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5 benzyl oxycar bonyl am no -~ a Jgiydroxybutyric aci{ adnd preferably its
active ester with N hydroxysuccrznr m de,: -

N- hydr oxy- 5- nor bor nene- 2, 3- di car bOXI mde or N- hydgoxyphthalimde) in a
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han silyl on the 6 -amino noiety as a start ing material, said -, %
g material may be prepared either by polysilylating the desired f
ocked kananycin A or B, or by-introducing the desired 6'-N bl OCkI ng =
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30 Methods for t peduet ] anp OT S1 T |nto or gart wu uuuua, 3
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described in this 35 . speci fication :

35 As used fserein, the term pol ysilyl aLyeé kanarrym n Aor Brefers to 5
kananycin A or B containing fromtwo toXen silyl groups.in the nolecule.-
Thus, the term polysilylated kanamycin A" & B,/ does not in |ude
persilylated kan&iﬂéféﬁd"kﬁs%dn@gen"ﬁ?'(%e”ﬁﬂl anﬁnﬁsq{yaﬁo%neﬁ&(’erﬁﬁl! %’Lr groups in

t he nol ecul e. . preci se nunber o groups-(or their

. ocation) present in the 40 pol ysil yR"at ed kananym n starting materials
(with Wi thout a bl ocki ng. group.othgy ghan silyl "on the 6'-amino noiety).
“is not known. We have found that both un ersilyylation and oversilylation

| oner the yield of the desired product akd i ncrease the yield of other

products. In the“ggﬁgh% ﬂ;&%sky ls aideﬁ:&hoé/esl! |yl ation, 45 little or

none of the desiredspcidus WCand 88 n whi ch
45 will gi V@ the hgxaaemtdnplah e,of t:daayréaﬁgips;qc Ef\t Jhx)lr M %f he 10 .

particul ar react ém‘ﬁ Fﬁﬂ %“ ririethel a silarre, S tteim- pﬂimslchinms:lane
advant ageous degr"éélcﬁ 'g ‘F Ak d:l%§t‘h ehuls eﬂ?ﬁi’%e%ch%r %ﬁi'ts can

readi |y be deter iph WyidhldrssileneD e ir ﬁ lofdsilane0 triphenyifluor

preparing I115- N -trl O_-tol lor shme.- atm- ah 1almytle byds]llﬁalaarrycnrs

50 A by acylatin n_ﬁ y Jmm o rar&g fapnehe stmm; m de

‘ester of L -(-)- el 0 e L] r% Halkyigpion: & obti. aci d i
silylatig Sg giaich o eicbapduct_are

acet one sol t(J)t i on, :lmi(by ﬂ%ﬂd o
bt d byQutil 2% ylmmMns hs ds b
? e ag![ Pﬁ g f ?20::,‘ |4 ![Q 5 m azil sqylure es ethylsll hmldazgle ;llzg':ayeswc 4 war © y

d silyl group is. the t m lSl oup a
775 6 ropab PR s Sl S B
| esser anounts ofblﬂ(felmmbllmhmmwam ~ % ém'

mideszxanbtlt dishizm,énel d of

d d product iMP* | d f ¥
S T z%ﬁ'rs?;%iwr%“t o

5.0 nol es of hexamgbl titieabycp dring the cnmg,rde to
obt ai n maxi pum yu}{egabbmtrpﬂlsméhe ¢eﬂrqdrﬁéNdﬁgnkm P igo BQIEquaN;d kamrhycnbe
appreci ated’t hat “e izane. i s ca abl e of

i ntroduci ng two mltidmg ééaggnpi mgﬁragﬁiﬁ){ °"Kstbe’° %@/C' n A or
B. Both kananym anamycids Bnﬂlaurewnmout)a aloch g gdoe '@thess tﬁaesﬂ)(l [oﬁrtliell

groups) whigh 10 m°‘°?)£ﬁ"a§"ﬁ by ethodswhichyare @Ok'am#yetﬁdﬁscahw iBthiont a:?gl ng

a bl ocki ng: groups%etch@ﬁ h I
of 10 such sitesA Ihms?:xéa%ekgr%gtéhpumg&g%gt&

kanamycin A or f@ @i'ﬂa ck#mym Y@éw?hem lgdesel‘s lm@aaimycﬂ-Aand [err]
il

€ Sd %
ol g e AR ﬁﬁ.mk%a U T
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bl ocki ng group otlenrsllylhemtl&-l zgakmmntohq)ﬁs nam( nTWe thive fOORE VAL bothe

L e. a tO
ﬁ EIQB p&érﬁoykanm cm

bel i eve that suc creaself{ E‘dg ‘rgﬁl!él{“i“mn i 'd tofikhe 9¢Sa‘eda pridutt arndese m)l ar
ratios durigg regarin ? fs% .-%ﬂitﬁ? Iéﬁ% d %fit’ B R rao” eegs 0
silylation are obilbgineth el g\-eﬁegl of Qdésire ndﬁoﬁltzé’ Bhicela cat a yst
i s added. reactants being used in the acylatlon step. T}*e most advantageous degree of

silylation using any combination of reactants can’ readxly be determined by routme
experimentation. -
50 When preparing | -N - [L -(-) -p -aming - a - hydroxybutyryllkanamycin 50
A by acylating polysilylated kanamycin A with t‘il‘e N-hydroxysucc?nriymlde este}; of
- (=) - p - benzyloxycarbonylamino - a - hydroxybutyric acid in acetone
solution, we have found that good yields of the: desired product are obtained by
utilizing polysilylated kanamycin A which has been prepared by reacting from 4 to




Silylation catalysts greatly accelerate the rate of silylation. Suitable

silylation 20 . catalysts are well known in the art and include inter

alla amne sulfates (e.g. 20 kananycin sulfate), sulfamc acid, imndazole.

and trimethyl chlorosilane. Silyl ation caf gly,ah S generally pronote a h| gher
ree of sidye e PP IRILL. . /7 W G

However , overmlyl&fé“’l@a

it is first treat eﬂ"m“sﬁjbze lﬂﬁ%ﬁ m&é&‘%ﬁ'ﬁgﬂﬁﬁd@ﬁgﬁg ﬁ;éés:r:‘ ‘325i f

silylation- before folt abe “Qtﬂraél' tb Qﬂh“ie |f1%ﬂt 4.5t methyldisilazane per
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acyl ated wi t HS t he & “5 &‘?n A 6‘98‘ ‘g’ﬂ’fswe
[21 nol es ‘wat er peaurﬁqglr s@l h&ﬁgf}ﬁ %Els"i};’
added as-a desilyl cltta: mgemenledeﬁm uine étEa tiah kcathlyst as ydded.d Of

appr oxi mat el 35940% “‘t"n‘t,lt '§|SF°e Eg:ﬁ%% dbtlﬂatmdsﬂlfme silylation r es uéﬁ

are obtai ned “Tf thg sdlét,_f W sﬂg,‘dé‘ffg‘f’??tmdrog
4

conpound. capabl e Oéatstystsq@hérilly ﬁﬁbt lﬁéﬂeﬂﬂegr& & -sil is [Péddl
but anedi ol , net hylpraesss ﬁhlamvemm owvwrcag ; ateka namgciy IAm'me ased aAO
E e

Al't hough ‘i t us! ’" gl f jtds fipst greated jng ktomgiumhndarﬁﬂfated
mat eri al s, o 4 Efﬁs'é% vy a d prody ’°ﬁ?§aibta.§éaé' achliing’ gaglﬁaeef

"oversi | yI ation" kdnem am 50 iﬁbla- mtaCdfl m:uﬁa elter to
~acylation often glkﬁé%m ,%ﬂ xqi&, wite s 7o melsr ta@aptOér o
it

yi el ds of deg red

}33 %&%ﬁ} :;_ ¢ ons
conducted. in acet Oflebaizyl nﬁp-l’l&:eﬂ d'r ield of thidV V). 8?

pol ysil ytated kan idn mduvtewﬁa\mtaiwdndimmr, eﬂre&l lhisntsa ilplated” - N -

when addi ng 3p to. nam@%gv a::'%yla aé:fﬁ”éi?'f‘&;ﬁ%?yﬁtﬂ‘ \%ﬁ% °TM%®T " Ao

at 20% concent r at i afrthe dbﬁr obwined.i The agmy Lults Bie eiter 1§N

ot her conbi nati ons® oroQther aetyech cmgbleroateﬁcttms be
beneficial. The 5@,?!;2’,}”;3,%&5@ ﬁltﬂnfég ﬁ'ﬂ?rﬁ‘i}“}fgmm@é't &RFTFaRtage | Syht s
cont ai ni ng ugot o aboutithégh4 dﬁ/lsblb@ td WherthoriikCwith Rilylifed \WaleRdls, we 40
concentrations onémguwpmmlh bendsmmt,t vepy limt the nabsanpe sof | Hovemsitylation”p theoi d -

excessive desilyl bl ) ?H" 40 n‘;ﬁ qyellygopthg
l}{uonaé::ntlﬁs %? Ly sofgfhhe ﬂ tra g‘gy ?

materlal Accor di
"subst ant i al Uy an:éav $olosilgb.nd¢kamﬂiyhiﬁmwehareﬁ‘(ﬂhe c éllent yisld swﬂe moi vent 85

55 cont ai ni ng wa*tYérOX}'bﬂt Obtsme:pwtlcn about
#Etéﬁngggl% lﬁ'ﬁb‘ ot :?:EW% a'g e;i nost

20% water, a 55
preferred range. |Scom|bm‘am>nabm§ct £Hi%, ¢vth @ore v@ﬁerl Q,enetfhﬁl RSt

desirabl e de§Pee" d\@ylstil "mst a)flvrco ted(mﬁolvnmcqntalmli um hbmt@%wmct ant 80

may be readily det l;g °F§°JG‘B'°“ timepe| | eved
T e eatL Y, dee e sl gﬁ% T N Sl oL
60 will usually be sth;tanmlm a‘nha ganic| mny’cnsn ertﬂéd Boamdlubetswans 3 and

for kananyci A A’ or°°B‘at5‘ red t}ﬂ%‘s /E) ge ‘g HSFtlhéPt abont 20%;|waterom t heSS
6' -ami no noi ety, éat SAT8R P EHESHY e & drf'o'[ws&B g %F’Qée HP¥senti al
part of this i nvent I Q!l% mvﬁiﬁted above, the thbst dekithtM degite %ﬂﬂlyﬁlﬁﬂﬂ'&réﬁ;’ Wéfbikdtiod he
acyl ation r eaCt | Orﬁ gy@tﬁl@feagtpmg may bé readjly determined by routine exgenmentatlon Itis
elieved that the preferred average number of silyl groups in the starting material 60
will usually be between 4 and 8 for kanamycin A or B and between 3 and 7 for
kanamycin A or B containing a blocking group other than silyl on the 6’-amino
moiety, but this is only theory and is not considered an essential part of this
invention.
65 ' The duration and temperature of the acylation: reaction are not critical. 65



Tenperatures in the range of -3 Cto C may be used for reaction- tines,
angi ng fromone hour up to ady or nore. W have found that the- reactlon

I |y proceeds well at roomteperature and, for conveni ence and econony,
@ er to condugt the reaction atanbi ent qmgature However for maxi rru1§15 !
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ds and selectivg ac ratlon We TEerer-T0" g n Idngu at—fTom
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acid with N, N -di netwitylﬂxhlpnlxallmtﬂi kmmmy in . ghrkiog mﬂeral:fafteﬁﬁmtre&tm csaid 15

1, 008, 170 and yovak N,N'dimethylcbl ?fa a> {“u °h1 f"sy' the s
use 15 of  ard @I’&gﬁ“ ilé:ie 4 lc@zole

[cf. South Afri canSolﬁpechricmat ISpécifidation 6% 3] 268 'r ora a cai m eeagmagent

[ especial | y. NN d| eloh prbomlim 2 _| d!l (tte or
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W

; ?(%E m rea ' 20 3
J.AGS., 77, 967 cjmﬁ Imama ahl e and
H G 20 Vi ehe gent [cheRnB. Woodward! R.0 a)lo T anddrhMa,yerSBzme@mm) §ooor of

| It }é »OF of gketeniming, 53
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St evens and M 1. azil CAmeBhen4 2) 5206 (192} or

exachl orocycl ot ri ph -C Tetra edron LettersNo 18, p 1595—1598
1 etrah 5 :
tﬁ a b d 8.2 _
e nite mls €mber 30

bx
hexabr onocycl otri phﬁ gf
25 di phenyl phagphor e ca#
(1972)1 or of dieth ptm ) cpht ratldst rnﬂt' erTmmaxednmdazcue. lezote, .18,
pp. 1595-1598 (1973?12&?&‘: ZI%I?H@ "%ﬁﬁef hl1mes ayg‘dg:(gﬁr:!t):égrﬁngcessa%' 49,
pp. 5047-5050 (1972 E oty derVali df hechold dF Formad ]| N9
azolide, i.e. 3san aacgdaleafut gacylatl diﬂitl’ves ds agackthakidePostectidiiof heni t r 3§
nis a nenber of %f@%i mma:cberacoempl ne'smwnmgtheentes by wge ofa | east

two nitrogen atoms nzy 5 % .
benzi ni dazol e, benzgieitodsil oengl?ﬂ’@.ém m&& “ uﬂ'%@“ e s °v°d%i be
40

. appr eci at ed ‘byot hosmas.ld‘od éxentlphe,rretdils bau-émovml bys n) de:tlysimﬁthm rhﬁ'eﬁﬂb raab
necessary to prot ecg ; QBP)&"*' ptiveg. I‘b&#‘" apd thef
acid of Formula 11, ":g&r'; e‘ﬂ;] L“ '|° " y\f‘ﬁgf\/aé? such
as an acid halide. Bﬁtaiyeﬁg, @foe,uiaaaia,ya ﬂ,oaaﬁy)m; i shed
by m ans knowdsi n tg@uarbv ca!al c h ometumf aa?-hy mb 45

acetylation or b si tric t;ﬁ‘f'g cavittac s 'Eﬁ? on,
all blocking g roup%‘lg%?a{g F’D B{/l hbgﬁsg?{:' #vm%' gg‘?%% %'C dc‘(_:g&\' el a%gl
desired product of Foriﬁcldao roiﬁkntwsreldetemh:edubﬁva&ﬁus methodmﬁeﬁMmakd‘mﬂl e,

readily be re®ved B °k'EHr 5‘1‘? l{, %‘gﬁ%ﬁ;ﬁ%&t f‘éﬁ Wﬂdt) CP'HW“ J‘fﬁ{q of
hs

Bl ocking group B of § a f:fp theqq,
and the | ocki ng grou r@[ﬂ'la c onsam rmhei IYe :& )Iﬂgﬂtpeﬂ’orlﬁaﬂii”yc' n
starting material (ilifuig ph;great Kmdn rekm.)vm ageeobsodigtionThus,

a t- butoxycasbonyl B y ‘ "36 rqugs. a "é“\?f’a'ﬁ’BP tb 55
car bobenzyl oxy 45 notagg; s1s Lno‘ﬁ,e he}%%a'r "&ﬁyp%ﬁle‘mé :ggg ngt:':l%gl:%)r d%

2- hydr oxy- 1--napht hcar-lihmty c spy acid wydr ol ysi s,

t nchl or oet. hoxycar bo tlrt WﬂthhA ey %a high plesspieet i c
acid, the pht onI t° éﬂ\lmﬁg‘t‘m{ "F‘E"% Flnol
under heat i ng. Y| el. as 0 pro uct were erp| ne y vari ous ‘After

removal of all ' anbHePlgusgroupsZS%rifbqudnato raphx on CG50 [err]




anm kagin. could be determ ned by isolation of the crystalline solid from

tfhe appropriate fractions or by m.crobiol ogi cal assay (turbidinmetric or

pI ate) of the appropriate fractions. Another technique which we utilized
as hi gh perforgrance |iquid chronatography,sesgl he unreduced ac ation 9
xture, i.e.~THE agqueoyg, SOl T oM 0

silyl groups and- r endval geRditivity-gani ¢ swlbﬁg But 55 before hydrogenol yS| S

to renmove the remaini ng hilwestci ng groupMsb This agsay was not a direct

assay for am kacin or BHnjested Ampoustyr f e C rrespondl ng mono- or di- o

N-bl ocked compbunds. TheoPsfaipiMent ul4m8Mby was a Waters Associ at es

ALC/ GPC 244 hi gh preiasispeediried, but Rinfiblitekisdh AT BpRa PRl ubdid danditidiigaveUV
Associ at es Model 44facehwith baks: whldbMGrv;taasy toGfleasunel qmnﬂ&tmly( 3‘,119 resuity ofthe

[err]-Bondpak C818 #6re s oavo | bofoingse:
25% 2 pr opanojo 7 75% oAbiahns G s g’tﬁ? 3‘““ O
m /'m nute 294
9 Detector - AHIWAat 254 nm Isen atnlm-ct-yydroxybutyr&a@ld AUFS Di | uent:
DVBO | nj ect ed Anmou HBA 5 [err]. N-Car obenzyloxy derivative of AHBA

. (9) o - -nor men 2,3-dicarboximide
55 CONCRA ratlon nﬁa““ z’gm oXifidecd, but 2
m nut es/i nch-Whs. ty (arzBIHBKF-h‘@Nmbveacm stemnBBlgMe W traces with peaks 15
whi ch were easy to 8ure quantit uI ts ‘of the above
anal yses are ref er r¥{ o {g\g)SPE] '{“18}?“5%3 Wdeaetdys. In order to
avoid the repetitiopcaf conplex. chﬁepcméxynmwmma&e foll ow ng 10
abbrevi ati ons2@re sgﬁ% i rres ut| i z‘b@cthen{hres speci ficati on. 20
10 AHBA [err]h ﬁlm%xputym c acid BHBA
N- Car bobenzyl oxy demsxatlve of AHIfA (’;Iacetamnde .

