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(54) DERIVATIVES OF THIENAMYCIN AND ITS ISOMERS

(71) We, MERCK & CO. INC., a corporation duly organized and existing
under the laws of the State of New Jersey, United States of America, of Rahway,
New Jersey, United States of America, do hereby declare the invention, for which
. we pray that a patent inay be granted to us, and the method by’ ‘which it is to be
N 5 performed, to be particularly described in and by the following statement:— 5
R There is a continuing need for new antibiotics, since there is unfortunately no
e static effectiveness of a given antibiotic because continued wide-scale usage of any
such antibiotic selectively gives rise to resistant strains of pathogens. In addition,
the known antibiotics suffer from the disadvantage of being effective only against
10 certain types of microorganisms. Accordingly, the search for new antibiotics 10
_ continues.
' This invention is concerned with certain substituted N-methylene derivatives
of the antibiotic thienamycin and its position isomers, and their pharmaceutically
- acceptable salt, ether, ester, and amide derivatives. Compounds in accordance with
15 . the present invention "have been found to have utility as broad-spectrum antibiotics 15
and this invention also concerns processes for the preparation of such compounds
and pharmaceutical compositions containing them.
Thienamycin is disclosed and claimed in U.S. Patent No. 3,950,357 and U.K.
Patent No. 1,498,087. Thienamycin may be used as a starting material in the
20 preparation of the compounds of the present invention. 20



we pray that a patent may be granted to us, and the nmethod by which it is
to be 5 perforned, to be particularly described in and by the follow ng
statenent: - 5 There is a continuing need for new antibiotics, since there

is unfortunately no static effectiveness of a given antibiotic because
ontinued wi de-scal e usage of any-“such antibiotic selectively giwes-rise to
&si stant strains of pathogens. In addition, the known antibiotics suffer
‘t-\r_o_m t he di sadvant age of being effective only against. 10 certain types
cont ~x net hyl ene

i Gr oor gani sns. Accordingly, }Eﬁ) arch for ‘new antibiotics 1
deri vati ves Ghienmmeycimisikinowed tcchavé itterfanmda: n and its position isomers, and
their pharmaceutically acggptable salt, ether, ester, and amde
derivatives. Conpounds ingaccordance with 15 ~the present. inventi.on
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have been found to have ity r oads Clfqum- ant i bi oti cg}j-15~aff§ t hi
invention also concerns Eﬁ%ﬁgﬁé}gg?at i'on of Isuch Conpoun
pharmaceuti cal. conpositi ons €6 Hat-rgr CORM - Thi enanycin is di scl esed, and

claimed in U S. Patent Nog?3, 950,357 and U. K. Patent No. 1,498, 087..

Thi enanycin y. he used as a.starting material in the 20 .. preparat.ion
: ! fhd B Yofion'R ne imil esented. S

of the CQWPOW!\d)%u it %NWMﬁ pscinG _ P Tthe prese ?_Iinvention have the - 20 2
1,57® 990 following formula: - _ o 5 ) Ienanycin I's known to have
the formula: OH and i_t_soﬁositiOn i somers may be simlarly represented. The
substituted N-nmethylenejderivatives of the present-invention have the 5
foll owi ng fornul a: )\ ' ' .

5 OH SCH2CH2N= G- X N —q@l— SCH,CYNr Car¥e saltsy esters (with the
carboxy or the hydroxy grgup:,N 2L scOoEMI des anhydri.des of conpounds of
formula I'l, or the corregfponding thioic S-acids or their salts, esters,

et hers or '@ry;y_gms,dg” etggjic PR Nnd -%s' QYA e} 1 no 10 ’
ni trogen (@hidﬂﬁéidf@%;m%mfo}ﬂg%% 6ryhaE§i€ n%?%‘rt’ hﬁt:%frsf&:ﬁl&i%ﬁt uents X and
" 10 splts; igetbrs, ¢thersmy aglhydrides| Blepdnging aippe ieckasicite df e @mine nner sal t: -

10 nitrogen (a function of the identity of the methylene substituents X and Y), 10
Formula II may equivalently be represented as an inner salt:

~ OH o R S e
) N—U _coo® Q | -

and, when the carboxy groj’:p is estérified, this tautomer can also form acid-addition-_
salts. Such tautomers are intended to be included when the generic formula II is

15 mentioned. The inner salt is one canonical form of a single resonant structure, 15 |
which, for example, when Y is —NR'R? and X is R, is: :
_ - @
N ~ T SCH,CHyN =ss € == NRVR2
L N coo® .
/ : , R
0

.For convenience, the compounds of the present irivention may also be represented
by the symbol: o : B

o =
200 . Th——N=C-X - . ..m S
L— coou R |

where “Th” indicates the bicyclic nucleus of thienamycin or its position isomer and -
its hydroxyl, amino, and carboxyl functional groups are shown. In the foregoing -
formulae, X is —OR, —SR or —NR'R? and Y, independently of X, is hydrogen,
—R, —OR, —SR, or —NR'R?; where each of R' and R?, independently of the

25 other, is a hydrogen atom, a radical of the type defined below for R, or a nitro, 25
‘hydroxyl, C,_, alkoxyl, amino, C,, monoalkylamino, di(C,_s alkyl)amino, or - =~



OH H and, when the carboxy group is esterified, this tautomer can also form
aci d-faddltlon salts. Such tautoners are intended to be included when the
generic_formula Il is 15 nmentioned. The inner salt is one canonical

formof a si ngl e resonant structure, 15 which, for exanple, when Y is
[err] and X ig [err] is: OHH For conveni ence, the conmpounds of the present@
|nvent|on5may al SO be represented by the synbol: OH 20 ;

Th- =C . Il 20 COOH where "Th" indicates the

bi cycl i C RUcl eus  of th| enarryC| norits p03| tion i soner and its hydr oxyI
anmi no, and Tcar bck anal g 0,30 = 3
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-SR, or [err]; wher eﬂga@!’m gﬁﬁ ‘Eﬁ%“‘g‘éﬁ!@ rﬂl ?fh%lﬂsmtltuted |
ot 153 hyotsoen T T O e | o
anitro, 25. hys}L,OXYhmtro & h Asemyn, isadlcdho ﬁEir oxhf O GﬁHﬁFR{Ete [e r]S
al kyl ) am.noe; or: 3 unsubstituted carbamoyl alkoxycarbonyl C,_, alkyl; C,_,, alkebyl0C.OQ @Ikynyl;

3 | kyl cy 51CesgfyC htl b
fOHHI (Egére‘l hgr \>/1m %ﬁn?ﬁgni ?g #P [@‘ ﬁggl?'ﬁfsgyyg&%;d "Fgﬁ 'lilfzr to
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substituted:or mmsubSicydnumendroaﬂoppmﬁ), ﬁet QyE-hiofafiCheéroaid (Cp,{alkyl) or 10
non- ar omat i ¢ "het er ocym-arcmatapdhﬁab gying-4 Co 46 (ms atoms @ne oromereqdf

whi ch may be an addi ¥ amﬁ,u g?ii?'ﬂ ?gﬁl}ﬁa";;ﬁﬁ"q B‘IE;tLZ ‘l“é? r%]md?rfdll?g‘: s a

cyano or carboxy I‘adbpﬁ o, s PITAEY

al koxycar bonyl 15 [ err]amﬁub taz e (E ey dl yI ,rtyic,_.andyn mo,ano’ 15
cycl oal kyl; [err] cye e )h dr @q,daﬂ Xyl Cre
cycl oal kenyl  [err] ag* la gé) yl{ Er-po)

aryl; [err] aralkyl; ec hpokh zJTfmea wea lonaéa% es @6110%
substltut ed orwnsubﬁirmtﬂat ed nonocyclic or b| cycl |c heteroar( err] a0

al kyl ), heteroaryl, non-aromat ic h%kgr ocycl | c([err] al kyl) or

S e - AR
- : . ) /r— N COX'R3 Y
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~ which may also exist as a salt:

T or? - -

- ® |
N—-1— cox'R¥ |

BT B

0o ' Y
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or, more conveniently by the previously introduced symbol:
’_ r OR3 ’ ]
| @ | A® o
25 Th——NH = (l: -X. ~ Ila 25
o _ vy
— COX'I R3'

- .~ The non-critical counter anion, A, is representatlvely selected to- prov1de
N - pharmaceutically acceptable salts such as a halide, e.g. chloride or bromide,
LR . sulfate, phosphate, citrate, acetate or benzoate. :
™ . . X' is oxygen, sulphur, NH or NR¥. R¥ is hydrogen, or, inter alza, is :

30  representatively selected to provide the pharmaceutically acceptable salt, ester, 30
anhydride (R is acyl and X" is oxygen), and amide residues known in the b1cyc11c -
p-lactam antibiotic art .and enumerated in greater detail .below, R? is: (1) acyl
(generically the group OR3 is classifiable as an ester); (2) R® is a univalent
hydrocarbon or substituted hydrocarbon residue, e.g. alkyl, aryl, alkenyl or aralkyl

35 (such that the group OR? is generically classifiable as a ether) or (3) hydrogen. The 35
term “acyl” includes the alkanoi'ls and their derivatives and analogues such as thio
analogues in which the carbonyl oxygen is replaced by sulphur; as well as sulphur
and phosphorus acyl analogues such as substituted sulfonyl and sulfinyl radicals, .
and substituted P (III and V) radicals such as substltuted phosphorus, phosphoric,



non-aromati c heterocyclic radical having 4 to 10 ring atons one or nore of
whi ch is an oxygen, sul phur or nitrogen heteroatom the substituent(s) on
R_[err] or the ring forned by joining [err] and R2, are hal ogen, viz.

chlorine, bronine, iodine or fluorine; azido; thio; sul pho; phosphono; -

. cyanothio (-SCN); nitro; cyano; 15 am no; hydrazino; [err]ﬁalﬁiranjno,
(Nerr] alkyl)amno," tri([err] alkyl)am no; [err] 15 al kyl hydrazi#o,
K6[jerr] al kyl)hydrazino, tri([err] alkyl)hydrazino, hydroxyl; [erri alkyl;

| l4 al koxy; C,, alkylthio; canl@gsh; oxo; ([err] alkoxy)carquylidﬁz_lo

Gomun s AR A R0 KL BEBReSRmgeRe o | ow 1 2

a
mul a: Antibiotics of the present invention have been found to be active against a

20 OR3 SOrie@H2a4g€-of pathogens which. rdpresentatively iﬁﬂgwbah gam-posithe a salt: aqr,

mor & convRAfIEEAIE By, St mureysy Slepo gugeees, dnd s aydrgrm-negriye2s ;5
53 e o TR b T e i, e B " et 1o

provi de pdisideminesfout élhsses: accept abl e salts such as a-halide, e.g. chlyfide
or broni de, @udridines, inpWiigpKat esNRIR? anek X = byoledgen er Br benzoate. [err] is

oxygen, sul phur, NHggr [err] is hydrogen, or, inter alia, . is 30
representatively selected to provi.de the.pharnaceutically acceptable salt,
estes, 30 anhydri (R3" i cyl .and X ig gn), and amide residues
kno&g in the bicyclic -eﬁﬁi&ﬁ”d%?ﬁfgé%gt and enunerated®in greater

detail below, R3 is: - 0@0K cal | yRthe group OR3 is classifiable as
an ester); (2) R3 ig a unival ent hydrocarbon or substituted hydrocarbon

resi due, - ehigh nalylgIrepresented bpkHeaeyonamistradtaekyl 35 (such that the group
OR3 is generically, classifiable as a ether) or (3) hydrogen. The 35 term
"acyl" includes t H al kanoyl s and their derivatives and anal ogues such as

thi o anal ogues i nJyhi ch t carbonyl oxygen ®@s repl aced by sul phur; as well
as sul phur and phos : aﬂ abGH glfigH sae6=aNRIRSst i t ut ed sul fonyl and
sul finyl radicals, gnd. it utego® (111 and V) radicals such as
~substituted phosp us, phosphoric, 4 R . '
, ,,11 570, 990ypere R, R' and R? are as previoégly defined. Species Ila may similarly be
. depicted: . L
' OR3

s () SCH,CH,N = C - NR'R? 15
' Ve N —=L— COx'R¥ R
-0 . )
where R?, X’ and R* are as defined below. Representative examples of such

amidine embodiments (the substituent plus the amino group of thienamycin form
the amidine structure) are: .

The benzamidine: Y = —NH,, X = phenyl;’ : '
20 . The formamidine: Y = —NH,; X = H; 20
: The acetamidine: Y = —NH,, X = CH,; o
The 4-pyridylcarboxamidine: Y = —NH,, X = 4-pyridyl;
The N-isopropyl formamidine: Y = NHCH(CH,),, X = H;
: The N-methyl formamidine: Y = —NHCH,, X = H; : o
25 The N,N-dimethylformamidine: Y = —N(CH,),, X = H; 25
The piperidinyl methylenimine: Y = 1-piperidyl X =H.

Other preferred amidines are those in which Y = NR'R2 and each of R and R?, -
inderendently of the other, is a hydrogen atom; a substituted or unsubstituted C,_, LB
- alkyl, C,_4 alkenyl, C,., cycloalkyl, C,_, cycloalkylalkyl, C, , cycloalkenyl, C, , - s
30 cycloalkenylalkyl, C,_,, aralkyl or C, ,, aralkenyl.radical or a monocyclic 30 '
heteroar(C,_; alkyl) _raéical having 5—6 ring atoms, one or more of which is =
oxygen, sul1p ur, or nitrogen, the ring or chain substituent(s) of R and R? being L]
chlorine, fluorine, hydroxyl, C,_; alkoxy, di(C,_, alkyl)amino or C,_; alkylthio: '
' Examples of the values of R' and R? are methyl, ethyl, propyl, isopropyl, butyl, ;- -
- 35 butyl, N,N-dimethylaminoethyl, 2,2,2-trifluoroethyl, 2-methylthioethyl, allyl, 35
methallyl, 2-butenyl, 1-buten-3-yl, cyclopropyl, cyclopentyl, cyclohexyl, '
- cyclopropylmethyl, cyclohexylmethyl, 2-cyclopropenyl, ' 1,4-cyclohexadienyl-
methyl, benzyl, p-methoxybenzyl, p-dimethylaminobenzyl, cinnamyl, 2-
thienylmethyl, 3-thienylmethyl, 2-furylmethyl, and.1-methyl-5-tetrazolylmethyl.
40 X is a hydrogen-atom or a residue of the type defined above for R, preferably 40
C,_ alkyl, C,_, aminoalkyl, C, , alkenyl, C,_, aminoalkenyl, C,_, alkoxyalkyl, C,_,, -



phosphonous and phosphoni ¢ radicals. Such radicals, R3, of the present
invention are enunerated in greater detail below Antibiotics of the
present invention have been found to be active against a broad range of

pat hogens which representatively include both grampositive 5 bacteria |
such as. S. ‘aureus,- Strep. pyogenes,. and B. 3subtilis and gramnegative 5
bacteria such as E. coil, Proteus norganii, Klebsiella, Serratia, and 1&
Pseudononas. The conpounds of the present invention:(Formulaé Il and Ila,

above) may be divided into four classes: (1) Amidines, in which Y =[err]
and X = hydfogén or R OH which may be re o nt 5

structure: OH wher emRno] 8F bi trijatkyRindaRyIRET, RrRadikyly Cl§fdnedioalbascet es Ha
may simlarly be degpubstiiteed oORBsubdituted aryl, aralkyl, monocyclic heteroaryl, heteroar(C,_,

5 where [err], X aflayl) gpr-gromatic heteropyrliqpiciopar ic gt lisrtGasialldDENgiAp| es

; h -,d. b stibsti t(s e t itio _lg'gn. .M re specific

o1 &1 il e rt AR R e e o G TR e
14

! I

t hi enanyci-n for mt hgmia ¥ yktikoneethyB &1mé[ﬁtma i JNerifluromettdh,r] X =
gge nKI , 20 . _ gﬁgimaw,;%tmmuh pWenyl, benzyl} phepethyl H-pyridyl, 3-pyridyl, 4-

The acet am di ne: ANQY4Z MaZ0IE- [ err] The, A-pyridylcarboxaniding, . Y =
Cor T X = 0t e N R e Sl DAL K e,
N et iyl 1 or o di nestESh mpanic e thoss it 2t %uﬁ%?ﬂé&%ﬁﬁ%ﬁﬂ%ﬁ ﬁ'ﬁ,“ﬁi 10
N, N- di met hyl f or mami %dﬁgis _a\ehgg %nragqp} ona pﬂbs,t-iéyteti or unsuégstituted alkyl or gikemnylyadical
pi peridi nyl met hyl eff \enti 'gl gf lwgi'a y_precedipg paragraph.c o od ani di nes
are those in which Y-)i?(g etfar"]dmésh gﬁalc 96 Q%R?F] axa_tgné E‘%{?ﬁ :Rfliendependently of
the other, is a hydrogen atom a substfittt’€d or unsubstituted [err] al ky,
[err] alkenyl, {err] cycloalkyl, [err]| cycloal kylalkyl, [err] cycloal kenyl,
[err] 30 1sycl oal kenyl al kyl, [qrr+ xa_l yl oryderr] aral kenyl radical, -
or a nonocyclit 30 heteroar(C aIQy ) digér’ﬁ%v ng 5-6 ring atons, ond> ¢
or nore of which is oxygen, sulphur, dar nitrggR® the ring or chain
substituent(s) of [err] and R2 being ghlorjne,, fluorine, hydroxyl, [err]
al koxy, di([err] alkyl)amino or [err] ar | 0;

' : where all symbols are as defined above.

Representative examples of such guanidine compounds (the substituted plus
" the amino group of thienamycin form the guanidine structure) are:

The guanidine: Y = —NH,, X = —NH,; )
20 : The N-methylguanidine: Y = —NHCH,, X = —NH,; 20
. The N,N-dimethylguanidine: Y = —N(CH,),, X = —NH,; : -
“The N,N,N-trimethylguanidine: Y = —N(CH,)2, X = —NHCH,;
The N-phenylguanidine: Y = —NH(CgH,), X = —NH,;
' The nitroguanidine: Y = —NHNO,, X = —NH,;
25 The aminoguanidine: Y = —NHN’i‘,, X = —Nﬁ,.

4

o

25

‘Other preferred guanidines are those in which X' is oxygen, R?® and R* are both
hydrogen, and each of R' and R?, independently of the other, is a hydrogen atom or
a substituted of unsubstituted C,_, alkyl, C,_ alkenyl, C,_ cycloalkyl, C,_, cyclo-
alkylalkyl, C,_, cycloalkenyl, C,, cycloalkenylalkyl, C,_,, aralkyl or Cgy_y
30 aralkenyl radical or a monocyclic heteroar(C,_; alkyl) r_adicaf having 5 or 6 ring 30

atoms, one or more of which is oxygen, su:iphur, and/or nitrogen, and the
substituent(s) is/are chlorine, fluorine, hydroxy, C,_, alkoxy, di(C,_, alkyl)amino or
C,_; alkylthio and may be ring or chain substituents. Specific examples of values of
R' and R? are methyl, ethyl, isopropyl, butyl, +-butyl, N,N-dimethylaminoethyl,

a5 2,2, 2-trifluoroethyl, 2-methylthio ethyl, allyl, methallyl, 2-butenyl, 1-buten-3-yl, 35
cyclopropyl, cyclopentyl, cyclohexyl, cyclopropylmethyl, cyclohexylmethyl, 2-
cyclopropenyl, 1,4-cyclohexadienylmethyl, benzyl, p-methoxybenzyl, p-dimethyl-
aminobenzyl, cinnamyl, 2-thienylmethyl,- 3-thienylmethyl, 2-furylmethyl and 1-

- : methyl-5-tetrazolylmethyl. . _ S

w - 40 (3) Substituted Pseudoureas, in which Y is —NR'R? and X is —OR or —SR: . 40

0

I

N NR'R2

- L coxir2 .

where R, R¥, X', R}, ahd R? are as defined, and X is —OR or —SR..
Representative examples of such substituted pseudourea compounds (the

o substituent plus the amino group of thienamycin form the substituted pseudourea
45 - structure) are: - . ' '

Th— N = c— NR'R?

45



Exanpl es of the values of R and R2 are nethyl, ethyl, propyl, isopropyl,

butyl, t- 35 butyl, N, N-di nethyl am noethyl, 2,2,2-trifluoroethyl,

2-nmethyl thiocethyl, allyl, 35 nethallyl, 2-butenyl, 1-buten-3-yl,

cycl opropyl, cyclopentyl, cyclohexyl, cyclopropyl nethyl, cyclohexylnethyl,

2-cycl opropenyl, 1 ,4-cycl ohexadi enyl - nethyl, benzyl, p-nethoxybenzyl,

i nmet hyl am nobenzyl ; cinnanyl, 2- °thienylnethyl, 3-thienylnethyl- -
O\

urylmethyl, and 1-nethyl-5-tetrazolyl methyl. 40, X is a hydrogen
OJerr]:
- wrl

al koxyal k¥he NNedimpthyl-O-megiyDpso@dpurea: - = - 5 (nono, di
or tri)-alkylanrnoalkyr,‘[gghkcgf{--Lpal , [err] alkylthioal kyl, or a
substituted or unsubstituted a& ¥ aralkyl,» monocyclic heteroaryl,.

het er oar (Tler N)N-dilnkthly)S-cthp psaudottiidutea: het erocyclic or non-arongtjc =~
-heterocyclic-([err] alkyl)ring in - which any substituent(s) .are as Set out
in the definition of [eﬁQT‘ﬁﬂgﬂﬁ?}(ﬁﬁTﬁcgégbific 5 exanples of ., -
pref @rr edTheaNIpREnyRE-ethylsBuddBiiduseny Met hyl | et hoxyethyl, dimethyl- 5 =~ |

am nonet hyl , net hyl am nonet hyl , - tri met hyl anmoni unet hyl trifluoh%nethyr
nethylthionéthylT-ethyfﬁh?p@éﬂ&ﬂp?bheﬁ%%&cﬁsnzyl, phenet hyl.," 2-pyridyl,
3-pyridyl SNy ' = ,azolyl .- The am di ne conpounds represent a
preferredngﬁgg%¥&L§¥%F§ﬂﬁgﬁFyﬂﬂﬁéhIX‘fis 10 " oxygen and [err] and R3
are both hydrogen. Especi ¥+ NpCH,cKe=edSCH di nes of the 10 present

and R |5 gl “l°%§pré{"=8“ﬁ$"%$p§g%%§tﬁ%%%@%ﬁ‘l%r RUMERSET BB ol by or al kenyl

pmeor a residue of the type dgfingd

above for R preferably

&

an 5 |5 o B ARGy sy spmpbedries Pt |
radical or the type mentioned in the i mediately preceding paradaph. (2)
Cuani di nd4), Imidovithers) and Irddd Brigetherand X is [err]: -OR3 where all synbols are
as defined above. Representatiye grenpl es of such. guani di ne conpounds (the
substituted plus the am no groyip of thienanycin formthe guanidi ne
structure) are: The guanidine:|Y=-NH2, X = -NH2; 20 The

N- et hyl guanidine: Y =[err] rhxXt= NN x : 20 The .

N, N-di net hyl guani dine: Y = =N({H3) 2,1 X =-NH2; The NN, N-tri net hyl guani dine:
Y = [err], X = -NHCH3; B Yy - : A

— COX'R3

where R?, X’, R¥ and R are as defined, X is —OR or —SR and Y is hydrogen, R,
15 Representative examples of such imido ester and imido thioester compounds 15
* (the substituent plus the amino group of thienamycin form the imido ester or imido
thioester structure) are ' S S
The methyl formimidate:

’.‘gu

o Y=—OCH, X = —H;
20 The S-methyl thiobenzimidate: I _ - » R o 20
o Y = —SCH,, X = phenyl; |
The methyl bén_zoy]’oxyéarbimidate: o | o | _
" Y=—OCH, X=—OCHCH,;
The diethyl dithiocarbimidate: IR
25 - . Y=—S8CH, X= —s—c;Hs.- o

: : . 25 =
~ The compounds of the present invention are conveniently prepared from o
thienamycin and from position isomers of thienamycin, which are discussed later s
on in the specification. These compounds have Formula IA, above. Compounds of o~
_ the present invention such as Ila, above, in which the secondary alcoholic group . ol
30 and/or the carboxyl group are derivatized, :are conveniently prepared either from 30 '

_ the corresponding O—, carboxyl, or O— and carboxyl derivative of thienamycin or -~
its position isomer or from II or thienamycin or its position isomer followed by
subsequent reaction to introduce the radicals R® and R¥ (or —X’ R¥) and
combinations thereof. -Such starting - materials are . fully disclosed in the - -
35 specifications of the following copending Patent Applications: _ 35
Application No. 7667/77 (Serial No. 1,569,234) is directed to O-derivatives

(ester and ether derivatives) of the secondary alcoholic group, which have the
following structural formula: - - - o ' S



The N-phenyl guanidine: Y = [err], X = -NH2; The nitroguanidine: Y = -NHNO
X =-NH 25 The am noguanidine: Y = Jerr], X =[err].
25 Ot her preferred guanidines are those in which X is oxygen, R3 and R3'

are both hydrogen, and each of [err] and R2, independently of the other, is

a hydrogen atogm or a substituted of unsubstituted [err] alkyl, [err]:
al kenyl, [err] cycloal kyl, [err] cyclo- alkylalkyl, [err] cycloal kenyl, b
[err] cycl oal kenylal kyl, [err] aralkyl or [err] 30 ar al kenyl radi cal

or a nonoayclic heteroar([err] al kyl) radig
. |
one or nore of =
substituent(s) is/are chlori ne, fOR®I i ne, hydroxy, [err] al koxy, di([err]
alkyl)am no or [err] alkylthio an may be ring or chain- substituents.
Speci fic exanples of val ues of ..a:etgm CIENW. . i sopr ?aoyl
butyl, t-butyl, (NN-di methylam noet hy! ! 2 2Tt luor oet hy
2rrethy|th|o ethyl al l.yl, nethal uterTT ? uten3y|

cycl opro cyclopent cycl . Io hex t hyl ,
2- Cycl:og‘ﬁopeny' dénoéﬁi‘éw vE 6 “E:m %5‘36 éﬁ'ﬁ b%’ngﬁm‘
p- di met hyl - an1nobenzy| C|nna |en thlenylnethyl

2-furyl methyl and 1- nethyr- Hazolylnethyl 40 (3) Substltuted
Pseudoureas, in which Y is 5NR and X i ss-OR or_ - 40,0R3 where [err],
X, [err], and R2 are as defin€d,. i SGHzcﬁﬁNRRgpresentamﬂve
exanpl es of such substituted pseudgur cdon(t he substituent plus the .
am no group of thienanycin forn1b e substituted pseudourea 45 '

ving 5 or 6 ring 30 atong,

structure) are;

5 where R is acyl and R* is hydrogen or N-acyl compounds are useful 5
45 6 ) starting materials for the pre ratlo oigtrﬁyé %‘égi)tuted seudourea (3) and the
6 The N, N-di nmet hyl - @hidetthyd andsimiddahioether ( poiﬁ’rds oRthe-patesengttitmehtids. et h;él

pseudot hi ourea: [er r}lrgg&l]g:;%ti‘?#wﬁ%gﬂggt E%‘E’B?‘@Hg h uctﬁﬁ% mcsi‘n]q?t&h i@ N-acyl an

[err] The N- et hyf

o )\__j/\_ NRRE
0 \ | SCH,CH, S Id 10

Y o N L— COX'R¥

0
Apphcatlon No. 48237/76 (Senal No. l 570,987) is directed to N-acyl 0- and
carboxyl derivatives of thienamycin havmg the followmg structural formula:

OR?

)\__(\I— éCHZCHzNRf' R2' te

N IR3
Ve COX'R
o)

The corresponding 0-unsubst1tuted compounds (herem called lc) can be
.15 prepared analogousgl
' Thus compounds of the present invention depicted as Ila, above, may be
prepared by starting with the corresponding derivative Ia, Ib, Ic, Id, Ie; or
compounds ITa may be prepared directly starting with Thlenamycm or a position
isomer thereof, I, (I-1I) followed by the desired derivatization procedure to
20 establish” R? and/or X'R¥ (II-I1a) which is descrlbed in' the above mentioned 20 -
. copending Patent Applications.
The radicals R?, R¥. X', R" and R are defined as set forth below.
_ In the generic representation of the compounds of the present invention (1la,
. : above), the radical represented by —COX'R’" is, inter alia, —COOH (X" is oxygen:
- .25 and R¥ is hydrogen) and all radicals known to be effective as pharmaceutically 25
: - acceptable ester, anhydride (R¥ is’ acyl). and amide radicals in the bicyclic g-lactam
. a}?tlbn}tle art, such as the cephalosporins and penicillins and the nuclear analogues
- : . thereol
: ' Suitable radicals (R*) mc]ude conventional protectmg or carboxyl blocking
30 group. The term “blocking group” as utilized herein is used in the same manner -30
and in accordance with the teaching of U.S. Patent 3,697,515. Pharmaceutically
acceptable thienamycin derivatives of the present invention falling in this class are
given below. Suitable blocking esters thus include those selected from the following
_ list which is representative and not intended to be an exhaustlve list of possible
35 ester groups, in which X is oxygen and R¥ is given: 35
' (i) R¥ is CR&—~RE—Re— where at least one of Rt—, Rt— and R&— is an electron-
donor, e.g., p-methoxyphenyl, 24 6-tr1methylphenyl 9-anthry1 methoxy,

ey

15

»n

M



[err] Particularly preferred conpounds are those in which [err] and [err]
are hydrogen 10 and X' is oxygen.
10 (4) Imdo Ethers, and | mdo Thioethers where [err], X, R3'" and R are as

defined, Xis -CRor -SRand Y is hydrogen, R, -OR and --SR 15
Represent ative exanpl es of such inmdo ester and im do thioester «conmpounds
the substituent plus the am no grdup of thienamycin formthe imdo
r or imdo thioester structure) are The nethyl form mdate: Y = OCH3, X
20 The S-nmethyl thiobenzini date: ' ' W/
| é; tl—The—met-hyl benzoyl gxygga?&,?%ﬂ dat-e.—|-et r] The. diethyl 8
di t hi ocaigm,sCHatetrahydbofur-2-yl, tetrahydropyran-2-yl or fur-2-y1 T[lefem]ammg R!— _ -

25 The c®%paad®s—@fouph amap be dadroganny conganisrubgtitutiog g}lpﬁ §WG prepar ed from
t hi enarrygfg %ﬁ!’ %‘Pﬂ%"ﬂ’&é‘l‘f‘idf)ﬂ‘“}eg'(%wgzy Y@ °§¥1§H€ friemg are di scyssed
y ar -

SORCIRELRATHRF ot Ha $Fe STRINGLOUS haveafaémha I8, sabove.

later on'In
Corrpoundatt tntgtgeoupregm&:zaynpﬁmophnnylsﬂpmdas trlchb;omlﬂtyk@,nbromoM| ch the

secondar yneiyb et,h)' ethﬂoethoxyca' erylmeth 29 Y‘o are - ;.
dervart Hngl i T PRI corespord v
0-, 1ocar bQuPonyl, czrzzamcma ok %yﬁyn dﬁrzya&ﬁw@m C| h or ifjg position
i somer or fon)msnlscm-—mma e;rentlcnstuwtosaf |R9-|—@ndRs-oarehydr0-I | owed by

subseque b? bk B ‘Hk ‘T’tbﬁﬂ hi"h%" X
and corrb%r_@’fo;ﬁg% bﬁ gﬁ;&‘oxﬁﬁ;& %ﬁb%ﬁg% i “ Y él?;cl oseglelrn])

the1s35 metfoRRa@tbonat 1 ons of - th e OWI n cop en I ng tent Appis cations:
Appl i cat i on(iNo. R’766§’/ War(lﬂewll a2-bmﬂo’m'pm91 Zﬂﬂyeth}éthmph@ﬂt eoF to O-derivatives

(ester ahdr of secondar I roup, which have
Re- ol s et S BLEAT ko SR g

1, 570 o
R4SIX'; RISIX}; RISLNRS; RISLINH.CORY; : 20
' R4Si.NH.CO.NH.SiR%; RNH.CO.NH.SiR4; or S
R4C(OSiRY); HN(SIRY), '

where X3 is a halogen such as chlorine or bromine and the various groups R%, -
' which can be the same or different, represent hydrogen, alkyl, e.g. methyl ethyl, n- *
25 propyl, iso-propyl; aryl, e phenyl or aralkyl, e.g., benzyl, 25
More generally state pharmaceutlcally acceptable carboxyl derivatives of
the present invention are those derived by reacting thienamycin or an N-protected -
_thienamycin, such as N-acylated thienamycin, or a position isomer thereof with
- alcohols, phenols, mercaptans, thiophenyls or acylating reagents.

30 - For example, esters and amides of interest are the above-listed starting 30
materials and final products havm% the following group at the 2-position of the :
thienamycin nucleus: —COX’R¥ where X is oxygen, sulfur, NH or NR¥ and R¥ is
alkyl having 1—10 carbon atoms, straight or branched, such as methyl, ethyl, ¢-
butyl, pentyl and decyl; carbonylmethyl including phenacyl p-bromophenacyl, p-t-

35 butylphenacyl, acetoxyacetylmethyl plvaloxyacetylmethyl carboxymethyl andp -
alkyl and aryl esters; a-carboxy-a-isopropyl; aminoalkyl including 2-methyl-
aminoethyl, 2-diethylaminoethyl, 2-acetamidoethyl, ll: thalimidomethyl and
succinimidomethyl; (C,_,, alkoxy)-(C,_¢ alkyl) in wh1ch the alkoxy residue.can be
branched, straight or cyclic, such as methoxymethyl, ethoxymethyl, isopropoxy-

40 methyl, decyloxymethy ethoxy-propyl, decyloxypentyl or cyclohexyloxymethyl; 40

~ (C,_s alkanoyloxy)-(C,_ alkyl) in which the alkanoyloxy portion is straight or :
branched, such as - acetoxymethyl, pivaloyloxymethyl, acetoxyethyl
proplonyloxymethyl or acetoxypropyl; halogenated straight or ranched C}l alky
in which the halogen is iodine, chlorine, bromine and/or fluorine, e.g. 222-

45 trichloroethyl, tri-fluoroethyl, 2-bromopropyl, diiodomethyl, 2-chloroethyl, or - 45
bromoethyl, and also including C,_, perhaloalkyl; alkenyl having 2—10 carbon,
atoms, either straight or branched, e.g., allyl, 2-propenyl, 3-butenyl 4-butenyl, 4- e

- pentenyl, 2-butenyl, 3-pentenyl 2-methyl-2-propenyl 3-methyl-3-butenyl, e
. methallyl and 1,4-cycloheéxadien-i-yl-methyl; alkyny! having 2—10 carbon atoms,

50 either straight or branched, e.g., 3-pentynyl, propargyl,-ethynyl and 3-butyn-1-yl; 50 % - -~
alkanoyl, either straight or branched having 1—10 carbon atoms, such as pivaloyl, .
acetyl and propionyl; C,_,, alkoxycarbonylalki , Cq_s, dialkylaminoacetoxyalkyl; -

C,_,; alkanamidoalkyl; aralkyl in which the alkyl residue has 1—3 carbon atoms
and the aryl residue 6—10 carbon atoms, such as benzyl, benzhydryl, substituted

55 "benzyl or benzhydryl, e.g., benzyl or benzhydryl substituted with 1—3 substituents 55

such as benzyl, phenoxy, halo, C,., alkyl, alkanoyloxy of 1—>5 carbon atoms, Cis

alkoxy, hydroxy, nitro, blocked carboxy, or combinations thereof, e.g.. p-

chlorobenzyl, o-nitrobenzyl, 3,5-dinitrobenzyl, p-methoxybenzyl m-benzoylbenzyl

ﬁ-t—butylbenzyl m-phenoxybenzyl, p-benzoylbenzyl, p-nitrobenzyl, 3,5-dichloro-4-

ydroxybenzyl, p-methoxycarbonylbenzyl, p-methoxybenzhydryl, p-carboxybenzyl. 60 -
(the latter bemg cither the free acid, ester or the sodlum salt), 2,4,6-trimethyl-

We

35

A



Application No. 48236/76 (Seriai No. 1,570,986) is directed to N acyl
derivatives, which have the follow ng structural fornmula: OH 5 wher e
[err] is ar‘\/l and R2' s hydrogen or acyl _Such N-acyl- conpounds are useful
5 starting materials for the preparatlon ‘of "t he substltuted pseudourea (3)
and the imdo ether and inido thioether (4) conpounds of the present

i nvention. Application No. 48239/76 (Serial No. 1,570,989) is directed to
N- acyl -and ‘carboxyl derivatives having the follomfng structural fornula:

OH. 10 Application No. 48237/76 (Serial No_1,570,987) is directed to
N-acyl, 0- and2carhoxyl derivatives of t hd 9

structural fornul a: be@)ig?p ma@roﬁﬁ,s@@ndhmgmexy@mthbgnuﬂeq, -HEARNBEARMS p(herel n
called.lc) can be 1Eenzoyloxy nzyh or-ssitoayis or-kth ylhexanoylbenzyl p-ethoxycarbonyl-

15 Thus c:-orrpounds ope ﬁ‘ﬁ‘&

oreparod oy 910 nﬁfﬁﬁ?@f mggmﬁbﬁécmﬁﬁd PSS o R

or conpounds | a Bato BEInAREHRY, 6 hdter©atbh \or alomE beiRgonkdn) suTtbi ﬁﬂmmo.erpr a
positi on<=soner t hea@dftoGIcaerﬂ atoy in tlieoilltybvlndl,b 2t2I=1bmgtéﬂ15fcedmd'emm¢ml.|5zat i on

d l 1 bu -4- :
procedure.to .20 :get J,}E %ﬁm;& %ygﬁ‘g—ls 51azlg n"E(/’[q s o)ﬁ -p?ndaz

ybe'
Ie5

described .in g(pe abgy H,s,thy. 10
radi calls [er r] ,p}{e&yl)re hyamﬁld R2ir aﬁgﬂtﬂnoﬁl& llanﬂdguas asxecixyipzom dikyveliené aryhis t he
generi ¢ represent at wreﬁqra@fy atnheﬂ)dongb%mué)—o?su weu ewefntablymmsp'vhg“gtlla

t ns,
above),. the radi cal hyl J % 45
Wehyl, @4

oxygen 25  jsand ﬁaahyl phérﬁy ino)
ef fecti ve as phar napiendxymathit mme er(4-c )pdenyﬁho{gmylr Jori s

acyl) and ami de radP*GP!l lqe%‘%mrgbﬁﬁfﬁﬁm %@{{?A‘tﬁﬁ %%ﬂ’ t'::]ﬁ such
as the [cephal ospori A ’ ﬁﬁh ﬂgg{ é’i{‘i;% of .
Sui tabl.e radigal s ( tﬁﬁil the lattéd Hadiiag 6 fteet eﬁcﬁmmxlﬂ §§ féHn ye

bl ocki ng 30 yl), Bheh ese3- me\‘lid+2a:lrkpeng Jdpvty-(@&a alkyl) suckds hewpoxy

used in the sanme rra ¥1 (4pitra)y b1 ?‘E{)ﬁlﬁlh 1"6?3"01

Pat ent |3, 697, 515. ﬁi’iéﬁy ‘° %‘yé‘,% i qlgﬁﬁ Vit ““ RHam L1, nav&isl \(28 of
the pr ésent i pvent i gn ﬁqaﬂhylthng;thyn ténhﬁthmbtagls ay@olgxymn; ey W. de&tithiod iyl 25
bl ocki ng esters t husethylthiopeey}, heoprepylithiestiyb dndthidtinobbisl, fapstarpidpmefhyli seetyhhi ch

s repr es‘§nt ative at gy o Mo IR el Gl s ROS T ©

-embraced by the present 1nvent10n, ie., compounds where X' is the

i

. ' R :
%0 S _N— . 30
- group. Representative of such amides are those in which R’ is hydrogen, methyl
| ethyl, -phenyl, p-metho gphenyl benzyl, carboxymethyl, methylthioethyl, or
heteroaryl also embraced by —COX'R?* are anhydrides, in which R* is acyl, for
. example, benzyloxycarbonyl, ethoxycarbonyl, benzoyl, or pivaloyl.
35 . - The ﬁ)referred —COX'RY radicals of the present invention are those in which, 35
in Formula IIa above, X’ is oxygen, sulphur or NR’ (R’ is hydrogen or C,_, alkyl);
and R¥ is C,_, alkyl, C,_, alkenyl, such as methallyl, 3-methylbutenyl or 3-butenyl;
m'ethylthloethyl; benzyl or substituted benzyl, such as p-t-butylbenzyl, m-phenoxy-
benzyl, p-pivaloyloxybenzyl or p-nitrobenzyl; pivaloyloxymethyl, 3-phthalidyl,
40 acetoxymethyl, propionyloxymethyl, acetylthiomethyl, pivaloylthiomethyl, allyl, 4- 40
-~ butenyl, 2-butenyl,  3-methyl-2-butenyl, . phenacyl, -acetoxyacetylmethyl,
i methoxymethyl, p-acetoxybenzyl, p-plvaloyloxybenzyl p-isopropoxybenzyl, 5-
I , indanylmethyl, 5-<indanyl, benzyloxymethyl, ethylthioethyl, methylthiopropyl,
methoxycarbonyloxymethyl, ethoxycarbonyloxymethyl, dlmethylammoacetoxy-
| " 45 methyl, crotonollacton-3-yl, or acetamidomethyl. - 45
_ In Formula Ila above, R? is, in addition to hydrogen, (1) acyl (genencally the
£ : group —OR? is classifiable as an ester); or (2) R® is a radical (e.g. alkyl, aryl or
e  aralkyl) such that the group —OR? is classifiable as an ether. For the esters, (1) R?
' : is selected from the following definition of acyl radicals (p=1). In the so-called
50 ethers (2) of the present invention, R? is selected from the same acyl radicals but'in 50
~. : which the carbonyl residue,

ol -
| or more g‘enera_lly Il
C—

is omltted (p 0). Thus, R® is selected from the followmg radlcals where all
symbolism is as defined below and P is 1 or0. :



35 ester groups, in which X is oxygen and [err] is given:
35 (i) [err] is [err] where at |east one of [err] and [err] is an electron-

[err], tetrahydrofur-2-yl, tetrahydropyran-2-yl or fur-2-yl. The renui ni ng
[err], [err] and [err] groups may be hydrogen or organic substi t'utin :
ups. Suitable ester groups.of- this type include . . -

t hoxybenzyl oxycar bonyl and 2, 4, 6-tri net hyl - benzonXycarbonyF;"S'
err] is [err] where at least one of [err] and [err] is an el\agtron-
atiracting group e g hpn7nylls_570v?)9-0ni trophenyl  4-pyridyl| 10 o

tri¢hloromethyl , tribrono- thyl, iodonethyl, gyapoethyl,

et hoxycar bonylxdt hyl ,- aryl syl phpnyl net hyt, 2- di #e{hyl sul phoni unmet hyl .’
salt, o-nitrpphdnyl :or cyanq. lISlitable esters of khis, ype include s |
benzoy! net hoxyedpb&iyl , p-TritiCof R 'ar bory=C #-05R% Gyl methoxy- * 10

carbonyl, 2,2 _ X N2-A 11 byomoet hoxycarbonyl .
10 (iii) [err] is [err] where at |east two of- [err] and [err] are hygro-
carbon such ag akkyl, e.g., nmethyl oy ethyl, or aryl, e.g. phenyl and the
[ﬁ!’fﬁl [n ng _[erl-]x r ferr] X i f there isfofme, - is hydrogen. Suitable esters of
‘this type inc t- ¥l .oxycarbonyl}, an y CAr l,yo
- di phenyl et hoxyt prH&fjkand tri phenylf-- '%W%Tﬁgwgkb%nyl :

15 (iv) [err] Ns/adamantyl, 2-benzyloxyphenyl, ‘4-met hyl t hi ophenyl or
t et rahydr gy rgggﬂ lor ac5l bl R 31a8)1 Gnd; WhEISACyS, Blic§ arcabRE@Ed fothedl OCcki ng groups,
may CconveRabémsiradicalién phielpp: ¢ dTHus, RY, andrelieo acylRitandrRacas) ikiezdine of t he

form$l a: £© a substituted or unsubstituted ali%hatic,. arlomatic, heterocyclic, araliphatic or 5

as : ! >
20 wher e .cgba,ﬁ;%igg;ﬂaﬁﬁgm%ﬁm%%iggﬁﬁmﬁdiezws;:&mm?:abs&mﬂe vari ous groups
[err], whirghlesetbd BE thelpeneéralTBrntdla: di T T €rent,” represent hydrogen, -alkyl, e.g.
met hyl, ethyl, n- 25" _ propyl, iso-propyl; aryl, e.g. phenyl; or aralkyl,

e.g., benzyl. . . =~ 25-NMore ge Ieral |y stated, pharnmaceutically .

accept abl e carboxyl 'd_e'r__i:vat i ves of ¢tlpe present invention are those derived
by reacting thienamycin or an N-protected thienanycin,-such as N acylated
t hi emany ciwhere is &)_chsﬂntii%’rreprsasme#lyti@!emlnwwwlqu‘dﬂm@“ #enol st0

S

g

s O ; isubstituted straight"or
rer capt ants SRR et A hmpll 1 10 Sodior _cxampl &
esters angioa! dkeny r;fkg (gsitallg cbm 0% bbg 30

O Srl] Sugs
phenyl; aralkyl, such as benzyl; cycloalkyl, typically comprising 3 to 6 carbon =~ B

