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1. NMR Spectra
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Figure S1. (a) 'TH NMR and (b) '*C NMR spectra of (1R,6R)-3-0x0-2,5-diazabicyclo[4.4.0]dec-4-ene 1.



30f16

Materials 2020, 13, 2393

eI T 059°€C
r S0T'1 > 6L9'€T
- 0LT1 1sL€T
r 68C'1 = 0SEPT
—= [ Zuel =esie
mJWJ rooxlecel _Lggog
I , = = 6scoc
r €5€°1 3 =\ 195°0¢
3 8SL'1 E 785°0€
b st 1L8°0€
= | s 2 \ocole
L At
S = \oest wr'es
T o\op8l 09t°€S
E 3 SEVHS
B m\ 696'7S
YhYT —————= E 99¢°LS
=t M w\\ Ie8'Ls
> B pIpss
268° 3 ——861'T9
. E —€EI'P9
v16'C
< 1267 -
FS = €l0€ Fe
= €80°€ 3
Noors
91Il'e - -
€zre E Q=
0£8°¢ 3
PE]'E e 3
u\ s8¢ W N -
| S68°¢ — | 2 rs
— 206°€
— ' j:? W <
t /33 - Tl — Fs
L 0014 ) — Hu- . M -
3 651t ~ f 3 g—
E
L 3 =
EEEE— MHW = n E
I— N b 3
ﬁ“\u Fo — woe¢ wu M =
Lo ES =
- S
A 7 E =
o
E it}
i i 2
o — — I — re
T = = =
z 3 = £ 3 =
O. / — M S
o ~a’. mw S Fe
S g -
— (spunsnoq) ) 3 -
g 2 g
L 8 —5 3 S
Iz ,/NH I o £ . e 2
\ Aﬁ —ssL9 = E 189'S91Z
2 EY oot
2 = o 2
B g = H
,,,,,,, I e e s e e B B s s B e B e B x ,,,,,,,,,,,,,,,,,,,,,n, s
0°0¢ 00T 001 0 0T 0’1 0
(spuesnoy]) (spuesnoy[)

(b)




Materials 2020, 13, 2393

40f16

309.0 409.0 50?,0 609.0

209.0

IOP.O

(Thousands)

|
|
]

X : parts per Million : 31P

23723 ——

21.806 —

(©

Figure S2. (a) 'H NMR, (b) C NMR and (c) 3P NMR spectra of dimethyl-[(1R,6R)-3-0x0-2,5-
diazabicyclo[4.4.0]dec-4-yl]phosphonate 2a.
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Figure S3. (a) 'H NMR, (b) ®C NMR and (c)

()

diazabicyclo[4.4.0]dec-4-yl]phosphonate 2b.

P NMR spectra of diphenyl-[(1R,6R)-3-0x0-2,5-
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Figure S4. (a) '"H NMR, (b) ®C NMR and (c) 3P NMR spectra of dibenzyl-[(1R,6R)-3-0x0-2,5-
diazabicyclo[4.4.0]dec-4-yl]phosphonate 2c.
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Figure S5. (a) 'H NMR, (b) ®C NMR and (c) 3P NMR spectra of ethyl-[(1R,6R)-3-0x0-2,5-
diazabicyclo[4.4.0]dec-4-yl](phenyl)phosphinate 2d.
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Figure S6. (a) 'H NMR, (b) “C NMR and (c¢) 3P NMR spectra of (1R,6R)-3-oxo-4-
(diphenylphosphoryl)-2,5-diazabicyclo[4.4.0]decan 2e.

(@ fo -
F Ny

o \. (R "'//
0 @)

ph Ph

abundance
0.1
e
[
=
f

o]
e T ——————r ———————r N ————r ‘ ——

8.0 6.0 5.0 4.0 3.0 2.0 1.0
=2 ‘ /\ M /\ // \\ // H/\ /\ /\ /\‘\ y\m\\ ‘ /\
T OoON SN WX~ o o Ll N =] <t o o — < o 0 N oA AT ANO T o ] Nl
O Nl —O NNt nmn o 0o N S o 0 <+ <+ 0 W — NlalaNasl S S~ Ao Nl O oo
R R R R X Qe wa =9 a8 =3 FRAwE  mm—— Kown addaS & Sa
o~~~ o~ o~ wvy N n N v <t < <+ < (o e o o} Lo B o o o B i B B B B ] =1 (==

X : parts per Million : Proton

(a)



Materials 2020, 13, 2393

11 of 16

(thousandths)

J

T
170.0 160.0 150.0

AR BREREREEEE R
130.0 120.0

114.226 ~—

113.401

ERARE RS
110.0

RARA
100.0

|

694 ~—

S

=2

(b)

abundance

0.5

0.4

0.3

0.1

X : parts per Million : Phosphorus31

17.407 —

11312

()

Figure 7. (a) 'H NMR, (b) *C NMR and (c) 3P NMR spectra of (4-((3aR,8aR)-2,2-dimethyl-6-oxido-
4,4,8,8-tetraphenyltetrahydro-[1,3]dioxolo[4,5-e][1,3,2]dioxaphosphepin-6-yl))-(1R,6R)-3-0x0-2,5-

diazabicyclo[4.4.0]decan 2f.
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Figure S8. (a) 'H NMR, (b) *C NMR and (c) >'P NMR spectra of (4-((3aR,8aR)-2,2-dimethyl-6-oxido-
4,4,8,8-tetraphenyltetrahydro-[1,3]dioxolo[4,5-e][1,3,2]dioxaphosphepin-6-yl))-(1R,6R)-3-0x0-2,5-
diazabicyclo[4.4.0]decan 2g.
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Figure S9. (a) 'H NMR, (b) B®C NMR and (c¢) 3P NMR spectra of [(1R,6R)-3-0x0-2,5-
diazabicyclo[4.4.0]dec-4-yl]-phosphonic acid 3a.
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Figure S10. (a) 'H NMR, (b) *C NMR and (c) 3P NMR spectra of [4-phenyl-(1R,6R)-3-0x0-2,5-
diazabicyclo[4.4.0]dec-4-yl]-phosphonic acid 3b.
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