N- hydr oxy- 5- nor boneTBA 2, 3- di car boxtriftuateachifE

N- hydr oxy- 5- nd# bor nePRC2, 3- di car bdR’l‘r?Pm?"!L‘Bﬂ”“Yl ? (or BHBA-' ONB') 25
activated ester of - BHBAyjcalite” is a trademark of the Great:Lakes Carbon [&doration for
N- hydr oxysucci ni m- déiatbficeous earth. N hydr oxysucci ni m de acti vat ed

ester of (or BHBA-' berlit B;? js a Trademark .of 'the Rohm & Haas Co. for the
di cycl ohexyl c% bodi ﬁ?f‘@%m 1c gra ° weakly acid cationic exchanggesin-of Shr-sarhaxylics 30
20 HVDS II(YRYJ Ejlﬁddeﬁiikn&' Watrs Associates for a series of high

bi s)trimethyl si'l yI )mbtmmdbqumsﬁhromatography columns. tri et hyI silyl acetam de

TEA . t rﬁl} te feimare grven es centigra

- the'terms (1 e » refer to AlkY"
but y1 oxycar bomyl . ikoey “fénp:c’:i.'lmm:?r';in 1°2Z°§3x carbon aﬁ““ﬁf"?f%’?’ feder tp glkgror
trademark of the Great Lgakes Carbon Corporation for diatomaceous earth.
"Anberlite CG50" is a Tr adenaﬂ@smthm@thbﬁrﬁf@eﬁmomemﬁor t he

chronogr aphl C gr adepr%iar&{oé:% If-Pif‘ g— AR a-ﬂ; 0X § J@ﬁ'gﬁa c?rl R :PIIIIICLCHI‘? by
Cal’ boxyl i c- £ P & ethylsilyl) 6’-N arbobenzy oxykanamycin A in
"l[err]- Bondapak is a Trademark @& hydmmrmet By detanat es for a series of

i i6f NIQWW y; y| , 24.24 m. moles) was slurried in 90
hl gh perf Qr rance x OIUI ? ace omib'rﬁz %Megg A‘lﬁﬁ rgflux under a nitrogen atmosphere.
' Hexamethyldlsﬂazane (17.5 g., 108.48 m. moles) was added slowly over 30 minutes,
o and the resulting solution was reﬂuxed for 24 hours. After removal of the solvent in
© 45 vacuo (40°) and complete -drying under vacuum (10 mm), 27.9 g. of a white, 45
amorphous solid was obtained [90.719 calculated as 6'-N-
Carbobenzyloxykanamycin A (Silyl),].
. This solid was dissolved in 150 ml. of dry diethyl ketone at 23°. L - (—)-p-
' 'benziloxycarbonylammo-a-hydroxybutyrlc acid N-hydroxy-S-norbornene-Z 3-
50 dicarboximide ester (NAE) (11.05 g., 26.67 m. moles) dissolved in 100 ml. of dry 50
~ diethyl ketone at 23° was added slowly with: good agitation over 1/2 hour. The ,
- solution was stirred at 23° for 78 hours, The yellow, clear solution (EH 7.0) was
diluted with 100 ml. of water. The pH of the mixture was adjusted to 2.8 (3N HCI)
- and stirred vigorously at 23° for 15 minutes. The a?ueous phase was separated, and
SS the organic phase was extracted with 50. ml of pH 2.8 water. The combined S5
aqueous fractions were washed with 50 mi. of ethyl acetate. The solution was
placed in a 500 ml. Parr bottle, together with 5 g. of 5); palladium on carbon
catalyst (h ngelhard) and reduced at 50 psi H, for 2 hours at 23°. The mixture was
: filtered through a pad of Dicalite which was then washed with an additional 30 ml.
60 . of water. The colorless filtrate was concentrated in vacuo (40—45°) to 50 ml. The 60
: solution was charged on a 5x100 cm CG=50 (NH.+) ion exchange column. After
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an additional 30 msiow0 with g yttha;t-.mymm 6'-N-
concentrated jn vagamopenylp xykmaﬁﬂclmA ovehe 15 ﬂeupd -Ghe sohtion was fiedden a 536

100 cm CG- 50 1°err] 23 ‘jfg E‘% %ﬂ at r e yellow, clear solution (pH

as, water. H nixture was.adju
1,598,294 vashi ng. (6N HEH duustins Shinied 5" FNEN DSVl onved deirg [L -~ |
(-) - - amno - ateami roem ut 35 tution . Aag dd?iﬁ nidlnPdcACI N '

wer e eI ut ed th ObB epall ap warbem P‘V I( wa alee ere
ith SN amorttm GRS asz;;sm Hy ﬁﬁ S o
‘rotation were used ncentration FRImaAtdIE 1/B VoG Mme Stfie Sdlut lqpm e0—7Phwayol ume |

‘a d observed opti cahargeston 4 6xl10fcme G650 (NH.+)ion/exnh ﬁg columatand euydwethla as the

H
wei ght and. pefcent iﬁﬁp“v‘é.‘ﬁ‘t‘%g@ﬁ?’gﬁmet% %‘fé’ "*‘i‘ﬁ:;ﬁf oL ragrer i‘f&ﬁ 40
evaporation to dr yf@fo ma ug ¥ thinQ F’Shromatography eval ht
Mat eri al niThe comd ql amlka(:lgrmac YionsOvere edotkcehated to 25—30% sohdsK'mmnym nA

1000 +0 115 0 sajgtipn was diluted withjan equal volume of methanol, fpli w_l%gp volumesof ~ 1750
ere

.-—-ﬁn

+0. 24 4. 315 lso l‘l’m ad crystalllzatlozoabere wag (fecoy O(40"/ ) of 47 4 s
Pol yacyl s ‘The T ¢ of 128 R&Rmycin A, 2409/ "B'Inexzspmt 59 RyayHatket one

| ayer was shown by khnagtycxpgafm mateciel Halaqen 691%4 -chromat ography to contain
an additional 345% am kacin. . - 15 The crude anikacin

le
(6.20 gns.) was di peglatsb b %pmn a@ﬂ Shegt &yt AMRRadh by Of
met hanol , ands020 niSeleeivel Ayiation ly(stintedy rﬁmlyﬂdm(ﬂsmg In Situ Blocking 50
A Poly(tnmethylmlyl) ‘Kanamycin A -
_ Kanamycin A free-base (18 g. iactmty, 17 15 m: moles) was slurried in 200 ml.
of dry acetonitrile and heated to reflux. Héxamethyldisilazane (29.8 g., 184.6 m.
moles) was added over 30 minutes and the mixture was stirred at reflux or 78 hours
55 " togive a light {ellow clear solution. Removal of the solvent under vacuum left an 55
' amorphous s0 d residue (43 gm 94/ ) [calculated as kanamycm A (silyl),l.

B. -N-[L—(—)- Ammo-whydro:dybutyryl] namycin. A -
?-(Benzyloxycarbonyloxy)beﬂzoxc acid (5.56 g., 20.43 m. moles) was slurned in
50 mi. of dry acetonitrile at 23° N,O-bls-Tr ethylsxlyl acetamide (8.4 g., 41.37 m.
60 mole) was added with good stirring. The solution was held for 30 minutes at 23°, 60
and then added over 3 hours with vigorous stnmng to a solution of



crystdllizdation. There was obtai ned. 6. 0 gms. (45. 8% of crystal i ne

$m kacin. 20 . Pr€paration of

_ -N-[L (-)- [err]-Am no- [err] Am no- [err] hydroxybutyryl ] kanarrym n A Am kaC| n
by 20 Sel ective Acyl ation of Poly(tri m; ogi | Y1) :

Car boben

6' N-carbobenzylo thyls :ﬁp Fin e‘“ﬂl"’ S'a d as | es,
it eg e A R %ﬁ" LGS el

100 m . of dr acedrpraeetorte a233°(L - (- -' err - benzyl oxycar bonyl am no -

25 a - hydrox buty ac(r'd °n5|amm Bor B " acid N -
d caboxi 1 de. est e 343??'?’4" ,§" TR BanEa o dry
acetone at [err] mﬁu gomut“p wishtfluts®@with | on of
pol y(tri met h}él sil lepn@ofNate(}md g;g% NrHQl) Ghemlxalriﬁmlacedte

(-

period. the 81 iag AN R :.r“‘so?ﬁhe;u AL o

ni trogen at m)spher ,.oug earthlviidh wae hf O e nas
diluted with 100 rfhe eofnb ﬁltrate'ﬁhewpdﬂlm (lsmmlmetidum-mmeba undmﬂm 2.5
(3N HCl) and gtirras ageintti fyreli tatcontains approsimately .40 meg/mia (g yis! s
removed usi nd’st e8I ®et or vacuum at about 35. The sol ution was placed in
a 500 m. Parr bottle, toget her with 1033111 & 45% pal | adi uni m on carbon

cat al yst (Engel harU}PﬂaﬂQn -N~ll-ﬁ'-é: dtyryllkanpiydimA Amikacin by at
[err]. The mixture . g@d a:wlyﬁﬁﬂ‘ Yls"y é“’df“ﬁ’(%éceous earth

whi ch was theg washe afA %2106 ml. &W 20
concentration to r25xm 1e| l&)\mu -hdkaetlmdmhma & for 22 was

charged on a 6x 1 'EG “"P@zﬂ’s eésd"vvlth a
st epwi se gr adr ent L8 ﬁﬁ ﬁt‘% [f@g gﬁ sU’
t

am kaci n. An automatlc po A meter® vvas used to rmnl or the progress
of el ution 25 40 Bonitaf)orfamine-rdydroxkbutyryllkénampycisds of thiin | ayer

chr omat ogr aphy ev g “gﬂ“t'mzé@ﬁr {&Hg:églm ﬁ??‘%ﬂgb@m 30

concentrated to 2 LlegL vol unme

of nmet hanol , 3f ol | dxymdeévestuoﬂNAﬂ)sn mls the uoo-r-mme reaction

i r ness i
crystall i zai %n. THENE MERTB I Gloragiok gid Rapagens goyes inmgeata | | ne?
am kaci n. followed by 70 ml. of methanol to obtal asolutlo . The so utlon was acidifie 7[

recovery of 12 karenHCl @ pN 2.6@R4 thced 1atl SOPS ofachys 18 glsemgrupsw gave a
mat eri al bal ance cﬁallm Ea emateiialiwapfiltered, and the combined filtrate
1-N-[L-(-)-[&Fr]- fg! ;gg geszsﬂgﬁrbtwyhﬂe&ﬁﬁmx ggainst Bopoliferoptaina 5o 33
Sel ecti ve Acylatlon °fy on r|rrethyI5|IyI) Kananmycin A, Using In Situ

Bl ocking 50 A Poly(trinet hyI sily KarEangple 8 A Kananycin A free base (18
g.activity, 37.15 Ffepasgion ]daﬁ?*é?'ﬁr !é(eﬁplqcﬁvezfg&wlamyf golm-e'p@msl!xh | e and
heated to refhux. Heyamei Dyl arerqeRZxy Kapamycis 4 in Aglygrous ACtgnt sy was addagl
over 30 minutes and tSiglatibit ur es'vmmbbme,d aKaraCf A Win f @éetdditrNOULSiIndS

to give alight y ﬁ‘lldxmt byldi EI% ral6'-Ufcatbhbens®dyv?ma An@idyl), vacuum
| eft an 55 anorp I}%@arrycr n
Alerr]. B lsN[ RO 'ﬁtofs- u? x?%%za{%m%gmi Che

p- (Benzyl oxycar bonderiest stnframaemand BB me uﬁ&aded Kanarfo by nwepslysdyUrrl ed :
080 . of dry &mﬁ? éllhgﬂgm lgrfw f these studich Hiution °'8&%t ani de
(8.4 9., 41. 37 omum é; ple notie Ut i ON

was hel d for s80 mwmﬁgeat err] 60 and t hen added over hours with 350
vigorous stirring to a solutlon of 11

1, 598, 294 11 poly(trrnethylsrlyl)kananycin
A (21.5 g., 17.83 m nDIe, calculated as the [err] conpound) in 75 m . of
dry acetonitrile at [err]. The mx was stirred for 4 hours, the solvent was
removed in vacuo (400), and the oily residue was dissolved in 50 m. of



dry acetone at [err]. 5 L -( )-[err] - benzyl oxycar bonyI am no -.» .
- hydroxybutyric acid N - 5 hydroxy - 5 .- norbornene - 2,3.- L
boxi mi de ester (NAE) (8.55 g., 20.63 m noles) in 30 nl. of acetone .
Y¢dded to tfhe above sol ution. over.a peri,s9829§ 5 minutes. The mixture Was, -
’ at [err}—ﬁm—ﬁ HoUTS. - TNE SOl TTTon Was diluted wi'th 100 -m .  of water »
and the pH (7.0) IoﬂerMS (6N HCl). . The i xture was placed 10 in a
500 m . Parr bottle together with 3 g. of 5% pal | adi um on car bon cat al yst

10 (Engel hard) and reduced at 40 psi [err] for: 2 hours. at &3 ke mxture

was filtered through a pad- of - .Fttorraceous ear't h whiBQipsy TRT washed with
20 mM . of water.: The . cegb ned /fTTtrate andOIWashl ngs '

determ ned by m crobl ol.o Qb= say . Y ;| €Ol
approximately 11, 400 m:g]{2 el 21‘ - O am kacr N. c=g
15 Exanpl e 4 Preparation2of . o# a ' 9

3 TNHE;

1-N-IL-(-)-[err]-Anino-[err]-hy oxybuty# nanyci.n A Ami kaéi n by

Sel ective Acylation of Poly(trimethyl sP Mm n AA

Pol y(trinmethylsilyl) Kananycin A 20 ' S%&sgg)ny on of @ g. (20.6 m.

mol €s) kanamyci nAin 100 m . of dry ac ot and 25 m. (TI19 m nol es)