15 atoms; or a heteroaryl or heteroaralkyl group (mono- and bicyclic) in which the . 15 -

alkyl residue (if any) typically comprises 1 to 3 carbon atoms and the heterocyclic '
‘ring typically comprises 4—10 atoms and the hetero atom or atoms is/are

preferably O, N and/or S; such above-listed groups can be unsubstituted or can be

_substituted by radicals such as OH, SH, SR® (R#is C,_, alkyl or aryl such as phenyl), - -

20 alkyl or alkoxy. groups having 1 to 6 carbon a_toms,_.i'lalo_gens, viz. Cl, Br, Forl, - 20 -
cyano, carboxy, sulfamino, carbamoyl, sulfonyl, azido, amino, substituted amino, .
such as (C,_, alkyl)-substituted amino including quaternary. ammonium, C,_,
halogenated alkyl such -as trifluoromethyl, carboxy(C,_ alkyl); carbamoyl(C,_,
alkyl), N-substituted carbamoyl(C,_, -alkyl), amidino, guanidino, N-substituted .. -

25 guanidino or guanidino-(C,_, aikyl). Representative examples of such acyl groups 25
that might be mentioned are those in which R” is benzyl, p-hydroxybenzyl, 4- '
amino-4-carboxybutyl, methyl, cyanomethyl, 2-pentenyl, n-amyl, n-heptyl, ethyl 3-
or 4-nitrobenzyl, phenethyl, g,p—diphenylethﬁ'l, methyldiphenylmethyl, triphenyl- -
methyl, 2-methoxyphenyl, . 2,6-dimethoxyphenyl, 2,4,6-trimethoxyphenyl, 3,5- o

30 dimethyl-4-isoxazolyl, . 3-butyl-5-methyl-4-isoxazolyl, ~5-methyl-3-phenyl-4- 30 -

: isoxazolyl, 3-(2-chiorophenyl)-5-methyl-4-isoxazolyl, 3-(2,6-dichlorophenyl)-5- . . '
methyl-4-isoxazolyl, D-4-amino-4-carboxybutyl, D-4-N-benzoylamino-4-carboxy-
n-butyl, p-aminobenzyl, o-aminobenzyl, m-aminobenzyl, p-dimethylaminobenzyl, 3- :
(pyridyl)methyl, 2-ethoxy-1-naphthyl, 3-carboxy-2-quinoxalinyl, 3-(2,6-dichloro- . ¢

35 phenyl)-5-(2-furyl)-4-isoxazolyl, 3-phenyl-4-isoxazolyl, 5S-methyl-3-(4-guanidino- 35 &
phenyl)-4-isoxazolyl, 4-guanidinomethylphenyl, 4-guanidinomethylbenzyl, 4-guani- . .
dinobenzyl, 4-guanidinophenyl, 2,6-dimethoxy-4-guanidinophenyl, o-sulfobenzyl,
p-carboxymethylbenzyl, p-carbamoylmethylbenzyl, -m-fluorobenzyl, m-bromo- . :

' benzyl, p-chlorobenzyl, p-methoxybenzyl, 1-naphthylmethyl, 3-isothiazolylmethyl, - e

40 4-isothiazolylmethyl, 5-isothiazolylmethyl, guanylthiomethyl, 4-pyridylmethyl, 5-- ~ = 40 '

. isoxazolylmethyl, 4-methoxy-5-isoxazolylmethyl, 4-methyl-5-isoxazolylmethyl, 1- '
imadazolylmethyl, 2-benzofuranylmethyl, - 2-indolylmethyl, 2-phenylvinyl, . 2-
Fhenylethynyl, 1-aminocyclohexyl, . 2- and 3-thienylaminomethyl, 2-(5-nitro- .
uranyl)vinyl, phenyl, o-methoxyphenyl, o-chlorophenyl, o-phenylphenyl, p-amino-

45 methylbenzyl, 1-(5-cydnotriazolyl)methyl, ~ difluoromethyl, dichloromethyl, 45
dibromomethyl, 1-(3-methylimidazolyl)methyl, (2 or 3)-(5-carboxymethyl- . -~ . .
thienyl)methyl, (2 or 3)-(4-carbamoylthienyl)methyl, (2 or 3)-(5-methyl- .-
thienyl)methyl, (2 or 3)-(methoxythienyl)methyl, (2 or 3)(4-chlorothienyl)methyl, -

(2 or 3)-(5-sulfothienyl)methyl, (2 or 3)-(5-carboxythienyl)methyl, 3-(1,2,5-thia-



materials and final products having the follow ng group at the 2-position
ofthe thi enanycin nucleus: [err] where X is oxygen, sulfur, NH or [err]
an er al -k ' =10 cark 3 stral 0 anched, .
nmet hyl , ethylk t- butyl, pentyl and decyl; carbonyl nethyl including
phenacyl, p-bronmophenacyl, p-t- 35 but yl phenacyl , acetoxyacetyl net hyl, \
pi val oxyacetyl met hyl , earboxynmethyl and its 35 -alkyl and aryl esters; B g
[err]-carboxy-a-isopropyl; amnoal kyl including 2- et hyl - am noet hyl ,
2-di et hyl ainoet hyl , 2-acet am doet hyl, phthalin domet hyl and
succi ni m donet hyd ; err] al kox = 20990 i n which the alkox—test
can be branched, st rcaizgiyt)mahylpy-ptmaho@um-mﬁdmﬁmmtzh%dylmedtyhd)(y-n'mohyI ,

i sopropoxy- 40 . rfetybyiethyld Scfyty jienylmethyl \3-thieaypethyle detrarelyinsimh vy or
cycl ohexyl oxynet hyl ;benﬁéﬂtg??iﬁ%tigjﬁg’gwﬁﬂtﬁi orfiluley! ) i n whi Z‘E t hg '
al kanoyl oxy portion is stra &ﬁ of branched, - such "as acetoxynethyl, :
pi val oyl-oxymet hyl , acet'ox ethyl propi&nyl oxynethyl, ‘orXacet oxypropyl ; '
hal ogenat«ed strsai ght or branched [err] ||@¥_ j,n whi ch'_tlge: Ral ogen is

i odi ne, chlor.i.ne, bronine and/or flugri- ,“g.Rg. 2% 2795k o
trichloroethyl ;. tri-§hdd@Kaebkykandn ROONRPS O Z, repteseand oRFREM $hifur, carbonyl or '
2-chl oroet hyl , or 2-nitrdgenbREridefingd as abokeadnd RY iscAsiefingg Pedow.|Repessentativel kyl ;
al kenyl having 2-10 Bembsenhof the shbgtituentt her straight or branched, e.g.,

al lyl, 2-propenyl, 3-butenyl’, 4-butenyl, 4ccipgarenyl, 2-butenyl,

() = a AL ava’

3-pentenyl, 2-nethyl-2-propenyl, 3-methyl - - but enyl , met hal |yl and

1, fh cycl ohexadien- | -qihtmhghlgﬁyml&‘e;moet 3 aﬁéﬁhi :{xgl.-n rw&hlmmtly? thltgr"gﬂtw{, 10

ciiner otranont o, oEby o B oot il
' hethyg,! ( hylphértxileth9l, 4ipuadi enoR et ,Lpﬂ{'ﬂl_yr;al‘ bon

atons, such as pi val thidmethgt; et p{cadho roypplenyplymefhel, r | p-ehtboxyynsthyDphepyithidey | |
[err] dialkyl at noac ?;Bg- 'jtﬁeolylt%g:%‘%vzﬁ ' Hﬁ?ll ] Y‘vet?l’ i e@g‘{"‘w“%@m%yfﬁ t héd
al kyl resi due has 1- .0¢ JCIIZY X%P' 0;%, ,a;-hi) y g A XY9 hﬁrh%,yé- ’qé‘t%i ’OITB’
such as betl zyl, b-eniib& iy ¥, ino%@@iﬂinhﬂilﬁdhﬁ r trimetHy iugi-méhyl ab ielsalt,e. g. ,
benzyl or benzhydryl cyzodsdthyithiomdthyl ph tiifl@raudthyithiomethyls R*5 6 tﬂtﬁﬂ";}s Yhehzyl ,

phenoxy, hal o, 29 er r] pyaidKiptopyled- i%‘]f}“dé( 'i’l';id lydet _ér“; 2 Iypropyl imidazalyk oy 20
BTG |

hydroxy, ‘nitro, bl ockEY; B Bl . P-
chl orobenzyl, o-nitrobenzyl, 3,5-dinitrobenzyl, p-nmethoxybenzyl,

m benzoyI;‘benzyI , p-t-butyl benzyl, m phenoxybefizyl, p-benzoyl benzyl,
p- ni trobenzyl, 3,5-dichloro-4- 60 hydr oxylbe ﬁ)il,, . '

p- met hoxycar bonyl benzyl , p-nmet hoxybenzhydr yT, pfcar boxybenZyI 60 (the
| atter being either the free acid, ester or theR'8odiumsalt), -

2,4,6-trinethyl-
: where R" is defined as above and R’ is amino, hydroxy, azido, carbamoyl,
25 guanidino, amidino, acyloxy, halo, such as Cl, F, Br, I, sulfamino, tetrazolyl, sulfo, 25
carboxy, carbalkoxy or phosphono. Representative members of the substituent

_.?HR"

that might be mentioned are a - aminobenzyl, a - amino - (2 - thienyl)methyl, -
(methylamino)benzyl, « - amino - methylthiopropyl, a - amino - (3 or 4) - chloro-
30  benzyl, @ - amino - (3 or 4) - hydroxybenzyl, @ - amino - 2,4 - dichlorobenzyl, 30
@ - amino - 3,4 - dichlorobenzyl, D(-) - a - hydroxybenzyl, a - carboxybenzyl,
@ - amino - (3 - thienyl)methyl D(—) - « - amino - 3 - chloro - 4 - hydroxybenzyl,
& @ - amino(cyclohexyl)methyl, a « (5 - tetrazolyl)benzyl, 2 - thienyl -.carboxymethyl,
- _ 3 - thienyl - carboxymethyl, 2 - furyl - carbox?(methyl, 3 - furyl - carboxymethyl,
' 35 @ - sulfaminobenzy, 3 - thienyl - sulfaminomethyl, a - (N - methylsulfamino) - benzyl, 35
“D(=) - 2 - thienyl - guanidinomethyl, D(<) - a - guanidinobenzyl, a -~ guanyl- '
— ' ureidobenzyl, @ - hydroxybenzyl, a - azidobenzyl, a - fluorobenzyl, 4 - (5 - methoxy-
: 1,3 - oxadiazolyl) - aminomethyl, 4 - (5 - methoxy - 1,3 - oxadiazolyl) - hydroxy-
methyl, 4 - (5 - methoxy:- 1,3 - sulfadiazolyl) - hydroxymethyl, 4 - (5 - chloro-
40 thienyl) - aminomethyl, 2 - (5 -- chlorothienyl) - hydroxymethyl, 2 - (5 - chloro-. 40
~ thienyl) - carboxy - methyl, 3 - (1,2 - thiazolyl) - aminomethyl, 3 - (1,2 - thiazolyl)-
hydroxymethyl, 3 - (1,2 - thiazolyl) - carboxymethyl, 2 - (1,4 - thiazolyl) - amino-
methyl, 2 - (1,4 - thiazolyl) - hydroxymethyl, 2 - (1,4 - thiazolyl)carboxymethyl,
2 - benzothienylaminomethyl, 2 - benzothienylhydroxymethyl, 2 - benzothienyl-
45 carboxymethyl, a - sulfobenzyl or & - phosphonobenzyl. The acyl radical can .45
also be a - diethylphosphono or a - monoethy phosphono: Further acyl radicals of
interest when X = oxygen are: .

o)



9 1,570, 990

9 benzyl, p-pival oyl oxybenzyl, p-t-butoxycarbonyl benzyl, p- nethylbenzyl

-.p- .benzoyl oxybenzyl., p_aceLoxybenzyLT_p 2- ethylhexanoyLbenzyL e

p- ethoxycarbonyl benzyl, p-benzoylthiobenzyl, p-benzam dobenzyl |,

gi val oyl oxybenzyl, m - pival oyl oxybenzyl, p-isopropoxybenzyl® or

but oxybenzyl, as well as cyclic 5 anal ogues thereof; nonocyclic

pbi cyclic heteroaralkyl in which there are 4 to 10 5 atoms in the ring,
; -hftero atonlor atons belng ﬁ%%gﬁﬁ sul fur and/or nltrogen andw¥ to 6

-Car & R - M - -6 H y H H yl 5-

|ndanylnethyl p trlnethyIS|IbeenzyI. 3 5-bis-t- butoxy 4- hydroxybenzyl

2- thlenyl.'nethyl 2-furyl et hyl %d&éﬁ?yl 5- |soth|azolnethy

6- pi val oyl oxy- 3- pyrlda2|nyl 10 -

5- pheny| theR-R+-ah& Re aQk HériHed Balbw. l@h&d?@kzitﬂﬂdrogﬁﬂ@ﬂwhﬁﬁ Aidrine?- (\PL met hyI 10

phenyl )etbl'qrﬁme,mdma dmging, gaan)dmdaphxab b, Iardmk tasqulacrayboox)sul(c{ err] al kyl)

Dok Mﬂ%ﬁ?ﬁ ¥§%??&6%%°°h%§ef%ﬁﬁ ff "o ey

hoXhia4d n@bﬂfﬁi l N tetraZofy, byl , or( gf/m? hyl ,
(4 mtro)pbtmlmx atylhpf | 16 I!'=l mq@myx méb ltlE _
R S i igmg R o
i 10 h |
(4 chl or a);@lylma)ahdnm -b §-member érbdycltne‘lﬂg hvmgmemytwo sﬁlfurndanyl ,

substltutoai, Iqen agPl:@“S?t?‘}sefﬁfﬁzﬁ httlyenyh hen %r'ﬁ substituent in
t he, cor t hdoliaw %%ylﬂé Jcpr c eth kﬁ);f’@%’ﬂ Y dr bxygphenyl

S
(4- -butx)E1 1,09 e& fury dceph ey nmrcetpr sar boxy- 2
phenyl , tchbrd-ZitMemylad:ww,l # eubmtykﬂetthlen a:efyt,e:egtamdniwﬂhleﬁy@cstmhi Bum salt form

phﬁ;?ll) sg}%i}; ag:ctzpm %glﬂ&iyu 1en qﬁ"“‘f‘g’%?%ﬁ;gﬁ% Y%ISQEnzyI oxy-([err]

(4-chl or @jbeazydcey -12)skyi Q&Jcltyl lﬂble-ltjmatha]d laydigihi o reS| due has
1-10 and apetdf éﬂabh?;%[lﬂﬁ-tmaﬁlmhlaaetﬂmheluhdow ltﬂepmﬂﬂ?hME@yl straight or

| ﬁ%&'{yft hﬁeﬁg Boihie ﬁl?' L{ﬁi&} alony %@W&ﬁ%%yﬁégecy%hﬁbﬁ y.I

met hy lcydioHegadiga: qetyl,sapmmp ob ngledeky),| g-hydeoxgplenylacblit astetraacet am donet hyI,
acetyl t iy acet élagfnf fbg N | t.hi oneé Jd In addition . to
- the esterg acyh;but ag b8§/g 'ﬁ?ﬁ wsbef Wi P‘g ) braced by ‘the
. present |nv n e., conpounds where X is the 30 -N
.30 gr-oup. Represent atlve ©Imsuch am des af®nt hose in which R is hydrogen,
nethyl, ethy, phenyl, _rré_t_@gxyphenyll_ ber}ky{{ car boxynet hyl , o
met¥yl t hioethyl, or - Nt ) | _
 (O)n R
1 ' ' 2

in which, with respect to 1, each of m and nis 0 or 1 and Y° = O9M®, —N(R""),, or
R"; where M® is hydroge1 an alkali metal or alkaline-earth metal cation or an
organic base; and R” is as defined above, e.g., alkyl, alkenyl, aryl or heteroaryl.
With respect 't02, X=0or S;n=00r1;and each of Y’ and Y”, independently of - '

35 the other, is oeMe —N(R") —R"" or —ZR"’ where all symbols are as:defined 35

o above, e.g., R and ZR" may be alkyl, alkenyl, aryl or heteroaryloxy or Y’ and Y”,
including R” res1dues, are joined together to form cycllc ester, esteramide and
amide functions.

_ . Acyl-groups- RY, R* and R¥ of partlcular mterest partlcularly in the

40 preparation of compounds in accordance with the present invention as described 40

- below, are conventionally known N-acyl blocking or protective groups such as
carbobenzyloxy, ring-substituted carbobenzyloxy such as o- and p-nitrocarbo-
benzyloxy, p-methoxycarbobenzyloxy, chloroacetyl, bromoacetyl, phenylacetyl, ¢-
butoxycarbonyl, - trifluoroacetyl, bromoethoxycarbonyl, 9-fluorenylmethoxy- .

45 carbonyl, dichloroacetyl, 2,2,2-trichloroethoxycarbonyl, bromo-t—butoxycarbonyl : 45
phenoxyacetyl; non-acyl protective groups such as s-nitrophenylsulfenyl and (C,_, _
alkyl) silyl, for example, trimethylsilyl and t-butyldimethylsilyl are also of interest.

The following radicals, according to the foregoing definition of acyl, are
especially preferred for R¥ of structure Ila: formyl, acetyl, propionyl, butyryl,

50 chloroacetyl, methoxyacetyl,. aminoacetyl, methoxycarbonyl, ethoxycarbonyl, 50
_methylcarbamoyl ethylcarbamoyl, phenylthiocarbonyl, 3- ammoproplonyl 4-

* aminobityryl, - N-methylaminoacetyl, N,N-dimethylaminoacetyl, N,N,N-
trimethylammoniumacetyl " salt, 3-(N,N-dimethyl)aminopropionyl, a 3 (N, NN—
tnmethyl)ammomum proplonyl salt, an N,N,N-triethylammoniumacetyl salt a:

113
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heteroaryl; also enbraced by -COX R3' are anhydrides, in which R3 is acyl,
for exanpl e, benzyl oxycarbonyl, ethoxycarbonyl, benzoyl, or pivaloyl. 35
The preferred -COX' R3' radicals of the present invention are those in . ...
which, 35 in Fornula Ila above, X is oxygen, sulphur or NR (R is
hydrogen or [err] alkyl); and [err] is [err] alkyl, [err] al kenyl, such as
nmet hal | yl , 3-net hyl butenyl or 3-butenyl; nethylthioethyl; benzyl or '
substituted benzyl, such as p-t-butyl benzyl, m phenoxy- benzyl,

p- pi val oyl\gxybenzyl or p-nitrobenzyl; pival oyl oxynmethyl, 3-phthalidyl, 40
acet oxymet hyl ,_1propi onyl oxynet hyl . acetyl 1LbI098®t hyl . -pival oyl t hi onet hyl 13
allyt, 4- 40 but enylidinjutiabst{iCRK! guangniiBicaiyl, -gdaddihdabityl, 3-gRARNASYdpionyl,

acet oxyacet yl net hyl Ns-ﬁahh@aymbhysgipnp; ahydiraxyadewh z \BHhydxyprappdnyl | exybehzyl

l‘gl- inoacetyl,

1 Vlﬁ&y%y gacbamoyl,
E , Bhonoacetylamino- 5
5 oc ]

p-i sopr opoxybenzyl , prepynovidamalond: hphenosycirhenyhy|am
. B < 1. ’
et hyl thi oefhyl . gt fggmr%?)% f":%%ﬁ?gg Béﬁ%
, ' NoCHirh& ifloHcEY fongtoureid Iy dimethylamino-

et hoxycar bonyl oxyme§ A, i Qafdfioproy
crot onol liagt on- 3- yl guanylthivaedyla (0 medthyf-4-pyridinium)propionyl salt, 3-(5-aminoimidazol-1-45 | n
Fornmul a |l a.above, Rﬁ’nrpﬁqnﬁ, n3-metvt |- tﬁ""r‘iy"d?%‘géﬁ‘,t’ Grydngpylacepyle qemingy| | y
the group - OR3 i-s cPEEdpeeyl % ecbspotster): or (2) R3.is a radical (e.qg.
al kyl, aryl -or--aral kyl p such that.§he group -OR3 i's classi8iable as an’

et her. For thi:' esters, Ml R3 is sgl ected fromjiA9&H ol | owi g& i]ni tion of
acyl radicalsip = 1) -P{O¢Hdhe so-cBOEd»50 = — <_lpers (2) - ¢ wresent 10

invention, [err] is selected fromthe same acyl radicals byt in 50 which
t he carbonyl residue, ?!)' X.QF nore generglly -
-G is omtted (p =0) _pIRis), R3 | spprers)ed fr_gn}q(dm;)”fol I aimm | radi cal s

where all synbolismis ws «defined belowand p is.| or O. 3 10
1, 570, 990 OM . oM

10 R1'" is hydrogen or acyl and [err] is acyl0Oand, when acyl, they are
sel ected fromthe above radicals i'n which pJL:/Q“._" Thus, [err], and when
acyl, RI' and [err], can, inter @lia, 5 “Peo@ substituted or
unsubstituted aliphatic, aromatic, heterocya@ic, araliphatic-or 5

het erocycl yal i phati c candmeflasofacyldadicatisaitdbly iacisdedsi tnmpoants@r the present i
unsubsti tfut ed. car bivyition acditeradinatly substituted adyhbsiipwhiclkthe dubstitgent &g one CPF]@ moup of
acyl radical stTan bgg;fnc%?g?%éﬁfwefsveq fybstigiterbacyls may peggprgsented by the following 15

% | 0

I . .
| —C(CH)y—{Al— (CH)—Y
and these radicals and the corresponding radicals in which the

o
B
20 group is omitted are also preferred values of R2. In the formula ¢is 0 or 1; each of m 20
and », independently of the other, is0, 1, 2, 3,4 or 5; A is O, - —NR°— (where R° is
?gfr;?l%::n or C,_g alkyl) or §, and Y is an amino or substituted amino radical of
: +
_ —N(R*), or —N(R¥),
25 an amidino or substituted amidino radical of formula: - o . 25
5 . —N=C—NQR°),
R*# |
e a guanidino or substituted guénidino radical of formula:
’ | _NH—C—N(R®),
| %R** .
or a guanyl or substituted guanyl radical of formula: _ -
50 : o —C=NR° ' 30
Illl(R°)2 '



x 10 where X is 0 or S and Rt' represents hydrogen; am no; substituted
am no such as 10 [err] alkylamno or ([err] (alkyl)am no; substituted or
unsubstituted straight or branched-chain [err] alkyl; nercapto; aryl oxy,

typically conprising 6 to 10 carbon atons; al kenyl or al kynyl, typically
cgmpii sing 2 to 6 carbon atoms; aryl, ,such as phenyl; aralkyl, such as
efzy) ; cycloalkyl, typically conpri.sing 3 to 6 carbon 15 - atoms;-or a
et é¥oaryl or- heteroaralkyl group (nono- and bicyclic) in which the 15
al yIlJeS|due (|f any) typlcally 9.‘3r|ses I to 3. carbon atons fnd‘yhe-
het S - . > Yakis aas

.atons is/ amereparaeli Wabhypeedenwy and{eoahéi .ssumgabwm)L (»ﬂteeakgnpuDs can be’
unsubst i tdwwsvrorc%m%ls' C\-s alkyl, Cy/alkoxyl ,L(Cedalb W-6di.cdlyd, €uch as OH, SH,

[err] (R |“§f kyth;ﬂftog?ﬂéﬁﬁbhgdﬁ?ged i %‘0 t°f"aF‘if§ hetor - al koxy »gr oups

havigg 1 t_rﬁi t (C_,_,cﬂ:rloai 1)- A 20 cyano,
car boxy, MR"U‘&S’ hsddiu erm;lo;a(az_, oxymtmradﬁ: ot i tuted am no,
such as ( elﬂl omcu Bla!Pél !t matiq of apureiong é@dlhmm% anmoni y
[err] hal ﬁ;‘ ﬂtﬁaﬁtﬂ%?WPmS af&é‘f‘f?éiw[ rr] al kyI)
.cargnoy| &%&ké:ﬁdﬁvaﬁ ihAi-Red Ry thd Edilowingllisy bp . afpdi no,

.guanldlnoudﬁahdﬂShﬂiutéﬁ,ﬁﬁw) guanldlno or guanidino-([err] aI yl).
Repr.esent ati ve exanpl es of- sq&ﬁkgg gr oups that m ght be nmentioned are

those in which R' is benzyl roxybenzyl m no- 4- carboxybutyl
met hyl , cyanonet, Q 2-pente -~ N-anyl, -n-hamyl/, ethyl 3- or .
4-ni trobenzyl engf hyl, L[ } phenylethyﬁN t hyl di phenyl net hyl ,

tri phenyl.- met hN=_.2- net hoxy ~R2, 6- di met/hoxyphenyl,

2,4, 6-trimet hoxyphenyl, 3,5- 30 . dinethyl- oxazol yl ,
3-butyl-5-nethyl-4 i soxazol yl, 5-nethyl-3-phenyl-4- 30 |soxazolyl
- 3-(2-chl or opheny nethyl'4 i/soxyzol ylj  3+/(Z, dlchlorophenyl) 5-
met hyl - 4-i sox IyI oR%- ani 4 cdr boxybutyN

D-4- N- benzoyl am 4 car boxy- yl, p- anlnS%éﬁzyl o- am nobenzyl ,

m am nobenzyl . -p- -thylanlnob |, 3- (pyri nethyl, ' .
. 2--et hoxy- I-napht B- car boxy, 2 qgi_noxal i nylL N*3- (@ 6-di chl oro- 35
‘phenyl ¥-5-(2-fury i soxazol Nphenyl 4- |&gégzolyl L R
5- et hyl - 3- (4- guardi no-  35. p nyI) 4-i soxazol yl ,. -

4- guani di nonet hyl phenyl, 4-guapj

yonet hyl berizy }——g-guanl di nobenzyl ,.

4-guani di nophenyl / -dlﬂEthON N\ uani di nophgnyl ,nf@- sul f obenzyl , -
p deoxynethbeéhzyl p car ba t hyl benzyl \ iluorobenzyl ﬂ}bronn-
_benzyl p- chl or'ob - p- met hoxybenzyl., 1-naphthyl nethyl,
3-isdthiazo|y|nethy|; 40 4-isothia20|y|nethy|, 5iisothiazolylnethyj,

4- met hoxy- 5-i sox#zol yy et hyl , 4-met hyl -5-i soxazol yl met hyl, 1-

guanylthionethyl,:;iﬁyridylnethyl,-5- 40 i soxazol yl net hyl ,
.i madazol ytneth

enzofuranylnethyl 2- |ndolylnethyl 2. phenyIV|nyI 2-

"The following specific carboxylic acyl radicals are additionally representative:

. T || -
CH,CH,NHC-CH, - —CCH,CH,NHC-H
0 NH S o N _
Lo A |
-CH,CH,NHC-NH _ . . CH,CH,N(CH,), . ey
» Y e e ™
- =CCH,CH,N(CHY, - : - —~CCH,CH, C—NH o e
NH | ? | |
I - - :
-(“:CH CH CHzNHC—CH, . ~CCH,CH,CH,N(CH,),
0 I o -
I _ | SNH
—CCH,CH,CH,N(CH,)), = —CCH, s—c

SNH,



phenyl et hynyl , |-am nocycl ohexyl, 2- and 3-thienyl am nonethyl, 2-(5-nitro-
furanyl)vinyl, phenyl, o-nethoxyphenyl, o-chlorophenyl,

o- phenyl phenyl , p- ani no- 45 met hyl benzyl , 1-(5-cyanotriazolyl) nethyl,

di fl uoronet hyl, dichloronethyl, 45 dlbronnnethyl

| - (3-nmet hyli mdazol yl ) nmet hyl , (2 or 3)-(5- carboxynethyl t hi enyl ) net hyl (2(i;>

or 3)-(4<carbannylthienyl)nethyl (2 or 3)-.(5-nethyl- thienyl)nmethyl, (2 or.
3) - (et hoxyt hi enyl )met hyl, (2 or 3)-(4-chiorothienylymethyl, (2 or =% |
3) (5- squtthen¥l)nethyl (2 or 3)-(5- carbo§yth|enyl)nethy{ .
3-(1, 2,5-thia- 1,570,990 ' 15
11 diazolyl)nethyl, 3- (41ﬁethoxy 1, 2, 5-t hi adi azol yl hrret hyl', 2-furyl met hyl ,
2-(5-nitro- furyl)nethyl ,j 3-furyl Myl 2-t hi enyl mgt hyl , 3- thmenylnethyl
t et razol yl net hyl ,_ benzani<@Hsof8: @?d cyclohexylaﬁCUrﬁhﬁﬁﬂhyl The acyl
group can also hg/a radical of the ¥ mul a: X NH, x5
5 where X is 0 or Sand n:i's 0, 1, 2, 3 or 4, Z represents oxygen, sulfur,
carbonyl @ nitrogen, RhebSovelasksmind sea&..@m(&.amek BhvdnfendPprafddd Yo BENOW.
Repr esent ative menbereeaéd thiveansyeingbi fasition ispraery (1), 2@ch as an N lated hfehartgin
mentioned are aIIyItHronethyI phenyl t hi onet hyl, butyl thi omet hyl, 10
[err]-chlorocrotylthionethyl, phenoxynethyl ﬁhenoxyethyl phenoxybutyl;
phenoxybenzyl , phenoxyphenoxynethyl (di mpt hy nethoxy)nethyl (di met hyl -
butoxy)nethyl; (dinethylphenoxy)nethyl,

4 guanldlnophenoxynethyl

4-pyridyl - thi&hethyl, p- (car boxynet hyh NRXWR®R2t hyl | I 5
p- (car boxynet hyl ) phenyl t hi o- 15 nmet hyl}, 2- thlazolylthlonethyl :
p- (sul f o) phenoxynet hyl , 2-pyrimdinylthiofethyl, - 15 phenethylthloethyl

1- (5, 6, 7, 8-t et r ahydr onapht hyl ) oxynet hyl , beI-4 pyridyl - thio,

benzyl oxy, methoxy, wHeRO¥aeh dINRMQKY, Rzpneﬁymagm QOr aA iyl Oradibd {20 abaveldefned.
di met hyl am no, a pyrireferablyR hiehjrrbgeoand RF'nmd*gaknammahmwmknhggronp)suchmxl c

salt, cyanomet hyI t hi Ylmﬁ’r ring-sybstityte :grgl?ftzﬂ s 0- PsmtTOCdrbO-
4-pyridyl ethyly, QBZEEQ %ﬁg {FH cﬁh@i@ oac @éﬁ‘éﬂ&iyet hyI

3-im dazol yl propyl oaonayldmi acetyl bphenyldutfeyi,r 0| )‘ltﬂéﬂl‘d{'bethoxycarbonyl

| - pyrrolyl propyl ancbro.m@ybut@tylydrmw i br plﬁdmwaml!l: wer- ,yl pivtectivey ro lt_:;:vsosul ean be
a radi cal? of the for! alkyl)silyl, for eéxample, trimethylsilyl an butyldlmethylsﬂy are also of

mtereei The preferred N-blocking groups are (a) substltuted and unsubstituted

15 carbobenzyloxy radicals of formula: 15

0
I
— C-OCHy—

(R

where nis0, 1 or2 and R' is C,_g alkoxy or nitro; and (b) bromo-r-butoxycarbonyl,
ie.
0 CH,
!
~C—0—C—CH,Br -

' \'CH,

20 The ultimate N-deblocking procedure for the preparation of la, Ic or Ie is 20
accomplished by any of a variety of well known procedyres which include -
hydrolysis- and hydrogenation; hydrogenation is suitably carried out in a solvent
such as a C,_, alkanol in the presence of a hydrogenatlon catalyst such as

: palladium, platinum or oxides thereof.

] 25 : The N-acylated intermediate compound [1, (or Ia) above] is prepared by 25

. - treating thienamycin (I) or a position isomer thereof with an acylating agent, for '

example, an acyl halide or acyl anhydride such as an aliphatic, aromatic,
heterocyclic, araliphatic or heterocyclic aliphatic carboxylic acid halide or
. anhydride. Other acylating agents may also be used, for example, mixed carboxylic
30 acid anhydrides and particularly C,_, alkyl esters of mixed carboxylic-carbonic 30
anhydrides; also, carboxylic acids in the presence of a carbodiimide such as 1,3-
dicyclohexylcarbodiimide, and an actlvated ester of a carboxylic acld such asthe, p-
nitrophenyl ester,
y " Such N-acetylated starting materials are fully described in the specification of .
35 our copending Application No. 48236/76 (Serial No. 1,570,986). . = - 35
- The acylation reaction may be conducted at a temperature in the range of
from —20° to 100°C., but is preferably conducted at a temperature in the range of
from —9°C. to 25°C. Any solvent in which the reactants are soluble and
substantially inert may be uséd, for example polar solvents such as water, alcohols

)
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X -C-CHR' where R' is defined as above and R'' is am no, hydroxy, azido,
car banoyl, 25 guani di no, am di no, acyloxy, halo, such as d, F, Br, I,
sul fam no, tetrazolyl, sulfo, 25 carboxy, carbal koxy or phosphono.
Represent ative menbers of the substituent -CHR' that might be nentioned are
a - anminobenzyl, a - amino - (2 -"thienyl)nethyl, a- (nethylanino)benzyl, a
- %E'no - et hylthi opropyl, a - amno - (3 or 4) - chloro- 30 benzy;l, a

no - (3 or 4) - hydroxybenzyl, a - amno - 2,4 - dichlorobenzyl, 30
ami no - 3,4 - dichlorobenzyl, D(-) - a - hydroxybenzyl a - '\J .

ptixybenzyl , a - arri no - (3 -1 50019519nyl)rret hyl. - -_ a - amnée - -

“chloro - dro err] (5-
Cotrsoo LR O ALY O SR szm
car boxy rreéekmlitnle heterbeyk ammcsauéjms yﬂdﬂmy Iet,hlecetaté laquous- mturgsoxymet hyl , .a -

hal lvent: e ndc for -
sul fam n%ﬂéh e, asdcogqghi'?ﬁp ve %?Flz EE Wgs to"i’;et Jsual gul fam no)
cessausmg

ben2 yl %mm t;u'ee hOurs, era] I}Q ris
guani d' n&'ﬁ The&oﬂovﬂﬁgaéh)i tionUill& woxyieaRidyl , a - ;.
azi dobennalide: Bowevéd iGs chda ﬂqrstded t b ietistitosing: al:p.tboxyllgmm azol yI ) -

ani nonet A ydride ar offr mn#wrwwuwalq_m3chatla&wpfaszb'layPl)oductwerltsxy- t hyl , 4 -
(5.9 et AW 1 3 . sulfadiazolyl) - hydroxynet hyl, (5 - cMl oro-
thi enyl) -ORmi nomet hyI 2 - (5 -" chljf ot hi enyl) - hydroxyrret hyI 2 - (5 -

chl oro- thre a(;ﬁ) hgdl yl) - _
am-nonet Kyl , T thizaze| yI - hyE__o%grreiIh bﬂ - (1 2 - thiazolyl) -
car boxymet h? ZN (QOH t ) am no- mé K’I - (1,4 - thiazolyl)
- hydroxymethyl, 2 - (1,4 - thiazol yD)carboxynet hyl, 2 -

benzot hi enyl ami nomek hyl, 2 - benzot hi enyl hyds oxyrret hyI 2 - benzothi enyl -

45 ~ car boxyrreth ", .a -oseul fObe§Z&1|1§§0r a -o phos vﬁﬁénzyl The acyl
radi cal - hyl phosphono.
Eur t her [ﬁl)le ﬁ}ﬁéﬁe ch ?m%qdes bro % '?W:% rgxg&:lhe;?such o12

- 1, 540, 99 etone dioxane, THF DMF or acetomtnle in the presence d&s\ﬂmbleelcﬁﬁptdr] andierr] are
as def i nbaje b‘éﬂh@wNaFWOr BQCN: {\%F en, . C eraEl' ne, fluorine, bronine,
nsiti

i odi ne, gact ﬁ%}a 8 ré %ﬁb S iocar boxy, sulfo or
sul fam ngcyéﬁﬁé Réalgdne& 8&&11 ly 3 ve1 o

1058 @itydeoustoNONO- oOr biscyclic
5 20 plIform ttht egllation in R ARV saurehtesvmdgrmk hosrj!irﬂoranrgnnng one200r nor e
oxygen, gg) pqr?pcq pds of thienamycin or its posmon isomers, for example ris-
trimethylsilyl thienamycin Th(TMS),: -
— OTMS
‘Th—— NHTMS
L COOTMS
" react rapidly. Such derivatives, which are readily soluble in organic solvents, are_
25 conveniently prepared by treating thienamycin with an excess of hexamethyl- 25
= disilazane and a stoichiometric amount of trimethylchlorosilane at 25°C., with

vigorous stirring under a N, atmosphere. The resulting NH,CI is removed by

centrifugation and the solvent is removed by evaporation to prov1de the des1red

silyl derivative. - _
30 The intermediate starting materials Ic are prepared according to the followmg 30

'scheme; however, it should be noted that direct estenficatlon w1thout protection

of the amino group, is also possible. :

con N I
- b deblock. o .
Th-FNR'R? ——  Th--NR'R¥ — Th—NH, R
Leoow ~  Loxwr* =~ LCoXR*

l ~Id e Ic
where all symbols are. as prevrously defined S ' _
35 . In general, the transformation (l-Ic) is accomphshed by conventlonal 35
procedures Such procedures include:
) Reactlon of .1 (or I) with a dlazoalkane such as dlazomethane, phenyl-



nitrogen atons in the ring, (such as furyl, quinoxalyl, thienyl, quinolyl,
qui nazol yl, thiazolyl, isothiazolyl, tetrazolyl, oxadiazolyl or
thiadiazoLyL;T_phenyLLhL9T_phenngxy__akaL_gL_i;ﬁ——carbon at ons,
heterocyclic-thio or substituted heterocyclic-thio groups; or cyano. The
substituents onh the residues R4 and [err]. -can 10 be hal o, _
car boxynet hyl , guani di no, guani di nomet hyl, carboxam donet hyl, am no- 10

met hyl, nitro, methoxy or nmethyl. Wen R4 is hydrogen hydroxy, am no or

carboxy and_ferr] is phenyl, or a 5- or 6-nenbered heterocyclic fihg having

one or two su Tor L ni fal= 70, gﬂnm':lmh as_tetrazol yl 17

thienyl, furyl and ghsfsthanetob@iphdtlyldRvérdhaneih a E&@nﬂﬁhﬁaﬂ&aﬁ@ﬂhﬁ%fﬂtﬁt I ve:
phenyl acetyl, 3- br erapéteniyrilaated ywimpempturd 5f from 0°é:rtp rrdlmtfhyfrpth@nfyvvameuty#

4- car boxysret hyI pheﬁ?l?x:@ 4-car hox phepylacgtyly
2-furyl acefyl . SeAifr 2,{5%%‘1 é@éﬁ o, }43@ "aé; hé At 5.
chl or o- 2-t'hi eﬁy aC%;U |de hy1l Gk G».CS ibal lenl,'ze};ctlon conztlonsﬁmcluge 5
a- guani diwp-2-t hi ers lvemeduyl’n as h’axante ymhydphommydle at EQte(nnsrmstdvj FromiO2Qyo §&€et vyl ,

3-1i sot hi azol yl acet ag"%}%k??@
no, zyl :
4-i sot hi azol ylsacet yl, v i tion % gﬁ%& dj%% relgni§ &hb célzoé |de 10
acetyl, 3-chloro-5-dog s'i':@ﬁ" | dic hmd 5 S@aeN | amhty ACLt y

1, 2, 5- thia- 20 di aznbzuﬁ-a‘dm I0°C &omeﬂlkxyfor Troth !SShimwaasltazlGIly:hacmt:W;

3ch|or0125th| i d5thada
phenyl t hi oacet .4 Wi et a%;g %‘é‘?’gf fh l%[of%gl g S&Efﬁl
a-fluor opheny Sacet Yehior tH ary &Y hol daé(ﬂsted[&é e ¥k lconditions
2-thienylglycyl, 3-dfheeriyd ad glvbylla,bovﬂ'lbn;al) rm:ie(]lIan,rldeis ¢paredHyanacking 2and
mal onyl, 2-thi enyl mh;@ Ichqut}%G link ersy! IVSEF%EE}P hfﬁte relmd {?'BBE gg’&ﬁ)ﬁﬁﬂi aicet yl
a- am no- clo i

le d hyl-
[err]-hydr Oxy%%enyl %11 es :?Wﬂ% gf &%Pé ﬁﬂ or lcmhf’ct:ry 2
a- sul f ophenyl acet yl and he is }amhd «ﬁ%"" d em:al&@t su 'ras(; MEHF (o8 rCH, 0 at err]
may al so be a sul phigmp r&f)lreop rtgsrefl®®) foralgons allS: min@esnto 16 hours. For
(X)n 30 in whi ch wWHER ]Fé§‘f5’é‘1‘€1q if°“8‘é{’<‘,‘gs‘5\°mﬁ1 and. nis 0 or | and
Y=[err],[err], "R"; where [err] is hydrQgen, an alkali rretsothéfo

i ned above

al kal i ne-%eart h rretal cqO™B or an organi e; and R' is
e.g., alkyl, alkenyl, 3ryl or heteroaryl Wth eg€Hsct to P, Cor S n =

: . fi on
0 or 1; and each of Y i“gﬁm 0 S a?g wﬁMgrr%_l_’ tﬂ@p%?\iﬁg, ! defrg

[err] -R™or *ZR' whéhg
and ZR' may be al kyl, Ikenyl aryl or Heteroaryloxy or Y jand Y",
%mg)i ned t oget eé(ntrﬁsf ormecyclic eggps esteram de
X _ _ _ : | |

i ncluding R' residues,
and amn de functions.

— OH

mild hydrolysis Th - NHR"'

: —COOR3'
where TMS is tnorganosﬂyl such as trnmethylsxlyl and all other symbols are as
prev1ously defined.
The amides of the present invention are most conveniently prepared by
230 reacting the acid anhydride (Ic, X' =0, R¥ = acyl) with ammonia or with the amine 30
* . of choice, e.g., the alkyl-, dialkyl-, aralkyl- or heterocyclic amines listed above.
. ' " The above-recited schemes of esterification are well known in the related
- bicyclic g-lactam antibiotic art and indeed in organic synthesis generally and there
: is no undue criticality of reaction parameters in the preparation of the N-acylated
e 35 and carboxyl derivatives Ic useful as startmg materials in the practlce of the present 35
invention.
" Starting materials Ia and Ie are convemently prepared by any of a variety of
- well:known esterification or étherification reactions upon the secondary alcohohc
group of Id. Such procedures-include: .

