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ABSTRACT. Free radical-initiated copolymerizations of diethyl a~phenylvinyl phosphate (DE-
PVP) with acrylonitrile (AN) and maleic anhydride (MAnh) were studied. The monomer reactivity
ratios for AN/DEPVP pair, determined at 70°C in bulk using benzoyl peroxide as an intiator,
were; 1;(AN)=0.77, r,(DEPVP)=0.002. The values of the Alfrey-Price constants, Q and e, for
DEPVP were calculated to be 0.012 and —1.35, respectively. Free radical-initiated copolymeri-
zation of MAnh/DEPVP pair in chloroform at 70°C produced 1 : 1 alternating copolymers regardless 3
monomer feed composition with the highest copolymerization rate at the molar ratio of MAnh:
DEPVP=7: 3. The equilibrium constant of a charge-transfer complex betweeen DEPVP and MAnh]]
in deuterated chloroform, determined at room temperature by transformed Benesi-Hildebrand NMR
method, was 0.085 Z/mol. The reduced viscosity of copolymers of AN/DEPVP pair decreased as
the content of DEPVP units increased, while that of MAnh/DEPVP pair remained more or less
constant.
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INTRODUCTION

Even though polymers and copoylmers derived
from phosphorus containing vinyl monomers
are of great interest for various applications,
there have not been much systematic copoly-
merization study of those monomers!~®. We re-

cently reported free radical-initiated copolym-
erizations of diethyl vinyl phosphate(DEVPA)
and diethyl isopropenyl phosphate (DEIPA)
with AN and vinyl acetate (VAc)*5 The
values of Alfrey-Price constants, Q and e,
for DEVPA were found to be 0.025 and
0.14, respectively and for DEIPA 0.015 and
0.39, respectively. As a continuing effort to
clarify further the structure-reactivity relation-
ship of phosphorus-containing vinyl mono-
mers, we have studied the free radical-initiated
copolymerization of DEPVP, which has a
phenyl substituent at vinyl functional group,
with acrylonitrile and maleic anhydride.
There have been a number of studies on the
alternating radical vinyl copolymerization with
MAnh in view of both synthetic and mechan-
istic interest. The formation of alternating
copolymers of MAnh with the many different
z-electron donating comonomers has been attri-
buted to the presence of a charge-transfer
complex. Two different mechanisms have been
proposed to explain the 1:1 alternating ten-
dency in the resulting copolymers. One is the
cross-reaction of free monomers whose transition
state is considered to be more stabilized than
that of the homo-reaction due to either the
difference in polarity between monomer pairs
or charge-transfer interactions between a grow-
ing polymer radical and a monomer®?. The
other is the homopolymerization of a charge-
transfer complex formed between monomer pairs
which is usually detected spectrophotometrical-
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Since DEPVP was expected to be a reasonably
good electron-donating monomer, we examined
its possible 1 :1 alternating copolymerization
with maleic anhydride which is known to be
an excellent electron-accepting monomer.

EXPERIMENTAL

Chemicals. The monomer DEPVP was syn-
thesized by refluxing a-chloroacetophenone with
triethy! phosphite following the literature me-
thod®. DEPVP thus prepared was purified by
fractional distillation and had a boiling point
of 117~121°C at 0.2 torr, in agreement with
the literature value®. Gas chromatographic
analysis of the distilled monomer showed that
it was 99.7% pure. AN (Merck A.G.) was
purified by standard procedure. Afterwards,
gas chromatographic analysis found it to be
better than 99.89% pure. MAnh was purified
by vacuum distillation. Benzoyl peroxide (Fish-
er Scientific) used as an initiator throughout
the present work was dissolved in chloroform
and then precipitated with ethanol. It was
dried at room temperature under vacuum. All
other chemicals employed in the present inve-
stigation were of reagent grade and used as
received.

Instraments. Pye Unicam GCD chromatog-
raph, Varian EM 360A NMR spectrophotometer,
Jasco DS 701G diffraction grating IR spectro-
photometer and Unicam SP 500UV and VIS
spectrophotometer were used in the present
investigation.

Copolymerization of Diethyl e~Phenylviny)
Phosphate (DEPVP)and Acrylonitrile (AN),
Copolymerization of DEPVP and AN was
conducted in bulk. Given amounts of two
monomers and 0.2 mol % benzoyl peroxide
(based on the total monomer mixture) were
placed in a polymerization tube. The tube then

was connected to 2 vacuum line and degassed
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Next,
the tube was filled with predried nitrogen and
placed in a water bath at 70.0+0.1°C. Poly-
merization was stopped by immersing the tube
followed by the
transfer of the frozen mixture into 10m! of

by the usual freeze and thaw cycles.

in a dry ice-acetone bath,

acetone containing 2 % by weight of hydroqui-
none. Reaction periods ranged from 6 1o 22
hours, depending on the feed composition. The
polymers formed were precipitated when the
acetone seolution was transfered to a large vol-
ume of diethyl ether, The precipitated polymers
were separated by centrifugation and purified
by dissolution-precpitation cycles using acetone
and diethy! ether. The polymers obtained were
dried under vacuum at 35°C to. a constant
weight. Conversions ranged from about 0.46
to 5.84 wt. % (Tabdle 1).