1,1,1, 3, 3, 3-hexanet hyl di sil azane was refluxed for 72 hours. A clear |ight

yel | ow sol ution.resul.ted. The solution was stripped to dryness in vacuo at

30-40C. There was obtained 21.3 §. *oﬂcﬂg(bj%#('!'ﬁﬁﬁr&ﬁayisr lyl) Kanamycin A as a

light tan anorphous powder [85%vyi el d cal cul atled as kanarrycr n Aferr]. 25

B. 1I-N-IL-(-)-[err]-Am no- hydroxybutyryﬁ?{sanh‘rzf'ya n A

25 To a solution of 2.4 g. (2.0 in. m)les) of- poly(trlnethylsllyl)

Kanamycin A in 30 ni. of dry acet one was, a ed slowy 2.0 in. nmoles of L-

(-) - benzyl oxycarbonylanmno - a - hydr&y ut |c acid 3

N- hydr oxy- 5- nor bor nene- 2, 3- di car boxi m NAE) in 10 n. of dry

acetone at [err]. ‘The reaction 30 =~ mxt e vvas stirred at [err] for a
week and then stri pped to dryness in vacuo at a_ 30 bath.tenperature of

30-40C. Water (60 ml.) was then added to the riesi due, fol | owed by 70 m . of

met hanol to obtain a solution. The solution was acidjfi : 6N HCl to pH

2.0 and then reduced at 50 psi Al for 2 hours usi ng 8% pal | adi um
on carbon catalyst. Theggmt erif I°“was filte - and. t g filtrate 35
and washi ngs were determ nXM O\ ‘ al_ass agal nEY coli to
contain a 35 29.4%yi el d. gh=-arpaci. REFHG eparatlono AmkaC|n by
Sel ective N-ACyI ation of " ' rbobenz%y %anamycin A

i n Anhydrous Acet one 40 : ry 3 ca

40 Silylation of 6'-N-carbobenzoxy Kana A in dcetonitrile usi @

hexanet hyl di sol azne (HVDS) affords the 6'-N-carbobenzoxy. Kana (silyl),

internmediate [err]. This silylated Kana /A is rieadily soluble in nost

organi c solvents. Acylation with NAE in hﬂh?ﬂd%}s acetone at 23 using a 4%
mol ar excess of NAE 45 ' relative to 6' N-'Chz Kana A i nput afforded a

m xture containing only Cbhz 45 deﬂﬁlaf'ﬁ)’és“éf "ar??’r&!&m and BB- K29, some

unreacted Kana A and sone pol yacyl: gaterl aIN sI}Io ? was detectable in

any of these studies. Elution of an éﬂf‘é!-brl-é €cY PR mx after reduction
and workup, froma CG 50 [err] colum usi ng an anrmnl um hydroxi de gradient
af forded ‘i sol ated yields of pure ami kacin in the 50 40% r ange.

50




12 S 1,598, 294 '
12 11. . ti A 13 1, 598, 294
2 Equati ons _ , , @

13 Acetone 14 ' _ 1, 598, 29 :
14.111. Materials Wt. g. Vol . nl. kg 6' -N-Cbz Kana A 50,
N81 HVDS i —58-9 ,ﬁé_g —3655 3
Acetonitrile ~ : 300 5 BHBA
21.5 . . ..085 HONB ° om
. 085 DCC ' : 17. 48 | 7 NoPBy Acet one
260 10 . .CG- 50 [PerGPpNBICH,),~CR-COOR + HON . ( anol
As required I PA ) ‘@eﬁety 6' - N- Cbz
Kana A- ' No. di rect information avail% : ' _
Avoi d dust contact. Aeetoniauead253.4) _ _ HONF @29.23s a cyani de.
Avoi d breat hi ng vapors -May cause skin irritation. Hexanethyl di 5| | azane- 20
(HNDS) : Irritant, hanfdle with care. 20
-N-Cbz Kana A [err]- No direct infor t¥~ available, handle with
care BHBA- . Toxi ci™¥y is not established.- - Avcid
exposure to soli ds. 25  HONB- Toxic ty
unknown. Use. precautl on . .25 1in handll .
A sev. re skin and eye i rr| t ant DCRv 4 cF"I‘H‘hQSF’a’tzrﬁ‘iTcd?‘“m st vapors. .Toxi c.
30 Acet one- (224.3) Fl am abl e, on may produce
30 headache, fatigue, excitenent, . bro chial irritatio and, in |arge
anounts, narcosis. NAE- : - : No direct information
avai l abl e; - 35 ' @ wAE (414.6)al w yshandl eddirectly
as - . 35 solution in acetone. Mt hanol -
Fl ammabl e. P0| soni ng may ogcur fromingestiga™ i nhal ation
| ' dicbzamikacin
(854)
+.
QO+ Q % diCbzBB-K29
+
6'Cbz-1, 3-diBHBA~Kana A
H +
Ss pd/C
6'Cbz Kana A
‘;;ikacin + BB-K29 + 1,3-diAHBA-Kana A + Kanm
- (585.62) (722.76) (484,5)

CG=50 (NH, +)

Amikacin



per cut aneous absorption. 40 ‘I sopr opanol -

mraebl e.. I ngestion or inhalation _ 40 of larrge quantities of the @

~ vapor may cause headache, dizziness, nme tal depression, vonmting, narcosis.
45 - Amoni upg hydroxi de- L T o4/ apors. Wear mask, avoid 14 . i
45 contact wrttmrtrgurd G S0 TErTT — NO TOXIcity data o
avai | abl e, handl e Wt "MBEFAES v Procedur gy80, A off" ePandON 1
6' - N- Car bobenzyl oxykanamgeniteAKasd A Y! ) . i‘!ﬁi‘h Cbz kan'a A _03450 lerr] 1.-

Slurry 50 g. of 6'-N-caripszyl oxykanany88h A (KF768% in360D0 nl. of 5
acetonitrile GKF <0.01% Acpiopitiilet o r ef | ux,ferr] ned®t ai ni ng.a stream of dry
nitrogen through the slu “]\;.55 - 2isAdd slowy over:ogs 30 minute
period 7..8 m. hexaneth 1 silazane (HVDi)48 55 Conplete 988 ution will
occur with evolutio of adeewna gas. 3. Continue rgdPuxing for 18-20 hour sy

under a ni trofen purge. G- Mrate the cl earﬁsi ~yell ow solution .
under ‘'vacuum (bath tenp. g ﬁ ferr]) to a foany sQlréddired’ €l ds, of the silyl,
ccnmpound 89-92 g. (90-94% Theory). 60 NOTE: For future reference;

i n other solvent stuydi this solid is normally not 60 isolated but used
directly for. the a&hggi%a'A'—l5 ~ No dirkct information available.

1,598,294 15 M;Edud?baﬂﬁt_.at onTof 15
N- hydr oxy- 5- nor bor reewnRrild—di car boxi mi de eTreatras ggyanide. Avoid breathing

L- (-)-a-carbobenzyl oxyani no-[err]-hydr oxybug"m- F¥R¥¥E) 1. Dissol ve
21.5 g of L-(-)-[erfdsamethi@iofzameloxyamn no-[err -Pn'ydroxybutyri c acid (-BHBA%0
in 100 M. of2alry acaiND$) at 230 fol | owed britakGhéhdly withfcatd- hydr oxy-5- 5

nor bor nene- 2, 3- di c'-DeShzKageA(RINBy. A con]pdirgst informationavaifable. oyt . :
5.2. Over 30 m nutegsygad a solution of 17.4&?" °iw'otﬁ{§'§“§,|=@.hexyl'car bodi i m de
(DCC) in 50 mM. of acetone with agitation. i eredd dolids. Wi | | rise to 25
appr oxi mat el y25100 dd#@NBg-t he addition wi t hTegityjunknown; Yy prscaution -~
~di cycl ohexyl urea ( .10 3. Agi tgt' QFH&%,,%‘WS ifRdmt 3- 4 hours
allowing the tenperattire to.equilibrate to didlifHal: ionfémi RFDVvVe the urea

derivative by filtration; wash the cake wi t vaps.Toxic.acet one. Save the 30
filtrate plus3ashiMstonrtor the acyl ati on st@pide ec_)w'.a'u .‘."ﬁj{&’iﬁﬁfn of .
6'-N-Cbz Kana A (Silyl) 15 1. Di'ssOlpiohhRrrRatod dedznkana A (silyl),
isolated in Part A, Step 4 in 100 m. of ' 1S3arge smavnsimn@siat 23-24. 2. Wth
good agitation sl oWN4Eadd the NAE sol_utioanf '@qﬂiﬂf pifabls: oyer a 15

m nute period3’ The tenperature will gradual Imigafémﬁf I8 imtely [err].
Al l ow the sol ution jyeimesyil] i brate to [err] FagmabRPdisohing mby éocung for 18-20
hours under a 20 nitrogen atnosphere.  from ingestion, inhalation

20 3. Add 100 of water and |ower the pH _(G5RefctRancousapsospions o it h 6N 49
hydrochl ori ¢ é@i d. "ERPRAPET or 15 i nutes aof‘;?f:@@fﬂ%f égg%gﬁnd | ayer may

formthis doés not present a problemin the may cause headache, dizziness,
' . R ~ mental depression, vomiting,

narcosis. -

45 - Ammonium hydroxide— - Toxic:vapors. Wear mask, avoid 45
- ' ' contact with liquid. :
CG-50(NH, )Y— No toxicity data available,
- : handle with care.
© V. Procedure L o S
50 A. Preparation 6'-N-Carbobenzyloxykanamycin A (silyl); [6'-N-Cbz Kana A 50

Silyl),] o _ -
: 1. Slsxrr)’: )5.0 g. of 6'-N-carbobenzyloxytanamy_cip A (KF <4%) in 300 ml. of
acetonitrile (KF <0.01%). Bring to reflux (74®) maintaining a stream of dry nitrogen
through the shurry. ; . ,
55 - . 2.Add slowly over a 30 minute period 75.8 ml. hexamethyldisilazane (HMDS). 55

Complete solution will occur with evolution of ammonia gas.
3. Continue refluxing for 18—20 hours under a nitrogen purge.
4. Concentrate the clear, light yellow sdlution under vacuum (bath temp. 40—
'50°) to a foamy solid. Yields, of the silyl, compound 89—92 g. (90—947 Theory).
60 NOTE: For future reference; in other sblvent studies this solid is normally not 60
isolated but used directly for the acylation; ' : o




ighe concentrate.to a suitable hydrogenation vessel (prepurged with
nitrogen). Add 25 10 g. 5/ palladiumon carbon catalyst, and. hydrogenat

at. 40 psi for 2-3 hours. 5-.-' Filter the r§i5\3§§g4e through a Dicalite pad, is
‘washi ng the :

6. Concentrate th fipl'ePf“' | Nrhyd i e (50 o )
30 under 'vacuum 3t 03501 521 ?‘;%2{ %%lggﬁz@%mﬁggy l$ (KQACE)

amino-a-hydroxybutyric acid
30 7. Check the pIGHBA) ahind i lo drynacb eI clolionad by25.21d, ohtbt-gdwy-ﬁ-st Wi th

| N anmoni um hydr oxoe fﬂe@h Qi“ 6x 110
cm). 8. V\ashthe(ﬁey "m Jfg zlaif ﬁ% €} 453' e with
0.5- 35 ' 0.6N approkimuidly ;adrmﬁn ahelddigort anmpt-aimhﬂuﬁ: naycldreiywreat 0

nmoni tor the progréB§U)35 of elution, The order of elution is f ol
Resi dual Kand® A->Bg- Bodeitslghe iy, for fyy4 heurkaliowing the femperatupe tp £a all‘B’“‘BP our

acyl ation wor kups.”PQql wamble (Rl &ed Abrivatite by Miftralion- WashRA cara il 30fm|Kana A -
is recovered by V\/asétormgsmeehe:ﬁlltmwrplwwasm fountre mcylaviod Gtep below.

hydr oxi de. 40 9.

Chrone Che g i UM R i e bogyd U 1
m{lﬁ

with | vol une of 4see aC| n crystals. 10. Add slowy

over 2 hours 2 vol unﬂsWthq’ ewl)'(ad e NAR solu gouresmcrmul’n Qynlch
~crystallize at [er %o :ﬁ{ P"ﬁ‘ rﬁ‘fg“‘g\‘ wash

with 50 M. e 1: “g:ﬁ' ¥ ;;]% ano / P,&"dco'ftm"e tirty % nafsl WI h 2520
m. IPA 12. Dry in a wkdd:uanﬂ)‘oEIWaat add)ﬁmkolhelﬂi 1159-th|¥® 224—2;5dmh16w3 19.0

. (38- 429% of hl itate ef°r$ t%
Por 1 et hano - [‘; S liofm;fm e”%;m,@s 50
vadsﬂ drgbd

Quant um | nduss r i ehOetRcHNAR 138 5 roﬁ)n CI fies
Rotation 230 - [l@rgrgél/fz llaomm neqarqon cat@ rldrhy rogenate]at 88psi for 2—3 hours.

4, Repove acetone under vacuum at a bath tenperature of 30-35. Transfer @
AL

r¢he mix ure th 1ca 1te 2 washm theh drogen |
589 +101. 6 e R a e ticp g the hydrogenaljan ysssel oy 13,

The recovery of BEREBC ekt wevtd SEpIRSwas &PappRoxdirately 18SoRHR!(sd@NR A
10-14% and 136- di uﬁHBAfa&mmaatMOa-p‘m oxi nat el 5%to give a material bal ancao
>95% 16 7. Check the ts

hould be in the rap %? If not, adjust with IN
16 Exanple 6 Prep ngp B‘fdr%hﬂekggafrﬁe By miziurs ?'f \ Jf‘ﬁ FUpmp 6x110
Pol ytri met hyl si |yl Kanwagh the cdky itk UG00GH! éMfRioniked WatefIThsh dhute with 0.5—
Silylation oBS5Kand%¥ ayusaaiun kydeasisle using an dutomatic pajarinesterambnitod thsipragrean e ( HVES)
5 yi el ded pol yt ri EEl¥ip;Thg orden ab elutionris as follpwsit “of sjlylation is as yet

uncertain, but for the RefBulPRuiIALEBXIIVARMadR NEBEXIR whs 8&¢Edidd in any
Polysilylated Kana Ais b Q;%Ttsolwﬂduﬁ Polpacpinadterial Cpathied,3siih HBAtagalog

Acyl ation with SAE in an igcesoried By washimg the pRlumn with 3Npmmoniugt j o o

SAE rel ative o Kanaw“cé i&ﬂﬁ&ﬁﬂa&m Haohceate to 25—@55’@?]% rtﬂiluﬁbz
derivatives of amvwmCl volad Hati9l, ahib bkad lwith iamiltadia crgdtalsO
10. Add slowly over 2 hours 2 volumes of isopropanol (IPA) with good stmmg.
and crystallize at 23° for 6—8 hours. '
- 45 11. Filter the solid, wash with 50 ml. of 1:1:2 watet/methanol/IPA mixture, and 45
. finally with 25 ml. IPA.
12. Dry in a vacuum oven at 40° for 12—16 hours. Yield: 17.3—19.0 g. (38—
42%) of amikacin having the following properties:

. TLC
50 CHCl,-methanol-NH, OH-water (I 42 1), 5x20 cm. silica gel plates from 50
Quantum Industnes—one zone as detected with ninhydrin (RF~0.4).

bo

Specific Rotation o '
H,0 O.IMNHOH 0.1MH,SO,
[al ' '

55 ' 589  +101.6 +101.9 +103.5 55
 C=1.0%

" 13, The recovery of BB-K29 in this system was also 39—427;, residual Kana A
10—-|4°o and 1,3-di AHBA-Kana A approxnmately 5% to give a material balance
>95%,. , .



