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Studies on Organophosphorus Compounds; Part XX. A Facile
Synthesis of «-Amino-Substituted Benzylphosphonic and -phosphinic Acids

by Use of Thiophosphoramide

Chengye Yuan, Youmao Q1

Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences, Shanghai, China

A facile method for the preparation of 2-amino-substituted benzylphosponic
and -phosphinic acids is reported. 1t consists of the reaction of Q,0-dicthyl or
O-ethyl ()-phenyl phosphoroamidothioate (1) with a substituted benzyalde-
hyde (2) and a phosphorous or phosphonous ester (3) in the presence of a
catalyticamount of boron triflucride, followed by the selective cleavage of the
protective groups of the resultant 2-(thiophosphorylamino)-substituted ben-

zylphosphonates or -phosphinates. The influence of variation in structure of’

the substrates on the yicld of product is evaluated.

The discovery of the biological activity and chelating ability
of aminoalkanephosphonic acids and peptide analogs de-
rived therefrom has stimulated the investigation of the
synthesis of these compounds. Some 1-aminoalkyl (or
aralkyl)phosphonic acids (or: 1-aminoalkane- and 1-amino-
I-arylalkanephosphinic acids) and their derivatives are
available by various procedures! ~!*. One general method

for the synthesis of these compounds involves the addition of

a dialkyl phosphite to compounds having a C=N moicty,
followed by hydrolysis and subsequent removal of the
protective group of the amino or phosphonic acid functions.
A systematic study is being carried on in this laboratory with
the aim of developing a new and convenvient method for the
synthesis of 1-aminoalkyl{aralykl)phosphonic acids based
on the investigation of the influence of substrate structure on
the yield of products!® =1,

We report here a facile synthetic method for the preparation
of c-amino-substituted benzylphosphonic and -phosphinic
acids (6). It consists of the reaction of 0,0-dicth vlor O-ethy)
O-phenyl phosphoroamidothioate (1) with a substituted
benzaldehyde (2) and a phosphorous or phosphonous ester
(3) in the presence of a catalytic amount of boron trifluoride,
followed by the successive cleavage of the thiophosphoryl
and ester groups of the resultant a-(thiophosphorylamino)-
substituted benzylphosphonate or -phosphinate (4). Our
method is a modification of the reported three-component
condensation of aldehydes with benzyl carbamate” or a.a-
disubstituted benzylamines® and phosphorus(1II) esters in
which the NH, component is replaced by the phos-
phoroamidothioate 1. The present new method affords
higher yields in the condensation reaction and hi gh purity of
the resultant products in both steps of the sequence and it is
simple to perform. The thiophosphoryl protecitve group in
compounds 4 can be climinated without cleavage of the ester
group, thus providing an access to the hydrobromides of 4-
amino-substituted benzylphosphonates or -phosphinates (5)
which are useful intermediates in phosphoruspeptide syn-
thesis. The ester hydrobromides 5 can be converted into the
free a-aminobenzylphosphonic or a-aminobenzylphosphinic
acids 6 by the usual method of hydrolysis with hydrobromic
acid followed by reaction with methyloxirane (propylene
oxide).

The yields of condensation products 4 depend on the nature
of the groups R! and R? in reaction components 1 and 3,
respectively (see Table 1). Thus, 0.0-diethyl phosphoro-
amidothioate (1, R' = C,Hj) gives higher yields of products
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4 than O-cthyl O-phenyl phosphoroamidothioate (1.
R'=CgH;) and diphenyl phenylphosphonite (3.
R? = C Hj) reacts more smoothly than triphenyl phosphite
(3, R = OC,H;). These facts can be rationalized by the
difference in polarity between the P=S and P==O groups as
well as by the inductive effect of a benzene ring in the
molecule. Since the presence of boron trifluoride is essential

in this reaction because of the weak nucleophilicity of

phosphoroamidothioates 1, the reaction mav be assumed to
proceed as follows: boron trifluoride coordinates with the
carbonyl group and benzene ring of the benzaldehyde 2 to
form a complex 7 whereby the electrophilicity of the carbonyl
C-atom is enhanced, thus facilitating the nucleophilic attack
by compounds 1 to give an intermediate 8 which undergoes
condensation with a second molecule of 1 to afford inter-
mediate 9 which in turn reacts with triphenyl phosphite (3.
R?=0CH,) or diphenyl phenylphosphonite (3.
R? = C,H;) to give the condensation product 4.

