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A NOVEL SYNTHESIS
OF (N-ARYLSULFONYL)-
PHOSPHONODIPEPTIDE DERIVATIVES

QING DAT" and RU-YU CHEN

Institute and State’s Key Laboratory of Elemento — Organic Chemistry, Nankai
University, Tianjin, 300071, PR. China

(Received 02 January, 1999; In final form 12 March, 1999)

In order to search for highly active and selective herbicides, a new type of phosphonopeptide
derivatives were designed and synthesized by Mannich-type or Arbuzov-type reaction
directly. The structures of new products were confirmed by 'H NMR, 3'P NMR, IR spectra,
MS and elemental analyses. The results of bioassay showed that some of them possess poten-
tial herbicidal activity.
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INTRODUCTION

The phosphonopeptide derivatives with o-aminophosphonic acid in the
C-terminal position possess many kinds of biological activity. For example,
Alaphosphin (L-ala-alap) shows remarkable fungicidal activity in very low
concentration,'! while Bialaphos is a good herbicide.'! Therefore, it is pos-
sible to find good pesticides by modifying the structure of phosphonopeptide
with active groups. All the DP-X type herbicides contain a sulfonureado
group in their structure which plays an important role in their high herbicidal
activity. Based on the structural specificity of these compounds, a new type
of compound, (N-arylsulfonyl) — phosphonodipeptide derivatives was
designed and a good synthetic method for them was sought.

Owing to the possession of various kinds of biological activity, the syn-
thesis of phosphonpeptide derivatives with - aminophosphonic acid in
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C-terminal has received much attention. Many synthetic routes have been
developed, including the acid chloride method,[3'4] activated ester
method,[5‘6] condensation method (DCC method etc.),[7’8] and the mixed
anhydride method!®10]. All these methods, however, require o-amino-
phosphonic esters be synthesized as intermediates, which often need
muti-step reactions to obtain{!112], On the other hand, the Mannich-type
reaction is well-known as an efficient method to build P — C — N bonds by
a three-component reaction, therefore, it has been widely applied to the
synthesis of oi-aminophosphonic derivatives [13-2%), However, it has never
been used for the synthesis of phosphonopeptide derivatives directly. In
this paper, a facile route for the synthesis of the title compounds is
described.

RESULTS AND DISCUSSION

In 1990, Yuan et al. reported for the first time that acetyl chloride was an
excellent solvent for the three-component reaction of benzyl carbamate, a
benzaldehyde and dialkyl phosphite.“S‘m It was found that with acetyl
chloride as the solvent, compound 4 could be prepared readily by the Man-
nich-type reaction of p-toluenesulfonamide 1, aromatic aldehydes 2 and
diethyl phosphite 3 (Scheme 1): [21]

-10~10°C

R ? Cl
CHJOS()zNHz + @CHO + (E0)PH Al CH;@ sozN}{E}g(ogt)z

1 2 3 4 R

SCHEME 1

Similarly, compound 6 can be obtained by the Mannich-type reaction of
compound 5 with 2 and 3 under higher temperature, 40~45 °C in this case.
Obviously, the reaction activity of compound 1 is much higher than com-
pound 5 (Scheme 2).

7 R T acc 9
CH;QSO:NHCNH: + ‘OCHO + (EO)PH mcn,@so;nucwcmoa»
S 6 R

SCHEME 2
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However, when N-p-toluenesulfonamido acetamide 7 was used instead
of 1 or 5 to react with benzaldehyde and diethyl phosphite to synthesize
the corresponding phosphonopeptide derivative, it was found that no reac-
tion took place at low temperature while only a by-product 8 was obtained
when the mixture is warmed up to 50 °C (Scheme 3).

9 0
]
CHy () SONHCH,CNH; + PCHO + (moypH -ASCl,

7
0,
0210C  No Reaction
— ;
50 C
CH; SO,NCH,CNH.
O NCH; 2

SCHEME 3

The Mannich-type reaction of 7 with benzaldehyde and phenyldichloro-
phosphine in anhydrous benzene also probably failed because there were
two reaction sites in 7 making the reaction complicated. Only a by-product
9, instead of the cyclic phosphinopeptide 10, was obtained (Scheme 422,

2
craQrsoat =
0 ,P—NH
1l 9 pPn
CHy SONHCH,CNH, + PhCHO + PhPCl; o
4
7 GH~C,
CH SON cﬁNH
10 O/ \Ph \Ph

SCHEME 4

In order to protect the sulfonamido group, saccharinyl acetamide 11 was
used to replace compound 7. Although 11 could not react with aromatic
aldehyde and diethy! phosphite in acetyl chloride, when Oledsyszyn’s pro-
cedure was followed using glacial acetic acid as the solvent,!!>! 11 reacted
with aromatic aldehydes and triphenyl phosphite smoothly at 70~80 °C to
give the corresponding phosphonodipeptide derivatives 12(23! (Scheme 5).
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12
(R=pCl, mCl, p-NO, mNO,)  (20~30%) R