~

BB-K6 (approximtely 5-8%, unreacted Kana A (15-20% and zome pol yacyl,
ial (approximately 5-10% Again,as was seen in our previous wor k, on
cylation of polytrinmethylsilyl 6'-N Carbobenzoxy Kana A, no BB-KI |
etected in 1eny of these experinents. Resgpoyi on and work-up of an 16 .
acetone 15 —aCcytatTon rnx TOrTowWed by _cnr tograpny Oon a CGoU-[err] *’
colum .using O 5N 1 1 o
%"S%a 20 of H#PXQEB%&{?&:@@X&E df?’aiyﬂfn%yﬁllﬁtlﬁhi_hrﬁ? |

am kacin in the 34-

nge one
1,598,294 ' Summary 17 C.l 111 - Material . '
VoI m: - M es 5 Stlylatlon of Ka Qnitrile usmg hexamath %snisazav\gEH.M%S) 3
S e ex ylation is italxcertam. but _
S 103 L ed KanaA yl o: Polysilylated A is readily - 537
Acetonitrile- . soluble in most orgamc solv ﬁwnh SAE in anhydrous acetone 83303
.10 - Acetone ~ using a 1:1 molar ratio of SAE relatr% na A input affol[‘gsd m 0
3000 - 10 containing Cbz- deg;gc @8 acin al B K29 usually in the rafio 2
; BB-K6 (approxima cted Kana A 20% and zog0 &
requ' red | PA. material (ap roxlmat A, Aﬁt n our oh ana A
' base' - Known daegrgggs polyefrimqthmml dﬁr&rg gdmtm y AK§nar A] no eruw‘gct
i nfformation avail abldetee nareqyw tthes %I&ﬂmﬁﬂ uction z
lation mix, fol romatographyonaC 0.5N 15
See Exanpl e 3 o ted tallmeqain ci ﬁﬂﬁ@ nge.

hyd d , afforded isolated ¢
Preparation of Kana a}&nr[“()anrmrrﬁl y .mx‘Seurry 50 g. of! Kana A ‘' base' (KF 2 5-3.5%

in 500 m. of acetonitz)| eqiakions0. 01% . Bring to reflux (74) mai nt ai ni ng a
stream of dry nitrogen through the 10 " oslu..

10 2. Add sl owly over a 30, mnute p ri od 12 m : hexarret hyI dmsr Ioazane
(HI\/DS) Conpl ete sol ution V\A|| «ution of
anmoni a gas. 3. Continue ref PN rogen purge.
4. Concentrate the clear faint . ) to a .
syrupy 15 = residue. Flush %% h & onal 348§ nl. acetonitrile, and
dry conpletely under 15 high vacuur 3-6 hours Yi el ds of whitish

anor phous solid are 109 115 g. (90-95% of theorry, cal cul ated as Kana A
[err]. B. Preparation . n- Hydroxysuccrﬁ,,m,deb,,aster ~of  L-(-)- [err]

car bobenzyl oxyam no - [err] - hydoxybutyric acid (SAE) 20

Di ssol ve 100 gl of L-(-)-[err]- benzyloﬁxggugw yltml.sm-[err] hydroxybutyrlc
acid 20 (BHBA) and 45.38 g. of N-hydroxysucm nimde (NNHCS) in 1300 m . of
ethyl acetate (KF <0.05% with stirring at 23 : . 2. Dissolve 81.29 g. of
dicy | ohexylc bodiimde (DCC) in 400 m . of ethyl acetate (KF <0.05% at
[err]. Wth go agitation add this st GHylonSENErstIga Iy mnutes to step
| solution. The tenperature wi II rise to L"nrr]( WI;[,h concurrent 25

R = $1(CH,),
O Xana A (Silyl)yq

! .




precipitation of di cycl ohexylurea (DCU). Agitate the slurry 3-4 hours

& Powi ng the tenperature to equilibrate to [err]. 3. Filter the DCU;

the cake with 250 ml. of ethyl acetate (KF <0.05% . Discard the DCU ca
Save the filtnate and washes. 30 - fiseg@ogpcentrate the filtrate pl ms
WAshs to ~500~ T (Th vacuo at 30-35C). 30 Some product WTT crystalTi Z€
out. 5. Transfer the concentrate to a sui tabl e vesgel and add wth vigorous
agitation 100 m. of heptane. If necedsary, add sged. prystals of SAE.

Crystallization wi I I begidm &bﬂﬂﬁ?ﬁ-‘r)mmﬂel'y Hﬂ!g;ie % heSsl urry for 30

m nutes at [err]. 6. Add, over 30 m nut | 400 ml ..o heptane and
"agitate the slurry 4 5 hours at 35 [err]. 7. Fil¥er and wash the cake with
200 m . of -3:1 heptane/ethyl aggjate followed by ;o&sm .(206.3heptane. 8. Dry
in a vacuum oven. at 30-35C for 18-20 hours 40 . Yieldis
110.1-131. 4 g. (80-95% . . (253.4) a9 40 MP-119-[err]
~with softening -at -1140.(Corr.). TLC-4 acetdnged benzene: 1 [err]- Detection
1% aqueous KMA. Rf-0.7 for SAE; 0.2 BHBA n 2X 10 cm prescored silica 45
gel plates from Anal tech Inc. 45 C.
“Acyl ation of Kana A [err] 1. D ssolve: the Yana A [err] isolated in Part A,
Step 4 in 500 nl. dry acetone at [err]. 'Wth 0900 itation add rapidly
t he SAE prepared in Part- B (35.03 g.) a’ 50%" % splution in dry
acetone over a 5-10 minute perPSHY. *Tﬁé"[‘%ﬁ‘bﬂnﬁﬂ'ﬁr‘é ill}-rise 50
approximately 5. Al ow the sol ué qn to equilibrate , and conti nue
stirring foor 18-20 hours. 3. |gh orange, clea solutlonls diluted
with 400 M. of water, andthe pH (7. . AR | owered to 2.2-2.5 with 3N
hydrochl ori ¢ acid. The cl ear sol uti, on |‘%5°n 55~ agitated at 230 for
15-30 minutes. C. . 55 4. Acetone is
renoved under vacuum at a bat h terrperature 30-35 (a smal | anmount of
materi al -may separate at this point, but pfe No problen). Transfer the
concentrate to a suitable hydr ogenati on- vepsel . Aad 10 g. 5% pal I adi um on
carbon catal yst, and hydrogenate at 50 psi for i;murs 5.
Filter the mxture through a Dicalite pad, Wi A%t he hydrogenatlon 60
vessel and cake with an adgjtjo a.L_Zuﬁ _vvéter. 1,598,294

19 6. Concentrate the filtrate %I ug2¥ashin SC’t‘oB%qur oxi mately 1/3 vol ure.
(150-165 nl.) under vacuum at 40-45. 7. The pH*at this point is in the
range 6.0-7.0. The mixture is charged on C&ar20A (NH +) columm (6x 110 cm).
5 ~ 8. Wash the colum w th 1000

A of deionized water. Elute with
0. 5N 5 amoni um hydr oxi de usBpg an alt Mpdiyacyie! Girisatiey 1,8 nonitor the
progress of elution. The orderSOPFaA uti op

_ s as foll ususaBRsHadipl Kana
A- >BB- K6- >BBK29- >Ani kaci n. No. BB-KI| cted in any of our
experinments. 10 ° ' - € anTKacin tractrons and congentrate

to 25-30% solids. Dil ut Min-rss-xzs + BB-K6 + 1. S-dLAHBA-Kana A + Kana A

|_\

f .

(585.62) (722 16)
| CG=50 (NH, +)
Amihcrl.n :
1. Materials R
o ' : Wgt.g. . - Vol.,ml Moles
5 : Kana A ‘base’ . D : 103 : 5
HMDS (Sp. gr. 0774) : 86.68 - - 112 537
" Acetonitrile . o o 600
-+ SAE- : - 3503 . . . .10
E - Acetone : : 850 - .
10. . CG-50(NH®» = - - : 3000 10
' Methanol . = - " As required

IPA - . S L .. i Asrequired



vol ume net hanol, and seed with am kacin crystals. 10. Add sfowy ", .
2|hours 2 volunmes of IPA with good stirring and.crystallize at. [err] Y I
hours: 11. Filter the solid, wash with 35 nm. of 1:1:2 - _}
net hanol / 1IBA, and finally 15 wi t 1,5982941 . | PA L ].g'\.---'f_
15 12. Dry in a'vacul:}m at 40 for 16-24 hours. Yield: 19. 91 227 8% 0. :
(34- 39% IR PMR an Cm,nw_al dat Knbﬂn&d%du%aﬁtibn&&ﬂﬁhflc rotation
were conpl etely consi st &aﬂaA(Bilyl),be desNoddemnfdmhmﬂvaﬂEbE System 20 _
[err]/nethanol/%err]/wa r g tca gel plates from 205
Quant um | ndustrPes-1 Zo °5m*1256 n havPFEPBA (N nhydrin Det ection).

Exanpl e 7 Preparati on. tHroddduséaci n by Acyl ati on of . Pol y(trimethylsilyl)
6'-N-Cbz Kana A in Tat r%th tioh of Kana/At(Silylae d Aci d_Anhydri-de _of Pivalic

Acid and BHBA 25 tquﬁ (Eg % %gq ?ﬁ/mzagoo mfl"tggg;tgg?-)ungﬁg .

25 BHBA (5. 066 1gm j
. Ada slewmoverraliiea)m;%e Esnﬂl mﬂnethykﬂﬁlazaﬁb (HMDSy1 eve
(4]

triethylamne (2. 116 . :
dri ed tetrahydrofura ° ﬂ“’; 2"%4‘@"?966?‘5‘0&!4(38& hen
chilled to -10C. Pival ﬁmléft ,%’ JJours 4ades a gite %g%«;d |
over a period a§ 2- due Fl Witﬁlihﬁﬁdmbﬂ i"ooaﬁu detonfrile dﬁr t:dirﬁplﬁgy 15
continued for 2 hourbi %Hheurs -Aelde itish amornbaus solid areal0P-olbie.t o

clinb to 23C. B. Acyf ?“‘ i slqulatedeas Rana A Giygd - N- Cbz Kana A

Pol y(trimethylsilyl)g6' p&b&bso%aaﬂ Argy?&%ﬂdin dé N efiéAmBf €Ll ((3-)454agm

4.97 m noles, caI cuéaah@dnzabxﬁhmﬁb-nl( xéybEn?ri ]acnd/amml ssolved 1n 50 . '
bongy r&@ xybugyriciasy 20
m% les)

dry 35 (nDI Bcul a

sol ution of mxed 3 k AWy '_

was added over a peri ocb. xssblvea gﬂdﬂhﬂ«:? ohewylt bcsihmrcrel(ngc)ambosﬁu bremg was
conti nued for 7 daysacetmt Q@@l’/m 3°@a§vlﬂ|

%dtthve splg o mam 30 2
m xture, and t B '
continued for | hourthe%ﬂi?; urs,Q m at 3o(§3wa ex rac dzéa uﬁﬂ%ﬁn% -
acet ate. Pol yacyl at ed dter aie b thean 2som of ethyt ﬁi:etateémFr@abyb on
mxture was filg eredDls -thE 3&‘&:!0 ered solj ds.wei ghedy
0.702 gns. The xtr ° % ‘ﬁ s Cﬁﬂt f‘?’l‘ﬁe‘g ¢_$ g?t ot al

of 4x75 nml . of et hyI ace %ﬁertﬁéé@bc' ahhuab xmm&hy:imag&bﬁ itavRoa
stripped fromthe aqglf@mi 6%@@ Ifmew q!déueedi: thle of-fpfe Grystalligition willbegins

subj ected to asgay bﬁ’“‘"ﬂ m‘t’ifegs AR Ll aﬁe‘i&%@_g Foffu?® 35
yi el d of di-Chz am kggegch e a ueou aye

hydrogenated in a Parr & paraldmsmhe&@kq)wmzoo:t{l@fﬁ]lhpptw@thyeaq‘ewefbunwehours
using 0.5 gin. 10% P& P‘b‘%ﬂ?‘“@&t aI 3?—2‘# hwas fltered, and the
conbi ned filtrage and E, Bég‘;rg’é ‘col to contain agq
31.2%vyield of anikacin. ﬂreiifhgét ﬂpp(@dftyrat ely 9-10/1; 50
traces of polyacyl and unr'l'dabt-éd aKaltgﬁAZprbesEml CH,CO,H— Detection 1%

50 Exanple 8 Effect of Wat ) of a -
Acyl ation of Pgky(trinet h;fg,&wgéq,fmh hiThe i&g& oorrlieAzmcl) ?‘h af&{hg I]ca A 45
Anhydr ous Sol vent 55 PoI y(trimethylsilyl) Kana A prepared as in

Exanple 3 (2.40 gm g%ﬁal culated as Kana A [err] was
di ssolved in 20 gFE:(&ftA b [ I eve.
The sol ution was stlatrgdcat rr and ‘bFoq{lF(gih P%?%%E%@s%@egﬁa@&?ﬁ
noles) in 10 m_. of si e&é%drgoedaataabmaﬂa rapidly alebOBAE mmmnaaswgma
seconds. Stirrisflg wa /ciﬂ#t‘;tel‘!gﬁy getqne gga‘aﬁmloégh bt pp U“M‘“% 60 0
was added and the pH§PZy Hoptge hfﬁé %’e’ta8 ‘é e stifrne °ﬂed in
vacuo 60 3. The hght oran e, clear solution is diluted with 400 mi. of water, and the pH
(7.0—1.5) lowered to 2.2—2.5 with 3N hy rochlonc acld The clear solution is now
55 agitated at 23° for 15—30 minutes.” - 55
: 4. Acetone is removed under vacmL at a bath temperature of 30—35° (a
t

small amount of material may separate at this point, but presents no problem).
Transfer the concentrate to a suitabl r{g hydrogenation vessel. Add 10 g. 5%

palladium on carbon catalyst, and hydrogenate at 50-psi for 2—3 hours.
60 5. Filter the mixture through a Dicalite pad, :and wash the hydrogenation 60
vessel and -cake with an additional 2x 50 ml. water. -




' '
at. 40QC and t he aqueous solution was then reduced at 51 p S.i. H2 pressure
as ®30C .0 20 . © 1,598,294 T\
20 for two hour s, ut|I|2|ng 1.0 gm of 10% Pd on carbon as catal yst -

M cr obi ol ogi cak9 assay showed a 31.24% y| eigggi.; am kaC| n. B. Water Added l-,o
S@4vent Step = -IOV‘ W'; -__.-.I. — ,- : -
water was 5 = agdedi f oy _

stirred for 15 ni nut en mmthlspéxmxammhafdnmw-vh ﬁQEtheGiahk@hQﬁlaca|
assay showed a 33. g\‘ éltl)@l“ kxH@jcm). gg Ie 9 Pre aratlon of Ani kaC| )

by ‘Acyl ation éf Pol lt /1€
M xed Anhyride of moﬁ%% BP‘F’E“W% omomt%rtgﬂamﬁrep ql on of

M xed Anhydri de Resldual Kana A*BB&@BBM&(—JAxﬁﬁﬂmgnNo BEOKN wasl es)

and N -trimet yIS|IyI 1'-"8’!5

o steve a1 acewaﬁaﬁmﬁﬁiﬁm izt i iy’ 9

m.. 5.0 mnoles \Nel’ellndd@dowl r%ddrﬂ!ﬁ)lﬁﬁéiof P fhitig aid drpstdllize

at nosphere for 2 1!1122 Hre was -cqol ed to [err] and 15 .

i sobut yl chl or gf or rrg,gfhg ‘“?%'ﬂ é‘ﬂﬂ “”H Vit 3l of &: 15 atgr W@G%ﬂé"&ﬂﬁ’é‘d )

15 Tri ethyl anne h hla e TOREH AUt 16020 RS, YickR PISRLR 34 T 0 xtur'@

was stirred for 1 marlkitl’h[l&ran]i CMBR sfpedttahdatarin Rdditi¢r to spetifiy Iretalion -N- Chz

Kana A prepared ascomplesiy consistent fop the df@“’&rﬂ"“c‘!“@ 20 m - ol es,

cal cul ated as the fgerghsigrpound) was dissolved in 20 m. of sieve dried

20 acetone, wioth stirCHGlymetHandlNH,DH/wHi® Qok2I)i 520 s dilkal gt plades] fom] anco

the cold m xed anh{uantem eﬁylstupq-nhzmmmdwmﬁmmwM @linhydrini Detdctivnhr  a

period of 30 mnutes. The reacti.on m xtug };@ stlrred for an additional 1
a‘iloﬁl

