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Fosfazinomycin A(1), methyl valylarginylmethylhydrazinohydroxyphosphonehydroxyacetate, has been synthesized. N-
Carbobenzyloxyvalyinitroarginine(6) was reacted with methyl methylhydrazinobenzyloxyphosphonobenzyloxyacetate
(10) which has carbon-phosphorus bond, to give a coupled product of methyl N-Carhbobenzyloxyvalylnitroarginylmethyl-
hydrazinobenzyloxyphosphonobenzyloxyacetate(11). The deprotedtion of (11) by hydrogenation yielded Fosfazinomycin

A(D.

Introduction

Most of the organic compounds in nature are composed
of carbon-carbon bond. But it has been proved that the com-
pounds having carbon-phosphorus bond are also stable. Re-
cently aminophosphonic acids and their derivatives have att-
racted attention because of their antibiotic, herbicidal, pesti-
cidal, anticancer and enzyme inhibitory acetivities, and parti-
culary their structural similarity to the biologically important
amino acid. Since 2-aminophosphonic acid (2-AEPn) was iso-
lated from sheep rumen in 1959 by Horiguchi and his cowor-
kers,' twenty six aminophosphonic acids and their derivatives
have been discovered from living organism. Aminophospho-
nic acids are atso discovered in mammalian tissues like hu-
man muscles, sheep liver, and ox brain?~® Its concentration
in human tissues was higher in heart and skeletal muscles
than in liver and brain.

Fosfazinomycin A(1), formerly called AM 630, is a new
antifungal substance isolated from the fermentation broth
of Streptomyces lavendofoliae’ "
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It has the structure of tetrapeptides which contain
carbon-phosphorus-amine bond. In this paper, the authors
wish to report the first total synthesis of Fosfazinomycin
A(1), as shown in Scheme 1.

Results and Discussion

A synthesis of Fosfazinomycin A(Y) was carried out using
inexpensive chemicals. N-Carbobenzyloxyvaline(3) was pre-
pared in 85% yield by protecting amino group of DL-valine
with carbobenzyloxychloride. L-Arginine was nitrated and
then methylated to give methyl nitroarginate(§) in 72%
yield. The peptide{6) was prepared by coupling of N-Carbo-
bezyloxyvaline(3) with methyl nitroarginate(5) in the pres-

H,C, mcnoocot MG,
CHGHCOOH ———— CHCHCOOM
e N, 1S NHCOOCH,Ph
2 3
HNO/H,SO0, CH,OH
H,N-(é—{cu,)a(‘:ncom — e e HN-C-NH(CHGHCOOCH,
L .NO,  NH,
5

H,C OOH
QCOOEYDM
OCOOEVDME, NaOH, CHETICONHCHCH ) NH-C-NH,

H,C  NHCOOCH,Ph 6 N.NO,

3+ 5

PhCH,0Ne  § NaoH
QCH,C00CH, ———— 2 CHON" PhCH0CH,COOCH,

7 8
o G PRHLO O Ol
Pa, + g Loaaug TM-HIL POMAL cngoocén-—$—k-nn,
9 OCEHPh

\ N %0,
6 + 10 SCOBANE, oy 000 -'-N—Nﬂco?mcu,wu—g-ml,
PhH OCMPh  NHCOCHCIHCHY,
HCOOCH,Ph
11
(% pdld cH, EH
—_ cn,ooccn—l—r'e-nu H(CH,) N H—O—Nsi,
oH NHCOGHCH(CHy;
NH,
1
Scheme 1.

ence of ethyl chloroformate in 62% yield.

The reaction from trichlorophosphinoxide(9) to methyl me-
thylhydrazinebenzyloxyphosphonobenzyloxyacetate(10)  was
carried out by one-pot reaction under nitrogen atmosphere
in 12% yield since the reaction mixture was moisture sensi-
tive. The carbon-phosphorus-amine bonded compound was
produced by the reaction of trichlorophosphinoxide(9) with
methyl benzyloxyacetate(8), followed by replacement of chlo-
ride with methylhydrazine, and benzyl alcohel successively.
In reaction of methyl benzyloxyacetate with trichlorophosphi-
noxide(9), it has been known that O-phosphonylated com-
pound(12} which is an unwanted product, was obtained with
the aid of weak base, but the desired C-phosphonylated com-
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pound(13) was obtained employing a strong base such as
LDA"?
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There are two possible products in the reaction of methyl
hydrazine with methyl dichlorophosphonobenzyloxyacetate
(13) because methylhydrazine has two amine groups, One
is primary amine substituted compound(14) and the other
is secondary amine substituted compound(15). It was suspec-
ted that the secondary amine of methylhydrazine would be
substituted easily because it is stightly stronger nucleophile.”
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The reaction of benzyl alcohol with methyl methylhydrazino-
chlorophosphonobenzyloxyacetate(14) produced methyl me-
thylhydrazinobenzyloxyphosphonobenzyloxyacetate(10) which
has carbon-phosphorus-amine bond.