Copolymerization of Diethyl a-Phenylvinyl
Phosphate (DEPVP) and Maleic Anhydride

(MAnh). Required amounts of the two mono-
mers and benzoyl peroxide were placed in a
volumetric flask and the mixture was diluted
to the mark by chlorform. A certain amount
of the solution was pipetted and transfered to
a polymerization tube, which was immediately
stoppered and the mixzture was frozen in a dry
ice-acetone bath. The tube was then connected
to a vacuum line and degassed by the usual
freeze and thaw cycles. The polymerization
tube filled with nitrogen was placed in a water
bath whose temperature was maintained at
70.0+0.1°C. Polymerization was stopped after
26 hrs regardless the feed composition. Copo-
lymers formed were purified by dissolution~
precipitation cycles using chloroform and die-
thyl ether, The polymers obtained were dried
under vacuum at 35°C to a constant weight.
Conversions ranged from about 4.3 to 43.1
wt. % (Table 2).

High Conversion Polymerizations. Copoly-

Vol. 27, No. 4, 1983

merization to high conversions (1.9~57.7 wt.
%) were conducted in the same manner, with
the exception that larger amount of benzoyl
peroxide (0.4 mole %) and longer reaction time
{26 hr) were employed.

Characterization of Polymers. Copolymer
compositions were determined colorimetrically
from their phosphorus contents, indicative of
DEPVP units’®. A small gquantity (10~20mg)
of copolymer was first oxidized in a hot 1:1
mixture of concentrated nitric and sulfuric
acids. Further oxidation with perchloric acid
and then with hydrogen peroxide resulted in
a colorless solution. Reaction with ammonium
molybdate and hydrazine sulfate produced a
colored solution. Its absorbance was measured
at 830 nm using a UV-VIS spectrophotometer.
Tri-para~cresyl phosphate was used as a stan-
dard for the construction of a calibration curve.
Blank tests were run side by side with actual
experiments.

Reduced viscosities of copolymers were mea-
sured at 25.0+0.1°C using an Ubbelohde-type
viscometer.

Determination of Equilibrium Constant
for the Formation of 1:1 Complex between
DEPVP and MAnh. The equilibrium constant
of a charge transfer complex between DEPVP
and MAnh was determined at 21°C by the
transformed Benesi-Hildebrand NMR method
in deuterated chloroform!*2!, The concentration
of MAnh was maintained constant at (.19
mole/I, while the concentration of electron-
donor monomer, DEPVP, varied from 1.02 to
3.65 mole/l.

RESULTS AND DISCUSSION

Copolymerization of Diethyl a-Phenylvinyl
Phosphate with Acrylenitrile. The results
of the copolymerization of DEPVP with AN

are summarized in Table 1. These data were
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Table 1. Copolymerization of acrylonitrile (AN:M;)and diethyl a-phenylvinyl phosphate (DEPVP:My)¢

Exp. No. 1 2 3 4 5 6 7
M;/Mz{mole ratio)® 0.4167 0. 7307 1. 050 2.030 3.094 4. 8217 6. 664
Conversion (wt. %) 0.46 305 4.91 5.24 4.96 4.28 5.84
P content (wt. %) 9.45 9.15 8.77 7.92 7.14 6.15 5.32
m;/my (mole ratio)® 1.36 1.63 1.83 2.55 3.36 4.67 6.15

« Copolymerized at 70°C using 0.2 mole % benzoyl peroxide as initiator.

4 M, /M, designates mole ratic of My and M; in feed and my/m; mole ratio of M; and M, units

copolymer formed.

analyzed by the Kelen-Tidos methed!? to dete-
rmine the monomer reactivity ratios for the
monomer pair (Fig. 1). Using the method
of least squares, well defined values were
obtained from this system: r;(AN)=0.77 and
r:(DEPVP) =0. 002.

The values of the monomer reactivity ratios
for DEPVP lead to Alfrey-Price values® of Q
=0.012 and e=—1.35. The magnitude of Q
of a monomer expresses the general reactivity
or the degree of delocalization of the 7 electrons
in the vinyl group of a monomer. Therefore,
the phenyl substituent on a-position of vinyl
group was expected to significantly increase the
Q value compared with that of 0. 025 for diethyl
(DEVPA).
opposite trend was observed in the present
study. The lower Q value for DEPVP than for
DEVPA can be explained by the fact that the
presence of the large phenyl substituent in

vinyl phosphate However, the

addition to the bulky phosphate group causes
a steric hindrance between propagating radical
and approaching monomer, Dilatometric study
of free-radical homopolymerization of DEPVP
led us to the conclusion that, even though it
is an 1, 1-disubstituted olefin,
was not able to undergo homopolymerization.