The formation of complex 7 has been shown by us'®. The
possible existence of intermediate 9 was evidenced by
experimental data and by the fact that two equivalents of 1
with respect to the benzaldehyde 2 are required, otherwise
the yield of 4 decreases by 50 %

Compounds 4 represent a series of hitherto unknown
derivatives of x-amino-substituted benzylphosphonic and
phosphinic acids, although most of their hydrolysis prod-
ucts (6) have been reported®*:5:7-#:19-16 Compounds 4 can
be recrystallized from polar solvent to give colorless crystals.
The *'"P-NMR spectra show two doublets at § = 13 or
36 ppmand at § = 68 ppm, the first one being attributable to
the P-atom of the diphenoxyphosphinyl or phenylphenoxy-
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SYNTHESIS

Table 1. Diphenyl a~(Dicthoxy- or Ethoxyphenoxy-thiophosphinylamino)-benzylphosphonates (4, R?=0C,Hs) and Phenyl

4 R R? X Yield
e [Y]
2 C,H; OCH. W85
b C,H, OCH 4-CH, 58

: C,Hy OC, e 4-F 66
d C,Hy OCH,4 4-C1 54
p Cal, OCH 4 2.C1 59

f C,Hs OCHs 4-Br 63
2 C,H, OC, Hj 2-Br 48
h C,H, OC,Hs 3-Br 48
i C.H, OC - 4-NO, 49
i C,H; OC H, 3-NO), 47
k C,H, OC Hs 4-OCH, 78

! C,H OC H 3-0CH, 77
m C,H; DCH, 4-N(CH,), 34
n C.H, OC I 4-01 81
0 CeHy OC, 5 H 53
p CoH, OC Hs 4-CH, 62
" CoHy OCH. 4-F 48
r CoHs OCH 4-Cl 53
5 C H, OC H, 4-Br 46
t CeHs OCHx 3-NO, 45
u CoHy CoHy H 7
CoHs CH 4-CH, 73
w CoHs CoHj 4-F 67
x CoH, CoH 4-Cl 70
v C Hj CoH 5 4-Br 50
P CeHs CoHy 3-NO, 44

‘x-(mEtho?gyphcnoxy\hiophnsphinyIam ino)-benzylphenyiphosphinates (4, R?=C H;s) Prepared

m.p. {C]

(solvent)

Molecular
Formula®

129.5-130.5
(ethanol)
129.8-130.6
(cthanol}
103.9--104.3
(aqueous cthanol)
102.0--103.0
(agueous ethanol}
158.0-159.7
(aqueous cthanol)
107.4-108.4
(aqueous ethanol}
167.9-168.9
(ethyl acctate)
121.5-122.2
(aqucous ethanol)
144.6--145.6
(cthanol)
114.4-115.4
(cthanol)
110.2-110.5
(aqucous cthanol)
96.1 97.0
(aqucous cthanol)
125.8-126.8
(aqueous cthanol)
13141324
(cthyl acetate)
96.2--97.0
(aqueous cthanol)
117.0-117.8
(agucous cthanol)
116.4-117.0
(aquecous cthanol)
145.5--146.1
(aqueous cthanol)
149.3-149.9
(cthanol)
101.6--102.8
(cthanol)
122.1-123.3
(aqueous ethanol)
98.6-99.8
(agqueous ethanol)
106.3--106.5
(aqueous cthanol)

C;3H,,NOSP,S
(491.4)
C,4H26NOSP,S
(505.45)