The coupling of protected dipeptide(6) with phosphonoace-
tate(10) produced tetrapeptide(11) in 71% yield. Fosfazino-
mycin A(1) was obtained by hydrogenation in the presence
of patladium on charcoal in 65% yield. In conculusion, Fosfa-
zinomycin A(l1), a new kind of phosphorus compound, was
synthesized efficiently in 12 steps in 0.7% overall yield.

Experimental part

All reactions were carried out with the unsual precaution
for rigorous exclusion of air and moisture. The solvents,
ether and tetrahydrofuran, were purified by refluxing for
several hours in the presence of sodium metal and benzoph-
none followed by distillation under nitrogen prior to use.
Melting points were measured by Mettler F61 mp. apparatus.
IR spectra were recorded with Beckmann acculab T.M.I spec-
trometer, and proton NMR spectra were taken on Varian
EM-360 (80 MHz) spectrometer with TMS as an tnternal
standard. Low pressure hydrogenation was carried out with
PARR Instrument hydrogenation apparatus.

N-Carbobenzyloxyvaline(3). In a 1000 m/ three neck
round bottomed flask, 25 g (0.21 mol) of DL-valine, 69.465
g (0.5 mol) of potasium carbonate and 350 m/ of distilled
water were added. While stirring at 0C, 31.95 m/ (0.22 mol)
of carbobenzyloxy chioride was added carefully through a
dropping funnel over 30 minutes. After being stirred 4 hours,
this solution was washed with chloroform and ether succes-
sively. 8 N aqueous HCI solution was added to the residual
aqueous layer until it was acidified. White oily organic layer
was extracted with ethyl acetate, and the organic layer was
dried over anhydrous magnesium sulfate. After the solvent
was removed by evaporaton in vacue, the crude product was
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chromatographed on a silica gel column using ethyl acetate
and n-hexane (1:1, v/v). Recrystallization with ethyl acetate
and #n-hexane gave a white crystal in 85% yield.

mp. 65C; 'H-NMR(CDCLy): 09(m. 6H, -CH(CH,),), 2.0(m,
1H, -CH{(CH,),), 3.0(d, 1H, ] =5 Hz, -CHCO-), 5.1(s, 2H, -OCH,Cs
Hq); 7.35(s, 5H, -OCH,CsH:), IR(KBr): 3350(NH), 1710 c¢m !
{C=0).

Methyl Nitroarginate(5). In a 250 m/ three neck round
bottomed flask fitted with a mechanical stirrer and dropping
funnel, was placed 21.3 m! (0.71 mol) of fuming sulfuric acid.
To this flask 33 md (0.6 mol) of fuming nitric acid was added
dropwise and 25 g (0.142 mol) of arginine was added with
stirring carefully at —5C. This dropping funnel was washed
with 10 m/ of concentrated suifuric acid. After being stirred
for 1 hour, this solution was basified with ammonium hydro-
xide and neutralized with glacial acetic acid. White oily orga-
nic layer has been extracted with ethyl acetate, and dried
over anhydrous magnestum sulfate, and the solvent was re-
moved by evaporation in vacwo. After the white product
which has been obtained by recrystallizing with water was
desolved in 190 n¥ of metanol, a solution 12.7 m/ (0.18 mol)
of thionyl chloride and 10 m¥ of anhydrous methanol was
added carefully through the dropping funnel over 20 minutes
and the resultant mixture was stirred for 1 day at room
temperature. After the solvent was removed by evaporation
in vacwo, the crude product was recrystaltlized with methanol
and ether several times. A white crystal was obtained in
72% yield.

mp. 157C; '"H-NMR(D,0): 1.7(m, 4H, -NHCH.CH,CH.CH-},
3.3(m, 3H, -NHCH.CH,CH,CH-), 3.8(s, 3H, -OCH,), IR{KBr}:
3500(guane group), 1760 cm {C=0).