Y



Acyl

17

groups [err]
preparation

groups such as carbobenzyl oxy,
and p-nitrocarbo-
acetyl,
et hoxycar bonyl ,
2327218 ri chl or oet hoxycar bonyl|

and R3' of particular interest,

benzyl oxy, p-met hoxycar bobenzyl oxy,
phenyl acetyl, t- butoxycarbonyl,
9-fl uorenyl met hoxy- 45
br,emped - but oxycar bonyl ,

() K ale
ri ng-substituted carbobenzyl oxy

particularly in the 40

protective
such as o-

chl or oacetyl,

trifluoroacetyl, _
carbonyl, dichl ofoacetyl,

45 phengxyagetyl ;

and (rerr] alkyl)

non-acyl pProtective groups such as o-nitrophenylsultenyl

silyl, for exanple, Q4 nethylsilyl and t-butyldiORéthylsilyl are al'so of
interest. The follow ng radicals, according t¢ the foregoing definition of
acyl, are especiall of sfructure lta: fornyl,

propi onyl, but yrip-
met hoxycar bonyl ,” ethoxycar bonyl ,
phenyl t hi ocar bonyl ,
N, N- di met hyl am noac

preferred for-[err]

R R
. 50 net hyl
3- anmi-nopr opi onyl, 4- am npbut
GOXRan N, N, N- trimethyl

agetyl,

|, mbtpetRiBRtyl, ami Raacetyl,

ar banoyl, ‘et hyl carbanoyl ,
gryl N- net hyl am n@acetyl,
Runacetyl salt, -

3- (N, N-di net hyl ) am napt opi onyl, a 3- (NN, N trinﬁahyl)annpniun1propionyl

sal t, an N.NEof i12iphepa BP0 dRBREG NS prasht invéhtion, tHe

id. catalysed

1, 570i ?ﬁo re_acti'ol;ly_‘i).f Id with-a ecgii_azoalkane -;lﬁh agiigometl;;nclﬁldﬂwﬂ Qf'mu%ﬂl?g)et yl salt,
guany i cliphetyjdigzogethaiedn Anmexs solyent ascdivxdings tetnabyysir afurgh )

- h CH,EI, _ t -
- e | AR BT RS AR oy 011
propynoy !l scGRIGHENL acl b KoROIXAAAGIISY b tempatatids DORSHE LYEeC tods4d am di noacet yl ,
am di nopr apy Pé la, feva afiudes td Qo] onyl |

5
phosif

ur ei docar

3- (1- et hystrodl e capable o
yl) propi o
| ben

ali and lsaling fearth me
R
10- Anot herg se@agi? le aggﬁl?

met-

d

jdss

angrhydeogides, gllsﬂpﬂé-@mﬁ

ylamine,

tertiary amines such as triet
liithm, and ag:%lﬂl metal amides such as sodium
udélifertS bydrouy solveatsUstell ak P-baRBIOUN

: guanylureidoacetYL, 9uany|carbanny|,
. car box ¥3ydion jHezprénacation of ¢thers.of the presant Wmmdggggg{g of
slgatics

) A n of
honodtil % AHBTHBIE 28 . Ba o e en /P "ppr opiony!
%ﬂé{ yls;@i%}cﬁ%ﬁ'_ ﬂ%%rzg?ﬁg&}iﬂgﬁé’%&ﬁ?ﬁe in the prqsenc?fi)dfgf ' "

phiag thejdohalatk tinioi of Ib- Suitable ibasesimziotle | -
amgpcet Y]y © am no-
ds of the

present i nieethylformamide t@MiF)THE, benestihyiphasphaanile (HMRMI end t he substl t uent
i's ope of divxprextif temperature ¢ffqme —g Gufes2>°Su b fiamet v BEVSHIRT i tutpd acyls

“may Pe re

25°

35

45

d}og%ﬁ Hof Hle B)@p&ljaﬁonf dt Ieita;g\,"tm“caﬁn &q{i Wth &hy of the above-listed

acyl radicals in their acid form. This reaction may be conducted in the presence of
" a carbodiimide condensing agent such as dicyclohexylcarbodiimide. Suitable
.solvents include any inert solvent such as CHCl,, CH,Cl,, DMF, HMPA, acetone

ia:nd dioxane at a temperature of from 0°C. to 60°C. for from 15 minutes to 12
ours, L '
(4) For the preparation of esters of the present invention, the reaction of Id
with an acyl halide or an acid anhydride in which the acyl residue is described
above. Generally, when the above-described acylating reaction uses an acid halide
(suitable halides are chloride, iodide or bromide) or acid anhydride the reaction is
conducted in an anhydrous organic solvent such as acetone, dioxane,
methylenechloride, chloroform or DMF in the presence of a suitable acceptor base
such as NaHCO,, MgO, triethylamine or pyridine at a temperature of from 0°C. to
40°C. for from. 1 to 4 hours, ' '

Suitable acyl halides and anhydrides include acetic anhydride, bromacetic

dride, propionic. anhydride, benzoyl chloride, phenylacetyl chloride,

_chloride, methanesulfonyt chioride, dib_enz'ylpho?horochloridate, methylthio-
phosphorochloridate, 2-furoyl ethyl carbonic anhy
bis(p-nitrobenzyl)phosphorochloridate. S . o

(5) For the preparation’ of esters of the present invention, the reaction of Id
with a suitably substituted ketone or isocyanate such as ketone, dimethyl ketene,
methylisocyanate, methylisothiocyanate or chlorosulfonyl isocyanate. The reaction

is conveniently carried out in a suitable solvent, e.g. dioxane, tetrahydrofuran or

chloroform, at a temperature of from —70°C. to 60°C. for from 15 minutes to 18-

hours. . o A o e -

 The intermediate compound Ie is then N-deblocked as described above to
provide starting materials, Ie (R" and R¥ =H) and Ia. From e, Ia is prepared by
deblocking the carboxyl group: ' "

h
azidoacetyl chloride, 2-thienylacetyl chloride, 2-, 3- and 4-nicotinyl chloride, p-
nitrobenzoyl chloride, . 2,6-dimethoxybenzoyl chloride, 4-guanidin<t)ighen lacetyl
i

ride, methylchloroformate and

-

25

30

35

2

¥
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50



[err] and these radicals and the corresponding radicals in which the 0 20
group is omtted are also preferred values of R3. In the formula qis O or

1; each—of-m--20—and-n,—independently of the other, s 0,1, 2, 3,.4 or . 5—.
Ais O -NR (where Ris hydrogen or [err] alkyl) or S, and Y is an am no

or substituted am no radical of fornmula: [err} 25 an am di no or
substituted am di no-radical of fornula: . 25 [err] a éé%;
guani di no or substituted guanidino radical of fornula: [err] NR** or a K
guanyl or ‘substimut ed. guanyl radical of fonpmgo 30 ' 19 -
[err] 14 3 1,570,990 o

14 where each [err], I ndep nd&htly of the m?ﬂ%r I s hydrog ORferr] (where
[err] is hydrogen or [err] alkyl) [err] 4dlkyl, [err] al ko}yl; ([err]

al koxy)-({err] alkyl), [errfl cyg|oal kyl or cloal kyl -([erq]) or the two R
groups are joined to forf HB Czhe‘r"vv?tl"i hirh éﬁﬁ atomte Whi-thNHpey are
attached, a ring having 3 tlo 6 atons; R* ils a 5 - ~radi cal as defined for

R except #dat if cycloalkylah%&t al t must bg 8 1 cycloalkﬁbé 5 [err]
0 Biet

al kyl; and Rf*.is a radical as,defined for rra ([err] al hyl
radical; or Y-is a nonocyclic or bi cyclic he{erocycllc aromat’i ¢ or

non-aromati c radi cal haStartigg thatefial 1dis Betvbmiently ahdDprefeRBE obfainalivedn X' ivoxlgher o
atomor atons are ni® maaﬁndll mpmblslcm;bomk mqtlmorsenbﬁnyﬁ-bloqlﬁng group (see Such

heterocycles are r epf2ey igf‘{"?'ll?'ﬂgl %gg"ﬁ Ap TW yplaarigly
Io vaarta = 6 AR MO T
car boxylic acyl radl p@kaluseighs idtiondh iyich the Iitﬁ&'ﬁi&ﬂlaﬁelcmapo uhlt(IBY i a solvent

such as a C,_; alkanol, is hydrogenated 1n the presence of a hydrogenation catalyst
such as palladium, platmum or oxides thereof.

10 . In this connection, it is noted that suitable “blocking groups” R* include the 10
sub-generic groups defined above as aralkyl, haloalkyl, alkanoyloxyalkyl,
alkoxyalkyl, alkenyl, substituted alkyl, or aralkoxyalkyl, and also including
alkylsﬂyl where alkyl has 1—10 carbon atoms. For example, suitable “blocking

. groups” R¥ include .benzyl, phenacyl, p-nitrobenzyl, methoxymethyl,

15 trichloroethyl, trlmethylsﬂyl tributyltin, p-methoxybenzyl and benzhydryl. These 15
blocking groups are preferred since they are generally recognized easily-removable
blocking groups in the cephalosporin and penicillin art.

3 ‘ T{le preferred carboxyl blocking groups, are benzyl and substituted benzyl of
ormula:

% . . o 3 ' .
. Rz — CH .
2 - 2@ | 20

(R')n

whereinnis 0, 1 or 2and R’ is C,_, alkoxyl or nitro.

In -the alternatnve it should be noted that the compounds of the present
invention, ITa, may be arrived at by operating upon the substituted N-methylene
thienamycin derivatives or other position isomers, II, to achieve derivatization by

25 establishment of R? and/or —COX'C¥. Such procedure is exactly as described 25
above except that compound II replaces the above-described starting materials, '
'such as Ia, Ic and Ie, and, of course, there is no need to N-deblock.

Preparation ' ' '
The preparation of the. compounds of the present invention is conveniently :
30 described according to the above-defined four classes, or embodiments, namely: 30
- (1) Amidines; (2) Guanidines; (3) Substituted Pseudoureas ‘and (4) Imido Esters
- and Imido Thioesters. -
(1) Amidines. In general, the compounds of Class (1) may convemently be

5 | prepared by reacting thienamycin (I) or a derivative thereof (lIa, Ic or le, when
L 35 RY =R¥ =H) or a suitably protected form of thienamycin or its position isomers © 35
) - such as its silylated derivative (/) with an imido ester (a) or. a substituted imido
_ ) halide (b):
~ o OTMS

)\-—g: SCH,CH,NHTMS
N COOTMS

/
0



15 1,570, 990
15 0 . 0 The above described starting

posrtlon |sorrer) (1) such asan N—acylated t hi enarrycr n(l) [rr]

ere each of [err] and [err] is hydrogen or an acyl radical as

aboye-defined. Preferably [err] is hydrogen and R2' is an easily renovable
.%_king group such as carbobenzyl oxy, ring-substi.tuted carbobenzyt'oxy such

Q5 and p- nltrocarbo- benzyl g *HMR nethoxycarbobenzyloxy, chloroadetyl

: - bor cetyl,

bronoethoxycarbonyl 9 fIuoroqnylmmsboﬁMumnggqcarbonyl drchIoroacegyI

o- nltrophenylsulfenyl 2,2,2-trichl oroet hoxycarbonyl ,

brono-t-butoxyiz?bonyl or phenoxya etyl; nop-@yl Q;otectlve groups such as

tri([err] alkylysilyl, for exanple, RtR‘N#ﬁe{m | si |y
- t-butyl di met gdésikat, are al so of |nterel§t The preferred N-bl ockr ng groups

are '(a) substituted and unsubstltut d 15 J carbobenzyl oxy radicalss of
formul a: @ - " 15 where nis O, 1or 2
and R is [err] al koxy or nitro; and (b) br ono-t - but oxyc§r bonyl, i.e. 20
The ul ti ebI ced rthe tiaon gf, |a, IcorIeis
20 acco nfré& nga ovel%lls" cﬁ\eg“efn %@%&%ﬂ%ﬁ gupes which include

Ew &aﬁue R nfdy b&C! &

hydr ol yssrss.aAl ggﬁaabmmnd.h mgelnahy be pr@aﬁdnbyabdc;mgar ried out in a

sol ¥ent mmqutaisofaﬁ primary ng Lompa¥pd fQgenatd on cat al yst
" such as L“:‘ﬂ‘g&t‘g } °‘B§§|°d éasiﬁeﬁ'eé%ﬁ“ts (95&) grzy YarThe N-acyl at ed
i nt er medi a ardnaa ofthOdcRpolisfds Bf CIRAN A6kokding to25 treating

t hi enanyte rab(nre) reamoa sphrsnesr dnpenmontmenmﬁtwatthe alne tiat i ng agent, for

ot oF ooy LT %}Z%r%f ?ﬂe&eii%;‘carﬁ%%?ﬁwgfi @%ﬂi‘flﬁﬂifé’”ﬁﬁ e

- or anhydﬁd S Th oci\i't?l isngtlﬁgﬁéﬂiﬁ idenyityadf e rosctios &otvenf r exanpl e, mi xed
car gox y| the ﬁv&@bh}; of ggrefgdnarlth dhqhieﬁcgﬁtwdl; amgdgamco% %d%“’h‘gl kyl &ésters of
' d calcBgiiepispiue S i Pt aci in the

_ _presencz,é.{totf’?ﬁ2 & e'b%lc'f'p se;c?lmv ?'ﬁ ag 1, 3- dicycl ohexyl carbodiimde, and an
acti vat e@) oﬁzH.eEsmi. a carboxylic acid such as the p- '

RY. . R R'R’
N N &
I | o | |

R—C—X°R" R—C—X°R"

X°=0o0rS

Examples are methyl formlmldate, ethyl formimidate, met gl acetimidate, ethyl
20 acetimidate, methyl benzimidate, ethyl 4-pyridyl carboximidate, - methyl 20
phenylacetimidatec, methyl 3-thienylcarboximidate, methyl azidoacetimidate,
methyl chloroacetimidate, methyl cyclohexylcarboximidate, methyl 2-
furylcarboximidate, methyl p-nitrobenzimidate, methyl 2,4-dimethoxy-
benzimidate, ethyl N =methyl formimidate, methyl N-methy! formimidate and
25 methyl N-isopropyl formimidate. 25
Such imido ester reagents (a) are conveniently prepared by any of a variety of
known procedures, such as
(1) The reaction of a nitrile, RCN, with a Cie alkanol in the presence of HCI
accordmg to the well-known Pinner synthesns
30 (2) The reaction of -a nitrile, RCN, with a C,_, alkanol in the presence of a 30
base. Typlcall{ the reaction is conducted at 0—40°C in the presence of an excess
of the alcohol with a catalytic amount of an alkali metal alkoxide for from 15,
‘minutes to 4 hours. . . .
~(3) The reactlon of an amnde,

33

X

- S I | a
35 : RCNHR' . o %

}v;nth analkyl chloroformate such as methylchloroformate at 25°C, —45°C for l—-4
ours.
(4) The reactlon of an n N-substituted amide,

- I
RCNHR' or  RCNR'R®



ni trophenyl ester. Such N-acetylated starting nmaterials are fully described

in the specification of 35 our copendi ng Application No. 48236/ 76
(Serial_No. 1,570, 986) 35 The acylation reaction may be
conducted at a terrperature in the range of from[err] to 100C., but is
preferably conducted at a tenperature in the range of from - 9C to 25C. An@

solvent in which the reactants are soluble and substantially inert may be
used, for @anpl e pol ar solvents such as water, alcohols 16 -

1, 570, 990 E '1nd pol ar organrc sol vents | n:
general such a O VR
acet one, di oxane teﬁmadmedmeélcmanar( ﬁkjﬁatmgag@t fith tag trie&rylohﬁmﬁﬁ ﬂagrol;dmeam nes
such as pyri di ne, rigsolventtsuch asthed oxschigreform ats0-023°€ Her fedyo (emingies|to 2 -

hal ogenated sol vent loroform 5 The
reaction is condyct ed gllr?'eg&b‘gﬁog f%r}&{dﬁﬂe&ﬂ%ﬂ?.n%?nga %ﬂt five mnutes to a
5 maxi numof three hours, but in general, RQNRiction tine of 0.5 to one
hour is suffidient. The fol I owi ng equation |dl{]pst rates this process. usi ng )
carboxylrc aci d halide, however it is to be nder st ood that by
substituting.a. car any.hj Be ﬁﬁrsheﬁ!)rIWﬂﬂésd@d mhidotda) functionall y equi val ent
acyl atiing agent simlar products may: e 10 obt ai ned.

10 OH ! Gé’rfé?lﬁl |y when the above-descri bed
acyl ating reaction uses an ‘aci d halide (sui tgpl e halides are chlorides,

i odi des, and brom des) or anhydride the reactr on is conducted in water or
.an aqueous m xt uré)yeéacaormﬂtmﬁrst Honed seierwathtanglkylamins, R'BH,, in g mixterm of

di oxane, THF, | %g%%ﬁf’ﬁg%; °F‘ﬂ"°!‘hsé‘° ?‘éé@ﬁ&’echlﬂmfa"%ﬁlotﬁm(‘e fordeombt or

15 base such s [err or K2HPO4 In carrying out. the reactions!0
descri bed herein, i) Subst a'elmdolyamat necess to protect the 2-carboxy
group or the 1’- hyd& ridinip a@ledMer@lqrmmabxlfoamlnn@

Shlor
reagent is exceedi ffi r:i%o #:gﬁ Eg\gg‘“[,)f r rfl lk're{%%% g%algg%rﬁa o 20
performthe apyl at |c@|ltndwl7h Frobddlres,GY tven nosi
organo 20 tin) conpountis mﬁcttohloéamNdeubsﬁtuteﬂsanqirtGSI tion i sorrers for :
exarrpletrls- trimethylsilyl thlenarrycm berr] OTrNVs _

1
RCNR'R?
% with a .halogenatmg agenf such as thionyl chioride, phosgene or phosphorus
pentachloride in an inert solvent such as chloroform or methylene chloride at :
20 0—40°C for from 1—5 hours. 20
(c) Primary and Secondary Amino Compounds - . :
Methylamine, ethylamine, 2-aminopyrimidine, dimethylamine, methyl
benzylamine, 3-aminomethyl pyridine, 2-aminomethyl thiophene, ethanolamine,
' dimethylaminoethylamine, N-2-(aminoethyl)pyrrolidine, cyclohexylamine, n-
25 heptylamine, isopropylamine, 2-methylallylamine, 3-phenyl-1-propylamine, 2- 25
: amino-4-picoline, 2-amino pyridine, 3-amino-4-carbethoxypyrazole, 2-
. aminothiazole, 5-amino-3-methyl isothiazole, and 3-amino-1,2,4-triazole. a
The reaction involving the reagents (a), may be representatlvely shown by the
following dlagram
ORS P
_ 7—N COXIR3 .
.« ) - _
. . _ . _ R .

SCH,CHN = C- NHR!

T e §

wherein OR” is the leaving group of the imido ester reagent and R, R’, R¥, R? and




Th-- NHTMS COOTMS react rapidly. Such derivatives, which are readily
soluble in organic solvents, are 25 conveniently prepared by treating
thienamycin with an excess of hexanmethyl- 25 disilazane and a
stoichionetric anmount of trinmethylchlorosilane at [err]., with vigorous
stirring under a N2 atnosphere. The resulting [err] is renoved by

centri fugation and.the sol.vent is renoved by .evaporation to provide the
yired silyl derivative. 30 . The internmediate starting rnugaj als Ic

' ao?\ py.epar ed according to the folsl,, wing 30 scheme; however, 'i_t_' shoul d be

t ea—+ Fe6+— - ; . group, is
al so possiXlage asdefificl dbove, THiFREdcHomIsPartRulRAL Wiites Fof dRbbitAin 35 o n
general , Mhi?htk’ems!]‘&i’r_mﬂlydmge@kﬂd%gMygacconpi i'shed by conventional 35
procedur e§dllo§p%ﬁ?j§ﬁ%¢'é’8’lﬂ’r“§§h°i TRREPRIEIED), may yeqmesgtativsly bsshowntbyithe ) with g,
di azoal kane "such "as di azonet hane, phenyl - 17 - © A '
1,570, 990 _ L : o .
17 di azomet hane Bor yli phenyldi @g3net hane, in a solvent sich as di-oxane,

et hyl acet thRzN"_l elyritrile dt a tenperature oH'from[drr] to reflux for

froma few m nut 0 2 hofirs. X + 6GHeEHMNCaNRMRY| rgtal salt of 1
wi thsan actyi vated al kyl halide- COPRY et ff,-yl i odXYe, ben%yl :
broni'de, orvmphenoxypemyl brgf de, p-t-butyl benzyl 5 |broni de dr

pi val oyl oxynmet hyl chloride\ Surtable reaction conditiong include solvents
- such. as hexanet hyl phosphoramni de at a tenperature of fromf[err] ‘to [err].
for a few mnutes to 4"-.hour_s_.0H( 3) Reaction-of 1 with an al cohol such as

met hanol ,- et.hanql oL benzyl 2l cohal.. .This Jeagtj,on may be conduct ed
in th_e.pr_ee'L'-_ ’ Viis ar bodi i mj gghdgﬁiﬂ ﬁ&r’gﬁgrﬁpsuch as '

di cycl ohexyl ok Befi i m de. i Wel@00Hat a tRenperature of from[err]
~to reflux for from15 minutesOto 18 hours, include [err] and [err]. (4)
- Reaction of an N-aecylated acid anhgdride of 1 prepared by reacting 15 -
the freecacid | with an ‘acid chl d¥ide such as ethyl chloroformte or
benzyl = 1%here all symbols are as previously defined. When product 2 is desired, suitable . -

values for. R? and R¥ are trimethylsilyl, and X' is oxygen.

- . The reaction involving the reagents (c) may representatively be shown by the - s
10 following diagram: . i , 10
-, -. | . " | - |
b _-_q:scrlzszH:(':-x A NHRYRZ
J— N———COX'R® R | =
*  ‘Compound of Class 4.
" oR? L |
., © 2 o
. I/t SCH,CH,NH = (I:-NR‘ R A
' OXIRY :
Ve N COX R3 R
" where all- symbols are as previously defined and X is —OR or —SR wherein Ris’ . ) &,
15 preferably C, o alkyl such as methyl or ethyl. When R® and R¥ are readily . 15
removable blocking ‘or protecting groups they may independently be removed by R
well known procedures to provide compounds 3, 4 and 3. ' _

OH

p— N———— COOH R

N

-3



chloroformate, with an al cohol such as those listed in (3) under the sane
conditions of reaction as given above for (3). The anhydride is prepared by
reacting-1l and the acid chloride in a solvent such as tetrahydrofuran (THF)

or [err] at a tenperature of from[err], to reflux for-from15 mnutes to
10 hours. 20 (5) Reaction of labile esters of 1 such as the

trimethylsilyl ester or dinmethyl-. 20 t«butylsilyl .ester w th.R3"' X0 wher ei \
[err] is Kalogen such as bronine or chlorine and R3' is as already define¢ :
in a solvent such as THF or CH2CI 2 at a tenperature of from/[err] to refl

for from 15 mBdites to 16 hours For exanhb®MBcording to the followng 23
schene: esterj- f ication: 3¢ TM5 is triorganosilyl such as- - -
trinethylsilyl and all other,synbols are as previously defined. The am des

of the present invention ar/eLqut enigéﬁldgvaw._e@angbh?by 30 . reacting
the acid anhydridde (lc, X =0 [Err]]i: a(g@/(lyg thlamonia or with the
N i

amne 30 of choice, e.g., thgra _ | -, ~aRal kyl - or heterocyclic
am nes :|.isgt ed above. The aboDe-recited schenmes of esterification are well
known iin the.related bicyclic [err]-l'ackam antibiotic art and indeed in
organi ¢ synthesjs generally and there is no undue criticality of reaction
paraneters i-n the preparation-of.the N-acylated 35 and ‘qar boxyl '
derivatiives-lc useful ag starting materials in the practice of the present
35 invention. Starting materiQds la and |le are conveniently plepared by any
of a variety of well-kn¢wn eslierification or etHrification,rfactions upon
t he secondary al coholic{grotp . mw‘e'sci'nﬁ*dge: A@18
1,570, 990 T _ — N CO R3L) Foé t he- preparati on of
ethers of the present ingventigh, the acid catal ysed reaction bf ld with a
di azoal'kane such as di azonet hane, phenyl di azonet hane or
di phenyl di azonet hane in an inert solyent such as dioxane, tetrahydrofuran
(THF), 5 .a hal ohydrocarbon such as [err] or ethyl acetate in the
presence of a cat al y@) Guanbdlimsrount of a strong acid or Lewis acid.such as
tol uenesul foni ¢ acid, ttlxﬂ'i sentrglr é‘gc@}f,#@“eﬂ&i Q,{s,flais@o -‘ﬁ“ﬁ'ﬁ@ﬁ?ﬁ’ﬁfﬁvgﬁ“v‘;‘{ﬂ&%’f
trifiuoride at’a tengBt IR dRPRIHITSoNE e O ooyl diatie qereel. 5
pseudourea or an S-alkyl or S-aryl pseudothiourea; or (b) by reacting a compound :
of Class 3 (above) with ammonia or an amino compound such as an alkyl, aralkyl or
P heteroaralkyl amine. - - :
) 10 Suitable solvents for such reactions include water and buffered aqueous polar 10
' organic solvent mixtures at pH 7—9 or anhydrous polar organic solvents such as '
dimethylformamide or hexamethylphosphoramide at a temperature of from 0°C. to
40°C. for from 1 to 24 hours. '
Suitable reagents (a) and (b) include:

15 - (a) —OR pseudoureas and —SR pseudothioureas:

O-Methyl pseudourea, S-Methylpseudothiourea, 8- 15
methylpseudothionitrourea, 0-2,4-dichlorophenyl pseudourea, S-p-nitrophenyl
pseudothiourea and O—N,N-trimethylpseudourea. : _

(b) Amino reagents: - . .
20 . These reagents are the same as those given for the preparation of Class I (¢) 20

above, . :
- The reaction involving the réagents (a) may representatively be shown by the
. following diagram: CoE K . :
L | /‘\—'ESCHQCH.‘,I\IH2 R'R®N-C=N-R' -
S . : — N COXIR¥ o : | '

/ - _ XI_.RO

)

o)

oR®

. i

)\—@:SCHZ.CHZN e o

/N cox'Ry - NRH
0

whereﬂ’, X', R¥, .R' and R? are as deéfined above; X" is O or S and X"R® is a- '
25 . leaving group: R°® is preferably C,_q alkyl or aryl. _ .




for froma few mnutes to 2 hours. (2) For the preparation of ethers of the
present invention, the reaction of Id 10 with an al kyl ati ng agent such
as active halides., for exanple nethyliodide, 10 benzylbromde or

m phenoxybenzyl brom de .or al kyl sul phates such as d| met hyl sulphat e,
di et hyl sul phate and net hyl fl uorosul phonate in the presence of a strong base

, qpabl e of form ng the al coholate anion of Ib. Suitable bases include
. a’li and al kaline earth netal oxides and hydroxi.des, alkali metaly

i des such 15 as pot a§§ tertiary-butoxide, tertiary am nes such
as i i&l—kﬂ—e—*rd—a-r—y—l—e—eﬁe-h—as—pﬁinyl l'ithium

and al kal i Trmlaicuamnddsmgmheaamts(bumam@msdﬂatwwbeaiylwebsﬂievent s include
i nert anﬁ%ﬂW@&émgﬁmvents such as t-butanol, dinethylformam de (DVF), THF,
hexanet hyl phospha am de (HWPA) and di oxane at a tenperature of from,[«rr]
to 25C., for f a few mnutes to 4 20 . hours. A
on %fCH ﬁﬁeﬁ_sc & zreactlon of id with any of tne
s in ehet orm T.mRﬂereacuon may be =~
~conducted in the COX'RYy bmm m de co
~di cycl ohexyl car®odi.i m de. Suitable-solvents include
- as [err] ,cobi¥bund8yiAess 3Cet ONe 25 and di oxane a tenperature of from
O0C.- to 60C. for from15 mnutes to 12 25 houge? (4) For the preparation of
esters of the pPHsent .invention, the reaction of.1d wi.th an acyl halide or
an- acid anhydride in whjch the acyl resigdue is described above. -Cenerally,
when t he aboveZde tffWEEEZE§CH§CHQNF§aUR Rh uses an acid halide 30
(suitabl e hal | des jar—eN lc(beel odi d € 04 bronide) or acid anhydri de the
reaction is onducted i n" an anhyMRoRs organi c sol vent such as acet one,
di oxane, neth Ienechlorlde chl oroformor DVF in the presence of a suitable
accept or ViA% §@@Hsé§°f%W?Tm“W@Eﬁ“¥#lethylanlne or pyridine at a
t enper at Yy Susdhrbd Piuddtread 0 40C. for froml to 4 hours. 35 5 Suitable
acyl hal | dea geaéralaniey dommbasdsi ofcClage3 amgetconveaieitiydbé deepared dpacetiC 35
anhydr i deactige 8 spibpmey! anitiaspibaraoy! Nesbstitited-qompryndda). forexamplcet y| chl ori de,
~azidoacetyl chlori - 2-thienylacetyl chloride, 2-, 3- and 4-nicotinyl
chl oride, p-. nitrobeh chloride,. 2,6- Olnethoxybenzoyl chloride, ™

4- guanidinophenyl rid edlul |- chlori de,
' S&%@ ﬁg % M‘y phosphor ochl ori dat e,

di benzyl phosphor ochl
- 2-furoyl ~ethyl car bogrc- t hyl chl or of or mat e .and 40 .
. b| s(p ni trobenzyl ) pdiosphorochl ori dat e.

{a)

above-listed acyl

agent such as
ny inert solvent such

‘or

o : W
)\—l/\ SCHZCHZNHCNHCHa
—N L coon K

0
/ la)

with an alkylating agent (b) such as an active alkyl or aralkyl halide or sulfate ester
10 Suitable solvents for the above reaction include C,_, alkanols, dioxane and. 10

acetonitrile at a temperature of from 20°C. to 60°C. for from 1 to 4 hours. :
Suitable reagents (a) for the above reaction scheme mclude N-acyl

thienamycins:
/'__ — . COX' R k1 . N o ' W a
o :
a.
15 where R3, X’ and R¥ are as defined above and-RY is acyl as defined above and is 15
preferably . . : )

I | |
- —C—NR'R® o ".-—_i_é_NR‘.R’ -



(5) For the preparation of esters of the present invention, the reaction of

ld with a suitably substituted ketone or isocyanate such as ketone,

dimethyl _ketene, nethylisocyanate, nethylisothiocyanate or chl orosul fonyl

i socyanate. The reaction 45 is conveniently carried out in a suitable

sol vent, e.g. dioxane, tetrahydrofuran or 45 chloroform at a tenperature :;§

of from-70C. to 60C. for from15 mnutes to 18 hours. The internedi ate
conpound Ie is then N-debl ocked as described above to provide starting

mat eri al s, err] and R2' =H) and |a. e, lais prepared by 50 . .
deblockrng thﬂggﬂrh"v"' GO+ F ﬁﬂb& _25:-
50 19 : where R' and Rz are as defi ned above, silchag Garﬁﬂﬁbyl methylcarbamoyl ethyl-

19 Starting materi afar qY!a % g OWEI'WWW' atbeeylthisgarparegyl X' is
oxygen and.[err] is 5 ég l%ﬁﬂ%eo%rti ['Stofide, dimeth .
car bonyl - bl ockg FLQ/ gsm . 1&ﬁﬂs ﬁhidelzl thighill Kbrnidk éh)‘lrﬁlypﬁrﬁﬁﬁ!eﬂ by 5

debl ocki ng accordi ngltmbenayl)brmlhdaambmetbyl hlsromethybthee| | known procedur es

whi ch i nclude hydroly 1sg iﬁmftﬁ Plying.tha abeys reagpnis(a) and (b)anayrepresentatively be

car boxy! - bl ocki ng groups oll&upe F88FBiy) , the preferred debl ocki ng S
procedure is _.hydrogenation, i Réhi ch the internmedi ate conpound (le), in a-
sol vent such as a [err] alka i's rogeE &d in the %& sence of a

hydr ogenati on catal yst such as | ' HdNﬁcﬁ?o% BS thereof. 10

In this connection, it is notedgstiraN BDK'R!jI ockr)ng groups” R3' include
the 10 sub-generic groups def0ned above 6% oaral kyl, hal oal kyl,

al kanoyl oxyal kyl , al koxyal kyl, al kenyl, stituted al kyl, or ,

ar al koxyal kyl , ‘and al so |nclud|ng aIkyI | yl, where al kyl has 1-10 carbon
at ons.  For exanple ‘sui tabl e ‘Peidocki ng groups" [err]_include benzyl ,

phenacyl p- nltrobenzyl,. ‘metthoxynet hyl , 15 richl oroethyl,
trlnethylsily tributyltin, /A\rmihfx?knnzuthﬂq DEh\WHR2 These 15 -
bIocklng grouH% are preferred srnceNthe ﬁé p%rally regtgnlzed - 10
easi | y-renovabl e bl ocki ng groug€ 1n'the ceé OSpOFIRnQﬂd penicillin art.

The preferred carboxyl blocklﬁb groups are benzyl and substituted benzyl

of formula: 20 20 WoRLEkPig® drS; Rxe b oRandiadifhefi; dnd b 50 ke, R, KO R 31 LT O

“previously defined.

(4) Imido Esters and Imido TTno Esters:
Y "~ In general, the compounds of Class 4 may conveniently be prepared by
15 reacting a suitable Frotected N-acyl or N-alkoxy carbonyl derivative, or a thio 15
analogue thereof, of thienamycin (a) with an alkylating agent (b).
Suitable solvents for the above reaction include methylene chloride,
tetrahydrofuran, dioxane and chloroform, at a temperature of from =78°C. to
25°C. for from 5 minutes to 3 hours.
20 Suitable N-acyl thienamycin starting materials (a) include: 20

OR3

| /‘\—(\IL—_ SCH, CH,NHR "

N —1L IRy
/P . - COX'R
o)
where R" is acyl such as formyl, benzoyl, thiobenzoyl or thloacetyl R3? R and X'

are as defined.
Suitable alkylating agents (b) include: triethyl oxonium, ﬂuoroborate, methyl

25 fluorosulphonate and trimethyloxonium hexafluorophosphate . | 25
o The reaction involving the above reagents (a and b) may representatlvely be
e T shown by the followmg diagram: ] : o
s oR® |
' - -—ﬂ:scn2 CH,NHC - R¥
_ _ _ _ o 'N COX!R ¥ -

o lRX°



In the alternative it should be noted that the conpounds of the present

I nvention, Ila, may be arrived at by operating upon the substituted
N-nethylene thienanycin derivatives or other position isoners, IIl. to
achieve derivatization by 25 establi shment of [err] and/or [err]. Such

tes the above-described starting naterials, such as la, Ic and le,

of course, there is no need to N-debl ock. Preparation The pr ation
conmpounds of the present j, pfion is conveniently 30 ?ig‘?cribed

M5 8 -6 B-E-E—6HC o S0 eRbed—en —hRsel y: 30

(1) Amdines; (2) Guangygh nes; (3) Substituted Pseudoureas, “and (4) YI m do

Esters and Imdo Thioegters. (I). Am dines@ In general, the conpounds of

Cl ass (1) may conveni.en he Prenagem, dy,NHeadiRty thienanmycin (1) on a

derivative thereof (lda, |c c}}l]_ﬁ_v@ﬁg.,fﬁ ~Jlerr] = R =l or a

suitably protected for{yb’f_t_ i enamyCrn or .itsX¥&sition isomers 35 such as

its silylated derivative (1) wi{h aniiido ester (a) or, a.substituked

i mi do halide (b): 20 | 4-7 deblocking 1,570,990

201 'TMS = trinmethylsilyl 0 re. [err], R2, and R as defined above; X

is hal ogen sucfi as chlorine; and -R' is-.a | eaving group where R' may be

[err] alkyl such as ngghyl or ethyl and [err] is O or S. Alternatively, the

conpounds of C ass | y be prepared by reacting a 5 conpound of C ass

4 with NH, or a pri or s ndarg:Haa_‘&g_ on‘egund (c) 5 caleculated to
provi de the desired spedj es |of |tra 2 é}e‘n s (a), (b) and (c) are
representatively enuner - COOH abl e vents for the preparation of
t he conpounds of C assOl according to the above reaction schenes,

dependi ng', ,\upap. 1 Be,J J@atd e Yr osﬁaguﬁ@ %J‘R}%ﬁ revighst rate: and
reagent,  idafided CWh¥Pehe debl6kiked siebies f Qisir GBlE Yl far hd RAIRFEL hyl - 10
f or mgni de ateDivygen antl tdmehysilyd; inoeigtiocnss, delgedkingiis qonvenieptly adhieved es t lyer eof . The
‘reaction ¥ llﬁeﬂqeméibl’% ypisqf pAl %"e?(rﬁéﬁ ¢ b oted that th pyegactin [err] for from
1 to 6 hodilurermay be ysec Qoo i o as® £Bne Q) 35 SEE R it ity of the
: . ara he 2mitfihes of Elass?t, labdve! P y
reaction so ‘Iﬁﬂtlpr&_ﬁfcts of this invention (Il and Ila) form a wide variety of - -

10 pharmacologically acceptable salts such as acid addition salts, e.g., with 10 E
hydrochloric, hydrobromic, sulfuric, nitric, toluene-p-sulphonic "and methane
sulphonic acids, The salts of this invention are pharmacologically acceptable non-
toxic derivatives which can be used as the active ingredient in suitable unit-dosage

: ‘pharmaceutical forms. Also, they may be combined with other drugs to provide

15 - compositions having a broad spectrum of activity. R S

~ Compounds of the present invention have been found to be. valuable
_antibiotics active against various gram-positive and gram-negative bacteria and,
accordingly, find utility in human and veterinary medicine. Such compounds can
therefore be used as antibacterial drugs for treating infections caused by gram-

20 positive or gram-negative bacteria, for example, Staphylococcus aureus, Escherichia 20

' coli, Klebsiella pneumoniae, Serratia, Salmonella typhosa, Pseudomonas and
Bacterium proteus. The antibacterials of the invention may further be utilized as
additives -to animal feeding stuffs, for preserving foodstuffs and as disinfectants.

. For example, they may be used in aqueous compositions in concentrations ranging

25 from 0.1 to 100 parts of antibiotic per million parts of solution in order to destroy - 25
and inhibit the growth of harmful bacteria on medical and dental equipment and as
bactericides in industrial applications, for example, in water-based paints and in the
white water of paper mills to inhibit the growth of harmful bacteria.

The products of this invention may be used alone or in combination as an

30 active ingredient in any one of a variety of pharmaceutical preparations. These 30
“antibiotics and their corresponding salts may be used in capsule form or as tablets,
powders or liquid solutions or as suspensions or elixirs. They may be administered
orally, intravenously or.intramuscularly. - - - ' L

. The compositions are preferably presented in a form suitable for absorption by .

35 the gastro-intestinal tract. Tablets and capsules for oral administration may bein - . 35
unit dose presentation form, and maycontain conventional excipients such as ,
binding agents, for example, syrup, acacia, gelatin, sorbitol, tragacanth, or : -
polyvinylpyrrolidone; fillers for example, lactose, sugar, maize-starch, calcium,
phosphate, sorbitol or glycine; lubricants, for example, magnesium stearate, tale, - _

40 polyethylene glycol, silica; disintegrants, for example, potato starch or acceptable: . 40
wetting agents such as sodium lauryl sulphate. The tables may be coated according: '
to well known. methods. Oral liquid preparations may be in the form of aqueous or -
oily suspension, solution, emulsions, syrups or elixirs, or may be presented as a dry
product, for reconstitution with water or other suitable vehicles before use. Such

45 liquid preparations may contain conventional additives such as suspending agents, 45
for example, sorbitol syrup, methy! cellulose, giucose/sugar syrup, gelatin, hydroxy-
ethylcellulose, carboxymethyl cellulose, aluminium stearate gel or hydrogenated

ure is exactly as described 25 above except that conpound Il

Py

15

&

L4 :



the variables of reaction within the limts descri bed above, provided only

that the 15 reaction solvent is inert or substantially inert to the
i ntended_caourse of reactian 15 Suitable reagents representatively
include: (a) Imdo Esters: Exanples are met hyI form m date, ethyl

form m date, methyl acetimdate, ethyl 20 acetim date, nethyl

benzi m date, ethyl -4-pyridyl carboxi m date, nethyl 20

phenyl aceti m datc, methyl 3-thienyl carboxi m date, nethyl azidoacetim dat e
met hyl -chloro ti mdate, rret hyI cycl oh Jgggr boxi m date, methyl 2-
furyl car boxi m - ' —eh- ' - 27

benzi m dat e, et hyl ' Nedie bijs| fof examplviatiadnd, onlrfstchgﬂatd‘d-cnmm :l imyrdsﬁem prapyenand 25
met hyl N-isopropyl f 1 - alcohol; - preservatives, for example methyl or propyl p- -

25 Such i-nido ester ?" 0%3'5{;;? -1 ’%q@i 8%3%1 rﬁﬁgr éa"‘ﬂi? 5?{376'8?"%{
variety. of knovsn..,procedw:ﬂﬁ:sunsmcm 1&58ct ay BeprE@a H irQunit@bsedort ih EhpslesREN, 5
with a [err] al kanol in multidase mwcmtbﬁn kiftled avessgrvativa gl eccomipesitivk hrakmk\m

Pi nner synt hesis. 30suchforms ass %?“sﬂ?é sply ‘Eﬁsgﬁﬁmﬁ\sm 'H ofly ?‘laéuewh'd

[err] alkanol -i n t hep Bk AEIRETNGR Y HOIREY ngrdd e %@ab"t’ﬁ% ?J".rﬁﬁ

conduct ed at 0140C i. &cbﬂ%&uﬂﬁﬁﬁmﬂﬁwlﬁf)le&ahla&% Stefile gyfogerafrécOla 10
catal ytic anount of an 'Ehe gdnipositiens | may| eox bel prepared fig lma&lé fmma ?bmtw‘ril
1 1SSUECs an

hours. (3) The react nose and t roat or br

e (5 T eoe B ST e

for 1-4 hours.154) Tirresenedcat iralividaal capsulbss inbkq und ot seth dferm, or ad krops etc. 15
1, 570, 990 Topical appllcatlons may be formulaged in Wthpt@hwaq l}yttraplg\rq bas¢s an

n S, erl
al kylating agent such" il F R, E@{ﬂﬁﬁs OhiTIRLoRE ) Il P Sl
such as ether or chl gicp a@rsfibiﬁier ®irders! extiok 'Hﬁlm esBivatile&; Ju rQ rsi1 Sispéndi
The conversi on20f a ageati \dlS;zogyaselnabt ﬂavnnnmensﬂeaddltﬁm there may also be mcluded 20 -
'in the composition other active ingredients to provide a broader spectrum of
antibiotic activity.
For veterinary medicine the composition may, for example, be formulated as
. ‘an intramammary preparation in either long or quick-release bases.
25 The dosage to be administered depends to a large extent upon the condition of 25
the subject being treated and the weight of the host, the route and frequency of
. administration, the parenteral route being preferred for generalized infections and .
the oral route for intestinal infections. In ﬁeneral a daily oral dosage consists of
from 2 to 600 mg. of active ingredient per kg. of body weight of the subject in one
30 or more applications per day. A preferred daily dosage for adult humans lies in the 30
range of from about 15 to 150 mg. of active mgredlent per kg. of body weight.
The compositions may be administered .in several unit dosage forms, for . -
example, in solid or liquid orally ingestible dosage form. The composmons per unit
dosage, whether liquid or solid, may contain from 0.17; to 997 of active material,
35 the preferred range being from 10—60%. The composition will generally contain 35
. from 15 mg. to 1500 mg. of the active mgredlent however, in general, a dosage in
the range of from 100 mg. to 1000 mg. is preferred. In parenteral administration the
unit dosage is usually the pure compound in a slightly acidified sterile aqueous
solution or a soluble powder intended for solution.
40 . _The following Examples illustrate the present invention. Examples 1, 2, 8, 17 40
18, 22 to 27 and 44 to 50 illustrate the preparation of starting materials and not of :
'compounds in accordance with the present invention. In the Examples, the
thienamycin nucleus {, above) is represented by the followmg symbol:

s

— OH
Thf-—NHz .
) | - L~ COOH - -
s 45 where the secondary alcohollc group, the amino group and the carboxyl group are 45
~ illustrated. Thus, compounds of the present invention can conveniently be
’ represented as follows: .
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5 (R my be hydrogen), to a desired imdo ester, by reaction of the
first-nmentioned ester wwth an alkylamne, [err], in a mxture of water-

..and an inmm.scible solvent such as. ether. O_I’_CJZIJ_O_LO_f_O_I’_m_aI_[_EJ’_I’_]_f_O_I’_LI’_Q.m 10

5 mnutes to | hour.
10 (b) Substituted Imnido HaI i des: N-(Chl oronmet hyl ene) pi peri di ni um

- Ahdori de, chl or odi met hyl f orm ni um chl ori de, chlorodiethyl form nium
bride. Such imido halide reagents (b) are conveniently preparwby any
H v ﬁ

_ variety 15 of known rs96.698ur s, such as:
15— - genating
agent subﬂeé% \t,tR’olﬁle"(ﬁmﬂ@k aluels dcﬁn?,q} hosp,ttorus pent achloride in an
x -, &€
I nert SQé% l’?S lfgﬂgqu“éhﬁtgwﬁifma soaf ifier’ eaggp %g’ipf'cgr Iare “tr 20 0-400C for .
portnons of liquid mixtures are on a volume basis, ‘“mmole™ means - - 20«(c)
Prﬁnary“arhltincﬂieton ary Am no Corrpounds Met hyl am ne, et hyl aﬁilJle5
2-am nopyri m di ne, di nethyl a thyI benzyl am ne, 3-am nonet hyl
pyridine, 2-am nomethyl thi'o?ﬁ et hanol am ne, di rret*h_yl am noet hyd am ne,

N- 2- (am noet hyl ) pyrroli di OTM/S;I ohexyl amine, n- 25-- heptyl am ne,

i sopropyl ani ne, . 2-net hyl alll yl am ne, 3- phenyl 1-propyl am ne, 2- 25

am no- 4- pi col i ne . 2-am no|pyridi ne, 3-am no--4-car bet hoxypyrazol e, 2--

ani not hi azol e,- 5- ani nd- tMTMBser HithedMS)sand 3- ami no- 1, 2, 4- tri‘azol e.
The reaction |nvoI ving th reagents (a), .may: be represent atlvely shown by
the follow ng diagram whé¢rein._ CR I's the | eaving gr oup. of the- imdo ester
reagent and R [err] and COOTM TMS = trimethylsilyl ' 1,570, 990

22 X' apg ﬁ&lﬂegflsﬂﬁgm@_b%@a Hﬁl S react ion.is particularly suitable for
corrpounﬁs THied?.l;\yﬂiﬂg ©Onigl) nmei;e[:ﬁrdm} MEt&HWdﬁﬂﬂﬂn %)Xn)de:ri ‘'oxygen. The
rdact i oN; atmesiheterpgd tisconeentr n%t?e yidivilazaae (12} i) be own by the
fol | owi 3@16 z}ﬂ (300 l) are ad%ed T e mixture is reacted. for 20-mins. nf 30 y~ -
‘%‘Eﬂ stu'rmg The suspension is then centrifuged to remove-
ammonium. chloride. The supernatant is evaporated to an 011 under a. mtrogen
stream for future reaetlon _ . -

15 N ‘Example la. . o .15
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Preparation of Thlenamycm N-Plpendm-l-yl Methylene Derivative - .
Thienamycin (57 mg., 162 pmol) ‘is”silylated according to the procedure-
previously described. The silylated -antibiotic Th(TMS), is dissolved in methylene "~ _
20 chloride (6 cc) in a septum stoppered flask under positive nitrogen pressure and 207"
‘cooled in a dry ice-acetone bath. To the magnetically stirred solution is added a
solution (180 gl) of triethylamine (644 umol) in methylene chloride. This is followed
by the addition of a solution of N-(chloromethylene)piperidinium chloride (67 mg.,
405 pmol) in methylene chloride (465 ul). After 1 hour in a dry-ice bath, the :
25 reaction solution is rapidly added to a tetrahydrofuran: pH 7, 0.1N phosphate T 25
. buffer (1:1) solution (50 ml.). The mixture is then concentrated under vacuum to 10 -
ml. to give a homogeneous solution. The solution is washed twice with ethyl acetate
(2x 5 ml.) and ether (2 x 5 ml.) and briefly pumped under vacuum;-This aqueous - PO
_ solution is then chromatographed on an XAD—2 resin solution (60 ml. bed). The : Ta e
30  product is eluted in 109, aqueous tetrahydrofuran (following water elution) togive =~ 30 .
' 12.9 mg. (22%) product (as measured in solution assuming e 8,030 same as - e
Thlenamycm Paper chromatography R, 0 42 1 5‘ n-BuOH: EtOH water). - s



OH 2 where all synbols are as previously defined. Wien product 2 is
desired, suitable values for [err] and [err] are trinethylsilyl, and X is
oxvgen. _The reaction involving the reagents (c) may representatively. be

shown by the 10 foll owi ng di agram
10 .0 where all synbols are as previously defined and X 1isOR or-SR wherei.n
Ris'" 15 preferably [err] alkyl such as nethyl or ethyl.. Wen R3 and

[err] arereadily 15 renovable blocking or protecting groups they may
independer&fy be renmoved by well known procedures to provi de conmpounds 3,
4, and:5. OH._2923 . 1,570990 -~ - 1,570,990 _ 29
23 OR3 SCH2CH2N C - NRIR2 (2) Cuanidi neE' n4pﬂ: general, the conpounds of
Class 2, may conveniently be prepared by B " reacting thienamycin or its
posi tion.isoner or an O-or carboxyl derivative thefbf 5 (la, Ic or le,
when [err] = R2"z H) with (a) an --ORNH(e.g., 0-3lkyl, O—EIQMIZ) pseudour ea

or an S-alkyl or S-aryl pseudot maguoe&;,gor_(-b) by reacting a“conpound of

C ass 3 (apove) with ﬁﬁ@@giy@inor an_am no_corpdimg—sNieh—&5 an al ky, aral kyl

or heteroaral kyl am ne. Sui t abl € sol Jents f such reactions .
I ncl ude wat er "and buffered aqueous polar 10 orggnic nt mxtures at pH
7-9 or anhydrous pol ar organic solvents such as dirme®2ylT or mani de or

hexamet hyl phosphor aRrembeation of N RewpigvideylThierafnyéin om L{err] ;%3;err§§zé for froml

- i T 2 1 d i A din I-
to 24 hours. Syita oremallt:n Ish(gal'}:tge_ uffe .0 'liglg}?g% :.511 .) and adjust t(l)n;gg.s 5
pseudour eas ant - SR o3 10 NAGHT Ws an Oy NEIIL! dispdi il IS The sStution is

Met hyl pseudot hi.0 u magaeticallySstirred at 25°C. and metHybenziintagle HE (20 tnky.,A08 It ynooliy iea,

- -di ' dd 0 mi isolutinprisgxtract ird it o%ﬁq of
% ﬁ’ ﬁl— ? Ir IC%? Lophggrﬁ@r:?fg%m:% %ﬁstcﬁ% lgxttll!lq di trttgﬂgqueogf p osphlgﬂ;ig@alz%@to pH 7.0. The
' - )“) P ffered Solution is chromatographed on XAD—2 resin (65 ml.). The column is - 10
. - first eluted with water followed by 107, aqueous tetrahydrofuran wich elutes the -
product. This fraction is concentratéd to one-half volume and freeze-dried to give
50 mg: of the product, Electrophoretic mobility (50 V/cm., 20 min., pH 7 0.IN N
phosphate buffer) is 1.5 cm. towards the anode. UV 4,,,, =300 nm (¢ 6,960) pH 7

15- . 0.1N phosphate buffer. - : ) _ 15
' Example 3.
. .
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Preparation of N-Benzimidoyl Thienamycin, p-tert-Butylberizyl Ester
: Benzimidoyl Thienamycin (3.2 mg.) is suspended in
20 hexamethylphosphoramide (75 ul.) containing p-tert-butylbenzyl bromide (3.8 ul) 20
: and magnetically stirred at 22°C. After 45 minutes a solution results which is stirred: '
for an additional hour, The product is then precipitated out of solution with ether
and the crude product chromatographed on a 250-u-thick silica gel plate developed
in 7:3 chloroform:ethanol. The band at R; 0.6 is removed and elutecF with ethanol to _
25 = give N-benzimidoyl thienamycin p-tert-butylbenzyl ester hydrobromide. Mass 25
: “Spec. m/e 521 (M%), 487, 444, 418, 341, 323, 297, 226, 147. .