[0}
1| 0 0
AcOH C, I i
NCHzCNHz + + (PRORP —ggoc™ 'NCH2CNHCHP(OPH),
S, i

SCHEME 5

The advantage of using compound 11 as the starting material is that it
can be prepared easily from the Na salt of saccharin and chloroacetamide
in DMF'24; unfortunately the yields of product 12 were only 20~30%. In
order to improve the yields of product 12, 11 was reacted with paraformal-
dehyde first in the mixture of acetic acid and acetic anhydride at 90~100°C
for 5 hours and then in 110°C for 2 hours. After removal of the volatile
components in vacuo, a white solid obtained was recrystallized from a
mixture of acetone and petroleum ether with a yield of 67%, The product
was confirmed by 'H NMR spectrum and elemental analysis as N-ace-
toxymethylene-2-saccharinyl acetamide 13, which then reacted with tri-
alkyl phosphite at 110~130 °C for 2 hours to give compound 14 in yields
of 86.6 ~93.1 %. This reaction is somewhat like the Arbuzov reaction
(Scheme 6)[25'26].

o)
0
g\ (l? AcOH/Ac,O (':(, 9 R
@ NCH,CNH,  + (HCHO), 20027 ‘NCHngHCHzOé‘:CHg
SO, SO,
1" 13
1
o)
P(OR) C. i
_— "NCH,CNHCH,P(OR);
SO,
14
SCHEME 6

To make the molecular structure as close as possible to that of the DP-X
type herbicides, the bond between carbonyl group and N atom of the ring
in compound 14 was attempted to be opened with NaOMe and MeOH to
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give ortho-methoxycarbonyl-phenylsulfonglycyl-o-aminomethylenephos-
phonate 15 (Scheme 7).

%
¢ ¢ 9
@ "NCH,CNHCH,P(OR),

SO,

14

MeONa
—_—
MeOH

SCHEME 7

©f

S

CO,Me

15

0
I )}
02 NHCH,CNHCH,P(OR),

The bioassays showed that compounds 14 and 15 possess potential her-

bicidal activity. Further tests are in progress.

TABLE I Physical Data of Compound 12, 14 and 15

Calcd. (%) Found (%)
Compd R Yield (%) m.p(°C)
C H N C H N
12a p-Cl 22.1 209-210 56.34 3.69 4.69 56.51 377 4.67
12b m-Cl 25.6 174175 5634 3.69 4.69 5641 3.65 448
12¢ p-NO, 31.2 235-236 5535 3.62 692 5557 349 6.70
12d m-NO, 15.6 205-206 55.35 3.62 692 55.13 364 6.74
14a Me 86.6 139-140 39.78 4.14 773 39.76 421 770
14b Et 87.2 145-146 43.08 4.87 7.18 43.06 491 7.13
14c¢ Pr 92.5 152-154 4593 550 6.70 46.00 553 6.87
14d i-Pr 90.9 162-163 4593 550 6.70 4599 546 6.89
14e Bu 87.5 130-131 4843 6.05 629 4843 6.11 6.35
14f i-Bu 93.1 170-171 4843 6.05 6.29 48.28 6.09 6.19
15a Me 306 oil 39.74 497 696 3959 486 7.11
15b Pr 324 oil 4548 594 696 4533 6.10 6.93
EXPERIMENTAL

General notes. the melting points were uncorrected. Elemental analyses
were measured by Yanaco CHN Corder MT-3 apparatus 'H NMR were
recorded on a Bruker AC-P 200 spectrometer by using TMS as internal
and standards.
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1. Synthesis of N-exthoxycarbonylmethylene 2- saccharinyl
acetamide 13

A mixture of saccharinyl acetamide 11 (0.05 mol), 30 mL of acetic anhy-
dride, 5 mL of acetic acid and paraformaldehyde (0.05 mol) was stirred in
90°C for 5 hours. Extra paraformaldehyde (0.025 mol) was added and stir-
ring continued in 120°C for 2 hours. The volatile components was then
removed under reduced pressure to give a white solid. The solid was then
recrystallized from a mixture of acetone and petroleum ether to give pure
product 13. m.p. 147~148 °C, yield 67.1%, '"H NMR (CDCls, TMS, 9):
7.90~8.11 (4H, m, Ph), 5.25 (2H. d, CH,0), 4.43 (2H, s, CH,C(O)), 2.07
(3H, s, CH3).

Anal. caled.: C 46.15, H 3.85, N 8,97%
found: C 46.13, H4.03, N 8.83%

2. Synthesis of product 12

A mixture of 5 mL of AcOH, saccharinyl acetamide 11 (5 mmol), substi-
tuted benzaldehyde (5 mmol) and triphenyl phosphite (5 mmol) was
heated slowly to 70 °C. The temperature was kept at 70~80 °C for five
hours and then the reaction mixture was cooled to room temperature. After
standing overnight, the solid was filtered, washed with methanol, and then
recrystallized from chloroform and methanol to give pure product. (In the
case of no solid being produced directly, the volatile components was
removed in vacuo. The oily residue was taken to a silica gel column and
eluted with petroleum: ethyl acetate = 3:1 to give the pure product 12.
Physical data.are listed in table I, and 'H NMR data in table IL