this monomer

This is another indicative of steric effect of the
substituents, Many acrylic esters with bulky
a-alkyl substituents are known not to be capable
of undergoing homopolymerization due to the
same reason'® M, We earlier reported a similar

in the
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Fig. 1. Kelen-Tidos plot for copolymerization of AN
and DEPVP (r;=0.77, rz=0.002). « stands for the
constant of Kelen-Tiidos equation and r for the coefhi-
cient of correlation.

phenomenon for DEIPA, in which a methyl
substituent lowered Q value (0.015) compared
with that (0.025) of DEVPA. Of course, there
is another important fact that Alfrey-Price’s
theory does not accomodate the steric effect of
substituents.
Contrary to what was observed for the Q
value, the phenyl substituent decreased the
magnitude of the e value for DEPVP to -1.35
which is much lower than that (0.14) of DEV
PA. Such a low e value implies that DEPVP
is a very good z-donor monomer. Judged by
DEPVP appears to

character

the values of Q and e,
have same general in free-radical
vinyl copolymerization as propylvinyl ether
(Q=0.014, e=—1,520"%),

Copolymerization of Diethyl a-Phenylvinyl

Journal of the Korean Chemical Sociely



ol a-Pul g4 ofagrUEq R dNAF+Ed AfeIR £243% 291

Table 2. Copolymerization of MAnh (M;) and

DEPVP(Mp)*

. M, content,

Exp. No. m{}:[lle{ lt-laziio Co:;wtr.e;zmn, :;';].iyﬁe;n
1 0. 1111 4.3 49.5
2 0. 4286 14.3 50.8
3 0. 9954 24.7 51.¢
4 1.497 38.2 50.4
5 2.332 43.1 51.6
6 3.995 32.7 49.3
7 5. 660 25.4 50.1
8 9. 609 15.8 51.9

*Copolymerized in chloroform at 70°C. Total mon-
omer concentration was 4.0 mole/I and the con-
centration of benzoyl peroxide was 0.2 mole/l
based on monomer mixture. Reaction time:26 h.
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Fig. 2. Monomer-copolymer composition curve for the
copolymerization of MAnh with DEPVP at 70°C in
chloroform.

Phosphate (DEPVP) and Maleic Anhydride
(MAnh). As pointed above, DEPVP is a -
electron rich monomer and it was our interest
to study the copolymerization behavior of this
monomer with MAnh which is a well-known
w-acceptor with e value of 2.25. The results
of the copolymerization of DEPVP with MAnh
are summarized in Table 2. The monomer pair
formed 1:1 alternating copolymers (Fig.2)
The
profile of copolymerization rate vs. monomer

regardless monomer feed composition.

feed ratio was not symmetrical as shown in

Vol. 27, No. 4, 1983
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Fig. 3. Dependence of polymer yield on the feed com.
position in copolymerization of MAnh with DEPVP
(M, stands for MAnh 2nd M; for DEPVP).

Fig.3 and the maximum copolymerization rate
was at the molar ratio of MAnh:DEPVP=%:
3. Such an asymmetric rate profile suggests that
this copolymerization proceeds through a mixed
reaction mechanism which involves charge-tra-
nsfer complex between the two monomers and
the free monomers®'?. Many n-donor and ~ac-
ceptor pairs of vinyl monomers are known to
form 1:1 alternating copolymers by free-radi-
cal initiators.

Since many of the monomer pairs form 1: 1
donor-acceptor, so called, charge~transfer com-
plexes and polymerizations are usually fastest
at equimolar feed compositions, participation
of the intermolecular donor-acceptor complexes
between the two monomers in propagation
reactions have been claimed to occur by many
authors'®2%, The other mechanism is based on
the assumption that alternating copolymeriza-
tion results from the resocnance stabilization of
the transition state between a m-electron dona-
ting radical and the zm-electron accepting co-
monomer, or vice versa®, However, in reality,
especially for the copolymerization systems
whose rate profile is not symmetric against the

monomer feed composition as was observed for
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the present monomer pair, participation of both
mechanisms is evident. Shirota et al.? reported
a detailed kinetic analysis of 1:1 alternating
copolymerizations. They proposed a generalized
mechanism involving participation for both the
monomer complex and the free monomers.
Formation of the charge-transfer complex
between the present monomer pair was confirm-
ed spectroscopically by the transformed Ben-
esi-Hildebrand NMR method in deuterated
chloroform (Fig. 4) 112!, The equilibrium constant
thus determined for the monomer pair was
0.085 I/mol (Fig.4). This value seems to be
rather low compared with those for other mono-
met pairs such as styrene/maleic anhydride®®,
ethylvinyl ether/maleic anhydride?® and etc..
This can be at least partly explained by the
fact that DEPVP monomer has two fairly bulky
substituents on the vinyl group which would
cause a steric barrier to the present monomer
pair from approaching to each other to form a
complex. It is not yet clear how much signifi-
cant role the intermolecular charge-transfer
complex plays in the copolymerization of the
monomer pair. We are presently conducting a
detailed kinetic analysis of this system to obtain
further information on copolymerization mech-
anism.
High Conversion Copolymerization of Diethyl
a-Phenylvinyl Phosphate (DEPVP) with
Acrylonitrile (AN) and Maleic Anhydride
{MAnh).

