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2 9 : Phthalic anhydrideE #2233z halogenation, phosphorylationt] diethyl phthalimidoalkylphosphonate® 4 35it}. o] sjare
< chlorination3}o] O-ethyl phthalimidoalkylphosphonochloridate WEF  diphenylmethyl 7~B~amino—3-acetoxymethyl~3-cephem~4—
carboxylatest couplingdte] AF742) Lejx 91 gke 33 e diphenylmethyl—7—B—[O—ethy]phthalirnidomethylphosphonyl]—B—acetoxyme—
thyl-3-cephem-4-carboxylates} djphenylmethyl-7—B—[O—ethy]phthalimidoethylphosphonyl]—B—acetoxymethyl—3—cephem—4—carboxylate% z}
7 19%, 43%9) +&2 S}

Abstract : 7-Aminocephalosporanic acid(7-ACA) was reacted with diphenyldiazomethane(DPM) to get diphenylmethyl 7-B-amino-3-
acetoxymethyl-3-cephem-4-carboxylate. Diethyl phthalimidoalkylphosphonate was chloridated with a slight excess of phosphorus

S-acetoxyethyl-3-cephem-4-carboxylate were synthesized by coupling reaction of DPM 7-ACA and O-ethyl phthalimidoalkyl-
phosphonochloridate. All of the compounds including starting materials and reaction intermediates were characterized by 'H NMR and
FT-IR spectroscopy.
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0] 2189 cephalosporin33}29) dT%E WA St} Phizer
A k3| kol M phosphonate?] & 7Fd LAAS cephalosporin
o TH Aol olm] = A&7 ¢~(phosphonoalkyl) cephalos-
porinfr =AE FA4ste] 18 S F 3 pseudomonasFo] BA
ol 35-& & 3{tH10). Phosphonate]7} X 8d 3323
@7 cephalosporin7] 2722 MY 5 JAFYch CampbellS
[11]2 4-acetoxyazetidin-2-one phosphite} phosphonite 2
Arbuzovit-&-A17] 4-oxoazetidin-2-yl phosphonatet} phosphinate
€ 4% 7FEa3t aspartic acid®] a-phosphonic acidut
phosphinic acid®] FAFHE ¥A8} alanine, alanine-alanine
I HAH=g FAse g ol B4o] 9o B,
Satoh[12]2 cephalosporin® 9] sulfur® HAAEYAN ¥ AL
UlolEZ12 ABAA B84 71 T-substituted-1-pho-
sphadethia-3-cephem-1-oxideZ &4 3t}

< TN E T2 S 22D AEE gX7o)
THAAE FH] A% AT B0 2 cephalosporin®) 7
WA oG AT AZAS Tolste] ABEA HAo]
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W] AHEE A%F triethyl phosphite(purumd), anisole,
benzyl bromide, thionyl chloride® Aldrich#]o]z] diethyl-
phosphite, trifluoroacetic acid, phosphorus tribromide= Fluka
AGRF)E AHE3ITh. Amberlite weakly basic anion ex-
change resin(IRA-68)& Sigma#l& AM839m Lul: 124
oS AHgEGom dad bt AZE a9y

% A2 Mettler F 61 M. P. apparatus(Orion Res, Inc.),
A7) Ty AMEHL INM-PMX 60NMR spectrophotometer,
Ao FFAHEHL Beckman acculab T.MI spectrophoto-
meter, YaE4E Perkin-Elmer model 2408 A}&3te] =3

st

2.2. 34 B39 34

2-Chloroethyl phthalimide®= phthalic anhydride®} mono
ethanolamine 71& FRIM wSAA FHE 2-hydro-
xyethyl phthalimides} thionyl chloride® 2417+ $H5A1A #A
8tsl om[13], N-chloromethyl phthalimide= phthalimide$} X
B9 ES 3FAA wE N-hydroxymethyl phthalimide$}
thionyl chloride& 2417t #5174 @4 #t9cH14]. Diphenyl-
diazomethane(DPM)2 benzophenone hydrazoned %4 i
R, T eSS Aeold 3047 AYsA) WHA A
2

