydrogen,

~substituted or unsubstituted (Cl-C6) al kyl, substituted--5---- ---0F-.
unsubstituted al koxyal kyl, substituted or uns

cycl oal kyl, substituted or unsubstituted cycl @wmmm lm“w
substituted or unsubstituted aryl, substi tuted d
aral kyl, substituted or unsubst+ uted al koxyaral kyl, vinyl,
acetylene and a sustituted or uhSubstituted nDnocycllc or

bi cyclic 10 het erocycl e containing from1l to 4 heteroatons

sel ect ed i Qfé&eédgffaﬂ Gﬂgs?féﬁﬁgc&fxs{%éiﬁ@eaf aH! hluhedpd OXY-
gen at ons prOV|he that In the case of Rerr] tero - at ons
in said heterdﬁ?%?%va?e4ﬁBTPﬁPF¥%?Y?1?EﬁE¥% gEoup; the -CH group of

the -CH X- nvuwtyan@nd are ind&penaéntiyecsélected Rremrhyarégendapandent!|y
sel et ed fron1c%£h ﬁ or protected carboxy, carboxy or protected
¥htl car boxyam

carboxylomeral de; X is oxygen or nitrogen; and
Ris Hor an ngrmnécR ngrgroapboxy20 wherein the
substituents f e substituted groups are as
defined in da f 1 xﬁégﬁ anﬁinggen' agd A compound according to Caim1l
havi ng R lﬂéﬂfornula 25 [err] Rerr] is
sel ect ed fron1the group §0NSASEbRFoRhd ddcBob@iNg to Claim 10havinga

4- nt®ent yl cycl ex% gup R[err] and R[err] are |ndependently
sel ected from ﬁﬁﬂ net hyl ;

15

R4 /U\N J\/ TNH\L/\/\D/NHRa,

0 =2 ‘
3 = R
20 NH/D\R

pes)

20 Hin

wherein:
25 Ry is selected from the group consisting of hydrogen, a
substituted or unsubstituted (cl—czo) alkyl group, a
substituted or unsubstituted cycloalkyl group, a sub-
stituted or unsubstituted cycloalkylalkyl group,a vinyl
group, an acetylene group, a substituted or
unsubstituted amino group, a substituted or
unsubstituted acylamino group, a substituted or
unsubstituted aryl group, a substituted or
unsubstituted aralkyl group, a substituted or
unsubstituted aryloxy or alkoxyaryl group, or
alkoxyaralkyl or a substituted or unsubstituted
monocyclic or bicyclic heterocyclic group containing
from 1 to 4 hetero atoms selected from the group
consisting of nitrogen, sulfur and oxygen atoms;

30

35



- 80- Rlerr], Rlerr] and Rlerr] are carboxy, Xis

.oxygen or nitrogen; and Rerr] is H - —.._ 6. A
conmpound according to Claim1 having

[err] 20 wher ei n: H’ﬂ'ﬁ'ﬁ"’fﬁﬂﬁﬁ, d from
the group consisting of an n-hexyl groupr &

4- n- pentyl cycl ohexyl group; BL rr and R err] are |ndebendently
sel ected from hydrogen or met € Rlerr], Rerr]
and R[err] are carboxy; Xis oxygen and Rlerr] is

ot o Rt TR L s s

1- net hyl - 2- [(f. 4} 2lkyl, "substituted
lysyl] D- Al anigie uz{s%t{d%&ﬂﬁ*ﬁéd N I3y sﬁl pw&t:&dﬁ’ed or

oy S‘Styﬁﬁsa%%aﬂﬁtﬁeeé"e‘&%ﬁa@%] \Pa%ife?aﬂ or unsubstituted

boxy-N err] - [[@aﬂm&iﬂm&-ﬂkﬂh;&u&ﬁiﬁuﬁa@@tg&ﬁ@stﬂut&s aryl,

car boxy- N or 1 P %W%%ﬁ% D ahof apgeicated or

car bonyl ] - L- Immmﬁélﬁqwa@m owlm[le:r rcgtylene and a

car boxy- 1- ”Et@ﬂsﬁ%ﬂﬂﬂé&F3¥“dﬂéﬁﬁéﬁiﬁﬁ%¢é(iﬁﬁEﬁyﬁiic or bicyclic

anﬂmb]ethoxy]%eteraéJclelé@ﬂ%ilnlnge¥}om 1 to 4 heteroatoms selected
from the group consisting of nitrogen, sulfur and oxy-
gen atoms provided that, in the case of R3, the hetero -
atoms in said heterocycle are not directly bonded to )
the -CH~ group of the -CH-X- moiety; and

15 ’ Rb and Rc are independently selected from carboxy
or protected carboxy, carboxy or protected
carboxyloweralkyl and carboxyamide;

X is oxygen or nitrogen; and
R, is H or an amino protecting group:

20 wherein the substituents for the aforementioned
substituted groups are as defined in Claim 1.