(b) Ami no reagents: 20 These reagents are the same as those given

for the preparation of Class | (c) 20 above. The reaction involving the

reagents (a) may representatively be shown by the follow ng diagram where

[err], X, [err] and [err] are as defined above; X' is O or. S and [err].is
| eavi ng group: [err] is preferably [err] alkyl or aryl’ 24

, 990 24 The reaction involving the

nts (b), may representatrvely ‘be shown by the follow ng dragra

Canpiound of C ass 3. OH where. aII synbols are as prevrously defi ne 5

(3) <ttt ed Pseudoureas: 30

5 In general, the conpounds of 5}@@543 may conveniently be prepared by

reacting a carbanoyl or thiocarbanoyl N—substrtuted conpound -(a), for

exanple: OH with an ahkylatrng agent (b) suchMas an active al kyl or_ayal kyl

hal i de or sulfate estgr. 10 Sui tabl e ol vents for the above

reaction include [err] al kafjols, @ane and . | 10 acetonitrile at a
tenperature of from2QC. to [err 71 o‘r from1 tp 4 hours. Suitable reagents
(a) for the above readti o 3t I ude N-aclyl thienanycins: OR3 15
where [err], X and R} arejas de d above -apd [err] is acyl as defined

above and rs 15_preferab|y 10) S 25 -

1,570,990 _ -C0,CH, Cfb wher e [err] and R2 are as
defined above, such as carbannyl ngthyKQ§rbanDyr, et hyl - :
~H CHy | Br~

Preparation of N-Bennmndoyl Thlenamycm 3- Methyl-Z-Butem -yl Ester
Benzimidoyl thienamycin (5.9 mf .) is dissolved in hexamethyiphosphoramide
3 (100 ul.) containing 1-bromo-3-methyl-2-butene (4.8 ul.) and triethylamine (0.5 pl.) 5
and magnetically stirred at 22°C. After 1 hour the crude reaction is chromatographed
on a 250-u-thick -silica gel plate developed in 8:2, chloroform:ethanol.
The band of R, 0.1—R, 0.3 is removed and eluted with ethanol. Benzimidoyl
thienamycin 3-methyl-2-buten-1 -yl ester hydrobromide is isolated as a solid after,

10 precipitation from an ethanol-chloroform solution with hexane. . , 10
‘Example 5. ¥
Preparatlon of N-Formxmldoyl-thlenamycm _
OH - - | s
Y N COOH H
0
Thienamycin (517 mg) is dlssolved in pH 70.1N phosphate buffer (25 ml.) and . .
15 cooled in an ice bath with magnetic stirring. The solution is adjusted to pH 8.5 15

using 2.5N sodium hydroxide solution dispensed from an automatic burette. While
maintaining a pH of 8.5, methyl formimidate hydrochloride (711 mg.) is added
portionwise over 2—3 minutes. After an additional 10 minutes, the pH of the
solution is brought to 7.0 using 2.5N hydrochloric acid. The solution is . -
20 chromatographed on a column of XAD—2 resin (150 cc) which is eluted with 2.
: water. The N-formimidoyl -thienamycin derivative elutes in 1.5—2:0 column '
volumes (200—300 cc) and is lyophilized to a white solid (217 mg)
UV (pH 7 0.IN phosphate buffer) A, 297 nm (8, 590)
ir (Nujol mull) 1767 cm™. (B-lactam) " o S
25 nmr (D,0) & 1.37 (d; J = 6Hz; CH—-CH),30—375 AR 25 -
(m, —CH *)’4 2—4.8 (m, Cgy, Cous Crp), 786 -+ o B

Example 6.
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car banoyl , phenyl carbanoyl, p-bronophenyl carbanoyl, phenylthi ocarbanoyl,
nmet hyl t hi ocar banoyl or di nmet hyl carbanoyl. Suitable al kylating agents (b)

i ncl ude_nethyl iodide benzyl bronide, dinethyl 5 sulfate, diethyl

sul f at e, aIkyI brom de, 2- thlenyl brom de, nethylallyl bromde, p- 5

ni t robenzyl br om de and met hyl chl oronet hyl ether.- The reaction invol ving
t he above reagents (a) and (b) may representatively be shown by the.
foll owi ng diagram 10 where X' is 0 or S [err] is the alkylating agent;

and [err], X, -rr] and R are as previous (4)

| m do Thi o Est eFs+—r e - :

prepared by 15 r&apatratrng cﬁNsGuatnabihEnmmrect ed N-ac | -or N-aI kox

car bonyl derivati ve Y%" 3P lt% Hr”é’diP #Ph@thi’

with an at kyl ating y "“ f°’ E:Eé Tgm”:"g gﬁu] ghhdjﬁﬁl

i ncl ude met hyl Esnﬂzc sOuEeQIH'y fué@ra,m c@asmgas AQfionAt @ 5

tenperature of - from soaaa hydmx esqu tmﬁlosr adticdjtmbﬁnmhn mﬁebactt t9 95 ahld tivessolufion is

Sui tabl'e dsacyl thi efl é‘? 'ﬁ"‘§ art I'Séh 1‘3 t 7.0. A sample °ft“‘

wher & 611173 oyl BRI BCH rgsy, AR S

[err] and X afee as Kiﬂ!ffei')rha bio®iitbg yEbn yeatplags agents ( I nclud 10
triethyl oxonium. fluoroborate, rret hyI fl uorosul phonat e and

t ri met hyl oxoni um.hexaf | uor ophosphat e. The Exampie 7on i nvol vi ng the above
reagents (a and b) may represent@tively be shown by the foI | ow ng di agram
26 1, 570,!9!90 o

_cﬁ S;HE is H, a? or SR and R3,
i ned\ \en the debl cked smm es is

26 OR3 OH SCH2CH2N = G R whet
X, [err] and Rare as previousl
desired sui tabl e val fghahipEinX' - and , R3' 2 are ox g«;@ﬁm _
trimethylsilyl; in which case, debloding is convenr e ved :

CO,H

Preparation of N-Guanyl thlenamycm : . S
Thienamycin (11 mg.) is dissolved in %H 7 0.1N phosphate buffer (1 ml.) and -

+ 15  adjusted to pH 8.3 with 0.I¥ sodium hydroxide by means of an automatic 15
dispensing burette. To the magnetically stirred solution is added 0-2,4,5-trichloro-
phenylisoureahydrochloride (76 mg.) portionwise to allow the automatic burette to
maintain a nearly constant EH The reaction is run for 4 hours to 22°C, and is then

= readjusted to pH 7.0 by the addition of dilute acid. A sample of this solution

20 containing thienamycin and N-guanyl thienamycin is electrophoresed (50 V/cm., 25 20

minutes, pH 7 0.1N phosphate buffer) and shows a positive Sakaguchi spray zone at
-2.0 cm, towards the anode and a positive ninhydrin spray zone at 1.5 cm. in the
same direction. ,

n

_ 'Example 8. _
Cl Cl

25 - OH M,NCN  Cl 0-C

_ —_— . AN
cl o - Cl

Preparation off 0-2,4,5-Trichlorophenylisourea-Hydrochloride
A solution of cyanamlde (0.28 mg.) in ether (0.50 ml.) is mixed with 2,4,5-
trichlorophenol (12.5 g.); the mixture is heated to 70°C. and the melt m Fnetlcally
_ stirred while the reaction flask is flushed with nitrogen. Drf' hydrogen chloride gas
T30 is then slowly bubbled into the melt and the reaction is allowed to cool to 22°C. . 30
The resulting solid is washed thoroughly with ether and filtered to give O-2,4, 5- -
trichlorophenylisourea hydrochlondc as a white solid, m.p. 205—206°C.

25

.E_xample 9.
cl® mOH  CHy
(CH3),N = CHCL o N-CH,
Th(TMS), - = thb N
o | _ N N
H
—co®



by m|d aqueous hydrolysis of pH 3-6. It is to be noted that the above
reaction mxture may be used directly in reaction wwth the amne (c) as
described in the preparation of the amdines of Class 1, above. The

—5

products of this invention (Il and Ila) forma wde variety of 10
rmacol ogi cal |y acceptable salts such as acid addition salts, 'e.g., with
hydrochloric, hydrobromc, sulfuric, nitric, tol uene-p-sul phon| c and
hane sul phoni ¢ acids. The salts of this invention are phar macol\g) cally

cegﬁ abl e non- toxic derlvatlvF ch can be used as the active.

NP dosdgfergharmaceutical forns Al s 3% hey may_be

_conbi ned Mﬂahltleﬁ Iaen-mthﬁgsjlamo&emylbﬁhemileﬁamycm conposi tions-having a broad
spect rum of Ta@parwctr;y(m 5 mg) is silylated with hexamethyldlsllaza'kE (Zonppuidls of the present

i nventio ﬁ%‘bﬁd Qregian {f : Bhﬁﬁl%h@ﬁlt@snwpmve agai nst_ vari ous
grang p05|n¥t+ €n ﬂh ‘b@ﬁ" e °rg§"§ enels sirige lfgfb%fi,,od utifity in
human andrmtlgtlaﬁmﬂmypl m’ﬁdblﬂbtﬂ&)rm$2llc}il )GQHWH rldfow@@-'hy tahﬁfuﬁ 196? '-?S ed as _

~ant’i bact él?m%tpmethﬂ )-figethy qhiﬂﬂée(llldrmg Xia wblocbfdrm .

p03|t|ve {;@fg‘éﬁﬁj Ié[’e (e [/ @hiosgh %h “éﬁ)ccus aur eus,
o e D SR S e e ag%i‘fj? o ypnosa,
Ps eudormnustrmdreaantobmmm [ elJBourT;’iHB 7a0fferpars.e kinatow ent ion may
further isathede|jzed as additives -to animal feeding stuffs, fo_r preserving
foodstuffs and as disinfectantg Elr o€xanple, they may be use-d i n aqueous
conpositions | ,.poncentratlons ra ging 25 . fromO0.1 to 100-parts of
anti biotic pe mII|on parts of solution |9 order to destroy 25 and
inhibit the g ovvth,m har nf bacteria oh nedi ma.i ged dental equi pnent and
as bacteri g d %Hid“fl r?d@ﬁ&ﬁl ot Bl'i ca:['ho dr exarrpl e, in water-based
paints and in|t ewmtuai_eu@i&&go T'I\”é' %0 inhibit the growth of
harnful bactefia. The products of thhis ipventibn y be used alone or in
conbi nat i on éd. 30 active ingredi bne.dJeHBoc@if,)of a variety of
phar maceutical pr 6par ations. These 30 anti bioti“cs and’ Bheir correspondi ng
saliss rrayrelperaumeoifN ﬁomﬂxpsiuyla‘hfeoamohrmmmmhdhﬂtﬁster meﬂomnd;r | i opgi d
..solution § S‘F‘b a'@Y‘F‘R r n‘inst ered orally,

i nt raven%ﬁcﬂw ?sﬁ gﬁ ta‘gﬁﬁ @ erabl y présent ed
in a for mﬁmemalb &p samp:hu@msdawe 2ml rii 1@a&hlbﬁwixﬂstl nal tract.
Talzbet s &wobte@ps lnteemltiteti W@thail 50:5@rHenanstether s@wqm?hbereplnltateﬁi uni t2odose .

" present asés gareﬁ} aC edc}ﬁ Mﬂqxﬁo 1e a cin, pu:Eé’fﬂ? ester & such as bi* ndi ng
- agents, “LapaRNaNPldud atéh t&ﬁhf&@ﬁ%%lun éﬂn nér% iophilizatibagacant h, or
pol yvi'nyl pyrrolidone; ers for exarrp e, lact ose sugar, mai ze-starch,

~cal ci um _ph h r bi t ol I.ne; lubricants, for exanple, nmagnesium
calgu Pipelpgqsa onact)f N-Tr18uo?‘o£cgt1mldoyl%12é P 9

st&drate namycm - ' 25
OH . '
)\_@ SCH2CH2N = (i:- NHz :

Thienamycin (199 mg.) is dlssolved in EH 7 0.1N phosphate buffer (7 ml.) and
adjusted to pH 8.5 with 1IN sodium hydroxide solution. While this pH is maintained
with an automatic burette, a solution of methyl trifluoroacetamidate (355 ul) in

30 dioxane (2.5 ml.) is added in one portion. After 30 minutes the pH is readjustedto 39
7.0 by the addition of 1N hydrochloric acid, The solution is then. chromatographed
on Dowex 50—X4 resin (200 cc, Na* cycle, 200—400 mesh) and is eluted with

_ water. The N-tnfluoroacetlmldoyl thienamycin derivative: elutes in the first half =

_ column_volume: This eluate is rechromatographed.in a similar manner on Dowex . .o

35 50—X4 (100 cc, Na* cycle, 200—400 ‘mesh) and the- first column volume 35
concentrated and chromatographed. on XAD—2 resin (30 cc). The. N-trifluoro- :
acetimidoyl thienamycin derivative elutes in 2.5—5.0 column volumes which is .
:yOflzlslaz)ed to a white solid (15 mg.). UV.(pH 7 0.IN phosphate buffer) 11,,,,, 302 nm : ==
A ) .

40 ir (Nujol miull) 1750 cm™ (B-lactam). : 40
Electrophoresis: (50 v/cm, 20 min, pH 7, 0.IN phosphate buffer) v1scos1ty

2.0 cm (toward cathode)



40 pol yet hyl ene glycol, silica; disintegrants, for exanple, potato
starch or acceptable 40 wetting agents such as sodium | auryl sul phate. The
tabl es may be coated according to well known nethods. Oral |iquid
preparations may be in the formof aqueous or oily suspension, solution;

enul sions, syrups or elixirs, or may be presented as a dry product, for @

reconstitution with water or other suitable vehicles before use. Such 45
liquid p_re\ggjr_at ions may contain conventional additives such as suspendi ng
agents, 457forzexanple, sorbitol syrup, pejdpsh cellul ose, giucose/sugar,

syrup, gel ati - = ; )
al um nium st earate gel or h&;(ﬁggena& efi . Exgmple 12. . o '
1, 570, 990 . Preparation of N-Acetimidoyl thienamycyty o4 | ¢ 0j|s, for exanpl e

al rond oi.l, fractionated cocoOHt oil, oily esters; propylene glycol, or
ethyl alcohol; preservatives, |[for exangple nethyl or propyl p--

hydr oxybenzoates or sorbic : rt-08CHsCHgN + CcdMdai n conventional
supposi t qry bases, e.g. cocoa bytteyn.orllot ool ycer" es. 5 '
Conposi tions ‘for injection rray?i e. presented in unit ddse formin anpoul es,

or in nmultidose contaipner A ' ARV SRsphald But QG PAR)ah@NS MRy
take such forng as &ugg'%ﬁgﬁ'%'&a?g%ﬁﬁsgéﬁfg mﬁge"\é%i sgfmﬁﬁ iiéﬁhj&;{bd%o%){ fis|UeoUss
vehi cl es, and ay oalgaisN sdditmhydroxidesomgemdispessed Iftqmsmsaywptatid&mgge. While

stabi | i zi ng and/ or la#l??@t';gimgﬂﬁahi’_ﬁthYNggmﬁ%t? ﬁiﬁchégﬂq%‘é:[ ‘%& O‘Iﬁut’tl‘ggf'%di ent
may be in powder fdig 'ewuﬂm 70 ﬁ@f;ﬁg DL Matl, Ahs Uloiutioh CisV feh C! €,
e.g. sterile pyrogeihrdmdtearaphb®sn DBWEXBOS-X8Tesin (25Ecc NaTy6le | 100:A200MR¢h)ahG 0 beyg
prepared in sult abligelivgd withfwater Fs N-pietimidoyldenivative ¢lives mmlmmh?ves of

t he nose and throat(® 51396‘?% {ﬁ_la_ﬂyo ilized, 05 white sohid (38 B LY @HI Oy Nphgehithie £ or m
of powder or i qui d?r“ }é‘v,gmg ;'-ﬂrﬂ:éf Nhdam! Ozenges, throat paints, etc. For
medi cation of ¢ he eymsS(DY0) &a23% (d, Uhee PlzePH2CHPNS4 MRy be 15 present edjs
as individual capsules, in liquid or sem-soljd form or as drops etc. 15 °
Topi cal applicati-ons may be forrulated in h Hophobi c or hydrophilic bases
as ointnments, creans, |otions, paints or (g ) Also, in addition to a
carrier, the conpositions may include other ingredients such as:

stabilizers, binders, ﬁﬁ-g;m-_ogélﬁﬂ‘g;l 4dmyatGleed, | ubricators, suspending
3 y. S%r- asg BH» Trl) .

20 ~agents, viscos avoring agents. In-addition, there
may al so be included . 20.in the conpositEgmpRdiser active ingredients to
provi de & broasler sPreparatiomofiN-lhpyridyliimino)methylithieygamycin - ' . 20
' | OH - - o
g N — COOH
/ | |
0 N

. Thienamycin (80 mg., 0.294 mmole) is dissolved in aqueous sodium
bicarbonate (24.7 mg., 0.294 mmole in 2.0 ml.) at 25°C. Methyl isonicotinimidate
(80 mg., 0.588 mmole) is dissolved in the solution and progress of the reaction is
25 followed by timed aliquots using high performance liquid chromatography (HPLC): .25
: Waters instrument; 0.2 x 61 cm. C,, Bondapak reverse phase column; 1.5 mi/min
aqueous 109, THF; UV (254 nm.) and R.I. monitors. The reaction is essentially
complete in 40 minutes, and the reaction sohition is chromatographed directly over
an 18.4 x 270 mm. XAD resin column, first eluting with deionised, distilled water,
30 ~ then changing to aqueous 109, THF. The eluate is monitored by UV.and HPLC is 30
: ' used to locate the pure product. Correct fractions are combined and lyophilized to :
¢ - . yielda colorless, fluffy powder (80 mg. 73%). UVA F20208 nm (¢ 7,800); IR (Nujol
mull) 1762 cm™ (g-lactam); NMR (60 MHz, D,0), 8 1.27, 3H.(d, J=7Hz,
- CH,CH(OH)); & 7.75 and 8.80, 4H, (m, m, 4-pyridyl); HPLC, 1.58 x retention of
- 35 thienamycin, conditions as above. . ' -

(1)

35
Example 14.

Following the procedure of Example 13, but fep’lacing' the reagent with methyl
picolinimidate, there is obtained: N-[{2-pyridyl)(imino)methyljthienamycin (85 mg

17%) Uva-,f;gzsz 300 nm (e, 8,150, 7,600); IR (Nujol mull) 1764 cm™" (8-lactam);

NMR (60 MHz, D,0), § 1.24, 3H (d, J = THz, CH,,CH(OH)); 6 7.80, 8.07,8.80,4H, - 40 -
(m, m, m, 2-pyridyl); HPLC, 1.8 x retention of ti"lienamycin. The formulae of the :
groducts of this Example and the products of Examples 15 and 16 can be deduced

- by comparison with Example 13.



For veterinary nedicine the conmposition may, for exanple, be fornul ated as
an intramanmary preparation in either |long or quick-rel ease bases. 25
The dosage to be admi ni stered depends to a | arge extent upon the condition

of 25 the subject being treated and the wei ght of ‘the host, the route and
. frequency of administration, the parenteral route being preferred for
»-al i zed infections andthe oral route for intestinal infections. In
gral, a daily oral dosage consists of  from2 to 600 ng. of actiVe,

eﬂr ent per kg. of body wei ghit ' in one 30 or%re

30 range of from about 15 t 0 1ERanifle 15)f act|ve |ngred| ent per kg of body
wei ght.  The Ea ¢ poepsdyre pf Exampleri3, rhusmehenbuhnreawewdimethylt dosage forns,
for exarrpf“é“"’i“l‘tl gﬁb‘r gredt °'1'tF' et d"[()’r’l’ci’f"l’ feletylithienampdn(Jd meor m The
conposi t i 6% H¥pipdtt: 78?)5'&9‘& S5 2 % ipimylo}766 em é8-lagtam)ic gt ai n from
0. 1%t 0 9NMRf(6LMHzy D,Mas ¢24,3H, (BF=THz, CH JUH(OHYE 8176812, 83n¢}, be| ng from
10- 60% TH® 'Eowpérgrftqyéﬂﬂﬁw’llHéﬁeteat“rvféblﬁtagwﬁm 35 from 15 ng. ‘to 15Q0 ny.
of the active ingredient; howe general , "a dosage in the range of

from 100 ng. FéiRwkBeR pisbedirs o 9rer1§ ttearaaﬁmateemtwﬁrdmtﬂwst ration the
uni t dosagdnazeleqasboatni et therepano aipesi Mol(thiazaly )(émind jinethylhjenaraycihi f | ed sterile

.2quUeQUS Seglhd %ﬁ'yP'Uv% tdahtnre (p ern tﬁt,artdaﬂ (78 cn$ Ol 5&9.9 The

f ol 1'owi ngnﬁﬁg “EE es 1102 8, 17,
40 18, 22 QH%g -ﬁ\fﬂoﬁé Ietlz%h&?‘fﬁe lﬁ%‘ ?é? 'starting

material s and ‘not _ of corrpoun s I N accordance W t he present invention. In

t he Exanples, tt;eof%gAﬁﬂ%n% Exammdeit?. (1, above) is represented by the
fol |l Qwi ng up, e am no
o, oA e e g R B A
pr esent i fiushwitior sharn padndmﬂlaam b dbmdrﬂaz:bsedtmn grolaplideoiss: Th--NH= C - X

collected at 89—90°C./).7 mm as a colorless/oil % 4). IR(CHCl,)
3 a'fé{?’fr’d{?sf §/5—d’813| ned., i n the

: 28 68 %ﬁ ‘,]nmr HC}, M} (1 %
%Ieeg ?? #, g r i(ﬁ: }’é d‘s é}a&,}l "Porosil", "Teflon", " Supercel "
"L| nde" "Ce e", "Br anson 'E&}mplé l&ar" and "D| fco" are trade mar ks,

_proporti O%Pgn“qnl‘tﬁo P’l mﬂxlr;grggs g@ﬂn‘f vol e bt}as?y'n“ﬁgé: Jmpl e’ neans 5

milli erI ﬁlylformamxde (2.08 g., 24.47 mmoleg ina dry ﬂask underN The resulting mixture
5 25 is then stirred at 25°C,, for 2 hours during which time CO2 is rapidly evolved. The .25
o reaction mixture is then heated to 45°C. until no further evolution of gas is evident s E
_(2 hours). The viscous product is then cooled and held ata vacuum of 0.2 mm for2 3
hours. to remove all vo]attle materials, .

. - Exam le 19.
30 Preparatlon of N' (2-Methylth10ethyl)-N-form1m1doy1 thlenamycm : 30

— OH o
Th—f NHC, |

\.
‘H

o Lcoon

- Thienam cin (105 mg.) is dtssolved in pH 7 0.1N phosphate buffer (5 ml ) and
to this is added a solution of ethyl N-2-methylthioethyl formimidate (300 gl) in
_ 'tetrahydrofuran (2 mL.). The pH of the solution is adjusted to and maintained at 8.5
35 using an autoburette dispensing 1N NaOH, After 30 minutes the pH is adjusted to. 35
7.0 with 2.5N HCl. The solution is chromatographed on an ice water Jacketed
column of Dowex 50—X4 resin (53 cc, Na* cycle, 200—400 mesh) eluted with
deionized “water.. The N’ [2-methylthioethylIN-formimidoyl derivative elutes in
o 2—4 column volumes and is lyophilized to give a white solid.” . 5 .
40 - U.V. (pH 7 0.IN phosphate bufer) A max 298. nm (e 7,760) _ 40 @ ==
ir. (Nujol mull) 1760 cm‘1 (p-lactam) S ‘ '



Exanple 1. Preparation of Silylated-Thienanycin Thienamycin (80.0 ng.) is
suspended in 40 m . tetrahydrofuran (THF) under a 10 [err] atnosphere
and is concentrated to 10 m . ; hexanethyldisilazane (1.0 m.) and 10

trinmethyl hlorosilane (300 [err]) are added. The mi xture is reacted for

20-mins. at [err] with vigorous stirring. The suspension is then '
centrifuged-to renove ammoni um chl ori de. The supernatant is evaporated to @
an oil under, a nitrogen streamfor future reaction. 15

Exanpl e | a” 15703950Thi enanycin Preparation o
Thi enanycin N +eH + - :
[err]) is silylated according to the procixdmple-20pr evi ousl.y descri bed.: The
silylated anti bioti cP"IH#(“FNB)"gNl Eertijldr-mmlmﬁoyhﬂummme 20 . chloride (6
cc) in aseptum stoppered flask under positpye nitrogen pressure and 20-
cooled in a dry i ece-acetone bath. To the gnetrcall stirred solution is
added a solution (180 [err]) of triethyl afi ne ('@4@ r]) in nmethyl ene
chloride..:This is followed by the addlgho ca sol utlon of : N

N- (chl or onet-hyl ene) pi peri di-ni um chl ori 67 my.; 405 junol) in nethylene

5

chloride (465 [err]).-After | hour in a diy- |ceHbath "the 25 reaction
solution is rapidly added to a t'etrahydro Urcgay PH 7, 0. 1IN phosphat e
buffer (1: 1) solution: Sz The mgéstgﬁretn p(}_H]01)_[ﬁngc‘§ncentrat ed unde
vacuum to 10. ‘noi . tq %‘ Em o dﬂ?}:ﬁ{g \Xf ed
twice with ethyl a rah (Pm Tlile tloe % adj u d M eH%tﬂS’
punped under vacuumu’ﬁh Sn mﬂsds mih mNathheerwlﬁﬁmnatm pde‘xdgths(eduﬁn
XAD- 2 resin solutiod: he Wieﬂ is chro cebﬁ,f tf“il%kelﬂ%
agusous et arof o rr ér:m,r Wite; ‘g*‘ﬁ%;rs g

(22% product as Magophiligd. | N so utron assum (.'))

Thi enanyci n. Paper chromat ography [err] 0.42 (4 1 5 n- BuOH: EtO—| vvater)

29 e
29 Exanple 2. OH Pr é’ﬁ%f’rafﬂl%ﬁf ‘8f[W%§Bﬁ£5"7mf8W’ ?ﬂﬁ"}é‘ﬁgﬂ{) thignapyye lgnarryci n (59
ng,, 212 unol) is dissolved in a 33%N, didi met hyl -

L rls'r';cntcﬂsrcrr:cﬁz
o Th—- NHCH -

— COOH
15 Thienamycin (126 mg. ) is dissolved in pH70.IN phosphate buffer (6 ml.) and 15
the pH of the solution is adjusted to 8.5 using an automatic burette dispensing IN
NaOH. To this stirred solution is added ethyl N-1-methyl-2-propenyl-formimidate
“hydrochloride (300 ul) while the pH is maintained at 8.5. After 30 minutes, the pH
of the solution is adjusted to 7.0 with 2.5N HCl and the solution is
20 chromatographed on an ice-water-jacketed column of Dowex 50—X4 resin (49 cc, 20
Na* cycle 200—400 mesh) eluted with deionized water. The N’{l-methyl-2-
propenyll-N-formimidoyl derivative elutes in 2—4 column volumes and is
lyophilized to a white solid (59 mg.). U.V. (pH 70.1N phosphate buffer) wavelength
- of maximum absorption =299 nm (absorptrvrty 7,820) i.r. (Nujol mull) 1760 cm™
25 (B-lactam). 25

Example 22.
Preparation of N-(1-Buten-3-yl)formamide
. A solution of 3.5 g. (0.05 mole) 3-amino-1- butene in 12 ml of methyl formate is
_ kept at 25°C, for 20 hours; the solution is then concentrated under reduced
< 30 pressure to remove excess methylformate The.residual N-(1-buten-3-yl)formamide 30
. is distilled under reduced pressure. A fraction amountmg to3 g (b.p. 58—60°C./0 5 .
: mm.) of N-(1- buten-3-yl)formam|de is obtamed . _

& Example 23,
. Preparatzon of Ethyl-N-(1-Buten-3-yl)formamide
35 - - A mixture of 1.0 g. of N-(1-buten-3-yh)formamide and one equlvalent of ethyl 35
- chloroformate is stirred under N, for 4 hours during which time CO, is evolved.
The solution is stirred under’ reduced pressure for 3 hours to remove any unreacted
e{)hyl c‘;lloroformate, and a residue of ethyl-N-(l-buten-3-yl)form1m|date is
obtaine :

40 Example %4, 40
: Preparatlon of Methyl N-Dimethylaminoformimidate
To a stirred -solution of NN-dlmethylformhydraz1de (0.22 g) in 2.0 ml of



5 formam de pH 7 phosphate buffer (0.05N) solution (4.5 m.) and
adjusted to pH 9.5 5 using 2.5N NaOH with an automati c di spensing burette.
The solution is magnetically stirred at [err] and nethyl benzini date. HO
(340 ng., 1981 [err]) is added at once. After 30 min. the solution is
~Nacted twice with an equal vol unme of chloroformand adjusted™with dilute
qus -phosphoric acid to. pH 7.0. The 10 buffered solution is

pat ogr aphed on XAD-2 resin (65 m.). The colum is 10 fijrst eLgted

e

. ewat er foll owed by 10% aquegsre9909trahydr of uran-wi ch el uteggth roduct .
This traEtron {?};} concltergéﬁat onelllna T VO urre d Treee%se arred to give
50 ng. o 1‘3{&’% ﬁ ng}k '6‘ ¥ES-20 nin., pH 7

© 0. 1N phosibate mhss“et O ThE b fldEant Sollt u&rr]- 300" nm (E
6, 960) phesidud Bried in ﬂstre Jgthat e buff
155Exarr'ﬁ(l‘?éd 384 PSe'HBt’rﬁPCbﬁs ?)i (e A80 @%IWFHN@FMU n, p—t.eyt -SButyI benzyl
Ester Benzi m doyl Thi enanyci n I's suspended in 20 -
ﬂlgtf cont aining p-tert-butyl benzyl br.qm de

hexanet hyplphaaoher Ropl1/fRrrhail
(3.8 [err]?A :ﬁ@tu&rgm ygqnp@ aurnﬁ:iel1 .08 8,87 16 axiinalé) a[ndamet]rylfo%ﬁ!htel(SZES ‘m nutes a

“sol ution sr@sﬁrmmslewfnselhed 2§‘E¢ rﬁOEGOI;PUF (%&rtm!stel P‘?‘h‘ﬂ °1'he product i S
ik SR s e o

chromat ogigap/ hoaesﬁe REY omnaﬁe( aoped ln 7:3
chl or of oBm @EHharR)| 6.8FBS ( rhﬂ),at242f-3®(lﬂ D, & SApY Hd4K. ). eI uted with ethanol

to 25 gi ve. N-benzi m doyl ‘thie cinp-tert-butyl benzyl ester
50brorpr ﬁrauMiéisEth N-2P865oro Q QE 487; 444, 418, 341, 3, 297,
g{ 147. & chlorofci‘lmatéy(f&s II4g, "37.58 mmole) is added by leyﬁi&@,t@QlO— 31%

30 Exaﬁplcmclggnn?ﬂ%ggr@dq (ért%% msermlrh?@ ry %aﬁkemd After ;53 '

3- Met hy| induglignapsrig 15 ol ‘g%%%% g%@{f + j.g ) is dissolved

in ibexan'éﬁjﬂtuf li]Stll'l'e ﬁ"% ected s)mrﬁQ‘B ﬂhtne move

1- br ono- 3nyrdiréacted2th Ltthtimefo h&}ma almdfthepxedxtvyklmmmefs(rﬁ:ys [err] ) 5 and
magnet i cardton &itd 9.3%e hbfoﬂ‘eﬁlﬁqlet D@y sofutiBr the crude reaction is _

chr omat ogr aphed on a 250- [err ly7si lica gel plate developed in 8:2,

.chl orofompgiah&netEth}im(Mamﬁt gfohizmﬂdaie[err 0.3 is renoved and el uted
Wi t35 et hanollo a Bl isepachtary ltnm ematmjﬂdr te»ladmhlemﬂe 1 estdd  °

hydr obr osj; 48 “F'%"I{ %{g&\; ’ézgrf’ﬁyﬂ“ g ; f‘ﬂ‘%ﬁﬁ% jon froman
_ethanol - 'ét’)ci i [ %I:‘l::lg‘;tl;ltgsl\}:lggo filt
' 30

R evaporated under reduced pressure to give the crude imidate (0. 50 g)asa hazy, o
30 pale, yellow, liquid.
. ‘1.r. 1660, 1230 cm“

' Example 28.
Preparatron of N'-Drmethylammo-N-formtmrdoyl threnamycm

—OH . cH,

— COOH

35 Thtenamycm (115 mg.) is dissolved in pH70.1N phosphate buffer (7 ml.) and 35
- the pH of the solution is adjusted to 8.5 using an automatic burette dispensing IN - .
NaOH. ‘To. this stirred solution is added methyl N-dimethylamino formimidate -

hydrochloride (284 mg.) while the pH is maintained at 8.5. After 20 minutes the pH ¥
: of “the solution is adjusted -to. 7.0 using 2.5¥ HCl and ‘the solution’ is =
40 chromatographed on Dowex 50—X4 resin (53 cc, Na* cycle, 200—400 mesh) 40
eluted with deionized water. The chromatography is carried out with deionized ' )
water. The chromatography is carried out in a water-gacketed column at 3°. The . . ®

N'-dimethylamino-N-formimidoyl derivative elutes in 2 column volumes ‘and is
lyophilized to a white solid (40) mg.) UV (pH 7, 0.1¥ phosphate buffer) A max 298 '

45 nm (g 6, 910), ir (Nujol mull) 1760 -cm~ 1\gli-lactam) nmr (D 0) $129(d,J=6 Hz, 45
CH, —CH), 2,59 (s, N (CH,),), 7. 76 (s,




Exanmpl e 5. Preparation of N Form m doyl -thienanycin Thienanycin (517 ng) is
dissolved in pH 7 0. IN phosphate buffer (25 m.) and 15 cooled in an
ice bath with magnetic stirring The solution is adjusted to pH 85- 15
using 2. 5N sodi um hydroxi de sol ution di spensed froman automatic burette. .
Wiile maintaining a pH of 8.5, nethyl formnidate hydrochloride (711 ng.)
i s added portionwi se over 2-3 mnutes. After an additional 10 mi nutes, the. ll’ﬁ
pH of theisolution is brought to 7.0 usi'ng 2.5N hydrochl oric-acid. The o\
sol ution i§/20. chr omat ogr aphed on a colum of XAD-2 resin (150 cc) which
is eluted with37 20 water. The N-form m dayho9di enanycin derivative el utgs -
i(n 1.5-2.0 (EJ(\)/I um vol unmes (200- 300 cc) a da'jf ophiTized to a white soli1d"
217 ny.). (pH 7 . 1f. F ;:ﬁ 297 nm (8,590). ir (Nujol
mul |) 1767 [err] _.([glfrz‘r)fri“fogyg@n?ﬁggxam“inﬁgmer r%%n [err] 1.(37 (.d-? J = ESHZJ
[err]), 3.0-3.750 : 25 (in, -CH2-),4.2-4.8 (m
[err], [err], CH), 7.86 Exanple 6. 3L NHNH - o .
1,570, 99G = : i L : 31 Hreparation of N Guanyl
t hi enanyci n_Thi enanycin (8.9 ng.) is TdnsdH@ed +0OGH 7 0.1 N phosphate
buffer (0.7 nt.) and N, N-dinethylformanide (0.3 nl.) and the sol ution
brought to pH 9.5 by . the addition of 2.5 i um hydroxi de solution. To the -
magnetically solution is added 5 O | i sourea hydrogen sulfate (43
nmg.) causing aslight drhdguamycini0s heldlistdissual in pH 3 Od Vphodphate boffed ¢ si)landi on i s
added to bring the {gr—épgaeéwetgelqusaﬁq dta 83q m;;pwgv%hmﬁﬁqm sipg it es ot
[err]: iThe sol !Jtlonmzi tain %{lﬁaiﬁggb%ﬁm tlln Hy’i_s justed £6°7.0'us g9‘.YSN- al ht'tlon '
contai ning a M Xt Ur gdluion ts/oh AL Fiphe oW %&4 redi @B aENa* Byctd) 2054000
bi oactive zones af t meshpélated withisioaized wtsO TW¢ chromat@@rapliynis carsied Out(s Mater 7
; 1
i i s

| ¢ LS . .
phosphate 10 10 pagketed)co i Dadie hoxalimidoyl dervative elytes jac2 column
to°dam' . enat ST S R
dissolved in pH 7 OJAthOHpiGH)w @i, eroCH,)M-.) -and 15 . adjusted to pH
8.3 with 0.1N sodi um hydroxi de by neans %f ari %(t)Jtorrat ic 15 :

' . . xample 30.

15 Pr'epafation of N-Propionimidoyl thienamycin L C : .'l 5
" . . ) ' L :
r OH
: fﬁH
Th NHC
N\,
- CH,CH,
COOH

Thienamycin (114 mg.) is dissolved in pH 7 0.1N phosphate buffer (10 ml.) and
the pH of the solution is adjusted to 8.5 using an automatic burette dispensing 1N
NaOH. Solid eth{l propionimidate hydrochloride (231 mg.) is added portionwise as
20 rapidly as possibie allowing the pH to be maintained near 8.5. After 30 minutes the 20
: pH is adjusted to 7.0 using 2.5N HCI and the solution is chromatographed on
‘Dowex 30—X4 resin (72 cc, Nat cycle, 200—400 mesh) eluted with deionized
water. . The N-propionimidoyl derivative elutes in 2 column volumes and is
lyophilized to a white solid (76 mg.), uv (pH 7 0.1¥ phosphate buffer) A max 298
.25 nm (¢ 7,830) nmr (D,0) & 1.28 (d, J=6 Hz, CH,CH(OH)), 1.23 (t, J=8 Hz, 25
—CH,—CH,), 2.50 (q, J=8 Hz, CH,CH;). . - :

"7

: : - " Example 31.
Preparation of N'-Methyl-N-formimidoyl thiena_mypin

- o _ e

- : | n-cns
_ | .

Lo ' . Th=4 'NHC

— COOH

30 Thienamycin (140 mg.) is dissolved in pH 7 0.1N phosphate buffer (10 ml.)and 30
the pH of the solution is adjusted to 8.5 using an automatic burette dispensing IN
NaOH. To this solution is added methyl N-methyl formimidate hydrochloride (200
ul) while the pH is maintained at 8.5. After 40 minutes the pH is adjusted to 7.0
using 2.5N HCI and the solution is chromatographed -on Dowex 50-—X4 resin (72
.35 cc, Nat cycle, 200—400 mesh) eluted with deionized water. The N’-methyl-N- 35 .
: formimidoyl derivative elutes in 2 column volumes and is lyophilized to a white




di spensing burette. To the nmagnetically stirred sol ution isadded
0-2,4,5-trichloro- phenylisoureahydrochloride (76 ng.) portionwi se to allow
the automatic burette to maintain a nearly constant pH The reaction is run

for hours to 22C. and is then readjusted to pH 7.0 by the addition of

' acid. A sanple of this solution 20 cont ai ni ng thi enanycin and
~thienanycin is el ectrophoresed (50 V/em, 25 20 minutes, pH 7 0.1
hate buffer) and shows a positive Sakaguchi spray zone at )

dephat ws a positive 2,0, cm
tsgwarg E the ah?de and a pf)Sltl\p{nggngg@:d;;? spra_y zo..ne at. 1.5 cmy | the.

0- 2, 4, 5- Trsbih® mgNNEPHI7MIN pievspiiacer buerd) armae29fnmal uRopi (Nfjocyanani de (0. 28
mg.) .in etwd) 1760.¢60" %r_l?%atfl)s npr XRO)G 120 @, 4=9-Hz, GHshiCHop¥elsol (12.5 g.);

t he mi xt uNe$HIHSAe FToH70C and the nelt magnetical ly stirred -whie the
reaction flask is flushed w th gahpiegen. Dry hydrogen chlori@lg gas 30

i's then slpesphiatibil bHNEBenzyliNfothimiduyl thienmdydihe reaction is allowedsto cool to
220C. 30 The resulting solid is0 shed thoroughly wi'th ether and filtered
"to give 0-2,4;5- trichlorophenyli so#éﬁa- rochloride as a white solid,

. mp. 205-206C. Exanple 9. H 32 no2 - S -
1,570,990 32 Preparation of gy yl am nonet hyl ene t hi enanycin

Thi enanycin (16.5 ng.) is silyllated™ith hexaret hyl di silazane (200 jul.)
and trinethyl chlorosilane (60.[lerr].)Hin the usual - manner. The silylated

- thienanycin.is suspended in-ethargdod ree chlorof orm (1- nl.) w th nagnetic

StiTring under. a - niirogen atmospher se The miuee: bsicaal ed to -45 C
and & so ya, dpiengent B RS RO IR RN Pt DR e € BB O (21 [erv)
~ is added NIOHV¥ GolltionofSethylt N-beénzgif fogg id:m-ﬂmbhghtsr(é’él ween by anmoni um

S R
' ¢, cycle, - m .