2.3. Diethyl phthalimidoethylphosphonate®| &4
2-Chloroethyl phthalimide 105 g(0.05 mol) =+ triethylphosphite
831g(&.7ml, 05mol)g dAS THATIHEA 4N 302 bt
SA AT old Dean-Stark trapol = ethyl chloride7} o] &<k
o1 80%< B6gol AA HATY HLEFES Aoz 25ml
# 53] F2&3kof v]wkE-89) 2-chloroethyl phthalimideS A A

A BAE 71889 BHE 50g(R2 %) dQh

'H NMR (CDCl) ; 8(ppm) 78(s, 4H, CeHi-), 4.25(m, 4H, -
Cl:-), 397(m, 2H, CHN-), 1.81-255(m, 2H, -CHo-), 1.35(t,
6H, -CHsz); IR (neat): 1240cm™ (P=0), 1050cm™ (P-0-C)

2.4. Diethyl phthalimidomethylphosphonate(Pht-AMP)
o 4

N—Ch]ordmethyl phthalimide 11 g(0.056 mol) 3 triethyl phos-
phite 9.3g(96ml, 0.056moD)& ZFHFZo] FXP 100ml 27
Fehaae] ¥ 150-160T 2 712580 2417 $7A AT
dofdl =M gAe F2oyE PmE 33 2zd I
Drierite® $¥& AAS L ojsle] onale 7etes A7
o dojd nPAe) AFES ANoZ YA Ao A
A 8g(48 %) AL}

'H NMR (CDCL:); 8(ppm) 7.15(s, 4H, CeHl-), 442(m, 4H,
~CHe-), 43(d, 2H, CH:PO-), 14(t, 6H, -CHz);IR (neat):
1710cm™(C = 0), 1240 cm™(P = 0), 1050 cm™ (P-0-C) ; == -
63T

2.5. O-Ethylphthalimidomethylphosphonochloridate(1a)

o g

woln 248l 306g¢ HrlelA 1547 St @

ol A2

o AT APeEdtel A48 e YA A%e] Ay

°l& ¥4 THF-olHZ22 Y23l 38g(9045%)9 223
_]

'H NMR (CDCl) ; 8(ppm) 82 (s, 4H, Cetly), 45 (m, 4H,
~CH:P, -POCH), 15 (q, 3H, CHs) ; %=3[15] : 90-92°C

2.6. O-Ethylphthalimidoethylphosphonochloridate(1b)-°-l

A
Diethyl phthalimidoethylphosphonate 31.1 g(0.1 mol)& &l
100mlol =]z © A3l 208g(01 mol)e 7+ % 7]2%g
AM 24A7F FRAZALY oldf A7 Mg e st
A A2AA BAs] ANAH 274591 %)L AP o] AL
T THF-lH22 H24se 53 Y422 A9,

=487 T

2.7. Diphenylmethyl 7-B-amino-3-acetoxymethy|-3-
cephem-4-carboxylate (2)9] &HA

7-Aminocephalosporanic  acid(7-ACA) 4.35 £(0.0159 mol)-&
50ml(dichloromethaneImethanol=3-‘2, v/v)el =013 15ml
dichloromethanee]l DPM 3.1 g(0.0159 mol)o] =o}g)i= 495
AAE ZhalA ket Ao Alo] 2ol w7tz wrg
& AN g3 E8ae sodium hydrogen carbonate 30
miE AR 15ml FFEE 38 ALY T 2aga gg
Ngo2 AN o] S48 ojnisiy Aol 09S AL
F Utk dHzz F3go) ppMe A A3, cephalosporanate
7h 2ASEY, @ A 20LE 719 5 (silica gel, d3lvgad: 2
A€ =1:1 Rf=035)2 23} 418g(60 %)S At}