1/2 hours at [err]p gratidiedt Amikacin/by Weil frimethyRAY 6 N-Ob2Kaa A fhen
poured into 150 m . Eahydrofurafn ‘Wishi the Mixed Amd]Anlwdrlde iPivalicn4cid tand: BHIBA7 . 75)

was adj usted 2% 2. % m &%Ml"gbg)ﬂhyd“ ir gont i nped, for 1583
M nut es. Acet one Wagiek :e{%z vﬁ%ﬁn MJ&%@H'&H&V dn

resul ti ng agueous & chilbeaillo t| ng
curve indicated a 4110@3%'464’3!' ahlon!sbi c20ﬂm mhl;sw)w mterene Oféﬁ;
aqueous sol ut3®n vv% ﬁ@‘l F“gﬁ)‘ ocli e, f urs at - ] for%3
1/ 4 hours,. utilizing 5 gns o d/ cata yst e catal yst was 30
renmoved by filtrat BonAeylation loé Polptdimethylsiliyl). th-&lbelﬁmasm n vvere determ ned by

P nppél!ylsgyl ¢ el 62454 itk
D i 10 pr gt P SRR iy ﬁ‘m&ﬁi‘fﬁ“ss

6' - N-Cbz Kana A i nanHydride prepared in step A, above, (100 m. moles) was adde oV

35 Pol y(trimethyl sitwn m@ute -E eus gnmn;di&aﬁ{ & 3
- 23.65 in. noles | om

si eve dried 34 penmmctwmsgth l:g'.éq eﬁﬂﬂi@dg " ﬁ 0%
excess) was added memanan relwadl redl&ftm eeverm,rthew vaadsoildnwﬂdwdd for
113 hours at 23 C 8% gmte ;‘ttractww S feacting ity :@‘Efg mg af xMater
Wi th vigorous sti r?'dz us IshaE A aael'hﬂ?o e §o:s ut gu ctE %l'%l.g'\' HC,
the m xture wes st iTheé ulfnm’ctﬁﬂ: indicdtéd mm/o lefmsamm - pent anonds -

was stripped in vacuoTtha e?“ls ayerrwvas t FBﬁT altéQ; Hy th 4x
100 m . of ethyl acgggfgiég mﬁﬁﬁ g
2°.,

subj ected to. assayec K of &hilk &d ﬁ\gnm Wi eI d. of
45 di - Ch%0 ani lracss rof polyacyl and unreacted Kana A pre$5nt
Example 8.

Effect of Water on the Preparatron of Amikacin by the 'Acylation of
: - Poly(trimethylsilyl) Kana A in Acetone. Solution at 23°C.
. A, Anhydrous Solvent

55 . Poly(trimethylsilyl) Kana A prepared as in Example 3(240gm., 20 m. moles, - 55

" calculated as Kana A (silyl),,) was dissolved:in 20 ml. of acetone which had been

dried with a molecular sieve. The solution was stirred at 23°C and a solution of

SAE (0.701 gm., 2.0 m. moles) in 10 ml. of sieve dried acetone was added over a

_ period of 10 seconds. Stirring was continued at 23°C for 22 hours. Water (50 ml.)
60 was added -and the pH (7.5) was adjusted to 2.5. The acetone was stripped in vacuo 60

o at 40°C and the aqueous solution was then reduced at Sl p-s.i. H, pressure at 23°C



-The_main portion of the aqueous reaction m xture was reduced at 5°1.0 °, .
S.TN\:[err] pressure at [err] for 2 1/2 hours, utilizing 3.0.gns - of, 1 0% ¥ @
Pa/ atal yst. M crobiol opi cal assay of an aliqubt of the conbined filtrate
yashings ingh cated a 40.24% yiel d of armpdsged n. The i n porti'on of thg
ced aqueods reaciron S19) € en c nCentr acup ar W
[err] to approximat gy “"‘%)i;&d of°a¥r\f?§/ ??'éﬁf "R S5H8 ’tb 'CQ%% [err]
i on excha colum (4 |n¥hesx feet *.“cont ai ni ng apprOX| mately 10 liters of -
resin). The. agueous &ol%umhddndsosuwnged on the colum, the: col urm

was : '
washed with 5 Ijt ing% i g FP‘.aE -
(le FO Wld by 3[\# [:;fa;i tdto elﬁng( mg;h lﬂ?;)ﬁ% . %tl e % c‘fimate][r]SS

the fracti ons showed the presence. of:a 42 7% |eI d of am Kacin, a 12.0%

yield of 55 unreacted kanarr}( A %ﬁ’f eﬁl %ﬁm%@terlal
Is ic '

and a 23.2%yield off g 1 .
Acyl ati on -of Pmy(trArri,- foh Yof Mi dA‘Jrh' A 50
-trlmethylsllylacetamlde (MSAD(1813

Anhydr ous. Cycl ohexanoneBl'F!M (Mﬁffgmng OTn
SRR T BeCh et

Poly(trl”Ethy's"y')memy me('%‘%ﬁ‘& ! t led to —20°C and
e mixture was cooled to — an

21 under a N, atmos; here for g

21 2.0 m noless cal lﬁiﬂu@lﬂﬁl‘a [ b,y 5.50 m3@idles] waslragded. 15
cycl ohexanone was ac ea%yg?au;q)hydm %&Qﬂ? sm'asd@elt bgganhtogsepaqate: Thy MINWA Wah dry
cycl ohexanone (10.8 f#r® ohopg a4~ m)l e/ m . solution, 2.10 m nole). The

reaction m xture. wasB.t aﬁdded to 150 of -'water W|th stlrrlng, and t he
pH (5. 6)was adj

. ste 0 hyl ' !
stripped in vaé ot a?aitd‘}ll’] % %@%eﬁs&u _ gﬁg{%@fﬁ&% é&d 20

phase was taken for raxedinhyrided &feaqwuaop ase
was reduced under 5Omiputss.| d fog : lﬂ%@urﬂsﬁ
gm of 10% Pd/ G cat aﬁ"‘g’é °“f‘q§‘§w‘1 @?ﬁﬁgﬁ % WEW he 25
conbined filtréte ) gmg ,y i

g ) ctddhahssamwa'ﬁle on

10 . B. React |Mﬂal uotaiﬁ sulnng bl

was continued 10 f cresult °H€Yar* 2'1 Sirfrbz amikagy dsétf Assay :
1 '} ofP%gﬁg hé ayst waspI atsy

15 Reac oved by filtfhtior Gid the combined filtrate afti/\Vashings were detétthi -

M cr obi ol ogi cal a:\ém el oy ﬁ°cﬂbu

i on
15 Reaction B misfobiclgical assay agamst%p@g%cqntam a 35% yield qﬁ,g%kgg@a.rrm e 12
Preparation of Am kacin by Acyl ati on. of Pl ' igret hylsilyl) 6'-NCbhz Kana
A in Anhydrous Tet raﬂKﬁ&-ﬁfoHroﬁﬁnmEm\@rﬁi?ﬁﬂon (téifhethylsilyl) 6'-NACbzIRead Rl ig | | A

was repeated esgept that dry tetrahydrof ul-Rentaymse ut i | | zed as__ 20 sol vent

instead of dry cycl ohel ¥ ‘gg:ﬂ- aRa: P q’”%ﬁ)&@ﬂﬁrﬁ% dry

t et rahydr of uran was %E%

Yi el ds 25 o overaperlod of 40 mi ' ,MQGMS continuedYbE£ 110 hotrs le3ea|and°€h8 ay
Amikacin = - 40 25 fitlurCwas tnmmwtozso mTwmr' 'ttlmmomvs stlrrms Ifihtag0 ﬁ%' on ¥

29. 27% 28 E%stedtOZSWIﬂﬂ t dforan %rg
' ' t %% on was
21.52% ' 1 28. m én ?-35 mf etg Elﬁ llcﬂﬂt sélu was
Acyl ati on of PoI y(t ruhaieidbjeb&d tg/ds)ayﬁ;y ing cutve nﬁﬁbated a 46.12% yield of
_ di-Cbz amikacin = - 45
The main portion of the aquéous react on mlxture was reduced at 51.0p.s.i. H,. :
pressure at Zg °C for 2 1/2 hours, utili ngb ms. of 10% Pd/C catalyst.
Mlcroblologxcal assay of an athl.lot of the mcd iltrate and washings indicated
a 40.24%, yield of amikacin. The main portion of the reduced aqueous reaction
50 mixture was then concentrated in vacuo at 40°C to approximately 100 mi. and 50
fractionated on a CG-50 (NH,+) ion exchange column (4 inchesx4 feet, containing
approximately 10 liters of resin). The aquequs solution was charged on the column,
Ige column was washed with 5 litérs of wat¢r, and the material was eluted with 0.5N
NH,OH (followed by 3¥ NH,OH to elute golyace dylated products). Polarimetry of -
55 the fractions showed the: presence of a 42,7% yield of amikacin, a 12.07, yleld of 55
' unreacteg kanamycm A a 12 4/, yield of polyacylated matenal and a 23.2% yield -
of BB-K29. |

- Example 11
. 'Preparatlon of Amﬂcacm by Acylation o Eoly(tnmethylsllyl) 6'-N-Cbz Kana A in
60 Anhydrous Cyclohexanone For Varying Times 60
' A. Poly(trlmethylsllyl) 6'-N-Cbz Kana'A prepared as in Example 1 (2.537 gm.,




t*l t he. acyfatron was continued for 44 hours utilizing dry di oxane as the
solvent. B. Exanple 11 B was repeated except that the acyl ation was .

¢onti nued for 38 35 _1/2 hours utilizimgeghoy di oxane as the solvent. 51
35" Yiel ds HPIC 7ASSE m moleé,'\@afcm% emeax%gwm&'m g

Turbidimetric PSrQD howids £ 23°C with a lonmdrycy oh
33. 36% 40 mﬂaqfto;lsﬁ 1B mole/ml. soldGor3 296 m. mole). The rea2tfonchiture was then

33.37% . |Of water, pith stifri wesiﬁhﬁrﬂ just t° 3|Non of
Pol y(trimet hyl sulyl'Smﬁ..m a ﬁaamrane a?ﬁ% °rerr1

| teamatu zﬂ’ceaaﬁ
in 45 _ co ﬁ é{ 2&% Thor:asdystwk mr:me diftragion Nnd:lﬂr. Kana A
[err] in. 32 5 rr1 ﬁ?ﬁg
sol ution of E ( 1@or815hourd nsgagf H&rsﬂ% ¢ x”f?ﬁf?ghﬂé#?‘mpw‘ t{:*oer:gguedz 10 m

To a sti rred soI utr onsfp

nol es) over a period of 15 mnutes. Stirring vvas contrnued at [err] for an
additional 3 hours after which t turé’l ured into 15 m . of

wat er. The pH was adjusted to rﬂ km HCIT 1?%%”" 'I';‘t?cél hyl ket one
was stripped fisn vacuORedctiddA . ! 3 an qlgrguot of @& 9 50 aqueousis
phase indicated a 39. RégignB| d of &l%z am kacis39%,The nui 38. {tion of the
aqueous phase was reduced under 49.8 p: s i [err] pressure for 3 1/4 hours

at [err], using 1.0 gram of Pd/ C cat al - ezcat al yst was renoved by
filtration and theP@B%FB'FMAF‘P %f]ﬁ;% ewa.'lsﬂyl BA in

m cr obi ol ogicgl |y forAa,g;ga ,gn ;ﬁgﬁ Y% .,vield
and 55 Pl at gﬁassam\&homééﬁ one. ra% .Q.n mgﬁmda% 2
1,598, 294 Exanple 15 PrE;&pmplatlIBm fe ddxaeptthabc}ryltdmhﬁrgfhabmmutmfzedas '

Pol y(trimethyl sil yfojvepbinstead ofidrycygighexgponeer 1. After ack : Wt h
Water A Silylation of Kananmycin A . UsingyldideS Wth TMCS as Catal yst 5
Kanamycin A (#0gm of 97 6 purit PLCﬂsﬂem ol Mizjobiologic@lAssdy Anflkacsi eve- dr i exd

dryous Di'oxane For Varying Tinmes A Exarrpl e Il A was repeat ed except @

5 acetonitrile was br 0 r(éﬂ:bz Rein) niRurbidimetrigt rmsphEiate A mixture
of HVDS (22.76 gm, les, 7 per nol 5/ Kanarryé ) and TMCS
(I M., 0.856 gm, 7. 88 mol es) vvas ‘added t t Pefluxingr 'actron

m xture over a peri.od of 10 m nut es. Refé ux vvz? contl nue for 4-3/4 hours
(

and the m xt ujpe Waprephtation df hﬁﬂk&: &jo la@i ﬁft&ﬁ)yisﬂl)\/@ﬁ‘@bztl&na igl ow 30
vi scous syrup and dried under hA e yle

pr OdUCV\ﬁS 23. 8 gl n lﬁg agg{f lé%{ zﬁgﬁmwepwtﬂnpﬁwun@d fﬂ(”l at i on
Pol ytrirret'hylsilyl in
step 15 Assabov €2 \hWaears dti 1ok m,ﬁ latﬂg&' ?s;é g{;:lgtg gﬁggat 235
and then cooled to 15 [err] V\ater (3.63 201.4 m noles, 10 rml es per

nol e of polysilylated kanamycin

dy !911’,5 h str rrin
m xture was al |l owed to -stand qugj:%mﬁf M'ﬁ]ﬁ&[ %, fﬁcg‘s NAE

(19.133 m .nol es, 0. 9Beactidnes per 189 po ysr4B)2’12at ed kan A in
108.3 ni of #%tone wheactiond added4 T a peria3® 20 33<37% m nute. THe
mxture was stirred at [err] for 1 hour ‘diJuted with Water the pH 20

e -Exam le 14
: Preparatlon of Amlkacm by Acylation o Poly(tnmethylsnlyl) 6’-N-Cbz Kana A in
: Anhydrous- Dxeth 1 ketone at 75°C .
s To a stirred solution of poly(tnmet ylsilyl) 6’-N-Cbz Kana A prepared as in
45 Example 1 (2.537 gm., 2.0 m. moles, calculate as 6'-N-Cbz Kana A (silyl);) in 32 45
ml. sieve dried dlethyl ketone at 75°C was added a solution of NAE (10.8 ml. of - :
0.1944 m. moles/ml. of diethyl ketone, 2.10 m. moles) over a period of 15 minutes.
. Stirring was continued at 75°C for an additional 3 hours after which the mixture
: was poured into 150 ml. of water. The pH was adjusted to 2.8 with 3¥ HCI and the
50 diethyl ketone was stripped in vacuo at 40°C. HPLC assay of an aliquot of the 50
' aqueous phase indicated a 39.18); yield of di-Cbz amikacin. .
. The main portion of the aqueous ghase was reduced under 49.8 p.s.i. H
~ pressure for 3 1/4 hours at 23°C, usin 1.0 gram of Pd/C catalyst. The catalyst was
. removed by filtration and the combined filtrate and washings were assayed
55 - microbiologically for amikacin. Turbldometnc assay showed 27. 84/., yield and 55
. Plate assay showed 28.6%; yield. . )