Frar A0 h -
[ er r] 'OverAlf‘e:n@%oﬂr:p "ﬁ‘fj 6?%&&%&0? _ _ :
. mXxture | |u(&ﬂ;ﬂ h%ﬁiﬁecﬁ&dt&[ cinﬂgrm_a g ﬁUéﬁﬁ&lhoha_vandﬁaphase 10 s
. separated oam.dln&OBﬁ..a'hﬂNf-Nn@EﬂM mwwhybleﬁgln%ﬂgogw@ms whi f% has an
- 10 elect r apharzphiizsdippmbite sqides wadn GH LGRS SHIRTREE of 3% om
t owar ds t 4CH), 4.4 (s CH,—Ar), 1.37 (s, Aryl), 8.14 (s, NCH). 3 -

: Exémple 33, .
" Preparation of N'-Isopropyl-N-formimidoyl thienamycin .
—OH
o ) | | .';IJCH(CH3)2
20 . ' S .Th - NHC\ ' _ : 20
: . .. bLecooH: SR
Thienamycin (110 mg.) is dissolvéd in pH 7 0.1N phosphate buffer (7 -ml.) and
the Ph of the solution is adjusted to 8.5 using an automatic burette dispensing IN
NaOH. A solution of methy{ N-isopropyl formimidate hydrochloride (300 mg.) in p--
: dioxane (1 ml.)is added to the magnetically stirred buffered solution while the:pH
25 is maintained at 8.5. After 25 minutes the pH off the solution is adjusted to 7.0.using 25
2.5N NaOH ‘and chromatographed on Dowex 50-—X4 resin (53 cc, Na* cycle,
200—400 mesh) eluted with deionized water. The chromatography is carried out in
a water jacketed column at 3°C. The N'-isopropyl-N-formimidoy! derivative elutes
in 2 column volumes and is lyophilized to a white solid (12 mg.). UV (pH 7.0.IN
30 phosphate buffer) A max 299 nm (¢ 8,130) ir (Nujol mull) 1760 cm™! (8-lactam)nmr - 30
(D,0) 5 1.26 (d, J=6Hz, CH,CH(OH)), 1.29 (d, J=6Hz, CH(CH,),), 7.89 (s,
NHCH), 7.96 (s, NHCH). : . o -

_ Example 34, o e
Preparation of N(N'-Allyl-formimidoyl)thienamycin . ) S

ks :'N;CH2CH=CH2

35 o Th-+NH-C. . S . '

"Toa pr_e_c_:hilled sample of Thienaﬁquin {123 mg., 0.452 mmols) is, added 1 3_ ml.



cat hode.

ng.) is

Exanpl e 10. 15 Preparati on of N-Form m doyl Thi enanycin
Pi val oxynet hyl Ester

dissol ved

Hydrobrom de 15 N-am nonethyl ene thienanmycin (1

Ln hexa

br omonet hyl

di ssol ved I'm an

pivalate (10 [err].) and triethylamne (I [err].) and

magnetically stirred at [err]. After 2 hours the hexanet hyl phosphoram d
solution is dissolved in 2 nl. nmethylene. chloride and 20 " the produ
precipitated with .a -50:50 hexane-ether solution. The precipitate is - 20

jfgueous 10% t et rahydr of ur as7Qbg/t i on and chr onat ogr aphe

0

daon. -

an XAD-2a resi rpackeg—cotummm—iFormrmrdoyT L T ey Tl T prval OXyet nyr

and | yophilization.

y Lo
. . . f <ol I . ) 1 is, adinst it] A
ester is isolated a®fgoldd iNgp nEteig“gﬁtﬂhymgt%rlaﬁ JE%Q%‘P(PH" §wi i sad T
N-Tri fl uorqacet i m d@ydwi Sad

(199 ny.

)

to pH 8.5 with INs

[err]) in 30 -

cHion My
with an automatic bt ﬁj’i?:%° “gfi?ﬁ‘pﬁ
: : i Cb??@diﬁt (Zéerf%io img, 103 ndlfl
m nutes the pHiG.s r cdeyensised 4tcolum8 607mD),

i s disssol \wdditibwal A0HMAD and it
3Ry

[err] cycle, 200-40

] 0Qrcl40t hash) edfti i Lor i
acid. The solution i w;hg%fo% F%gzﬁ( ie g&%@zygﬁfgg{xﬁﬁz@%@%ﬁ%@;ﬁﬁz e%;g,rl
s o DR iazwg.;?,;«pﬁ%m g G et C

N-trifluoroacetim dayb.et

f

Gl

all at once ethyl N-ally

ide (0.3 ;’ éhgb td’:&ﬁe@ o 7.3 and is brought back to

{fum hydroxide. The reaction mixture is stirré@ at/Z?Cofoumy C

(ggmgs patied b7 iviagh,cqc:g gggf s)x:;xg%gcag'rm.t

) PSIngi | PrEgst yig jear ! fshe

Jﬁ:@?’ﬁ' T
e rdactinaniafelis éhiomatbgraphedth a

af590/4 INME 800 MalziD,© showstias 1t inmixtuee 6fisprs tndatt

in
ed 5
d
55

clO

col um ivol ume. 15Thi s N(Naltyifoingmidoylithiseptyoigr aphed in a sinmilar- manner on 15

Dowex L|35
vol une’

50- X4 (

35 conceptpadtRf of NINCIHIRBRAY

100 cc, Na+ cycle, 209"*‘%%% smesh) and the first col
K13 _ﬂﬁgosa hi¥adaiyéin® €si n (30 cc).

um
The

N-trifluoro- acetimidoyl thienanycin deri ,v?ﬂjve elutes in 2.5-5.0 colum
ol (15

vol unes which is lyophilized to a white
phosphate buffer) A ., 302 nm([err] 4,4
[err] ([err]-lactam). = ' '
El ect rophoresi s:
2.0 cm (toward cat hode) 33

33 Exanple 12.

£

(3]

20

r}rgﬁ)' W (pH 7 0. IN

0). alf-CcH

L cooH |
To a prechilled sample of thienamycin (123 mg., 0.452 mmoles) is added 15 ml.
of cold 0.1N phosphate buffer. The solution is adjusted to pH 9 with N sodium

“hydroxide. To this basic solution at 0—2°C. is added ethyl N-trifluoroethyl-

25

formimidate (0.3 ml.) iri dioxane (2 ml.) portionwise over 30 min. The pH of the
reaction is maintained-at 8.5—9 during the addition. The reaction mixture is stired
for a few minutes. After the addition of imidate is completed and the pH is brought
to 7 with cold 0.1¥ H,SO,-HPLC, C,, Porosil reverse phase, using 109, aqueous
tetrahydrofuran exhibits a new peak at 12.2 min. assayed to the desired product.
The mixkture is chromatographed on a Dowex 50 x 4 column (60 ml. 200—400
mesh). The column is eluted with water at a flow rate of 0.5 ml./min./cm? of resin.

* bed. The forerun is discarded and fractions containing the product are combined

and lyophilized to give a hygroscopic solid, 10.2 mg. A max 302 nm.
Example 36. |

_Preparation of N(N'+Cgrboxymethyl-formimidoyl)thien_amycin So'diﬁm Salt

35

— OH - o
~ N-CH,COOH
o /] '
— NHC_
:. . : \
Thienamycin (130 mg.) is dissolved in pH 7 0.1V phosphate buffer (4 ml.) and
solid sodium ethyl N-carboxymethyl formimidate (500 mg.) is added at once in one
portion. The pH of the solution is adjusted to 8.5 using an automatic burette
dispensing 1N NaOH. After 25 min. at pH 8.5 the solution is adjusted to 7.0 with
2.5N HCI. The solution is then chromatograpled on an ice-water-jacketed column
of Dowex 50— x 4 resin (51 cc, Na* cycle, 200—400 mesh) eluted with deionized

water. The eluate of the first column volume was combined and concentrated to 7
ml. This solution was then ¢hromatographed on an ice-water-jacketed column of

Th

'XAD—2 resin (53 cc) eluted with deionized water. The second through fourth

45

column volumes were collected and combined and lyophilized to give sodium N,
(N’-carboxymethylformimidoyl)thienamycin (25 mg.). uv (pH 7 0.1V phosphate

- buffer) A max 300 nm (¢ 6, 390) ir (Nujol mull) 1755 cm™ (8-lactam) nmr (D,0) 8

'1,29 (d, J = 6Hz, CH,CH), 7.85 (s, NCH).

3 (Nuj ol mull) 1750

- N © 40
(50 viem 20 nmin, pH P TN Skosphate buffer) viscosity
| H 1,570, 990

25

35

45



Preparation of N-Acetimdoyl thienanycin Thienamycin (190 ng) is dissolved
in pH 7 0.1N phosphate buffer (13 n1 ) and 5 cool ed” in an ice bath

SOdI um hydrOX| de solution d| spensed from an automatlc burette. VWi | e
intaining a pH of 8.5, ethyl acetinidate hydrochloride (400 ng.) is added
rtionwi se over a few nmnutes. After an additional 40 minutes the solution

&s'adj usted to pH 7.0 with 2.5N hydrochloric acid. The sol utionssthen

chr omat ogr aphed on Dowex 50-X8 resin (250 cc, [err] .cycle, 0- 200
mesh®and 10 is eluted with wal’é'loﬂm'he N-acet i ni doyl _derivati4e el utes in

1-2 col um. vol unmes (240-520 cc fl 475 |yophilized to awhite solid (88

ng. ). Wlfr@é‘dr&lanl)fN(Bmmb@bﬁm Bth nlnﬁycrn] 297 nm (E 7,620). ir (Nujol

mul 1) 1774 [err], p-lactam 15 nnr ([err]). [err] 1.27 (d,~.J = 6, Hz,

[err]) 2.24 S [OH 15 3.2-3.5 (m [emtd), 3.5-3.9

(m [err]) 4.2-4.6 (m .[err],.[ rr]NH[err]) Exanple 13 -20 ©  Preparation

(i | -

of N-[(4-pyridyl)(imno)nethyllhj . 20 &H
Thi enanycin (80 ng., 0.294- -Nﬁ eﬁ% P§ed in aqueous sodi um
_I_e|n20n1 ) -at [err]..-Methyl.

bi carbonate (24.7 ngy.,; O. 294 .
" isonicotinimdate (80 ngy., 0.588-000He) is di ssol ved in the solution and

~progress of ﬁrl%olﬁﬁtﬁ:%klﬁéﬁanhﬁ:mzénmg)nﬁ%lnpll@ﬂ ?ﬂ%’sﬁhﬁé btept s using high
per fsor marig eddédq w12dg.c b QRAhYI-Grasipbpto wiﬁlh idate-H hitel ehe Ssolutish risinent ;5 0.2 x 61

cm [err]mmmdab@tkpﬂr%@embés Pmmurelssstm#mwca @éd% 10% THF; WV (254

nmd) ﬁnd % a‘%{ﬂd > Sﬁ?ﬁﬁgﬁr i l‘:If]‘t‘i.lse in 40 ninutes,

one e SRR ikl f g & qhémzz

the chaﬁgﬁ%"ﬁ“‘a@g‘w’ S"TZEWI &est 6%% r§f ion "&dfcl ' and HPLC

'is 30 u re conbi ned .and

| yophi |1 4 "‘Y ﬁﬁﬁio qgﬁ'éﬁi? °tfe?me k °d,l§‘g:®réeam%é% terr] nm (E
;-800) dRS m,lVDforIIUnll nlﬁ phbsphdt¢ buffect am).; NVR (

-1__27 3H(d J=7Hz, [err]; 8775 %880 4H, (in, m 4pyr|dyl) HPLC,

1: 58 x r ditions as above. 15

- 35 Exam%gﬁitgﬁo?ﬁ'éﬁgmlnof’wgghroc {Jflrega% Ie 13 but repI aci ng the
ar %ﬁp

reagent with rreth'i/l . S o

Tl\—_f-NHCC_H2CHzN3 ARG L E NH_CCHzcuznu,@- -

o

—CO?Nu@_ o _.'__co'-e:

N-(3-az1doproplon1m1doyl)th1enamycm O @3 mg in 40 ml water) is
hydrogenated under 1 atm of H, in the presence of 0.1 g catalyst (10% palladium on -
20 -charcoal) for 30 minutes. Electrophoresis of the resulting mixture shows a new bio- 20
active product which moves 30 mm. toward cathode (S0Y/CM for 20 min. in 0.05M
pH 7.0 phosphate buffer) in addition to the starting material (I) which moves 5 mm.
toward cathode. The electrophoretic mobility of the product is consistent with that
of the. expected product (II). The resulting reaction mixture ' from the - _
25 hydrogenatlon reaction is neutralized with 2.5 NHCI and filtered from the catalyst. 25
The filtrate is concentrated to. 10 ml. and chromatographed on XAD—2 resin
(2.3 x.16 cm. column). The column is éluted with water to provide the desired
product II as the hydrochloride after lyophilization (23 mg. N-(3-aminopropioni-
midoyl) thienamycin hydrochloride). U.V. Absorbance maximum in water equals :
30 . 301 nm (absorptivity equals 7080), 0
. LR.: Nujol Mull 1765 cm™ s
“NMR 60 mHz (D,0) 5 1.30 ppm, (doublet 3) 8 2 60—3 72 ppmi- (mult1plet l l) and & _
.4 18 ppm (multlplet 2. - _ _ .

: : Example39 A
s . Preparatlon of N-Nltroguanyl thienamycin : - - L 35
’ Thienamycin (131 mg.) is-dissolved in a solution of dlmethg'l sulfoxlde (10 ml, s
trl-n-butylamme (0.30-mole) and 2-methyl-1 -nitro-2-thiopseudourea (0.3.8.). The
solution is heated in a water bath at 45°C. while a stream of nitrogen is 'vigorously
: bubbled into the solution, After. 50 min. the solution is concentrated under high :
40 ““vacuum to.1.0 ml. and-dissolved in 0.05N ph 7. phosphate buffer (7 ml). The —~ 40
" . unreacted- thlopseudourea is precipitated and removed by filtratéon. The solution is -
then chromatogaphed on Dowex 50—X4 resin (53 cm?, 200—400 mesh, Na* cycle)
- and eluted with water. The N-mtroguanyl denvatlve elutes in the first column
volume and i is lyophilized to a solid (23/ ). .




pi col i ni m dat e,

there is obtained: N-[(2-pyridyl)(imno)nethyl]thienamycin

(85 mg 77% UVA [err] 267, 300 nm (E, 8,150, 7,600); IR (Nujol null) 1764
[err] ([err]l-lactam: max. NVR (60 N7z D20\ [err] 1.24, 3H (d, J = 7Hz,

[err]); 8 7.80, 8.07, 8.80, 4H, 40(m |n, 2-pyridyl); HPLC, 1.8 x

retention of thi enarryci n.

t he products of Exanples 15 and 16 can be deduced by conparison with

Exanple 1
34 Exanpl e
r eagent wrth

N-[ (3-pyridyl) (i m ndy (it holiNtphpsphatenpaifer) 44/ 26%nm (ﬂﬂ%)ﬂ) W [err] 264, 299
nm (E 5570, 6120) El%Rorehqrﬁsgl(‘*W?m)PHf?‘bg" AS

34
Fol |

(60 Mz [err]), 8
m m 3-pyridyl ) /HPLC, 1.57 x retenti orexafpleloenanmycin. Exarrpl e 16.
Fol | owi ng the5procédmaeltloli OEbhaansebtlDBlmlM thi@pinmxl!n t he reag ent. With

met hyl 4-ghiazol ec
N-[ (4-thiazely)(im

nm (E 7530);

[err], for 2 ourspfﬂg

with a short

5.5-6.3 20

1,570, 990

owi ng the procedure oflﬁﬁ Ie 13, .but

phaspiatq Dufer| 21aip4 A tpward
Q€34 (d, J = 7Hz, [err]): 8 7.6, 8.2, 8.9, 4H,

The fornul ae of the products of ‘this Exanple and

replacing the 4]

NVR,
(m

5

1.R (%MO@H %A(J).l:lll\l) 176}514 rberr) 2 | acta 90)2 (60 ferr],
[err]), 8 1.29, 3H sphiite ri& =, ., 10
4-thiazol yl); HPLCH e?('}zofﬁl Qf% r;r){’ R?ER %ﬁéﬂﬂpi‘)'l’rﬁ'z |
Preparation of N-AI :

g., 87.6.mmole) and rreth Iforrrate 5 26, ampB?"ﬁ 15 mmol e) Is stirred at

r the prp ut replacmg eth acetimidate _
AL el g ) oo

‘or man

G i i rod ’°a§ tﬁ%:g% %ﬁéﬁhkp%ﬁf i |

collected at [err] /a@et §Ss ol | . IR([err])
3380, .1680 [err];

20 (1H

20 Exanpl e 18 Pr e g
chl orof ormate (2. 66 g : 24.47 mToI e) |s added by syringe to N

25

35

45

h 7?98
[qu(ﬁ °K>b N’]glo 861’11 t?rHl HP s)m(E@'@OM 9 (lH very br) 8

Tiaft mrngmﬁ B piels (e conuzon s

Example 42.
Preparation of N’-Methyl-N-formimidoy! thienamycin
Following the procedure of Example 12, but replacing ethyl acetimidate
hydrochloridde with ethyl N-methyl formlmldate hydrochloride there is obtained
N’-methyl-N-formimidoy! thienamycin (10%).
UV (pH 7 0.1N phosphate buffer) A, 298 nm
NMR (D 0) 8 1.30 (d, J=6H,, CH;CH(OH), 2.92 (S, N—-—CHa), 7.78

@S, —éH)

Example 43,
Following the procedure of Example 12, but replacmg the reagent with an

equivalent amount of methyl methoxyacetlmldate, there is. obtamed N(methoxy-

acetimidoyl)thienamycin (34%);

UV12;2198 301 nm (e 16,180, 8,700);

IR (Nujol mull) 1760 cm™ (B-lactam);

NMR (60 MHz, D,0) 5 1.28, 3H, (d, ] =6Hz, CH,-CH(OH);
8 3.50, 3H, (S, CH, 0CH,)8435 2H, (S, Ci-l -0-CH,);
HPLC 1 50 X retentlon time of thlenamycm :

Example 44,

: Preparatlon of Ethyl N-Methoxyformlmldate

A mixture of methoxylamine hydrochloride (0. 020 mole, 1.6700 g.) and
anhydrous potassnum carbonate (0.010 mole, 1.3821 g.) is dissolved in 7.0 ml, water.
Ether 80 ml. is added and the reaction mixture is treated with ethyl formimidate
hydrochloride (0.02 mole, 2.1900 g.). The mixture is shaken for 15 minutes. The
ethereal layer is separated and the aqueous layer is extracted with two portions of
ether (30 ml.). The combined and dtied ethereal solution is evaporated to glve
0.8433 g of ethyl N-methoxyformlmldate

- nmr § 1 36 (triplet)

55

& 3.83 (singlet)
é 4.13 (quartet)
8 6.56 (singlet) .

" Example 45. ,
Ethyl N-(2,2,2-trifluoroethyl)formimidate
Ethyl formimidate hydrochloride (0.555 g., 5 mmol¢), 2,2,2-trifluoroethyl-
amine hydrochlonde (0.677 g., 5 mmole) and potassium carbonate (0 345 g, 2 5

A mxture. of al I'yl-am ne-(5. 00

sk |s frtted

20

25

35

50

55

©



allylformanmde (2.08 g., 24.47 mmole) in a dry flask under [err]. The
resulting mxture 25 Is then stirred at [err], for 2 hours during which
time COP is rapidly evolved, The 25 reaction mxture is then heated to

[err] until no further evolution of gas is evident (2 hours). The viscous
product is then cooled and held at a vacuumof 0.2 mmfor 2 houfs. to

gnove all volatile materials. Exanple 19. 30 - Preparation of N :
A-Met hyl 't hi oet hyl ) - N-form m doyl thienamycin ' 30 Thign cin
05421g.) is dissolved in pH 7 1957099‘d phosphate buffer (5 m.) 4sand this

s "added a 0|ut|on of. . €1 tnItnloetn rmmaateQJUO[err]) in
e any b g e a,.t TR 10 an
mai nt ai n thm ;-tn,gsa N NaOH After 30
m nut es ﬂnﬁml wthescagt]:ly&tt 'th:ltough35V1 c xwotulnnZo!gNe Iellille]:tmz-soI ution is

R i L i e

[ 2- met hyl t hi oet'hyl ] N-f or mi mi deyamisle a6. vat ive.elutes in 2-4 col.um volunes
and is | YopirationzafEthid Pgethe(yarbdwlemybfotmldudarho U. V. (pH 7 0 | N phosphat e

th £ (0 55 g, mmole), ethyl glycn .
bUf & ) )"A‘Eﬂe E( E{ﬁ @E%E_Eligdﬂ of;.) otassmm carbonate (0345 g., 2. 5 mmo e) 6 NUJ ol mull )
1, and treated w1th 2 ml H,0. The mixture is shaken

570 99ngrously for 4 mmutes The organic phase is separated3the ExjadoRs Phasddis Pr epar ati on of

N' Tert Butayled Nvitowith GHgfcly(10 mh) @N& mpirpH) pesﬂmyhasnls(dmsandg ) is dissolved
; fJa g 36 -PQ} Xy boﬁ et 1m1date B.r g26 tg adde'd a

soI t|on '5“?@?3% ﬂt§ ﬁg éqr%‘% cé’éos =5:h$r

t et rahydr of ur an (1 ). The . m‘;ﬂeu‘he soI ution is adj usted to and

mai nf ai nBrepafatidr of ftptﬁswn %etmeﬁsmlme@yut‘ooplmmg 1IN NaCH. - After 30
m nut es, theﬁpH1s adj usted tg 7.0 with ZHSN HCl . The solution is

chr omat ogr ap ‘ert_nncxa,rcoom égﬁf_a.cket ed cmgmLC@;f_Mx 50- X4 ‘resin (53
cc, [err] cg@le, 200-400 mash)EthI ES weih 10 dei oni zed water. The

i - s RBARAE S L B0 BRI RE 42 -

t hi enar’rymbﬂhylélftrmrmldate ©.79¢g nema ,Oiisradd éldfﬁol loge by|051 mli H,ﬂ)lk‘agd in
phosphat Srygajhzfagpn fgherpalt)takes glace; The solid is filtered, washed with ethérand - -
ried under vacuum to give Potassium N-cthoxycarbonylmethylformlmldate
lnlme (D,0) 1. 13 t (CH;.CHZ), 363 g (CH-,—CH,O), 3.8 S (N—CH, —C), 8 06S -
25 = .25

Example 48,
Preparatlon of Ethyl N-Benzylformimidate .
A solution of 690 mg. (5.1 mmoles) of N-benzylformamide in 5 ml. of .

methylene chloride is cooled in an ice-water bath and put under an argon blanket.. =

30 The solution is stirred while 4.9 ml. (49 mmoles) of 1M triethyloxonium - 3q
fluoroborate. in methylene chioride is added dropwise. After a 45 minute reaction =~ - :
time, the mixture is concentrated to dryness under reduced pressure at room
temperature, and the residue is dried under reduced pressure over P,0;. The

o nuclear magnetic resonance spectrum of the product in deuterochloroform is fully

35 . in accord with the product being a fluoroborate etherate complex of ethyl N- 35
benzylformimidate. _

Example 49.
Preparation of N-isopropyl formamide | '
Formamide (1.13 g., 0.98 ml,) is dissolved in 10 ml of toluene, contammg_' .
40 toluenesulfonic acid (4.7 g.). To the above mixture is added isopropylamine (2.95 40
g., 425 mlL). The mixture is refluxed overnight under a gentle stream of N,. The
solutlon is filtered and the toluene is evaporated under: reduced pressure. The. - '
residual orl is d1stllled at 59—62°C/0.7 mm. to give 1 Og. of the desnred product ) ¥

: . " Example 50: - g S
45 Preparatlon of MethyI N-lsopropyl formimidate T R .45
. ‘Isopropyl formamide (535 mg.) is treated with an eqmvalent amount of ethylj T
chloroformate (440 ul) for 2—3 hours under N, at 40-—45°C. The mixture is washed = -
successively with petroleum ether anhydrous éther and benzene leavmg the
product as an oil. : .



the pH of the solution is adjusted to 8.5 using an automatic burette

di spensing N NaOH To this stirred solution is added et hyl
N-1-methyl-2-propenyl-formmdate hydrochloride (300 [err]) while the pHis

mai ntai ned at 8.5. After 30 m nutes, the pH of the solution is adjusted to

7.0 with 2.5N HCI and the solution is 20 - chromatogr aphed on an @

i ce-wat er - jacket ed ‘col um ‘of Dowex 50-X4 resin (49 cc, 20 [err] cycle

200- 400 ”EKIS\]_D) eluted with deionized water. The N [1-nethyl-2- ,
propenyl ] - N-f oa3ri mi doyl derivative el utestsm90 4 col unm volunes and is 43
| yophilized to a white solid (59 ng.). qs'x\a{. &Epﬁl 7 0.1 N phosphate buffer)
wavel engt h of maxi rgim. SR LPNLIRNERy K RimidoiticAmplih Vi ty = 7,820) i.r.
(Nuj ol mul 1) 1760 [erE% SE T actam . |

25 Exanpl-e .22. Preparation of N-(1-Buten-@B3=9QH)fornmani de A solution of 3.5g.
(0.05 nole) 3-arRno-1l-butene in 12 m . of] net formate is kept at [err]q
for 20 hours; the solution is then concentrat@d under reduced 30

pressure < o. renove excess nethyl f or nat Eh—fFh¥HCesHdual :

N (1-buten-3-yl)formam de 30 is distill¢gd under reduced pressure. ‘A
fraction anounting to 3 g. (b.p. 58-600C.|{/0.5 mm) of _

N- (I -buten-3-yl)formanmi de is obtained. ExanfPsl 23. Preparation of

EthyI-I\I-(I-Buten-S_-yI)l_&ornHm 35 .. 1 ﬁ '.}(ithre oI 1ff0. .d.otf N-él
“but en- 3-y! ) f o mamiget ﬁ&i‘ﬂ@ﬁ‘&i}%’a‘&é‘bﬂ&dﬁ% plopilonm g s
stirred under T err ]300 9. of ethdN-theifoimingdatéihydPochlofi@e. The¢ Mmixuirsis siteddweedeClhe -~
solution is stirr ecfoulﬁ)deinutmdl%?@dlepflfdl!)rsdﬂomﬂ '(I319 ngh B:OM ﬁ@j?@?wqhe%%amyg
- = . X . g

unreacted ethyl .Ch!g?rtaof%‘gt W ?r sa(Hﬁ %gr? é‘$ ?rggogg %tm(r@%-(& are combined,
-buten-3-yl)fegm modlﬁieﬂtrht@d Eﬂa r"reﬂied‘}glgive 15 mg. of the solid product. Electrophoresis 10
Exanple 24. of the product at 50 v/cm. for 20-minutes in 0.1 KOpIP Opacspbatobufief shivie ayl

N-Di et hyl am nof or mngl’e %ﬂ)taaivIQoﬁ’c \?ﬂiél{ ﬁn@\q‘,s §Q111d1'.ttb\9£}d Qlte cathode. uva 1‘;11;.2 301 nm.;

N, N- di hyl f or mhydr 0.2 0 6. . '
‘oo 'ynk%kng{{” 1%8),997..‘If1(s;an%g§2(:§§ f(r’ro"f“g"rdﬁf'l %Hr?der nitrogen, is

0

1,570, 990 i

added net hyl chl oroformate (0.5 m.). Thexamplespe is heated at [err] for
three hours tien eWPaqperatived NriNeceycloptopyfpemimiddylithisnamyeire is triturated witts
anhydrous -et her.. The supernatant sol ution &ﬁ decanted and the

P
Th-+ NHC
N

»
Y

H
L COOH

Thienamycin (100 mg.) in 10 ml. 0.1M pH 7.0 phosphate buffer is adjusted and

. maintained at pH 8.5—9.0 while 300 mg. of ethyl N-cyclopropylformimidate

: hydrochloride is added dropwise to the solution. The mixture is stirred at 23° for 40

20 minutes, then is neutralized, and chromatographed on a Dowex — 50 x 8 (Na form) 20

ion-exchange column (1.5” x 10”). The column is eluted with water, collecting 6.5

ml. fractions. Fractions 43—9Y5 are combined, concentrated and treeze-dried to

give 54 mg. of the solid product. Electrophoresis of the product shows a single bio-

: active zone which moves 10 mm. toward the cathode (50 V/CM, 1 hour in 0.05M pH
25 - 7.0 phosphate buffer). :

uvi ﬁggm nm; Nmr (100 MHz, D,0): 0.60—I 30 ppm (m, cyclopropyl) and 7.80
ppm (formimidoyl CH). .

25

o . _ ‘Example 53. - '
: Following the procedure set forth in the foregoing text and Examples, the
30  following compounds of the present invention are obtained. The reagents, imido 30
ethers and imido halides, utilized in the reaction with thienamycin, or a derivative
. 8 thereof, to provide the following compounds are either known, or may be prepared
' - as described above. - : :

OH .

)\—(_\u: SCH,CH,N = C - N< |
— N COOH '

"R R2

A



residue dried in a streamof nitrogen. 5 Yield: 284 ng. nnr [err], 9.13
(CH) 3.80 [err] 3.01 [err]. 5 Exarrple 25. Preparatron of

and rrethylforrrate (5 26 g, 87. 6 mml e) is strrred at [err], for_2 hours (an
initial exothermis noted). The 10 m xture is then pl aced on the
rotary evaporator to renmove the MeCH formed in the’ 10 reaction. The
i ,\r aining material is distilled through a short path head to yield § 92 ¢

%, of the desired N-cycloprqpydggpor mani de as a colorless oigy, n.mr.

errj) a 8. 1 (IH, DI Sy, 0.8-8.5 (1H Dbry—ferr—223 0 (Hmm 8 0.4-1.0
(4H, ?rrple 2 15 Preparatd on of Ethyl Ngeyclopropyl form m date
15 EthyI P orof oriate ' (4.078 g. 37.58 numle) is added by Syringe to N
cycl apropyhf ormam gg (3. 194 @ c83,6u0H, nmmole) in a diy flask under- N2, -After
an induction period of 30 sec., a rapid evol ution of gas begies. The
resul ting2Meacti on Hi xture T@izsﬁﬂrﬁ%d at 25C until %o further evol ution of
gas can be detected (~4 hr.), 26H then the viscous product is subj.ected
to a vacuumof 0.5 mm for'l _hr: to remove 20 any unreacted et hyl
chl orof or Bt e.. NVR thnal ysi s B1CH:8 product shows tBE formyl proton at 8
9.37 as a broad si ngl et . ([%ﬁ] solution). Exanple 27. Preparation of Ethyl
N- (‘Met hyl t hi oethyl)formmdate 25 ' To a 60-m . separatory funnel are
added et hy) form mHtlate hydr@LEHSHRCGRCID. 97 25 g.. ,H8.8 nmmol e) a sol ution
of [err]- rgréithylthrqethylam 1&%@% , 8.8 mmole) 4n [err] (35-m.), and
[err] (35 The mixture- en’ vi gor ousl y for 5 mnutes. The [err]
| ayer is separated washed wem,h brine, dried with MySO4, filtered, and
evapor at ed under reduced pressure to gr ve the cr ude imdate (0.59 g.) as a
hazy, 30 6Jpale, yellow, |TEHCH-CH
30 i.r. 1660, 1230 [err]. Exan‘é{_,e 28 Preparation of o
N - Di met hyl am no- N-f or mi mi doyl - t hi enamycin 35 : Thi enanycin (115 nyg.)
is dissolved in pH7 0. IN phosphate_buffer. (7 n.).and 35 t he. pH of the
sol ution i’9 adjustdll to 8. 5“9‘% afaut omatic bureFl'te di spensing I N NaCH.
- To this "stirred solution |sCIad met hyl N-di nethylam no form m date
hydrochl ori de (284 ny. ) whi | e t he pH is maintained at 8.5. After 20 m nut es
the pH

CH, | |
8) H - -é—CH,-cH, . . H
H,
9) H . —CH,—C(CH), - H
)  H' —CH(CHCHCH,CHCH, H
11) H " _CH—CH;CH(CH,), H
| CH,
12)  H  —CH-C=CH, H
CH, '
13) H . LCH,~CH=CH-CH, . .  H |
14) H —CH—CH=CH, | T H o
15) H -CHCHCH-CH, - . H

16) H "' _CH,CH,~CH=CH~CH, B




of the solution is adjusted to 7.0 using 2.5N HCl and the solution is 40

chr omat ogr aphed on Dowex 50-X4 resin (53 cc, Na+ cycle, 200-400 nesh)

40 eluted with deionized water The chromatography is carried out with

dei oni zed water. The chromatography is carried out in a water-jacketed

colum at 3. The. N -dinethylam no-N-formnidoyl derivative elutes in 2

colum volunes and is lyophilized to a white solid (40) ng.) W (pH 7,0. 1N 5‘*(

phosphat e ibuffer) A max 298 45 nm(E 6, 910), ir (Nujol rmull) 1760
[err] ([err]-lactam) nnv ([err]) 8 1.29 (d, J =6 Hz, 45 [err]), 2.59 (s, N
[err]), 7.76 (45 _NCH) 37 1,570,990 157099043

37 Exanpl e 29 Preparation of Methyl oxalimdoyl thienanycin Thienanycin

(105 ng.) is dissol Vin pH 7. 0.1 N phosphateg&quffer (5 mM.) gnd 5

the pH of. the sol ut P#¥is adi Sted to 8.5 usind an automatic Burette .
di spensing IN. 3_NaOA_To this solution is added methyl oxalimdate (200 = .
pl) while-the pHis ¥Waintained at 8.5.-G.+6H,~8U-@H.nutes the pHlis adjusted ..
to 7.0 using 2.5N HCl and the solution i chr omat ogr aphed on Dowex 50- X4 .
resin (53.cc,. [err]. cycle, 200-400 nmeshj el uted with deionized water. The .
chromatography.is carried out in Water 10 j acketed colum at 3. The .
met hyl “oxal1m doyl d¥givative Bl utes i+CHR-€8+CHsEH, 10 vol unes dhd is _

| yophi li zed to a white solid (44 ng.) uv _(?;67-0. I N phosphate buffer) A
max 298 nm ([err] 6, 230) ir (Nujol mull) O [err] ([err]-lactam; nnr
([err]) [err] 1.27 (d, = 6 Hz,. CH3-CH), 3.87 (s, [err]). Exanple 30. 15
Preparation of N ProWWoni m doyl thien ¢ = CH, - H . _
15 Thi enamycin (114 ng.) is dissolved if&ptey/ 0. I N phosphate buffer (10
m.) and the pH of the solwution is adjust’ed fo 8.5 using an automatic
burette dispensing IN NaCH. Solid ethyl propionimdate hydrochl oride (231
ng.) is added porti ot se as 2‘1) . ra %‘9‘2‘&@: possi bl e all ovvi"ﬁg the pH to.
be maintained near 8.5. After 30 mnutesygthe 20 pHis adjusted to 7.0 _
using 2.5N HQ and the solution is.chr orat ographed on Dowex 30-X4 resin (72
cc, Nat+ cycle, 200-40Q nesh) eluted with: deionized ter. The o

N- pr opi oni ni doy! deriative eltites in 'ZC%GFW‘\?HF(E% » and i sHyophiiized
to a whit%e solid (76 ng.), uv (pH 7 0. I N phosphate buffer) A nax 298 o

22) . . H —~CH,~-CH,—CH=CH—CH,CH, H
* 23) H —(|2H-?CH=CH—CH,CH, | H
_ c L _
24)) H  —CH,~CH,—CH-CH,—CH, . - H
| . _
25.). . H —CHCH,—CH,CH,=CH, | 'H -

b |
S 26 H _<j S
Cw) H _O - | H
8)  H _@ o

29.) . H




25 nm(E 7,830) nnr ([err]) [err] 1.28 (d, J=6 Hz, [err]), 1.23 (t, J=8
Hz, 25 [err]), 2.50 (q, J = 8 Hz,[err]). Exanple 31. Preparation of

N -Methyl - N-formmdoyl thienanycin 30 Thi enanycin (140 ng.) is
“dissolved in pH 7 0. IN phosphate buffer (10 m.) and 30 the pH of the
ution is adjusted to 8.5 using an automatic burette dispensing I N NaCOH.
his solution is added nethyl N-nethyl -form m date hydrochl oride (200
rf]) while the pHis mai ntained at 8.5. After 40 minutes the pHj

'ust“gd to 7.0 using 2. 5N HCI an! otda& solution i's chromat ograph d on Dowex
50- Xé4=-estn \?2 35 —ee—h " 4 i oni zed
wat er . The—H—ﬁﬁHwF—HP——CJS—FﬁHﬁ—fﬁ—dﬂyk—derwah—ve—eHn-errn 2 col um

. vol unes and%*®- | yophi lj zed to a white solid (43 ng,), uv (pH 70. 1N
phosphat e bBFEr) [ertRI max 298 nm (E 1 250) |r (Nuj of mull) 1765 [ers]

([err]-Iactan%. nnt ([err]) 8 1.29 ( = [err!'ilzi 2. 92,(5 EXarrpIe
32. 5 Pr38par ati onFof N - Benz;ﬂHz @ mdoyl thie rryC|n Thi enanyci n
(110 ng.) is dissolved in pH 7 O0.1N pRosphate buffer (7 m.) and the ,pH of
- the solution is adjusted to 8.5 usi ng @an automatic burette dispensing IN
NaCH. A sol utlon of et hyl N-benzy(l: i date fl-urobgrate (572 ng.) in p-
10 dloxar?é(zm )“s added Fo-Hag eted soluti & while the pH is
mai nt ai ned at ‘8.5. 10 After 20 mi nutds~The pH of the solution is addjusted
to 7.0 using 2.5N HCl and chromat ographed on Dowex 50-X4 resin (53 cc, Na+
cycle, - 200-%23 mesh) uted with dei oy xd wat er. The _chromat ography is
‘carried out a wat er-j acket ed €t 3 The N - élnzyl N-form m doyl
derivative elutes in 2 colum vol unes\is and is lyophilized to a white
sol.id.(5 nyg. ) uv (pH 7 0. 1N phosphate buffer) A max 15 295 nm (E 3, 980)

Nuj ol 1765 - | 0 1.29 (d, J = 6 Hz,
I[:arﬁl;uo mé'll’ )s Terr] rr7]3_(7[(e;r_]qﬁ ET(g[eF\er}'g H8EX<'1WD|fa 33.

Preparati on of N -1 sopropyl N-formm t hi enanycin 20
20 Thi enanycin (110 ng.) is dissol ved in pH 70. 1N phosphate buf fer (7 rri )
and t he- Ph of the sol utlon IS adjctﬁte 8.5 using an, automatic bure_tte

dlspenS|ng r

R TN _ . m -CHz-O--' _-_' o H -
36y 'H -cnz_cu<j H -

LN ~H ._ _<> E |
39.? .' H. ‘ \' . .H | : ?_'_ #,
_ 40.5 | H - .' -CHz—q ' _ i -  =: ‘

a) H

*




NaOH A solution of nmethyl N-isopropyl form m date hydrochl oride (300 ng.)
is added to the magnetically stirred buffered

in p- dioxane (I m.)
sol uti cp—while the pH

25

Ls. maintained at 8 5 After 25 mnutes the nH

off the solution is adjusted to 7.0using 25 2.5N NaOH and chronatographed
on Dowex 50--X4 resin (53 cc, Nat+ cycle, 200-400 nmesh) eluted with

dei oni zed water. The chronatography iscarried out in a water jacketed
colum at {err]. The N -isopropyl-N-fornin doyl derivative elutes in 2

colum vol unmes gpd is Iyophilized to a mhltgnﬁ@ id (12 ny. ) W (pH 7 0. 1N
hare-bufffwj—#anvrﬁa%?—nnrtr€ +760

30 phosp

[err] ([err]-1lactam: n
6Hz, CH(CH3)3), 7.89
NUW lelformrndow

nT:

30 ([errI) a 1.26 (d, J oHz, Jerr]), 1.29 (d, J
NHCH) .96 (s, NHCH) ﬁéanple_34. Preparation of
|enaHVC|n 35 ' ‘

35 To a prechllhed sanple of Thi enanycin (123

m 39

_ ng,/~&, 452 nmmols) is added 13
: 42,) H ' - ¢H5 @ . H : _
39 of cols«dr 0. IN phosphate buffer The solution iy adjusted to pH 9 with N

sodi um hydroxi-de. To this basic solution at [err] is added all at once
ethyl N-allyl- _f.ormi midate hydrochl ori de (0 3 ghe pH dropped to 7.3

and is brought back to043®. 5 with mdditional_
mxture is stirred at [err] for an 5 addl

dr oxi de. Theaireaction
30 min. and the pHis

adjusted to 7 with cold O. IN sul furic acid. The 5 reaction mxture is

assayed using high pressure liquid chronatograp a [err] Porosi
col um, devel oped wit h44)0% aquediis tetrahﬁ&h&*ﬁ d is found Ho show
onlv trace anounts of thienanycin (retention tiney mn.) and

substantially pure product (retention tine, 10.5 nnt)
}0 _ Dewex- 50 x 4 chHa
200- 400 nesh) eluting mnth mater at ra 10 flo

i s chromat ographed on

O m., Na cycle
a(yisf 0.5 nVm n/cnk of

resin bed. After discarding the first 400 nl. ‘Aelu:te, the next 150 m .

i's Iyophlllzed to -give
24.60 Du/ng. ([err] ex

and anti- 15 NN -
15 Exanpl e 35.

-
>

53,

the pr odu Yi-et €M
fﬁnQU|shed 9096purity
5. 67 [erL] and 5.90 [err] NVR 100 MHz [err] she
aIIyIfornlnldoyl)thlenany0|

47.)

8)

49.) -

50.)

51.)

52))

. U V. A 301 nm
exhi bits = 0 at

H : . : H

H- H
.H H-
; :
H - H.
H - CH .CHzN 0 H

The reaction m xture

> a 1:1 mxture of syn-

@



Preparation of N(N -Trifl uoroethyl-form m doyl)thienanycin To a prechilled
sanple of thienanycin (123 ng., 0.452 mmoles) is added 15 m. 20 of

; : _ um
20 hydroxide. To this basic solution at [err] is added ethyl .
p(rifluoroethyl- formmdate (0.3 'm.) in dioxane (2 m.) portionw se over
3 n. The pH of the reaction is maintained at 8.5-9 during the addition.
Tge reaction mxture is stired for a few mnutes. After the additi\Qy of

.to 7 with col.d 0.1N [err]
6 af—~€%Ri bits a new

i?-oﬁée i's conpleted and the pH 4
Por-e ey —HF RS
. peak at 12—2—FR—assay 251 :

chronatogreahed on a Dowex 50 x 4 col um (60 m . 200 400 nmesh). The col um
i s eluted mueh materRat aflowrate oR'0.5 n1/n1n/[eRr] of resin bed.» The
forerun i ‘ - 0 P are.conbyned 30
and | yophilized.to glve a hyg_ o] ‘O|Id 102 ng... A max 302 nm

30 Exanpleséﬁ. Prepapatlon of N(N:- roxynethyl foﬁhlnldoyl)thlenany0|n
Sodi um Sal t Thi enanyci n (130|nrgals di Ssol ved in pH 70. 1N phosphate buffer
(4 nl-.) and solid sodiumethyl N‘carboxynethyl formmdate (500 ng.) is

added at oncg in one_ 35 portion.. Th of the soluhlon is adjusted to 8.5
using an adPdmatic bHretteCﬂhgﬂeﬁg NaOH. After ™25 min. at pH 8.5 the
solution is adjusted to 7.0 with 2.5 | . The solution .is then

&d colum of Dowex 50- x 4 resin (51

chromat ogr aphed on an ice-water-jaclst _
)t h deioni zed water. The el uate of

cc, [err] cycle, 200-400 npesh) el _
the first Gghum vol yme was .conpfned affd concentrateg to 7 40 nl. This

sol ution was. then chronat ographed op=eq-i ce-water-jacketed col um of XAD-2
resin (53 cc) -eluted with deioniz r. The second through fourth colum
vol unmes were col |l ected and conbi ned | yophi li zed to give sodi um N,

(N'-carboxynethylforninidOyI)thien1H"|n (25 mg.). uv (pH 7 O0.IN phosphat e

45 buf 5d) A maxH300 nmo(dH H~+ r(hbjol mul H) 1755 [err]
([err]-lactam nnr ([err]) [err ‘ .29.(d,J =6Hz, [err]), 7.85 (s, NCH)

40 ' 1;570,990 40 Exanple 37.,
Preparatlon of N ( 3- A2|doprop|on| oX! ) £ hi enanyci n :

59.;)-. H —CHzN—(CHa)z . H

60, H

61.) : “H —CH, | . —CH,

62.) H ~ —CH(CH)), _ ' —CH(CH,),

63) H ~CH,CH,CH, . -CHCH,CH, .
64.) H = -CH, o —cH, Y
65.) H —CH, o ~ ~CH(CH,),

60 = H ~  -CH 3 . -CH,CH=CH,

67.) H - —CHCH-CH, . —CH,CH-CH,




To a solution of thienamycin (133 ng.) in 10 mM. 0.1M pH 7.0 phosphate

buffer 5 is added 1.2 g. of O ethyl-3-azi dopropionimdate. HCl while the
solution is 5 maintained at pH 8 5 with 2 5N NaCH The mixture is stirred

at [err] for 0.5 hr., then is neutralized with 2.5N. HCl to pH 7.0,
concentrated to 5 m. and chromat ographed on a Dowex 50Wx 8 (Na form |

colum (1.5" x 12") which is eluted with water- to give 30 ng. of the , /?
desired prigduct. The product shows UV 10 [err] 300 nm high- pressure 4
l'i quid chromatography (HPLC) retention'tine of 10 10 max

10 min.. with P%QI’IQ(\I’\ to that of. 4.8 m!1570r990fh

the sanme conditi ons((o X 2. Bondapak C ,, reverse pﬁase col urm el ut ed

with 10% THF in vvat@tsunat f|OWKate of 1.5 m/nmgm.); E ect rophaeetic
mobi | ity a5 .nm t owa -
phosphat e bufferg_«l

15 Prepar ation of N-6(8§ am nopr%pl oni m?]%(ﬁ{f’t hi enarryC| n
N-(3- azi dopr opi oni m doyl ) thi enanycin. (1) (43 ng in 40 M water) is-

hydr ogenat ed under 16%tmof [&fr] in tHeH,presence of 0.1 g-CHt@Hyst (10%
pal | adi um on .20. charcoal) for 30 mnutes. Electrophor gﬁbs of the
resulting mxture shows a new bio- 20 active product which ves 30 mm
toward cat hode (50V/.CM for 20 min. in 0.05M pH 7.0. phosphate buffer) in.
addition to the star®®ng mated al (1) vhHeh noves 5 mm t owEH@HPat hode.. The
el ectrophoretic nobility of the product is consistent with that of the.,
expected product (Il91,) The regplting reggtion m xture from ghenshp
hydrogenati on reaction is neutralized with 2.5 NHCI and fi Igered fromthe
cat al yst. 25 The filtrate is concentrated to. 10 nl. andC®hromat ogr aphed
on XAD-2 resin (2.3 x 16 cm colum). The colum is eluted with water to
provide the desired mpoduct |IH as the hgujrochl oride after Lgmpehicgption
(23 mg. N-(3-aminopropioni- mdoyl) thienanycin hydrochloride). UV.