3. Synthesis of product 14

A mixture of 13 (0.01 mol) and 7 mL of trialkyl phosphite was stirred in
110~130 °C until the solid disappeared. After cooling to room tempera-
ture, the product 14 was filtered and washed with a mixture of petroleum
ether and ethylacetate (4: 1). Physical data are listed in table I, 'H NMR
data in table IL.
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TABLE II 'H NMR Data of Compound 12, 14 and 15

Compd. 3 'H NMR (CDCL3)

128 676~ 7.94 (18H, m, 2 x CHs+ 2 X CgHy): 8.38 (1H, br., N-H); 5.8 (1H, dd
C-H, J?\.q = 4.20 Hz, J*p.; =23.53 Hz); 4.23 (2H, m, CH,); 2.21 (3H, s, CH3)

12b 678 ~ 8.09 (18H, m, 2 x CgHs + 2 X CgHy); 8.39 (1H, br., N-H); 5.91 (1H, dd
C-H, J%y g = 5.00 Hz, 1y =24.78 Hz); 4.26 (2H, m, CH,); 2.23 (3H, s, CH3)

12¢ 687 ~ 819 (19H, m, 2 X CeHs+ 2 X CeHy+ N-H); 594 (IH, dd CH,
PPy = 4.48 Hz, 1%, 4;=22.38 Hz); 4.37 (2H, m, CHy); 2.26 (3H, s, CHj)

12d 680 ~ 8.25 (18H, m, 2 x CgHs+ 2 X CgHy); 8.40 (1H, br,, N-H); 5.96 (1H, dd
C-H, P2y 4 =5.240 Hz, 1 4, =23.04 Hz); 4.23 (2H, m, CH,): 2.24 (3H, 5, CH3)

143 7.85~-7.94 (4H, m, Ph); 7.63 (IH, br. N-H); 4.87 (2H, 5, CH,C=0); 3.75 (6H. d,
2 x CH;, Pp.y = 11.0 Hz); 3.76 (2H, dd, O=PCH,, J?\ y=3.8Hz, 1 ;;=12.4Hz)

14b  7.86~ 793 (4H, m, Ph); 7.53 (1H, br. N-H); 4.47 (2H, s, CH,C=0); 4.11 (4H, m,
2 x CH,0), 3.72 (2H, dd, O=PCHy, J%y;;=3.8Hz, J%p y=10.6Hz); 1.30 (6H, t, 2 X
CH3 J H-H_7 OHZ) N.P.

H4c  7.89~7.94 (4H, m, Ph); 7.26 (IH, br. N-H); 4.47 (2H, 5, CHyC= 0); 3.99 (4H, m,
2 x CH,0), 3.71 (2H, dd, O=PCH,, %\ ;=3.3Hz, J%pyy=13.3Hz); 1.66 (4H, m, 2
x CH,CH3); 0.91 (6H, t, 2 x CH,CHs, Py =7.3Hz)

14d 7.8 -7.94 (4H, m, Ph): 7.32 (IH, br. N-H); 466 (OH, m, 2 x CH); 4.47 2H, s,
CH,C=0); 3,68 (2H, dd, O=PCH, Py.u=2.8Hz, Fp.y=12.5Hz); 1.28 (12H, 4, 2
X CHMC3, J H- H=6 1 HZ)

l4e  7.79 ~ 8.14 (4, m, Ph); 7.50 (1H, br. N-H); 447 (2l s, CH,C=0); 4.00 4H, m,
2 x CH,0), 3.71 (2H, dd, O=PCH,, J? ;=3.0Hz, 1%p y=12.3Hz); 1.61 (4H, m, 2
x CH,); 1.37 (4H, m, 2 x CH,); 0.89 (6H, t, 2 X CHg)

14f  7.90 ~ 7.96 (4H, m, Ph); 7.26 (1H, br. N-H); 4.46 (2H, s, CH,C=0); 3.83(4H, m,
2 x CHy); 3.83 (2H, dd, O=P-CH,); 1.92 (2H, m, 2 x CH); 0.92 (I2H, d, 2 x
CHMe,)

15a  7.84 ~ 7.94 (4H, m, Ph); 7.26 (1H, br. N-H); 4.87 (s, 2H,CH,-N); 3.97 (s, 3H,
CH); 3.76 (d, 2H, CH,-P); 3.76 (d, 6H, 2 x CH3)

15b  7.64 ~ 8.01 (4H, m, Ph); 7.26 (1H, br. N-H); 3.97 (3H, s, CH3); 3.96 (4H, m, 2 X

CH,); 3.94 (2H, s, CH,-N); 3.78 (dd, 2H, CH,); 1.66 (4H, m, 2 x CH,); 0.92(6H,
d,2x CHy)

4, Synthesis of product 15

0.0575 g sodium (2.5 mmol) was put into 10 mL anhydrous methanol.
After there was no hydrogen being produced, compound 14 (2.5 mmot)
was added and the mixture was stirred at room temperature for 1 hour.
After vacuum distillation of the volatile components, the oily residue was
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taken to a silica gel column and eluted with petroleum ether: acetone = 3:
2 to give product 15. Physical data are listed in Table I, 'H NMR data in
table I1.
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