One-pot and catalyst-free transformation of N-protected 1-amino-1-
ethoxyalkylphosphonates into bisphosphonic analogs of protein and non-

protein a-amino acids

Anna Kuznik »%*, Dominika Kozicka 12, Wioleta Hawranek !, Karolina Socha * and Karol
Erfurt

! Department of Organic Chemistry, Bioorganic Chemistry and Biotechnology, Silesian University of Technology,
B. Krzywoustego 4, 44-100 Gliwice, Poland.

2 Biotechnology Center of Silesian University of Technology, B. Krzywoustego 8, 44-100 Gliwice, Poland.

3 Department of Chemical Organic Technology and Petrochemistry, Silesian University of Technology,
B. Krzywoustego 4, 44-100 Gliwice, Poland

* Corresponding author. e-mail: anna.kuznik@polslpl; Tel: +48 32 237 16 13, Fax: +48 32 237 20 94.

Table of contents

1. H, C and 3P NMR spectra of all 1-(N-acylamino)-1-ethoxyalkylphosphonates 3 (S2-
S43);

2. 'H, ¥C and °®PNMR spectra of diethyl 1-(N-benzyloxycarbonylamino)-1-
triphenylphosphoniummethylphosphonate 4c (S44-S46);

3. H, BC and 3P NMR spectra of all 1-(N-acylamino)alkylene-1,1-bisphosphonates 5

(S44-S88).
4. Summary of characteristic BCNMR data for all 1-(N-acylamino)-1-
ethoxyalkylphosphonates 3, diethyl 1-(N-benzyloxycarbonylamino)-1-

triphenylphosphoniummethylphosphonate 4c and all 1-(N-acylamino)alkylene-1,1-
bisphosphonates 5 (S47-S92).


mailto:anna.kuznik@polsl.pl

00°0- —

88°1 ~
w61

09°¢
S.mW
€9°¢
mo.m\
L9°€
AR
m_.w./

LTV -7
mﬁ.w.\‘
X4

144

0L'S ~.
ws

9T'L
0€L
EL
PEL~N

SEL
9¢L
6€°L

e

SI'LT—
LT'T—
61'l —

o't —
[4% B
PeT—
9¢°1 ~

§S0'S —

980°S ~
[

€ers —

OEt
P(OEt),

5.14 5.12 5.10 5.08 5.06 5.04

L

Feo¢e
M Frss

M Ho¢

Fooz

\

|Ju Fooz

== E88°0

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

"H NMR spectrum of diethyl 1-(N-benzyloxycarbonylamino)-1-ethoxyethylphosphonate (3a); 400 MHz/CDCIl3/TMS; 6 (ppm).
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13C NMR spectrum of diethyl 1-(N-benzyloxycarbonylamino)-1-ethoxyethylphosphonate (3a); 100 MHz/CDCl3/TMS; 6 (ppm).
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3P NMR spectrum of diethyl 1-(N-benzyloxycarbonylamino)-1-ethoxyethylphosphonate (3a); 162 MHz/CDCl3/TMS; 6 (ppm).



