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1.) 31P-, BC and 'H NMR spectra of the products (3a, 3b, 4a, 4b, 5a-f, 6 and 8)
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'H NMR (500 MHz, CDCls)
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Diethyl (N-benzylbenzamido)-benzylphosphonate (3b)
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Diethyl acetamido-benzylphosphonate (4a)

¥P NMR (202 MHz, CDCls)
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TH NMR (500 MHz, CDCl3)
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Diethyl propioamido-benzylphosphonate (4b)
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H NMR (500 MHz, CDCl3)
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Diethyl diethylphosphonoylmethyl-.benzyl-amino-benzylphosphonate (5a)
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Diethyl diethylphosphonoylmethyl-benzyl-amino-4-chlorobenzylphosphonate (5b)

P NMR (202 MHz, CDCl3)
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'H NMR (500 MHz, CDCl)
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Diethyl diethylphosphonoylmethyl-benzyl-amino-4-methylbenzylphosphonate (5¢)

fen)

25.19
—22.8

*1P NIVIR (202 MHz, CDCls)
Ph
(EtORP~ N
P(OEt),
0
Me
5¢
A A
T T T T T T T
0 35 30 25 20 15 10

f1 (ppm)

S19

/0000

65000

60000

55000

50000

45000

40000

35000

30000

25000

20000

15000

10000

5000

r0

5000



3000
2800

2600

2400
2200
2000
1800

1600

1400

1200

1000

800

600

400

200
-200

6091
791
S2'aT
oF'ar
StoT
Ly'9T
69T
2591
SEE—

8F'Sk
bS'Sk

849
vm.wvﬂu

E0'4s
01’48
FARYIS]
6L'65
hw.mm/
a0'19
F1'18
85'18
£9'78
o1'ze
S1'ze
8779
£e'ze
e
6¥'29

8Lz
Lz
S 22T
00'8eT
0z 82T
86'821 ﬁ
e 62l

E01El

o 1E

00851~
18857

P(OEt);

P
v

q
(EtO):P

¢ NMR (126 MHz, CDCl2)
Me

5¢

A

10

20

30

40

50

60

70

80

90

100

110

120

130

140

i0

f1 (ppm)

S20



H NMR (500 MHz, CDCl3) ~10000
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Diethyl diphenylphosphinoylmethyl-benzyl-amino-benzylphosphonate (5d)
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'H NMR (500 MHz, CDClz)
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Diethyl bis(4-methylphenyl)phosphinoylmethyl-benzyl-amino-benzylphosphonate (5e)
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H NMR (500 MHz, CDCl3)
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Diethyl bis(3,5-dimethylphenyl)phosphinoylmethyl-benzyl-amino-benzylphosphonate (5f)
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'H NMR (500 MHz, CDClz)
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Bis(diethylphosphonoyl-phenylmethyl)amine (6)
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"H NMR (500 MHz, CDCl3)
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Bis(diethylphosphonoylmethyl)-(diethylphosphonoylbenzyl)amine (8)
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'H NMR (500 MHz, CDCl3)
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2.1) Experimental parameters and identification of the starting materials (1a-c)

Product T(°C) t (min) Yield (%) 65 (CDCl3) (ppm) 85t (ppm) [M+H]
1a 100 45 85 23.5 23.7A 334
1b 100 40 95 22.9 22,94 368
1c 100 90 87 23.7 23.78 348

A R. Varga, E. Dinnyési, S. Toth, G. Szakacs and G. Keglevich, Drug Des. Discov., 2022, in press.
B Z.

P.
N. iss, A. Kaszas, L. Drahos, Z. Mucsi and G. Keglevich, Tetrahedron Lett., 2012, 53, 207.
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2.2) 3P NMR of starting materials (1a, 1b and 1c¢)

Diethyl a-benzylamino-benzylphosphonate (1a)
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8 50000
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Diethyl a-benzylamino-4-chlorobenzylphosphonate (1b)

—22.87

*1P NMR (202 MHz, CDCl3)
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Diethyl a-benzylamino-4-methylbenzylphosphonate (1c)
|
#Ip NMR (202 MHz, CDCls)
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3.) BC and '"H NMR data of compounds 5a, Sb, 5¢ and 5d obtained by a 2D NMR study

Four P-OCH;CH; groups: 5
I:5"H = 4.18 {m, 2H, OCHy), 1.30 {td, 2y = 7.1 Hz, *Jpy = 0.5 Hz, o
3H, CH3); 6'°C = 62,6 (d, 2Jpc = 7.1 Hz, OCHjy), 16.5 (d, 3Jp; = 6.4 Hz, CH3).

I1: 5'H = 4.05 {m, 2H, OCH,), 1.23 (td, 34y = 7.1 Hz, Uy = 0.4 Hz, 3H, CH,); H s=7.18(m)

5'3C = 62.3 (d, 2pc = 6.8 Hz, OCHy), 16.4 (d, YUpc = 6.1 Hz, CH,).