Finally, the results of high conversion co-

U5 40!

polymerizations of DEPVP with AN and MAnh
are summarized in Table 3.

The reduced viscosity of copolymers of AN/
DEPVP pair decreased as their content of DE-
PVP units increased, while that of MAnh/DE
PVP pair remained more or less constant. This
suggests that the chain~transfer constant of DE-
PVP is higher than AN or its steric effect
hinders propagation reactions or both. But for
MAnh/DEPVP pair, which formed 1: 1 alter-
nating copolymers regardless monomer feed
composition, chain-transfer reactions seemed to
be much less sensitive to the feed composition,
whose reason is not yet clear. Further study is
needed to quantify the chain-transfer charact-
eristics of DEPVP
copolymerizations.

in free radical-initiated

44}
43}
— 4.2}
=l

& 391
38}
37

Fig. 4. Determination of K& for the system MAnh-
DEPVP (K4°=0.085 i/mol). d=84,—8% is the
difference between the chemical shifts of the acceptor
protons in complexing media, 8.4 and in uncomp-
lexed form, &5

Table 3. Results of high conversion copolymerization of DEPVP (M) with AN(M;) and MAnh{M,).

Copolymer AN/DEPVP MAnh/DEPVP
M;/Mz(mole ratio) 0.5191 0.9953 2076  100/0 0. 4281 0.9913 2. 300
Conversion(wt. %) L9 7.7 22.0 9.5 19.8 39.2 57.7
P content (wt. %) 9.21 8.72 7.78 0 8.75 8.82 8.60
my/my (mole ratio) 1.51 1.87 2.69 100/0 1.03 0. 974 1.07
Reduced viscosity* {(d//g) 0.0946+ 0.179* 0.201* 0.721* 0. 452° 0. 457 0. 479

* Determined using (a) DMF or (b) chloroform as a solvent.

Jonrnal of the Korean Chemical Society
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Synthesis of p-Acetamidobenzenesulfonamide Containing
0, 0/-Diethyl DL-1-Aminobenzylphosphonate and Their Derivatives,
Young Suk Kim, Suk In Hong' and Yong Joon Kim
Department of Chemical Engineering, College of Engincering,
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(Received March 16, 1983)

2 ¢ Az¢ 0,0 -diethyl DL-1-aminobenzylphosphonates} 2.9 #T 45 & L35 o9 6
7tA 4  p-acetamidobenzenesulfonamide & 3433l v}, O, O'-Diethyl N-(p-acetamidobenzenesul-
fonyl) N-p-acetamidobenzenesulfonyl) aminobenzylphosphonic acid,
0, O’-diethyl N-[N-{p-acetamidobenzenesulfonyl)glycyl] aminobenzylphosphonate, O, O'~diethyl
N-{N-(p-acetamidobenzenesulfonyl) -DL-alanyl] aminobenzylphosphonate, O, O'-diethyl N-[N-(p-
acetamidobenzenesulfonyl) -L-leucyl] aminobenzylphosphonate, O, O'-diethyl N-[N-{p-acetamido-
benzenesulfonyl)~L-phenylalanyl] aminobenzylphosphonate. 25 38L& 34 AR oz g o0
Aoy 39U daPHoez Fasige}

ABSTRACT Six new compounds of p-acetamidobenzenesulfonamides which contain O, O/ -diethyl-
1-aminobenzylphosphonate and their derivatives were prepared: O, O'-diethyl N-(p~acetamidoben-

aminobenzylphosphonate,

zenesulfonyl) aminobenzylphosphonate, N-(p-acetamidobenzenesulfonyl) aminobenzylphosphonic
acid, O, O'-diethyl N-[N-(g-acetamidobenzenesulfonyl) glyeyl] aminobenzylphosphonate, O, Q-
diethyl N-[N-(p-acetamidobenzenesulfonyl)-DL~alanyl] aminobenzylphosphonate, O, O'-diethyl N-
[N-{p~acetamidobenzenesulfonyl)-L-leucyl] aminobenzylphosphonate, and O, /-diethyl N-[N-(p~
acetamidobenzenesulfonyl) -L-phenylalanyliaminobenzylphosphonate. All the compounds were ob-

tained as white crystals and characterized by means of elemental analysis and infrared spectroscopy.
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o] A% zBA 2 9% ddA 9 4
H &4 ZAY dFe|r

o #H

1. Al 7171 A 24

Ao AH-2% A % triethyl phosphite
Mateson Coleman & Bell Co. A & AM&315=,
dicyclohexylcarbodiimide & Tokyo Kasei A &
absolute ethanol, propylene oxide, DL-alanine,
L-leucineg E. MerckA| & A}23}H =, glycine
£ Wako A 13 A%e AHEAAH, 29 1-
phenylalanine, ethylether, dichloromethane,
triethylamine ¥ W3-3-& Junsei A 1¥ A%
L AJastd s, tetrahydrofuran & Hayashi A
55 AHEstgt