N-Carbobenzyloxyvalylnitroarginine(6). In a 250 m!
three neck round bottomed flask fitted with a dropping fun-
nel, 11.59 g (0.046 mol} of N-Carhobenzyloxyvaline in 46.5
m/ of dry tetrahydrofuran was added. While stirring under
nitrogen at 0T, 6.35 m/ of triethylamine and 4.425 m/ (0.046
mol) of ethyl chloroformate were added carefully through
the dropping funnel over 20 minutes. After stirring for 30
minutes, a solution of 15 g (0.046 mol) of methyl nitroargi-
nate in 50 m/ of N,N-dimethylformamide and 23 mJ of tetra-
hydrofuran was added carefully through the dropping funnel
during 40 minutes and the resultant mixture was stirred
for 24 hours at 0. After the solvent was removed by evapo-
ration in vacuo, S0 ml of ethyl acetate was added. This mix-
ture was washed with 1 N HCI, distilled water, and saturated
aqueous solution of sodium bicarbonate successively, then
the organic layer was dried over anhydrous sodium sulfate.
After the solvent was removed by evaporation i vacuo, the
crude product was recrystallized with methanol and #n-he-
xane. A white crystal of methyl N-Carbobenzyloxyvalylnitro-
arginate was obtained in 67% yield (17.4 g). In a 50 m/ three
neck round bottomed flask fitted with dropping funnel, a
solution of 0.47 g of this white crystal in 3 m/ of acetone
and 3 m! of distilled water was added. While stirring at room
temperature, 1.1 m/ of 1 N sodium hydroxide was added
carefully through the dropping funnel over 10 minutes and
stirred for 1.5 hours at room temperature. After the solvent
was removed by evaporation in gacuo, the crude product
was washed with ether and chloroform successively and aci-
dified with concentrated HC). The oily product was extracted
with ethy] acetate. The solvent was evaporated in vacuo to
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give a white crystal in 62% yield.

mp. 176C; 'H-NMR(CDCly): 0.%m, 6H, -CH(CH(CH,),), 1.7
(m, 4H, -NHCH,CH.CH;-), 20(m, 1H, -CH(CH,)), 3.2(m, 3H,
-NHCH,CH,CH,CH-), 5.1(s, 2H, -OCH.C:Hs). 7.35(s, &H, -
OCH:CsHs), IR(KBr): 3500(guanc group), 1760(C=0), 1660
cm™! (amide).

Methy!l Benzyloxyacetate(8). In a 500 m/ three neck
round bottomed flask fitted with a dropping funnel, 23 ¢
(1 mol} of sodium metal was added under nitrogen. With
stirring the metal, 240 m/ (2.2 mol) of benzyl alcohol was
added carefully through the dropping funnel at 0C. While
stirring at 0T, a solution of 88.24 m/ (1 mol) of methy} chlo-
roacetate in 50 m/ of benzyl alcoho! was siowly added to
the flask at 0C, stirred for 2 hours, and refluxed for 4 hours.
After cooling, 50 m/ of water and 250 md of ethyl acetate
were added. The residual aqueous layer was extracted with
chloroform. The combined organic layer was dried over
anhydrous magnesium sulfate. After the solvents were remo-
ved by evaporation in vacuo, the crude product of henzyl
benzyloxyacetate was chromatographed on a silica gel column
using ethyl acetate and »-hexane (1:1, v/v), To the purified
product of benzyl benzyloxyacetate in 170 m/ of acetone, a
solution of 42 m/ of distilled water and 840 m/ of 1 N NaQH
was added carefully through a dropping funnel at room tem-
perature and stirred for 2 hours, After the solvent was remo-
ved by evaporation in vacuo, the aqueous layer was washed
with ether and chloroform successively. The aqueous mixture
was acidified to pH 3 with 6 N HCIl, cooled for 24 hours
at 0, and then extrated with ethyl acetate. After the organic
layer was evaporated in vacteo, the crude product was dissol-
ved in 270 m! of methyl alcohol, and dry HCI gas was added
to the solution for 3 hours After the solvent was removed
by evaporation in vacyo, the organic residue was distilled
under reduced pressure to give an oil which was purified
by silica gel column using ethyl acetate and n-hexane (1:1,
v/v), to give methyl benzyloxyacetate in 32% yield.

bp. 120-142C (0.1 mmHg):; 'H-NMR >DCl): 3.8, 3H, -
OCHy), 4.1(s, 2H, -OCH;CO-), 4.6(s, 2H, -OCH.CsHs), 7.35(s,
5H, -OCH,C¢Hs), IR(neat): 1700 cm ™! (C=0),