CayHy FNOSP,S
(509.4)
CyyH s CINOSP,S
(525.‘))

Cyy M, CINOSP,S
(525.9)

Cy3H, o BrNOSP,S
(570.3)
C,;H,sBINOSP,S
(570.3)

C, 3 H,,BrNOGP,S
(570.3)
C,3H,4N,0,P,S
(536.4)
Cy3H N, 0,4P,8
(336.4)
Cy.H5uNOPSS
(521.4%)

Cy H o NOGP,S
(521.45)

C,sH 3, NLOP,S
(534.3)
C,,H,;NOP,S
(507.4)
C,-H,,NOP,S
(539.5)
CyH,yNOSP,S
(553.5)

Cy-H, FNOSP,S
(557.5)

(7271 1,,CINOSP,S
(573.9)

C,H, BrNOGP,S
(618.35)

C, H,,NLOLP,S
(584.5)
Cy,H,5NOLP,S
(523.5)
CygH3oNOLP,S
(537.5)
C,-H,,FNO,P,S
(541.5)

MS

mie

491 (M )
505 (M™)
510 (M* + 1)
526 (M)
525 (M*)
570 (M)
570 (M)
570 (M)
536 (M7)
536 (M™)
522 (M7 + 1)

522 (M + 1)

506 (M™)
540 (M7 + 1)
554 (M7 + 1)
557 (M)
573 (M)
620 (M 1+ 2)

38

I

M =1
524 (M7 + 1)
538 (M™ 4 1)

541 (M™)

14.4-115.7 Cy,H,,CINO,P,S 558 (M7 + 1)

(aqueous ethanol) (557.9)

115.9-116.5 C, Hp BINOLP,S 604 (M” +2)

(aqueous cthanol) (602.35)

134.1 125.1 P £ P NI W 569 (M~ + 1)
(568.5)

(ethanol)

* The microanalyses showed the following maximum deviations from the calculated values:
C 4046, H +£0.24, N +026, P 041, S (only for 4e,q.w) + 0.36; exception: 3p (C -- 0.62).

phosphinyl group, respectively, and the second one to the P-
atom of the N-thiophosphoryl group. The appearance of
these signals as doublets is due to P-P splitting. which is
proven by the fact that both doublets have identical coupling
constants. The 3'P-NMR chemical shifts of compound 4
correlate linearly with the Hammett ¢ constants of the
substituents X. The effect of X on the chemical shifts of the P-
atom in the diphenoxyphosphinyl or phenylphenoxyphos-
phinyl group is more marked than that on the more distant
N-thiophosphoryl moicty. The correlation between the **P-

NMR chemical shifts of the P-atom of the diphenoxy-
phosphinyl group of compounds 4 and the Hammett
constant of X can be depicted by the following equation.
5= 188 4 12.33

r = (.97, n = (2, confidence level 99.9 %

The *'P-NMR chemical shifts of compounds 4 show a
dependence on the position of the nuclear substituents X. In
general, the signal of the para-substituted compound 1s
shifted to lower field than that of the meta-substituted
compound, whereas the ortho-substituted compoundshows
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the least effect. Thus, *'P-NMR spectrometry provides a
means for distinguishing these isomers.

The N-thiophosphoryl group in 4 can be selectively removed
with retention of the ester groups by treatment of 4 with a
saturated solution of hydrogen bromide in acetic acid to give
the hydrobromide 5 of the corresponding z-amino-substi-
tuted phosphonic or phosphinic ester in more than 90 %
yield. The thiophosphoryl group can therefore be considered
as a useful NH,-protecting group in this synthesis.

Our attempts to use optically active cthyl phenyl phos-
phoroamidothioate (1, R' = C¢Hy), [2]3%: + 4.60 (¢ = 2.0,
chloroform), for the induced asymmetric synthesis of com-
pounds 4 failed; the product 4o thus obtained has the same
optical rotation as compound 1 (R! = C¢H;) and a racemic

g-aminobenzylphosphonic acid resulted from hydrolysis of

4o with hydrobromic acid.