A8 717 e 5EA &4 4A (Shimadzu A])
s} A9 ¥37] (Beckman acculabr yl) ol
o, #4522 94 P Smithe) semimicrod %,
N-& semimicro Kjeldahl ¥ %] 2 &t B43}
et

2. 0, 0'-Diethyl 1-Aminobenzylphosphonate

Hydrochloride (ABP - HCI) (4)2] &M

gl 2 ¢t 3] = 31.8g (0. 3mol) 7} triethyl phos-
phite 49.8g(0.3mol} & W ¢z L 60mio| =%
o gryots A FHAAA FEA 4L F
o BFAZA olw 42 AN kg EE A
Loz Wasz 1247 YA AN F 2FE 5
A7 Aol T FA9 AAE A+t oA
& FrolgS-oula(v/v 1:1) §9 200ml ol
o} 0~5°CE WAAZH. dV]o] 34 AR
o ol H&sA &g W7kA Az G3ars
7t&% ERA ¥ A2 AAEE A3 &
A2 AL 8.4g(15%)F 4= AL 24
P EAH Fe& FFEL Frasd-dEz
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(vfv1:1)§Fel Fold Ferao] e}, o] A
£ 4°CoA FHEY XA F A3 d2
ZAE oA FUE Sz AR EEd
A4F 16.82(30%) F A+t o158 #3ld 4
o AAY feoi2 AR e (np 160~161°C,
(A A% 159~160°C),

3. 0,0'-Diethyl N-(p-Acetamidobenzene-
sulfonyl) aminobenzylphosphonate (7) % 2
2| acid (8)2| &4

3.1 0,0 -Diethyl N-{p-acetamidobenzene-

sulfonyl) aminobenzylphosphonate (7} 2| &4

AY 244 $458 O,0 -diethyl DL-1-ami-
nobenzylphosphonate hydrochloride (4) 1.4g
(0. 005 mol) & 5mi ¢) dichloromethane ¢ o]
= A triethylamine 1.4 mi (0.01 mol) & 78] =},
o] £9ol p-acetamidobenzenesulfonyl chloride
(6) 1.2g(0.005mol)& 5mie] dichloromethane
ol gl £AS AM3 Y, o]AE 0~5°C
2yAstas 1 A7 1§47 F A& 54
7k sk kAR Bg o 347 #FARE,
$F71 B ¥ B zZAslE A 1N HC
5% K:.CO; £, FF4 2zt ioml 2 194 A
A,

o] s AAE AxAF S 3 FT
NaSO; & ¥l A7 33 F ozl oY
S AYELFFAA G 2AY Aol & I
Ao AfAu 2 & s3] 2PJAAG (A AR
L0l : Tetrahydrofuran-A § Jl 8 . (v/v 1: 1),

(1.3g, 59-5%, mp 186~87°C)

IR(KBr) ; 900(S-N) , 1160, 1315(0=5=0),
1023(P—0-C), 1230(P=0), 1685cm*(C=0)

424 CHuN0PS N; 6.72% (o] 24
6.36%), P; 6.95% (o] &X 7.04%).

3.2 N-(p-Acetamidobenzenesulfonyl)
aminobenzyiphosphonic Acid (§)2] &4

3.2.1 1-Aminobenzylphosphonic Acid (5)2]
B

Ad 244 F4= 0,0 -diethyl DL-1-ami-
nobenzylphosphonate hydrochloride (4) 2.8g
(0.0t mol)3}+ 15 % @4 5ml e}t W2 S5ml &
Y3 80~90°C 9 LEojA 30~40 7 74

et g A¥H AGFLEEAS FE
Bz g 2T AL 5~Tml 9 dgi gl 3
M X # propylene oxide & r}ste Wzl &
b whA A3 FoAFst 92 AR E o
g5 (viv1:D £dd AZAAZE 1.4
%, 80%, mp271~73°C, (ZHA*® 272~273°C)
0. 1N A EF BNoE HA%S A2 A
BEZAozie A FHFEL 94.7(¢] A
93.5)°] A ¢,

R[28HY  CHENOP N3 7.4% (o124 7.

49%),P ; 16.42% (] &4 16.58%)

3.2.2 N-(p-Acetamidobenzenesulfonyl)ami-
nobenzylphosphonic Acid (8)2| EHAd

3.2.1.¢14 912 I-aminobenzylphosonic acid
(5) 1.4g(7Tmmol) % 0.56 g (14mmol)2] 423}
YEEFS 047 10ml 8 3o Astge
o] EFEL HA8 mukAA FA p-acetami-
dobenzenesulfonyl chloride {6) 1.63 g(7 mmol)
€ ZFH I ol ER}ES 3AZ F¢4 A
@3] ATt wbge] Bl ¥ vuks A
£ A7 A 2N HCIS A A3 7Hsie] 3
A ARE A}, 4-ol o o)A HAEHA &
o olztale AHg-Ev/v1:DE AR}
Ak, (2.06g, 76.6% mp 191~192°C) 0.1N $
A EF £ 0 HA%H 92 AAFHL
256 A F33a2 191.18(0] £3]192.03)
o2 e,