Methyl Methylhydrazinobenzyloxyphosphonobenz-
vloxyacetate(10). In a 100 m/ three neck round bottumed
flask fitted with a dropping funnel, 2.93 mf (0.032 mol) of
trichlorophosphinoxide in 20 m/ anhydrous tetrahydrofuran
was added slowly under nitrogen at —78C. While stirring,
a solution of 21 m/ (0.05 mol) of #-buthyl lithium, 595 m!
(0.04 mol) of diisopropylamine, and 5.76 g (0.032 mol) of me-
thyl benzyloxyacetate in 20 m¥ of tetrahydrofuran was added
to the flask slowly. After stirring the solution for 4 hours,
a solution of 168 m! (0.032 mol) of methylhydrazine and
26 m! of pyridine was added carefully under nitrogen. After
stirring the mixture for 6 hours, a solution of 3.34 m/ (0.03
mol) of benzyl alcohol and 2.6 mi of pyridine was added
carefully under nitrogen, and the mixture was stirred for
4 hours at —78C and 8 hours at room temperature. A few
m! of HO added to the solution, and the resulted mixture
was extracted with ether and ethyl acetate successively. The
combined organic layer was dried over anhydrous magne-
sium suifate, and the solvent was removed by evaporation
tn vacuo. The crude product was chromatographed on a silica
gel column using ethyl acetate and n-hexane (1:1, v/v) to
give an oily product in 12% yield.
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'H-NMR(CDCly): 2.87(d, 3H. Ju-p=6 Hz, -NCHj)", 3.8,
3H, -GCH,), 4.6(s, 2H, -CHOCH,C¢H:), 5.0(d, 2H, J=8 Hz,
-P(OYOCH,CsHs), 5.5(s, 1H. -CHCOOCH,), 7.35(s, 10H, -OCH,
C:Hq), IR(neat): 3370(NH), 170C=0), 1200(P=0), 980 cm "'
(P-O-C).

Methyl N-Carbobenzyloxyvalylnitroarginylmethylh-

ydrazinobenzyloxyphosphonobenzyloxyacetate(11).
In a 50 m/ three neck round bottomed flask fitted with a
dropping funnel under nitrogen, 0.845 g (1.87 mmol) of N-
Carbobenzyloxyvalvinitroargine(6) in 3 m/ of tetrahydrofuran
and 0.26 m/ of triethylamine were added. While stirring at
0C, 0.37 mf of ethyl chloroformate was added carefully th-
rough the dropping funnel. After stirring for 30 minutes,
a solution of 0.71 g (1.87 mmol) of methyl methythydrazino-
benzyloxyphosphonobenzyloxyacetate(10) in 24 m of tet-
rahydrofuran and 0.26 m/ of triethylamine was added slowly
at 0C. After stirring for 12 hours at 5C, the resulted mixture
was extracted with ethyl acetate and water successively. Af-
ter the selvent was removed by evaporation n vacuo, the
residue was purified by silica gel column eluting with ethyl
acetate and n-hexane (1:1, v/v) to give an oily product in
7% yield.

'H-NMR(CDCL): 1.7(m, 4H, -NHCH,CH,CH,CH), 2.0(m, 1
H, -CH(CHj)», 2.87(d, 3H, J4. p=6 Hz, -NCH;). 3.0(d, 1H,
J=5 Hz, -CHCH(CHy).), 3.2(m, 3H, -NHCH,CH,CH.CH-), 3.8
(s. 3H, -OCH:), 4.6(s, 2H, -CHOCH.C;Hs), 50d, 2H, J=8
Hz, -P(O)OCH.C:H;), 5.1(s, 2H, -COOCH:C¢Hs), 5.5(s, 1H, -
CHCOOCH;), 7.35(s, 15H, -OCH.CsHs), IR(neat): 3400(NH),
1700(C=0), 1200(P=0), 1000 cm™' (P-0-C).