'ed to 2.5, and the acetone *as then removed In vacuo. The aqueous .
ibn was then reduced at 50 p.s.L [err] p essure at [err] -for - . A N
. urs using 2.0 gns of 10% Pd on carbon as a catalyst. The reduced '

re
in vacuo at-40 and then charged on

resin, x 100 C..). Iprepaidtion\crAnsikact By hhé’ﬁ&-

IerrTcqurm(GIrters | 2%

: , otyttﬂmethﬁalyalmhedmme
0. 6N- 1. ON- 3N [err] &he{lyl;gvas ol:tar—rseaﬂﬁ rolysisc Wi Wa@?% - K6, 4.35%
BB- K29, " 26. 47%,| anaryc S , of
Am kacin by thé Acyl,add _j | T B hitrober ps,%‘? °%n 3 _
with SAE at [err] AIMDS (ﬂaﬁ-bmW- R MolesST : -moleofKanamycm A) amB[MGS(l
Silylation of 6 -N- @bz0 588 m,/me) " & l“lﬁ"""?Z 4 |
in. noles) in Q00 m{;"‘tfk‘gl dRIRULeR. | °éi Qﬂgﬁﬁ‘ 10
under a nitrogen atma Efof ; . ?‘ t95:9%, Zal taSasper .
nol e of 6'-N Chz kari@nﬂ)ycm (auu.ed over a 10 i nute 35 ‘period and

reflux was conti nueg’ fgr O hours: The m xture was then cool ed, 35 '
concentrated in vacdo, ﬂﬂﬁ:ﬁ Al 119019 fn. Bole ated iQitye 39. 1
gns. of white Orphoatdve waﬁﬂlﬂﬁ yé?# ve mbmhedﬁsgg‘;?ﬁ-@k;kdkﬁna AIS
[err]. B. AcylationOoPdf FM' r(%ﬁih zm‘?!ﬁn&‘w“ l89"’1 !"i':‘er .
ol tes) prepe{ﬁd r[_n # ey '%gc? __

acetone W sti rrpb gl la A ete ecm)vel‘m e&do :

nol es per nol e20f pailyw :rmmteew L-..v- &W withwatef therph ¢ ur 20

was stirred at [err]a‘i%‘% 0 2% and the & i’%%ﬁa&q}:ﬁqure

was cooled to [err] pq a%\)ogl lﬁ ﬂ&i; atiant “‘Emghsqur for an

120 m . of pre- cool Dicalick; ,yomammewns m[. d A Iy
addi tional 45 25 ﬁ@ﬂf . cl vas W B@iér‘sh I

week. \ater (300 m)g w"%%@" (ﬂ'ﬂ"g %ﬁ)l:g;‘ fg)xture |
was stirred for 1 hour e acetoné was ‘t en stri pped I N vacuo. The _

resul tant aqueous sol utron was- reduced” at%ﬁ%‘
A

e for
hours at 230 u Irzrpﬁﬁ’“g‘“e“g‘rﬁm‘#f" %;gg& Fﬁiﬁ%&gﬁﬂgﬂg"% t hegp
filtered thr ou% Di gl isiif at:dﬁCH?%eﬂIdbﬁ uygcluo ,

charge on a CG50[err] 6'-N@burtnn mvl.B e tnerlesning200. nﬂNo mvre riedCher e
50 was obt ai ned 52 e% erml«%mmousmws%%nn it @egéq'wen}ﬁgéo ahadly 71%
é&h@r{)cooled

pol yacyls. Exa %ﬁt‘?

Pol y(trimethyl Si | y| )coR&ﬂﬁatéd under hlg vacuumi for 2 hours to give 3p.2 ginj. off t er
. Back H drolysis W t whitdtaeworphous. sohd (95.4% yield, calcujated as A/-N-Gbk kangt A Gsilylh)-

Kananycin Awith TM_S in Acetonrtrrle Usi ng. Tet ranet hyl - guani di ne as Acrd

h.

Accept or Kananycin AP( € ' 1S REMEIES prePard®id s

sieve- dried adet onlAabd ollgléidq?f? uogr'n%?z éu%e ﬁg’?ﬂtﬁuﬂﬁg, mregﬁ ngumer(?ton
was added 60 t- et miri62 myl'ngl;a.rﬁ e( mnte)ofp ssxl d §1N-Cbz kagnagy g;é
1500l o5 per ol e oftsnke RSP G NS RPN B e o
TMCS (15.32 gm, g; cooled’ acetone was added. he mlxture was stlrred for an addmonal

1, 598, 294 45 3 hours at 0—S5° and then placed in a £ qlizbers for 14vepl Water| 6300 mipyas Of 45

L Q?fe?dmﬁ:?@ iyt “‘éﬁ%%@fﬁrﬁﬁ" il e
then. ug

was cooled to roomt GREEEES: alile, cdnécntritgd in@acuchod 5-a1aD rlr, i ed

under high vacd@m f ocha&eroolar@ S(XNH.*éed:luldn andely Fg lﬁg@l‘g Thel'e THEO
(100 m.), and the i w?mhlfav mwé%s/r’»r‘i %ga?-?ﬁaaﬂwcrrra 8 ‘rZr'
5x20 5 : _ '
' : Examp 17
o Preparatlon of Amlkacm by the Acylation Poly(tnmethylsllyl) Kana A With SAE
- 55 - at 0—5° After Back Hydrolysis With: Water 55

A. Silylation of Kanamycin A’with TMCS in Acetomtnle Using Tetramethyl-
- guanidine as Acid-Accéptor = |
Kanamyciri A (4.88 gm.,, 1007 m. m e) was suspended in 100 ml. of sieve-
' dried- acetonitrile with - stirring at' 23°. To. the stirred suspension was added
- 60 tetramethylguamdme (TMG) (16.234 gm., 140.98 m. moles, 14 moles per mote of 60
kanamycin A) The mixture was heated toreflux and TMCS (15.32 gm., 140.98 m.




m: ’portlcms of THF. The conbined filtrate and washings were concentrat ed

| ® vacuo-at 40 to a tacky residue and dried under high vacuum for 2 hour

-There was obt ai ned 10.64 gns. of a light creamtacky residue (87 6% yi el ¢
alcul ated as Bhnanmycin A [err]. 10 B;sggqu ation

Pol y(tri meThyT : o= .epu.eéip-n
step"AyébL'vgemZ 3::3?&*@&,::29‘.‘3& ofiﬁﬁzs%“"“ﬂ,eﬁt%i?&b@ agﬁ‘;.#;,g et

stirring, at 23 anc&dde The. muttm vai9 codledOto wvom tem e rat 81 :
m., 100.7 m 5ol e n 9!!54 eablddvdmnoratk)imﬂqadded _
and the sol uti'on wag. .Jdg% ,ﬂ% a;fwas #Feuum 5
SAE (3.70 gm, 10. Sugat mnhesackﬁsés.amaa ied i vac ighﬁﬂ?%@{ﬂd dry
acet one was added QV % 061’a light cneam (acky r et(thﬁetduéﬂcumad sdirred

for one hour. The nrXrur® B ked up by the general. procedure in Exanple
16B to give cm 50% aAtHaivan, -ca. 10% BB- K29, 5-8% BB- K6, ca 20% kanarrycion

A and 5-8 pOI yacyl y(tnmethylsllyl) kanamycmA(lO64 . 10.07 m. molc;

20 Preparation of C#tomn “myrsudmg,eatum
Kananyci.n A (10. 0 il éte&fka ,,&ﬂf r’tn %Bdes Per

si eve-dri.ed flseshl ynd!:rsto rhmedamﬂn SABQ3 7 gm. £10] ;’}’?/5 15

started and the su%‘iﬁ(—.ﬁg dPUl‘npériod»fd-Mhﬁte ﬂﬁiﬁewas

r w 1xtu
I re prdcegyeer in
N moles. 5.2 mlg m;'?’,ﬁn‘??m e 58 s%?g%"ﬁfé?@a%%g"wﬁ i

t hen cool ed tQ room tenperature, concentrat ed |n vacuo to a light

yel | ow gol d rup, to a Wmte anor phous solldo
There was obt ai ned %Kﬁidoﬁ%f ﬂg@mq@f%ﬁ ’g

(silyl)10). Exanpl &esm dwled pynBine :ﬁIAQitrdg rstaﬂ (ﬁ i’ ﬂarrym n
A Using Tri e}zgyl chrﬁz\;

Kananycin A fob 19 Baurs md ﬂﬂdredl in 200
m . of sieve-dri edh c edllowigbld s &hd nder fT%,; ‘Bam

24.5 gm, 241.7 mT eg)oism dedls.a(ﬂZiti%brel cmmwarkam@c fto
reflux. A solution of 35 - trichl oroe dne (23.7 m ., 213 '
140.98 m noI30S) i Pregdpatith . of Pokit f ﬁrxﬂ%ﬁ m nu
peri od. Reflux was C%ﬁtl nued f)?&g}tim X ﬂgﬂ’ﬁ’d%f%ga"&‘gf'bre vvrglg
cool ed to room tenper f W7l6 Yrpyrifyi, lﬂa07rmmdallalavas§ ush Eﬂedid

separated out. Theys &evei% %’%’Rj ,4#k7 f or ca.
16 hours, -codgent rtatlﬂdoéthylsllaﬁ‘dmsa'inl nrzr aoés sﬁ (ggﬁfﬁﬁ for 35
hours 40 ~  under*ap dvmaﬁmlmt'@ed meﬂl:avgeo tm tional Bhéusd 1 .d
triturated wth” 108 ‘%% tatro ﬁ'—m) whmumumrﬁmddﬁh ofvas
filtered off, was andeuRrg r;lf-lggin oa 33? é%: m‘l’@' Fhs of
TEA. HCI . The‘QoanﬂéQi hishlkuameoa ﬂzféig Bpuo tgy a
solid and dried u g f%?lulgeﬁ%rﬁClﬁdséhmMMeam’tﬁ x30. 3 gns

of . poly(triethyl st HCI. Th‘b iltetgand syr
P & 56, Py et oﬁﬁlmﬁ 19. g fwioﬁi(ﬂ-aé?% K%& %}?ﬁ a%’g?i P
% m

45 Exanpl e 20 Pr ephanmt
bi s- Trlmethy uwmamawmnA(lo gm of purlty

nol es) was suspend cetonjtrile W|th stlrrlng,
at [err]. To the sﬁ%%g'pgf mly ("m M@Sﬁﬂy Fgmﬁ !“§§'h dhﬁ‘% ( BSU)
(29. 45 gns., 1. ¢fr$1evq:f¢|1@$cet8mnﬂé Ht 230 fl‘ot nd the
M xture was oug -~ °ﬁh f‘!"‘i‘!‘i‘%‘dﬁ )(za lsmﬁ ;Olan mmemlesﬁgi-lmﬂe was 50

continued for 17 IReHs et Thmolathis) %c:%ﬁnx%ur QFPhQIeroom
Rtcaid] Brsihs w

t enper ature:. A smmbdm ampenaturoﬁ\ sniafl @Mt F ed by
filtration,-. she frm ith] 3x1 tnomms oﬁacuoeitrﬂmﬁddriee (8

(1.1381 gins.). ecombdlxm‘ﬁ ﬁdfngﬁ coo egm?gfor igh urs. Aggfnonaliﬂﬁiamum
of unreacted kana vered as above, (7 8 gms.) and was shown by infrared to be BSU

plus urea ’l‘he hght ellow filtrate and washings were concentrated in 0
and dried under I'n?_ vacuum to give 27.0 gn% of a white solid whlchm\»s:: :ta:t?y
60 tacky and partially fine needle-like crystals. The solid was treated with 150 ml. of 60
: heptane at 23°, the insoluble portion was removed by filtration, washed with 2x50
.~ ml. portions of heptane and dried, to gnve 6.0 gms. of white needles (shown by



Thg copbi ned filtrate and washings were cool ed at 40 for 16 hours. E
onal solid separated, was recovered as above, (7.8 gins:) and was
'by infrared to be BSU plus urea. The light yellow filtrate and :
washj ngs were cogcentrated in vacuo: at 4001m94ir| ed under ‘hi gh vacuum t a4 .

give 27..0 gm- UTd teso Ll Q filt GK e l.1=ally‘
fine needle-1ike cry?"@‘{%mﬂﬁevﬁgjla{’ﬁ, mdﬁ é%f&ﬁw%%ﬁ%ﬁyﬂkd en

heptane at. 23, th nRédlds) 108 infrased §
2x50 m . portlons of du epycim &. Lattuldtions show v@w dgeiQtogipptaimgn gyerage ohdedl es s
(shown by = 245 . ‘"m“hy""l" groups. ' - 71,598,294 infrared to be
BSU plus urea). The conbi ned fi Itrate and' y ngs wer-e. concentrated in
vacuo at [err] -and dPﬂeﬁdatwildﬁrAhikgéin \byahm i nzofm!l:(trsmtthrl yly Kaggmyginghs.  of
white needl es, the |nfr s At i‘.k %"ﬂi‘ g edigh ol ysilylated
kananycin A Ca\bcul afti m%ﬁ (f ApEnded inP106 RO siRle-7. 22 10
S5 trimethylsilyl dﬁHdQ!dﬁSmtﬂle, with stlrrmg. 23° . The suspenslon was brought to reflux under
5 Exanpl e 21 Preparamtmaemﬂuramdd , moles per mole of :
alp ntinued for
Per (tri et hyl si IyI ) gE; gjb yﬁ'{ tu, eentrated i
1, 3- But anedi-ol. ’Tdﬂghgf‘z ek Lfder s ach asaauﬁ;w g of a 15
Kanarrym n A (10 0 gnwmte(ﬂacﬁﬁ&smne e2l1%tsyieldveas p@nMﬂwmnfO(Bﬂern) of si eve-
10 dried acetomtmlg stirring, a23 The .~ was brought ‘to reflux
under anitrogen purg an&%ﬂ'gy;’i@g 4A§ ! fiépared ,at&@sAmaverm,{se of-
kananycin A) was addgigsoRé@in 240 HE bf o) Estrrﬁi@,hm" sh-mlmomua;d f or

20

16 hours and tH® ni xadqri&é %;ﬁl;t?plc(’;@eq- ung%;at ed
in 15 vacuo and Bfneape AT S, ' 3&%7@ ai ned
24.3 gm of a 15 whf;};r pufge and ﬁ aﬁlx&ﬁﬂWCI n

A [err]. B. Acylati oera o-u-ﬁﬂﬁir?lay\bmh_ r a / 4°®l 21 @
in step A above?was 1111'-55 f H 1&0 j
b

) glgw 25
oS o A Tos% ﬁ@ﬁﬁo{ﬁ ' ' :'e.réghe thnwasafilteydd cﬁtﬁrﬁ)

" m., 103.2 m. nol e) ﬁso/mron e i ,
kananyci n A The_ ni xt Dilitsag e ﬂ@ﬁ‘g o ¢ip
purge and then ¥bol e@na‘529€)7§2/;§|§?g2§% }iﬂmamz Fe%a?fr?g ai;: 720m. of P
pre-cool ed acetone was adde over a peri od B bqnt 1 mnute. The mxture
was stirred at [err] l’i@hraﬁomotJAmllaud gthi .ftltvlysmt!lyl;% mv*_fmc“ol d

roomfor ca. 16 25 - hourgl‘epal' - “'g“ ,;,?
adj usted to 2.5;and Qge_gga g&d FPWr 'dé(&\sdfﬁﬁ: fdaang%tan 30 35
m nutes. The ac€tone( &IWBBD mblas) (]

reduced at 55.0 .s.i sol[xtkm CopnTie: ﬁsttnr tmxrdr{

eclvals neflux usO\Itht y
10% Pd. on car bon as anh ‘Pf “‘“@ Bﬁﬂ:%@ ﬂ%?éﬁ&%fm

Dicalite and ch mlof a(g) G, ofvagkr ¥l the 40
0 - ',5 e
5. 87% 30 BB K29 ﬁ;haa%orﬁm«&wazmr&a%rm i ?wsmwnwgﬁrggﬂl pya@;zp