§=12136)

1 3"H = 3,95 (m, 2H, OCH}, 1.18 (t, *Jyyy = 7.1 Hz, 3H, CHy); 5'%C

= 61.8 (d, 2pe = 6.6 Hz, OCH,), 16.3 (d, upe = 6.3 Hz, CHa). / Hﬁ_m i
5=128.27(s) C \ e

IV: 5'H = 3.82 (m, 1H, OCH,), 3.64 (m, 1H, OCH,), 0.81 (id,

Faw = 7.1 Hz, Yoy = 0.3 Hz, 3H, CH3); 8"°C =82.5 (d, 2pc

= 7.1 Hz, OCH_), 16.1 (d, *Jpe = 5.7 Hz, CHg).
6= 1283 (s) C\ /

5= 265 H s=734(m)
H)
=153 Hz 5351 C
=138.7
0 ’J.H=43Hz 2 =153 He ” ts)
‘JpH-‘HH-Hz
5= 3.29
:11 6.3 \ / .;=5?.2 g =136 Hz
_;,,,,.nHz Jpc=82Hz | _H
n“‘“\ \H s=448
jJPE"|6“-1 Hz Ly = 138 Hz
L pe = 7.2 Hz N
(o]
— 5=131.1 = AAT
1%,“"! Jp"-258Hz
5=131.2

/ w-sﬁm \ /
5=60.8
5= 128.34 (s) \ 1dpc = 160.3 H2 5=239
J:cI99H://$1HI

5=128.32
pem1d ch /

H
H 5= 7.46 (m)
5=7.47 (m)

&= 7.31 (m)
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Four P-OCH,CH; groups:

I 6'H = 4.18 (m, 2H, OCHg), 1.31 {td, gy = 7.1 Hz, Yoy = 0.6 Hz,

3H, GHa); 81C = 62.7 (d, 2pe = 7.1 Hz, OCHa), 16.5 (d, YJpe = 6.4 Hz, CH3).

Il: 3'H = 4.02 {m, 2H, OCH,), 1.23 (td, *dyy = 7.1 Hz, Ydpy = 0.5 Hz, 3H, CHg); H &=718(m)
&13C = 62.2 (d, Zpg = 6.8 Hz, OCHy), 16.4 (d, *Jpg = 6.4 Hz, CH3).

I 3"H = 3.94 (m, 2H. OCH), 1.17 {td, c

Shan = 7.1 Hz, “pps = 0.4 Hz, 3H, CHy); 5'%C = 61.8 /
s=1283(s) C \

(d, 2dpe = 6.6 Hz, OCHy), 16.3 (d, *Jop = 6.1 Hz, CHy).
IV: 5'H = 3.85 (m, 1H, OCH,), 3.70 {m, 1H, OCH,), 0.87 {td,
Fyn = 7.1 Hz, Ydpy = 0.5 Hz, 3H, CHy); 613C = 62.4 (d, 2upe

=7.1 Hz, OCH;), 16.1 (d, 3Jp¢ = 5.6 Hz, CH3).
5=129.2 {s) C\ /

5=127.4(85)

5=2.60 {dd)  5=3.42 (ddd)
=156 HZ AUy, =156 Hz c
’qu=51Hz 2oy = 178 Hz

‘JH,..-z.m:
e H  5=5714(dd) §=3.28
*Jpg = 8.1 HZ =136 Hz
"""F”"'H‘ C/ UP,:aunxc.-H

5=138.5 (s)

~
e H =448
Joc = 164.1 Hz 2 m 136 Hz
YJpe = 8.0 Hz
@]
o F=1324 £=4.54
j_,.c,sst JPH‘ESDHI
5=130.2

/ W‘“"‘ \ /
a=60.1
8=128.5(s) \ 'dpc = 159.6 Hz f‘?lﬁ
JP:'!EH://WDH!

a=13.3
SJpc =1.4 Hz c /
/ H
cl &= T.44 [A-part
of AA'MNT)
&= 7.29 (M-part
H o aamm

542

H

5=T.24 (m)

H s=731m)
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Four P-OCH;CH; groups:

1: 5"H =417 (m, 2H, OCH,), 1.30 {td, *4,y = 7.6 Hz, *Jpyy = 0.5 Hz,

3H, CHa); 6'3C = 82.5 (d, 2Jpe = 7.1 Hz, OCH,), 16.5 (d, 3Jpe = 6.4 Hz, CH3).

I: 3'H = 4.05 (m, 2H, OCH,), 1.24 (td, 3y = 7.0 Hz, 4Jpy = 0.4 Hz, 3H, CHa); H s=718(m)
513C =622 (d, Zipc = 6.8 Hz, OCH,), 16.4 (d, 3pe = 6.4 Hz, CH3).