Treatment of diphenyl a~(diethoxythiophosphinylamino)-
benzylphosphonate (4a) with aqueous hydrogen peroxide
results in S/O exchange to give the oxygen analog 10.

RN g I/ O
. e . l o q\:oxane/ 0 { ” o .
C;)H:‘;O\ t.] ?Qr/ ﬁ/OCSH:} CHClg, CZH»,O\H \""tr"’ ,' ‘)l:JH
F—~NH—CH~F’ — - P=NH-CH-F
M0 CH O D0H,
4a 10

Melting points were determined on a Mettler FPo1 apparatus.
Optical rotations were recorded on WZZ-1 apparatus. Mass s pectra
were measured with a Finnigan 4021 spectrometer. IR spectra were
oblained with a Shimadzu 440 spectrometer. '"H-NMR specira were
recorded on a Varian EM-360 L spectrometer and ' P-NMR speetra
were recorded on a Varian X1-200 spectrometer.

Diphenyl  a~(Diethoxy- or Ethoxyphenoxythiophosphinylamino)-
benzylphosphonates (4, R? = OC¢Hs) and Phenyl a-(Ethoxy-
phcnoxythiophosphinylamin0)-bcnzylphcnylph0sphinatcs 4, R*=
C,H,): General Procedure:

To a stirred solution of Q,0-diethyl phosphoroamidothioate'” (1,
R" = C,Hg; 3.383g, 0.020 mol) or O-cthyl O-phenyl phos-
phoroamidothioate'” (1, R' = C Hs; 4.344 . 0.020 mol) and the
benzaldehyde 2 (0.01 mol) in dry t.2-dimethoxyethane (50 mi), a
solution of boron trifluoride ctherate (1.3 ml} in 1.2-dimethoxyeth-
ane (10ml) is slowly added at room temperature. Stirring s
continued for 20 min at room temperature and for 15 min at $0°C.
Then, tripheny! phosphite (3, R2 = OC¢H: 3.723 ¢, 0.012 mal) or
phenyl diphenylphosphonite (3, R? = C H,: 3.532 g, 0.012 mol) is
added. the mixture is refluxed for 5h, and concentrated under
reduced pressure. The oily residue is dissolved in chloroform
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Table 2. Diphenyl a-Aminobenzylphosphonate Hydrobromides (5
R?=0C11,) and Phenyl a-Aminobenzylphenylphosphi-
nate Hydrobromides (5, R*=C ) Prepared

Molecular

5 R° X Yield m.p.
(%] ] Formula®

a OCH; H 90.5 194.0--19.48  C,1,,BrNO,P

(420.2)
b OCH, 4CH, 90 181.4-182.0  CooH, BrHO,P
' (424.25)
¢ OC,H¢ 41 91 185.5-186.9 € oM, 4BrFNO,P
' (438.2)
d OC,H, 4-Cl 91 179.7--180.6 €, oH,4BrCINO,P
" 1454.7)
e OCH, 2-Cl 98 180.5-381.3 ,H, gBrCINO,P
‘ (454.7)
f OC,H, 4-Br 94 187.2-988.7  CyyH,4PraNO,P
{499.1)
g OC.Hs 2-Br 72 187.4-187.9  (,,H,4Br,NO P
(499.1)
h OCH, 3-Br 90 184.3-1854  C,oH 4Br.NO P
{499.1)
i OC.Hg 3-NO 94 17401750 C, 4, BrN,O,P
(463.2)
k OC.H; 4-0CH, 90 154241557 ooty BrINOQ,P
(450.25)
I OCH, 3-0CH, 89 156.9-1579  C,oH, BrNO,P
{450.25)
u C H, H 86 2104-2114 €, H,,BrNO,P
{404.2)
v Cos 4CH, &4 20292031 CouHL, BrNO,P
(418.25)
x CiHg  4-Cl 93 210.2-2104 o, BeCINO,P
438.7)
. CHg 3NO, 915 200.1-2004  C,,H, BrN,O,P

(449.2)

* The microanalyses showed the following maximum deviations
from the caleulated values: C 4038, M +0.17. N +0.18,
P 1 0.48; cxceptions: Sa (P —0.55), 5£(C —0.53. P —0.54), 5i (P
—0.62), Sk (C —0.54), Sv (C —0.56), 5z (N --0.48).