IR(KBr) ; 905(8-N), 1155, 1820 (0=8=0),

1210 (P=0), 1670cm 1{(C=0)

[arEA : CsHiNOPS N ; 6.98% (o] £

7.29%), P;8.01% (1 &3 8.07%)

4. #HEE (13)~16)2) gy

4.1 N-(p-Acetamidobenzenesulfonyl)amino
acid (9~12)9] ¥4

4.1.1 N-(p-Acetamidobenzenesulfonyl)gly-
cine (9)2] B4

GASVEE 0.8g (0.02mol) & Sml 9] Eof
2l ¥ o] g e glycine 0.75g (0.01 mol) &
7Hle}, o] EFEE AM3 A F9A pace-
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tamidobenzenesulfonyl chloride (6) 2.34g(0.01
mol) & 2FY oAy APt BdIol=
2 ubg Z7)el 40~5087 0~5°CR Wi Ao
IYAA Fi 2 F ALoA 2A7E 3R A
ZHAA FAct, whge] Bk ¥ ojukg EH ¢
A#atn ol 2N HCI S AA3 A8 &
4o AHL A9k dste—F (v/v1: D2 A
AR} o8 Az (9L A9 (2g, 73.5
%, mp 234~235°C), (Z™A 235°C),
IR(KBr) ; 880(S-N), 1160, 1310(0=5=0),
1720(acid®] C=0), 1640 cm™{acetyls] C=0)

4.1.2 N-{p-Actamidobenzenesulfonyl)-DL-
alanine (10)2} &A1

DL-Alanine 0.89g (0.01mol) =} p-acetamido-
benzenesulfonylchloride (6) 2.34g (0.0lmol) 2
FE A9 4.1.1.5 F98 ooz Asd
=AY 2 AAAIA(1.58 52%, mp 206
~207°C (8 A7 208°C),

IR(KBr) : 890(S-N), 1150, 1320(0=8=0),

1725 (acid 9 C=0), 1645 cm™(acetyl®) C=

0).

4.1.3 N-(p-Acetamidobenzensulfonyl)-L-
leucine (11)2| &AM

L-Leucine 2.62¢g (0.02mol)= p-acetamido
benzenesulfonyl chloride (6) 4.67g (0. 02mol) &
FA AH 4-1-19% B ez Al
AGE-F(v/v 1: D2 AZF A} 4. 1g, 62
%, mp 212~213°C), (¥ A" 211~212°C),

IR(KBr) ; 910(8~N), 1145, 1310(0=S=0),
1720(acid9) C=0), 1670 cm™!(acetyl®) C=0).

4.1.4 N-(p-Acetamidobenzenesulfonyl)
-L-phenylalanine (12)2} 44

L-Phenylalanine 1.65g (0.01 mol) 7} p-aceta-
midobenzenesulfonyl chloride (6) 2.34g (0.01
mol) & H¥ AY 4-1-17 FAdIA Ay
ARE-F(v/v2: HE AAAHNAA(3g, 83%,
mp 196~197°C)

IR(KBr) ; 800(S-N), 1145, 1310(0=5=0),
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1725 (acid®] C=0), 1655cm™ (acetyl &
C=0).

4.2 5EHE 19)~16)2 B4

4.2.1 0,0'-Die thyl N-[N-(p-acetamido-
benzenesulfonyl) glyeyl] aminobenzylphosph-
onate(13)2| &4 .

A% 4.1.1.¢4 A= N-(p-acetamidoben-
zesulfonyl) glycine(9) 0.87g(3.2mmol)+ 43
2.0l 4 &5 0, O -diethyl DL-1-amincbenzyl-
phosphonate hydrochloride (4) 0.9 g (3. 2mmol)
2 dicyclohexylcarbodiimide (DCC) 0.68g (3.3
mmol) & tetrahydrofuran (THF) 20miel] =<l 3
triethylamine 0.46mI(0. 3mmol) & tetrahydro-
furan (THF) 20mio] =¢) 3 triethylamine 0. 46
mi(0.0030mol) & AR, AHzYANZ 2
Lo A 1647k ub-E AR £ o] whg EiHEC] 40
%24 LsmlEdz 247kd whEA R, o]
A& A3t g4 gk 35470 A &
222E BmlE 78 HA4A] 2AL £ 7
7)o &7 * =3 NaHCO; €4 25ml &} &
F 25ml 2 27 33 AFHYAG ERE2E
£ 8o B4 magnesium sulfate & g = 3}
29 X A7 ¥ AFEHG,

ofol.e AQEMEEAF| 3 tetrahydrofuran
A ol Z(v/v 1: D2 AAA A0 718,
44%, mp 195~196°C),

IR(KBr) ; 1150, 1305(0=8=0), 1620(amide
C=0), 1530, 3320(N-H), 2840, 2910(aliphatic
C-H), 1660 (acetyl C=0), 1020 (P-0-C),
1240 (P=0), 1390 (CHj), 1430 em™ (CHy)

D T4 ; CuHuNyOPS N; 8.96% (o] &4
8.45%), P:16.13% (] &3 6.24%).