00°0- —

€6'1 ~
L6'1~

65°¢
5.m/
€9°¢ ~
vo.m\
L9t
vy
9’y
81V E
0Ty
1cv
€Ty
STy
9TV

0’9~
w9

LTL—

LT
61'l —
0TI ~
'l

€
€€l M
PET ~
3
9c'1 7.
g1/

OEt
P(OEt),

X

S0

1.30 1.25 1.20 1.15

1.35

S—

1'e

88
Wmm.m

Feo¢

W:.N
Wﬁw.m

Wb@.o

45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.0

5.5

6.0

6.5

7.0
"H NMR spectrum of diethyl 1-(N-pivaloylamino)-1-ethoxyethylphosphonate (3b); 400 MHz/CDCl3/TMS; 6 (ppm).
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"H NMR spectrum of diethyl 1-(N-benzyloxycarbonylamino)-1-ethoxymethylphosphonate (3c); 400 MHz/CDCl3/TMS; 6 (ppm).
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13C NMR spectrum of diethyl 1-(N-benzyloxycarbonylamino)-1-ethoxymethylphosphonate (3c); 100 MHz/CDCIl3/TMS; & (ppm).
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3P NMR spectrum of diethyl 1-(N-benzyloxycarbonylamino)-1-ethoxymethylphosphonate (3c); 162 MHz/CDCI3/TMS; 6 (ppm).
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"H NMR spectrum of diethyl 1-(N-acetylamino)-1-ethoxy-2-phenylethylphosphonate (3e); 400 MHz/CDCl3/TMS; § (ppm).
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"H NMR spectrum of diethyl 1-(N-benzyloxycarbonylamino)-1-ethoxypropylphosphonate (3f); 400 MHz/CDCIl3/TMS; 6 (ppm).
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3P NMR spectrum of diethyl 1-(N-benzyloxycarbonylamino)-1-ethoxy-3-methylbutylphosphonate (3j); 162 MHz/CDCIl3/TMS; J (ppm).
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3P NMR spectrum of diethyl 1-(N-acetylamino)-1-ethoxy-3-methylbutylphosphonate (3k); 162 MHz/CDCl3/TMS; & (ppm).
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3P NMR spectrum of diethyl 1-(N-benzyloxycarbonylamino)-1-ethoxy-2-methoxyethylphosphonate (3); 162 MHz/CDCI3/TMS; 6 (ppm).
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3P NMR spectrum of diethyl 1-(N-benzyloxycarbonylamino)-1-ethoxy-1-phenylmethylphosphonate (3m); 162 MHz/CDCl3/TMS; § (ppm).
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3P NMR spectrum of diethyl 1-(N-benzyloxycarbonylamino)-1-ethoxy-2-(4-methoxyphenyl)ethylphosphonate (3n); 162 MHz/ CD;CN/TMS; 6 (ppm).



NoOotTn O X0 O St ANO D>V — O X <t n — >~ wnoen
®R5 QLY A —m oo oaa%x Qdq=-=
N O N S S S SN S S N Sttt Aaenn e e
ORI e ——\ =

o N on O
4gXLLINg g2 38
S S wwnnnn A S
WA NN L

— T T T T T T T
6.05 6.00 5.95 5.90 585 5.05 5.00 4.95 490 4.85

M II |

. W l 1 JL 1 L
~ N — ') N N S <
7} «a < < Q< N <
— v — N — noen

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

'H NMR spectrum of diethyl 1-(N-benzyloxycarbonylamino)-1-triphenylphosphoniummethylphosphonate (4c); 400 MHz/CDCl3/TMS; 6 (ppm).



on DO AT AN OO
on O —~ — 00> O n OO en < N O 0 O (=N o\ B ol ]
N5 e A R mn S 9 o0 = o wn =
v cnen NN AN AN —— o~ >~ O o~ N 0 > >
e [ [ E R R RS Y o~ >~ >~ ] <t <t <+ <
—— =/ ~J—’ ~\
® o
R e B
0~ "N” “P(OEt),
H Il
(@]
4c
NN [ ") S T
—_ O A oo — O N
) < < S O n
oo O O — o —
[ [ VN
|
| |
___JI\\/IU\AW_JI\,/\/‘L“
T T T T T T T T T T T T T T T T T
65.3 65.2 65.1 65.0 64.9 64.8 647 162 16.1 160 159
|
|
' bl |
| - 1L
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

13C NMR spectrum of diethyl 1-(N-benzyloxycarbonylamino)-1-triphenylphosphoniummethylphosphonate (4c); 400 MHz/CDCl3/TMS; J (ppm).
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13C NMR spectrum of tetraethyl 1-(N-benzyloxycarbonylamino)ethylene-1,1-bisphosphonate (5a); 162 MHz/CDCI3/TMS; 6 (ppm).
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3P NMR spectrum of tetraethyl 1-(N-benzyloxycarbonylamino)ethylene-1,1-bisphosphonate (5a); 162 MHz/CDCl3/TMS; § (ppm).
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3P NMR spectrum of tetraethyl 1-(N-benzyloxycarbonylamino)methylene-1,1-bisphosphonate (5¢); 162 MHz/CDCl3/TMS; 6 (ppm).
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Table S1. Summary of characteristic *C NMR data for all 1-(N-acylamino)-1-ethoxyalkylphosphonates 3.
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P(OEt), N P(OEt),
I H Il
0]
3 4c

PG.