W 6'H = 3.95 (m, 2H, OCHy), 1.18 (td, c

gy = 6.7 Hz, “Upyy = 0.4 Hz, 3H, CHg); 51°C =617 /
a=1282(s) C

{d, ZJpe = 6.6 Hz, OCH,), 16.3 (d, *Jpe = 6.1 Hz, CH4),
IV: 5'H = 3.82 (m, 1H, OCHg), 3.63 (m, 1H, OCHy), 0.92 (td,
Yy = 7.1 Hz, oy = 0.3 Hz, 3H, CHg); 67°C = 62.4 (d, “Upg
=7.0 Hz, OCHj), 16.1 (d, L = 5.6 Hz, CH;3).

§=127.2 (s}

§=129.3(s) C

3=262(dd)  5=3.49 (ddd) \ /

Zhu=154 Hz 2y =154 Hz
‘.lp"=-¢5Hz 2y =18.0 Hz

=21 Hz
5=264 \ H 57.4 (1) -
gl = 135 Hz
‘*J,,, 0.9 Hz C/ 1Jpr_-l8.4H:c_.H et
8 =462 \ “H s=aa47
Jpc = 164.0 Hz N 2hm=135He

Ype=T5Hz

(o]
— 551314 5-4.43
Bk

3.:,.; =8.7 Hz

5= 136.8 (s}

5=12739

/ w-sﬁ /
3350
5=129.0s) Joc = 160.8 Hz i=24.1

’-Frc-mmz w*‘“’
5=1381 //
54.-.:-11H:

s 7.34 (A-part

Em21.2(s)
g 22,3{5}/ of AA'MN)
=7.12 {M-pa

uf AN

543

H

5=7.24 (m)

H s=734(m)
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H 5=7.14(m)

S5d
5=127.2(s) l'|:
H
5=7.38 (m} 5= 1286 (d) &=7.13 (m)
c pg = 1.4 Hz 5=12847(s) C
G=131.5({d)
*Jpc = 2.8 Hz
-781 (m])
5=1205(s) O /
\ H 5=7.01(m)
H 5 = 3.06 (dd) c
s=7.31 tml =149 Hz &= 4.16 (dd) 5=138.4 (s}
1..-.,.4-55 Hz  ZJyy =149 Hz
C 5=131.2 (d) Loy = ssuz
;5,: 130.7 (d) Jpe = 99.0 Hz &= 57.6 (dd) ;25- 3.26 5=0.83 (i)
enha g / !JFC S I 3J'uu= 7.1 Hz
Ul.p 0.7 Hz 3 Jpe = 9.5 Hz cC- 4 =04 He
Y
Hi=774(m) 3-504 S y H
YJpc = 85.T Hz 2 o = 13.6 Hz N f.-H
g T pe = 6.7 Hz N C-=1ea|d}
H C Lpe =5.7 Hz
i,-1329:::4 3480 52625 (d)
Jpe = 97.0 Hz 5=131.4 HEJFH=25'4H2 2 Joe = 7.1 Hz
5 ]
""'“'”Hz ———C—Hs=317(m
521317 (d) 521319 (d) §=130.5 c” o] C—Hs=377
"JP:'Z?"‘ 7JPC'93H1 “Jpc = 5.8 Hz =60.7 / H
/ ? .1523H1 e 5 =1.57 (ddq)
e Palssesrie 2 = 10.2 Hz
H " , Jpe = 8.5 Hz i M
5=7.44 (m) §=128.31 (s o, = 6.4 Hz
s-125.3{d|| 0] Jew
. 5=62.0(d) H
5=128.32 gy :
e =7.
Sdpe =11 Hz 5 o] - C"H
e : gy
3 H Jun=7.1 Hz
&=7.46 (m) 3=375m H e =T “’J::-D.THI
4=T7.36(s)

H s=728(m)
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4.

'H and 3C NMR spectra on the equilibrium of the rotamers of 3b

Segment of the 'H NMR spectrum on the equilibrium of the rotamers of 3b
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Segment of the *C NMR spectrum on the equilibrium of the rotamers of 3b
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Segment of the HSQC NMR spectrum on the equilibrium of the rotamers of 3b
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Segment of the HMBC NMR spectrum on the equilibrium of the rotamers of 3b
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13C and H NMR data for the two rotamers:

3b-A (72%)

H 5=7.16(m)

overlapping
5=7.17 (m)
overlapping
H H
e, 5=7.22 (m)
overlapping

5=120.74 (s) c
overlapping

R %

"\
/

0
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C

s-1zs 74 (s) 8=172.94 (d)
overlapping pc =38 Hz
527.16 (m) seizse) BT 5695 (m)
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%\ T / \ /H
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2
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3pc =
: \ w ‘%ﬂ 17 (s) H
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overlapping ipc = 1585 Hz \ H HI H overlapping
=589 (d) 5=4.67(s)
H 2Jon =231 Hz H
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/ P o
5= 63.87 (d)
o 2 Jpc = 6.6 Hz
&= 4.15 (m) Cc
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H _~H
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H—C s=6235(d) sma0s(m) YeerSTHE| Sy
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13C and H NMR data for the two rotamers:

3b-B (28%)
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