(150 ml). This solution is washed with water (% x 60 ml), dried with
magnesium sulfate, and evaporated. The remaining crude product 4
is puritied by reerystallization (sec Table 1).

Diphenyl  2-Aminobenzylphosphonate Hydrobromides (5. R =
OCHs) and Phenyl a-Aminobenzylphenylphosphinates (5, R* =
C,Hy): General Procedure:

The respective compound 4 (1 mmol) is dissolved in a saturated
solution o hydrogen bromide in acetic acid (15 ml). After 20 min at
room temperature, the mixture is evaporated under reduced
pressure. The remaining oily hydrobromide 5 erystallizes upon
addition of anhydrous ether; it is recrystallized from ethanol or
cther.

Diphenyl 2-(Dicthoxyphosphinylamine)-benzylphosphonate (10}
Aqueous hydrogen peroxide (33%; 20ml) is added slowly to a
stirred solution of compound 4a (0.491 ¢, 1 mmol) in dioxane
{10ml) + chloroform (10ml) al room temperature. After the
addition is complete, the solution is refluxed for 2 h. Additional
aqueous hydrogen peroxide (33 %: 10 ml) is then added at 50°C and
the mixture is stirred at 100°C for 4 h, then concentrated under
reduced pressure. The oily residue is dissobved in chloroform
(100 ml). This solution is washed with water (2 % 80 ml), dried with
magnesium sulfate. and evaporated. The residue is dissolved in ethyl
acetate (20 ml), and this soluation kept in the refrigerator overnight.
Product 10 is isolated by suction, and recrystallized from cthyl
acetate: yield: 0.299¢ (63%); m.p. 173 174°C; (Rel.t®, oL p.
1729 174°C).

a-Aminobenzylphespl Acid (6a):

A solution of compound 4o ([2]3°: + 4.59° (¢ = 2.1, chloroferm);
0.41 g, 0.083 mol) in acetic acid (10 ml) is heated at 80°C. 6%
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Table 3. Spectral Data of C ompounds 4and 5

Com- IR (KCl}
pound v [em™!]

4a 1210 (P=Q): 1030 (P~ O -C,H5);
950 (P—-0O—Ar)

4b 1200 (P=:0O); 1020 (P-O—C,H;):
950 (P—O— Ar)

4c 1200 (P==0); 1020 (P~ O—-C,Hy);

4d 1200 (P=0); 1030 (P—-0O—C,HJ);

4e 1200 (P==0): 1020 (P—~0O~C,H):

4f 1210 (P=0); 1040 (P—O—C,H:;
940 (P— 0O — Ar)

4g 1200 (P=0); 1020 (P—-0—C,Hsx:
950 (P—O—Ar)

4h 1200 (P=0); 1030 (P—0—C,Hj;
930 (P—0—Ar)

4i 1200 (P=0); 11030 (P--O—C,H.);
940 (P— () —Ar)

4 1200 (P=0); 1020 (P—O0—C,H):

4k 1200 (P=0); 1030 (PO~ C,Hy);
950 (P—0 - Ar)

41 1200 (P=0); 1030 (P-0O—-C,Hy);
940 (P—O— Ar)

4m 1200 (P=0); 1020 (P—-O—C,H;);
940 (PO —Ar)

4n 1200 (P=0); 1030 (P— 0O C,H5);
950 (P—0O—Ar)

40 1210 (P=0); 1030 (PO ~C,Hs);
940 (P— O —Ar)

4p 1210 (P=0); 1030 (P—-0O—C,Hs)
950 (P—0O—Ar)