Absor bance nmaxi mum i3 \wat er equal s 30 301 nm (absorptiv al s

7080) | B # “CH T30 1R Nj oTb‘kf}uLF'fe‘qg?ss [err]
NVR 60 mHz ([err]) 8 30 ppm (doublet 3) 8 2.60-3.72 ppm (mul tiplet, 11)
and 8 4. 18 ppm (nul t74ﬂl et, 2)H Exanpl e-% 35 Pr epar at +&hCets ,
N-Ni t roguanyl thienanycin ' + 35 Thi enarryci n
(131 ng.), is dissolvey in a sef ution afcyi net hyl sul foxi de_¢gQ m.),
tri-n-butylamne (0.30 nole) and 2-nethyl-1-nitro-2-thi opseudourea (0. 3.

g.). The o _
76.) H ~CH, - .c|-|2_<;

71.) H ~CH, . —CH,—CH=CH,

Exanpl ﬁ 38

| R |  CH,
) . H —CH, . L ..<:>
S0 - H o o-cH, . .—.CH2—<]'.
ve s . ® A, U
| - | | —CH
o | . | 27~ g
81.) . —CH, —CaHs o . o H

81) —CH, - ~CH,CH=CH, . -~ H

83.) . -CH, - -CHCH), =~ '~ H




solution is heated in a water bath at [err] while a streamof nitrogen is
vi gorously bubbled into the solution. After 50 mn. the solution is
concentrated under high 40 vacuumto. 1.0 mi. and dissolved in O. 05N
ph 7 phosphate buffer (7 m.). The 40 unreacted thiopseudourea is
cipitated and renoved by filtration. The solution is then ' )
mat ogr aphed on Dowex 50-X4 resin (53 [err], 200-400 nmesh, Nat cycle)
lleluted with water. The N-ni t roguanyl derrvatlve elutes in the {/rst
mgovol une and is | yophr i zedl $#.08p sol i d (23% 41
LU, 99U At ptHt7—0—4—Nph ate’ -
buffer) [errdom269 nm ([err] 11, 000) El ectrophoresis (40 v/cm -pH'7 0. 1N
phosphat e butiufner 20 Mn.) 3.0 cm tovkrd cathode. Exa&fple 40. 5
Preparatio T . ; : the pr ocedure of
Exanple 12 ggg%) repI @iﬂ% et hyl (ﬁﬁetr m date hydr ochl or i de withe
"I sobutyrim e hydr oride a al l.owi ng the reacti to proceed-.at [err]
and ph-8.2 there is obtained N-isobutyrimdoyl thi enarrycr n: (14%. 10, ©= W
- (pH 7 0. 1N @#3dsphat ecﬂaeﬂﬁr) [H] 298 nm ([err] . 8,29® - ' :
10 NWR ([err] 'S 1.27 (d, J 7Hz, [err], 1.29 (d, J= 6[err] [err], 2.79
(heptet, J 3eherrl, [_@ﬁrdﬁ Exa_raﬁ(eﬂjll Preparatron of g
- Met hyl - N-aceti m doyl th| ehanycin ‘15 Fol | owi ng t he procedure of
Exarrpl e 12, but replacing ethyl acetimi-de hydro- 15 chloride with -
met hyl - N—rret’ﬁ;)I acet rffidat e, t1&)si s obtai ned N-methfl - N - aceti mi doyl:
thi enanycin (10%. .UV (pH 70. 1N phosphate buffer) [err] 298 nm([err]
6, 700) I R ( Nuj ol rruII) 1750 [err] ]-lactam), 1660 [err] (C = NCH3) 20
NVR ([err]) 8err] 1.2fH(d, J -€H; CH3CH(OH), 2.22Hand 2.25 (S, N-CCHB),
2.97 (S, 20 NCHS) Exanpl e 42.- Prypesati on of N' Methyl N-formmdoyl
t hi enarrycr n. - ' - - _

- 90.) —CH, —O | " |

-91) —CH, = —CH,(CJH, H
92) - —CH, -cH, " N . . H
93) —CH, . ~CHCH-CH, . H
94) . —CH, —CH,—C=CH, - H.
| e
95) _CH, —CH,—C H,CH, | H .
éﬂs-- '_
9)  —CH-CH H o H. -

97) —CH,’ -CH-z"@ ' = H

%  -o4 ~ -cH, . H




Fol l owi ng the procedure of Exanple 12, but replacing ethyl acetimdate 25
hydrochl ori dde wth et hyI N-nmet hyl form m date hydrochloride there is

obt ai ne 9

phosphat e buffer) [err] 298 nm NVR ([err]) 8 1.30 (d, J=[err], CH3CH(COH),

2.92 (S. N-CH3), 7.78 30 Exarrple 43. B
Fol |l owi ng the procedure of .Exanple 12, but replacing the reagent wth an - 0[)

equi val entLam)unt of methyl net hoxyacetlmdate there is. obtained:

N( met hoxy acet |5rln doyl)thr enarrycrn (34% W—,d@br] 198. 301 nm (E 16 180, 51
8, 700) ; R (Norot—TToHt )t et er T (e r=tactany

35 NI\/R(60 ‘MHz, [errjjC err]- 1.28, 3H, (d, J=6Hz, [err];, 8 3.50, 3H, (S,
[err]) 8 4.35, 2H (S grr]) HPLC, 1.50 x retegtion time of tmzenarrycm
Exanple 44.; 40 .- ELe.pa.LaLJ_o.n_.oi__ELhyJ_N-_hb.Lhoxy.Lor.m_m_dafe

40 A nixture of wethoxyl ani.ne hydrochl ori de (0, nole, 1.6700 g.) and
anhydrous potassi um cagghonat e (_Q\H010 nole, 1.3 1 )Y s dissolypd in 7.0
M. waters -Ether 80 m. is added and the reacti ixture is treated with
ethyl form m_date hydr ochl ori de (0.02 nole, 2. 1900 g.). The mxture is
shaken for 15.m.nutes. The 45 et her eal IayeHN eparated and the
aqueous | ayer is’ extraged W t hdggno portion 5[? Et her (30 mgu). The
conbi ned. and dri ed et hereal solution is evag 2a_Le 0 give 0.8433 g of

et hyl N—nethoxyformmdate nnr 8 1.36 (tripl et) 8 3.83. (si n%I et) 50
8 4.13 (quartet) 101) . 50 8
6.56 (singlet) Exanple 45. Ethyl N-(2 2, 2- trlfluoroethyl)formmdate Et hyl
form m date hydrochl onée2de (0.556Hg., 5 ol €), W, 2-trifluoCgit hyl- 55

am ne hydrochloride (0.677 'g., 5 mole) and potassium carbonate (0.345 g.,

2.5 55 103)  CH, -  CH, ~ —CH(CH)),
104.) CH, . CH, = CH,CH=CH,
. © 105, CH, ~ CAH, C,.H,
- 106.) CH, CH, ~CH,~CH=CH,

o

107.). CH, o CH, " CH 2-@
108.) (CH, | —CH,CH=CH, “ | |
109 CH, ' CH, - CH, .ﬂ | I]

-0
« 110) CH, . . o <CH,— N
: oo e o | : : T
| | : s\’/N
) 111) cooH . H B H
: AN
12) H : | -~ H




42 1, 570, 990
42 mmol e) are suspended in 20 M CH A2 and treated wwth 2 ml H O The
m xture is shaken vigorously for 3 mnutes. The organi c phase is separated

and the/aqueous extracted twce with 10 ml portions of [err]. The conbined
organi ¢ phase is dried and the [err] distilled through a Vigreaux colum to
alve ethyl N-(2,2,2- 5 trifluoroethyl)formmdate. n.mr. [err] 1.33 t
((0%rr]); 3.8 q (j=10 c.p.s., [err]) 5423q(j_75 [err]); \&/6 S
2—N) Exarrple 46 Preparatll(gg)0 EthyI

ge (0. 55 g.,
5 mmol e) and
pot assi umCemt bonate (0.345 g., 2.5 mmwle) 10- are suspended in 20 M CH2Cl 2
and treatetinith 2 ® H20. The m xt e is shaken viBbrously for 4 ninutes.
The or gam : actse twice with
[err] (10 m.) and the combi- ned phase is dried and evaporated to
gi ve et hyl"-N—et hoxy&#ar bony! met hyl - « mdate. nnm# 8 126t 15 .
- (CH2-CH2); 4.06 S ([err]);4.23 g ( 1); 7.5 S. (N= CH). : ' 15
. Exanpl e 47. Preparation of .Potassium N-et hoxycar bonyl met hyl - f or ni ni dat e
" Potassium(0.18 g.) is dissolved i xture of O. 6 g. EtOHand 4 M. Et20
20 . und® N2. Th# solution is o@ with 50 m Hof Et20 and et hyl

N- et hoxyc-arbonyl 20 nethyl-form mebte (0.79 g.) in 2.m. Et20 is added,
f ol | owed by 0. .[err]. Rapid crystallization of the salt takes place.
The solid flltergcr:l washed wi r-and dried lﬁnder vacuumto give
Pot-assi urﬁ et hoxycar bonyl net hylfg‘mgdate n.mr. (D20) 1.13 t (CH3CH2);
3.63'g ([err]); 3.8 S ([err]); 8.06%725 N =CH.
25 Exarrpl e 48. Preparation of Ethyl N-Benzylform mdate A sol ut| on of 690

ny. TIH-E“?S.) @b&ﬁwfornﬁmdﬁlnSM of hyl'ene chloride is
cool ed in i ce-at eg ‘bath and put Under an argon anket. 30 The -
solution is stirre ile 4.9 M. (4.9 moles). of IM trlethyloxonlum 0
fl'uoroborate in nethylene chloride is added dropw se. After a 45 mnute
reacti on.1t1i75re, the mixture is cogmt ed to drynegs under reduced
pressure at roomtenperature, an Jesidue is dried under reduced
“pressure over [err]. The nuclear magnhetic resonance spectrum of the product

in deuterochloroformis fully : ' e .
L . . . e . - .
U (A R H . H
119) H - ” ” : H
N
120.) H || || 3 " H
. | H | _
N ct :
121.) —N- : H H

|
CH,

123 "” | H .




35 in accord with the product being a fluoroborate etherate conpl ex of

ethyl N benzyl form m date.

Exanpl e 49. Preparation of N-isopropyl

formamde Eormamide (1 13 g 098 m ) is dissolved in 10 m. of tol uene,

containin

g 40, t ol uenesul fonic acid (4.7 g.).

added isopropylamne (2.95 40 g.,

t ol uene i s\_evaporated under reduced pressure.

4.25 m.). The

To the above mixture is

The:

"m xture is refl uxed

overni ght under a gentle stream of N2. The solution is filtered and the ,
residual oil is
6 the deS|red product :

distilled at 5g3[err]/0 7 mm to glve 1.0

Exampl e 5
45 | sopro
et hyl chl

0. 45—
pyI f or e

orOfornate.

m xture is washed.

benzene | eavi ng the duct as oil. 43
Ry ip 43 Exghple 51. Preparatlon of

1, 570, 990

[err]ijpr 2- 3_houré gnder N2 at [errl. The

N[N - Ethylfornlnldoyl]thlenam10|d ThlenanyC|n (100 ng.) in 10 M. OIMpH
7.0 phosphate buffer is adjusted

2. 5N sodi um hydr oxi de.
N-et hyl-f orm m dat e hyselyochl ori ge.

m nut es

on a Dowex 50-X8 (Na form
eluted with water taking 6.7 m .

10 concentrated gyl freezeydried to give 15 .
El ect rophoresis 10 of the product at 50 v/cnflgfu
ne

The m xture i

mai nt ai ned at pH 8.5-9.0 with

then is neutralized to pH 7.0 with 2.

i on- exchange colu
fractions.

7.0 phosphate buffer shows a single bioactive
de. uv [err]- 301 nm; nnr

t he catho

(S) (form m doyl

(100 ng.)

in 1o_m,

CH)127xanmpl e 2. 15
N-[ N -cycl opropyl form m doyl ]t hi enanycin -
0. IMpH 7.0 phosphate bu

128 H

. 129..) " &N

Tz J

130.) H
131.) H
132) - CHy
ekl
>
TN
133.) CH
134) H -

(100 [err]);

Preparﬁtion'of

VR

Ber

H
N

A

z
V.

_.\=

Z

To the solutCH@ i s.added 5 300 ng. of et hyl
Nstlrred at [egr]. for 20

and. chronatographed -
x '10"). The colum is

Fra S5 ons 40-90 are conbi ned,

of the sol yd product.

O-mnutes in 0.1 M pH
ich noves 2 mm toward
r] 7.77 (S) and 7.82.

H
15 Thi enanycin

K&erl S adjusted and

-<]

H




mai ntai ned at pH 8.5-9.0 while 300 ng. of ethyl N-cycl opropylform m date
hydrochl oride is added dropwi se to the solution. The mxture is stirred at
_Jerr] for 40 20 mnutes _then is neutralized, and chromatographed on a

Dowex -50 x 8 (Na form 20 i on- exchange colum (1.5" x 10"). The colum is
eluted with water, collecting 6.5 m. fractions. Fractions 43-95 are
_ i ned, concentrated and freeze-dried to give 54 ng. of the solid
froduct. El ectrophoresis of the product shows a single bio- active gone
noves 10 nm toward the cathode (50 VYCN[ 1 hour |n 0. 05M pH 25
7.0 pbhsphate buffer) . - 1,570,9 '

25 uv - [err e

. Ok ' yclopropyl) and
7.80 max ppﬁbﬁ#orn1n1doyl C}D Exanple 53 Follomnng t he procedure set
~forth in thevibregoi n text and. Exanp?es the 30 . Follomnng conpounds  of
~the presené Jvention are obt ar ned. gents rmdo 30 gihers and -
i mdo haIi_% t|||z%d inthe re c | h t hi enanycin, or."a derivative
t hereof, to provide the folLomH ounds are ei ther known, or may .be
prepared as. described above. 1,570, 990
44 [err] 1,153¢p,990 H 44 H 45 SR
1,570, 990 _ CH " ’j45 45 _ .
1,570,990 - 45 2 ' -1,570,990
46 46 : ' 1 570 990
46 - 137) H H
- . - -CHzJ\_J
138.) H - N H

Q'l

139.) H 0-—iD - H
o - —cH, -k '

N
140.) . H o | | | H
i el _
‘141) H -CH, | 1 | H
o
‘1420 H R 1 =
R - C.Hz S .
43)  H -CH, 1 . F
_ | s g N
144) H =\ ' " H -
: : -CH, \ : o >
145.) H "




a7 1,570, 990 47 47

1,570,990 48 1, 570, 990
48 49 1570990
49 50 , - 1. 570, 990
50 51 1, 570, 990 '
51 61 . o - 1, 570, 990 52
1,570, 990 \_ N | 52 1,570,990
52 53 ) o ' . 1,570,990 54
1,570,990 . .85 . _ 1570990 M

' Com- |

_— pound R R R*

. " 146). . H <1_——-_> . H
- ' -CH
¥ : ' 2 /
_ 147) H S NT 3 H
o - . _ '°H2_<‘ /> | |
| - N
e m @ o o
' ’ . S B = 2- 2 \ B
o | N 7
| | | ' ‘N
| 149.) H y) H
; ; : . =CH,-C .
i ' . 3 - N7 %
| 4 _
. B 150.) . _  H H
l ¥
151) - H . H

| 152.) H —_CH,;-O—CH,. o H

153 H -  —CHCH-O0-CH, - H

| 154.) cH, —CH,CH,-S—CH, w0 Ho
155) W | —CH,CH,~OH . H

e 156.) w _—CHzCH—CH; ' . H

| I % |

e 157.) o - -CH,CH;—CH;—CQ.% - H
158)  H . —CH,CH,Cﬁ—(OCH,), H
159.) H ~CH,~C~Ph o H

KA




54 1,570, 990

54 1,570, 990 55 55 56
- 1,570, 990 o _ ___56 57
1,570, 990 : 57 58

, 570, 990 : 58 58

h 570, 990 58 59

570, 990 59 60 ' 1, 570\&90

Y0 Pseparation of Pharnmaceuticalszgoggposi tions Exanpl e 54. One gynit dosage
formi1s made. by mxing I20 ng.” of N-aceti m doyl {hi enanycl.nm (product of
Exanpl e 12, M th-20 ng. of [actose and 5 ng. Of magnesium stearate and

pl aci ng thgmk45 ny. ® xture into a Nag: 3 gelatin capﬁule. Simlarly, by
usi ng nor - r dosage forns
can be put, 4 g in No. 3 gelatleﬁceﬂ%ﬂles and ‘shoul d |h be necessary to mx
mor e than 34 o_.

CHOH - : ..
161, H —CH,CH,CONH, - | i “H
: 1l62.) H | -(szc:ooc,H_, | H
163.) | H ' .-_<I:CH,CH,CH,N(C,H,)z . H
CH, -
164) ‘" —CH,CH,—SH | H |
165, LI CH . on H S
o | ; é“s | - - _ |
166.) H —CH,CH,—N(CH), | . H .
167) H —CH,CH,CH,—Br - | H. .~
188) H _CH,CH,CH-N(CH);, - = H
169) - H —CH,CH,—N(CH,), H |
170.) NH, . CH, - | H
171) - NH, | CH,: - - . CH,
172) NHCH, cH, | cH,
173) . N(CH,), CHs o | | CH, - T s
174 NH, | cH, - . H -
175 “ NH, '.'—-CI.-I(éHS), .' o H .
176) .NH, —CHCH=CH, | ) "

17170 NHCH, . =CH(CH,), H




i ngredi ents together, |arger capsules such as conpressed tablets and pills
can al so be prepared. The follow ng Exanples are illustrative of the
preparathn of 10 pharnnrnquQa! formyl ati-ons- —
10 Exanpl e 55. , TABLET

t hi enanyci n

6 ny.

Lact ose, U _S: P.

t he di-cal ci umgphosphat e,
m xture is th
rough-screened. It

PER TABLET N-aceti i doyI
125 ng. 15 Cornstarch, U. S P.
15 Di cal ci um Phosphat e 192 ny.
- 190 ng. The active ingredient is blended with
| act ose and abor,rg.,dygbf of t he cornstarch. The 57
= e v 4 2 B Y10
| Cogdl¥ | ed - at [err] and screened again through 20 No. 16

LlIlIIT[\'I flllll ll

SCreens.
and the ni xture s compressed 11to tabiets;

di aneter each we{ghi Ivg)800 nger(ElgarrpI e &f. 25.

The bal anceredt he corkstarch and the R'hgne5| um st ear & e is added

30 OPTHALM C SOLUTI OMay- acet i M, doy|

SOLUTI ON - 25 Anpoul e:
N acet i mﬂ@yl t hi enawel n NH, Sﬂﬁﬂg Sterile water
30 - Exanpl e 57. -

t hiNHNEYY Ci N

Hydr oxypr opyl net hyl cel | uI ose = S my. Sterile Water .
Exanpl e 58. . 181) - 35 OTI C SOLUTI ON K « acet i m doyl
t hi enanyci n 100 rrg Benzal konr um chlori de 0.1 ng. 40
Sterile Water to | m. .
182.) OCH, CH,
183) °  OCH, CH,
184.) OCH, CH,
185.) OCH, - CH(CH,),
hl 186.) 'OCH, H
: 187.) 'SCH, CH,
188) | SCH, CH,
189.) SCH, CH(CH,),
190)  S-CH,~CH=CH, CH,
191) S—CH,—Ph CH,
192)) —-SC_H,CH:(_Z_H; H
193)  SCH,Ph H
« R : - .
194) H —OH
« s . 195), H —OCH,
19.) CH, —OH
197 H —C=N
198) H . ~NHCH

approxrmatetry- 05 —TTTcir T n

H PARENTERAL



61 1,570, 990
61 Exanple 59. TOPI CAL O NTMENT N-acetlnldoyl t hi enanycin 100
Pol yet h\/l ene._ nl \/r‘nl 4000 U S P 400 ny

e po|yethy|e”e gl ycol 400 U S. P. 1.0 gran1The active ingredient in the

above fornul ati ons nmay be adm ni stered alone or in conbination with other
i ghogically active ingredients as, for exanple, with other antibacteri al
s such as linconycin, a penicillin, streptonycin, 10 nbwgpiocin,
- anycin, neomycin, colistin and kanamycin, or with ot her

therapeutic agents such.as probeh®0980 As-already nmentioned: abd&e posi tion
isoners of_thienanycin as well as thienpanycin itself —either alone or as
m Xt ures, nﬁynserve as starting naterlgls in the prepgration of the
conpounds @pundhe pre§%nt i nvention.SBne of these isdhers are 15 . ¥
obt ai nabl € Trom natural products of fermentation as describegeand cl ai ned
in the 151%5bcifﬁcatlons of W copendi ng appllcatl&ﬁ No. 48235/76 (Seri al
No. 1,561,109). See in- particular Exanples -6 and 7 of that speC|f|cab|on
whi ch descreties g preparati 6H, of Antibiotics 890A NHnd [err], which have

t he formul a: 20 These conpounds can be treated to cleave the N acet yl
group to ghy 20 correégondlng free base ok(ﬁpynula By total
.synthesis a H |soners can be made avail abl e (belomb as a nmixture of 4

di ast ereoi soners which possess anti bacterial activity_and which are
anenabl e t39%%5 CH.Breso| uti ontby conventi onal techni dtes. The 4

.di-ast ereoi soners (2 cis, 2 trans) are 25 separable by chromatography.

"Resol ut i onzedf) an)L(mN(en,),d/I pair-with optically activ®@ acids or bases

~_proceeds according to conventional techniques. It should be noted that the
absol ute cg&{;gurqhug& of theyfirst-identified startigg material (1) is 5R
- 6S 8R 30 Preparatlon of Thi enanycin by Total Synthesis
-30 ‘Step A Preparatlon of 4-(2-acetoxyvinyl)azetidine-2-one [err]

ll

205)  —C-NH, H ' H
206)  -CHN(CH), ~ H. & _H
. 202) -C(CH), - H | T ~C(CHY, - | M
208)  —CHCH, CH, o - —CHCH,;
T o . Y
CH, : | - CH,
209)  —CHCH, '—CHCH, . —CHCH,
L | | 3
CH, CH, . CH,

210)  —C(CH,), —C(CH), ~C(CH,),




62 1,570, 990

62 [err] A solution of 1.0 m distilled chlorosul fonylisocyanate (1.65 g;

11.7 mmles) in 2 5 m anhydrous diethyl ether is cooled under [err]. in-a... -

-200C bath. 5 A solution of 2.5 g |-acetoxybutadi ene (22 nmles) in

2.5 mM anhydrous ether 5 is simlarly cooled under [err] in a [err] bath. C
6§

The- chl erosul fonylisocyanate solution is added dropwi se to the acetoxy- -
but adi ene \sol uti on by nmeans of a Teflon tube i mersed in the CSI solution
and pressurized with [err]. The addition takes 10 minutes. Little or no
color is seen af¥l_10 the reaction-_is &1099@d at [err] for 0 5 hour—32.
The solution is clear and has a ki ght 10 yellow color. A'sojution of 2 g
sodiumsulfite and 5 g K2ZHPO4 iR 20 ml [err] is prepgred durf{ng the above
0.5 hour sreaction.tine andlis caqled i N cechadi, Ok o egher is
added and the migture is vjgorously s irr] d”in“ah"ite bath. NA tThe end of
the 30,15 . - mnute reactjon tings tN A mxtur¥ is {ransferred,
agai n usisng N2 pressure ~1b andg’he Teflon tube, fromthe reaction flask:
which is maintained_ in theMerr] bath, to:the vigorously stirred-hydrolysis
m xture. Rapid dropw,se addition is conpleted in 5 mnutes. The hydrol ysis
is allowed to contippus@ for B additionaR’ mnutes. theXhydroly¥is m x#has a
pH of 6-8, preferabty—pt—8—20 The pnases are separated, leaving a
yel | owi sh-orange gumai th the a -@QRO8-C(@d),phaseNd;The et her PhaseCis dried
directly with MgSO The aqueous/ gum piase is extracted three nore tines
with 50 m portions9f ether, each bgrmo\ added -tsHfhe initiaH et her/ MgSA.
The dried extracts are filtered @nd n fed under.a [err] streamto 5
m,; a. 25 portion of t:he product™M=% crystalline at this stage. -

25 A colum of 10 g,Bpker silica gqi .opacked)jn Rhbe; is prepareddsgnd the
ether concentrate is applied to the topjand run.in. The flask/solids are
rinsed three times with 2 m -ether, eacf being pipetted off and run into
the colum. Elution is then begun with ether. The first 25 is LARrily
voi d vol ume. The neffiveto m_ﬂz-o—‘ﬁ‘c??%ti M& are- col |,g18'i'td ‘%Wgwed
by three 50 Ml fractions, and all are rgduced.in 30 volume under-a [err]
stream The product crystalliizes fromfractions 4-6,: -wth tr-_%ces .

25y 'H - -CH,CHCH-CH, . NHCH(CHp,
. | 26 H —CH,CH,—S.—.C_H,._ ~ NHCH, ' CH, N_-'Hz'Pb,'
217.) H -CH,—o-(“:-CH,-_" - NHCH, - . .. CH, I
218) H —CH,~C~Ph | NH, . H ci
. | 0 . |
219.) H. —Sindanyl - .- ‘N(CH,), H o«
2200 H ~phthalidyl - o :—(I:H,CI_-'l=C."[-:l','.. : Ho o
. A 221.) SO, — Na ..+ - NH, .. H -
222 Po;H,_ .'_cn,oéc:H(CH,)', NH, T cHy, - |
- | ISt
225.) SO, - fCHzaéH=C(CH,), NHCH, H H
224)  POH~ Na . - NHCH(CH),  H - -

Compounds 221 to 224 form internal salt with the imido nitrogen.



in 3 and 7. Fractions 1-3 contain a yellow sh sharp-snelling material which
resinifies on standing. Yield: 100 ng as a m xture of the cis and trans
i.soners. Step B: 35. _ Preparation of
4- (2- Acet oxyet hyl ) - 2- Azet i di none ' 35 A solution of
4- (2-acetoxyvinyl)-2-azetidinone (10.0 g, 0.065 mole) in 200 m ‘ethyl
cetate containing 100 ng of 10% Pd/C is hydrogenated. on a Parr shaker at
(o OC under 40 psi hydrogen for 15 minutes. The nixture is filteredghrough
begoof 40 Supercel and wagggsh Wit h addi tional ethyl ac%ate The
conrmedtTTtrate 15, 40 evaporated_tn_vacuo th . grve
4- ( 2- acet oxyet hyl ) - ?prﬁpﬁghﬁé‘“ﬁcfm@ gymegsitigng:r yst al | i ne sol i d.
Recrystal lization fromether gffardsswhite crystals: MP. 44-7; ir ([err]),
- 5. 66, 5 74 OReTnif doB4dge Form-idhflade By g920 thg. of\k‘)acetﬁu&%l thicRamyZin [ ¢ r]) 5.29
(| n, t oGEGithp eMEwﬂqu)mgtcﬂrlmtofsumdrﬁemg Imagnqsmmfsmaratd) > 4H and NH,
5 63 and acing the 145 mg. mixture into- aNo 3 gelatm cap by usmg _
65 (orr) Bl s cat Pl SRR ¢ et s 1
in four bygrddi Warger cd psueﬁﬁfc sed&abtet andlpills 1.0Hz), 7.93 and
8.02 (s ®&m prppatrcslt al‘heﬁollmalaﬂeh pesr tll]-lstrah& oE¢he prepgrptionspbp C. Preparati on
of W (2- HPEFF‘HW&‘F ?’)““E‘"ﬁ&setr di none Under nitrogen at 00, a sol#ion of
4- (-2- acet oxyet hyl ) - 2-azeti di nq&gmf,lg s34 g, .014 nole) in 25 M anhydrous
net hanol is treated with a sol ution of sodr um net hoxi de (77 ng, 1.4 mol es)
in-5 nanhydrous ®ABI&EIol. After stir BERIARLET 10 hour, the.
solution is neutralyzedWhh 9l acial acetic acid. Renoval - of the met hanol
10 i h vacuo gives cru%ﬂe,%mzanhydroxyet hyj,),gZ azetidinone as an oil. The
_product is purified by chronatography on silica gel eluting with 10%
MeOH CHCI 3- t o gi ve Coristardu US-B-he al cohol ™8 p. [err]; ir ([err]is 5.67; nnr
[err] 3.20 (broad ﬁ)xcalcm&%ﬂospl@ate’—‘l and Go28s(mon t, total 3, C4H and [err]
respectively), 0- (br-oad 15 on 1/5 AB pattern further split in
four by G 4H and Nﬂi-acttosﬁtbllSlQ OH and C—18¢-m815 respectively, [err] = 13.0Hz,

Ry BEURE
actyve 1 t e i- S
by G 4H 3Bkt NalF of the retl The ik 8te saé nst _: 11 ),
8. 18p. (i n,paste (6 ME.y dnd.roghapreéded. It is dried at 45°C. and screened again through
glo 16 screens. The balance of the cornstarch and the magnesium stearate is added-
and the mixture is compressed into tablets, approxlmately 0.5 inch in diameter each

wetghmg 800 mg.

b

, . Examp]e 56. . _
s . PARENTERALSOLUTION = - = . o s
lAmpoule: ) ' :
' 'N'acfr:ii:g:xﬁg}cin ' 500 mg.
~ Sterile water 2ml
30 S C Example 57. e _ . .-: 30,
. OPTHALMIC SOLUTION |
N;acetimidqyl thienamycin 100 mg, .
_Hydroxypropylmethyl cellulose Smg. o ‘. R i &
~ - Sterile Water- to lml . ' ’
35 : o ' Example 58." - ' o e 35 # s

OTIC SOLUTION

N-acetimidoyi |
‘thienamycin . 100 mg.

 Benzalkonium chloride ~ 0O.lmg. |
40 ' Ste_rileWater S to . Imh.. .- - . .- - 40



20 Preparation of 8 - Oxo - 2,2 - dinethyl - 3 - oxa - | -
azabicyclo[4.2.0]octane 20 A solution of 4-(2-hydroxyethyl)-2-azetidi none
(1.87 g._.016 nole) and 2. 2- dinethoxypropane (1.69 g, .016 nole) in 25 ni
anhydrous nethylene chloride is treated with boron trifluoride etherate

(.201 m, .002 nole) at 25C. The resulting 25 solution is stirred for

ten mnutes. Renoval of the solvent under reduced pressure 25 gives an oi

(2.5 g). CGhromatography of the crude product on silica gel using 2:1 et hyl >
acet at e/ benzene ;as el uting sol vent gives-8|3ﬂﬁﬁe - 2,2 - dinethyl - 3 - oxaN~—""

- | - azabicycl e : : .

Recrystal l'i zati on from et her/ hexane gi vesEpmpdug®: of mp. 60-1. 30  ir .
(CHCaI 3)#: = - .. TOP : MENT ' , - 30
5.73 ([erx J-lactam) nm [err]:=%: —20; 2H, C-4 nmethyl'ene 6. 22-6. 62,

in, IH C.6 nethiwme 35 N-aletfiidoytid, | H, [err]= 14Hz, J,,=4.5Hz

35 C-7 proton cis to C6H 7.47, dbiengmycinf err] = 14H00mMeerr]=2Hz C 7 proton :
t to - 6H - 8. - - :
6Zfans O'-‘C._ ..75 8? 8.68 m 2H, ngéhﬁ%&?‘é%?@ggﬁ-"- 4&'"‘3'23’ s 3H .C 2 met hyl.s5
64 Step E:. Preparation of 8 - PBolgethyléheglyeol d0OTESRy| -10gemr] and [err] - (I -
hydroxl)/et' hyl )f-'%'?,_ - hf)xa. -1 - azabicyclo[4.2.0]Cctane To a solution of 1.1 -
equi val ent s of freshl'y ar.enar ol olchfi D dobORLARERATR dRirRRAQUS:

t et rahydr of uran undep cﬁmﬁiu tlid% ilE-h aeﬁlgpglﬁﬁaaﬂif:ﬂlyaictive7ﬁgﬂe8ieg§da§dg:ae:amblet iavm‘;l of 8

- 0X0 - 2,2 - dinet hother- aitibacteriah agehts - suglz adsi Gnuoofid, 2, mré?j!ﬂia,nemmﬁﬁ h‘{drous

t et r ahydr of ur at® whi ¢ Vﬁ'&%"“be&%‘%%;e@"?@"’mi' listinr pod kagamyging gF it m 10

resul ting |ithi um.enBFaFR ST EIRe Rl S cirnSiscied F ChadaNAifoin 1B Qb UL i ON
is 10 . hst irred 1; &h“ mmgﬁasm&i mogg?}-amﬁdixtdmmmwvﬁgzg}fﬁfaym. fls in thne
aqueous phase is reparatioa odie vomppugdsch .¢115riflvdeti<§ ! £ o leqma aTh

: i rom natural products of fermentation as described and claimed in the :
et hyl a}cet at e. 15The _Cm .ﬁﬁls of -our col};ending application No. 48235/76 (Serial No.. 1,561,109). A 2

-See in particular Examples 6 and 7 of that specification, which describes the
preparation of Antibiotics 890A, and 890A,, which have the formula:

OH

/\_—e-]/\ll—-SCHZCHZNHCOCHs
S _ N COOH .
- 90 - These compounds can be treated to cleave the’ N-acetyl group to give the 20
corresponding free base of formula:

OH e B
)\——@:SCHZCHzNHz o
I —COOH | I
/7N T
| R A o |
By total synthesis all isomers can be made available (below) as a mixture of 4
diastereoisomers which possess antibacterial activity and which are amenable to
25 . resolution by conventional techniques. The 4 diastereoisomers (2 cis, 2 trans) are 25
separable by chromatography. Resolution of any given d// pair with optically active

acids or bases proceeds according to conventional techniques. It should be noted
that the absolute configuration of the first-identified starting material (I) is 5SR 68

.~ 8R. -
Y e - 30 : o -_"Prcparati_on of Thienamycin by'TOta'l Synthesis ' , 30
< . | )\ﬁSCH2CH2NH2 o
| _' R /N -cooH I

' T Step A: - o
Preparation of 4-(2-acetoxyv_inyl)azetidine-2-one _
H,C'=CH—-CH=CHO%—CH, + 0=C=N—S0,Cl -
. 0 .



ethyl acetate solutions are dried over magnesium sulfate and filtered. The
filtrate i s evaporated under reduced pressure to give the crude product.
Purification by chromatography on silica gel using ethyl acetate/benzene

gives 8 - oxo - 2,2 - 15 dimethyl [err] and [err] - (1 - hydroxyethyl)

- 3 - oxa - 1 - azabicyclo[4.2.0]octane 15 Data for 8 - oxo - 2,2 -

dimethyl - 7 - (1 - hydroxyethyl) - 3 - oxa - | - aza-'

"bNcyclo[4.2.0]octane: ir ([err])[err] 5.72[err]([err]-lactam) 20 \/ nnr

eyrd, 5.53-6.43, m 4H G4 nethylgge + C-6 methine + C-9 nethine 6.90, dd
, , = P i 62__-7.70-8.83.

m  2H, C 5 nethyl ene ||2|;=t||—c||=cllnc-'-£H + 0=C=N~S0y0l ———== 25 8.27, s, 3H

8.60, s, 3H G2 nethyl 8.78, #, 3H, [err]=6.5Hz, C 10 nethyl Data for 8 -

oxo - 2,2 - dinethyl - [err] -7(l - hydroxyethyl) - 3 - oxa =~| - azabi- 30

cyclo[ 4. 2.0]octane: . P o N et o

30 ir ([err])[err]: c&ﬁné@gaoad. OHS5.73 [err.].mg@m&g{n nnr

(acetone-[err])[ery]: 35 _ 4.23-3.33/m C9 nethine + G4 . »

35 nmethylene +|C--p nethine 333 broafl s,] OH 2.83, dd, J = 2Hz, 6Hz C7

met hi ne 2. 67, gt R = 2Hz, 8Hz 40 4 Ni..93-1.63, m C-5 nethyl ene

40 1.63,s. 2 netg%ts 1.40, s 1.23,¢9d, J = 6.5Hz, G 10 nethyl '

. A-solution of 1.0-ml distilled chlorosulfonylisocyanate (1.65 g; 11.7 mmoles) in
2.5 ml anhydrous diethyl ether is cooled under N, in a —20°C bath.. ... = . :
5 A solution of 2.5 g:1-acetoxybutadiene (22 mmoles) in 2.5 ml anhydrous ether 5
is similarly cooled under N, in a —20°C bath. ' - S
The- chlorosulfonylisocyanate solution is added dropwise to the acetoxy:-
butadiene solution by means of a Teflon tube immersed in the CSI solution and
- pressurized with N,. The addition takes 10 minutes. Little or no color is seen and
10 the reaction is stirred at —20°C for 0.5 hour. The solution is clear and has a light 10
yellow color. R R R S
" A solution of 2 g sodium sulfite and 5 g K,HPO, in 20 ml H,O is prepared
during the above 0.5 hour reaction time and is cooled in an ice bath; 20 ml of ether
. is added and the mixture is vigorously stirred in an ice bath. At the end of the 30
-15 - minute reaction time, the reaction mixture is transferred, again using N, pressure 15 .

- and the Teflon tube, from the reaction flask which is maintained in the —20°C bath, - "
to the vigorously stirred hydrolysis mixture. Rapid dropwise addition is completed : ' '
in 5 minutes. The hydrolysis is allowed to continue for 5 additional minutes. the

. hydrolysis mix has a pH of 6—38, preferably pH 8. .
20 The phases are separated, leaving a yellowish-orange gum with the aqueous 20 .
phase. The ether phase is dried directly with MgSO,. The aqueous/gum phase is -
" extracted three more times with 50 ml portions of ether, each being added to the
initial ether/MgSO,. C - .
The dried extracts are filtered and concentrated under a N, stream to 5 ml; a.
25 portion of the product is crystalline at this stage. 25
: A column of 10 g Baker silica gel, packed in ether is prepared, and the ether
concentrate is applied to the top and run in. The flask/solids are rinsed three times
with 2 ml ether, each being pipetted off and run into the column. Elution is then
. begun with ether. The first 25 ml is primarily void volume. The next five 10 ml .
30 fractions are collected followed by three 50 ml fractions, and all are reduced in 30
. volume under a N, stream. The product crystallizes from fractions 4—6, with traces .
in 3 and 7. Fractions 1—3 contain a yellowish sharp-smelling material which
resinifies on standing. Yield: 100 mg as a ‘mixture of the cis and trans isomers. -

Step B: i N

35 o _ P_repar_ati_on of 4-(2-Acetoxyethyl)-2-Azetidinone S _ 35
1 _ g ' .
| —'/\\/ﬂttﬂa : o - _OCH - : ¥
N - R |
A ——N - S
V2 .

- A solution of 4-(2-acetoxyvinyl)-2-azetidinone (10.0 g, 0.065 mole) in 200 ml
ethyl acetate containing 100 mg of 109; Pd/C is hydrogenated on a Parr shaker at
25°C under 40 psi hydrogen for 15 minutes. The mixture is filtered through a bed of
40 Supercel and washed -with additional ethyl acetate. The combined filtrate is " 40
evaporated in vacuo tb give 4-(2-acetoxyethyl)-2-azetidinone (10.0 g) as a crystalline .~ -
solid. Recrystallization from ether affords white crystals: M.P. 44—7°; ir (CHCl,),
5.66, 5.74; nmr (CDCL,)r 3.44 (broad s, 1, NH), 5.82 (m, 2, CH,0COCH,), 6.29 (m,
1, C—4H), 6.87 (1/2 AB pattern further split in four by C—4H and NH, 1,



1,570, 990 65 65
65 Step F. Preparation of 8 - Oxo - 2,2 - dinethyl - [err] - (I -p -

ni trobenzyl carbonyl di oxy- ethyl) - 3 - oxa - | - azabicyclo[4.2.0]octane 5
Under anhydrou§ conditions at [err] a solution of 8 - oxo - 2,2 - dinethyl
- 7a- (I - hydroxyethyl) - 3 - oxa - 1 - azabicyclo[4.2.0]octane (60 ng, \
.302 mole) in 0.6 mM ether is treated with powdered potassi um hydroxi de 12‘

(19 nmg, @ mmol e). After a period of 15 m nutes, p-nitrobenzyl
chloroformete (65 ngy, .302 nmmole) is added to the reaction mxture.
Stirring is-cobtinued at [err] for an 10 |’570s9291difinnal 15 hours. The 63

m xture is partrtiongd Reuseend sH H .9 HRMOBRNA B ?d-ﬂfefrﬁfurthélr(%plﬁﬂﬁl f6R b

et her. The ether phérs-éﬂlasldw&!she ey 128HE T e 2.3, o+ I OHz7), AP adl Q24 omagnesi um
sul fate ang filtere@al B@pBEH: pronCELCHACOLH  respeetiveitier reduced pressure
gives 67 ng of a,eolorless oil. Purificatigpy dy preparative thick-Iayer
chromat ogr aphy on silica gel mepagdiopiond(AHydroxkeflylpRayticaat at e/ benzene 5
gives 8 -, 15 oxo - 2,2 - dinethyl & [err] - (1 - p -

ni trobenzyl-carbonyl di oxyethyl) - 3 - 9&&1 - |- 15 azabi cycl of 4. 2.0] oct ane

(40 ng) as a_mixture of diaster ety ([err])[errl~Q4. H([err]-lactam

and carbonate€); 6.19 and 6. nitro) 20 g (lendr]): :

20 1.67, d, 2H, ArH 2.37, g=—M, ArH 4.67, s, 2HA®H2 4.67-5.22, m CH CH

25 5.98-6.25. mU2H C 4 methylene © 29°6.62, m 1H G 6 et hi ne

. 75-7. - nitregen at7@°, @ sglytiol ac € o F4 g

g ZSmZ,t ﬁzi' m 1H G17 Lacd%rmn;&@ss ¥ 24 3‘58 mvﬁmﬁ%ﬁgﬂ _ Eys}fr@ goe @3 85 3,
ny . methoride (7 mg’,rgl_’A o Hns metHatidl! After' $8rring for 1

[err]-di ast er@oi SOmRuS thelsolutiéh ik Réutralizd Gith @latiht adtuic ddfdeRemevaDdTtied iéthanoh an 10

anal ogous nanner.  in vacuo gives crude 4-(2-hydroxyethyl)-2-azetidinone as an oil. The product is
- purified by chromatography on silica gel eluting with 10%, MeOH/CHCI, to give
1.55 g of the alcohol: m.p. 50°; ir (CHCl,)u 5.67; nmr (CDCly)r 3.20 (broad s, 1,
NH), 6.24 and 6.28 (m on t, total 3, C—4H and CH,OH respectively), 6.90 (broad s
15 on 172 AB pattern further split in four by C—4H and NH, total 2, OHand C—3H . 15
-respectively, Jyon = 13.0Hz, J,,. =4.2Hz, J,, = 1.6Hz), 7.42 (1/2 AB pattern further
split in four by C—4H and NH, 1, C—3H, J,,,, = 13.0Hz, J,,. = 2.2Hz, J,,, = 1.1Hz),
8.16 (m, 2, CH,CH,OH). : :

B

. Step D:
20 Preparation of 8 - Oxo - 2,2 - dimethyl - 3 - oxa - 1 - azabicyclo[4.2.0Joctane = 20

" .
| . N i S R
 a v an |
© . <
A solution of 4-(2-hydroxyethyl)-2-azetidinone (1.87 g, .016 mole) and 2,2-
dimethoxypropane (1.69 g, .016 mole) in 25 ml anhydrous methylene chloride is
treated with boron trifluoride etherate (.201 ml, .002 mole) at 25°C. The resulting
25 solution is stirred for ten minutes. Removal of the soivent under reduced pressure 25
' gives an oil (2.5 g). Chromatography of the crude product on silica %el using 2:1
ethyl acetate/benzene as eluting solvent gives 8 - oxo - 2,2 - dimethyl - 3 - oxa -
1 - azabicyclo[4.2.0Joctane (1.59 g) as a crystalline solid. Recrystallization from
ether/hexane gives product of m.p. 60—1°. - S

30 . ir (CHClu: : :
5.73 3(,B-lactam) o _30

nmr (CDCly)r:
: 6.02—6.28, m, 2H, C—4 methylene
_ 6.22—6.62, m, 1H, C—6 methine .
= . 35 " 6.90, dd, 1H, J,,=14Hz, J,,=4.5Hz : _ : 35
: : "~ C—T proton cis to C—6H ' ) L

[

7.47, dd, 1H, J,,= 14Hz, J,,=2Hz
< C—7 proton trans to C—6H .
. . ' 7.82—8.68, m, 2H, C—S5 methylene

0 823 s3H o I 0
| 8.57,'s, 3H }c_z methyls - -



Step G Preparation of Cs and Trans - 3 - (I - p -
ni trobenzyl car bonyl di oxyethyl) - 4 - 35 (2 -
hydroxyethyl) - 2 - azetidinone 35 8 - Oxo - 3 - oxa -

2,2 - dinethyl - [err] - (I - p - ni trobenzyl carbonyl di oxy- ethyl) - | -
azabicyclo[4.2.0]octane (1.0 g) is dissolved in 8 m acetic acrd and 2 m

wat er and heated at 650C for 1.25 hours. The acetic acid and water are

' DVed 40 under reduced pressure and the residue is taken uwﬁ_
mtrobenzyl car bonyl di oxyet hyI -Sﬂ: -E (2 - hydrox ‘et %/ - 2 - azetidinone
as a mixt L}'F%PaE?FwEiP%f‘st@Wetﬁioﬁ'f@Fg‘Yl]‘r}“ﬂé I(P{'JQF‘P‘]YG“‘H 6¥ 0%t r] -l act anm,
5.72 shoul der, 6.20 and 6. 57 “&abicyclol4 Fﬁ ro) nmr ([err]): 1.73, d, 2H, J
=8.5 Hz,- ArH 2.43, d, 2H J =8.5 Hz, Arﬂ|H363 broads T H: NHlO -
473513mIH . .10
4.72, s, 2H Ar 53, m IH C—4_' _' .23, t, 2H, J = 5:5 Hz,
[err]- 6.73-6.93 Ln - 3" met M ne 15 : N 7.$#3-8.97, m 3H, [err]
15 8.53, d, J3€75 Hz, CH The cis di ereoMers'or the cis-trans
m xture are obtai ned |n an anal ogous manner Ste E, F and G as:

al'tednati ve {8 agp quivale 1’1 H’"BPV ld‘?20 5 3- (1 -

g - nrtro ﬁggffﬁ#gg Yd&f ek ﬁ_';'-tmg:: atf‘ :{ Egﬁr \pzeti di none 20

t eps ‘akthydrdus t@tfallydrofuldieatichchak BéenCoolkd to L1°€. K Rérita wgyranyl) - 4 - [2
- (2 - t etthtat?td n%i;lhlamydn lategx treatéd, with excess acetaldehydt. Tbeeolution is c
10 stirred for inutes -—78° and then poured into water. The aqueous phase is - 10
saturated with sodium chloride and extracted with ethyl acetate. The combined
ethyl acetate solutions are dried over magnesium sulfate and filtered. The filtrate is
_evaporated -under reduced pressure to give the crude product Purification by

e

- * - chromatography -on silica- %1 el using ethyl acetate/benzene ives 8 - 0x0 - 2,2 -
15 dimethyl - 7e and p (l - ydroxyethyl) '3 -oxa -1 - azal 1cyclo[42 Oloctane B
Data for 8 - oxo - 2,2 - dlmethyl - 7,’5 - hydroxyethyl) 3- oxa - -1 - aza-’
bicyclo{4.2.0Joctane: _ _ _
ir (CH,CI Y ' : : .
S. 72y -lactam) _ _ o : :
20 nmr (CDCl,)r: o B S 2
: ‘5. 53—6 43, m, 4H, C—4 methylene + - - L .