'H NMR (CDCls); 8(ppm) 7.26(s, 10H, 2CaHs-), 690 (s, 1H,
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_COOCHPh), 480-5.15 (m, 4H, C-6, C-7, -CH:-OC(=0)CHy),
3.36(t, 2H, C-2H), 1.96(s, 3H, -OC-CHa) ; 573 1124T

2.8. PhosphonoamideZ &g 7HXlE T-ACARZA S| &y
2.8.1. Diphenylmethyl—7—B—[O—ethylphthalimidomethvlphosphonyl]
-3-acetoxymethyl-3-cephem-4-carboxylate(3a) 2| &4
22232 Sml )9 3FE 390 mg(0.8892 mmol)
~2 zgod 393F triethylamine 0.12ml(10eq)E
O-ethylphthalimidomethylphosphonochloridate 198 mg
93] 7ac e LRoA 36AIZE ¥HEAIIE E 10ml
AAsn 4 BASIdEoR AzAUG. G4
N =27 g B AZrE 1Y (silica gel Z At
@Ab=1:1 Rf=03)& —ra]o}cq 120mg(19%)% Fth

H NMR (CDCly) ; 8(ppm) 7.45-7.35 (br s, 4H, CGLL, 73-
72 (br s, 10H, 2CeHs), 7.0 (s, 1H, -OCHPhy), 49-4.7 (g, 2H,
-P-OCHy-), 36, 338 (dd, 2H, ~SCHy), 2.0 (m, 5H, -OC(=0)
CH;, -NCH>), 1.2 (t, 3H, ~OCH:CHs)

@
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I

=

}

ol
Lo i
b
ol

mi‘l o ale 3o
D:O
124
ol
—r‘

2.8.2. Diphenylmethyl-7-B-{O-ethylphthalimidoethylphosphonyl)
-3-acetoxymethyl-3-cephem-4-carboxylate(3b) 2 &4
oz odsugd 12miel (2)¥ 3FE 300 mg(0.684 mmol)
ge-E ZeoA %¢3%F triethylamine 0.0% mi(1.0eq)E

o
=
7}8ta O-ethylphthalimidoethylphosphonochloridate 213 mgS
AN e, e LRolM 2447 AT B 10mlE
38 HHstn $4 FAvbdlgor AzAAY G4 A

sl A ZwAZl 5 B ZZbE e (silica gel, FANE:
228¥8-1:1 Rf=04)2 £ 07mgd3 %)< AN
'H NMR (CDCl); 3(ppm) 7.45-7.35 (br s, 4H, GsHy), 7.3-
723 (br s, 10H, 2CeHs), 7.0 (s, 1H, ~OCHPho), 49-4.7 (m, 4H,
-CH,0(0)CHs, -SCHCN-, -S(CH-)CHNH-), 4.1 (m, 2H, -P-
OCHz-), 352, 341 (dd, 2H, -SCHp), 20 (m, 5H, -OC(=0)
CHs, -NCHp), 1.7 (m, 2H, -CHe-), 1.2 (t, 3H, -OCH:CH3)
3. Zn 9
Soine# Buchdahl[13]¢] ##el wel mono ethanolamine
phthalic anhydride® #-$-A17 2-hydroxyethyl phthalimides
Agl:, 7)ol Nefkens(14]¢] o2 thionyl chloride® W
S AA 2-chloroethylphthalimideE $4 3%t
2-Chloroethylphthalimide$} triethylphosphiteZ Dean-Stark
trapS A3t wRSA]A  diethyl phthalimidoethylphos-
phonate® 32%9 #€2 ¥4 sted Ai7tas FAAA
Hhe w2 AAEE ethyl chioride® AA, F9H$-2 9|84
Pht-AMPE Imoto[16]9} Kosolapoff£[17]19) WHoz §A
stgon 2=y 41& N-bromomethyl phthalimidet4l N-
chloromethyl phthalimideE ©]-&-atod A Aot o|¥A &
A8 Pht-AMPE Z2AAE7F Aold 37kx9) ZAFHH 44
2 olglon o] UrtA Pht-AMPx IR ¥4 2% 22 4
o] el 5t o] A9 Aol At EFEol 4 9
o ZZH0 #iog £3 utEsia HZAs A