30 Exanpl e 22 -Prepar apiremovsf T Fn °_ du

Pol y(trimethylsilyl) P pgr@ e el ey e piieed

Acid Catalyst Tgsa red H?ﬁb@ﬂtrﬁie&h&l&&h p@tdtetert fedb robib{pgis assay 45
mol es) in 50 m. of SﬁamstE salictoouiain ftmpxa‘aﬂ F&GF%Y pf aikacia: j ded

sul fanmic acid (100 ng.) and HVDS- 35 (12 3%‘ 76 33 m noles). Th

m xture vas refl uxed gt A8n BPANkacilb) ihe RofiRlion B PaIRtritiduymil Hauden jcitoA afth er 6
hours The sol tion was ‘coo hem.nwramuacmmueast' al:bqhtnzm and hel d

at [err] for 305&i nu A. Btmrﬂtmpb K‘tho,l. g W“““&‘G’ 'i‘l’i‘y BYHrES) in 36 50
m of THF was added over, 19ar A%;Jé‘ix L _ ‘gl ,d,.ﬁf,i,.ﬁymsae.ar(srﬁfmss?)m

moles) and N-hydrox ucclmmide (2:37 gm., 20.65 m. moles) were dissolved in 50
T mi. ot? dry acetzne a¥323° Dicyclohexyl arbodiimide (4.25 gm., 20.65 m. rzroles) 55
s5 - dissolved in 20 ml: of dry acetofie was added and the total was agntated at 23° for 2
: hours: Dicyclohexyluréa was filtered off, the filter cake was’ washed with 10 ml. of
_ 'dry acetone, and the filtrate and washm&s were combmed

latio S o . .
: c{yarlrmethylsﬂ l) kanamycm A prepared according to the general
60 procedure of Example 21 from 10.0 gmsL (20.639 m. moles) of kanamycin A, was 60




40 @ <« hours, the nmixture was diluted with 100 m. of water and the pH wa
a’&%ste’d-toz.z 40 with 10% H2S04. It was stirred for 30 m nutes at 23 (
then concentrated in vacuo to renobve THF. The resul tink aqueou solution
v\\n;s reduced at,H0 p.s.i. H pressure for 2 heygheg at [err] using 10% Pd ong

rbon as a mys&lssolml%erHF%Fd@%&B%%X"?ou{' |“;a§re L[II 0 ég’ﬂﬁj rte—am

t he solids were wasdepdized M@dsSidded solutio
washi ngs (150 m .) mren@bt m cr obi ol ogi ca. assay agal nst . E
coli to contaign 1225 éﬂfhi%f *\gselyﬂ Q?F"G a'-@bZ-b!mldcéewmmEmnp

Prepar ation of° Am y Zféa ng;g/m n
with the N-Hydr oxysruuoxedmmdo edu,eo
Preparation of. D c X thtop:h Bigalite ogioaphy stioged 40—457,

50 Act 4 N hy djgoey s R mﬁ%'g §'P %?%MWGWAL@MWMW omal

hydr oxybutyric acid (8 g m 0| B&n N- hydr oxysucci ni m de (2. 3P
gm. 20.65 m nol esl’;epaﬂltlen dﬁmmrmmylsmmmﬁyaﬁ Adus,ngammnathasmdmw bs

Di cycl ohexy arbodii m i% 4 di ssolved in 20
m. of dry acgtone juRs isooanl tg}f ﬁrg%?ﬂ"e@ reepted S10 55
hours. Di cycl ohexylgm, &MMSmtﬁleﬂ,Sﬁbﬁﬁip@ ole df R&h ﬂdz: A w: d’&'ﬁé@ W t h

§omplee solotidni avedrredB.

10 m. of dry acet éﬂenn (?% "ﬁxtﬁrpmeﬂmfgﬂd . T

Acyl ation Pol y(t r| W}' zé Yeg eved fme
general 60 20 proq wﬁem S oL yeif kep amY_c“t d"égs"ﬁjmﬂﬂ'l'%s) oo
kanamyci n A, was : 1, 598, 294

25 dissolved in 10375 iSf p one utio s cool ed to 0-5, 3.
m. of. deionized WEPEP gé’,ﬁgﬁ’ éw%ﬁqﬁg K29 %y 5 for
30 mi nut es under nvdepab&aioamﬂwmy(tr'ﬁﬁe sllsl) }’cﬁﬂB\Xﬁﬁlg QV TMUsUt i on
of the di-Chz25bl ocl@@gaa!c la’&@ﬂ(%a E‘ﬁn epar ed in. stepgtA Fand the 25
m xture was stirre o W th
water, the pH was gﬂf : ﬂtak y @ﬁé&ﬁ"‘&%}wf&%ﬁﬁ& i °§f ua. The
agueous sol ution vvdsnlrefd[MQ&I rfa-zlfholﬁsm compléteand

then filtered® hr og@jhtiany H‘W %M@%mtkﬁglgn cd0
10% BB- K29, a tracgm0 fr%@ th9 1yl)§§§{ @2@‘: ft%ffﬁg}rﬁaam in B amount
of pol yacyl s. (sﬂyl),., 10 :

Exanpl e 24. Preparat Qn of Poly(trimet hyI si | yI) Kanarrym n A Usi ng HVDS W|th_

| m dazol e as tal
A S SR *‘é.*fi" ’“**"ﬂ'ﬁ?oﬂﬁp,afaffﬁ 'r(sass %7#3:63&&5‘?& 3

acetonitrile, undemvaurnmsl Wbsoliition of [SXE €181 gm., DI es,

5ol es per merz&@ﬁ d,?f g‘,&% ”?ﬁ;ﬁﬁ“gﬁf&eifﬁ

2-1/2 hours. The soﬁmt:altnﬂnum-em

vacuo to | eave 21. BN |om;tnh &b@ﬂﬂ-ﬂ@ﬁ%@ﬁnmcnﬁes@mﬂ&n 6o amy
esidue 207 (o308 wﬁyﬁm s ot
20 Exanpl e 2545Prep|a£natn ¥ olyacylate

45
Am no-[err] - hydrox but yryl ] kanamycin % Heas by the Acyl ation of
a|

Pol y(trimethylsily 5°P1<a%ﬂ¢891m(tﬂnw:lﬂ'y mycip MRS ith Kanamycin A
Pol y(trinet hyl silyl) KaRaysana®s b dW%,%ﬁ.A sulfafedb3ghSt

25 0.858 m. mole) [total=20. m 410 m. moles] in 200 ml, of sieve-dried acetonitrile 50
- was brought to reflux. HMDS (60.3 ml., 287.7 mi. moles, 7 moles per mole of
kanamycin A) was slowly added and the mxxture was refluxed for 28 hours. It was
_ -then stripped to dryness on a rotary evaporator and dried under steam injector
vacuum, There was obtained 47.5 gms. of poly(trimethylsilyl) kanamycin A as a
55 pale yellow oil (95 829 yield, calculated as kanamycin A (silyl),q). 55

Example 27
Preparation of Amikacin by the Acylat?on of. Poly(tnmethylsnlyl) Kanamycin A
With N-Trifluoroacetyl Blocked AHBA N-Hydroxysuccinimide Ester
A. Preparation of N-Trifluoroacetyl AHBA and Conversmn to its
60 'N-Hydroxysuccinimide Estér = 60
. To a suspension of AHBA (5.0 gm., 42 m, moles) in 100 ml, THF was added
tnfluoroacetlc anhydnde (40 gm., 191 m. moles), wnth stnmng, over a 10 mmute




in B (25 gin., 51.7 in. nmoles) in 250 m". of sieve- drled
acét

3§&trile was heated to reflux under a stream of nitrogen. HVDS (62.3 .3
~385.81 m noles, 7.5 noles per. nole of kanamycin B) was added over a .
f 30 m mygtes followed by | n1_. of l'gg@as cat aI yst The m xture vvaz%\( :

OIT—af T |||c

reflu ed for 2rTmours WI[H TOoTpL Bt “tm' téﬁ

sol vent was then re Z1k

hel d at 60 under hi g HEP% g:g it %&%‘ﬁt @afﬁ&@&h
poly(trimethylsilyl) rédﬁnﬂvpﬂanm&rl ZVheyaqhkc
(silyl)10). B. Acyl appignsyf MIBK and, aftep drying

prepared in step A aBfi 8 ﬁ'g“’gﬁ?ﬂ
ifliiofoacety { ﬁ’m

acetone at 0-5, .methanoirhd E 1if
in vacuo for 30 mi nutdeeacabnﬂmﬂN-uydimm i

nol es) in 200 ni0. of sQjp &9

than | mnute and th%%}?ns@fg “v#‘ drtoéh

m xture 40 ' dﬂpaamer mgp@gna
22 and then'lo ded AW@CGMIM% ;

eluted with ana’[

BB- K26, 5% of t he comregpgﬂd,hng 6" N-acryl at ec
t he correspondi ng 3- N-a&'ylaaolenb I{V inefhsilyD}
a smal| anount of pok of

45 Exanpl e 26 Fyoeparﬁ u@
Wth Kanamycin A Sul i:ameleaswa@atl_dddmatth«m :

mol est and kananyC| ng way| thert
gm, 41.0 in. mol es] A APHY.
to reflux. HVDSs(60. fck off-wh

difsolvediim SOtmil) I
39 ks é,ésl fh. qlpq) WBS.Ladeid tonthe

agatyl|AHRBY) vaazet-w n.thg gexigep

% : ﬂi@e‘ E ml. (113 4 m. moles) of water,
reL stxrre \

for 30 e§l S. The
itAy t 5°46x QEﬁlrnThe

idThEBbIRS Was7di. mpmo D bBwiter e

was sl ow y added and rdited fmnxﬁﬁ'rte Mdswithet HXEH”._H) ehsplution was hmgd {nham

o e R o

stripped to dryness (géxbathr’éﬂg"

vacuum There was obfgiHfRIAPS j{%ﬁ“’%‘“’g‘

as a 55 pal 3 yel Itwcmsb(r(mﬁ)o% :?fé X dm.), veaal

[err]. -~ 55 Exanp PeNEWO
Poly(trlmathylsHyI) ‘?
N- Hydr oxysucci ni mi de st°er re
Conversion to its

?ﬂlﬁlﬂﬂ&lﬂ:rﬂf wdaan ted wﬁth

AT

60 To a suspension 01”1'% %,ﬁgﬁwng t‘ﬁﬂﬁfﬂ )P°Y§, }2 zlzn ;':z\gi% Axdded®
B s

MiydrbdySuccidinfide 2 10

trifluoroacetic anhydrl Hlﬂ& a.m) ,s,o
m nut e 26 Ester !

26 period. The. sol utlohsn)ago QﬂAH frg)zm 0
concentrated to dryng “3&%‘; B of DSuly
sﬁ

m . of aqueous net ham . sihtain ¥

g5 @apd 20 ml. of -

ow thd periogis a'dhiﬂon of 10N

sl soln muinﬁ enlraasd hadth 23X |mt B

TSR T,

Sl a0y % GO | ess?
v fthaibA 2 n lth §inall

i elﬁ’ﬁhsh O (acdlution of tHexXnpl e

err] wg'?‘ﬁ'dl'ﬁ’?ﬁ"mfrom 0.6N to. 3N, There was.obtai ned 38% of
kananyC| n B (BB— K22), 10% of
wmlmﬂs and

'_H; ?tttﬁte iferpg. 0
1. ﬁ ﬁ %‘x Fought
pMWal

n A)2s

par atlon of N—Trlf uor oacetyl AHBA and

o

15

20

K1)

“concentrated to dryné&@ﬂ 'mhq}/‘mtmeuayi_dl"emn f!t?l?g "enﬂﬂhm;tﬁ@omnhasem“'ﬂshed eous
epH 0

sol uti on was ex ﬁract °%h‘ whag atF‘r‘le trE’ %1 qwg“g@.ﬁ?{e me

drying over [er é%v#ﬁzﬁl reent nntd?edt a%l@apédyres

sol vent were renoved§ di ng and d| stll |ng of t wat er .

standi ng the oil changed’hw A (4. ',Ilﬁénsmbled dnso mmSQE%) ceﬂ°de The

N-trifluoroacety, AHBdlc g‘m "y’bt‘ :i A # 91 I‘§ \ @f tion 50

acet one and N- hydr oxyg y hoqg e 3qNag,ea g‘{egﬂgt _

dlcyclohexylurea was removed by filtration and was washed with a small amount of

acetone. The ‘combined filtrate and washings (a solution of the N-

'hy?roxysucclmmlde ester of -BOC-AHBA) was utilized in the next step without
55 isolation _

B. Acylation .

.- To a solution ‘of poly(trimethylsilyl) | anamycm A prepared as in Example 26
(41.28 m. moles) in 94.ml. of acetone was added 3.5 ml. (194 m. moles) of water, and
the mixture was stirred in vacuo. 4t 0—5° fdr 30 minutes. The N-hydroxysuccinimide

60  ester of -BOC-AHBA prepared in step A [above (19.4 m. moles) was added and the
-mixture was allowed to stand at 5° for 1 Bour. Water (200 'ml.) was added and the
pH (7.0) was lowered to 2.0 wnth 20"/,, H,SO,. After 30 minutes stirring the pH was




10 solution. A solution of dicyclohe ylcarbod imde (2.33 gm) in 20 26
m. of dry acetone 10 was slowy added. The reaction m xture was stirrec‘\/
for 2 hours-at [err] and the precipitated dicycl ohexylurea was renmoved by

filtration angs washed with ‘a smal | _anourks98294acet dne. The conbined filtr2te

. and washi ngs™{a sthm@wacﬁowmen&onmammﬁmm rippedideynessiin beciio tof | UOT 0a

tyl AHBA) was uti Ign&eﬁ@ 3 gmst ¢fca gpiden dewas dlssqwqdm@@o P‘%:(ﬂf sniffugrpacetic

15 B. Acyl ation T(ﬁﬁﬁgmﬂvm" (SL qu?fsdh gé:gfgpar ed
as in; Exarrpl 26 ( wﬁEadH&f FeRAARti

(113.4 in. es) mfwam.t fltereda tlheﬁlt&xiastred wiﬂ:swaen. ﬂ'hedomblwhﬁmte tatd 0-5

for 30 ninutes. TI‘H@S o8S @59 ml) oacetyl
AHBA prepared in st gﬁo%‘,m“g M’z’#);éﬁgm cf( em;nture
and it was thgen hes, ansq‘y,pkin]amiaﬁAa:hM", cﬂ was t en adj usted toca®
O with 20% [err], the mxture was stirred f 30 m nutes and the pH was

then raise to ca. 6. Ol'hw Rerhi® &\g]:ﬁp_ehgf §petan-ﬁ il ‘fghct@’ﬁjryness

in.arotary evaporgkydbenzyl nykh Ausedithe mﬁre ced by ah otex sol id.
The solid was di sShHcarbobenzylok@ian mhycm)fB vandethetehis tpﬂebnavrodaedr ENsldo—¥-7om 5. g
to 11.0'wi th140 N fuipg-e-hudiexypuaryldapamsit Bas heated in an oil bath at 70
for 1 hour. The pH (9.5) was then | ower ggahgle 30 O with HCl, the solution was
polish filtered to ramavge::aal éddu&nﬁfuﬁltampfe ! iBsm utddeacgmdhitthhe Li{--pr was
washed with wat er . beyppdory inpia-h i Nwdrered npbosnepgsappl i ed
30 to a 50%%??; % gﬁ?éa wﬂ; x kGIdMCt h agid | Nehyuredy-sat er 20
and eluted with rbbrilené-2 B-ditarbdkiaiide e(s&r SRL concentrated).” There was
obt ai ned 28. 9% ani k&gifrbensy! mmnﬂ@mns»g%@xwmmmwmrwmmw- 3. 25/
pol yacyl s plus 14. z%lgﬂtmﬂ’ 3352@5 whi ch-was in the first fraction

of f the col ung. EXﬁm[L( no-a-hy pidnyManahyofAkaagi n by the Acyl atiors
of Poly(trimethyl sl-N;{L-X—]@mwcmudrAxyVSErﬂ:ky danwclﬁ%lAt. yéspeetively-bonyl Bl ocked A
BA N- Hydr oxysucci ni m de Ester A. Prepar t - BOC AHBA and onversion

to its N Hydr Oxysucc'ﬂerﬁeq&ﬂ%a{dué §pt E‘ rébﬁ&d(é&cgptgﬁﬂ the 4.2(-173
mol es) in 100 m . pbendAsxgéartdnygl aitin ric acndanaydrm-emasuadljthMRckto pH