* C—6 methme + C—9 methine
6.90, dd on broad s, 2H, J,,=9Hz

o Jea=35.5Hz, C—1. methine + OH : :
" 95 - . 7.70—8.83, m, 2H, C—S5 methylene 25
. 8.27, s, 3H C—2 miethyl
'8.60,'s, SH methy :
8.78, d, 3H, J,,o—6 SHz, C—10 methyl ,
Data for 8 ‘oxo0 -2,2 - dlmethyl -Ta - (1 hydroxyethyl) 3 -oxa -1 - azabl- _
30 “eyclol4.2.0]octane: o L . 30
ir (CHCly)u: - ' | | '
2.9 broad O—H

5.73 g-lactam °

- nmr (acetone—d,)s: o : :
35 4.23—3.33, m, C—9 methine + C—4 : . .35
. methylene + C—6 methine : : . T
3.33, broad s, OH

83,dd, J = 2Hz, 6Hz L

67, dd, J = 2Hz, st} C—7 methine -~ _ o

93—1 63 m, C—5 methylene o . : . C 40

23 2 C—2 methyls ' R
d

2.
» 2
40 . I
1.23, d, J = 6.5Hz, C—10 methyl R N e



25
25 Under
azeti di

with 2,3- dihydropyran (.98 nm,

nonohydrate (19 ng, .10 mmle). The resulting solution is stirred for a
period of 60 m nutes and then 30 partitioned between 10 m of .SM pH7
phosphate Quffer and 10 nml of ethyl acetate. 30 The aqueous phase is
extracted a segend tine mnth ethyl acet at psobhg conbi ned et hyl acetate-65
sol utions are ' T 5 ' .
The filtrate is evagprated under reduced epsisu re to grve 216 of crude .
product. Purificati WW‘%P&E&{%&H \?g t4ime Y'I : l Q;ﬁﬁi gr%rhy"!d@wr opi ng
with. 35z . ethyl acetate gi V&80’ i*bt'1 °° MYdropyranyl,) - 4 -

nitrogen and at [err], a solution of 4- (2 - hydroxyethyl) -
xane is treated

2 -

1.08 nnDIes) and p-tol uenesul fonic acid

[2 - (2 - tetrahydro- 35 p@kanyl)oxyethyl] 2 URazetrdrnone as an oifl..

nnr [err]

m [err]

5.13-5.60, m 5. 83- 5 m C-4tL4\lerr o 6.
dd, J 5#2 and 15 Hz -3 g y ene 7.35._4d, J and |15 Hz 7.62-8. 95,
.Y B
' I

6.7 0 156N 0
67 Preparatlon of Cs and Treg‘ns - >< (2 tetrahyc(fopyr%

95

hydroxy- ethyl) - 4 - [2 - (2 - tetrahydropyranyl)oxyethylI -2 -
azetidinone Foll owi ng the procedure descrlbﬁd fp e ﬁ@tlon of 8-
oxo- 2,2 5. dimethyl - [err] and A - (I y ar oOXy=t=h ) - oxa - -
azablcyclo[4 2. 0]octane from8 - oxo - 2 - dﬂneth - 3 - oxa - -

azabi cycl o[ 4. 25 0] o dsrrmlhmww orldmorgzt 0°G. & 3 dlmst 2 (25
- tetrahydropyranyl figy L@ l"é‘;“st@% I;f;m a orreric
m xture of both ci &maad;q fteN& period mutese s zﬂmm n)ate(e bz-

hydroxyethyl) - 4 -m Qleylsgazded lpethcah?mbm ttanysnzrmg lmontmuefbnya"ﬁ tan

azeti di none.

10 .additional 15 hours, The mixfure is partitioned

. th h d t d brine, d
of G's.and Trans ﬁ:lagneg e BN ﬁsvearﬁsaévﬁffform lfrate bnder Fedut ”ﬁrés?ﬁré
benzyl ¢ar bonyl di OX)@Iehydﬂ -mgl-of [ 2 colt(rﬂ:ss- dilet Pugifiyalion DYy apryparaivy ethivkHayer
azeti di none

-

chromatography on silica gel developing with 1:9 ethyl acetate/benzene gives 8 -

15 . 0x0 -2,2 - dimethyl - 7a - (1 -p - nitrobenzylcarbonyldioxyethyl) -3 -oxa -1 -
' azablcyclo[4 2 0]octane (40 mg) as a mixture of diastereomers. _
ir (CH,ClL)u:
5.68 (p-lactam and carbonate), 6.19 and 6.54
(mtro)
20 nmr(CDCl,):

1.67, d, 2H, ArH
-2.37,d, 2H, AtH
4.67, s, 2H, ArCH,
' 467522, m, CH CH
25 5.98—6.25, m, 2H, C-—4 methylene
6.25—6. 62 m, 1H, C—6 methine
6.75—7.12, m, IH, C—7 methine
7.75—8.83, m, 2H, C—>5 methylene
822, s, 3H C-2 meth 1
30 8.50—8.58, m, 5H, C-—2 methyl + CH,CH
The 7[5-d1astereonsomers or the 7a and ﬁ-mlxture are obtamed in an analogous
manner.

Step G:
. Preparatlon of Cis and Trans - 3 - (1 - p - nitrobenzylcarbonyldioxyethyl) - 4 -
35 j _ (2 - hydroxyethyl) - 2 azetldmone '

® - W "

L

]
R T S d |

8 -Ox0-3-o0xa-272- dimethyl - 7a - (1 - p_- nitrobenzylcarbonyldioxy-
ethyl) - 1 - azabicyclo{4.2 Oloctane (1.0g)is dxssolved in 8 ml acetic acid and 2 ml

water and heated at 65°C for 1.25 hours. The acetic acid and water are removed
40 under reduced pressure and the residue is taken up in benzene and evaporated to

SBa
e

2 -

etween 1M pH 7 phosphat ‘if}tiﬁeatromo

15

20

25

35

40



15 Fol |l owi ng the procedure described for the preparation of 8 - oxo -
2, 2- 15 dinmethyl - 7a - (I - p - nitrobenzyl carbonyl di oxyethyl) - 3 - oxa
azZa ‘bjr\ycl CrrAr__z Q_Jor\f anhe frnm& oOX0._= ') 2 - di et h\l| = rprrl (l

- hydroxyet hyl) - 3 - oxa - | - azabicyclo[4.2. Oloct ane and usi ng trans -
- (2 - tetrahydropyranyl) - 3 - (I - hydroxyethyl) - 4 - [2 - (2 -
A8ty ahydr opyranyl ) oxyethyll -2 - azetidi none 20 ‘there i s obtained

ahs - | - (2 - tetrahydropyranyl) - 3'- (I - p - nitrobenzyl- %

onggl di 0xyet hyl) - 4 - [2 - (;2570g9§t-rahydr opyranyl ) oxyet hyl |66'

manner .
Pr epar at.i cgweofano-é -dhd p FmitrabenzyRarborfyldioxygshyl) nﬁt-l(bbbrdzwmlbonyl di oxyet hyl)
- 4 - (2 -2 histidagns Ay mixturegol. dlﬁ?msaﬁnﬁrane 25

25. 68 ir (CH,ClL)p: 1,570, 990 —~ . o

68 A sol ut|0r56c'o’f lalciamo. 5‘721sh°ulqe2,62Q%ldr6aﬂ’lydropyranyl) - 3 - (he# p -

ni troBenzyl - ®¥Phonyl di oxyethyl) - 4 - [2 = (2 - i 5 -

t et r ahydr opyy @pai)oxyethyl ] - 2 - azetidinone in nethanol at [err] J4s
treated with 1713, d0lthr) euHeoAwht of p-tol uenesul fonic acid nonohydrate. The
solution is- e@fjmsﬁ ¥5d of 2 hours-and then neutralized 5

vmth1 M pH? &g The product is extracted into et h& acet ate.
The et hyl acet.n‘;azsnlALtCHpn is. vvashed with brine, dried over nmagnesium

sul fate and f607t—ér5édm, Tlthe‘c-f-l4 fie i s evaporated under reduced pressure to
give trans - (557.2, ’%ﬁ C—'3 zyl car bonyl di oxyet hyl) - 4 - (2 -

hydr gqxyet hyl )753&:;97&3,(9 dCH@’HE,OH e ci Sdl astereoi soners are obt awed in an
anal ogous - margss; d, 106.5 Hz, CHEEIG - H:

10 Prepar aTheogs dinsteieaisqmess qn e Sczs_trags' m{xpurc aF; obtamed 1_n an analogous

ni t r obenzyM&4Fbonyl di oxyethyl) = 4 - [2,2 = bis(2 - hydroxyethyl)thioet hyl]
- 2 - azet s@hdTONE, ENEe G B AeMBEVR taStepsD,1E, F, ediG 6F the Prephrafistivrdr ous pyri di ne
(. 14@om , B.-8Q0 -1b- nitrobenaylcirmyldivaybtiymy &Jshydmﬁbrl)sd‘-’tldhpm um 2g i oxi de
(92 ng, .916 mMmle) in 8 nR 15 anhydr'gus acetonitrile is stirred for a
peri od of 30 -m nutes. -To _ ark ‘br owmn’ sol ut-i on |s added 250 ngy
of “dry Super cel followed byJa ol ution of trans - (L - p -

ni trobenzyl car bonyl di oxyeth b4 - (2 - hydroxyet=hyl) -2 - azetldl-none
" (186 ng, .550 mMmole) in | .anhydrous .acetonitrile.. Af:.ter stirring for a
20 period of | hour, the reaction raixturﬁ' fllteredthrough amxed

packed bed of 2 g 20 . R=—C0CH; IIII;
I - Steps D, E' F'andG' ' '
Preparatlon of 1-@- Tetrahydropyranyl) -[2- (2 - tetrahydropyranyl) _
oxyethyl] - azetxdmone :

: o (. . “O - -
’ _(\/ _|/\/ a ﬂ B ’

- Under nitrogen and at 25°C, a solution of 4 - (2 - hydroxyethyl) - .
azetidinone (62 mg, .539 mmole) in .5 ml of anhydrous lp-dloxame is treated with 2 3- '
_dihydropyran (.98 ml, 1.08 mmoles) and p-toluenesuifonic acid monohydrate (19 _
mg, .10 mmole). The resulting solution is stirred for a period of 60 minutesandthed - = 5
30 partitioned between 10 ml of .5M pH7 phosphate buffer and 10 ml of ethyl acetate. 30 -

. The aqueous phase is extracted a second time with ethyl acetate. The combined - :
ethyl acetate solutions are washed with brine, dried over. magneslum sulfate and- -
filtered. The filtrate is evaporated under reduced pressure to give 216 mg of crude PO
product. Purification by preparative thick-layer chromatography developing with . .

35 ethyl acetate gives 80 mg of 1 - (2 - tetrahydropyranyl) - 4 - [2'-(2 - tetrahydro- 35
yranyl)oxyethyl] - azetldmone as an 011 _ S

nmr (CDClL)s: - _
5.13—560, m, OCH. -

D 23?&3 815 Stz d}{5+HOCH .

o Z an Z ot

. 735.dd.J=3Hzand15Hz f €3 methﬂe“e |

7.62—8.95, m, CHCH,CH,CH,CH, + CHCH,CH,0 -



each of the silica gel and magnesium sulfate. The bed is washed repeatedly
with a total of 30 mMl of additional acetonitrile. The filtrate is
concent+ated under reduced pressure—at—ferr}+to—-a-volune of 3 m. By
thin-layer chrqmatography-(silica gel; ethyl acetate/benzene 2:1) this

solution contains a product ([err] = .38) less polar than 25 t he .
starting material (R =.21). - N RN
25 The acétonitrile solution of trans - 3- (I - p - '
ni trobenzyl car b%gyl di oxy et hyl) - 4 - 55&%5‘ hyl ) - 2 - azet | d| none g\

prepar ed above +s—urder—hi-trogen—and—at |_c||], treated—wtth

2- mer capt oet hanol (OPeaﬁamn of5CH apdrdrazs )} 1f 0(2| otewahydropering) eBy (by fbénoen
trifluoride etherate (0. £#8Dm4 - 2 43 -rrtsahadppyrapperyedyll r 2 nﬂe‘fdd)‘}""& peri od
of 30 2 15 minutes, this solution is paktitioged between aqu

di pot assi um hydriggen 30 phosphate (75 g} in{4 m of water an 12 m- of
et hyl acetate. The aqueous phase(is ract g¢d ajJsecond tjne th gt hyl :
acet at e. sThe conbi ned et hy, sol uti-ons “ar ' th bl ne, dried
over magnesium sul fate and filkt er ed The filtratel] vapor at ed under
reduced pressure. to giv 0 rified 35

by preparative thick-I a@er chro t-og aphy on sili ca' gel { dev Iop| ng with

et hyl . 35 acetate to give 118 trans - 3 - -

ni t robenzyl car bonyl di oxyeth 2 - bis(2 - h dr.oxy thyI t hi %ﬁt hyl |

4= [2
- 2 - azetidinope asF‘é!"’%?{gotheE‘ggc“d‘%‘{e_ dg ({;“%ﬁ 1‘25 ’a“B“ }ilg;M oS! der)

[err]-lactam and cargn

dimethyl b lB[Q 2 Oloctane and using 1 -
40 69 . (2 - tetrahydropyranyl) -~ 4 - [2-1,(370t& ydropyranyl)oxyethyl] - 2-
69 nnt (acetone-| er r {llbm -ong Olﬂams d diagtercogens tur‘? bopg fip gndxgans g | -42= 8. 5
Hz, 2H, ArH - yra t H Iydroxyethy) _ 3,( é,teA opyranyl) 3H‘ _
5 4.63.5.12, m\ [err]”"’i’séil 56" °j°‘/‘ Clerr] . 13H 10

5.80-7.45, m C-4H +P£Epﬁ~hhon+oli[@f afd TraBiS- 8.-33 - terrah@diopyranyh)]- 3 - (I - p - nitro-
.~ benzylcarbonyldioxyethyl) - 4 - [2 - d(2 - tetrahy ropyranyl)oxyethyl] - 2-
azetidinone

L0
ey O

u-cotuz—©-

15 Followmg the procedure descnbcd for the preparat-on of 8-o0x0-22- 15
' dimethyl - . 7a - (1 - p - nitrobenzylcarbonyldioxyethyl) - 3 - oxa - | - aza-
b1cyclo[420]octane from 8 - oxo -2,2 - dimethyl - 7a - (I -hydroxyethyl) 3-

oxa - | - azabicyclo[4.2.0]octane and using trans - 1 - (2 - tetrahydropyranyl)
-~ 3 -(1 -hydroxyethyl) -4 -2 -(2-- tetrahydropyranyl)oxyethyl] - azetidinone
20 there .is obtained trans - 1 - (2 - tetrahydropyranyl). - 3 - (1. - p - nitrobenzyl- 20

carbonyldioxyethyl) - 4 - 2-Q- tetrahydropyranyl)oxyethyl] - azeti_dinone.
The cis diastereoisomers are obtamed in an analogous manner.

oo Preparatlon of Cis and Trans -3 - (l -p - mtrobenzylcarbonyldloxyethyl) 4 -
N : : - @- hydroxyethyl) 2 - azetldmone -
R
- : _(\/ ' ' N . o
' C—m :
25 . n/ U _ n/ T . 25,



10 8.53, d, J = 6.5 Hz 3H CH3CH The cis diastereoi soners are
obt ai ned in an anal ogous manner. Alternativel y the 10 m xed

m xture of the di astere0| sorrers Step 1: 15 Preparatlon of Trans - 3 -
p - nitrobenzyl carbonyl di oxyethyl) -4 - [2,2 - bis- 15 (2 -
foet hyl )t hi oethyl] - 2 - azetidinone To a solution of 211 ng (nmw =474;
45 mmole) trans -~ 3 - (I - p - nitro- 20 benzyl car bonyl di agyet hyl ) -
4= [68, 2 - bis(2 - hydroxyethylj)sbpmet hyll - 2- 20 azetidinong in 5 m
tetrahydrofuran%zF) (d| stllled Tromlltnl umal um nom nydrtadey—at 0C i s

added 10 ? Fﬁg; 3?Yfaey S)Iiu PIHOPenml- THF f ol | ovied
1§1re ff%uac t'of

i mredi ate,fy,e endd Slsz,t ; 0.967 mol e).

thd SR,

The r eachncmuhyﬂraxé (he solatiomtis stitred forarpekiod 6£2 havroknd tﬁ@rdeimalfi I+ et hyl amine
25 3 h‘iﬁé ng)PhQ}tht%b#ffé% S g’é%duﬁd% xjm%temh ngsuinlgmswtah Thef ety mig liliters
addi ti on rated under a

stream o% tf,ﬂ[-db-l]?e Ythiay lﬁng'% ﬂEy we mms E%%Enjlo m nut es.» The

di nesyl atcedxamreomndrsadrebytande mcﬂn\mdogdus EnaﬂierDl\/SO (d| stilled from[err] at 8
rrmorld stored over 4A Linde Mol §cuk_lar Si eves) in the presence of 347 ng NaN
( 65 prepadflod BPER Jand MHdnfL 3341 p - silrbiehi YRGBk under [eto], 10 m
H20 and 203?,?71 %1 2,y - bge(ze.tﬁwaox ){lﬁé@hyﬂ%& i le}ggn'hlyers are separat ed,
and the aqueous one is washed three tinmes with 10 EA, each organic Iayer

then being bggkwashed with 10 m [ rr]n and 10 m b i'ne. The conbi ned EA

| ayers -are dryi ed over. anhydr ous [etr],| filtered anfl concentrated under a
[err] stre@m'le' | t..)!:‘rude dla’l,d’g\ g thin layer

chromat ography |35 on-silica=gel yidlds trarf -3-? (r-p-

ni trobenzyl C&W"dl oxyet hyl) - 4}- [2?7_-"_“_;35 bi $(2 _

azi doet hyl YtWoethyl] - 2 - azetid inorfe. The ci s .di ast ¢reoi somers or the
‘ci.s- trans mxturé are:obkained i n an anal ogous nmanner/ - 70

1,570,990 - 70 Step J: A fAeshly d . Davies and{M - Schwarz, J.QO C.,
3:0,,' 1242 (1965)) solutfon Tmmnyl Mazqget hanel (29 rrrml e) in 150 m

-

~of ether is added with NS
: : n/ ' \/-\DH

R

n
A=t~ __>—Wy
Under mtrogen at 25°C, a mixture of anhydrous pyndme (.146 ml 1.81
15 - mmoles) and arihydrous, powdered chromium trioxide (92 mg, .916 mmole) in 8 ml 15
anhydrous acetonitrile is stirred for a period of 30 minutes. To the resulting dark
- brown solution is added 250 mg of dry Super cel followed by a solution of trans -
3 - (1 - p - nitrobenzylcarbonyldioxyethyl) - 4 - (2 - hydroxyethyl) - 2 -
azetidinone (186 mg, .550 mmole) in 1 m!l anhydrous acetonitrile. After stirring fora
20 period of 1 hour, the reaction mixture is filtered throu, gh amixed, packed bedof 2 g 20
each of the silica gel and magnesium sulfate. The bed is washed repeatedly with a
total of 30 ml of additional acetonitrile. The filtrate is concentrated under reduced
pressure at 25°C. to 4 volume of 3 ml. By thin-layer chromatography(silica gel;
ethyl acetate/benzene 2:1) this solution contams a product (Rf =.38) less polar than
25 the starting material (R, =.21). 25
- The acetonitrile solution of trans - 3 - (r-p- mtrobenzylcarbonyldloxy- :
ethyl) -4 - (2 - oxoethyl) - 2 - azetidinone prepared above is, under nitrogen and
at 0°, treated with 2-mercaptoethanol (0.386 ml, 5.5 mmoles) followed immediately
by boron triftuoride etherate (0.176 ml, 1 43 mmoles) ‘After stirring for a period of
30 15 minutes, this solution is partrtloned between aqueous dipotassium hydrogen 30
phosphate (1.5 g. in 4 ml of water) and 12 ml of ethyl acetate. The aqueous phase is’ =
extracted a second time with ethyl acetate. The combined ethyl acetate solutions . -
are washed with brine, dried over magnesmm sulfate and filtered. The filtrate is
evaporated under reduced pressure to give 229 mg of an oil. The product is purified . - .
35 by preparative thick-layer chromatography on silica gel developing with ethyl .35
acetate to give 118 mg of trans - 3 - (1 - p - nitrobenzylcarbonyldioxyethyl) - 4 - . .
2,2 - bis(2 - hydroxyethyl)thloethyl] - 2 azetldmone as a colorless 011

ir (CH,CL)u: .
. -3 75 (5 79 shoulder) p lactam and carbonate
40 6.20, 6.55 nitro .



5 stirring to a solution of 1.0 g oxomal oni c acid, nonohydrate (nw
136 7.35 5 mole) in 50 mM ethylacetate (EA) at [err]. After 2 1/2
hours the yellow solution is concentrated on a rotary evaporator with mld
heating to approximately half the volume, dried over anhydrous sodium

sulfate, filtered and concentrated as above to an oil. To the crude

p-ni trobenzyl ester in 50 m toluene (Tol.) is added 3.54 g of 10 trans_ /

- 3 - (I -"p - nitrobenzyl carbonyl di oxyethyl) - 4 - [2,2 - bis(2 - 7 '
azi doet hyly-- 10 thioethyll - 2 - azetidinone (nw =524; 6.75 mmole). Wth
stirring the rfaction mxture_jis heat ed i B3P 1 hHath allow ng 69

approxi mately 1/3 oimt (aeetémelddene to boil off. Toluene (dried over 3A 1/16'-
Li nde Mol ecul ar si eves)i0sd.aldeldsl Hzo2Bgsith bring the volunme to 50 m, and
the. azeadrying pr.oce &i_%é@%;%%\;@"’t’?ﬁ”ee addi tional tines. 15 The
solution is tRemrefl uxad WRer Hor. one hour, the azeodrying process

15 repeated a final ti4—5a00n,/GH,CHX HB continued for an additional hour.
Concentrafion of the resulting solutio under a stregmof N2 yields crude
1. The -crude .materi.al Jed ph;qrﬁ}wéglﬂ/ed on silica g4l to give l. The cis
di ast ereoi soners or thé trs-trans r‘h-XsI\ure i s obtaineg I3 an anal ogous
manner. 20 : - S StepfK: |

20 71 - 580—7.45, m, C4H + C—3H 4 S6pCRON J :
71 Step K- Coptinued @@gﬁéﬁﬁgﬁfﬁfﬁ& g.l. (mw = 912; 3.07 mmwle) in .
35 m THF (distill ethel disQUsterdoiibilens ate Bbtd: ith\fﬁr&a%?))us%anE?%é}t rhgtivggégg 0. 310
m pyridine (mv = 7fixeddiast®iddisorivers -are obtdidedTWRere the( flarihg Inla 'aﬁ r'dd and .
stored over 4A Li ndeixtt efcthe diasteieeisamers. Wth 5 stirring under N2, 0.438 g
thionyl chloride (mv = 119; 3.68 mmole) i teilﬁ 11 THF is added dropw se. The
reacti on m Xt e i Spredardtiof @ vragers Ng for % i o4l A2 hou
at [err], andBfi_naI | ylsl hour at2 E?Gi_id%et ymﬂmgn&'ﬁﬁ?ﬁﬁéﬁ%%%‘% (;tr hgg i]b(ész Is
filtered under [err] and c@@@hed twice with benzene (dried over 3A 1/16"

Li nde 10 - Mol ecul ar s s). The c‘oray"wgd/g Itrate and washi ngs are
concentrated under a N)@\Wﬁri ed ipga small volume of benzene

wi th anhydrous [err] filter]e nder g*’r\anﬂ't-hmngsoﬂhcmjur at dajunder a N2
stream Runping on high v Mor 1/2 hour yields an offff. ~Topusr s freshly
prepared chloro conpound@fs added with stirring 0.885 g triphenyl phosphine
(mv = 262; 3.38 nmmole) in.66 m 9 lgghpet hyl - 15 formam de (DVF)/ H20
foll owed™y 550 ng [err] (M= 174;/%. IG nmol e) ;I'De\/".@S :

—( K g /\/lg

_ '/,-—IIII :
. | © o
To a solution of 211 mg (mw = 474; 0.445 mmole) trans - 3 - (1 - p - nitro-
20 benzylcarbonyldioxyethyl) - 4 - {2,2 - bis(2 - hydroxyethyl)thioethyl] - 2 - 20

azetidinone in 5 ml tetrahydrofuran (THF) (distilled from lithium aluminum

hydride) at 0°C is added 103 mg mesyl chloride (mw = 114; 0.904 mmole) in 1 ml

THF followed immediately by 134 ul triethylamine (mw = 101; p=0.729; 0.967

mmole). The reaction mixture is stirred for 1 hour under N,. The triethylamine :
25 hydrochloride is filtered under N, washing with a few milliliters additional THF. 25

The clear colorless filtrate is concentrated under a stream of N, followed by

pumping under high vacuum for 10 minutes. The dimesylate is immediately

dissolved in 5 ml DMSO (distilled from CaH, at 8 mm and stored over 4A Linde

Molecular sieves) in the presence of 347 mg NaN, (mw = 65; 5.34 mmole). After '
30 stirring overnight under N,, 10 ml H,O and 20 ml etilyl acetate (EA) are added. The 30

layers are separated, and the aqueous one is washed three times with 10 ml EA, -

T = each organic layer then being backwashed with 10 ml H,O and 10 ml brine. The
combined EA layers are dried over anhydrous MgSO,, fi’ltered and concentrated

under a N, stream to give the crude diazide. Preparative thin layer chromatography )

. 35 on silica gel yields trans - 3 - (1 - p - nitrobenzylcarbonyldioxyethyl) - 4 -[2,2 - . 35
- bis(2 - azidoethyl)thioethyl]l - 2 - azetidinone. The cis diastereoisomers or the cis-

- trans mixture are obtained in an analogous manner.



. To 434 nys@ripente 2 sphgon Of 4

reaction mxture is stirred at 250C for 35 mnutes. After dilution with EA
and brine, the |layers are separated and the agueous one extracted three
~times with EA The conbined EA |ayers are washed with brine, dried over
anhydrous [err], filtered, and concentrated under a stream of N to0 give
crude 2. The material is 20 chr omat ogr aphed on silica gel to give 2.

ci s diastereoisoners or the cis-trans 20 m'xture is obtained in an

A ogous manner. Step L: 2 1 570, 990 o
.8 rri pent ane (dri ed over 4A Li nde nol ecul ar si eves) is addgdy0.2 m
: - To a solution of 950 [er] (nw =
896; 1.06 mmmol e) |n 15 M Et20 (csidpqd over 3A 1/16" -Li nde m)l ecul ar si eves)
at [err] under ;M'th stlrrlng i s added dropw se 2 3 nm . of the above 0.49

( 3

M Br2 sol ution mol e) .- : After stlrrltﬂ or. 10 minutes at [err],
114 [err] .cycloh o : leakdag S mﬁpdmé) IS added\,_}\fter »5
mnutes at [err],{53 ng 57% (57‘% 2 ng, mw =24, 1.26
mmole) in mneralllgi| is added to the stirred rﬂﬁzﬂﬂtlon mxture. This js:

fol | owed i medi ately by the addition of 14 nf ice coIdDI\/F(dlstllledfrom
anhydrous [err] at 40 nm and stored over 4A Linde.nol ecul ar sieves). -
Stirring at 10 JC00PN8 [err] under N2 is ((ﬂ(ﬂﬂl’ﬂiued for 3 hours. The reaction
mxture is pourgd into,a s 10|cecold i Xt U 2.5mM | M
ferr]-40 m 0- 1 9(:![ T ony : §ﬁé-m£“3 t he aqueous one
is saturated wit . gThet2Mi ned organic
l.ayers are extr d ov ~anhydppous [err], filtered

i ahd SF'f?&é&t racted w

ted once with' brine, drn

and concentrated under a N2 stream fol | owed by y,fwl ng on a 15 - hi gh
vacuum punp to pr g@ N epar ative th| n2 a?yer chromat ogr aphy on
15 silica gel yields 7 N s c?iasteremso.pbrs or the cis-trans m xture

i s obtained : t 0 ntane (dried
over 4A Leadioar i, &i%éﬁf.%mﬂ“a?n?é%mﬁ%%aﬁ B 575 ol .

WFeléﬁ ol 3A 3/ 16" Linde

ot ot oy mdin o et RO s eurie GRER

volume, dried over anhydrous sodium sulfate, filtered and concentrated as above to
an oil. To the crude p-nitrobenzyl ester in 50 ml toluene (Tol.) is added 3.54 g of _ &
10 trans -3 - (1 - p - nitrobenzylcatbonyldioxyethyl) -4 - [2,2 - bis(2 - azidoethyl)- 10
: thioethyl] - 2 - azetidinone (mw = 524; 6.75 mmole). WIth stirring the reaction
mixture is heated in an oil bath allowmg approximately 1/3 of the toluene to boil
off. Toluene (dried over 3A 1/16” Liride Molecular sieves) is added to again bring +
T . the volume to 50 ml, and the azeodrying process is repeated three additional times. -
15 °  The solution is then refluxed under N, for one hour, the azeodrying process 15
: repeated a final time, and refluxing continued for an additional hour.
Concentration of the resulting solution undeér a stream of N, yields crude . The
crude material is chromatographed on silica gel to give I, The cis dlasteremsomers
or the cis-trans mixture is obtamed in-an analogous manner, :

20 B | : .~ StepK: : e
' ' 0COOPNB ' o : T
_ - r____(\<scn-)l:uzug o
T SCHACH :
B SNy} 2 2“3 ey P
O (GogeNey :
L . R
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25 dropwi se 1.52 nl of the above 0.42 MBr2 solution (0.63 nmole).
After 15 mnutes 25 at 0C., 33 ng 57% NaH (57% of 33 ng= 18.8 ng; nmw = 24;
0.78 mmole) is added followed imediately by the addition of 6.35 mi

ice-cold DMF (distilled fromanhydrous [err] at 40 nmm and stored over 4A
Li nde Mol ecul ar sieves). The reaction mixture is stirred for 1 1/2 hours at

0C., then poured into a stirred ice: 30 cold mxture of 1.6 1M
[err] 20 nt~[err], and 20 m EA. - The | ayers are 30 separated and the
aqueous ode/sat rat ed with NaCl and re-extr, ?&iﬁd vvlth addl tional EA. Theq
conbi ned orga h'u.r..c, trred—over—amhydroos—

[err] and filtered. The filtrate is cBp&ntrGemiduethder a N2 stream and then
punped on high vacuumto give crude ﬁ}mﬁrepar ative thin layer 35 :
chronat ography qp-silica gel . gives e cis diastereoisonmers or.the
cis-trans *35 mgq;.ure is obtar ned,li ner.- . 73 :
1,570, 990 - ' ' JN: To 210 ng 4 .(nw
871; 0.241 nmol e) dlssolved|n05 dIStIz||ed5 : from[err] at
8 mm and. stored over 4A Linde nol ectf ar si ves) is added. at [err]. 5 with
stirring 40 ng.1,5 - diazobicyclo[5. 4. O]UI‘FBI?E‘Z 5 - ene (distilled at

e

[err]/2 nmm (nw = 152; 0.263 mmle in 7n1 dm’ethlsulfomde(DlVBO) The

solution is stirred. n'Be#SONZIOﬁ 39 =9 H’l HFéd' t'F‘i‘f’

i ce-cold mixtuge ofl “gg‘l m 20k RS ey, Rider
separation of fhe |§Mﬁﬁ ﬁe,, 0.43850M fonyk hlorlde nﬂwens»ssma;bla) AXthITHER Wi t
EA. The conbi ned or ddrolpa er’lﬂleaﬁaetnmnhmh i9 stirredi umder N,(Jorvi minuties ptre0°Cr i ed

over an rous en flf2 oC ?ﬂ!’ [h t a(Ej OV\B |
e e R dERE R T e L

chromat ogr aphy on sitteafgsi@ied )ﬁi alsehall yolurhB &f cbbﬁzeﬁh aih @iilatond Mgse.,dmeteﬂe

cis-trans mxture i s/nzdlyleaamﬂeuld ;:11 ?lanot:%?:éﬁgsh e prep Pum‘l%lsg %%Ph‘;;}i vacuum for '
Step O: our yields i ‘?g ﬁ!: ‘ﬁ%_? (mN
= 791; 0.236 il €) i Harido VP RIY SOmEKIARG: Lthe odimion.

30 mMm pressure) is sdcivd nitturdis sﬁyedmh&é tbuss Ihmiltes( Aftbmﬂuﬁmwnﬂ(EA and bamé,ew

hours at [err] overt YFsa paratpd a a Wgﬁs &xtf@teﬂiib'e?rﬂ@ ith
stirring <under £ u‘m’j ; &dgd aﬁdﬁzuf E? i ‘Eerr]
After a total wf 25¢berﬂhtb§t§pheﬂ 8 silieagd lt@glvm mﬁurca diaSteﬁ:GEblﬁdsb em-r

dil uted with CH2Cl 2mixture is obtained in an analogous manner.
=5

Step L:
0CO0PNB
}\ S—CHaCHN3 . )
_'I|/\"<s—tu2cn,u3 + Bry Etg0/CsHyy

y a =
0 |

(C0PNB),

- 3

| o e | :
0C00PNG +]
I/}‘\' ___(\<sc“2m2“3 .- () . -
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and transferred to a round bottom flask for concentrati on under a N2 stream
and 74 1, 570, 990
74 then on high vacuum Partitioning of the residue between 10 nl EA and

1.8 M I MJerr] in 10 nl [err] is followed by extraction of the aqueous

| ayer two additional tinmes with EA. The conbined organic | ayers®are

xtracted with brine, dried over anhydrous MgSO4, filtered and concentrated
pr a streamof [err] to give crude 6 5 Preparative thin layer ..

‘{ .%at ogr aphy -on silica gel 906‘ The cis diastereoi somar7 ' orWhe

a sol ut I on ©b 7Jshm mtx@ddﬁhd&&emmnhsomauar&e(aﬁsﬁ@pdmz/mlei,Z 0. 055 10

mol e) i fmy=16 er ﬁ?{%ﬁg‘kﬁ Eﬁ %s%m Qﬁﬁ%@ored over 4A
Li nde I\/b 7. +
di azobi Clg nﬂg wéia.'setes a o.c ena g]‘f = 152; p

To

=1; 0. Oﬁﬁ)ﬁ)l Aftéreslmoﬁtatatﬂ?c,ls msﬁMNeH(ﬂ%dﬁm g#ﬂ 2fgr 15 M nut es

di | ut ed =F 2@'@3 l“') staﬁdﬁ ? hisis | nedi ateley to
2-1000[ e ore { o% i g%t%r 05:5 a m xture -of
15 @i s aoct:ﬁrrda (ﬂﬁ'h&fd&&lmr'mer rhixtukdis p qameaemﬁ of mg [err],

61 ng of lcE-c(nhdwnm@ of @5 inl W%?Oaﬂfanlrﬂzms ml EAdeatmratlenm TH 3mM HO

i S hydrogg%% am% @'ﬁsgg;t‘g‘ e wn nf"se"tne ; AcThe: i on mixture is
then 1il GERO0 HGRU A0 Shebht Aot Gt 418, Wedath liowed thfpn.é‘%na hosphat e buf f er.
Af t g5 COﬂigﬁﬂid’uaﬁllpﬁ)ﬁlpltdﬂpm&ﬂeleruﬂﬂ3 tan:aaiuwdmpaydﬁbhmm grapf us miggture is
extract eeilu‘ia gehyigldsd, Thexisdiasteceoistmers prthe ris-trany atixturs isabtpned inramt ed to a smal |
vol ume aA'®EH PEY°to a col umm of 100 g XAD-2 resin.- Upon elution with
[err] 25 and di scarding thesighM:i al fractions, those fractions

contai ning producfe@ee 25 | yophilized to give 8 as a mixture of cis and
trans di astereoi seners. The fo %%ng procedure for the enzymatic

N- deacyl ati on of A*kj ena ' @B forns part of the invention clained in
t he speC|f|cat|on of ou copendi ng applgj catttgmﬁip 48233/ 76 (Serial No.
1,561, 108), is applj for-all isonef e-f-—e-é—-thl enanycin -

'partlcul arly the d stlnct N-acetyl |sorrers 890A, and [err], which 30 are
~descri bed in our copendin gf’pm)i i cation No. 48235/76 (Serl al No. 1, 561 109) .

~~

" oCOIPNB -
Br
A 1 -/Br
| <

20 - + MM __OMF 2

(CO5PNB),

0COOPKB Br

\\.

A\

y - (CpPNBl

T09.16 ml pentane (dned over 4A Lmde Molecular sieves) is added 0.2 ml Br,’ o S

(mw = 160, 3.9 mmole). To 474 mg 3 (mw = 793; 0.598 mmole) in 13 ml Et,O (dried A
over 3A 1/16" Linde Molecular sieves) at 0°C. under N, with stirring is added

25 dropwise 1.52 ml of the above 0.42 M Br, solution (0.63 mmole) After 15 minutes 25
at 0°C., 33 mg 57% NaH (57% of 33 mg=18.8 mg; mw = 24;0.78 mmole) isadded ®
followed immediately by the addition of 6.35 ml ice-cold DMF' (distilled from .
anhydrous CaSO, at 40 mm and stored over 4A Linde Molecular sieves), The
reaction mixture is stirred for 1 1/2 hours at 0°C., then poured into a stirred ice- . _

30 cold mixture of 1.6 ml 1M KH,;PO,—20 ml H 0, and 20 ml EA. The layersare -~ 30 -
separated and the aqueous one saturated with NaCl and re-extracted with . =~ -
acf ditional EA. The combined organic layers are washed once with brine, dried:
over anhydrous MgSO, and filtered. The filtrate is concentrated under a N, stream -
and then pumped on high vacuum to give crude 4 Preparative thin layer .

35 chromatography on silica gel gives 4. The cis dlasteremsomers or the cis-trans = 35

' mixture is obtamed in an analogous manner. oo A



75 1,570, 990

75 Deacetyl ation of N Acetyl Thienanycin A 1% (w v) suspension of fertile

| awn sail is prepared by suspending | gm of lawn_soil in 100 m. sterile
phosphat e buffer-saline solution wherein:the phosphate buffer-saline

solution has the foll ow ng conposition: 5 Phosphat e

Buf fer-Saline Solution : ' : 5 NadC ) |
8.8 g | M Phosphate Buffer, pH 7.5* 10 mM. Distilled [err] /-
1000 m . *IM Phgasphate Buffer, pH 7.5 10 570,990 1. | M[erri; 97/
are mxed wth—8z—m.— T ™M O {erri—The pHof the
phosphate buffer is adjusted to 7.5 by ad®®d¥'smal | -quantities of either |

M KH2PO4 or | M K2HPO4. Ali ogeoopss of tei s 1% stock soil . ensi on are used

to preparg 10x, 100x and 15 1, C di lutions.” One/m . rtions of the
stock suspeénsion,gr | m. 40ry he 10x, 100x an Ox dilutions

are added'to 2 nl. portions of gr ol utigns -[err]. The

; ; 2 '
m xtures are quickly poured g rface of sterile petrifdishes of 85
um A. Medi um A has ol I owi ng 20

nm di aneter -cont ai ni ng 20 . of Me

conposition: - (C04PNB)4

20 Medium A [err] - 4 3.0 g. [err]

7.0g. [err] ' L -~ 0.1 g. 25

Distilled [err] 10 (HCOORNB . : : 25

8.5n..
Is diluted 10x in [err]

sﬂllmu S

N- Acet yl et hanol am ne sol ution* .
*N-acetyl et hanol am ne Sol ution N-acetylet A
30 : and nmenbragmgg sterilized.
30 added after autoclaving. =

(C0PNB),
5.