I
R P(OEt),
N P(OEt
H ||( )2
(0]
5

13C NMR [100 MHz, CDCls/TMS, d (ppm) (multiplicity, ] (Hz))]

66.7

Hz), 17.5

Comp. PG R Cu OEt P(O)OEt
154.6 (d, ] = 16.4 Hz),
B B 63.8(d, ]=6.9 Hz), 634 (d, ] =
32 | Cbz ég67.2, 128.5,128.2, 128.1, Me 18.9 844(d,[=1968 Hz) | 585(d,J=80Hz), 154 | /o)
_ 63.9 (d, J= 6.9 Hz), 63.1 (d, ] =
3b | piv | L/88(d,]=99Hz) 399, Me 18.7 84.9(d, J=1945Hz) |58.6(d,J=9.5Hz), 155 | 6.9 Hz), 16.5 (d, ] = 5.3 Hz), 16.4
27.5
(d, ] = 5.4 Hz)
156.0 (d, ] = 12.2 Hz), ~ 63.7 (d, ] = 6.5 Hz), 63.2 (d, ] =
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67.4 ' 16.36 (d, ] = 5.3 Hz)®
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3e Ac | 1703(d,J=9.2Hz), 245 | CH:Ph |1311,127.7,126.6, |87.6(d,J=1859Hz) |59.9(d,J=53Hz), 152 | 7.2 Hz), 164 (d, ] = 6.1 Hz), 16.1
38.9 (d, ] = 6.1 Hz)
1544 (d, ] = 16.2), 136.2, 252,85 (d, J=2.1 ~ ~ 63.6 (d,]=7.2 Hz), 63.1(d, ] =
3| bz | 085,1283, 1281, 66.7 Et Hz) 87.7(d,]=189.5Hz) | 58:4(d,J=72H2),153 | ;1 4y 0 16.4.(d, [ =57 Hy)
154.4 (d, ] = 16.1 Hz),
34.4,17.2(d, J=2.0 B B 63.6 (d, J=7.1Hz),63.1(d, ] =
3g | Cbz 2266.2, 128.5, 128.1, 128.0, Pr H) 144 873(d,J=189.7 Hz) | 584(d,J=74H2), 153 | /B0 O T oS
154.6 (d, ] = 18.2 Hz), B B B
3h | Cbz | 136.3,128.5,128.2,128.1, ipr | SAI77( =31 g5 4 11858 Hz) | 58.6(d, J=65Hz), 153 | 04 (4 ]=7:2H2), 629(d, =

7.6 Hz), 16.4 (d, ] = 5.3 Hz)




Table S1. Continued.

13C NMR [100 MHz, CDCls/TMS, d (ppm) (multiplicity, ] (Hz))]

67.2

Hz)

Comp. PG R Ca OFt P(O)OFEt
1543 (d, ] = 16.1 Hz),
. 31.9,25.8 (d, J=1.9 B B 63.5(d, J=7.2 Hz) and 63.1 (d,
3i Cbz 2266.2, 128.4,128.1, 128.0, Bu Ha), 229, 13.9 873(d,J=189.5Hz) | 583(d,]=72H2), 152 | 700\ e T et
154.4 (d, ] = 16.7 Hz), 103,245 (d, ] =46 63.8(d, J=7.2Hz), 629 (d, ] =
3 Cbz | 136.2,128.5,128.14, i-Bu HZ')' s 7 | 879(d,]=1882Hz) |585(d,J=7.2Hz) 151 | 7.2 Hz), 1640 (d, ] =57 Hz) and
128.06, 66.6 s oo 16.38 (d, ] = 5.7 Hz)b
397,249,247 @ 64.1(d, J=7.2Hz), 62.7 (d, ] =
3k Ac |170.1(d,]=129Hz), 245 | i-Bu |50 }'{Z’) a1 | 888(d,J=187.3Hz) |59.0(d,J=8.0Hz) 15.1 | 7.2Hz), 1643 (d,]=6.1 Hz) and
e 16.40 (d, ] = 5.3 Hz)b
154.4 (d, ] = 14.3 Hz),
~ ~ 63.6 (d, =72 Hz), 635 (d, ] =
31 Cbz 560.1, 128.5,128.2,128.1, | CH.OMe | 72.5,59.4 86.0(d,J=188.8 Hz) | 59.3(d,J=60H2), 154 | “oor d) 0 0
154.4 (d, ] =20.9 Hz), 19775 12779 64.5(d, J=72Hz),638(d, ] =
3m | Cbz |136.0, 1284, 128.14, Ph 19741 12737 87.3(d, J=185.8Hz) |59.8(d,]J=6.1Hz), 153 | 7.7Hz), 16.3 (d, ] =5.7 Hz), 16.2
128.11, 67.0 e (d, ] =5.6 Hz)
13C NMR [100 MHz, CDsCN/TMS, d (ppm) (multiplicity, ] (Hz))]
155.4 (d, ] = 14.1 Hz), L AClL. (1§9j5=’ ;383 ‘I}Ilzizfil 0 63.78 (d, ] = 7.2 Hz) and 62.73 (d,
3n | Cbz | 138.0,1295,129.,1290, | iovie | 558 301 (d, J=5.0 | 553 (&) =1873Hz), | 60.1(d,=42Hz), 146 | =72 Ha), 157 (d, ] =5.7 Hz)