4q 1210 (P=0); 1040 (P—-O0~C,Hs);
960 (P—O —Ar}

4r 1205 (P=0); 1030 (P—-O-C,Hs);
950 (P—0O— A

4s 1205 (P=0); 1030 (P -0 ~-C,Hs);
945 (P—-0—Arx)

4t 1210 (P=0); 1030 (P--O--C,H};
950 (P—0O - Ar)

4u 1201 (P=0); 1030 (P-0—C,HgX:;

940 (PO — Ar)

4v 1210 (P=0); 1025 (P— O~ C,H )
930 (P~ O—Ar)

aw 1220 (P=0); 1025 (P—0—C,Hy);
930 (P—0) — A1)

7.40 (m n(»ll, 3(

THANMR (CCly)
o [ppm]

SYNTHESIS

”PNMR
(CDCI, /8¢

é I'ppm']

% H PO )

i;, Nll) q41 {m, Hl CH):
392(m,4H,2CG - CH,—CH,); 1.10 (m, 6“,”’0
—~CH,—( H;)
7.30 (m, 15H, 2C Hs, CoHy, NH); 5.2t (m, 1 H,
CH): 3.82(m, 4H,20—~CH, - CH,); 2.41 (s, 3H,
CHy); 110 (t, 6H, 20-CH, ~ Lll;)
7.04 (m, 15H, 2C Hs, C 114 NH); 5.41 (m, t H,
CH); 3.60 (m, 4H, 20—CH,~--CH;); 0.93 (m,
6H, 20--CH, - CH,)
7210 (m, 15H, 2CHs, CoHy, NH); 5.40 (m, 1H,
CH); 3.81 (m. 411,20~ CH,~CH ), 1.10 (8, 6 H,
20-CH, ~Cliy)
7.02(m, 153H,2C H,. C Hs, C H,, NH); 5.60 (m,
TH, CHy 3.71 (m, 4H, 20—-CH, - CH,); 1.0t
(m, 6H, 20 -CH, ~CHj)
7.20 (m, 15H, 2CHs, CgHy, NEH): 5.31 (m, LH,
CH);3.72(m, 41,20 ~CH,—CH,); 1.00(t, 6 H,
20— Cl{w»—(H,)
7.65 (m, 15H, 2., C.H,, NH); 571 (m, 1 H,
CH); 3.72 (m, an §0 CH,—CH,); 1.00 (m,
6H,30--CH,~ (lj“)
7.30 (m, 15H, 2C,H,. NH); 522 (m, 1 H, CH);
3.81 (m, 41,20 ~CH, - CH3); 1.10 (m, 6H, 20
—-CH,—CH;)
7.10 (m, ]\H 20, Hs, CoHy, NH3; 5.72 (my, TH,
CH) 3.72(m, 4H, 20— CH, —CH,) 0.94 (t, 6 H,
3()-~(,7Hz~(i[‘l3)
7.21(m, 15H,2C H,, C s, C H,, NH); 5.31 (m,
TH,CH); 3.70(m. 4 H, 20 - CH, - CH;): 0.93 (1,