4.2.2 0,0 -Diethyl N-[N-(p-Acetamide-
benzenesulfonyl) -DL-alanyl] aminobenzylph
ospho-nate (14)2| 4

A 4.1.204 d2 N-{p-acetamidobenze-
nesulfonyl)-DL-alanine (10) 0.92g (3.2mmo})
3} O, O'-diethyl DL-1-aminobenzylphosphona-
te hydrochloride (4) 0.84¢ (3.2 mmol)=} di-
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cyclohexylcarbodiimide & 4% 4.2.13% F¢
3HAl A 23t of (0.49g, 32%, mp 173~174°C)

IR(KBr) ; 1160, 1310(0=8=0), 1630(amide
9 €=0), 1530, 3340(N—H), 2930, 2860 (ali-
phatic C—H), 1670 (acetyl & C=0), 1020(P
—0~C), 1220~1240(P=0), 1370, 1450(CHay},
690, 835, 1800 cm~Y(phenyl) 484 : Cplly
N;O;PS N ; 8.68% (o] &3 8.22%). P:5.82%
(ol &4 6.07%).

4.2.3 0, 0’-DiethyIN-[ N-{p-Acetamidoben-
zenesulfonyl) —L-leueyl] aminobenzylphonate
as)yel g4

A# 4.1.304 @2 N-(p-acetamidobenze-
nesulfonyl)~L-leucine (11} 1.05g (3.2mmol) 7}
O, O'-diethyl = DL-1-aminobenzylphosphonate
hydrochloride (4) 0.84g (8.0mmol)$- tetrahy-
drofuran Bolol A WA AY 42173 2%
of AelstH et (0.528 30%, mp 94~95°C).

IR(KBr) ; 1145, 1310 (0=5=0), 1620 (C=
0), 1015(P—-0-C), 1520 (N—H), 1360, 1450
(CH3), 2840, 2920 (aliphatic C—H), 1230(P=

0), 690, 830, 1590{phenyl), 1670 cm™! (acetyl
g} C=0).

IH NMR(CDCl3) ¢ 7.5—8 (m, Z7] & 2
N8l phenyl), 4.9 (d, CH-P=0), 3.3~4.5
(m, NH, O=P-0CH,, NHCHC=0),2.2(,C
CH C=0(CH, C=0), 1.4(m, O=P—0QCH,—
CHy), 0.5~1.2 (m, —CHz—CH—(,:HS

CH,

YaP4  HgNiOPS N;7.95% (o] €4 7.

59%), P:5.48% (o] £ 5.60%).

4.2.4 0,0'-Diethyl N-[N-(p-Acetamidob-
enzenesulfonyl) -L-phenylalanyl] aminobenzy-
Iphosphonate (16)2| &4

ME 4.1.49 4 FAPF N-(p-acetamidoben-
zenesulfonyl) -L-phenylalanine(12) 1.16g (3.2
mmol) 2} O, O'-diethyl DL-1-aminobenzylphos-
phonate hydrochloride (4) 0.84g (3. 0mmol) 7}
dicyclohexylcarbodiimide 0.68g (3.3mmol) &

tetrahydrofuran &oljel A triethylamine 0.46m!
(38.0mmol) & F71% F AE 4-2-13% FL3
A A2 855 7H0. 922, 53%. mp 139~140°C),

IR(KBr) : 1155, 1310 (O=8=0), 1625 (C=
O), 3320,1530 (N—H), 2680, 2930 (aliphatic
N—-H), 1370, 1450 (CHj), 1020 (P-0-0),
1230 (P=0), 970 (C-0), 1670 (acetyl,
C=0), 690, 840 1590 cm~!{phenyl)

A4 : CpHyNOPS N;6.86% (0] €5
7.16%), P;5.14% (ol &3 5.28%).

#at 9 D

Kabachnik 7 Modved® dialkyl phosphite,
g s =, ¢hEuotE Mannich Yh-§& o] 4314
1-aminoalkylphosphonic acid & %4 3t o},

Kosolapoff?®= o] uk-g-€ 7 g3le] 7pul o
2 2¢Es AEEe d=zddE =, diethyl
phosphite, 51 o}& o8 dz-g &of sl A i}
SA7 F 4 AAE FHAAA O, O'-diethyl
aminobenzyl phosphonate hydrochloride & ¢
os, 7 53e o) uk e 4] diethyl phosphite
o 4] triethyl phosphite & &3t 27% ) +5
5 s & A¥eAE o sAlE W
Zgd 8z, ¢rol, triethyl phosphite & A}
St FREYIE ey FFAA 26%9
+E582 0,0 -diethyl 1-aminobenzylphospho-
nate hydrochloride (ABP. HCI, 4)% 434
=

0]
)t
HCI . HzN—CIH—P (OC;Hs) »

©

@

Kosolapoff® = {714 ®4= O, O'-diethyl
DL ~1-aminobenzylphosphonate hydrochloride
@ AF Fez 12~1547 7HdEtoq s
B3 AA 1-aminobenzylphosphonic acidg 64~
65%°] T582 4 zEY £ AdAE
5% AP 15% FA-Y2Av/v 1:
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1) &9 A83k 30~40E7 74285 propy-
lene oxide & A3l 80 %< 1-aminobenzyl-
phosphonic acid (5} & + d3dch

0O
I
HzN—(IJH—P (OH),

@ (5)

Kricheldorf® & N-benzyloxycarbonylsulfony!
chloride &+ amino acid ester hydrochloride &
triethylamine & 3}ol wW2A4 %9 sulfo-
namide § d4t}.