and 15.6 (d, ] = 5.7 Hz)

aQverlapping signals of P(O)(OCH2CHs)2 groups. ? Overlapping signals of P(O)(OCH2CH3)2 groups.

Table S2. 3C NMR data of diethyl 1-(N-benzyloxycarbonylamino)-1-triphenylphosphoniummethylphosphonate 4c.

15C NMR [100 MHz, CDCI/TMS, d (ppm) (multiplicity, J (Hz))]

PG

Ca

+*PPhs

P(O)OEt

156.3, 135.7, 128.4, 128.1,
128.0, 67.9

48.1 (dd, ] = 152.8, 48.5 Hz)

135.1(d, J =3.1 Hz), 134.8 (d, ] = 10.3 Hz),
130.1 (d, J = 13.0 Hz), 116.9 (d, ] = 84.7 Hz)

16.0 (d, J = 5.0 Hz)

65.1(d,J=7.6 Hz), 64.9 (d,] = 6.9 Hz), 16.1 (d, ] = 6.1 Hz),




Table S3. Summary of characteristic *C NMR data for all 1-(N-acylamino)alkylene-1,1-bisphosphonates 5.

13C NMR [100 MHz, CDCls/TMS, d (ppm) (multiplicity, ] (Hz))]

Comp. PG R Ca P(O)(OEY):
1543 136.3 1284 63.83 (d, ] = 3.4 Hz) and 63.80 (d, ] = 3.4 Hz) and
5a | Cbz 2y 2000 LL0 Me | 162 (brt,J=4.1Hz) 55.8 (t, ] = 146.9 Hz) 63.75 (d, ] = 3.4 Hz) and 63.72 (d, ] = 3.4 Hz)2,
128.11, 128.09, 66.7
16.5-16.3 (m)?
_ 63.76 (d, ] = 3.4 Hz) and 63.73 (d, ] = 3.4 Hz) and
sb | piv | /77t ]=51Hz) 398, Me | 167t ]J=4.5Hz) 56.7 (t, ] = 144.9 Hz) 63.67 (d, ] = 3.4 Hz) and 63.64 (d, ] = 3.4 Hz)3,
27.4
16.5-16.4 (m)
1555 (t, ] = 4.9 Hz),
5c | Cbz |135.9,128.5,128.3, 128.1, H - 46.0 (t, ] = 146.8 Hz) 63.5,16.3-16.2 (m)P
67.6
154.9 (t, ] = 8.8 Hz),
135.3 (t, ] = 8.6 Hz), B 63.9 (d, J=7.5 Hz), 63.0 (d, = 7.4 Hz), 163 (d, ] =
5d | Cbz | 136.4,128.49, 128.45, CHPh | o or7 1267 355 | 612 (b ]=143.1 Hz) 65 H7) 162 (d. | = 6.2 Fz)
128.2, 67.1
_ 135.5 (t, ] = 8.2 Hz), B 64.1(d, J=7.3 Hz), 62.9 (d, = 7.6 Hz), 16.4 (d, ] =
Se Ac | 1699 (5 ]=73Hz), 239 | CHPh | S0t "R "V ] 614 (4 = 143.1 Hy) 652 161 (d. | ~ 6.5 Hs)
63.67 (d, ] = 3.5 Hz) and 63.64 (d, ] = 3.5 Hz)3,
154.3 (t, ] = 8.0 Hz), 23.8 (t, J=3.0 Hz), 9.1 (¢, B - - )
56| Cbz | 12 Vasa 1251 6.8 Et I= 65 ) 60.4 (t, ] = 144.4 Hz) 63.42 (d, = 3.5 Hz) and 63.38 (d, ] = 3.5 Hz)r,
16.5-16.3 (m)
63.66 (d, ] = 3.5 Hz) and 63.63 (d, ] = 3.5 Hz)",