6H. 20--CH,—CH3)
740 (m, 1510, 2C s, CoHy NH); 5.24 (m, 1H,
CHY:3.72(m, 4H,20-CH, - CH;); 3.70(s, 3H,
OCH,;); 1.00 (t, 6H, 20-CH,--CH;)
7.02 (m, 15H, 2CHs, CoHy NHY: 501 (m, 1H,
CH: 372 (m,4H,20—-CH,—CH;); 3.54(s, 3H,
OCH,;): 1.02 (m 6}{ 30-CH,-Clly)
7.02 (m, 15H, 2C Hs. Cyll,, NHY: 5.72 (m, 1 H,
CH); 3.7 (’m.4ll,u0 CH, - CH,);2.71 [s. 6 H,
N(CH ), ) 1.02 (m, 6H, 20 ~CH, - CHy)
7.210 (m, 15H, 2C Hg, CoHy, NLD; 5.50 (m, 1H,
CH); 3.82(m, 41,20 ~CH, —CH;3): 1.93 (s, 1 H,
OHy 110 (m, 6H, 20 - (Il,d Ila)
"(m (m, 21H. 4C Hs, NH); 5.20 (m, 111, CH);
3.90 (m, 2H, O- (H2 -CHj3); 1.00 (m, 1[1 O
~~(‘,}|2~-(;_}_]3)
7.20 (x, 20H. 3CHs,
CH):; 4.00 (m, 24, O—CH,-
CH;); 1.20 (m, »H ()—(ILA( l 3)
7.00 (m, 2011, 3C H;, CoH,o NHY 530 (m, 1H,
CHy; 3.85 (m, ‘?,Il, O—CH,—CH3): 1.00 (m, 3H,
0O-CH,--CHy)
7.20 (m, 201, 3C Hs, CgH,. NH); 5.50 (m, 1H,
CHY; 4.10 (m, 2H, O~ CH, - CH3); 1.30 (m, 3H,
0-CH,--CHjy)
7.20 (m, 20H, 3T Hs, CoHy, NH); 5.50 (m, 1H,
CH): 4.00 (m. 2H, O—CH,~- CH;); 1.20 (m, 3H
0O—CH,--CHy)
7.20(m, 20H,3C H,, C Hy, NH); 4.10{m, 2H, O
—{H,—-CHy): 1.20 (m, 3H, O-—-CH,—CH5)
7.10 (m, 21H, 4C,Hs, NH); 5.30 (m, tH, CH});
3.90 (m, 2H. O--CH,--CHjy); 1.10 (m, 3H, O
—~{UH,—-CH.y)
7.25(m, 20H, 3C ,,Il< CeH,, NH); 5.50 (m, 11,
CID: 4.00 (m, 2H, O—CIE,-~CHjy); 2.50 (s, 3H,
CHy): 1.25 (m, H] O-~CH,~ (H )
7(1() (x, 20H, 3C 5. Coll,. NH)Y; 530 (m, 1H,
CH): 3.80 (m, 2H, O~ CH, - CHj3): 0.90 (m, 3H,
O-CH,-- (ll;)