Fosfazinomycin A(1). In a 250 m/ parr low pressure
hydrogenation apparatus, 0.65 g (0.8 mmol) of methyl N-car-
bobenzyloxyvalylnitroarginvlmethylhydrazinobenzyloxyphos-
phonobenzyloxyacetate(11) in 20 md of methanol and 04 g
of 5% palladium on charcoal were added. Hydrogenation was
accomplished under 15 psig of hydrogen pressure. After sha-
king for 4 hours at room temperature, 2.8 psi. of hydrogen
pressure was comsumpted. After the mixture was filtered
through Celite, the solvent was removed by evaporation in
vacuo. The resulted yeilow-green oil was chromatographed
on silica gel column using ethyl acetate and n-hexane (2:1,
v/v) as an eluent, to give a white crystal in 65% yield.

mp. 158C"; 'H-NMR(D,0): 0.9(m, 6H, -CH(CH;)), 1.7(m,
4H, -NHCH,CH.CH.CH-), 20(m, 1H, -CH(CH.),), 2.87(d, 3H,
Ju-p=6 Hz, -NCHy), 3.0(d, 1H, J=5 Hz, -CHCH{(CH).), 3.2(m,
3H, -NHCH,CH,CH,CH-), 3.8(s, 3H, -OCH,), 5.35(s, 1H, -CH-
COOCH,), IR(reat): 3600(0H), 1760(C=0), 1200(P=0), 980
cm ! (P-O-C).
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The following new cryptand 221 complexes of lanthanides(IIl) and dioxouranium(VI) nitrate have been synthesized:
(Ln(C1eHzNoOsKH,01(NGC3); and ((UO)5(C6Haz N0 XH0))(NQs)s, These complexes have been identified by elemental
analysis, moisture titration, conductivity measurements and various spectroscopic techniques. The proton and carbon-
13 NMR as well as calorimetric measurements were used to study the interaction of cryptand 221 with La(lll)
Pr(I1l), Ho(III and UQL() ions in nonaqueous solvents. The bands of metal-oxygen atoms, metal-nitrogen atoms
and O-U-O in the IR spectra shift upon complexation to lower frequencies, and the vibrational spectra (SNMN)
of metal-amide complexes in the crystalline state exhibit lattice vibrations below 300 cm™'. The NMR spectra of
the lanthanides(II) and dioxouranium(VI) nitrate complexes in nonaqueous solvents are quite different, indicating
that the ligand exists in different conformation, and also the 'H and WC-NMR studies indicated that the nitrogen
atom of the ring has greater affinity to metai ions than does the oxygen atom, and the planalities of the ring are
lost by complexation with metal ions. Calorimetric measurements show that cryptand 221 forms more stable complexes
with La’* and Pr** ions than with UO%* ion, and La®*/Pc®* and UO"/Pr** selectivity depends on the solvents.
These changes on the stabilities are dependent on the basicity of the ligand and the size of the metal ions. The
absorption band (230-260 nm) of the complex which arises from the direct interaction of macrocyclic donor atoms
with the metal ion is due to #-5* transition and also that (640-675 nm) of UQZ*-cryptand 221 complex, which arises
from interaction between two-dioxouranium(VI) ions in being out of cavity of the ligand ring is due to 4-4* trausition.

Intreduction

Since the discovery of the metal-template synthesis by Cu-
rtis' and Buson? thirty years ago, the field of macrocyclic
ligands has become a mjaor area of research. The chemistry
of first-row transition-metal ions complexed by macrocyclic
ligands has been extensively developed and exhibits many
unusual features compared to noncyclic analogues.

The macrocycles have been shown to stabilize high oxida-
tion states of metal ions such as Ag(Il}* and Ni(lil)*. They
exhibit unusual ligand field strengths compared to noncyclic
ligands with similar donor atoms®, and the formation consta-
nts of their metal complexes are often unusually high.

One of the fundamental properties of these ligands is the
size of the macrocyclic ring. A change in ring size on high
spin® and on low spin’ complexes has been shown to affect

the electronic spectra, redox potentials and reactivity of com-
plexes markedly. Many communications on the synthesis and
structural characteristics of the dioxouranium(VI) and lan-
thanide(Ill) complexes with crown ether and crownand ma-
crocyclic ligands have been published®® %, as have commu-
nications on the synthesis and structural characteristics of
some lanthanide complexes with cryptand 222(Cryptand 222
=4,7,13,16,21,24-hexaoxa-1,10-diazabicyclo-(8,8 8)hexacosane)
using various spectroscopic and X-ray crystal studies'. As
an extension of our previous studies on the synthesis, struc-
ture and electronic properties of lanthanoid(Ill) and dicxou-
ranium(VI) complexes®, we are now interested in a systema-
tic investigation of coordination compounds of these metal
ions with macrocyclic ligands of cryptand 221,

The cryptand 221(4,7,13,16,21-pentaoxa-1,10-diazabicyclo-(8,
8,5)tricosan) ligand is fully saturated in donor electrons of