Spears*%® A3 Wb o 2 sulfonamided 3§
A% g} glv}, Birum®2 triphenyl phosphite2}
o] 3] &, sulfonamide® Mannich ¥}4-8 o]-&
3o} ol (P)S 83} sulfonamide & A3
o,

0

ii
P(OC:Hy)s+RCH+H,N—SO,R” —>
R"SO,NHCH—0(OC:Hy):

1

P
2 AYPJAHME  p-acetamidobenzenesulfonyl
chloride (6) & dichloromethane &uff 3lo] A
2k9] triethylamine & F7}3td O, O -diethyl
DL-1-aminobenzylphosphonate  hydrochloride
@O HeAA AEE (DE A

¢
Il
CH,CNH— —S0,Cl +d)—>
Eth
(6)
O 0

Il Il
CHﬁNH*@ —SogNH‘CH——P (OEt),

) @

A4 ~dEFAA 4 4% 98] S—N
AFeo iy dfdE AHAF F597F 900
emlo) 4] FRE veEges 0=5=09 A&
A% Fd st 116074 1315 cem™ o4, P—0-C
2 P=0¢ FFu¥ 1023 ¢ 1230cm=lo4
2+ vegtk g4 $AAE o X T 44X
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Hdch, gl $A= AEE O 2 5
A VR 48 e dEE O)F 6G)F
AH zE B AL A AR g HE& 9
Aoz ARG AFE @) F 4L + U
(6) +(5)—

O

] Il
CH&NH—@ —SOzNHCIH-—P (OH) .

® @

FPE (9, Q0), A, AD+E IFFE 6)
5} o}m] x4 glycine, DL-alanine, L-leucine,
L-phenylalanines} Schotten-Bauman Condensa-
tion & o] &3t LA AT ¢ Jh ¥ A
Holl 4. Kollof'®s} Archer %] AHEZ =
HEE 6)3 obvl A4S FASEE T84
ol A Wbz BAAA FHAA A A
A Fa Azlo] ol we} LA u2AHA
B 4oz AAHAA FAH

$9 ulgge] A 25 H AAE 2E
4 gidled AR $ie F B +-42E
23 29 Agstech A 2 EFAA
L FEHoz 0=5=09 A52AF F5u7}
1150, 1310cm~'e A, S—N & A&F3F Fo4
= ¢ 900em oA B & AQch 474 4
2 (9, 10), (A1), (12)%} O, -diethyl DL-
1-aminobenzylphosphonate - hydrochoride (4)§
triethylamine &4 3¢l tetahydrofuran 8-vf ol A
dicyclohexylcarbediimide (DCC) 5 7+ ko
2 Ae3d 3HE (13), (), (15, (16)<
Q& + AR

0
CHamgNH—Q—SO,NHFHCOM%

R

0O O
4 i Il
CH3CNH~—© SOzNH(iIH—CNH(fHP {OEu),

R @

R=H (9 R'=H (13)
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Me (10) Me (14)
CH,CHMe; (A1) CH,CHMe, (15)
CH2C5H5 (12) CH2CSH5 (16)

AR L= % Hf o8 2-tetrahydro-
furan EFEL sty o =g A4 22
2 9% 4 kdok Dicyclohexylcarbodiimide:
G THgoz AERod dg F vhiky
2] DCCE =4 473 Yo dicyclohexylurea
2wl APL AW A4 R I 9
&34 AstE ol &Ag 4T Fe Ao,
ANA A¥NEH FAAEL o FH 2 0=5=0
o] AZAE F5u st 1150, 18310 cm -2l A,
P-0-C % P=029 A&% &597}F 1020,
1230 em™ oA, C=09 AFA% FTAE
1630 cm o] A vtebtzm, N—He| A%3F 5
o] 7} 3340 cm™! 2T A, bending®} 1530cm™
ol A 2t7h vebsteni! acetyl?] 9] C=0 A&7
% $5u 7 1670em” o)A vElkerd acid 9
C=0 A&z % FF9E & 5 A9+ =%
2800~3000 cm™? A}o] o & aliphatic C—H 4%
A% F54UE L 4 AR, 1370, 1450cm™
g4 CHz 9 253%F F59E 1600, 835
690 cm™1¢] A& benzene”) & & 4 ARt

B AYA F4" (D, ® F A3, 4.
15), (16)59] A5 A¥o] F34 dFo|
o
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