¥

&7t

Fdsheh A 8 ¥ A4 %, 1997
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Scheme 1. Synthesis of Diphenylmethyl 7-8-[O-ethylphthali-
midoalkylphosphonyl}-3-acetoxymethyl-3-cephem
-4-carboxylate.

il

Ao ¢4d dRoR 25 At Pht-AMPE 281
60CANA 15417 FHEeAA 91 %S £42 3EE (la)s 2
% Q). o] AT AZAG FAFL b el H2
AHgatan) ol AAAA THTS etherdl sl &% 3l
olE FFE (la)7t 4A EaxH7] delth #FEE (b=
99t nbA7FA 2 Pht-AMPS} @ @ 81e1g 24417 #FHAIA 91
%9 82 AAt} Cephalosporing ol28 28 Al7|eE
Astzolz Q3 3ol HEFIuEo] AzAsAA AAT}
3 3822 agasl A dch B AFdAME Micetich
= [18]3+ o] diphenyldiazidomethane(DPM)& AF&8te] 7-
ACAZ dl2d =23 A%

ao.g zeda fuje] =2 DPM 7-ACA2) triethy-
lamineS A71ela EE(1a)E 1020 Z2H F4EF 228
ooz A LA Az LA °1 uhs E3E
& 2542 33 AHstn ¥4 Favtadls AZAA
3% Ag % 22tE Y (silica gel, i’:}OIl : 6“4=
1:1)& 223t diphenylmethyl-7-B-[O-ethylphthalimidomethy-
Iphosphonyl]-3-acetoxymethyl-3-cephem-4-carboxylate(3a)
2 19%9] 482 AUt P-NAFE A zHdA 433 &
olA oz whgE ZA Fgslool gt | FYAIE
do] Al DPM 7-ACA9 57329 49 X DPM proton®| b
70014, Pht-AMP¢] P-OCH-CH37} & 41014 S5t

AESA 838 2= Aoz 47 Diethyl 2-aminoethyl-
phosphonate (2-AEPn)S DPM 7-ACA 7 Aol =<¢iat
= 9 E £33yt 2-AEPng @A fulsielq 2 Hsd



7-Aminocephalosporanic acid® ¥#3}= Aminophosphonate§- =42 &4 703

2% chlorinationdte] Phi-AEP-CIE H&3% o] Xgsix|
%L (Ga)e FAHY 2L wszdoz IFFEL TN
@, WAL 12402 (a)@AAET Bgtn, B 32
PPEIYT (silica gel, ZAE: 2R22FE-1:1)2 23
Stk #z7] FR2dEdN DPM 7-ACAS 28 9Ad
e 7S protonol 77 5 348, § 352004 o|FMoz
Pht-AEP2] P-OCH:CHa7} 3 12004 &=,

4.2 £

Phthalic anhydride® £%£#2 halogenation, phosphory-
lations}o] diethyl phthalimidoalkylphosphonate® 3438+ ch.
°] #8E S chlorinationdtd O-ethyl phthalimidoalkylphos-
phonochloridate® THEF  diphenylmethyl 7-B-amino-3-ace-
toxymethyl-3-cephem-4-carboxylate$} couplingste] =272
deAA QA 4 3eEdiphenylmethyl-7-B-[O-ethylphtha-
]imidomethylphosphonyl]—3-acetoxymethyl—S—cephem—4—carb
oxylate} diphenylmethyl~7-8-[O-ethylphthalimidoethylphos-
phonyl]-3-acetoxymethyl-3-cephem-4-carboxylateZ 7+ 19
%, 3% T&2 FAsA.
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