C H,, Nu),sm (m, 11,
1 2.50 (s, 314,

H 023, 12.473, 67. b"ﬁ 08. %’()

13.184, 12,638, 68.987, 68.438

12.274, 12.215, 69.470, 68.912

12.340, 11.784, 69.423, 68.862

12,100, 11.563, 68252, 67.710

12194, 11.640, 69.326, 68.769

12.100, 11.563, 68.252, 67.710

—_—
I

)
[\

, 11.583, 69.038, 65.504

11.340, 10.792, 69.863, 68.863

11.229, 10.644, 69.046, 69.015

13.216, 12.657, 68.998. 68.441

12.989, 12,442, 68.822, 68.281

13.622, 13.067, 68.8

13.611, 13.062,

15.05, 67.91

36.50, 65.00

73, 68.316

68.916, 68.363
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Table 3. (continued)
Com- IR (KCI) 'H-NMR (CCly) SIP.NMR
pound v [em '] d [ppm] (CDCLL/85% HPOL )
& [ppm}
4x 1220 (P=0Y; 1030 (P— 0 —C,H,); 7.20 (m, 201, 3C, s, Coli,, NH); 5.50 (m, 1 H,
935 (PO - Ar) Ci): 4.00¢m, 2H, O—CHl, —CHj;); 1.20 (m, 3H,
O -CH, - Cliy)
4y 1220 (P=0); 1025 (P—O0-—~C,Hs); 7.20 (m, 20H, 3C Hs, C b4, NH); 5,50 (m, 1H,
930 (P~ O~ Ar) CH): 4.00 (m, 2H. O~ CH,~CH); 1.15 (m. 3 H,
0O-CH, - CH))
4z 1200 (P=0); 1030 (P -0 —C,Hy); 6.80 (m, 201, 3C, Hs, C,H,, NH); 5.20 (m, 1 H,
930 (P-0O- Ar) CH); 3.50 (m, 2H, O = CHl, = CH,); 0.70 ¢m, 3H,
O~CH,~CHy)
5a 1190 (P=0); 960 (P—O—Ar) 7.70(br., 3H. NH . ) 6.75 (m, 15H, 3C Hs); 5.02
{(m, TH, CIhH
5b 1200 (P=0); 930 (P~ O —Ar) 7.71 (br.. 3H. NH;): 6.72 (m, 14H, 2C,H..
CoHa) 5.00 (m. LH. CH), 185 (s, 3H, CHy)
Sc 1200 (P=0}); 960 (P~ 0O - Ar) 7.70(br.. 3H.NH ), 6.71 (x. 14H, 2C 5, CoHL);
5.00 (m, 11. CH)
5d 1210 (P=0); 960 (PO - Ar) 7.70 (br.. 3H, NHy): 691 (m, 14H, 2C.Hs,
CeHax 5.01 (m, 1H, CH)
Se 1210 (P=0); 950 (P~ O — Ar) 8.00 (br.. 3H. NU;) 6.81 (m, 14H, 2CH.,
C Hy): 5.10 (m, 11 CH)
5t 1200 (P=(}); 950 (PO~ Ar) 7.75 (br.. 3H. NH); 6.80 (m, 14H, 2CHs,
C,H,n 5.0 (m, 1H, CH)
Sg 1220 (P=0); 960 (P—0O— Ar) 810 (br., 3H, NHy) 691 (m, 14H., 2C.H,.
CoHy): 491 (m, 1H. CH)
5h 1220 (P=0): 950 (P~ O —Ar) 7.0 (br.. 3H, NH;); 6.61 (m, 14H, 2C,H,
CoHyak 5.01 (m, 1 H, CH)
5i 1220 (P=0):; 950 (P~ O —Ar) 8.00 (br.. 3H, NHj;): 6.71 (m, t4H, 2CH,,
C . 540 (m, 1 H, CH)
Sk 1210 (P=0}; 960 (P~ 0O —Ar) 7.74 (br., 3H, NH7); 6.60 (m, 14H, 2C.Hs,
CoHy); 5.00 (m, 1H. CH): 3.41 (s. 3H. OCH,)
51 1220 (P=0); 970 (P - O —Ar) 772 (br.. IH, Nilj) 671 (m, 14H, 2CH..
Colla); 5.00 (m, 1 H, CHY: 3.42 (s, 3H, OCH,)
Su 1240 (P=0); 930 (P~ O —Ar) 7.65(br., 3H. NI3 );6.80(d. 14H,2Ct;. C H,);
4.90 (m. 1 H, CH)
5y 1240 (P=0); 930 (P~ O —Ar) 7.70(br.. 3H. NH ) 6.80(d. 14H, 2C 5, C,H,);
4.85 (m, 111, CH)
S5x 1240 (P=0); 930 (P—0O—Ar) 7.68 (br., 311 NHZ ); 6.80(d, 14 H, 2C 5. C Hy):
491 (m, tH, CH)
Sz 1240 (P=0): 930 (P— 0O~ Ar) 7.72(br, 3H,NH3); 6.80(d, 14H, 2C Hs. CHy);

hydrobromic acid (10 ml) is added, and the mixture is refluxed at
120°Cfor 5 h. 1t is then concentrated under reduced pressure and the
residuc is dissolved in ethanol (10 ml). To this solution. propylene
oxide is added dropwise until pH 6 is attained. The precipitated solid
isisolated by suction, and recrystallized from aqueous ethanol; yicld:

0.1

3g (R0%); m.p. 279-281°C (reported: m.p. 281-282°C7,

280°C. 271--273°C2, 272°C#, 272--273°C"). The product shows

no

opticul rotation.
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