1543 (t, ] = 7.6 Hz), 32.7 (t, [ = 3.0 Hz), 17.7 B 63.43 (d, ] = 3.5 Hz) and 63.40 (d, ] = 3.5 Hz)s,
58 | D% | 1364 1284, 128.1, 6.8 Pr (t, ] = 6.2 Hz), 14.5 60-1(t, ] =143.5Hz) 16.45 (d, ] = 2.9 Hz) and 16.43 (d, ] = 2.6 Hz) and
16.40 (d, J=2.7 Hz) and 16.37 (d, ] = 2.9 Hz)®
63.40 (d, ] = 3.6 Hz) and 63.36 (d, ] = 3.6 Hz)3,
1543 (t, ] = 8.2 Hz), y _ _ 63.11 (d, ] = 3.5 Hz) and 63.08 (d, ] = 3.6 Hz)*
Sho 1 Cbz | 1564 128.4,128.0, 6.8 iPro 307,188 (1 J=43Hz) ) 646(, J=139.2Hz) 16.40 (d, ] = 3.0 Hz) and 16.37 (d, ] = 2.9 Hz) and
16.34 (d, ] = 2.9 Hz) and 16.31 (d, ] = 3.0 Hz)b
63.59 (d, ] = 3.5 Hz) and 63.55 (d, ] = 3.5 Hz)3,
. 154.3 (t, ] = 7.3 Hz), 30.4 (t, ] = 3.0 Hz), 26.2 _ 63.38 (d, ] = 3.4 Hz) and 63.34 (d, ] = 3.5 Hz)»
S| bz | 364 128.4,128.0, 66.7 Bu (t J=60Hz), 230,139 | 000 (=144 Hz) 16.39 (d, ] = 2.7 Hz) and 16.36 (d, ] = 2.6 Hz) and
16.33 (d, ] = 2.6 Hz) and 16.31 (d, ] = 2.7 Hz)b
. 154.4 (t, ] = 8.0 Hz), | 386 (t, ] 2.2 Hz), 252 63.56 (d, ] = 3.5 Hz) and 63.52 (d, ] = 3.5 Hz)3,
5 Cbz | 136.4,128.4, 128.14, BU |78 ey, 24 60.7 (t, ] = 142.9 Hz) 63.34 (d, ] = 3.5 Hz) and 63.30 (d, ] = 3.5 Hz)s,
128.06, 66.9 2] =0 2), 2% 16.44-16.26 (m)P.




384 (t, ] = 2.6 Hz), 25.4

63.6(d, ]=7.3Hz), 63.1(d, ]=7.2Hz), 164 (d, ] =

Sk | Ac | 1692(4]-69H), 239 | iBu | g 60.9 (t, ] = 143.2 Hz) 6.0 Hz) omdl 163 (d, ] = 6.3 Flze

51 | Cbz Zg.ézzslﬁgéfgé.521)58.0, CH:OMe | 70.1,59.1 60.5 (t, ] = 142.7 Hz) gg:gz Ej: ; _ gz Ega&d 46_‘;’: g Ei;){z 3.6 Hz) and

mo | cor | S0r9 13631280 | g S i e uoaty | 6408 /- 36 e and 6405 @135y,
1275 (t, ] =23 Hz) 16.26 (d, ] =3.1 Hz) and 16.23 (d, ] = 3.0 Hz)".

sn | oo | 1360120t g5, | MECH ek, 11,52 |61 -10m | S50 I=TAHA 90 j=T0Hn) 16304 )

128.2, 67.0

34.7

aQverlapping signals of P(O)(OCH2CHz3)2 groups. ® Overlapping signals of P(O)(OCH2CHs)2 groups. < The lower number of expected signals results from the probable overlap with the signals

of the Ph group at the a position.