10 with 10N NaOH. eplasedzby erio ut es was, ed 11..6 5
in. noles) of di- th)Qtﬁ(ze" %é?abd?ﬂ‘?élf’@'“°ﬁﬁwqf9’fép‘é°81°ﬁ'f’|"8’ﬂ P{?\ngg‘ﬁ“ﬁ‘a‘ or ( 35

m nutes while mai ni_@l)w.mzﬁagcaa,onﬂamm dydidrgvalReit | aeld C NabdidxydcifiimideON
NaOH. The acetone eses, ne U.l n vacu and the aqueous phase was washed w

40 m . of etHhyl ac roduged n was |owered to 2.
with 3N 45 ?Egg%{ "‘“‘"“oﬁ“ arox ’°P“9\%§,;£LA’“‘ ﬁ%lisgﬁm., of MBK. The
conbi ned M BK 4 extracts vvere drled over [err] and con entrated to a
clear oily residue (8"‘/2l nWES@D IMﬁ\e—t BOC A 25, 9NN (3% rgarml es)
vas di ssol vedgin 50,ob Bl MR DR thy ﬁfémw AL, 19 4
in. noles) was add (51 S | ON "Ogy_iald |cyc ohexyl carbodl [ mde (4.00
gm 19.4 . noles) in 20 n1!.4° ohackfofte was slowy 50 added and the

m xture was stirred for 2 hours]. The precipitated dicycl ohexyl urea
was renoved.by filtration and waS—wapked with a snml anount of acetone.
The conbined filtrate an ¥ashings ( sol utj éf the N-

<\Q
hydr oxysucci ni mi de ester of t-BOCAH A) - the next step
¥ silylf) Wenamycin A prepared

w t hout 55 - I sol ation. 0
55 B. Acylation. -To a sol ution of poI y(tr| meth
as in Exanple 26 (41.28 in. noles) i ya
(194 m noles) of water, and the m xture Y@

m nutes. The N hydroxysucci ni m de -

wherein R is OH or NH, and n is 0 or an integer of 1 or 2, or a nontoxic
pharmaceutically acceptable acid addition salt thereof, which process comprises
acylating polysilylated kanamycin A or B or polysnlylated kanamycin A or B



A 3

vester “of t- BOC- AHBA prepared in step A abo ) was
a‘l’d ‘and the 66 mixture was all owed to stand at Imﬂ Il[}in‘"lﬁgm V\ater
(200 mM.) was added and the pH (7.0) was Iovvered err].
After 30 minuteg stirring the pH was 217598,294

N598, 794 N
(el and the m xt JBERS OPEALOR A BN e,
a golden oil. The oadxd \awedltcsss Yerd 5 minu%ﬁndﬂnpped totdrynﬁ:#smmm vaporator. d,

al loweq to stanpd fo et ted
evaporator. The oi I @K %&?‘?{g% 3’3&5&% ﬂff
Concentrated 5 w Iﬁgy 250mE) aeldashded o +)W%ﬁx n(asm»wfashe

resul ting solid waswiik s4sdﬂ009e f vatdrnangatloted Wwith tagr NH, Oﬂrgad%%ﬁ)%g?rwmashed

Vgé gom?}\lle-lEH) ngl E?rnﬁﬁ%ﬁﬁggr%%i%{‘ﬁggn%ﬁ%? g%af? e?rsl’rﬁo?‘ wat er and el u? gda

wth an [err] gradient (0 6N—1 ON- concerﬂxtrqile . There was obt ar ned 40.32% -

am kacin, 4. 58%- BB- Kafls'bobenzy oxykan::\‘;cmtx :st;d i P%@ awﬁa NT 43%
pol yacyl's. N-carbobenzylox kanamycm B, and Tﬁ' ES? g?%rgg )-v- .
procedure of HBEsanpl eminodashydre rkaﬁﬁﬁ)&ﬁtBI at th 15
car bobenzyl oxykananycin A used therer nis,r ed by an equi nol ar wei ght
of 6'- N-carbobenzyl ﬂﬁu g)dg%;r ArelalV/elc
1I-N-IL-(-)-[err]- bony ﬁn‘i:‘ﬁoﬂghﬂr tﬁi(:y lé&gﬁl%fﬁbﬁﬂe gzxa”D' e
30 The gener al procéldu eu 1: t remslsrr exce t that the

L-(-)- [err] b@nzyl bk or é"ﬁ‘g}‘; gﬂflc" ?,g' ! O(é W&?"(SR’;”BH’P&FH acigej f-hydroxy-5- 2
N- hydr oxy- 5- nor bor NEREy ghezyi h éﬁrialéiﬁ%édm{iyﬁf‘dxflshﬁrbbﬁu%@ced by
20 L-(-)-[err]- m;alzg/rbmohyﬂabhemydsmwmya hydr OXypropioni c acid
N- hydr oxy- 5- 20 e fe qlto ced box e est ’s
L-(-)-[err]-békizyl o zgma@g %P ﬁ‘éﬁr.rhy o
N- hydr oxy- 5- norbornene- I car boxi'm este respectlvel y, and there is
t her eby produced 25 Examp. lc 31

LN (L) -Terr] - am g sr“é‘ar“;hg. R ’fr}r;p T e e

25 1-N-[L-(- )-joerr], (&L roxyva ery anarnyci i resp 30
Exanpl e 31 The geneL&J—)-nehsanz)edmaeb@ilaiﬁmarmiyeroiﬁpnopmmemNaddﬁxysemmmidat t he

kl. ﬁ,yé; Oi;f ;]St 2?%!;%?’ ¢ bon gaa\?ﬁgnlgm é\lgpgggvégé bgc;[uy h%ygroxysuccmxmlde

30 L-(-)- [err]35benz e.r{y} prédied a- hydr oxy propionic acid s
‘N hydr oxysucci ni m dbNe[Lt(e)p—;mujo—a-hydroxyproplonyl]kanamycm B and

L-(-)[err]-benzyl oxy&‘a[f‘tﬁﬁh?%'ﬂ?‘ﬁ‘d‘yﬁmwalreﬁﬂwaﬂ‘%‘i“i B. cegpegtively.

N- hydr oxysucci ni m de ewmwrge@m[s/.ej y, 35 and there is thereby

pr oduced . A process for the paration of a35]1-N-[w-amino-a-
|-N-[L-(-)-[erd9]- anhw@oxyérqfqoylnsyw meppoﬁwmyk*&rfamn B and 40
1I-N-[L-(-)-[err]-am no-[err] g jeageryl] kananycin B, respectively. WHAT
WE CLAIMIS:- 1. A process .preparation of a -

1-N-[[err]-anm no-a- 40 "~ hydro anyyl ] kananmycin A or B having the
formul a uoO s\N Ris OHwg NH and nis O or an
i nteger of | or 2, or. a_nont oxi-c phar‘rracutlc Qgceptabl e acid addition
salt thereof,. which process conprises acW.atfi ng pt X at ed kananycin A
or B or polysilylated kananmycin A or B L R

I
wherem Ris OH or NH1 and 7 is 0 or an. mteger of 1 or 2, or a nontoxic .

, - . pharmaceutically acceptable acid addition salt thereof, which process comprises
i acylating polysilylated kanamycin A or B or polysllylated kanamycin A or B



_ T T

é;fed to ca. 6.0 with [err] and tlhggi iﬁﬁre was s wm,”'"’”m%ﬂﬂs |ﬁ§,
s

vad (\o give 36.3 gns. of a golden oil. The oil was di'ssblvied M ns
of | uoroaceBc acid, allg : orl;598.2¢ nut es _and stripped to 287 -

dryness in a rotary _ wat er~z '
was fl ashed of f. mnﬁ’gﬁmﬁyﬁﬂmﬁ'&ﬁ#ﬁm@mﬁ \gh%g %QHL‘%S%WW% _

fl ashed of f. -The resulting SO|Id I n filtered, and
the filter. washed wi'th watei. The M‘?P@@‘X‘?‘?@w %"gﬁ%&ﬁ/ashl ngs (259 m.)
were | oaded on a CG 50 [err] col um (8x92 cm) vmhed with 4 liters of
water and eluted with an [err gradi-ent :(0. 6N{ 1. ON- concentrat ed). There
was obt ai ned 40, 32/ ‘&gxt

q{c%y gr apgigtegat ino-blockingogrowy) img o/
kanamyci n A an dS 7 43% 1 gﬂhgdrous orgamc solvent,?gd sugsequen y removing tio‘% %ﬁloe 29
The general procedure Alixm‘slaeclhlmea irf dgimat reuethe e@lauhba&nvhthe ofthe Bkid

car bobenzyl oxykanamy®ia ﬂﬂ“’ﬁ&'@!&l‘? a¢éaal @R:ed ui nol ar wei ght
of 6'- N-carbopgnzyl 2%’@ “p'ﬂf)d[!?lf‘@'d’l“k‘“g 10
1-N-[L-(-)-[err]- 1 am no-. roxy utyr I-kanarrycr n B.

15 Exarrpl e 30 The general prq\éedure of _Exarrpl e |l'-is repeated except that

the L-(-)- [err]- benzyl oxycar®gnyl am no- hydr%y utyrr c aci d
N- hydr oxy- 5- nor bor nene- 2, 3- di CRTORXi m est% d therein i replaced by
a

20 L-(-)-[err]- benzyl oxyca preopi oni¥%**4ci d

N- hydr oxy- 5- 20 - nor Jfowsmtne- 2 3-di ¢ #xi-m de ester and
L-(-)-[err]-benzyl oxycar bonyld anm no- [err] hydroxyval eric acid .

N- hydr oxy- 5- nor bor nene- 2, 3- Ri car boxi ni de ester respectively, and there is
t her eby produced 25

1-N-[L-(-)-[err]-amno-[err]- hydroxypropronyl]kananycr apd

25 1-N-[L-(-)[err]-am no-a- hydroxyvaleryl]kandnycrn A pectively.
Exanpl e 31 The general proceduregoTyExanple 25 is r at §d except t.hat the
L-(-)- [err]-benzyl oxycar bonyl @ oS ydro.xybuty i N-_heroxy ester
used therein is 30 repl aced My ' '

30 L-(-)-[err]- benzyloxycarbonylanr [err] hydroxy pro. 4y C acid

N- hydr oxysucci ni m-de ester and. “°2 -

L-(-)-[err]-benzyl oxycarbonyl am no- a- hydroxyval eri c aci '
N-hydroxysucci ni mi de ester, respectively 35 = and therg is thereby

pr oduced

1-N-[L-(-)-[err]-am no-a- hydroxypropl onyl | kanarrym '
1-N-[L-(-)-8-amino-[err]- hydr c'%;val eryI ] kananyci n
CLAIMIS:- 1. A process perepar“é’f’r on
40 hydr'ox-yal kanoyl | kanarrycr n Aor B having the T J
40 wherein Ris OHor NH -and nis 0 or an integer of | or 2, or a nontoxic

pharmaceuti cal | y acGabefdR arfdCORChr@ i shin® Br Siftbrend 438 6 is KR! €1 BRRS,EH8,
conprises acyl g&i ng (pwbgﬂkﬁlyfgnvaa)alk andcX is Oh rFRrIandp’déusn:ll Bi, &tof 1] and 15
kananycin A or 8 in the case of the last stated blockmg groyp the B—HN grouping then becomes
B—N to give rise to phthalimido.
: 4. A process as claimed in claim 2 or claxm 3 wherein the acylating derivative
of the acid is its active ester with N-hydroxysuccinimide, N-hydroxy-5-norbornene- .
20 2, 3-dicarboximide or N-hydroxyphthalimide. 20
5. A process as claimed in claim 2 or claim 3 wherein the acylating derivative
. of the acid is its mixed acid anhydride with pivalic acld benzoic acid,
isobutylcarbonic acid or benzylcarbomc acid.
: 6. A process as claimed in any one lof the precedmg claims. wherein the .
25 polysilylated kanamycin A or B contains a carbobenzyloxy group on the 6’-amino’ 25
" moiety.
7. A ‘process as claimed in any one of the preceding claims wherem the
polysilylated kanamycin A or B starting mhtenal contains an average number of
silyl groups per molecule of from 4 to 8.
30 8. A process as claimed in any one of l*:lalms 1 to 6 wherein the polysilylated 30
kanamycin A or B starting: materlal contains a blocking group other than silyl on
the 6’-amino moiety and also contams ad average number of silyl groups per
molecule of from 3 to 7.

EspecCtively. WHAT VE
. [[efr]-am no-a-




28'&"!1 o . 1,598,2 -

rcont ai hi.rg a.bl ocki ng group other than silyl m"mmm;lu&mmmu'm ety w
acyl ating derivative of the acid of the fo nu e nISO

an integer szb or 2 and B is: -an am no- b,bgngmn roup, in ab

‘Sdbst ant i al | FQUR pPdcdd'ds Haim §g|qmml-#mrtmmyugp@pal I
bl ocking 5 groupsare tmnethylsﬂyl ' A process as clained i n

-2
claim1 wherein the d@yl At @erl‘oratthq/e %M?‘?% F‘V‘?:l‘g ter of
a nixed acid anhyd qugyﬂ‘a"gi f?& ; 1 ?F or clai m
wherein the afi no- B °"§$"3f13 c')’f e acyl at| ng derivative of
the acid is L——(—(B—HH-QCR],—W.&@H-[-@PPP and R2 are the
~ sane oy different and each is H F, O, [err L oH, 15 (1 ower) al kyl
or (I r)al koxy, and Xis d, r, F or | andYrslf—t a, Br, For 1, and

15 in the case of theul,a\'stpmeisataedhme@qklaﬁg thphen
becomes B- N to. gi vesastionds mdmdhalalsduuhn contalrtinsp‘glé%%@’s ysilyl ‘&'i?%ﬂm? "claim?2

or clajm 3 whgrein$ derl vatl berededith Ligimk whefl th¥e esti@r
W th hydr ox@ uccugg‘g&; gggﬁ y asgl £ 5t %r “?Eacua’g mt:tnre by

3-di car boxi m de or clide 8tht haI m de

5. A process .as claj Ar proes Statismlﬂm lﬂcd%t %bm’f‘@f % Repsinbsforq dgseribgd

derivative of &he 3’8 %fg!éw% E; 3V OF ipeisitpiated IﬁhM@cinCAa&l B 5

benzoi c acid, |sobu$;y&mag mnggﬂo l:en ther6(-amine mpietys.. A process as
clainmed in any one of 1% |hagamicmranslamér'b‘? Igjm; 1 in which the silgbgronps| | ot ed
ka.narryC' nAor B Cﬁﬁt AXA%XIalglre@Hﬁl@rﬂ 14 5lafin 1 5Bhidfing 4R _
noiety. 7. A Wocea-ser za& pé? kbiéeuletd Lkl ng cl ai ms wher ei2d
t he pol ysilyl ated kana‘rmblys\lymedr Qﬁfnmﬁn lamtietilc mé‘bﬂ't%! '%ﬁ"&&ér age

nunber of silyl gr L@%’“@? 3%-1 gulcontammganéver process
as claimed in any SH EX ,’rf;'{"ﬂ "?,'.. o °Mearserannad £ apPénd ot biis 18 b 1730
kanamycin A ops B stm[dtltﬁ:g Baﬁ@rgr pdhOIﬂIé&‘l-mmambieDClkl ng group other than 2%
silyl on the 6'-amno noiety _and al so cont ains an average nunber of silyl

groups per nolecule of from& to 7.
1,598, 294 . A process@as clai ned | n
tdiyeoiet Icygig ps are ¥ xquet.hyl silyl.
LaN(L- (-) - [err] am no-a-

any of the preceding clains.
10. A process for the prep

hydr oxyal kanoyl ] kanamycin A g alned |n any one of the preceding clains
wherein the acylating derivgtive of the acid is of the formul a

5 [err] OH 11. A process as claimed in any one of the preceding clains
wherein the reaction is conducted in a solution contai g 10 to 20%
polysilylated kananyci-n starting material. 10 A process as
clainmed in any one of the precedLng cl ai ns mhereln the 7
1-N-acyl ated product is .separat/f ). the react m Xture by
chromat ography. 13. A process a§ & med in' cl ai- t'antia1|y as
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