5. A compound according to Claim 1 having
the formula:

25

0
Rl/LKN L_/ \ﬂ/NH‘L/\/\D/NHR4
30 = R I
= —~a
ST N
NH D ™p
b
35

R, is selected from the group consisting of an n-hexyl
group, a 4-n-pentylcyclohexyl group:;

Ré and R3 are independently selected from hydrogen or
methyl:;



-81- N[Nerr]-[[2-[[(4- But oxyphenyl )acet yl]am ng] 24 e
.car boxy- 1| - et hyl et hoxy] car bonyl ] - (R) -

| ysyl]-D-Alanine; (R(R*",R*)]-N[(R)- 6 carboxy N[err

[ car boxy[ ( 1- oxohept yl ) am no] et hyl | pr opoxy] car bonyl ]H“[“HHI“ I““ “m “ |“|
lysyl]-D-Alanine; [S-(R*,S*)]-N[(R)-6-carboxy-Nerr]- [[1-

[ car boxy[ ( 1- oxoheptyl ) am no] et hyl ] pr opoxggcar bonyl ] - L-

| ysyl]-D- Al ani ne; N[ 6-(nethoxycarbonyl) - hﬁerr] [[[3-0x0-2- 10

[ 1- oxo- heptyl)an1no] 3- (phenyl met hoxy) pr opyl ] am no] car -

bonyl ] -L-1 ysyl:&ﬁl ni e NRL hate esdtboxPh [N err]-[[[2-car-

boxy-2-[ (1- oxq t no eth ani noj ca bonyl ] - 6-

(et hoxycar bo If %¥%$$] f)%. qﬁphe?ﬂ | ester;

N—[6 car boxy- N&Frié -K| [ car boxy- 2- oxoheptyl)anlno]ethyl]

m md] carbonyl [=N[err]- (g, 1- ]
Iysyl D- Al ani ne; N-[6- ca%boxg ?f%$g+ﬁ? %éé f&%ﬂgnﬂé %ilm 1 having
oxoheptyl)an1ﬁ@ﬂ%tﬁ?t?%h@ho]carbonyl] L-1ysyl]- D- Al ani ne;
[S(R,S*)]-N[ (R -6-carboxy-Nerr]-[[[2-carboxy-
1- net hyl - 2-[ (1- oxoheptyl ) am no] et hyl ] am no] car bonyl ] - L-
|l ysyl]-D-Alanine; [R-(R*, R*)]-N-[(R)-6-carboxy-Nerr]-[[[2- 20
car boxy- 1- net hyl - 2-[ ( 1- oxoheptyl)anino]ethyl]anino]car-
bord®] - L-1ysyl ] - D- Al ani ne. 8. A pharnaceuti cal
conposi tion useful foD I nduci ng the production of growh factors
(I'L-6 and [err ) mhlch regul at e neutrophil production in the
bone 25 Qpnprlaﬂﬁ a suitabl pﬂ@n@gceutlcal
carrier and an e :lectlve gnt_.f a
9. A process for preparing a conpoun Ra Cgpim1l mhlch conprlses
=[er®]

reacting a conpound of the for- R
whel®in Rl, R2, R3 and X are as @eflned [

20 wherein:
Rl is selected from the group consisting of an n-hexyl
group, a 4-n-pentylcyclohexyl group:
Ra and R, are independently selected from hydrogen or

3
methyl;
25 R2, Rb and Rc are carboxy:
X is oxygen:; and
R4 is H.

7. A compound selected from the group con-
sisting of [S-(R*,S*)]—N—[(ﬁ)-s-carboxy-NZ—[[2-carboxy—
30 l-methyl-2-[ (1-oxoheptyl)aminc]ethoxy)carbonyl}-L-
1ysyl]-D-Alanine; [S-(R*,R#)]-N-[ (R)=-6-carboxy-N>-{[2-
carboxy-1l-methyl-2-~{[ (1~oxoheptyl)aminojethoxy]car-
bonyl]-L~-lysyl}~-D-Alanine; [R-~{R*,S*)]~-N-[(R)~6~car-
boxy~N2—[[z-carboxy—l—methyl—z-[(1-oxoheptyl)amino]—
as ethoxy]carbonyl]~L-lysyl]~-D-Alanine; (R)-N-[(R)-6-
carboxy-Nz-[[2-carboxy-2-[(1-oxohepty1)amino]ethoxy]-
carbonyl]-L-lysyl]~D-Alanine; [(R)-6-Carboxy-N2—[[2-
carboxy-l-methyl-2~[[(4-pentylcyclohexy1)cérbonylj—
aminojethoxy]carbonyl]-L~lysyl]-D~Alanine;



an actlvated car bonyl equivalent of the formul a:

- 82-+ " [err] 5 - mhere Y is a
| eavi ng group to obtain a conpound of the fornula

15 wherein Rlerr], Rerr], Rerr] and X are aﬁuf“rmmeﬂlmmlmmm 1

which is further reacted with a conpound of the for ¢

20 [err] _ypmn1mew] Hewi R err]
and R[err] are as defined in Claim1l to 5 obtain a conmpound of
Claima1. 10. A process for preparing a conmpound of

[C' ai ]m 1 whi ch gopR?Lpps-f P4l blEoRySRERPYNECEEYL NEmiAG] ~2- mul a:
err

carboxy-l1l-methylethoxy]carbonyl]-(R)~6-carboxy-L-
lysyl]-D-Alanine; [R-(R*,R#)]-N-[(R)~6-carboxy-N>~[[1-
[carboxy[(1-oxohepty1)amino]methyl]propoxy]carbonyl]-L—
lysyl]-D-Alanine; [S-(R*,s*)}-N-[(R)-s-carboxy—Nz-[[lo
[carboxy[ (1-oxoheptyl)amino]methyl ]propoxy]carbonyl]-L~
lysyl]-D-Alanine; N—[G-(methoxycarbonyl)—Nz-[[[3-oxo~2-
[1-oxo~-heptyl)amino] -3~ (phenylmethoxy)propyllaminojcar-
bonyl]-L~lysylD-alanine methyl ester; N~[N2-[[[2-car-'
boxy~2-[ (1-oxcheptyl)amino]ethyl]amino}carbonyl]-6-
(methoxycarbonyl)~-L-lysyl]~D-alanine methyl ester:;
N-[s-carboxy—Nz-[[{carboxy-2~[(l-oxoheptyl)amino}ethyl]
amino]carbonyl]-us—[(1,l-dimethylethoxy)carbonyl]—L-
lysyl-D-Alanine; N-[G—carboxy-Nz-[[[2—carboxy-2-[(1-
oxoheptyl)amino]ethyl]amino}jcarbonyl]~L-1lysyl]-D-
Alanine; [S-(R*,S*)]-N-[(R)—s-carboxy-Nz-[[[z-carboxy-
1-methyl-2-[ (1-oxoheptyl)amino]ethyljaminojcarbonyl]-L~
lysyl]-D-Alanine; [R-(R*,R#*)]-N-[ (R)-6-carboxy~N2-[[[2~
carboxy-l-methy1-2-[(1-oxoheptyl)amino]ethyl]amino]car-
bonyl]-L-lysyl]-D-Alanine.

8. A pharmaceutical composition useful for
inducing the production of growth factors (IL-6 and
CSFZS) which regulate neutrophil production in the bone
marrow of a mammal comprising a suitable pharmaceutical
carrier and an effective amount of a compound of Claim
1.

5
10
15
20

25

9. A process for preparing a compound of
Claim 1 which comprises reacting a compound of the for-

30 mula:

Ry NH

R3

35

wherein Rl’ Rz' R3 and X are as defined in Claim 1 with
an activated carbonyl equivalent of the formula:



35 wherein R err], Rerr], Rerr] and Rerr] are as defined in
.Claim’l ! with an activated carbonyl equivalenf“bfmfhé“TﬁfHﬂla””

;)gfzai n a conpound of the [err%or mul a: 10W[]g:rG] v S““i“ﬂﬂmnmmmﬂm

Rlerr], Rerr], Rerr] and Rlerr] are as defined in Claiml t % whithis
further reacted wth a conmpound of the f - la: [err] 25
wherein R err], Rerr], Rerr] and X are as defined in CCaiml to

obtain a conmpound of C aim 1.

0

; M
Y Y

where Y is a leaving group to obtain a compound of the

formula:
10 0 Ra
/LK X Y
Ry NH \H/
R3 0
15 wherein Rl' Rz, R3 and X are as defined in Claim 1

which is further reacted with a compound of the formu-
la:

20

wherein R,» Ryr R, and R, are as defined in Claim 1 to
25 obtain a compound of CIalm 1.

10. A process for preparing a compound of

Claim 1 which comprises reacting a compound of the for-

mula:s
30 HaoN NHR,4

9]
NH
Ry

35

wherein Ra' Rb' Rc and R4 are as defined in Claim 1
with an activated carbonyl equivalent of the formula:



o [y

-83=

where Y is a leaving group to obtain a compound of the
formula: '

10
is
wherein Ra' Ry, R, and R, are as defined in Claim 1
which is further reacted with a compound of the formu-
la:
20 0 Ra
Rq NH
R3
25 :
wherein Rl' Rz, R3 and X are as defined in Claim 1 to
obtain a compound of Claim 1.
30

35