. To 210 mg 4 (mw =871; 0.241 mmole) dissolved in 0.5 ml DMSO (distilled
5 " from CaH, at 8 mm and stored over 4A Linde molecular sieves) is added at 25°C. 5

with stirring 40 mg 1,5 - diazobicyclo[5.4.0lundec - 5 - ene (distilled at 80°C./2

mm) (mw = 152; 0.263 mmole) in 0.7 ml dimethylsulfoxide (DMSO). The solution is

stirred under N, for 4 hours, and then added to a stirred ice-cold mixture of 0.48 ml

IM KH,PO,, 7 ml H,0, and 10 ml EA. After separation of the layers, the aqueous
y 10 layer is again extracted with EA. The combined organic layers are washed one time 10

with brine, dried over anhydrous MgSO,, filtered, and concentrated under a N,

stream followed by pumping on high vacuum, to provide crude 5. Preparative thin

layer chromatography on silica gel yields 5, The cis diastereoisomers or the cis-trans

mixture is obtained in an analogous manner. : :

LT

15 ' ' Step O: - - ' 15

SCHoCHoN3 -+ Lil s—collidine

o~

A solution of 187 mg 5 (mw = 791; 0.236 mmole) in 2.5 ml s-collidine (distilled
from powdered KOH at 30 mm pressure) is added to 45 mg anhydrous Lil (dried for
20 a few hours at 100°C. over P,0, under vacuum) (mw = 134; 0.336 mmole). With 20
. stirring under N,, the reaction mixture is heated in an oil bath at 120°C. After a"
total of 25 minutes, the reaction mixture is cooled to 25°C., diluted with CH,Cl,
and transferred to a round bottom flask for.concentration under a N, stream and



For solid nmedia: Add 20 g. agar The petri dishes are incubated for 18 days

at [err]. A well-isolated colony is picked and streaked on a petri dish

] aini dium B _ Medium B has the follow ng 35 conposition:

35 Medi um B Tonat o paste - 40 g. Ground oat neal

15 g. Distilled [err] 1000 m . 40 ’

pFf, adjust to 6 using NaCOH 40 For,solid

3\ a: Add 20 g. agar - 1,570,990 o -~ 276 An

yujpdual clone is selected andcgrggyn for 2 days at [err] on g shg@t of
‘ : ' s ; e surface

of six sltheten higheppauuad Pantitioningef itharegiiue patween &&hﬁﬁ%alﬂr‘ miMbat ed for 2 days

at [err] KenyAm s SN pler PR CPREIGE ber and has beer
desi gnat &ffiRetld .,°ﬁ?&%§1%‘ﬁ§b&t 104 'uHES 2 GRLaPAIIN, Qg crdi k- & Co., linc.
‘Rahvgy, Ne¥padfive ethin Uayer Achréridlography5 os asilidae gelepizkist 6d Thet s YPe 5~ _
'Agri cul t ulisterdaemens on tiBeqistrare mixtrs 1s ghiginpdtinen AnAPEORHMARET-t ur e, - Accessi on

No. NRRL B-8143. A portion of the gsowth on the sl ant of Protanm nobaater
ruber MB-3528 is used to inocul arga 250 m. Erl enmeyer flask containing 50
m of MediumC. 10 ¢ Medi um C has the foll ow ng conposition:

10 Medi um C Dextrosd ' 20 g. Pharmanedi a

8 g. Corn Steep Li A (wet basi s)

Distilled H20 1000 m : 15 pH:
adjust to 7 with 4G Elatil3| et hanol lution - 8.5m.
*N-acetyl et hanol am nef chiemcet yl et hanol qmineyis diluted with Ok in
[err] and merrbrane . ‘ized. This solution ' 20
L
 ouoPue
e —SCHoCHoN3 .
- DMS0_ ce - . S '
CooPNB S . 3
_ _ _ L _ ' R i
10 - To a solution of the mixed diastereoisomers, §, (34 mg; mw=612; 0.055 10

mmole) in 0.2 ml DMSO.(distilled from CaH, at 8 mm and stored over 4A Linde
Molecular sieves) with stirring is added 9.5 pl 1,5 - diazobicyclo[5.4.0lundec -5 -
ene (distilled at —80°C./2 mm), (mw = 152; p= 1;'0.0625 mmole). The solution is
stirred under N, for 15 minutes diluted to 1 ml total volume with CHCl, and applied ,
15 immediately to 2—1000u silica gel plates. The product band yields 7 as a mixture of 15
cis and trans diastereoisomers. ' '

Stgp _Q: _

I SCHyChoNy ' < ——r - ]:l ~$CHoClioNHy
' /D p.s.i. '
g — 2 e L Lo
. 0 '
L A .
. In the presence of 61 mg PtO,, 61 mg of 7 (mw=612;:0.1 mmole) in 6 ml T,
20 dioxane, 6 ml THF, 3 ml H,O is hydrogenated at 40 p.s.i. —H, for 4 hours. The 20 '
reaction mixture is then fiftered through_Celite washing’ with 2 ml 0.IN pH7
phosphate buffer. After concentration in vacuo to the cloud point, the aqueous - : =
mixture is extracted with ethyl acetate. The water layer is concentrated to a small . ‘ T
volume and applied to a column of 100 %XAD—Z resin. Upon elution with- H,O _ :
25 and discarding the initial fractions, those fractions containing product are .25
' lyophilized to give 8 as a mixture of cis and trans diastereoisomers. : .
The following -procedure for the enzymatic. N-deacylation of thienamycin,
~ which forms part of the invention claimed in the specification of our copending -
dpplication No. 48233/76 (Serial No. 1,561,108), is applicable for all isomers of S
30 thienamycin — particularly the distinct N-acetyl isomers 890A, and 890A,, which 30
"are described in our copending application No. 48235/76 (Serial No. 1,561,109).

QcooPNe

ﬂ/

\



i s added after autoclaving. The flask is shaken at [err] on a 220 rpm (2"

throw) shaker for 4 days. A 25 nl.
for =
t he surface of the medi a sol i ds- scraped off
pot assi um phosphat e buffer,

to

int

25 ultrasonic disruption using a Branson |nstrunent Model

portion frpmthe flask is centrifuged

25 0.05M

0 0.5m.
pH 7.4. The resulting suspension is subjected
LS-75

Sonifier with a 1/2 inch probe at setting 4 for 4, 15 second intervals, _
whi | e chi INling ishe suspension in ice watef sfjjohng and between disr upti ongs A~

10 ul portion of—tte—somcate b M Xed Wt a 25 er lj ;U| gtToTTContar g™
840 jug/m . of N-acety éjz egeqty] 2 jﬂ({t?ésgé# e%}’.

bt o 7ene Moo R R R e LS
ant i bi ot lic and buf f Buffenbaline solidd haOihe FollowihgCod ss.tam fer wt

anti biotic‘are aLSo run. After jncubation overni ght at [err] 2 pI
quantities aré applied on c&hesahsteBulferSaling Selptiom| ates, whi ch are devel opeds
in[err],» 70:30. After air gy ng, the TLC plate is pI d on a

St aphyl ococcus aureus ATCC 6538P assay plate 35 for m nut es.

35 The assay.plates are prepbirRhdsphateBofferopd7.5%n over nilgimd. growth of the

assay organi sm St aphyl ococ s ATCC 6538P,
DALY,

0. 2% yeast extract is dilut.

utrient broth, plus

in &H%Bl ent broth plus

2% yeast extract

to a suspension having 60% t I M PhosphataBaféer ptH 75 vvaveI ength of 660 nm This

suspension is added to Difco 40
g./1. Difco yadst extract a16
containing 33.2 n+ of the
suspension is poured into 24f
pl ates are chilled and held at

[err] until

addition to the unr

plate is rempved anggéggaﬁ'éé’ﬁ}‘"spl/éﬁ'@ck ?ML&%@%PW@PWQ%P"&FC[‘@* AP0x| and 45

¥ the NoAGRIpkhsidnlbr 31
0.7-0.89, a bioacti VwOSBMttoh%fgﬁddiﬁgﬁﬁmﬁ %SI gnl@
Cont r oThq mx&tubatarmmimouredsvafthamfatn oﬁmieolememedlshm‘ ¢f8f mngel |

t hi enanyci n.

nutri ent agar sug&l enented with 2.0

thM‘g@L r ﬂmK

used

ghs

ke a conposition 10
j’ug&ar Forty m. of this
9 r| pl ates, and these
day maxi mum). The TLC

frlols

tobint]
e TR ot it

soni cat e _pl us?(guf f eﬁi‘am%tﬁ'p capipinige o0 el el Mesdiym b Msdigy &n hathe &llgpingt o | s

added just pr

0. 44-0. 47. Medium A 1,570, 990 WHAT WE CLAI M.
IS - '
) _ _ KH,PO, 30g.
K,HPO, 7.0g.
MgSO, 0.1g.
25 Distilled H,O ~ 1000 ml. 25
' N-Acetylethanolamine
solution* 8.5ml
*N-acetylethanolamine Solution |
_ N-acetylethanolamme is diluted 10x in H,0
30 and membrane sterilized. This solution is 30
added after autoclaving. -
: For solid media: Add 20 g. agar -
" . The petrl dishes are mcubated for 18 days-at 28°C. A well-lsolated colony is plcked'
and streaked on a petri- d1sh contammg Medtum B Medtum B has the followmg
35 _ composrtton _ . 35-
- Me.dlum B _
~ Tomato paste. - - 40g.
- Ground oatmea_l | 15g.
Distilled HO 1000 ml.
40 pH: adjust to 6 using NaOH 40

For solid media: Add 20 g. agar

r todﬂesappllcatlon produce no bioactive material at [err]?0

15

(@



1. A conpound having the fornmula: OH SCH2CH2ZN C - X N COCH or a
salt, ester, ether, amde or anhydride thereof, in which Xis -OR -SR or
[err] and Y, Indpnpndpnfl\/ of X, is hydrogen, -D -OR-SR_or [err] where
each of [err] and R2, |ndependently of the ot her, is a hydrogen atom a
i cal of the type defrned below for R or a nrtro hydroxyl [err]
yl, amno, [err] nonoal kyl am no, di([err] alkyl)amno,- or tri([err]
Yamino radical, or [err] and R2 are joined together to form _toget her
76he nitrogen atomto whi chi,3709% are 10 attached, a sujfgstiNat ed or
unsSubSTTT UL ed nono I'C or -bicyclic hetergéﬁy rbor no 10 aronatic

%s

het er fgﬁ%‘“}? SRR §E§£‘fﬁﬁtﬂ§° s i el e/ ch may be an

TREse '3iahts QECincibaleR for AHARTat DBOICS TRisCYyano or car boxy
radi cal oafultarembktentlﬂeﬂedemmwnmmbdrmthhsboanlda te NBB-Iesﬁzycarbonyl Jerr]

al kyd ; [ent eqytkqg ect1 l\lleralf |Inc., l@qg |&A ]w 5

cycl oal ky‘l ?g"’ ﬁ{}f SS?J’“ F% Wﬁ m]“@ 'r] fcycl oal kenyl ;
[err] .cycl &mshar rgyéwthoe slﬁY@fﬂ:&bHﬁﬂfbﬁ&cterrdb&MlBk—}dsm gerr] arykr [err]
ar al kyl ; ysed td inmcelatk mir Eflenmeyeraflask lcpntyining $@imladf Mediem ubstituted or:
unsibst i t edinm fohesche fdllevige %'PE%?E‘PPC heteroar ([err] al kyl) hetet®d- aryl,
non-aromatic heterocyclic-([err] alkyl) or non-aromatic heterocyclic

radi cal having 4 tediéh@ing atons one or nore of which is an oxygen,

sul phur or nitrogen en 20 het er oatom the. substrtutent(s) on R [err] or
the ring forned bPeS¥fing [err] and 20 R22 &re hal ogen; azido; thio;

sul pho; phoesphonophriwanedihi © (-SCN); nitro; gano; am no; hydrazino; [err]
al kytam no, di([err] alkyl)ammno, tri([err] a kyl)am no; [err]

ﬁl Iéyl hydr azi no, dicofneteep Lifurs(wethadilazina, trisg[err] al kyl)hydrazi no,
ydroxyl; [err] a r] aIkoxyI [err L kyl thi o; carboxyl;_oxo;
([eiﬁ?] al koxy)'c’ar?(SYnyT' l{l’[%e ) ' ]é%@lngxy car banoyl ; fserr]

al kyl ) car banoyl - lgl[err aI Kk P,)car banoyl . ' 25.2. A corrpound
according to d ar m 1P rﬂdmteﬁw]té rOHRHC err] are hydrogen or a radical as
defined for. R and Ris a substituted or unsubstituted alkyl, acyl, aralkyl,
heteroaryl or het srgapyRitsydlaiiaelsiodaionof the tasmi. defined in CI aim 1. 3. A
conpound accor di ng to Claiml in which Y is [err] and X is hydrogen :0)

or R _ N-acetylethanolamine Solution

30 4. A conpound according to Jaiml in whrch Y is [err] and X is [e‘J;r]

5. A corrpound ac C Okatetyithanolithiat idilutedwitthioglm Y i s- [ err] and X is -OR Or
.20 _ H,0 and membrane sterilized. This solution 20
B R ‘added after autoclaving. o : . .' :

The flask is shaken at 28°C. on a 220 rpm (2" throw) shaker for 4 days. A 25 ml.
portion from the flask is centrifuged for 15 minutes at 8,000 rpm. The supernatant is
removed and the cells on the surface of the media solids scraped off into 0.5 ml,
25 0.05M potassium phosphate buffer, pH 7.4. The resulting suspension is subjected to- 25
ultrasonic disruption using a Branson Instrument Model LS—75 Sonifier witha 172 *
inch probe at setting 4 for 4, 15 second intervals, while chilling the suspension in ice-
water during and between dlsruptlon A 10 ul portion of the sonicate is mixed with
) a 25 ul solution containing 840 ug/ml. of N-acetylthienamycin in 10mM potassium
‘30 phosphate buffer, pH 7 and incubated overnight at 28°C. Controls containing - 3p
antibiotic and buffer alone; and sonicated cells.and buffer without antibiotic are _
also run. After incubation overnight at 28°C., 2 ul quantities are applied on
cellulose coated TLC plates, which are developed m EtOH:H,0, 70:30. After air
drying, the TLC plate is placed on a Staphylococcus aureus ATC& 6538P assay plate
35 for 5 minutes. 35
The assay plates are prepared as follows: An overmght growth of the assay :
organism, Staphylococcus aureus ATCC 6538P, in nutrient broth plus 0.2 yeast . R g
extract i8 diluted with nutrient broth, plus 0.2, yeast extract to a suspension having ' -
_ 60% transmittance at a wavelength ‘of 660 nm. This suspension is added to Difco : :
40 nutrient agar supplemented with 2.0 g/l Difco yeast extract at 37°C. to 48°C., to 0 - -
make a composition containing 33.2 ml. of the suspension per liter of agar. Forty . e .
ml. of this suspension is poured into 22.5 cm. x 22.5 cm. petri plates, and these - )
plates are chilled and held at 4°C. until used (5 day maximum)..
The TLC plate is removed and the assay plate incubated overnight at 37°C. In -
45 addition to the unreacted bioactive N-acetyl thienamycin spot at R, 0. 7—0.89,a - 45
' bioactive spot is observed at R, 0.44—0.47 due to thienamycin. Control incubation -
mixtures of antibiotic plus buffer, cell sonicate plus buffer, and: antibiotic plus
buffer to which cell sonicate is added just prior to TLC apphcatlon produce no
bioactive material at R, 0.44—0.47.



-SR. 35 6. A conpound according to Caiml in which Y is hydrogen,
R -OR or 35 -SR, and Xis -CRor -SR 7. A conpound according to Claim
3 in which each of [err] and R2, jndependently of the other, is a hydrogen
atom a substituted or unsubstituted [err]z~al kyl, [err] al kenyl—ferr]

cycloal kyl, [err] cycloal kylalkyl, {err] cycloal ken
cycl oal kenyl al kyl; C7., aralkyl or [err] aralkenyl ” m mm mﬁml lHIﬂoc'ycl i @
) . ; ‘A,

40 heteroar¢C alkyl) radical having 5-6 ring atons? ohe Lr Mnpse whi_ch
i s oxygen,\sulBhur. or nitrogen, the rj ngl:3098%ai n substituent(s) of [od?}.
and [err] ring chloriRegatiweiduAgm Rydroxyl, [err] -al koxyl, di([err]-
al kyl)amino or [err] al Kydompound tawidg Yeifornmldiydrogen atomor a [err]. alkyl,
[err] ami noal kyl, [err] alkenylgylerr] amno- 45 . alkenyl, [err]
al koxyal kyl, [err] (nono, di or);%i )-al kyl ani noal kyl', [err] perhalo- 45

L

h

al kyl, [err] al Kykthioalkyl, o subst iyt ed wnsybstiguted aryl,. :
aral kyl, monocycl'ic heteroaryl, eropr ([ 'r-r']%ﬂ%&?#,'%pb*\-aromt i C'I].: C
het erocyc] i ¢. or - non-aromatic het eyeéy-clN:E;' fe€PPHal kyl )¥ring in .whicTh any .

substituent(s) are as set out i no’{he definition of -[err] and [eri]. 50

8. A compound accordi,g tQeefteiathide br WhiyaHadineRBE il Shib x84 €016 Uk bped in
50 daim7. 95 A co.nnmm&na&pﬁaelieﬁl&nﬂpo ,&d Hjdroged, B-RVDL-OR, S8R/ or6fNRWR?| and
R2, independent!|y ofhetewactosfiRirapd RS indgphndentiy of the pthir, islajhydrogen Qﬂklﬁ_laﬁii:%bal kyl, -
[err] hydroxy- al kylf the typedefined belag ybﬁrﬂ% a@;qg%cmmrgfﬁn.gﬁg@ mino, Cog
al koxyal kyl ; " al kyl J531R88 "{9%: Y e oL tom t6 wilth dhey ahe al ky!
resi dues eachigcont aitached t Osubsti@dédodruniibstitited moboogelicrod dickslic he@roarylodndno 6 19
carbon :atons; perf Iam;r:laﬁalhksctticyciilc ka}ditzahim'aﬂigtigﬂtf—éﬁ? atloms on ?{lﬁl@ﬂ Of)YVr fg;ggiy
1 ' a [$) 4 1 i .

onsubar 1 e R S A

, 970, 990 C, . alkenyl; C,_o alkynyl; Cy_y, cycloalkyl; C, ., RyRlk K:@_F,hs&go-
het erocycl yl , 15and haliyttieayic oy Tatykciphlkeny;Whi_¢ ltydoaikemyibisenyt; @ng Sycloatkeay- - 15

defined in Claim 1.2l .C% lﬁ%{;tcﬂz o die ﬂgl‘glc"d’!a? eég'ﬂ ngh “éﬁ?i‘q%{%h of
. i u - . :
[err] and [err], ‘i o ORetn O Rl dicEne chl; Qfgﬁ%@he@dﬁ Jic Ahdionl
[err] al kenyl; nit rydving#td (0 rifgfaténs one of ahe/of which is an oxygen, sulphur or nitrogen
5 11. A conpo®hd adeotehtony thosubltimtentd) omRyR1, & oRthe SiHHW%iPiQMtR’I?M 20
et hyl , ¢ - R?, are halogen; azido; thio; sulpho; phosphono; cyanothio ( ); nitro; cyano;
: : amino; hydrazino; C,_, alkylamino, di(C,_, alkyl)amino, tri(C,_, alkyl)amino; C,_,
alkylhydrazino, di(C,_, alkyl)hydrazino, tri(C,_, alkyl)hydrazino, hydroxyl; C, ,
o . alkyl; C,_ alkoxyl; C,_, alkylthio; carboxyl; oxo; (C,_, alkoxy)carbonyl; C, ;o :
% 25 . acyloxy; carbamoyl; (C,_, alkyl)carbamoyl! or di(C,_, alkyl)carbamoyl. 25
: . 2."A compound according to Claim 1 in which R' and R? are hydrogen or a
= tadical as defined for R and Ris a substituted or unsubstituted alkyl, acyl, aralkyl,
" heteroaryl or heteroaralkyl radical of the type defined in Claim 1. S
30 ' o R3. A compound according to Claim 1 in which Y is —NR'R? and X is hydrogen
or R, '

Lo

: 30
N 111.1 RA compound according to Claim 1 in which Y is —NR'R? and X is
—_ 2. -
. s RS A compound according to Claim 1 in which Y is —NR'R? and X is —OR or
35 6. A compound according to Claim 1 in'which.Y is hydrogen, R, —OR or 35

—SR, and X is —OR or —SR. :
7. A compound according to Claim 3 in which each of R' and R?
independently of the other, is a hydrogen atom; a substituted or unsubstituted C, 4
alkyl, C,_, alkenyl, C, 4 cycloalkyl, C, , cycloalkylalkyl, C, , cycloalkenyl, C,_,
40  cycloalkenylalkyl, C,_,s aralkyl or C,,, aralkenyl radical or a monocyclic 40
heteroar(C,_, alkyl) radical having 5—6 ring atoms, one or more of which is
oxygen, suiphur, or nitrogen, the ring or chain substituent(s) of R' and R? rin
chiorine; fluorine, hydroxyl, C,_, alkoxyl, di(C,_, alkyl)amino or C,_, alkylthio, an
- X is a hydrogen atom or a C,_, alkyl, C,_, aminoalkyl, C,_, alkenyl, C, , amino-
4 45 - alkenyl, C, , alkoxyalkyl, C, ,, (mono, di or tri)-alkylaminoalkyl, C,_, perhalo- 45
t alkyl, C,_, alkylthioalkyl, or a substituted or unsubstituted aryl, aralkyl, monocyclic. -~ ..
heteroaryl, heteroar(C, , alkyl), non-aromatic heterocyclic or non-aromatic
DN heterocyclic-(C,., alkyl) ring in .which any substituent(s) are as set out in the
= ' definition of R' and R2 - .
' 50 al 8. ‘;k compound according to Claim 4 in which R' and R? are as defined in 50
aim 7. .
9. A compound according to Claim 3 in which each of R' and R?
independently of the other, is hydrogen, C,_g alkyl, C,_q aminoalkyl, C,_g hydroxy-
alkyl or C,_, alkenyl and X is hydrogen; alkyl; alkoxyalkyl; alkylaminoalkyl or
55 dialkylaminoalkyl in which the alkyl residues each contain 1 to 6 carbon atoms; 55
aminoalkyl having 1 to 6 carbon atoms; perfluoroalkyl; alkylthioalkyl; or
substituted or unsubstituted. phenyl, benzyl, phenethyl, monocyclic heteroaryl, .



-

| - N : COOH I R R

propyl, isopropyl, methoxynmethyl, hydroxyethyl, hydroxynethyl, am nonethyl,
am noet hyl , am nopropyl, dinethylam nonethyl, nethylam nonethyl, trifluoro-
nethy!, nethvlthronethvl et hylt hi onet hyl, phenyl, benzyl, phenethyl,
2-pyridyl, 3- 10 pyridyl, 4-pyridyl, 2-thiazolyl or 4-thiazelyl; and
each of [err] and [err], independently 10 of the other, is hydt ogen,

¢ hyl E ropyl, butyl, t-butyl, allyl, benzyl. 12. A
; ound a HHI“"IIEI““)"I“MI 9 in which each of [err] [err] and é "
fdependent Iy 6f 'the" otsher‘ml S[@idﬂégﬁgen [err] alkyl, [er r]. ar;gL nkoI or

. al-kery— o petRa—aceorei-Rg—teo—c-a-m-8—n wWhi ch each
of [e”]he?d?éar{ilﬁilr Heterocyclyl, a:ikﬁ:etemtgmlmﬂnﬁ bvylcmﬁnﬁslubstmtehmare S hydr ogen, [err]
al kyl orde[“necdr A@ialkeh yl. . 14 A co d, haV|cn e fqr
NH2 SCH2CHAR en posh A& ?F%gm% 3 1@@ I&Fﬂhﬁ%r 50r16 A conpgund
havgng tﬁ%f T :[ favi ng orrm aylesr] 25
whefe A ls ia. Rh&hﬁﬁm&m‘.doﬁcﬂﬂ ty(ﬂamepn abicERas\hxdm nsmdtltyl el due.

25 18. Apropykpisentopyhamethexympthyl bydvox l[éy xymet b aminomethyl, - r
1 570 99 moethy%m ammoproh;?‘t;“ met¥| ammome hyl l:%gmlmgmet yl trlfluoro d havi ng' the ;

met lthlo ltElomet 1, phenyl benz
21 \Ag#%é p 1dy152 éb’ -thi dCdaémaundndm%(h ngrrbamtr&or nulyg: OH
in otfted, 35 h@dtobcramtlyl ethgtl prqulcmomwhdmmmbn@ eid dror nul a: 22, A

b
corrpound m‘l Q\gcgnrl]p%urlé)re%t' in go Clalm wlilcrhdeac frig tkb% 59{ mul a_

mdependently of the other, is hydrogen, C,_, alkyl C,_, aminoalkyl or C2 s alkenyl
15 13. A co tpound according to Claim 8 in ‘which each of R' and R?, 15
mdependently of the other, is hydrogen, C,_, alkyl or, CH alkenyl.
14. A compound having the formula _

OH - 'NHz-

)\—ﬁscu CHzN /
R COOH .
Ve RS
O'/
_15. A compound having the formula:

OH

Rz

e | -
: 0 ' | S ' i
16. A compound havmg the formola: - " - -
OH N, :
)\_—Q: SCHZCHzN c\ -
: COOH - NH
d/ > o

17: A _compound having the formul_‘a:_

o _.I/_\E_SCH CHZNHC -_.A@.'

. . ] . L.
. . . P LN -

0
25 where Ais a pharmaceutncally acceptable anionic salt res1due : e 25 T
: 18. A compound havmg the formula: - _. ' : .
)\ v e . |
- ——Q:SCH 2CHN= c\ .
' Ve COOH CH3

O . .



24. A conpound having the fornmula: OH H N-CH
CH=CH 2. 15 25. A conpound having the formul a:

15 80 1,570,990

80 26. A compound having the fornula: OH.. _____________ H 27.

A conpound having the fornula: OH

in which Ais a pharnaceutlcalIy_acceptable ani oni c

conpound favi ng

which A is & pﬂ@rnaceutlcally accept abl e

conpound havi

X' is oxygen, 'sulphurl9NHcomp¢EBtmwﬂBmemsmahhydrogen aton1-a

the formul a: OH

pharmaceutical |y acceptabl e cabDHon, or a

car bonyl nget hyl ,
([err] alkyl),

al kenyl having 1 5
al kanoyl jhaving 1-10 15 carbog atons
oxywtiekeyR i03-peRIyll3 al kanam doal kyl

53%§P°W@§Wﬂﬂ@“ﬂh@°f“&“@arbon atoms and the aryl
in which

di al kyl am noacet
radical in mhlch
resi due 6-10 car

there are 4 to 10 atons in_ the ring,

[err]-carboxy-ac

t he

bon atons, a nmggocyclic or bicyclic heteroaralkyl
the hetero atom orNizonms 20 bei ng

oxygen, sul furg and/ or ni t r oge,

a 20 phthalidyl
or an arylthio-
where aryl is a.
5-indanyl, subst
al kenyl ), benzy!

radi cal ; a phenyl et

al kyl analogue

|sopr I

QLerr] al kanoyT ox er1
-2-10 carbg

ereof; a

phenyl ring hafi ng 0-3 su

oxy Ly oA et e

c salt

b S8Y

[err] al kyl,

Iﬂﬂll! [t Hﬂl I ﬂlchs .

reS|due

bstituted

. anlnoalkyl/ Berr] al koxy) -
1GH,Malqgenat ed [err] al kyl,

| RgOM| ~ havi ng 2- 10 carbon atons,
[err] al koxycar bonyl al kyl , [err].
radi'cal ; an aralkyl

n ary xy- ([
bstituents;

err] alkyl) radical
or a phenyl,

substituents, phenyl - ([err]

al kyl thio residue has 1-10 caqﬂpn atons and t he al kyl

carbon 25 atons,

[ 9}

10

b

15

r/
@ -

(C al koxy) car bonyl oxynet hyl
aIkyI)aninoacetOxynethyI or

22. A compound having the formula:

OH

N

U8l kyl where the 25

fortion has 1-6

di ([erN] CH,
SCH, CH, c\
COOH H
CH,
/N\ .'
SCHzcleN--'- C\ CH3 :
COOH

23. A compound having the formula:

”)—q

H

SCH, CH,N= c
COOH W

24 A compound having the formula

OH A
) o
7 N- b alas
R
25.-A compound having the formula:
OH R -
A ' 7
——Q:scn-l 2CHyN = C_

o’

COOH .

o)

H ;
H

" H

NCH(CHsh

n

sangon Rtz005 in the al kyl chain;.
ﬁ nethylbgenyl)ethyl radi cal
0

10



al kanam donet hyl radical; and R3 is a hydrogen atom an acyl radical or a
uni val ent hydrocarbon or substituted hydrocarbon radical. 30. A conpound

according to Caim?29 in which R3is fornyl, acetyl, 30 propi onyl,
but yryl , chioroacetyt,—nethoxyacetyl, am noacetyl, nethoxycarbonyl, 30

et hoxycarb l I yl, ethyl carbanmoyl, phenylthiocarbdnyl,
-.am no- pﬂmmrmn"muﬂl"m utyryl, N-nethyl am noacetyl, .
i i met hyl*am®noacetyls an N, N, N-trimethyl anmoni umacetyl salt, Sl

¥di net h am.nopropi on 1_799 _ net hyl ) anmmoni 11m388 oponyl
an N, b X Loy hADEaRd fmeet y! 35  salt, a pyridiniunmacetyl salt,
guanyl t hi oacetyl . ‘guani di noacetyl, -3-guani di no- 35 propionyl,

N3- et hyl guani di no‘pr%ﬁbi onyl, hydroxyacetyl, n%-l_p&ﬁroxypropi onyl . 81
1,570,990 A o _8¥ acryldyl, propynoyl, nalonyl,
.phenoxycar bonyl , am dijnoadet y|f, ggg?ﬁﬁ?'ﬂif Q- acetyl, am di nopgopi on§l, -
acet am di nopropi onyl , ' r 9kt yl , ghanyl - car banoyl ,

car boxynet hyl am noad®t yl , sul foacetyl am noacetyl, phosphono- e ¥
acet yl ani noé?:é‘t 9?“,‘p°“ﬂl§3¥?ﬁ“f¥e¥ﬁ§ﬂr HEhoacet ami di nopr opi onyl ,  urei docarebonyl ,

5 ~di et hyl anggpoguanyl t'h_i oacetyl, a 3- (,} - et hyl-- 4- pyri di ni un) pr opi onyl
salt, 3-(5- -5 _Bm noimdazol-1-yl )propi@;ryrl-?- 3- ng@yl -1-im dazol i unacet yl
sal't, 3-sydnonyl- yISyo-SCH p @kt Nlbenzoyl , ‘0- am nobenzoyl, X is

oxygen and [err] g, rco(!ﬁ%dtch%)s _ |_YI, phenacyl , p-bromophenacyl ,
pi val oyl oxynet . 2,2, 2-trichlofdethy?? al'lyl, 3-nethyl - 2-butenyl,
2-net hyl - 2- propenyl, benzyl, ben®yl hydryl, p-t-butylbenzyl, phthalidyl;
phersyl , 5niwhithnyis,a phasbackdtivalynastéppdble sndenicoseltiresidwel | propi onyl oxgnet hyl |,
met hal | yl, 38.bhcempqund havingsthe formylaht eny| | 2- but enyl , " acet oxyacet yl met hyl ,
pi val oyl acet yl thhyI , diethylam no, 15 di ng\hﬂ)(l am noet hyl , net hoxynet hyl ,
p- acet oxybenzyl ,i" p- pi val oyl oxybenzyl, p-i & 3 pr opoxybenzyl ,

5-i ndanyl net hy}~, thzcmel $1Qget hyl AdT met hyl -
am noacet oxynet hyll, cgot gpol ( Ao (cagpel rm donet hyl, acetyl thi oet hyl,
pi val oyl t hi omet'hy? or “met hyl t 2gsz&lﬁylb( 26% _ 31.. A conpound as
~clainmed in daimMi1l in which [err] @nd R2 are hydrogen and 20 Ris
am noal kyih.wcg:ggrA% §g{£8mgti&ﬁy adRptARE ahibniChAd idde. i N Whi ch R is amnoet hyl.
0Ck90A dofmf

33. A net |Haging thedosiad according to Claim 3 conprising.
0" ' )\__]/\"_ scH'_,c_:Hz'N=c':-x f . o
8 N COX'R3 _
o _

in which X and Y are as defined in Claim 1, X' is oxygen, sulphur, NH or NR¥; R*
'is a hydrogen atom, a pharmaceutically acceptable cation, or a C,_,, alkyl,
substituted carbonylmethyl, a-carboxy-a-isopropyl, aminoalkyl, (C,_,, alkoxy)-
(C,_e alkyl), (C,_¢ alkanoyloxy)-(C,_s alkyl), halogenated C,_, alkyl, a‘licenyl having
15 2—10 carbon atoms, alkynyl having 2—10 carbon atoms, alkanoyl having 1—10 15
carbon atoms, C,_,, alkoxycarbonylalkyl, C,_,, dialkylaminoacetoxyalkyl or C,_,, -
alkanamidoalkyl radical; an aralkyl radical in which the alkyl residue has 1—3
carbon atoms and the aryl residue 6—10 carbon atoms; a monocyclic or bicyclic-
heteroaralkyl in which there are 4 to 10 atoms in the ring, the hetero atom or atoms _
20 being oxygen, sulfur and/or nitrogen, and 1 to 6 carbon atoms in the alkyl chain; a 20
phthalidyl radical; a .phenylethlyl or 2-(p-methylphenyl)ethyl radical or an arylthio-
alkyl analogue thereof; an aryloxy-(C,_, alkyl) radical where aryl is a phenyl ring -

having 0—3 substituents; or a phe’n'y'f, 5-indanyl, substituted phenyl having 1—3 o
: substituents, phenyl-(C,_, alkenyl), benzyloxy-(C,_; alkyl?, alkylthioalkyl where the - ' L
25 alkylthio residue has 1—10 carbon atoms and the alkyl portion has 1—6 carbon 25 L
atoms, (C,_q alkoxy)carbonyloxymethyl, di(C,_, alkyl)aminoacetoxymethyl or C,_, P
alkanamidomethyl radical; and R? is a hydrogen atom, an acyl radical or a - I 2

univalent hydrocarbon or substituted hydrocarbon radical.
30. A compound according to Claim 29 in which R® is formyl, acetyl, :
30 propionyl, butyryl, chloroacetyl, methoxyacetyl, aminoacetyl, methoxycarbonyl, 30
ethoxycarbonyl, methylcarbamoyl, ethylcarbamoyl, phenyithjocarbonyl, 3-amino- -
propionyl, 4-aminobutyryl, N-methylaminoacetyl, N,N-dimethylaminoacetyl, an
N,N,N-trimethylammoniumacetyl salt, -3-(N,N-dimethyl)aminopropionyl, a 3-
(N,N,N-trimethyl)Jammonium propionyl salt, an N,N,N-triethylammoniumacetyl .
35 salt, a pyridiniumacetyl salt, guanylthioacetyl. guanidinoacetyl, 3-guanidino- 35
propionyl, N3-methylguanidinopropionyl, hydroxyacetyl, 3-hydroxypropionyl, .



treating a conpound of fornula: 25
25 or a suitable protected derivative thereof with an imdo ester of
formula._or an imdo halide of formila: 30 where [err] is a | eavi ng

group, X is a halogen, Xis 0 or S, and: R [err] and R2 are 30 as defined

in daiml. © 82 4
82 34. A nethod of preparing a conpound accordi ng tjjﬂ“ﬂj@ﬁiﬂcﬂ“mmjng
[+ Li e

treati ng-g conpound of fornula: or a suitable prote Fvat ¥ ereof (G
with an a-rQ%e qf formula NH R R2, where $s579990 X s the |eaving group gOR\_;
or -SR and R, ECI I} ant—R—are—as—defed T Crarm LI 535. A ITE[ noa ot
preparing a .corrpoun@rﬂ?ﬁ,opgg,wgzhidnﬁw@aﬂvn?gﬂg’@ Eiﬁ’@lo-n?“*@?ﬂé%gqghggaﬁ‘%und of
UL AR P T Rl o
1 ethylani

formula: OH SCHZCHZﬁG%é%}
conpound ;of formul agce tyl) atdtarhiinoprogianyl,NJ uidocdrbayl] R,

A
a
[err] and R2 as@_dsdisethylamihoguanylihiviapetsll, a 3e(1-mkthyb4-pyralinim)propisayli salt, 3-(5-

conpound accor d?ﬁ% %@“@“&aﬁql?yg}?‘w{‘ﬂ’i r?g‘“‘?thﬁ“'imildaz°““m?‘i°8’ tﬁﬁg %sygb‘?f‘é!bund o?
formul a: oy a suit alfFE" SrSTEEE G007 SEMEO$ %D eof with an amine [err] -

\_Nheae X is the |leavinggroup -OR elxr - SR and R;Si' [‘Sé%] and ~are as defined
in aim1l. 37. A neth of preparifn corrpou?rLdr ordi ng_ y m 4 o
conprising treating a SRER%nd of - 6‘??3?!&: "OHZ8.6M @° sui tat%ﬁ(ecqb)?rb't ected
derivative thereof  with an al kyl ati ng agent cal cul ated to provide: SCH2CH2N
C- NRlL R2 where [err] @s Oor Safd R [err] and R2 are a#defined in -

Claim1l ) _ —P-N(CH,),, ._.P[N (CH,) z]z . —P-N(CHy,, —S—-0M
N S
oM oM
. 0 .
| ll,/OM | -

X'’ is oxygen and R¥ is hydrogen, methyl, s-butyl, phenacyl, p-bromophenacyl,
pivaloyloxymethyl, 2,2,2-trichloroethyl, “allyl, 3-methyl-2-butenyl, 2-methyl-2-
propenyl, benzyl, benzylhydryl, p-r-butylbenzyl, phthalidyl, phenyl, 5-indanyl, -
: acetylthiomethyl, acetoxymethyl, propionyloxymethyl, methallyl, 3-butenyl, 4-
oo 15 pentenyl, 2-butenyl, acetoxyacetylmethyl, pivaloylacetylmethyl, diethylamino, 15
g i dimethylaminoethyl, methoxymethyl, p-acetoxybenzyl, p-pivaloyloxybenzyl, p-iso-
- propoxybenzyl, 5-indanylmethyl, benzyloxymethyl, methylthioethyl, dimethyl-
aminoacetoxymethyl, crotonolacton-3-yl, acetamidomethyl, acetylthioethyl,
pivaloylthiomethyl or methylthiomethyl. '
20 3i. A compound as claimed in Claim 11 in which R? and R? are hydrogen and 20
R is aminoalkyl. '
32. A compound as claimed in Claim 31 in which R is aminoethyl.
33. A method of preparing a compound according to Claim 3 comprising
treating a compound of formula: -

.y
-—t

| OH - -
: P COOH 1
o - B
or a suitable protected derivative thereof with an imido ester of formula:
s~ FR‘
i ® or an imido halide of formula:

' R1 RzN-e.): (,:—X‘ XIe
,. R

30 . where —X°R” is a leaving group, X' is a halogen, X° isO or S,and R, R! and R2are 30
as defined in Claim 1. . . . .




83 1,570, 990
83 38. A nethod of preparing a conpound according to Claimb5 conprising
treating-a-conpound of formila. or a suitable protected derjvative thereof

with an alkALIaflnn aoent calculated to 5 prowde O—Iwhere[err] is O
cor SR OR or SRand Ris as defined in aim1l. 39. A nethod of
epar i ng a !ggﬂﬂlmlmg to Claim| substantially as hereinbefore
/daskri-bed wi ny one of Exanples 3 to 7,9 to 16, 19, 20, 10

--28;2to 43, 51 and ) o the corrpounds msntloned L @arrple

. epe Fet hod as
claimed in ar?&)ormetlwd @I mem;msa CtompB@ld at:tordmgphemamcbcmmpming corrp05| tion
conpri si nd "’3 fompRnd OEfrgelRg to Caim | and a phar maceutical carrier
t herefor. - 42. A phagir maceuti cal conposition conprisi Ng,-i N uni toary
dosage form a .15 thera eutically effective anount of a com@und S
according to Claiml and”a“g Lt_Lgenalt“ gagx!er therefor. 43. A
~ pharmaceutical conposition in m41 in the formof a gegosul e,
tabl et, powder, elixir, aoll ous” or o‘l’@“sol ion or suspenS| on, . emul sion or
20 syrup. L
20" 4} A n%gr@?% ipeatectest d@tlmtlnetheneof vahan emine Of fnrlmrlaN lb?dwiemc strable for m
45. co

vi E Ri and B2 arg a3 Qiajm 4 ¢ S 1 abl
T i e e e b

admnlstrableform 25%H 47. A.conposition as clained in d.aim4l in
the formof a supposit 25 48. A conposition as clained'in Caim41 in
formsuitable for abs u rch@HnN ous nenbranes of the nose and

- throat or bronchial tissyes. B conﬁosmlon as claimed in-Claim48.in
the formof a1iquid spr i H a | ozenge or a throat paint. 30
50... A conposition as-clgdined in Claim41 in aurally or optically

o ;ag' e s P RV X i 1 42 1
X'"R° B

10 L S R'R2N-—C=N—R! _ ' _ 10

14

\é:'lere X"isOorsS, —X"R" isa Ieavmg group and R, R'and R?are as defined in
aim.. 1.

" 36. A ‘method of preparing a compound accordmg to. Claim 3 comprlsmg
_treating a compound of formula:

: % e

OH

15 - SCH,CH,N= C-NRTRZ 15
} COOH )|(| -

or a suitable protected derivative thereof with an amine NHR'R2 where X' is the
leaving group —OR or —SR and R, R' and R? are as defined in Claim 1.

37. A method of preparing a compound accordmg to Claim 4 comprising
treating a compound of formula:

OH

20 /k——li scn,cuzunﬁ,nw R2. - % o
) . . 3 L _‘- .'5‘;,
. . 0/""‘- N COOH . Xo , - | ' :‘ C 3

ora zultable protected derivative thereof with an alkylatmg agent calculated to
provide:

o
23

oH S
)\ SCH,CH,N = C - NRTR?2
_ I 2 2 )
I N coon . I '
" ... X°R

where X° is O or S and R, R' and R? are as defined in Claim 1.’




52. A conposition as clained in daimb51 in the formof an ointnment, cream
| otion, paint or powder. 35 53. An antibacterial conposition
CONpri SLAG a5 ac - S adio i | , e i
together with a material in respect of which antibacterial action is

desired. 54. A disinfectant conprising as active ingredient a co ound as ,
claimed.in.C-aiml together with a suitable carrier or” HWI;"IIHEIIJ” | 55 g
A conposi&ion as clained in Caimb53 in which the said ll.man.
40 or animal, foggdstuff. 56. A conposition gs,g£dqi Med in Caimsd in whi chg, - -
the said materi i - = = onpoSTtTon : i L.
Clai m53 in which the s & methed pfpreparingipecoppound aggrfding t@cElaim Hromprsinger
mill. _ treating a compound of formula: 45 58. A'veteri nary
conposi tijon conprising as actived ngredient a conpoundyas claimed in d aim
| toget hér *wi t hiyggnon-toxi c. basq material. 59. A conpogition as clained in
Caim53:in the formof-an intsal ' SC&IJG}H&NB@-R* ' 60.- A
conposi tigon as claimed in any onejof d ai % o 59 in which the said 50
conpound is -a.conpound as clai mregZi ny one oP Clains 2 to 30. 84

1, 5_70, QQQ L : 0 84 61. A conposition as
claimed. in any one obr Chuiiabls pidtectesl &ivative Whriredh withcansiiiylting, pgsausaipujatedo
conpound as cl abmed P#Vid$:ai m 31. 62. A conposition as clainmed in any one of3

Clainms 41 to 59 in which the sajl conpound is a conpound as clainmed in

Gaim32. 5 . - - 63. A conppsi-tion.as clained in any gne of Cains 41
to 59 in which the said conpoandy “conpo @t AN 2 in Caim40. 64.
A conposition as clainmed in C ai J.LbJ tan¢doH | y as Iherei nbef ore

described in any one of Exanpleg?54 to 59. For the AppfS%ants, D. 'YOUNG &

CO., Charter ' -
| ed Patent AJSDLSo or S, R* is H, R, OR or SR and R is as defined in Claim 1,

39. A méthod of preparing a compound according to Claim 1 substantially as
hereinbefore described with reference to any one of Examples 3 to 7,9 to 16, 19, 20,
10 . 21, 28 to 43, 51 and 52 or.any one of the compounds mentioned in Example 53. 10
40. A compound according to Claim 1 when prepared by a method as claimed
in any one of Claims 33 to 39.
41. A pharmaceutical composition comprising a compound according to
Claim | and a pharmaceutical carrier therefor. '

15 42. A pharmaceutical composition comprising, in unitary dosage form, a 15
therapeutically effective amount of a compound according to Claim | and a
pharmaceutical carrier therefor. o ' ' _ :

43, A pharmaceutical composition as claimed in Claim 41 in the form of a
capsule, tablet, powder, elixir, aqueous or oily solution or suspension, emulsion or

20 syrup. : .

. 44. A composition as claimed in Claim 41 in orally administrable form.

45. A composition as claimed in Claim 41 in intravenously administrable form.
¢ 46. A composition as claimed in Claim 41 in intramuscularly administrable
orm. :
25 47. A composition as claimed in Claim 41 in the form of a suppository. 25
48. A composition as claimed in Claim 41 in form suitable for absorption :
through the mucous membranes of the nose and throat or bronchial tissues.
49. A composition as claimed in Claim 48 in the form of a liquid spray or
inhalant, a lozenge or a throat paint.
30 ‘ 50. A composition as claimed in Claim 41 in aurally or optically administrable 30
-form, o -
51. A composition as claimed in Claim 41 in topically administrable form.
52. A composition as claimed in Claim 51 in the form of an ointment, cream,
lotion, paint or powder. - _ ’
35 53. An antibacterial composition comprising as active ingredient a compound 35
) - as claimed in Claim 1 together with a material in respect of which antibacterial
- o action is desired. - ' o .
54. A disinfectant comprising as active ingredient a compound as claimed in
Claim 1 together with a suitable carrier or diluent.
40 55. A composition as claimed in Claim 53 in which the said material is 2 human 40
W or animal foodstuff. : g :
' : 56. A composition as claimed in Claim53 in which the said material is a water-
based paint. .
' 57. A composition as claimed in Claim 53 in which the said material is the .
45 white water of a paper mill. ' : 45
58. A veterinary composition comprising as dctive ingredient a compound as
_claimed in Claim | together with a non-toxic base material.
59. A composition as claimed in Claim 53 in the form of an intramammary
preparation. -
50 ) 60. A composition as claimed in any one of Claims 41 to 59 in which the said 50 -
compound is a compound as claimed in any one of Claims 2 to 30.

oy w-‘s .
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6l A composmon as cl'almed in any one of CIalms 41 to 59 in wh1ch the sald
" compound is a compound as claimed in Claim 31. '
62. A composition as claimed in any one of Clalms 41 to 59 in which the said

compound is a compound as claimed in Claim 32. - ' i

5 63.A composmon as claimed in any one of Claims 41 to 59 in whxch the said ¢ 'vé‘ ‘s B
compound is a compound as claimed in Claim 40. . STl

64. A composition as claimed in Claim 41 substantlally as herembefore - A(

‘described in any one of Examples 54 to 59.

For the Applicants,

. D. YOUNG & CO.,
Chartered Patent Agents,
9 and 10 Staple Inn,
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